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Fluid Overload as a Predictor of Lethal Outcome in Critically-Ill Children
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WudysnoHHas Tepanust iBJsSeTCs BaKHBIM 9JIEMEHTOM KOPPEKIINN KPUTHYECKUX COCTOSTHUI, IPH 9TOM Kpaiite
BaKHO HE TOJIbKO YCTPAHUTH I'MITOBOJIEMUIO, HO U IIPEJIOTBPATUTD MEPETPY3KY JKUKOCTBIO.

Ienpb ucceaoBaHus — BbIIBUTD IIPEAUKTOPDI JIETATBHOIO UCX0a, 00YCIOBICHHbIE 0COOEHHOCTSIMU UH(PY3UOH-
HOH Tepanuu u KUIKOCTHOTO Oajlanca y eTell B KpUTHYECKIX COCTOSTHUSIX.

Marepuais u MeToabl. B nccienoBanme Briounsin 96 mannenToB, HaxouBmmxcs B nepnarpudecknx OPUT.
Cpennuii Bozpact aeteit coctasui 0,7 (0,2—2) roga. B 3aBucuMocT 0T ncxoia Beex MAIMEHTOB Pa3/ieniiu Ha JBe
rpyubt: I — «Boizgoposienues, 11 — «Jleranbhbiii ucxony. Ouerniu 00beM nHGY3UOHHON Tepariiu, 00beM 11aTo-
JIOTHYECKUX MOTEePh 1 THAPOGATAHC.

PesyabraTel. B 1-e cyTku jeuennss ocCHOBHBIMU (PaKTOPAMHU, YBEJTUINBAIOIINMI BEPOSITHOCTD JIETATHHOTO HC-
X0/1a, ObLJIN [OKA3aTeJH, CBSI3aHHbIE ¢ 00bEMOM BBOJMMON KUIKOCTH, B JaJIbHEHIIEM JIETAIbHOCTD ObLIA aCCOIUK-
poBaHa ¢ MOKa3aTesIMU, OTPAKAIONIMMU 00bEM BbIAETEHHOI sKuaKocTH. OGbeM BblAeIeHHON KuaKocTn Menee 20%
OT BBEJEHHOTO 00beMa, YBEJINYNBaJ PUCK JIETAIBHOTO 1cxoaa B 12 pas, yseanuenue ob6bemMa moTepb KUIAKOCTH 10
80% oT BBeIEHHOTO, CIIOCOOCTBOBAJIO 3HAYNTETBHOMY CHIKEHHUIO PUCKA CMEPTH MAl[MEeHTa.

3axmouenue. [10710KUTEIBHBII JKUIKOCTHOI Gamanc Ha (hore yMeHbIIeHHsT 00beMa BbIICTEHHO KUTKOCTH B~
JISIETCS1 OCHOBHBIM (DaKTOPOM PHCKA JIETATIBHOTO UCXO/IA Y JIETEI.

Knioueevte crnosa: ungysuonias mepanus, 601eMUMECKULL CMAMYC, ZUNEPEOSEMUSL, NEPEZPY3KA HCUOKOCTIBIO, 10~
mepu HeUOKOCmu, Ucxo0

Infusion therapy is the main element of treatment of critical illness; at that, it is critical not only to eliminate
hypovolemia, but also to prevent fluid overload.

The purpose of the study was to identify predictors of a lethal outcome due to the peculiarities of infusion ther-
apy and fluid balance in critically-ill children.

Materials and methods. The study included 96 children admitted to the pediatric ICU. The average age of the
children was 0.7 (0.2—2) years. Depending on the outcome, all patients were divided into two groups: I — «Recov-
ery», Il — «Lethal outcome». The daily volume of administered fluid, the volume of infusion therapy, the volume of
pathological losses and fluid balance were estimated.

Results. On the first day of therapy, parameters related to the volume of administered fluid were main factors
that increased the probability of a lethal outcome; then mortality was associated with parameters related to the vol-
ume of discharged fluid. The volume of discharged fluid less than 20% of the administered volume increased the risk
of a lethal outcome by 12-fold; the increase in the volume of fluid loss to 80% of the administered one contributed
to a significant reduction in the risk of children's death.

Conclusion. Positive fluid balance due to reduced volume of the discharged liquid is a major risk factor of a
lethal outcome in children.
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Bsenenue Introduction

MHpysnoHHAs Tepamus SBJseTCs 00513aTelb- Infusion therapy is an obligatory element of the
HBIM 2JIEMEHTOM MHTEHCUBHOI KOPpEKInU Kputhde- | intensive therapy of critical conditions in children.
CKUX cocTostHUIA y ieteit. OHako, HeemoTpst Ha 1o, uto | However, although close attention is paid to calcula-
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B IeJINATPUUYECKOIT ITPAKTHKE pacueTy oObemMa nHdy-
3UN yjeseTcd IpUCTaJbHOe BHUMAHUE, [AJIeKO He
BCET/Ia UCTIOJIB3YIOTCS JIUIIH PEKOMEH/[yeMble 0O BEMBbI
CYTOYHOU MOTPEOHOCTH B JKUAKOCTU, OYEHb YaCTO
OTCYTCTBYET KOPPEKIIUS CYTOUHOTO 0OBEMA JKUTKOCTH
B IIpoIlecce JIeYeHUs ¢ Y4eTOM MHAUBU/YJIbHBIX 0CO-
GEHHOCTEN KOHKPETHOTO MAIMEHTA, YTO TIPUBOAUT K
neperpysKe JKUIKOCTbIO, TUIIepru/ipaTaliii U porpec-
CUPOBAHUIO MOJIMOPTaHHON HeocTaTouHocT [1-5].
Y zeteil, MOCTYNAIOIINX 110 9KCTPEHHBIM [TOKa3a-
HUAM, pacyeT UH(pY3MOHHON Tepaluu MPOBOAUTCS
HCXO/ISI M3 TPEX COCTABJISIONINX: CYTOYHON OTPEGHO-
CTH B )KMJIKOCTH, HAIMYUEM UCXO/IHOM JleruipaTaiuu
U TEKYIIUX [1aTOJIOTUYeCKUX ToTepb. Kpome Toro, npu
IIPOBE/ICHUM [TPOTHBOIIOKOBBIX MEPOIIPUATHH U cep-
JIEYHO-JIETOYHON peaHUMAIU, BBOASTCS OOJIOCH
sugkoctu B o0beme 10—20 mii/kr B Tederue 15—20
MUHYT, U TAKUX OOJII0COB MOKET ObITh HECKOJIBKO [6].
Taxum 06pazoM, 06beM KUIAKOCTH, BBOIMMON B
nepBbie HU TpeObIBaHus pehGeHKa B OTIEICHUN pea-
HUMAIUM ¥ WHTEHCUBHOW Teparuu, MOXKET ObITh
Kkpaiine BesinK. [unepBosemus gasigercs Gaxkropom,
HeGJIaroMPUATHO BIMSIONMM Ha (OyHKI[MOHUPOBAHNE
LIeHTPaJIbHON HEepBHOM, PecIUPaTOPHOM, CepAedHO-
COCYIUCTOM, PEHAJIBLHOM CUCTEM U IIPUBOJIUT K TIOBbI-
reHunio 3a6ojieBaeMoCT 1 Jietasibioctu [7—10].
B nacrosiiiiee BpeMst MeeTcsl MHOTO T1y6inKa-
IMii, TOCBSIIEHHBIX MPOOJIEMe MePErpy3Ku KU/I-
KOCTBIO [TAIIMEHTOB B KPUTUYECKUX COCTOSHUAX, O/[HA-
KO, HCCJel0BaHus, IIOCBSIIEHHbIE BBISBJIEHUIO
[PEeUKTOPOB MEPETPY3KU U BO3MOXKHBIX [IPUYMH ee
BO3HUKHOBEHUS, €JIMHUYHDI, YTO U BUJIOCH OCHOBA-
HUEM JIJIS1 IPOBe/IeHIST HACTOSIIIEro UCCIe/[0BaHMS.
[enp uccnaenoBanus — BBIABUTH IIPEUKTOPBI
JIETAJIBHOTO UCXO0/1a, 00YCJIOBIEHHBIE 0COOEHHOCTSIMIU
UH(Y3UOHHON Tepanuy U JKUAKOCTHOrO HGajaHca y
JieTell B KPUTUYECKUX COCTOSHUSX.

MaTepI/IaJI N METO/1bl

BBITOJIHIIIN PETPOCIIEKTHBHOE 00CEPBAIIMOHHOE HC-
cJIe/IOBaHMe 10 THITY: CJIydail — KOHTPOJIb.

Kputepun BKJIIOUEHHS B HCCJIEJ0BAHNE: TTAI[UEHTEI,
HYJK/IABIIECS B OKA3aHNU PeaHMMAIMOHHOI TTOMOIIHN B
BO3pacre oT 7 /iHeii /10 18 siet, HaxouBIIMeCs Ha JIeYeHUN B
MEAMIMHCKUX Opranusanusx PocToBckoil obmactu B me-
puoz ¢ 2005 1o 2016 rr. Kpurepuut HCKIIOYEHUS: TAITIMEHTDI
¢ HEU3JIEYUMbIMU 3200JI€BAHUSIMU ¥ TOPOKAME PA3BUTHSI
(TAIeHThl MAJINATHBHOTO TPOMUIIST); HOBOPOKIEHHbIE
JIeTH B BO3pacTe /10 7 JHEI.

Wcroynnky qanHbIX. MeuImHCKIe KapThl CTAIo-
HapHoro 606HOTO (hopma 003 /y). VI3ydrim MeTuInHCKY 10
noxymenTaruio 710-u maruenToB. Kpurepusm BKIIOYeHUST
yIOBJIEeTBOPSIN 96 MAIMEHTOB, MEMITMHCKIE KapThl KOTO-
PBIX COJZIEPKAIH IOCTATOUHYIO NH(MOPMAIINIO JUUIST OTIEHKH
JKUIKOCTHOTO GasiaHca.

Xapakrepuctuka ucciaemayembix rpymin (tabm. 1).
CpeziHuii BO3pacT BKJIIOYEHHBIX B NCCJIEZIOBAHIE TAIMEHTOB
cocrasua 0,7 (0,2—2) roma, mpu 9TOM MpeodIagaIi Majb-
quku (60,9%). B 3aBucHMOCTH OT MCX0/1a BCEX MAIMEHOB
pasnemym Ha iBe rpynmsl | rpynma (n=61) — «Bwizgopos-
gennes, I rpynma (n=35) — «Jletanbblii ncxozy. Obras

tions of the infusion volume in pediatric practice, the
recommended amount of daily fluid requirements are
not always applied; very often, there is no adjustment
of the daily volume of fluid during treatment accord-
ing to individual characteristics of a particular patient,
which leads to fluid overload, overhydration and pro-
gression of multiple organ failure [1-5].

