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c6anaHcMpoBaHHbIA 3NEKTPONUTHBIM pacTBop,
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Safety-Mode Respiratory Support in Nosocomial Pneumonia

V. V. Moroz, A. N. Kuzovlev, A. M. Golubeyv, V. V. Stets, S. G. Polovnikov

V.A. Negovsky Research Institute of General Reanimatology, Moscow, Russia
25, Petrovka, Build. 2, Moscow 107031
N. N. Burdenko Main Military Clinical Hospital, , Moscow, Russia
3, Hospitalnaia, Moscow 105229

Kpurepun muarsocriku 1 noaxoasi K quddepeHiupoBaHHOMY JI€Y€HHIO OCTPOro pecrmparopHoro aucrpecc-curaapoma (OPIIC)
npu Ho30KoMHUaIbHOI HesMonnn (HIT) pazpaGoranbl, HO HOAXObI K TPOPUIAKTUKE PA3BUTHS JAHHOTO CHHAPOMA NPH HATMYHH
(axropoB pucka He udydensl. FickyccerBennast Bentuisinus gerkux (MBJI) B GesonacHoM peskume (<«nporekrusaasi> UBJI) npen-
craBisier co00ii HauGosee BeposTHbIH cnocod npodunaxtiuku pazsutust OPIC npu HIL. Ifeas uccaedoganus. Ouennrs adpdex-
tusHocTh VIBJI ¢ Ge3onacubivu napamerpamu B nipenynpeskaennn passutust OPIIC npu HIT y 60/1bHbIX XUPYPIrUYECKOii a610Mu-
HaJbHOIT uHbekuueil. Mamepuanvl u Memoost. JlTaHHOE PETPOCHEKTHBHOE OJIHOLEHTPOBOE HCCIIEI0BaHNE GBUIO TPOBEIEHO Ha
xmnnyecknx 6azax HUU o6meit peanumaronorni um. B. A. Herosckoro B 2013—2014 rr. Tlpu npoBeieRr# peTpoCEeKTUBHOTO
ananu3a GoJbHbIE GbUIM paszieneHsl Ha e rpymibe: Ipymma «Besonacuas UBJI> — ¢ momenta quarnoctiku HIT 6obHbIM IPOBO-
i BJI B 6esonacHoM peskumMe (aprxaTenbhblii 00beM 6—8 mu/kr); Ipynna «Cranpapraas UBJI»> — ¢ MOMeHTa IHATHOCTHKH
HII Goabrbiv nposoaim UBJI ¢ TpaaunmonHsivu napamerpamu (aprxateabHblii 00beM 8—10 mii/kr). B kauecTBe 0CHOBHOTO Kpu-
Tepust 3P PEKTUBHOCTH PECIUPATOPHOI MOAIEPKKU B 6e30IacHOM peskuMe Obuia npuHsTa yacrora passutusi OPIC B rpymmnax
GospHbIX. B KauecTBe BropuuHbIX Kpurepres 3¢ (HEKTHBHOCTH PECIUPATOPHOIl MONIEPKKH B 0€30IIACHOM PEKHME OLEHUBAIN
mumrenabaocth UBJI, aymrerpHOCTh NPeGhIBaHUs B OT/IEIEHAN PEAHUMATONOTUH B 30-CyTOUHYIO JIeTATbHOCTh. CTaTHCTHYECKH it
aHAJIM3 MOJIyYEHHbIX IAHHBIX IPOU3BO/MIICS PH ITOMOIIM TakeTa Statistica 7,0. /lanHble npe/cTaBieHbl B BUIe MeUaHbl * 25—75
nepuentuneii (25—75 IQR). [TlocrosepubivM cuntanocs pasimyue npu p<0,03. Pesyavmamo:. IIpu cpaBHeHNH HHIIEKCA OKCUTeHa-
wun (MO) v unzekca suecocyaucroii Boap! erkux (MBCBJI) mexxy rpynmamu 6oibHbix «Besonacuast UBJI» u «Cranpapraas
UBJI»> 3aK0HOMEPHBIE JI0OCTOBEPHbIE PA3INYUS MESKLY IPYNIIAMH 110 JIAHHBIM OKA3aTesiM ObLIN 3aPErNCTPUPOBAHBI HAUHHAS CO
BTOPBIX CyT. uccaenosanusi. B rpynme «CranmaprHas UBJI»> ObL1o 3aperncTpupoBaHo aocroBepHoe cuzkenne MO u npupoct
MBCBJI k 7 cyT. uccienoBanns no cpasuennio ¢ 1 cyr. Jlpixareasnsiii 00bem (J10) 6bi1 3akoHOMepHO Hinke B rpynme «Besonac-
nast UBJI» o cpaBHenuio ¢ rpynnoii «Cranznapraast UBJI> B reuenue 1, 3, 5 cyT. uccienoBanusi. Cratnyeckuii KOMIUIARHC JIETKUX
HCCIIeI0BaHus ObLI ¢ 3 CyT. HccienoBanus Huske B rpynne «Cranpapraas UBJI» no cpasnenmio ¢ rpynnoii «Besonacuas UBJI»,
ur0 cBsi3ano ¢ passuremM OPIIC y 6obHbIX qanHoi rpymibl. [IMKOBOE NaBieHne B AbIXaTENbHBIX MYTSIX € 3 CyT. HCCIEI0BAHMS ObI-
Ji0 Bbite B rpymme «Crangaprias IBJI> no cpaBaenuto ¢ rpynmoii «Bbesonacnas VIBJI»>. /laBieHue m1ato B pIXaTeIbHbIX My TSIX
¢ 3 cyT. ueeseoBanus 6buIo Bbie B rpynme «Crangapraas UBJI» no cpaBuenuio ¢ rpymmoii «<besonacuas UBJI». Bbum nosyye-
HbI JIOCTOBEpHbIE pa3muusi 110 yacrore passutust OPIC npu HII B rpymmax Goababix: B rpynme 6ombubix HIT, y KOTOpbIX npume-
nsum 6esonacuyio UBJI, OPIC passuics y 6 60abubix (15,0%); Bo Bropoii rpymme 6oasubix HIT (crannaprusii peskum BJIT)
OPIC passuics y 20 6ompubix (67,1%) (p=0,0001, Tounsiii recr @umepa). B rpynme 6opubix HII, B K0TOPOIi HCMOMB30BaIM
HBJI ¢ GesonacHbIMU TapaMeTpamMu, ObLia 3aperucTpupoBana Menbinas jmreabnocts UBJI (14,846,2 cyr. vs. 20,0+6,3 cyT.) u
npeGbiBanus GOJIBHBIX B oT/eeHny peannmaroioruu (19,2+6,0 cyr. vs. 23,9+7,7 cyr.) (Puc. 9). Bbum nosyyeHs! 10cToBepHbIe
Pa3IHYusI 10 JIETATIBHOCTH MEK/Ty TPyNnamMu 6obHbIX: B rpymnme 6oabubix HII, y koTopbix npumMeHsum 6e3onacuyio IBJI, reraib-
HocTb cocraBuia 27,5% (n=11); Bo Bropoii rpymme 6oabnbix HIT (cranpaprusii peskum UBJI) neransHocTs cocrasuia 46,7%
(n=14) (p=0,046, Tounsiii rect Muniepa). 3axnouenue. lIpoBeneHne UCKYCCTBEHHOI BEHTHISIINHU JIETKUX ¢ 6€30IaCHbIMK Napa-
MeTpaMH TI03BOJISIET NPeLyNPeUTh Pa3BUTHE OCTPOTO PECIMPATOPHOTO HCTPECC-CHHAPOMA MIPH HO30KOMHAIbHOIT THEBMOHUU Y
OOJIbHBIX XMPYPIUYECKON a0JOMUHAIBHON HH(peKIMeid, yTo yiaydimaer ucxo/pl jevenus. Kntoueevie crosa. HozoxomuanbHast
TTHEBMOHUS, OCTPBIil PeCIPATOPHBIi AUCTPECC-CHHIPOM, HCKYCCTBEHHAs] BEHTWISIIUS JIETKUX, NPO(HIaKTHKA.

Diagnostic criteria for and approaches to differentiated treatment for acute respiratory distress syndrome (ARDS) in nosocomi-
al pneumonia (NP) have been elaborated, but approaches to preventing this syndrome in the presence of risk factors have not
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been investigated. Safety-mode mechanical ventilation (MV) (protective MV) is the most probable way of preventing ARDS in
NP. Objective: to evaluate the efficiency of MV with safety parameters in preventing ARDS in NP in patients with surgical
abdominal infection. Subjects and methods. This retrospective unicentric study was conducted at the clinical bases of the V. A.
Negovsky Research Institute of General Reanimatology in 2013—2014. During a retrospective analysis, the patients were divid-
ed into two groups: 1) safe MV — after NP was diagnosed, the patients underwent safety-mode MV (tidal volume (TV) 6—8
ml/kg); 2) standard MV — after NP was diagnosed, the patients were on MV with traditional parameters (TV 8—10 ml/kg). The
incidence of ARDS in the patient groups was taken as a main criterion for the efficiency of safety-mode respiratory support. The
duration of MYV, the length of stay in an intensive care unit, and 30-day mortality rates were estimated as secondary criteria for
the efficiency of safety-mode respiratory support. The findings were statistically analyzed using a Statistica 7.0 package. The data
were expressed as the median (+ 25—75 percentiles interquartile range (IQR)). The difference at p<0.05 was considered signif-
icant. Results. Comparison of oxygenation index (OI) and extravascular lung water index (ELWT) showed that there were nat-
ural significant differences between the safe MV and standard MV groups in these indicators, beginning from day 2 of the inves-
tigation. The standard MV group displayed a significant decrease in OI and an increase in ELWI at 7 days versus at day 1 of the
investigation. In the safe MV group, TV was naturally lower than that in the standard MV group on days 1, 3, and 5 of the study.
From day 3, the statistical lung compliance was lower in the standard MV group than that in the safe MV group, which was linked
to the development of ARDS in the patients in this group. From day 3, the peak airway pressure was higher in the standard MV
group than that in the safe MV group. From this time, the plateau airway pressure was higher in the standard MV group than that
in the safe MV group. There were significant differences in the incidence rate of ARDS in NP in the patient groups: ARDS devel-
oped in 6 (15.0%) and 20 (67.1%) NP patients who underwent safe and standard MV, respectively (»=0.0001, Fisher's exact
test). The NP patients who used MV with safety parameters were recorded lower lengths of MV (14.8+6.2 days) and stay in an
intensive care unit (19.2+6.0 days) than those who had standard MV (20.0+6.3 and 23.9+7.7 days) (Fig. 9). There were signifi-
cant differences in mortality rates between the patient groups in the NP patients on safe MV whose mortality was 27.5% (n=11);
this in the NP patients on standard MV was 46.7% (n=14) (p=0.0046, Fisher's exact test). Conclusion. MV with safety parame-
ters allows for preventing ARDS in NP in patients with surgical abdominal infection, which improves treatment outcomes. Key
words: nosocomial pneumonia, acute respiratory distress syndrome, mechanical ventilation, prevention.
DOI:10.15360/1813-9779-2015-2-6-17
Octpsiit Acute respiratory distress syndrome (ARDS) is a

PeCTIMpPaTOPHBIA  AUCTPECC-CUHAPOM

(OPAC) — gacToe ocokHEHTE KPUTHUYECKUX COCTOSHU,
00yCJIOBJIEHHOE Pa3BUTHEM HEKapAUOIeHHOIO OTeKa Jier-
KUX B pesyJbrate TMOBpeskaeHus (auctpodusi, HEKpos,
aIloNTo3) IHIOTENNS, ANbBEOJSIPHOTO BIUTENUs, UX Oa-
3aJIbHBIX MeMOpaH (BKJIOYas CTPYKTYPbl asporeMaruyec-
KOTO Gaphepa) 1 MOBBINIEHUST TIPOHUIIAEMOCTH COCYIOB Te-
MOMUKPOIUPKYJISIITUH TTPU BO3/EHCTBUN HK30T€HHBIX NJIT
AHJIOTEHHBIX (hakTOpoB arpeccun [1].

Hosoxomunanbnas nmesmonus (HIT) — camas yacras
HO30KOMHUAJIbHAS MH(DEKIMS B OT/IETIEHUSIX PEAaHUMATOJIOT UL
OCTpblii pecrmpaTopHbIil ANCTPECC-CUHIPOM  OCTIOKHSIETCST
HIT y 34—60% narmeHToB Ipy NCKYCCTBEHHON BEHTUJISIIAN
(BJI) Gosee 7 cyr., a tsikensie HIT B 12—33% ocsioxHSOT-
cst OPIIC, uTo yBemmumBaeT Jietarbiocth 10 80% [2, 3].

Kpurepun auarHocTuku u nmogxozsl K auddepenim-
posarHoMmy JiedeHrto OPJIC npu HII pazpabotabl, HO moj-
XO/bl K MPO(UIAKTUKE Pa3BUTHUSI JAHHOTO CUH/POMA TIPU
Hasimuun (haKTOPOB pHCKAa He HM3yveHbl. VIcKyccTBeHHast
BEHTUJISILIUS JIETKUX B GE30MACHOM peKuMe (<IIPOTEKTUB-
nasg» VBJI) mpeacrasusger coGoil mambosee BEPOSTHDINA
criocob npodustaktrku passurus OPIC npu HIT [4—9).

e nccnenoBanmst — orieHUTH 9 PEKTUBHOCTD UC-
KyCCTBEHHOI BEHTUJISIUK JIETKUX ¢ Oe30MaCHBIMU I1apa-
MeTpaM¥ B TIPEYTPEKACHUN PA3BUTHS OCTPOTO PeCIrpa-
TOPHOTO JIUCTPECC-CUHJPOMA TIPU  HO30KOMHUAJIBHOM
[THEBMOHUM Y GOJIBHBIX XUPYPrHUYECKOil ab0MUHATIBHOIL
WHDEKITIEH.

Marepuan u MeTObI

Jlarmoe peTpocreKTHBHOE OJHOIEHTPOBOE MCC/IE0BAHNE OBLIO
NPOBEIeHo Ha KanmHMdecknx Gazax HIUU obmeli peaHuMaTosorum
um. B. A. Herosckoro B 2013—2014 rr. Vicenenosatue 6110 og00pe-
HO JIOKQJIBHBIM DTHYECKUM KOMHUTETOM ¥ TIPOBEZIEHO B COOTBETCTBUI
¢ npuHImIamMu XeabcuHeKoi Jlekmaparmy, HalmoHabHbIMK CTaH-
napramu u pekomerparusim OTBHY «<HUMOPs». B nanHoe ucce-
JloBaHye ObLIM BKJIOYEHbI GOJBHBIE ¢ XUPYPIrUYECKUMHU abIoMu-

prevalent complication of critical illness caused by a dam-
age (dystrophy, necrosis, apoptosis) of the vascular
endothelium, alveolar epithelium and their basal mem-
branes (including structures of aerohematic barrier). This
damage is caused by exogenous or endogenous factors and
leads to an increase of vascular permeability and develop-
ment of noncardogenic pulmonary edema. Taking into
account the similarity of etiology, risk factors and patho-
genesis, the acute lung injury is currently considered as a
first and reversible stage of ARDS [1].

Nosocomial pneumonia (NP) — is a prevalent noso-
comial infection. Acute respiratory distress syndrome is
complicated by NP in 34—60% in mechanical ventilation
longer than 7 days. Severe NP is complicated by ARDS in
33% which increases mortality up to 80% [2, 3].

Criteria of differential treatment of ARDS and NP
are developed, but there are no available approaches of
ARDS prophylaxis. Lung-protective ventilation is the
most probable method of ARDS prophylaxis in NP [4—9].

The aim of the study was to estimate the efficacy of
the lung-protective mechanical ventilation in the ARDS
prophylaxis in NP surgical patients.

Materials and Methods

This retrospective single-center observation trial was per-
formed at the V. A. Negovsky research institute of general reani-
matology in 2013—2014. The investigation was approved by the
local ethical committee and was guided according to the Helsinki
declaration, national and institute standards. Patients with surgi-
cal abdominal infections complicated with ventilator-associated
pneumonia (VAP) but no signs of ARDS, were enrolled in the
study (Fig. 1, Table 1).

Inclusion and exlusion criteria and patients characteristics:

Inclusion criteria: age 30—65 y.o.; abdominal surgical infec-
tion; VAP; no ARDS.

Exclusion criteria: APACHE 11>26; trauma; severe immune
deficiency; multiple trauma; contraindications for arterial
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Ta6Jmua 1. XapaKTepl/ICTI/IKI/I 6OJII)HI)IX, BKJIIOYEHHBIX B HCCJIE/IOBAHUE.

Table 1. Patients characteristics.

Parameters Values of parameters in the groups P
1 2
n=40 n=30

Age, years 44.7£14.5 49.7£13.5 0.15

Male, n (%) 38 (95%) 27 (90%) 0.36

APACHE 11, score 17.5+3.4 18.5+2.1 0.16

SOFA day 1, score 11.7+2.9 11.2+£2.5 0.48

SOFA day 3, score 11.2+2.3 11.2+2.9 0.99

SOFA day 5, score 10.9+2.6 11.6+2.9 0.32

SOFA day 7, score 10.4+3.2 11.4+3.3 0.20

Murray day 1, score 0.5+0.3 0.5+0.5 0.98

Murray day 3, score 0.7£0.4 1.1+0.7 0.005
Murray day 5, score 0.9£0.6 1.4+0.9 0.003
Murray day 7, score 0.8+0.7 1.5+1.5 0.001
CPIS day 1, score 8.1+1.5 8.5+1.5 0.21

CPIS day 3, score 8.3+1.6 8.4+1.5 0.96

CPIS day 5, score 8.4+1.6 8.5+1.7 0.83

CPIS day 7, score 8.3+1.7 8.3+1.8 1.00

Sepsis, n (%) 40 (100%) 30 (100%) >0.99
Surgical abdominal infection 40 (100%) 30 (100%) >0.99
Severe acute pancreatitis, peritonitis 30 (75%) 25 (84%) 0.56

Postoperative anastomosis leak, peritonitis 4 (10%) 3 (10%) >0.99
Bowel perforation, peritonitis 1(5%) 2 (6%) >0.99
Mechanical ventilation duration before enrollment, days 7.6£1.3 8.2+3.1 0.78

Note (npumeuanue): Parameters — mokasaresi; Values of parameters in the groups — 3nadernust mokasareseil B rpymiax; age, years —
Bozpact, rozipl; male — myskckoii mosi; APACHE IT (Acute Physiology and Chronic Health Evaluation IT) — mikazna kinHuueckoi onen-
Ku TsKecTH cocTostus 6oabHoro; SOFA (Sequential Organ Failure Assessment score) — Ikasia OIEHKH OPraHHON HEOCTATOYHOCTH;
Murray — mkana Mioppesi; CPIS (Clinical Pulmonary Infectious Score) — tkana uHGEKIIMOHHOTO TpoIiecca B JIETKUX; Sepsis —
cencuc; Surgical abdominal infection — xupypruueckas abnomunanbas nHbeknus; Severe acute pancreatitis, peritonitis — TsKesbIi
ocTpblii maHkpeaTuTt, epuToHuT; Postoperative anastomosis leak, peritonitis — mocseonepanontas HeCOCTOATEIBHOCTD AHACTOMO34,
nepuronnt; Bowel perforation, peritonitis — nepdoparmst kumeunuka, nepurornt; Mechanical ventilation duration before enrollment,
days — pmmrensrocts BJT 10 moctymienus, nuu; score — OGazer. Data is presented as M+o — nanubie npenctasaeHbl Kak M+,

HAJIBHBIMI MH(eKIMsIMH, ocyoxkuernbiMu V1 BJI-accormpoBantoit
HIT, 1o 6e3 kmnnyeckux npusnakos OPIC (puc. 1, Tabm. 1).

Vcriosib30oBasin cJieyionye KpUTepun BKIIOUYEHNS U UCKJITIO-
YeHMs.

Kpurepuu Brimouenust: Bopact 30—65 jiet; Hajinuue Xupyp-
rudeckoil abgoMuHaabHON uHbekmn; Haauure VBJI-acconmu-
posannoii HIT; orcyrerBue amarnoctnyecknx npusnakos OPIC.

Kpurepun uckmouennst: APACHE I1>26 win puck Jierass-
HOTO MCXO/[a B TeueHue 24 4.; HaJuvne PacipoCTPAHEHHOTO OHKO-
JIOTHYECKOTO MPOIIeCcCca; TOJUTPABMA; OCTPOE HOBPEIK/IEHIE ITOYEK,
TpebyIoliee IPOBECHUS TeMOIMANI3]; IEKOMIIEHCHPOBaHHbIE 00-
CTPYKTHBHbBIE 3a00JIEBaHUSI JIETKHX; J€KOMIEHCHPOBAHHBII ca-
XapHBIH Anabet; nMMyHO/IeDUIINT; 6ePEMEHHOCTD; YIaCTHe B JPY-
IUX KIMHUYECKUX MCCJIe/JOBAHMIX.

[Ipu mpoBeieHIN PETPOCTIEKTHBHOTO aHain3a O0JIbHbIE Obl-
JIV Pa3JleJIeHbl Ha JIBE TPYIIIIBI:

TPYIIIA 1 («Besonacuass UBJI») — ¢ momenma ouaznoc-
muxu HII 6onvivim nposodunu UBJI ¢ 6esonaciom peacume (Ovixa-
meavioiil 00vem 6—38 mi/Kz). PecmupaTtopHyio TOJJIEPKKY MTPOBO-
auau 1pu romormn anmapaTtoB Engstrom Carestation (GE
Healthcare, CIIIA) B pesxkume SIMV ¢ KOHTPOJIEM 10 JaBJIEHUIO
(Synchronized Intermittent Mandatory Ventilation, cunxponusu-
pOBaHHas [epeMeKalonasics IpUHYANTeIbHAs BeHTUsas ). [Ipu
[POBEJIEHN PECIIMPATOPHON TIOANEPKKU 0OECTIEUNBATN TTHKOBOE
JIaBJIeHNe B [BIXATENBHBIX My TsIX He Oosee 35 CM BOMH. CT.; [bIXa-
TebHbII 00beM He Gosiee 6—8 MJI/KT I0JIKHOIT MacChl TeJIa; 4acTo-
Ty JbIXaHsI I MUHYTHBIT 00beM BEHTUIISIINI MUHUMAJIBHO HEOO-
xoaumele, s noanepxkanus PaCO, na yposae 30—40 MM pr.cT;
CKOPOCTb IIMKOBOTO MHCIIMPATOPHOTO MOTOKA B /JHAla3oHe OT
30—40 mo 70—80 s1/MUH; HUCXOAIUI TPODUIL UHCITTUPATOPHOTO

catheterization; left ventricular insufficiency; pregnancy; acute
kidney injury; decompensated obstructive lung diseases; decom-
pensated diabetes mellitus; pregnancy; simultaneous enrollment
in other clinical trials.

Patients were split into 2 groups:

GROUP 1 («Lung-protective ventilation») — from the
time of diagnosis of NP patients were mechanically ventilated in
a lung-protective mode (tidal volume 6—8 mi/kg). Respiratory
support was performed using devices Engstrom Carestation
(GE Healthcare, USA) in SIMV mode with the control pres-
sure (Synchronized Intermittent Mandatory Ventilation). The
peak airway pressure was no more than 35 water c¢m; tidal vol-
ume 6—8 ml/kg body weight; respiratory rate and minute vol-
ume ventilation were minimally required to maintain PaCO,
30—40 mmHg; peak inspiratory flow rate was in the range of
30—40 to 70—80 1/min; descending inspiratory flow profile was
used; fraction of inspired oxygen was minimally required to
maintain a sufficient level of oxygenation of arterial blood;
PEEP was selected in accordance with the concept of «optimal
PEEP»; the inspiration/expiration ratio of not more than 1.5:1
was used. Control of arterial blood gas analysis was done 2
times a day [1].

GROUP 2 («Standard MV ») — traditional mechanical ven-
tilation (tidal volume 8—10 ml/kg) was performed. Respiratory
support was performed using devices Engstrom Carestation (GE
Healthcare, USA) in SIMV mode with the control pressure
(Synchronized Intermittent Mandatory Ventilation). Control of
arterial blood gas analysis was done 2 times a day. [1].

Nosocomial pneumonia and sepsis was diagnosed in accor-
dance with international, National and institute guidelines [6].
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MIOTOKA; (DPAKIINIO KHCJIOPO/IA B ABIXATEIBHON CMECH — MIHUMAJIb-
HO HEOOXOMMYIO [UISI TOJIEPKAHMST JOCTATOYHOTO YPOBHST OKCH-
reHaluu aprepuanbhoii kposu; Beibop IIIKB ocyuiectsisiicss B
COOTBETCTBUM ¢ KoHuemnmueil «ontumanbioro IT/IKB»; ornorie-
HITe BIOX,/BBIZIOX He nuBeptHpoBain 6omree 1,5:1. Kontposs raso-
BOTO COCTaBa apTepUAIbHOI KPOBH OCYIIECTBIsN 2 p/cyT. Beem
GOJILHBIM JIAHHON IPYIINBI MO MOKA3AHUSIM BBITIOJIHSIINCH TPHEMBI
<OTKPBITHE JIETKAX» 110 TOMAaroBoii Metouke [1].

TPVIIIIA 2 («Craupaptaas UBJI») — ¢ momenma duazno-
cmuxu HIT 6omvnom nposodunu UBJI ¢ mpaduyuonivimu napame-
mpamu (Ovixamenviwiii 06sem 8—10 ma/xz). PecnmupaTopHyo moz-
JIEPKKY IPOBOJWJIM IPU  IOMoiy anmnaparoB Engstrom
Carestation (GE Healthcare, CIIIA) B peskumve SIMV ¢ KoHTpO-
JieM 110 JlaBjieHnto. KOHTposIb Tra30BOro coctaBa apTepuaabHOI
KPOBU OCYIIECTBIIsLIN 2 p/cyT. BeeM GOIbHBIM TaHHOIT TPYTITIBL 110
MOKA3aHUSIM BBIIOJIHSIINCH TIPHEMbI «OTKPBITHE JIETKUX» 10 110~
1IaroBOH METO/INKeE.

[Tpu npoBe/ieHNY PETPOCIIEKTUBHOTO AaHAJIN3A B KAYEeCTBE OC-
HOBHOTO KpuTepus 3(pPeKTUBHOCTH PeCcInpaTOPHON MOJIePsKKI
B Ge3omacHoM peskume Obla puHsaTa yactora passutust OPIIC B
rpymmax 60bHbIX. B KauecTBe BTOPUYHBIX KpuTepues a(hderTus-
HOCTH PECITIPATOPHOIT TTOANEPKKI B 6E30MIACHOM PEKUME OTIEHN-
BasM IUTENbHOCTh VIBJI, nTetbHOCTD MPeGbIBAHNS B OT/IETIe-
HuM peaHuMarosorun. IHQPeKTUBHOCTD JleUeHUsT OIEHNUBAJIACh
He3aBICHMBIMU 9KCIIEPTaMHU.

[Tporokon npodunaktukn HII B oTrenennn peanumatosio-
U BKJIIOYas B ce0s obeM rOJIOBHOTO KOHIIAa KpoBaTH, 00paboT-
Ka IOJIOCTH PTa BOJHBIM PAcCTBOPOM XJOprekcujanHa (3 pa-
3a/CyT.), paHHee yJaJleHUe HA30TACTPAJIBHBIX  30HJIOB.
Jlnarnoctuka HII npoBojuiach ¢ MCIOJIb30BAHUEM KPUTEPUEB,
n3noxkeHHbix B Poccniicknx HanmonanbHBIX peKOMeHAAIMAX
«Hosoxommnanbnas nmueBMoHUs y B3pocabix» [10], n omenkn mo
mkaste CPIS [1]. VI3 6poHxoaibBeossIpHOI JIaBasKHON JKUIKOCTH
y Bcex GOJIbHBIX GBUIM BBIIETEHBI aCCONUAIMN 2—4 TIOJUPE3IC-
TEHTHBIX IPaM-OTPUIATETIbHBIX U IPAM-TOJOKUTETbHBIX BO30Y-
nuteneit B tutpe 10'—10° KOE/ma (Pseudomonas aeruginosa,
Acinetobacter baumanii/calcoaceticus, Klebsilella pneumonia,
Proteus mirabilis, Escherichia coli, Staphylococcus aureus). Jlocto-
BEPHBIX PA3IMYMil MEXK/Ly TPYIIIIAMHU 110 BCTPEYAeMOCTH MUKPOOP-
raHU3MOB BBIABJIEHO He Oblio (kpurepuii x*). lnarnoctuka OPI[C
[POBOAMIIACH € UCTIOJb30BanueM Kputepues HUU obmieit peanu-
marosiorun um. B. A. Heroscxkoro [1]. Jleuenne HII, OP/IC u cen-
crca IPOBOJIIJIOCH B COOTBETCTBHUM € Mek/yHapoanbimu, Hario-
HAJIbHBIMU  PEKOMEHJANUAMU ¥ HAYYHBIMH pa3paboTKamMu
HUUOP [1-5].

BosbHble Beex Tpymi GbUTH 06CIET0BAHBI 1O CIIEAYIOIIEMY
anroput™y (JieHb BKIIIOYEHHs B HCCJIef0BaHue, 3-u, 5-e u 7-e
cyr.): onenka no mkaie APACHE II, SOFA, CPIS, ¢usuxanpnoe
obcuieioBatie, OleHKa Ta30B apTepuasbHOl KPOBH, APAMETPOB
HEHTPAJIBHOI FeMOJANHAMMKH, MHIEKCA BHECOCYIMCTON BOJIBI JIeT-
KUX, [aPaMeTPOB JIEFOYHON MeXaHWKH, OOIIEero aHalu3a KpOBU;
penTreHorpadust OpraHoB IPYAHOI KJIETKU.

AHanm3 ra30BOTO cocTaBa apTePHAJbHON 1 CMENTaHHON Be-
HO3HOI1 KpoBH ocyiecTsIsiics Ha Bayer 865 Blood Gas Analyzer
(Bayer, Tepmanust). OO6muii aHagu3 KpOBU BBINOJIHSICS Ha aBTO-
MaTMYeCKOM reMatosiorndeckom anammszatope Advia 60 (Bayer,
Tepmanus). [TapameTpsl JIerO4HON MEXaHUKH OIIEHUBAJIH C TIOMO-
IO BCTPOEHHBIX (hyHKImit artmapata Engstrom Carestation (GE
Healthcare, CIITA). TTapaMeTpbl [HEHTPAIbHO FeMOIMHAMUKI 1
MHJIEKC BHECOCY/MCTON BOJIBI JIETKUX M3MEPSJINCH 110 METO/MKE
TPAHCITYJIbMOHAIBHON TEPMOJIMIIONIN C UCIIOIb30BAHNEM MOJLY-
a5t maBasusHOro Monmnropuura M1012A#C10 «Pulsion PiCCO
Plus» (Pulsion Medical Systems, Tepmanus). /st ocyuecTsie-
HUS NHBA3UBHOT'O MOHUTOPUHTA IIPOM3BO/IIJIACE ITYHKIINS 1 KaTe-
Tepusanus Geapennoii aprepun (nabop Pulsiocath PV20151.20 +
PCCO Monitoring kit 5pV/V/mmHg PV8115). Nsamepsiiuch
cepylonie IIapaMeTpbl: 4YacToTa CEPJeYHBbIX COKpAIleHUId
(UYCC), aprepuanbpHoe gaBienne cucroamdeckoe (Allcuct.), ap-
TepuasbHoe JlaBiaenue auacronaundeckoe (AJlxmact.), aprepuain-
Hoe nasienue cpexnee (Alcp.), eHTpaIbHOe BEHO3HOE [TaBIeHne

200 screened

| 130 excluded
v
70 enrolled

¥

GROUP1 GROUP 2
Lung-protective Standard
ventilation ventilation
n=40 n=30

Puc. 1. CxeMa BKII0YeHHS GOJIbHBIX B HCCJIEI0BaHKE.

Fig. 1. Patients randomization flowchart.

Note (npumeuanue). screened — obcrenosano; excluded — wuc-
kmodero; enrolled — Brioyeno; group — rpynmna; Lung-protec-
tive ventilation — Besomacnas MBJI; Standard ventilation —
Cranpapraas UBJIL.

All patients experienced a withdrawal of the biological samples
for the microbiological essay (analyzer «VITEK Compact»,
Biomerieux, France) on enrollment, on days 5 and 7.
Associations of 2—4 multiresistant gram-negative microbes
10’—10* CFU/ml were detected in all patients on enrollment
(Pseudomonas aeruginosa, Acinetobacter baumanii/calcoaceti-
cus, Klebsilella pneumonia, Proteus mirabilis, Escherichia coli,
Staphylococcus aureus). No reliable differences in the incidence
of microbes were detected (y* criterion). ARDS was diagnosed
according to the V. A. Negovsky research institute criteria [1].
Treatment of patients was performed according to the national
and international guidelines [1—5].

The incidence of ARDS was analyzed as a primary outcome
criteria. The secondary outcomes were mechanical ventilation
duration and the duration of intensive care unit stay. The efficacy
of treatment was estimated by independent experts.

Patients of all groups were assessed by APACHE TI, clini-
cal signs, blood gases, ventral hemodynamics, total blood count
and chest X-ray. Blood gases were analyzed by Bayer 865 Blood
Gas Analyzer (Bayer, Germany). Total blood count was made by
Advia 60 (Bayer, Germany) automatic analyzer. Central hemo-
dynamics and pulmonary volumetric indexes were assessed by
transpulmonary thermodilution by means of M1012A#C10
«Pulsion PiCCO Plus» (Pulsion Medical Systems, Germany).
The arterial catheter was in place for not more than 10 days.
Arterial line was flushed by heparin solution 1 U/ml. 15 ml of
cold isotonic saline solution was used for the calibration. Three
injections were done two times a day. The following indexes
were recorded: heart rate, arterial/ systolic/ diastolic and mean
blood pressure, central venous pressure, stroke volume, cardiac
output, peripheral vascular resistance, global end-diastolic vol-
ume, intrathoracic volume, extravascular lung water and corre-
spondent indexes.

Statistical analysis was performed by Statistica 7,0.
Parametric methods (Student’s T-criterion) were used to analyze
normally distributed variables, and nonparametric — for not nor-
mally distributed (Mann-Whitney test). Categorical variables
were analyzed by the exact Fisher's test. Data were presented as
median + 25—75 IQR. P<0.05 was considered significant.
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Puc. 2. [lunaMuKa MHEKCa OKCUI€HAMH B IPYIIaX OOJbHBIX.
Fig. 2. Oxygenation index dynamics.

Note (npumeuanue). Oxygenation index (OI) — unmekc okcure-
naruu. Groups of patients — rpymmsr 6osbrbIX. Lung-protective
ventilation — Gesonacuass VBJI. Standard ventilation — cran-
napruas UBJI; day — nenn. * — reliable differences between
groups (Student’s T-criterion, P<0,05) — 10cTOBEpHBIE Pa3INYst
mexay rpynmamu (T-kpurepuii Croiogenta, P<0,05).

(IIBM), ynapusrii o6bem (YO), cepreunsiii Boiopoc (CB), obree
nepudepuueckoe cocyaucroe conporuienne (OIICC), rmodanb-
HbIiT KoHeuHo-auacronndecknii o6bem (FK/O), BHyTpUrpyaHoii
obvem kposu (BI'OK), Brecocyamncrast Boga serkux (BCBJI) u
COOTBETCTBYIOIINE MH/EKCUPOBAHHBIE ITOKA3aTesH, NH/EKC 11PO-
HUIaeMocTH Jierounbix cocynos (UITJIC).

CraTHCTUYeCKUIT AaHAIN3 TTOTYYeHHbIX TAHHbBIX TIPOU3BO/IHI-
ca npu noMomu nakera Statistica 7,0. Mcnosnbzosanucns o0mie-
[PUHSTBIE MATEMATHKO-CTATUCTIHYECKIE METO/IbI PacyeTa OCHOB-
HBIX XapaKTePUCTHK BBIOGOPOUHBIX pactpeenenuil. s anammsa
HOPMaJIBHO pacIipe/le/IeHHbIX TIePeMEHHBIX UCII0Ib30Baan T-Kpu-
tepuit CrpiofienTa 1 koaddumment koppessin [lupcona, s
aHaIM3a HEHOPMAJIBHO PACIPEIENEeHHBIX TIePEMEHHBIX — TeCT
Marmnmna-Yurau u koaddumment koppessainun Crnupmena. Karero-
pHasbHble TPU3HAKN aHAIU3UPOBAJIN C IIOMOIIBIO TOYHOTO METO-
na @uiepa. /lannblie Tpe/cTaBIeHbl B BUIE MeIHaHbl + 25—75
nepuentiieit (25—75 IQR). JIocTOBEPHBIM CYUTATIOCH PA3JINYNE
pu p<0,05.

PesyibraThl U 00CyK/IEHHE

JluHamuka GasjIoB 1O IMIKaJaM TSKECTH COCTOSTHUS
GOJIBHBIX.

[Ipu cpaBHeHuu Gaswios o mkasam SOFA, Murray
u CPIS mexy rpynnamu 60sbHbIX «Besonacuas UBJI» u
«Cranpapraas VIBJI» 3akoHOMepHBIE JTOCTOBEPHbBIE pas-
Jiu st ObLITU BBISIBJIEHBI 110 OasiiaM 1o 1kaae Murray B Te-
yenue 3—7 cyT. (tabu. 1), uTo CBsA3aHO ¢ GOJMBLINM TIPOLIEH-
toMm paszsutus OP/[C B rpymnme «Cranpaprhas UBJI».

ITokasarenn ra3o00MeHa ¥ HEKapPAUOTE€HHOIO OTe-
ka serkux. [Ipu cpaBnenun munamukun MO u MBCBJI
Mexy rpynnamu 6osbHbIX «besomachast IBJI» u «Cran-
nmaptHasgs VBJI» 3axkoHOMepHBIE TOCTOBEPHBIE DPA3ITITINS
MEKJLy TPYTIIIAMU 110 JAHHBIM TTOKa3aTessiM ObLIIM 3aPerucT-

Puc. 3. /lunamMuka HHAEKCa BHECOCYIUCTOH BOJBI JETKUX B
rpymmnax GOJbHBIX.

Fig. 3. EVLWI dynamics in groups.

Note (npumeyanue). Extravascular lung water index (EVLWT) —
UHJIEKC BHECOCYAMCTOI BozibI Jierkux. Groups of patients — rpyrimbt
GoabHbIX. Lung-protective ventilation — 6esonacuas WBJIL.
Standard ventilation — crangapraas UBJI; day — nenn. * — reli-
able differences between groups (Student's T-criterion, P<0,05) —
JocToBepHble pazynynst Mexay rpynmamu (T-kputepuii Ctbionen-
Ta, P<0,05).

Results and Discussion

Reliable differences were detected between the
groups in Murray scores on days 3—7 (Table 1) which is
due to an ARDS development in group 2.

Gas exchange and noncardiogenic pulmonary
edema indexes.

From day 2 reliable differences in oxygenation index
(OI) and extravascular lung water index (EVLWTI) were
detected between the groups (Fig 2., Fig. 3). In group 2 a
decrease of OI and increase of EVLWI by day 7 was
detected.

Groups did not differ in preload indexes, central
venous pressure, daily infusion and transfusion volumes.
Preload indexes were not over normal. Therefore they did
not alter the O and EVLWI dynamics.

Respiratory mechanics indexes.

The dynamics of respiratory mechanics indexes is pre-
sented in Table 2. The tidal volume was lower in group 1 than
in group 2 on day 1, 3 and 5. In group 2 tidal volume decreased
on day 5 due to ARDS development and use of lung-protec-
tive ventilation. Ventilation rate was higher during all days in
group 2 (due to ARDS development). Static lung compliance
was lower in group 2 from day 3 due to the same reason. A reli-
able decrease of static lung compliance was detected from day
1 to day 7. Peak airway pressure, plateau pressure and PEEP
were higher in grop 2 from day 2, and a reliable increase of it
was detected from day 1 to day 7. PEEP was higher.

Central hemodynamics.

There were detected no reliable differences between
groups in central hemodynamics parameteres. There were
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Ta6auua 2. /lunaMuka nokasarejeil peCnMpaTopHOil MEXaHUKHU B IPYNNAax OOJIbHbBIX.
Table 2. Respiratory mechanics indexes.
Parameters Values of parameters in the groups
1 2
Median 25% percentile 75% percentile Median  25% percentile 75% percentile

Tidal volume day 1 6.5% 6.0 7.5 10.0 9.7 10.0
Tidal volume day 3 6.7% 6.0 7.6 9.0 8.0 10.0
Tidal volume day 5 6.2% 6.0 7.0 6.7 6.0 9.0
Tidal volume day 7 6.5 6.0 7.0 6.6 6.0 9.0
Respiratory rate day 1 13.5% 12.0 15.0 15.5 11.0 20.0
Respiratory rate day 3 14.0* 12.0 16.0 16.5 14.0 20.0
Respiratory rate day 5 13.0* 12.0 18.0 18.0 13.0 20.0
Respiratory rate day 7 14.0* 12.0 18.0 19.0 12.0 21.0
Cstat day 1 87.5 68.0 97.0 84.5 40.0 90.0
Cstat day 3. 87.0* 74.0 90.0 57.0 40.0 78.0
Cstat day 5 88.5% 68.5 90.0 43.0 32.0 67.0
Cstat day 7 88.0* 70.0 90.0 37.0 30.0 60.0
Ppeak day 1 24.0 22.0 29.0 26.0 23.0 29.0
Ppeak day 3 24.0* 23.0 29.0 28.0 26.0 32.0
Ppeak day 5 25.0* 23.5 30.0 30.0 26.0 35.0
Ppeak day 7 25.0* 23.5 30.0 32.5 27.0 35.0
Pplat day 1 20.5 20.0 22.5 21.0 20.0 25.0
Pplat day 3 21.5% 19.5 24.0 23.0 22.0 28.0
Pplat day 5 21.5*% 19.0 24.0 25.0 23.0 30.0
Pplat day 7 21.5% 19.5 24.5 26.5 22.0 30.0
PEEP day 1 7.0* 6.0 8.0 8.0 7.0 8.0
PEEP day 3 7.0* 6.0 8.0 8.5 7.0 10.0
PEEP day 5 7.0% 6.0 8.0 10.5 8.0 12.0
PEEP day 7 6.5*% 6.0 8.0 12.0 9.0 14.0

Note (npumeuanue): Parameters — mokasaresir; values of parameters in the groups — sHauenmst mokasaresneii B rpymmax; tidal volume
— JBIXaTesbHBIIT 00beM; respiratory rate — wacrora apixanus; Cstat (static compliance) — cratnueckuii Kommtaitae serkux; Ppeak
(peak pressure) — IIMKOBOE [aBJICHNUE B IbIXaTeJabHBIX yTsX; Pplat (plateau pressure) — gaBieHue niaTo B abixateabHbIX myTsx; PEEP,
positive end expiratory pressure — MoJIOKUTeNbHOE [aBjeHre KoHia Boiioxa, day — cyrku. * — reliable differences between groups
(Student’s T-criterion, P<0,05) — pocrosephbie pasmmaust mexay rpyrnnamu (T-kpurtepuii Ctoionenta, p<0,05); Median — meauana;

percentile — mporeHTHIIb.

PUPOBAaHBI HAUMHAS CO BTOPBIX CYT. McceoBanns (puc. 2,
puc. 3). B rpynie «Cranpapraast VIBJI» GbLio 3aperucTpu-
posano foctoBeproe cHzkenne MO n mpupoct UBCBJI
7 CyT. NCCTIeIOBAHNS TI0 CPAaBHEHUIO ¢ 1 cyT.

Heob6xoauMo 0TMETUTD, YTO B TEYEHKE BCETO UCCIE-
JIOBAHWS IPYIIIBI HE OTJIHMYATICH MEKILY OO0l 110 TIoKasa-
TeJIsIM 0OBEeMHON IIpeIHArPy3KK (MHAEKC BHYTPUTPYIHOTO
06beMa KPOBH, WHIEKC TII00ATLHOTO KOHEYHO-ANACTOIN-
yeckoro obwvema), LIB/I, cyrounomy obbemy uHby3uil u
remorpaHcdysuii. 3HaueHus I0Kaszaresneil 00beMHOIL
MIPEeIHArPy3KU HE BBIXOJUJIM 32 TPeIesibl (hU3N0I0rndec-
kux. Takum 06pasoM, BAMSHUE JaHHBIX (DAKTOPOB Ha /-
Hamuky V1O u UBCBJI MOXKHO HCKITIOUNTB.

Iloka3aTesu pecnuparopHoii MexXaHuku. /[mHaMu-
Ka ToKazaTeJiell peciipaTopHOil MeXaHNKH IIPe/ICTaBIeHA
B Tabu. 2. [Ipixatensupiii 06beM (J1O) 6T 3aKOHOMEPHO
nmxe B rpymnie «besomacnas WBJI» no cpasnenuio c
rpymmoit «Crangaptras UBJI» B Teuenue 1, 3, 5 cyT. uc-
caepoBanus. Otmeuanoch cuuxkenue [[O B rpyrmme
«Cranpapruas UBJI» k 5 cyT. HCCIEIOBAHNS BCJIEICTBUEC
passutus B 91 cpoku OP/[C u Havasa npumMeHeHus mpo-
Tokosa GezonacHoit UBJI. AnmapaTHas yacToTa JAbIXaHuii
(Y/1) Gblia HECKOJIBKO BBIIIIE B TEUEHHE BCEX CYT. UCCIIE-
nosanus B rpytie «Crangapraas VIBJI», uro cBsizano, Be-
posiTHo, ¢ passutrieM OP/IC y GoJIbHBIX IaHHOI IPYIIIIBI.
Crarnueckuil KOMIUIAIHC JIeTKUX UcciefoBanus Obul ¢ 3

detected no depressive effects of lung-protective ventila-
tion on hemodynamics in group 1.

X-ray changes in groups.

In group 2 in 20 patients (67.1%) we detected pro-
gression of focal and infiltrative changes in lungs due to
ARDS development: bilateral lower-lobe and perihilar
infiltration, signs of plethora. These changes were detected
only in 5 patients (15.0%) of group 1 (P=0.0001, exact
Fisher's test). We detected positive X-ray dynamics in sur-
vived patients due to NP and ARDS resolution.

Outcomes in groups.

Reliable differences in incidence of ARDS were
detected (Fig. 4): in group 1 ARDS developed in 6 patients
(15.0%), while in group 2 in 20 patients (67.1%)
(P=0.0001, exact Fisher's test).

In group 1 a lower duration of mechanical ventila-
tion (14.8+6.2 days vs. 20.0+6.3 days) and duration of
intensive care unit stay (19.2+6.0 days vs. 23.9+7.7 days)
(Fig. 5) were detected.

Mechanisms of ventilator-induced lung injury
include exposure to high tidal volume (volumotrauma and
barotrauma), cyclic opening and closing of the distal por-
tions of the lungs (atelektotrauma), resulting in damage to
the alveolar and bronchiolar epithelium; increased
transpulmonary pressure; surfactant damage due to con-
tinued swinging motions alveolar surface, breaking the
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CyT. uccaenoBanus Hbke B rpynme «Crangaptaas UBJI»
1o cpaBHeHMIo ¢ rpynmnoi «besonacuas BJI», aTo cBs3a-
Ho ¢ passutreM OPJ[C y 6obHBIX aHHO#T TPy bl BoiTo
3aPEruCTPUPOBAHO IOCTOBEPHOE CHIKEHUE CTATHYECKOTO
KoMTIaftHca terkux ¢ 1 k 7 cyT. nccaenoBanust. [Togobmas
muHamMuKa cBsizana ¢ pazsuteM OP/IC y 60MbHBIX faH-
Hoit rpyminbl. [TnkoBoe fmaBjieHne B IbIXaTEAbHBIX MY TIX C
3 cyT. uccenoBanus 6110 Bbite B rpyiie «CrangaapTHas
NBJI» mo cpasaenmio c¢ rpynmoii «besomacnas VBJI».
Bbis 3aperncTpupoBan J0CTOBEPHBIH TPUPOCT MTUKOBOTO
JIABJICHUS B JIBIXATEJIbHBIX TyTsX ¢ 1 K 7 CyT. Mccenosa-
Hus. [Togo6Has quHamuKka cssata ¢ passutuem OPI[C y
GOJIbHBIX JIAHHOU IpyIIbl. /[aBjieHue 11aTo B AbIXaTeb-
HBIX [YTSAX C 3 CYT. MCCJAEOBAHUS OBLIO BBILIE B IPYIIIIE
«Cranpapruas VBJI» no cpaBHenuio ¢ rpymmoii «beso-
nacHas VIBJl». Bein 3aperunctpupoBan 10CTOBEPHBIN MPH-
POCT MUKOBOTO JIABJIEHUS B JIBIXATEJBHBIX MYTSX ¢ 1 K 7 CyT.
uccienosanust. [logoOHas AUHAMUKA CBSI3aHA C Pa3BUTHU-
em OP/IC y 6osbHbIX ganHol rpymibl. II/TKB 6b110 BbIle
B rpyniie «Crangapraas UBJI» 110 cpaBHEHMIO ¢ IPYTINON
«besonacuast IBJI» B Teuenme Bcex CyT. ncciae1oBaHus.
Boir 3apernctpuposan gocroBepnsiii nipupoct ITJIKB ¢ 1
K 7 cyT. uccnenosanus. bosee Boicokne yposuu [IJKB B
rpymre «Crangapraas UBJI» cessanbi ¢ pazsutue OP/IC
B IAHHOU rpyIiiie O0IbHbIX.

