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Hapacranue runepKanHU4ecKON JbIXaTebHON HeJJOCTaTOYHOCTH ABJISETCA MIPU3HAHHON IPUYNHON
CMEpPTHOCTH y MAIMeHTOB, CTPAJAOIINX XPOHUUYECKUMH HeclnenudUIecCKUMHU 3a00/IeBaHUAME JIeTKUX
(XH3JI). Oneparuu Ha cep/1ie U UX OCJI0KHEHUA IPeJICTaBJIAI0T CO00M 3HAUNTe IbHBIA PUCK JJIA TAKUX Ta-
LHUEHTOB.

Ilesb HccilefoBaHUA — OIEHKA 3(p(peKTUBHOCTU HellpepBIBHOM BCIIOMOraTe/IbHOM BEHTUJIAIUN JIETKUX
(HBBJI) mpu pa3BUTHU TUIIEePKATHIYECKOH IbIXaTe/IbHOU HeJOCTaTOYHOCTH Y 00/1bHBIX ¢ XH3JI, onepupye-
MBIX Ha cepJLe.

Marepuansl u MeToabl. HBBJI npumennn y 11 6osmpHbIx XH3JI (cTagust, B cpennem — 2,55+0,52), one-
pUpyeMBIX Ha cep/ilie, IT0c/Ie OTKJII0YeHUs OT «TPaJUIIMOHHOM» VIBJI ¢ KOHTpoJeM 1o fasseHuto (BKI) niu
NBJI c nopnepskkoi napiaenuieM (BIIM). ¥V Bcex MaMeHTOB B MOCJI€0NEPAlMOHHOM ITepUOie BOSHUKJIA TH-
MepKaIHUSA ¢ JbIXaTeJbHOU HeI0CTaTOYHOCThIO, IPOsIBUBIIAsACA Yeped 15+10 9acoB mOC/Ie OTKIIOUEeHUS OT
WBJI. HBBJI mpoBoau/Iu € IOMOIIBIO HA30TPaxeaabHOI0 Karerepa (IuaMeTpoM 5—6 MM) CO CpeIHUM UHCIIN-
paropHbIM TOTOKOM Qin = 26+2,3 j1/MuH npu ucnosnbzosanuu FiO, — 0,3-0,35.

PeaynbraThl. TOJIBKO Y O0HOrO U3 11 NaleHTOB rUIePKAlHUYECKYIO AbIXaTeIbHYI0 HeJOCTaTOYHOCTD
He KyIIUpoBa/u ¢ moMoIrsio HBBJI, 1 eMy npunuiocs UHTyOUpoBaTh Tpaxelo. Ilocie Havana HBBJI wacToTa
CIIOHTAaHHOU BEHTUJISIIUY OCTENIEHHO CHUKAIACh C 24,8+3,6 BIOX0B/MUH /10 1612 BooxoB/MuH (p<0,01).
Cpegnee snauenue PaO, 1o Hauana HBBJI cocraBisano 59+7,5 MM prT. cT. HermocpegcTBEHHO Iepej IIpeKpa-
meHueM HBBJI ono nmoBbicuiiocs 10 99,6+4,5 MM pr. cT. (p<0,01). PaCO, o HBBJI cocraBssmo 73,2+7,5 MM
PT. CT. ¥ CHU3MJIOCH TIepeJ ee IIpeKpaleHrneM 10 45,7+4,3 MM pT. cT. (p<0,01). CHmxerue PaCO, 661710 0co-
6eHHO OBICTPBHIM B IepBble 18 yacoB mpumMeHeHus HBBJI. CpegHsas NpoAo/IKUTETbHOCTh IPUMEHEeHU A
HBBJI cocTasua 3,09+0,9 qgHei.

3akiarouenue. HBBJI siBnAeTcs a¢ppeKTUBHBIM U MUHUMAIbHO HHBAa3UBHBIM PEKMMOM BCIIOMOTaTe Ib-
HOIT BEeHTUJIAIUY, KOTOPBIN MOXKeT IPUMEHATHCA IPU Pa3BUTUM F'HIIepKaITHUYeCKO! IbIXaTeIbHOHN Heo-
CTaTOYHOCTH AJ1s n30eranus HeoOXOOUMOCTU MHTYOAIINY TPAaxeu U TPOBeIeHHsI TPaTuInOHHOK BJL.

Karoueswste crosa: acnomozamenvhas BCHMUNAUUSA; OMKIIOUEeHUe Om Mexamu4ecroul 8eHMUJIAUUU; He-
npepuvleHast 6CNOMO2cANelbHAsl 6eHMUNAUUS JleeKUX

Our aim was to assess the effectivity of continuous flow ventilatory support (CFVS) in those COPD patients
undergoing cardiac surgery who developed hypercapnic respiratory failure.

Materials and methods. CFVS was applied in 11 COPD (Stage 2.55+0.52 on average) patients undergoing car-
diac surgery, after weaning from «conventional» pressure controlled (PCV) or pressure support ventilation (PSV)
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mode. All of these patients had hypercapnea with respiratory failure that has been manifested after 15+10 hours
after postoperative weaning from ventilator. CFVS was applied using nasotracheal catheter (diameter 5-6 mm)
with average inspiratory flow Qin = 26+2,3 1/min while using FiO, of 0.3-0.35.

Results. Only one out of 11 patients failed to recover from hypercapnic respiratory failure using CFVS
and had to be intubated instead. Spontaneous ventilation frequency was gradually decreasing from 24.8+3.6
breaths/min to 16+2 breaths/min after initiation of CFVS (P<0.01). Average value of PaO, before CFVS was
59+7.5 mmHg and rose to 99.6+4.5 mmHg just before CFVS was terminated (P<0.01). PaCO, before CFVS was
measured to be 73.2+7.5 mmHg and dropped to 45.7+4.3 mmHg (P<0.01). CO, drop was fast in the first 18

hours from CFVS application. Average time for application of CFVS was 3.09+0.9 day.
Conclusion. CFVS is an effective and minimally invasive mode of ventilation support that can be used in
patients suffering from hypercapnic respiratory failure to avoid the need to intubate trachea and connect the

patient to conventional ventilator.

Keywords: ventilatory support; weaning from mechanical ventilation; continuous flow ventilation support
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BBenenue

JpixaTesibHaA HemocTarovyHOCTh (JIH) onpene-
JISIETCST, KaK HECLIOCOOHOCTDb OPTaHOB JbIXaHUS TTO]I-
JepsKUBATh HOPpMAJIbHBIN ypoBeHb PaO, > 60 MM PT.
ct. 1 PaCO, > 50 MM PT. CT. Ha YypOBHE MOPHI.

l'unmokcemMuyeckass AbIXaTeJibHasgA HeIOCTa-
TOYHOCTH (THI 1) XapaKTepuayeTcd IajeHueM
Pa0, 6e3 MOBBIIIIeHNA UJIN C HEOOJBIIINM IIOBbI-
menuem PaCO,. [unepkanHuyeckas AbIxaTejibHasI
HEJIOCTATOYHOCTH (THUII 2) XapaKTepu3yeTcsi 60JIb-
M cHrpkeHreM PaO, 1 00JIBLIITNM IIOBBIIIIEHIEM
PaCoO, [1].

