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Critical States in Newborns
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Ilens. Ha ocHoBe HenpsiMoii KaJIOPUMETPUH YCTAHOBUTD HAJIMYKE, XapaKTep U 3HAYMMOCTD BJIUSTHUSI HO30J10-
ruyeckux hakTopoB Ha OOMEH SHEPTHU Y TSAKET000IbHBIX HOBOPOKIECHHBIX.

Marepuassl 4 MeTOAbI. MeTOI0M HENPSIMOIT KaJTOPUMETPUH TIPOBEJIN OITPe/iesIeHIe UCTUHHOTO PACX0/Ia dHEP-
MU Y HOBOPOXKJIEHHBIX, TTOJYYaBIINX UCKYCCTBEHHYIO BEHTUJISIMIO JIETKUX TI0 TIOBOY MHTPAHATAJIBHOI TTOCTa-
HOKCHUeckoit antedamonarnu (19 genosek), Tskenaoro cerncuca (15 9eI0BeK), OMEPUPOBAHHBIX 1O IKCTPEHHBIM
nokaszanuam (19 gesosek). Ilorpebienne sHEprun B IIOKOE ONMPEAEISIN Ha dTAlle Hadala MHTCHCUBHON Tepanuu u
B MHaMuKe depes 48 uacos. Biusinue dakropa cepaiyu B rpynnax Oblio OJUHAKOBbIM.

Pesyabrarpl. OGMeH 9HEPrUuH Ha TIEPBOM JTalle Y BCEX HOBOPOJKAEHHBIX XapaKTEPU30BAJICI THIOMETab0 13-
MoM. [Ipu 1opaskeHun HEeHTPaIbHONW HEPBHON CHCTEMBbI TTOBBIIIEH aHAIPOOHBII METab0JIM3M, OCHOBHOI HCIIOJ/Ib3Y-
eMblil cybcTpaT — TJII0K03a; MIPH CENCUCEe CAMBIil UITEIbHBINA THITOMETA00IN3M, CHIDKEHA yTHIIM3AINST JIAKTATa,
OCHOBHOU 3HepreTHyeckuii cyGCTpar — JIMIU/ABL B PAHHEM I[OCJIEONEPAIUOHHOM IIEPUOJIE CHUJKEHUE PAacXoja
HEPrUU MCYE3aJI0 110 MePe 3JTMMHUHAIMN AaHECTETUKOB M HE CBSA3aHO € TPENMYIIECTBEHHBIM OKHCJICHUEM TJIIOKO3bI
WJIN JINITUJIOB.

3axmoueHue. JHePreTUUecKii runoMeTaboM3M MOKET PACCMAaTPUBATHCS KAK TUIIMYHbBIA OTBET OPraHu3Ma
HOBOPOJK/JICHHOTO Ha TlepeHeceHny1o arpeccuio. OcTpble ITOCTTUIIOKCUYECKUE TTOPAKEHUS TOJIOBHOTO MO3Ta Y HOBO-
POSK/IEHHBIX XapaKTePHU30BAIUCH BBICOKOII aKTHBHOCTBIO MEPEKMCHOTO OKUCJEeHMs Ha (hoHe rumoMeTabos3Ma.
JLJ1st TSIKETIOTO Cercrca HOBOPOKIEHHBIX OBLIO XapAaKTEPHO 3aMeIJIEHHOE BOCCTAHOBJIEHNE a9POOHOTr0 MeTabom3-
Ma U MHTEHCUBHOCTHU Pacxo/ia SHepruu. PaHHUIT MOCIe0TepalinOHHbII TTEPUOJl Y HOBOPOK/IEHHBIX XapaKTeph30-
BAJICST TIIyOOKUM SITPOTEHHBIM THITOMETab0TN3MOM € GBICTPOIT HOpMaIM3aIneil pacxojia SHEPTH.

Kntouegwie crosa: pacxoo snepeuu 6 noxoe; 6asaivioiii Memaboiusm; HOBOPONCOeHHble

Purpose. With the aid of indirect calorimetry, to evaluate whether the nosological factors affect energy
exchange in severely ill newborns.

Materials and methods. Indirect calorimetry was employed to determine the true energy expenditure in new-
borns under the mechanical ventilation because of intranatal post-anoxia encephalopathy (n=19), severe sepsis
(n=18), and urgent surgery (n=19). Energy expenditure at rest was estimated at the beginning of intensive thera-
py and in in 48 hours. Sedation in groups was similar.
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Kpurndyeckue coCTOAHUSA HOBOPOSKAEHHBIX

Results. At the first stage, the energy exchange in all newborns was characterized by hypometabolism. In
cases of damage of the central nervous system the anaerobic metabolism was increased, and the principal used sub-
strate was glucose; the most prolonged hypometabolism was revealed in newborns with sepsis, in which the uti-
lization of lactate was decreased, and the main energetic substrate were lipids; in early postoperative period, the
decrease in energy expenditure was not associated with preferential oxidation of glucose or lipids, and disappeared

due to elimination of anesthetics.