ITokaszaTtenu HeHTpaabHOI reMoauHamMuku. He Gor-
JIO 3apPETUCTPUPOBAHO JOCTOBEPHBIX PA3IUUUI MEKLY
IPYIIAaMU O TOKa3aTessiM 1EeHTPAJIbHON TeMOIMHAMUKH.
Cuietyer otMeTuTh, uyTo B rpyiie «besomnacnas MBJI» He
ObLIO 3aPErUCTPUPOBAHO JENPECCUBHBIX d(D(EKTOB wHC-
mosib3yeMbIx mapametpoB MBJI na remogmaaMuKy.

PenrtreHosornyeckne u3MeHeHUs B rpynmax. B
rpyiiie GOJbHbBIX, Y KOTOPBIX TIPOBOAMJIACH CTAHAAPTHAS
UBJIL, y 20 Gombhbix (67,1%) ObLIO 3aperucTpupoBaHO
MIPOrPecCUpPOBAHUE OYArOBBIX W MH(UIBTPATUBHBIX H3-
MEeHEeHWH B JierkuX, cBsgzannoe ¢ pazsutuem OP/[C: BbI-
paskeHHOe /IBYyCTOPOHHEE MPUKOPHEBOE WJIN HUKHE0JIe-
BO€ CHHWJKEHUE IIPO3PAYHOCTH JIETOYHOTO PHUCYHKA,
HOJIHOKPOBUE JIETKUX, pazbpocaHHble 1o nepudepun Jje-
TOYHBIX T10JIeif MH(MUIBTPATHI, YCUJIEHUE JIETOYHOTO pPH-
CYHKQ, CTJIA’KEHHOCTh PUCYHKa KOPHeH Jerkux. B rpymme
GOJIbHBIX, Y KOTOPBIX IIPOBOAMIachk Gesonacuas UBJI, no-
JOOHBIE PEHTTEHOJIOTUYECKIE U3MEHEHNUsT ObLIN 3aperic-
TPUPOBAHBI TOJIBKO y 5 6osbHbIX (15,0%) (p=0,0001, TOU-
ueiit Tect @uirepa). Y 10 GoJbHBIX TaHHOW TPy
(25,0%) 6bLIO OTMEUEHO IPOrPECCUPOBAHKE PEHTTEHOJIO-
ruyeckux npusHakoB HIT B Bujie HapacTaHusi 04aroBbIX
W3MEHEHUH JIETOYHON TKaHW, CBI3aHHBIX C TIPOTPECCUPO-
panueM HII, no ne OP/IC.

B annamuke y BBIKMBIITUX OTMEUYATACH TOJIOKUTE b=
Hasl JIMHAMUKA 110 TIPSMbIM PEHTIeHOrPAMMaM JIETKUX B
BU/Ie Pa3peIIeHus JIBYCTOPOHHEI MH(MUIBTPAINH, CBSI3aH-
noii ¢ OP/IC, u mocTeneHHOro pasperieHust THEBMOHUYEC-
KO MHGUIBTpAIU. Y yMepHInX OTMevarach OTPUTIATe b-
Has JIMHAMMKA 110 JIAHHBIM TIPSIMbIX PEHTTEHOTPAMM
JIETKMX B BUJIE YBEJIUUYEHUS 30H MHMUIBTPAIIUH JIETOUHON
TKaHU, CBS3aHHBIX, BEPOSTHO, C HAPACTAHUEM TSIKECTH
OP/IC u HIL

®
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Puc. 4. Yacrora pa3BUTHSI OCTPOTO PECIHPATOPHOTO JHCTPECC-
cunzipoma (OPIIC) B rpynnax GOJIbHBIX.

Fig. 4. Incidence of acute respiratory distress syndrome
(ARDS) in groups.

Note (npumeuanue). Lung-protective ventilation — 6esomachast
WBJT; Standard ventilation — crangapraas MBJI; ARDS devel-
oped — OPJIC passuiics; No ARDS — OPJIC ue pasBuiicsi.

aggregation of surfactant; local and systemic release of
cytokines (biotrauma). Given the normal values of peak
and average airway pressure in both groups on the 1st day
we can assume a leading role volumotrauma in our group of
patients [7—9].

In a pilot study, Wilson M. et al. showed that
mechanical ventilation with 10 ml/kg tidal volume in mice
without lung injury causes impaired pulmonary mechanics
and leads to the development of pulmonary edema.
Moreover, in this study they did not use recruitment
maneuvers, which suggests that atelektotrauma was one of
the leading mechanisms of lung injury [10]. Utilization of
tidal volume up to 10 ml / kg and PEEP 0 water cm for 6
hours causes lung injury and ventilation with PEEP 0
water cm and tidal volume 6 ml/kg also has a damaging
effect on the light [11]. The study of Wolthuis E. et al. [12]
showed that the use of higher tidal volume and PEEP 0
water cm for 5 hours causes the increase of BAL myeloper-
oxidase, elastase, IL-6 and IL-8, which reflects the devel-
opment of cellular response in lungs.

Over the past few decades there is a trend to use
lower respiratory volume in intensive care medicine: a
decrease from 8.8 ml/kg to 6.9 ml/kg [13, 14]. A large
number of studies were carried out in anesthesiology. A
number of studies in the field of cardiac anethesiology
showed that the use of lung-protective ventilation
improves respiratory mechanics. There were no differences
in blood levels of IL-6, IL-8 and TNF-alpha in most stud-
ies, except Zupancich et al. [15—17]. Weingarten et al.
showed that in the lung-protective ventilation group (tidal
volume 6 ml/kg, PEEP 12 water cm), better arterial blood
oxygenation and static lung compliance were achieved, but
there was no difference in the contents of 1L-6 and IL-8
[18]. In a large study, including 3434 cardiac surgical
patients, it was shown that the use of tidal volume of 10
ml/kg (79% of patients) was associated with a higher inci-
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Hcxonap! neyenus B rpynnax. boeuin mosydeHsl 0-
cToBepHble paznnuus o dactote passutus OP/IC mpu
HII B rpymmax 60bHbIX (puc. 4): B rpyrme 6osbabx HIT,
y KoTopbixX npumensim 6esonacuyto UBJI, OPC passui-
cs1y 6 6osbhbIx (15,0%); Bo BrOpol rpyrie 6onbHbix HII
(cranmaprubiii pesxxum MBJT) OPIC passuics y 20 60i1b-
Heix (67,1%) (p=0,0001, Tounsrii Tect Ouirepa).

Boumn nosiydeHsr J0CTOBEPHBbIE PA3JIMYUs 110 MCXO-
JIaM JIedeHUst MesKLy TpyIiamu GoJbHbIX. B rpyrie 6oJib-
ubix HII, B kotopoii ucnosnbszosaiu UBJI ¢ GezonacHbiMu
napaMerpamu, Oblla 3aperncTpUpPOBaHA MEHbINAs JJIU-
tesbHocTh UBJT (14,8+6,2 cyT. vs. 20,0+6,3 cyT.) 1 npe6bi-
BaHuA OONBHBIX B oTAeAeHnN peanuMaTosornn (19,2+6,0
cyT. vs. 23,9+7,7 cyT.) (puc. 5).

Mexanusmer VIBJI-naaynnpoBanHOro mOBpeske-
HUS JIETKUX BKJIIOYAIOT B CeOST BO3EHCTBIE BHICOKOTO JIbI-
XaTeIbHOTO 00beMa (BOJIOMOTPaBMa 1 GapoTpaBMa), UK-
JINYECKOE 3aKPbITHE U OTKPBITHE JMCTAJbHBIX OT/ETOB
JIeTKUX (ATeJIeKTOTpaBMa), TIPUBOJISIIEE K MOBPEKICHUIO
AJIbBEOJISIPHOTO U OPOHXMOJISIPHOTO SIMTEJIHST; TOBBIIICH-
HOE TPAHCIYJIbMOHATBHOE JIABJICHWE; MOBPEXK/ICHUE CypP-
(bakTaHTa BCJEACTBUE MOCTOSTHHBIX KOJIEOATE/NbHBIX JIBU-
JKEHUI TOBEPXHOCTH AJbBEOJ, HAPYIIAIOIINX arperauio
cypakTaHTa; MECTHOE ¥ CUCTEMHOE BbICBOOOKIEHUE 11U~
TOKUHOB (OMOTpaBMa). YUUThIBask HOPMaJIbHbIEC 3HAUCHMUSI
ITMKOBOTO M CPEJIHETO JIABJICHUS B JIBIXaTEJIbHBIX MTyTIX B
o6enx Tpymax GoJbHBIX B 1-€ CYT. HCCeI0BaHUS, MOKHO
MIPE/ITOJIOKUTD BEAYIIYIO POJIb BOJIOMOTPABMbBI B Halllei
rpytiie 6osbHbx [11—13].

B skcnepumenTanbiom uccnegoanmu Wilson M. u
coaBT. ObLIO TI0Ka3aHo, uTo poseneHue VBJL y mbiiieii
6e3 nospeskaenust erkux ¢ J{O 10 MJ1/Kr BbI3bIBaeT Hapy-
MIEHWST JIETOYHOM MEXaHWKU U MIPUBOIUT K PA3BUTHUIO OTe-
Ka jierkux. [Ipnyem B TaHHOM MCCJIE/JOBAHUU HE UCTIOJIB30-
BaJI TIPUEMBI «OTKPBITHE JIETKUX>, YTO AT BO3MOKHOCTH
TIPE/ITOJIOKUTD ATEJIEKTOTPABMY KaK O/IMH U3 BEYIINX Me-
XaHU3MOB NoBpeskaenns jerkux [ 14]. Mcnonbzosanue /1O
10 ma/xr u ITIJIKB 0 cm BojH. cT. B Tedenue 6 4. BbI3bIBAET
noBpeskaenwe jserkux, a IBJI ¢ IIJIKB 0 cm Bogm. ct. u /1O
6 MJI/KI Takke OKas3blBaeT IOBPeKalolee JeHCTBHE Ha
serkue [15]. B uccrenoBanun Wolthuis E. u coast. [16]
ObLIO TIOKA3aHO, YTO UCIOJIb30BaHue Oosee Bbicokoro O
u IIJIKB 0 cM BOZIH. CT. B TeueHue 5 4. MIPUBOANT K MTOBBI-
mennio B BAJI muesonepoxcuiasnl, asnactasol 1 NJI-6 u
WNJI-8, uro orpakaer pa3BUTHE KJIETOUYHOH PeaKIUU Ha
TEPPUTOPUU JIETKHX.

B Teuenue mocesiHNX HECKOJIBKUX JIECSITKOB JIET OT-
MeyYaeTcst TeHIEHIUS K UCIIOJIb30BaHIIO H0Jiee HU3KKX JIbl-
XaTeJbHbIX 00bEMOM B PEAHMMATOJIOTUU: CHUKEHHE OT
8,8 mur/kr 110 6,9 mii/kr [17, 18]. Bosibiiioe kosmuecTBo uc-
CJIE/IOBAHUI TMOCBSIIIIEHO WCIOJb30BAHUIO (e301acHOi
WBJI B anectesnonorun. B psage pabot B 061acTn Kapano-
AHECTEe3MOJIOrNH ObLIO TIOKA3aHO, YTO UCIIOJIb30BaHuE Ge30-
nacHoit VIBJI yiy4mmaeT mokasaTesin peciupaToOpHOI MeXa-
HukKM. He ObLIO BBISBICHO PA3IUuMil 110 COAEPKAHUIO B
kposu NJI-6, 1JI-8 u DHO-anbha B G0IBIIMHCTBE HCCae-
noBaHui, kpome Zupancich u coasr. [19—21]. B uccueno-
Baruu Weingarten u coaBT., BKJIIOUMBIIEM a0JOMUHATIbHBIX
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I Duration of ventilation
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22 i '
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ventilation ventilation

Puc. 5. Jmureasrocts UBJI u npogokKuTeIbHOCTD IPedbi-
BaHUsl OOJBHBIX B OTAEJEHHH PEAHUMATOJOTHH B IPyNIax
0OJBHBIX.

Fig. 5. Duration of mechanical ventilation and intensive care
unit stay in groups.

Note (npumeuanue). Days — cyTku; groups — rpymiibl; Lung-pro-
tective ventilation — Geszomacnag MBJI; Standard ventilation —
crangaprHas IBJT; duration of ventilation — mumrensrocts BJT;
duration of intensive care unit stay — 1TeIbHOCTD IPEGHIBAHUS B
OT/IEJIEHNT PeaHIMATOIOTHL.

dence of multiple organ failure. Severgnini et al. showed
that lung-protective ventilation (tidal volume 9 ml/kg, no
PEEP) in abdominal surgical patients with duration of
anesthesia more than 2 hours is associated with an
improvement of lung mechanics, decrease of CPIS score,
fewer complications and better pulmonary oxygenation
within 5 days. after surgery [19]. In a large randomized
study Futier et al. showed that pulmonary and extrapul-
monary complications occurred less frequently, and the
hospital stay was shorter in lung-protective ventilation
group of patients (10.5% vs. 27.5%) [20].

Research on this issue in critically ill patients, espe-
cially in the category of patients with nosocomial pneumo-
nia, are less prevalent. Recent meta-analyses showed that
the use of lung-protective ventilation was associated with
better outcomes (lower incidence of pulmonary infections
and ARDS, lower mortality), but had no effect on the inci-
dence of atelectasis, duration of intensive care unit stay
[21]. Tt was shown that the use of lung-protective ventila-
tion (tidal volume 6 ml/kg versus 12 ml/kg, PEEP 5 water
cm) was associated by a decrease in the incidence of lung
infections, shorter duration of mechanical ventilation and
intensive care unit stay. Pinhero de Oliveira et al. showed
no differences in mortality and length of intensive care
unit stay between the patient groups. The study
Determann et al. was preliminary stopped because the inci-
dence of ARDS was significantly higher (13.5% vs. 2,6%,
P=0,01) in the standard ventilation group. It was also
shown that the use of more than 6 ml/kg tidal volume was
an independent risk factor for the development of ARDS
in critically ill patients, and the change in respiratory sup-

OBIJAA PEAHMUMATOAOI' M, 2015, 11; 2

www.reanimatology.com

13



14

u Pneumonia

DOI:10.15360,/1813-9779-2015-2-6-17

XUPYPrHUYECKUX GOJIbHBIX, OBLIO MOKA3aHO, YTO B IPYIIIE €
6esomacroit UBJI (IO 6 mu/kr, IIJIKB 12 cMm BoaH. cT.,
NPUMEMBI «OTKPBITUE JIETKUX» ) OblTa JOCTUTHYTA JIyUllast
OKCHTEHAINsT apTepPHaJbHON KPOBU M CTaTHYECKUI KOM-
IUIAlHC JIETKUX, HO He ObLIIO BBISIBJICHO PA3JIMUYKHI 10 COZIep-
skaumio VJI-6 m WJI-8 [22]. B kpynHOM HCCJIEIOBAHUH,
BKJIOUMBIIEM 3434 KaZMOXUPYPrudecKux GOJIbHBIX, ObLIO
mokazano, 4to ucmosb3oBanne 1O 6omee 10 mia/xr (y 79%
GOJIBHBIX) ACCOIMMPOBAHO € GOJIbIIEH YACTOTON MOJUOP-
TaHHOH HEeJIOCTATOYHOCTHU. Severgnini 1 coaBT. TOKA3aJ, 9TO
6esomaciasgs IBJI (JIO 9 mai/kr, wer IIJIKB) y abnomu-
HAJIbHBIX XUPYPIrUYeCKUX OOJMbHBIX MIPU MPOAOJKUTETBHO-
cru aHectesuu Gojiee 2 U CONPOBOKAACTCS YJIYUIICHHEM
HoKasareJsieil J1erouHON MEeXaHUKH, CHIKEHEM 0aJlJIoB 110
mkasne CPIS, MeHbIlleMy KOJIMYECTBY JIETOUHBIX OCJIOKHE-
HUI 1 JTy4IIeil OKCUTEHAINH B TeY€HNE 5 CYT. MOCJIE Oepa-
1 [23]. B KpyITHOM paHZOMU3NPOBAHHOM HCCIIC/IOBAHUN
Futier 1 coaBT. GbLIO JOKA3aHO, YTO JIETOYHBIE U BHEJIETOU-
HBIE OCJIOKHEHUS Pa3BUBAIOTCS 3HAYUTEJIBHO pesKe, a Bpe-
M [IpeObIBaHUS B CTAIIOHAPE ObLJIO MEHBIIE ITPU UCIIOJIb30-
Banuu GesoracHoii UBJI u 1pueMoB «OTKPBITHE JIETKUX»>
(10,5% mpotus 27,5%) [24].

WcenepoBanuii 110 anHo# 1ipobsiemMe y GOJBHBIX B
KPUTHUYECKUX COCTOSIHUSIX, @ B OCOOEHHOCTU B KaTETOPUH
GOJIbHBIX HO30KOMUAJBHOI MHEBMOHUEH, 3HAUUTENbHO
MeHble. B HezlaBHUX MeTa-aHam3ax OblLIO TI0Ka3aHo, UTO
ucrosibzoBanue Oesonactoir UBJI conpoBoskaaercs Jjyu-
HIMMU UCXOJaMU (MEHbBIIAS YaCTOTA JIETOUHBIX MH(MEKIUI
n yacrtora pazsutust OP/IC, jieTaibHOCTD), HO HE BJIMSIET Ha
YACTOTY Pa3BUTHS aTEJIEKTa30B, POIOJKUTEIBHOCTD TIpe-
ObiBaHUS B OT/Ie/ieHUH peanuMarosioruu [25]. Beuio noka-
3aH0, 4To Hcnoabzosanue Gezonacuoit UBJI (IO 6 mu/kr
mporuB 12 mi/xr, pasusrit [IJKB 5 cM Bozm. cT.) compo-
BOJK/IA€TCS CHUKEHUEM YaCTOTHI PA3BUTHUS JIETOUHBIX MH-
dbexuuii, MeHbIel npopossKuTeabHOCThI0 VIBJL 1 11pe6bi-
BaHUsl B OT/AeJeHUN peaHumarosornu. Kpome Toro, mnpu
nposeaennu Gezonacnoit UBJI copepskanme B KpOBU MPO-
BocrasmresbHbiX nToknHoB (MJI-8 u MHO-anbda) ve-
pe3 12 u VIBJI meHblie 110 CPaBHEHUIO CO CTaHIAPTHOM
MBJI. o gannsiv Pinhero de Oliveira u coasr., He 6bL10
BBISIBJICHO PA3JIMUUIL 110 JIETAIbHOCTU U JUINTEJIbHOCTH TTpe-
ObIBAaHUS B OT/IEJICHUM PEAHMMATOJIOIUI MEKY IPYIIAME
GoubHbIX. Vccaenosanue Determann u coaBT. ObLIO OCTa-
HOBJIEHO DaHbIIE 3ANJIAHUPOBAHHOTO CPOKA, TaK KaK B
rpynie crangapraoii UBJI yacrora passurust OP/IC 6buia
sHaunTenbno Boimre (13,5 mportus 2,6%, p=0,01). Taxxe 6b1-
JIO TIOKA3aHo, uTo ucnosb3osatue J[O 6osee 6 Mi/Kr sBsi-
eTcst HezaBUCUMBIM (hakTopom pucka passutusi OP/C y
GOJIBHBIX B KPUTUUECKUX COCTOSIHUSX,  MI3MEHEHUE TaKTHU-
KM PECIUPATOPHON MOJIEPKKN B OT/IEJEHUN PeaHNMaTO-
gornu (cHUKeHue ucnosbdyembix 1O 10 6 Mii/Kr) comnpo-
BOJKZAeTCsl cHIDKeHneM cozepskanust VJI-6 B miasme (HO
e B BAJI) u camwkennem Berpedaemoctu OP/IC ¢ 28 no
10%. Besomacuass VIBJI conpoBoKaaeTcsi CHUKEHUEM CO-
nepxanust MJI-6 B miasme B muHamuke. Vcnosb3oBanue
CeJIATUBHBIX TIPENapaToB 1 MUOPEJAKCAHTOB HE yBeJUYH-
Baetcs B rpytne OGesonactoit UBJI, Tak ke, Kak 1 orpe6-
HocTh B Gosiee Boicokux yposHsx [TIJIKB u FiO, [26—30].

port tactics is associated with reduced levels of 1L-6 in
plasma (but not in BAL), and a reduced incidence of
ARDS (decrease from 28% to 10%). The use of sedatives
and muscle relaxants is not increased in the lung-protec-
tive ventilation group, as well as the need for higher levels
of PEEP and FiO, [22—26].

We have not found in the available literature similar
clinical studies. In a pilot study of Nahum A. et al. [27] it
was shown that mechanical ventilation with higher
transpulmonary pressure promoted the translocation of
E.coli into the blood from the tracheobronchial tree.
Mechanical ventilation with high tidal volume and zero
PEEP promotes activation of Toll-like receptor type 4 in
alveolocytes, increased levels of cytokines in the bron-
choalveolar lavage fluid and blood, as well as increased
mortality of experimental animals [28]. Savel R. et al.
proved that the mechanical ventilation of rabbits with
pneumonia caused by Pseudomonas aeruginosa with a low
tidal volume (6 ml/kg) compared to 15 ml/kg presents
with a less hemodynamic depression pulmonary vascular
permeability and the degree of pulmonary edema [29].
Several experimental studies proved that the use of lung-
protective ventilation (6 ml/kg vs. 12 ml/kg) did not
affect the existing pathological changes in the lung, but
protected the intact lung areas. High PEEP (up to 10
water ¢cm) in patients with pneumonia had no protective
effect, but caused hyperextension of healthy lung areas. It
should be noted that in our study we did not use high lev-
els of PEEP [30—31]. Furthermore, it was shown experi-
mentally that the ventilation with non-protective parame-
ters (tidal volume 19 ml/kg) causes not only the
development of ARDS, but myocardial injury [32].

Conclusion

Mechanical lung-protective ventilation provide a
possibility of prevention of ARDS in surgical abdominal
infection patients with nosocomial pneumonia, which
improves the outcomes.

Hamu #e 6bLTO HAaWEHO B MOCTYMHON JIUTEpAType
AQHAJIOTMYHBIX KJIMHUYECKUX HCCJaeoBaHuil. B akcrepu-
MeHTasnbHOM Hccaeaosann Nahum A. u coasrt. [31] GbL10
nokaszaHo, uto nposenerne MBJI ¢ Gosiee BBICOKMM TpaHC-
MyJIbMOHAJIbHBIM JaBiieHueM (6osee BoicokuMm J[O) crio-
coberBoBasio TpaHctokamu E.coli n3 TpaxeoOpOHXUATBHO-
ro nmepeBa B KpoBb. [IpoBenenne MBJI ¢ Beicokum /IO n
HysiesbiM [I/IKB crioco6erByer akrusaiuu Toll-nogo6Hbix
PELEenTOpOB 4 THUIA B A7TbBEOJIONNTAX, TIOBBIIIECHIIO YPOB-
Hel MUTOKMHOB B OPOHX0ATbBEOISIPHON JTABAsKHOM KUIKO-
CTH W KPOBH, & TaKIKe MOBBIIIECHHIO JIETATIbHOCTH IKCIIEPH-
MEHTATBHBIX KUBOTHBIX [32]. B pabore Savel R. u coasr.
ObLIO I0Ka3aHo, uTo nposeaeHne VIBJI y KpoJIHMKOB ¢ THEB-
MOHUEH, BbI3BaHHOU Pseudomonas aeruginosa, ¢ HU3KUM
1O (6 ma/xr) 0 cpaBrenmio ¢ J[O 15 MJ/KT cOmpoBOsK/Ia-
eTCsl MEHbIIeH Jiernpeccrell TeMOJAMHAMUKN U MEHbIIei
MTPOHUIIAEMOCTBIO JIETOUYHBIX COCY/IOB U CTEIEHbIO BbIPa-
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JKEHHOCTH OoTeKa Jierkux [33]. B psizie akcriepuMeHTaIbHbIX
HCCIeIoBaHUi GBIJIO JIOKAa3aHO, YTO MCIOIb30BaHue 6e30-
nacuoit UBJI (JIO 6 mu/kr npotus /1O 12 mi/kr) He3Ha-
YUTEJTBHO BIMSIIO HA YK€ UMEIOIINEeCs aTOJOrMYeCKUe U3-
MEHEHUSI B JIETKHUX, HO B 3HAUUTEIbHON CTENIECHN 3AIUIIATIO
WHTAKTHbIE YYACTKU JIETKUX OT JAJIbHEHIIero MmoBpeskiie-
HUs, 4To ObLIO JA0Ka3aHo Mopdosoruuecku. Bricokoe
ITKB (10 10 ¢cM BOAH. CT.) TIpU THEBMOHUU HE OKA3bIBAJIO
MPOTEKTUBHOTO aeKrTa, HO, HATIPOTHUB, BBI3BIBATIO TI€pe-
pacTsizKeHue 3710POBbIX YYaCTKOB Jierkux. Heo6xommmo ot-
METUTBD, YTO B HAIIIEM UCCJIC/IOBAHUH MbI HE MCIIOJIb30BAIN
Boicokux yposreit [TI/IKB [34, 35]. Kpome Toro, B 9KcIiepu-
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Efficiency of Transpulmonary Thermodilution in the Optimization
of Intensive Treatment in Patients with Severe Nosocomial Pneumonia
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Ienv uccaedosanus. Ouenka 3pdHekTMBHOCTH NPUMEHEHHsI TPaHCILy IbMOHaIbHOI TepMoaumonun (TIIT/I) asst BbiGopa Mep
10 KOPPEKIMU TeMOIMHAMUKH Y GOJBHBIX ¢ BHEGOIbHUUHOI THeBMoHueili (BIT) Tsukenoro reuenus. Mamepuanvt u memooot.
B uccaenosanue Brmouniu 107 Goabnbix BII, ocTynuBIMX B OT/EIEHHE peaHUMaToIorud. IHTeHCHBHOE JieyeHne GOIbHbIX
1-ii rpyIINbI OCYIIECTBIISIIA B COOTBETCTBHH C IPOTOKOJIOM KOPPEKIIMH reMOIMHAMHKY NP PaHHell IieJieHanpaBIeHHOH Tepa-
M cencuca. Bo 2-ii rpynne undy3noHHy10 Tepanuio ¥ Ha3HayeHue CUMIIATOMHMETHYECKUX NPEeIapaToB BINOJIHSIN B 3aBH-
cumoctu ot pedyiasratoB TIIT/I. Pe3yavmamor. Ha MOMEHT BKIIOYEHHS B UCCIIE0BaHUsL GOJbHbIE 00EUX TPYIII IO U3YY€eH-
HBIM KJIMHHKO-JA00PaTOPHBIM MOKasaresisiM He pasiamyamuch. C 1-x cyrok Bo 2-ii rpynme <«TIIT/[-koHTpOIHPYyEMOro»>
HHTEHCUBHOTO JI€YEHHs] HA3HAUYEHNE CUMIIATOMUMETUYECKUX MIPENapaTos ObUIO NPAKTHYECKH B 2 pa3a 6ojiee aKTHBHBIM, YeM
B 1-if, a BeJIMYMHA MOJIOKUTEIHHOTO THAPOGATAHCa, HATIPOTUB, ObuIa B 2 pa3a MeHblre. K 5-M cyTkaM yacrtora HasHaYeHHs
CHMIIATOMAMETHYECKHX IPENapaToB He MMeJIa MEKTPYNIIOBBIX OTINYMIi, a Ha 7-€ CYTKH CTAaHOBIJIACh MEHbIIE y GOJIBHBIX 2-i
rpymnbl. B pesysbrate npoBoMMOro JieueHus B Tpynme 2 OTCYyTCTBOBaJa HEOOXOAMMOCTh B 3HAUMTENbHBIX 00beMax UH(Y-
3UH U OOJIBIIOM MOJIOKUTEIBHOM THAPOGATAHCE, YTO PE3YIBTUPOBATIOCH B MEHBIINX 3HAYEHHUSX LEHTPAILHOTO BEHO3HOTO
nasaenus (I[B/T). IlonosxkuTenbHbIi THAPOOATAHC HA 5-€ CYTKH Y GOJBHBIX 2-i TpynmbI ObLI B 5 pa3 MEHbIIE, K 7-CyTKaM HH-
TEHCHBHOTO JIeYeHUs NIOKa3aTesb Y HUX CTAaHOBWICS oTpunareiabusiM. I[B/] He uMeso Me:KrpynnoBbix pas3inyuii Ha 1-e cyT-
KH, OTHAKO, HAUMHAs €O 2-X CYTOK M BILUIOTH /10 KOHIIA IEPHO/Ia HAGI0/IeHN s, Y GOIBHBIX 1-if rpynIbI MOKa3aTeb ObLUI BBILIE.
Ha 5—7 cytku y GosbHbIX 2-i rpynms Gbumn Bbie 3navenust SvO, u niske naktatemust. Tsukects cocrosinus no mkaite SOFA
K 3-M cyTKaM y GOJIbHBIX 2-if TpyInbl GbLIa HECKOJIbKO G0Jblie, 4eM B 1-ii, a 3aTeM CyIeCTBEHHO CHUKANACH M HA 5—7 CYTKH
onenka no SOFA Bo 2-ii rpymmne 6blia Ha 2—2,5 6ajuia Huske, 4eM B 1-if. Jleranbnocts B OPUT y GoabHbIxX 1-if rpynmsi cocra-
Buia 49%, Bo 2-it — 33% (x*=3,899; p<0,05). 3axniouenue. Onupenenenue oGbeMa nHdY3UN U IOKAZAHUH K HA3HAYEHHIO CHM-
NaTOMUMETHYECKUX NPENAPATOB HA OCHOBAHUM KOMILIEKCHOMN OIEHKH MOKa3aTeleil MHIeKca r100aJbHOr0 KOHEYHO-IHaCTO-
aueckoro obdvema (UI'K/O), cepaeunoro unaexca (CHU) u uHaekca o6umero mnepudepuyeckoro cocyaucToro
conporusiaenusi (MOIICC) pe3yibrupyercsi B yIyullleHHH KIMHHYECKHX UCXO/10B Y GOJIBHBIX ¢ Tskenoi BII, Haxoasmuxcst
HA MCKYCCTBeHHOM BenTusiiun jerkux (UBJI). Takoi moaxo0/1 03BOJISIET NATOT€HETHYECKH 000CHOBAHHO HA3HAYATH CHMIIA-
TOMHMETHYECKHE penapaTsl i n30eraTb Ype3aMepHOil BoJeMuuecKkoil Harpysku. Knrouesvie cioea: BHeGOIbHUYHAS THEBMO-
HHS$, TPAHCIYJIbMOHAIbHAS TEPMO/IVIIIONNS, MHTEHCHBHOE JIeYEeHHe.

Objective: to evaluate the efficiency of transpulmonary thermodilution (TPTD) for the choice of measures to correct
hemodynamics in patients with severe nosocomial pneumonia (NP). Subjects and methods. The investigation enrolled
107 NP patients admitted to an intensive care unit (ICU). Group 1 patients were intensively treated in accordance
with a protocol for hemodynamic correction during early goal-directed therapy for sepsis. In Group 2, infusion thera-
py and sympathomimetic agents were prescribed depending on the results of TPTD. Results. Patients in both groups
did not differ in the examined clinical and laboratory indicators. On day 1 of intensive therapy, in Group 2 (a TPTD-
controlled intensive treatment group) the prescription of sympathomimetic drugs was virtually twice more active than
in Group 1; and the value of positive hydrobalance was, twice less. In 5 days, the frequency of use of sympathomimetic
agents had no intergroup differences and, in 7 days became less in Group 2 patients. After the therapy patients in
Group 2 did not require substantial amounts of infusion and great positive hydrobalance, resulting in lower central
venous pressure (CVP) values. After 5 days of intensive therapy, the positive hydrobalance in Group 2 patients was
5 times less and on day 7 this indicator became negative. There were no intergroup differences in CVP on day 1; how-
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ever, this indicator was higher in Group 1 patients from day 2 to the end of the follow-up period. At days 5—7, Group
2 patients exhibited elevated SvO, values and hypolactatemia. At day 3, the SOFA severity was somewhat higher in
Group 2 than in Group 1, then substantially reduced and on days 5—7 it was 2—2.5 scores lower in Group 2 than in
Group 1. The mortality in ICU was 49% and 33% in Groups 1 and 2, respectively (x*=3.899; p<0.05). Conclusion. The
determination of infusion amounts and indications for the use of sympathomimetic drugs on the basis of the integrat-
ed assessment of global end-diastolic volume index, cardiac index, and total peripheral vascular resistance index
results in improved clinical outcomes in mechanically ventilated patients with severe NP. This approach ensures the
use of sympathomimetic agents and to avoid hypervolemic loading. Key words: nosocomial pneumonia, transpul-

monary thermodilution, intensive treatment.
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BBenenue

[Tpo6aema a(h(PEKTUBHOTO JTEUEHUS TAKEABIX (HOPM
ITHEBMOHWH SIBJISIETCST OJTHON M3 HanboJree aKTyaabHBIX TSI
coBpeMeHHO# peannmMaTosioruu [1—5]. Hecmorpst Ha BHes-
peHHe COBPEMEHHBIX aHTUOAKTEPUATBHBIX TIPENapaToB M
COBEPIICHHBIX METO0B MHTEHCHBHOTO JICYCHI, JIETAIIb-
HOCTB 0T BHeGobHUYHON mHeBMoHnY (BIT) ocraercst BbI-
cokoii [6—7]. IposubiM ocoskHennem BII aprsrores pac-
cTpoiicTBa KpoBoobOpamienusi [8], koTopeie Hepeako
SIBJISIIOTCS BEJLYIIEH MPUYMHOM JeTanbHbIX 1exonoB [9, 10].
[Ipu pasBuTHK HApyLUIeHUI TeMogMHAMUKY Yy GosibHbIX BT,
[IOKa3aHbl aKTUBHAs MH(Y3MOHHAs TEpaIs, Ha3HAYCHIe
CHMIIATOMIMETHYECKHIX Ba30MPECCOPOB M KapANOTOHIKOB
[10], omHako YeTKMEe peKOMEHIAINY TS IAHHOW KJIMHITYe-
CKOIl CHTyalluu OTCYTCTBYIOT. B mociemHme roasl Ipu-
CTaJTbHOE BHUMAHNE KIWHUIUCTOB TIPUBJIEKAET MCIOIb30-
BaHMe METOANKU TPAHCIYJIbMOHAJIBHON TEPMOIUIIONNN
(TITHO) ans onruMusanuy JgedeOGHbIX Mep Y OOJIbHBIX €
CeNICHCOM M OCTPBIM PECHHMPATOPHBIM ANUCTPECC-CUH/IPO-
mom (OPJIC) [11]. TToxoGHbI MeTOAMYECKIH TOAXO/ XO-
POIIIO 3apEeKOMEHIOBATA ce0st ¥ B Psijie APYTHX KIMHITIEC-
kux curyaruii [14, 15], ognako omeIT €ro MpUMeHeHUs y
6ousbHbIX BIT kpaiite orpaHuyeH.

B cootBeTcTBUM € M3T0KEHHDIM, 11EIbI0 UCCIIEA0BA-
Hust Obuia onerka s dexrusnoct TITT/I auist BeiGopa mep
10 KOPPEKIMN TeMojinHaMuku y Gosbabix BIT Tspkesoro
TCUCHUSI.

Marepuan u MeTO/bI

B npocnexkTuBHOE paHIOMH3NPOBAHHOE HCCJEOBAHUE
srymounsn 107 Gospubix BII, HOCTYIHUBIINX B OT/IE/ICHIIE PEaHN-
MaToJ0THU. Y BCeX GOJIbHBIX OBLIO MOMYYeHO HHHOPMUPOBAHHOE
corjiacue Ha MposejieHye uccjaegoBanus. Kpurepuu BRoYeHust
GOJIBHBIX B MCCIICAOBAHNE OBLIH CIIE/YIONM:

. Bospact crapiie 18 u muasmine 70 ser;

. moATBepKIeHHbIN quarHo3 Bl

. nokazanus k Havary VBJI (mexomnencnpoBannas ibl-
XaTeJbHasi HeOCTATOYHOCTh CO CHIDKeHHeM rokazaresst SpO,
ke 90% na done okcnrenorepanun, ungexce PaO,/FiO, menee
200 MM pT. CT.);

. cpeziHee aprepuaiboe fasienue (Allcp) Hike 65 MM
PT. CT. B IIepBbIe CYTKU HAXOXK/EHWS B OT/IEJIEHUH PeaHUMAIUu 1
nnteHcusHoi teparu (OPUT);

Kputepun UCKITIOUEHUS U3 MCCIIEN0BAHUS ObLIU CIIE/yOTII-
MH: HEJIOCTATOYHOCTD (QYHKIINK JIEBOTO JKETYJOUKA MO KJIMHUYeC-
KHUM JIaHHBIM, HAJINYE aOCOTOTHBIX UM OTHOCHTEIBHBIX TIPOTH-
BOIOKa3aHMii K KaTerepusaiuu OeIpeHHOH aprepuu (TsKeIoe
aTepPOCKIEPOTHYECKOE MopaskeHe GeIPeHHOIT apTepuil, THITOKOA-
IYJISIIMOHHbBIE COCTOSIHUS, TIMOAEPMUS B IIPE/IIOJIATaeMOM MeCTe
MyHKIMN); TskecTb coctosinus 1o APACHE I1 > 26 6ajuios; T4-
JKeJast COIMyTCTBYIONAs cy6- U IeKOMITEHCHPOBAHHASI TTATOTOTHSI

Introduction

The problem of effective treatment of severe pneu-
monia is one of the most relevant for the modern resusci-
tation [1—5]. Despite the introduction of modern
antibacterial drugs and improved methods of intensive
treatment, mortality from community-acquired pneumo-
nia (CAP) remains high [6, 7]. Threatening complication
of VP include circulatory disorders [8], which remain the
leading cause of death [9, 10]. Development of hemody-
namic disorders in patients with CAP ensures the need in
active infusion therapy and treatment with sympath-
omimetic vasopressors and cardiotonics [10], however,
clear recommendations for the clinical situation are
absent. In recent years the attention of clinicians was
attracted to employment of techniques of transpul-
monary thermodilution (TPTD) to optimize treatment
strategies in patients with sepsis and acute respiratory
distress syndrome (ARDS) [11]. This approach has
demonstrated to be clinically efficient in several other
clinical situations [12, 13], however, the experience of its
use in patients with CAP was limited.

This study was designed to evaluate the efficacy of
TPTD for selecting parameters of hemodynamics correc-
tion in patients with severe course of CAP.

Materials and Methods

Prospective randomized study included 107 patients with
CAP admitted to the Intensive Care Unit (ICU). The study was
confirmed by a local ethical committee. All patients provided
written informed consent for the study. Criteria for inclusion of
patients in the study were as follows:

e older than 18 and younger than 70 years old;

*  confirmed diagnosis of CAP;

. testimony for a top ventilation decompensated respira-
tory failure with a reduction in oxygen saturation below 90%
while being on oxygen therapy and the index PaO, / FiO, less
than 200 mm Hg);

e mean arterial pressure (MAP) below 65 mmHg on the
first day of admittance at the ICU.

Exclusion criteria were as follows: failure of left ventricular
function by clinical data, the presence of absolute or relative con-
traindications to the femoral artery catheterization (severe ather-
osclerotic lesions of the femoral artery, hypocoagulation pyoder-
mia with a hypocoagulation in the proposed puncture site);
severity of a condition by APACHE II> 26 points; severe con-
comitant sub- and decompensated pathology of the lungs, heart,
kidneys, liver, diabetes, cancer, acquired immune deficiency syn-
drome.

On the first day of being in ICU patients were randomized by
envelopes into 2 groups: patients, intensive treatment of which
was performed without invasive monitoring of central hemody-
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JIETKUX, CEP/IIA, OYEK, [eYeHH, CaXapHbIil 1nabeT, OHKOJIOrnYec-
Kue 3a60JIeBaHus, CHHAPOM IIPHOOPETEHHOTO NMMYHOe(UIITA.

B nepsbie cytku Haxoxaenust B OPUT GosibHble ObLIM paH-
JIOMU3UPOBAaHbI METOJIOM KOHBEPTOB Ha 2 rpytimsl: 1-s (n=51) —
60oJIbHBIE, HHTEHCUBHOE JIEYeHIEe KOTOPBIX TPOBOIMIIN Oe3 WHBA-
3UBHOTO MOHUTOPUHTA IIeHTpasibHoit remopunamuku (LIT/1) u 2-s
(n=56) — 6obHbIe, BLIGOP JIeUeOHBIX MEP Y KOTOPBIX BBITOTHSIIN
B 3aBucumMoctn ot pesyasratoB TIIT/ («TIITA-xonTponnpye-
MOe» UHTEHCHBHOE JIeYeHNUE).

Cdopmuposantbie rpymibl He pazandanuch (p>0,05) mo
Bozpacry (1-s — 48,8+16,3 u 2-a — 50,1£15,3 ser) u moay
(mysxunn/xenmun 34/17 u 37/19). Taxects coctosHus
60sbHBIX 1-i1 1 2-11 rpynn Takske Oblia ognHakoBoi (p>0,05) u
cocrapmia: mo miane APACHE 11 22,8+4,3 n 22,7+5,6 6an108,
SOFA — 8,5+2,3 u 9,1+2,2 6annos, CURB-65 [14] — 3,5%0,7
n 3,6+0,9 6am10B.

Bce 6osbHBIE TTOMyYaIn MICHTUYHOE «CTapTOBOE» aHTHOAK-
TepuasIbHOE JiedeHIe, MH(Y3UI0 PACTBOPOB KPUCTAIJION/IOB (pac-
TBOpBI Putrepa, narpust xaopuz 0,9%), remorpancdysuii He GbLIO0.

WuTercuBHOe Jieuenne O0IbHbBIX 1-i TPYIIIBI OCYIIeCTBIISIIN
B COOTBETCTBUH C IPOTOKOJIOM KOPPEKIINU I'eMOJNHAMUKU [IPU
paHHeil 1eJieHapaBIeHHON Teparuu cericuca [ 15], npexycmarpu-
BAIOIIMM JIOCTIKEHNE TI€JI€BBIX 3HAYEHUIT EHTPATBHOTO BEHO3-
Horo paienus (1LB/]) 8—12 mm pr. ct., cpesiHero aprepuaibHOTro
nasienust (AJlep) 65—80 MM pT. CT., IPU HEOOXOAUMOCTH MyTEM
Ha3HAYECHUS Ba30AKTHBHBIX BEIIECTB, U OOECIICYEHUE CATypaIliK
BEHO3HOU KpoBuU KucaopogoM (SvOy) Ha yposHe Gosee 70%.

Bo 2-ii rpymine nndy3snonnyio Tepanuio U Ha3HAYeHne CHM-
MATOMUMETHYECKUX TIPENapaToOB BBIMOJIHSIIN B 3aBUCUMOCTH OT
pesyisrato THT/I. Crpemusiuch obecrieunBaTh 3HAYCHUS UH-
nekca  ri06abHOTO — KOHEYHO-IHACTOJNUYECKOTO  0ObeMa
(UTKIO) B mpexenax 680—800 mir/M? MOKa3aHUSMHI K HazHade-
HUIO CHMIATOMHUMETHUYECKUX MPENapaToB ¢ KapAMOTOHNYECKIM
acddexToM cunrany carkenne cepaednoro nnzgekca (CH) mo sna-
YeHni MeHee 2,5 J1/MUH/M?, Ba30IPECCOPOB — CHUYKEHUE MHJEKC A
ob6utero  nepudepUIecKoro  COCYIMCTOTO  CONPOTUBJICHIS
(MOIICC) no 3nauenuii menee 1700 pumeceocm”om’.

Bcem GOJIBHBIM TIPH TTOCTYILIEHUH B OT/IEICHNE PEaHNMAaTO-
JIOTUN BBITIOJIHSIM KaTEeTEPU3alNI0 MaruCTPaIbHOIl BeHbl (110/1-
KJIOUIYHAST ¥1,/UJIH BHYTPEHHSIST SipeMHAast) U Ge/IPeHHOI apTepuu.
BosbHbIM 1-if TpyIITBI B GeIPEHHYIO apTEPHIO YCTAHABINBAJIN Ka-
TeTep JUIS MHBa3MBHOTO MOHNTOpHHTa A/l (MOHMTOpHAs crcTeMa
dbupmbl Drager). Bo 2-ii rpyiie katerepusanuio 6eipeHHol apTe-
pun BoimosHsun Karetepom Pulsiocath PV2015L204F (dbupma
«Pulsion Medical Systems» ), KOTOPbIii COEANHSIU ¢ MOHUTOPHOI
cucremoit PiICCO-plus (pupma «Pulsion Medical Systems»).
TIIT/I BBITOTHAIN 1TO CTAHIAPTHON METO/IHIKE.

Perucrpanuio mmokasatesieit OCyecTBIsAIN 1o cyTkam: 1 cyr-
KU — TIPU TIOCTYIUIEHUH GOJIBHBIX B OT/IEJIEHNE PEAHNMATOIOTHI
1o navaima UBJI, nanee u 2-¢, 3-u, 5-¢ 1 7-¢ CyTKU MHTEHCHBHOTO
sedenust. Y Beex 6osbHbIX peructpuposaiiu Allcp, IIB/I, yactory
cepaeunbix cokpamennii (HCC), SvO,, ypoBeHb JTakTaTa B BEHO3-
HOIT KPOBHM, CyTOYHBIN TIAPOGATAHC, YaCTOTY HA3HAYEHUS U 1031~
POBKM CHMIIATOMUMETHYECKHX IIPENapaToB, a TakxkKe TSKeCTb CO-
crostus 1o mkajie SOFA. Y GosbHbIX 2-i1 TpyIiibl Ha dTanax 2—5
pernctpupoBaan 3uavenns CU, mHgekca ymapHoro obbema
(NYO), UTKJ1O u UOIICC.

[lantbie 06pabaThIBAIN CTATUCTIIECKH C PACIETOM CPETHIX
BEJINYMH U CPEHEKBA/PATUIHBIX OTKIOHEHN (¥), CPEAHUX Yac-
TOT pu3HakoB (P). [locTOBEepHOCTL OTINYMIT B 3aBUCUMOCTHU OT
XapakTepa paclpe/e/ieHns JaHHBIX OLEHUBATIU 110 (-KPUTEPUIO
CTpI0oIeHTa NN [0 HETTAPAMETPHIECKOMY KPUTEPHIO )°.

PesyibraThl U 00CyK/IEHAE

Ha MOMEHT BKJIIOUEHUSI B MCCJEIOBaHUS GOJIbHBIE
06€eux IPYIII 110 U3YYEHHBIM KJIMHUKO-Ia00PaTOPHBIM 10~
KasaTeJisiM He pasinuajiuch (tabu. 1, aran 1). Ha nporsixe-
HUU BCETo TepProjia MHTEHCUBHOTO JieueHHsT OOJIbHbBIE BbI-

namics (CHD) (group 1, n=51) and patients, the choice of thera-
peutic measures of which was performed according to the results
of TPTD («TPTD-controlled» intensive treatment, group 2,
n=56).

