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JlpIxaTeTbHAsT HEAOCTATOYHOCTH (JIH) mocite 9kcTyOaIruu Tpaxeu BOSHUKAET Y 5-25% KapIuoXupypruye-
CKuX 00BHBIX. J17151 Tedenwst [IH TOCTYITHBI pas3/IMYHbIe METOIbI HEMHBA3UBHOM PeCIIUPATOPHOM MOIEPSKKH.

IeJss McciiefoBaHUA — CpaBHUTEJIbHAS OIIEHKA BINUSAHNS Ha Ta3000MeH MHT AN KUCI0PO/ia Yepes
MacCRYy C IpeaBapuTeJIbHbBIM O6’I)eMOM, HEeMHBa3UBHOW MaCOYHOU BEHTUJIAINU C IIOJIOKUTEJIBHBIM TaBJI€-
HHEM B IbIXaTeJ/IbHBIX ITYTAX U BBICOKOIIOTOYHOM BEHTU/IAIVU JICTKUX ITPU HOCTBKCTy6aHHOHHOﬁ AbIXaTeJib-
HOI HEeJJOCTaTOYHOCTH Y KapINOXUPYPIUIECKUAX O0TBHBIX.

MarepuaJjsl 1 MeTOAbI. B 1iccienoBane BRIIOYUIIN 52 KapIUOXUPYPrAYeCKUX NAUEeHTa C IIOCTIKCTY-
OaIMOHHOM TBIXaTeTbHOM HEI0CTaTOYHOCTHRIO (cpeaHuil Bo3pacT 61 (55-67) siet). KpurepusiMu JbIxaTesTb-
HOW HEeJJOCTaTOYHOCTU AIBJISLJIUCE: cooTHOoLIeHue Pa0,/FiO, < 300 MM pT. cT. uiu SpO, < 88% npu IbIXaHUU
aTMOC(bepHI)IM BO3IyXOM. KpI/ITepI/IHMI/I HUCKJIIOYEHUsI OBLII0 HAJTMYNe Y Ialf€eHTOB IIJIEBPaJIbHOI'O BBINIOTA,
IIHEBMOTOpakKca, lapesa guadparmsel. KaskioMy namyeHTy 1ocsenoBaTeIbHO IPOBOJUIINA aHAJIN3 Fa30BOI0
COCTaBa apTepuaJbHON KPOBU IIPU AbIXaHUU aTMOCKhEpPHBIM BO3yXOM, HU3KOIIOTOYHOM Tepaluy KUCJI0-
POIOM C IIOMOIIBIO MACKH C IPeBAPUTETLHBIM 00'b€MOM, BBICOKOTIOTOYHOU BeHTU Isinmu (BI1B) 1 HenHBa-
3UBHOM MaCOYHOW BEHTUJISAIIUM JIETKUX C TOJIOKUTEIbHBIM naBiaenneM (HVUMBJI). ITpono/sxkuTe/ IbHOCTD
IIPUMEHEeHUs KayK0r0 MeToa A0 B3sITUA aHa/IM3a CoCTaBJisAna 1 yac. HacToTy AbIXaTeIbHbIX ABUYKEHUN
(YJ0) u carypanuio KanusasipHoi KposH (SpO,) MOHUTOPUPOBAJIN HA TPOTSSKEHUHU BCETO UCCJIEIOBAHMS.

PesyusraTel. CooTHoLIeHUe PaO,/FiO, BO BpeMsi HU3KOIIOTOYHOM OKCUTeHOTepalluy cocTaBuiIo 171 (137—
243) MM pT. cT. Ha pone BIIB naHHBIN IOKa3aTes b yBeanduiics a0 235 (183-305) MM pT. cT. (p=0,00004), a npu
nepexone Ha HYUMBJI — no 228 (180-288) MM prt. cT. (p=0,000028). IIpn stom SpO, Ha BIIB u HUMBJI yBe-
An4IrBaIock ¢ 95 (93-98)% mo 98 (96-99)% (p=0,000006) n 97 (95-98)% coorBercTBeHHO (pP=0,000006 "
p=0,000069). PaCO, OBLT0 BBIIIIE NIPH JbIXaHUU KUCIOPOTHON MacCKOM, 4eM Ha Bo3ayxe — 41 (37-44) MM pT.
CT. 1 38 (34-42) MM PT. CT., cOOTBeTCTBeHHO, p=0,0017. ITpn nepexone Ha BIIB PaCO, cHn»xanocs, B cpegHeM,
Ha 10% (37 (33-39) MM pT. cT., p=0,0000001), Ha HUMBJI — Ha 7% (38 (36-42) MM pT. CT., p=0,0015). Tak:xe
pasau4us ObITM 3HAYUMBIMUY ITPU cpaBHeHUU Y /1] Ha KucI0poaHo# Macke (20 (16-24) [I/1/muH) ¢ BIIB (16
(12-20) AJ1/mun, p=0,0) u ¢c HUMBJI (18 (16-20) A1/muH, p=0,018). IIpu cpaBaenun BIIB ¢c HUMBJI BbI-
AIBJIEHBI JOCTOBepHBIe padanausa B Y/ (16 (12-20) I/1/mun npotus 18 (16-20) J1/1/muH, p=0,016), PaCO, (37
(33-39) MM pT. cT. mpoTuB 38 (36-42) MM PT. CT., p=0,0034) u SpO, (98 (96-99)% npotus 97 (95-98)%, p=0,022).

3akgarouyenue. BI1B u HUMBJI 06/1a1a10T CXOZHBIM TOJIOKUTETBHBIM 3(p(hEeKTOM Ha OKCUTEHUPYIOIIYIO
(PYHKIIUIO JIETKUX U Ta3000MEH y KapIMOXUPYPTHIECKUX OOJTBHBIX C MTOCTIKCTYOAITMOHHON TbIXaTeIbHOM
HEeJIOCTATOYHOCTHIO. BRICKOTIOTOYHAST BEHTUJIAIMS, IO cpaBHeHUI0 ¢ HUMBJI, okasbsiBaeT 60Jiee BEIpasKeH-
HBIN MOJIOKUTEJIBHBIN 9 PerT Ha snmumuaanuio CO,, Y1 u SpO, u jiydiiie mepeHoCUTCs naryeHTaMu.

Kntoueswte crosa: OvixamenvHasi HeO0OCMAmo4HOCMy; HeUHBA3UBHAS PECRUPAMOPHAsL NO00epPIHCKa; 8bl-
COKONOMOYUHASI BEHMUNSAYUSL NEKUX; UHANAUUSL KUCOPOOa Yepe3 MACKY ¢ npedsapumenbHuim 006emom; He-
UHBA3UBHAS MACOUHASL BEHMUNSIYUSL Ie2KUX C NOJIONCUMENbHbIM 0asieHuem

Respiratory failure (RF) after tracheal extubation occurs in 5-25% of cardiac surgical patients. Various non-
invasive respiratory support techniques are available for RF treatment.
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The purpose of the study is a comparative assessment of the effect on gas exchange of oxygen inhalation
through a mask with noninvasive airway positive pressure mask ventilation, and high-flow lung ventilation
during post-extubation respiratory failure in cardiac surgical patients.

Materials and methods. 52 cardiac surgical patients with post-extubation respiratory failure (mean age 61
(55-67) years) were included in the study. Respiratory failure critera were as follows: PaO,/FiO, < 300 mm Hg
or SpO, < 88% during room air breathing. Exclusion criteria included presentation of pleural effusion in pa-
tients, pneumothorax, diaphragm paresis. Every patient was subjected consecutively to arterial blood gases
test during room air breathing, low-flow oxygen therapy using a mask with a pre-volume bag, high-flow ven-
tilation (HFNC), and noninvasive positive pressure mask ventilation (NIPPV). Each method was applied during
1 hour prior to the test. Respiratory rate (RR) and capillary blood saturation (SpO,) were monitored throughout
the whole study.

Results. PaO,/FiO, during low-flow oxygen therapy was equal to 171 (137-243) mm Hg. At the background
of HFNC, this index increased to 235 (183-305) mm Hg (P=0.00004), and upon transfer to NIPPV — to 228
(180-288) mm Hg (P=0.000028). SpO, during HFNC and NIPPV increased from 95 (93-98)% to 98 (96-99)%
(P=0.000006) and 97 (95-98)%, respectively (P=0.000006 and P=0.000069). PaCO2 was higher during oxygen
mask breathing compared to air breathing: 41 (37-44) mm Hg and 38 (34-42) mm Hg, correspondingly,
P=0.0017. Upon transfer to HFNC, PaCO, lowered on average by 10% (37 (33-39) mm Hg, P=0.0000001), to
NIPPV — by 7% (38 (36-42) mm Hg, P=0,0015). Differences were also significant when compred RR during
oxygen mask breathing (20 (16-24) respirations/minute) vs. HFNC (16 (12-20) respirations/minute, P=0.0) and
vs. NIPPV (18 (16-20) respirations/minute, P=0.018). Comparison of HFNC vs. NIPPV revealed reliable differ-
ence in RR (16 (12-20) respirations/minute against 18 (16-20) respirations/minute, P=0.016), PaCO, (37 (33-39)
mm Hg against 38 (36-42) mm Hg, P=0.0034), and SpO, (98 (96-99)% against 97 (95-98)%, P=0.022).