Conclusion. Energetic hypometabolism can be considered as a main reaction of the newborn organism to pre-
vious invasion. Acute post-hypoxic brain damage in newborns is characterized by high activity of peroxidation
associated with hypometabolism. For newborns with severe sepsis a slow recovery of aerobic metabolism and
intensity of energy expenditure were evident. Early post-operative period in newborns was characterized by pro-
found iatrogenic hypometabolism with fast normalization of energy expenditure.

Key words: resting energy expenditure; basal metabolism; newborns
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BBenenne

B pesyuisrare ObIcTPOro pocta OTpeGHOCTD HO-
BOPO’KIEHHBIX B ITUTATEIbHBIX BEIIECTBAX U dHEPTUU
BBITIIEC, YeM B JIPyTHE MEPUO/Ibl JKU3HU yesioBeka. [lo
kiaccuueckuM jganabiM Sinclair J.C. [1] B nepuoze
HOBOPOJKJIEHHOCTH OCHOBHOU (6a30BbIil) 0OMeH
(O0) cocrasisier 49—60 kxan/krecytku. J{jst 00b-
€KTUBHOI OIIEHKU SHEPTETHYECKOr0 0OMEHA MPEIIIo-
YTUTEJBHO MCIIOJIb30BATh PACUETHI UCTUHHBIX 3aTpaT
aHepruu B MoKoe 110 hopmy.ie Beiipa [2], ocHoBanHoOI
HA U3MepeHU OTPebIEHHSI KUCIOPO/IA U POy KITUN
VTJIEKUCJIOTDI (HerpsiMasi KaJIOPUMETPH: ), MK ypaB-
Henno (Duka, orpaxkaroiiemMy cepIedHbiil BBIOPOC U
APTEPUOBEHO3HYIO PA3HUILY HACBIMIEHUST TEMOTIIOON-
Ha KucjaopojioM. Pacxoj sHeprum B II0Koe, resting
energy expenditure (REE), npsiMo mpomoprinoHaieH
MbIIIEYHON Macce [3—5], B ujiease cTpeMsich K YPOB-
Hio OO. JIOTHYHO TIPE/INOJIOKUTD, YTO TIKEIO TEKY-
mue 3a00J€BaHUST TIOBBINIAIT PACXO]] SHEPIUU HA
YPOBEHD, HEOOXOMUMBIN JIJIsT aJIEKBATHOTO MPOTHBO-
nerictBus akTopaM maroreHesa. JleficTBUTENIBHO,
OBLIIO TOKA3aHO, YTO TIOTPEOHOCTH B 9HEPrUU 1 GeJike
y B3POCJBIX ¢ OAKTEPUAIBHBIM CEICUCOM YBEJIUUM-
such Ha 150% oT HOPMAJIBHOM CKOPOCTU OCHOBHOTO
metabosinama [6]. Bruder N. et al [7] usmepwin REE
KOCBEHHOI KaJIOpUMETpHEN Y 24 MAIMeHTOB € Yepert-
HO-MO3TOBOI TPaBMOU U TTOKAa3aJId, UTO CeaIisd CHU-
susa REE nponopiionanbHO CHUXKEHNIO TeMIiepary-
pBl  Texa, KOTOpast OCTaeTcd  TJIABHBIM
pesyasrupyionm ¢dakropom REE. Mudeknus, co-
IJIacHO TeM ke aBTopawm, nosbiinaeTr REE nHesaBucumo
OT TeMIepaTypbl Tesia. TUITUYHBIM OTBETOM Ha Tiepe-
HECEeHHBI 31M30/1 XUPYPrUUECcKOi arpeccuul y B3poc-
JIBIX CUMTAETCS MOBBIIIICHIE PACX0/Ia SHEPTUH B TIOKOE
BBIIIE YPOBHSI OCHOBHOTO OOMEHa, a y JieTeil KOHCTa-
TUPYeTCst oTCyTcTBHe 3Haunmbix u3menenuii REE [5,
8]. Powis u apyrue, [9] B TUIOTHOM UCCIEIOBAHUHN 3a-
Metuin, yto REE 1 6ekoBblil 0OMeH ObLIN OJJMHAKO-
BbI BO BPEMS OCTPOI CTa/IMU U B CTAJIMUA BOCCTAHOBJIE-
HUS npu HEKPOTUYECKOM HTEPOKOJINTE
HoBopoxaeHHbIX. Chwals WJ. [10], mpu usmeperun
REE B nocJsieonepaiiioOHHOM TIepHo/ie Y HOBOPOXK/IeH-
HBIX C HEKPOTU3UPYIONIMM 3HTEPOKOJIMTOM, TIOKA3aJI,