Groups did not differ by age (15t — 48.8£16.3 and 2nd —
50.1+15.3 years, P>0.05) or gender (male/female ratio: 34/17 and
37/19, respectively). The groups did not differ in the severity of
the condition (P>0.05) that included: of APACHE 1T 22.8+4.3 and
22.7+5.6, SOFA — 8.5+2.3 9.1+£2.2, CURB-65 [14] — 3.5%0.7
3.6x0.9, respectively.

All patients received an identical starting antibacterial treat-
ment and infusion of crystalloid solution (Ringer's sodium chlo-
ride, 0.9%) with, no blood transfusions performed..

Intensive treatment of patients in group 1 was carried out in
accordance with the protocol for hemodynamics correction in
early targeted therapy of sepsis [15] that aimed to achieve the tar-
get values of central venous pressure (CVP) of 8—12 mm Hg,
mean arterial pressure (MAP) 65—80 mm Hg if necessary by
assigning vasoactive substances and ensuring saturation of the
venous blood (SvO,) more than 70%.

In group 2, infusion therapy and prescription of sympath-
omimetic drugs was performed according to the results of TPTD.
The final goal was to ensure the index value of the global end-dias-
tolic volume (GEDI) within the 680—800 ml/m* range; indica-
tions for sympathomimetic drugs with cardiac effects were expect-
ed to result in decreasing the cardiac index (CI) to less than 2.5
L/min/m? whereas vasopressors should decrease total peripheral
vascular resistance (SVRI) to less than 1700 dynee*secm?®em®

All the patients at admission to the Intensive Care were per-
formed with the catheterization of a trunk vein (subclavian
and/or internal jugular) and femoral artery. Patients in Group 1
with femoral artery catheters were monitored for blood pressure
by patient monitoring system (Draeger Medical Inc., PA, USA).
In group 2, catheterization of the femoral artery catheter was per-
formed by Pulsiocath PV20151L204F (firm «Pulsion Medical
Systems»), which was connected to a monitor system PiCCO-
plus («Pulsion Medical Systems»). TPTD was performed by stan-
dard methods.

Parameters were monitored upon admission of patients in the
ICU prior to mechanical ventilation, then on days 2, 3, 5 and 7
during the intensive treatment. All the patients were monitored
for MAP, CVP, heart rate (HR), SvO,, lactate levels in the venous
blood, daily hydrobalance, frequency of administration and dosage
of sympathomimetic drugs, and severity of the condition ( SOFA
scale). The values of SI, stroke volume index (SVI) GEDI and
SVRI were recordered in patients of group 2 (stages 2—5).

The data were statistically processed and calculation of mean
values and standard deviations (), midrange features (P) was per-
formed. Significance of differences depending on the nature of dis-
tribution of the variables were assessed by Student t-test or non-
parametric chi-square test.

Results and Discussion

At the time of inclusion in the study, patients in both
groups studied by clinical and laboratory parameters did
not differ (Table. 1, step 1). Throughout the period of
intensive treatment patients had similar MAP and HR val-
ues. There was no intergroup differences in CVP values
when patients were entering the room, however, starting
from 2 days until the end of the observation period,
patients Group 1 patients demonstrated higher index. At
On days 1—3 of «TPTD-controlled» intensive treatment
with sympathomimetic drugs (group 2) was almost 2-fold
more successful compared to group 1, and the positive
hydrobalance at the same time was twice less. After 5-day
of treatment there was no intergroup difference in the fre-
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Ta6mmua 1. Kimnuko-iaboparopHble OKa3aTein y 00cie[0BaHHbIX 0O0JIbHBIX.

Table 1. Clinical and laboratory parameters in patients.

Parameters Values of parameters at the stages of the study (days) in groups
st 9nd 3nd 5th 7th
1 2 1 2 1 2 1 2 1 2

MAP, mmHg 7424136 718+14.5 881+9.7 854+73 932+45 835%£79 90.7+88 84.0+100 85.1+87 90.9+10.0
CVP, mmH,0 45502 43609 74+08 64+05* 7808 67+07* 84+07  74+07* 97+067 7.8+0.6*
HR, per min 116.3% 1178+  119£246 1221+215 1037+  1004= 98.6+ 1026+ 1027+ 922+
SvO,, % 59.0£74 573+67 783+86 803+  759+102 79.6+128 733+£73 793+9.8* 727118 76.6+59*
Lactate, mmol/1 192409 184+10 22+15 183*12 21+x09 18+x09 23£13 15£1.1* 15207 1.0£04*
Hydrobalance, ml — — 2830+882 1318+119* 1330+74 741+111* 102097 186+116* 149471 -183+£95*
Frequency of prescription — — 49 91# 39 75% 55 57 49 30%

of sympathomimetic, %
SOFA — —

8.5+23 9.1+2.2

6.7+2.6 7.8+2.0* 7.5%1.9 5.5+25% 6.6£2.0 3.9+2.9*

Note (npumeuanue): Parameters — nokasares; parameters value at the stages of the study (days) in the group — snauenne nokasa-
TeJieii Ha Tanax uccsaegosanus (cytkn) B rpynnax; MAP (mean arterial pressure), mmHg — cpeanee aprepuasibHOe JaBieHue, MM PT.
cr.; CVP (central venous pressure), mmH,O — meHTpasbHOe BEHO3HOE faBieHue, MM Boj. cT.; HR (heart rate), per min. — uacrora
CepIeyHbIX cokpariennii, yua./mum; SvO, (saturation of the venous blood), % — mHampsikeHue Kncaoposa B BEHO3HOI KPOBH, %;
Lactate, mmol/l — makrar, mmoub/o1; Hydrobalance, ml — runpo6ananc, mu; Frequency of prescription of sympathomimetic, % — ua-
CTOTA HA3HAUEHUS CMITATOMUMETUUYECKHUX JeKapcTB, Y%; SOFA (Sequential Organ Failure Assessment), score — 1iKajia OIEHKU OpPraH-
HO# HegrocTarounocTH, 6ainbl. * — Intergroup differences (P<0.05) by Student's test — pasiuus Mexay rpymmnamu 1o Tecty CTbeH-
ta. # — Intergroup differences (P<0.05) for the chi-square — pasnmuuuns mexmy rpynnamu 1o Kputepuio x>,

nesieHHbIX rpyin umenn ogannakoseie Allep u HCC. 11B/]
HE MMeJIO MEKTPYIIIOBBIX PA3JIUYMil TP MOCTYIIJIEHUN B
OT/IeJICHIEe, OJTHAKO, HAYMHAS CO 2-X CYTOK ¥ BILIOTH JIO
KOHIIa neproja HaboaeHust, y GoJbHbIX 1-if rpyImib! 1m0~
Kazaresib Ob1 Bbitie. Ha 5—7-¢ cyTku Jtedenst y GOJTbHbBIX
2-ii rpy1inbl Obln Bhiie 3HaueHus SvO, U HUXKe JIaKTaTe-
must. B 1—3-u cytku «TIIT/[-koHTpOIMpPYyEMOTO» UHTEH-
CHUBHOTO JIeYeHUsI HAa3HAYEHME CHUMIATOMUMETHYECKUX
npenaparoB Bo 2-ii rpyIiie OblIo IIPaKTHIEeCKH B 2 pasa 60-
Jlee aKTUBHBIM, YyeM B 1-if, TIpM 9TOM BeJUYMHA TTOJIOKU-
TEJBHOTO THAPOGaTaHca, HAPOTUB, OblIa B 2 pasa MeHb-
me. Ha 5-e CyTKM JedeHHUsT YacTOTa Ha3HAYCHUS
CUMITATOMUMETHYECKUX TPENapaToB HE UMeJa MEKIpyII-
MOBBIX OTJIMYUI, & K 7-M CyTKaM CTaHOBHJIACH MEHbIIE Y
6osbHBIX 2-i1 TpyIIbL IlooKuTenbHbIN THAPOOATAHC Ha
5-¢ cyTKH y OOJIBHBIX 2-ii IPyIIibl ObUI B 5 pa3 MEHbIIIE, K 7-M
CyTKaM TI0Ka3aTeJb Yy HUX CTAHOBWJICS OTPHUIIATETbHbIM.
Tskectb cocrostius 1o mkaie SOFA Ha artane 3 'y 60iib-
HBIX 2-1 TPyIIIbI ObLIa HECKOJIBKO O0JIbIie, ueM B 1-ii, a 3a-
TEM CYIIECTBEHHO CHIDKazmack. Ha 5—7-e cyTku JsiedeHust
orerka 1o SOFA Bo 2-ii rpynie 6bla Ha 2—2,5 Gaiia Hu-
e, ueM B 1-if. Jletanprocts B OPUT y Gosbrbix 1-ii rpym-
el coctaBuiia 49%, Bo 2-it — 33% (x* 3,899; p<0,05).
CpaBHIBasT «TeMOIMTHAMUYECKUN TTPOOUIH> ¥ 00CTe-
JIOBaHHBIX OOJIBHBIX, MOKHO OTMETUTb, 4TO B 1-ii rpyIe,
WHTEHCUBHOE JIeYeHUE B KOTOPOI TIPOBOJIMJIOCH B COOTBET-
CTBHMHM C TIPOTOKOJIOM PaHHEH IeJIeHATIPaBICHHOM Teparm
cercuca, COCTOsTHUE KPOBOOOpAIeHHs OBbLIO, B IEIOM,
Y/IOBJICTBOPUTEbHBIM. HaumHast ¢ 2-X CyTOK JiedeHust y/ia-
Basoch obecreunBarh pedepencubie 3nadenus Allcp n
SvO,. Baskueiiieit 1eqeGHON Mepoii Ipu 9TOM ObLIO Jiede-
HUE C JIOCTHKEHUEM BBIPAKEHHOTO TOJIOKUTETBHOTO THI-
pobajiaHca U Ha3HAYEHUE CUMIIATOMUMETHYECKUX IIperiapa-
TOB B noJoBuHe Habmogenuil. IlorpeGHOCTH B
3HAYUTEIBHOM TIOJIOKMTEJIBHOM THAPOOAIAHCE COXPAHSI-
JIACh BILIOTH /10 7 CYyTOK HAOJIOICHUS, IPK 9TOM YacTOTa Ha-
3HAUEHUS] CUMITATOMUMETUKOB TIPAKTUYECKU HE WM3MEHSI-

quency of prescription of sympathomimetic drugs, and by
day 7 the latter became smaller in patients in group 2 vs.
group 1. Positive hydrobalance on days 5—7 in patients in
group 2 was 5 times less and became negative. The severi-
ty of scale SOFA stage in 3 patients of the 20d group was
slightly greater and then decreased significantly. On days
5—7, the SOFA score in patients from the 20d group was
2—2.5 points lower than in the 15t group. Mortality in ICU
patients in group 1 was 49%, in the 20d — 33% (chi-square
3.899, p<0.05).

Comparing the hemodynamic profile of patients, it
should be stressed that in the 15t group, intensive treat-
ment in which it is conducted in accordance with the pro-
tocol of early targeted therapy of sepsis, circulation system
was in general satisfactory. Starting from 2 days of treat-
ment it was possible to provide reference values of MAP
and SvO,. The most important therapeutic measure in this
case was an infusion to achieveo positive hydrobalance and
the use of sympathomimetic drugs in half of the cases.
Positive hydrobalance was maintained up to 7 days of
observation, the frequency of prescription of sympath-
omimetics was virtually unchanged. In a group 2 patients a
comprehensive analysis of GEDI, SI, and defined SVRI
resulted in more sympathomimetic drugs usage than in
group 1, and the amount of positive hydrobalance thus
became twice less. The need for a more active sympath-
omimetic therapy persisted up to the third day of observa-
tion, and on days 5—7 it began to decrease substantially in
step 5 to become more rare curative measure than in group 1.
In this case, there was no need in infusions of large volumes
to keep positive hydrobalance that resulted in lower values
of CVP. Comparative evaluation of intergroup SvO,
dynamics and lactataemia provided reason to believe that
the use of indicators TPTD facilitated the selection of
optimal therapeutic measures and the amount of infusion
shown in individual patient, in particular, demonstrated a
need in sympathomimetic drugs. Due to treatment, the
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Ta6imua 2. lfeMmoguHaMuY€ecKUe napaMeTpbl y OOJIbHbIX.
Table 2. Hemodynamic parameters in patients.

Parameters Values of parameters at the stages of the study, days

st 3nd 5th 7th
CI, 1/min/m?* 29+1.1 3.2£0.8 3.6x1.4* 3.6£0.9*
SVI, ml/m? 35.3+11.04 36.6+8.8 44.7+10* 40.7+10*
GEDI, ml/m* 713+151.4 794.9+188.5* 757.7+83.7 766.7£101*
SVRI, dyn 15424645 1823+617* 1796+347* 1683+311

Note (npumeuanue): Parameters — nokasarenu; Values of parameters at the stages of the study (days) — snaueHus noxasaresneii Ha
aranax uceaenosanus (cyrkn); CI (cardiac index), I/min/m* — cepueunsiii ungexe, i/mun/m% SVI (stoke volume index), ml/m* —
nnzexc yaapuoro oonema, mi/m* GEDI (global end-distolic volume index), ml/m? — umekc rio6anbHOT0 KOHEIHO-AMACTONUYECKOTO
obbema, mii/m% SVRI (total peripheral vascular resistance index), dyn — ungexc o61imero nepudepuyeckoro coCyAuCTOro COMpPOTUBIIE-
nus. * — Significant differences (P<0.05) as compared to day 1 — snauumbie pasmnunst (p<0,05) 1o cpaBHenuio ¢ 1 aHem.

jgack. Bo 2-ii rpymie GOJIbHBIX KOMIUIEKCHBIN aHAJIN3
WUTKIO, CU, n OIIIIC onpeaenni 3Ha4UTENBHO OosIee ak-
TUBHOE Ha3HAYEHHWE CUMIIATOMUMETHYECKUX IPENapaTos,
yeM B 1-if rpyIie, a BeJIMYMHA TIOJOKUTEIBHOTO THAPOOA-
JIAHCA TIPK 9TOM cTaa B 2 pa3a Menbine. [lorpebnocts B 60-
Jlee aKTWBHON CHMITATOMUMETUYECKON Teparuu COXPaHs-
JIACh ¥ Ha 3-M CYyTKHU HAOMIOMEH s, a K 5—7 CyTKaM HaunHasIa
CYIIECTBEHHO YMEHBIATHCS Ha ATATe 5 CTAHOBSCH Ooee
penxoii seuebHON Mepol, yem B 1-if rpynie. CpaBHUTEb-
Hasl MEKTPYIINOBasi OlleHKa IuHaMuku SvO, 11 JTaKTaTeMuu
JTaeT OCHOBaHUE TI0JIaraTh, YTO UCTIOTIh30BaHNE TTOKa3aTesei
TIIT/T obseryaer BHIGOP ONTUMAIBHBIX JEUeOHBIX Mep |
o6beM uH(bY3WH, MOKa3aHHbIE KOHKPETHOMY GOJHLHOMY, B
YaCTHOCTH, OOBEKTUBHO IIOKA3BIBACT HEOOXOAMMOCTH Ha-
3HAYEHMS T€X WJIN WHBIX CUMITATOMUMETHYECKHUX ITperapa-
TOB. Bitarogapst aTomMy coctosiHie KpoBOOOPAILEH ST CTaHO-
BUTCST ONITHMAJIBHBIM, TOBBIIIAETCS TPAHCIIOPT KUCJIOPOIA 1
yay4dmiaetcs Trepudeprieckas IUPKYJISIHSA, YTO COIPO-
BOJK/IACTCS] YMEHBIICHUEM JIAKTATEMITH.

B namem uccaenosanun TIIT/I nossosuna usbe-
sKaTh U30BITOUHOM MH(DY3UK 1 06ECeYnTh K 7-M CyTKaM
MHTEHCUBHOTO JIeYeHUsI HYJIEBOH WM Jlaske OTPUIlATeJIb-
HbIil tuapobamranc. HebmaronpuaTnasa maToreHeTndecKas
POJTb TUTIEPTHAPATAIINH Y OOMBHBIX B KPUTHUECKUX COCTO-
SHUSX MOJKET 3aKJTI0YaThCsl B HApylieHUn (DYHKIUU Jier-
KUX ¥ YBEJMYEHNU PUCKA HEOIAronpusiTHhIX UCX0/0B [ 16,
17]. BrniosHe BeposITHO, UTO MOAOGHOE ITATOJOTUYECKOE
BJIMSHUE TUIICPTHAPOTAIINN XapaKTEPHO s OONBHBIX C
TsokeapiM TederreMm BII. Tlomaraem, uto ymensIienve ru-
MEPrujIpaTalii MOKET UTPATh IMOJOKUTEJIbHYIO POJib B
YIIYUIIEHUN KJIMHIYECKUX UCXO/I0B.

Ucnompzoarmne TIIT/] nomosHuTeIbHO K CTaHAAPT-
HOMY MOHUTOPUHTY TTO3BOJISIET HE TOJILKO BOBPEMST Peartpo-
Batb Ha namenernns CIU, OIICC, Ho n KoppurupoBath 00beM
undysuii, 1006UBACHh ONTUMATBHOTO THAPOOAIAHCA, TOCTU-
rasi IPY 9TOM a/IEKBATHOTO YPOBHS TKAHEBOH 1iepdy31u, 4To
MIPUBOINT K BOCCTAHOBJICHUIO M TOJJIEPKAHNIO HA OIpPEjIe-
JIEHHOM YPOBHE JIOCTaBKHM KHUCJIOPO/IA TKAHIM, TIPOSIBIISISICH
yBesmdenueM SvO,. VI3BeCTHO, 4TO YPOBEHD MOCIIETHETO T10-
KasaTess SIBJISeTCS Ba’KHBIM MapKepOM a/IeKBAaTHOCTH JI0-
CTaBKU KUCJIOPOJIA K KieTkam opranusma [18]. Kpome Toro,
BaKHYI0 MH(DOPMAIINIO O HEJIOCTATOYHOI 1iepdy3un TKaHek
¥ OPTAaHOB HeceT HAaKOIIJICHNE JJaKTaTa B KpoBu. [umepiakra-
TEeMUsI SIBJISIETCS] TIEHHBIM POTHOCTUYECKNM TI0Ka3aTeIeM

blood circulation was optimized with increased oxygen
transport and improved peripheral circulation that result-
ed in decreasing the lactataemia.

In our study, TPTD resulted in avoiding the exces-
sive infusion and provided zero or even negative hydrobal-
ance on day 7 of intensive treatment. Unfavorable patho-
genic role of hydration in patients in critical illness has
been widely discussed [16, 17] indicating that it might
interfere with the function of the lungs leading to adverse
outcomes. It is likely that this pathological effect is typical
for patients with severe CAP. It is believed that the
decrease in overhydration contributes to improving the
clinical outcome.

TPTD added to standard monitoring allows not only
to react to changes in SI round, but also to correct the vol-
ume of infusion for optimal hydrobalance while achieving
an adequate level of tissue perfusion leading to the restora-
tion and maintenance at a certain level of tissue oxygen
delivery, which was manifested with an increase in SvO,.
Known level of the latter is considered as an important
indicator of adequacy of oxygen delivery to the cells of the
body [18]. In addition, accumulation of lactate in the blood
provided an additional information about inadequate per-
fusion of tissues and organs. Hyperlactatemia is a valuable
predictor of survival in sepsis [ 19]. Both of these indicators
in patients receiving «TPTD-controlled» correction
hemodynamics were kept at the «best levels» versus stan-
dard therapy.

Evaluation of TPTD values (Table 2) showed that in
patients of group 2 the SR values were increasing to 5th
day at a median of 0.7 1/m/m?* mainly due to SVI, to which
at the 5th day the val;ues were 9 4 ml/m? greater than at the
baseline. Initially, lowered GEDI during the observation
period was within the normal range, although a slight
increase was traced on 5—7th days. Initially lowered SVRI
values were almost normalized by day 3 and remained at
this level until the end of the study. The TPTD results sug-
gest that hemodynamic improvement in the patients
occured by improving the pumping function of the heart
thus increasing the initially reduced vascular tone.

There is a good reason to believe that an increase in
the pumping function of the heart, improved oxygen trans-
port and tissue perfusion in patients treated with sympath-
omimetic drugs by prescription to objectify the deployment
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[THeBMOHUM .

BhDKUBaeMocTH mpu cericrice [19]. O6a yraszaHHbIX MOKaza-
Tenst y 6obHBIX, Tosrydasimx «TIIT/[-korTposmpyemyio»
KOPPEKIIMIO TeMOJMHAMUKH, HAXOAWJIUCH HA <JIYdIIeM»
YPOBHE, YeM TIPU CTAH/IAPTHOM Teparuu.

Ouenka gauubix TITT/I (Tabu. 2) nokasana, uro CU
y GOJIBHBIX 2 TPYIIITLI BO3PACTAJ, K 5-M CyTKaM HabJro/ie-
uusg B cpearem uHa 0,7 J1/MUH/M® TPENMYTIECTBEHHO 32
cuer YO, koTopblii k 5-M cyTkam 6b11 Ha 9,4 MJ1/M* 60J1b-
me, yeM B Hauaje HaOmofcHUSA. VICXOAHO CHUKEHHBII
WTK/O B Tedenmne Bcero nepuoaa HabIOICHUST HAXOII-
Cs B HOPMAJIBHBIX TIPefesiaX, XOTsI MPOCIEKUBAIOCH €TO
HEKOTOPOE yBeJndeHne Ha 5—7-¢ CyTKu. VICXOMHO CHU-
skeunabiii WOIICC mpakTudeckn HOPMaTM30BaJICSI K 3-M
CyTKaM M COXPAHSJICS Ha 9TOM YPOBHE BIIOTH /10 KOHIIA
nccnenoBanus. [lomydennsie pesynsrater TIIT/[ cume-
TEJBCTBYIOT, YTO YJIy4YIIEHUE FeMOAMHAMUKN Y 00cien0-
BaHHBIX GOJIBHBIX TIPOMCXOANIIO KAK 3a CUET YJIydIICHUsI
MIPOUBBO/INTEIBHOCTH CEP/IIIA, TAK 1 MTOBBIIIEHUS UCXOTHO
CHIKEHHOTO COCY/IICTOTO TOHYCA.

Ectb Beckue oCHOBaHUS MoOJIATaTh, YTO MOBBIIIEHUE
TTPOU3BOINTEILHOCTHU CEePIIa, YIyUIIeHne KUCIOPOAHOTO
TPAHCIIOPTA U TKAHEBOI nepdysun y OOJNbHBIX, [OTyYaB-
MIMX CUMIIATOMUMETHYECKUE MPEMapaThl 0 TTOKA3aHUSIM,
00bekTUBN3NPOBaHHbIM ¢ momompio TIIT/I, aswmuch
(haxropamu, orpeseIMBIIMMU CHUKEHUE TSIKECTH COCTOS-
HUs OOJIBHBIX K 7-M CyTKaM JIedeHUs] U YMEHbIIEHUE Jie-
taimpHocT B OPUT na 16%.

3akiaouyeHue

Takum o6pasom, onpesesnerue oobemMa UHOY3UU U
MOKAa3aHUN K HAa3HAYEHUIO CUMITATOMUMETHIECKUX Ipe-
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of TPTD, were the factors that determined the reduction in
severity of symptoms in patients at day 7 of treatment and
a decreasing the mortality in the ICU to 16%.

Conclusion

Thus, determination of the infusion and indications
for prescription of sympathomimetic drugs on the basis of
a comprehensive assessment of indicators GEDI, CI and
SVRI results in an improved clinical outcome in patients
with severe CAP and mechanical ventilation. This
approach allows the pathogenetically reasonable prescrip-
tion of sympathomimetic drugs, the increased demand of
which becomes evident starting from the first days of
intensive treatment and which allows to avoid the exces-
sive volume load. TPTD is appropriate to be included in
hemodynamic monitoring in severe CAP, especially in
patients with impaired hemodynamics.

MapaToB Ha OCHOBAHUN KOMIIJIEKCHOU OIEHKU TTOKa3aTe-
aeit UTKIO, CU n UOIICC pesynbTupyercs B yiyu-
[EeHUK KJINHUYECKUX HMCXOA0B Yy OGOJIBHBIX C TSKEIOi
BII, naxomstimuxcsa na MBJI. Takoit moaxom 1mo3BoJisieT
MATOreHETHYECKN 000CHOBAHHO HA3HAYATh CUMITATOMMU-
METHYECKHUE TIperaparhbl, MOBBIIEHHAS ITOTPEOHOCTh B
KOTOPBIX PETMCTPUPYETCS YK€ C MEPBbIX CYTOK MHTEH-
CUBHOTO JICYCHUSA M M30€raTh 4pe3MepHON BOJEMHUYEC-
koit Harpysku. TIIT/] nenecoo6pasHo BKIOYATH B FeMO-
NIWHAMWYECKUI MOHUTOPUHT TIPH TsLKeJIoM TedeHnu BII,
0C00EHHO ¥ GOMBHBIX ¢ HAPYTIECHUSIMHI TeMOINHAMIKH.
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

MOP®OJIOTIUA SPUTPOIUTOB ITPU U30ONMMMYHU3AIINN
HOBOPOJKAEHHDIX 110 PE3YC-OAKTOPY U ABO-CUCTEME
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Erythrocyte Morphology in Neonatal Rhesus Factor and ABO Isoimmunization
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Ilenv: uccneroBanne METOOM ATOMHO-CHJIOBOI MHKPOCKOIIMH HAHOCTPYKTYPbI 9PHTPOLUTOB Y HOBOPOSKAEHHBIX C H30UMMY-
Husauueil no ABO-cucreme u pesyc-dakropy. Mamepuan u memoost. B uccienoBanye BKIIOYEHO 27 HOBOPOIKAEHHDIX, U3
Hux 13 gereil ¢ pesyc-cencubummsanueil u 14 — usoummyHnusanueii no ABO-cucreme. TeueHue GepeMEHHOCTH, OCIOKHUB-
mieiics pesyc-ceHCHOMIM3anuen, XapakTepu3oBaIoch NOsBIeHAEM B KpoBu TuTpa RhD-anturen n nmmynorno6ymunos (Ig)
nozaknaacca G: IgG1, IgG2, 1gG3. Yeemuenue npoaykuun IgG npoucxonuio k 34 Hemensim 6epeMEHHOCTH, KOTa Onpe/e-
JIMJTUCPH BCE MOKIACCHI B PA3JIMYHBIX THTPAX. Y HOBOPOSKAEHHbBIX HMEJIO MECTO HECOBIIaJIeHHE C MAaTePhIO HIIM [0 pe3yc-dak-
topy wim 1o ABO-cucreme. B nape O(I)Rh-orpunarensnas mats — A(I1) Rh-nosnoskurensusiii pe6eHok nposoaunach aud-
(depennuanbuas auarHocTuka uzoummynusanuu. Vccaenosamich oOumii aHanus, GHOXHMHYECKHE TOKA3aTeNId KPOBH,
NPOBOAWIOCH onpezieienne TuTpa RhD-anturesn 1 ”MMYHOII00Y IMHOB Kiaacca G, a y 11 HOBOPOK/I€HHBIX POBOIUIOCH UC-
CJleloBaHue PUTPOIMTOR B MOJI€ ATOMHO-CHIOBOTO MUKpPOcKona (ACM). O6GbeKTOM HCCaeI0BaHNs SBUINCh: OCTATOYHAS
nynosuHHasi kposb (OIIK), nenrpaipHas BeHO3Hasi KPOBb BO BpeMs JieYeHUsI HOBOPOsKAEeHHBIX. Pe3yaromamot. Kommiekc-
Hasl Tepanusi H30MMMYHH3AIMH HOBOPO:K/EHHOTO0 1o pe3yc-dakropy uwiu ABO-cucreme npekpaiaer Kackax UMMYHOJIOTH-
YECKHX PEAKIMH, NPUBOANT K NPEKPAIEHHIO FeMOIM3a IPUTPOLMTOB, CHHKEHUIO OUIMPYyOUHa, BausieT Ha MOp(doIo-rHyec-
KHi COCTaB M MaKpPOCTPYKTYpPY MeMOpaH 3putpouuroB. IlocieCcTBHs NEPUHATANBHOTO BO3/EHCTBHS HA MeMOpaHy
IPUTPOLMTOB COXPAHSIOTCS B TEYEHHE OINpeeJIEHHOr0 BPEMEHH M BBIXOJSAT 32 PAMKU PAaHHEr0 HEOHATAJBHOTO MepUoa.
Knioueevie cro6a: HaHOCTPYKTypa MeMOpaH, 9PUTPONHUTHI, pe3yc-KoHIMKT, ABO-KOHDIUKT, HOBOPOKIAEHHBIE

Objective: to conduct an atomic force microscopy (AFM) study of the red blood cell nanostructure in neonatal infants
with ABO and rhesus (Rh) isoimmunization. Subjects and methods. The investigation included 27 neonates, including
13 infants with Rh sensitization and 14 with ABO isoimmunization. The course of pregnancy complicated by Rh sensi-
tization was characterized by the emergence of the blood titers of Rh D antibodies and immunoglobulin G (IgG) sub-
classes: IgG1, IgG2, and IgG3. IgG production increased at 34 weeks' gestation when all the subclasses were
detectable in different titers. There was either Rh or ABO incompatibility between the newborns and their mothers.
Differential diagnosis of isoimmunization was made in the pair of an O (I) Rh-negative mother and an A (II) Rh-posi-
tive baby. Complete blood count and blood biochemical indicators were estimated; Rh D and IgG antibody titers were
determined; red blood cells from 11 neonatal infants were examined using an AFM. The investigation was performed
with residual umbilical cord blood and central venous blood during neonatal treatment. Results. Combination therapy
for neonatal Rh or ABO isoimmunization terminates a cascade of immunological responses and erythrocyte hemolysis,
lowers bilirubin levels, but fails to influence the morphological composition and macrostructure of red blood cell mem-
branes. The consequences of the perinatal effects on the red blood cell membrane persist for a certain time and are out-
side the early neonatal period. Key words: red blood cell membrane nanostructure, erythrocytes, rhesus incompatibil-
ity, ABO incompatibility, neonatal infants.
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Hecmotpst Ha ycriexu, IOCTUTHYThIE B M3yYEHUN Ta-
TOTeHe3a U KJIMHUKH TIeMOJUTUYECKON OGOJIe3HU IIojga
(I'bII) n soBOpOXkmenHoro (I'BH), B Hacrosmee Bpems
npo6JieMa IMMYHOJOTHYECKIX OTHOMICHUH 1J10/1a U MaTe-
PHHCKOTO OPTraHU3Ma MPOJIOJIKAET OCTABATHCS AKTYATbHOM
u TpebyeT MOUCKAa HOBBIX METOAOB HPO(MUIAKTUKY, [1a-
rHoCTUKH 1 jedenus [1, 2]. OxanmM 13 a¢hpekTUBHBIX Me-
TOZOB TTPOMUIAKTUKH SIBJISIETCS BBE/IEHUST AHTUPE3YCHOTO
UMMYHOTJTIOOYJIMHA HECeHCUONTN3MPOBAHHBIM PE3yC-0T-
punareabHbIM jKeHIuHaM. B ciyuae pesyc (Rh)-cencn6u-
quzanyn Beegenue anturest antn — RhD Rh-orpunarens-
HBIM ~ MarepsM  TIPEmsATCTBYeT WX  TEPBUYHON
ceHcnbumsanuu Rh — 110/10KUTEIbHBIMU 9PUTPOIUTAME
TIJT0/Ia BCJIEICTBUE SJUMITHAIIMN aHTUTEHA U3 KPOBU Mare-
pu. B pasButhix crpanax mupa Gjarogapst BHEAPEHUIO B
KJIMHUYECKYTO MPAKTUKY BBEICHUS aHTHPE3yCHOTO UMMY-
HOIJIOOYJIMHA HECeHCUOUIN3UPOBAHHBIM PE3yC-OTPHIIA-
TEJIbHBIM JKEHIIIUHAM, YaJI0Ch CHU3UTh KOJMUYECTBO JKEH-
muH ¢ pedyc — cencubummzaimeil (Rh-cencubunusanueii)
1o 0,2—0,1%. B Poccun kommuectBo Rh-cencnbunmsnpo-
BaHHBIX JKEHIMH ocraercsi Ha yposHe 1,2%, sabosieBae-
MOCTb TEeMOJIUTHYECKOI GOJIe3HBIO 110 pe3yc-hakTopy pe-
ructpupyetcs y 0,6% nHoBoposkaeHHbIX [1—3].

Haubosiee MMMYHOTEHHBIM CPEAU BCEX 9PUTPOIU-
TaPHbBIX AHTUTEHOB CUCTEMBI Pe3YC sBJsieTcst aHTuren D,
KOTOPLIA B 80% CiywdaeB SIBJASETCS MPUUNHON TSIKETOTO
teuernst [BIT u TBH. AHTHTeHBI acCOIMUPOBAHBI ¢ MEMO-
paHHBIMU GeJIKaMU, 9KCIPECCUPOBAHHBIMU HA TIOBEPXHOC-
TH IPUTPOIUTOB, OHU KOJAUPYIOTCS JABYMS CIIETIJICHHBIMI
gokycamu — RhD u RhCcEe, kotopsie Ha 92% siiisitorest
rOMOJIOTMYHBIMU. BeitezicTB1e BICOKOI MMMYHOT€HHOCTH
B passuThM 3abojeBanus urpaet poab antured RhD. YV
st RhD-orpunarenstbix jokyc RhD nosHocTbIO oTCyT-
cryert, a jokyc RhCcEe koaupyer MoJiekyy, aKCrpeccu-
pytomyto snutonbi RhC/c u RhE/e. Pesyc-koHpaukt
Pa3BUBAETCS B TEX CJAydYasiX, KOT/a MaTh CEHCUOUIU3UPO-
BaHa aHTUTEHAMK 9PUTPOLUTOB IJIO/Ia, Y Hee BhIpadaThi-
Baiorcst [gG -aHTUTENIA K 9TUM aHTUTeHaM. AHTUTENA CIIo-
COOHBI IPOHMKATh Yepe3 IJIAIlEHTY U PearupoBarh C
APUTPOIUTAMHY TIJI0JIA, BBI3bIBASI UX TOBpeskAeHue. Bepo-
STHOCTH TIOSBJIEHUS] aHTUTEJ Yy MaTepu 3aBUCUT OT pas-
JNYHBIX (hakTOpoB: (heHOTUIIA IJI0/Ia, UMMYHOT€HHOCTH
SPUTPOIUTAPHOTO AHTUIEHA, 0ObEMA TPAHCIIAIIEHTAPHO-
rO KPOBOTEUEHHs, a TaKkKe OT MMMYHOJIOTMUYECKOI CII0-
COOHOCTM MaTEPH K BBIPAOOTKE aHTHUTE.

OcnosHoe 3nauenue B pazsutun [ BIT u TBH nmetor
AHTHUTEJIa, OTHOCIIIMECST K MMMYHOIJI00yinHaM kiacca G
(IgG), KoTOpbIE CBSI3BIBAIOTCS ¢ AHTUTEHOM SPUTPOIUTOB,
obpasysi KOMILIEKC, paciosHawluiicss Fe-perenropamu
2(h(HEKTOPHBIX KJIETOK PETUKYJIO-3H/I0TENNAIBHON CUCTe-
Mbl (POC). Knerku POC mnocpezicTBOM haronntosa Jusu-
PYIOT 3PUTPOIMTSI IJI0/Ia. TOT TEMOJIMTHUECKHIT TTPOIECC
3aBucuT or Tuna cybkiaccos IgG . Bee uersipe cyOkaacca
IgG aKTUBHO TIEPEHOCATCS K IIOLY U YBEJIUYUBAIOT YPO-
BEeHb MAaTEPUHCKUX aHTUTEJ B KPOBOTOKe T1oja. OHaKO
IgG1 n IgG3 nHamHOTO Jerde B3amMozeicTByIOT ¢ Fe-pe-
neritopamu Kaetok, yeM 1gG2 u IgG4. Tloatomy auarnoc-
THYecKoe 3HayeHne umetot Toabko 1gG1 n IgG3 [2—7].

Introduction

Despite the successes in the study of pathogenesis
and clinic of hemolytic disease of a fetus and newborn the
studies of immunological interaction of the fetus and the
mother remains actual that challenge prevention, diagnos-
tics and treatment strategies [1, 2].

One effective method to prevent the isoimmunisa-
tion is to inject Rh immuneglobulin to unsensitized Rh-
negative women. In case of rhesus (Rh)-sensitization the
administration of anti — RhD by Rh-negative mothers
prevents their primary sensitization by the Rh — positive
RBCs of the fetus due to the elimination of the antigen
from mother's blood. In developed countries they succeed-
ed to reduce the number of women with Rh sensitization to
0,2-0,1% due to the introduction of Rh immunoglobulin
into clinical practice

In Russia the number of women with Rh-sensitisa-
tion remains as high as 1.2%, the hemolytic disease occurs
in 0.6% of newborns [1—3].

The Rh-antigen D is the most immunogenic of all the
RBC antigens. It is responsible for 80% cases of hemolytic
disease of fetus and newborn. The antigens are associated
with membrane proteins that are expressed on RBC sur-
face. They are encoded by two linked loci — RhD and
RhCcEe, 92% of which are homologous. Due to the high
immunogenicity the RhD antigen is of most important for
the development of the disease.

In RhD negative individuals the product of RhD
locus is completely absent, and the RhCcEe locus encodes
a molecule expressing RhC/s and RhE/E epitopes.
Rhesus- incompatibility occurs, when the mother is sensi-
tized to the RBC antigens of fetus RBC and the produc-
tion of anti-RBC IgG antibodies is becoming possible . The
antibodies are capable of crossing through the placenta and
interact with RBCs of the fetus that causes the damage of
the latter. The probability of appearance of antibodies in
mother's body depends on various factors: the phenotype
of the fetus, immunogenicity of RBC antigen, volume of
transplacental blood flow, mmunological ability of the
mother to produce antibodies.

The IgG, which binds to RBC antigen forming a
complex recognized by the Fe-receptors on effector cells of
the reticulo-endothelial system (RES), is of primary
importance. The RES cells destroy RBCs of fetus by
phagocytosis. This process depends on the type of IgG sub-
classes. All four IgG subclass are actively transferred to the
fetus and increase the level of maternal antibodies in the
fetus blood. However, IgG1 and IgG3 are much easier
interact with Fc-cell receptors than IgG2 and IgG4.
Therefore, only the level of IgG1 and IgG3 have the diag-
nostic value [2—7].

The isoimmunization of newborn occurs due to other
blood group antigens, for example Kell, but it results in low
frequency (9%) and decreased antigenicity [5, 6, 8].

The ABO system antigens are strong immunogens
and the production of anti-ABO antibodies is probable.
The epitopes of ABO antigens are not only localized on
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

V3ouMMyHU3aIMsT HOBOPOKAECHHOIO MOKET ObITh
00ycJIoBJIeHa ¥ IPYTUMU aHTUTEHAMU TPY b KpoBu. Bro-
PBIM 110 YacToTe aHTUreHoM siBjistercst antured Kell, Ho on
MMeeT HU3KYIO YaCTOTY BCTPEYaeMOCTH B omyJsiimn (9%)
7 MeHee BhIPaKeHHYI0 aHTUTEHHOCTS |5, 6, 8].

Anturensr ABO — cucTeMbl mpeacTaBasior coboit
CUJTbHBIE MMMYHOTEHBI, U TPOAYKIINS AaHTUTE K HUM Hau-
6osiee BepositHa. JdnuTonbl antureHoB ABO — cucrempl
HAXOMSATCSA HE TOJBKO Ha HPUTPOIMTAX, HO M HA APYTUX
KJIETKaX W JIOKAJTM30BAHbI B YTJAEBOAHBIX KOMITOHEHTAX
[JIMKOTIPOTEMHOB. Y GOJIBIIMHCTBA JIIO/EH aHTUTea K asl-
JIOTEHHBIM aHTHUIe€HaM BbipabarbiBatoTcsi Ge3 mpeaBapu-
TEJBHON CeHCHOUIM3AIY YYKEPOAHBIMI OPUTPOLIUTAMH.
Ira ceHenbUIU3aIKst BO3MOKHA [IPH KOHTAKTE C UECHTUY-
HBIME mUTOnamMu. AuTnTe a K anturedam ABO-cuctempr
mpuHaIIeKaT K IgM, KOTOpble He TIPOHUKAIOT Yepes3 Ta-
IEHTapHBIH 6apbep, TOITOMY He TPOMCXOIUT BHYTPHUYT-
pobHol cencubumsanuu |6, 9].

B macTosiee BpeMsi CYIIECTBYIOT HEMHBA3UBHBIC
METO/IbI JiedeH st GePEMEHHbBIX ¢ U30MMMYHU3aluel — je-
CeHCUOUIMBUPYIONIast Tepalusl APYrUMU aHTUTEHAMU,
JUMGOITUTONMMYHO-TEPATHST W APYTHE METObI, HATIPaB-
JIEHHBIE HA JIeYeHNe THTTOKCHUH, YMEHDITTEHE TPOHUTAEMO-
CTV TUIATIEHTDHI, HO OHU HE SIBJISIOTCS TAaTOT€HETHYECKN
060CHOBAHHBIMU 1 JI0CTaTOYHO dddekTuBHbME [10, 11].

Temosmutrueckast 60JI€3Hb HOBOPOKAECHHOTO Xapak-
Tepusyercst runepouanpyouHemMueii, Kotopast 06ycaoBIIe-
Ha M3MEHEHUEM CTPYKTYPBI SPUTPOIIUTOB 1 X TEMOJTI30M.
Boicokast runepouanpyOouHeMust CriocoOCTBYET Pa3BUTUIO
SIEPHOT XKEJITYXHM U TOKCHUECKON aHIle(haTIonaTiu, BbI3bI-
BaeT HeoOpaTMMOe MOBPEKACHUE IIEHTPAIbHON HEPBHOIL
CUCTEMBI, TPUBOJISAIINE K MHBasMaHOCTH |2, 3, 12, 13]. Uc-
cieloBaHe MeMOpaH SPUTPOIMTOB IO3BOJISIET OIEHUTb
nx MmopdodyHKIIMOHaNIbHOE cocTosiHue [ 14].

[lesb paboThl — MCCJAEAOBAHKE METOAOM ATOMHOIL
CHJIOBOI MUKPOCKOIIUY HAHOCTPYKTYPbl MEMOPaH 3pUTPO-
IIUTOB Y HOBOPOJKAEHHBIX ¢ M3omMMyHm3areit mo ABO-
cucreme u peayc-haxkTopy.

Marepuan u MeTO/bI

B uccienoBanue BriioueHo 26 mMaTepeil n 27 HOBOPOXK/IEH-
HBIX (OHA OuxopuabHas GUAMHUOTHYCCKAs ABONHA), 13 HuxX 13
neteii ¢ pesyc-ceHcnbuimsanueit u 14 — uzouMMmyHusarmen 1mo
ABO-cucreme.

Cpeannii Bozpact matepeii cocrasun 30,3£5,7 r. Teuenwue Ge-
PEMEHHOCTH, OCJIOKHUBIIENCS Pe3yCc-CeHCUOIIN3aIIEil, XapaKTe-
pusoBasioch nospienneM B kposu tutpa RhD-anturen u IgG:
IgG1, 1gG2, 1gG3 (rabu. 1). Kak mpaBmio, cHadasa MOSBIISICS
tutp RhD — anruren, a sarem IgG. Turp RhD-anruren onpene-
sisiicst B kposu 10 (38,4%) marepeit, 3 uux B 5-1 (19,2%) carygasx
BBISIBJICHO TIOsIBJICHKE anTuTeN ¢ 16 negens 6epementoctu. Hau-
GoJee panHee nosiBieHne [gG oTMeueHo B 25 Heelb GepeMeHHOC-
tu, onpenensiich 1gG1 B tutpe 1:100 n [gG3 B tutTpe 1:10. B 3-x
(11,5%) cirydasx HMesIo MeCTo coYeTaHne THTPA AHTUTEN 1 Beex 1g
kiaccoB G1, G2 u G3 B pa3/IMyHbIX TUTPAX. YBEJIUUYEHUE MTPOILYK-
in [gG nporcxoanio k 34 Henessim 6epeMeHHOCTH, KOT/Ia OTipe-
JIeJTITNCD TToKTacchl 1gG B pasimyHbIX TUTPAX.

Obmiast XapaKTepUCTHKA HOBOPOJKIEHHBIX MPEICTaBIeHA B
Tab1. 2. BOMBIIMHCTBO HOBOPOKIEHHBIX POIIIOCH TOHOIEHHBIMH,
18% nereii poauinck B cpoke recraipn 35—36 rezesb. Otenka 1mo
mikase Anrap Ha 1-it u 5-if MunyTax cocrasssiia 7,8+0,5 u 8,2+0,7

RBCs. The can be found on other cells and in carbohydrate
components of glycoproteins. Most people have antibodies
to allogeneic antigens without prior sensitization by for-
eign RBCs. This kind of sensitization is possible in case of
contact with identical epitopes. Antibodies to the antigens
of ABO system belong to IgM, which do not cross the pla-
cental barrier, therefore no intrauterine sensitization
occurs [6, 9].

Currently, there are non-invasive methods to treat
pregnant women with isoimmunization. They include
desensitizing therapy by other antigens, therapy by lym-
phocytes and other methods to treat hypoxia and reduce
permeability of placenta. However, they are not patho-
genetically justified and clinically effective [10, 11].

Hemolytic disease of the newborns is characterized
by hyperbilirubinemia, which occurs due to alterations of
RBC structure and hemolysis. High bilirubin level causes
bilirubin-induced brain dysfunction — kernicterus and
toxic encephalopathy, which causeirreversible damage of
CNS and disability [2, 3, 12, 13] The investigation of ery-
throcyte membranes allows to evaluate morpho-functional
patterns of the cells [14].

The objective of the study: to reveal the RBC mem-
brane nanostructure of neonates following ABO/Rh
isoimmunization.

Materials and Methods

The study included 26 mothers and 27 infants (one case of
bichorionic biamniotic twins), including 13 children with Rh-
sensitization and 14 with ABO isoimmunization The mean age of
the mothers was 30.3+5.7 G. The pregnancy complicated by rhe-
sus sensitization was characterized by the appearance RhD anti-
bodies and IgG: 1gG1, 1gG2, 1gG3 in blood (table.1). As a rule,
RhD antibodies appeared first and then appeared IgG. The titer of
RhD antibodies was determined in blood of 10 (38.4%) mothers.
In 5 (19,2%) cases the antibodies appeared first on week 16 of the
pregnancy. The earliest appearance of IgG was observed on the 25
week of gestation. IgG1 was determined in a titre of 1:100 and
IgG3 in a titer of 1:10. In 3 (11,5%) cases there was a combination
of antibody titers and all Ig classes G1, G2 and G3 in various
titers. The increase of IgG production occurred by the 34th week
of gestation, when IgG was determined in different titers.

The general parameters of the newborns are presented in table
2. Most of the newborns were in-term, 18% of newborns were born
at gestational age of 35—36 weeks. The first and the fifth minute
Apgar scale score were 7.8+0,5 and 8.2+0.7, respectively; there
were no signs of acute intrapartum hypoxia. All the newborns had
either Rh or ABO incompatibility with their mothers. In a pair of
O(T)Rh-negative mother and A(IT) Rh-positive newborn isoim-
munization was diagnosed. The study of RBCs of 11 newborns was
performed by the atomic force microscopy (AFM).

Paying attention to the clinical history of mothers, Rh and
ABO incompatibility of the mothers and the infants, the results of
clinical and laboratory analysis, all the newborns were transferred
to the intensive care unit for treatment.

The residual umbilical cord blood (RUCB) of 14 full-term
newborns with favorable course of pregnancy and urgent delivery
was used to obtain normal RBCs for the AFM-aided observation.
The mean gestational age of the newborns was 39.4%0.5 weeks,
their mean body weight at birth was 3131.7£588.8 g, the first
minute Apgar score was 8+0.4 points.

All study parameters were compared in two groups at birth.
Later, the comparison was performed in the study group with the
same parameters before the treatment.

