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ITesb vccegoBanust — CPAaBHUTH B3AUMOCBSI3b MEKLY 00BEMOM MEPTBOTO IIPOCTPAHCTBA 1 JbIXaTeIbHbIM 00be-
moM (VD /VT) metonom o6bemuoit kamHorpacdum (VCap) B peskiMax MCKYCCTBEHHOM BEHTUJISIIINI JIETKUX C YIIPaB-
nsgembiM nasiaernem (PCV) u nognepskkoii naBienuem (PSV) B mocieonepannonHom mepuoye.

MarepuaJbl 1 MeTOAbI. B 00cepBaiinonHoe, MPOCIIEKTUBHOE UCCIE0BAHIE METOIOM CJIy4ailHOTO BbIOOpa
BKJIOUMsIN 30 TTAIMEHTOB U3 OT/AEJEeHUS CePAeUYHO-COCYIUCTOI XUPYPIUH, IEPEHECITNX OllepaInio a0PTOKOPO-
Hapuoro myntuposanus (AKII) ¢ skcTpakoprmopa bHbIM KpoBooOparienueM. [TalineHToB MoAKI0YaIn K CH-
cTeMe BeHTHJISAIMY JIETKUX CPa3y [PU MOCTYIJIEHUU B OT/eJleHne NHTEHCUBHON Tepanuu. 3aTeM MPOBOINIIN
mouutopunr VD /VT, npoxykumu CO, (VECO,), a Takke napaMmeTpoB BeHTUIsATINU. [lapaMeTpbl BeHTUISATINNT
B pexkuMax ¢ yrnpasiasembiM aaBiaennem (PCV) u nopnepxkoit naBiaenunem (PSV) cratuctudecku omenuBain
110 [-KPUTEPHUIO.
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Pe3yabsratel. He Borasuim qoctoBepusix pasamunii kortentpaun CO, Bo BeipixaeMoM Bo3ayxe (ETCO,)
mesxxny pexkumamu PCV u PSV (p=NS), xora kax VECO,, Tak n munyTtrHas Bentunsanus (MV) Bospacrann B
pesxkume PSV (p<0,01). Ornomenne VD/VT B peskume PSV 6b110 Hike, uem B peskume PCV. Tazoo6meH, mipe-
CTaBJIEHHBIN aibBeosaApHoil BeHTU s et (VA), 6bu1 ayuine B peskume PSV (p<0,01). I[Tokasaresnp VA GbLi
Takske BbIme B pexknme PSV (p<0,05). Pacuetnoe ornomerre VD /VT paszanuanoch mexay pesknmamu PCV u
PSV (p<0,01).

3akmouenne. O6nemuas kamnorpadus (VCap) ABAseTcst cpeficTBOM MOHUTOPHHTA 3(h(HEKTUBHOCTH 0OMEHa
CO,. Ormevanu camxennie VD /VT ¢ ynyumennem anbBeossspaoii Beatuisaiun (VA) B pexxume PSV. VCap nipen-
CTaBJISIETCSI MTOAXOSIIIM METO/IOM PETYJIMPOBAHI TPOTEKTHBHOM BEHTHIISIIINHU JIETKHX.

Kanroueswte crosa: UBJI, obvemnas kannoepapus (VCap), senmunsyus ¢ ynpasisemvin oasieruem (PCV), sen-
munsyust ¢ konmpoiem oagienusi (PSV)

The purpose of the study was to compare the relationship between the dead space volume and tidal volume
(VD/VT) using volumetric capnography (VCap) during pressure controlled (PCV) and pressure supported (PSV)
ventilation mode in the postoperative period.

Materials and methods. 30 randomly assigned cardiac surgical patients undergoing CABG (coronary artery
bypass grafting) using ECC (extracorporeal circuit) were included in an observational, prospective study. Patients
were connected to the ventilator immediately after ICU admission. After that, monitoring VD/VT, CO, production
(VECO,) as well as ventilation parameters was carried out. The parameters during PCV and PSV mode were sta-
tistically evaluated using ¢-test.

Results. Expiratory CO, (ETCO,) concentration were not significantly different in both PCV or PSV (p=NS),
although both VECO, and minute ventilation (MV) increased during PSV mode (»p<0.01). VD/VT in PSV mode
was lower than in PCV. Gas exchange represented by alveolar ventilation (VA) was better during PSV (p<0.01).
VA was also higher during PSV (p<0.05). The calculated VD/VT ratio differed between PCV and PSV mode

(p<0.01).

Conclusion. VCap represents a tool for monitoring of CO, exchange effectivness. We registered a decrease in
VD/VT with improved alveolar ventilation (VA) in PSV mode. VCap seems to be a suitable instrument for adjust-

ment of protective lung ventilation.

Keywords: MV, volumetric capnography (VCap); pressure controlled ventilation; pressure supported ventilation
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BBenenue

AsbBeoIsipHasl BEHTUJISAINS OIKMCBIBACT MIEPHUO-
JIMYECKUii TTpoIecc B/oXa Bo3/lyxa 13 aTMocdepsl B
JIETKHE U €ro BBbIJIOXA, COOTBETCTBEHHO, U3 JIETKUX B
armochepy. Tazoobmen Mexy aTMocdepoil 1 Jerku-
MU XapaKTepu3yeTcs CJAeAYIONNMI ITapaMeTpaMu:

— MunyTtHOH BenTussiuein (MV);

— npixarenbabiv oobemoM (VT);

— BEHTUJIAIMEN MEpTBOTO MTPOCTPaHCTBa (aHa-
ToMuueckoro u anbseossipaoro (VDaw, Vdalv));

— anbBeossipuoit Bentussiiueit (VA);

— yacroroii geixanus (f).

Jlus o6beM BO3/yXa, JOCTHUTIIHNA aJbBeodl,
BasKeH JIJIA Ta3000MeHa, OCKOJIbKY JIUIITh aJTbBEOJIbI
yuacTByeT B HeM [1—4]. Ha o6beM aHATOMUYECKOTO
MepTBOTO 1poctpancTsa (VDaw) (Bkiiouas BepxHue
1 HUZKHUE JIbIXaTeIbHble MYTH BIJIOTD /IO JAbIXaTeh-
HBIX GPOHXUOIT) ¥ (PUBHOJOTHUECKOTO MEPTBOTO TIPO-
crparcrsa (VDf) (anbBeosisipHOro 1 aHaTOMUYECKO-
TO) BJIMSIET MPOIIEHT BO3/IyXa, BIIXaeMOTO 34 OJIUH
Brox (VT), nocraBisiemoro B asibBeoJibl (HAIIpUMeED,
(VDf+VDaw)/VT =VD/VT) [4, 5].