Conclusion. HFNC and NIPPV exert a similar positive effect on the oxygenating function of lungs and gas
exchange in cardiac surgical patients with post-extubation respiratory failure. Compared to NIPPV, high-flow
ventilation renders most significant positive effect on elimination of CO,, RR and SpO,, and is better tolerated

by patients.

Keywords: respiratory failure; noninvasive respiratory support; high-flow ventilation; oxygen inhalation
through a mask with a pre-volume bag; noninvasive positive pressure mask ventilation
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BBenenue

OcTpass [bIxaTeJbHAasA HEIOCTATOYHOCTh
(OJIH) siBasieTcsi cepbe3HBIM OCJIO’KHEHUEM OJT1-
sKalIIIero MmocJjeonepamoHHOT0 Iepuoia Ipu
KapINOXUPYpPruuecKuX BMeIIaTe 1bCTBAX U OJHON
13 OCHOBHBIX NpUUUH cMepTHOCTA B OPUT [1-3].
Hapymenue anbBeossipHON OKCUTeHALIU OCJTIEe
JIAHHBIX OIepanuii HabJII0JaeTCsi IPAKTHYECKH Y
BceX O0JIBHBIX, ¥ YACTOTA BOSHUKHOBEHU S KJIMHH-
yecku 3HaumMmoi JIH HaxomuTcs B auarrasoHe
5-25% [4, 5], cocTaB/AA IPU MHOTOKJIAlIaHHBIX
BMeIIIaTeIbCTBAX OKOJIO 17%, a IpU onleparusax Ha
aopre — 22% [5]. Cpenu npenornepaliuoOHHbIX PUC-
KOB BO3SHMKHOBEHUSI JbIXaTeJIbHO HeJOCTaTOYHO-
CTH cjenyeT OTMeTUTh: KypeHnue, XOBJI, Bodpact
6oJsiee 70 JieT, HEHpPOMBIIIIeUHbIe 3a00JIeBaHNUSA,
3aTparuBampllye [bIXaTeJbHYI0 MYCKYJIaTypy,
caxapHbIi nuabeT, XxpOHUYeCcKasl cepaedHast uiu
ToYevyHasi HeJIOCTaTOYHOCTb, KapIMOT€HHBIH IIIOK,
CUHIPOM HU3KOTO CePIeTHOT0 BhIOpoca [4].

HNuTpaonepaiiiondable (aKToOpbl pHUCKaA
BKJIIOYAIOT B Ce0s1: TOBTOPHOE ONIEPATUBHOE BMe-
[1aTeJbCTBO, IIOBBIIIEHHYIO BOJIEMUYECKYIO
HarpysKy BO BpeMs ollepaliuy, IpoBeJeHne HHOT-
POITHOM MU MeXaHUYeCKOH MOAAePKKU KPOBO-
oOpalreHus, oreparyuy Ha a0OpTe, MOTPeOHOCTH B
OUPKYJIATOPHOM apecTe, CPOYHOE OllepaTuBHOE
BMeIIaTeJbCTBO. [locieonepanioHHbIe PUCKU:
MeJIMacTUHAJIbHOE KPOBOTEUEHHE U HEOOXOIU-
MOCTh PECTEPHOTOMWH, BHOBb BO3HUKIIINE HEB-

Introduction

Acute respiratory failure (ARF) is a serious
complication of the early post-operative period
during cardiac surgeries and one of the main
causes of lethality in ICU [1-3]. Altered alveolar oxy-
genation after such operations is observed almost
in all patients and the incidence of clinically signifi-
cant RF is within 5-25% [4, 5], accounting for 17%
approximately in case of multivalve interventions
and 22% in case of aorta surgeries [5]. Among pre-
operative risks of respiratory failure, the following
should be noted: smoking, COPD, age over 70 years,
neuromuscular diseases involving respiratory mus-
cles, diabetes mellitus, chronic cardiac or renal in-
sufficiency, cardiogenic shock, low cardiac output
syndrome [4].

Intra-operative risk factors include: repeated
surgery, increased volemic load during operation,
ionotropic or mechanical circulation support, aorta
operations, requirement for circulatory arrest,
emergency operative intervention. Post-operative
risks are: mediastinal bleeding and reexploration
requirement, new neurological disorders, unstable
hemodynamics, gastrointestinal hemorrhage,
acute renal failure, mediastinitis, infective endo-
carditis, sepsis. ALV during cardiac surgery and
after some time thereof is also an additional dam-
aging factor for the lung tissue. Components of ven-
tilator-associated lung injury include barotrauma,
volutrauma, oxygen toxicity, desynchronization
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poJiIorHYecKre pacCTPOMCTBA, HECTAOUJIBHOCTD
reMOAWHAMUKH, SKeJIyIOYHO-KHAIIeYHOe KPOBO-
TedyeHue, OCTpasi ModyedyHasi HeJOCTaTOYHOCTH,
MeIUaCTUHUT, TH(PEKIIMOHHbBIN 3H/T0KAP/IUT, CEIl-
cuc. Ocymecrsaenue VIBJI Bo Bpems KapAuOXu-
PYPTrHUYECKOTO BMeIlareJIbCTBA M HEKOTOpoe
BpeMs MOCJIe HEro TakyKe SIBJSAETCS JTOIOJIHU-
TeJIbHBIM MMOBPEKTAIONTUM (haKTOPOM JJIs1 JIerod-
HOW TKaHU. KoMOOHEHTaMM BEHTUJISAITOP-ACCO-
[IMMUPOBAHHOTO MOBPEKAECHUS JIETKUX SIBJISIOTCA:
6aporpaBMa, BOJTIOMOTPaBMa, TOKCUYHOCTD KYC-
J0poa, feCUHXpoHu3anus c amnmaparom VBJI, a
TaK)Ke BO3HUKHOBeHue ayTo-I1/IKB B npixaress-
HBIX IYTAX [6].

WHransanyuoHHasi KUCJIOPOJHAsl Tepanus
SIBJISIETCSI OCHOBHBIM METOJIOM HEMHBA3UBHOU pec-
MMUPATOPHOU MOJAEPKKYU P JIeYeHUH TallUEHTOB
C YMEpEHHOU CTeNeHbI0 TUITOKCEMUYECKOU IbIXa-
TeJIbHON HEeJIOCTaTOYHOCTH. JIJIs1 TofIauy KUCJI0pOoia
B JIbIXareJIbHbIe ITyTU NalleHTa MOYKHO HUCII0JIb30-
BaTh HECKOJIBKO BUOB YCTPONCTB, TAKUX KAK HU3-
KOIIOTOYHBbIE HOCOBBIE KAHIOJIU, TPOCTHIE JIUIEBBIE
MAaCKH, MaCKU BeHTypu 1 MacKu C pe3epByapoM I
Mojayd KHUCJOPOJA BBICOKOM KOHIIEHTpPAIMU.
OO6BIYHBIE KUCTOPOIHBIE MHTAIATOPHI, HCIIOJIb3Ye-
MbI B OT/IeJIEHUSIX MTHTEHCUBHOM Teparuu, paccyu-
TaHbI HA MAKCUMAaJIbHYIO CKOPOCTB [I0OTOKA, COCTaB-
JISTIONTYTO 1571/ MFH, 4TO, B JTIOOOM CJTy4yae, MeHbIIe
WHCIIMPATOpHOTo notoka nanuenTa ¢ O/IH. Kpome
TOr'0, HeIOCTAaTOYHOE yBJIa’KHEHUE U COIpeBaHue
JIbIXaTeJIbHON CMeCH MOI'YT BbI3bIBaTh BbICHIXaHUE
CITU3UCTON 00OJIOYKH JbIXaTeTbHBIX ITyTEH U OIIy-
IIeHNe TUCKOMPOpPTa y MAlMEeHTOB, HYKIAIOIIXCS
B JIOIIOJIHUTEJIBHOM KUCJI0poze [7].

Korna repamnusi c TOMOIIBI0 HU3KOTOTOYHBIX
YCTPOUCTB HeNOCTAaTOYHA [Jis1 IOAAep >KaHUs
aJeKBaTHOT0 ra3000MeHa, UCTI0/Ih3yeTCs HEMHBA-
3WBHAas Maco4yHas BeHTuaAnus Jerkux (HHMUMBJI)
[8, 9]. buiarogapsa CO3DaHUIO IIOJIOMKUTEIBHOIO
JTaBJIEHUIO B JIbIXaTEIbHBIX ITyTSX OHA CITOCOOCTBY-
eT PaCKPBITUIO KOJIJTaOMPOBAHHBIX aJIbBEOJI,
yYMeHbIIIeHUI0 (PyHKIIMOHAJIBHOTO MEPTBOTO IPO-
CTPAaHCTBA U YBEJUYEHUIO BEHTUJISIIIMOHHON
TMOBEPXHOCTH JIETKUX, & TAKKe MO3BOJISIET MOM-
JIEp>KUBATh aJbBE0JIbI B OTKPBITOM COCTOSIHUU B
¢asy Bbioxa 3a cuet [1[IKB. [lanHbIi MeTO IPU-
3HAH «30JI0TBIM CcTaHaapToM» jJedeHusa OJIH npu
KapIMOTEHHOM OTeKe JIETKUX, a TaKyKe SIBJISeTCs
JTOKa3aHHBIM HEMHBA3WBHBIM METOA0M JieUeHUs
OJTH, ctocoOCTBYIOMINM CHUSKEHUIO JIETAJTHHOCTH
y nanueHToB ¢ XObJI [10]. HeuHBa3uBHAaA BeHTH-
JISIAST JIETKUX MOSKET BBI3BIBATh PAM OCJIOKHE-
HUU, TAKUX KaK J1e(hEeKTHI KOKHOTO MOKPOBA JIUIA
10 KOHTYPY MacKy, aspodarusi, cjieoreduerue. K
HeJoCTaTKaM JTAaHHOW METOIWKU MOYKHO TaKyKe
OTHECTU 3HAYUTEJbHYIO0 YTEeUKY [bIXaTeJIbHON
CMEeCH U3 JbIXaTeJIbHOI0 KOHTYPa, KOTOpasi JOCTU-
raet nHOrAa 90-95%, HEBO3MOKHOCTh aJ€KBAaTHOTO
YBJIGSKHEHUS AbIXaTeJIbHOM CMeCH, OIITyIIIeHUe JTUC-

with ALV machine, and occurrence of auto -positive
end-expiratory pressure in airways [6].