OBIJAA PEAHMUMATOAOI' M, 2015, 11; 2

www.reanimatology.com

27



28

. Critical Illness in Newborns

DOI:10.15360,/1813-9779-2015-2-25-34

Ta6uuua 1. Turp pesyc-anrurena u uMMyHOrI00ymHOB KiaaccoB G1, G2 u G3 Bo Bpems 6epemennocru, Me [range].
Table 1. Titer of rhesus-specific IgG1, IgG2 u IgG3 during pregnancy.

Gestational age The titers of Rh

Median titer

antibodies Ig G1 Ig G1 Ig G2 Ig G3 Ig G3
16 weeks 1:8 [1:4—1:32]
20—22 weeks 1:16 [1:2—1:128]
25 weeks 1:100 1:10
26 weeks 1:16 [1:8—1:64]
27 weeks 1:10
28 weeks 1:16 [1:2—1:64]
30 weeks 1:48 [1:2—1:256] 1:10
32 weeks 1:100
34 weeks 1:16 [1:2—1:64] 1:100 1:10 1:10 1:100
35 weeks 1:100 1:100 1:100
36 weeks 1:16 [1:2—1:128] 1:100

Note (npumeuanue): Gestational age — cpox recramn; Median titer — meanana tutpa; the titers of Rh antibodies (Me and range) —

tutp Rh-anturen (Menuana u pasépoc); weeks — Hezesu.

Ta6muua 2. O0mas XxapakTepUCTUKA HOBOPOsKAEHHbIX (n=27; M+0).
Table 2. The main parameters of the newborns (n=27; M+0).

Parameters

Values of parameters

Gestational age, weeks

Body weight, gramms

The 15t minute Apgar scale score, points
The 5th minute Apgar scale score, points
The pairs of groups mother-newborn
O(I)Rh-positive-A(IT)
O(I)Rh-positive-B(I11)
O(T)Rh-negative-A(IT) Rh-positiva
Rh-negative-Rh-positive

38,2+1,6
3190+440

7,8+0,5

8,2+0,7

8 (29,6%)
5 (18,5%)
2 (7,4%)

12 (44,4%)

Note (npumeuanue): Parameters — nokasaresu; Values of parameters — 3nauenue nokasareseii; Gestational age, weeks — cpok recra-
un, wenenn; Body weight, grams — macca Tea, rp; the 15t minute Apgar scale score, points — orenka 1o mkasne Anrap Ha 1-it MmunyTe
skusny, 6asur; the 5t minute Apgar scale score, points — orenka 11o mkaze Anrap Ha 5-if MunyTe skusuu, 6ajr; the pairs of groups moth-
er-newborn — mapsl rpynmnoBoii npuHaesxknoctn Math-pedernok: O(I)Rh-positive-A(IT) — O(T)Rh-nonosxkurensrpiii-A(IT); O(T)Rh-
positive-B(IIT) — O(I)Rh-nonosxunrensusiii-B(IIT); O(T)Rh-negative-A(IT) Rh-positive — O(I)Rh-orpunarensuniii-A(IT) Rh-monosxu-
teabHblil; Rh-negative-Rh-positive — Rh-orpunarenpupiii — Rh-mosoxkurebublii.

Gaswa, T. €. IPU3HAKOB OCTPOIT MHTPAHATAIBHON THIIOKCHN He ObI-
J10. Y HOBOPOJK/IEHHBIX MMEJIO MECTO HECOBIIJIEHHE C MaTepbio
wim 1o pesyc-daxropy, wian no ABO-cucreme. B nape O(I)Rh-or-
punaresbiast Mmath — A(IT) Rh-niososkurenpubiii pe6eHoK mpoBo-
jutack nddepeHnnanbHast IMarHocTHKa H3onMMyHu3annu. Vc-
ciepoBanne MOPGOJOTUN  APUTPOLUUTOB B I0Jie ATOMHOTO
cuzoBoro Mukpockorna (ACM) npoBezniero y 11 HOBOPOsKIE€HHBIX.

YuurbiBas aHaMHe3 MaTepeil, HecoBHajaoIe pe3yc-(hak-
TOPBI U TPYIIILY KPOBU Marepu U pebGeHKa, KIMHIKO-TabopaTop-
HYIO KapTUHY, HOBOPOXK/IEHHBIE TIEPEBO/IIIINCH B OT/leJIEHUe pea-
HUMAIIH 1 MHTEHCHBHOI TEPAINHY /IS TIPOBE/ICHUST JICUeHHS.

[l mosTydeHust HOPMAJTbHBIX 9PUTPONUTOB B mose ACM
MCCIIeIOBaHA OCTATOUHAS ITYHOBUHHASI KPOBb 14 IOHONIEHHBIX HO-
BOPOKIECHHBIX € OJArONPUATHBIM TEYEHHEM OEPEMEHHOCTH WU
cpouHbiMU pogiamMu. CpenHuii TecTallMOHHBIN BO3pACT JeTell co-
craBua  39,4£0,5 wemenp, Macca Tesa IMPU  POKIECHUH —
3131,7£588,8 rpamm, orenka 1o mkajge Anrap na 1-ii MunyTe
sknsHn — 8+0,4 Gasa.

[Ipu poskeHnn CpaBHUBAJIM HCCJELyeMble IOKA3aTeNn
MEsK/ly TPyIIIIaMu, B JajbHEIIeM B IPYyIIIe NCCIe/IOBAaHNS CpaB-
HemHue TPOBO/IIIOCH ¢ AHAJIOTHYHBIMK MOKA3aTeJSIMU JI0 Hadaaa
JIeYEHNSI.

B paboTe MCIOIb30BAINCH CIIEAYIONINE METO/IBL:

1. MccrnenoBanne spuTpOIMTOB HOBOPOKIEHHBIX B M0OJIE
ATOMHO-c1JI0BOTO MUKpOcKoma (ACM). O6beKTOM HCCIe0BaHMST
SBWJINCH: ocTarodHas mynosnHHas kpob (OIIK) noBoposen-
HBIX, IEHTPATbHAS BEHO3HAsI KPOBb. V1300pakeHIte spUTPOIITOBR
TTOJTYYAJTH € ITIOMOTIBIO aTOMHOTO cnoBoro Mukpockomna «NTEGR
Aprima» (NT-MDT), Poccust)) B nosykoHTakTHOM pesknme. B

The following methods were used:

1. The study of newborns RBCs was performed in the
field of AFM. The objects of the study were residual umbilical
blood and central venous blood of newborns. The picture of ery-
throcytes was received using the atomic force microscope «<NTE-
GRA prima» (NT-MDT, Russia) in semi-contact mode.
Cantilevers NSG01-A were used as probes. The numbers of scan
dots were 512 and 1024, the area of the scan was 100 sq. microns
(10x10 microns). Detailed methodology for the analysis of nanos-
tructures described in previously published studies [14,15].

2. The determination of RBCs, hemoglobin, and parameters:

A. The mean RBC volume was calculated according to the
formula:

MCYV (fl) = Hematocrit (117)*1000/Erythrocyte count(*10*1")

B. The mean hemoglobin amount in RBCs:

MCH (pg) = Hemoglobin (g dI')/ Erythrocyte count(*10"*1™)

C. The mean hemoglobin concentration in RBCs:

MCHC (g dI-1) = Hemoglobin (g dI*)/ Hematocrit (11*)

D. The width of the RBC by volume — RDW distribution,
which includes two parameters: the percentage deviation of RBC
volume from the mean one in the population — RSW-CV (%) =
(SD*100%)/MCYV, SD is the standard deviation of RBC volume
from the mean one; the relative width of RSC distribution by vol-
ume — RDW-SD.

The study was conducted using the analyzer «Hemolux 19m™»
(China) on 1, 3, and 7 days after the birth.

3. Photometric blood test for bilirubin was performed
with 2,4-dichloraniline (DHA) using the analyzer <«Sapphire
400», Japan.
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Ta6iuua 3. JlabopaTopHbie NOKa3aTeH Y HOBOPOKAEHHbIX (n=27; M+0)
Table 3. Laboratory parameters of the newborns (n=27; M+0)

Parameters Values of parameters on the stages of the study p
At birth 2—3 days after birth  5—7 days after birth

RBCs, 10/1 3,46+0,8 4,6%0,8 4,4%0,8

Hemoglobin, g/1 175%£30,6 165,4+34,7 157,6+£31,9* 0,04

Reticulocytes, % 7,3+2.3 6,5+4,3 2,8+2 8* 0,000001

MCV 98,621 97,1+13 95,4+11,5

MCH 38,2+2,6 39,3+14,5 36,1£3,2* 0,01

MCHC 377,5+46,2 370,6+50,1 366=88,1

RDW-CV 15,8+1 15,5+0,8 15,4+1

RDW-SD 55+4,9 51,6+3,4 50,3+4,4* 0,006

Note (npumeuanme): Parameters — mokasatesnn; Values of parameters on the stages of the study — sHauenusi nokasareneii Ha sranax
uccrenoatust; RBCs (red blood cells), 10" /1 — spurportsi, 10"/1; Hemoglobin, g/1 — remorsio6u, 1/ reticulocytes, % — peTHKyIOMUTBL, %;
MCV (mean cell volume) — cpemrmii 066ém sputpormros; MCH (mean corpuscular hemoglobin) — cpezree copepkanuie remoriodnia B
spurporre; MCHC (hemoglobin concentration in a given volume of packed erythrocytes — cpennsist KoHueHTpais reMOrIOONHA B JAHHOM
oGbeme ocazika apurpoitos; RDW-CV (coefficient of variability of red blood cell distribution) — mporenT orkioneHns 06bEMa SpUTPOLUTOB

or cpentero 3nadenusi B nomyssaiu; RDW-SD (red blood cell distribution with standard devration) —

OTHOCUTEJIbHAA IMPUHA

pactpeseneHust spuTpormuTos 1o 0obémy; *P<0,01 — if compared with the parameters at birth — npu cpasHeHMN ¢ MapamMeTpamMu PK POKIACHUH.

KauyecTBe 30HAOB MCroyb3oBaan kantuiaeBepsl NSGO1-A. Yucro
Touek ckanuposanus 512 u 1024, nons ckanuposanus 100100
MKM, 10X10 Mrm. [Togpobrast MeToinKa aHaIn3a HAaHOCTPYKTYPbI
U3JI0JKeHa B patee omyOaMKoBaHHbIX paboTax [16—18].

2. Omnpegenenyie 5puUTPOIUTOB, TEMOTIOONHA, 2 TAKKE 110~
KasareJieil:

A. Cpennnii o6bem apurportos (MCV) paccunThiBascst o
dbopmyue:

MCYV (fl) = Hematocrit (11*)*1000/Erythrocyte count(*10*1*)

B. Cpentiee cozepskanne TeMOr001Ha B 9PUTPOIHTE:

MCH (pg) = Hemoglobin (g dl"')/ Erythrocyte count(*10'1")

C. CpenHsisi KOHIIEHTPAIHsI TEMOTJIOOUHA B SPUTPOITHTE:

MCHC (g dI"') = Hemoglobin (g dI")/ Hematocrit (11)

D. [lupuHa pactpeaeneHust SpuTporuToB 110 00bemy-RDW,
BKJTIOYATOIIAST [IBA [TAPAMETPA: TPOIIEHT OTKJIOHEHIIST 00heMa SPUTPO-
IMTOB OT cpeiHero 3nHavenust B nonyssiimn — RSW-CV (%) =
(SD*100%)/MCYV, tre SD-crangapraoe cpejiHe-KBa[paTHYHOE OT-
KJIOHEHIE 00heMa SPUTPOIITA OT CPEHETO 3HAYEHTIST; OTHOCUTENb-
Hast IUPHUHA PACTIPE/IENICHUs HPUTPOITTOB 110 00beMmy — RDW-SD.

Hcenenosanue mpoBouIoch Ha aHaiusatope « Hemolux 191>
(Kwurait) B 1-€, 3-1, 7-e CyTKU OCTHATAIBHOTO BO3PACTa.

3. UccnenoBanue KpoBu Ha OMIMPYOUH ¢ MOMOIIBIO (Ho-
TOMETPUIECKOTO TecTa ¢ 2,4-auxaopanuaniom (/[XA) na ananu-
3atope «Sapphire 400», Snomust.

4. Jlng onpenenenns rpymibsl KposH 1o cucteme ABO nc-
MOJIb30BAJICH IPUTPOTECT™-MOHOKIOHAJIBHBIC AHTUTEIA AHTH- A,
anTu-B, antu-AB.

5. [lnsa onpesenenns pesyc-IPHHAIEKHOCTH HCHIOJIbB30-
BaJICs OMMKJIOH aunTu-D IgM MOHOK/IOHAJIBHBII peareHT.

6.  Ompesesenne KOJINYECTBEHHOTO COAEPIKAHUS AaHTHTE,
miu tutpa RhD-amTtires, B KpoBI MaTepr BO BpeMsi GepeMenHoC-
TH OCYUIECTBJSLIOCH € TIOMOIIBIO TecT-3putpoiutos 1D-Diacell,
nMMyHOrI06y mHOB Kiacca G ¢ nomoribio Habopa DAT IgG1/G3.

7. Crarnctmaeckyio 06paboTKy AAHHBIX TIPOBOANIIN C TI0-
MOIIIBIO cTaHAapTHOI 1porpammbl Origin 6.1., kKoTopast BXOAUT B
cocraB Microsoft Office (USA). [loctoBepHocTb pasauuuii ore-
HUBAJIN C TIOMOIIBIO OJIHO(MAKTOPHOTO JANCIIEPCHOHHOTO aHAIN3a
(Oneway ANOVA). OTsinunst c4uTaIn 10CTOBEPHBIMU IIPH YPOB-
He cTaTucTHYeckoit suaunmoctu p<0,05.

PesyibraThl 1 00CyKIE€HHE

W3onmMmyHHU3aIMsT HOBOPOKIECHHBIX 10 pe3yc-(hak-
topy nin ABO-cucreme nmeer obiiye KIMHIYECKHE U Jia-
6OpaTOPHbIE CUMITTOMbL: HKTEPHYHOCTH KOKHBIX TOKPOBOB,
00yciioBJIeHHAs TUTIEPOMIMPYOUHEMHUEN ¢ HEKOHBIOTUPO-
BaHHBIM OMJIMPYOMHOM, FeMOJIUTHYECKAs: aHEMUST U PETHU-

300

250

200

Bilirubin, memol/1

| RUB _.-\fter Ig| Day1 Day2 Day3 zi_I)ayS 7
75,2 | 94,2 127 154 | 245 | 169

Puc. 1. /lunamuka GuiupyGuHA U €0 MOYaCOBOTO NPUPOCTA B
npoiecce Je4eHunsi HOBOPOK/IEHHbBIX.

Fig. 1. The dynamics of bilirubin level and its increase per hour
within the period of treatment of the newborns.

Note (mpumeuanune): RUB (residual umbilical cord blood) —
ocTaTouHas MyNOBMHHAsI KPoBb; after Ig — mocue Beenenus Ig;
day — nenp.

4. In order to determine the blood group by ABO system
erythrotest — monoclonal antibodies anti-a and anti-b, anti-AB
was used.

5. To determine the Rh — factor zoliclon anti-D IgM
monoclonal reagent was used.

6.  The determination of RhD antibodies titer in the moth-
er's blood during pregnancy was performed using the test RBCs
ID-Diacell of immunoglobulin G and a set of DAT IgG1/G3.

7.  The statistical processing of the data was carried out
using the standard program of Origin 6.1 (Microsoft Office,
USA). The significance of differences was estimated by the factor
analysis of variance (One-way ANOVA). The difference was con-
sidered to be significant at P<0.05.

Results and Discussion

The ABO and rhesus isoimmunization of neonates has
overall clinical and laboratory symptoms: icteric skin
caused by hyperbilirubinemia with unconjugated bilirubin,
hemolytic anemia and reticulocytosis of varying severity.

The skin of all the newborns was subicteric, the level
of total bilirubin was elevated in residual umbilical cord
blood (75.1£15 umol/1), the peripheral blood was charac-

OBIJAA PEAHMUMATOAOI' M, 2015, 11; 2

www.reanimatology.com

29



30

. Critical Illness in Newborns

DOI:10.15360,/1813-9779-2015-2-25-34

Tabsmna 4. MeTo/p! JieueHuss HOBOPOSKIEHHBIX ¢ M30MMMYHU3anueil (n=27).
Table 4. The methods of isoimmunisation treatment of the newborns (n=27).

Parameters

Values of parameters

Phototherapy, n (%) patients
Intravenous immunoglobulines, n (%) patients

Repeated administration of intravenous immunoglobulines, n (%) patients

The operation of ex-change blood transfusion, n (%) patients
Hemotransfusion

Intravenous administration of immunoglobulines Ne1, hours
Intravenous administration of immunoglobulines Ne2, hours
The dosage of intravenous immunoglobulines, mg/kg

27 (100%)
17 (63%)
6 (22,2%)
2 (7,4%)
1(3,7%)
3,9+2,3
16,5+3
1000£72,9

Note (nmpumeuanme): Parameters — mokasarenn; values of parameters — sHaueHusi mokasareseii; phototherapy — dororepanms;
Intravenous immunoglobulines — BuyTpusentoe BBeenne nmmynorso6yannos; repeated introduction of intravenous immunoglobulines
— MOBTOPHOE BHYTPUBEHHOE BBe/IcHUE MMMYHOTIIO0Y IHOB; the operation of ex-change blood transfusion — onepanus 3ameHHoro nepe-
sBanust Kposu; hemotransfusion — remorparcdysus; intravenous administration of immunoglobulines Ne1, hours — BBeernue BHyTpHU-
BeHHbBIX UMMyHOTI00ymHoB N, uacsr; if intravenous administration of immunoglobulines Ne2, hours — BuyTpuBeHHOe BBeieHe HMMY-
HoruobymHoB Ne2, yachr; the dosage of immunoglobulines, mg/kg — n03a uMMyHOTIOOYIMHOB, MI'/KT.

KYJIOIINTO3 Pa3INIHON CTeNeHN BhIpaskeHHOCTH. [[pu pox-
JICHUU Y JIeTeil 0T™Medaiach CyOUKTEPUYHOCTh KOKHBIX T10-
KPOBOB, B 0CTaTOuHOIi mynoBuHHoU Kposu (OIIK) 6bL1 110-
BbillleH OOmui Ounupy6un ao 75,115 MKMOJb/1, B
neprdepryeckoil KPOBH XapaKTEPHBI aHEMUs], PETHKYJIO-
1IATO3, OTpaKaloNne PYHKIIMOHATBHOE COCTOSTHIE KOCTHO-
0 MO3ra B llepuHaTaibHblil iepuos (tabu. 3). Takxke y HO-
sgpepHpie  (HOPMBbI
SPUTPOIMTOB-HOPMOOIACTBI, MeAUAHa HOPMOOJIACTO3a CO-

BOPOXK/IEHHBIX  OIpPEesIsINCh
crasuia 15:100 xrerok [1:100—156:100], uto cBUIETETBCT-
BYeT O [IePEHECEHHOI BHYTPUYTPOOHON MMIIOKCUY TIOJA.

B niepBble CyTKM JIeUeHUST ONPEETUINCD /[BA TTOKa-
3aresist: 00 OUIMPYOUH B KPOBU U €0 I0YACOBOIA T1PU-
poct (II11B). B nampreiimem, mpu onenke addexTnBHOCTH
JIeYEeHUsT OI[EHUBAJIACHh TOJIBKO BeJMUYKMHA 0011ero Guiupy-
6uHa, T.K. nokasaresib III1B cranoButcs HemHbOPMATUB-
HbIM. /[nHamuka GuupyOuna npejcrasiaeHa Ha puc. 1. Ha
rpacduKe BHU/JHO, YTO B Pe3yJibTaTe IPOBOJANMON Teparuu
TII15 66T MUHUMATBHEIM. /anbHelinee nsMenenue Gum-
pyOrHA COOTBETCTBOBAJIO (DUBUOJIOTMIECCKUM 3HAUCHUSIM.

OcHOBHas 11eJTb Tepary — IpeKpalieHe reMoJ3a
SPUTPOLIUTOB U CHUZKeHUEe OunpyOuna B KpoBu. B 3aBucumo-
CTH OT YPOBHsI OUIMPyOUHA TP POK/IECHUN HOBOPOIK/ICHHBIM
Ha3HAYaJI0Ch Jieuenue: (oTtorepanis, WHQY31s BHYTPUBEH-
HBIX UMMYHOIJIOOYJIMHOB MJIM OTIEPAIIMsT 3AMEHHOIO TIePeJIn-
Banust Kposu (O3IIK) (tabot. 4). B Hatem vcenenosanuy uc-
XO/IHO BCE JICTH TOJydasi HellpepbIBHYyT0 ¢oTtoTepanmio. B
17-tn coy4astx (63%) oroTepanus codeTanach ¢ BBEICHHEM
BHYTPUBEHHBIX UMMYHOIO0Y/IMHOB Aist GJioKazbl Fe-pertern-
TOPOB KJIETOK PETHKYJI0-3H/I0TEIMATBHOI CUCTEMBI U TIPEKpa-
IMeHNsT TeMosm3a 3puTpornToB [2, 3]. Jlo3a BHYTPUBEHHBIX
UMMYHOITIOOYIMHOB cocTabiistia 1000 mr/kr, nepsast undy-
3Us1 TPOBOIUIIACH Yepes 3,9+2,3 yaca mocJie poskaenust. Yepes
16,5+3 gacoB mocste poskaeHust y 22,2% HOBOPOKICHHBIX, Jie-
YUBHINXCS BHYTPUBEHHBIMU UMMYHOIJIOOYJIMHAMY, B CBSI3U C
BBICOKKMM PUCKOM TSKEJIOTO TeueHwMst 3a00J1eBaHust (BBICOKKE
UCXO/IHbBIE MOKA3aTeNn TUepOrmmpyornHeMun, HebIaronpu-
SATHOE TeueHne GepeMEeHHOCTH, 00YCIOBIEHHOE PE3yC-CEHCH-
Ouimszanyeit) MpoBOAM/IOCH TOBTOPHOE NX BBEICHNE.

Jlnst 2-x (7,4%) HOBOPOKAEHHBIX ITPU POKICHIN ObLIa
XapaKTepHa MKTEPUYHOCTh KOKHBIX TIOKPOBOB, J1abopaTop-

terized by anemia, reticulocytosis, which reflects the func-
tional state of the bone marrow in the perinatal period
(PL.3). Normoblasts were also observed in the blood of
neonates. The median of normoblasts was 15:100 cells
[1:100—156:100], which evidenced of a previous fetal
hypoxia.

On the first day of treatment the levels of total
bilirubin in blood and their rate increases per hour were
determined. Later, when assessing the effectiveness of
treatment, only the assessment of a total bilirubin was per-
formed because the assessment of its increase per hour was
not informative. The dynamics of bilirubin is presented in
Fig. 1. The graph shows that the increase of bilirubin level
per hour was minimal as a result of the therapy. Later, the
changes of bilirubin corresponded to physiological values.

The main goal of the therapy was the cessation of
RBC hemolysis and decrease of bilirubin level in blood.
The methods of treatment were performed in accordance
with the level of bilirubin at birth: phototherapy, intra-
venous infusion of immunoglobulins or operation of blood
transfusion (Fig. 4). All the neonates included in our study
received a continuous phototherapy. In 17 cases (63%)
phototherapy was combined with the intravenous admin-
istration of immunoglobulin in order to block Fc-receptors
of the reticulo-endothelial system cells and to stop the
RBC hemolysis [2, 3]. The dose of intravenous
immunoglobulins was 1000 mg/kg, the first infusion was
performed 3.9+2.3 hours after birth. The immunoglobulins
were injected repeatedly 16.5£3 hours after birth in 22.2%
of cases due to the high risk of severe illness (high baseline
rates of bilirubin level , complicated pregnancy due to Rh-
sensitization).

2 (7,4%) infants were characterized by icteric skin
and laboratory signs of jaundice — anemic form of rhesus
incompatibility; bilirubin level in their blood was 110
umol/l, RBCs — 2,48+ 10"/1. It was an absolute indication
for blood transfusion. The operation was carried out in
standard mode.

Excessive RBC hemolysis is the main cause of the
disease, that is why it is important to assess the morpho-
logical composition and the nanostructure of RBC mem-
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Puc. 2. ITommdopMuam 3puUTPOIUTOB B OCTATOYHOM ITYTIOBUHHON KPOBH Y HOBOPOSKIEHHOTO € pe3yc-KOH(IMKTOM (a). YUacToK AecTpyK-
LMY SPUTPOLUTOR TPy pedyc-Kouduuxre (b). M306paskenue B mojie aTOMHO-CHIOBOTO MUKpockomna, ¢popmar 3D, nose 100X100 mrm.

Fig. 2. Polymorphism of red blood cells (RBCs) in residual umbilical cord blood of a newborn with a rhesus-incompatibility (a).
The plot of RBCs destruction in case of Rh-incompatibility (b). A 3-D picture in the atomic force microscopy field of 100X100 pum.

HBle IPU3HAKU SKEJATYIIHO — aHeMI4YecKoil (hopMer pesyc-
koHpumkra: Gunupybun OIIK 110 MKMOJIb/J1, 9pUTPOLUTHL
— 2,4810" /11, uT0 ABMIOCH AGCOMIOTHBIM TIOKAa3aHUEM ISt
IIPOBEICHIS OIEPAINH 3aMEHHOTO IIePEeJUBAHUS KPOBU
(O3IIK). Omepariust IpOBOAMIACH B CTAHAAPTHOM PEKUME.

V36bITOUHBII IeMOJIM3 SPUTPOLUTOB SIBJISIETCS OC-
HOBHOIi IPUYNHOIT 3200/1€BaHIsL, TO9TOMY BasKHO OILIEHUTb
MOP(MOJIOrMYecKuil COCTaB ¥ HAHOCTPYKTYPY MeMOpaH
PUTPOIMTOB. B HOpMe TTepuHATATBHBIN 9PUTPOTI03 NMe-
eT UHANBUYATbHBIE 0COOCHHOCTH, MTPOSIBIISTIONINECS TIJ1a-
HOITUTO30M, HAJTMIHEM KJIETOK HeTIPaBUIbHO (hOPMBI, He-
OHATaJbHbIE IPUTPOIUTHI MMEIOT OOJBIINN CpepHMil
00bEM IPUTPOIIUTOB, COIEPKAHKUE TeMOIJIOOUHA B HUX 110~
BoimeHo [18]. B Hammx paborax paHee MOKasaHO, 4TO B
OIIK 310pOBBIX JOHOIIEHHBIX HOBOPOKACHHBIX IIUPKYJIN-
pyfor 85% mraHormToB U 15% TpaHCchOPMUPOBAHHBIX
apuTpoOIUTOB. [Ipn amaimmse HAHOCTPYKTYpPHI MeMOpaHbI
IPUTPOIUTOB TIOJYIEHB HHANBUIYAIbHBIC KOJINYCCTBEH-
Hble JJAaHHBIE BBICOT W NEPUOOB TOPSAKOB. Bricota 1-To
nopsiaka (hy) cocrasisina 1,24%0,3 uM., 2-ro nopsiaka (hy)
— 0,8+0,31Mm., 3-ro opsizika (hs) — 0,17+0,04 M, uTo npu-
HSTO B MCCJIEIOBAHNN 32 NCXOAHYIO Bemanny [15].

[Ipn pesyc-mMMyHHM3aAU¥, COITPOBOKAAIONIETICS
paHHUM TosiBIeHHeM TuTpa antuter u [gG Bo Bpemst Ge-
pemernHocTH, B OIIK HOBOPOXKIEHHBIX BBISBICHBI HOJH-
MOP(®U3M 3PUTPOIUTOB (PUC. 2, @) ¥ YIACTKHU UX IECTPYK-
mun (puc. 2, b). Ilpm wuccaemoBannu MopdogoTHN
PUTPONNUTOB BBIABJICHO, YTO, HE3ABHUCUMO OT 3THOJIOTH-
4ecKoTro (hakTopa M30MMMYHH3AIINN OIIPEAEIAeTCS MOJIH-
MopbusM KJIeTok. B pannue cpoxu passutus 3aboseBa-
HUSI OCHOBHBIMH (OPMaMy SBJISIIOTCS  IIJIAHOIUTEI,
CTOMATOITUTHI 1 9XUHOIUTHI, & TAKKe IepexoiHble (hOPMBI
kJeToK. [lmaHonnTsl BU3yaIusnposainch y 72,7% nereii,
CpenHss BeJMYNHA TIAHOTNWTO3a cocTaBmaa 54,6+28%
kJ1eTOK. CTOMATONNTHI BBISABIIAINCH Y BCEX HOBOPOXK/ICH-
HBIX, HO KOJHMYECTBO WX Bapbuposaio ot 18% mo 100%.
AGCOMIOTHBIN CTOMATOIUTO3 BBISIBJIEH Y HEOHOMIEHHOTO

branes. Normal perinatal erythropoiesis has individual fea-
tures which include pleocytosis, the presence of cells of
irregular shape. RBCs of neonates have a higher mean vol-
ume and hemoglobin contents [16]. Our previous works
show that there are 85% of planocites and 15% of trans-
formed cells in the blood of healthy in-term newborns.

Analysing the RBC nanostructure, the individual
quantitative data (heights and the periods of the orders)
were obtained. The height of the first order (h,) was
1.24%+0.3 nm, the height of the second order (h,) was
0.8+0.3 nm, the height of the third order (h;) was
0.17+0.04 nm, which were considered to be the initial
parameters in the study f [14].

RBC polymorphism (Fig. 2, @) and plots RBC mem-
brane destruction (Fig. 2, b) were observed in case of rhesus
immunization accompanied by early appearance of antibody
titers and IgG. The RBCs were found to be polymorphous
regardless of the etiological factor of isoimmunization.

Planocytes, stomatocytes, echinocytes and cell of
transitional shape were the major forms of RBCs in the
early period of the disease. Planocytes were visualized in
72.7% of the newborns. The mean planocytosis reached
54.6+28% of cells. Stomatocytes were observed in all the
newborns, but their number varied from 18% to 100%.
Absolute stomatocytes was revealed in a premature infant,
born from a mother with early titre of RhD antibodies and
IgG3 in the titer of 1:100, IgG1 in titer of 1:10 in the 34th
week of gestation. Echinocytes were typical for 45.5% of all
the newborns with isoimmunization. The RBC morpholo-
gy in neonates with isoimmunization at birth was variable
and depended on many factors. Isoimmunization was asso-
ciated with the appearance of defects on the surface of
RBC membrane (Fig. 3).

Analyzing the nanostructure of RBC membranes, we
found that the height of the first order (h;) underwent the
greatest changes. Its value was significantly higher than in
healthy newborns (P<0.05).
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Puc. 3. Ha noBepxHOCTH MeMGPaHbI SPUTPONUTOB HAOMIOIAIOTCS JIOKAIbHbIE TONOIOrnYeckue nedextbl. OcTaTouHast MyNOBUHHAS
KPOBb HOBOPO3K/IEHHOTO ¢ pe3yc-KoHpukToM. F300paskeHue B mojie aTOMHO-CHJIOBOrO MUKpockomna, ¢popmar 3D, nosxe 100X100

MKM 1 10X10 MKM.

Fig. 3. There local defects topological defects on the surface of red blood cells membranes. Residua residual umbilical cord blood.
3-D picture in the atomic force microscopy fieldof 100X100 pm and 10X10 pm.

peGeHKa, POsKAEHHOTO OT MaTepy ¢ paHHuM TuTpomM RhD-
AHTUTEJ U TIosiBIeHneM B 34 Heznenu 6epemennoctu 1gG3
B tutpe 1:100 u IgG1 B TuTpe 1:10. DXUHONUTHI XapaKkTep-
HBI 111 45,5% neteit ¢ m3ommmyHu3anueir. Mopdomorms
APUTPOITUTOB TIPU POXKICHUN ¥ HOBOPOKICHHDBIX C M30UM-
MyHU3alKel BapuabesibHast U 3aBUCUT OT MHOTUX (DaKTOPOB:
Ha BEJIMYUHY CTOMATOINTO32 BJIUSET YPOBEHb OUIUpyOHHA
B OTIK. [l;11 M30MMMYHU3AIINN XapaKTEPHO TOSBJICHHUE Jie-
(heKTOB Ha MOBEPXHOCTU MeMOPaHbl 3PUTPOLUTOB (puc. 3).

[Ipu aHamM3e HAHOCTPYKTYPbI MEMOpPaH 3PUTPOLIU-
TOB BBISABJIEHO, YTO TIPH POXKICHUU Y HOBOPOKICHHBIX C
pe3yc-KOHMIMKTOM HArOOJBIIMM M3MEHEHUSIM T0/Bep-
skeHa BbicoTa mepsoro nopsiaka (hy), ee BesmumHa gocTo-
BEPHO TMPEBBIIATa AHATOTUIHDIA MMOKA3aTeNb 3M0POBBIX
HOBOPOKIEHHBIX (p<0,05).

BobIsIBJICHBI KOPPEISITIMOHHBIE CBSI3M:

* oOparHasi CHJIbHASI CBSA3b COMEPKaHUst Ouupyou-
Ha B KPOBHU U BBICOTOIT hy; MemOpatbl spurpoiuros (=-0,8;
p=0,007);

*  TIpSMast CUJIbHAS CBSI3b KOJMYECTBA PETHUKYJIOTN-
TOB 1 BbICOTOM hy MemOpanbl apurporutos (7=0,8; p=0,01).

To ecTb Ha HAHOCTPYKTYPY MeMOPaH apUTPOIMTOB
BJIMSIOT YPOBEHb OUIMPYOUHA U PETUKYJIOUTO3, OTPaKa-
IOIIMe TSKECTh TedeHus 3abosieBaHuss. MaKcuMasbHOeE
YBEJIMYEHUE BBICOTHI hy TIPOMCXOANIIO HA 2-€ CYTKU JKUSHL.
Bsicors BToporo (hy) u tperbero (hs) nopsiakos gocrosep-
HO He OTJMYAINCH OT JIeTell Tpymisl cpaBHenus (p>0,05),
T.€. CIIEKTPUHHBII MATPUKC 1 CTPYKTYPHOE COCTOsIHME Gel-
KOB 9pUTPOIUTOB Oblin cTabuibHbiMu (puc. 4). Takum 06-
pPa3oM, M30MMMYHM3AINST HOBOPOKAECHHOTO XapaKTepU3y-
€TCsl BHYTPUYTPOOHBIM MONKUIOIKUTO30M 3PUTPOLUTOB 1
HapylleHeM MaKpOCTPYKTYPbl MeMOpaH Ha yposHe h;.

[Tocie BBeseHUS BHYTPUBEHHBIX UMMYHOIJIOOYIU-
HOB TIPOMCXOANT HOPMATM3ANNS COCTABA HPUTPOIUTOB,
MCYE3aI0T TOMOJOTHYECKNEe Ae(hEKTH Ha MOBEPXHOCTH
MeMOpansr (puc. 5).

Teuenre 3a60J1€BaHUs XaPaKTEPU30BAIOCh HOPMAJIH-
3anueil ypoBHs GUIMPYOUHA, JOCTOBEPHBIM YMEHbBIICHUEM

8
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Controls Bcfurr .'\fu-r r\ftcr Aftrr
treatment 12 hrs 2 days 7 days

Puc. 4. Tucrorpammsl Bbicot hy, hy, hs MemOpanb apurponuron
B Pa3/MYHblE NEPUOJBI MCCIEJOBAHUsSL IIPU U30UMMYHU3ALUH
HOBOPO3K/[CHHDIX.

Fig. 4. Histograms of heights hy, h,, h; of red blood cells in different
periods of the study in case of isoimmunisation of the newborns.
Note (npumeuanue). Controls — konrpos; after — uepes; before
treatment — yto sievenust; hrs (hours) — wacer; days — aun.

The following correlation links were found:

* a strong negative correlation between bilirubin
level in blood and the and the height h, (=-0,8; P=0.007);

* a strong positive correction between the number
of reticulocytes and the height parameter h; (r=0,8; P=0.01).

Thefore, the RBC nanostructure is affected by bilirubin
level and reticulocytosis, which reflects the severity of the dis-
ease. The maximum increase in height h; occured on the 2nd
day of life. The height parameters h, and h, did not differ sig-
nificantly from the ones of the comparison group (P>0.05),
i.e. spectrin matrix and the structural state of RBC proteins
were stable (Fig. 4). Thus, isoimmunization of newborns is
characterized by intrauterine poikilocytosis of RBCs and the
violation of RBC membrane macrostructure at the level of h;.

After intravenous administration of immunoglobu-
lins, the normalization of RBC structure occurs, topologi-
cal defects on the membranes disappear (Fig. 5). Clinical
course of the disease was characterized by normalization of
bilirubin level, reliable decrease of retikulocytosis and
hemoglobin level, the mean hemoglobin concentration in
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

Puc. 5. HopManusauusi coctaBa 3pUTPOLMTOB M HCYe3HOBeHHE 1e(EKTOB HAa IOBEPXHOCTH MEeMGPAHBI [IOCJIE BBE/IeHHsI MMMYHOLJIO-
6unyHoB. F300paskeHue B moJie aTOMHO-CHJIOBOTO MUKpOCKomna, popmar 3D, nose 100X100 Mrm.

Fig. 5. Red blood cells composition and disappearance of the defects on the surface of red blood cells membranes after the admin-
istration of immunoglobulins. 3D picture in the atomic force microscopy field of 100X100 um.

PETHKYJIOIITO3a, CHIKEHIEM K 5—7 CyTKaM JKU3HHU YPOBHSI
reMOrIOONHA U CPe/iHel KOHIIEHTPAIIH TeMOTJIOONHA B 9PH-
TPOIUTE, A TAKXKe OTHOCUTETHLHON NMINPUHBI PACTIPE/IeTICHIUS
3pUTPOIITOB 110 06beMy (p<0,05). CocTosiHIE HAHOCTPYKTY-
PBI MEMOPaH 9PUTPOIUTOB M3MEHHJIOCh, IPOU3OIILIO CHUKe-
HUe BBICOTBI hy, HO ee BesmmurHa Obijia IOCTOBEPHO BBIIIE MO
CPaBHEHMIO C TPYIIO KOHTPOJIS M aHAJIOTHYHBIM ITOKa3aTe-
JieM 110 Havama jgedernst (p<0,05). BHyTpeHHss1, UTOMIA3-
MaTHJecKast, TOBEPXHOCTD YCTOHUNBA K TOKCHYECKOMY BJIHISI-
Huto GumpyOuHa 1 Apyrux (akTopoB, T.K. BHICOTHI hy 1 hy
MeMOPAHBI PUTPOIUTOB MPH POKIAEHUH COOTBETCTBOBAIIH
QHAJIOTUYHBIM BBICOTAM 3[I0POBBIX HOBOPOJK/ICHHBIX. B Teue-
HIIE BCETO BPEMEHH NCCIICIOBAHUS OTMEUAIIICh He3HAUNTEIIb-
Hble U3MEHEHVsT BBICOT hy 1 hy MeMOpaHbl SpUTpOIUTOB, HO
JIOCTOBEPHBIX OTJIYHIT He BbisiiieHO (p>0,03) (puc. 4).

KommiekcHast Tepalus N30MMMYHHU3AIINI HOBOPOXK-
JIEHHOTO TI0 pe3yc-daxropy mwin ABO-cucTeme npexpamniaer
KacKaJl IMMYHOJIOTHYECKUX PEaKINii, IPUBOAUT K MpeKpa-
[IEHUIO TeMOJIN3a IPUTPOIIUTOB, CHUKEHHIO OUIMpyOKHa,
BJIMSIET Ha MOP(OJOTHYECKHUIT COCTaB M MaKPOCTPYKTYPY
MeMOpaH apuTpOIUTOB. IloCIeACTBHS MepHHATATBHOTO
BO3/ICHCTBUST HAa MeMOpPaHy 3PUTPOIMTOB COXPAHSIOTCS B
TedeHNe OIPeIeTIEHHOTO BPEMEHH M BBIXO/IAT 32 PAMKH PaH-
HETo0 HeOHATAJILHOTO IIePUOJia.

BoiBoasl

1. MeTtozom aTOMHOII CHIIOBOI MUKPOCKOIINH YCTa-
HOBJICHO, 4TO Y HOBODPOK/ICHHBIX € HM30MMMYHHU3AIHEH,
HEe3aBHUCHMO OT 3THOTOTUYCCKOTO (haKTOpa, OMpeaesIeTcs
OJMMOPGU3M U IECTPYKITHS 9PUTPOILIUTOB.

2. B panHHe CPOKN Pa3BUTHS N30MMMYHH3AIINN OC-
HOBHBIMH (hOPMaMH SIBJISTIOTCS TVIAHOIIUTBI, CTOMATOIIUTHI
11 9XUHOIUTBI, a TaKKe TIepeXoaHbIe (POPMBI KIIETOK.

3. Ilpu amanmse HAHOCTPYKTYPBI MEMOPAH PHUTPO-
IIUTOB BBISIBJIEHO, YTO IIPU POXKIEHNN Y HOBOPOKICHHBIX C
pe3yc-KOHMIMKTOM HAMOOJIBITUM HM3MEHEHUSIM O/BEP-
JKeHa BBICOTA TIEPBOTO TIOPSIKA.

RBCs and relative width of RBC distribution by volume
by 5—7th day of life (P<0.05). The state of RBC nanos-
tructures changed, a decrease of the height h, was
observed, but its value was still significantly higher if com-
pared to the control group and similar data before the
treatment (P<0.05). The inner cytoplasmic surface was
resistant to the toxic effects of bilirubin and other factors,
since the height parameters h, and hy were equail versus
those from healthy newborns. There were minor changes of
height parameters h, and hs, but no significant differences
were detected (P>0.05) (Fig. 4).

Combination therapy for newborn Rh factor or
ABO-system isoimmunization stopped the cascade of
immunological reactions and RBC hemolysis, increased
the bilirubin level but does not affect the morphological
composition and macrostructure of RBC membranes. The
consequences of perinatal exposure of RBC membranes
was remaining for a certain time and went beyond the early
neonatal period.

Conclusion

1. AFM revealed that infants with isoimmunization
are characterized by cell shape polymorphism of the cell
membrane and destruction of RBCs regardless of the etio-
logical factor.

2. 1In the early stages of isoimmunization develop-
ment of the main forms of RBCs include planocytes, stom-
atocytes, echinocytes and transitional cell shape.

3. When analysing the RBC membrane nanostruc-
ture the parameter «height of the first order» was found to
undergo the greatest changes.

4. Combination isoimmunization therapy of new-
borns causes the cessation of RBC hemolysis and decrease
of bilirubin level. After the administration of intravenous
immunoglobulins some alterations of RBC membrane sur-
face disappeared. The main cell shape of RBCs was pre-
sented by planocytes in 45.5% of newborns.
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4. Kowmmiekcnas tepanus M30MMMYHU3AIlUU HO-

BOPOKIAEHHOTO 10 pesyc-daktopy uian ABO-cucreme
MPUBOAUT K TIPEKPANeHUI0 TeMOJN3a 3PUTPOIUTOB,
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ITIOKRA3ATEJ/IN KUCJIOPOJHOTI'O CTATYCA
B OOEHKE ITPOTHO3A TEMOIUHAMUNYECKHA
SHAYNMOTIO APTEPUAJIBHOTI'O ITPOTOKA
Y HEAJOHOIMEHHbBIX HOBOPOK/IEHHbBIX
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The Parameters of the Oxygen Status in the Assessment of Prognosis
of a Hemodynamically Significant Patent Ductus Arteriosus Preterm Neonatal Infants

M. V. Perestoronina'?, O. V. Korpacheva?, S. V. Palyanov'?, V. T. Dolgikh'

' Omsk State Medical Academy, Ministry of Health of the Russian Federation, Omsk, Russia
12, Lenin St., Omsk 644099
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69, Herzen St., Omsk 644007

Ilens — oneHka 3HAYMMOCTH KHCJIOPO/IHBIX NOKa3aTeeil KamWLISIPHONH KPOBH JUIsl IPOTHO3a JUIUTEJIbHO COXPAHSIONIErocs re-
MOJMHAMHYECKH 3HAYHMOTr0 OTKPBITOro aprepuaabHoro nporoka (I'30AII) y HOBOPOKIEHHBIX € 9KCTPEMaIbHO HU3KON Maccoii
tena (QHMT). Mamepuan u memoowvt. Ha 8-it neus xusnu uccaenosamm pH, pkO,, %S0,c, Oyct, AkDO,, RIk kanmwuisipHoii
KpoBH, a Tak:ke napamerpsl UBJI (Pip, MAP, FiO,) y aByx rpynn HoBopo:xaenusix ¢ IHMT: nmeromux u He nmeromux I'30-
AIl. [lns cpaBHEHHs [BYX HE3aBHCHMBIX BHIOOPOK HCIOJb30BAJIU HENAPAMETPHUYECKHE METO/bI CTATHCTHYECKOTO AHAIM3A:
Mauna- Yurau, Basbsaa-Boasdosuna, Konvoroposa-CmupHosa. [[jisi OlleHKH CBSI3U H3YyYaeMbIX MIOKA3aTel el ¢ HAJIMYNEM WK
orcyrcrBueM I'3OATI npumeHsIM METOI JIOTHCTHYECKOH perpeccur. JIJIsi OleHKH PeICKa3aTeNbHOl CIOCOGHOCTH MOZIENH, CO-
3/IAHHOM NIPU OMOIIM METO/Ia JIOTHCTHYECKOI PErpeccuu, HCnoib3oBamu noctpoenne ROC-KPHUBBIX ¢ BHIOOPOM «TOYKH OTCE-
yenusi». Pesynvmamot. Co3anHasi MO/IeJIb IMEET BBICOKYIO UyBCTBUTEIBHOCTD U crienuduynoctdb (10 84,6 u 97% cootBerct-
BEHHO). YpaBHeHHWe JIOTUCTHYecKoil perpeccun umeer Bua: -0,479°+0,ct+0,708+Pip-6,823. 3axmouenue. Kucnoponusie
TOKa3aTe M KalWLISIPHOI KPOBH OKa3aJMCh IIPUTOIHBIMH /Il IPOTHO3UPOBaHH yUTeIbHOCTH (pyHKunonuposanus I30AIL.
IToyuyennas xopouiasi mpeCKa3pIBaoNIasi CIOCOGHOCTh MOJIENH, CO3/IAHHOM ISl 8-T0 IHS ’KU3HH, YKa3bIBaeT Ha TO, YTO JaH-
HBII NIEPHO/L SIBJISIETCSI IEPEJIOMHBIM B CMbICJIE Pa3pelIeHNs] PeCHHPATOPHOro JucTpecc-cuHapoma HoBoposkaeHusix (PIICH)
wim popMupoBanus Gponxoserounoii aucmiazuu (BJIJL), 4To NPUHIMIKMAIBHO 3HAYMMO /I JyTeabHoctd UBJI u nanpueiinie-
ro nporxosa. FT30AII siBjisieTcst OTHUM U3 BaskHeHIHX (PaKTopoB, CIoco6CTBYIONMX (POPMUPOBAHHIO GPOHXOJIETOYHOI AUCILIA-
3un y HoBopo:kIeHHBIX ¢ IHMT. Knouesvie cnoséa: kucaopoaupie Noka3aTe, KAMWIISIPHAs KPOBb, IPOTHO3, TeMOHHAMIYe-
CKH 3HAYMMBIIl OTKPBITBIH apTepHAaJIbHBII IPOTOK, HOBOPOSK/I€HHbIE KCTPEMAJIbHO HU3KOI MacChI TeJsla.

