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CYYACHI MOXJIMBOCTI BUKOPUCTAHHS HEMPSMOI KANOPUMETPII
Y NEPUONEPALINHOMY EHEPTOMOHITOPUHIY

B. I. YepHii, A. |. leHuceHko

[epxasHa HaykoBa ycTaHoBa «HaykoBO-NPAKTMYHMIA LIEHTP NPOGINaKTUYHOI Ta KNiHIYHOI MeamumHu» [lepkaBHOoro ynpasniHHg cnpasamu,

KviB, YkpaiHa

Pestome

MeTta AocaiakeHHsI. Po3pobutu crioci6 nepuorepaliiiiHoro eHeproMOHITOPMHTY Ta BIIPOBAAUTH
JIOrO B KAIHIYHY IIPaKTHUKY.

Marepiaa i MeToAu. AAST AOCAIAKEHHS 6yAI/I 3aAydeHi 125 maIieHTiB, AKMM IIPOBOAVIAMICS Pi3Hi
ollepaTUBHi BTpy4YaHH:I ITiA 3aTaAbHMM 3HEOOAIOBAHHSIM 3 BUKOPMCTAHHSM iHTaASIIITHOIO aHeCTe-
THKa ceBodAIOpaHa Ta HAPKOTUYHOIO aHaAbreTHKa eHTaHiAa B yMOBaX HMU3bKO-IIOTOYHOI IITYY-
HOI BeHTMASIIII AeTeHb. MeToAM IlepuonepalliiiHoro MOHITOpuHIy «Mi>XHapOAHI CTaHAAPTH 6e3-
reyHoi aHecTesioaoriunoi npaxTukn» WFESA (World Federation Of Societies of Anaesthesiologists,
2010) 6yAm AOTIOBHEHi BUKOPVICTaHHSM HEIPSIMOI KaAOPUMETPii.

PesyabTaTu. IlpoaHanrisysaBiim AiTepaTypHi AaHi, OyAO BUABA€HO TiCHUI KOPeASIiiHMIA 3B’s-
30K MiX eHepreTyHMM ekBiBareHTOM kucHO (EEQO,) Ta pecmiparopnum xoedimientom (RQ).
ABTOpPHU OTpUMAaAM BIiAIIOBIAHY ¢OpPMYyAYy OAHOGAKTOPHOI AiHIHOI perpecii, sika MaAa BUTASIA:
EEO, = 1,157xRQ+4,037. BuxopucroByioun OCHOBHi IPUHIMIIA Ta3000MiHy B AereHsx bopa-
Enrodda, 6yB pospobAaeHMiT METOA IepUOIIepalliifHOIO eHeprOMOHITOPUHTY, Ha OCHOBI HeIIpsIMO1
KaAOPMMeTpii 3 ypaxyBaHHsIM PeaAbHMX 3HaUYeHb eHepreTMYHOI O eKBiBaAeHTa KMCHIO ITallieHTiB. Po3-
pobaeHa yHiBepcaabHaA pOpMyAa BU3HAUEHHs PiBH MeTaboAi3My xBoporo (MR, KaA/XB) y BUTASIAI
MR = [0,863xV x(P,CO,/ PaCO,)x(FiO, - FeO,)]x(1,157xRQ+4,037)

Ae, V,—3araAbHa BeHTUASIIiS AeTeHb 3a xBUAMHY (MA/xB), P.CO,, PaCO, - napuiaabHWii TMCK BiAIIO-
BiAHO B CyMillIi ra3iB, sika BUAMXA€EThCS Ta B apTepiaAbHiii kposi (MM pT.cT.). FiO, Ta F,O, — dpaxuis
KICHIO B Ia30Bili CyMillli, sIka BAMXA€TbCS Ta BUAMXAEThCSA B OAMHUILIAX (% /100). MeToA peanizosa-
HUI y BUTASIAI KOMIT'IOTepHOI IIpOrpaMi, CTBOPEHOI Ha OCHOBi po3pobaeHol dpopmyan. B pobori
IIpeACTaBAEHI METOAV iHTEHCHBHOI IlepMoIIepalliliHOl Teparlii 3 ypaXyBaHHSM pPiBHS MeTabOAiZMy.
BucnoBok. MeToa neproriepalliiHoro eHeproMOHiTOPMHIY iCTOTHO AOIIOBHIOE «MiXKHapOAHi cTaH-
AapTu be3revyHoi aHecTe3ioaoriunoi mpaxTukm», WFSA (2010), miaBuiye rnepuonepariitiy 6e3ire-
Ky IIaIli€HTiB 3a paxXyHOK BUSABA€HHs IIOPYyIIeHb METa6OAi3My Ta IIPOBEAEHHsI BIAIIOBIAHOI I1aTore-
HEeTUYHOI KOPeKIii.

Kntouosi croea: nepuonepaniiinnii eHeproMoOHiTOPMHTI, CIIOXXUBAHHSI KUCHIO, eHepre TMIHMIt
(KaropiitHMIT) eKBiBaAEHT KUCHIO, piBeHb MeTaboAi3MYy.

BCTYN

B cBiTi cyyacHUX XipypriyHuX TeXHOJIOTi#, 0CO0IM-
Bo Fast Track-xipyprii, sIKi cTanu OijblI MaJIOiHBa3UBHU-
MM Ta KPOBO30EpiratourMu, BCe OUIbIILY POJIb BilirpatoTh
aHeCcTe310J10TiYHiI 3aco0U iX nmepuornepaliitHoro 3abde3re-
yeHHs [1-2]. I B 1boMy ceHci SIKicHUI iepronepaliiiHui
MOHITOPUHT HaOyBa€e oco011Boi Baru. Tak, Hapa3i, B orie-
paliifHUX BUKOPUCTOBYIOTh « MiXKHapOIHI CTaHIAPTH
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Oe3rnevyHoi aHecTe3ionoriyHoi mpakTuk» WFESA (World
Federation Of Societies of Anaesthesiologists), (2010), ski
BKJIIOYAIOTh B c€0€: MOHITOPUHT OKCUTeHallii, TMXaJIbHUX
LIJISIXiB, BEHTWISALL1, TeMOJUHAMIKU, TEMIIEpaTypu, HEp-
BOBO-M’SI30BO1 MPOBITHOCTI, IMIMOMHU HAPKO3Y Ta IUHA-
Miku nipooyakeHHs [3]. T1pu Bcii ix HagiitHOCTi, BOHU
HE OXOILTIOIOTh KOHTPOJIb IIPOLIECIB META0O0Ii3MY, 1110 OCO-
0J1MBO BaXKJIMBO B YMOBaxX MPOBEAEHHS 3arajbHoOl iHTra-
JsniiHoi Hu3bKo moTouHoi (Low Flow Anesthesia, LFA)
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Ta Majio NoTo4yHoi aHectesii (Minimal Flow Anesthesia,
MFA), a ToMy He MOXYTh OBHOIO MipoOl0 3anobiratu
pu3MKaM micjsionepaliiiHuX YCKJIaaHEeHb, OB’ I3aHUX
3 IX MOPYILIEHHSIMU.

MeTta goCixKeHHs — po3po0OUTH CrIOCiO mepro-
nepauiiiHOro eHeproMOHITOPUHIY Ta BIIPOBAAUTU HOTO
B KJIiHIiYHY ITPAaKTHUKY.

MATEPIAJIX | METOAN

BpaxoByoun MOXIUBOCTI MOHITOPiB Cy4aCHOTO
HapKO3HO-AUXaJILHOTO 00JaAHAHHS OoIepaliiHuX, sIKi
JIO3BOJISIIOTh B PEXMMi peaIbHOro yacy BU3HaYaTH 00’e-
MU Ta ra30BUI CKJIaJl CyMillli, SIKY Malli€HT BAUXA€E Ta BU-
JIMXa€, CaMUM 3pYYHUM CIIOCOOOM €HEPTOMOHITOPUHTY €
HemnpsiMa (pecripaTopHa) KaJJOpUMETPis, sIKa IPYHTYETbCS
Ha JaHMX ra30BOro aHaizy. BusHauuBILM, CIOXKUBAHHS
kucHio (Oxygen uptake, VO,, MJI/XB) Ta 3Ha10uM peabHuUi
€HepreTUYHUN (KanopiiiHuii) ekBiBasieHT KucHIO (Energy
Equivalent of Oxygen, EEO,) (xan/m), T06TO, Ty KiIbKiCTh
€Heprii, sSIKa 3BUIbHSIETbCS MPY TOBHOMY OKUCJIEHHI TIEB-
HOi pEYOBMHMU 0 BYIJIEKMCIIOTO ra3y i BOAM, Ha KOXEH MJI
MOMIMHEHOTO MPY LIbOMY KMCHIO, MOXJIMBO BUSHAUYUTU
piBeHb MeTabosizMy (Metabolic Rate, MR) (kai) mami-
€HTa Ta KOHTPOJIIOBATU MOTO mepuonepaliiiHo.