Inhalation oxygen therapy is the main method
of noninvasive respiratory support in the manage-
ment of patients with moderate hypoxemic respi-
ratory failure. To force the oxygen into patient’s air-
ways several types of devices can be used, such as
low-flow nasal cannulas, simple face masks, Venturi
masks, and masks with a bag to feed with highly
concentrated oxygen. Common oxygen inhalers
used in intensive care units are designed for a flow
rate of 15 I/min maximum, which is in any case less
than the ARF patient’s inspiration flow. Besides, in-
sufficient moistening and warming of a respiratory
mixture might cause airways mucous membrane
drying and sense of discomfort in patients who may
need an additional oxygen feeding [7].

When therapy utilizing low-flow devices are not
enough to maintain adequate gas exchange, nonin-
vasive mask ventilation (NIPPV) is used [8, 9]. Due to
creation of positive pressure in airways, it assists
opening of collapsed alveoli, reduction of functional
dead space, and increase of the ventilation surface of
lungs; it also allows keeping alveoli opened during the
expiration phase due to positive end-expiratory pres-
sure. This method is a recognized ‘gold standard’ of
ARF management during cardiogenic pulmonary
edema and a proven effective noninvasive method of
ARF treatment facilitating reduction of mortality in
COPD patients [10]. Noninvasive ventilation might
cause a number of complications such as face skin
defects along the mask contour, aerophagy, tearing.
Considerable leakage of respiratory mixture from the
breathing circuit that sometimes reaches 90-95%, im-
possibility of adequate moistening of the respiratory
mixture, sense of discomfort in patients for whom this
method of respiratory support is applied can be re-
garded the method drawbacks, too. In 20% of cases
approximately it is impossible to carry out noninva-
sive positive-pressure mask ventilation for many rea-
sons including patient’s poor compliance [9, 11, 23].

Relatively recently, high-flow ventilation (HFV)
through a nasal cannula (High-Flow Nasal Cannula—
HFNC), which was first mentioned in literature in
2001, came into use in the treatment of acute respi-
ratory failure [12]. HFNC was developed for treat-
ment of apnea in premature infants, but now it be-
comes increasingly more popular for ARF in adult
patients due to its convenience of usage, high effi-
cacy, and patients’ tolerance to this therapy. The
machines and breathing circuit for high-flow venti-
lation provide not only high flow rate (up to 60
1/min), but also efficient moistening and warming
of the gas mixture with the capability of regulating
oxygen fraction therein. High flow and adequate
moistening of the respiratory mixture assures a
number of positive effects such as: carbon dioxide
‘washout’ from the dead space [13, 14], mainte-
nance of continuous positive pressure in airways
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KoM((popTa y naneHToB, y KOTOPBIX IPUMEHSETCS
JIAHHBIN METO]] peclIupaTOPHON NoAIepsKKU. [Tpu-
O6am3uTesbHO B 20% CTydaeB ITPOBECTH HENHBA3WB-
HYIO MAaCOYHYIO BEHTUJIALNIO C IIOJIOKUTEIbHBIM
JlaBJIeHWeM He TPENCTaBJIAeTC BO3MOKHBIM 10
MHOTUM IIPUYMHAM, B TOM YHCJIE U3-3a CHUYKEHHOM
KOMILJIaeHTHOCTH IanueHTa (9, 11, 12].

OTHOCUTEJIbHO HEJABHO B JIEUEHUU OCTPOU
IbIXaTeJbHOI HeIOCTaTOYHOCTH CTaJjia UCII0Ib30-
BaTbCA BBICOKONIOTOYHAA BeHTUIAnMA (BIIB) yepes
HasaJjbHyI0 kaHwoJ0 (High-Flow Nasal Cannula —
HFNC), nepBble yIOMUHAHUSI O KOTOPOU IOSIBU-
Jmch B muTeparype B 2001 romy [13]. Ona 6b11a pas-
paboraHa AJjs1 JieYeHHsI allHO3 HeJOHOIIEeHHBIX
JeTel, OMHAKO B HACTOsIIIlee BpeMsI TpruodpeTaeT
BCe OO0JTBIITYT0 IOMYJISIPHOCTH ITpu jieuernu OJTH y
B3POCJIBIX MAIMEHTOB II0 TpPUYWHE YH00CTBa
WCIIOJIb30BaHMs, BBICOKOU 3(p(PEeKTUBHOCTU U
TOJIEPAHTHOCTH MAllMEHTOB K IPOBOAMMON Tepa-
NUM. AIIIapaThl U AbIXaTeJIbHBIN KOHTYP [JIs1 BBICO-
KOIIOTOYHOI BEHTUJIAIIN 00€CIIeUBAIOT HE TOJIb-
KO BBICOKYI0 CKOPOCTB IIOTOKA (10 60 J1/MUH), HO 1
a(ppexTUBHOE yBIAKHEHNE U COTPEeBaHNe ra30BON
CMecHU C BO3MOYKHOCTBIO PEryJIsiiiiuy (ppaKIuy KHUc-
Jopoia B Hel. BbICOKUI TIOTOK U ajeKBaTHOE
VBJIQ)KHEHUE JbIXaTeJTbHOU CMeCU 00ecrieYnBaeT
pAA TOJOKUTENbHBIX 3(@EKTOB, TaKUX Kak:
«BBIMBIBaHUE» YIVICKUCJIOTO I'a3da U3 MEepTBOIO IIPO-
cTpanctBa [14, 15], obecreueHre IMTOCTOSTHHOTO
IIOJIOKUTEJILHOTO TaBJIEHUA B JbIXaTe/IbHBIX ITyTAX
[15, 16], OTHOCUTEJIHLHO IMTOCTOSTHHOM (hpaKITiM KUC-
JIOpOJia BO BABIXaeMoM cMecH [17], a Takyke coxpa-
HeHUe U yayullleHue (DyHKINU MyKOITUJINAPHOTO
ariTe ivs [18]. bosbItoe KOJMYeCTBO UCCJIeq0Ba-
HUM, IPOBEIEHHBIX Y Pa3/INYHbIX KaTETOpXii maIy-
€HTOB, II0Ka3aJIyd, YTO BbICOKOIIOTOYHAsI BEHTUJISI-
uus sABjasgerca 9IP@GEeKTUBHBIM U XOPOIIO
IepeHOCUMbIM METO/IOM HEMHBA3UBHOU pecrunpa-
TOPHOU TOJJIEPIKKHU TIPU JIbIXaTeJTbHONU HEeI0CTa-
TOYHOCTHU pas3jIMYHOro resesa [19-21].

Ciiegyer OTMETUTH, YTO B JiMTeparype HeT
eTMHOTO MHEHUS 00 3(p(PeKTUBHOCTU PASTUIHBIX
METOJIOB PECIIMPATOPHOU TOJIJIEPIKKH, a B KapIUO0-
XUPypPryu 912 TpobiiemMa n3ydeHa HeJJOCTaTOqHO.

Ilesb nccnenoBaHusA: CpaBHUTEJIbHAS OIeH-
Ka BJIUSTHUS HAa ra3000MeH WHTAJISINU KUCJI0PO-
Jla 9Yepe3 MacKy C IpeIBapuUTebHBIM 00 bEMOM,
HEWHBAa3WBHOI MAaCOYHON BEHTUJIAIUU C IOJIO0-
SKATEJIbHBIM TaBJICHUEM B IbIXaTe/IbHbIX IYTAX U
BBICOKOIIOTOYHOU BEHTUJAIUU JIETKUX TIPU
MTOCTIKCTYOAIMOHHON [TbIXaTeIbHON HEeIOCTaTOY -
HOCTH Y KapIUOXUPYPTrUYECKUX O0JIHHBIX.

MarepuaJa u MeToabI

B uccnenoBanue BRJIIOUMIN 52 manueHTOB (30
MYKYUH ¥ 22 KEHINUHBI) II0CJIe KapAUuOXUpypruye-
CKOI'0 BMellaTeIbCTBa Bo3pacToMm 61 (55-67) Jier ¢ abl-
XaTeJIbHOM HeJOCTaTOYHOCTBIO B I10CJIe0NepalliOHHOM
nepuojie, HabJIIOABIIENCS Mocie mpekpameHus: NBJI

[14, 15], a relatively constant oxygen fraction in the
inhaled mixture [16], preservation and improve-
ment of the mucaociliary epithelium function [17]. A
great number of investigations carried out in differ-
ent categories of patients have shown that high-flow
ventilation is an efficient and well-tolerated method
of noninvasive respiratory support during respira-
tory failure of various origins [19-21].