Yem 6odtbiie 066EM MEPTBOTO MTPOCTPAHCTBA, TEM
MEHBIITE BO3/yXa JOCTYITHO /st Ta3000MeHa B aJlbBEO-
gax. /lanuplii Mexanus3m cHukaeT 3(PdEeKTUBHOCTD
nckyccrBenno Bentussiiuu jerkux (MBJT). Tepmun
<«MEpTBOE TIPOCTPAHCTBO» (AaHATOMMYECKOE) KaK YacThb

Introduction

Alveolar ventilation describes the repeating
process of air inspiration and expiration to and from
the lungs into the atmosphere, respectively. Gas ex-
change between the atmosphere and lungs is charac-
terized by the following parameters:

— Minute ventilation (MV)

— Tidal volume (VT)

— Dead space ventilation (anatomical and alve-
olar (VDaw, VDalv))

— Alveolar ventilation (VA)

— Respiratory frequency (f)

Only the volume of air reaching the alveoli is im-
portant for gas exchange, because only alveolar seg-
ment is involved in the gas exchange [1-4]. The
volume of anatomical dead space (VDaw) (including
upper and lower respiratory airways up to respiratory
bronchioles) and the functional dead space (VDf)
(alveolar and anatomical) is influenced by percentage
of air inhaled during one breath (VT) that is delivered
to alveoli (e.g. (VDf + VDaw)/VT = VD/VT) [4, 5].

The bigger the dead space, the less amount of air
will be available for gas exchange in alveoli. This
mechanism decreases the effectiveness of the mechan-
ical lung ventilation (MV). The term «dead space»
(anatomical) as a part of the respiratory space is not
useless or harmful for respiration, it merely describes
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JIBIXATEJIBHOTO TIPOCTPAHCTBA HE O3HAYAET €ro Bpela
niin OeCTIONEe3HOCTH JITIST JIBIXAHUST, OH JIMIIb OTPAKAET
TOT (baKT, YTO BO3/YX B €ro0 TIpejiesiaX He y4acTBYET B
razooOmetie. OHO BBITIOJTHSIET JIPYTHE BasKHbIE (DYHKINH
[3, 6—8]. Hopmasbroe 3nauene VD /VT B osioxxennn
CTOs y B3POCJIbIX cocTanlisteT npumepHo 0,3. B mososke-
HUM JIeXKa Ha CIMHE TAHHOe 3HAYeHUe HECKOJIbKO BO3-
pacraet u Haxoautcst B mpezenax 0,33—0,35.

[Ipu 3aaHHOM TIOCTOSIHHOM OObEME MEPTBOTO
npocrparctea (Vdaw) anbBeossapHas BeHTHIISALM
MOJKET 3HAYUTEIBHO PA3JIMYAThCS IPU U3MEHEHUH
YaCTOTHI ¥ AMILIUTY/IbI IBIXAHUS, TOTA KAK MITHYTHAST
BEHTUJISILIUS JIEFKUX OCTaeTCsl Hen3MeHHOM |4, 5]. Ciroxk-
HOCTb U3MEPEHUsT 00BEMOB AJIbBEOJISIPHOTO U AHATOMH-
YeCKOT0 MEPTBOTO [TPOCTPAHCTB TIPEICTABIISLIO TIPO0JIe-
My, He IO3BOJIABINYIO IMUPOKO WCIIOJAB30BATh ATH
nanHble B kauHndeckoil mnpakrtuke [9, 10]. Oxnako,
UCIIOJIb30BAHKE TAaK HA3bIBAEMOI 0OBEMHON KarmHorpa-
un (VCap) u yuiiiee noHuManue ee KIMHIYECKOTO
3HAYEHUST TIOMOTJIH [TPEOJIOJIETh OTPAHIYEHVIs], CBSI3aH-
Hble ¢ onenkoii noroka CO, u 06beMa MePTBOro MpPo-
crpancrsa [11, 12]. B Hacrosiee BpemMst 00beM MEPTBOTO
MPOCTPAHCTBA MOKHO U3MEPHUTH Y MOCTEJIH OOJIBHOTO.
Jlanublii BUi MOHUTOPUHTA CTAHOBUTCSI METOJIOM OIleH-
K1 9 (PEeKTUBHOCTU BEHTUJISIIN, TIPUMEHSIEMbIM JIJIsT
HACTPONKU CUCTEMbI BEHTUJIAIIMY,  TAKKE CPEACTBOM
NPUHATUS PELIEHUI U OIIEHKY TI0Ka3aTesIell reMO/IMHA-
MUK B OT/IeJIEHUSIX MTHTEHCUBHOM Tepanuu [13, 14].

O6bemuas kannorpadpus (VCap) — MeTon usme-
penust kuretuku CO, 3a OM1H BIAOX. AHAIN3 0OBEMOB
KallHOTPAMMBI  JIa€T IIUPOKYIO (PU3UOTIOTHYECKYIO
undopmario 06 obpasosaruu CO, B 1rpolecce 0OMeHa,
€r0 TPAHCIIOPTUPOBKE, IJTUMIHAIINHU, OTYACTH O IIUPKY-
JISIIIAY, & TAKIKe TI03BOJISIET OIIEHUTh U3MeHeH e Pa3iny-
HBIX 0OBEMOB B JIETKHX ¢ TeueHreM Bpemenu [15—17].

O6bemuas kannorpadus (VCap) — mydinuii
criocob nsMepenust 06beMa MEPTBOTO MPOCTPAHCTBA
(VDaw u Vdf) B KIMHUYECKOII IIPAKTHKE, I03BOJISIO-
AT TPOBOAUTD TOAPOOHBIN aHaIu3 (GYHKIIMOHAIb-
HBIX KOMIOHEHTOB B KaXK/IOM J[BIXaTeJIbHOM O0ObeMe
(VT). Ha puc. 1 nokazan nmpumMep MOHUTOPUHTA Pa3-
JIMYHBIX PYHKIIMOHATBHBIX 00EMOB JIETKHX.

[lesb uccyieroBanmst — CpaBHEHUE B3AUMOCBSI3U
MESKLy 00BEMOM MEPTBOTO TIPOCTPAHCTBA U JIBIXATEb-
ubM 06beMoM (VD /VT) meTogom 00beMHOM KarHo-
rpacuu (VCap) B pexxuMax UCKYCCTBEHHOU BEHTUJISI-
MY JIETKUX c yrnpasJsieMbiM jaBienuem (PCV) u
nozepskkoit nasaenueM (PSV) B nocsieoneparmon-
HOM IepUO/IE.

MaTepI/IaJI N METO/1bl

Wcnonpzosanu anmapat VIBJI ¢ cucremoit aBromarn-
yeckoro ynpasaenust (Aura-V Chirana Ltd., Crosaxust), co-
JepsKalinii BCTPOEHHBIH MOy Ib 00beMHOI KanHorpadun
(VCap), KOTOpBIi I03BOJISIET OTCJAEKUBATH 0OPasOBaHUE
CO, (VECO,), o6bem CO, 3a oxun Beigox (VTCO,), a
takske otHotenne VD /VT ¢ momomsio VCap. [1pu Berenun
TAIMenTa, HaXOAIIerocst ojl aHeCTe3Mneld, a TAKsKe B IocJre-
OIEPAIIIOHHOM TTePHO/Ie MBI UCIIOJIb3Y€EM CTPOTHI TPOTOKOJI
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Fig.1. Monitoring of different functional lung volumes.