ToGt0: MR = VO, x EEO, ()

BpaxoBytouu, 110 1181 3MiliCHEHHS Ta3000MiHY BaXK-
JIMBUM € He BeCh 00’€M ra30Boi CyMillli, sika BEHTUJTIOE
JIETeHi, a TUIbKM Ta MOro YacTUHA, IKa BEHTUJIIOE aJIbBEO-
JspHuii poctip (Valv), ae 6e3nocepeaHbo 3AiHCHIOETHCS
razoo0MiH, piBeHb CITOXXMBAHHS KMCHIO MOXKHA BU3HA-
YUTU HACTYITHUM YMHOM:

VO, =Valv x (FiO, — FeO,), )

ne: FiO, — dpakitis KUCHIO B CyMillli, sIKa BAMXAEThCS,

FeO, — dpakuig KMCHIO B KiHLIEBIM YaCTUHI CyMilli,
sIKa BUIMXAETHCS,

Valv — anpBeosIsipHa BEHTUJIALLS (MJT/XB).

Posymitoun, 1110 B aHAaTOMiYHOMY Ta aJibBEOJsIP-
HOMY MEPTBOMY IIPOCTOPi Ta3000MiH He BigOYyBa€eThCH,
Ta, BpaXOBYIO4H, 1110 Byrekucaui ras (CO,), akuii Bu-
JINXAETHCS, IMIOCTYIIAE i3 aJIbBEOJIIPHOTO Ta3y, a He 3 Ta3y
MEPTBOTO MPOCTOPY, KiAbKiCTb HOr0 BUAIIEHHS MOXHA
MPeaCTaBUTH TaK:

V. x F,CO, = Valv x F,CO,, 3)
ne:F ECO2 iF ACO2 — BiIMOBIgHO paKilii CO2 B rasi,
SIKWI BUIMXAETHCS Ta aJIbBEOSIPHOMY Trasi.

OckinbKU, 3arajbHa BEeHTUJISLS JIETEHb CKJIaga-
€THCS 3 AJIbBEOJIIPHOI BEHTUJISLIIT JIETeHb Ta BEHTUIISLLI 1
mepTBoro rpoctopy (VD), 3po3ymiso, 1110 alibBeoaspHa
BEHTWJISILLiSI JOPiBHIOE:

V,-VD “)
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BpaxoByrouu dopmyiny (4), mnicas MiaACTaHOBKUA
«V,-VD» 3amicTh «Valv» B hopmyiny (3) Ta HECKITaTHOTO
00YMCIEHHST OTPUMYEMO:

V. xF.CO, = (V,-VD)xF,CO,

V. xF.CO,=V_xF,CO,—VDxF,CO,

(V. xF,CO,) - (V.xF,CO,) = VDx F,CO,

V.x(F,CO,- F.CO,) = VDxF,CO, (5)

®opmyiy (5) JIerko mMpeacTaBUTU Y BUTISI
(GopMyAU-TIPONOPLIi:

VD/V,_ = (F,CO,- F,CO,)) / F,CO, (6)

BBaxkarouu, 1110 mapuiaJbHUI TUCK MPOMOPLIiAHMIA
foro ckJjamy, ii MOXJIMBO 3aIlMCcaTH Y BULJISIII:

VD/V, = (P,CO,—P.CO,) / P,CO, (7)

Lle i € dopmyna bopa-Exnrodda (Bohr-Enghoft’s
equation) [4].
ne: VD/VE — 00’eMHa YacTMHA BEHTUJISLI1 MEpTBO-
ro TIPOCTOPY Bil 3araabHOI BEHTUJISLIII JIeTeHb,
P,CO, —P_CO, —napuianbuuii Tuck CO, B ajibBe-
OJIax JIETeHb Ta B KiHIli BUIUXY.

OcKinbKu, y mojeii 0e3 mopylieHb BEHTUIISLII Ta Jie-
reHeBoi nepgysii napuianbHuii Tuck CO, B anbBeosNsAp-
HOMY rasi Ta apTepiabHilt KpOBi MPaKTUIHO OAMHAKOBI,
dopmyna bopa-Enrodda Moxe Oyt 3anmcaHa y BUTIISIII:

VD/V, = (PaCO - P,CO,) / PaCO, (8)

Buxonsiau 3 popmynu (8), aibBeosIpHY BEHTHIIS -
11i10 JIeTeHb MOXHA MPEACTABUTH y BUTJISII:

Valv =V, x [1 = (VD/V,)] =
V, % [1 - (PaCO,—P,CO,) / PaCO,] )

ne:1—(VD/V,) — 06’eMHa 4acTHHA aJlbBEOJIAPHOI Bil
3arajibHOI BEHTUJISILIiT JIETE€Hb;

[Ticns HeckyagHOTO OOYUCIEHHS OTPUMAEMO:
Valv =V, x (P_CO,/ PaCO,) (10)

Toni, 3 ypaxyBaHHsIM KoedillieHTa TEpeTBOPEHHS
3HaueHb i3 cucteMu STPD no cuctemu BTPS, popmyna
(10) 6yzne BUrIsLIATH TaK:

Valv = K x V_x (P,CO,/ PaCO,), (1

ne: K — koeillieHT TmepeTBOpeHHS 3HaUCHbB i3 CUCTEMU
STPD no cucremu BTPS. 3a3Buuaii, iforo mpuiima-
10Tb piBHUM 0,863 (Jeretin N. et al., 1971).

A CITOXXMBaHHS KMCHIO, 3TigHO hopMmyin (2) Oyne:
VO, =0,863xV_x(P,CO,/PaCO,)x(FiO,—Fe0,)] (12)

Tomi, hopmyany (1) BUBHa4eHHSI PiBHSI METa0OJTi3My
MOXHA IIPEICTABUTD Y BULJISIII:

MR = [0,863%V_x(P.CO,/PaCO,)(FiO,—FeO,)| X EEO, (13)
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7151 BU3HAUEHHS €HEPreTUYHOTO EKBiBaJIeHTa KUC-
HIO (POpMyYJIM HAIlIOi MOJEJTi EHEPTOMOHITOPUHTY, TPOBE-
JIEHO BUBYEHHS BinnosigHoi Jitepatypu. [1pu ubomy, Luck
(1924) BcraHOBJIEHO, 1O MTOTJIMHAHHS TIEBHOI KiJTbKOCTI
KUCHIO i BUAUTIEHHS IEBHOI KiJIbKOCTi BYTJIEKUCJIOTO ra3y
32 OJIMH 1 TOM K€ IMTPOMiXKOK 4acy, CyNMpOBOKYETHCS BiIO-
BiTHOIO KiJIbKiCTIO BUAIeHO1 eHeprii [5]. [1o ix criBBiIHO-
IIEHHIO MOXHA CY/IUTH TIPO Te, SIKi PEYOBUHU TIEPEBAXKHO
OKUCITIOI0ThCs. CIiBBiTHOIIEHHST MiXK KiJIbKICTIO BYTJIe-
KHCJIOTO Ta3sy, 1110 BUIIMBCS B IMPOLIECi OKUCAEHHS, 1 KiJlb-
KIiCTIO KUCHIO, AKMiA mimoB Ha okuciaenus (VCO,/VO,),
Ha3MBA€EThCS pecripaTopHUM KoeditrieHToM (Respiratory

Quotient, RQ), sikuit yMOBHO MOHa PO3IJISIAATH SIK KO-
edilieHT KOPUCHOI il «eHepreTUYHOI MallUHW» TKaHU -
HU naiieHTa. Bexuunna RQ pi3Ha npu okvcaeHHi 6i1KiB
(0,8), ByrneBoxis (1,0) ta xxupis (0,7). [1pu 3mimaHomy
xapuyBaHHi RQ konuBaetbcs B Mexax 0,85-0,90.

Ha renepimniit yac, Tabauist Luck BrpaTuia cBoo
MPAaKTUIHY CKJIAZOBY B CMJTy HasIBHOCTI OaraTbOX HETOY -
HOCTeI Ta TOMWIOK B po3paxyHKax. Hapasi BUKoprcToBy-
€ThCS OLTBII HAMIMHUI CITOCi0 00YMCIEHHS HEMPOTETHOBUX
IUXaJIbHUX KOeMILIIEHTIB, SIKUI BiIIOBiAa€ MPUUHATUM
B JaHWIi1 yac OioxiMiyHUM Ta PisnuyHuM gaHuM (Taoda. 1) [6].