It should be noted that there is no consensus
in literature about efficacy of different respiratory
support methods and in cardiac surgery this prob-
lem is understudied.

Purpose of the study: a comparative assess-
ment of the influence rendered on gas exchange by
oxygen inhalation through a mask with a pre-vol-
ume bag, noninvasive airways positive pressure
mask ventilation, and high-flow ventilation during
post-extubation respiratory failure in cardiac sur-
gical patients.

Materials and Methods

52 patients (30 men and 22 women) after cardiac
surgical intervention, aged 61 (55-67) years, suffering
from post-operative respiratory failure observed after
ALV termination and tracheal extubation were included
in the study. The study protocol was approved by the
Ethics Committee of Academician B.V. Petrovsky Russian
Scientific Center of Surgery, Federal State Budgetary Sci-
entific Institution.

Distribution of patients by types of operative inter-
vention is given in table 1.

The inclusion criteria were: age older than 18 years,
completed cardiac surgery, postoperative tracheal extu-
bation, mild or moderate postoperative respiratory fail-
ure (PaO,/FiO, at air < 300 mm Hg or SpO, < 88%). The
exclusion criteria were: acute postoperative mental dis-
turbance (delirium, psychosis), compromised nasal
breathing, diaphragm paresis, pneumo-, hydro-, or he-
mothorax, elevated intra-abdominal pressure syndrome.

The study included four consecutive stages in the
sole group of patients. At the first stage of the study, pa-
tients breathed room air without any respiratory support.
After that, the noninvasive respiratory support methods
under study were applied for 1 hour. The second stage of
the study included oxygen inhalation with the help of a
face mask with a bag. Then, the patients were transferred
to the third stage of the study during which high-flow ven-
tilation (HFNC) was carried out. After gas exchange regis-
tration at the third stage, the fourth stage of the study —
noninvasive mask ventilation in BiPAP mode (NIPPV) —
followed. 1 hour after usage of the above ventilation meth-
ods, every patient was consecutively subjected to arterial
blood gases test (PaO,, PaCO,), and PaO,/FiO, relation was
calculated where FiO, was the inhaled oxygen fraction. In
the course of the study, respiratory rate (RR) and satura-
tion using pulse oximeter (SpO,) were monitored.

During mask breathing of highly concentrated oxy-
gen (oxygen bag mask), the oxygen flow value was set ini-
tially at 7 1/min, which corresponded to the inhaled oxy-
gen fraction of 60% according to the manufacturer’s
information leaflet. In the most severe cases, the flow rate
was increased to 10 1/min, which corresponded to the in-

haled oxygen fraction of 80%.
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TaGunna 1. Bubl XUPYPruI€CKOro BMeIIaTeJ bCTBA.
Table 1. Types of surgery.

Type of surgery, quantity of surgery

Mean duration of mechanical ventilation
in perioperative period, min

All, n=52 945 (642.5-1545)
Coronary artery bypass

CPB, n=4 540-645
Non CPB, n=6 530-850
Heart valve surgery, n=13 460-5760
+coronary bypass, n=5 1020-1920
Aortic prosthetics:

Ascending aorta, n=1 960
Aortic arch, n=10 660-27360
Thoracoabdominal aorta, n=6 1410-4260
Infrarenal aorta, n=1 530
Brachiocephalic branches, n=1 720
Hybrid operation (descending aorta stenting, ascending and aortic arch prosthesis), n=4 825-1290
Lungs neo resection + CAB, n=1 1440

ITpumeuanmue. Type of surgery — BuJ XMpypruuecKOro BMeIlIaTeIbCTBA; quantity of surgery — ducsio onepanuii; mean duration
of mechanical ventilation in perioperative period, min — mpiurensHOCTH VIBJI B IepuoneparoHHoOM fiepuoje, MuH; all — Bce;
coronary artery bypass — AKIII; CPB — ¢ MK; non CPB — 6e3 UK; heart valve surgery — kJ1arnianable BMellIaTe/IbCTBA; aortic pros-
thetics — mporeaupoBaHue aopTsl; aortic arch — gyra aopTsl; aorta — aopTa; ascending — Bocxopsmias; thoracoabdominal —
TopakoabromuHanbHasy; infrarenal — nngpapenansaas; brachiocephalic branches — 6paxuonedansubie BeTBy; hybrid operation
(descending aorta stenting, ascending and aortic arch prosthesis) — ru6pugHas oneparnys (CTeHTHpOBaHUE HUCXOAAIIEH a0pPTHI,
IIpOTe3NpOBAHUE BOCXOAAIIEH U yru aopThl); lungs neo resection + CAB — pesekiusa HOBOOOpa3oBaHUM jIerkux + AKIII

¥ 9KCcTyOanuu Tpaxeu. [IpOTOKOJ MCCaeJOBAHUS YTBEP-
skaeH aTnueckuM komutetoM PI'BHY PHIIX nMm. akan.
b. B. IlerpoBckoro.

Pacnipefiesienrie 6OJBHBIX M0 BUAM OIEPaTHB-
HOTO BMeIIaTeIbCTBA MPEACTABUIN B TAOI. 1.

KputepusimMu BKJIIOYEHUsT OBLIHN: BO3PACT CTapIIe
18 Js1eT, BBINIOJIHEHWE KapAUOXUPYPruYecKOro BMella-
TeJIbCTBA, IKCTYOAIINSI TOCTIE ONIEPAIH, HATUYUe JbIXa-
TeJILHOM HeJJOCTAaTOYHOCTH JIETKOH WJIA CPETHEN CTeTeHN
TAYKECTHU B nocsieonieparinoHHoM nepuoge (PaO,/FiO, Ha
Bo3ayxe < 300 MM pT. cT. uu SpO, < 88%). Kpurepusamu
HUCKJIIOUEHHSI ObLIM: Pa3BUTHE OCTPOTO IMCUXHYECKOTO
paccTpoiiCcTBa B OC/IE0NIEPAIIUOHHOM ITepHUoe (Ieu-
puii, TICKX03), 3aTpyJHEHNEe HOCOBOTO JAbIXaHUsI, Tape3
nuagparMbl, THEBMO-, TUIPO- UJIH T€MOTOPAKC, CHHIPOM
TIOBBIIIIEHHOTO BHYTPUOPIOIIHOTO JABJIEHHUS.

HccnenoBaHnue BKJIIOYAIO 4 MOC/Ieq0BaTEIbHBIX
aTama B eIUHCTBEHHOU rpyIiie namueHToB. Ha nepsom
aTare UCCae0BAHNA MAMEeHTHI ABIIIAJIA aTMOC(HEPHBIM
BO3yX0OM 0e3 KaKoi-T1ub0 pecIupaTopHON MOAIEepsKKU.
Hasnee B TeueHue 1 yaca MpUMeHAJN UCCIeyeMble pe-
SKUMBl HEMHBA3WBHOM pPECHUpPATOPHOHN IOAJEPIKKU.
Bropoii aTan ucciieoBaHus BRIOYAT MHTAISIAIO KUC-
JIOPOJIOM TIOCPEICTBOM JIMIIEBOM MAaCKHU C pe3epPBYapOM.
3areM NMPOM3BOANIY IEPEXO]] HA TPETHUH ITAIl UCCIENO0-
BaHMs, B paMKaX KOTOPOIo IPOU3BOAMJIACH BBICOKOIIO-
TouHas BeHTUIAnuA (BIIB). ITocsie perncrpanuu raso-
oOMeHa Ha TpeThbeM 3JTare MPOU3BOIUIIH Tepexof Ha
4eTBEPTHIN 9Tall UCCAEJOBAHNUS — HEMHBA3UBHYIO Ma-
couHy10 BeHTUIAIMIo jierkux (HUMBJI) B peskume BiPAP.
Kasknomy mamueHTy mocJjefoBaTe/IbHO CIycTA 1 4ac
T0CJIe MCII0JIb30BaHUA BhIIIeNepevYrCcIeHHbIX METO/I0B
BEHTUJISIIUM BBIIIOJIHAJIM aHAJIN3 ra30BOr0 COCTaBa ap-
TepuanbHoil KpoBu (Pa0,, PaCO,) u pacdeT coOOTHOIIIEe-
uus Pa0,/FiO,, rne FiO, — ¢pakuus BAbIXaeMOro Kuc-
Jopojga. Bo BpemMsa wucciienoBaHUs — [IPOBOAUIIN
MOHUTOPHUHT YaCTOTHI AbIXaTeIbHbIX NBHKeHUH (Y1) 1
carypanuu 1o nyiabcokcumerpy (SpO,).

[Ipu JbIXaHUU KUCJIOPOJIOM Yepe3 MacKy BBICOKOM

KOHIIEHTpaluuu (KUCJI0pOAHAasA MacKa C pe3epByapoM),

For HENC, machines feeding pure oxygen at a flow
rate of up to 60 1/min, moistener capable of adequate mois-
tening the respiratory mixture with such high flow rate, and
a heated breathing circuit providing delivery of condi-
tioned high-flow gas mixture with a specific oxygen con-
centration therein were used. In 41 patients, HFNC was
performed using Airvo-2 machine (Fisher&Paykel, New Ze-
land), in 11 patients — Hamilton G-5 machine (Hamilton,
USA). In 48 patients, HFNC was performed through nasal
and in 4 patients — through tracheostomy cannulas.