Note. Vdaw — the volume of the anatomical dead space; VT — tidal
volume; VTalv — alveolar tidal volume; EtCO, — concentration of
carbon dioxide (CO,) at the end of an exhaled breath; CO,Exp —
the volume of exhaled CO, (capnogram); PaCO, — partial pressure
of CO, in arterial blood; PCO, — partial pressure of CO,; Phase T
of the capnogram; phase II of the capnogram; phase III of the
capnogram; z — the specified part of the anatomical dead space; x
— the specified part of the volume exhaled from the alveolar space;
y — part of the alveolar dead space.

IIpumeuanue. Vdaw — 06beM aHATOMHYECKOTO MEPTBOTO TIPO-
crpanctBa; VT — apixarenbbiii o0bem; VTalv — anbBeossapHblii
nbixatenbHbiil 06beM; EtCOy — o6bem CO, B KOHIIE BBIIOXA;
CO,Exp — o6bem Boigbixaemoro CO, (kamnorpamma); PaCO, —
napruasnpHoe gaiierne CO, B aprepnanbHoii kposu; PCO, — nap-
nuanbroe gasiaenne CO,y. I dasa xannorpammsr; 11 dasa kanno-
rpamMmbr; Il ¢asa xamHorpamMmer; z — yKaszaHHas 4YacTh
aHATOMUYECKOTO MEPTBOTO MPOCTPAHCTBA; X — YKA3aHHAS YaCTh
06beMa, BBIIBIXAEMOTO 113 AJIbBEOJISIPHOTO IPOCTPAHCTBA; Y — YaCTh
AJTbBEOJISIPHOTO MEPTBOTO TIPOCTPAHCTBA.

the fact that air inside the dead space does not partic-
ipate in the gas exchange. It has other important func-
tions [3, 6—8]. The normal VD/VT value in upright
position is approximately 0.3 in adults. In the supine
position, this value slightly increases and ranges be-
tween 0.33-0.35.

In constant dead space volume given (VDaw),
alveolar ventilation could vary significantly with
changing frequency and amplitude, while minute ven-
tilation will remained constant [4, 5]. Measurements
of alveolar and anatomical dead space volumes were
problematic that prevented from using them in clinical
practice [9, 10] However, recent achievements in so-
called volumetric capnography (VCap) and better un-
derstanding of its clinical impact helped in overcoming
restrictions related to the CO, flow and the dead space
[11, 12]. At present, we are able to measure the dead
space at the bedside. This monitoring tool becomes a
tool for decision-making as a method for assessment of
the ventilation efficiency used for adjustment of ven-
tilator settings as well as hemodynamic evaluation tool
in intensive care units [13, 14].

Volumetric capnography (VCap) is a method for
the measurement of CO, kinetics during one breath (in
expiration). Capnogram volume analysis provides wide
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Ta6auua 1. [lemorpaduueckue ganubie.
Table1. Demographic parameters.

Parameters Average+SD
Weight, kg 79+13
Height, cm 166+7
Age, year 63+10
BMI ( body mass index) 28+3
IBV (ideal body weight) 74+8
VDcalc 2 ml/kg IBV 147+16
LIS (lung injury score) 0.5+0.25
Men/Women 18/12

Ipumeuanue. /s tabr. 1-3 u puc. 1-4: Parameter(s) — napa-
merp(pr); SD — crangaprroe orkiaonenue. Jljist rabor. 1, 2: Average
— cpennee; Weight — Bec; Height — pocr; Age, year — Bospacr,
siet; BMI — unpekc maceor Tesia; IBV — mjeanbhbrii Bec tena; LIS
— GaJLITBI TI0 TITKAJIe MOBpPeskAeHNs Jerkux; Men/Women — my:x-
YUH />KEeHITAH.

MPOTEKTUBHON BEHTUJIAIIH JIETKUX C IIEJIBI0 TOCTHKEHUS
MITHUMAJTBHO BO3MOKHOTO TUKOBOTO faBiest (Paw<25 cm
H,0) (naBnenue B pesknme ympasisiemoro aaBienns (Ppc),
JIaBJICHNE B PEsKUMe TOo/IepKKH aBierneM (Pps), yiaens-
HBIH apixatenpueiii 06mem (VTspec B mMa/kr) — VTs >
6,0£0,5 mr/Kr st npeansHoit Macest Tesa (MMT). TToso-
sKuTesIbHOe JaBienue B Konile Boiioxa (PEEP) sanasanu B
mpeznenax 0,8 — 1,1 em H,O/10 xr UMT (1e ke 5 cm
H,0), konnenrpannio Basixaemoro kucaopoja (FiO,) mo-
CTETMEHHO OBOANIH /10 nocTuskenust SpO, me meree 93%
(xax mpasuiio, FiO, = 0,4+0,05). Pe3yabraTsl cpaBHUBAIN
C TEOPETNYECKO 1 MATEMaTHIECKO MOZIEIBIO, TIOJIYYeHHON
Ha OCHOBE JIeMOTrpapMueCKUX IAHHBIX HAIINX TTAI[EHTOB.

B ncciaeroBanne mocsie10BaTeIbHO M METOIOM CIIY-
vaiiroro Ber6opa Braounn 30 MAIMEHTOB U3 OT/ICTCHHs
Cep/levuHO-COCYANCTON XUPYPIHUH, TIEPEHECIITIX ONEePAIIo
aoprokoponaproro nryntuposanus (AKII) ¢ mckycerBen-
HbiM kpoBoobGpartiernem (MK). Oreparnnn mpoBoANIIH B Iie-
puon ¢ 15.11.2017 r. mo 31.01.2018 r. Kpurepusimu
nuckmovenns 6o OBJDK < 30%, XOBJI III n IV cr.
(Gold), 6ponxuanbhast acTMa, HaJiM4YMe XPOHUUECKOI 110~
YEYHOH HE0CTATOUHOCTH, TPEGYIOIIEH reMoinaln3a, u 11o-
BpPEsK/IeHIe JIerKuX cpeziHeil Tsikectr (bosee 0,75 6aiioB 1o
mkasie LIS). Pacuernoe snauenue VDaw B nareit rpyiie
nanneHToB coctaBusio 147 mu. /lemorpacdudeckue 1annupie
npusezerbl B Tabir. 1.