I'mnepkanHuyeckas AbIxaTeJbHas HEJOCTa-
TOYHOCTH MOKET OBITh PE3YJIBTaTOM MHOTHUX 3a00-
JIeBaHU, MOBPEKIAIOIINX HEPBHYIO, CKEJIETHO—
MBIIIEYHYIO UJIY JIETOYHYIO COCYOUCTYIO CUCTEMY.
Harmpumep: orpaBjieHus], BoCaauTe/IbHbIe 3a00J1e-
BaHWs JIETKUX, TpPaBMa, OpoHXHUaIbHAsI aCTMAa, XPO-
HUYecKye Hecltenupuieckrie 3a601eBaHusI JIETKUX
(XH3JI), obcTpyKIus 6pOHXHATBHOTO JepeBa Ipu
rUNEepCceKpenuy, OPOHXOITHEBMOHMH U T. 11. Cy1ie-
CTBYIOT O0IIIMie KIUHUYECKUe U KUCJIOTHO-OCHOB-
Hble TIPU3HAKU Pa3BUTHs THUIIEpKamHu4Yeckol JIH
BCJIEJICTBHE KaKOM-I100 MPUYUHGI [2, 3], Hampu-
Mmep: nagenue Pa0O,, magenne PaCO,, atinios. [1oBbI-
IIeHHbIH ypoBeHb PaCO, IpHUBOIUT K aKTUBALIU
CUMIIaTUY€CKOM CUCTEMBI, JIETOYHOU TUIIEPTEH3UH,
TUIIOBEHTUJISIIINY M, B KOHEYHOM CUETe, K TSIYKeJI01
TUIIOKCEMUH U «ITUPKYIATOPHOMY KOJIJIAIICY».

Hawub6oJiee 4acTol NPUYUHON TUIIEPKATTHU-
veckou JIH siBssierca XH3JI. YV MomoOHBIX IIaliu-
€HTOB Tak)Ke HaOJIOJaeTCsl COIyTCTBYIOIIAs
HEpPBHO-MbIIIIEYHAsI CJ1a00CTh, HAPYyIIIEHNE CO3HA-
HUS Y TIOBBIIIAETCSI PUCK BOSHUKHOBEHU S THEB-
MoHUH. OOBIYHO, Tepanuei epBoi JUHUU IJIA
9THUX MallMeHTOB SBJISETCS BCHOMOTaTeJabHasi
HenHBa3uBHas1 BeHTuaALus (HVMB) — ¢ moMoIibo
MacKU WJIM ApPyrux cpencts. OgHaKo, 3a4acTylo
HeoOXxoquMa UHTYyOAlMsI Tpaxeu U MpoBedeHue
TPAAUIIMOHHON MEXaHUYECKOU BEHTHJISAIUA [4].
HHTybanus Tpaxed 4acTO pacCMaTpPUBAETCS B
ciydasix, Korjga «He cpabarbiBaeT» HUIB [4-6].
HenpepsiBHasgs BcnoMmoraTejabHass BEHTUJAIUSA

Introduction

Respiratory failure (RF) is defined as inability
of respiratory system to maintain normal level of
Pa0, > 60 mmHg and PaCO, > 50 mmHg at sea level.

Hypoxemic respiratory failure (type 1) is char-
acterized by drop in PaO, without or with small in-
crease in PaCO,. Hypercapnic respiratory failure
(type 2) is characterized by large decrease in PaO,
and large increase in PaCO, [1].

Hypercapnic respiratory failure may result
from various diseases affecting neurologic, muscu-
loskeletal or pulmonary vasculature, for example:
inflammatory lung diseases, trauma, bronchial
asthma, chronic obstructive pulmonary diseases
(COPD), obstruction from secretions, bronchop-
neumonia, intoxication, etc. There are common
clinical signs and acid base parameters with devel-
oped hypercapnic RF from whatever the cause
[2,3], e.g. drop in Pa0,, drop in PaCO,, acidosis. In-
creased level of PaCO, results to sympathetic sys-
tem activation, pulmonary hypertension, hypoven-
tilation and eventually to severe hypoxemia and
circulatory collapse.

The most common cause of hypercapnic RF is
COPD. These patients also have concomitant neu-
romuscular weakness, impaired consciousness and
high chance of gaining pneumonia. Usual first-line
therapy in such patients is non-invasive ventilatory
support (NIV), with CPAP mask or other means.
However, intubation with conventional mechanical
ventilation is often necessary [4]. We often consider
intubation [4-6] when NIV fails. CFVS has proven
to be effective method of improving ventilation pa-
rameters in patients with hypercapnic RE There-
fore, we decided to apply CFVS to COPD patients
undergoing cardiosurgical operations.

Basic changes of gas exchange in hypercap-
nic respiratory failure. In patients with acute or
chronic hypercapnia even a small decrease in
minute ventilation (MV) may result in significant
increase of its severity.

Example: Even a small decrease in MV in
COPD patients with chronic hypercapnia with
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sgerkux (HBBJI) ommpaBgasia cebst kak apperTuB-
HBIH CIIO0CO0 Y/Ty4IIIeHNsI TapaMeTPOB IbIXaHUs Y
NnalueHToB C runepkanauueckoi /IH. IToaTomy
Mbl pemuau npumeHuTb HBBJI mamuentam c
XH3JI, KOTOpBIM NPOBOAAT KapIUOXUPypruye-
CKUe€ Olepaluu.

OCHOBHBIE HU3MEHEHHs ra3000MeHa INpH
THNEepKAITHUYeCKOH AbIXaTeJTbHOI HEeI0CTaTOY-
HOCTH. Y OOJIBHBIX C OCTPOU WU XPOHUIECKOHN
TUTNepKamHueil majke HeOOJIbIIOe CHUKEHUE
MUHYTHOH BeHTHJIsIUU (MB) MoskeT IpuBecTH K
3HAYUTEJIHbHOMY IIOBBIIIEHUIO €€ BBIPAKEHHOCTH.

ITpumep: He6omnbiioe camxennie MB y maru-
eHTOB, cTpaaatonux XH3JI 1 xpoHudeckol runep-
KarnHuel, ¢ BeauuynHamu pCO, — 60 MM pT. CT. U
BBIIIIE, MOYKET BBI3BATh CEPbE3HOE MOBBINIEHUE
aaayeHuit pCO,. ITO MOKET OBITH CBSI3AHO C aHAJI-
re3ve, cemanyuel U T. 4. AHAJIOTUYHO, ITOBBIIIIE-
HUE€ BEHTWJAIUWA MepPTBOTO MPOCTPAHCTBA
(MII/JI0) MOKeT IPUBECTH K OBICTPOMY ITOBBIIIIE-
Huio CO, [7]. 3aBUCUMOCTB MeKTy A1bBEOJIIPHON
BeanTwissnneit (AB) u pCO, He ABJIsI€TCA JIUHEH-
HOU, ¥ IpW HEOOJIBIIIOM CHUKEHUU AJTbBEOJISIP-
HOU BEHTUJISLINY CJIelyeT 3HaUMMOe IIOBBIIIIeHUe
3Havenus pCoO, (puc. 1).

Teoperuueckue u 6mMo(pu3nIECKUEe MPUH-
uunsl HBBJI. Mcnosisaya HBBJI, Mbl mocTyaupo-
BaJIu JUHAMUYECKOe YMEeHbIIEHe MEPTBOI0 IIPO-
crpancrBa (MII) BBICOKMM [OTOKOM Tra3oB B
Tpaxero [8]. JlJokadaHo, YTO MUHYTHAA BEHTUJIALINA
(MB) MOYKeT YMEHBIIUTHCA Y allUeHTOB C TUIIEeP-
KanHu4yeckoul /IH, y KOTOphIX nMeeTcs yBeJinde-
HHe aHaTOMUYECKOr0 U (DYHKIIMOHATIBHOTO MEPT-
BoOro npoctpancTsa (MIlan + MIId) [7].