Introduction

As a result of a quick growth the need of new-
borns in nutrients and energy is higher than in other
periods of human life. According to classical data by
Sinclair J.C. [1], in the neonatal period the main
(basic) exchange (BE) is 49—60 kcal /kg per 24-hours.
For objective evaluation of an energetic exchange it
seems most preferable to use indexes of true energy
expenditure at rest according to Veyra formula [2]
that is based on the measurement of oxygen consump-
tion and carbon dioxide production (indirect
calorimetry), or Fick's equation reflecting the cardiac
output and arterial and venous difference of hemoglo-
bin oxygen saturation. Resting energy expenditure
(REE) is in direct proportion to muscle mass [3—5]
tending to BE level as an ideal. Tt is logical to suppose
that severe diseases increase energy expenditure at a
level, which is necessary for adequate reaction to path-
ogenic factors. Indeed, it was shown that energy and
protein requirements in adults with bacterial sepsis
increased to 150% from the normal speed of basic
metabolism[6]. Bruder N. et al [7] measured REE of
indirect calorimetry in 24 patients with cranio-cere-
bral injury and estimated that sedation decreased
REE proportionally to the decrease of a body temper-
ature that is the main resulting factor of REE.
Infection according to the same authors increases
REE independently on body temperature. A typical
response to a withstand episode of surgical assault in
adults is an increase of resting energy expenditure
more than level of essential exchange, but in children
the absence of significant changes of REE has been
observed [5, 8]. Powis and others [9] found in a pilot
study that REE and protein exchange were similar
during acute stage and at the stage of relief in case of
necrotic enterocolitis in newborns. Chwals W.J. [10],
measuring REE in postoperative period of newborns
with necrotizing enterocolitis, showed that REE was
significantly lower than measures predicted with
equations taking into account the theoretical increas-
ing of energetic metabolism following a stress and crit-
ical condition. Kinetics of protein and energetic
metabolism were like those in full-term infants experi-
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yro REE bl 3HaYNTE/IbHO HUZKE BEJIMUNH, [IPEICKa-
3aHHBIX YPABHEHUSIMU, TPUHUMAIONIMMHA BO BHUMA-
HUE TEOPETUIECKOE YBEJINIEHUE SHEPTETUUECKOTO Me-
tTabosin3Ma,  CJEAYIONEro 3a  CTPECCOM WU
KPUTHUYECKUM CcOCTOsiHMEM. KuHeTnka OeKOBOrO U
HHEPreTHYECKOro Metabo aMa ObLIN OZ0OHBI TEM, O
KOTOPBIX COOOIIAIOT ¥ IOHOIIIEHHBIX JIETEM, TI0JIyIar0-
MUX JUIATeNbHOE HapeHTepaibHoe muranue [5]. B
JIPYTOM HCCJICIOBAHUN METOJIOM HEMPSIMON KaJlOpH-
MeTpur ObLIO MoKazaHo, uTo0 REE y HOBOPOK/IEHHBIX
1ocJie OCTPON MHTPAHATAIbHON THIIOKCUH TOJIOBHOTO
Mo3ra ObLJI CHUKEH TIPSIMO MIPOMOPIIHOHAIEHO Macce
npu poxaeHur. [Ipr aTOM MHEPITS BOCCTAHOBIECHUS
OTpaskajia TEMII CMEHBI TJIMKOJIUTHIECKOTO TUTA 00-
MeHa SHepruu Ha aspoOHbIil, OTMETHIIN BHICOKIE 3HA-
yeHus pecruparopHoro xoadduimenta (RQ), cpa-
3bIBas MX C YCWJIEHHON yTHUJM3aledl TOJIOBHBIM
MO3TOM TIJIIOKO3bl B 1epuone pernepdysum [11].
Briassoulis G. [12] npemrosoxku, 4to cHUuKeHne Oa-
3aJIBHOU CKOPOCTH MeTab0JIM3Ma MOKET OBITh TIPO-
THOCTUYECKUM (PaKTOPOM cMepTHOCTU. [lpyrue uc-
CJIEJIOBAHUST TIOKA3aJIM CHUJKEHUE OCHOBHOTO OOMEHA
y OOJIbHBIX JieTeil, He ACCOIMUPOBAHHOE C PUCKOM
cmeptu [13]. Takum 06pa3oM, HECMOTPST Ha UCCIIEN0-
BaHUSI HApYIIeHWiT 0OMeHa y HOBOPOKIEHHBIX |14,
15], mpuxoaUTCS NPU3HATH, YTO €MHOTO MHEHUS O
KOJIMYECTBEHHBIX M3MEHEHUSX, TUATHOCTUYECKOH U
nporHoctryeckoil reHHoct REE npn Tsokesbix 3a-
GOJIEBAaHUSIX Y HOBOPOSKIEHHDBIX HET.

Ilenmp uccremoBannsg — Ha OCHOBE HEIPSIMOM
KQJIOPUMETPUN YCTAHOBUTH HAJIMUYME, XapakTep U
3HAYMMOCTD BIUSHUS HO30JI0THYECKUX (haKTOPOB Ha
0OMEH 9HEPTUH Y TSIKETOOO0IbHBIX HOBOPOIKIEHHDIX.