[Tociie mocTrzkenust CTabUIBLHOTO COCTOSIHEST IPH BEH-
TUJISIIAN JIETKUX B pesknMe yipasisiemoro faasienus (PCV)
nan nojAep;kku gasiaeruem (PSV) mamepsan ocnoBHble
[apaMeTpbl BEHTHJISITINH, 2 TAKIKE, METOJIOM 0ObeMHOM Karl-
Horpadun (VCap), — napamerpsi rasoobmera, VECO, u
VD/VT. Jlerkyo cepanuio HanueHToOB OCYIIECTBIISIN
myTem BBeJleHust pactBopa 1% mpomodosa (o Puamor-
ckoil mrane cemaruu-axxutann RASS-2-0). B teuenne
nepBbix 30—35 MUHYT y MAIMEHTOB He ObIJIO TPU3HAKOB Ca-
MOCTOSITEIBHO /IBIXaTeIbHOI aKTHUBHOCTH BCJIC/ICTBHE
OCTATOYHON aHEeCTEe3WH, PETAKCAIINN U CeJIalliN.

Ocnonas Hactpoiika anmmapara VIBJI 6pL1a mckmoun-
TeJbHO MPOTEKTHBHOI. [IpH BO30OHOBIEHNN Y TTAIIMEHTOB
CaMOCTOSITEJIbHOM JIbIXaTeIbHON AKTHBHOCTH MCIIOJIb30BAIIN
MO/IZIEPSKKY AaBjaeHueM (MOTOKOBBIN Tpurrep = 1 j/MuH,
nasnenne oaaepskku (Pps) 3amasanu B npenenax VTspec
5,1—6,1 mu/xr UIMT).

[leranmy akIleHT Ha cpaBHEHNE H3MEHEeHNI TapaMeT-
POB HCKYCCTBEHHON BEHTHJISIIINY JIETKUX, B OCHOBHOM 110
snavennio VD /VT, uamepennoro metosiom KammHorpadun
(VCap), ataxxke ETCO, n VECO, B ipotiecce ympasJisie-

physiologic information regarding metabolic produc-
tion of CO,, its transport, elimination and partially in-
formation about its circulation; it also permits to assess
changes in different lungs volumes with time [15—17].

Volumetric capnography (Vcap) is the best clin-
ical tool for dead space (VDaw and VDf) measure-
ment allowing detailed analysis of functional
components in each tidal volume (VT). Fig. 1 presents
monitoring of different functional lung volumes.

The purpose of the study was to compare the re-
lationship between the dead space volume and tidal
volume (VD/VT) by using volumetric capnography
(VCap) during pressure controlled (PCV) and pres-
sure supported (PSV) ventilation mode in the post-
operative period.

Materials and Methods

We used a ventilator (Aura V—Chirana Ltd.SK, Slo-
vakia) that contains integrated volumetric capnography
(VCap) and up to now we are able to monitor CO, produc-
tion (VECO,), CO, volume in one breath (VTCO,), as well
as VD/VT using VCap. While managing a patient during
anesthesia and also postoperatively, we use a strict protocol
for protective lung ventilation aiming at the smallest peak
pressure possible (Paw<25 cm H,0) (Pressure of pressure
control (Ppc), pressure of pressure support (Pps), specific
tidal volume (VTspec in ml/kg) VTs <= 6.0+0.5 ml/kg for
the ideal body weight (IBV). Positive end expiratory pres-
sure (PEEP) is set for 0.8—1.1 cmH,0/10kg IBV, (not
lower than 5 cmH,0) and we titrate inspiratory oxygen con-
centration (FiO,) to obtain saturation of O, (SpO,) of at
least 93% (usually FiO, = 0.4+0.05). We compared these re-
sults with theoretical and mathematical model that we ob-
tained from demographic data in our patients.

We randomly included 30 consecutive cardiac surgical
patients undergoing CABG surgery using extracorporeal
circulation (ECC). Surgical procedures were performed
over the period from 15.11.2017 to 31.1.2018. Exclusion cri-
teria were LVEF < 30%, COPD III and IV(Gold), bronchial
asthma, CRF patients requiring hemodialysis and patients
with lung injury score (LIS) of more than 0.75 (moderate
lung injury). The calculated VDaw was 147 ml in our pa-
tients group. Demographic data are presented in Table 1.

When the steady state was reached in pressure con-
trolled (PCV) or pressure support (PS) ventilation modes,
we measured basic ventilation parameters and gas exchange
parameters, VECO, and VD/VT using VCap. Patients were
slightly sedated using 1% propofol administration (Richmond
Agitation-Sedation Scale RASS-2-0). During the first 30—-35
minutes, patients had no spontaneous respiratory activity as
aresult of residual anesthesia, relaxation and sedation.

Basic ventilator setting was strictly protective. When
patients resumed spontaneous respiratory activity, pressure
support was used (flow trigger = 1 1/min, Pressure of pres-
sure support (Pps) was set to obtain VTspec ranging from
5.1-6.1ml /kg IBV).

We focused on comparing changes in mechanical venti-
lation but mainly on VD/VT measured using VCap as well as
ETCO,and VECO, during controlled and spontaneous (sup-
ported) ventilation. Measurement was done 15 minutes after
the parameters were stable in the pressure controlled ventila-
tion (PCV) mode and we averaged the results. The duration
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MOU ¥ CaMOCTOSTEeNbHOU (TOAep:KUBaeMO) BEHTUIIS-
nnn. Vamepenns mpoBoanan yepe3 15 MUHYT Imocie cTa-
OUIM3AIUN  APAMETPOB B  PEKUME BEHTUJAIUH C
yupasasgembiM nasienuem (PCV), pesymwsraTrsr ycpen-
HAMN. JIINTeIbHOCTD M3MEPEHS TapaMeTPOB COCTABJISIIIA
15 munyT. [Tocire BocCcTaHOBIEHMSI CAMOCTOSITEIbHON BEH-
TUJISIUU Te JKe M3MepPEeHWs MOBTOPSIN B Tedenwe 15
MUHYT B PEKIMe BEHTHJISIIIH C TOAJIEPKKOI TaBIeHNEM
(PSV). [lannsie, momyuennsie B pexxnmax PCV u PSV,
cpaauBaT (70£10 MUHYT TIOC/IEe TTOCTYTIIEHUS U3 OIle-
panmoHHoil) 1o t-kputepuio. PakTudyeckue faHHBIE, TT0-
aydennsle 1mpu uaMmepenun VD/VT, cpaBuuBanm c
TAHHBIMH MaTeMaTHYeCKON MOJIEJIH.

Jlarnoe o6cepBaIoHHoe HecIeoBaHne ObIIO yTBEp-
JK/IEHO DTHUECKUM KoMuTeToM Boctouro-CioBarkoro nt-
CTUTYyTa cepaedro-cocyancToix 6osesneit (VbSCH a.s.),
Komrmite, m 3apeructpuposano 3a nomepom 15/11/2017
(TIpeziceaTesib KOMUTETA — JAOKTOP MeUITMHBI CTaHNCIaB
[Oxac (Stanislav Juhas)).