Objective: to estimate the significance of capillary blood oxygen parameters for the prognosis of longstanding hemodynami-
cally significant patent ductus arteriosus (HSPDA) in extremely low birthweight (ELBW) neonates. Subjects and methods.
On day 8 of their life, two groups of ELBW newborn infants with and without HSPDA were examined for capillary blood pH,
pk0O,, %S04c, Oyct, AkDO,, and RIk, as well as mechanical ventilation (MV) parameters (Pip, MAP, and FiO,). Comparison
of two independent samples used nonparametric statistical tests: Mann-Whitney test, Wald Wolfowitz test, and Kolmogorov-
Smirnov test. A logistic regression analysis was used to assess the relationship between the examined parameters and the pres-
ence or absence of HSPDA. ROC curves were constructed, by choosing the cut-off point, to estimate the predictive power of
the model developed using logistic regression. Results. The developed model has high sensitivity and high specificity (84,6 and
97% respectively). The logistic regression equation takes the form: -0.479¢0,ct+0.708 Pip-6.823. Conclusion. Capillary
blood oxygen parameters proved suitable for predicting the duration of HSPDA functioning. The resultant good predictive
power of the model developed for day 8 of life points to the fact that this period is critical from the viewpoint of resolution of
respiratory distress syndrome or development of bronchopulmonary dysplasia, which is crucially significant for MV duration
and further prediction. HSPDA is one of the most important factors contributing to the development of bronchopulmonary
dysplasia in ELBW neonatal infants. Key words: oxygen parameters, capillary blood, prognosis, hemodynamically significant
patent ductus arteriosus, extremely low birthweight neonates.
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BBenenne

Koppekius HapyieHuii rasooOMeHa pu KpuTudec-
KHUX COCTOSIHMSX — OJIHA M3 HauboJiee BaKHBIX HPOOJIEM
pearnMarosiorun [1—4].

Oco06EHHOCTBIO HOBOPOKIEHHBIX € IKCTPEMAIBHO
Hu3Koi mMaccoii teia (OHMT) sBasiercst hyHKITMOHUPYIO-
HIUI TEMOJIMHAMUYECKH 3HAYMMBII OTKPBITHII apTepuasib-
Hb1ii 1poTok (F30AIT). Ero Hasmmune mpuBOINT K TIepernoJi-
Kpyra KpOBOOOpAIeHus,
HApPYIIEHNIO BEHTUISIIMOHHO-TIeP(hY3UOHHBIX OTHOIIEHMI,

HEHWIO KPOBBIO MasloTo
VXYAIMIEHUIO PACTSHKUMOCTH JIETOYHOH TKauu [5], 9To, B
CBOIO Ouepeslb, MOJICP;KUBACT PA3BUTHE PECIUPATOPHOTO
mcTpecc-cuaapoma nosopoxkaeanbix (PICH), ciiocober-
BYeT COXPAHEHMIO JIbIXaTeJIbHOM HEIOCTATOYHOCTH U 3aBU-
CUMOCTH MAIMEHTA OT UCKYCCTBEHHON BEHTHUJISITIMN JIETKUX
(UBJI) [6, 7]. COBOKYIIHOCTD 9THX MATOJOTHYECKUX IIPO-
[[ECCOB MPUBOANT K (POPMUPOBAHUIO GPOHXOJIETOUHON JIHC-
wrazuu (BJI) [6, 7]. BJI, B cBOIO Oueperp, CHIKAET Be-
POSITHOCTD 3aKPBITUSI OTKPBITOTO apTepHAIbHOTO IMPOTOKA
13-32 BTOPUYHOI JIETOUHOM TUIiepTeHsnn [8].

[Tporunosuposanue anuresabaoro coxpanenus [3OATT
B [IEPBbIE IHU )KU3HU HOBOPOKIIEHHOTO MOKET ObITh OCHOBA-
HUeM /151 GoJiee PAHHETO HAYAJIa MPELYTPEKICHHUST PA3BUTHSI
BJI/I. Oxokapanorpadudeckoe UCCIeI0BAHNE AT BO3MOK-
HOCTb OLIEHUTb TEMOJIMHAMIYECKYIO 3HAYMMOCTD ITPOTOKA B
KOHKPETHBII MOMEHT, OJIHAKO He TI03BOJISIET TPOTHO3MPOBATD
IIPO/IOJKUTETBHOCTD COXPAHEHHST TeMOITHAMITYECKN 3HAUM-
Moro mpotoka. CBoeoGPasHbIM MAPKEPOM TeMOJMHAMUYEC-
Kux HapyureHuil, BbsBaHHBIX [3OAIL, MoryT ciry:knuTh moka-
3aTesM KUCJTOPOAHOTO obectiedenust TKareld. OHAKO PHCK
Pa3BUTH OCTIOKHEHUH TP MCTIOIb30BAHNH JIJLST AHAJIA3A ap-
TepUATbHOI KPOBU (PUCK Pa3BUTHSI MH(MEKINIT, reMaTOMBl,
ApPTEPHOIIOCTIa3Ma, TPOMGO3a, IMOOJIMH € TIOCJELYIONNM He-
KPO30M MOPA’KEHHOTO YYacTKa) y JIAHHOH KaTerOpHy Ialfi-
€HTOB MOJKET TPEBBIIIATH MOJb3Y It AarHoctiku [9—11].
ITO WKTYET HEOOXOMMMOCTD MCCIEI0BAHNS BOZMOKHOCTH
UCIIOJIb30BAHMS KAIWJIJIIPHONH KPOBH /IS OLICHKH TSDKECTH
HOBPEKIEHNS JIETKUX, IIPOTHO3UPOBAHUS ITPOIOIKUTETEHO-
ctr UBJI u mymresibro coxparnstiorierocst [3OATL

JlanHble TIOKa3aTes i, U3MepPEeHHblE B apTepUabHON
KPOBH, 3aPEKOMEH/I0BAJIN CBOIO IIPUTO/THOCTD B OLICHKE TSDKe-
crut PIICH [12]. TTo manmbiv Yildizdas D et al. [13], mokasa-
tesn KOC aprepuasibHOi KPOBM KOPPEIUPYIOT € TI0Ka3aTe-
JISIMI KQIIWJULIPHOM KPOBH JIasKe B YCIIOBUSIX rutnomepdysun
1 TUNIOTEPMUU, HO HE Y MAIMEHTOB C THIIOTEH3Uel. ABTOPbI
[13] moxasasm 3HAYUTEIBHYIO KOPPEJISIHIO napamMeTpoB pH,
PCO,, BE, HCO4 B apTepnalbHOl, KaIUJIIPHON 11 BEHO3-
HOH KpoBH, 151 PO, 10cTOBEpHAs CBA3D TAKKe MOIydeHa, HO
3HAYNTETHHO MEHEe BBIPAsKCHHASL.

[lesp ncceoBaHms — OIEHKA 3HAUUMOCTH KHCJIO-
POIHBIX MOKa3aTesell KamIJIIPHON KPOBH JIUISI TIPOTHO3A
mntenbHo coxpansionierocss I3OAIL y HOBOPOKIEHHBIX
c OHMT.

Marepuan u MeTObI

BbImonHeHO peTpoCIieKTHBHOE HCcefoBaHme (pa3pelieHue
JIOKQJIBHOTO aTndeckoro komurera Ne 49, ot 13.10.2012) nannbix

Introduction

Corrections of gas disturbances in critical illness is
one of the most important issues in reanimatology [1—4].
Functioning hemodynamically significant preterm patent
ductus arteriosus (HSPDA) is a specific feature of new-
borns with extremely low birth weight (ELBW). Its pres-
ence leads to pulmonary circulation congestion, ventila-
tion-perfusion imbalance and deterioration of the lung
tissue compliance [5], which facilitate the respiratory dis-
tress syndrome development (RDS) in infants keeping of
the respiratory failure and patient's dependence on the
artificial lung ventilation (ALV) [6, 7]. Aggregation of
these pathological processes induces the development of
bronchopulmonary dysplasia (BPD) [6, 7]. BPD, in turn,
reduces the possibility for patent ductus arteriosus closure
due to the secondary pulmonary hypertension [8].

Prognosis of prolonged functioning HSPDA during
the first days of life in newborns is considered as a reason
for the BPD.
Echocardiography is aimed to evaluate the hemodynamic

early preventive measures of
significance of patent ductus arteriosus at a particular
moment, but is not allowed to prognosticate the prolonged
functioning HSPDA. A distinctive marker of the hemody-
namic disturbances caused by HSPDA can be the tissue
oxygen supply indicators. However, the risk of complica-
tions while using arterial blood (including the risk of infec-
tion development, hematoma, arteriolospasm, thrombosis,
and embolism followed by necrosis of affected area) in
these patients may exceed the benefit for diagnosis [9—11].
Thus, it is necessary to evaluate the possibilities of capil-
lary blood by assessing the body oxygen status, the lung
injury severity, prognosis for ALV duration and long-last-
ing HSPDA.

These indicators measured in arterial blood have
already proved their usefulness when assessing the RDS
severity [12]. According to Yildizdas D et al. [13], the acid-
base values of the arterial blood are correlated with the
capillary blood parameters even in hypoperfusion and
hypothermia, but not in patients with hypotension [13].
The authors showed a significant correlation of pH, PCO,,
BE, HCO4 parameters in the arterial, capillary and venous
blood; a significant correlation was also obtained for PO,,
but it was much less expressed.

Objective of the study was to assess the significance
of oxygen parameters in the capillary blood for prognosis of
prolonged functioning hemodynamically significant
patent ductus arteriosus (HSPDA) in newborns with
extremely low birth weight (ELBW).

Materials and Methods

The retrospective study was carried out (Verdict of the
Local Ethics Committee Ne 49 dated 13.10.2012) based on the
data taken from the case histories of 46 newborns with ELBW,
who were treated in the Intensive Care Unit of the Omsk Clinical
Perinatal Center from 2008 to 2012. The standard examination
included neurosonography, echocardiography and chest X-Ray.
Newborns were divided into two groups. Group I included babies
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ucropuii 6osesnu 46 Hosopoxaenubix ¢ IHMT, HaxoauBIIUXCS
Ha JIeYeHUN B OT/IEJIEHNN PEaHUMAI U WHTEHCUBHOW TePaIii
Topozickoro KIMHNYECKOTo TepUHATAIbHOTO IeHTpa . OMcka 3a
nepuoz 2008—2012 rr. CranzaprHoe oOcjefoBaHue BKIIOYAIO
HeiipocoHorpaduio, axokapaunorpabuio, perrrenorpaduio opra-
HOB TPYAHOU KjeTKu. HOoBOPOsKIeHHbIE ObLIM PasjieJieHbl Ha [IBE
rpymmsl. B 1 rpymmy Bonm noBopoxkaenubie, numeninne [3OATI,
KOTOPBIH JUTHTEIBHO COXPAHSJICS WM TOTPeGoBal XUpyprudec-
KOTr0o 3aKpbITH, BO 1 — HOBOpOKIeHHbIE, HE MEBIIINE OTKPBITO-
IO apTepUaIbHOTO IIPOTOKA MJIM UMEBIIIE OTKPBITHII apTeprasib-
HBII MIPOTOK, T€MOIMHAMUYECKN HE 3HAYMMBII 1 3aKPBIBIITHIICS
CaMOCTOSITEJIPHO K KOHILy HepBOil Hemean skuaHu. Kpurepusamu
HCKJIOYEHUsT OBbUIN: HeKPOTH3UpYIomuii axrepokoaut I11—IV
CTEIeHN, CMEPTh MAlMeHTa Ha ATare OTAEIEeHIs] PeaHuMaIlH, T1e-
PEBO/L B IPYTOM CTAIMOHAD /10 IKCTYOAIHH.

HoBoposkieHHbIe ByX TPy He OTIMYAINCD APYT OT pyra
1Mo Macce Tea npu posxkzaernn: 864+99,6 r B I rpynme n 897+96,2
r Bo II rpynmne. Cpok recranuu cocrasui B I rpymnme 26,2 Heznenb
(+1,08), Bo II rpymime — 26,8 (+1,06), 3nauenust ppaxiuu BoIGPO-
ca JieBoro xkemmynouka — 69£5,1 u 68+4,7%, COOTBETCTBEHHO.

Opnako Hooposkenubie ¢ FT3OAIT nyskuanucs B 6oJiee -
tesbroit UBJI, mpomoskuTesbHOCTD KOTOpOi B | TpyIime coctaBu-
ma 1091,8+386,06 4, a Bo 11 rpynme — 462,3+268,02 4. B I rpymme
BJXK III cremnenu Berpevasucs B 50% (6 cayudaes), Bo 11 rpyrmie
— B 20% (7 ciydyaeB), 4TO COTJIACYETCSI C JINTEPATYPHBIMH J[AHHbI-
mu — cpeau maimenTtoB ¢ [3OAIT wamte Betpevarores BJKK Tsoke-
abix crenedeit [11]. [IHeBMOHUS PEHTIeHONIOIMYECKU OIUCAHA Y
75% 6ombHbBIX (9 HOBOpOsKAEHHBIX) I rpymimbst 11y 70,5% G0IBHBIX
(24 nosoposxaenupix) 1T rpymnst. BosibHble 06enx TPy MoIyda-
JI aHTHOAKTEPUAILHYIO TEPAIUIO B OJIHOM COOTBETCTBUM C Pe-
3yJbrataMit GaKTePUOTIOTNYECKOTO AHAI3a OTAENSIEMOTO U3 TPa-
Xe0OPOHXUAIBHOTO JIePEBa.

WcenenoBanne KanuiisipHON KPOBH IPOBO/INIIOCH TIPH ITOMO-
1 ananusatopa EasyBloodGas. [TokasaTenu, BoIGpaHHbIe IS HC-
CJTe/IOBAHNS: 3HAYEHNE KHUCJIOTHO-OCHOBHOTO COCTOSTHUSI KallWJ-
ssipuoit kpoBu (pH), HampspkeHue KuUcaopoaa B KaIMLISIPHOI
kpoBi (pkO,), HACHIIIIEHITE KHCTOPOIOM KAMILISIPHON KPOBH TIPU
nopmazibHoM P50 (%S0O4c), coneprkanne KNCJA0Pojia B KaIUILISAP-
Hoit kpoBH (Oyct), aTbBEOJISIPHO-KAIMIIIAPHBII KUCJIOPO/IHBII
rpamuent (AkDO,), pecriuparopusiii koadduient (RIK).

B uiccesoBanme GbLN BKIIOYEHBI TAKIKE OCHOBHBIE ITAPAMETPDI
WBJI: tukoBoe nasiene Ha Broxe (Pip), cpentee nasienue B ibixa-
TespHbIX My TsIX (MAP), koHIeHTpaIs KUucaopoaa B IbIXaTeTbHOi
emecn (FiO,). ITapamerper IBJI annamudeckn n3MeHSINCD C yde-
TOM TIOKa3ateJsieil KallmIAPHON KPOBH, OKCUTCHAIMN U KJIMHUYeC-
KOI1 KapTUHBI ¥ KOPPEKTHPOBAINCH COOTBETCTBEHHO ITPU M3MEHEHUH
HTHUX MOKa3aTesIel He MeHee 2-X pa3 B CyTKH /st 00eCTieYeH st MUHHI-
MaJIbHO IIPHEMJIEMBIX [10Ka3aTeJieil ra30Boro cocTaBa KPOBH.

Boi6op uccienoBarebekoil Touku (8-it eHb KusHu) obyc-
JIOBJIEH, BO-TIEPBBIX, BO3PACTOM TOCTYTIeHN HanneHToB ¢ IHMT
B CTAIlMOHAP, BO-BTOPHIX, BDEMEHEM pa3peleHNs MaTOJ0rHYeCKUX
rporieccos, cBs3anubix ¢ P/ICH, 4To pu oTcyTCTBUM OCTIOKHEH I
JIOJKHO TIPUBECTH K JIMKBU/IAINH JBIXaTETbHON HEIOCTATOUHOCTHI
1 TIePeBo/Ly HOBOPOXK/ICHHOTO Ha CIIOHTaHHOe jibixaHue [14].

Jlnst cpaBHEHUST IBYX HE3ABUCHMBIX BBIOOPOK HUCIIOIB30BATIN
HelrapaMeTpuiecKie MeTO/bl CTATUCTUIECKOro anann3a: ManHa-
Yurau, Banbpa-Boabdosuna, Koamoroposa-Cmupnosa. /[l
OIIEHKH CBSI3M M3Y4aeMbIX IIOKa3aTesell ¢ HallmdneM M OTCYTCT-
BrueM ['3OAIT mpumensaan MeToz JorncTuueckoii perpeccun. st
OIIEHKHU MTPE/ICKA3aTENbHOI CIOCOGHOCTU MOJIEJIH, CO3[IAHHOI TIPU
IIOMOIIN METO/Ia JIOTUCTUYECKON Perpeccuil, NCHOIb30BaIN TI0CT-
poernie ROC-KpUBBIX ¢ BBIOOPOM «TOYKM OTCedeHus» [15, 16].
VccneoBanyie BBINIOJIHEHO C MCIIOJIb30BAHNEM KOMIIBIOTEPHBIX
nporpamm cratuctimyeckoro anammsa STATISTICA 6 u SPSS 17.

PesyubraThl U 00CyKA€HUE

Ol[HOpOZ[HOCTb TPYTIIT TIO MaccCe TeJa IMPpU pOKIACHNN
ITO3BOJIACT UCKJIIOYUTDH BJANAHHUC 3TOI'O ITOKa3aTeJIsd (‘ICpCS

with long- lasting HSPDA required surgical intervention; group
IT consisted of infants without a patent ductus arteriosus or hav-
ing non-hemodynamically significant patent ductus arteriosus or
closed independently by the end of the first week of life. Exclusion
criteria were necrotizing enterocolitis [II—IV, death of the patient
in the intensive care unit and transfer to another hospital before
extubation.

Baby birth weight was similar in infants in both groups:
864+99.6 g in group I and 897+96.2 g in group II. Gestation peri-
od was 26.2 weeks in group I and 26.8 (+1.06) in group II, values
of the left ventricular ejection fraction were 69+5.1% and
68+4.7% respectively.

However, infants with HSPDA needed more prolonged ALV
with 1091.8+£386.06 h in the group I and 462.3+268.02 h in the
group II. Interventricular hemorrhage (IVH) occured in 50% (6
cases) in group I and in 20% (7 cases) in group II that corre-
sponded to published data. Severe ITVH was frequently observed
in patients with HSPDA [11]. Pneumonia was proved by X-Ray
in 75% (9 neonates) in group I and in 70.5% (24 infants) in group I1.
Patients in both groups received antibiotic therapy according to
the results of bacteriological analysis of discharge from the tra-
cheobronchial tree.

Investigation of the capillary blood samples was performed
with Easy Blood Gas analyzer. The indicators selected for the study
were acid-base value of the capillary blood (pH), capillary partial
pressure of oxygen (pkO,), capillary blood oxygen saturation in
normal P50 (%SO,c), capillary oxygen value (O,ct), alveolar and
capillary oxygen gradient (AkDO,) and respiratory rate (RIK).

The main ALV parameters, such as peak inspiratory pressure
(Pip), mean airway pressure (MAP) and oxygen concentration in
breathing gas (FiO,) were also evaluated in the study. ALV para-
meters were dynamically changed due to the indices of capillary
blood, oxygenation and clinical picture and were adjusted in case
of changes of these parameters at least twice a day to ensure min-
imum acceptable figures of the arterial blood gas.

Study points selection (the 8th day of life) was stipulated by
the age of patients with ELBW admitted to the hospital and a
period of time needed for the resolution of pathological processes
due to RDS that should lead to respiratory distress elimination if
no complications occur, and transferring infants to spontaneous
breathing [14].

Nonparametric statistics including Mann-Whitney, Wald-
Wolfowitz, and Kolmogorov-Smirnov tests were used two evalu-
ate significance between variables from two independent samples.
The logistic regression was applied to identify the relationship
between the studied parameters with or without HSPDA. To
evaluate the predictive ability of the model created by means of
the logistic regression the ROC-curves with «cut-off point» was
implemented [15, 16]. Statistics data processing was carried out
on a personal computer using the software packages STATISTI-
CA 6.0 and SPSS 17.

Results and Discussion

The same baby birth weight in both groups allowed
excluding the impact of this parameter (via the respiratory
muscle mass, CNS maturity and, therefore, the breathing
control mechanisms) on ALV duration. Group uniformity
as per LVEF value indicated the absence of significant sys-
tolic dysfunction followed by hemodynamics disorders in
the systemic circulation [5] in both groups.

Apparently, in the first 10 days of life in a newborn
with ELBW (when BPD is not formed yet) the HSPDA
enhanced ALV duration not because of the lung injury, but
due to the hemodynamic disturbances (left-to-right shunt)
with the pulmonary circulation enrichment and the sys-
temic circuit stealing.
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Ta6imua 1. YyBCTBUTENBHOCTD M clIEU(UYHOCTD B IOTHCTUYECKON PErPECCUBHOI MOIeH Ha 8- I€Hb 3KU3HU HOBO-
POK/IEHHBIX € IKCTPEMAJIFHO HU3KOI Maccoii Tena.

Table 1. Sensitivity and specificity values in the logistic regression model on the 8th day of life in newborns with
extremely low birth rate.
Predicted data (incidence rate)

Actual data (incidence rate) Sensitivity/specificity

HSPDA PDA no
HSPDA 1 1 84.6%
PDA no 2 32 97%
13 33

Note (upumeuanue): HSPDA (hemodynamically significant patent ductus arteriosus) — reMoAUHAMUYECKY 3HAYUMBINA OTKPBITHIN
aprepualibibiii ipotok; PDA (patent ductus arteriosus) — oTKpbITHIN aprepuaibhbiii nportok; predicted data (incidence rate) —
npejicKa3atnubie ganubie (ducsio caydaes); actual data (incidence rate) — dakriyeckue ganmbie (4UCIo caydaes); sensitivity /specifici-
ty — YyBCTBUTEIHLHOCTH/CHEIUMUIHOCTD.

TaGauna 2. [lokasaTean NPOrHOCTHYECKOH MOJENH JIMTENbHO (DYHKIMOHUPYIOIEr0 TeMOAMHAMUYECKH 3HAYMMOTO
OTKPBITOTO apTePHAIBHOTO MPOTOKA Ha 8- IeHb >KU3HU HOBOPOSK/IEHHBIX C 9KCTPEMATIbHO HU3KO Maccoi Tesa.
Table 2. Description of the variables for the prognosis model of the long-term functioning HSPDA in newborns with
extremely low birth weight on the 8th day of life.

Variable Parameter Standard mistake Wald chi-square Significance level
Oyct -0.479 0.202 5.643 0.018
Pip 0.708 0.258 7.532 0.006
Constant -6.823 4.404 24 0.121

Note (npumevanue): Variable — nepemennas; parameter estimation — orenka mapamerpa; standard mistake — crangaprhas omu6-
ka; Wald chi-square — y* Basnbza; significance level attained — mocturaytsiit yposens snaunmocti; Oqct (capillary oxygen value) —
coziepKatue KUCJI0pojia B KanuispHoil kposu; Pip (peak inspiratory pressure), mmHg — nukoBoe naBjieHue Ha BAOXE, MM PT. CT.;

constant — KoHcTaHra.

MAcCCy JBIXaTeJNbHOI MYCKYJIaTypbl, CTENEHb 3PEJTOCTH
HHC, a 3HaunT, MEXaHM3MOB PETYJAINNN bIXaHUS) HA
nmutenbHocTh VIBJL. OmHOpOaHOCTD TPYMIT IO BesTMYMHE
(bpakimu BBIGPOCA JIEBOTO JKENYA0UKA CBUAETETLCTBYET 00
OTCYTCTBMHM 3HAYUMOTO HAPYUIEHUS CHCTOJUIECKOM
(byHKIIMM cep/ia U CBA3aHHBIX ¢ 9TUM HAPYIIECHHUI TeMo-
JMHAMUKY B OOJIBIIOM Kpyre KpoBooOparienus [5] B 0be-
UX TpyIIax.

OueBuno, 4To B 1epsbie 10 aHel KU3HI HOBOPOXK-
neraroro ¢ IHMT (moka eme ne copmuposanace BJLJI)
nvento 30AII crmocobeTBYeT yBEeTNUEHHIO JUTHTETHHOC-
i VIBJI, mpudem He cTOBKO M3-3a TIOBPEKICHUS JIETKUX,
CKOJIBKO W3-3a TeMOJAWHAMWYECKUX HapyleHuil (JeBo-
npasblii cOpoc) ¢ oboraleHneM MaJIoTo Kpyra KpoBooOpa-
eHus 1 0OKpazibiBaHueM OOJIBIIOTO.

[TpuHIUIT METO/A JIOTUCTUYECKOH perpeccun — Iio-
IIaroBO€ BKJIIOUEHHE U MCKIIIOUEHUE TTOKa3aTeiell /71 Bbl-
SIBJIEHWST OMTUMAJIBHOTO UX cooTHorenus [15]. B macros-
eM KCCJIEIOBAHUU 9TO OBLIN KUCJIOPOIHbBIE TOKA3ATEIIH
KaluJUISIPHOU KpoBu u ttapametpbl IBJI. Beibop ypashe-
HUs perpeccuu ObLI C/eJIaH B 110Jb3Y BapUAHTa ¢ MAKCHU-
MaJIbHBIM CYMMAapHbBIM 3HAYeHUEM YYBCTBUTEJIbHOCTU W
cnenupuunocTr. CozaHHas MOJIENIb UMEET JI0BOJIbHO BbI-
COKYIO UyBCTBUTEJIBHOCTD U criennuuHOCTh. Makcumasib-
HbI€ 3HAUEHUS YYBCTBUTEJIBHOCTH M CHEIU(DUUHOCTH 1TPO-
THOCTUYECKOM Mojiesin Ha 8-il JIeHb HOBOPOKIEHHBIX C
IHMT 6buin — 84,6 u 97%, coorsercrenHo (tabu. 1).
KoahduimenTs! 1715 cocTaBieHust ypaBHEHUS JIOTUCTHYE-
CKOU perpeccuu, paCCYnTaHHOTO Ha 8-if IeHDb JKMU3HU HOBO-
poskaenubix ¢ IHMT, npeacrasietsl B TabiL. 2.

The logistic regression principle is a step-by-step
inclusion and exclusion of indicators to identify their opti-
mal ratio [15]. In the present study these parameters
included oxygen values of the capillary blood and ALV
parameters. The selection of the logistic regression equa-
tion was made in favor of a maximum total value of sensi-
tivity and specificity. The developed model had a relative-
ly high level of sensitivity and specificity. Maximum values
of sensitivity and specificity in a prognostic model detect-
ed on the 8th day of life in infants with ELBW were 84.6%
and 97%, respectively (Table. 1). The coefficients for the
logistic regression equation calculated on the 8th day of
life in infants with ELBW are presented in Table. 2.

The accuracy of Nadelcercess method indicates that
the model explains of 61.8% of dispersion. Logistic regression
equation is presented as: -0.479 ¢ O,ct+0.708 * Pip-6.823.

To assess a prognostic ability of the model the ROC-
curve was built (Fig. 1), where the actual data regarding
HSPDA presence or absence were correlated with the
probability values calculated using a logistic regression
equation for each case. The resulting area under the curve
(0.907) defines the created model quality as an excellent.

Pip parameter relationship with a risk for HSPDA
further development was determined as considerably
high. (Table 2, 3). This relationship can be explained from
two points of view. Firstly, Pip elevation is a HSPDA
sign, since in case of the left-to-right shunt the pul-
monary circulatory congestion occurs worsening the pul-
monary edema, reducing lung compliance and requiring
higher pressure for lungs disclosure in ALV. Secondly, in
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Ta6immua 3. IlapameTpnl ra3oB B KanWUISIPHOH KPOBH U 3HaueHusi ALV y HOBOPOIKIEHHBIX € 9KCTPEMAIbHO HUBKOU

Maccoi Tejia Ha 8-if leHp JKU3HH.

Table 3. Parameters of capillary blood gas and ALV in newborns with extremely low birth weight on the 8th day of

life.
Parameters Values of parameters in groups Significance of differences (P),
with HSPDA, n=13 without PDA, n=33 Mann-Whitney U-test

FiO, 31,2+9.08 26.3+4.46 0.067

pH 7.249%0.07 7.275%0.06 0.180

pkO, 35.5+£5.83 37.8+6.95 0.328

%6S04c 58.1+11.27 63.7£11.8 0.168

Oyct 11.1£2.07 14.8+3.45 0.0007

AkDO, 140.5+61.6 92.7+34.8 0.0056

RIk 3.9+21 2.4%0.97 0.0076

Pip, mmIg 18.4+3.04 15.2+1.76 0.0004

MAP, mmHg 8.0+x1.15 6.9+0.82 0.0015

Note (npumeuanue): Parameters — nokasaresu; values of parameters in groups — 3nadenue nokaszareseil B rpyrmnax; HSPDA (hemo-
dynamically significant patent ductus arteriosus) — reMogMHAMUYECKY 3HAYMMBbII OTKPBITHINA apTepUaIbHbIil MPpoToK; without PDA
(patent ductus arteriosus) — 6e3 OTKpPBITOTO apTepraibHoro nmpoToka; significance of differences (P), Mann-Whitney U-test — 3nauu-
Moctb pasinanii (P) no U-kputepuio Manna-Yuruu; FiO, ( oxygen concentration in breathing gas) — koHmenTpamus Kuciopoja Bo
BabixaemoM Bosnyxe; pH (acid-base value of the capillary blood) — 3HaueHne KuCJIO0THO-OCHOBHOTO COCTOSIHUS KAUJLISIPHON KPOBH;
pkO, ( capillary partial pressure of oxygen) — HampszkeHune Kiciopoja B Kamuuisipoit kposu; %SO,¢ (capillary blood oxygen satura-
tion) — HackIeHne KUCAOPOgoM Kanumiisipaoil kposu; O,ct (capillary oxygen value) — cozepskanne Kuciopoa B KalnJIsipHON KPo-
Bu; AkDO, ( alveolar and capillary oxygen gradient) — anbBeosistpHO-KanuIApHBI Kucaopoausiii rpagauent; RIk (respiratory rate )
— pecrtiparophbiii koadduiment; Pip (peak inspiratory pressure), mmHg — nukoBoe paBjienue Ha Bioxe, MM pT. ¢T.; MAP (mean air-

way pressure), mmHg — cpeznnee gaBienne B AbIXaTeIbHBIX MYTX.

[TokaszaTesb MepbI ompe/iesieHHOCTH 110 MeToay Ha-
JIeJIbKEPKeca YKa3bIBaeT, UTO JaHHash MOJIEIb OObCHSIET
61,8% mucrepcun. YpaBHEHUE JOTHCTHYECKON PETPECCUn
nmeet BU: -0,479 ¢ O,ct+0,708 « Pip-6,823.

[t OlLIEHKYW NpeCcKasaTelbHOl CIOCOOHOCTH CO-
3mantoit Mozgenn Obita moctpoera ROC-kpuBas (puc. 1),
rae (akTuueckue JaHHbIE O HAJUYUU UM OTCYTCTBUH
T'30AII 6bLIM COOTHECEHBI CO 3HAYECHUSIMU BEPOSITHOCTH,
pPacCUUTAHHBIMU MTPHU TOMOTIU CO3/IaHHOTO YPaBHEHUSI JIO-
THCTUYECKOI perpeccuu s Kaxaoro ciaydas. [loayden-
Hag Tromanas mox kpusoi (0,907) xapaktepuayeT xKadecT-
BO CO3/IaHHON MOJIEJIN KaK OTJINYHOE.

Bricoko 3HaumMoit okazazach ¢BsI3b mapaMmeTpa Pip ¢
puckom coxpanstorerocss T3OAIL (taba. 2, 3). Jlannyio
CBSI3b MOKHO OOBSCHHTH C JIBYX TOYEK 3peHus. Bo-mep-
BBIX, ToBbIeHust Pip siBistercst mpusnakom ['30AII, tak
KaK MPH JIEBO-TIPABOM IITYHTE TIPOUCXOIUT TIEPETIOTHEHNE
MaJIOTO Kpyra KpOBOOOPAIeHUs, HApacTaeT OTEK JIErKUX,
CHIKAETCS X PACTSKUMOCTD, TpebyeTcst 60bIee maBie-
HUe JIJIsI PACKPBITUS JIETKUX TIPU UCKYCCTBEHHON BEHTUIIS-
1nn. Bo-BTOpBIX, BEICOKOE Pip momosHnTeIbHO TTOBpEsKIa-
€T JIETKUE U MOBbIIIAET JABJICHUE B JIETKUX, CIIOCOOCTBYET
(hopMHUPOBaHUIO TIPABO-JIEBOTO HIYHTA U YXY/IIEHUIO OK-
CHUreHAIMK OPraHOB U TKAHEM, MOAIePKUBast TaKUM 0Opa-
30M apTepUaIbHBIN MPOTOK OTKPBITHIM. [lokazaTems Pip
oTpaskaeT skecTKOCcTh TmapameTpoB MBJI, omHako crernenn
MTOBPEK/ICHUS JIETKUX, B TIEPBYIO OUepe/lb CBSI3bIBAIOT C BbI-
cokum MAP [14]. Tlocieanunii nmokasaTesib B HACTOSIIIEM
HCCJIEIOBAaHNM OKA3aJICsl MeHee 3HAYMMbIM, UYTO JIEJIaeT
nepBoe 00bsiCHeHMe HOJIee MOAXOISIIMM,

BbisiBJIeHBI CTAaTUCTUYECKM 3HAYMMBIE Pa3JIUUUs
MESKJLy TPYIITaMU HOBOPOXKIEHHBIX 10 O,Ct KanmsisspHOit
kpoBu (1abi1. 3). [TokasaTenb OTpakaeT cogepKaHue KICI0-
PO/ia B KPOBH, CJIATAETCS U3 KOJIMYECTBA KUCTOPOJIA, CBSI3aH-

ROC Curve
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ROC-kpuBasi nporHocTu4ecKoil Mojeau aureabHo GyHKIuo-
HHUPYIOIETO F€MOTMHAMUYECKH 3HAYHMOTO OTKPBITOTO apTepH-
aJIbHOTO NMPOTOKA y HOBOPOK/IECHHBIX € IKCTPEMAJIBHO HU3KOH
Maccoii Tea.

ROC-curve of the prognostic model for the prolonged func-
tioning and hemodynamically significant patent ductus arterio-
sus in newborns with extremely low birth weight.

Note (npumeuanmue): Specificity — cnerupuuanocts; Sensitivity —
YYBCTBUTEILHOCTD.

addition, a high level of Pip parameter damages the lungs
and increases the pressure in the lungs contributing to
the right-to-left shunt development and poor oxygena-
tion of organs and tissues keeping the ductus open. Pip is
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HOTO € TeMOTJIOOMHOM, U KOJMYECTBA PACTBOPEHHOIO KHC-
sopozia. ITpu 3HAUNTENIBHBIX pa3Mepax MPOTOKa B MOMEHT
JIMACTOJIbI BO3HUKAET PETPOrPaHbIN TOK KPOBH B OPIOITHON
aopTe, MarucTPaIbHBIX APTEPUSIX OOJBIIOr0 KPyra KPOBOOO-
paIlleHNs, YTO BBI3BIBAECT HAPYIICHUSI MUKPOIMPKYJISIINN 1
unemuto TkaHeit [5]. Takum o6pasoM, coaepKaHue KUCI0-
pojia B KalMJLISIPHON KPOBU 3aBUCHT, C OJTHOI CTOPOHBI, OT
€T0 TIOTJIONIEHNUST B JIETKUX, C IPYTOi — OT KayecTna ero J10-
CTaBKHU U CTEIIeHU TIOTPEOIICHUS TKAaHSIMHU, IO9TOMY MOKET B
GoJrblieil Mepe oTpaxkarh THIokcHio TKaHeil [17, 18]. B to
5Ke BPeMst, TIepPEIoJIHEeHE KPOBBIO MaJIOro Kpyra KpoBooo-
palleHus MPUBOIUT K HAPYIICHUIO ee OKCUTEHAIIUH B JieT-
KHUX, 4TO ycyryOJIsieT TUToKCeuIo TKaHeit [5].

Hapyiienue okcureHaimu u CTeeHb IyHTUPOBAHUS
KPOBH B JIETKUX OTpakaeT mokasaTenb RI. /lannbrii mokasa-
Tesib B KanuuisipHoii kposu (RIK) cratucrimyecku sHaunmo
OT/TMYAJICST B IBYX TpyMiax maruentos (tadu. 3). Crmken-
HOE CcoiepsKaHke KUCIOPOoJIa B KAIMJUISIPHON KPOBU MOJKET
ObITH CBSI3aHHO, C O/IHOIT CTOPOHBI, ¢ HAPYIIEHUEM OKCUTEHA-
UK KPOBH B JIETKKX, C IPYTOI — € HAPYIIEHUEM €ro I0CTaB-
KU K TKaHSIM ¥ TIOBBIIIEHHOTO T10Tpedienust Tkansmu [ 18].

3akjaoyeHue

[TprHIMTTHATBHO BAXKHBIM /LISl KATETOPUU HOBOPOIK-
nearbpix ¢ DHMT gBasercs yMmenblenne IInTeTbHOCTH
PeCIupaTopHOil MOJIEPKKA W YMEHbIIIEHNE ee MHBAa3UB-
HOCTH, JIIST 9€T0 TPeOYEeTCsT CBOEBPEMEHHOE BBISIBICHUE U
ycerparenue ['3OAIL TIpensnoskena Mojiesib, KOTOpast 03-
BOJISIET TIPOTHO3MPOBATH JTUTEIbHOE (DYHKIIMOHUPOBAHUE
T'30AII na BTOpOIT HeEmesNe KU3HU HOBOPOKIACHHOTO TIPU
MOMOIIN HEOOJIBIIOTO YKCIa PYTUHHBIX [IOKA3aTeIeH.

Kucroponnsrii mokazarens O,ct KaMWIIIPHON KPO-
BU OKa3aJICSl CTATHUCTUYECKN 3HAYMMBIM JIJISI TIPOTHO3UPO-
Banus quutenabHoctu Gynkironupoanus [3OAIL Ipo-
THOCTMYECKAST 3HAYMMOCTH MOKa3aTeqss 060CHOBaHA
CTaTUCTUYECKH, a TAK/Ke 00DBICHUMA C MTATOTEHETHIECKUX
nosnnmil. [lomyuernas xopomas mpeacKasbiBaonias Cro-
COOHOCTD MOJIEJIH, CO3JAHHON U151 8-T0 JIHS, YKa3blBaeT Ha
BEPHBIN BBIOOP CPOKA UCCIIEA0BAHUS IS [IPOTHO3UPOBA-
Hust uuTeabHo pynknnonupyiomiero F3OAIT y HoBopok-
nenabix ¢ JHMT. [lannsiii meproa sSBISETCS TEPEIOM-
HBIM B cMbice pasperieaus PACH wmm dopmupoBanus
BJI/I, 9To mpUHIUTTHAIBLHO 3HAYUMO JJIS JJTUTETHHOCTH
WBJI u ganpueiinrero npornosa. 3OAII ssistercst ognum
U3 BaKHEHIMX (GakTopos, crocoOCTBYOIMX (POpMUPOBa-
nuio BJI/1 y nosopoxaennbix ¢ IHMT.
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indicated on the toughness of ALV parameters, but the
degree of lung injury is primarily associated with high
level of MAP [14]. The last indicator in this study has
been less significant, which makes the first explanation
more appropriate.

The statistically significant differences between two
groups of newborns as per O,ct capillary blood have been
revealed (Table. 3). The indicator reflecting the oxygen
content in blood is summed up the amount of oxygen
bound to hemoglobin and the amount of dissolved oxygen.
If PDA is considerably large, the retrograde blood flow in
the abdominal aorta and in main arteries of the systemic
circulation during diastole occur caused disturbances in
microcirculation and tissue ischemia [5]. Thus, on the one
hand, the oxygen concentration in the capillary blood
depends on the oxygen obtained in the lungs. On the other
hand, it depends on the quality of oxygen supply and its
consumption by the tissues indicating tissue hypoxia [17,
18]. At the same time, the pulmonary circulation conges-
tion leads to the violation in blood oxygenation in the
lungs exacerbating tissue hypoxia [5]. Therefore, the
deficit of oxygen concentration in the capillary blood
occurs because of impaired consumption in the lungs and
violation in oxygen delivery and excessed consumption in
the tissues [18].

Conclusion

The shortening period of respiratory support and its
invasiveness reduction is fundamentally essential for the
newborns with ELBW including early diagnosis of
HSPDA and its complete elimination. The proposed model
allows predicting the HSPDA prolonged functioning on
the second week of life in infants using a small number of
routine indicators.

Capillary blood oxygen indicator O,ct was demon-
strated to be significant for prognosis of prolonged func-
tioning HSPDA. The prognostic significance of these indi-
cators has been statistically proved and pathogenetically
explained.

Good prognostic potential of the model developed
for the 8th day of life clearly demonstrates that this period
is a turning point for RDS resolution in newborns or for
the BPD development, and is essential for an ALV prolon-
gation and further prognosis. HSPDA is one of the most
important factors inducing BPD development in newborns
with ELBW.
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Poisoning and Intoxication
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Ienwv uccaedoganusn: ndyyenne 0COOEHHOCTEH KIMHHYECKOrO TEYEHHSI U HHTEHCUBHOM Tepanuu y GOJbHBIX ¢ Kpaiine
TSI3KeJNbIMH (popMaMU OCTPBIX OTPABJIEHHU /JaMU JKUBOTHOTO NPOMCXOK/EHHS BCJIEICTBHE YKYCOB UH/UNACKOI U MOHO-
KJIeBOi KOOp. Mamepuanvi u memoovi. Matepuai HCCIE0BaHUSI COCTABUIN 2 KINHAYECKHUX CJydYasi OCTPBIX OTPaBJe-
HUH SIZIaMH )KUBOTHOTO MPOUCXO0K/IEHUSI BCIEACTBHE YKYCOB UHIUHCKON 1 MOHOKJIEBOI KoOpamu. M3yyanu oco6eHHo-
CTH KJIMHUYECKOW KaPTHHBI B IMHAMUKE, M3MEHEHNUs B KIMHUKO-0MOXMMHUYECKUX MIOKA3aTEeNIsAX, TA30BOM COCTaBe KPOBU
U KHUCJIOTHO-OCHOBHOM COCTOSIHHH, IaHHBIX Koaryaorpammbl, KT u penrrenosoruyeckoii kaptunsi. Peayavmamuot. Yc-
TaHOBJIEHO, YTO OCTPOE OTPABJEHHE SAMH ’KUBOTHOIO MPOMCXOKIEHHUS BCIEACTBHE YKYCOB KOOD TsKeJOoil creneHu
XapaKTepHu3yeTcsi Ppa3BUTHEM TOKCUKOTHIIOKCHYECKOii dHIedasonaTii, TOKCHYECKOI MHONIATHH C IIape30M CKeJeTHO!
M [IXaTeJbHONH MYCKYJIATyPbI C Pa3BHTHEM OCTPOIl ABIXATENbHOI H C€P/IeYHO-COCYANCTOI HEIOCTATOYHOCTH, KOATyJI0-
natuu, Merabdoanuyeckumu paccrpoiictBamu. Ilpu ucnonab3oBanuu cnenuduueckoii Tepanuu (MPOTHBO3MEHHON CBHIBO-
POTKH B OJIHOM CJIyYae) OTMeYaaH Pe3Koe yXy/UIeHHe COCTOSIHHs 0O0JBHOrO B BHJE MOJHUEHOCHO Pa3BUBLIETOCS
OPJIC. Kommiekc Mep MHTEHCUBHOM Tepanuy J0JKEH BKIIOYATb B ce0sl MEPONPHUSTHS Ha OCHOBE 00LIEPEAHNMATOJIO-
IHYECKUX NOAXO0/0B — NO//IEeP/KAaHHE CUCTEM KU3Heo0ecneuenus (AbIXaHusl, KpOBOOOpalleHns ), AeCeHCHOUIN3UPYIO-
el Tepanuu, KOPPEKIUU MeTab0IMYECKUX PACCTPOICTE IIyTEM UCIOIb30BaHUs CYOCTPATHBIX AHTUIUIIOKCAHTOB (1[H-
todaaBuH, peamMOepuH), aHTUGAKTepUATbHON Tepamuu. 3akxatouenue. IIpu ocTpbIX KpaiiHe TSKENIbIX OTPABIEHHSIX
BCJIEJICTBHE YKYCOB 3Meil ceMeiicTBa aCH/IOBBIX CJeyeT KpaiiHe 0CTOPOKHO MCI0Jb30BaTh METO/bI crelndniecKoi
Tepanuu (IPOTHBO3MEHHON CHIBOPOTKHU ), & OCHOBHOI yIOP /1€JIaTh HA MEPONPUSATHS, OCHOBAHHbIE HA OONIEPEaHNMATO-
Jornyeckux npunnunax. Knioueevie ciosa: octpbie oTpaBieHUs s/1aMH >KHBOTHOTO NPOMCXOXK/IEHUS, YKYChI 3Meii,
NPOTUBO3MEHHHAS CHIBOPOTKA.

Objective: to study the specific features of the clinical course of acute intoxications with venoms due to the bites of Naja
(cobra) naja and Naja kaouthia and those of intensive therapy in patients with the severest forms of this condition.
Subjects and methods. Two clinical cases of acute intoxications with venoms due to Naja naja and Naja kaouthia bites
were examined. The specific features of their clinical picture over time, changes in clinical and biochemical indicators,
blood gas composition, and acid-base balance, coagulogram readings, ECG and radiological findings were studied.
Results. Acute intoxication with venoms due to serious cobrabites was found to be characterized by the development of
toxicohypoxic encephalopathy, toxic myopathy with skeletal and respiratory muscle paresis to develop acute respirato-
ry and cardiovascular failure, coagulopathy, and metabolic disorders. Specific therapy (with an anti-ophidic serum in one
case) resulted in drastically worsening health conditions as fulminant acute respiratory distress syndrome. A package of
intensive therapy measures should include actions based on general resuscitation approaches — maintenance of life sup-
port systems (breathing, blood circulation), anti-sensitizing therapy, correction of metabolic disturbances with sub-
strate antihypoxants (cytofavin, reamberin), and antimicrobial therapy. Conclusion. In the severest acute intoxications
due to cobra snakebites, specific therapy methods (with anti-ophidic serum) should be used with extreme caution and
particular emphasis should be laid on the general resuscitation-based principles. Key words: acute intoxications with
venoms; snake bites; anti-ophidic serum, cobra cnakebite.
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OTpaBAeHUSI M MHTOKCUKALUNU

OTpaBiieHusT OTHOCSATCS K OJIHON M3 Ba’KHBIX IPO-
6sem anecresnosornn-peannmaroiornu [1—4]. Ocrpsie
OTPABJICHUS SIJIAMU JKUBOTHOTO TTPOUCXOK/ICHUST BCJIECT-
BHE YKYCOB SITOBUTBIX 3M€l B HACTOSIIIIEE BPEMSI SIBJISTIOTCS
PEAIbHOCTBIO, OOYCJIOBIEHHOI TIOSIBUBIIENCS B TIOCTIEIHNE
TO/IbI BO3MOKHOCTbBIO mocetienusi crpan HOro-Bocroka, a
TaKKe POCTOM HeJIeTaIbHOTO BBO3a B CTPAHY MOJIHBIX 9K30-
THYeCKUX 3Meit. ViMerores cBefieHrst 06 eIMHUYHbIX OTPaB-
JICHUSIX SITAMU UMIIOPTUPOBAHHBIX SI/IOBUTHIX 3ME, OTHO
73 KOTOPBIX 3aKOHYMIIOCE JIETATHHBIM UCXOIOM [5—7].

Wuaniickas (oukosas, Oenranbckas) kobpa (Naja
naja naja); KJ1acc — pelnTuiny, ceMeiicTBo — actuabl. Pac-
npocTpaneHa 1o Beelt aanm, oxuoit yactu Kuras, bup-
Me, Cuamy, MajakkCKOMy T10JIyOCTPOBY, GOJIbIINM 30H/I-
cknM, AnamanckuM octposaM u Llefinony.

Monoxkuesas ko6pa (Naja kaouthia); kmacec — pern-
TUJINW, OTPSIZT — YelryHuaThle, CeMeCTBO — acIuabl. SB-
JISIETCS TUIMYHBIM [PEACTABUTENEM a3uaTCKUX KoOp.
Berpewaereas 8 Mnann, Kammyunn, Hemame, Cukknwme,
Bupwme, Tanmarnze, Boername n I0ro-3amaamom Kurae [5].