Marepuan u MeTobI

B 06cepBalinoHHOM MCCACAOBAHUN U3 YHUCJIQ HOBO-
POKIEHHBIX, noJydaBiiux jedenne B 2011—2012 ropax,
BbIJIeJIeHO 3 rpynibl: rpymma 1 — 19 gesoBek ¢ ocTpoi mo-
CTUIIEMUYECKON dHIledaonaTueil BejegcTBue NHTPaHA-
TaJIbHOI TUIIOKCHK 0e3 COIYTCTBYIONIEH M COYeTaHHOIL
[aTOJIOTHH; TPyNIA 2 — 15 YeJIOBEK C TSIKEIBIM CETICUCOM,
MO/ITBEPIKACHHBIM MPOKAJIBIINTOHMHOBBIM TecToM (GoJee
5 umousn/mi); tpyrma 3 — 19 yemoBek, MpoomepupoBaH-
HBIX 110 TIOBOJLy MTOPOKOB Pa3BUTHS IHIEBAPUTEIHHOTO
Tpakta. Kputepuu HMCKIIOUEHUS: Macca MPU POKIEHUN
meriee 1000 1; oTcyTcTBHE HEOOXOAMMOCTH PECIIUPATOP-
HOU Tepanuu WM CPOK MCKYCCTBEHHOM BEHTHJISIIINN JIeT-
KUX MeHee 48 yacoB; cMepTh B Tipeziesiax 48 4acoB ¢ Mo-
MEHTa MOCTYIJIEHWS; CONYTCTBYIONIAs ITATOJIOTHS,
CPaBHIMAs 10 TSPKECTH € OCHOBHBIM 3a00J1€BAHIEM; HEOO-
xomumoctsb FiO, 6osee 0,5 Bo Bpemst otGopa 1mpob sKciu-
paropHoro rasza. Ipymmbl CONMOCTAaBUMBI 110 TEHIEPHOMY
pacipezieJIeHUIo U YNCITy HeJIOHOIIEHHBIX JIeTell ¢ MacCoi
Mmenee 1500 r npu poxaenun (taba. 1). Cepanust y Bcex
YUYACTHUKOB obecrieunBaiach nHQpysueii heHTaHUIA C 11e-
JieBoit orieHKoii 1o mkase «N-PASS» B untepsase ot -1 10
-3 6ainoB. Bce y4acTHUKY MOJydasiu IJHOKO3Y ITapeHTe-
pasiibo 2,5—3,0 T/KT B CyTKH, T10JIy3JIEMEHTHbBIE CMECH B
HA30TaCTPAIbHBIN MM HA30€IOHATBHBIN 30H/ B KOJIMYECT-
Be He Gosiee 15 MJI/KT B CYTKU M He TOJYYalIi JUITHIHBIE

encing prolonged parenteral feeding [5]. In other
study with the aid of indirect calorimetry it was found
that REE in newborns after the acute intranatal cere-
bral hypoxia decreased in direct proportion to the
body mass at birth. In this case the inertness of recov-
ery process reflected the time of change from glycolitic
type of energy exchange to aerobic typeHigh indices
of respiratory coefficient were noticed that were pre-
sumably linked to intensive utilization of glucose by
the brain during a reperfusion[11]. Briassoulis G. [12]
suggested that the decrease of basal speed of metabo-
lism can be a predictive factor of death rate. Other
researches demonstrated that the decrease of principal
exchange in sick children did not associate with a
death risk [13]. There are a lot of studies of metabolic
disorders in newborn |14, 15], but it should be stated
that in case of severe diseases in newborns there is no
the only opinion about quantitative alterations, diag-
nostic and prognostic value of REE.

Purpose of study — with the aid of indirect
calorimetry to estimate a presence, nature and signif-
icance of nosological factors that might affect an
energy exchange in seriously ill newborns.

Materials and Methods

In an observational study that uses available data on
newborns treated in 2011—2012 yrs three groups of new-
borns were selected: T group — 19 persons with acute
postishemic encephalopathy due to intranatal hypoxia
without co-morbidity and concomitant pathology; II
group — 15 persons with severe sepsis confirmed by a pro-
calcitonin test (more than 5 nM/ml); III group — 19 per-
sons that undergone surgery because of defects of develop-
ment of the digestive tract. Exclusion criteria: birth weight
less than 1000 g; absence of a need in respiratory therapy
or the period of mechanical lung ventilation was less than
48 hours; the death within 48 hours after admission; coex-
isting damage comparable in its severity with a primary
disease; a need in FiO, more than 0.5 during harvesting of
expiratory gas samples. Groups were comparative by gen-
der and numbers of preterm infants with a body mass less
than 1500 g at birth (Table 1).