In children admitted for emergency indications,
the calculation of infusion therapy is carried out on
the basis of three components: daily fluid requirement,
baseline dehydration, and current pathological losses.
In addition, fluid boluses are introduced at a dose of
10-20 ml/kg for 15—20 minutes during anti-shock
management and cardiopulmonary resuscitation; and
there may be several boluses [6]

Therefore, the volume of fluid administered dur-
ing the first days of the child's stay in the intensive care
unit can be extremely large. Hypervolemia is a factor
that adversely affects the functioning of the central
nervous, respiratory, cardiovascular, and renal systems
and leads to increased morbidity and mortality [7—10].

Currently, there are many publications dis-
cussing the problem of fluid overload in critically-ill
patients; however, studies aimed at identification of
predictors of the fluid overload and its possible causes
are few; therefore, this study was performed.

The purpose of the study was to identify predic-
tors of the lethal outcome due to the peculiarities of in-
fusion therapy and fluid balance in critically-ill

children.
Materials and Methods

Study design: a retrospective, observational study;
type of the study: case-control.

Eligibility criteria. Inclusion criteria: patients at the
age of 7 days to 18 years requiring intensive care, who were
treated in healthcare institutions of the Rostov Territory
from 2005 to 2016. Exclusion criteria: patients with incur-
able diseases and malformations (palliative patients); new-
born children under the age of 7 days.

Data sources: Medical in-patients’ records (form
003/y). Medical records of 710 patients were studied. 96 pa-
tients whose medical records contained sufficient informa-
tion to assess the liquid balance were eligible for the study.

Characteristics of groups of children. The study in-
cluded 96 patients, whose average age was 0.7 (0.2—2) years;
at that, boys prevailed (60.9%). Depending on the outcome,
all patients were divided into two groups: Group I (n=61) —
«Recovery», Group II (n=35) — «Lethal outcome». General
characteristics of patients are presented in table. 1. The av-
erage age of infants was 0.5 (0.2—1) years in the first group
and 1 (0.3—4) year in the second group; there were no statis-
tically significant inter-group differences (P=0.078).

One observation corresponded to one day of the ICU
stay. The total number of observations was 271 in group I
and 78 in group II. The analysis was performed within five
days after admission to the hospital.

The severity of the condition was determined accord-
ing to the classification used in the clinical practice in Rus-
sia: satisfactory, moderate, severe, and grave [11]. Data from
medical records during the initial examination of the patient
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Ta6imua 1. XapakTeprcTuKa Nai{eHToB.
Table 1. Characteristics of patients.

Parameters Values of parameters in groups, abs. (%) OR 95% CI
Group I, n=61 Group II, n=35
Male sex 36 (59.0) 23 (65.7)
Nosology:
Diseases of the nervous system 1(1.6) 7 (20.0) 15.0 2.6-1279
Infectious diseases 8 (13.1) 15 (42.9) 5.0 2.1-13.5
Other* 3(4.9) 3(8.6) 1.8 0.4-9.5
Injuries, poisoning and some other consequences of external causes 8 (13.1) 6(17.1) 1.4 0.5-4.3
Certain conditions originating in the perinatal period 10 (16.4) 1(2.9) 0.2 0.0-1.2
Diseases of the respiratory system 31 (50.8) 3(8.6) 0.1 0.0-0.3
Leading syndrome:
Other** 2(3.3) 8(22.9) 88  26-29
Cerebral insufficiency 8 (13.1) 16 (45.7) 5.6 2.8-11.3
Cardiovascular failure 11 (18.0) 8(22.9) 1.4 0.7-2.7
Respiratory failure 40 (65.6) 3(8.6) 0.1 0,0-0,1
Level of consciousness, points:
3-9 3(4.9) 16 (45.7) 163  6.1-437
1014 (6.6 2(5.7) 09 0328
15 54 (88.5) 16 (45.7) 0.1 0,1-0,2
Drug sedation 0(0.0) 1(2.9) — —
Severity of the condition:
Grave 0(0.0) 15 (42.9) — —
Severe 61(100.0) 15 (42.9) - -
Moderate 0(0.0) 5(14.3) — —

Note. * — total endocrine diseases and metabolic disorders, diseases of the digestive system, signs and abnormalities, not classified else-
where; ** — total hemorrhagic syndrome, intestinal paresis, pain syndrome.

IIpumeuanue. /[ tabsr. 1-6: Parameters — nokaszarenu. [ljist taba. 1-5: Values of ... in groups — 3uadenue ... B rpymnmnax. /s tabu. 1,
5-7: OR — ommbka mancos; CI — nosepurenbnbiii nHTEpBaT; Male — Myskckoit mor; Nosology — nozonorus; Diseases of the nervous
system — GoJsie3nu HepBHOU cuctembr; Infectious diseases — unbexunonnsie 3a6onesanus; Other — npoune; Injuries, poisoning and
some other consequences of external causes — TpaBMbI, OTPaBIEHNS I HEKOTOPbIE IPYTHE MOCIEACTBIS BO3/IEHCTBIS BHEITHUX TTPUYIH;
Certain conditions originating in the perinatal period — oTxenpHbBIE COCTOSIHNS, BO3HUKAIOINE B TTEPIHATATBHOM Tepnoze; Diseases of
the respiratory system — GoJtesnn opranos asixanust; Leading syndrome — Beayuuii cungpom; Cerebral insufficiency — nepebpasnbias
HenocratourocThb; Cardiovascular failure — cepmeuno-cocymucrast HemocratouHocTh; Respiratory failure — gprxaresnpaast HemocTaTou-
HocTh; Level of consciousness — yposeHb co3HaHus; points — Gamnos; Drug sedation — meankamenTosHas cemanus; Severity of the
condition — tsikecth cocrosinus; Grave/Severe/Moderate — kpaiiHe-TsiKe0€, TSKEN0E, CPEHE-TSKEN0e.* — CyMMapHO O0JIe3HU IH-
TOKPUHHOIT CHCTEMBI U HApyIIeH st 0OMeHa BeIecTB, GOTE3HI OPraHOB MUIIEBAPEHNST, TPU3HAKN 1 OTKIOHEHHS], He KIacCHDUIIpo-

BaHHBIN B APYTUX PyOpUKax; ** — cyMMapHO reMOpparudeckuii CHHAPOM, lape3 KUIIeYHnKa, GOIeBOI CHHAPOM.

XapaKTepUCTUKA AIlMeHTOB TpeacTaBiena B Tabr. 1. Cpex-
Hui Bo3pact zereit B 1-it rpymme cocrasu 0,5 (0,2—1) mer,
aBo 2-it — 1 (0,3—4) rox, cTaTUCTUYECKN 3HAYNMBIE PA3JIn-
yus MeXk Ly rpynmamu otcytetBoBaiu (p=0,078).

OzHO HAOJMIOEHNE COOTBETCTBOBAIO OJHUM CYTKaM
npeGbisanust B OPUT. CymMmapHOe KOJMYeCTBO HaboeHu i
B [ rpymme coctaBuiio — 271, Bo BTopoit — 78. AHau3 mpoBo-
JIAJTH B TeYE€HHE 5-1 CYTOK TIOCJIE TIOCTYTIJIEHUST B CTAI[OHAP.

TsikecTb COCTOSTHUST ONPEEIISIIA COTIIACHO MCTIOJTb-
3yeMOi1 B OTEUECTBEHHON KJIMHUYECKON MPaKTUKe rpajia-
UK YIOBJIETBOPUTENBHOE, CPEHE-TSIKEN0e, TSKeJI0e n
kpaitae-Tsoresoe [11]. MictounnkoM 1aHHBIX O TSPKECTH CO-
CTOSIHUS, BEJLYTIIEM CHH/IPOME M HO30JIOTUH SIBUJIACh NH(DOP-
Malusl, yKazaHHasi B MEIMIIMHCKOI KapTe TPU MePBUYHOM
ocmotpe marmenTta BpadoM B OPUT. Maccy Tesra manmenTa
OIEHUBAJIM JIUIITh OJHOKPATHO HEIOCPEICTBEHHO TPU TI0-
crymienuu B OPUT.

Cpemn narmenTos | rpynmer (Beisgoposienne» ) mpe-
00JTaialivt IeTH ¢ OCTPOH JIBIXaTEeTBHOM HEOCTATOUHOCTHIO
(6osee 50%), a Bo 11 («JIeTasbHblii HCX0» ) — UH(DEKIMOH-
Hble 3a00seBatus (IPEUMYIECTBEHHO reHepaI30BaHHas
BUPYCHO-OakTepuaibHast MHGEKIs ).

B rpy1iie ymepiinx maiueHToB npeodaajaiu 1eT ¢
MopaykeHUEeM TIEHTPATBHOI HEPBHOI CUCTEMBI, KOTOPOE SIB-
JISLTIOCh OCHOBHOW TIPUYMHON Pa3BUTUST KPUTHUECKOTO CO-
crosuust (16 uenosex (45,7%) vs 8 gemoBek (13,1%);
p=0,004).

by the doctor in the ICU was the source of data on the sever-
ity of the condition, the leading syndrome and nosology. Pa-
tient's body weight was evaluated only once upon admission
to the ICU.

Infants with acute respiratory failure (more than 50%)
prevailed among patients of group I («Recovery»), and in-
fectious diseases (mainly, generalized viral and bacterial in-
fection) prevailed in group II («Lethal Outcome»).

In the group of deceased patients, infants with central
nervous system damage prevailed, which was the main cause
of the critical illness (16 patients (45.7%) vs 8 patients
(13.1%); P=0.004).

The number of patients with respiratory failure in the
group of the deceased was only 3 (8.6%); while among the
survivors, it was 40 (65.6%); at that, differences were statis-
tically significant (P<0.0001).

All infants among the deceased patients required in-
vasive mechanical ventilation (100%); while in the group of
survivors, it was carried out only in 18 children (18%); the
differences between the groups were statistically significant
(P=0.000).

We used the need for inotropic support as a criterion
for decompensated heart failure, which was applied in 18
(29.5%) patients in the group of survivors and in 28 (79.2%)
patients (P=0.003) in the group of deceased.