During HENC, the initial flow rate was set at 40
1/min and FiO, — 40% regardless of the baseline gas ex-
change parameters. Thereafter, those parameters were
chosen for every patient individually depending on the
clinical efficacy of the procedure (PaO,/FiO,, PaCO,,
SpO,, RR dynamics) and patient’s comfort. The optimal
flow rate during HFNC was 40 (30-45) 1/min, the inhaled
oxygen fraction — 49 (40-60)%.

During NIPPV, a naso-oral mask and BiPAP (two-
phase pressure) mode modification were used in all pa-
tients. In the beginning of procedure, ventilation param-
eters were set regardless of the initial clinical presentation:
positive end-expiratory pressure — 5 cm H,O, inspiratory
pressure — 5 cm H,0, FiO, — 40%. Later, the said param-
eters were adjusted to achieve the target gas exchange, RR
and RV (6-8 ml/kg of the ideal body weight). In our series,
the mean optimal positive end-expiratory pressure was
equal to 6 (5-8) cm H,0, the optimal peak inspiratory
pressure — 13 (10-17.5) cm H,0, RV—7 (6-8) ml/kg. The
inhaled oxygen fraction averaged to 50 (45-60)%.

Among the leading reasons for post-extubation res-
piratory failure, the following should be noted: functional
atelectasis (26 patients), exacerbation of chronic obstruc-
tive lung disease (7 patients), mild acute respiratory dis-
tress syndrome (6 patients), pulmonary circulation hyper-
volemia (5 patients), nosocomial pneumonia (4 patients),
pulmonary fibrosis (3 paients), lithicosis (1 patient).

Statistical analysis of data was carried out by Statis-
tica 8.0 software. All data were checked for numbers dis-
tribution normality by Kolmogorov-Smirnov and
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BEeJIMYMHY [TI0TOKA KUCJI0POJA UCXOAHO BbICTABJIAJIN HA
YPOBHE 7 JI/MUH, YTO COOTBETCTBYeT (DpPaKIIUU BlbIXae-
MOro KucJsopoga 60%, cornacHO UH(pOpMaOHHOMY
JINCTy TIPOM3BONUTE/IsSI. B HanboJiee TSKEJIBIX CoTydasix
MOTOK yBeJIW4YUBaau A0 10/1/MUAH, 4YTO COOTBETCTBYET
80% (ppakium BABIXaeMOT'0 KUCIOPO/IA.

s mpoBenenusa BIIB ncrionb3oBany anmnaparsl,
OCYIIeCTBJIAIOLINE II0JaYy YUCTOI0 KUCJI0OPOa C II0TO-
KOM /10 60 JI/MWH, yBJIQ)KHUTETb, CIIOCOOHBIN aneK-
BaTHO YBJIQXKHATH IbIXaT€JIbHYIO CMECh C TAKHUM BBICO-
KUM IIOTOKOM, a TaKsKe [bIXaTeJbHBbIH KOHTYpD C
TIOIOIPEBOM, 00€CIIeYNBAIONINI JOCTaBKY KOHIUITHO-
HUPOBAHHOU BBICOKOIIOTOYHOM I'a30BOI CMECH C OIlpe-
JleJIeHHOHM KOHIleHTpaIel Kucaopoa B Hell. ¥ 41 na-
nuenTa BIIB npoBoau/u ¢ momoIipio anmnapara Airvo-2
(Fisher&Paykel, HoBast 3estanius) y 11 marueHTOB € TIO-
Morsio ammapara Hamilton G-5 (Hamilton, CIIIA). V 48
6o0spHBIX BIIB mpoBOonmnsn 4epe3 HasajdbHBIE, § 4 —
uepes TPaxeoCTOMUYECKUe KaHIOJIH.

IIpu nposenennn BIIB HavanbHYI0O CKOPOCTH I10O-
TOKa BBICTABJIAJIN Ha ypoBHe 40J1/MuH, a FiO, — 40%,
HEe3aBHCUMO OT MCXOHBIX ITapaMeTpOB razoobMeHa.
JlaJsiee aTi TapaMeTphl MOAOMPAJIH [T KaXKOTO TIaIfi-
€HTa UHOIVUBUAYaJbHO B 3aBUCUMOCTH OT KJIMHIYECKOI
acderTBHOCTH ITpOTIEAYPHI (IMHAMHUKY ITOKa3aTesien
Pa0,/Fi0,, PaCO,, Sp0O,, YJI1) n kompopTa nanueHTa.
OnTnmasnbHas BeJudyrHa ITotoka rnpu BIIB cocraBuia
40 (30-45) j1/MuH, ppaKIMsA BABIXa€MOT0 KUCJI0POIa —
49 (40-60)%.

ITpu nposenernn HUMBJI Bo Beex CiTy4asx UCIIOMb-
30BaJIM HOCO-POTOBYIO MAaCcKy ¥ MOIM(PUKAIINIIO PEsKIMa
BiPAP (mByxdasHoro naBJsieHus1). [lapaMeTpbl BeHTHIA-
U1 B HaYaJIe IIPoI1eayphbl BBICTABJIAIN HE3aBUCUMO OT
HCXOAHOM KiMHNYecKoi kaptulbl — [TJJKB 5 cm H,O, uH-
criparopHoe nasjenne — 5 cm H,0O, FiO, — 40%. anee
YKa3aHHbIe IapaMeTphl PeTrYJIUPOBAIN I JOCTHKEHU
meJieBoro razooomena, YJI u 10 (6-8 mMJ1/Kr uaeaJ nLHOU
Maccel Tes1a). Cpenree ontumasbHoe [1JIKB cocrasniio 6
(5-8) cm H, 0O, onTManbHOE MMKOBOE JAaBJIEHUE BOXAa —
13 (10-17,5) cm H,0O, 10 — 7 (6-8) mur/kr. Pparuus BObI-
XaeMOoro K1CJI0pofa B cpegHeM paBHsuIack 50 (45-60)%.

Cpenu BemyImIuX NPUYWH MOCTIKCTYOAIIMOHHOH
HblxaTeJILHOfI HEeIOCTAaTOYHOCTH CJjieAyeT OTMETHUTD:
JMCTeH3NOHHBIE aTeJIeKTa3bl (26 manueHToB), 060cTpe-
HUEe XPOHUYECKOU OOCTPYKTUBHOU 0OJIE3HU JIETKUX (7
naruenToB), OPJIC Jierkoi creneHu TsoKecTH (6 mmarm-
€HTOB), TUIIEPBOJIEMHA MaJIOr0 Kpyra KpoBoobparie-
HYA (5 TaIlMeHTOB), BHYTPUOOJIbHUYHAS THEBMOHUS (4
rarnyenTa), THeBMouOpo3 (3 marrenTa), THEBMOKO-
HUO3 (1 alueHT).

CrarucTuyecKui aHaJIu3 JAaHHBIX BBIINIOJIHAJJIN Ha
IIepCOHAIBHOM KOMIIBIOTEPE C IIOMOIIBIO ITaKeTa Ipu-
KJIQAHBIX IporpaMm Statistica 8.0. Bce mqannbie mpoBe-
PpeHbI Ha HOPMaJIbHOCTb PACIIpeesIeHIsI YiceJI C y4eToM
kpurepues Konmoroposa-CmupHoBa u [llanmmpo-Yuiika.
Jl71s1 cpaBHEHUsT HOPMAJIbHBIX pacipe/iesIeHui UCII0b-
30BaJICA t-KpuTepuil CThIOIEHTA, /11 HEHOPMAJIbHBIX —
KpUTEPHI BUITKOKCOHA MJTH TOYHBIN KpuTepuii Purrepa.
Paguus cunTaiy CTaTUCTUYECKHU QOCTOBEPHBLIMU ITIPU
p<0,05. B 3aBUCMMOCTH OT BHJ1a paclipeie/IeHUsI KoJIuJe-
CTBEHHbIE JaHHbIe IIPeICTAaBUJIN KaK cpeHee apudme-
TUYECKOe * CpeJlHee KBalpaTUYHOe OTKJIOHEeHUe B CJIy-
Jasax HOPMAJIBHOTO paclipefiesieHus 1 Kak Me (25-75) —
MeapaHa (BepXHUH 1 HIDKHUN KBAPTUJIN) B CIyYasixX He-
HOPMAJIBHOI'O pacrpeeseHus.

Shapiro-Wilk tests. For comparison of normal distribu-
tions, Student’s #-test was used; for a distribution distinct
from the normal one the Wilcoxon test or Fisher’s exact test
were employed. Differences were judged reliable at P<0.05.
Depending on the type of distribution, quantitative data
were presented as the arithmetic mean + root-mean-
square deviation in cases of normal distribution, and as
Me (25-75) — median (upper and lower quartiles) — in
cases of distribution distinct from the normal one.