Sedation of participants was performed by fentanyl
infusion with objective value according to scale «<N-PASS»
in intervals from -1 to -3 points. All participants received
glucose parenterally at a dose of 2,5—3,0 g/kg during 24-
hour period, half-element mixtures in nasogastric and naso-
jejunal tube in amount not exceeding 15 ml/kg during 24
hours. No lipid emulsions were administered during the
study. Non-compliance of any of these conditions was also a
criterion for exclusion. Analyzed indices: production of car-
bon dioxide (VCO,), 1/kg, during 24 hours; oxygen con-
sumption (VO,), I/kg, during 24-hour period; resting ener-
gy expenditure (REE), kcal/ kg, per 24 hours; respiratory
coefficient (RQ); concentration of lactate in plasma,
mmol/L. Generally accepted value of basal metabolism for
newborns 48—52 kcal /kg per 24 hours was considered as a
conditional normal level of REE value.

True resting energy expenditure was estimated by
instrumental complex including following blocks:
oxymeter, capnometer, mixing chamber with vapor extrac-
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KPT/lTT/l‘ICCKI/le COCTOAHMS HOBOPOIKACHHDIX

TaGmmia 1. Pacnpenenenne y4aCTHUKOB HCCIIEIOBAHNS B BbIIEJIEHHDBIE TPYTIIBI.
Table 1. Distribution of participants of the study in branching-off groups.

Body mass (g) Distribution of patients to groups

1 (n=19) 2 (n=15) 3 (n=19)
boys girls boys girls boys girls
1000—1499 2 2 2 3 5 3
1500—2000 4 4 2 2 2 3
>2000 5 2 2 4 5 1
Total 11 8 6 9 12 7

IIpumevanue. 3xech u st tabu. 2: Groups — rpymisi; Body mass (g) — macca tena (tp); boys — manbuuky; girls — nesouku; Total —
Bcero. p>0,05 — cTaTHCTHYECKU 3HAYMMBIX MEKTPYIITOBBIX pa3indnii Het (Tounbiii kputepuit Duiepa).
Note. P>0.05 between any group (by Fisher's exact test).

Ta6amua 2. /luHaMHEKa PerucTpUPyeMbIX IIOKa3aTesell y HOBOPOKIEHHBIX B BbIIEJEHHbIX IPYINaX HA dTANaX HCCIE0-
Banus (M=*o)

Table 2. Dynamics of registered indixes in newborns in branching-off groups depending on the stage of a study
(M+0).

Indexes Values of indexes on the stages of study in groups
Stage 1 Stage 2

1 (n=19) 2 (n=15) 3(n=19) 1 (n=19) 2 (n=15) 3 (n=19)
VCO, (I/kg*24-h.) 4.45+1.634 3.16+1.245  1.97+0.367***  597+3.128* 3.63%£1.023# 6.47%2.69*
VO, (1/kg=24-h.) 5.65%2.798 44241915 2.42+0.486%**  6.25+2.483 4.58+1.648% 8.05+3.372*
REE (kcal/kg®24-h.) 26.0£9.954 20.59+£8.73  11.6£2.303***  30.7£12.56 21.85+7.453%  38.5+16.14*
ROQ 0.84+0.121 0.74+0.128** 0.82%0.037 0.97+0.311 0.82+0.111 0.81+0.051
Lactate (mmol/1) 3.96+2.792 6.21+3.288**  7.11+2.444** 3.1+2.377 4.99+3.967 2.5£0.762%##

ITpumeuanne. Indexes — noxasaresn; Values of indexes in groups on the stages of study — 3HaueHns moxkasareseil B rpymnax Ha aTamax
uccnenosanust; REE — pacxon sueprun B okoe; RQ — pecruparophbiii koadduiment; Lactate — makrat; kg — kr; h — vac; keal — kxar;
mmol/l — Mmosb /1. * — mOCcTOBEpHbIe N3MEHEHUsT MOKA3aTe sl B IAHHO TPYIITE MO CPaBHEHWIO C MPEABIAYINM 9TarmoM (KpUTepuit
Ywikokcona, p<0,05); ** — 3naunMble OTIMYMST OT OKazaTess B rpyie 1 na 1-m ararme; *** — ormmunst ot nokazaresist B rpymmax 1 u
2 Ha 1-M arare; ¥ — 3HaUNUMbIE OTJIMYUSA OT MMOKa3aTess B rpymie 1 Ha 2-M arane; ## — oriuuuns ot nmokasaresis B rpytnax 1 u 2 Ha 2-m
arare (kpurepuii Kpyckara — Yousuca; kpurepuii [lanna; p<0.05).

Note: REE — resting energy expenditure; RQ — respiratory quotient. * — P<0.05 compared to with the previous stage (Wilcoxon).
** — significant differences of indixes from the 1 group at the stage 1; *** — differences of indixes from the 1and 2 groups on the stage 1; #
— significant differences of indices from the 1 group at a stage 2; ## — differences of the indices from the 1 and 2 groups on the stage

2 (Kruskal-Wallis test; Dunn's test; P<0.05).