In the «Recovery» group, the level of consciousness of
54 (88.5%) patients was 15 (according to the Glasgow scale)
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Y10 TAIMEHTOB C /IBIXaTeTbHOI HeIOCTaTOUHOCTHIO
B TPYIIIE YMEPIIUX COCTABHUJIO BCETO JIMIIb 3 YeJOBEKa
(8,6%), B TO BpeMsT Kak Cpe/Ii BBIKUBINNX OHA MMEJTa MECTO
y 40-a yesioBek (65,6%), npu 9TOM pasiinunst ObLIM CTATH-
ctudeckn 3HaunMbIME (p=0,000).

Bce netn cpean ymMepIux MaieHToB HYKIAJINCH B
MHBA3MBHON UCKyccTBeHHOM BenTusiinu Jgerkux (100%),
B TO BpeM:I KaK B IPYIIIIE BBDKUBIIHIX €€ TIPOBOMIIN JINIIb
18 nersim (18%), pasmiuust MLy TPyIIIaMU SIBUJIUCH CTa-
tuctndecku 3HaunMbIMu (p=0,000).

[Ipu nekomnencrposannoii cepednoil HeoCcTaTou-
HOCTH MICIIOJTB30BAJIN HHOTPOITHYIO TTOJZIEPIKKY, KOTOPYIO B
rpynrne BbDKUBIMNX npuMensuin 18 (29,5%) mersiM, a B
rpynie ymepinx — 28 (79,2%) marmenrtam (p=0,003).

B rpymme «Bosnoposiennes y 54 (88,5%) nereit npu
noctymsiennn B OPUT yposens cosnanus 11o mkase Iimasro
coorBercTBoBas 15 Gasmam. B rpyrie «JletanbHblii nexoms»
OIeHKY 1O TiKasie kKoM [nasro, pasuyio 15 6asiam, peru-
crpupoBasu jinib y 16 (45,7%) narmentos. Kpome Toro, y
16 (45,7%) mannenToB ypoBeHb CO3HAHMUS COOTBETCTBOBAJ
ero TsiKesioMy Hapyuernio (3—9 6anios).

B 1-it rpynne namnuentoB cocTosiHue BCeX JeTei
OBIJIO TSKEJIBIM, B TO BpeMst Kak B rpyrme «JletanbHbrii
UCXO» TsiKesoe coctostue Ob1o y 15 (42,9%) u kpaiine-
Tskrenoe y 15 (42,9%) meteit; cocTostHIe OCTANbHBIX TTAIH-
€HTOB 3TOH TPYIIIBI COOTBETCTBOBAJIO CPEAHEN CTeleHn
Tskeetn — 5 (14,3%).

B nccsieioBanmm NCHOB30BAIH CIIE/TYIOIINE TTOKA3ATEII:
«CYTOUHBIIT 0GBEM JKHIKOCTHY — CyMMa 00beMa HH(Y3UOHHOM
TEPAITIH U SHTEPATLHOTO 00beMa; «00beM nH(bY3HOHHON Tepa-
> — 00BEM JKUJIKOCTH, BBEJICHHBIIT BHYTPUBEHHO; «IHTE-
paIbHBIE  00beM» —  00BEM  KUJKOCTH, BBEICHHBII
DHTEPAIBHBIM TTyTeM; <O00BEM BBIICTICHHON JKUJIKOCTHY —
00BEM, BBIZICTIEHHBIN € IYPE30M, CTYJIOM, PBOTOH, 10 CTOMAaM,
JPEHaKaM, MOBSA3KAM W T.IL; <OTHOIIEHHEe 00beMa HHpY3UOoH-
HOII Teparmu K 00beMy BBEIICHHOI JKHIKOCTI, %, «OTHOIICHHE
00beMa BBIJIEJICHHOI K 00beMY BBEICHHOMN SKUIKOCTH, %.

CyToumyio GU3HONOTHIECKYIO TIOTPEGHOCTD B 5KUJIKO-
CTH PACCUUTBIBAIIN, UCXO/IST N3 UMEIOIINXCST MEKIYHAPOJI-
HBIX 1 OTEYECTBEHHBIX PEKOMEHJIAININ: JIeTH MepBOTO
Mecana xu3an noaydann 140 mi/xr [12], netn mepBoro
roza skusnn — 96 mu/xr/cyTku [13].

Y zereii crapiiie Tofia CyTOYHYIO MOTPEGHOCTD B KU
KOCTH B MJI/KT/CyTKI PacCUnThIBAIN 110 hopmyre Basumaun:
100 — 3 Xn, T71e n — Bozpact Brozax |1, 2, 14]. /L1 comoctasu-
MOCTH, KOJIMYECTBEHHBIE TOKA3ATEIH TIPUBOJIAIN B MJI/KT /4.

IIpwu orerke 0ObeMa BbIJICTCHHON JKUJIKOCTH YUHUThI-
BAJIM €CTECTBEHHBIE U TTATOJIOTHUECKIE TOTEPH JKUIKOCTH.
K ecTecTBEHHBIM TIOTEPSIM OTHOCHJIM CYTOYHBINH 0OBEM /-
ypesa U CTyJa, a K HaTOJOTHUYECKUM MOTEPSIM — TTOTEPH
SKUJIKOCTH TIPH IMapee, MOJIYPUH, OT/eJIsieMoe T10 JKeJry-
JOYHOMY 30H/IY U IPEHAKAM, a TaKKe OTEPH SKUIKOCTH Ha
(dore n36BITOUHOI epCIpanu.

[Teperpysky >KUIKOCTH €KeHEBHO PACCUNTHIBAIH TI0
dbopmyJie Goldstein:

06beM 06em
BBEJleHHOH — BbIBEJEHHOH
Meperpyska HHKOCTH KHJKOCTH
HHAKOCTBIO — Macca Tena
npu nocrymienuu 8 OPUT

*100%

Hammane neperpysxku oTMevasin py BeJTMIIHE TTOKa-
sarenss >10% [15].

Jrtuyeckas akcneprusa. [Iposesenne ncciegoBanms
01106peHo penreHreM Jtudeckoro komurera DTBOY BO

at admission to the ICU. In the «Lethal outcome» group, 15
points according to the Glasgow coma scale, were registered
only in 16 (45.7%) patients. Besides, in 16 (45.7%) patients,
the level of consciousness was severely impaired (3—9 points).

In the first group, the condition of all patients was
severe; while in the «Lethal outcome» group, severe con-
dition was in 15 (42.9%) patients and grave condition was
in 15 (42.9%) patients; the condition of the remaining pa-
tients in this group (5 (14.3%)) was moderate.

The following parameters were used in the study:
«daily fluid volume» is the total volume of infusion therapy
and enteral volume; «the volume of infusion therapy» is the
volume of fluid infused intravenously; «enteral volume» is
the volume of fluid introduced by enteral administration;
«volume of the discharged liquid» is the amount that is elim-
inated with urine, feces, vomit, stoma, drains, bandages, etc.;
«the ratio of the volume of infusion therapy to the volume
of administered fluid», %, «the ratio of the volume of dis-
charged fluid to the volume of administered fluid», %.

The daily physiological liquid requirements were calcu-
lated based on the available international and national recom-
mendations: one-month-old infants received 140 ml/kg [12],
infants under one year of age received 96 ml/kg/day [13].

The daily fluid requirement in children over one year
expressed as ml/kg/day was calculated by the Wallace for-
mula: 100 — 3 X n, where n stands for the age in years [1, 2,
14]. For comparability purposes, quantitative values are pre-
sented as ml/kg/h.

Natural and pathological fluid losses were taken into
account when assessing the volume of the discharged fluid.
The natural losses included the daily volume of urine output
and stool; and the pathological losses consisted of the fluid
loss in diarrhea, polyuria, discharge through the gastric
probe and drainage, as well as the loss of fluid due to exces-
sive perspiration.

Fluid overload was calculated daily using Goldstein's
formula:

Volume Volume
of administered — of discharged
Fluid fluid fluid
= 0
overload Body weight at admission x100%
to the ICU

The overload was diagnosed, if the parameter was
>10% [15].

Ethical expert evaluation. The study was approved
by the Ethics Committee of the St. Petersburg State Pedi-
atric Medical University under the Ministry of Health of
Russia.

Statistical analysis. Statistical packages SPSS 23.0
(IBM, USA) and Statistica 12.0 (StatSoft Inc., USA) were
used. The sample size was not pre-calculated. The nature of
the distribution performed using the Shapiro-Wilk criterion
demonstrated a distribution different from the normal one,
and therefore, the description of quantitative characteristics
was performed as Me [25; 75]. The comparison of the mean
values of quantitative variables of independent samples was
performed using the Mann-Whitney U-test, and the com-
parison of qualitative variables was carried out using the y?
test or the Fisher's exact test for the number of observations
of <5 in one of cells of the four-field table.

The list of variables that could be confounders (un-
avoidable factors) was determined randomly. Confounders
significant for the outcome were selected by their classica-
tion using the «nearest neighbors» algorithm.
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«Cankr-IleTepOyprckuil rocy1apcTBEHHBIN HeaTpuye-
CKWI MeINTIMHCKNH YHUBepcuTeT» MuH3apasa Poccnn.

Craructuyeckuii anaau3. Vlcrosnb3oBaian craTucTu-
yeckne maketsl SPSS 23.0 (IBM, CIIIA) u Statistica 12.0
(StatSoft Inc., CIIIA). Pazmep BbIOOPKH MPeBAPUTEIBHO
He PAacCUMTHIBAIN. XapaKkTep pacrpeieseHusi, BbITOJIHEH-
Hblii ipu oMot kputepus Ilanupo-Yusxka, BorsiBua ot-
JINYHOE OT HOPMAJBbHOTO PACIPEIeJICHUSI, B CBSI3U C UEM,
OTMCaHKe KOJTMYECTBEHHBIX TPU3HAKOB BITTOJHUIN B hOp-
Mate Meauana (25-it; 75-it nepuentiin). CpaBHeHue cpeji-
HUX 3HAUEHUI KOJTMYECTBEHHBIX IEPEMEHHbBIX HE3aBUCHMBbIX
BBIOOPOK BBITIOMHIIN ¢ ToMotbio U-kputepust Marmma-
YuTHM, KAYECTBEHHBIX — C TOMOIIBIO KPUTEPUST )y UK TOU-
Horo kputepus Duiepa 1pu yrc/e HAGTIOAECHIH B OHOI
U3 SIYEEK YETHIPEXIIOIbHOM TabuIbl <5.