SIapl 3meli npeACcTaBIsgIoT cOO0M MHOTOKOMITOHEHT-
Hble cMecH ¢ nogasJsiiomum npeobaaganem (90—95%)
BEIECTB TENTUIHON NPUPObI, KOTOPbIe 00YCIOBINBAIOT
ocHoBHbIe ahdekTo sma [8]. OcHOBHOI TOKCHUecKuit ad-
(hexT cBsI3aH ¢ BBICOKOTOKCUYHBIMU TOJIMIENTUIAMA —
IIUTOTOKCUHAMH, KaPJAMOTOKCUHAMK U (-HEHPOTOKCUHAME
17,9, 10]. Ipyryto TpyIity BBICOKOTOKCHUHBIX COE/ITMHEHUI
ama KoOp cocrasisger (ocdommmnaza A2, KOTOpasg MOKET
00pasoBBIBATH KOMILIEKC ¢ KUCJIOTHBIMU, OCHOBHBIMU HJIH
HelTpasbHbIMK OeJIKOBbIMU OsioKamu. [TosumenTu/pl yKa-
3aHHBIX CTPYKTYPHBIX THIIOB CO/IEP)KATCS B sijie B 3Ha-
YKUTEJNbHBIX KOJIMYECTBAX (HAIIPUMEP, [10JisT a-KOOPATOKCH-
HAa B CyXOM sijle TauJaHACKOH KOOpbl poxoaut 10 25%,
0K0110 40% 0T Macchl cyxoro siaa Koop poaa Naja cocrasJisi-
10T IUTOTOKCUHBI ). [[IUTOTOKCUHBI OBPEXKAAIOT TKAHU 1Ty~
Tem Ju3uca kiaetok [11]. HelipoTokcunbl HapyimmaorT nepe-
Jlaqy HepBHOTO nmiryJsca [10].

OCHOBHbIE CUMIITOMBI UHTOKCUKAIIMU JIEJISTCS Ha 2
IPYIIIBL JIOKaJIbHbIE U 001iue cuMiToMbl. K JIOKaabHbIM
OTHOCSTCS: TIOTEMHEHNE TKaHel BOKPYT MecTa yKyca, Jio-
KaJIbHbIII OTEK, HEKPO3 IIOBEPXHOCTHBIX TKaHel. U obiiue
CUMITTOMBI, KOTOPBIe PErncTpupyioTcs y 30% yKyIIeHHbIX
mozieit. Hanbosiee paHHUE CUMIITOMbBI HAIIOMUHAIOT aJIKO-
TOJIbHOE OTIbsTHEHMeE, 3aTeM (mHoT/a epe3 15—30 MumHyT)
Pa3BUBAETCSI TITO3, KOTJlA HaablieOpaibHas 11eJIb CMbIKACT-
cst 1o Meree 0,5 cm. JlabHelilnee pasBuTHe KJIMHIKI: 3a-
TPy/IHEHHAas peub, pody3Hast canmpaius, aucarvs, Mu-
03 U, B TSDKEJIBIX CJIyJastX — BSJIBIN Mapajnd KOHETHOCTEH
1 IpIXaTeIbHBIH napaand. VIHora pernctpupyioTes pBoTa,
TOJIOBOKPY KEHME, KOJatc [5].

[To faHHBIM JIUTEPATYPbI, OCHOBHBIM JIeYeOHbIM Me-
POIPUATHEM TPH OCTPHIX OTPABJIEHUSIX YKYCaMH SJIOBU-
TBIX 3MeHl SIBJISIETCS UCIIOJIb30BaHKE Clieln(ruecKkoii Tepa-
KM — IPOTUBO3MENHBIX CHIBOPOTOK [5]. Hapsimy ¢ atnm
JledeHue IPU OTPABJIECHHUH SIJIaAMU JKUBOTHOTO TIPOUCXOJK/IE-
HUS 3aKJII0UaeTcst B cyegytomieM: 1) obrue noauepKuBao-
mue Mepornpusitust (MHQGY3UOHHAs Teparus); 2) nposejie-
MaCCUBHOW  JleCeHCUOUIM3UPYIOTTei

HHE Tepamnunu,

Poisoning belong to one of the important problems
of anesthesiology and intensive care [1—4]. Acute poison-
ing with a snake venom is a reality because of increased
travelling in South-East countries and growth of illegal
import of exotic snakes. There is an informa-tion about the
individual poisoning by snake venom from imported poiso-
nous snakes with one case one reported as resulted in a
death [5—7].

Dangerous snakes include: (A) Indian (spectacle,
Bengali cobra) (Naja naja naja); class — reptiles, family —
viper. Spread across India, southern China, Burma, Siam,
the Malay Peninsula, Greater Sunda islands, the Andaman
Islands and Ceylon. (B) Monoklevaya cobra (Naja
kaouthia); class — reptile, detachment — scaly, family —
viper. It belongs to Is a typical representative of the Asian
cobras. Found in India, Cambodia, Nepal, Sikkim, Burma,
Thai-land, Vietnam and southwestern China. [5]

Venoms of snakes are multicomponent mixtures, in
which 90—95% are peptide substances causing the main
effects of the poison. [8] The main toxic effects associated
with highly toxic polypeptides such as cytotoxins, cardio
toxins and alpha-neurotoxins [7, 9, 10]. Another group of
cobra venom include highly toxic compounds — phospho-
lipase A2, which can form a complex with acidic, basic or
neutral proteins. Snake venom contains polypep-tides in
significant amounts (for example, the proportion of A-
cobratoxin in dry venom of Thai cobra reaches 25%, about
40% of the dry venom of the Naja cobra is represented by
cytotoxins). Cytotoxins damage tissue by cell lysis [11].
Neurotoxins disrupt neurotransmis-sion [10].

The main symptoms of intoxication include local
and general symptoms. Local symp-toms include darken-
ing of the tissue within the the wound area, local swelling,
necrosis of superficial tissues. Common symptoms occur
in 30% of bitten people. The earliest symptoms looks like
an alcohol intoxication, then (sometimes in 15—30 min-
utes) the prosis is developed, when the palpebral slit clos-
es to less than 0.5 cm. The further development of clinical
symp-tomes includes slurred speech, profuse salivation,
dysphagia, miosis, and in severe casesthe sluggish paraly-
sis of the limbs and respiratory paralysis are developed.
Sometimes general symptoms include vomiting, dizziness
and collapse [5].

According to the literature, the main treatment
option for acute poisoning by snake venom is a specific
antivenom [5]. Along with this treatment for poisoning the
following therapeutic measures to treat the consiquences
of intoxication by toxins of animal origin in-clude: 1) gen-
eral supportive therapy (infusion therapy); 2) conducting
a massive desensitizing therapy, including hormone thera-
py; 3) correction of metabolic disorders; 4) removing tox-
ins from the body including hemosorbtion [5, 12]. It is nec-
essary to emphasize the importance of correction of
metabolic disorders accompanied by critical conditions,
especially in acute poi-soning [13—16].

The following clinical cases illustrate the importance
of in-time treatment of poisoning and demonstrate rare
cases of severe poisoning.
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BKJIFOYAsi TOPMOHOTEPAIIHIO; 3) KOPPEKIM MeTaboandec-
KUX PACCTPONCTB; 4) yIaJeHre U3 Oprann3Ma s/10B KUBOT-
HOTO NPOUCXOKIEHUST, B TOM YHUCJIE TIyTeM TIPOBEJICHUS Te-
mocopbuuu [5, 12]. Heo6xX0aumMo MouepKHyTh BasKHOCTb
KOPPEKIINU METAOOTMIECKUX PACCTPOICTB, COMTPOBOKAAIO-
MUX KPUTHUYECKUE COCTOSTHUS, OCOOEHHO MPU OCTPBIX OT-
pasienusix [13—16].

[IpuBenennble HUKE KIMHUYECKUE CIydaw WHTeE-
PECHBI ¢ MO3UIMI PEAKOro BUAA OTPABICHUN M 0COOON
UX TSKECTH.

bompnoit K., Ha MoMenT oTpaBienus 40 net, 14.04.98.
JIOCTaBJICH B OT/leieHue peannmaruu LlenTpa edenns oct-
poix orpasiernii CI16 HUU CII um. V. . [Ixanenusze ¢
JIMATHO30M: TOKCUUECKHii a(pdekt, 00yCcI0BIEHHbII KOH-
TaKTOM C SIZIOBUTOH 3Meel, TsKeIoi crerenu (yKyc nHani-
ckoii ko6psI B 111 masrent npasoit kucti). Ipu mocrymernu
5Ka100bI Ha €1a00CTh, COHIMBOCTD, OHEMEHUE HUKHUX KO-
HEYHOCTEH, OIyIIeHNEe BEK, KaXK/Ly, 3aTPY/IHCHHOCTh PEYH.
W3 anamHe3a U3BECTHO, UTO TIPUMEPHO 3a 1 yac 10 nocTy-
JICHUSI MMeJl MECTO YKYyC WHIMUCKOI KOOPBI, KOTOPYIO
GOJIBHOI JlepsKasl IoMa B KAyecTBE JOMAIHEr0 9K30THU-
YEeCKOTO JKUBOTHOTO. M3-32 3aTpy/HEHHOTO KOHTaKTa (He-
BHSATHAsI peub) cobparh GoJiee moApoOHbI aHAMHE3 He yjia-
Jgoch. Ha porocnurasbHOM aTarie  BBeAeHO 32 MT
JIeKCaMeTa30Ha.

[To raHHBIM OOBEKTUBHOTO MCCJIEA0BaHMs, OOIbHOI
B CO3HAHUU, 3aTOPMOJKEH, BsJI, HA BOIIPOCHI OTBEYAET 3a-
Me/IJIEHHO 1 HeBHATHO. KOJKHbIE TTOKPOBBI THIIEPEMUPOBA-
Hbl, cyxue. OTedHocTh Bek. [J1aza OTKPBIBAET C TPY/IOM.
3pauky PaBHOBEJIMKH, CPEJHEN BEJIMUMHBI, PEAKIUs Ha
cBeT coxpaHeHa. Yucno aprxannii 14 B MuH. /[prxanme go-
CTATOYHOU IJIyOMHBI, PUTMUYHOE. AyCKYJIBTaTUBHO JIbIXa-
HUE BE3UKYJISIPHOE, TIPOBOANTCS 110 BceM mossiM. [Tysibe
puT™MuuHbIi, 90 yZIapoB B MUHYTY, YZ0BJIETBOPUTEIBHOTO
HAIOJTHEHUsT U HanpsikeHus. TOHBI cepiia sicHble, PUT-
muunble. [emoaunamuka crabuabnas, A/l 120 u 70 mm pr.
cr. Ha OKT ymepentbie Metabosinueckue HapyuieHus. Ha
1T pamanre 111 mambiia mpaBoit KMCTH XapaKkTepHast TOUEY-
Hast KOJIOTast PaHKa ¥ [ISITHO KPOBOIOATEKA. B 001ek/InHu-
YECKUMX aHAJIM3aX KPOBH, MOUM, B OUOXUMUYECKUX aHAJIU-
3ax, anamm3ax KOC u rasoB KpoBU He3HAYUTEJIbHbBIE
OTKJIOHEHUSs OT HOPMBL. B 0011iem aHainse KpoBU OTMeUaI-
st IeiKounTo3 6e3 MajouKosiIepHOro casura. [pu xumu-
YECKOM HCCJIE[IOBAaHUU B MOuYe OOHApPY’KEH STUJIOBBII
cupt B KoutenTparmu 1,6%o. Hauaro medenne — numby-
3UOHHAs! JIE3MHTOKCUKAIIMOHHAS TePaIusi, B COCTAaB KOTO-
POl BXOAMJI TUAPOKAPOOHAT HATPUS, IJIFOKOKOPTUKOU/IBI,
JIeCEHCUONIMBUPYIOLINE IPeraparhbl, aHTUOMOTUKY, rera-
PUH, BUTaMUHBI rpytinsl B, anyperuku. OHAKO SBIEHUS
TOKCHKO3a HapacTajau (TOKCHMKOTMIIOKCHYecKasi aHieda-
JIONIaTUsl, MUONATHS) M C I1eJbl0 JIe3MHTOKCUKAIUN
14.04.98. npoBseeHa reMocopOIKst BEHO-BEHO3HBIM CIIOCO-
6om anmmaparom «AKCT3 — 17» , ncnosip3oBan reMocop-
6ent «Cnmrnexc — M» — 1 paakon. CKOPoOCTh KPOBOTOKA
100 ma/mMuH. B KayecTBe /ie3arperanta BHyTPUBEHHO BBe-
nero 400 ma peonosurmmokuna, renapun (100 EJl/kr) —
150 mr (15 tbic.). O6bem nepdysun 6600 mir. CrieraibHO
Juist GOJIBHOTO ObLJTA TI0JIyYeHa MOHOBAJICHTHAS TIPOTUBO3-

Patient K., at the time of poisoning 40 years old, was
admitted to the department of Critical Care ( Centre of
treatment of acute poisoning, I. I. Dganelidze Research
institute of emergency medicine) with a diagnosis:

Severe toxic effect caused by a snakebite (Indian
cobra bite of the III finger of the right wrist). Patient com-
plaint about weakness, drowsiness, numbness of the lower
limbs, drooping eyelids, thirst, difficulty in speech. History
of the case: nearly one hour prior to ad-mission there was a
bite of Indian cobra, which the patient kept at his house as
a home exotic animal. Because of the difficulty of contact
(slurred speech) to collect more detailed history was
impossible. Patient was administered with 32 mg of dex-
amethasone prior to hospitaliza-tion.

According to the objective study of the patient, he
was in conscious, listless, answered questions slowly and
indistinctly. Hyperemic and dry. Eyelid edema. Eyes bare-
ly open. Pupils equal, medium size, reaction to light is pos-
itive. Breath rate 14 per minute. Breathing was of suffi-
cient depth and rhythmic. Auscultation revealed vesicular
breathing carried in all parts of the lungs. Rhythmic pulse,
90 beats per minute and of satisfactory filling. Heart
sounds were clear and rhythmical. Stable hemodynamics,
blood pressure 120/70 mm Hg. ECG analysis demonstrat-
ed moderate metabolic alterations. At the II phalanx III
finger of the right hand stab thre was a chipped wound and
spot bruise. There were mild changes from the norm in
CBC, urine tests, biochemical analysis, acid base and blood
gases. Leukocytosis. Chemical investigation of the urine
detected alcohol concentration of 1,6%o.. Treatment
included infu-sion, detoxication therapy, sodium bicarbon-
ate, glucocorticoids, antisense drugs, antibiotics, heparin,
vitamins, diuretics. However, patient getting worst
because of developing hypoxic encephalopathy.
Detoxication therapy included hemosorbtion ( veno-
venous way with the equipment «<AKSTZ — 17» andd
hemosorbent «Simplex — F» ,1 bottle). Blood flow rate
was 100 ml/min. AAs antiplatelet therapy included intra-
venously administered 400 ml reo-poliglucin, heparin (100
U/kg) — 150 mg (15000). Perfusion volume was 6600 ml.

Patient received monovalent antivenom serum spe-
cific to the poison of this type of cobra. Previously there
was no reaction to the non-immunizing serum. However,
administra-tion of a monovalent antivenom diluted serum
resulted in rapid and a severe reaction in the form of laryn-
gospasm. Adrenaline 0.5 mg, prednisolone 90 mg, dimedrol
20 mg i/v were ad-ministered to fight the hyperreaction,
and further administration of a serum was stopped. The
patient's condition deteriorated quickly. There was a
cyanosis of skin, edema began to grow on the head, neck
and chest. Patient developed shortness of breath, limita-
tion of chest excur-sion due to the rise of paresis of the res-
piratory muscles, severe hypoxemia (arterial PaCO, 42.7
mmHg, PaO, 54.0 mmHg , mixed venous PvSO, 49.6
mmHg.,, PvO, 49.2 mmHg). X-ray of the chest demon-
strated infiltration of the lung tissue in the posterior-basal
segments of the right lung. In connection with the devel-
opment of the clinic of acute respiratory failure and depres-
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OTpaBACHTAH M MHTOKCUKAONUN -

MeHWHas ChIBOPOTKA, crennduuHas K sy UMEHHO 3TOTrO
Buga KoOpbl. IIpu 1nposesernn npoGbl K HEMMMYHU3UPO-
BaHHO CHIBOPOTKE peakitnu He Ob110. BBeserHme chiBopoT-
KM OCYIIECTBJISIJIOCH coryiacHo uHeTpyKimu. [Ipu BBene-
HUU Pas3BeleHHON MOHOBAJEHTHON IPOTHBO3MENHON
CBIBOPOTKH MTHOBEHHO Pa3BUJIACH TsKEJIAst PEaKIius B BU-
ne japuHrocnasMa. HememieHHO ObLIM BBEJCHBI ajipeHa-
smn 0,5 mr, npeaarsoion 90 mr, aumeapos 20 mr B/B. Or
BBE/ICHUSI CBIBOPOTKHU B CBSI3H C peakiueii otkazanuch. Co-
cTostHue OOJIBHOTO PE3KO yXyAIanoch. [losiBusicss Bbipa-
JKEHHBIN [IMAHO3, HauaJl HApacTaTh OTEK B 0OJIACTH TOJIOBBI,
e, rpy/iu. PasBusiach O/IbIIKa, OrpaHUYeHIe 9KCKYPCUT
IPYJIHOIN KJIETKU BCJEJICTBME HAPACTaHWS Iapesa JIbIXa-
TEJIbHOI MYCKYJIATY b, BbIPaKEHHAs TUITOKceMust (B apTe-
puanbHoil kpoBu paCO, 42,7 MM PT. cT., paO,y 54,0 MM pT.
CT.; B cMermanHoi BeHo3HOU pvCO, 49,6 MM pT. cT., pvO,
49,2 MM pt. cT.). Ha pertrenorpamme opraHoB TpyHON TT0-
JIOCTH — UH(DUIBTPALKS JIETOUHOM TKaHU B 3aHe0a3alb-
HBIX CeTMEHTaX IPABOTO0 JeTKoTOo. B ¢Ba3M ¢ pasBuBIIeiics
KJIMHUKOI OCTPOH IbIXaTeIbHOI HEJOCTATOYHCOCTU U YCY-
rybsieHuem sBiieHnil aHuedanonatiu 6oJabHON ObLI Hepe-
BeneH Ha WBJI ammapatom PO-6, moa KOHTpoJieM Ta3oB
kpoBu 1 KOC. C 14.04 o 17.04 maxoauics na UBJI. B
TepBbIe CYTKU, HECMOTPS HA PECHUPATOPHYIO TOJIEPKKY,
BBICOKYTO KOHI[EHTPAIIMIO KICJIOPOJIAa BO BIBIXAEMOI CMeCH
110 60 %, IITKB — 6—8 ¢M BOZL. CT., ITO IIOKA3aTEISAM Ta30oB
KPOBHM OTM€Yajach TPYIHO KOPPUTHUPyeMasi MIIOKCEMUS
(paO, 10 46 MM PT. CcT. B apTepuanbHoii kposu). Ha koH-
TPOJIbHOI PEHTTEHOTPAMME — 0YaroBOCJUBHAs MH(MUIIb-
Tpanus B 060ux Jerkux. VIHTeHCUBHAsS Tepanusi 1o Ipu-
BEJIEHHOI  BBIIIE  [pPOrpaMMme  IMPOBOAWIACH  Ha
npoTskeHnn Tpex aHed. Ha 4-e cyTtkm ¢ momenta mo-
CTYIJIEHUSI OTMEYEHA TIOJIOKUTEIbHAS IMHAMUKA. BoJib-
HOI¥I TIpuUIIiesl B CO3HAHUE, BOCCTAHOBUJIOCH 3(h(heKTUBHOE
CaMOCTOSITEJIbHOE JIbIXaHue, TPOU3BeAeHa 9KCTyOaIus.
Tsakectb cocTostHust Oblia 00YCJIOBJIEHA COXPAHSIOIIU-
MHUCS SIBJEHUSIMHM 9HIEDATONATUN U JIBYXCTOPOHHEH
nresmonneil. Ha 9-e cyTku 60JbHON mepeBesieH B TOKCHU-
KOJIOTHYECKOE OT/eJIEHUE C SBICHUSIMU JBYXCTOPOHHEH
nuesMoHuK. Ha 14-e cyTku obiee coctosiHue 60JIbHOTO
YIOBJIETBOPUTEIBHOE, BBITIMCAH.

Takum 06pa3oM, B JAaHHOM KJIMHUYECKOM cJryyae Obl-
JIO OTMEYEHO PEe3Koe YXYy/AIIeHUE COCTOSIHUS OOJbHOTO
BCJIEICTBHE BBEJCHUS CIeNN(GUIECKON MTPOTUBO3MENHOMN
CBIBOPOTKH B Bujie yeyrybmenust siienwii OJIH, kotopoe ¢
TPY/IOM KYIIMPOBAJIOCH IPOBEEHIEM 00Ie-PeaHuMaTOJI0-
riuecknx Mepornpusatnii (MBJI, nadysnonno-nerokcnka-
[MOHHAsI, JeceHceOuMn3upyomas, aHTubGaKTepruagbHast
Teparuu, IPOBeieHne reMocopoIn).

Bospnoit B., 28 ger, macca tena 70 Kr, mocTymnu
14.03.2014. ¢ puarHo30M: OCTPOE OTPABJIEHUE SI/IOM JKU-
BOTHOTO MPOUCXOsKAeHUs (YKYC MOHOKJIEBOU KOOPOIi) Tsi-
KeJoit crerern. TOKCMKOTUIIOKCHYecKast sHIedanionaTusi.
Toxkcuueckasi MUOTIATHS.

AHaMHeCTHUECKH, CO €JIOB, OOJIBHOI 3a Yac /10 10-
cTynieHust ObI YKYILIEH B YKAa3aTeJbHbII T1ajiell mpaBoii
pyku. [Tocse ykyca MOMyTHOI MaliHO# GBI IOCTAaBJIEH B
CII6 HUU CII um. 1. 1. [xaneanase, riae ObLI rOCIIUTA-

sion of consciousness, patient was connected to a ventila-
tor RO-6 under the con-trol of blood gases and acid-base
balance. Mechanical ventilation was lasted for three days.
On the first day, despite the respiratory support and a high
concentration of inspired oxygen to 60% PEEP — 6—8 sm
H,O the gas parameters in blood demonstrated difficulties
in correction of hypoxemia. The control radiograph show
focal infiltration in both lungs. Intensive care was lasted
for three days. At fourth day, positive dynamics appeared.
The patient regained consciousness, restored the effective
spontaneous breathing, and extubation was performed.
Severity of the condition was caused by persistent
encephalopathy and bilateral pneumonia. On day 9 the
patient transferred to the toxicological department with
symptoms of bilateral pneumonia. On day 14, the patient's
general condition was satisfactory, and the patient was dis-
charged.

Thus, this case demonstrates a deep deterioration of
illness as a result of a reaction to specific antivenom serum,
which led to a worsening of acute respiratory failure that
was re-versed by intensive critical care treatment

Patient V., 28 years old, weight 70 kg, entered in
03.14.2014. with a diagnosis: acute poisoning by animal
venom (monocled cobra bite) with a severe degree. Toxic,
hypoxic en-cephalopathy. Toxic myopathy.

According to the medical history, patient was bitten
one hour prior to admission in de-partment of emergency
medicine. Bite was on right thumb. After bite patient was
taken by a passing car to St. Petersburg Research Institute
of emergency, where he was admitted to the department of
Intensive Care Ne3 (toxicology).

On admission the patient's condition was severe.
Unconsciousness, lethargic with epi-sodes of agitation, the
level of consciousness by Glasgo scale 9. Contacts with dif-
ficulties due to the unconsciousness and motor aphasia. In
the index finger bite marks in the form of two configura-
tions of point wounds. Swelling and hyperemia of damaged
area. At the time of admission moderate myopathy (ptosis)
and motor aphasia were noted. Auscultation: breath deep,
noisy, all lung fields mass wired wheezing, respiratory rate
20 per minute. Subcompen-sated respiratory and
metabobolic acidosis (pH — 7.29; partial pressure of car-
bon dioxide in arterial blood 43 mm Hg, decrease true
bicarbonate (HCO;) to 20, 4 mmol/liter, standard bicar-
bonate (SBC) to 20.37 mmol /1 and base deficit (BE ecf) to
(-5,9), PaO, 84 mm Hg). The patient rapidly developed
encephalopathy to the level of sopor, coma (GCS 6—7).
Myopa-thy, tachycardia up to 120 beats/min, blood pres-
sure 100/60 mm Hg, Acute respiratory fail-ure progressed
rapidly (30 minutes after admission in ICU, deterioration
in blood gas and acid base balanced of the blood in the form
of progression of respiratory acidosis and hypoxemia — pH —
7,201; ra-CO, — 60.3 mm Hg, true values of bicarbonate
(HCO3) 23.8 mmol/l, the standard bicarbonate (SBC)
20.48 mmol /L and base deficit (BE) to 4,4; PaO, — 61 mm
Hg), in connection with which the patient was connect to
the ventilator mode CMYV, with parame-ters: the minute
ventilation 8 1/min, PEEP — 5 sm.H,O, FiO, — 50%).
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JIN3UPOBAH B 9KCTPEHHOM TOPSIZIKE B OT/ICJICHIE PeaHMa-
1IN 1 UHTEHCUBHON Teparmuy Ne3 (TOKCHUKOJIOTHS ).

[Ipu mocTynieHun cocTosiHue OOJNBHOTO TSKEJIoe.
CosHaHue CIyTaHHOE, 3aTOPMOKEH C ATHM30[[AMU TICUXO-
MOTOPHOTO BO30Y:KIEHMUsI, YPOBEHb CO3HAHUS IO IIKAJE
koM [mazro 9 6ammos. KoHTaKTeH ¢ TPYIOM B CBSI3H CO CITy-
TAaHHOCTBIO CO3HAHUS U SIBJIECHUSIMU MOTOPHON adasuu. B
06J1acTH yKas3aTeIbHOTO TIAJIbIla CJAE/bl YKyca B BU/E KOH-
(uryparnuu AByX TOUEUHBIX PAHOK, OTMEUYAJIHN TAKKe OTed-
HOCTB ¥ TuIepemMuio. Ha MOMEHT mocTyrieHnsi yMepeHHbIe
SIBJICHUSI MUOTIATUU B BUJE 1TO3a, SIBJCHWIT MOTOPHOM
adasuu. [lpixanne riybokoe, MIyMHOE. AyCKyJIBTaTHBHO
JKECTKOE, 10 BCEM JIETOUHBIMU TOJISIM Macca MPOBOHBIX
XpuIioB, yacrora gpixanust 20 B munyTy. [Ipn uccnenona-
HUM KMCIOTHO-OCHOBHOT'O COCTOSIHUSI OBLJIN BbISIBJICHBI U3~
MEHEHUs B BUJE PasBUTHs CyOKOMIICHCHPOBAHHOIO pec-
nupaTopHoro u Merabosmyeckoro anmposa (pH — 7,29;
HaIPsKEHUE YTIEKUCJIOT0 Ta3a B apTepuaibHOl KpoBu 43
MM.PT.CT.; CHUKeHue ucturnoro 6ukapbonara (HCOs) 1o
20,4 mMmouab/n, crangaptaoro Omkapbonara (SBC) no
20,37 mmouib /a1 1 gedunura ocvosanuii (BE ecf) 1o (-5,9);
pa0,y 84 MM pT. cT.). Y 6OJIBHOIO CTPEMUTEILHO HAPACTAJIH
SIBJICHUS 9HIIE(DATOTATHH /[0 YPOBHS COITOpPa-KOMBI (1I1Ka-
ga koM [asro 6—7 6aiioB), MUONATHS, TAXUKAPAHS 10
120 yn/mun, AJl cocrasmsinio 100/60 mm pr. cT., iporpec-
cuposasn asiaenust O/[H (aepes 30 MunyT 0T MOMeHTA TIO-
CTYIUUIEHUST yXY/IIIIEHHe MoKa3aTeseil ra30Boro U KUCJIOT-
HO-OCHOBHOTO COCTaBa KPOBU B BUJIE MPOTPECCHPOBAHUS
pecnmpaTopHOTO anuao3a u runokcemun — pH — 7,201;
paCO, — 60,3 MM pT. CT.; 3HAUEHUST UCTUHHOTO OGUKApPOO-
Hara (HCO3) cocraBuiu 23,8 MMOJIb/J1, CTAHAAPTHOTO OU-
kap6onara (SBC) 10 20,48 Mmouib/J1 1 epurra OCHOBA-
uuit (BE ecf) no (-4,4); paO, — 61 MM pT. CT.), B CBsI3U €
yeMm 60IbHON OBLT Iepeseen na VIBJI B NPUHYUTEIbHDIX
pesknvax (CMVe mapamerpaMn: MUHYTHAs BEHTHJISINS
gerkux 8 n/mut, PEEP — 5 eMm Box. ct., FiO, — 50%). Ye-
pe3 30 munyT MOCTE TIepeBoia 6ombHoro Ha VIBJI ra3oBorit
U KHCJIOTHO-OCHOBHO# coctaB kposu: pH — 7,254; paCO,
— 48,3 MM pT. CT.; 3Ha4eHUS MCTHMHHOTO OmMkapboHarta
(HCO3) cocraBuiu 21,6 MMOJIb/JI, CTAHAAPTHOTO OGUKAp-
6onara (SBC) n0 20,2 MMoJib/1 1 pedunnTa OCHOBaHUIL
(BE ecf) o (-5,8); paO, — 88 MM pr. cT.).

Uepes 2 yaca OT MOMEHTA TIOCTYTJICHUS TSKECTh CO-
CTOSTHUS GOJIBHOTO yCyTyOrIach pasBUTHEM SIBJICHUHN cep-
JICYHO-COCYZIUCTON HEMOCTATOYHOCTH, YTO TPOSIBJISIOCH
cumkernem AJl o 70/40 mum pT. cT., B CBsI3U ¢ 4eM Ha do-
He MacCUBHOU MH(Y3MOHHOW Tepanuu ObljIa HaYaTa Kap-
JIMOTOHUYECKAS TTO/IIEPIKKA BBEJIECHUEM pacTBopa 1odamu-
Ha m3 pacuera 15 MKr/Kr/MuH uepes mepdysop. Ha dome
MIPOBOJIMMON MH(DY3UOHHON Teparnuu U KapAuOoTOHUYeC-
Kot ozepskku yposenb A/l oxusiicst 1o 130/80 mm pr.
ct. ¢ HCC 100 yx/mMuH.

Yepes 10 yacoB 0T MOMEHTA TOCTYILICHUS Y OOIBHO-
ro OTMeYaIach CTabMIM3aIMs [T0Ka3aTeNeli IeHTpaIbHOl
remonuHamuky (Al Ha yposae 130/80 mm pr. cr. (Ges kap-
JIMOTOHUYECKOH Ttoiepskku). [Ipomoskanu nposenexHue
VBJI B mpuHYINTENBHBIX PEKUMAaX ITO/I KOHTPOJIEM Ta30-
BOTO COCTaBa KPOBU M KUCJIOTHO-OCHOBHOTO COCTOSTHUSI.

Blood gas and acid base balanced after 30 minutes on
mechanical ventilation: pH — 7.254; PaCO, — 48.3 mm Hg
, the true value of bicarbonate (HCOs) to 21.6 mmol/1, the
standard bicarbonate (SBC) to 20.2 mmol/L and base
deficit (BE ecf) to (-5,8); PaO, — 88 mm Hg).

After 2 hours from the admission the severity of the
patient worsened. Patient devel-oped cardiovascular fail-
ure as demonstrated by a decrease in blood pressure to
70/40 mm Hg, treatment included massive infusion thera-
py and infusion solution of dopamine at 15 mcg/kg/min
through Perfusor resulting in blood pressure rising to
130/80 mm Hg with a heart rate of 100 beats/min.

After 10 hours after admission, the central hemody-
namics (blood pressure at 130/80 mm Hg (without car-
diotonic support) was stabilized. Mechanical ventilation in
CMV mode under controlled blood gas and acid-base bal-
ance was continued.

With the purpose of detoxication was conducted
hemosorbtion by apparatus «Gemos-PF» hemosorbent
VNIITU using 2 KS 3 at a rate perfusion 80—110 ml/min.
Perfusion time was 180 minutes, 15 liters of blood
processed.

Infusion therapy was 2.7 1/day with a volume of
enteral feeding 1.5 1/day. Infusion therapy consisted of
administering colloid and crystalloid solutions at ratios of
1: 3. Other treatments included substratum antihypoxant
(cytoflavin 20 ml on 10% — 400.0 glucose solu-tion three
times a day) as well as anti-bacterial and desensitization
therapies.

In two days after the admittance toxical coagulopa-
thy (INR increase to 1.76, reducing PTI to 62%) was
observed and fresh frozen plasma in volume of 600 ml wa
transfused.

On the 3rd day the positive dynamics in the patient's
condition as a reduction encepha-lopathy (Glasgow coma
scale score 14) and improvement of acute respiratory failure
became evident, and the respiratory mode on the
Synchronized intermittent mandatory ventilation (SIMV)
under the control of blood gas and acid-base state was
changed and maintained within the normal range. By the end
of day 3 the patient was turn on to the supporting venti-lation
mode without sacrificing blood gas and acid-base balances.

On day 4 the normalization of hemostasis (PTI —
94%, fibrinogen — 4.76 g/1) occurs. The patient respirato-
ry mode was changed to spontaneous breathing. Positive
dynamics ob-served in the form of reduced encephalopathy
(Glasgow coma scale were 15).

On day 5, the patient was transferred to the toxico-
logical department in a state of mod-erate severity, with no
threat to life, where the detoxication therapy and therapy
by substrate antihypoxants (cytoflavin, reamberin) was
continued.

On the day 7 of treatment the patient was discharged
home in satisfactory condition for continued outpatient
treatment. 30 days after discharge, the patient has no com-
plaints, and satisfactory condition was evidenced.

Thus, acute poisoning by snake venom (cobra
snakebites) is characterized by the de-velopment of severe
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OTpaBACHTAH M MHTOKCUKAONUN -

C IEeTOKCUKAIMOHHON 1eJIbI0 ObLI MIPOBEJEH CEaHC
remocopbumn ammapaTtom <«lemoc-ITM» TremocopberToM
BHUUNTY c¢ ncnosnpzoBannem 2 kosoHok KC 3 co ckopo-
croio nepdysun 80—110 mu/mMun. Bpems nepdysun co-
craBuao 180 mun, o6paborano kposn 15 .

Wndysnonnasa Tepanus coctaBuia 2,7 J/CyT TpH
o6beme aHTepaibHoro nutanus 1,5 n/cyt. Undysnonnas
Tepanus BKJIIOYATA BBEJIEHUE KOJUIOUIHBIX U KPUCTAJLIO-
WUHBIX PACTBOPOB M3 cooTHOUIEHUS 1:3, TpoBOAMIOCE Jie-
yeHue CyOCTPaTHBIMY aHTUTHIIOKCaHTaMU (LIUTO(hIIaBUH B
nose 20 v ma 10% — 400,0 pacTBOpE TITOKO3BI TPYZKALI B
CYTKM), a TakkKe aHTHOaKTepuajbHas M JeCeHCUOUIN3NU-
pIoIIas Teparms.

Ha 2 cytku y GOJIbHOrO OTMEYaIu sIBJAECHUST TOKCHYE-
ckoii koarysonaruu (noseiienne MHO 1o 1,76, cHiskennst
IITU 1o 62%), B cBsi3u ¢ yeM Obliia NPOM3BeAeHa TPaHChy-
3Us1 CBEKE3aAMOPOKEHHOM 11a3Mbl B 0Obeme 600 M.

Ha 3-u cyTku oT™Meuann mogoKUTeNbHY 0 IMHAMM-
Ky B COCTOSIHUM OOJIBHOTO B BUJIE YMEHBIIEHUS SIBJICHUIT
TOKCUKOTHUIIOKCHYECKOI aHItedanmonatnu (1o mKase KoM
Tnasro 14 6annos) u ymenbuienus ssienuii O/[H, B cBs-
3 C ueM JbIxaHue OOJIBHOTO MOJJIEPKUBATIOCH TIPUHY-
JIUTEIbHO-BCIIOMOTaTeibHbIMK peskuMamu BJI (SIMV)
110/l KOHTPOJIEM T'a30BOTO U KUCJIOTHO-OCHOBHOTO COCTO-
SIHUSI KPOBH, KOTOPbBIE TOJJIEPKUBATIN B IIpe/iesiaX HOP-
MasibHbIX 3HaueHuil. K koHiy 3-x cyTok GosibHOU mepe-
VBJI Ges
YXYAIIEHUST 1T0Ka3aTeseil ra30Boro M KUCJIOTHO-OCHOB-

Be/ICH Ha BCIOMOTATEJbHBIC PEXUMbI

HOTO COCTOSTHUSI KPOBH.

Ha 4-e cyTku — HOpMaTM3aIus TOKa3aTeIel reMo-
crasa (IITU — 94%, ¢hubpunoren — 4,76 r/mn). BosbHoii
ObLI TIepeBe/ieH Ha CaMOCTosITeIbHOE JibixaHue. [1o/0Ku-
TeJMbHAsT IMHAMUKA OTMEYEHA B BU/E YMEHBIICHUS SIBJIE-
Huit annedanonarun (1o mkaue KoM [71a3ro 3HaueHust co-
craBuan 15 6asmnos).

Ha 5-e cyTku 60J1bHO#T ObLTT IIEPEBEIEH B TOKCUKOJIO-
TUYECKOE OT/IEIEHNE B COCTOSTHUY CPEIHEH CTETTEHN TSKeC-
TH, IJIe eMy ObLIa IPOJI0JIKEHA IETOKCUKAIIMOHHASI TePaIsI,
BBeJleHUe CyOCTPATHBIX AHTUIUIIOKCAHTOB (IIMTO(JIABUH,
peambepur).
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toxic and hypoxic encephalopathy, toxic myopathy with
paresis of the skeletal and respiratory muscles. Toxic man-
ifestations lead to development of acute respira-tory fail-
ure, acute cardiovascular failure, toxic coagulopathy,
severe metabolic disorders. A set of measures of intensive
therapy of acute poisoning by snake venom includes com-
mon critical care approaches( maintaining respiratory and
circulatory life support systems, desen-sitizing therapy,
correction of metabolic disorders through the use of sub-
strate antihypoxants and antibiotic therapy). Avaalable
data and our experience clearly demonstrate the promises
of these treatments to ensure most favorable outcome of
severe poisoning by snake venom.

Ha 7-e cyrku sieuerust 6oJbHON ObLI BBIIKMCAH [0~
MOIi B y/IOBJIETBOPUTEIBHOM COCTOSTHUM JUJISI TIPOJIOJIKE-
Hust amOyJratopHoro Jeuenus. Yepes 30 qHeii moce Bbinu-
cku  GONBHOU Kamo0 He MNPENbSIBIASET, COCTOSHUE
Y/IOBJIETBOPUTEJILHOE.

Takum 06pasoM, OCTPOE OTPABJIECHUE SIAMU KUBOT-
HOTO MPOUCXOKIeHUsT (YKYCBI KOOP) TSI’KEION CTeleHNn Xa-
PaKTEPU3YeTCs PA3BUTHEM TOKCHKO-TUIIOKCUYECKON DHIIE-
(hasonaTn, TOKCHYECKOI MUOTIATUY C TTAPE30M CKEJIETHOM
1 JIBIXaTeJIbHON MYCKYJIATypbl. TOKCHYECKUe MpOsiBJICHUS
TaKKe BBIPAKAIOTCS B Pa3BUTUU OCTPOM JIBIXaTEIbHON He-
JIOCTATOYHOCTH, TSKEJION CEPAEYHO-COCYAMCTON HeoCTa-
TOYHOCTH, TOKCUYECKOW KOATyJIONATHH, BBIPAKEHHBIME Me-
Mep
MHTEHCUBHOIN Teparuu OCTPOTO OTPABJIEHUS BCJIEACTBUE

TabOINIECKUMUI paCCTpOI'/JICTBaMI/I. Kommekc

yKyca KoOp BKJIoUaeT B cebsi MEPOIPHUATUS Ha OCHOBE 00-
MePeaHNMATOJIOTHIECKUX TTOAX0/I0B, HAINPABJICHHBIX Ha
HO/UIEPKAHIE CUCTEM JKU3HeobecTiedeH st (JIbIXaHust, KPO-
BOOOpAIEHN ), JeCEHCUOUIUBUPYIONLYIO TEPaIuio, KOp-
PEKIMIO METabOIMUYECKIX PACCTPOICTB My TEM UCTIOJIb30Ba-
HUsE CyOCTPATHBIX aHTUTHIIOKCAHTOB, aHTHOAKTEPUAIBHY IO
tepanuio. Vcronb3oBanue JaHHONH METOAMKH TTO3BOJINIIH,
Ha Halll B3IJISA, 00eCIeYnTh GIarOnpUATHBIA MCXOT TKe-
JIOTO OTPABJIEHUS SIZIOM JKUBOTHOTO MTPOUCXOXKAEHUS (YKYC
MOHOKJIEBOI KOOPBI) U COXPAHUTD KU3HB OOJIBHOTO.
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ObIMIAAd PEAHUMATOJOI'UA

HayuHo-npakTuueckuii sxypran «O01ast peaHuMaToJIOTHsI»,
Bxozsinuii B epedenn BAK P, npenaznauen Jis Bpaueil aHeCTe3M0JI0r0B-PeaHMaTOoIOrOB
1 HAYYHBIX COTPY/IHUKOB.

Tematuka JKypHaJia: I1aToretes, KJIMHNKa, INarioCTuka, jie4eHume, HpOd)I/I]IaKTI/IKa 1 I1aTOJIOIN4YEeCKasA aHaTo-
MUA KPpUTUYECKUX, TEPMUHAJBHBIX U TTIOCTPEAHUMAIITMOHHDBIX COCTOSTHUIA. BOHpOCbI OKa3aHusd I[OFOCHI/ITB.JIBHOﬁ 110~
MOMIN IIPU KPUTUYECKUX COCTOAHUAX. BOHpOCBI O6y‘{eHI/IH HaceJIeHUA 1 MEAUIIMHCKOTIO IIepcoHaJjIa IprueMaM OKa-

3aHUS HEOTJIOKHOI ITOMOIIN TIpU KPUTUYECKUX COCTOAHUAX.

Ayauropus: jieueOHbIe YUPEKICHNUST; BhICIIIE YueOHbIE 3aBeICHUS MEUIIUHCKOTO POMUIIST; MEIUIIUHCKUE
YUPEIKIEHUS TIOCIeUITIOMHOTO 0OpasoBanusi, DeepaiibHble U PErUMOHAIbHBIE OPTaHbl YIIPABJIECHUS 3[PABOOXPA-
HEeHUEeM, MEUINHCKIE HayYIHO-UCCIe0BATENbCKIE HHCTUTY T, MEAUIIMHCKIE OUOTMOTEKN.
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OTpaBACHVlH M MHTOKCUKAONUN

NCIIOJIbSOBAHUE I'EITATOIIPOTERTOPOB
Y BOJIbHbIX PAKOM ANYHNKOB

C. B. Tymangan', H. /I. Ymakosa', /I. B. fApuesa’

' POCTOBCKMI HayIHO-NCCAECIOBATETLCKUN OHKOTOTHYeCKNi nHetutyT Mumsapasa Poccun, Poctos-na-/lomy, Poccus
344037, Pocros-na-/lony, yi. 14-g aunus, 1. 63
* PocroBckwuit [ocymapersennniii Meautnackuii Yuusepcurer Munsapasa Poccun, Pocros-na-/{ony, Poccust
344022, Poctos-na-/lony, nep. HaxnueBanckuii, 1. 29

Use of Hepatoprotectors in Patients with Ovarian Cancer

S. V. Tumanyan', N. D. Ushakova', D. V. Yartseva®

! Rostov Cancer Research Institute, Ministry of Health of Russia, Rostov-on-Don, Russia
63, 14th Line, Rostov-on-Don 344037, Russia
? Rostov State Medical University, Ministry of Health of Russia, Rostov-on-Don, Russia
29, Nakhichevansky Lane, Rostov-on-Don 344022

Ilenv — ouennts 3¢ exTHBHOCTD HaPMAKOTIOTHIECKON KOPPEKIIMI SHAOT€HHON HHTOKCHKAIMH Y GOJIbHBIX PAKOM STHYHU-
koB III—IV craauu B nepuonepanuontom nepuojae. Mamepuan u memoowvt. O6cnenosanst 70 GOAbHBIX PAKOM SIHYHHKOB
III—1IV craauu, B Bodpacre ot 30 10 70 jgeT, nepeHeCMX XUPYPrudecKuii 9Tan JeueHus B yCJIOBUAX o0ueil anecte3uu. B
epPHONEPANUOHHOM II€PHO/IEe U3YUYeHbl OHOXHMHYECKUE MOKA3aTeNH MHTOKCUKAIUH — MOJEKYJbl cpeHeii Maccol, 06-
masi, 3pHeKTUBHAS KOHIEHTPALMS U CBI3bIBAIOMIASI CIIOCOOHOCTh albOyMHHA, T€MATOJIOTHYECKHE HHTETPAJIbHbIE HHIEK-
cbI MHTOKCHKauu, C-peakTuBHblii 0en0K. Pe3ynvmamot. AHATN3 POBEIEHHBIX HCCIEI0OBAHMUIL IOKA3aJ, YTO Y BCEX HC-
cieayeMbix OOJbHBIX NPeMOpOUAHDBIE (OH XapaKTepu30BajiCs pPas3HOll CTENEHH BBIPASKEHHOCTH IHIOTEHHON
uHToKcukanueii (M), pocroM JeiikoIUTAPHOrO MHAEKCAa HHTOKCHKAIMH, T€MaTOJOTHYECKOro NMOKa3aTessi HHTOKCHKa-
i, MoAu(UIMPOBAHHOTO reMAaTOIOTHYECKOrO IIOKA3aTe s HHTOKCHKALMH, HApYIIeHHeM 0alaHca HAKOIUIEH!S U CBSI3bI-
BaHHSI N30BITOYHO MPOLYIMPYEMbBIX TOKCHYECKHX JUTAaHI0B, HHTeHCcHpUKanueil mpoayKun 6eJKoB ocTpoii ¢pa3sl Bocma-
JleHHs] aKTHBU3AlMel CHCTEMHOTO0 BOCHAJUTENHHOrO OTBETAa, CHUKEHHEM OOUIell PEaKTUBHOCTH OpPraHu3aMa. JTH
U3MEHEHHs IPOUCXOAAT Ha (hOHe yrHETeHHsI 00IIeil peaKTHBHOCTH OPraHN3Ma, Hea[eKBaTHOI KOMIEHCAIIMN HHTOKCUKA-
i GU3HOIOTHYECKIMH CHCTEMaMH AETOKCHKANUHN M HECTAOWIBbHOCTBIO roMeocTada. 3akarouenue. Mcnons3oBanue B
cocrage uH(Y3UOHHOI POrpaMMbl META00INUECKOIT (hapMaKOJIOrHUECKON KOPPEKIun rentpaia u Pemakcosa HepaBHO-
3HAYHO CIOCOOCTBOBAJIO YMEHBIIEHNIO AKTHBHOCTH BOCHIATUTEIbHON peakiun u 3¢ dexruBHocTH Koppekuun U y 60.1b-
ubix P4 B nepuonepannonnom nepuose. Mcnoapzosanne PemMakcosna B yCIOBUSAX CHUMKEHUS O0MENH PEAaKTHBHOCTH Opra-
HHU3Ma Y BbIPA’KEHHOI WHTOKCHKAIMU Y GOJBHBIX PAKOM SIMYHHKOB CIOCOOCTBYET ONTHMH3AIMU OOMmENd PeaKTHBHOCTH
opraHu3ma, oGecrne4ynBas CHUKEHHE TOKCHYECKOTo Bo3/eiicTBus onyxoiueBoii IU. Kntouesvte croea: pak SMYHAKOB, IH-
JIOT€HHas] HHTOKCUKanus, PeMakcoJ, aeMeTHOHUH.