YacTuuHoe BbIBeleHH e ra30B B aHaTOMUYe-
CKOM MEPTBOM MPOCTPAHCTBE U €r0 BJIUSAHUE Ha
rasoooMeH B JEerkoM. liMeercss BO3MOYKHOCTD
HCIIOJb30BaTh «(PU3NOJIOTUUECKU pe3epB» NPHU
JleYeHUY OTPAaHUYHON BEHTUJIAIIMOHHOM IbIXa-
TeJbHOU HEJIOCTAaTOYHOCTH. ITOT PE3EPB CO3TAET-
Ccd aHAaTOMHUYECKWM MEPTBBIM MPOCTPAHCTBOM
(MIIaHn), B 4aCTHOCTA — HOCO- U POTOIVIOTKOH,
Tpaxeey, BRJIIOYasd ee OWypKamuio, a TakKe
OpoHXaMHM TEPBOro Mopsaka. [Ipw BBemxeHUU
Ha30TpaxeaJIbHbIM KaTeTepa JuaMeTpoM 4—6 MM
(17151 BSPOCJIOTO) B TPAXEI0 HUKE TOJI0COBOM 111!
Y ofjave Hy>KHOT0 00'beMa ra3oBoro moroka, CO,
OymeT BBIMBIT 13 MePTBOTO mpocTpancTBa (MII),
T.e. IPOU30HIeT ero AUHAMHUYeCKOe YMeHbIIIeHHe.
B ominyne OT aHATOMWYECKOTO MepTBOTO IPO-
CTpaHCTBA (DyHKIIMOHAJIBHOE MEPTBOE IIPOCTPaH-
CTBO MOSKET OBITh YMEHBIIIEHO Jaske Ha 66%, Tak
KakK ras, cojiepskariuiicsi B MI1 B KOHIle BbIJI0Xa, HE
Oyzmer mpakThdecku coBceM comepykars CO,.
[Mocsteayromuii BMOX JOCTaBUT 00 bEM «OTMBITOTO»
MEepPTBOTO MPOCTPAHCTBA B AJIbBEOJIBI MPAKTHUYE-
CKH C HyJIeBBIM copepskanneM CO2 [8, 9].

AnbBeosisipHasa BeHTW A AB = (/[O—- MID X f.
AB = (450—150) X 15=4500 ma. Y MeHbilieHue MI1

|
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Puc. 1. 3aBHCUMOCTB M€Ky aJbBeOJIAPHON BEeHTUIIAIIHEH
(AB) u pCO,.

Fig. 1. Dependence between alveolar ventilation (VA) and
pCO,.

IIpumeuanwue. Effect of VA changes on... — scheme — appext
n3Menenusi AB Ha — cxema; alveolar ventilation — aibpBeossip-
Hast BEHTUJIALNA.

pCO, level of 60 mmHg may cause a significant in-
crease in pCO,. This can be due even to analgesia,
sedation etc. Similarly, increase in dead space ven-
tilation to tidal volume (VD/VT) can lead to fast in-
crease in CO, [7]. Dependence between alveolar
ventilation (VA) and pCO, is not linear and with
small decrease in alveolar ventilation, rise in pCO,
follows (fig. 1).

Theoretical and biophysical principles of
CFVS. When creating CFVS we postulated dynamic
decrease of dead space (VD) with high flow of gases
into trachea [8]. It is proven that minute ventilation
(MV) can decrease in patients with hypercapnic RE
Moreover, there is an increase in anatomical and
functional dead space (VDaw + VDf). [7]

Partial elimination of gases in anatomical dead
space and its influence on gas exchange in lung.

There is a possibility to use «physiological re-
serve» when treating borderline ventilatory or res-
piratory failure. This reserve is created by anatom-
ical dead space (VDaw), e. g. naso-oral part of
upper respiratory system, larynx, trachea with tra-
cheal bifurcation and main bronchi. If we admin-
ister nasotracheal catheter with diameter of 4-6
mm (for adult) into the trachea below the glottis,
and right amount of gas flow will be delivered, CO,
will be washed out of dead space (VD). Dynamic
decrease in dead space will occur. In contrast to
anatomical dead space, the functional dead space
can even be decreased up to 66% because gas in VD
at the end of expiration will not contain almost any
CO,. The following inspirium will deliver «washed»
dead space volume into alveoli that contains al-
most no CO, [8, 9].

Alveolar ventilation VA = (VI'-VD) X f. VA =
(450 — 150) X 15 = 4500 ml. Decrease of VD in 100
ml will lead to increase in VA = 6000 ml, represent-
ing an increase up to 25% without any additional
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@ Continuous flow 26 I/min +
Spontaneous inspirium

A

Continuous flow 26 I/min+
Spontaneous expirium

Spontaneous inspirium

A A

Spontaneous expirium

1

@ High concentration of CO,

Start of expirium

End of spont.
inspirium

2

Difference

of CO, concentration

O Low concentration of CO, in airways

Puc. 2. KonnenTpanusa CO, B AbIXaTEeNbHBIX ITyTAX BO BPEMA
JbIXaTeJBbHOro NuKJIa. Cxema.

Fig. 2. Concentration of CO, in the respiratory tract during the
respiratory cycle. Scheme.

IIpumeuanmue. Continuous flow — HenpepbIBHBIN IOTOK; SPON-
taneous inspirium /expirium — crioHTaHHBIN BJIOX/BBIJOX; start
of/end of — navasno/konern; difference — pasaumna; high/low
concentranion ... in airways — BbICOKasi/HU3Kasl KOHI[EHTpa-
LU ... B IbIXaTeJbHbIX Iy TSX.

Ha 100 M1 IpuBeneT K yBesaudeHuio AB = 6000 mii,
YTO AABJISIETCSA ee yBeJnueHreM Ha 25% 6e3 KaKux-
Jub0 AOMOJHUTEJbHBIX YCUJIUN CO CTOPOHBI
MalKeHTa, T.e. IPOU30IAeT CylleCTBeHHOe YMeHb-
IIIeHne paboThl AbIXaHUA U YBeJUYeHle albBeo-
JsIpHOU BeHTU IsiIMu (AB) (8, 9] (puc. 2).

IToTok rasa B karerepe. [a3, moctynamomui
uepes Karerep (Qin), ABJIAETCS ONPeJeaouM
(pakTopoM razoobMeHa U CHUYKeHUA KOHILIeHTpa-
uuu CO, B MIlan. IloTok rasa uepes KareTep J0JI-
sKeH OBITh JOCTAaTOYHBIM JJId JOCTH)KEHUS
adpexTuBHOTO razoooMena u causkenus pCoO, B
MTIlaH B MEPTBOM IIPOCTPAHCTBE, 00 bEM KOTOPOTO
cocraBJjser npumepHo 100 mu. Ero snaueHue
3aBUCHUT OT JbIXaTesibHOro oobeMa (V,), 4aCTOThI
neixanuA (f), Bpemenu Boigoxa (Te), appexrunHo-
CTU CIIOHTAHHOU BEHTUJIAIIMY U BpEMEeHHOU KOH-
crauThl Jerkux (TAUe = R X C).

H3BecTHO, 4TO BpeMsI II0TOKA ra3a IIPU BBIIO-
Xe CHU’KaeTCsl B TeOMeTpHUYeCcKOo Iporpeccuu u
3aBUCUT OT BpPEMEHHOH KOHCTAHThI OpPraHOB
nbeixaHus (Tau). II0JIHBIM BBIAOX JOCTUTAETCS 3a
TPU BpeMeHHble KOHCTaHThI (Te = 3 X Tau). 95%
o6beMa rasa BblJIbIXaeTcs 3a IIepBYIO U3 TPeX Bpe-
MEHHBIX KOHCTaHT. Ha npyrue BpeMeHHbIe KOH-
CTAHTBI IPUXOAUTCSA JIUIIb OCTaBIINECs 5% rasa,
BBIIbIXaeMOI'0 U3 JIerKuX. Ecjii Mbl pacCUuTbIBa-
eM cHu3UuThb CO, B IATb — JECATH pa3 10 CpaBHe-
HUIO C IepBOHAYa/IbHOM KOHIeHTpalrell, IoToOK
II0/1aBaeMoro ra3a goJ/iKeH ObITh Kak MUHUMYM B
1,2-2 pasa 6oJblile cpegHero oobeMa rasa, BbIXo-

effort from the patient. There will be significant de-
crease in ventilatory work and increase in alveolar
ventilation (VA) [8, 9] (fig. 2).