Pe3yibrarhl 1 00CyKA€EHHE

CpaBHUBAJIN UMEHHO MTapaMeTpbl BEHTUJISAINN
JIETKUX, a TakKe mapameTpsl kuueTnku oomena CO,
MEXK/y PeXKMMaMU YIIPABJISAEMOTO U OJ/IEPsKUBACMO-
rO JIaBJIEHHWs] METOMO0M O0beMHOIT KamHorpadbuu
(VCap). B pacueTtnoii maTeMaTruecKoi MOJIENH TIPEJT-
CTaBJICHBI TEOPETUYECKUE 3HAUCHM. Pe3ynbraTol mpu-
BejieHbl Ha puc. 1—4 u B Tabu. 2, 3.

W3mepennble 1 3alaHHbIe TapaMeTPbI arliapara
W BJI npezncrasiens: B Tad1. 2.

CpaBHWJIN y/ENbHBIH ABIXaTeNbHbI 00beM B
mi/kr (VTspec) u yacrory apixanus (f) B obeux rpym-
Max MarueHToB U 0GHAPYIKUIIH, YTO TOJHKO YaCTOTA
JIBIXaHUS TOCTOBEPHO PA3JINYAIaCh MEKLY PeKUMaMU
PCV u PSV (p<0,05), VTspec (p=NS). OueBusno,
YTO MAaTEMAaTHYECKU PACCUYUTAHHBIE 3HAUYEHUS ObLIN
MOCTOSHHBIMU, XOTS U OTJNYATUCH OT U3MEPEHHDBIX
sgnauennit (p<0,01) (puc. 1).

Cpasnuim Takke cpeanue 3nadenust ETCO, B
pexuMax et PCV u PSV, Ho He o6Hapyx&u-
s loctoBepHbIX pasyanunii (p=NS) (puc. 2).

Cpasuuiu mapamerp obpasosanust CO, B MUHY-
1y (IVECO,) 11 00Hapy KUK €T0 JOCTOBEPHOE PA3JIH-
yue nipu pesxkumax PCV u PSV (p<0,01). Ormerniu
nosbIeHHoe o6pazosanue CO, B peskuMe T0JIePIK-
ku paBienrieM (PSV) nmpu Hamuum HeKoero Tpurrepa
[T TIAIMEHTa U TIPEeKPaIleHny ICHCTBUS OCTaTOYHOM
anecresaun (puc. 3).

CpaBuusmmn 3Havenus VD/VT, uzmepeHHbie
Mmetosiom VCap, B pexkumax PCV u PSV u BoissBuin
nx nocrosepHbie paznnyus (p<0.01) (puc. 4).

OTMETHIIM CTATUCTUYECKHU JIOCTOBEPHOE PA3JIN-
gue B 3HaueHusix VCap (p<0,01) u VA (p<0,05) nipu
BEHTWJISAIIUM ¢ ynpaBisiembiM jgaBiaenuem (PVC) no
CPAaBHEHUIO C PEKUMOM TIO/iIeP:KKH jiaByieHueM (PSV).
Snauenuss VD/VT, usamepennsie metonom VCap, a
TaK’Ke pacyeTHbIE 1TOKA3aTeN aJlbBEOJISIPHON BEHTH-
narmn VA B pesknmax PCV u PSV nokasansl B a0, 3.

[TpencraBieHHble Pe3yaBTATDI TO3BOJIAIOT TIPE/L-
MIOJIO’KUTD, YTO IPOTEKTUBHAA BEHTHUJIAIMS JIETKUX C

Ta6una 2. IsMepenHble U 3aJaHHble TApaMeTPhl ara-

para UBJIL.

Table 2. Measured and set ventilator parameters.
Parameters Average+SD
f (breath/min) mathematical model 17+0

f (breath/min) controlled ventilation 19+1.5
f (breath /min) ventilatory support 19+2.4
VT (ml) mathematical model 433£48
VT (ml) controlled ventilation 378+56
VT (ml) ventilatory support 400£68
MV (I/min) mathematical model 7+0.8
MYV (I/min) controlled ventilation 7+1.2
MYV (I/min) ventilatory support 8+1.2
VT spec (ml/kg) mathematical model 5.8+0.3
VT spec (ml/kg) controlled ventilation 5.1+0.4
VT spec (ml/kg) ventilatory support 5.4+0.7
IVECOyc (ml/min/m?) controlled ventilation 102+25
IVECOys (ml/min/m?) ventilatory support 109£26
PEEP (cm H,0) cca 1 ecm HyO/10 kg 7+1
FiO, 0.420.05
Paw max (cm H,O) <20

ITpumevanune. Breath/min — gpixanuii B Mmun. s tabm. 2, 3:
mathematical model — maTemaTuueckaa mozenn; controlled ven-
tilation — pesKMM BEHTHJIAINY C YIPABAAEMBIM TaBJICHUEM; VEn-
tilatory support — pekuM BEHTHJANMH C TOIJEPKUBACMBIM
JIaBJIEHUEM.

Ta6muua 3. 3uauenuss VD/VT, usmepensbie METoaoM
VCap, u pacueTHble MOKa3aTeJN aJIbBEOJSIPHON BEHTHIISI-
nuu VA B peskumax PCV u PSV.

Table 3. VD/VT values measured using VCap as well as
calculated alveolar ventilation VA parameters in PCV and
PSYV ventilation modes.

Parameters Value +SD P
VD calc/VT mathematical model 0.34 0.000 —
VCap VD/VT controlled ventilation  0.43 0.032

VCap VD/VT ventilatory support 0.39 0.028 <0.01
VA calc (I/min) mathematical model ~ 4.90 0.79 —
VA (I/min) controlled ventilation 4.25 0.69

VA (I/min) ventilatory support 4.60 0.72  <0.05

ITpumeuanue. Value — sHauenue.

of the measurement was 15 minutes. After recovery of sponta-
neous ventilation, we repeated the same measurement over 15
minutes in the pressure support ventilation mode (PSV). We
compared our data obtained from PCV with data obtained in
the PSV mode (70+10 minutes after admission from the op-
erating theatre) using ¢-test. We compared actual measured
VD/VT data with data obtained using a mathematical model.

Our observation trial was approved by ethical com-
mittee of the East Slovakian Institute of Cardiovascular
Diseases in Kosbice registered under No. 15/11/2017, with
Dr. Stanislav Juh6s being head of the committee.

Results and Discussion

We compared lung ventilation parameters as
well as kinetic parameters of CO, exchange between
controlled ventilation and support ventilation mode
using VCap. The calculated mathematical model rep-
resents the theoretical value. The results are presented
in tables 2, 3 and figures 1—4 below.