Ilepeuennb nepeMeHHBIX, KOTOPbIE MOTJIU ObITH KOHMa-
yuzepamu (HeyCTpaHUMBIMEU (aKTOpamu), OIpeneTuIn
caydailHbIM 06pa3oM. BbijiesieHue 3HAaUMMBIX JIJIsI HCXOJa
KOH(DAYH/ICPOB BBIITOJIHUJIN ITyTeM UX KJIacCUMUKAIIMY Me-
TOLOM «OJIKAIINX cocenelis.

Acconmanyio neperpysku sKUIKOCTBIO € JIETaJIbHBIM
MCXOJIOM OIIEHHJIN TIPU TIOMOII MHOTOBXOIOBOT'O JIOTUCTH-
YEeCKOT0 PerpecCUOHHOTO aHA/IN3a BKJIIOYEHUEM B MOJICJIb
3HAYMMBIX KOH(AYH/ICPOB U BBIYUCJICHUS OTHOIIEHHS TIaH-
coB OR (Odds Ratio) u 95% moseputenbtoro unrepsaia CI
(Confidence Interval). AkryasbHOCTH MHOTO(DAKTOPHOI MO-
JIEJTU TIPOBEPUIIN OAHOMDAKTOPHOI, 6€3 BKIIOUEeH s KOH(DayH-
JIepOB. 3HAYMMOCTb aCCOIUAINH TTI0Ka3aTes el KUJAKOCTHON
HArpy3KHU C NCXO/I0M OLEHUJIN Iy TeM OIHO(DAKTOPHOTO JIOTH-
CTUYECKOTO PErpecCUOHHOr0 aHaan3a. OTHOIIEHHE IAaHCOB
npezacrasuiu B hopmare OR [95%CI]. Paznuuust canranu
cTaTUCTUYeCKH 3HauMMbIMu 11put p<0,05.

Pe3ybrarhl 1 00Cy:KIeHHE

YCTaHOBUIIH, YTO CYTOUHBIH 0OBEM JKUIKOCTH Y
neTeit 06erX TPYII B TIEPBBIE TISATh CYTOK TPEOBIBAHUS
B OPUT cocrasun 127,2 MJ1/KT/CyTKH, 4TO COCTABUIO
114,5% ot pacuyeTHON (PU3UOIOTNYECKON TTOTPeOHO-
cru. B epsbie cyTku nipebbiarust 8 OPUT ckopocth
uH(y3un coctapiisiia 4,2 u 4,7 mi/Kr/4qac B 1-i u 2-ii
TPYIIEe COOTBETCTBEHHO, MPU 9TOM CTATUCTUYECCKU
3HAYMMBbIE PA3JINIMs MEKIY TPYIIIaMU OTCYTCTBOBA-
au (p=0,06). Boaburyio yacTh KUIKOCTH BBOIUJIN
mapeHTepasbHBIM TyTeM. B rpymnme «Jletanbublin
HCXOI» CYTOUHBII 00beM MHQY3UH O 3HAUUTETHHO
BBIIIIE, UeM B IpyTiTie « BIziopoBieHnes, 4To SIBUIOCH
cTaTuCTUIecKu 3HauuMbIM (4,6 vs 3,2 mu/Kr/49ac,
p=0,01). DHTEpaIbHLIH TyTh BBEACHUS KUIKOCTU B
TpyIIIe ManueHToB <«JleTaabHbI UCXO» B MEPBbIE
CYTKH JieueHUsT He NCITOTh30BAJIN.

3acry:XKuBaeT BHUMAHUS W TO, YTO B TPYTIIIE
«JleTambHBIN UCXO/» YiKe B MEPBbIe CYTKH MpeObiBa-
auga 8 OPUT umesn MecTo MOJIOKATEIBHBINA BOTHBII
Gasmarc: 00BEM BBIIETECHHON JKUIKOCTH COCTABUJI
sk 72,7% oT BBEZEHHOTO 00beMa, 4TO OBIIIO CTaTH-
CTUYECKH 3HAUNMO C TIOKA3aTeISIMU TPYTITHI « BBi310-
pOBJIEHNE>, T/le YKa3aHHOE COOTHOIIEHNEe COCTABUIIO
90,4% (Tabu. 2).

B TeueHMe TOCAEAYIONMX CYTOK MPeObIBAHUS B
OPUT y manmenTtoB rpymnisl «JleTambHbIH Mcxoq»
npeobajiall BHYTPUBEHHBIH My Th BBEACHUS KUKO-
CTH: Ha BTOPbIE U TPETHU CYTKHU JIOJIS JKUITKOCTH, BBE-

Association of fluid overload with the lethal outcome
was estimated by means of multiple logistic regression analy-
sis by including significant confounders in the model and cal-
culating the odds ratio OR and the 95% confidence interval
CI. The relevance of the multi-factor model was checked by
the one-factor one without the inclusion of confounders. The
significance of the association of fluid load parameters with
the outcome was evaluated by a single-factor logistic regres-
sion analysis. The odds ratio is presented as OR [95%CI]. The
differences were considered statistically significant at P<0.05.

Results and Discussion

It was found that the daily volume of fluid in in-
fants of both groups was 127.2 ml/kg/day during the
first five days of the ICU stay; it was equal to 114.5%
of the estimated physiological need. On the first day of
ICU stay, the infusion rate was 4.2 and 4.7 ml/kg/hour
in the first and second groups, respectively, with no sta-
tistically significant differences between the groups
(P=0.06). The greatest volume of the fluid was intro-
duced parenterally. In the «Lethal outcome» group, the
daily infusion volume was significantly higher than in
the «Recovery» group, which was statistically signifi-
cant (4.6 vs 3.2 ml/kg/hour, P=0.01). Enteral route of
fluid administration in the «Lethal outcome» group
was not used on the first day of treatment.

It is also noteworthy that there was a positive
water balance in the «Lethal outcome» group on the
first day of the ICU stay: the volume of the discharged
liquid was only 72.7% of the administered volume,
which was statistically significant with the parameters
of the «Recovery» group, where the specified ratio was
90.4% (table. 2).

During the subsequent days of the ICU stay, in-
travenous administration of the liquid was the main
route in patients of the «Lethal Outcome» group: on
the second and third days, the proportion of liquid ad-
ministered parenterally was 73.1 (61.3-99.3)% and
72.4 (58.7-100.0)% compared to 59.9 (43.0-87.5)%
and 55.9 (43.3-84.4)% in the «Recovery» group
(P=0.027 and P=0.045, respectively).

In patients of the «Lethal outcome» group, there
was a stable tendency to fluid retention, as demon-
strated by the parameter «ratio of the discharged to
the volume of introduced fluid», which was signifi-
cantly lower in the «Lethal Outcome» group as com-
pared to the «Recovery» group: on the third day, it
was 54.5 (21.2-68.9)% vs. 94.6 (88.9-100.0)%
(P=0.000); on the fifth day, it was 60.2 (50.3-75.0)%
vs. 93.6 (85.9-97.7)% (P=0.001), respectively.

In addition, it was found that the hourly urine
output rate was significantly lower in infants of the
second group; at that, statistically significant differ-
ences were characteristic from the first day of the
ICU stay (table 3). Hourly urine output in the
«Lethal outcome»group, was within the range from
1.3 to 2 ml/kg/h starting from the first day of life as
compared to the «Recovery» group, where the urine
output rate ranged from 3.3 to 4.2 ml/kg/h during
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JIeHHOII TTapeHTepayibHo coctasuia 73,1 (61,3-99,3)%,
nu 724 (58,7-100,0)% mno cpaBhenuio ¢ 59,9
(43,0-87,5)% u 55,9 (43,3-84,4)% B rpyrine «Boizmno-
posiierne» (p=0,027 u p=0,045 cOOTBETCTBEHHO).

Y manuenTtoB rpymmbl <«JleTampHbIll uCXOI»
OTMeYaJIN YCTOMYMBYIO TEHIEHIUIO K 33IEPIKKe JKUJI-
KOCTH, O YeM CBUJIETEIBCTBOBAJ [T0KA3aTENb «OTHOIIIE-
HU€e BBbIJIEJIEHHON K 00beMy BBEIEHHOU JKUAKOCTU»,
KOTOPBI CPEAN YMEPIIUX OBLIT CTATUCTHYECKH 3HAUH-
MO HUJKe, [0 CPABHEHUIO ¢ TpynIoil «Beisgoposie-
HUe»: Ha TpeTbu cyTku 54,5 (21,2-68,9)% 110 cpaBHe-
Hio ¢ 94,6 (88,9-100,0)% (p=0,000); Ha 1s1TBIE CYTKM —
60,2 (50,3-75,0)% 1o cpasHenuio ¢ 93,6 (85,9-97,7)%
(p=0,001) cooTBeTcTBEHHO.

Kpome atoro, ycTaHOBUJIH, YTO [10YACOBOIT TEMIT
mypesa ObLI CYIECTBEHHO HYDKE Y JleTell BTOpOi
TPYIIIIBI, IPUYEM CTATUCTUYECKU 3HAUNMBIE PABIUYHUST
ObLIIM XapaKTePHbI, HAYMHAS C TIEPBBIX CYTOK MPeObI-
parust 8 OPUT (tabu. 3). IloyacoBoil anypes rpyIibl
«JletasbHblit ©CXO/1», HAUMHAS C IEPBBIX CYTOK JKU3HHU,
HaxousIcd B AuanasoHe ot 1,3 1o 2 ma/kr/4 B otyiu-
qiie OT IPyIIbl «Bei3nmoposienues, Tie TeMil 1uypesa
B IepBble-1sAThie cyTKu npedbiBanus B OPUT kooe-
6ascs or 3,3 10 4,2 mu/kr/4. Hesibsst He oTMeTUTh U
TO, YTO KOPUIODP CPeIHMX II0Ka3aTeseil auypesa B
rpyiire «JleTaabHbIil UCXO/» COOTBETCTBOBAJ HIKHEI
rpaHuile HOPMbI BO3PACTHBIX ITOKA3aTe el

YcraHoBWIIM, UTO YHCJIO TTAIIMEHTOB, MMEBITUX
MATOJIOTMYECKHE MOTEPH, OBLIO 3HAYUTEIHHO BHIIIE B
rpyine «JleTaspHblil ICX0/1» U COCTABJISAJIO B IEPBbIE
cytku npebsiBanusa B OPUT 42,9%, uerBeprbie —
62,5% u msreie — 80,0% 110 cpaBHenuio ¢ 24,2, 25,5 u
19,1% cootBercTBeHHO B rpyIiiie «Boizgoposienies
(tab. 4). MeXIrpyIloBble pasinyusd B yKasaHHbIE
cytku npebpiBanus B OPUT 6bLau cTaTHCTUYECKU
snaunmbiMu (p<<0,05). [IpencraBiieHnble 1aHHbIE CBU-
JIeTeJIbCTBYIOT, UTO YHCJIO TIAIINEHTOB, UMEBIINX T1ATO-
JIOTHYECKUE TI0Tepu B Tpyiiie «JleTanbHblil ncxomn»
YBEJIMYUBAJIIOCH C YBEJTMYEHUEM [[JTUTEIbHOCTH TIPe-
6piBatng B OPUT, mpudyeM 9T0 IPOUCXOAMIIO 3a CUET
YBEJIMYEeHUsT YUCJIA JIeTell ¢ MaTOJOrnYeCKIMHU 10Te-
PSIMU uepe3 JKeTyAO0UYHO-KUIIEeYHbIN TpakT: 37,1% B
niepsbie cyTku 1 80% — B nsAThie. B Tabu. 5 npejcra-
BUJIM XapaKTEePUCTUKY JKUAKOCTHOTO OajaHca 1 ero
BJIUSTHUE HA UCXO/L.