AMYJIbCUH B ME€PHUOJ UCCefioBaHus. HeBbimnosnenue Jio-
6Oro U3 HTUX YCIOBUN TaKKe OBbLIO KPUTEPUEM HCKIHOUe-
HUS. AHATU3UpPyeMble [T0KAa3aTeN: IPOAYKIHS YIJIeKHIC-
soro raza (VCO,) n1/Kre cyTky; moTpebiienie KUcaopojia
(VO,) n/xrecyrtkm; pacxon aueprun B mokoe (REE)
KKaJI/KT® CyTKW; pecnupaTopubiii koadduiment (RQ);
KOHIIEHTpAIMs JakTaTa B miasdme (MMOJb/J). YCIOBHOM
HopMmoii REE cuntanu o0uienpusHaHHyo BeinunuHy Oa-
3aJIbHOTO MeTaboIu3Ma JIJisi HOBOPOXKAEHHBIX 48—52
KKaJI/KI'® CyTKHU.

WcTrHHBII PACXO/ 9HEPIHHU B [TOKOE ONIPEIEIIN MPHU-
GOPHBIM KOMIIJIEKCOM, BKJIOYAIONUM OJIOKH: OKCUMETD,
KalHOMETP, KaMepa CMellleHus ¢ CUCTEMON yiaJleHus Ta-
POB BOZBI, KOMIIBIOTEP. J{JIs1 pacyeToB HCI0Ib30BaIN GHOp-
Myay Betfipa:

REE = 3,9V0, + 1,1VCO,.

Pesynbrarel mamepenuii puKcUpoBaIM Ha 3ITamax:
aTan 1 — B Teuenue 1 yaca ¢ MOMEHTA TTOCTYIIIEHS TN~
eHTa B OT/leJIeHUe PeaHUMallni ¥ UHTEHCUBHOW Teparnuu;
aTan 2 — 4epe3 48 yacoB ¢ MOMeHTa nocTyrienns. s
CTATHCTUYECKOTO aHAIN3a UCII0Ib30BaM HellapaMeTpHde-
ckue kputepuu. [losydentbie pe3yibTaThl, TIPeACTABIEH-
Hble B BUJIe CPETHIX M CTAHAAPTHBIX OTKJIOHEHUH, TIPUBe-
nenbl B Tabsiumie 2. Kak BuaHO, TPYIIBI CYNIECTBEHHO
OTJINYAJIICD TI0 PETUCTPUPYEMbIM MTApAMETPaM.

tion system, computer. For calculation the Weir formula
was used:
REE = 3,9VO, + 1,1VCO,.

Results of measurements were registered at follow-
ing stages: stage I — during 1 hour from the moment of
patient's admission to the resuscitation and intensive
care unit; stage IT — 48 hours after the admission.
Statistics included the use of non-parametric criteria.
Results were represented as averages and standard
deviations as shown in Table 2. It is seen that groups
were significantly different in relation to registered
parameters.

Results and Discussion

In children who had undergone acute intrana-
tal cerebral hypoxia (I group) oxygen consumption
at the first stage was the highest in all cases, and at
the second stage it was increased further but statis-
tical significance was lacking. Production of CO, in
this group also was the highest at the first stage and
at the second one it was increased significantly
(P<0.05). In both stages carbohydrates were main
substrates of oxidation because the averages for RQ
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Pe3yabraTsl 1 00CYK/IEHHE

Y nereii, epeHecInX OCTPYIO WHTPaHATAb-
HYIO 1epebpaibHyo runokcuto (rpymmna 1) morpe6-
JieHWe KUCJIoposia Ha 1-M sTare GbLIO cCaMbIM BBICO-
KMM BO BCell BBIOOPKe, a Ha 2-M aTaiie elnle 6oJjee
BBIPOCJIO, HO CTAaTUCTUYECKH He3Hauynmo. [Ipoayk-
st CO, B 9T0ii TpyIIiie Takke ObLIA caMOil BBICO-
KOl Ha [ePBOM 3Talle, a Ha BTOPOM — CTaTUCTHYEC-
KU 3HAaYMMO yBeauuujach. Ha oboumx aramax
OCHOBHBIM CyOCTPATOM OKHUCJIEHUST ObLIN YTJIEBO-
Jbl, TockoJibky RQ coctaBui, B cpennem, 0,84
(aram 1) u 0,97 (sramn 2). [Ipu aTOM KOHIIEHTpAIU
JIAKTATa B [LJIa3Me, He3HAYNTETHhHO TOBbIIIEHHAS HA
aTane 1, MOYTH He CHU3MUJIACDH Ha dTare 2, TO €CTh,
3HAYUTENbHAS YaCTh YIJI€BOJOB YTUIN3UPOBAHA /10
JIAKTaTa ¥ MaJI0 y4acTBOBAJA B IPOIECCE OKUCIIH-
teapHoro ¢ochopunupoBanusi. REE na mnepsom
arane He mpesbimana 50—54% HOpMaabHOTO OC-
HOBHOTO 0OMeHa, a Ha BTOpoM artane — 60—65%
3TOI YCJIOBHOU HOPMBI.