Measured and set ventilator parameters are pre-
sented in table 2.

www.reanimatology.com
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Breathing frequency f (breath / min) and VTspec. (ml / kg) during monitoring
;: Average value sfs
23 P<0.05
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§ ‘; Average value «VTa»
P=NS
2
1
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 20 21 22 23 24 25 26 27 28 29 30
Patients 1-30
Parameter Mean SDt 2
) = f(d/min) model
f (breath/min) model 17.00 0.00 === {(d/min) controlled ventilation
f (breath/min) controlled 19.67 1.52 ~—— f (dimin) ventilatory support
f(breath/min) ventilatory support  19.10 2.40 = VT spec (mi/kg) model
VT spec (mifkg) model 5.88 0.00 === VT spec (mi/kg) controlied ventilation
VT spec (ml'kg) controlled ventilation 5.12 0.35 —— VT spec (mi/kg) ventilatory support
VT spec (mi'kg) ventilatory support 544 075

Puc.1. CpaBHenue yactoTsl Apixanusi 1 VIspec Mexxay pe:kuMamMy BEHTHISIIIHH C
yHpaBJsieMbIM U HOA/IEP3KHBAEMBIM JIaBICHUEM.

Fig. 1. Comparison of breathing frequency and VTspec between controlled venti-
lation and ventilatory support mode.

IIpumeyanwue. /L puc. 1-4: Patients — nanuentsr; Mean — 3HaueHue.

Changes of ETCO;

I:'Fm! [mmHEg)

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2B 29 30

Patienta 1-30
s ETCO; [mmHg) controlled ventilation
Parameter Mean sox === ETCO; [mmHg) ventilatory support
ETCO2 (mmHg) controlled ventilation 37.3 1.88 —— Linearr, [ETCO; (mmHg) controlled ventilation)
ETCO2 (mmHg) ventilatory suppest 364 185 e Linearr. [ETCO; (mmHg) ventilatory support)

Puc. 2. U3menenusi CO, B xonue Bpiioxa (ETCO,) npu BeHTWISIIHU B PEsKUMAXx €
YIPaBJISIEMbIM M NO/JIEP;KUBAEMBIM IABIEHHEM.

Fig. 2. Changes of end tidal CO, (ETCO,) between controlled ventilation and ven-
tilatory support mode.

HU3KHWMU [IbIXaTeJIbHbIMN oObeMaMHy BbI3bIBAET II0BbI-

We compared the specific tidal
volume in ml/kg (VTspec) and respi-
ratory frequency (f) in both patient
groups, and we found that only respi-
ratory frequency differed significantly
between PCV and PSV (p<0.05), VT-
spec (p=NS). It is obvious that math-
ematically calculated values were
constant, although different from
measures values (p<0.01) (Fig. 1).

We compared average ETCO,
values in PCV and PSV ventilation
mode, but these did not show signifi-
cant difference (p=NS) (Fig. 2).

We compared the specified pa-
rameter of CO, production per
minute (IVECO,) and found, that the
values were significantly different be-
tween PCV and PSV (p<0.01) (Fig.
3). There was an increased CO, pro-
duction during PSV with a certain
trigger for a patient as well as discon-
tinuation of residual anesthesia.

We compared VD/VT measured
using VCap during PCV and PSV, the
results were significantly different
(P<0.01) (Fig. 4).

There was a statistically signifi-
cant difference of VCap value
(P<0.01) as well as VA values
(P<0.05) in PVC vs. PSV ventilation
mode. Changes in the VD/VT values
measured using VCap as well as calcu-
lated alveolar ventilation VA parame-
ters in PCV and PSV ventilation
modes are presented in Table 3.

Comparison of VD/VT and VA
during controlled ventilation and
ventilator support using VCap.

The calculated values of VD
cale/VT and VAcalc obtained from
the mathematical model are pre-
sented.

The presented results suggest
that the protective lung ventilation
with low tidal volumes caused in-
creased VD /VT values, which is con-
sidered normal. There is a statistical
difference between VD/VT values in
PCV vs. PSV. The dead space
VD/VT is greater in the PCV mode

menne 3Haverns VD /VT, uto cunraercst HOpMaIbHBIM.
BeisgBrsIM cTaTHCTHYECKH JOCTOBEPHOE PA3IUYUeE O
snavenusiM VD /VT mexnay pesxkumamu PCV u PSV.
O6bem MeptBoro npocrparcTsa VD /VT Gosbiiie 1ipu
peskume PCV, uem ipu PSV. TIpn aToMm, Kak mokasaHo B
tabu. 3, B peskumMe PSV Bospacrasia aibBeosipHast BeH-
THUJISITINS, @ TaKsKe MOBbIanock obpasosanue CO,.

than that in the PSV mode. At that, there was in-
creased alveolar ventilation, but also increased CO,
production during PSV as it is shown in Table 3.
Alveolar ventilation is ventilation taking place
in the alveolar segment which is responsible for gas ex-
change [1, 2]. Changes in tidal volume (VT) and fre-
quency with unchanged alveolar dead space (VDaw)
caused changes in alveolar ventilation. A higher res-
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A]IbBeO]IHpHaH BEHTUJIALINA —

Comparison of IVECO:2

BEHTUJIALNS, TPOUCXO/ISIIAS B ajlb- 120
BEOJIIPHOM OT/IEJ€, «<OTBETCTBEHHOM»
3a rasoobOmen [1, 2]. VsmeHnenus
nbixareabHoro oobema (VT) 1 yacro-
THI JIBIXaHUS TIPU HEU3MEHHOM 00be-
Me aJIbBEeOJISIPHOIO MEPTBOTO IIPO-
crpanctBa (VDaw) npuBoanimm K
U3MEHEHUSIM B aJIbBEOJISIPHOIN BEHTH-
sstiiuy. [oBbIleHe 4acTOTHI [bIXa-
HUSI U yYMEHbIIIEHUE [bIXaTeJbHOTI0

obbema (VT) BbI3bIBAIM yMEHbIIIE- o
Hue anbBeosisipHol BeHTusimuu (VA)
[1, 4, 15] VA = (VT — (VDaw + %

VDalv))ef). Bes manHbIX MOHUTO-
punra kunetuku CO, metogom VCap

Parameter

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1 22 23 24 25 26 27 23 29 30

IVECO, (mlim?) controlled ventilation
IVECO, (miim) venblatory support

Patients 1-30
Mean SD+
103.4904 2.44
109.0063 2.57

= [VECQ, (ml/m‘) controlled ventilation
=== IVECO, (mlim') ventilatory support

MBI OIIEHUBAJIN 06BEM MEPTBOTO TPO-
crpanctBa (VDaw) bIxaTesbHbIX
nyTeil MPUMEPHO IPUMEPHO B 2
MT/KI, He pacroJiaras, OJHaKo, TaH-
HbIMU 00 00ObeMe aJbBEOJIAPHOTO
meprBoro mnpocrparcrsa (VDalv).