Results and Discussion

Compared to room air breathing, all respiratory
support methods resulted in statistically significant
elevation of PaO, and SpO, (tables 2, 3, fig. 1). During
HFNC and NIPPV, the increment of those indices
was approximately similar and PaO,/FiO, ration and
SpO, were reliably higher than during oxygen inhala-
tion through a mask with a pre-volume bag.

During oxygen mask inhalation, PaO,/FiO,
ratio was equal to 171 (137-243) mm Hg. Transition
to HENC therapy was accompanied with increase
of this index to 235 (183-305) mm Hg (P=0.00004),
and to NIPPV — to 228 (180-288) mm Hg
(P=0.000028). Hence, both methods of assisted ven-
tilation were considerably more efficient than in-
halation though a mask with a bag and improved
the oxygenating function of lungs almost similarly
(differences between them were statistically in-
significant, P=0.6). Saturation according to pulse
oximeter (SpO,) reliably increased both in the com-
parison of oxygen inhalation through a face mask
versus HFNC and NIPPV: 95 (93-98)% against 98
(96-99)% and 97 (95-98)%, P=0.000006 and
P=0.000069, respectively, and in the comparison of
HFNC versus NIPPV (98 (96-99)% and 97 (95-98) %,
P=0.022). Arterial carbon dioxide saturation during
therapy using a mask with a bag was reliably higher
than during air breathing — 41 (37-44) and 38
(34-42), respectively, P=0.0017, i.e. the mask with a
bag facilitated CO, accumulation. At the same time,
there was no reliable difference between PaCO, in
case of air and PaCO, during high-flow ventilation
—38(34-42) and 37 (33-39), respectively (P=0.088).
Upon transition from breathing through a mask
with a bag to assisted ventilation, PaCO, lowered to
10% (P=0.000001) during HFNC and by 7%
(P=0.0015) following the NIPPV. During HFNC, a re-
liably lower PaCO, than during NIPPV (P=0.0034)
was recorded, which evidenced better carbon diox-
ide elimination by means of high flow.

A mask with a bag did not result in a lower res-
piratory rate. However, reliable RR differences were
found during room air breathing or usage of mask
with a bag compared to high-flow ventilation — 20
(16-26) respirations/minute, 20 (16-24) respira-
tions/minute, and 16 (12-20) respirations/minute,
P=0.0 and P=0.0, respectively). In case of RR in-
crease over 18 per minute during mask use, there
was no reliable difference between RR decrease
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Tabsuna 2. PeciupaTopHbIe OKAa3aTeJ M B 3aBUCHMOCTH OT METO/Ia BCIIOMOTaTeJIbHOH BEHTHIISIMH.
Table 2. Respiratory parameters depending on the method of noninvasive ventilation.

Parameters Values of parameters on the stage of study

Room air 1% Mask with pre-volume bag 2nd HENC 3¢ NIPPV 4
PaO,, mmHg 63 (59-68) 94 (80-126) 104 (88-120) 111 (88-133)
Pa0,/FiO,, mmHg 303 (283-324) 171 (137-243) 235 (183-305) 228 (180-288)
SpO,, % 86 (84-88) 95 (93-98) 98 (96-99) 97 (95-98)
PaCO,, mmHg 38 (34-42) 41 (37-44) 37 (33-39) 38 (36-42)
RR, bpm 20 (16-26) 20 (16-24) 16 (12-20) 18 (16-20)

IIpumeuanwue. /{5 Tabuu 1, 2: Parameters — nmokasaresiy; values of ... on the stage of study — 3HaueHus... Ha 9Tanax uccie-
noBanus. [{ys tabu.1, puc: room air — Bo3ayx; mask with pre-volume bag — macka ¢ npeaBapuresnbHbIM 00'beMoM; HENC —
BBICOKOTIOTOYHAA BeHTU 1M A; NIPPV — HemHBasuBHas macouHas BeHTuaAnus; RR, bpm — YJ1J1, B MuH.

TaGunna 3. 3Ha4YeHUs1 JOCTOBEPHOCTH (p) IIPH CPABHEHHUH HCCJIeyeMBbIX IPYII IallHEHTOB.
Table 3. Values of authenticity (P) comparing the groups of patients.

Parameters P

1st-2nd st_3rd 1st—4th 2nd_3rd 2nd_4th 3rd_4th
PaO,, mmHg 0.0 0.0 0.000001 0.51 0.026 0.24
PaO,/FiO,, mmHg 0.0 0.000045 0.000097 0.00004 0.000028 0.6
SpO,, % 0.0 0.0 0.0 0.000006 0.000069 0.022
PaCO,, mmHg 0.0017 0.088 0.58 0.000001 0.0015 0.0034
RR, bpm 0.053 0.0 0.0031 0.0 0.018 0.016

Pe3ysnbTarhl U 00CysKAE€HUE

ITo cpaBHEHMIO € JbIXaHHUEeM aTMOC(epHBIM
BO3/IyXOM BC€ METO/Ibl PECIIMPATOPHOM MO IePsK-
K1 IIpUBOAUJIM K CTATUCTUYECKU 3ZHAYUMOMY
noselienuio Pa0, u SpO, (tabu. 2, 3, puc. 1). Bo
BpeMsa BIIB u HMIMBJI creneHb IpUpocTa 9TUX
rnmokasateJjieil ObL1a MPUOJIM3UTETHHO OJUHAKO-
BoH, a cooTtHomenue Pa0,/FiO, u SpO, 6v11M
JOCTOBEPHO BBIIIIE, YEM IIPDU UHTAJIATTUU KUCJIO-
poJia uepes MacKy C IIpe/iBapUTeIbHBIM 00 bEMOM.

[Ipu MHTAIANNU KUCJIOPOJA Yepe3 KUCJIO-
poIHYI0 MacKy cooTHouieHnue PaO,/FiO, cocTas-
Jgsuno 171 (137-243) mMm pr. cT. Ilepexon Ha Tepa-
nuio BIIB conpoBOKaacs yBeJIUYEHUEM ITOIO
nokasaresna po 235 (183-305) MM pT. CT.
(p=0,00004), a Hva HUMBJI — n0 228 (180-288) MM
pT. cT. (p=0.000028). Takum o6pa3oM, oba MeToza
BCIIOMOTaTeJIbHOMN BEHTUJIAIININ ObILJIN 3HAYUTEIb-
HO 3¢ (eKTrBHEee, UeM NHT /AN Yepe3 MacKy ¢
MEIIIKOM U YJIy4Illa/Iii OKCUTeHUPYIOUIyIo (hyHK-
[IUIO JIETKUX PAaKTUYECKU B OTUHAKOBOH CTelleH!
(pasmuuusa MesKy HUMU OBLIM CTaTUCTUYECKU
He3HauynMbIMH, p=0,6). Carypanus 1o nyjabCOKCH-
Merpy (SpO,) DOCTOBEPHO yBeIMYUBAJIACh KaK
IIPY CPAaBHEHUU UHTAIANNU KUCJIOPOAOM Yepes
JjuneBy1o Macky ¢ BIIB u HMMBJI: 95 (93-98)%
nporus 98 (96-99)% u 97 (95-98)%, p=0,000006 1
p=0,000069 COOTBETCTBEHHO, TaK U IIPU CPABHEHUU
BIIB c HUMBJI (98 (96-99)% 1 97 (95-98) %, p=0,022).
Haceimmienve apreprasbHON KPOBU YIVIEKUCIIBIM
ra3oM IpU Teparuy MacKoH ¢ MelKoM Ob1JI0 TOCTO-
BEPHO BBIIIIE, YeM Ha Bo3ayxe — 41 (37-44) u 38
(34-42) coorBeTrcTBEeHHO, p=0,0017, T. €. Macka c
MEIIKOM crioco0cTBoBaJIa HakoIienuio CO,. B To
’Ke BpeMs He OBIJIO JOCTOBEPHOIO pas3Indus
mesxay PaCO, va Bosayxe u PaCO, ipu BBICOKOIIO-
TOYHOUN BeHTHJIAIuu — 38 (34-42) u 37 (33-39)
COOTBeTCTBEHHO, p=0,088). PaCO, ipu nepexoje ¢

during high-flow therapy and NIPPV — ARR
(mask-HFNC) = 3 (0-7) respirations/minute, ARR
(mask-NIPPV) = 3 (0-10) respirations/minute,
P=0.96. At baseline mask RR > 25 per minute, no re-
liable difference was found between RR decrease
during usage of high-flow therapy and NIPPV —
ARR (mask-HFNC) =7 (0-12) respirations/minute,
ARR (mask-NIPPV) =10 (2-13) respirations/minute,
P=0.39, either. However, high-flow ventilation reli-
ably better assisted RR decrease compared to non-
invasive mask ventilation: 16 (12-20) against 18
(16-20) respirations/minute, P=0.016 (fig. 2).

It should be noted that in a number of cases,
patients developed a significant sense of discom-
fort from the performed respiratory support: dur-
ing HENC, 1 case (2% of the total number of pa-
tients) of therapy intolerance was observed; during
NIPPV, 9 cases (18% of the total number of patients)
of therapy intolerance were observed, which re-
quired return to high-flow ventilation (P=0.014).