Catheter gas flow. Gas flowing through the
catheter (Qin) is a determining factor for gas ex-
change and for lowering CO, concentration in
VDaw. In order to achieve effective gas exchange
and lowering pCO, in VDaw, there should be
enough gas flow through a catheter in a 100 ml
dead space. Its value is dependent on tidal volume
(V), respiratory frequency (f), expiratory time (7e),
effectivity of spontaneous ventilation and on time
constant of lungs (TAUe =R X C).

Theory of artificial lung ventilation dictates
that time of gas flow in expirium is exponentially
degressive and is dependent on time constant of
respiratory organs (Tau). Complete expirium is
achieved in three-time constants (Te = 3 X Tau).
95% or gas volume is expired during the first three-
time constants. Another three-time constants are
responsible for only remaining 5% of gas exhaled
from lungs. If we expect CO, to drop five to ten
times its original concentration, gas flow has to be
atleast 1.2-2 times of average volume of gas leaving
the lungs in one time constant (7e) [10].

For a 80 kg male with spontaneous ventilation
parameters of: V, = 0.4-0.6 I, f = 12-30 breaths/min,
Te of 1.0-2.5 sec, Qin has to be 20-27 liters/min in
order to wash CO, adequately from dead space. In
this way, we can remove negative impact of dead
space ventilation without the need to adjust venti-
lation parameters by any other means (change in
frequency and volume) [9].

Risks when using continuous flow ventila-
tion support (CFVS). One of the main risks when
using CFVS with catheter positioned below the
glottis is barotrauma. With acute obstruction of
upper airways (e.g. laryngospasm, cough, etc.), in-
sufflated gas though the catheter can cause over-
pressure and subsequently barotrauma. Safety pre-
caution is to implement automatic blocking system
which is turned on when gas driving pressure
reaches 5-8 kPa (no more than 10 kPa) and auto-
matically disconnects gas supply to the catheter
until the pressure drops.

Other impacts of CFVS on respiratory or-
gans. Dynamic overpressure is created when using
insufflation catheter with one terminal opening.
Actual results confirm that flow through such a
catheter creates static energy (pressure P) as well as
dynamic energy (flow Qin) that is directed towards
peripheral bronchi and to alveolar compartments.
This created overpressure is directly proportional
to gas flow, pressure at the end of catheter (open-
ing) and to the ratio of catheter-to-trachea diame-
ter. During expiration phase of spontaneous venti-
lation, dynamic positive end expiratory pressure
(PEEP) is created. Positive pressure at the end of ex-

piration is directly proportional to Qinand V..
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JAIIEro U3 JIErKrx 3a ONHY BpEeMEeHHYIO KOHCTaHTy
(Te) [10].

Hu1a MmysxkuuHbI BecoM 80 Kr ¢ mapameTpaMu
CIIOHTaHHOU BeHTUIsAIMuU: V, = 0,4-0,6 I, f= 12-30
eédoxos/mumn, Te — 1,0-2,5 c., Qin, HEOOXOTUMBIHI
151 aleKkBaTHOTO BbIMbIBaHUA CO, 13 MepTBOTO
IIPOCTPAHCTBA, AOJKEH COCTaBJIATh 20-27 JIUAT-
poB/MuH. TakuM CITOCOO0M MOKHO M30€eKaTh Hera-
TUBHOT'O BJIMSTHUST BEHTUJISIIIAM MEpPTBOTO IMPO-
CTpaHCTBA, 6€3 HeOOXOAUMOCTH KOPPEKTUPOBATH
rapamMeTpbl BEHTUJIAINNA KaKUMU-JIU00 TPYTUMA
cpencTBaMu (M3MEHEHNEM YacTOTHI M 00 bema) [9].

PucKku pH UCIIOB30BAHUN HENPEPHIBHOM
BCIIOMOraTeJbHOI BeHTuIanun gerkux (HBBJI).
OIHUM 13 OCHOBHBIX PUCKOB IIPU UCITOJIb30BAHUN
HBBJI, npu ycTaHOBKe KaTeTepa HUsKe T0JI0COBOH
e, sABJIsieTcss OaporpaBMa. B ciydae ocTtpoit
0OCTPYKIINH BEPXHUX JIbIXaTeIbHbBIX ITyTeH (Harmpu-
Mep, IIpHU JIapUHTOCIIa3Me, Kalllje U T. [.), THCY]-
uisIIMsA ra3a yepes KareTep MOKET BbI3BATh U30bI-
TOYHOE JaBJIeHNE U, BIIOCJIEICTBUN, — OAPOTPaBMY.
Mepoii IIpe1oCTOPOKHOCTH SIBJISIETCS peaTnu3alivs
CHUCTeMbI aBTOMaTUYeCKOU OJIOKMPOBKHY, KOTOPast
BRJIIOUAETCS, KOT/a JTaBJIEHNE 110/ BO3IelICTBUEM
rasza gocruraer 5-8 klla (ue Ooubire 10 klla), u
ABTOMAaTUYECKU OTKJ/IIOYAET I10Javy ra3a B Karerep
IO TeX I10p, IIOKA aBJIeHNe He yIauerT.

JApyrue Biausanua HBBJI na opransl abixa-
HusA. [Ipu ucnosab3oBaHuU NHCYPDIAINOHHOTO
KaTeTepa C OHUM OTBEPCTHUEM B €ro KOHIIE CO3/1a-
eTcs1 IMHAMHYeCKOe N30bITOUHOE JaBJieHne. Pak-
TUYECKUE pe3yJIbraThbl IOATBEPIKIAI0T, YTO IIOTOK
rasa yepes TakKOU KaTeTep CO3[aeT CTaTUuYeCKYIO
9Heprumo (gasjaeHue P), a Takke TUHAMUYECKYIO
3Heprum (MoTok Qin), KOTOpas HANPABJAETCS B
nepudepuvyeckre OPOHXH U aTbBEOJIBI. ITO CO3-
JmaBaemMoe U30BITOYHOE TaBJIEHUE ITPSIMO ITPOTIOP-
IMOHAJBHO IIOTOKY I'a3a, JaBJICHUIO B KOHIIE KaTe-
Tepa ¥ OTHOIIEHWIO JguaMeTpa KaTreTepa K
JuaMeTpy Tpaxeu. Bo Bpems (pasbl Begoxa Ipu
CIIOHTAHHOU BEHTUJISIUM, CO3IAeTCSI TMHAMUYe-
CKOe€ MOJIOKUTeJIbHOE TaBJIeHWe KOHIa BbIJOXa
(ITIKB). ITosoxkuTe/ibHOE JaBJIeHHE KOHIIA BBII0-
Xa MPsSAMO OTPONOPIUOHANBHO Qinu V,.

3HadeHue reHepupyeMoro BO BpeMsi BeHTH-
Jissiiam [TJJKB o6b1uHO He peBkImaeT 3-5 cm H,0.
CosnmaBaemoe B Tpaxee [IJJKB MokeT yMeHBIINTH
00'beM 3aKPBITUS AJTbBEOJI, a TAKIKE CTA0OUIU3U-
pyer ux reomerpuio [9].

e ucciaenoBanms — olieHKa a(pheKTUBHO-
CTU HETIPEPBIBHOM BCIIOMOTATE/IbHOM BEHTUJIAIINN
gaerkux (HBBJI) mpu pa3BuTUM runiepKanHuYeCKOn
IbIXaTeJTbHON HEJOCTAaTOYHOCTH Y OOJIBHBIX C
XH3JI, onnepupyeMBbIX Ha CepALe.