Tabauys 1
TaGnuug He npoTeiHoBux pecnipatopHux koediuieHtie (F. Peronnet et D. Massicotte)
Percentages of energy Energy equivalent Percentages of energy Energy equivalent
from of oxygen from of oxygen
RQ RQ
Glucose Fatty kcal/l kJ/n Glucose Fatty kcal/1 kJn
acids (STPD) (STPD) acids (STPD) (STPD)
0.7036 0 100 4.851 20.287 0.855 53.4 46.6 5.026 21.019
0.705 0.5 99.5 4.852 20.291 0.86 55.1 44.9 5.032 21.044
0.71 2.3 97.7 4.858 20.316 0.865 56.8 43.2 5.037 21.065
0.715 4.2 95.8 4.864 20.341 0.87 58.5 41.5 5.043 21.090
0.72 6.0 94.0 4.870 20.366 0.875 60.2 39.8 5.049 21.115
0.725 7.8 92.2 4.875 20.387 0.88 61.9 38.1 5.055 21.140
0.73 9.6 90.4 4.881 20.412 0.885 63.6 36.4 5.060 21.161
0.735 11.4 88.6 4.887 20.437 0.89 65.3 34.7 5.066 21.186
0.74 13.2 86.8 4.893 20.463 0.895 66.9 33.1 5.072 21.211
0.745 15.0 85.0 4.899 20.488 0.9 68.6 31.4 5.078 21.236
0.75 16.8 83.2 4.904 20.509 0.905 70.3 29.7 5.084 21.261
0.755 18.6 81.4 4.910 20.534 0.91 71.9 28.1 5.089 21.282
0.76 20.4 79.6 4.916 20.559 0.915 73.6 26.4 5.095 21.307
0.765 22.1 77.9 4.922 20.584 0.92 75.3 24.7 5.101 21.332
0.77 23.9 76.1 4.927 20.605 0.925 76.9 23.1 5.107 21.357
0.775 25.7 74.3 4.933 20.630 0.93 78.6 21.4 5.112 21.378
0.78 27.4 72.6 4.939 20.655 0.935 80.2 19.8 5.118 21.403
0.785 29.2 70.8 4.945 20.680 0.94 81.8 18.2 5.124 21.429
0.79 31.0 69.0 4951 20.705 0.945 83.5 16.5 5.130 21.454
0.795 32.7 67.3 4.956 20.726 0.95 85.1 14.9 5.136 21.479
0.8 34.5 65.5 4.962 20.751 0.955 86.7 13.3 5.141 21.500
.805 36.2 63.8 4.968 20.776 0.96 88.4 11.6 5.147 21.525
0.81 38.0 62.0 4.974 20.801 0.965 90.0 10.0 5.153 21.550
0.815 39.7 60.3 4.980 20.826 0.97 91.6 8.4 5.159 21.575
0.82 41.4 58.6 4.985 20.847 0.975 93.2 6.8 5.164 21.596
0.825 43.2 56.8 4.991 20.872 0.98 94.8 5.2 5.170 21.621
0.83 44.9 55.1 4.997 20.897 0.985 96.4 3.6 5.176 21.646
0.835 46.6 53.4 5.003 20.923 0.99 98.0 2.0 5.182 21.671
0.84 48.3 51.7 5.008 20.943 0.995 99.6 0.4 5.188 21.696
0.845 50.0 50.0 5.014 20.969 0.996 100 0 5.189 21.700
0.85 51.7 48.3 5.020 20.994

1 kcal =4.182 kJ.

OaHUM i3 KJTI0UYOBUX KPOKiB METOlY € BUZHAUEHHST
CKJ1ajly CyMillli BYTJIEBOIB Ta XU1PY, OKUCIIEHUX Ta BiITBO-
PEHMX aBTOpAMU B CIlelliaJIbHiil TaOIMLIi HEMPOTEIHOBUX
JUXanbHUX KoedilieHTiB. Llg Tabnuis BKazye Ha 3agaHy
HOPMY CHiBBiTHOLIEHHS BUAAJIEHOTO BYTJIEKUCIOrO ra3y
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3 OpraHi3my 10 CIOXMTOrO KUCHIO, BiICOTOK €HEPrii, 1110
OTPUMYETHCS Bill BYIJIEBOIIB BiTHOCHO OKMCJICHHS XKUY,
Ta eHEPreTUYHUII eKBiBaJIEHT KMCHIO.

KoedilieHT auxanbHOro 00OMiHy MOXHa CIIpUMMaTH
SIK HEMIPOTEIHOBUIA pecripaTopHUii KoedillieHT, MpUIy-
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CKalouu, 110 KUIbKICTh OKMCJIEHUX O1JIKIiB € HEBEJIMKUM
i He3HauHuM. KpiM Toro, mepeadavaeThes, IO iHII MeTa-
00JIiUHi TIpo1IecH, SIKi TTOB’sI3aHi 3 BUPOOHHUIITBOM Ta,/ab0
crnioxusanHam O, ta/a6o sBuninenns CO, (Hanpukian,
TJIIOKOHEOTeHe3 3 OUIKiB, yTBOPEHHSI KETOHOBUX TiJ, Jli-
TIOTeHE3), € KiIbKICHO HEBEJIMKUM, MOPiBHIHO 3 OKUC-
JIEHHSIM TJIIOKO3U Ta XUPHOI KUCa0TU. Takox nependa-
Ya€EThCH, 10 KOEMILliEHT AUXaTbHOTO OOMiHY aIeKBaTHO
BimoOpakae pecrnipaTopHUii KoebillieHT: TOOTO Ha BUITi-
JIEHHS BYTJIEKMCJIOTO Ta3y, He BILIMBAIOTH Hi TiMo- Hi Ti-
MEPBEHTUIISILIIST a00 piBeHb OiKapOOHATHOIO PE3EPBY.

Buxoasuu i3 MmeToay HempsiMoi KaJlopuMeTpii Ta 0co-
O0JIMBOCTEN MaTeMaTUUYHOI OOpOOKU IMTOKA3HUKIB BUILIE
BKa3aHOI Ta0/IM1Ii, MU TIPUITYCTUIN HASIBHICTh BUCOKOTO
KOPEJISIIIITHOTO 3B’ 13Ky MiXK pecITipaTOpHUM KoeDillieH-
TOM Ta €HEPreTMYHUM €KBiBaJIeHTOM KMCHIO, BKa3aHM-

MM aBTopamu. ISl IbOTO MU BUKOPUCTAIIA CTATUCTUYHY
nporpamy StatSoft STATISTICA 12.5.192.7. CnoyaTky
BU3HAYMIIN, IIO OOMIBA MOKa3HUKN MaJIi HOPMAaJTbHUMA
posnofit. Bukopuctoytoun omiito «Multiple Regression»
MporpaMu, BUSHAYMIIM BUCOKY CTATUCTUYHY 3HAYMMICTh
uiei mogeni: F(1,59)=2264E3 p<0,0001. Tak, sx p<0,0001
(mporpama noxasye «p < 0,0000»), To HyJIbOBY TinoTe-
3y MO BiICYTHICTh B3a€EMHOTO 3B’43Ky MixX RQ Ta EEO,
MOXHa CIIPOCTYBaTU, TOOTO CTATUCTUYHO ITiATBEPAUTH
ii HagBHicTh. KoediuieHT nerepminanii mozeni R? = 0,999
CBIIUUTH MPO TyKe BUCOKUI KOPEALiiHUMA ((hyHKITIO-
HaJbHUIT) 3B 130K €HePreTUYHOTO eKBiBaJIeHTa KUCHIO
3 pecripaTopHUM KoedilliEHTOM, 1110 BUILJIMBAE 3 0io-
XiMIYHOI TPUPOAM LIMX MOKA3HUKIB. 3TimHo Tadaui 1,
noOynoBaHoO rpadik 3aJ1eKHOCTI €HEPreTUYHOTO eKBi-
BaJICHTY KMCHIO BiJl IMXaJIbHOTO KoedilieHTy (puc. 1).

EEO

2

5,151 -
5,101 -
5,051 -
5,001 -
4,951 -
4,901 -

4,851 T T
0,7036 0,7536 0,8036

0,8536

RQ

0,9036 0,9536

Pucynok 1. 3anexuicts EEO2 Bin RQ (mo nanum Taéamui 1).

BiamoginHo, ¢hopmyna omHOMDAKTOPHOTO JiHiii-
HOTO perpeciiiHoro anamisy (y = b, x x + b)) moneni
Mae Bunisan: y = 1,156574 x x + 4,036830 (tadu. 2). I[1po-
rpamMa TaKoX MpOBipuja HYJIbOBY rinoTe3y Mpo piB-
HIiCTb HYJIIO 3HAYeHb KoedillieHTa i KOHCTaHTHU. B na-
HOMY BUMNAAKy 3HaueHH KoedilieHTiB CThlofeHTa

JI03BOJISIIOTh BIIKMHYTHU HYJILOBY TilIOTE3Y SIK IOI0
KOHCTaHTH, TakK i 1O BiJHOIIEHHIO 10 KoedilieHTa
perpecii (mpeactaBiaeHi B rpadi «p-value» piBHi cTa-
TUCTUYHOI 3HauyIrocti MmeHe 0,05 K 17151 KOHCTaH-
TH, TaK i AJig KoedinieHTa perpecii). Takum, YUnHOM:
EEO, = 1,157 x RQ + 4,037.