Objective: to evaluate the efficiency of pharmacological correction of endogenous intoxication in patients with Stages
III-IV ovarian cancer (OC) in the perioperative period. Subjects and methods. Thirty-to-70-year-old seventy
patients with Stages III-IV OC who had been surgically treated under general anesthesia were examined. The bio-
chemical parameters of intoxication, such as middle-weight molecules, the total, effective concentration and binding
capacity of albumin, integral hematological indices of intoxication, and C-reactive protein, were studied in the peri-
operative period. Results. Analysis of the performed tests showed that the premorbid background in all the examinees
was characterized by varying degrees of endogenous intoxication (EI), increased leukocytic index of intoxication,
hematological index of intoxication, and modified hematological index of intoxication, an imbalance between the
accumulation and binding of overproduced toxic ligands, the intensified production of acute-phase inflammatory pro-
teins by the activation of a systemic inflammatory response, and decreased systemic responsiveness. These changes
occur with suppressed systemic responsiveness, inadequate intoxication compensation by physiological detoxifica-
tion systems and hemostatic instability. Conclusion. The use of heptral and Remaxol as part of the metabolic pharma-
cological correction infusion program nonequivalently caused reductions in the activity of an inflammatory response
and the efficiency of EI correction in patients with OC in the perioperative period. The administration of Remaxol for
systemic hyporesponsiveness and pronounced intoxication in OC patients promoted the optimization of systemic
responsiveness, by producing a reduced toxic effect of tumor-associated EI. Key words: ovarian cancer, endogenous
intoxication, Remaxol, ademethionine.
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BBenenne

EskeromHo B Mupe peructpupyercst 12,7 MIITMOHOB
HOBBIX CJIy4aeB PaKa, U3 HUX 6oJiee OJHOTO MUJLIMOHA TIPHU-
XOAUTCST Ha 3a00JIeBaHMsST SKEHCKOM T0/I0BOI cepbl. Pak
suarukoB (PST) crabusibHO 3aHUMAET 3-€ MECTO B CTPYKTYpe
OHKOJIOTMYECKOI TeHUTATIbHON TTATOJIOTHUH, YCTYTIAS IO Yac-
TOTe paKy aHAOMeTpus 1 1eiku Matki. [lo BersiBssiemocTr B
MO3IHUX CTAAUAX ¥ CMEPTHOCTH OT 9TOTO 3aboseBannst, PS
JIMIUPYET CPEd OHKOJOIMYECKHUX 3a00JIeBAHMN JKEHCKON
moJIoBo# cepnl, a cMepTHOCTh OT PY mpeBbitaeT cmepr-
HOCTb OT pPaKa MIEHKN MAaTKN U TeJia MATKH BMECTE B3SITBIX.
3JI0Ka4eCTBEHHBIE OITYyXOJIN SSTMUHUKOB BCTPEUYAIOTCS Y JKEH-
IIMH BCEX BO3PACTHBIX TPYIII, HAUMHAS C MJlaJiecHYecTBa. B
Poccun 107151 paka SMIHUKOB CPE/IN 37I0KAYECTBEHHBIX HOBO-
ob6paszoBanuii konebiercst ot 4,9% (B 55—69 ser) no 7,2% (B
40—54 roma) u 7,4% (8 15—39 ner). Ilokazarenn 3aboreBae-
MOCTH JlocTUTaeT HarbosibInero sHaderns (41,2 #a 100 000)
B Bo3pactHoii rpynre 60—64 rozpa. Jleuenne PS sBisiercst
OJIHOM U3 aKTya/IbHBIX TIPOOJIEM B KIMHUYECKOI OHKOJIOTUH,
HecmoTpst Ha IOCTUTHYTBIE YCIIEXH B JIMATHOCTUKE U Jieue-
Huu PSI, cMepTHOCTB OT 9TOro 3a00JIeBaHUsl BO BCEM MUPE
cocTaBysieT 55—65%.

B mepBwIii o TOCIE yCTAHOBJICHWS TMATHO3a, Y JIaH-
HbIX GOJIbHBIX, JIETAJIbHOCTD Bapbupyer ot 35 10 40%. Ta-
Kasl BBICOKasi CMEPTHOCTD skeHuuH ¢ P4 3aBucut ot Gec-
CHMIITOMHOIO TEUEHUSI Ha PAHHUX CTaAusX 3a00JeBaHUsI,
NPUBOAIIAS K TI03/[HEMY 00PAIIEHUIO K BPauy U BbISBJIC-
HUIO YK€ PACIPOCTPAHEHHBIX CTAAUIl OHKOJOTHYECKOTO
mporecca (0 70%) [1—4].

Cpean KIMHUYECKUX MTPOSBICHUN PaKOBOI O0/Ie3HI
BaXKHYIO POJIb, BJMSIONLYIO HA KAYECTBO JKU3HU TTAIUEHTOB,
UTpAET HH/IOTEHHAS MHTOKCUKAIMS. PsijioM aBTOpOB 1OKa-
3aHO, UTO OOJIbHBIE C PACIIPOCTPAHEHHBIMU U, B YACTHOCTH, C
aciuTHBIMU (hOPMAMU paKa SIMUHUKOB, KaK TIPABHIIO, MMe-
10T 3HAYNTEJIbHOE YTHETEHNE HMMYHHOTO CTaTyCa, CUMIITO-
Mbl aHEMUU U MUHTOKCUKAIK. [To MHEHMIO ZIPYTHUX aBTOPOB,
AH/IOTEHHAS WHTOKCUKAIMS SIBJISIETCS MOJUATUOJIOTYEC-
KHM U TIOJINTIATOTEHETHYECKUM CHH/IPOMOM, XapaKTepusy-
IOLIMMCS HAKOILIEHUEM B TKAHSIX U GUOJIOTMYECKUX JKUJIKO-
CTSIX DHJIOTEHHBIX TOKCHYECKUX CyOCTaHIMi — usObiTKa
HPOAYKTOB HOPMAJIBHOTO, MO0 U3BPAIEHHOIO OOMEHA Be-
IIECTB WM MEANATOPOB KJIETOYHOTO PearnpoBanmst [5].

Jlewenue Gonpupix PS IT1—IV cragun, conpoBoxaa-
I01eiics BHAYMTETbHOI MHTOKCUKAIIUEH, 0CTAeTCsl BO MHO-
rUX acleKkrax HepeueHHou npobiemoii. Tpebyercst mouck
He TOJIbKO 9(hEKTUBHOI MTPOTHUBOOIYXOJIEBON Teparuu,
HO U JIEKAPCTBEHHBIX CPEJICTB, HAIIPABJIEHHBIX HA CHIKE-
HUe MPOSIBJIIEHUI dHA0TOKCHKO3a [6—10].

[leny uccnenoBanuss — oieHka 3(hGEKTUBHOCTH
apMaxkoI0OTHIECKON KOPPEKIIMH IHAOT€HHON MHTOKCUKA-
K y 6osbHBIX pakoM sinurukos 11I—IV craauu B nepu-
OTIEPAIIMOHHOM TIepHOJIE.

Marepuan u MeTObI

B mesnsx msydenus XapakTepa U CTENeHHW BBIPAKEHHOCTH
OIyXO0JIEBOII MHTOKCHKAINI IIPOBE/IEH aHaan3 obcaenoBanus 70
GOJIBHBIX, € TIEPBUYHO BbISIBJICHHBIM pakoM sinaHukoB [II—IV cra-

Introduction

Annually in the world 12.7 million of patients are
newly diagnosed with cancer, of whom more than one mil-
lion account for gynecological maligananciess. Ovarian
cancer (OC) is constantly on the third place among geni-
tal cancers, and endometrial cancer and cervical cancers
are second in frequencies. OC is the leader in late-stage
detected malignancies and mortality in women with malig-
nancies, with mortality rate exceeing the death rate from
cancers of the cervix and uterus combined. Malignant
ovarian tumors occur in women of all ages starting from
infancy. In Russia the proportion of ovarian cancer among
malignant tumors is ranged from 4.9% (55—69 years old
patients) to 7.2% (40—54 years) and 7.4% (in 15—39
yours). The incidence is highest (41.2 per 100 000) in the
age group of 60—64 years. Treatment of OC is one of the
important problems in clinical oncology. Despite advances
in diagnosis and treatment of OC, the mortality rate from
this disease worldwide is 55—65%.

In the first year after diagnosis in these patients,
mortality ranges from 35 to 40%. The high mortality rate
of women with OC is due to absence of symptoms from the
early stages of the disease, which leads to delay in seeking
medical attention. Identification of the tumor most com-
monly occurs, when it has already spread throughout the
body (70%) [1—4].

Among the clinical manifestations of cancer endoge-
nous intoxication has a significant impact on the quality of
life of patients. Several authors demonstrated that patients
with advanced and particularly ascites of OC, as a rule,
have a significantly compromised immune system along
with intoxication symptoms of anemia. According to other
authors, endogenous intoxication is polyetiological and
«polypathogenetic» syndrome is characterized by the
accumulation in tissues and biological fluids of endogenous
toxic substances — surplus products of normal or pervert-
ed metabolism, or mediators of cell responses [5].

Treatment of patients with stage III—IV OC accom-
panied by significant intoxication remains in many respects
a hard, non-solved task. OC treatment requires not only an
effective anti-tumor therapy, but also drugs toward reduc-
ing the manifestations of endotoxemia [6— 10].

The purpose of our study was the assessment of effec-
tiveness of pharmacological correction of endogenous
intoxication in patients with stage III—IV OC in the peri-
operative period.

Materials and Methods

To explore the nature and severity of the tumor intoxication
the survey of 70 patients diagnosed with primary stage ITT—IV
OC in age from 30 to 70 years was analyzed. Patients with severe
comorbidities in the stage of decompensation were excluded.
Integral assessment of prognosis and severity were performed by
SAPS IT and SOFA scoring.

After various options of chemotherapy, patients were under-
went a surgical stage of treatment bya standard cytoreduction
(supravaginal hysterectomy, resection or extirpation of the greater
omentum). In order to reduce the appearance of premorbid modi-
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an B Bozpacte ot 30 110 70 ser. 13 uccaenoBanust OblIM HCKIIIO-
YeHbI OOJIBHBIE C TSKEJTBIMH COITY TCTBYIONINMH 3a00I€BAHUSIMU B
cTaaun jiekoMneHcanuu. VIHTerpasbHas OlleHKa IIPOTHO3a U Ts-
JKECTU COCTOSIHUA ollennBaanch 1o 1mkaaaM SAPS IT u SOFA.
[Tocite pa3MyHBIX BAPHAHTOB XUMHOTEPAITUH TTPOBE/IEH XN-
PYPrUdecKuil aTall JiedeHus: B 00beMe CTaHAAPTHON IIUTOPETyK-
1y (HaBJIAraINIIHON aMITy Tallni MaTKY, PE3eKIINN NI 9KCTUP-
nanuu 60J1b1II0r0 canbHuKa). C HEIbI0 YMEHbIICHUS TPOSIBICHIN
U3MEHEHHOTO PeMOPOUIHOTO (POHA U FHIOTOKCUKO3a UHDY3UOH-
Hast IporpamMMa y GOJBHBIX MPELyCMATPUBATIA TPEIBAPUTETHHYIO
KOPPEKIMIO THIIOBOJEMUN Ha ONEPAIlMOHHOM CTOJIE, /10 Hadala
XUPYPrUYECKOrO JIeYeHNs!, COATAHCUPOBAHHBIMU KPHUCTAJION/-
HBIMU PACTBOPAMHU U pacTBOpaMu ruipokcuaTiikpaxmana (I'9K)
PaBHBIMHU YACTSAMMU, ¢ yBeJIndenneM obbema uHbysuil Ha 15% ot
OIIK ¢ yuetom meTos1a anecreanu. bosbHbIE OIIEPUPOBAHBI B yC-
JIOBUSIX OOIIell aHecTe3ny € WCIOJIb30BaHMEM ceBodIopana
1,3—1,6 MAK Bosayuro-kuciaopoanoii cmecbio (lowflow anes-
thesia). Onepannonnyio kposonorepto Boamernan Ha 150%. Vc-
MOJIB30BAJIH T€ Ke PacTBOpbI B cooTHomternn 1:1. Beero morpe6o-
Basoch 32,6+1,2 muexr undysuii. Ipu Goabuiem obbeme
Kposororepn — cBekezamoposkenHoit masmoil (C3ID), ['OK u
cOaTAaHCHPOBAHHBIME KPUCTALITONTHBIMU PACTBOPAMHU B COOTHO-
mennn 1:1:1. O6mmit o6bem nndysmit coctaBua 43,6+1,4 Mo kr.
B nepBbie Tpoe cyTOK MH(DY3UOHHOE OOeCIeueHne AOTOTHAIN
Pa3IMYHBIMU BaprHaHTaMu MeTabosmdeckoil koppekimu. C aToit
HETBI0 B COCTaB MH(PY3MOHHON TIPOrPAMMBbI MOJOBUHE GONBHBIX
(n=35) 6b11 BRIIOUeH Pemakcoa® B go3e 800 muie cyTKH, APYTrOi
nosioBute (n=35) — agemernonuH (remrpai) B 1o3e 800 mrecyT-
kn. Ipynmy cpasaenus coctapuim 20 3M0pOBbIX KeHIH. O6imit
06beM nHGY3UOHHOIT TporpaMMbl He ipeBbiman 17,34+1,4 M Kr.
B 6umiskaiiiiieM rmocieomnepariioHHOM TepHoJIe B 00erX TpyIimax GaJ-
aib1 1o mkaste SAPS 1T konebamcs ot 8 10 9, mo SOFA — ot 3 10 4.
Marepuasiom HCCIeI0OBaHU CIIyKuia KPoBb (111a3Ma, 3pUT-
poruTbl). 3a60p KPOBH MPOBO/IIN U3 JIOKTEBOIT BEHBI B yTPEHHEE
BpPeMsI, HATOIIIAK 32 CYTKI 0 OTIEPAIINIL, Ha 2-€ 1 5-€ CYTKU MoCTe-
OIEPAlHOHHOTO Mepuoza. KpoBb coOUpai B CTEKJISHHBIE TIPO-
6upku, cogepskaiiue pactsop remapuna (1000 EJl/mi) us pacue-
ta 0,05 ma pactBopa Ha 1 MJI  KpOBH, TIOCTE YETO
nenrpudyruposanu 20 mus. pu 1500 06/Mun. OteHuBaIn ypo-
Berb C — peakrusnoro 6eska. ViccrenoBann GHOXUMUYECKITE TTO-
KasaTesJn MHTOKCHKAIINKA — MOJIeKyJIbl cpeaneil maccer (MCM),
00111y10 1 9((HEKTUBHYIO KOHIIEHTPAIIHIO, CBSI3BIBAIOILYO CII0CO0-
noctb anvoymuna (OKA, 9KA, PCA), OKA onpeaensiim yundu-
IMPOBAHHBIM KOJIOPHMETPUUECKUM METOJIOM C MCIIOJIb30BAHIEM
HaGopa pearentoB <«Oubsekc [luarnoctukym» (Cankr-Ilerep-
6ypr). DIKA — MoaM(pUIIMPOBAHHBIM METOIOM € UCTIOJIb30BAHKEM
Kouro kpactoro [11]. Peseps cBsasbiBaomieii ciocobrocTr anb0y-
muna (PCA) onenusamu kax orromenne IKA/OKA«100%, uro
COOTBETCTBOBAJIO OTHOIIIEHUIO CBOOOIHBIX BEJTUYMH ITyJIa CBSI3ei
MOJIEKYJT aTbOYMITHA K 00IIeMy KOJIn4ecTBy ero casseii [5]. Koad-
(DUIHEHT MHTOKCUKAIIUH, OTPasKAIOIINIA GaaHC MEKY HAKOILIe-
HUEM U CBA3BIBAaHNEM TOKCUYECKUX JIMTAaH/I0B, PACCYUTBIBAIIN T10
dbopmyse KIT = (MCMy5,/9KA)*1000 [5]. MHaeke TokcnaHOC-
T 1o gopmyne UT = (OKA/DKA)— 1. MCM B masme KpoBu
HCCIIeoBAM 110 MofuduImpoBannoMy MeToxay [12], uto mo3Bo-
JISITIO CYANTD O THAPO(MUIBHOM KOMIIOHEHTe TokcryHocTn. Hapsi-
1y ¢ OOIIEKTINHUYECKIM 00CIEIOBAHUEM T10 IAHHBIM F€MOTPAMMbI
GBI TPOBEJIEH PACYET MHTErPATBHBIX HHIEKCOB MHTOKCHKAIIN —
JefikorTapioro uHaekca uartokcnkaryn (JIMW) [13], remaro-
Jlornueckoro nokazaresst nHrokeukauuun (III) [14]. T'TIN =
JINU X K X Kc, tie Kim — momnpaBounslit koadduiment ua Jeii-
koruTo3, Ke — monpasounsiii koadduiment va COI onpexersie-
mbie 110 Tabsunam (JIssosa JI. B. XapbkoBckast mikosa Ghrusuat-
pun: mrpuxu K nmoprpery / JI. B. JIsBosa // [IpoBusop. — 2004. —
Ne22. — Pexum jgocryna: http://www.provisor.com.ua/
archive/2004/N22/art_12.htm?part_code=72&art_code=4492),
unzekc peaktuBHOcTH opranudma (MPO), peakTuBHbIII OTBET
ueiirpodmos (POH) [15], MoanbuiipoBaHHblil reMaToOIOTHIe-
ckuit mokazaresb nntokcukaruu (ITIVm) (mpuopurernas cripas-

ka Ne 2013142420/15 (065011) ot 17.09.2013).

fied endotoxemia in patients with infusion program pre-correction
of hypovolemia on the operating table prior to surgery was per-
formed to balance crystalloid solutions and solutions of hydrox-
yethyl starch (HES) in equal parts, with increased infusion of 15%
of BCC. Patients were operated under general anesthesia using
sevoflurane 1.3—1.6 TAC air-oxygen mixture (low-flow anesthe-
sia). Intraoperative blood loss was compensated by 150%. The
infused solutions were used in the ratio 1:1 at a volume of 32.6+1.2
ml/kg. With a larger volume of blood loss the fresh frozen plasma
(FFP), HES and balanced crystalloid solutions in the ratio 1:1:1
were deployed ata a total volume of infusion of 43.6£1.4 ml/kg. In
the first three days of infusion it was supplemented with metabol-
ic correction. For this purpose, the program of the infusion in half
of patients (n=35) included Remaksol®, 800 ml/day, the other
half (n=35) received ademethionine (geptral), 800 mg/day. The
comparison group included 20 healthy women. The total volume
of infusion did not exceed 17.34=1.4 mlekg. In the immediate
postoperative period in both groups the score of SAPS 1I ranged
from 8 to 9, whereas SOFA ranged from 3 to 4.

Blood sampling was carried out from the cubital vein in the
morning on an empty stomach one day prior to surgery, on the 2nd
and 5th postoperative day. Blood was collected into glass tubes
containing heparin solution (1000 U / ml) at a rate of 0.05 ml per
1 ml of blood, then the harvested specimens were centrifuged for
20 minutes at 1500 rev/min. The levels of C-reactive protein were
evaluated along with the biochemical indicators of intoxication —
the average mass molecules (MSM), a common and effective albu-
min binding capacity (TAC, ECA, SAR). TAC was determined by
standardized colorimetric method using a reagent kit «Olvex
Diagnosticum» (St. Petersburg). ECA parameter was evaluated
by modified method using Congo red [7]. Reserve albumin bind-
ing capacity (PCA) was estimated as the ratio of the (ECA /
OKA)X100%. PCA values corresponded to relative free pool of
albumin molecules bound to the total number of its links [5].
Coefficient of intoxication, reflecting the balance between accu-
mulation and binding of toxic ligands was estimated by the for-
mula CI = (MSM,s, / ECA)*1000 [5]. Toxicity index was esti-
mated according to the formula of IT — 1. MSM in blood plasma
was investigated by the modified method [12], which allowed the
condidering hydrophilic component toxicity. In addition to clini-
cal examination according to the hemogram the integral index of
intoxication — leukocyte intoxication index (LIT) [13] and hema-
tological parameters of intoxication (HPI) [14] were calculated.
GPI = LII X K¢ X Kd, where Cl — correction factor for leukocy-
tosis, K¢ — correcting factor for ESR as showed in the [15]. The
reactivity index (RI), a reactive response of neutrophils (RON)
[11], modified hematologic parameter of intoxication (GPIm )
(priority certificate Ne 2013142420/15 (065011) from
09.17.2013) were counted according to formula GPIm LIT = CL X
TBE X COP X KTP X Kkod, where colloid oncotic pressure
(COP) and transient tolerance to tissue hypoxia and hypercapnia
(TTGG) based on the results of the sample rod were considered.

Statistical calculations were performed using the Microsoft
Excel XP, and arithmetic mean of the total sample and the error of
the arithmetic mean were calculated. The differences of mean val-
ues were considered significant at P<0,05 by a Student's t test-
when comparing the frequencies of different parameters in the
analyzed groups.

Results and Discussion

Analysis of the study showed that in all patients a
premorbid background was characterized by varying
degrees of severity of clinical manifestations of endogenous
intoxication (EI): general weakness, fatigue, nausea, vom-
iting, loss of appetite until anorexia, fever, fever, pain in the
muscles or joints, decreased mental and physical activity,
sleep disorders. In a laboratory study (Table. 1), the raising
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Poisoning and Intoxication

Ta6imua 1. [Tokazaren UHTOKCUKAIMHU Y OOJIbHBIX PAKOM SIMYHUKOB /10 onepauuu (M+m).
Table 1. Intoxication in patients with ovarian cancer before surgery (Mm).

Parameters Values of parameters in groups

healthy (7=20) heptral (n=35) remaxol (n=35)
MSM,;,, u.a. 0.251£0.007 0.351£0.045 * 0.354+0.042*
MSM .y, v.a. 0.233+0.008 0.393+0.052* 0.389+0.049*
CIL ua. 6.81+0.19 12.1£0.49% 13.1£0.68*
CRP, mg/I 3.4+1.4 16.5£2.7* 16.3£2.8*
TAC, g/1 44.6%1.03 41.5+1.62* 41.3+1.48*
ECA, g/1 34.7£1.20 26.4+2.91* 26.7£2.86*
SAR, % 77.8+5.4 63.7£6.7* 64.6+6.8*
IT, va. 0.28+0.06 0.58+0.07* 0.56£0.09*
LI, u.a. 1.3+0.5 2.5+0.8% 2.4+0.8%
HPI, u.a. 0.62+0.09 2.4%0.6* 2.5%0.6*
HPI m, u.a. 1.3£0.5 4.3+0.7* 4.2+1.8*
RI u.a. 74+3.5 40.3+5.2* 40.5+4.2*
RON, u.a. 8.10£3.34 29.4+4.61* 29.7+3.98*

Note (npumeuanue). Here and in Table 2 (3aech u B Ta6u. 2): parameters — mokasaresu; values of parameters in groups — 3naue-
HUe ToKaszarenel B rpynmnax; healthy — snopossie; Heptral — Tentpar; Remaxol — Pemakcomr; MSM (average molecular weight) —
MOJIEKYJIBI Cpe/IHeit Maccehl; u.a. (arbitrary units) — ycaosusie equnuint; CI (coefficient of intoxication) — xoaddunumenT nHTOKCH-
kanuu; CRP (C-reactive protein) — C-peakrusnbiii 6esok; TAC (total albumin concentration) — ob1ast KOHIEHTPAIKS albOyMHU-
na; ECA (effective concentration of albumin) — ahdextuBnas konnentpanus ans6ymuna; SAR (reserve albumin binding capacity)
— peseps cBsi3biBalonieii ciocobrocTu anbOymuna; IT (index toxemia) — unnekc Tokcemun; LIT (leukocyte index of intoxication) —
aeiikorrapubiii nugexe wnrokcukanun; HPI (hematologic parameter of intoxication) — remaTosiorndeckuii mokasaresib HHTOKCHKa-
um; HPT m (modified hematologic parameter of intoxication) — Moan(UIMPOBAHHBIN TEMATOJOTHYECKHIT TTOKA3ATENb HHTOKCUKA-
uu; RI (reactivity index) — ungexc peakrusroctu opranusma; RON (reactive response of neutrophils) — peaktusHblil oTBeT Heii-

tpoduion. *
3oposbiMu siogbmu (P<0,05).

I'TIVMm = JIMNM X KJI X KC X K3 X KTp X Kkoz,

rie JIONOJHUTEbHO YYNUTBIBAETCS KOJIOUJHO-OHKOTHYEC-
koe paBienue (KO/l) u TpanautopHasi TOJepaHTHOCTb K TKaHe-
Boil runiokcun u runepkanauyn (TTIT) mo pesyssratam mpoObi
[Iranre.

CraricTuieckue PacuyeTbl BHIMOJHSIN C HCIOJIb30BAHIEM
nporpamm Microsoft Excel XP, Borunciisiig cperee apupmernye-
CKO€ BBIGOPOUHON COBOKYITHOCTH, TIOTPENTHOCTD CPEHEro apud-
MeTHYeCcKoro. Pasinuust cpeiHuX BeJMYMH CUUTAIN T0CTOBEPHbI-
mu 1ipu p<0,05, 1711 cpaBHEHMST YaCTOT PA3JIMYHBIX IPU3HAKOB B
AHAJIM3UPYEMBIX TPYIIaX MpuMeHsin kputepuii CThiofieHTa.

PesyabraThl 1 00CyKIEHHE

AHau3 MpoBeIEHHBIX UCCIIE/IOBAHUIT TOKA3AJ, 4TO Y
BCEX MCCJIEAYEMbIX GOJIbHBIX MPeMOopOuaHbIil (hOH Xapakx-
TEPU30BAJICS PA3HOI CTEIEHU BBIPAKEHHOCTH KJIMHUYEC-
KUMU TIPOSIBJICHUSIMH 9H/IOTeHHOW MHTOKcmKannu (DW):
o01eii caboCThio, MOBBIIIEHUEM YTOMJISEMOCTH, TOIIHO-
TOM, PBOTOM, CHUKEHUEM alllleTHTa BILIOTh 10 AaHOPEKCHH,
HOBBIIIEHHEM TEeMIIEePaTypPhl, JUXOPAAKOH, 60Ie3HEHHOC-
TBHIO B MBIIIIAX WJIH CYCTaBaX, CHIKEHNEM TICHXUYECKON 1
(pmsmueckoit akTHBHOCTH, HapyIieHueM cHa u 1p. [lpn ma-
6opaTtoproM uccaenoBanun (tabr. 1) 5TO HAXOAMIO MOA-
TBepKIeHne B Buae moabema yposus JIMWM na 50%
(p<0,05), TTIN na 53% (p<0,05) u TTIMm na 180%
(p<0,05). Peructpuposanu mosbimenne KW ma 85,3%
(p<0,05) u UT na 107,2% (p<0,05), cmmwkenne PO na
45,4% (p<0,05), ¢ cyOrommeHcalyeil (HusnoaornIecKux
CUCTEM JICTOKCHKAIMH, XapaKTePU3YIOIeicss 3HaunTe Ib-
HbiM poctom POH na 265% (p<0,05). Takske, Gosee ueMm B
40% carydaes, pukcupoBasu nosbieHne ypoBast MCM,s,

— Significant differences compared with healthy subjects (P<0,05) — aocToBepHOCTH OTJIUYUI B CPaBHEHUU CO

in the level of FRI 50% (P<0.05), GPI 53% (P<0.05),
GPIm 180% (P<0.05) were observed. CI parameter
demonstrated an increase of 85.3% (P<0.05) and IT of
107.2% (P<0.05)/ and decrease in EDI up to 45.4%
(P<0.05), with a subcompensation of physiological detox-
ification systems characterized by a significant increase in
RON to 265% (P<0.05). In addition, more than 40% of the
increase was observed in fixed MSM,s, and 68% in
MSM,g, parameter (P<0,05). A substantial reduction in
ECA to 7% (P<0,05) and XRD at 10% (P<0,05), against
the background for a relatively stable time were observed.
These changes were accompanied by severe systemic
inflammatory response, with increasing the concentration
of C — reactive protein by 200% (P<0.05).

Variety of options for pharmacological correction of
altered metabolism helped to reduce nausea and vomiting
and other clinical manifestations of EI, transforming the
parameters studied to levels of a perioperative period.
When analyzing the results of the study it was revealed that
on the second day after surgery in patients reveiving remax-
ol LII reached normal values with a decrease from baseline
to 16.6%, and RON was 35% (P<0.05), whereas the EDI
increased by 47.4% (P<0,05). GPI values and GPIm did
not undergo significant changes. There was increases in
TAC and ECA parameters, against which the CI decreased
by 25.9% and 17.8% of IT, respectively (P<0.05). This evo-
lution was maintained at a later stage of the study. At these
stages on days 2 and 5 of the perioperative period in
patients revceiving remaxol the decreased levels of C —
reactive protein by 42.9 and 57% (P<0.05) were observed.
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OTpaBACHTAH M MHTOKCUKAONUN

TaGauna 2. [TokazaTen MHTOKCUKAIUK Y OOJBHBIX PAKOM SIMYHUKOB Ha dTanax uccaenopanus (M+m).
Table 2. Indicators of intoxication in patients with ovarian cancer during the study (M+m).

Parameters Values of parameters on the stages of study
before the surgery after the operation
Heptral Remazol day 2 day 5

Heptral Remaxol Heptral Remaxol
MSMs, u.a. 0.351£0.045 * 0.354£0.042*  0.323£0.03  0.279+0.02*  0.289+0.04*  0.265+0.02**
MSM,yg, v.a. 0.393+0.052*  0.389+0.049*  0.353+0.03*  0.329+0.03* 0.303+0.02* 0.256+0.04*
ClL, u.a. 12.1£0.49 13.1+0.68 11.7+0.47 9.7+0.54* 9.6+0.45* 7.9+0.34*
CRP, mg/1 16.5+2.7 16.3£2.8 10.4+1.1* 7.5+1.2% 7.3£1.4* 6.2+1.2*
TAC, g/1 41.5+1.62 41.3+1.48 40.5+1.24 42.7+1.13% 42.3+1.17% 43.7+1.42%
ECA, g/l 26.4+2.91 26.7+2.86 26.8+2.27 28.7+£2.15*% 28.2+3.15* 31.8+£3.24*
SAR, % 63.7+6.7 64.6+6.8 66.5+2.7 67.8+3.4 67.6%5.1 73.8+4.2
IT, ua. 0.58+0.07 0.56+0.05 0.49%0.05 0.46+0.04 0.48+0.06 0.36+0.04
LIL u.a. 2.5%0.8 2.4%0.6 2.7+0.7* 2.0£0.6* 1.6=£0.3* 1.2+0.2*
GPI, u.a. 2.4+0.6 2.5+0.8 10.5£1.3 * 3.4+1.2 3.3+0.7% 1.2£0.6%
GPIm, ua. 4.3+0.7 4.2+18 15.5+4.6% 5.9+2.6 6.5£1.7* 2.9+0.4*
EDI, ua. 40.3+5.2 40.5+4.2 44.6+5.2 59.7+4.6* 56.3+3.7* 65.8+4.2*
RON, v.a. 29.4+4.6 29.7+3.9 25.7+3.8 19.3%4.4* 17.2£3.2% 16.1+3.7*

Note (npumeuanmue): before surgery —mo onepanuu; after operation — mnocue oneparuu; 2 days — 2-e cyrku; 5 days — 5-e CyTKH;

Heptral — Tenrrpas; Remaxol — Pemakcour.

n B 68% — MCMyg, (p<0,05). OTmeuann cyiecTBeHHOE
cumkenne DKA wa 7% (p<0,05) u PCA 1a 10% (p<0,05),
Ha GoHe oTHOcuTeIbHO cTabunbHoit OKA. YkazaHHble u3-
MEHEHUsI COMPOBOK/IATICH BBIPAKEHHON CUCTEMHOI BOC-
MAJTUTENbHON Peakiineil, ¢ yBeJTUUeHneM KOHIIEHTPaIu
C-peakrusnoro Geska Ha 200% (p<0,05).

Vcriosb3oBatue pasjuyHbIX BAPUAHTOB MeTabOJIu-
9eCKOM (hapMaKoJIOTUIECKONH KOPPEKITHH CITOCOOCTBOBATIO
YMEHBIIEHUIO TOIUTHOTBI U PBOTHI M APYTUX KIMHUYECKIX
niposgsieHuit IV, TpanchopMIPOBaHIIO HCCTIETyeMbIX TI0-
KazaTeJieil B mepuoriepaiinoHHoM tepuoje. OHaKko yka-
3aHHbIE BEJIMYUHBI B TPYIIIAX MEHSJINCh HEOJHO3HAYHO.
Tak, npy aHaM3e pe3yJIbTaTOB MCCIIEIOBAHUS BBISIBIECHO,
YTO y’Ke€ Ha BTOPBIE CYTKH TIOCJI€ XUPYPTUUYECKOTO JICUCHUST
B rpyiie O0JbHBIX, T/e B COCTaB MH(Y3MOHHOIT Iporpam-
MbI OBLT BKIOYeH Pemakcon, cpeanue snadenns JIMHW go-
CTUTAJIM HOPMAJIbHBIX BEJIMYUH CO CHUKEHUEM OT MCXO[I-
meix g0 16,6%, m POH ma 35% (p<0,05), a PO
yBemmuuBaics wa 47,4% (p<0,05). 3unavenus TTIN u
T'TIVIm He mpeTepmeBasin CyIIieCTBEHHBIX 3MeHeHn . Bos-
pacrasia OKA u 9KA, na done koropsix cumkamuch KN
ma 25,9% u UT na 17,8%, coorserctBento (p<0,05). Yra-
3aHHAsI JIMHAMHUKA COXPAHSJIACh HA MOCIEAYIOIEM 3Tare
nccyepoBanms. Ha aTHX ke aTanax BbISIBJICHO, YTO Ha 2-¢ 1
5-¢ CyTKH IepHOIEePaI[MOHHOIO Iepuojia B rpyine 60Jib-
HBIX, I7/le UCTOJIb30BAIN PeMaKkcos, OTMEUEeHO CHUKEHUe
C-peakrusnoro Oeska Ha 42,9 u 57% (p<0,05). Cienosa-
TEJIBHO, Y ATOU IPYIIIbl OOJBHBIX OTMEUYAIH TIOCTOSHCTBO
o01ieil PeakTUBHOCTU OpraHuMaMa ¢ KoMmieHcaiuein I
(hpusnosornuecKUME CUCTEMAMU JIETOKCUKATIUH.

B rpyiiie 6oJIbHBIX, Y KOTOPBIX MeTaboJnuecKast
(hapmakosiornyeckasi cocrapisionias MHGY3MOHHOH 1TPo-
rpaMMbl PEaIM30BbIBATIACH TEIITPATIOM Ha 2-€ CYTKHU Tepu-
OTIEPAI[MOHHOTO TI€PUO/a OTMEYaIu JIUIb MOHUKEHUE
JINU Ha 11,1%, C-peakrusHoro Geska Ha 23,8% (p<0,05)
1 MCMyg, Ha 42,2% (p<0,05). 3uavenns TTIV u T'TIVM,
HA000POT, CYHIECTBEHHO YBeAnUnBaauCh. OcTaibHble M0~

Consequently, the group of patients receiving remaxol,
there was consistency reactivity compensation of EI para-
meter of the physiological detoxification system.

In the group of patients in which the pharmacologi-
cal infusion program included Heptral on day 2 of the peri-
operative period only LII decrease by 11.1%, C — reactive
protein by 23.8% (P<0.05) and MSM,g, 42,2% (P<0.05)
were observed. On the contrary, GPI and GPIm values
were significantly increased. Other parameters were not
significantly different from the original premorbid back-
ground. Lowering the studied variables in this group of
patients occurred in the last phase of the study (Table. 2).

Thus, the study showed that the dynamics of the stud-
ied parameters were largely dependent on the nature of a
metabolic infusion program. A recovery of albumin trans-
port function was directly related to a decrease in the sever-
ity of the clinical manifestations of EI. We noted that when
using remaxol significantly higher values of ECA and OKA
were observed than using the geptrala. The reason of this is
not only a lower load of a transport systems in patients treat-
ed with remaxol but rather decreasing the level of aplter-
ations with a subsequent stabilization of albumin transport
function. Therefore, the increase in the number of available
points in the total pool of albumin molecules can not be
attributed exclusively to an increase in protein in the blood
plasma of patients with OC, and it also reflects the decreas-
es in symptoms of EI severity. On the other hand, distinct
increases in TAC and ECA reflect the effective infusion of
pharmacological correction of metabolic program of EI
These data correlate with the results of the study of mole-
cules of average weight and hematological parameters of
intoxication in these patients, as markers of EI (Table 2).

Conclusion

Presented data show that initially in OC patients the
malignancy is accompanied with the development of intox-
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Kasaresn He WMETH JOCTOBEPHDLIX PA3INIUA ¢ MCXOIHDI-
mu. TToHIKEHMEe MCCTeyEeMBbIX BEJNYNH B 9TOH TpyIIe
GOJILHBIX MIPOUCXOAUIIO Ha TIOCIEAHEM dTalle UCCIIeA0Ba-
Hust (Tabir. 2).

[TpoBeneHHOE MCCIEAOBAHNE TIOKA3ATO0, YTO THHAMH-
Ka M3yJ4aeMbIX TIOKa3aTeIell B 3HAUUTETbHON CTETEHN 3a-
BHUCEJIA OT XapakTepa MeTaboInIecKoii nH(PY3UOHHOM TIPO-
rpaMMbl. A BOCCTaHOBJIEHWE TPAHCIOPTHON (HyHKINN
anbOyMIHA HEMIOCPECTBEHHO COOTHOCUIIOCH CO CHUKEHUEM
BLIPAKEHHOCTY KIMHUIECKUX TPOsSBAeHUN DU 1 ymeHb-
MICHUEM TSKECTH COCTOAHMSA 60IbpHbIx. O6pamano ma cebs
BHUMAHHE, 9TO IPU UCTIOIB30BAHNN PeMaKkcoa OTMEYeHbI
nocToBepHo Gosee Bbicokne 3navenns JKA n OKA, gem
TIPU UCTIONB30BAHUH TenTpasia. [[pUanHON 9TOMY MOKET
CIIYKUTh HE TOJBKO 6oJiee HU3Kas 3arPysKEHHOCTh TPaHC-
HOPTHBIX CUCTEM Y GOJIBHBIX, MOJIyYaBIINX PeMakcos1, HO 1
HUBEJIMPOBaHKE HAPYLUICHUN U TOCIIEAYIONast cTabuinsa-
s TPAHCIOPTHOM GyHKIMU anbdymuHa. CiepoBareib-
HO, MOJKHO TOBOPHTD, YTO YBEJUYEHUE KOJIUIECTBA CBO-
GOZIHBIX [EHTPOB B OOIIEM ITyJie MOJICKYJI albOyMUHA He
MOKET ObITh OOBSICHEHO MCKIIOUMTENBHO YBEJMYCHHEM
cozepskanueM Gesika B 1asMe Kposu 60sibHbIX PSI, a sijis-
eTcs TakyKe OTPasKEHMEM YMEHBIIEHUS BLIPAsKEHHOCTH
nposiByieruii DU, C npyroit CTOPOHBI, OTYETIMBOE MOBBI-
menne OKA u KA cBugerenbctyer 06 apdekruBocTu
MeTaboInuecKoii (hapmMakosornueckoii Koppexuuu O,
ITpuBeieHHbIE TAHHbIE KOPPETUPYIOT € PE3yILTATAMHE HIC-
CJIEIOBAHUST MOJIEKYJI CPEHEN MAacChl U TeMaTOJOTHIeC-
KUX [OKazareseil MHTOKCUKAIMK Y JIaHHbIX OOJIbHBIX, KaK
mapkepoB I (1abu. 2).

3akjaoyeHue

Takum 06pa3oM, TPEACTaBICHHBIC BHINIE TaHHBIE
CBU/ICTEJIbCTBYIOT, YTO MCXOJIHO y JKeHIWH TedeHne Pl
COTIPOBOXKAETCS PAa3BUTHEM OITyXOJIEeBOH MHTOKCHKAIN,
xapaxTepusyfomecs: poctom JINMU, I'TIN, I'TINM, napy-
meHueM OajlaHca HAKOILJIEHUs U CBSA3bIBAHUST U30BITOUHO
MIPO/LYIIMPYEMBIX TOKCUYECKUX JIUTAH/IOB, MHTEHCU(UKA-
nuell npoaykiuu 6eakoB octpoit dassl BocnaneHus. Coe-
JIOBATEJIbHO, JTaHHbIC KIMHMYECKMX U JaOOPATOPHBIX HC-
CTIeTOBaHUH YKa3bIBAIOT Ha <«3aTrPYy’KEHHOCTb» AKTUBHBIX
HEHTPOB abOyMUHa (PEAKIIMOHHO CIOCOOHBIX YYaCTKOB)
7 Ha U30BITOYHOCTD ayTOJN3d, W YBETUIEHIE TPOLYKITUN
TKAHEBOTO PacIa/ia ¢ HAKOTJIEHNEM TOKCHHOB. YKa3aHHbBIe
U3MEHEHUS TIPOUCXOAAT Ha POHEe yrHeTeHus 001Ieil peak-
TUBHOCTH OPTaHM3Ma, Hea/leKBaTHOH KOMIIEHCAITNH WH-
TOKCUKAIK (hUBMOTOTUIECKUMHU CUCTEMAMU JIETOKCHKA-
KU ¥ HeCTaOMJIBHOCTBIO roMeocTasa. Vcmosb3oBatue B
cocTaBe MHPY3MOHHOMN TPOTPAMMBT METabOIMIECKO hap-
MaKOJIOTHYECKOH KOppeKIun remnTpaioM n Pemakcosom
HEPAaBHOZHAYHO CHIOCOOCTBOBAJIO YMEHBIIEHUIO aKTUBHOC-
TH BOCHAJUTEJbHON peakiiuu 1 a(h(HeKTUBHOCTH KOPPEK-
nuu U y Gosbhbix PS B nepronepaimoHHOM Meprojie.
Tak, ycTaHOBJIEHO, UTO TIPN BKJITIOUEHUH B COCTaB NH(DY3H-
OHHOIi TporpamMMbl Pemakcosia mpoucxoaut 6ojiee Bbipa-
JKEHHOE 1 OBICTPOE CHUKEHHE MeTaboJMYeCKUX Hapylie-
HWI, YeM TIPU WCIOJb30BAHUU TenTpasa. ITO

ication, characterized by the growth of the LII, GUI
GPIm, imbalance of accumulation and binding excessively
produced toxic ligands, the intensification of the produc-
tion of acute phase proteins of inflammation. Therefore,
the data from clinical and laboratory studies indicate
«load» of active sites of albumin (of reactive sites) and
redundancy and increased autolysis products of tissue
decay associated with the accumulation of toxins. These
changes are associated with the inadequate compensation
of intoxication by the physiological systems of detoxifica-
tion and developing the homeostasis instability. Using the
program as a part of an infusion for a pharmacological cor-
rection of metabolism with geptrala or remaxol a decrease
in the activity of the inflammatory response and the effec-
tiveness of the correction of EI in patients with ovarian
cancer in the perioperative period were observed. Remaxol
as a part of the infusion program for OC patients demon-
strated more pronounced and rapid effects in reducing
parameters of a metabolic disorder than geptrala. This was
manifested in reducing both the level of inflammatory
changes and endotoxemia. Presumably, it was due to a
powerful system of energy productionbecause of conver-
sion of succinate in the body of patients, as well as other
metabolic components. InSince the the energy supply is
maintained primarily by the oxidation of succinic acid, the
remaxol provide various non-specific therapeutic effects.
Dynamics of indicators of EI laboratory criteria demon-
strate postoperative compensation of metabolic disorders,
improving the clinical effectiveness of the treatment and
prevention of the progression of cancer endotoxemia.
Therefore, infusion therapy, which includes remaxol,
allowed qualitatively and significantly improve the condi-
tion of patients with OC in the perioperative period.

MIPOSIBJISIIIOCHh B CHUJKEHNUU KaK YPOBHSI BOCHAJUTETbHBIX
M3MEHEeHWH, TaK W 9HA0TOKCcUKOo3a. 1o Bcelt BeposTHOCTH,
3TO OOYCJIOBJIEHO MOIIHON CHCTEMOI 9HEPTOIPOLYKIHH,
KoTopasi 00pasyercst B pesyJibraTe NpeoOpasoBaHusl CyK-
[HAaTa B OpraHuaMe OOJIbHBIX, a TAKKe PYIUX MeTaboIu-
YeCKUX KOMITOHEHTOB, BXOISIINX B cOcTaB Pemakcoura, He-
00XOANMBIX /I 0OCCHeYeHUs KU3HEACATCTbHOCT B
1esioM. B ycsioBusiX Bo3pacTanusi Harpy3Ku Ha OpraHbl jie-
TOKCUKAIWHM, ¥, B 9ACTHOCTH, TTCYEHb, IHEPTOOOECIICICHITE
MOJIJIEPKUBAETCST TTPEUMYIIIECTBEHHO 34 CYET OKUCJICHUS
SHTapHON KUCJIOTHI. MOITHOCTD HHEPTONPOAYKIUU TIPU
ATOM B COTHH Pa3 MPEBOCXOUT BCE JAPYTHE CUCTEMbI dHEP-
rooGpa3oBanusl Opranuama, 00ecIednBas IMUPOKUIA ra-
Ma30H Hecmenn@uueckoro jge4eOHOTO Bo3elcTBUsT Pe-
Makcosa. /luHaMuKa rokasaTesieil, XapaKkTepHU3yIOINX
snabopaTtopHbie Kpurepun DV, cBUIETEIBCTBOBANA O I10-
CJICOTIEPALIMOHHON KOMIIEHCALUK MeTaboIMYeCKuX Hapy-
[IIEHWH, TTOBBIIIEHUY KIUHUIECKON 3(DhEeKTUBHOCTH Jieue-
HUST U TIPEAOTBPAIIECHUIO MTPOTPECCUPOBAHUS PAKOBOTO
aHI0TOKCHKO03a. CiieloBaresbHO, MH(GY3NOHHAS Teparus,
BKJIOUatoIas B cebst PeMakcot, o3BoJinia KA4eCTBEHHO 1
JIOCTOBEPHO YJIYUIIUTh cocTosiHue GoJbHbiX PS B nepu-
OTIEPAI[MOHHOM TIEPUO/IE.
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Metabolic Disorders and Their Correction

BJIMAHUE TUIIEPBAPUYECKOI OKCUTEHAITUN
HA AMMUNAKOKCKPETUPYIOIIYIO ®YHKINIO IIOYEKR
ITPU PESERIINN ITEYEHU B OKCIITEPUMEHTE

I1. H. Casunos'?, /1. B. Mosiuanos'?

' Boponeskckasi rocyiapcTBeHHast MeauimHckas akagemust M. H. H. Bypaenko, Boponex, Poccust
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Impact of Hyperbaric Oxygenation on Renal Ammonia Excretion
during Experimental Liver Resection

P.N. Savilov'?, D. V. Molchanov'?

'N.N. Burdenko Voronezh State Medical Academy, Voronezh, Russia
10, Studencheskaya St., Voronezh 394036
? Research Institute of Clinical Pediatrics, N.I. Pirogov Russian National Research Medical University,
Ministry of Health of the Russian Federation, Moscow, Russia
2, Taldomskaya St., Moscow 125412
* Tambov Central Republican Hospital, Tambov, Russia
4, Polevaya St., Pokrovo-Prigorodnoe Rural Settlement, Tambov Region

Iens uccnedosanus — ndyvenue simsinue runepoapuyeckoil okcurenanuu (I'BO) Ha aMmmMuaksKcKkpeTHpyomyo GyHKIHUIO no-
uek npu pesexuuu nevenu (PII). Mamepuan u memoost. Onbitbl nposeenbl Ha 138 mosoBo3penbix Kpbicax (camkax). TBO
npoBOAWIH B pexxume 3 ata, 50 MHH, TPEXKPATHO, O/uH ceaHc B cyTku mocie PII (15—20% ot macce! oprana). O0bexTamu uc-
CJIe/I0OBaHMs CIIYKUJIM IIOYKH, KPoBb (aorta, v.renalis), Moua. Onpezesisum coaepkanie aMMHaKa, [IyTAMAHA, MOYEBHHbI. Pe-
3yavmamot. I'BO, ycrpanss nocjieonepanuoHHyIo apTepHajbHyl0 THIEPAMMOHHEMUH, CTHMYJIMPYET 9KCKPEIUIO HOHOB aMMO-
HHsL ¢ MOYOH. IT0 mocrTuraercs ymksuanueii B ycaosusix I'BO unruupyromero Biusiaus PII Ha cekpenuio aMMuaka B
ToYeyHbIe KaHAJIBIIbI U aKTHBanHel B He)poIUTaX BHYTPUKIETOYHOTO AaMMOHHOTEHEe3a, B TOM YHCJIe U He CONPSI)KEHHOTO C /1e3-
aMHMPOBaHHEM <apTepuaibHOro» riayramuta. Ognospemento I'bO ycwmBaer akruBupyioniee Biusinue PIT Ha roryramuHo-
BbIii IMKJI B [IOYKAX NPENMYIIECTBEHHO HA CYET YBEIMYEHHS 00Pa30BaHUs <[IOYEYHOTO IIIyTAMUHA> U €0 NOCTYIUIEHHE U3 HHX
B KpoBOTOK. B ycaoBusix TBO ycumsaercs crumysmpytomee Biusiaue PIT Ha peaGcopOumio B IoYKax MOYEBHHBI, HO, B OTJIA-
YK€ OT HEOKCUTEHHPOBAHHBIX KPbIC CHIKEHUS IKCKPEIMH MOYEBHHBI C MOYOH HE IPOUCXOUT, GIaroqapsi yBeIuyeHUI0 KOHIIEH-
TPAIMH MOYEBHHBI B apTepHajbHOI KpoBu. IIpekpanienye runepoKcHYecKoro BO3/1eiiCTBUsI HA OPTaHN3M BOCCTAHABJINBAET pe-
a6copOMIo MOYEBHHBI B IOYKAX NIPH COXPaHeHHH cTumy.mpyiouiero Bausinus TBO Ha o6pasoBanne MoyeBuHbI HePOUUTAMU
U ee HHKPELHIO U3 HUX B KPOBOTOK. Ktouesvie cio6a: runepokcusi, pe3eKius nevyeHt, oYK, aMMHUaK, d9KCKPelHs.