Puc. 3. CpaBHenne ykasanHoro napamerpa o6pasosaunusi CO, (IVCO,) mexay pe-
JKMMaMH BEHTHJISIIIUM C praBJIﬂeMI)IM U noaaep;KuBaceMbIM /IaBJICHUEM.

Fig. 3. Comparison of the specified parameter of CO, production (IVCO,) between
controlled ventilation and ventilatory support mode.

AJIbBEOJISIPHYIO BEHTHJISIIIIIO OI[EHH-
BaJIM 110 aHAJIU3Y Ta30B KpoBu. VDaw

IpeCTaB/IgeT COOOM YacTh AbIXaTe b s
HOro 00beMa, 3aII0JIHSIOIIETO IIPOBO- 0as
JISAIIE JIbIXaTeJbHble TyTH, HEe yda- :i:
CTByIOLIEr0 B Tra3oo0MeHa B 045
aimbBeoJsisipHoM  otnene  [16-18]. oA

VDaw urpaer BaKHYIO POJib B TIepe-
MEINBAHUY, COTPEBAHUN, YBJIAKHE-
HUU 1 OYUCTKe BIbIxaeMoro raza. C
APYroii CTOPOHBI, 00BHEM MEPTBOTO
AJTTHBEOJISIPHOTO MPOCTPAHCTBA
(VDalv) upeacrasisier co6oii 4acTh 035\

VD/VT measuredby VCap
]
Y
<]

Comparison of VD/VT (VCap) during controlled ventilation vs. ventilatory support

| -
Average value
of VONT
L~ P00t

-
4 <
\ L '
\ 3 v
1 f Al ]
(] ,f o (]
g \
L ]
LI

MEpPTBOTO 00beMa  aJbBEOJISAPHOTO
OT/IeJ1a, UMEIOIIYIOCS TIPU TIaTOJIOT UK 123
1 He IIPUHUMAIONLYIO YYaCTHs B Ta3o-
o6Mene (HarpuMep, TP 0OCTPYKINH
JIbIXaTeJIbHBIX IIyTeld, HeO[HOPOIHO-

Parameter

VD cale/VT model 034 0,000
Veap VD/VT controlled ventilation
Vicap VD/VT ventilatory support

5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 X 21 22 23 M 25 X 27 B W I

Patients 1-30

— D /T modd

— Veap VDNT controlled ventilation

=== Veap VD/NT ventilatory support
Linear r. (Veap VDT controlled ventilation)
tinear r. (Veap VDT ventilatory support)

Mean SDE

0.426059 0.032
0.391335 0.028

CTH paclipejieJieHNsl Ta30B, HapyIIe-
HUW KalWJLJIIPHOTO KPOBOTOKA) [ 19,
20]. @usnosorunuecKoe MePTBOE MPo-
crparctBo (VDf) asistercst cymmoit
ob6vemos VDalv u VDaw. Kanxorpa-
us cama 110 cebe SIBIAETCS IIEHHBIMU
MHCTPYMEHTOM JIJIST OIIeHKU BeH TUJIAIINH U TePQY3IH
3a cuet uamepenust ETCO, u nosryuenus KarHorpam-
Mbl [7, 21]. MokHO U3MepUTh 00bEM BbIIENSIEMOrO
CO, 3a onun Boigox (VTCO,) nmm o6pasosanne CO,
co Bpemenem (VECO,). Kannorpamma, perysspHo
OIlIEHMBAEMAsT B KJIMHUYECKON MPAKTUKE, OTPAKAET
CJIO’KHBIE (PUBMOTIOTUYECKIE [TPOIECChI, B3BAUMOIEH -
CTBYIOIIME U BJIUSIONIME APYT Ha ApyTa. AHAIN3 06be-
MoB CO, 3a onmn BbIz1oxX (VTCO,) Ha kanHOrpamMmme
M03BOJIIET U3YYUTh HEKOTOPBIE 13 JIAHHBIX IIPOLIECCOB
U TIOJIYYUTh JIOMOJHUTEIbHbBIE TIPECTABICHUS 00 MX
narousnonornyeckux Mexanusmax [3, 4]. B kaue-
CTBe OCHOBHOTO METO/Ia M3MePeHUsT PyHKIIMOHATBHO-

Puc. 4. CpaBuenue 3navenusi VD /VT, uamepennoro meronoM VCap, npu BeHTHIS-
IIUH B PEKUMAX € YIPaBJIsAEMBIM U O/1€P:KHBAaeMbIM /IaBJIeHHEM.
Fig. 4. Comparison of VD/VT measured by VCap between controlled ventilation

and ventilatory support mode.

piratory frequency and lower tidal volume (VT)
caused lower alveolar ventilation (VA) [1, 4, 15] VA =
(VT — (VDaw + VDalv))«f). Without CO, kinetics
monitoring by Veap, we estimated airway dead space
volume (VDaw) roughly to be 2 ml/kg. However, we
have no information about alveolar dead space
(VDalv). We estimated the alveolar ventilation based
on the blood gas test. VDaw is a part of tidal volume
filling up the conductive airways and not participating
in gas exchange in the alveolar segments [16—18].
VDaw plays important roles in mixing, warming, hu-
midifying and purifying the inhaled gas. On the other
hand, alveolar dead space (VDalv) represents the part