YcraHoBUIM, YTO B IEPBBIE CYTKU IOTEPH,
cocrasistionnue meree 20% or o6beMa BBeIEHHOM
JKUKOCTU, CTATUCTUYECKH 3HAYMMO YBEJIUYUBAIU
puck JertanbHoro ucxoja B 12 pas. B To xe Bpems,
BEeJIMYIHA YKA3aHHOTO MoKasaresis bosee 80% 3Hauu-
MO CHUKQJIA BEPOSITHOCTD JIETATBHOTO UCXO/A.

C MOMOIIIBIO PErPECCHOHHOTO AHAIN3A BISIBILIN
TMIOKA3aTeJI BOJIEMUYECKOT'0 CTaTyCa MAI[MeHTa, ACCOINH-
POBAHHBIE C BEICOKOIT BEPOSITHOCTBIO JIETAIBHOTO ICXO/A
(1ab1. 6), K KOTOPBIM OTHOCSTCS «CYTOUHbIIA 0ObeM K-
KOCTU», «00beM UHDY3UOHHON Teparim», <101 HHQY-
3UOHHOM TEPATIUI», «/I0JIS1 TIOTEPh» U «O0BEM TIOTEPH>.

B mepBble CyTKH TPOBeIE€HUsT WHTEHCUBHOI
Tepary 3HAYNMbIMI (PAKTOPAMU, YBEJTUIUBAIOIINMUI

days 1-5 of the ICU stay. It should be noted that the
window of average values of the urine output in the
«Lethal outcome» group corresponded to the lower
normal limit of age-specific parameters.

It was found that the number of patients with
pathological losses was significantly higher in the
«Lethal outcome» group and was equal to 42.9% on
the first day of the ICU stay; on fourth day, it was
62.5% and and 80.0% on the fifth as compared to
24.2%, 25.5% and 19.1% in the «Recovery» group, re-
spectively (table 4). Intergroup differences on the
specified day of the ICU stay were statistically signif-
icant (P<0.05). The presented data show that the
number of patients who had pathological losses in the
«Lethal outcome» group increased with the increase
in the duration of the ICU stay; and this was due to
an increase in the number of infants with pathological
losses through the gastrointestinal tract: 37.1% on the
first day and 80% on the fifth day. Table 5 presents
characteristics of liquid balance and its influence on
the outcome.

It was found that the loss of less than 20% of the
volume of administered fluid on the first day signifi-
cantly increased the risk of death by 12-fold. At the
same time, the value of this parameter of more than 80%
significantly reduced the risk of the lethal outcome.

Regression analysis demonstrated parameters of
patient's volemic status associated with a high proba-
bility of a lethal outcome (table 6), which included
«daily volume of fluid», «volume of infusion therapy»,
«percentage of infusion therapy», «percentage of
losses» and «volume of losses».

On the first day of intensive care, parameters re-
lated to the volume of administered fluid («volume of
infusion therapy», «volume of fluid» and «percentage
of infusion therapy») became significant factors that
increased the probability of a lethal outcome.

On the second-fifth day of the intensive care the
significant factors included parameters associated
with the discharge of fluid: «Volume of losses» and
«Percentage of losses». The increase in the latter pa-
rameter reduced the risk of the lethal outcome.

It is found that of all the confounders presented
in the table 1 the most significant impact on the prob-
ability of a lethal outcome was caused by the follow-
ing: leading syndrome (leading system, dysfunction of
which determined the severity of the condition), the
type of the healthcare institution and the level of con-
sciousness (fig. 1). Analysis of the association of fluid
overload with the lethal outcome was performed with
and without taking into account significant con-
founders (table 7).

Calculations performed without taking into ac-
count confounders showed that the total fluid over-
load within the first five days and on the first day of
the ICU stay significantly increased the risk of a
lethal outcome: 2.84 (1.07-7.54) and 3.38 (1.42 and
8.04), respectively. In contrast, a model that takes
into account significant confounders showed that
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TaGJmua 6. ITokazaresnu >KUIKOCTHOTO 6aJ1cha, ABJIAIONUECA d)aKTOpaMPI PHUCKa JIETAJIbHOT'O UCXO0/4a Y JieTei, rocnu-

TaJIU3UPOBAHHBIX IO IKCTPEHHBIM IIOKAa3aHUSAM.

Table 6. Parameters of fluid balance, which are risk factors for a lethal outcome in children hospitalized for emergency

indications.

Parameters at the study stages Regression OR 95% CI P
coefficient min max

Total

Volume of infusion therapy, ml/kg/h 0.21 1.24 1.1 1.39 0.000

Daily volume of liquid, ml/kg/h 0.1 1.1 1.03 1.19 0.001

The ratio of infusion therapy to the volume of administered fluid, % 0.03 1.03 1.02 1.040 0.000

The ratio of losses to the volume of administered fluid, % -0.03 0.97 0.97 0.980 0.000

Loss volume, ml/kg/h -0.37 0.69 0.6 0.810 0.000

Day 1

Volume of infusion therapy, ml/kg/h 0.3 1.4 1.1 1.7 0.000

Daily volume of liquid, ml/kg/h 0.23 1.26 1.05 1.61 0.000

The ratio of infusion therapy to the volume of administered fluid, % 0.03 1.03 1 1.05 0.016

Day 2

Loss volume, ml/kg/h -0.78 0.46 0.29 0.73 0.000

The ratio of losses to the volume of administered fluid, % -0.04 0.96 0.94 0.99 0.000

Day 3

The ratio of losses to the volume of administered fluid, % -0.08 0.92 0.88 0.97 0.000

Day 4

The ratio of losses to the volume of administered fluid, % -1.59 0.2 0.07 0.59 0.000

Day 5

Loss volume, ml/kg/h -1.12 0.32 0.14 0.78 0.001

The ratio of losses to the volume of administered fluid, % 0.06 0.94 0.9 0.99 0.003

IIpumeuanue. Regression coefficient — koadunment perpeccun; Total — Beero; Loss volume — o6beM notepb.

Ta6amua 7. Accouyanysi neperpysku 00beMoM € JIeTaIbHbIM HCXOI0M.
Table 7. Association of volume overload with a lethal outcome.

Study stages Recovery Lethal outcome Confounders - Confounders +

n Abs. (%) n Abs. (%) _ OR 95% CI OR 95% CI

min max min  max

Day 1 62 20 (32.3) 35 21 (60.0) 3.38 1.42 8.04 2.49 0.67  9.25
Day 2 58 21(36.2) 17 9(529) 0.73 0.29 184 221 035 1405
Day 3 53 10 (18.9) 13 8 (61.5) 1.63 0.57 1.75 39.47 1.24 1253.27
Day 4 51 17 (33.3) 8 4(50.0) 0.36 0.11 1.20 0.07 0.0002 19.57
Day 5 46 13(283) 3 1(333) 0.12 0.01 097 6.99 - =
Y 65 38 (58.5) 35 28 (80.0) 2.84 1.07 7.54 3.25 0.67 1581

IIpumeuanue. Recovery — Beizoposienie; lethal outcome — serasnpmbiit mcxom; confounders — kondayHeps.

BEPOSITHOCTb JIETAIBHOTO UCXOJIA, SIBUJINCH TIOKA3aTe-
JIM, CBSI3aHHBIE € OOBEMOM BBOAUMO SKUIKOCTH
«O06beM nHpy3noHHOI Tepanuny», «O6beM KUAKO-
ctu» u «Jlons nudysnoHHol Tepanuns.

Bo BTOpHBIe-TIAThIE CYTKI MHTEHCUBHOI T€PATTUT
3HAUNMBIMU (DAKTOPaMU OBIIN TIOKA3ATEIH, CBS3aH-
HbIE C BbIAeAeHNEM KUAKOCTH: «O6beM MoTeph» 1
«[lons norepb». YBesndyeHue NocaeHUX TToKa3aTesei
YMEHBIIAJIO MIAHC HACTYTJICHHS JIETAThHOTO UCXO/IA.

Berasuiu, uto u3 Bcex KOHGAYHIEPOB, TIPe/-
cTaBJeHHBIX B TabJr. 1, Hanbosiee 3HAYMMOE BIIVISTHUE
Ha BEPOSTHOCTh PA3BUTHUSI JIETATBHOTO UCXO/IA OKA3bI-
BaJW CJEAYIONIMe: BeIyNUN CUHAPOM (BemyInast
cucrema, TMChYHKITIS KOTOPOI OIpeiesisijia TsKeCTh
COCTOSTHMSI ), YPOBEHb MEIUITMHCKOW OPraHu3aIny 1
CTelleHb yTHeTeHUs co3HaHus (puc.). AHaIN3 acco-
IIUAIMY TIEPETPY3KH JKUAKOCTHIO C JIETATBHBIM HCXO0-
JIOM BBITIOJTHWIIN ¢ U 6e3 ydera 3HAUNMbIX KOH(payH-
nepos (tabir. 7).

Pacuetsi, BoimosiHeHHbIe 6e3 yueTa KoHpaymHje-
POB, TIOKA3aJIH, YTO CYMMapHast IieperpysKa KUIKOCThIO
B TIEPBBIE TIATh CYTOK ¥ B MEPBble CYTKU JI€UEHUST B

fluid overload on the third day of the ICU stay had a
significant impact on the increase in the risk of death:
39.47 (1.24-1253.27).