MarepuaJ 1 MeTobI

FI/IHepKaHHI/I‘IeCKaH JAbIXaTeJbHaAd HeJO0CTaTo4-
HOCTb, 00BIYHO CBsA3aHHAA C TUIIOKCEMIEN, YaCTO Tpe-

6yeT I/IHTy6aHI/II/I Tpaxen nu HCKYCCTBeHHOfI BEHTUJIAITNN

PEEP value during tidal ventilation usually
does not exceed 3-5 cm H,O. PEEP created in tra-
chea may decrease the closing volume se) as well
as stabilize alveoli geometry [9].

Purpose of the study. Our aim was to assess
the effectivity of continuous flow ventilatory sup-
port (CFVS) in those COPD patients undergoing
cardiac surgery who developed hypercapnic respi-
ratory failure.

Materials and Methods

Hypercapnic respiratory failure, usually connected
with hypoxemia, often requires intubation and mechan-
ical lung ventilation. Non-invasive ventilation is in many
cases ineffective, besides the fact that often lasts more
than 12 hours and is associated with many problems. Pa-
tients with COPD undergoing cardiac surgery may often
suffer from hypercapnic RE We decided to use CFVS for
cardiac surgical patients suffering from hypercapnic RF
because of our previous experiences with CFVS in COPD
patients with global respiratory failure. Patients in our
study has not been given any sedatives, opiates or any
other drugs affecting or suppressing ventilation. Using
nasotracheal catheter with diameter of 5-6 mm, we in-
troduced it with the use of Magill forceps into the trachea
about 8 cm below the vocal cords. We performed topical
anesthesia of oral cavity, hypopharynx, vocal cords and
upper trachea using lignocaine spray or 0.5% bupiva-
caine. We connected the catheter to the ventilation cir-
cuit of ventilator AURA-V (Chirana Medical s.r.o SK). This
ventilator is capable of delivering CFVS. We applied
humid 37°C warm gas using FiO, of 0.30-0.35 so we could
obtain SpO, of at least 92%. Patients were hemodynami-
cally stable with none or very small dose of norepineph-
rine < 0.1 ug/kg/min). On the first day, we applied 2 ml
of 0.5% Marcaine aerosol into the catheter using ultra-
sound nebulizer. Demographic parameters, cardiac sur-
gery data and CFVS data are all shown in table 1.

Results and Discussion

Average time of CFVS application was 3.09+0.9
days (2-4 days). Gas flow setting through the
catheter is pictured on the fig. 3. First gas flow set-
ting was 26+2.3 1/min. We completed CFVS by grad-
ually decreasing gas flow Qin up to 7+3 I/min.

Measured PaCO, values as a mean value de-
rived from four consecutive measurements is given
in fig. 4. Average PaCO, value before connecting the
patient to CFVS was 73.2+7.5 mmHg. When CFVS
has been successful, PaCO, dropped to 45.7+4.3
mmHg (P<0.01). Drop in PaCO, was usually fast in
the first 18 hours since the onset of CFVS applica-
tion. We noticed significant improvement in patient
cognitive function as well as rehabilitation soon
after the fall in PaCO,. This clinical improvement
has also been attributed to improved oxygenation.
Only one in 11 patients did not improve using
CFVS, and thus had to be intubated and ventilated
using conventional ventilation modes.

Changes in PaO, during CFVS are depicted in
fig. 5. Average PaO, value before instituting CFVS
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TaﬁJmua 1. Knuan4yeckas XapaKTEepUCTUKA ITAITMEHTOB.

Table 1. Clinical characteristics of patients.

Patients No Age, Height, Weight, M/F Surgery operation CHOPCH CFVS, Qin,
years cm kg Gold grade  days 1/min
1 75 168 74 M MVR/TVR 2 3 26.8
2 64 177 91 M AVR/ CABG 3 4 22.9
3 68 181 89 M AVR/ MVR/TVR 3 4 24.3
4 59 156 55 F AVR/ MVR 3 3 21.1
5 78 159 67 M CABG 2 3 27.9
6 81 161 62 M MVR/TVR 2 3 28.9
7 71 155 74 F AVR/ CABG 3 4 254
8 69 171 84 M AVR/CABG 2 4 24.6
9 76 157 79 F AVR/CABG 3 1 27.1
10 71 173 75 M AVR/ MVR/CABG 2 2 254
11 77 158 64 F AVR/ MVR/TVR 3 3 27.5
Average+SD  71.73+6.53 165.0949.25 74.0£11.38 2.55+0.52 3.09+0.92 25.62+2.3

Note. M/T/AVR — mitral/tricuspidal/aortal valve replacement; CABG — aortocoronarius bypass; Qin — gas flow during catheter.
IIpumeuanwue. [ly1s1 TabJ1. 1, puc. 3-6: Patients No — HoMep IanieHTOB; age, years — BO3pact, JieT; height — poct; weight —
Bec; M/F — most M/7K; surgery operation — xupyprudeckasi oneparnus; CHOPCH — XO3BJI; CFVS, days — HBBJI, nueii; aver-
age+SD — cpeHee 3HaueHUe+CcTaHJapTHOE OTKJI0OHeHue; M/T/AVR — 3aMeHa MUTPaIbHOTO/ TPEXCTBOPUYATOr0/a0pTaJbHOIO
kJana"a; CABG — aopTo-KopoHapHOe ITIyHTHpOoBaHue; Qin — IOTOK rasa yepes KaTeTep.

Jierkux. HemHBa3WBHAas BEHTHUJIAIS BO MHOTHX 1107100~
HBIX CJIy4dasx ObiBaeT HeaddekTuBHOU. Kpome TOrO,
OHa MOKET ITPOJI0JKAThCs 60siee 12 9acoB U aCCONHH-
pyeTcs ¢ MHOKeCTBOM IipobJieM. [lanmenTs! ¢ XH3JI,
KOTOPBIM JieJIaloT Ollepaluio Ha cephle, 3a4acTylo
CTpajaloT runiepkanHudeckoil popmoii JH. Vicnosis3o-
Barb HBBJI na KapJuOXupyprudyecKUX NanydeHTOB,
CTpaJaoIIuX runepraniudecko J1H, pemumiy ucxons
W3 HAIIETO MpebIayIero onbita npuMenenus HBBJI y
nanueHToB ¢ XH3JI B ciyyae JeKOMIIEHCHPOBAaHHOM
JbIXaTeJIbHOU HegocTaro4HOCTHU. IlanueHTam He Ha-
3HAYaIM KaKUX-JN00 CelaTUBHBIX CPEJICTB, OIHATOB
WJIN KaKUX-JIU00 APYTHX IIpernapaToB, BANAIONINX Ha
CIIOHTAHHYIO BeHTUJIANUIO. Vco/1b3ys1 Ha3oTpaxeasb-
HBIU KareTep JuaMeTpoM 5-6 MM, BBOAUJIU €T0 C [IOMO-
IBIO IMUIIIOB Marun/ia B Tpaxew MpUMEPHO Ha 8 cMm
HUKe T'0JIOCOBBIX CBSA30K. MeCTHYIO aHeCTe3UI0 POTO-
BOH II0JIOCTH, IUNO(MApPUHKCA, TOJIOCOBBIX CBA3OK U
BepxHell 4acTU Tpaxeu NPOBOAMWJIU JUIOKAUHOBBIM
cupeem unu 0,5% OynuBakamHoM. Katerep mon-
KJII04aJIM K BEHTA/IAIMOHHOMY KOHTYPY anmnapara MBJI
AURA-V (Chirana Medical s.r.o SK, CsioBakus1), KOTOPbIA
MoskeT obecreunBaTh HBBJIL. IIprMeHAIN BJIaXKHBIN
TelsIblid ras temuneparypou 37 °C, ucnossdysa FiO,
0,30-0,35 nyia moctrokeHus SpO, He HUKe 92%. [Tanu-
€HTHI OBIIN TeMOTHAMUYeCKY CTAaOMIBHEI 0€e3 IpruMe-
HEeHUA UJIU C IpUMeHeHUeM O4eHb MaJIeHbKOU [03bl
"HopanuHedpuHa (<0,1 MKr/Kr/mMuH). B nepBbIii 1eHb
BBOJMJIN B KaTeTep C IOMOIIHIO YIBTPa3BYKOBOTO HEOY-
narizepa 2 ma 0,5% Mapkanna B popme asposouis. Xa-
paKTepUCTHKA ITAIIEeHTOB IIpe/icTaBaeHa B Tabr. 1.