22 www.reanimatology.com
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IO MEPTBOTO TPOCTPAHCTBA UCTIONB3YIOT OOBEMHYIO
kanHorpadwuio (VCap), mocKoIbKYy METO/I OCHOBAH Ha
anasuze KourenTpauun CO, BO BbIIBIXa€MOM ra3e i
ero o6wveme. s ananusa VCap cyiecTByioT Heo0Xo-
JIIMbIe YCJIOBUS, KOTOPBIE CJIelyeT YIUThIBATh. BibI-
XaeMblii ra3 He 10JKeH cosep:xath CO, (TTpocpoyen-
Hasi HATpUeBas W3BECTh MOJKET TMOBJIUATh Ha
JIOCTOBEPHOCTH pe3ynbraToB). Heobxoanmo monu-
MaTb, YTO KQK/1as1 N3 MUJJINOHOB QJIbBEOJI IMEET CBOE
cootHomenne Bentussiuu v nepdysuu (V/Q) u
Kakue Obl TO HU OBLIO U3MEHEHUSI JIOKATBHOTO OTHO-
mrennst V/Q COOTBETCTBYIOT HEKOTOPOMY 0ObeMy
MepTBOTO TipoctpancTBa. OtHomenue VD /VT, uzme-
pernoe MetozoM VCap, sBJsieTCsI BeChbMa TOYHBIM
c1oco6OM OIEHKHN BEHTUIISAIUI JIETKUX MTPU CTaOUIIb-
HoMm oGpaszosanuun CO, u nocrogunoit MBJI [10].
W3menenus MeXaHUKY JIETOYHOTO JIbIXAHUSI, BEYIITIe
k uamenenuto mapamerpa VICO, (arenmekras, KoJ-
JIATIC, OTEK JIEFKOTO U T.IL.), C BBICOKOI YyBCTBUTEIIb-
HOCTBIO onpesensaioTcd Metogom VCap. Cocrosinue
JIETKUX TI0 UBMEHEHUIM TIOJI0KUTEIBHOTO aBIEHUs
B KoHIle Bbizioxa (PEEP) takxe MoskHO onpeennTthb
Ha ocuoBe VD/VT. CO, nocrymnaer B aibBeObl
MOCPEICTBOM KPOBOTOKA B JIETOYHBIX KAITUJLIIPaX, 1
nokazartesb VICO,, kak u VD/VT, MoxeT cIyKuTh
UHAMKATOPOM HapYIIEHUI TeMOAMHAMUKY (HU3KasT
JierouHast nepdysust, SMOOJIUS COCYIOB JIETKUX U T. T1.)
[22, 23]. TlosyuenHble pe3yJibraThl YKa3blBaiOT HA TO,
4TO cNaGOBBIPAKEHHAS JIETOYHASA HEAOCTATOYHOCTD
(LIS = 0,5 6am10B) u nocroauuoe odbpasosanue CO,
(HampuMep, 1ocJie onepaIy Ha Cep/ile) COMPOBOK-
JAI0TCSI CTATUCTUYECKU IOCTOBEPHBIMU U3MEHEHUSIMU
VD/VT npu BeHTUISAINY C TTOJIEPKKOH /laBIeHreM
(PSV). Ormeuaercs ymenbiienne VD /VT u, caeno-
BaTeJIbHO, YJIyUIIeHUE AJbBEOJIIPHON BEHTUJISIINN
HOCJIe TIePEKTIOUEeHUST PEXKIMA BEHTUJISIIIAU C YTIIPaB-
JISIEMOTO IABJIEHHS HA MTOJIEPIKKY JAABJIEHHUS.

3akaoyeHue

[TpencraBieHnble JaHHBIEC TOATBEPXKIAIOT BaXK-
HOCTb napamerpa VCap, IpakTUYecKu He JOCTYITHOTO
[T IPUMEHEHUS B KJIMHNYecKoil npaktuke. [locuen-
HUE TeXHUYECKHe pa3paboTKy MO3BOJIMIIN BKIIOYUTH
anasm3 VCap B KOHCTPYKIIMIO U TPOrpaMMHOe 0bec-
nevyenue anmnaparta IBJI. [Tocse nepBoro 3HakomMcTBa
¢ MetozioM VCap MbI COTJIAaCHBI C aBTOPAMHU, CUYUTAIO-
IIUMU JIAHHBIH METOJ XOPOIIUM CIIOCOOOM BBISICHEHVST
kuHetukn amumuHanu CO,. Metos He TOJBKO 1103-
BOJIIET OlleHUTh o6MeH u aymumuHaiuio CO,, HO U
IIPEZOCTABIIACT IIeHHbIE JIaHHbIE JIJId HACTPONKHM T1apa-
MeTpoB annapata MBJI u monoxutebHOTO AaBIeHUA
B KOHIIE BbIIOXA.

[Tpu BEHTUJISAIINY JIETKUX B PEKUME MTOJ/IEPIK-
ku pasiaenneM PSV ¢ Tpurrepom CrnoHTaHHOTO
JBIXaHUS MOKHO BU/IETh YMEHbIIIEHUE OTHOIIEHUSA
VD/VT u nossimenue BoiBesienus CO, n3-3a pocra
anbBeossipHol BenTussanuu. [pepcrasisercd nede-
CO00pa3HbIM HMCIIOJIH30BATh PEKUMbI BEHTHUJISIITUN

of dead space in the alveolar segment, which is patho-
logical and does not take part in gas exchange (e.g. air-
ways obstruction, inhomogeneity of gas distribution
or impaired capillary perfusion) [19, 20]. Functional
dead space (VDf) is a sum of VDalv and VDaw.
Capnography itself provides valuable tool for evalua-
tion of ventilation and perfusion by measuring ETCO,
and by obtaining capnograms [7, 21]. We can measure
the volume of eliminated CO, in one breath (VTCO,)
or CO, production in time (VECQO,). A capnogram
routinely assessed in clinical practice reflects complex
physiological processes which interact with and affect
each other. The CO, volume analysis of one breath
(VTCO,) using a caprogram permits to analyze some
of these processes and provides further data on patho-
physiological mechanisms [3, 4]. VCap is used as a
main tool for the functional dead space measurement,
because it is based on CO, concentration analysis in
exhaled gas and its volume. There are preconditions
in VCap analysis, which need to be considered. In-
spired gas must not contain any CO, (sodium lime
after the expiry date can compromise the results). It
is necessary to realize that any of millions of alveoli
has its own ventilation perfusion (V/Q) ratio and any
changes in local V/Q ratio represent a certain dead
space volume. VD /VT measured by VCap represents
very precise tool for lung ventilation assessment dur-
ing stable CO, production and constant mechanical
lung ventilation [10]. Changes in lung mechanics that
make VTCO, changes (lung atelectasis, collapse,
edema etc.) are detected by Vcap with a high sensitiv-
ity. Lung condition based on changes in PEEP is also
well-detected by VD/VT. CO, is brought into the
alveoli by pulmonary capillary perfusion and VTCO,
but also VD /VT could be an indicator of impaired he-
modynamics (low pulmonary perfusion, embolism,
etc.) [22, 23]. Our results point out to the fact that
mild lung failure (LIS = 0.5 pts) and constant CO,
production (e.g. after cardiac surgery) is accompanied
with statistically significant changes in VD/VT in
pressure support ventilation (PSV). There is a drop in
VD/VT and therefore improvement in alveolar ven-
tilation after switching from pressure controlled to
pressure support ventilation.

Conclusion

The data presented confirm the importance of
VCap, which was not available for the use in clinical
practice. The recent technical achievements make it
possible to include the VCap analysis into the ventilator
hardware and software. After the first experiences with
VCap, we agree with those authors who consider VCap
a very good tool for assessment of CO, elimination ki-
netics. It is a tool for CO, exchange and elimination as-
sessment, but also provides valuable information for
adjustment of ventilator parameters and PEEP.

In the PSV mode with spontaneous respiration
trigger, we can see a decreased VD/VT ratio and in-
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Jgerkux ¢ noauep:xkkoi mairenneM (PSV) Bo Bcex
BO3MOJKHBIX CJIyUasix.

Meron o6bemuoii kannorpadun (VCap) npea-
CTABJISIETCS]  TIOAXOMASIINM ~ HUHCTPYMEHTOM  JIJIST
HACTPONKHM ¥ OIIEHKH IIPOTEKTUBHOM BEHTUJISIINN JIeT-
KHX He TOJIbKO IIPU JIETOUHBIX TATO(DU3NOTOTUIECKUX
IpoIeccax.
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