It confirms the phase nature of the influence of
volemic status factors on the lethal outcome in infants
requiring emergency medical care: in the first day, fac-
tors related to the volume of the volemic load; from
the second to fifth day, factors related to fluid reten-
tion (reduction of its excretion).

The findings permit to conclude that all children
included in the study, regardless of the outcome of the
disease, had fluid overload, starting from the first day
of therapy; at that, the daily fluid intake exceeded the
estimated physiological needs by 14.5%. A decrease in
the volume of discharged fluid in relation to the ad-
ministered fluid, which was most typical for the de-
ceased patients, was the main factor leading to fluid
overload. Therefore, it is fluid overload caused by its
retention that is associated with a high risk of a lethal
outcome, both on the first day of the ICU stay and
during the next five days, which corresponds to the
data obtained in other studies [17—19]. It is intriguing
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IIpocTpancTBeHHAS MOZIEJb 3HAYMMbBIX KOH(AYHIEPOB, aCCONMUPOBAHHDIX C JIETAJIBHBIM HCXO0M.
Spatial pattern of important confounders associated with a lethal outcome.

yeqoBusix OPUT craructudecku 3HAYMMO yBEJIUINBA-
Jia manc jietaabHoro uexona: 2,84 (1,07-7,54) u 3,38
(1,42-8,04) coorBercTBeHHO. B OT/IMUuMEe OT 3TOTO,
MOJIeJIb, YYHTBHIBAIONIAs 3HAYMMBIE KOHDayHIEPhI
[0Ka3a/ia, YTO 3HAYMMOE BJIUSIHUE HA yBeJUYeHue
IIAHCA JIETAJIBHOTO NCXO0/IA OKA3bIBAET IIEPETPY3KA MU
KOCTBIO Ha TpeTbu cyTku npebpiBanus B OPUT —
39,47 (1,24-1253,27).

W3noxenHoe CBUAETENbCTBYET O (Ha30BOM
XapakTepe BJIUSHUST (PAaKTOPOB BOJIEMUYECKOTO CTATY-
Ca Ha JIETAJIBHBII UCXOJT Y IeTel, HY KIAIOIINXCS B 9KC-
TPEHHOI MeJIUIINHCKOI TIOMOIIU: B TIEPBbIE CYTKU —
(bakTOpPOB, CBSI3aHHBIX C OOBEMOM BOJIEMHUYECKON
HATPY3KH, BO BTOPbIe-IISIThIe CYTKH — (DaKTOPOB, CB-
3aHHBIX C 3a/IEPKKOI KUAKOCTH (YMEHBIIEHUEM €e
BbBIBE/ICHUS ).

Ha ocHoBanum 1o/y4eHHBIX PE3YJBTATOB
MOYKHO YTBEPIKIATb, YTO Y BCEX NAIUEHTOB, BKIIOUEH-
HBIX B UCCJIE/OBaHUE, HE3AaBUCUMO OT MCX0/a 3aboie-
BaHUsI, UMeJIa MECTO TIeperpysKa KUKOCTbIO, HAY M-
Hasl C MEPBBIX CYTOK TEPANUM, IIPU ITOM CYTOUHAS
JOTAaIUST JKUIKOCTHU IIPEBBIIIAJIA PACUETHBIE TOKa3aTe-
s husuosiornyeckoit morpebroctn Ha 14,5%. OcHos-
HbIM (AKTOPOM, PUBOAIIIUM K TIeperpy3Ke >Ku-
KOCTbIO, ObLIO CHIIKeHHe 00beMa BbIIeJTeHHON
JKUIKOCTU 110 OTHOIIEHWIO K BBENEHHOH, KOTOPast
6bls1a HarboJIee XapaKTePHa /s yMEPIIUX TAIllueHTOB.
Takum 06pa3oM, UMEHHO TMEPErpy3Ka SKUAKOCTHIO,
06yCJIOBJIEHHAsT €€ 3ajePIKKON, acCOIUUPYETCs C
BbICOKUM PUCKOM JIETAJIBHOTO MCXO/Ia, KaK B IIE€PBbIE
cytku npebpiBanusa B OPUT, rak u B nociienyiomine
ST CYTOK, YTO ITOJIHOCTHIO COITOCTABUMO C TAHHBIMU
npyrux uccnenosanuii [17-19]. Uarepecno u To, uyto
covyeTaHue TIepPerpy3Ku JKUIKOCTBIO C IPYTHUMHU
HEYCTPAHUMBIMU (DaKTOpaMU, TAKUMU KaK YPOBEHb
MEIUINHCKON OpTraHu3aluu, B KOTOPOIl HAXOAUTCS
pebEHOK, BEAYIUIA CUHAPOM W CTEMEHb YTHETECHUS

that the combination of fluid overload with other un-
avoidable factors, such as the type of the healthcare
institution where the infant stays, the leading syn-
drome and the degree of consciousness impairment
leads to a significant increase in the risks of death by
the third day of treatment in the ICU. This result
demonstrates a significant impact of both the severity
of patient's condition and the features of the organi-
zation of medical care, which can also cause death, on
the outcome.

Special attention should be paid to the fact that
the volume of fluid administered during the day re-
mained almost unchanged at all stages of treatment,
even with a decrease in the hourly urine output rate
and the presence of a positive fluid balance. However,
the phase model of infusion therapy (ROSE) is widely
recommended in the worldwide practice, which in-
cludes four stages: R —resuscitation; O — optimiza-
tion; S — stabilization, and E — evacuation.

The proposed model of the infusion program pro-
vides for a decrease in the volume of fluid at the stage
of stabilization of the patient's condition and elimina-
tion of hyperhydration [20—22].

We also found the phase significance of volemic
status parameters affecting the risk of a lethal outcome.
On the first day, the risk of a lethal outcome increases
significantly with the volume of administered fluid,;
from the second to fifth day, positive hydrobalance and
the volume of losses, the increase of which significantly
reduces the risk of death, are important factors.

The results are comparable with those of other
authors who conducted studies in adult patients. In-
fusion therapy carried out within the first hours and
days of critical condition helps to fill the vascular bed,
increases cardiac output and systemic blood pressure,
thus improvng the prognosis. At the same time, infu-
sion solutions, regardless of the qualitative composi-
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CO3HAHWS, TIPUBOAMJIO K 3HAUUMOMY YBEJIMYEHUIO
PHCKOB JIETAJILHOTO MCXO0/Ia K TPETbUM CYTKaM Jieue-
nug B OPUT, 4To cBUzieTeIbCTBYET O 3HAYUTENbHOM
BJIVSTHUM HA MCXOJl KAK TSIKECTH COCTOSTHUST MAIMEHTA,
TaK U OCOOEHHOCTEW OpraHU3allUk MEeJAUIUHCKON
MOMOIIM, KOTOPAsi TaKyKe MOXKET CTaTh MPUYUHOI
JIETAJIBHOTO MCXO/IA.

Oco60r0 BHUMAHMS 3aCTYKUBAET TO, YTO 00BEM
JKUIKOCTHU, BBOJIUIMOII B TeUEHUE CYTOK, IIPAKTUYECKI
He MEeHsLJICS] HA BCeX ITAllax JIeUeHs, JasKe [IPU YCII0-
BUU CHUIKEHUST T0YaCOBOTO TEMIIA Iy Pe3a U HAJINY ST
HOJIOKUTENbHOTO Gamanca kuakoctu. OnHako, B
MEPOBOI [TPAKTUKE B HACTOSIIIIEE BPEMST IIIUPOKO PEKO-
MeH/IyeTcsi IpuMeHeHne Ga3oBoii Mojes I HHPY3MOH-
Hoii tepanun (ROSE), koropas Brioyaer B cebs
yerbIpe cTaginn: R — resuscitation (peanumariust); O —
optimization (onTumusanus); S — stabilization, (cra-
Oummsaiua) u E — evacuation (9Bakyarus).

[Ipenoskernast Moziesb UHGY3MOHHOI TPOrPaM-
MBI [IPELyCMATPUBAET YMEHbIIEeHe 00heMa BOAUMOI
JKUJIKOCTH Ha dTarle CTabMIN3aiiuu COCTOSHUS GOJIb-
HOTO U ycTpanenus runepruzpariiuu [20-22].

Hamu taxke BbisgBieHa ¢dazoBas 3HAYUMOCTh
NoKa3aTeJeil BOJIEMIYECKOTO CTATyCa, BIAUSIIONNX Ha
HACTYILJIeHUE JIeTAJTbHOrO MCXoja. B mepBbie cyTKu
PUCK JIETAJBHOIO MCXO/Ia 3HAYMMO BO3PACTaJ C yBe-
JyeHreM oObeMa BBOJMMOM SKUIKOCTH, BO BTOPbIe-
ISAThIE — TAKUMHU (DAKTOPAMU CTAHOBUJIUCH MOJIOMKH-
TEJBHBIN THApoGaNanc 1 06beM MOTEPh, YBEINYEHUE
KOTODPBIX CTATUCTHYECKH 3HAYMMO YMEHBINAJO IAHC
JIETAJIBHOTO MCXO/IA.

[Tosryyentnble pe3yibTaThl COMIOCTABUMBI C JaH-
HBIMU VCCJAEOBAHUHN JAPYTHX ABTOPOB, KOTOPBIE ObLIH
IPOBeJIEHbI Y B3POCJbIX ManueHTos. Mudysunonnas
Tepars, IPOBOMMAST B TIEPBBIE YaChI M CyTKI KPUTHU-
Y4ECKOTO COCTOSTHUS, CIOCOOCTBYET 3aMOJHEHUTO COCY -
JIMCTOTO PYCJa, MOBBIMIAET CEPACYHBIA BBHIOPOC U
CUCTEMHOE apTepPUAJIbHOE JAaBJIeHNe, YTO YIYUIIaeT
nporuo3. B To e Bpemst, mH(py31OHHBIE PACTBOPHI BHE
3aBUCUMOCTH OT KAY€CTBEHHOTO COCTABA, CIIOCOOHBI
MOKHUJATh COCYAMCTOE DPYCJIO U TIepeMelaTbhCs B
UHTEPCTUIHATBHOE TIPOCTPAHCTBO, YTO CIIOCOOCTBYET
Pa3BUTHIO CUHPOMa T106ATBHOTO MOBBIIEHUS COCY-
mcroii nporunaemoctu (GIPS — Global Increased
Permeability Syndrome) u moaukoMmnapTMeHT-CUH-
JPOMa, KOTOPBIE MOBBIIMIAIOT BEPOATHOCTH HeHIaro-
MPUATHBIX UCXOJI0B [23].