Pe3ynbTaThl U 00CYK/IEHHE

Cpennee Bpemsa npuMmenenuss HBBJI cocra-
Bujo 3,09+0,9 mHelr (2-4 gHS). YCTAaHOBOYHOE
3HaUeHMe MMOTOKAa rasa yepes KaTeTep MOKa3aHO
Ha puc. 3. BHavase ycTaHaB/IMBa/Il 3HAYCHUE
IoTOKa rasa — 26%2,3 Jj/MuH. 3akaH4YuBaJJIn
HBBJI, nmocTerieHHO MOHUKAasI OTOK rasa Qin 1o
7+3 J1/MUH.

WNsmepennbie 3Hauenus PaCO, B Bune cpen-
HeapudMeTUIeCKOTO, BEIBEIEHHOTO U3 YeThIpex

was 59+7.5 mmHg and 99.6+4.5 mmHg just before
termination of CFVS (P<0.01). The highest values
were measured at the end of the second and on the
third day of treatment with CFVS.

Average PaO,/FiO, values are in tab. 2. Tab. 2
also shows improved trend of these values. The
largest improvement was noticed between first and
second day of treatment. This correlated well also
with the clinical picture and patient improvement.

Spontaneous breathing frequency has gradu-
ally decreased from average value of 24.8+3.6
breaths/min before CFVS to 16+2 breaths/min after
weaning from CFVS (P<0.01), fig. 6. Decrease in
respiratory frequency was registered after 8 hours
of CFVS and respiratory frequency has stabilized on
the second day of treatment.

In the past years, there has been a trend to-
ward replacement of complete or partial forms of
mechanical ventilation in terms of their controlled
modes. There are at least four main reasons to jus-
tify this replacement:

1. Spontaneous respiratory activity usually
should be eliminated when using controlled modes
of mechanical ventilation. With the use of supported
ventilation modes, on the other hand, the function
of respiratory muscles remains the driving force al-
though the spontaneous ventilation is not sufficient.
Most of new generation ventilator modes allow spon-
taneous ventilation and optimization of synchronic-
ity with a spontaneous drive. These ventilation
modes also require less vigorous sedation [5, 11].

2. Long period of respiratory muscles inactiv-
ity / hypoactivity of respiratory muscles leads to a
certain degree of atrophy and maintaining a degree
of spontaneous activity may become a protective
factor [11].

3. Employment of ventilation regimes with
support mode is currently routine practice in those
patients, whose weaning poses a challenge [3].
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Puc. 3. CpeiHuii IOTOK ra3a yepe3 Ha30Tpaxea bHbIH KaTerep — Qin (y1/MuH).

Fig. 3. Average gas flow during nasotracheal catheter — Qin (I/min).

IIpumeuanwue. /]1s1 puc. 3-6: at the end of the first/second day — B konue nepsoro/roporo gus; CFVS failure — intubation, ven-
tilation — 6e3ycnemnocts HBBJI — unry6arnus, MBJI; after connection on CFVS — nociie noakioyenus kK HBBJI; before discon-

nection — nepej OTKJIIOUeHHEM.

1ocJjeoBaTe/IbHbIX U3MepeHUl, IpuBedeHbl Ha
puc. 4. Cpenuee 3aauenne PaCO, 10 TOAK/II09eHn s
namyenTty HBBJI cocraBuiio 73,2+7,5 MM PT. CT. B
cayyasx, korga HBBJI 6bl1a ycnenHo, 3HaYeHne
PaCO, magasno no 45,7+4,3 MM pt. cT. (p<0,01). CHH-
skearie PaCO, 00BIYHO OBLIO OBICTPBIM B IIEPBBIE
18 yacoB mnocjsie Havasa npumeHenus HBBJL
OTMeyanu CyleCTBEHHOE YIy4llleHrne KOTHUTHB-
HBIX (DYHKIMH NTAIIEeHTa, a TAKKe UX YCKOPEHHYIO
peabusnTanuio Bckope nocse Hemkrenns PaCo,.
ITO KJIIMHUYECKOE YIy4llleHre CBA3BIBAJIN C YIy4-
IIEHuEeM OKCHUI'eHaluyu KpoBU. TOJBKO y OOHOTO
nanueHTra U3 11 He OTMETH/JIM JOCTaTOYHOTO
a¢pderra HBBJI, moaToMy eMy MPUIILIOCH HHTYOU-
poBaTh Tpaxelo U UCIOJb30BaTh TPAAUIIMIOHHBIE
pexumel IBJI.

Namenenus PaCO, Bo Bpemst HBBJI oTpaske-
HbI Ha puUc. 5. CpenHee 3Havenue PaCO, no Havyasa
HBBJI cocraBuio 59+7,5 MM pT. CT, @ HEIOCpe-
CTBeHHO Tepes nmpekpariearnem HBBJI oHO OBLIO
paBHO 99,6+4,5 MM pT. cT. (p<0,01). Camble BEICOKHE
3nauyenre PaCO, ObL/TH ITOTy4eHBI B KOHIIE BTOPOTO
Y Ha TPETHUH JIeHb JieueHUs ¢ momoIibio HBBJI.

Cpennue 3navenusa PaCO, /FiO, mpuBeeHbI
B Tabus. 2. HamboJbIINi TPUPOCT BETUYNHBI
Pa0,/FiO, 3adukcupoBaiy B HEPUOT MEKIY IIEep-

4. Intensivists prefer less invasive methods of
ventilatory support (e.g. HFloNV, mask ventilation)
with aims to avoid intubation, ventilation, sedation
as well as other adverse effects associated with con-
trolled mechanical ventilation [3].

COPD patients undergoing cardiac surgery
represent a risk group of patients, where other fac-
tors like postoperative systemic inflammatory re-
sponse syndrome (SIRS), copious secretions, dam-
age to pulmonary circulation, cardiac failure as well
as inflammatory conditions of upper and lower res-
piratory tract can cause substantial mortality with
prolonged ICU stay. Weaning of these patients from
the ventilator might be difficult [6].

Patients with healthy lungs undergoing car-
diac surgery present with such problems rarely. The
result is that we tend to use the same ventilation
weaning modes to treat healthy or previously dis-
eased lungs affected with different etiological fac-
tors during cardiac surgery.

Use of non-invasive ventilation (NIV) for de-
compensated COPD was already described in liter-
ature. It is frequently used as a tool to alleviate the
work of breathing and to avoid endotracheal intu-
bation [3]. NIV is used in a form of tight face mask
with the use of pressure — support (PS) mode. Even
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Puc. 4. Cpegnee sanauenune PaCO, (MM pT. CT.)
Fig. 4. Average value of PaO, (mm Hg).

IIpumeuanue. 7151 puc. 4, 5: Before connection CFVS — nepen nogkiirouerueM k HBBJL after disconnection — rocJie OTK/II04eHUS

HBBJIL.