Tabauys 2
3aK104Hi CTaTUCTUYHI NOKA3HMKM perpeciiHoro aHanisy nporpamm
Regression Summary for Dependent Variable: mapameTp 2 (Anuct1 in RQ_EEO)
R=0,99998697 R?=,99997394 Adjusted R?=,99997350
F(1,59)=2264E3 p<0,0000 Std.Error of estimate: ,00053
Std. Err. Std. Err.
b* ofb*rr B Ofbrr 1(59) p-value
4,036830 0,000657 6145,254 0,00
0,999987 0,000665 1,156574 0,000769 1504,588 0,00

BpaxoByroun orpumany (Gpopmyiny ogHO(PaKTOp-
HOI JiHiiHOI perpecii 3anexHocti EEO, Bin RQ, dop-
MYyJy BU3HaUYeHHS MeTabouri3my (13) MokHa TipencTa-
BUTHU Y BUTJISIIL:

82

MR = [0,863xV_x(P_CO,/ PaCO,)x(FiO, — FeO,)]x
(1,157xRQ+4,037) (14)

ne, RQ, 3rinHo ¢popmyn (3) Ta (12) Oyne:
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RQ = (V,x F,CO,) /[0,863xV x(P_CO,/ PaCO,)x

(FiO, — FeO,)] 15)

B dbopmynax 141 15, MR nipencrasieHo B Kaji/XB.,
V. —ywmi/xs., F.CO, —y Buraani ppakuii (yactuHm)
CO, 1o BiZHOIIEHHIO /10 3araJIbHOr0 00’ €My rasy, IKUi
Buauxaerbes, P.CO,, PaCO, —y MM pT.CT.

B cyyacHux onepauiliHuX MOHITOpax, KOHLIEHTpaLlist
CO, moxe O6yTu npencrasneHa y Burisni dppaxuii (F,.CO,)
M0 BiJHOLIEHHIO 0 3arajJbHOro 00’eMy rasy, sSsiKuii BUIH-
Xa€Thcs (1Oro MoXKHa BCTaBUTH B hopmyay 15), B%, sKi
nerko MoxHa nepesectu B F,CO, tak i y Bursisizi mapui-
aJIbHOTO TUCKY (MM PT.CT.). ¥ BUIIaIKy HasIBHOCTI 3Ha-
yenb P_.CO, B MM pT.CcT., mia orpuManns F,CO, Tpeba
CKOPHCTATUCS TTIPOCTUM PO3PaXyHKOM:

F.CO, = (P,CO,)/(Pb-47MMm pT.CT.) (16)

ne: Pb — 6apoMeTpuuHMIi TUCK, IKUIT YMOBHO MOXHa
npuiiHaTh 3a 760 MM pT.CcT; 47 MM PT.CT.— THCK I1apiB
Boau nipu Temrieparypi 37 rp. C. (BTPS).

s ctaHgapTy3allii OoTpuMaHUX IMOKa3HUKIB, 3pyd-
HO BUKOPHCTOBYBATU PiB€Hb MEeTa00i3My, BUPAKEHU A
Ha OAMHULIIO TuToLli (M?) mauieHTa, ae IJIOoLa Tijia po3-
paxoByeThCs 1o dopmyti Mosteller P T 1097

S =0,0167xm"’ xh%3 aboy Bursgai S = W:Dm (17)

Ie: m — Bara Tina (Kr), h — 3picT mairieHTa (cm).

Toni, MeTaboJ1i3M, CTAaHAAPTU30BAHU I HA OMUHULIIO
o tina (kanxxs'xm?) (MR,) Oyne:

MR = [0,863%V,x(P_,CO,/PaCO,)x(FiO,— FeO )] x
(1,157xRQ+4,037) / S (18)

I1pu npoBeaeHHI JaHOI METOAUKY ITepUoIiepaLliii-
HOTO MOHITOPUHTY BUKOPUCTOBYIOTHCSI HACTYITHI 1O~
Ka3HUKU, SIKi KOHTPOJIIOIOTHCS CyYaCHUM MOHITOPOM
HapKO3HO-IMXaJIbHOTO altapara:

V., — BEHTUIIALS JIETEHb 32 XBUIUHY (MJI/XB);

PECO2 (FECOZ) — BiIMOBiIHO, NaplialbHUN TUCK
(MM pr.cT.) Ta dpakuig (B onuHuisx) CO, B rasi, akuit
BUIUXAETHCS;

FiO, ta F.O, — dpakuia O, B rasosiit cymilui, sika
BIMXAETHCS Ta BUIUXAEThCs B onuHULX (%/100);

A, TaKOX, 1a00OpaTOPHUM ra3oaHalizaTOpoOM BU-
3HAYAEThCS MapliaTbHUI TUCK BYTJIEKUCIIOTO ra3y B ap-
TepianbHiil KpoBi (PaCO,), B3ATiii 3 MpoMeHeBOT apTepii
(MM PT.CT.) Ta BBOASTHCS Bara (m, Kr) ta 3picT (h, cm)
naiieHTa.

MiHiiHBa3MBHA TEXHOJIOTisI €eHEPrOMOHITOPUHTY
(6e3 kaTeTepu3allii MpoMeHEeBOi apTepii Ta BUSHAUYCHHS
PaCO,), npoBoauThCs y MauieHTiB 6€3 MOpyLIeHb BEHTH -
JIAIIi1 Ta Iepdy3ii, KON abBEeOISIPHUN MEPTBUIA IIPOCTip
3a3BUYAl HE3HAYHUI a, OTXKe, aHATOMIYHUI Ta, BiAIo-
BiTHO, (hi3i0IOTIYHMIT MEPTBUIA TIPOCTIP, OLIIHIOETHCS B 2
mut/kr Baru Tia (Hough A. 2001).

Kainiyna ta npodiraktuana Mmeantmaa, Ne 2(12)/2020

Tomi, BpaxoByroun, mo Valv =V — (2 x m x RR),

ne RR —yacTora quxaHss (xB-'), hopMyJia po3paxyHKy
MeTab0J1i3My BUTJISIAAE€ HACTYITHUM YMHOM:

MR, = [V, — (2xm*xRR)] x (FiO,—FeO,)]x
(1,157xRQ+4,037) / S 19)

3HavyeHHs MeTaboJ1i3My, SIKi OTPUMYIOThHCS ITifl Yac
TepuronepariiHoro eHePproMOHITOPUHTY, TTOPiBHIOIOThH
3 BUXiTHUMU [MOKAa3HUKAMU, SKi OyJu Mepes] ornepaTuB-
HUM BTPYYaHHSIM Ta PiBHEM OCHOBHOTO OOMiHY (0a3asib-
HUM MeTaboi3MoM, Basal Metabolic Rate, BMR) Oyny-
104U TepuoriepalliiiHy iHTeHCUBHY Teparlilo, sika Oye
3aro0iraT¥ po3BUTKY €HEPrOKHMCHEBOTO AeMillUTYy, OTXKe
3HUXYBAaTUME PU3UKU YCKJIAIHEHb, OB’ SI3aHi 3 HUM.

BMR — 11e Ta HeoOXigHa KiIbKICTh €HepTii, aKa
MOBMHHA TiATPUMYBAaTH He aKTUBHi Ha JaHUII MOMEHT
TKAaHWUHU OpTaHi3My JJis1 30epeXXeHHS X MOXKJIMBOCTI
JIO HEeraifHOTo Ta He 0OMexXeHOoro (PyHKIioHyBaHHS. BiH
PO3paxoOBYETHCS IK HEOOXiTHA KiJIbKiCTh KiJIOKaJlopiii
Ha 100y JJ1s1 KOXXHOI KOHKPETHOI JIIOAUHU, SIK piBEeHb
HaJIeXKHOTO iHAMBINyabHOTrO MeTaboJIi3MYy B cTaHi (i3i-
OJIOTIYHOTIO CITIOKOIO Ta HOPMaJIbHOI TeMIIepaTypH Tina,
TOOTO, SIK Ta KiIbKiCTh €Hepril, ssKa HeoOXiaHa IS Mmia-
TPUMKHM CAMHUX OCHOBHMX (DYHKIIiii OpraHi3aMy B CTaHi
CITOKOIO, B HE CTPECOBOMY HaBKOIMUIITHLOMY CEPEIOBH-
1111, 0e3 ypaxyBaHHS €Heprii, SIKa BUTPAvYaEThCs Ha pyX0-
BY aKTUBHICTb, IIEpETPaBIeHHS 1Xi, XipypriuHy Ta aHe-
cresionoriyny arpecito, Touio [7]. BMR po3paxoByeTbcs
3rigHo 3 popmynu Midpdaina — Can [Ixeopa, Ta mpema-
CTaBJIsI€ y3aTaJIbHEHHS CTATUCTUYHUX JaHUX aBTOPiB.
B cBoiit po0O0Ti, MU BUKOPUCTOBYEMO CITPOILIEHUIA Bapi-
aHT 0a3ajJbHOro MeTaboIi3My, 0€3 BUKOPUCTAaHHS KOe-
diLieHTy (pi3MYHOI aKTUBHOCTI JIIOAWHU, 3 YpaxyBaHHIM
CTaTi, Baru, 3pocTy Ta BiKy B KKaJi/24ron. Toxi, 3 ypaxy-
BaHHAM IEPEeX0Iy Ha KaJIXXB™' Ta cTaHAapTU3allil ToKas-
HUKiB Ha OMMHMIIIO TUIOII TiJla BUSHAYEHHSI 0a3aJIbHOTO
MeTabo01i3My B KalxxB ' xm2:

BMR (o) = 0,694x[10xm(kr)+6,25% h(cm) —
5xBik(pokn)+35] / S; (20)
BMR_ (,,,.)=0,694x[10xm(xr)+6,25xh(cm) —
5xBik(poku)-161] / S; (20)
Croci6 mepuorepaliifHOoro eHeproMOHITOPHH-
Ty peajli3oBaHU1 Y BUTJISIII KOHKPETHOT KOMIT I0TepHOIL
TIPOTpaMu, IO TO3BOJISIE TOCUTD MIBUAKO BUKOHYBATH
BCi po3paxyHKH, TTOB’s13aHi 3 il BAUKOPUCTAHHSIM Y pe-
aJIbHOMY 4Yaci.

PE3VJIbTATU TA OBIr'OBOPEHHA

Crioci6 0yB anmpo®oBaHuii Ha 125 mauieHTax Halo1
KJIiHiKU, IKUM MTPOBOAUIUCS Pi3Hi onepaTUBHI BTPY-
yaHHs. Huxxye My mpuBOAMMO MPUKIIaAU TAKOTO BUKO-
PUCTaHHS MiJ Yyac ornepaTUBHUX BTPyUYaHb y MaIli€HTIB,
MijJ 3araJbHUM 3HEOOTIOBAHHSIM 3 BAKOPUCTAHHSIM iH-
rajsiiiiHoro aHecTeTrka ceBoiropaHa Ta HAPKOTUYHO-
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ro aHaJIbreTuKa (heHTaHiJia B yMOBaX HU3bKO-TIOTOYHOI
IITYYHOI BEHTUJISLLI] JIETEHb HAPKO3HO-TNXAJTbHUM
anapatoM «Fabius Tiro» Ta BUKOpUCTaHHS 6i0OMOHITOpa
«Infinity Delta» («Drager», Germany). [IpemMennkartist
Oe3nocepeaHbOo Mepe orepali€lo — BHYTPilllHbOBEH-
Ho aTpomniHy cyiabdar (0,01mr/kr) Ta dentanin 0,005%
(0,1mr). [HoYyK1isT HApKO3Y MTpOoBOAKIACS TPONOGDOJIOM
(2,0 mr/xT). Bimpasy micis inaykiii mpotsirom 30 XB BHY-
TPilIHBOBEHHO KparneabHO 3AilicHIOBaIM iHpY3it0 po3-
yuHy rmapanetamoiy 1000mr (indynran, «tOpis-Dapm»,
Vkpaina). OCHOBHUM aHECTETUKOM OyB ceBO(dItopaH.
®entanin 0,005% BBoauau B 103i (2-5) MKIXKr-'xrom-!
3a IONIOMOTO10 IIPULIEBOT0 iH(Y3iiiHOro Hacocy GipMu
B|Braun Space. B sikocTi M’130BOT0 peJIaKCaHTy BUKO-
PUCTOBYBaBCS aTpakypiymy 6ecunar (Atpakypiym-Hoso,
«HoBodapm-biocuHTes», YkpaiHa) B 3araJbHONPUITHS-
THUX J103aX. 3 METOIO 3aM00iraHHs HYAOTH Ta OJIIOBOTHU
B paHHBOMY TTicasionepalliiiHoMy niepioi, nepen onepa-
TUBHUM BTPYYaHHSIM ITpU3HAYAIU CEJIEKTUBHUI aHTa-
roHict SHT3 cepoTOHiHOBMX peLIeNTOPiB OHAAHCETPOH
B 3arayibHiil 1031 8 Mr. 3a 30 XB. 10 MPOOYAKEHHS BBO-
IuBcs nekckeTponpodeH (aekcaarul, Berlin-Chemie
Germany) B 103i 50mr i Hagai mo 50 mr yepe3 8-12 rox.
ITin yac HapKo3y 3aCTOCOBYBaJU BCi «MixXHapOIHi CTaH-
JapTH Oe3MeYHOol aHecTe3ioNoriyHoi mpakTuku» WESA
2010 [3]. 'MubuHa HapKO3y KOHTPOIIOBAIaCh MOKa3-
HUKaMU €JIEKTPUYHOI aKTUBHOCTi I'OJIOBHOI'O MO3KY
3a JIONIOMOT0I0 CTeliaJIbHOTO OiCMIEKTPaTbHOTO MOMLYJIST
MoHitopy Infinity Delta 3 BusHauenHsiM BIS-iHzmexcy,
SIKMIA miaTpuMyBaBcs Ha piBHI 45-50 6aniB. yHKIIi-
OHAJIbHU CTaH ceplisl Ta TeMOAMHAMIYHI TOKAa3HUKU
BU3HAYaJIMCS B peXXUMi peaibHOro yacy 6ioMOHITOpOM
«Infynity Delta» («Drager», Germany) Ta peokapaiorpa-

(ivnuM kKomrIuiekcom «PeocnekTp-3» (Ykpaina, Pocis,
2013) meTomgoM iHTerpaibHOI peoBa3orpadii mo TumieH-
ko. IIpu mpoBeaeHHI MeTaboJiYHOTO MOHITOPUHTY BU-
KOPUCTOBYBAJIUCS HACTYITHI MOKA3HUKU:

Bara (xr) Ta 3picT nairieHTa (cMm).
V, — 3arajibHa XBUJIMHHA BEHTUJIALIA (MJ1/XB);

PECO2 (FECOZ) — BiIMOBiIHO, NaplialbHUI TUCK
(MM pr.cT.) Ta dpakuig (B onunusx) CO, B rasi, akuit
BUIIUXAETHCS;

FiO, ta F O, — dpakuia O, B rasosiit cymilui, sika
BIMXAETHCS Ta BUIUXAETHCS B onuHULX (%/100);

V Bumnaaky BUKOPUCTaHHS MiHiiHBa3MBHOI TEXHOJIO-
rii (06e3 KkaTeTepu3allii MpoOMeHeBOi apTepii) po3paxyHOK
npoBoauBc 3rifHo dopmynu (19). [Tpu kaTeTepusalii
aprepii, nonatkoBo BusHayanucsa PaCO,, BUKOpUCTOBY-
IOUM aHaJIi3aTOp Ta30BOro, KMCJIOTO-JIYXKHOIO Ta €JeK-
TpoJjiTHoro ckiany «Cobas b 221» (Roche Diagnostics
GmbH, Germany) Ta po3paxyHKy OPOBOIWIN 3TiTHO
dopmynu (18).

B Tabnuiisgx orpuMaHux maHux (Tadi. 3, Tadi. 4)
TIpeNCTaBIIeHi: cepeaHiit aprepianbHuii TCK (Mean Blood
Pressure, MBP), uactora cepueBux ckopoueHb (Heart
Rate, HR), ymapumit 06’em (Stroke Volume, SV), ymap-
Huii iHgexkc (Stroke Volume Index, SVI), cepuieBuii Bu-
kun (Cardiac Output, CO), cepuenuii iHaekc (Cardiac
index, CI), rpancnopr kucHio (Oxygen Delivery, DO,),
cnoxuBaHHs KucHio (VO,), pecriipatopHuit KoedilieHt
(RQ), eneprernunuii exsiBaneHt kucHio (EEO,), piBHi
pearbHoro MR ta 6asansioro BMR wmertabostizmy, craH-
JapTU30BaHi HAa ONVMHULIO IO Tija.