J171s1 HOBOPOKIEHHBIX C TSIKEIbIM CEIICUCOM
(rpynma IT) 6bun crenuduueH MeTaboIUIeCKUil
<KOHCEpBaTU3M». /[eficTBUTENbHO, HU3KUE 3HAUYCHUS
HoTpeOJICHUST KUCJIOPOJIA U TTPOAYKIIUH YTIIEKUCTOTHI
B 9TOH TpyIIiie ObLIM XapaKTePHDI JiJisi 0O0UX HTATIOB,
Hwuskuit RQ oTpazkan mpruoputeT JUMUI0B B KAUecT-
BE€ 9HEPreTHYEeCKoro cybcrparta. BhICOKMIT yPOBEHD
JIAKTATa MJIa3Mbl OB XapaKTePeH JJIst 000X TAIOB
C HE3HAYUTEIbHBIM CHUYKEHUEM HA BTOPbIE CYTKU Ha-
omonennda. 3nHauenusa REE na astane 1 B jganHoi
rpyIiiie MUHUMAJIbHBI JIJIst Beell BoIGOpkU (40—44%
OT YCJIOBHOI HOPMbI OCHOBHOTO OOMEHA), a Ha aTare
2 IpaKTUYEeCKH He u3MeHUIuch (42—46% HOpMbI).

HoBoposxaentbie B paHHeM OCTIEOTIEPAIIUOH-
HoM Tiepuo/ie (rpymma I1T) mpoxemoncTpupoBasu ca-
Mble HU3KHE BO Beeil Bbibopke snavenust VO,, VCO,,
REE u camoe BbICcOKOEe 3HaueHUE KOHIICHTPAIUU
JIAKTATA B IJIa3Me Ha sTare 1, Ho 1 camyto ObICTPYIO
HOPMAJIM3AIUIO ITUX TIOKa3aTesiell Ha Jraie 2, Ipu-
yem REE na Bropom arare cocrasssii ne metee 80%
YCJIOBHOW HOPMBI.

OO6MeH sHepruu B TPYIIie HOBOPOKIECHHDIX, Tie-
PEHECIIUX OCTPYIO MHTPAHATAIBHYIO TIePeOPaTIbHYIO
TUIMIOKCHIO, B I[EJIOM MOKHO OXapaKTePU30BaTh, KAK
MPEUMYIIECTBEHHO aHA3POOHBIH € 3aMeIeHHBIM
BOCCTAHOBJIEHHEM a3pOOHOTO OKHCJeHUsT (MelJieH-
HAs YTUJIM3AIN JIAKTATA).

IHepreTHUECKUil TUIIOMeTabo3M, HanboJiee
BBIPAKEHHBIIT 1 cTO¥KMIT B rpy1iie 11, Mor 6bITh 00yC-
JIOBJIEH HU3KUM TOTPeOJIEHIEM KUCJIOPO/A, OJHAKO
HaM KaxKeTcst 60J1ee BasKHBIM, YTO CENICUC Y HOBOPOIK-
JIEHHBIX TIPOTEKAET B YCJOBUSX CHIZKEHHBIX (DYHK-
Uil TIe9eHH, B YaCTHOCTH, YTHETEHUSI PECUHTE3a [J110-
KO3bI U3 Jlaktara. TakuM 00pasoM, sHEPreTHYECKU
0OMEH B TPyIIie HOBOPOKIEHHBIX, CTPA/IAIOIINUX OCT-
PBIM TSIKEJIBIM CEIICUCOM, XapaKTePU30BaJICsT T1y0o-
KUM J[JTUTEJBHBIM THIIOMETA00JM3MOM B COUETAHUN

were 0.84 (stage T) and 0.97 (stage IT). In these
cases concentration of lactate in plasma insignifi-
cantly increased in patients during the first stage
whereas no decrease was determened at the second
stage, it means that the considerable part of carbo-
hydrates was utilized to lactate and contribute lit-
tle to the process of oxidative phosphorylation.
REE at the first stage did not exceed 50—54% of
normal (basi) exchange, at the second stage it com-
prized only 60—65% of this conditioned norm.

For newborns with severe sepsis (IT group),
the metabolic <«conservatism» was specific.
Indeed, low indices of oxygen consumption and
carbon dioxide production in this group became
evident in both stages. Low RQ reflected the pri-
ority of lipids as an energetic substrate. High level
of plasma lactate was typical for both stages, with
insignificant decrease on the second stage during
the 24-hour observation period. Indices for REE
at the T stage in this group were minimal for all
patients (40—44% from conditioned norm of a
basic exchange); however, at the second stage
there was practically no differences between
groups (42—46% of norm).

Newborns in early post-operative period (IIT
group) showed the lowest indices of VO,, VCO,, REE
in all specimens and the highest indices of lactate
concentration in plasma at the first stage; the fastest
normalization of these indices at the second stage was
found. Moreover, the REE at the second stage consti-
tuted not less than 80% of conditioned norm.

Energy exchange in the group of newborns who
had acute intranatal cerebral hypoxia in general can
be characterized as predominantly anaerobic hypox-
ia with delayed recovery of aerobic oxidation (slow
lactate utilization).