Tabsuna 2. Cpegnee 3nauenne Pa0,/FiO,.
Table 2. Average value of Pa0,/FiO,.

Parameters Average of the examinations during the reference day
Day 1 2 3 4 t-test
PaO,/FiO, 171£9.9 227+24.6 267+8.3 285+12.3 P<0.01

IIpumeuanue. Parameters — mapamerpsl; average of the examinations during the reference day — cpennee snHagenue obcite-

HOBaHI/Iﬁ B T€YE€HUE YKA3aHHOI'O OHSA.

BBIM ¥ BTOPBIM JTHEM JIEUEHUs1, YTO KOPpPeJIUpOoOBa-
JIO C KIVMHUYECKOW KapTUHOU W YJIydIIeHHeM
COCTOSIHUSI ITAIIEHTOB.

YacToTa CIIOHTAaHHOTO AbIXaHU S II0OCTEIIEHHO
IIOHMYKAJIAaCh CO CpeIHero 3HayeHus: 24,8+3,6 BI10-
x0B/MUH mnepen HadajaomM HBBJI pgo 1612
BJOXOB/MUH ocJjie nperparnenust HBBJI (p<0,01),
puc. 6. CHU)KeHre 4aCTOThI JbIXaHUS perUCTPUPO-
Ba/X 4yepes 8 yacos nocse Havana HBBJI, npu
9TOM CTAOMJIN3AIIHSI 9TOU BEJTUUNHBI TTPOUCXOIH-
Jia Ha BTOPOU JIeHb JIeYeHUs.

B mocsenHue rogbl HAMETHUJIACh TEHIEHITNS K
CHU’KEHUWIO YaCTOThI MMPUMEHEHUsI ITOJTHOU WU
YaCTUYHOU MCKYCCTBEHHOUW BEHTHUJISIIINU JIETKUX
C UCIIOJb30BAHUEM KOHTPOJIMPYEMBIX PEKUMOB.
Nmeercs, kak MUHUMYM, 4 OCHOBHbIE IPUYUHBI,
000CHOBBIBAIOIIYE 9Ty TEHIEHIIHIO:

1. [Ipy MCHOJB30BAHUM KOHTPOJIUPYEMBIX
PEKIMOB MCKYCCTBEHHOU BEHTUJISAIUM JIETKUX
OOBIYHO TPUXOAUTCS HCKJIOYATh CIIOHTAHHYIO

short-term use of NIV with face mask can have ad-
verse effects, e.g. failure to achieve appropriate seal
with face leading to patient-ventilator asynchrony,
bruising of the face skin, aerophagy, vomiting, con-
junctival irritation, dry mucous membranes, claus-
trophobia, inability to be fed by mouth, coughing,
problematic suctioning etc. Effectivity of NIV can,
therefore, be significantly decreased [2, 3, 11].

CFVS, on the other hand, is also associated
with a few side effects like the need of introducing
nasotracheal catheter by intensivists. Mechanical
trauma of the upper airways is possible although
not frequent. Because virtually all patients are hy-
percapnic, employment of any central hypnotic
agents should be avoided to allow, topical anes-
thetics to be used only prior to administration of
the catheter. In case of any rise of intrathoracic
pressure (cough, laryngospasm etc.), software of
the ventilator will block inflow of fresh gases, thus
protecting lungs from barotrauma.

www.reanimatology.com
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Puc. 5. Cpegnee snauenune PaO, (MM pr. cT.)
Fig. 5. Average value od PaCO, (mm Hg)

JbIXaTeJIbHYIO 1esITeJIbHOCTh. C IPyroil CTOPOHBI,
MPY UCIIOJb30BAHNUU PEKMUMOB BCIIOMOTaTeIbHOM
BEHTUJISAIMN (DYHKUUS JAbIXaTeJIbHBIX MBIIIII]
COXpAHSAETCs, XOTs CHOHTAaHHAS BEHTUJIAMA
SABJISIETCS HEJOCTATOYHOM. BOoIbIITMHCTBO amnmapa-
TOB VBJI HOBOTrO IOKOJIEHUS UMEIOT PEeKUMBI,
JOITyCKAaIOIIXe CIIOHTAaHHYIO BEHTAJIALNIO U II03BO-
JISOIINEe ONTUMUA3UPOBATh CUHXPOHHOCTH PeCu-
paropa co CIOHTaHHbBIM JIbIxaHueM. [IppuMeHeHne
TaKUX PEKUMOB BEHTHUJAIUHA TpedyeT ropasno
MeHee IyOOKOM cejaliuyl aruenTos [5, 11].

2. JlnuTeabHasgs HEAKTUBHOCTD/TUIIOAKTHUB-
HOCTb AbIXaTeJIbHBIX MBIIIII BEJET K OIpeIeseH-
HOM cTerneHu ux aTpoduu, U NofaepsKaHne Kakok-
JuOO0 CIIOHTAHHOW MBIINIEYHOW aKTUBHOCTU
MOSKET SIBJIAATHCS 3aIUTHBIM pakTopom [11].

3. Hcnoap3oBaHue CXeM BEHTHJIAIUHU C
BKJIIOUEHHEM PEKMMOB BCIIOMOTaTe/IbHOM BEHTH-
JIALIAYM B HACTOsIIIee BPeMsI SIBJISICTCS YCTaHOBUB-
meficsi NMPAKTUKONW B OTHOIIEHUM TIAllMEHTOB,
OTKJIIOYEHVE KOTOPBIX OT BEHTUJIALIMY HEIIPOCTO [3].

4. PeaHnMMaTOJIOTH BCE Yallle NPeaI0YnTAIOT
HauMeHee MHBAa3WBHbIE METOObl BCIOMOTATE b-
HOU BEHTUJIAIIMY (HAalIpuMeDP, Ha3daabHasi BLICOKO-
IMOTOYHAsI OKCUTEHAINsI, BEHTUJISIIIUS MacKoOM), C
1eJs1bI0 n30eranust nHTyOanyu Tpaxeu, MIBJI, cena-
[IUH, a TAKKE IPYIUX HeyKeslaTeJIbHbIX MOMEHTOB,
CBSI3aHHBIX C KOHTPOJIMPYEeMON HCKYCCTBEHHON
BEHTUJIANNEHN JIeTKUX [3].

Regarding CFVS, we did not find its use in any
literature for hypercapnic respiratory failure. How-
ever, we recorded similar results with CFVS as other
authors with NIV regarding improved gas exchange
after 60 minutes of CFVS [12].

CFVSlacks all the disadvantages that non-inva-
sive ventilation mode associate with using either face
mask or nasal mask presented by Conti (1997). We no-
ticed a decrease in tidal volume necessary for dead
space ventilation (VDaw/VT) as a key factor for im-
provement when using CFVS. Decrease in breathing
efforts during inspiration is also a benefit. This implies
that CFVS mode may be as effective as ventilation
modes operating using a different principle [8, 9].

An important factor when weaning the patient
from the ventilator is the number of days on venti-
lator [11]. The need to continue mechanical lung
ventilation commonly appears in about 10-50% of
postoperative patients [6]. In our group of patients
ventilated with CFVS, weaning of 1 patient out of
11 was not successful.