Tabauysa 3
Moka3HWUKKU eHeproMOHITOPMHIY NauieHTa 3 MOpPOigHUM OXUPiHHAM 4CT.
Hoxasngxnm [ eTatm 1 2 3 4 5 6 7
AOCAIAJKEHH 51

MBP (MM pr.ct.) 106 99 85 74 84 92 96
HR (x8') 71 65 81 84 73 74 69
SV (maxxs) 72 75 47 42 63 69 78
SVI (MaxxB'xm2) 27 28 17 16 23 26 29
CO (ixxB™) 5,1 4,9 3,8 3,5 4,6 5,1 5,4
CI (1xxB'xM2) 1,9 1,8 1,4 1,3 1,7 1,9 2,0
DO, (MnxxB'>xM?) 396 375 292 271 355 396 417
VO, (MrxxB'xm2) 148 135 129 118 127 139 145
RQ (ym.om.) 0,83 0,83 0,80 0,78 0,72 0,75 0,81
EEO, (xan/mn) 5,0 5,0 4,96 4,94 4,87 4,90 4,97
MR (xanxxs'>xm?) 740 675 640 583 619 681 721
BMR _ (xanxxp'xm?) 616
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Tabauuys 4

Moka3HMKKM eHeproMOoHITOPUHIY nauieHTa 3 audysHum 30060m lIcT., TMPEOTOKCUKO30M TSOKKOT popmMM Y cTagil
HecTilKol meacyOkoMneHcauii

O eniaenmn 1 2 3 4 5 6 7
MBP (MM pr.cT.) 121 113 130 129 104 88 81
HR (x81) 79 81 95 86 76 72 64
SV (mnxxs') 82 76 84 79 76 64 67
SVI (MxxB'xm2) 51 48 56 49 48 40 42
CO (rxxB™) 6,5 6,2 7,9 6,8 5,8 4,6 4,3
CI (rxxB'xMm2) 4,1 3,9 4,9 4,3 3,6 2,9 2,7
DO, (MrxxB'>xM?) 787 748 940 825 690 556 518
VO, (MmxxBxM2) 164 159 175 187 169 157 153
RQ (ym.o1.) 0,86 0,84 0,89 0,88 0,85 0,83 0,83
EEO, (xan/mn) 5,0 5,0 5,1 5,1 5,0 5,0 5,0
MR, (xamxxs'xm2) 820 795 893 954 845 785 765
BMR, (xanxxp'xm?) 533

IMpuknan 1. IMTamient IT. 56 pokis. JiarHo3: Mop-
GigHe oxxupiHHg 4cT. Bara tima — 160k, 3picT 172 cMm,
Iunexc macu tina (Body Mass Index, BMS) — 54. T1no-
wa Tina — 2,7m”. lemorno6in kposi — 150 r/n. BMR_—
616 kaixxB'xM2. Omnepallist: JJalmapocKoIliYHa pyKaBHa
pes3exlilist LUIYHKY (sleeve gastrectomy). CTyIiHb nepe-
JoTepauiifHOro pu3MuKy MaiieHTa 3a Kjiacudikallielo
(hizyHOrO CTAaHY aMEPUKAHCHKOI'0 TOBAPUCTBA aHECTe-
3iojioriB — ASA I11. TpuBamnicTh 3araJibHOTO 3HEOOJIEH-
Hs — 4 roguan. ETanm gocmi ke HHS . BUXiAHI TaHi iepe
omepatiero (1-it etam), iHIYKIlis B HApKO3 (2-11), moJjo-
>KeHHS 3BopoTHe TpeHaeneHoypry (3-ii), Ha MOMEHT Ha-
KJagaHHs KapOoKcineputoHeymy (4-ii), TpaBMaTUIHUIA
OCHOBHMI eTan orepaii (5-i1), KiHelb onepailii (6-ii),
MpoOYIKEHHS Ta TPAHCIIOPTYBaHHS B nayary (7-ii eTam).
[Moka3HWMKM eHEePrOMOHITOPUHTY TalliEHTa TIPEICTaB-
JIeHi B Tabnuii 3. Sk BumgHO 3 TaOIMIII, BUXiTHUI MeTa-
6outi3M marieHTa ckiagaB 740 kanxxs'xm2, mo Ha 20%
nepeBuIIyBaB oro 6azaabHUI piBeHb Ta JaBaB BidIOBI-
HUI 3amac «MillHOCTi» €HepreTUYHUM TMPOoLIecaM i yac
TIPOBEICHHSI aHECTE310I0TITHOTO 3a0e3IIeUCHHS oIlepa-
TUBHOTO BTpy4yaHHs. [Toka3HUKM reMoauHaMiKu Oyiu
ctabinbHi. I1ig yac 3MiHM MOJOXEHHS Tijla Ha 3BOPOTHE
TpenneneHOypra Ta Ha MOMEHT HaKJIaJaHHS KapOOKCi-
TIEPUTOHEYMY, CITOCTEPIraioch 3HIKEHHS MeTa0O0Ii3MY,
BimmosimHo, Ha 100 Ta 157 kanxxs'xm2, mo Ha 13,5%
ta 21,2% Oyso HIKYe BUXITHUX 3HaYeHb. [1pu 11bomy,
MeTaboJTi3M MPU 3MiHi MOJIOKEHHS HabIU3UBCS 10 Oa-
3aJ1bHOro piBHA (640 KaaxxB'xM2), a mig yac HaKJia-
JIaHHS KapOOKCIMepUTOHEYMY CTaB HUXXYMUM 32 HbOTO
Ha 5,4% Tta HaOyB 3HayeHHs 583 kanmxxB'xMm2. Lle Oyio
PO3IIHEHO K pe3y/IBTaT TeMOIUHAMITHUX MOPYIIICHD Ta,
BiITTOBiIHO, TPAHCIIOPTY KUCHIO, BHACIIIOK 3MEHIIIEHHSI
BEHO3HOI'0 MOBEPHEHHS KPOBi 32 paXyHOK TO3ULIITHUX
3MiH TiJIa mali€eHTa Ta KapookcineputoHeymy. Kopexkiris
TPOBOMIIACH TIOCWJICHOIO B/B iH(DY3i€10 30aIaHCOBAaHIX
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coJieBUX po3uuHiB (XapTMaHa, PiHrepa JlakraTa) Ta ro-
CTYNOBOIO 3MiHOIO MOJIOKEHHS TiJIa TALIiEHTA 1 TOBLIbHUM
JOCSITHEHHSIM HEOOXiTHOIO BHYTPILLIHLOYEPEBHOT'O TUCKY.
Hapani, nyis nocsirHeHHs OibII HaJiifHUX TOKA3HUKIB Te-
MOIMHAMIKW, BPaXOBYIOUH ITPOTPECYIoUe 3HIDKEHHS Me-
Tab0J1i3My 10 6a3aIbHOTO PiBHS, 10JATKOBO, MPOTSITOM
40 XBUJIVMH BBOAMUBCS 1030BaHO HOpaapeHasiH B 103i 0,04
MKIXKT'xxB™!. Ha TpaBMaTHYHOMY eTalli OriepaTUBHOTO
BTPYYaHHSI HAMITWJIACH JIesTKa TSHICHIIiST BiTHOBICHHS
MeTa0o0J1i3My, ITPOTE BiH 11e JIUILIABCS MPAKTUYHO Ha PiBHI
6azanbHOro (619 kaxxxs'xm?2). Jlosa HopaapeHaiHa Oyna
migBuiieHa 10 piBHs 0,06 MKrxkr'xxs™!' Ta He3abapoMm,
MMiCJIst JOCITHEHHS MeTabo1i3My 670 KaaxxB ' xM™2, 110
Maiixe Ha 10% nepeBuliyBaB Oa3ajibHUIl piBeHb, Bil OYB
BiAMiHEeHMIi. 3 MOMEHTY TpaBMaTUYHOTO eTaIy ornepa-
THUBHOTO BTPYYaHHS Ta A0 MOTO 3aKiHYEHHS, CITOCTEPi-
rajiocs JOCUThH MOBLUIbHE 3pOCTaHHS PiBHS METab0Ii3MY,
MPH JOCTATHBO HU3BKOMY PiBHi IMXaIbHOTO KoedillieHTa
(0,72-0,75). Lle, iiMOBipHO, MOTJIO OYTH MPOSIBAMU MOPY-
LLIEHHST MeTa00J1i3My BHACTiAOK MOXJIMBOTO HEMPOIYK-
THUBHOTO BUKOPUCTAHHS KUPHUX KUCJIOT 3 YTBOPECHHSIM
KETOHOBUX Tijl, IpU 30€peKeHHI BiAMOBIIHOTO CITOXK-
BaHHSI KMCHIO aJjie 3i 3SMEHIIEHHSIM BUIIEHHS BYTJIEKHUC-
JIOTO ra3y, ToMy 110 LIei MpoLiec MPOXOIUTh 0€3 YTBOPEH-
Hs CO,. Tomy, 110 3aKiHYEHHIO ONEPATUBHOTO BTPYYaHHs
Ta BiTHOBJICHHS TOPU30HTAIIBHOTO TTOJIOXKEHHSI TTallieHTa
Ha orepauiifHoMy CToJi, TpoTaroM 40 XBUJIWH MPOJOB-
KyBaJIUCS TATPUMKA MEAUKAMEHTO3HOTO CHY, IITyYHA
BEHTWJISILLIS JIETE€Hb B peXHMi HOPMOBEHTUIISALLIT 3 TTO-
cTynoBuM 3MeHeHHsaM FiO, no disionoriynoro pis-
Hs CKJIa[ly MOBIiTpsI Ta JOCSITHEHHST MeTaboIi3My Maiike
BUXimHMX 3HA4YeHb (72 1kanxxB'xm2). [ic/s yoro marii-
€HT IIBUIKO MPOKUHYBCS, BITHOBUJIMCS M’ SI30BUI TO-
HYC, aleKBaTHE CIIOHTaHHE AUXaHHS, ICHA CBIJOMiCTb.
Temnieparypa Tina — 36,4 rp. C. IIpoBeaeHa excrydartist
Tpaxei Ta TpaHCIOPTYBaHHS B 3BUYaiiHy nanaty. Hanai
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MauieHT He MOTpeOyBaB iIHTEHCHUBHOI (PECITipaTOPHOI, re-
MOJMHAMIYHOI, iHI1I01) Tepartii. KorHiTUBHI mopyileHHs
He BiaMivanucs. 3 MeTO0 3He0O0JIIOBaHHSI OTPUMYBaB He-
CTepOifHI MpOTU3anajibHi 3acodu Ta mapaueramos. Hap-
KOTUYHMX 3ac00iB HE MOTpeOyBaB. byB 1OCTATHHO aKTUB-
HuM. Yepes 12 roguH Mir BcTaBaTy, pyXaTUCh MO TMajaTi.