Pacripenesnenve BBeeHHON JKUIKOCTU MEXKIY
BHYTPH- U BHECOCY/IMICTBIM ITPOCTPAHCTBOM SIBJISIETCST
CJIOKHO TIPE/ICKa3yeMbIM IPOIECCOM U BO MHOTOM
3aBUCUT OT COCTOsiHUS aHpoTenus. McciemnoBanue
pacrpeiesIeHust KUAKOCTH Y 37I0POBBIX I00POBOJIBIIER
MOKa3aJ0, 4T0 85% BBEJIEHHBIX KPUCTAILIIOU/IOB TIepe-
pacIpeiesisiioTcsl BO BHECOCYUCTOE MIPOCTPAHCTBO
yepe3 4 yaca oT Havasia BBejlenus [24]. Y nanuenTos
B KPUTHYECKOM COCTOSIHUU, UMEIOLTUM TIOBPEKIEH-
HBIIT aHAO0TEeNMUiT Yepe3 90 MUHYT BO BHYTPHUCOCYIH-
CTOM ITPOCTPAHCTBE OCTABATIOCH TOJIBKO 3% OT BBEJIEH-
Horo o6bema [25].

tion, are able to leave the bloodstream and move into
the interstitial space, which contributes to the devel-
opment of GIPS (Global Increased Permeability Syn-
drome) and polycompartment syndrome, which
increases the risk of adverse outcomes [23].

The distribution of the administered fluid be-
tween the intravascular and extravascular space is a
process that is difficult to predict and it largely depends
on the state of the endothelium. The study of fluid dis-
tribution in healthy volunteers showed that 85% of the
introduced crystalloids are redistributed into the ex-
travascular space within 4 hours from the start of ad-
ministration [24]. In critically-ill patients with
damaged endothelium, only 5% of the injected volume
remained in the intravascular space in 90 minutes [25].

Cordemans C et al. (2012) demonstrated that
the peak of vascular permeability in adult patients is
observed on days 3—7 after the onset of the critical
state [26]. Kuzkov V. V. et al. (2015) believe that this
period should be a point for revision of the infusion
therapy tactics; however, our results suggest that re-
strictive strategy of infusion therapy in infants should
be used from the second day of treatment, since such
parameters as «volume of infusion therapy», «daily
volume of fluid» and «the ratio of infusion therapy to
the volume of introduced fluid» significantly in-
creased the risk of death only on the first day [22]. Ac-
cording to the results of the VASST study, positive
hydrobalance is an independent unfavorable predictor
of a lethal outcome both within the first twelve hours
and by the fourth day from the beginning of therapy
in adults [27].

Not only the volume of infusion therapy, but also
patient's initial clinical status along with the leading
syndrome had a significant impact on the outcome.

It is also very important that the combination of
two or more life-threatening syndromes significantly
increases the risk of death. Among children who had a
combination of respiratory and cerebral insufficiency,
the number of patients with lethal outcomes was sig-
nificantly higher (28%) than among infants with acute
respiratory failure due to lung disease (2%) or cerebral
insufficiency (3%). This is confirmed by the fact that
50.7% of infants from the «Lethal outcome» group at
the time of admission to the ICU had impaired con-
sciousness with 15 points according to the Glasgow
coma scale; at the same time, in the «Recovery» group,
clear consciousness was in 88.5% of patients. Similar
results were obtained in the FEAST study, which
demonstrated a statistically significant effect of com-
bined pathology on the lethal outcome [28].

It should also be noted that slight hyperhydra-
tion in infants of both groups did not have a significant
impact on the outcome of the disease. At the same
time, decrease in the hourly rate of urine output, de-
crease in the volume of losses and positive hydrobal-
ance are the most significant predictors of the adverse
outcome of the disease, which indicates the leading
role of acute kidney damage in the tanatogenesis of
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Cordemans C. et al. (2012) poneMoHCTpHpOBaIHy,
YTO Y B3POCJIBIX MAIUEHTOB ITUK COCYAUCTON IIPOHUITAE-
MOCTH IIPUXOJIUTCS HA 3—7 CYTKU OT MOMEHTA PAa3BUTUST
kputndeckoro cocrosinust [26]. Kysekos B. B. ¢ coasr.
(2015) cumrTaioT, YTO yKa3aHHbII CPOK JI0JIKEH SIBJISITh-
Cs1 TOUKOI TIepecMOTpa TAKTUKKU UHMY3UOHHON Tepa-
MUY, OIHAKO, [TOJyYeHHbIe HAMY Pe3yJIBTaThl CBUIE-
TEJbCTBYIOT O TOM, YTO Yy J€Tell PeCTPUKTUBHAS
crparerust UHGY3MOHHOW TePANNH J0JIKHA HCIIOJIb30-
BaThCsl HAYMHAS CO BTOPBIX CYTOK JIEUEHUST, ITOCKOJIBKY
Takue MoKasaTesu Kak «o0beM WH(Y3HMOHHOI Tepa-
[AN», «CYTOUHBII 0OBEM SKUKOCTH> U «OTHOLICHUE
uHbY3MOHHON Tepariu K 00beMy BBEICHHON JKI/IKO-
CTU», CTATUCTMYECKU 3HAUYUMO YBEJIUYUBAJK IIAHC
JIETAJTBHOTO UCXOJIa TOJbKO B 1iepBblie cyTku [22]. Tlo
pesyabratam ucciegoBanusg VASST nosnoxuTeabHbli
TUAPOGATIAHC SBJISIETCS HE3aBUCHMBIM HeOJIaronpu-
SITHBIM ITPEIKTOPOM JIETAJIBHOTO UCXO/IA, KAK B TIEPBbIE
JIBEHA/IIIATh YaCOB, TAK ¥ K Y€TBEPTHIM CyTKaM OT Haya-
Jla Teparuu y B3pocJibix [27].

3HauMMOe BJIUSTHUE HA UCXOJ OKA3bIBAJI HE TOJIb-
KO 00beM MH(GY3UOHHOU Teparuu, HO ¥ UCXOIHBII
KJIMHUYECKUI CTATYC MAI[EHTOB C YYETOM BeIYIIETO
CUH/IPOMA.

Kpaiine BaxHO U TO, UTO IIPU COUETAHUU ABYX
u 6GoJsiee yTrpoOKAOIUX KU3HU CUHIPOMOB PHUCK
JIETAJIBHOTO UCXO/IA CYIECTBEHHO YBEJIUYNBAETCSI.
Cpenu pnereif, y KOTOPBIX OTMEYajH COYETAHUE
JBIXATENBHON U 1epebpanbHOil He0CTATOYHOCTH,
YKCJIO0 MAIMEHTOB € JIETAJbHBIM UCX0A0M OBLIO CTa-
TUCTUYECKU 3HAUYUMO Bbilie (28%), yeM y nereit
TOJIBKO C OCTPOI1 IbIXaTeJIbHOI HE0CTaTOUHOCTHIO,
00y CJIOBIIEHHOW TIOBPesKIeHnEM JierkuX (2%) uin
1epebpasbHOil HeJOCTaTOUHOCTHIO (3%). ITO moj-
TBepxKaaercs u teM, uto y 50,7% meTeit U3 TPyIIIbI
JIETAJIBHOTO HUCXOJa HA MOMEHT IOCTYILJIEHUS B
OPUT umesno mecto yrueteHue CO3HAHUA € OI[EH-
KOIi 1o 1kase kom [asro menee 15 6ainos, B TO
BpeMs Kak B rpynne <«BwizmopoBienue» scHoe
cosHaHue 661710 y 88,5% manueHToB. AHAJOTMYHbIE
pe3yabrTaThl OBLIM MOJYYEHBI U B UCCIEAOBAHUY
FEAST, xoTtopoe BbISIBUJIO CTATUCTUYECKU 3HAYU-
MOe€ BJIUSTHUE COUYETAHHOI MaTOJOTUM HA HACTYILIe-
HUe JieTaJTbHOTO ucxoza [28].

Heob6XonMo Takke OTMETUTb, YTO UMEIOIIAACS
y ZeTeit 0benx TPy He3HaYNTeIbHast TUIeprujipaTa-
I[UsI He OKa3aJia CYIIeCTBEHHOIO BJIUSHIS HA UCXO]
3aboJieBanist. B ToXe BpeMst, CHIKEHHE OYacOBOTO
TEeMIIa JInype3a, yMeHbIleHue 06beMa oTeph U moJIo-
JKUTETbHBII THAPOOATAHC SIBJASAIOTCS HanboJIee 3HaYK-
MBIMU TIPEAUKTOPAMHU HEOJATOMPUATHOTO HCXO/a
3ab0JIeBaHUsI, YTO CBUIETEIBCTBYET O BEAyIel posin
OCTPOTO TIOBPEXK/IEHS TIOYEK B TAHATOr€He3e KPUTH-
YECKUX COCTOSIHUH y JieTeil, 0COOEHHO TEePBBIX JIeT
skusnu [29].

Taxum 06pasoM, rumneprugpaTaius Hanboee
olacHa y MalueHToB ¢ 0CTPOil 1iepebpatbHOl U cep-
JIEYHON HEJOCTATOUHOCTDHIO, 0COOEHHO TIPH YMeHbIIie-
HUM 06beMa TTOTEPh Y HAIMYKHU TTIOJIOKUTELHOTO TH/I-

critical conditions in infants, especially in the first
years of life [29].

Therefore, hyperhydration is most dangerous in
patients with acute cerebral and heart failure, espe-
cially when the volume of losses is reduced and the pos-
itive hydrobalance is present with underlying acute
secondary kidney injury. This conclusion is confirmed
by the fact that the «Daily volume of fluid» parameter
was an independent predictor of a lethal outcome.

If in children with acute central nervous system
damage, the need for careful monitoring of the volume
of administered fluid and prevention of hyperhydration
has been well-known for a long time, then in patients
with acute renal damage as a part of the general critical
state, the tactics of infusion therapy and hemodynamic
support are still poorly understood and require further
research. It seems to us that the concept of four-phase
model of infusion therapy, which provides correction of
hypovolemia and hypoperfusion in the early stages of
the disease with the subsequent prevention of hyperhy-
dration with the progression of the pathological process
is most relevant for patients with the threat of kidney
damage against the background of the main disease. Al-
though all children in ICU had the fluid overload, it was
hypoperfusion and ischemic kidney damage in the early
stages of the disease that caused the development of
acute renal damage and hyperhydration in the later
stages of the disease. Therefore, it can be assumed that
kidney damage plays the key role in the development of
hyperhydration in critically-ill children, which requires
timely and purposeful prevention of this complication.