Conclusion

CFVS is an effective and minimally invasive
mode of ventilator support that can be used in hy-
percapnic respiratory failure to avoid the need in
intubation and conventional ALV.
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Boapubie ¢ XH3JI, KOTOPBIM BBITIOJIHAETCS
oIeparivsi Ha cepile, IpeCTaBJISTIOT COOOH Imartu-
€HTOB I'PyNIIbl pucKa. MHOTrue COIyTCTBYIOIIHE
¢akTOphI, TaKME KAK MOCJE0NEePAITMOHHBIN CUH-
JIpOM CHCTEMHON BOCHAJUTEJbHON pearIuu
(CCBP), obuyibHBIE TaTOJIOTHYECKHE TIOTEPH,
HapyIIeHUs JIETOYHOT0 Ta3000MeHa, cepaevHas
HeJO0CTAaTOYHOCTh, a TaK)Ke BOCIIAJIUTeJAbHbIE
3a00JIeBaHUsI BEPXHUX U HUYKHUX JTbIXaTeTbHbBIX
IIyTel, MOTyT HOBBIIIATh JIETATBHOCTh B CJIydae UxX
muTeabHOro mpebwiBanuss B OPUT. Ilpm
OTKJIIOUEHUH TAaKUX [TallMEeHTOB OT anmnapara FBJI
MOT'YT BO3HUKHYTh CYILIECTBEHHbIE TPYAHOCTH [6].

Y IanueHToB CO 3J0POBBIMU JIETKUMH, KOTO-
PBIM [IeJIal0TCA ONepalivii Ha Cep/ilie, peKo BO3HU-
KaloT T0I00HbBIe TPOOJIEMBL. B peaysbsrare 3a4acTyio
HCIOJIb3YIOTCA ONUHAKOBbIE PEKUMBbI OTKJIIOYCHUS
or VMBJI y GOJIBHBIX CO 3I0POBBIMU HWJIU paHEe
MMOBPEYKIeHHBIMHU JIETKUMHM, Ha KOTOPbI€ TOTIOJTHU-
TeJIbHO BO3[IeHCTBYIOT Pa3/IMUHble 3TUOJIOTUYECKIe
¢hakTOpBI BO BpeMs oliepalivi Ha ceplle.

[IpuMeHeHre HEMHBA3UBHOU BEHTUJAIUU
(HMB) B cayvyae nexommneHcupoBaHHOU XH3JI
ysKe oIrcaHo B auTeparype. OHa 4aCcTO UCII0JIb-
3yeTcsi KaK CPEeNCTBO YMEHBIIEHUs paboThl
IBIXaHUsI, a TaKKe AJ11 n3beranus sHAoTpaxe-

anmpHOU mHTyOamuu [3]. HVB uncmoab3yeTcs ¢
IIOMOIIBIO IIJIOTHOH JIUI[€eBOU MacKU U IpUMeHe-
HUA pekuma InoajepXku pasjeHueM (I1]1).
HJaske KkpaTKOBpeMeHHOe HcIoab3oBanue HIB
MOKeT UMeTh HesKeJsareJbHble 3(QeKTHl,
HallpuMep, HeaJleKBaTHOe IIpuJjeranue JJuIeBon
MAacCKHU K JIA1y, Beyllee K aCHHXPOHHOCTH CIIOH-
TAHHOTO IbIXaHWA U BEHTUJIALAY, [IOBPEKICHUA
KOJKU JIMIa, aspodarus, pBoTa, pasnpakeHue
KOH'BIOHKTUBBI, CyXOCTh CJAU3UCTHIX, KJIAyCTPO-
(pobus1, HEBO3MOKHOCTh KOPMJIEHH S Yepe3 POoT,
Kaiiesb, MpobJjemMbl ¢ caHarued u T. 1. Tem
cambIM, ad@dexktuBHocTs HMB MoskeT cyie-
CTBEHHO CHU3UThCH [2, 3, 11].

HBBJI, ¢ npyro# CTOpOHBI, TAK)KE aCCOIMU-
pyeTcsi ¢ HECKOJIbKUMHY TOO0YHBIME 3 heKTaMHy,
HampuMep, He0OXOAMMOCTHIO BBEJ€HUS Ha30Tpa-
XeasJbHOTIO KareTepa. Bo3aMo)KHa TakKe MeXaHu-
yecKasi TpaBMa BePXHUX JbIXaTesJIbHBIX IyTeH,
XOTSI 9TO CJIy4aeTcs HedacTo. Y IalUueHTOB C
TUTIEpKAIHell MPUXoauTcs m30erath JIIOOBIX
LIEHTPaJIbHBIX CHOTBOPHBIX CPELCTB U UCIIOJIb30-
BaTh Ilepe] BBeJeHueM KareTepa TOJIbKO MECTHBIEe
AHEeCTETHKU. B cy4yae kakoro-an00 MOBBITIIEHUS
MHTPATOPAKaJIBbHOIO NaBJICHUA (KalleJb, JIJApUH-
rocnasM W T. J.), IpOrpaMMHOe o0ecrieueHne
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armapara 3a0JIOKMPYET 0Jjavy CBESKETO rada, TeM
CaMBbIM 3alUIAs JIETKUE OT 0apOTPaBMHbI.

MBI He HaIIIU B JIUTeparype YIIOMUHAHUH O
npumenennun HBBJI npu runepkanHuveckoun
JbIxaTeJIbHON HEAOCTATOUHOCTU. OJHAKO pe3yJib-
Tarel npuMeHeHusa HBBJI — yiydineHue raso-
oOMeHa nocsie Havyasia HBBJI, oka3ajanuch CXOKU-
MH C peayjbraraMy, II0JIy4eHHBIMU APYyTUMU
aBTopamu npu ucnoJsab3osanuu HVB [12].

HBBJI He uMeeT BceX TeX HeIOCTaTKOB PeyKu-
Ma HEMHBA3WBHON BEHTHUJISIINU C UCIIOJIH30BaHM-
€M KakK JINIeBOU, Tak 1 HOCOBOU MacKH, KOTOpPhIe
opuTn mpenacTtaBiaensl Conti (1997). CHuskeHUe
IbIXaTeJIbHOro 00beMa, HeoOX0auMoe /IS BEHTH-
JAIUA MepTBOTO TpocTpaHcTBa (MIlan/J10), cuu-
TaeM KJII04eBbIM (DaKTOPOM YJIy4dIlleHUsl raso-
obMeHa npu UCII0JIb30BAHUU HBBJI.
YMeHbIlleHre PaboThI IbIXaHUSI BO BpeMs BIIOXa
TaK’Ke ABJISETCA ee [IPEeuMYIeCTBOM. JTO IIofApa-
3ymeBaer, 4yTo peskuM HBBJI MO)KkeT OBITh Tak 5Ke
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a3 deKTUBEH, KaK U PEKUMBI BEHTHJISIINU, pa0o-
Talllye Ha ApyroM npunnumne [8, 9].

BaskHbIM (haKTOpPOM MPU OTKJIIOUEHUHU MallU-
euta ot VIBJI, sBasercsa uuciao WMBJI-guei [11].
Heo0xomuMOCTh TPOAOJIPKEHUST MeEXaHUYEeCKOU
BEHTWJIALIUM JIETKUX BO3HHUKAET IIPUMEPHO Y
10-50% mnocseonepanyoHHBIX MaleHTOB [6]. B
HAIlleM UCCJIeJOBaHUH, CPEIU ITAlIEHTOB, KOTOPhIE
nosrygasu HBBJI, mpo6s1eMbl ¢ OTKRIIOYEHUEM OT
pecnuparopa BOSHUKJIM TOJIBKO Y 1 rtarimenTa ua 11.

3akJaouenue

HBBJI siBisietcss a(peKTUBHBIM U MUHU-
MaJbHO WHBAa3WUBHBIM PEKUMOM BCIOMOTaTesb-
HOM BEHTWJISAILNU JIETKUX, KOTOPBIA MOSKET IPU-
MEHSIThCA TIPU PA3BUTUU THUNEPKATTHUYECKOU
IbIXaTeJIbHOW HEeI0CTAaTOYHOCTH JJI1 M30eranust
HeoOXOIUMOCTU UHTYOAIlUM Tpaxeu U MpoBeje-
HUs TpagunuoHHoi UBJI.
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