IMpuknan 2. [Tamientka A. 45 pokis. JliarHo3: Iu-
(y3nmii 3006 I1 cT., TMPEOTOKCUKO3 TSKKOI (DOpMU Y CcTaii
MencyokomIeHcartii. Bara Tina — 56 k, 3pict 169 cMm, IHnekc
Maci tisa (Body Mass Index, BMS) — 20. [Tnoma tina — 1,6 M2
Iemorno6in kposi — 138 r/1. BMR — 618 kamxxs™'xm™.
Orepartist: Tupeoinektomist. CTyIiHb ITepeaoIepariitHoro
pu3uKy manieHTa — ASA V. TpuBamicTb 3arajlbHOTO 3He-
oosteHHs — 2 roguHu. Etany gociimkeHHs: BUXiIHI JaHi
nepen onepaitriero (1-i eTarr), iHIyKIlist B HApKo3 (2-it),
MOOLTi3a11isI ITMTOBUAHOI 321031 (3-i1), BUIAJICHHS IITUTO-
BUIIHOI 3251031 (4-i1), YIIMBaHHS ITiC/ISIONepalliiiHOI paH1
(5-11), kiHewp orepauii (6-i1), IpOOYIKEHHSI Ta TPAHCIIOP-
TyBaHHS B maznaty (7-ii erarr). [loka3HUKI eHEproMOHi-
TOPUHTY TTaIli€HTa IIpeacTaBAcHi B Tabumii 4. K Bua-
HO 3 TabJU1Ii, BUXiTHE 3HAYEHHS META00J1i3My CKJIa1aJI0
820 kamxxB'xMm2, 110 Ha 54% IepeBUILyBaJIO Oro 6a3ajib-
HUI piBeHb. A, OTXe, Y XBOPOI OyJI1 IMPOSIBU rirepMeTadoIi3-
MY BHACJIiIOK He CTilAKOI MeAMKaMEHTO3HOI CYOKOMITEHCa-
Ll TUPEOTOKCUKO3Y, He 3BaXKalouy Ha IoIepeaHil npuitom
JIeKCaMeTa30HY Ta TUpo30.1y. KiliHiYyHUMU MposiBaMU Tirep-
MeTaboJ1i3My OYB rinepauHaMiuyHUI CUHIPOM 3 IPOsiBAMU
CHHYCOBOI Taxikapii (79 y1./XB.) apTepiabHOIO TillepTeH-
3iero (MBP — 121 MM pT.CT.) TimBUIIIEHUMH T PaMU cep-
LeBoro iHaekcy (4,1 axxs'xm?). XBopiii 10IATKOBO Iepel
OIepaTVBHMM BTPYYaHHST BHYTPIilITHHOBEHHO BBEICHO JICK-
caMeTa3oH 8MT, TinpoKopTn30H (conykopted) 100mr Jai,
MicJis BBeACHHSI HAaBAHTAXKyBaJIbHOI 103U €CMOJIOJA TiIpOX-
Jopuza (500 MKT XKXXB. TIPOTATOM | XBUJIMHM), pO3MOYaIn
10ro BBeIEHHSI 31 IIBUAKICTIO 25-50 MKIXKTXXB. TTiJl KOHTP-
onem EKI, moka3HuKiB reMogMHaMiK1 Ta piBHSI META0O0JTi3-
My. Ha etamax mo0iizatiii, BUmaJeHHSsI ILIMTOBUIHOIL 331031
Ta MOYATKY YILMBAHHSI ITIC/ISOIepaLiiiHOI paHu, TeMIiepaTypa
xBopoi migsuiyBanacs 10 37,6 rp. C. I1pu Lbomy, IIposiBu
TirTepMeTad0Ti3My Oy/Ti HAOUTBII 3HAYHI (BiAIOBITHO 893,
954 ta 845 kanxxB'xM2), 1110 HOTPeOYBaIO MiABUILIECHHS
JIO3Y1 BBeJEHHS ecMos1oa rigpoxmopuaa 10 100 MKTXKrxxs.
Ta Jo1aTtkoBoro BBeneHHs 100 mr rimpokopTtrsony. Ha ki-
HeLb OIepaTUBHOIO BTpYYaHHSI Ta IPOOYIKEHHSI, MeTabo-
JIi3M HOpMaJli3yBaBcsl, POSIBIB rinepAaruHaMii Ta rineprepmil
He O0ys10. XBopa B CTabIbHOMY CTaHi IepeBeieHa B rajary.
[TicnsgonepauiiiHuit nepedir 6e3 0COOJIUBOCTEN.

BUCHOBKU

1. Meton nepuorepaliiHOro eHeproMOHITOPUHTY
icTOTHO AOMOBHIOE «MiXKHapOAHI CTaHIAapTH O6€3MeYHOL
aHecTesiojioriyHoi npaktuku», WFSA (2010), migsuiiye
nepuornepauiiiHy 6e3rneKy naii€eHTiB 3a paXyHOK BUSIB-
JICHHSI MOPYLIEHb MeTabo0J1i3My Ta ITPOBENEHHS BiAIO-
BiJIHOI IMaTOreHETUYHOT KOPEeKIILii.

2. Po3pob6nena yHiBepcalibHa (popMysia BU-
3HAYEHHS PiBHS MeTa0O0JIi3My XBOPOTO y BUTISIAL:
MR=[0,863xV_x(P_.CO,/PaCO,)x(FiO,-FeO,)xEEO,
711 BU3BHaYEHHSI CHEPTeTUYHOTO eKBiBaJICHTa KUCHIO
(hopMyJIM HAIIOT MOJIEJIi eHEPTOMOHITOPUHTY, 3a JOITOMO-
roo 0JHO(AKTOPHOIO JIiHIMHOTO PEerpeciiiHOro aHaJi3y,
oTpuMaHo piBHsAHHA perpecii: EEO, = 1,157 x RQ +4,037.

3. MeTop peani3y€eThbcs 3a JOITOMOT'0I0 KOMIT'10-
TEPHOI IMporpaMu, CTBOPEHOI Ha OCHOBI PO3p00JIeHOL
yHiBepcaJbHOI popMyau. BxigHi naHi Tpaguuiiiyi as
NpaKTUYHOI aHeCTe310/10rii: Bara (Kr) Ta 3picT maili-
€HTa (cM); V — 3arajibHa XBUJIMHHA BEHTUIIALISA (MJ1/
xB); P.CO, (F.CO,) — BianosiaHo, napiiaJbHUi TUCK
(MM pr. cT.) Ta dpakuis (B onuHuisgx) CO, B rasi, aKui
Buauxaernes; FiO, ra F O, — dpakuis O2 B razosiit
CYMIillli, SIKa BIMXAEThCS Ta BUAMXAETHCS B OMUMHUIISIX
(%/100); npu KareTepu3allii aprepii, 101aTKOBO BU3HA-
yaetbcs PaCO?2.

IlepcnekTHBU NOJAJIBIIMX AOCTiIKeHb. HeoOxin-
He ToJajbliie MPOBEAEHHS TOCTiIKEHb PiBHS METa00-
JIi3MY, METOIiB Oro KOpeKIlil y Nali€HTiB 3 Pi3HOMaHIT-
HOIO XipypTriYHOIO MATOJIOTIEI0, TIPU PiZHUX XipYPTiYHUX
TEXHOJIOTiSIX, IeTAJIbHE BUBUYEHHS MPEAUKTUBHOIO HOTO
3HAYEHHS y NepronepaliiHoMy nepebiry, pO3BUTKY iH-
Tpa- Ta MicasonepaiiHuX YCKIaTHEHb.