Energetic hypometabolism, which is dominat-
ed and persisted in the IT group, could be due to
low oxygen consumption. It Importantly, sepsis in
newborns occurs under conditions of decreased
hepatic functions, specifically, depressed glucose
synthesis from lactate. Therefore, the energetic
exchange in the group of newborns suffering from
acute severe sepsis was characterized with deep
prolonged hypometabolism in connection with
decreasing the periods of glucose utilization and its
synthesis from lactate.

In the TIT group the most significant factors of
decreasing the energy expenditure were factors of
surgical invasion: trauma, necessity of profound
intraoperative analgesia and sedation, unintentional
hypothermia. These factors were identified with the
recovery of resting energy expenditure level normal
for newborns according to the basic exchange. Post-
surgery pain could be an additional factor for
increasing the energy expenditure at the first stage of
post-operative period, however, this aspect has not
been examined during the study.
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KPMTM‘ICCKMG COCTOAHMS HOBOPOIKACHHDIX

CO CHW)KEHUEM TEMIIOB YTUJIN3AIUU TJIIOKO3bI U pe-
CUHTE3a IJIIOKO3bI U3 JIAKTATA.

B rpynme 111 cambiMu cytiiecTBeHHBIME (haKTO-
paMU CHIDKEHUsI Pacxojia dHepruu Obuin (hakTopbI
XUPYPrUYeCKON arpeccuu: TpaBMa, HeOOXOAUMOCTD
riryGOKON MHTPAOTIEPAIIMOHHON aHAIBIE3UN U Cela-
UK, HempeaHaMmepennas rumotepmus. [Ipexparie-
HUe JIeficTBUSA 3TUX (PaKTOPOB COBIA/AJIO C BOCCTA-
HOBJIECHEM HOPMAJIBHOTO JIJIsI HOBOPOXKICHHBIX
YPOBHS PacXojia 9HEPTUU B TIOKOE, COOTBETCTBYIOTIE-
ro OCHOBHOMY 0OMeHy. He HCKIIIOU€HO, 4TO JIOMOJ-
HUTEJTBHBIM (DAaKTOPOM TIOBBIINIEHUS PAcXojia dHEP-
MM HA BTOPOM 3Talle OCJAe0NnepalinoHHOro Meproza
MorJia GBITh MOCIE0NePAnOHHAs O0JIb, HO 3TOT ac-
MEKT MBI HE U3YYaJIH.

3akiaoueHue

Tuomera6o/iu3M ObLI OOIIUM [IPU3HAKOM /ISt
BCeX TPYIIIL, 4TO, 6e3 COMHEHMUs, ObLIO CBSA3aHO KaK C
TSKECTBIO TIATOJOIMH, TaK M C IOIePKAaHIEeM cejla-
nuu. OJIHAKO BbISIBJIEHbBI CleIUDUUYeCKrue Pa3aIndus
B TUIyOUHE U TPOAOJIKUTENLHOCTH THIIOMETa00IU3-
Ma B 3aBHCUMOCTH OT XapaKTepa IHaTOJOTUH.

1. DHeprernyeckuil rurnoMeraboJU3M MOKET
paccMaTpuBaTbhCs KakK THIIMYHBIA OTBET OpraHM3Ma
HOBOPO’KIEHHOIO Ha IIEPEHECEHHYI0 arpecCulio.

2. OcTpble MOCTTUIIOKCUYECKUE TOPAKEHUS
rOJIOBHOIO MO3ra Yy HOBOPOJKIEHHbBIX XapaKTepusy-
I0TCSI BBICOKOI aKTMBHOCTBIO IIEPEKHUCHOTO OKHCJIe-
Hus Ha poHe runoMeTabos3Ma.
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Conclusion

Hypometabolism was a general pattern for all
patients. There is no doubt that it stems from both
the severity of pathology and upport of sedation.
However, specific differences in level and duration of
hypometabolism were rebvealed depending on the
pathological features described in the study. The
main conclusions include the following:

1. Energetic hypometabolism can be consid-
ered as a typical reaction of the newborn organism to
previous invasion.

2. Acute post-hypoxic brain damages in new-
borns were characterized by high activity of peroxi-
dation associated with a hypometabolism.

3. In newborns with severe sepsis a slow recov-
ery of aerobic metabolism and intensity of energy
expenditure were represented as main features.

4. Early post-operative period in newborns was
characterized by profound iatrogenic hypometabo-
lism with fast normalization of energy expenditure.

3. [lns TSKeJIoro cerncruca HOBOPOXKICHHBIX
XapaKTePHO 3aMe/[JIEHHOE BOCCTAHOBJIEHUE a9POOHO-
ro MeTaboJIM3Ma ¥ MHTEHCUBHOCTH PACXO0/[a SHEPTUH.

4. PanHUil TOCTIEOTIEPAIMOHHBIN TIEPUO/T Y HO-
BOPOK/IEHHBIX XapaKTEPU3YETCsI TIIYOOKUM SITPOTEH-
HBIM TUIIOMETA00IU3MOM ¢ OBICTPOIl HOPMAJTU3AIIH-
el pacxo/ia sHeprum.
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