The presented study was carried out during
the early postoperative period in cardiac surgical
patients suffering from disturbed oxygenating
function of lungs (PaO,/FiO, < 300 mm Hg or SpO,
< 88% during room air breathing). The undertaken
comparison of application of three modes of non-
invasive respiratory support in 52 patients has
demonstrated that high-flow ventilation is not
worse than noninvasive mask ventilation per-
formed in BiPAP mode when considering gas ex-
change and influence on respiratory rate. Com-
pared to oxygen therapy through a mask with a
bag, significant growth of PaO,/FiO, during both
noninvasive mask ventilation and high-flow venti-
lation (by 27% and 25%, respectively) was
achieved. This disagrees with findings of limited
number of studies, in which any significant differ-
ence regarding the gas exchange and RR between
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IBIXaHUsI yepe3 MAacKy C a

pe3epByapoM Ha BCIIOMO- M pa0,, mmHg UJ Sp0O,, mmHg

rareJibHbLIE METOILI BEHTH- 120 111

JIAIUM  CHUKAJIOCh, B 104

cpegHeM, Ha 10% | 100 86 9% B 7

(p=0,000001) mpu mpose- -

nesun BIIB u Ha 7% 80

(p=0,0015) — Ha d¢oHe 63

HUMBJI. Ilpu BIIB peru- 60

CTPUPOBAJIA JTIOCTOBEPHO

Mmensbiee PaCO,, uem npu 40

HUBMJI (p=0,0034), uto 20

CBHUIETEJILCTBOBAJIO o

JIyYIIen JIMMUHAIIUN

YIJIEKUCJIOTO Ta3a MoCpeI- 0 - - T o

CTBOM BBICOKOTO ITOTOKA. Room air Mask with pre- HENC NIPPV
[IprMeHeHe MACKH C volume bag b

MEIITKOM He IIPUBOMIHJIO K

CHIKEHMIO YaCTOTHI JIbIXa- i W PaCO, mmHg  [IRR,bpm

HuA. OmHAKO BBIABUIN 41

JIOCTOBEPHBIE PA3JIMYUS B 40 38 37 38

YJI/] nmpu ObIXaHUU aTMO-

cepHBIM BO3IYyXOM WU 35

MacKoOW C MEeIIKOM II0 30

CpaBHEHUIO C BBICOKOIIO-

TOYHOW BEHTHUJANUEN — 25 20 20

20 (16-26) JJ/mun, 20 20 — — - 18

(16-24) OI/mua wu 16

(12-20) OJI/muH, p=0,0 u 15

p=0,0, COOTBETCTBEHHO). 10

IIpu yBeaunuyenun Y1/ Ha

Macke 6oJiee 18 B MUH He 5

BBISIBUJIU  JOCTOBEPHBIX 0

pas3IuYui MeKIy CHUKE- . .

HueM UJIJT Ha BBHICOKOIIO- Room air Mask with pre- HENC NIPPV

TOYHOU Tepamuu u volume bag

HUMBJI — AYIJI (Macka-
BIIB) = 3 (0-7) IJ/mMuH,
AU (macka—HVUBMJI) =
3 (0-10) JO/muH, p=0,96.
[Ipu wncxognom Y Ha
Macke > 25 B MHH TaKKe He
BBISIBUJIU I0CTOBEPHBIX PA3JIUUUI MEK Y CHIKE-
Huem YJIJI Ha BBICOKOIIOTOYHOU Tepanuu u
HUMBJI — AU (Macka-BIIB) = 7 (0-12)
I /vun, AYIOI (macka-HMMBJI) = 10 (2-13)
I /muH, p=0,39. OnHaKo, BBICOKOIIOTOYHA BEH-
TUJISIIHSA TOCTOBEPHO JIydIlle CHOCOOCTBOBAIA
cHmskeHuo Y/1J] mo cpaBHEHUIO C HEMHBA3UBHOM
MaCOYHOU BeHTUJIsALMEN Jjierkux: 16 (12-20) mpo-
TuB 18 (16-20) J1/Mmun, p=0,016 (puc. 2).
CiiegyeT OTMETUTB, YTO B psAle CJay4aeB y
00J/TbHBIX BOSHMKAJIO YYBCTBO BHIPASKEHHOT'O JIVIC-
koM@opTa OT TPOBOAUMON pecIupaTOPHON MO~
Jnepskku — BO BpeMs BIIB ormeuasncs 1 ciydail
HeepeHOCUMOCTH Tepanuu (2% oT 00IIero 4ncsia
6o0sbHBIX), Bo BpeMss HUMBJI ormevasnocsk 9 ciy-
4yaeB (18% ot 00111er0 yrcia 00JbHBIX) HellepeHo-
CHUMOCTH Tepalnuu, 4To TpeboBaJio BO3BpaTa K

MOAIEPIKKH.

support method.

Junamuka PaO, u SpO, (a) u PaCO, u Y1 /1 (b) B 3aBHCHMOCTH OT METO/Ia peCIPAaTOPHOM

Pa0, and SpO, dynamics (a) and changes in PaCO, and RR (b) depending on the respiratory

use of a mask with a bag or high-flow ventilation
were observed [18, 20]. A number of studies [17, 22,
23, 25] have shown a higher growth of PaO, during
noninvasive mask ventilation in BiPAP mode com-
pared to high-flow ventilation. Most likely, differ-
ent findings of studies can be explained by differ-
ent levels of inspiratory and expiratory pressure
employed in different studies. In patients with a
higher or two-phase pressure during ventilation in
BiPAP mode, higher arterial oxygenation figures
are usually obtained. Also, flow values used during
HFNC vary between studies. In our series, we
chose NIPPV parameters individually for every pa-
tient. Thus, a correct comparison with results of
other authors could have been possible subject to
identical study protocol and similar respiratory
support parameters.
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BBICOKOTIOTOYHOM BEHTUJISIIUY (PA3JIUYUS CTATU-
CTUYEeCKU 3Ha4YuUMbl, p=0,014).

IIpencrasiieHHOE HCCIEA0BaHNe BBIIIOJTHEHO
B paHHEM [10CJIe0NepaliOHHOM IIepuoje y Kap-
TUOXAPYPTUYECKUX OOJBHBIX C HApPYyIIEHUEM
okcureHupymomeil pyaknuu Jjerkux (PaO,/FiO, <
300 MM pT. cT. nu Sp0,<88% mpu IbIXaHUU ATMO-
cdepHBIM Bo3ayxoMm). [IpoBeneHHOE cpaBHEHUe
IIpUMEHEeHUsI TpexX PesKMMOB HEMHBAa3UBHON pec-
NUPATOPHOU NOJJEPsKKHU y 52 MaIlieHTOB I1I0Ka3a-
J10, YTO BBICOKOIIOTOYHAS BEHTUJIALAA He YCTyIa-
eT HEeWHBAa3WBHOU MAacOYHON BEHTUJISILIUU,
npoBoaumMou B pekume BiPAP mo mapameTrpam
razooOMeHa 1 BJIMSHUIO Ha YaCTOTY JbIxaHus. [1o
CpaBHEHMUIO C KUCJIOPOAOTepalueil uepe3 MacKy C
pe3epByapoM MBI ITOJIyYUJIN CYIleCTBEeHHbIN IpU-
pocrt PaO,/FiO, npu npoBeieHNN KaKk HEMHBA3WB-
HOU MacCOYHOU BeHTUJIAIINH, TaK ¥ BBICOKOIIOTOY-
HOU BeHTUJIAIMHU (Ha 27 1 25%, COOTBETCTBEHHO).
ITO OTJIMYAETCS OT PE3YJIBTaTOB HEKOTOPBIX aBTO-
POB, KOTOpbIE B PAHAOMUA3NPOBAHHBIX UCCJIENOBA-
HUSIX He MOJIYYMJIN CYIleCTBeHHBIX pa3JjInuuil B
ToKasaTeJisix rasoobmena u YJIJ] mpu MCII0Ib30-
BaHUU MACKM C Pe3epByapOM U BbICOKOIIOTOYHON
BeHTU AN (20, 22].

B psine uccaenosanuii [12, 18, 23, 24] moka-
3aH 6osiee BrICOKUH mpupoct PaO, mpu HenwHBa-
3WBHOU MaCcOYHOU BEHTU/IAIINU B peskume BiPAP
10 CPAaBHEHUIO C BBICOKOTIOTOYHO!M BEHTUJIAIEH.
Ckopee BCero, pa3Hble pe3yJIbraTbl UCCAeq0BAHUN
MOYKHO OOBSICHUTB Pa3JIMYHBIMU YPOBHSIMMU [1aB-
JIEHUs Ha BJ0XE U BbIJ0XE, IPUMEHAEMbIMU pas3-
HBIMH aBTOpaMu. Y MAIMeHTOB ¢ 60Jiee BBICOKIM
U 1Byx(¢a3HbIM YPOBHEM JIaBJI€HUsI IIPU IIpOBeie-
HUM BEHTWIATNH B peskrMe BiPAP 06b19H0 TI0TY-
yaroT 60Jiee BEICOKYE TIOKA3aTe TN apTepUaIbHON
okcuresHauuu. Takske B pasHbIX UCCJIELOBAHUAX
BapbUPYIOT 3HAYCHUA IIOTOKA, IPUMEHsAeMbIe IIPU
BIIB. B Hareli cepuyt MbI IOIOUPAJIH TapaMeTPhI
HHYIMBJI nHAUBUAYAIbHO OJIA KaXXO0r0 HaueH-
Ta. TakuM 0Opa3oM, KOPpPEKTHOE CpaBHEHHE C
pes3yJIBTaTaMu JPYTUX aBTOPOB OBITI0 OBI BOSMOSK-
HBIM IIPU UJEHTHYHOM IIPOTOKOJIE IIPOBENEHUA
HCCJIeJOBaHUA U CXOOHBIX ITapaMeTpax pecnupa-
TOPHOU MOJJEP>KKU.