KonuikT inTepeciB. ABTOpU 3asIBJISIIOTH PO Bijl-
CYTHICTh KOH(IIKTY iHTepeciB.

Indopmanist npo dinancyBannsa. Po6oTta BuKoHaHa
3a paXyHOK Jiep>KaBHoOro iHaHcyBaHHs B pamKax HJIP.

JloTpuMaHHS €THYHUX HOPM. ABTOPH JOTPUMYIOTHCSI
MPUHLMITIB, IO MiCTITbCS Y [@JIbCIHKCHKIN AeKIapaliii,
a TaKoX B MiXXIMCUUILTIHAPHUX TPUHLIMIAX i KEPIBHUX
BKa3iBKax 1010 BAKOPUCTAHHS TBAPUH Y TOCTiKEHHSIX,
TECTYBaHHI Ta OCBiTi, omybsrikoBaHnux CrieniaTbHUM KO-
MITeTOM 3 JIOC/TiKeHb Ha TBaprHax rpu Helo-Mopkcbkiit
akaneMii Hayk. PoOoTa 3 XBOpUMH JIFOAbMU MiATOTOBJIEHA
Ta MPOBEJEHA BiMOBIIHO 3 MPUHLIUITAMYU €TUKU.
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Pestome

COBPEMEHHBIE BO3MOXXHOCTU UCNOJIb30OBAHUS HENPSMOMN KATOPUMETPUM
nPU NEPUONEPALUOHHOM EHEPTOMOHUTOPUHTIE
B. U. YepHhuii, A. U. [leHnceHKo

['0cynapcTBeHHOE HayyHOe yupexaeHne « HayyHo-NpakTUyeckuii LIEHTP NPOGUIIAKTUYECKON W KITMHUYECKON MESULIMHI»
l'ocypapcTeeHHoro ynpasneHus nenamu, Kues, YkpanHa

ITeAb MccaeAOBaHMSI — pa3paboTaTh CIIOCOD MepHOIepalIOHHOIO SHEPTOMOHIUTOPIHTA ¥ BHEAPUTD €TI0 B KAU-
HIYECKYIO IIPaKTUKY.

Martepuaa 1 METOABL AASI ICCA€AOBAHNS OBIAV IIPMBA€YEHBI 125 MaIeHTOB, KOTOPBIM IIPOBOAVIAUCH Pa3AMY-
HBIe OllepaT/BHble BMEIIIaTEABCTBA IT0A OOIIMM 06€300AMBaHIEM C MICIIOAB30OBAHMEM MHTAASIIVIOHHOIO aHeCTe-
THKa ceBoAIOpaHa 1 HAPKOTUIECKOTO aHAABIeTHKa (peHTaHMAA B YCAOBMSIX HM3KO-TIOTOYHO YICKYCCTBEHHOM
BEHTUASLIVI AeTKMX. MeTOABI IleploIepalliOHHOIO MOHUTOPUHTa «Me>XXAyHapOAHBIe CTaHAAPTHL 6€30I1aCcHOI
aHecte3nororndeckoint npaxruxke» WFSA (World Federation Of Societies of Anaesthesiologists, 2010) 6b1A1
AOIIOAHEHBI MCIIOAb30BaHMeM HelIpsIMOJ KaAOPMMeTPA.

PesyabTaThl. [IpoaHaAmMsupoBaB AuTepaTypHble AaHHbIe, ObIAa BBIIBA€HA TeCHAs] KOPPEASIVMOHHAs CBSI3b
MEXAy SHepreTmdeckuMm sxBuBareHTOM Kucaopoaa (EEO,) u pecrimparopnbiM kosddumnmentom (RQ). As-
TOPBI IIOAYYVAY COOTBETCTBYIOIIYIO (POPMYAY OAHOGAKTOPHOI AMHENHOV perpeccmy, KOTopas MIMeAa BUA!
EEQO, = 1,157 x RQ + 4,037. VcrioAB3ys1 OCHOBHBIE ITPVHITUIIEI Ta3006MeHa B AeTknx bopa-Exnrodda, 66ia pas-
paboTaH MeTOA IepHUOIIepallIOHHOTO SHEPTOMOHUTOPIHTa, Ha OCHOBE HEIIPSIMOM KaAOPMMETPIL C YIETOM pe-
AABHBIX 3HAUeHNI SHepreTMIeCcKOro SKBMBaAeHTa KUCAOPOAA IaleHToB. Paspaborana yHuBepcaabHast ¢pop-
MyAa OIpeAeAeHNs ypOBH: MeTaboamsMa 6oapHOTO (MR, KaA / MMH) B BuAe:

MR = [0,863 x VE x (PECO, / PaCO,) x (FiO,-FeO,)] (1,157 x RQ + 4,037)

rae, VE — obmiass BEeHTUAANMS A€TKMX B MUHYTY (MA / MuH), PECO,, PaCO, — napumaAbHOe AaBA€HME COOT-
BeTCTBEHHO B CMECH ra30B, KOTOpas BHIABIXaeTCsl M B apTepuaAbHOi Kposu (MM pr.cT.). FiO, u FEO, — dpax-
1S KICAOPOAQ B Ta30BOV CMECH, KOTOpasl BABIXAeTCsI 1 BBIAbIXaeTcsl B eauHuIiax (% /100). MeToa peaansosaH
B BUAE KOMIIBIOTEPHO IIPOTrpaMMBI, CO3AQHHO Ha OCHOBe pa3paboTaHHO ¢opMyABbL B paboTe mpeAcTaBA€HBI
METOABI MHTEHCHBHOJ [TePUOIIEPALIMOHHO TepalliA C YIETOM YPOBHsI MeTaboAM3Ma.

Br1BoA. MeToA IepronepanyioHHOTO SHEPTOMOHUTOPYHTA CYIIIECTBEHHO AOTIOAHSET «MeXAyHapOAHBIE CTaH-
AapTHL 6€30I1aCHO aHeCcTe3MOoAOrIecKoli pakTuke», WFSA (2010) mosbliiaer mepuorepanoHHyo be3omac-
HOCTD ITIaIIVIeHTOB 3a CYeT BBIIBACHNS HapyIIeHNII MeTabOAM3Ma U IIPOBEAEHNSI COOTBETCTBYIOIIEl] TaTOreHe-
TUYIECKOV KOPPEKIINUIA.

Krtouesvie cio6a: nmepuonepanioHHbI SHEPTOMOHUTOPUHT, IOTPeGAeHNE KMCAOPOAA, SHEPTe TUIeCKIUIi
(KaAOPUMITHBIN) SKBUBAACHT KMCAOPOAQ, YPOBEHb MeTab0AU3Ma.
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Summary

CURRENT POSSIBILITIES OF USE OF INDIRECT CALORIMETRY IN PERIOPERATIVE ENERGY MONITORING
V. l. Cherniy, A. . Denysenko

State Institution of Science “Research and Practical Centre of Preventive and Clinical Medicine” State Administrative Department,
Kyiv, Ukraine

The purpose of the study is to develop a method of perioperative energy monitoring and to implement it in
clinical practice.

Material and methods. The study involved 125 patients who underwent various surgical interventions under
general anesthesia using sevoflurane (inhalation anesthetics) and fentanyl (narcotic analgesics) in low-flow
artificial lung ventilation. Methods of perioperative monitoring (International Standards for a Safe Practice of
Anesthesia 2010, WFSA) were supplemented using indirect calorimetry.

Results. Analyzing the literature data, a close correlation was found between the energy equivalent of oxygen
(EEE2) and the respiratory factor (RQ). The authors obtained the corresponding one-factor linear regression
formula, which had the form: EEE2 = 1.157 x RQ + 4,037. Using the basic principles of gas exchange in the
lungs of Bohr-Engoff, a method of perioperative energy monitoring was developed, based on indirect calorim-
etry, taking into account the real values of the energy equivalent of patients’ oxygen. The universal formula for
determining the level of metabolism of the patient (MR, cal / min) in the form of:

MR = [0,863 x VE x (PECO2 / PaCO2) x (FiO2 — FeO2)] (1,157 x RQ + 4,037)

where, VE — total ventilation of the lungs per minute (ml / min), PECO2, PaCO2 — partial pressure, respective-
ly, in a mixture of gases, which is exhaled and in the arterial blood (mm Hg). FiO2 and FEO2 are the oxygen
fraction in the gas mixture that is inhaled and exhaled in units (% / 100). The method is implemented as a com-
puter program created on the basis of the developed formula. The methods of intensive perioperative therapy
taking into account the level of metabolism are presented.

Conclusion. The method of perioperative energy monitoring substantially complements the “International
Standards for Safe Anesthesiology Practice”, WFSA (2010) enhances the perioperative safety of patients by
detecting metabolic disorders and conducting appropriate pathogenetic correction.

Keywords: perioperative energy monitoring, oxygen consumption, energy (calorie) oxygen equivalent,
metabolism level.
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