The use of infusion antihypoxants in the struc-
ture of liquid therapy is a promising method of pre-
venting acute renal damage; their pharmacological
action is based on the prevention and correction of
reperfusion paradoxes and prevention of damage to
mitochondria, which contribute to the progression of
multiple organ failure syndrome [30].

Therefore, it should be noted that not only the
quantitative but also the qualitative composition of
infusion solutions should be taken into account when
planning a program of volemic support. The use of in-
fusion antihypoxant solutions based on succinate,
which have volemic, hepatoprotective and diuretic ef-
fect, is promising; at that, their daily dose does not ex-
ceed 10 ml/kg, which is especially important in
patients at a high risk of hyperhydration.

A number of studies have shown that the use of
succinate solutions, in particular «Reamberin», con-
tributes to normalization of body temperature and hy-
perglycemia; it is a method of prevention of
perioperative hypothermia and it promotes an earlier
recovery of consciousness after surgery, which is also
true for critically ill patients [31-34].

Conclusion

The daily intake of fluid by critically ill children,
regardless of the outcome, exceeded the estimated
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pobanarca Ha (pOHE OCTPOTO MOBPESKICHUS TTOUYEK BTO-
PUYHOTO TreHe3a. JTO NOATBEPXKAAETCS U TEM, 4TO
nokasatesb « CyTOuHbIil 06beM KUIKOCTH» ABUJICS
HE3aBUCHMbIM IIPEIUKTOPOM JIETAIIBHOTO UCXOJIA.

Ecnm y meteil ¢ ocTpbIM IOpakeHUEM IEHT-
pabHON HEPBHOU CHUCTEMBI HEOOXOAUMOCTD TIIA-
TEJbHOTO MOHUTOPUHTA 06beMa BBOJAUMON JKUIKO-
CTU ¥ IPOMUIAKTIKA TUIIEPTUIPATAIUY YiKe TaBHO
XOPOIIIO U3BECTHA, TO Y AIIEHTOB C OCTPHIM II0Yey-
HBIM [TOBPEKIEHUEM B CTPYKTYPe OCHOBHOTO KPUTH-
YeCKOr0 COCTOSTHUS TAKTUKA UH(DY3UOHHOIT Teparnu
U TeMOAMHAMUYECKON MONIEPKKU elle MaJjo
usydeHa u Tpebyer qanpHeinmx uccaegopannii. Kak
HaM TIPEJCTABJSIETCS, UMEHHO IJisl TAI[UEHTOB C
yIPO30il TOBPEXKIeHUs I0YeK Ha (oHe TedyeHus
OCHOBHOTO 3a60JieBaHUst, HANbOOJIee aKTyaabHa KOH-
nenius 4eTbipexdazoBoil Monxean MHOY3UOHHOI
Tepanuu, KOTOpasi IPeLyCMaTPUBAET KOPPEKIIUIO
TUIIOBOJIEMUHM U TUTIONEPdY3UHN HA PAHHUX CTAAMIX
3abosieBanusi € TOCJeAyIoeid MPoGUIAKTUKON
TUIIEPTUPATALUY TIPU IPOIPECCUPOBAHUU MATOJIO-
ruyeckoro mpoiecca. Hecmorps Ha To, 4TO Y BCex
nereit, Haxozsuxcst B OPUT, BuisiBuiiu neperpysky
00beMOM, UMEHHO rUToNepdy3ust U UIIEMUIECKOE
MOBPEX/EHUE TIOYEK Ha PAHHUX CTaAuAX 3a00JeBa-
HUS CTAJTH IPUYMHON PA3BUTHUSI OCTPOTO MOYEUYHOTO
MOBPEKAECHUSA U THIIEPrIApaTanuy Ha 6ojee mos/-
HUX cTausax 3aboseBanus. exons us aToro, MOKHO
HPEJNOJIOKUTh, YTO KJIIOUEBYIO POJb B PA3BUTUU
TUIIEPIUIPATAIINY Y eTell B KpUTUIECKOM COCTOS-
HUU UTPAaeT MMEHHO MOBPEKIeHUE MTO0YeK, YTO Tpe-
GyeT CBOEBPEMEHHOM 1 TieJIeHAPaBIeHHON mpodu-
JIAKTUKU JIAHHOTO OCJIOKHEHUS.

[lepcrieKTUBHBIM METOIOM TTPOPUIAKTUKI OCT-
POTro [MOYEYHOTO MOBPEKIEHUS SIBJISIETCS IIPUMEHEHUEe
B CTPYKTYpE JKUIKOCTHOI TePariuu pacTBOPOB UH(Y-
3UMOHHBIX AHTUTUIIOKCAHTOB, OCHOBOI (hapMaKoJIOTH-
YeCKOTO JIENCTBIS KOTOPBIX SIBJISIETCS TPOMUTAKTHKA
U KOppeKIusi perepdy3nOHHbIX MapaioKCOB, MPE]-
OTBpallleHle TOBPEKIEHUs] MUTOXOHAPUI, KOTOPbIe
CIOcOOCTBYIOT MTPOTPECCUPOBAHUIO CHH/IPOMA MOJTHOP-
ranHoi Hegocrarounoctu [30].

B a10M KOHTEKCTE 11€71eC006PAZHO OTMETUTD, YTO
HE TOJbKO KOJIMYECTBEHHBIH, HO M KayeCTBEHHBIIT
coctaB MH(MDY3UOHHBIX PACTBOPOB HEOOXOAUMO YUH-
TBIBATh IIPU COCTABJIEHUY TIPOTPAMMBI BOJIEMUYECKOI
nozepKku. [lepcrnexkTHBHBIM ITPeICTABIISIETCS TIPH-
MeHEHIEe PACTBOPOB HH(Y3MOHHBIX AHTUTUIIOKCAHTOB
HA OCHOBE CYKI[MHATA, KOTOPbIE 00JIaIal0T BOJIeMUYe-
CKUM, TelaToIPOTEKTOPHBIM U IUYPETUYECKIM
acdexToM, TP ITOM UX CYyTOUHAS /1032 He TIPEBBIIIA-
er 10 MJI/Kr, 4TO 0COOEHHO BasKHO Y MallME€HTOB C
BBICOKUM PUCKOM I'MITE€PTH/PATAIIHH.

B pstie paboT GbIIO MOKA3aHO, YTO TPUMEHEHE
PacTBOPOB CYKI[MHATA, B 4acTHOCTH «Peambepunas
croco6CTBYET HOPMAJIU3AI[MK TEMIIEPATypPhl TEJa,
TUTIEPIIINKEMUN, SIBJISIETCSI METOIOM MTPOMUIAKTUKY
[EePUOTIEPAIIMOHHON TUIIOTEPMUU U CIIOCOOCTBYET
GoJiee paHHEMY BOCCTAHOBJIEHHUIO CO3HAHUS TOCJE

physiological needs by 14.5%, however, it did not have
a significant impact on the outcome in the presence of
physiological hydrobalance.

The ratio between the volumes of discharged and
administered fluid was the main factor of volemic sta-
tus reflecting the high probability of a lethal outcome.

Reduction of the volume of discharged fluid to
twenty percent or less of the daily intake increased the
likelihood of a lethal outcome by 12-fold.

In children with acute cerebral insufficiency, in-
fusion therapy equal to the volume of estimated daily
fluid demand is associated with a high probability of a
lethal outcome, so it is necessary to focus on age-re-
lated parameters of average blood pressure against the
background of maintaining zero water balance.

The risk of death increases significantly with a
combination of fluid overload with other adverse fac-
tors, which include the peculiarities of the disease in a
certain patient and features of the medical care pro-
vided.
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flict of interests.

Sponsor support: The study had no sponsorship.

OTIePAINH, YTO TAKIKe CIIPABEJIUBO JIJIsI TTAIUEHTOB B
KpUTHYEeCKOM coctostanu [31-34].

3akjaoyeHue

Cyrounas oTaiust ;KUJKOCTH y JIeTell B KpUTH-
YECKOM COCTOSTHUH, HE3aBUCUMO OT UCXO/IA, TPEBBIIIA-
JIa pacyeTHble [oKasaTen (GU3HOJOrUYECKON OTped-
Hoctu Ha 14,5%, o[HaKO, 9TO He OKa3bIBAJO
3HAUMMOTO BJIMSTHUST HA UCXO/L IPU HAnunu hpusno-
JIOTUYECKOro ruapodaianca.

OcHOBHBIM (PaKTOPOM BOJIEMUUYECKOTO CTATYCA,
OTPAXKAIONIUM BBICOKYIO BEPOSTHOCTH JIETAJIBHOTO
nucxona, ObLIO OTHOHIeHHEe 00beMa BbIAEJEHHON K
00beMy BBEIEHHOI JKIIKOCTH.

VMmenblienue o0beMa BbIIeJIeHHON KUAKOCTH 10
JIBA/IIIATU U MeHee MPOIIEHTOB OT CYyTOYHOU JloTaiuu
VBEJIMYMBAJIO BEPOSITHOCTb PA3BUTHS JIETAJIBHOTO
MCXO/Ia B JIBEHAIIATH Pa3.

VY nmeteii ¢ ocTpoil 1epeGpabHOI HEZOCTaTOu-
HOCTBIO MH(bY3UOHHAS TepaIusl B 00beMe PacueTHbIX
HOKa3aTelell CyTOUHOM IOTPEOHOCTH B KMAKOCTH acco-
IIUUPYETCST C BBICOKOH BEPOSITHOCTBIO JIETATBHOTO NCXO-
11, IIOSTOMY HEOOXOIMMO OPUEHTUPOBATHCSI HA BO3PACT-
HBbI€E TT0KA3ATEJTN CPETHETO aPTEPUATTBHOTO JIABIEHUST HA
(hoHe moepKaHIsl HYJIEBOIO BOAHOrO OajaHca.

Puck serampHOTO MCXO/a CYIIECTBEHHO YBe-
JINYUBAETCS TIPU COUYETAHUN [T€PETPY3KU JKUIKOCTH C
APYTUMU HeOIaronpusaTHhIMU (haKTOpaMu, K KOTOPhIM
OTHOCATCS 0COOEHHOCTH TeUeHUsT 3a00/1eBaHI Y KOH-
KPETHOTO MalieHTa U 0COOEHHOCTH OKa3aHMs MeJ-
I[IMHCKOI TTOMOIIH.

KoHu}paukt uHTEpPECOB: OTCYTCTBYET.

CnoHcopckasi mojiepskka: OTCyTCTBYeT.
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