B psime 3apyOeskHBIX WCCIENOBaHUN TIPU
TUIIOKCUYECKOH IbIXaTeJIbHON HEeJJOCTATOYHOCTH,
He CBSI3aHHOU C IIPOBeleHNEeM XUPYPTUUecKOIo
BMeEIIATEeTbCTBA, OBLIN 00HAPY>KEHBI TPEUMyIIe-
cTBa BIIB o cpaBHeHUIO ¢ IpYyrUMU METOLaMU
BCIIOMOTraTeJIbHOU BeHTUJ/IAUM. Tak, mpu ucce-
nmoBaHuu naueHToB ¢ XOBJI, oTMeuaeTcsi CHUKe-
HHEe 0OCTPYKINY JbIXaTebHBIX IIyTeH 1 PaOOTHI
IbIxaHuA npu nposeneHuu BIIB 1o cpaBHEHUIO CO
CTaHJIapPTHOU OKCUTEeHOTepanuen [25]. Y namueH-
ToB ¢ OJIH 6bLIO TIOKa3aHO, YTO ra3ooOMeH
JIyYIlle, YacToTa PEWHTYO0AUWid W CMEPTHOCTH
HIYKe Ipu npoBefeHuu BIIB, ueM 1ipu craHmapT-
HOU okcureHorepanuu u HUMBJI [18, 24]. Takske

In various studies, during hypoxic respiratory
failure not related to surgery, HFNC advantages
compared to other methods of assisted ventilation
were found. The investigation of COPD patients re-
vealed decrease of obstruction of airways and
breathing work during HFNC compared to standard
oxygen therapy [24]. It has been shown that in ARF
patients, gas exchange is better, prevalence of re-in-
tubation and mortality are lower during HFNC than
during standard oxygen therapy and NIPPV [17, 25].
It has also been noted that high respiratory rate is
an early predictor of HFNC inefficacy [26]. In the
study of patients with acute respiratory distress syn-
drome, the high-flow therapy was not successful in
40% of cases, wherein treatment failure predictors
were identified: refractory shock, low PaO,/FiO,,
high SAPS II score [27]. A high percentage of treat-
ment failure appears to be connected with a severity
of the condition of patients included in the study.
Taking into account the clinical experience of other
researchers, in our work we did not include patients
with neurological disorders, pneumothorax, hemo-
and hydrothorax, and diaphragm paresis.

Our study has shown reliable difference in
PaCO, and RR during NIPPV and high-flow ventila-
tion. This agrees with data of a number of authors
whose studies [17, 23] have shown a faster elimina-
tion of CO, during HFNC compared to NIPPV. The
transition from oxygen inhalation through a pre-
volume mask both to HFNC and to NIPPV led to a
statistically reliable decrease of PaCO, compared to
oxygen therapy by means of a mask with a bag (by
10%, P=0.000001 and 7%, P=0.0015), which evi-
denced a more effective elimination of carbon diox-
ide when this respiratory support method was
used. Reliable decrease of respiratory rate upon
transition from oxygen inhalation to high-flow ven-
tilation and NIPPV has been also revealed.

Importantly, during NIPPV the sense of dis-
comfort occurred in 9 (18%) patients while high-
flow ventilation was well tolerated by 98% patients.

Conclusion

Compared to oxygen inhalation through a
high-concentration oxygen face mask, high-flow
ventilation and noninvasive mask ventilation lead
to a similar positive effect on the oxygenating pul-
monary function and gas exchange in cardiac sur-
gical patients suffering from post-extubation respi-
ratory failure.

High-flow ventilation renders a more positive
influence on arterial oxygen saturation measured
by pulse oximeter, respiratory rate, and CO, elimi-
nation than noninvasive mask ventilation.

High-flow ventilation causes the sense of dis-
comfort considerably rarer than noninvasive mask
ventilation and is better tolerated by patients in
general.
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OBLJIO OTMEYEHO, YTO BHICOKAS YaCTOTa JbIXaHUS
SABJISIETCS pAaHHUM IIPEIUKTOPOM HeapeKTUBHO-
ctu BIIB [26]. ITpu ucciemoBaHuy NanyeHToB C
OPJIC BBICOKOIIOTOYHASA Tepanus He IPUBOINIIA K
ycrexy B 40% ciay4daes, Ipu4YeM BbISIBJIEHBI IIpe-
JUKTOPBI HEyIauu JeueHUsI: peppakTepHbIH 10K,
HHu3Koe cooTHoIenue Pa0,/FiO,, BbICOKUI OasLI
nio mkasie SAPS 11 [27]. Bosib1ioii IpoLieHT Heya-
YU JIeYeHUs], O-BUANMOMY, CBSI3aH C OOJbIIEH
TSYKECThIO COCTOSTHUSA MAIlMeHTOB, BKJIIOUEHHBIX B
WcceqoBaHde. YUUTHIBASI KJIMHUYECKUN OIIBIT
JIpyTux HcciefoBaTesiell, Mbl He BKJ/IOYaJIU B
Hamry paboTry OOJIBHBIX C HEBPOJIOTUYECKUMH
HapyLICHUAMH, TIHEBMOTOPAKCOM, '€MO- TUAPOTO-
pakcoM u rape3oMm auadparmal.

[Tpun HYUMBJI 1 BEICOKOTIOTOYHOU BEHTHUJIS-
VMM Mbl BBIIBUJIA [TOCTOBEPHBIE pa3JIn4vsAd B
nokasaresax PaCO, n Y/I/I. 9To cooTBETCTBYET
JIAHHBIM psijla aBTOPOB, B YbUX MCCJIEIOBAHUSIX
[12, 18] moka3aHa 6oJiee OBICTpAsA 9TUMUHAIIUSA
CO, npu BIIB no cpaBuenuto ¢c HUMBJI. [Tepexon
C MHTAJIANAN KUCJIOPOoAa Yepes MacKy C IpeiBa-
puTeabHBIM 00beMOM Kak Ha BIIB, Tak m Ha
HUWMBJI ipuBOAUJI K CTaTUCTUYECKU JOCTOBEP-
HOMy cHUKeHuI0 PaCO, 110 cpaBHEHUIO C OKCUre-
HOTeparnuell mocpeiCTBOM MAaCKU C MEIIKOM (Ha
10%, p=0,000001 u 7%, p=0,0015), 4TO CBHUAETE/IH-
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cTByeT 0 6osee a(ppeKTUBHOM ITMMUHAIIAN YTJIe-
KHMCJIOTO ra3a IPU UCIOJAb30BAHUN 9TOTO METOAA
pecnpaTopHO moaaepsKKn. Takke 00HAPYKUIN
JIOCTOBEPHOE CHUKEHWE YaCTOThI JIbIXaHUA NPU
nepexojie OT UHTAJIANNHA KMCJI0POo/ia K BBICOKOIIO-
TOYHOU BeHTHJIanuu 1 HUMBJI.

BaskHO OTMeETHUTH, UYTO TIpU MPOBEJIEHUU
HUWMBJI gyyBCcTBO AuckoM@dopTa BO3HHUKAJIO Yy 9
(18%) OOJIBHBIX, B TO BpeMsI KaK BHICOKOTIOTOYHYIO
BEHTUJIALMIO XOPOIIIO ITepeHoCrIn 98% IarveHToB.

Takum 06pa3oMm, TI0 CpaBHEHHUIO C MHTAJIAITEN
KUCJIOPOJIOM Uepes JIUIEBYI0O MACKY BBICOKOW KOH-
IEHTPAIN KUCJIOPOA, BRICOKOTIOTOYHASI BEHTUJIS-
Vsl © HEMHBA3WBHAsI MACOYHAsI BEHTUJIAIMA NIPU-
BOJSIT K CXOHOMY IIOJIOSKUTEJIbHOMY a(p(peKTy Ha
OKCHUTEHHPYIOIYIO (PYHKIIMIO JIETKUX ¥ Ta3000MeH
V KapANOXUPYPTUYECKIX OOJIBHBIX C IIOCTIKCTYOA-
IIMOHHOH JIbIXaTeIbHOU HEJOCTaTOYHOCTHIO.

BbicokomoTOYHAsT BEHTUJIAILMSA OKa3bIBAET
OoJiee TO3UTHUBHOE BJIMSTHYE HAa NU3MEPSIEMOE ITyJTh-
COKCHMETPOM HaCHIIeHNEe TeMOTTTIOOHA KUCIOPO-
IIOM, 4aCTOTy AbIxaHusA U anuMmuHanuo CO,, yeM
HeWHBA3WBHAsI MACOYHAsI BEHTUJISAIAY JIETKUX.

BbICOKOTIOTOYHAS BEHTUJIAINS 3HAUYUTEJTBHO
peske, YeM HeMHBAa3WBHAs MaCOYHAsA BEHTUJISIIV-
eil JIerkux, BbI3bIBaeT YyBCTBO IUCKOM@OpTa U B
[1€JIOM JIy4Ille [IEPEHOCUTCS TallueHTaMu.
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