Objective: to study the impact of hyperbaric oxygenation (HBO) on renal ammonia excretion during liver resection (LR).
Material and methods. Experiments were carried out on 138 pubescent rats (females). Three HBO sessions were performed
at 3 ATA lasting 50 min once daily after LR (15—20% of the liver weight). The kidney, blood (aorta, v. renalis), and urine
were examined. The levels of ammonia, glutamine, and urea were measured. Results. By eliminating postoperative arterial
hyperammonemia, HBO stimulates urinary ammonia ion excretion. This is achieved through elimination of the inhibitory
effect of LR under HBO on ammonia secretion into the renal tubules and through activation of intracellular ammoniagene-
sis in nephrocytes, including that uncoupled with arterial glutamine deamidation. HBO potentiates simultaneously the acti-
vating effect of LR on the glutamine cycle in the kidneys mainly through the hyperproduction of renal glutamine and its
influx from them into the bloodstream. HPO enhances the stimulatory effect of LR on urea reabsorption in the kidneys, but,
unlike non-oxygenated rats, there was no reduction in urine urea excretion due to increased arterial blood urea concentra-
tions. Termination of the body's exposure to hyperoxia restores urea reabsorption in the kidneys with the persisting stim-
ulatory impact of HBO on the formation of urea by nephrocytes and its incretion from the latter into the bloodstream. Key
words: hyperoxia, liver resection, kidneys, ammonia, excretion.
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MeTaboAamMdyecKkmue HAPYIUWIEHUS M UX KOPPEKINUS

Hapymrennst mMerabosmsma u (GyHKIMU TOYEK TPU
KPUTHIECKUX COCTOSTHUSX SIBJISIOTCS OHON U3 aKTyasb-
HBIX 11po6JieM peanumaTosnoruu [1—3].

Kak usBectHo, oH0#1 13 (QYHKIMI MOYEK SBIACTCSA
BbIBEZICHIE 13 OPraHM3Ma aMMHaKa, OHOTO U3 KOHEUHBIX
poAyKTOB OekoBoro ooMena [4]. B 3mopoBom opranuame
aMMHaK ZI0CTaBJISETCS apTEPUAIbHOI KPOBBIO K ITOYKAM B
IBYX (opmax: CBOOOAHOIT U CBsI3aHHOI. B HOpMe KOHIIEH-
Tpaist CBOGOAHOTO aMMHUAKa B apTePHATbHON KPOBHU MJie-
KOTHUTAOMNX HUYTOKHO MaJla, II0 CPAaBHEHHUIO C €T0 KOH-
merTpaimeit B mMoue [5, 6]. Iloatomy mpwm oreHke
AMMUAKIKCPETUPYIONIell COCOOHOCTH MOYEK OHA TPaj-
OHHO He Oepercst Bo BHuManue [4, 7]. OCHOBHBIM 1O~
CTaBIIMKOM aMMHaKa B IOYEYHBIC KAHAJBI[BI SIBJIACTCS
TJIyTaMUH — OJfHA U3 00pPaTUMBIX (hOPM CBSI3BIBAHUS aM-
MHaKa B OpraHuaMe MJjexomnuraommx [4]. B pesyssrare
JIe3aMUIMPOBAHUS TIyTAMUHA B TTOYKAX 0Opasyercst aM-
MHaK [5], cekpeTHpyeMblil B IOYedHble KaHATbIBI, B 1mo-
YeYHBIX KaHAIbI[AX aMMMaK, CEKPETHPOBAHHBIN HedpoIu-
TaMH, MPUCOEMHSET IIPOTOH BOAOPOJA, IIPEBpaIasch B
MOH aMMOHUS [4, 7], KOTOPBII BBIBOJUTCS ¢ MOYOH U3 Op-
raHusMa. MoueBIHA B HEM3MEHHOM BHJI€ BBIBOIUTCS C MO-
YOIl M3 OpraHu3Ma 3a UCKJIIOUYEHHEM TOH 4acTu, KOTopast
peabcopbupyercst B KpOBb, IPUHKUMAsE yuyactue B (popMu-
POBaHUU IPOTUBOTOYHO-MHOKUTEIBHO CHCTEMBI [4].

WccneoBaHUAME  YCTAHOBJICHO, UYTO DJIMMUHAIINS
n30BITKA aMMIaKa [TOYKaMU 13 OPraHU3Ma MPU HHOTEeH-
HOIT aMMHUaYHON MHTOKCHKaiuu He addexrnsra [8] u co-
IIPOBOKIAETCST HAPYIIEHNEeM KUHETHKH a30TUCTBIX MeTa-
G6osmToB B camux Toukax [9]. Omanum u3 crnoco6os
JIeYCHUST SH/IOTEHHON aMMUAYHON MHTOKCUKAINN SIBJISICT-
cst runiepbapuaeckast okcurenanus (FBO) [10]. TTpu sTom
YCTAHOBJIEHA €€ CMOCOOHOCTH He TOJNBKO CTUMYJINPOBATH
peakin obe3BpeskBanus aMmuaka B redenu [11, 12], Ho
1 PeryJinpoBaTh BHETICUCHOYHBIC MEXaHU3MBI JJIMMUHA-
I[IH €TO HOBBIIMIEHHOH KOHI[EHTPAI[NH U3 KPOBU OpraHaMu
nopraynbHOi cucrembl [13, 14]. OnHako peakius aMMHuaKx-
9KCKpeTHpYyIoneil (HyHKIUN IOYeK Ha TUIEePOKCHYECKoe
BO3/lefiCTBHUE TIPH ITATOJIOTUH IIeYeHH B HACTOsIIee BpeMs
He UCCJIeZI0OBAHA.

[lesb paboThl — M3yYeHue BIMSHNE THIIEpOApHYeC-
koit okcurenaiu (I'BO) Ha aMMHUAKIKCKPETUPYIOILYIO
(byHKIMIO TOYEK PU pe3eKINY TTeUeHH.

Marepuan u MeTO/bI

OmnpiTel npoBeaerbl Ha 138 Geabix Kpbicax (caMKax) mMac-
coit 180—220 1. Pesexuuio neuenun (PIT) ocymecrsisin nox
3(DUPHBIM HAPKO30M, y/IaJIssd 3JIeKTPOHOKEM YacTb JIEBOI 10JI1
mevent, 9To cocransio 15—20% maccesr oprana. [umepbapmye-
ckyto okcurenanuio (I'BO) mpoBoanIN MeUIMHCKUM KNCJIIO-
POJIOM TpexKpaTHO B pexkume 3 ata, 50 mun, 1 ceanc B cyTKH.
IlepBoiii ceanc maunnanm yepe3 4—8, BTOPOil U TPETHii, COOT-
BETCTBEHHO, Yepes 24 u 48 wacos nocse PII. JKusoTibie OblLIn
pasjiesieHbl Ha 7 cepuil ONBITOB. 1 cepust — MHTAKTHBIE KUBOT-
Hele (HopMa); 2, 3, 4 cepun — JKUBOTHBIE UCCIIEIOBAHHbBIE, COOT-
BETCTBEHHO, Ha 3-1, 7-e n 14-e cytku nocse PII. Otu cepun ciry-
JKIJIN KOHTPOJIEM JUISL BBIIBJIEHUS «dancToro» apdexra ['GO. 5,
6, 7 cepun — okcurennposanublie kuBoTHLIE ¢ PII, nccienosan-
HbIE COOTBETCTBEHHO Ha 1-e, 4-¢, 11-e cyTku nocrrunepokcuye-
ckoro (3-u, 7-e, 14-e cyTKu HOCJEONEPANOHHOIO) Iepuoja.

Alterations of renal metabolism and functions in
critical illness remain the challenge in contemporary rean-
imatology [1—3]. It is a well-known that one of the func-
tions performed by kidneys is excretion of ammonia as one
of the protein metabolism products from the body [4]. In a
healthy body, ammonia is transported with arterial blood
to kidneys as free (non-bound) and bound ammonia. In
norm concentration of free ammonia in arterial blood of
mammals is very low as compared to its concentration in
urine [5, 6]. That is why for the purpose of ammonia excre-
tion assessment, ammonia blood concentration is usually
neglected [4, 7]. The main ammonia carrier to renal tubules
is glutamine, one of the reversible ammonia binder in a
mammal's body [7]. Glutamine deamidation results in
secretion of ammonia secreted into renal tubules [5]. In
renal tubules, ammonia secreted by nephrocytes combines
with a hydrogen proton becoming an ammonia ion and is
excreted from the body with urine [4, 7]. Excessive ammo-
nia elimination by kidneys from the body in case of
endogenous ammonia intoxication is inefficient [8] and
accompanied by nitrous metabolites kinetics distortion in
kidneys [9]. One of the methods to cure endogenous
ammonia intoxication is hyperbaric oxygenation (HBO)
[10]. And The latter can not only stimulate ammonia deac-
tivation reactions in liver [11, 12], but also regulates extra-
hepatic mechanisms for elimination of its excessive con-
centration from blood by portal system organs [13, 14].
However, the impact of ammonia excretion by kidneys on
hyperoxic activity in the case of liver pathologies has not
been thoroughly studied.

The aim of the study was to examine the impact of
hyperbaric oxygenation on ammonia excretion by kidneys
following experimental hepatectomy.

Materials and Methods

Experiments were conducted on 138 albino (female) rats
weighing 180—220g. Hepatectomy was conducted under ether
anaesthesia; cauterodyne was used to remove a part of left hepatic
lobe (15—20% of the organ weight). HBO was performed by med-
ically pure oxygen ( 3 times at 3 atm during 50 minutes, one ses-
sion daily). The first session was conducted in 4—8 hours after
hepatectomy; the second and third sessions were employed 24 and
48 hours after hepatectomy, respectively. Animals were divided
into 7 sets of tests. Set 1: intact animals (norm); sets 2, 3, 4: ani-
mals studied on days 3, 7, and 14 after hepatectomy. These series
served as controls for the detection of «pure» effect of HBO. Sets
5, 6, 7 included animals treated with HBO following hepatectomy,
which were studied on day 1, 4, and 11 of post-HBO period (day
3,7, and 14 following surgery). Then, animals were decapitated
under ethaminal anaesthesia.

Tested objects included kidneys, blood (aorta, v.renalis) and
urine. Animals were slaughtered under ethaminal anaesthesia (40
mg/kg of body weight). Following laparotomy, kidney perfusion
was conducted via abdomen aorta section, at the point of the renal
artery branches expectoration cooled KCl solution (145 mM) was
used. To determine nitrous metabolites, kidneys were preliminary
perfused with 0.145M KCI; then they were frozen in liquid nitro-
gen, crushed into powder and 10% homogenate in 60%
trichloroacetic acid (TCA) solution was prepared. The
homogenate was extracted at 4°C for 30 minutes and centrifuged
at 3000 rpm for 10 minutes. The resulting supernatant was used to
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Metabolic Disorders and Their Correction

JKMBOTHBIX BBIBOAWJIM M3 OIBITA jAeKamuTanueil Ha doHe sTa-
MHUHAJIOBOTO HAPKO3a.

OOBEKTOM HCCIIEOBAHUS CIIYKUJIN: MOYKH, apTepuagbHast
kposb (AK, aopra), kpoBb noueunoii serbl (KIIB) n Mmoya. 3aboii
SKUBOTHBIX TIPOBOAMJN Ha oHe aTaMHHaIoBOro Hapkoza (40
mr/Kr Macesl). [Tocse manaporomun mpoBo/ i nepdysuio novex
4yepe3 GPIOIITHON OT/IET A0PThI B MECTe OTXOKIEHIST TIOYEYHOIT ap-
Tepun oxuaxaeHusM pactBopoM KCl (145 MM). st ompenede-
HIST @30THCTBIX METaG0JIUTOB TIOYKU MPEIBAPUTEILHO T1epdysu-
posaiu 0,145M pacrsopom KCl, 3aTem 3amMopakuBajiu B JKUAKOM
a30Te W PACTHPATIM /IO IMOPOIIKA, KOTOPBIN HMCIOJIb30BAIN [IJIsI
npurorosienus 10% romorenara B 60% pactBope TPUXJIOPYKCYC-
noii kucaotsl (TXY). Tomorenar akcTparnpoBasi Ha X0JIOY B Te-
yenne 30 MuHyT, mocse dero meHtpudyruposaaun npu 3000
06/mun B Tevenvie 10 mun. IlosrydeHHbIi CyllepHATAHT HCIIOIB30-
BAJIM /IS OTIPEZIeTIeHIsT aMMUaKa, TJlyTaMiHa 1 MoyeBIHBL. KpoBb
JUIST FICCIIE/IOBAHMST O TIPE/IBAPUTEIBHO TEAPMHU3IPOBAHHbI-
MU HHCYJIMHOBBIMH IIIIPUIIAME B CJIE/LYIONIEH TT0C/Ie/I0BATEIbHOC-
i KITB=>AK. O6beKTOM HCCIeOBaHUS CIYKUIA JePOTEHHN-
3upoBanHas mnasma. Cozepskanne aMMuaka B TKaHM IOYEK U
Moue orpeziesisiiin MUKpoandy3noHHbIM MeToioM [ 15], B KpoBH,
penmnrunoxmopuaasiv MeToioM [ 16]. Conepskanue riryraMuta B
MOYKAX M KPOBU OIPEEJISIIN METOJOM KHCJIOTHOTO T'MPOJIM3a
[17]. Conepsxanne MOYEBUHBI B IOYKAX, KPOBU 1 MOYE OIIpe/IeJIsi-
JIV IMALETHIIMOHOKCUMOBBIM MeToioM [ 18]. TIpoGy Moun st or-
penesenust ammuaka pasBoanin B 200 pa3, moueBunsl — B 100 pas,
4TO YYUTHIBAIM NPH pacuere nmokasareseil. Conepxanue Metabo-
JINTOB B MTOYKAX BBIPA’KAJIN B MMOJIb/KT BJIQKHON TKaHU, B KPOBHI
U MOYe B MMOJIb/JI. Pesyibrarel 0OpabOTaHbl CTATHCTHYECCKH C
YUETOM T1apaMeTpudeckoro ¢-kpurepust CTbIOJICHTA U Hellapamer-
pudeckoro kputepust Buskokcona-Manna- Yurnu.

PesyabraThl U 00CyK/IEHHE

WcenenoBanusiMu YCTAHOBJIEHO YBEJNUEHIE KOHIIEH-
tparn ammuaka B AK Ha 3-u, 7-e u 14-e cytku nocse PII,
cootBeTcTBeHHO, Ha 31, 30 1 25%, Torna kak B KIIB manubrit
MOKA3aTesb OCTaBaJICs B mpemesax HopMbr (Tabm. 1). dto
YKa3bIBAaeT HA AaKTUBAIMIO PEHATBHBIX MEXaHU3MOB OUHIIle-
HUSI KPOBU OT aMMMaKa B YCJIOBUSIX MOCJIEOTIEPAIMOHHOI
aprepuasibHOI runepammonnemun. OTHUM U3 HUX SIBJISIET-
Cs yBeJMYEHME IKCKPEIMU MOHOB aMMOHHS C MOYOH
(taba. 1). ComocTaBienne pe3yIbraToB NCCIEMOBAHMS TTO-
Ka3bIBAET, UTO TIOBBIIIEHHAS OKCKPEIMS NOHOB AMMOHUS C
MOYOIi, KaK OJITH M3 MEXaHU3MOB PETYJISINU COJEPKAHUS
aMMMaKa B IOYEYHOI TKaHW, He MTPEJI0TBPAIIAeT ero HaKoII-
JIEHUsT TIouKaM# Ha 3-u cyTku mocie PII, HO mpmHuMaer
y4acTre B CHIKEHUH €T0 KOHTIEHTPAIny B Heit na 36% k 14-
M CyTKaM IOCJI€ONEPAIIOHHOTO Tieproja (Tabir. 1).

PII He w3MeHsJIa KOHIIEHTPAIMIO TJyTaMUHA B T10-
YEYHON TKAHHW, HECMOTPS HA YBEJIMYEHUE €r0 CO/EPIKAHMS
B AK (1abu. 1). IT0 yKasblBaeT Ha CTUMYJISIUIO J€3aMU-
JIUPOBAHMS <«aPTEPUATBHOTO» TJIyTaMuHa HedpoIruTaMn
o1eprpoBaHHbIX Kpbic. ConocTaBieHne KWHETUKNA aMMHUa-
Ka ¥ IJIyTaMuHa B novkax nocse PIT mosBosisieT roBoputh
00 yCwieHUM Je3aMUHUPOBaHUS HeDPOIUTAME JAPYTHX
AMUHOKHCJIOT, TOMUMO TJIyTAMHHA.

YBenueHue cojiepKaHusl aMMUaKa B Move Ha 7-€ 1
14-e cytkm mocme PII, coorBercTBento, Ha 88 u 65%
(tab. 1), 3HAYNTENHHO MPEBOCXOIUIO AHAJOTHYHbIC W3-
MEHEHUS ero apTepuaJbHON KOHIEHTPAIMU B YKa3aHHbBIE
cpoku HabsmogeHuii (tabs. 1), CBUAETENBCTBYS O CTHMY-
JISIIMKM CEKPeIMY aMMHUaKa B TI0YE€YHbIE KAHAJBIBL. JTO

determine ammonia, glutamine, and urea. Blood for tests was sam-
pled with pre-heparinized insulin syringes as follows: first v.renalis
blood, then aorta blood. The tested object was deproteinized
blood plasma. Ammonia concentration in kidneys and urine was
determined by the microdiffusion method [15], in blood — by the
phenylhypocloride method [16]. Glutamine concentration in kid-
neys and blood was determined by the acid hydrolysis method
[17]. Urea concentrations in kidneys, blood and urine were deter-
mined by the diacetylmonoxym method [18]. The urine sample for
ammonia determination was diluted 200 times, for urea — 100
times (dilutions were taken into account in results calculation).
Metabolites concentration in kidneys was expressed in mM /kg of
wet tissue, in blood and urine — in mM/I. The results were statis-
tically processed with the aid of parametric Student's t-test and
non-parametric Wilcoxon-Mann-Whitney test.

Results and Discussion

The studies identified increase in ammonia concen-
tration in arterial blood on day 3, 7, and 14 following hepa-
tectomy by 31%, 30%, and 25%, respectively, whereas in
vrenalis this value was normal (Table1). These data
demonstrate an activation of renal mechanisms for blood
purification from ammonia, with post-surgery arterial
hyperammonemia present. One of such mechanisms
includes an increase in ammonia ions excretion with the
urine (Table 1). Data analysis shows that the increased
ammonia ions excretion with urine, being one of the mech-
anisms for regulation of ammonia concentration in kid-
neys, does not prevent ammonia accumulation on day 3
following hepatectomy rather participating in ammonia
concentration reduction by 36% on day 14 following
surgery (Table 1).

Hepatectomy did not affect glutamine concentration
in kidneys despite increase in its concentration in arterial
blood (Table 1). It pointed at arterial glutamine deamida-
tion stimulation by nephrocytes in rats, which underwent
surgery. Comparison of ammonia and glutamine kinetics in
kidneys following hepatectomy makes it possible to suggest
and increase in deamidation by nephrocytes of other amino
acids like glutamine participating in gluconeogenesis.

In turn, there was an increase in ammonia concen-
tration in urine on days 7 and 14 following hepatectomy by
88% and 65%, correspondingly, i.e. far more than similar
changes in arterial ammonia concentration during the
study period in question occurred (Table 1). This suggests
that the stimulation of ammonia secretion into renal
tubules during the study period is in question being one of
the reasons for «<ammonia deficit in kidneys on day 14 of
the port-surgery period» (Table 1).

In addition to arterial glutamine deamidation,
nephrocytes are capable of forming their own glutamine
[7]. This suggests that the glutamine cycle occurs in kid-
neys and liver [9, 19]. Whereas on days 3 and 14 following
hepatectomy the arterial blood glutamine concentration
exceeded the norm by 19% and 12% (Table 1), then its
concentration in v.renalis blood on days 3, 7, and 14 fol-
lowing hepatectomy grew by 32%, 29%, and 29%, respec-
tively (Table 1). The data denote stimulation of glutamine
formation by kidneys, irrespective of its concentration in
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MeTraboamnyecKkne HapyIeHUI U UX KOPPEKUU

Ta6mmua 1. Comeprkanne aMMHaKa, IIIyTAMHHA U MOYEBUHBI B II0UE€YHON TKAaHU (MMOJIb /KT BJIa:KHOM TKaHU ), KPOBU U

Moye (MMOJIb/J) mocie pe3ekuuu neuenu (M+m).

Table 1. Concentration of ammonia, glutamine and urea in kidney (mmol/kg of wet tissue), blood and urine (mmol /1)

after hepatectomy (M+m).

Parameters Intact animals (norm) Values of parameters after hepatectomy

3 day 7" day 14* day
Sets of tests 1 (n=10) 2 (n=10) 3 (n=10) 4 (n=10)
Kidneys ammonia 1.95+0.11 2.77+0.15*% 1.81£0.18%* 1.24+0.13%%%#
Kidneys glutamine 2.41+0.18 2.93+0.38 2.42%0.32 3.18+0.36
Kidneys urea 11.2£1.01 12.5%0.77 11.9£0.65 15.9+1.1*
Sets of tests 1 (n=10) 2 (n=10) 3 (n=9) 4 (n=9)
Ammonia AB 0.107+0.006 0.140£0.008* 0.134+0.007* 0.124£0.006*
Ammonia VRB 0.127+0.007 0.131+0.009 0.138+0.008 0.107£0.008#
Glutamine AB 0.715£0.01 0.830£0.036* 0.709+0.02%* 0.798+0.022%*
Glutamine VRB 0.441£0.01 0.610£0.037* 0.571£0.028* 0.570+0.037*
Urea AB 3.4%0.12 3.55+0.37 4.05+0.19* 3.04+0.21#
Urea VRB 2.63+0.19 3.39+0.23% 3.84+0.31% 3.01£0.22
Ammonia of urine 1.12+0.12 1.42+0.13 1.88£0.15%** 1.65+0.15*
Urea of urine 34.6£3.3 24.3+3.1* 40.6£5.7%* 31.5£6.6

Note (mpumeuanue). Here and in Table 2 (3gech u B Taba. 2): Parameters — nokasateny; intact animals (norm) — uHTaKTHBIE
skuBoTHBIE (HOpMa); values of parameters after hepatectomy, days — 3nauenne mokasareseii mocJie remaTakToMud, cyTKH; Kidneys ammo-
nia — aMMuaK mouex; sets of tests — cepus onpita; kidneys glutamine — ruryramun nouek; kidneys urea — mouesnna nouek; AB (arteri-
al blood) — aprepuanbhas kpob; VRB (vrenalis blood) — kposb moueunoii Bews;; ammonia AB (arterial blood) — ammmuak
aprepuasibHoii kposr; ammonia VRB (v.renalis blood) — ammuax kposu moueunoii Bensl; glutamine AB (arterial blood) — ruyramun
aprepuanbHOil KpoBwu; glutamine VRB (vrenalis blood) — ruyramun xpou moueunoii Bensr; urea AB (arterial blood) — moueBuna
aprepuasbHoii kposu; urea VRB (vrenalis blood) — MoueBuna kposu noueynoil Berbl; ammonia of urine — ammuax Mouu; urea of urine
— MoueBrHa Mouy; * — P<0.05 vs. norm — A0CTOBEPHOCTDb PA3JMYMil 110 CpaBHEHMIO ¢ HOpMoiL; ** — P<0.05 vs. 2nd set of tests —
JIOCTOBEPHOCTD Pas/inymii Mo cpaBHeHuIo ¢ 2-0if cepueii onbita; # — P<0.05 vs 3 set of tests. differences accuracy vs. 314 set of tests —
JIOCTOBEPHOCTD PA3JIMYMii 110 cpaBHEHUIO ¢ 3-eil cepueii onbiTa; n (number of animals in sets of tests) — 4nCI0 KUBOTHBIX 1O CEPUAM

CJIe/IyeT pacCMaTpUBaTh KaK OJHY M3 TPUYMH CHUKEHUS
KOHI[EHTPAIMN aMMHaKa B TIOY€YHOI TKaHu Ha 14-e cyTKu
nocse PII (tabu. 1).

[ToMnumoO fe3aMUHUPOBAHUST «aPTEPUATBHOTOY TJIy-
TaMuHa, HePOIUTHI 0OIAAAIT CIIOCOGHOCTBIO K 00paszo-
BaHUIO COOCTBEHHOTO IIyTaMUuHa [7]. TO O3BOJISIET TOBO-
PHUTb O CYIIECTBOBAHMUU B TOYKaX, Kak u B redeHu [19],
riyraMuHoBoro nukia [6]. Ecan va 3-u u 14-e cyTku mo-
cne PIT konnenTpanus rayramuaa B AK mipessitiana Hop-
MY, COOTBeTCTBeHHO, Ha 19 n 12 %, To B KIIB 1a 3-u, 7-e u
14-e cytkm mocsie PII ona yBesmunBasiach, COOTBETCTBEH-
no, na 32, 29 u 29% (taba. 1). CremoBarenbHO, HE3aBUCH-
Mo ot coziepxkanus raytamuna B AK, nocie PIT umeer me-
cTo oOpasoBaHue IJIyTaMUHA CaMUMHU HeQpPOIUTAMU C
JTAJIBHEHTIINM €0 TOCTYIIJIEHUEM B KPOBb. [iyTamun urpa-
€T Ba)KHYIO POJIb B aJIATITAI[H OPTAaHI3Ma K OTlePAIlMOHHO
arpeccuu [20, 21] u npu KPUTHYECKUX COCTOSTHUSIX Opra-
nusMma [22]. IToatoMy BbIsSIBICHHBIE U3MCHEHUSI €TO KUHE-
THUKH B TIOYKAX OMEPUPOBAHHBIX KPBIC CJIE/IyeT PACCMATPH-
BaTh KaK 3alllUTHO-IIPUCIIOCOOUTE/NBHYIO  PEaKIUIO
opranuama Ha PII. C 0/1HOiT CTOPOHBI, 3TO NMPEOTBPAIIAET
JUTUTEThHOE HAKOIJIEHUE TIOYE€UHOI TKAaHbI0 aMMHUAKa B yC-
JIOBUSIX aPTEPUATILHON TUTIEPAMMOHMEMUN U CTUMYJISTINN
aMoMHHOreHesa B HedporuTax, C gApyroit — KOMIEHCHpy-
€T CHUKEHME TJTyTaMUH 00Pa30BaTe/IbHON U IJIyTaMUH Bbl-
e TeIbHON (YyHKIINI TTe9eHN, KOTOPOe Pa3BUBAELTCS TI0-
cre ee pesekruu [19, 21].

WsBecTHO, uTo PII HapymaeT MoueBWH cuHTETHYe-
ckylo pynkimio renatoruTos |11, 12], cuumskas nocryiie-
HUe MOYEBMHBI U3 1eYeHn B KpoBb [13]. Mexy Tem B Ha-

arterial blood, and increased incretion of this metabolite
into blood flow. Glutamine plays an important part in body
adaptation to surgery aggression [20, 21] and in critical ill-
ness [22]. Therefore the changes found in its kinetics in
kidneys of rats underwent surgery should be treated as
protective and adaptive body reactions to hepatectomy.
On the one hand, it prevents long-term ammonia accumu-
lation by tissues in case of arterial hyperammonemia and
stimulation of ammoniogenesis in nephrocytes; on the
other hand, it compensates for reduction in glutamine-
forming and glutamine-excreting functions of liver arising
after hepatectomy [19, 21].

Hepatectomy disturbs the urea-synthesising func-
tion of hepatocytes [11, 12] reducing urea inflow from liver
into blood [13]. Meanwhile in the urea concentration in
arterial blood on day 3 and 14 following hepatectomy was
normal in our studies, on day 7 it was 19% above the norm
(Fig. 3a). However, in v.renalis blood the increases in urea
concentration on days 3 and 7 following hepatectomy were
28% and 46%, respectively (Table 1). At the same time, the
reduction in urea concentration in urine on day 3 follow-
ing hepatectomy by 36% was followed by concentration
normalization on day 7 post-surgery (Table1), and on day
14 following hepatectomy there was a delayed urea accu-
mulation by kidneys (Table 1). These results point at stim-
ulation of urea incretion into the blood from kidneys fol-
lowing hepatectomy due to various mechanisms. On day 3
it is due to increase in urea reabsorbtion from renal tubules
that on day 7 becomes normal again, but nephrocytes
themselves start producing urea. The results suggest that a
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Ta6immua 2. CoxepskaHue aMMHAKa, IIIyTAMHHA ¥ MOYEBHHBI B MOYKaX (MMOJIb/KI BJIAKHOW TKAHHM), KPOBH M MOYe

(MMoub/n) Kpbic ocie pedeknuu neuenn u IO (M+m).

Table 2. Concentration of ammonia, glutamine and urea in blood (mmol/1), kidney (mmol/kg of wet tissue) and in

urine (mmol/1) after hepatectomy and HBO (M*m).

Parameters Intact animals (norm)

Values of parameters after hepatectomy

3" day 7" day 14* day
Sets of tests 1 (n=10) 2 (n=10) 3 (n=10) 4 (n=10)
Kidneys ammonia 1.95+0.11 2.77+0.15* 1.81£0.18%* 1.24£0.13%#%*
Kidneys glutamine 2.41%0.18 2.93+0.38 2.42+0.32 3.18+0.36
Kidneys urea 11.2£1.01 12.5%0.77 11.9£0.65 15.9+1.1%
Sets of tests 1 (n=10) 2 (n=10) 3 (n=9) 4 (n=9)
Ammonia AB 0.107+0.006 0.140£0.008* 0.134£0.007* 0.124£0.006*
Ammonia VRB 0.127+0.007 0.131+0.009 0.138+0.008 0.107+0.008%
Glutamine AB 0.715£0.01 0.830£0.036* 0.709+0.02%* 0.798+0.022%*
Glutamine VRB 0.441£0.01 0.610£0.037* 0.571£0.028* 0.570£0.037*
Urea AB 3.4+0.12 3.55+0.37 4.05+0.19* 3.04+0.21#
Urea VRB 2.63£0.19 3.39+0.23* 3.84+0.31% 3.01£0.22
Ammonia of urine 1.12+0.12 1.42%0.13 1.88+0.15%-** 1.65£0.15*
Urea of urine 34.6£3.3 24.3+3.1* 40.6£5.7%* 31.5%6.6

Note (npumeuanue). * — P<0.05 — significant vs. norm. — 10CTOBEPHOCTD PasMumii 110 cpaBHEHUIO ¢ HOpMOH (p<0,05); ** — P<0.05
vs. 5th set of tests — gocTOBEpPHOCTD pas/IMumii 110 cpaBHeHUIo ¢ 5 cepueii onbita (p<0,05); ¥ — P<0.05 vs. 6th set of tests — gocToBepHOCTH

passmunii o cpaBHeHmIO ¢ 6 cepueit ombita (p<0,05).

HIMX UCCICIOBAHUSAX KOHI[EHTpalus MoueBuHbl B AK Ha
3-n u 14-e cytku nociue PII He oTinyasach OT HOPMBL, a
Ha 7-e mpesbimana ee Ha 19% (tabm. 1). Oxmnako B KIIB
yBeJWUeHNE ee COflepKanus Ha 3-1 U 7-e cyTku mocie PII
COCTaBUJIO, COOTBETCTBEHHO, 28 u 46% (T1aba. 1). Ilpu
3TOM B ModYe cHmkenne (Ha 36% ) KOHIIEHTPAINN MOYEBH-
HBI K 3-M cyTKam riocsie PII, cMeHstioch ee HOpMaiusaiu-
eil K 7-M cyTKaM 110¢/Ie0epaluoHHoro nepuoga (tabau. 1),
a Ha 14-e cyrkn nocse PII Habionanoch oTcpoveHHoe
HAKOIJIEHUE MOYEBUHbI MOYE€YHON TKaHbto (Tabs. 1). [To-
JIYUEHHBIE PE3YJIBTaThl YKA3BIBAIOT HA CTUMYJISIITUIO TI0-
CTYTIJICHUSI MOUEBUHBI 13 TTouek B KpoBb Tocsie PII. Ecom
Ha 3-¥M CYTKH 9TO CBSI3aHO C yBeJndeHueM peabcopOiuu
MOUYEBUHBI M3 MMOYEYHBIX KAHAJBIEB, TO HA 7-€ CYTKH T10-
cne PII, xoryia aTOT npoiecc HOpMalIu3yeTcsi, AKTUBUPY-
ercst o6pasoBaHue MOYEBUHbBI caMuMu Hedporuramu [9].

[Tpumenenne I'BO nocne PII cHuskano xoHieHTpa-
o ammuaka B AK 110 cpasHeHuio ¢ xkusorabiMu ¢ PIT 6e3
I'BO (pucyHOK), IpeoTBpaiias pasBUTHE TOCIeONeparii-
OHHOIi apTepuasbHoii runepammonuemun (Tabu. 2). 1o
SIBJISIETCSL PE3YJIBTATOM YCTPAHEHUS TUIEPOApUUECKUM
KHCJIOPOAOM HapylleHuil aMMUakoOe3BpeKuBatolei
(bynknun onepuposannoii neyenu [12]. OgHOBpEMEHHO €
1M ['BO BBI3BIBAJIO CHUXKEHUE KOHIIEHTPAINN aMMHUaKa
B KIIB, ma 1-e 1 4-e CyTKM TOCTTUTIEPOKCUYECKOTO TIEPHO-
na (TITTT), cootBercTBerto, Ha 23 1 30% (puc. a u b). B pe-
3yJIbTaTe OHA CTAHOBUJIACH JOCTOBEPHO HMKE HOPMBI BO
Bce HU HaboneHuii (Tabir. 2). To yKasblBaeT Ha TOPMO-
JKEHKE THIepOapiIecKiM KUCJIOPOAOM MOCTYIIIEHUST aM-
MHUAKa 13 TI0Y€K B KPOBb.

[Tpumenenne TBO ycrpansio TOpMOKEHME CeKpe-
1MUY MIOHOB aMMOHUs ¢ MOYOIt Ha 3-u cyTku 1nocie PII, uto
MPOSIBJISITIOCh  YBEJIUUEHUEM KOHI[EHTPAIlMM aMMUaKa B
Moue Ha 32% M0 CPaBHEHUIO € JKUBOTHBIME 2 CEPUU OTIbI-
T0B (puc. @) u Ha 68% 10 cpaBHEHUIO ¢ HOPMOIi (Tabu. 2).
Bwmecte ¢ Tem, Ha 1-e u 4-e cytku [1T'T] konmenTpanus am-
MHaKa B [OYEYHOU TKaHU OblJa HUKE HOPMbI, COOTBETCT-
Benno, Ha 26 1 39% (tabm. 2). Cremosarenvio, I'BO mpe-

part of urea formed by nephrocytes is secreted into renal
tubules, and the other part is secreted into blood [9].

HBO after RP reduced the concentration of ammo-
nia in the AC as compared to animals with RP without
HBO (Fig. a), preventing the development of postopera-
tive arterial hyperammonemia (Table 2). It was a result of
elimination of the ammonia-neutralizing function disorder
by hyperbaric oxygen in liver underwent surgery [12]. At
the same time, HBO caused reduction in ammonia concen-
tration in v.renalis blood on day 1 and 4 of post-hyperoxic
period (PHP) by 23% and 30% (Fig. a and b). As a result,
it became significantly lower rate at any day of observation
(Table 2). Data demonstrate slowing-down of the ammo-
nia inflow from kidneys into blood by hyperbaric oxygen.

HBO eliminated slowing-down of ammonia ions
secretion with urine on day 3 following hepatectomy, man-
ifesting itself as an increase in urine ammonia concentra-
tion by 32% compared to the animals from two series of
experiments (Fig. @) and by 68% compared to the norm
(Table 2). At the same time, on days 1 and 4 PHP ammo-
nia concentration in kidneys was reduced by 26% and 39%,
respectively (Table 2). Therefore, HBO does not only pre-
vent ammonia accumulation by kidneys during the first
week following hepatectomy, but it also activates the
mechanisms causing reduction in ammonia concentration
in kidneys.

As it is seen on Fig. a, elimination by HBO of post-
surgery arterial hyperglutaminemia manifests itself in
normalization of glutamine concentration in arterial
blood on day 1 PHP. But by the day 4 PHP, glutamine
concentration in arterial blood is increased and is contiu-
uing to be above the norm by day 11 PHP (Table 2).
Meanwhile, the increase in glutamine concentration in
kidneys of oxygenated rats was above the value recorded
in arterial blood. On days 1, 4, and 11 PHP glutamine
concentration in kidneys was above the norm by 32, 48,
and 40%, respectively. If on day 1 the PHP glutamine con-
centration in v.renalis blood was normal, then on days 4

www.reanimatology.com

GENERAL REANIMATOLOGY, 2015, 11; 2



DOI:10.15360,/1813-9779-2015-2-56-63

MeTraboamnyecKkne HapyIeHUI U UX KOPPEKUU

[(JAB [JKidney B VvRB [ Urine

(X a
120
100 - Control :
80
60 -
"H] { *
20
=]
u =, ut
i .
=20 T
-40 )
2 set
=60 * . " .
Ammonia Glutamine Urea
9 b
60 - Control
50 - 7
40
*
20 T
10
0
-10
=20 i %
=30 ¥
3 set
=40
50 Ammonia Glutamine Urea
60 &
40 4 Control ’ *
20 4
o1 Ik &
220
. 4 set
-40 | '
-60 Ammonia Glutamine Urea

JluHaMuKa coxepsKaHusI a30THUCTBIX META00JMTOB B INOYKaX,
KPOBH M MOY€e KPbIC I10CI€ PEaKIUH [IeYeHH U runepéapuueckon
okcureHanuu Ha 1-e (a), 4-e (b) u 11-e (¢) CyTKM MOCTTHIIEPOK-
CHY€ECKOTO Nepuoaa

Dynamics of nitrogen metabolits in blood, kidney and urine
after hepatectomy and three-day hyperbazie oxygenation
(HBO) course.

Note (npumeuanne): AB (arterial blood) — aprepuanbhas KpoBb;
VRB (v. renalis blood) — xposb noueunoii senbr; kidney —rmouka;
urine Modya; ammonia — aMmuak; glutamine — rroTaMuH; urea
mouesuna; Control — animals with hepatectomy (HE) and no oxy-
genation on the 3t (set 2), 7th (set 3) and 14th (set 4) day post-
surgery — KonTposb — HeokcureHnpoBammbie skinBoTHbIe ¢ PIT, wc-
CJIe/IOBaHHbBIE COOTBETCTBEHHO Ha 3-n (2 cepust), 7-e ( 3 cepusi) u
14-e (4 cepust) cyTKuU nocJieoriepaiiionHoro nepuoja. * (P<0.05) —
significant vs. corresponding control — * (p<0,05) — pocrosep-
HOCTb PA3JINYMUil 110 CPABHEHUIO ¢ COOTBETCTBYIOIINM KOHTPOJIEM.

and 11 PHP it increased by 46 and 29%, respectively
(Table 2). Comparison of the results suggest that the
HBO and hepatectomy synergistically impact the renal
glutamine formation. The decrease in the concentration of
glutamine in v.renalis blood (Fig. @), when its concentra-
tion in kidneys increases during HBO (Table 2), indicates
its retention in kidneys, which disappears with termina-
tion of hyperoxic activity on the body resulting in
increase in glutamine concentration in v.renalis blood on
days 4 and 11 PHP (Table 2).

The use of HOT on day 3 following hepatectomy
resulted in increase in urea concentration in arterial blood
by 70%, in v.renalis blood — 2.2-fold, in urine — by 34% as
compared to the normal values (Table 2) due to the direct
influence of hyperoxia (Fig. a). Results show that HBO
and hepatectomy synergistically impact early the urea
reabsorbtion by kidneys during post-surgery period. Urea
reabsorbtion by kidneys is regulated by the antidiuretic
hormone [4]. It is possible that hyperoxia intensifies their
receptor sensibility to antidiuretic hormones causing an
increase in basal membrane permeability for urea. In con-
trast to non-oxygenated animals, intensification of urea
excretion from kidneys into blood flow occurs simultane-
ously with increases in urea excretion with urine (Fig. a).
The latter is associated with increase in urea concentration
in arterial blood caused by stimulating activity of HBO
both on urea synthesis in post-operative liver [11,12] and
its release into blood flow [13].

Termination of hyperoxic activity on animals result-
ed in normalized urea concentration in arterial blood
(Table 2) accompanied by reduction of urea concentration
n in v.renalis blood as compared to day 1 PHP. Compaered
to norm, however, concentration of urea on days 4 and 7
PHP was still increased by 48% and 47%, respectively
(Table 2). These data demonstrate the restoration of HBO-
induced high urea reabsorbtion in kidneys during PHP
along with with stimulatory impact of hyperoxia on both
the urea formation by nephrocytes and urea incretion from
nephrocytes into circulation. As a result, the urea content
in renal tissue on the 4th and 11th day of PHP became 22%
and 34% lower, respectively, than that of animals from 3rd
and 4th series of experiments (Fig. b and ¢) remaining
within the normal ranges (Table 2).

Conclusion

Therefore, by eliminating post-surgery arterial
hyperammonemia caused by hepatectomy, HBO stimu-
lates ammonia ions excretion with urine. It is a result of
eliminating the inhibitory effect of hepatectomy on ammo-
nia secretion into renal tubules and simultaneous activa-
tion of intracellular ammoniogenesis in nephrocytes not
associated with glutamine deamidation. HBO synergisti-
cally with hepatectomy in stimulates the glutamine cycle
in kidneys primarily activating the «renal» glutamine for-
mation. At the same time, slowing-down of its inflow into
blood circulation during HBO stops during the post-
hyperoxic period. Intensifying stimulating effect of hepate-
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JOTBpAIaeT HAKOILIEHIe aMMHaKa IIOYKaMHU B IIEPBYIO He-
nesio nocsie PII u 3amyckaeT Mexanns3Mbl, BbI3bIBAIOIINE
CHIKCHHUE eT0 KOHIIEHTPAIU! B Heil.

Yerpanenne B yenosuax 'BO mocreoneparmonnoit
apTepHaJIbHOI TUIIePIIy TAMIHEMUN TIPOSIBIISITIOCh HOPMa-
sgmuzanueil cozepxanus riayramnHa B AK Ha 1-e cyrtknm
[ITTI (taba. 2). Onnaxo 4-m cytram [T ero konmeHTpa-
ust B AK Bospacrasna u octaBasiach Bbiliie HOPMbI K 11-M
cyrkam IITTI (ta6u. 2). [IpupocT copepkanust TayTaMiHa
B novyeynoit Tkanu na 4-e cyrku IITTI mpespimran TakoBoit
B AK (puc. b). OtHocutenpuo nHop™or Ha 1-e, 4-¢ m 11-¢
cytku [ITTI KoHIIEHTpAIUS TJIyTaMITHA B TIOYKAX MTOBBIIIA-
JIACh, COOTBETCTBEHHO, Ha 32, 48 u 40% (1abu. 2). Eciu Ha
1-e cytknm [IT'T] xormenTparusa riayramnna B KIIB maxomau-
Jlach B TIpeiesiax HopMbl, TO Ha 4-e u 11-e cyrku IITTI ee
yBeJUYeHne B Hell COCTaBUIIO, COOTBETCTBEHHO, 46 1 29%
(1abu. 2). Comocrasiienne MOJYYeHHBIX PE3YIBTATOB TT03-
BOJISIOT TOBOPUTH O cuHepruame Biusuus [BO u PII nHa
o6pasoBanue <«1049eyHoro» riyramuna. CHUKEHHE KOH-
nentpanun raytamuHa B KIIB (puc. @) mpn nossimennn
€ro cojiepyKaHus B TI0YeYHON TKauu (Tabir. 2) B yCIOBHSIX
I'BO yxassIBaioT Ha €T0 PETEHIINIO B HEl, KOTOpast cue3a-
€T C IpeKpalleHueM THUIIePOKCHYEeCKOTO BO3/eHCTBHA Ha
OpTaHN3M, IPUBOJIS K YBEJIMUYCHUIO CO/IECPIKAHMS TIIyTaMy-
Ha B KIIB Ha 4-¢ u 11-e cyriu IIT'TI (Tabu. 2).

B ycanoBusix npumenernst IO na 3-u cyTku noce
PII koHIeHTpaIsl MOYEBUHBI YBEIMYMBAJIACH 110 CPaBHE-
Huto ¢ Hopmoii B AK Ha 70%, B KIIB — B 2,2 pasa, B Moue —
Ha 34% (1abJ1. 2), 4TO CBSA3AHO C HEIIOCPECTBEHHBIM BJIUSI-
HUeM THIIepPOKcuH (PUC. a). AHATIN3 TOJIYyYeHHBIX Pe3yJIbTa-
TOB H03BOJISIET TOBOPUTH O CUHEPTH3Me CTUMYJIUPYIOIETO
Biusiiust PIT u TBO Ha peabcopOiinio MOUEBUHBL TIOUKAMIE
B PaHHEM IOCJIe0TepaioHHOM reproje. Peabcopbiust Mo-
YEBUMHBI B OYKAX PETYJIUPYETCS aHTUINYPETUUECKUM TOP-
MOHOM [4]. [ToaToMy HEIB3s1 NCKIIOUUTD, YTO B YCJIOBHIX
TUIIEPOKCHUHU MOBBIIIAETCS YYBCTBUTEIIBHOCTH K HEMY MX pe-
LENITOPOB, YTO BbI3bIBAET MOBBIIIEHKE TIPOHUIIAEMOCTH Ha-
3aJIbHON MeMOpPaHbl 7ist MoueBUHBL. OIHAKO, B OTJINYHE OT
HEOKCUTEeHUPOBAHHBIX JKMBOTHBIX, YCUJEHHE WHKPEIH
MOYEBUHBI M3 M0YEK B KPOBOTOK MPOUCXO/IUT OJIHOBPEMEH-
HO C yBeJMYEeHNEM ero aKCKperuu ¢ Moyoii (puc. a). Ilo-
clefiHee COIPSIKEHO C yBeJIMYeHneM COJePKaHnsI MOUeBH-
uel B AK, BpI3BaHHOE cTHMYyJIHpYIONM BiusHuem I'BO
KaK Ha CHHTE3 MOUYEBHHbBI B ONEPUPOBAHHOI Tevyenu [11,
12], Tax n ee noctyIIeHne U3 Hee B KPOBOTOK [ 13].

ITpexpamienne rUNepoKCHYECKOTO BO3JEHCTBUS Ha
SKUBOTHBIX HOPMaJIM30BAJIO cojiepskaHre ModeBUHbI B AK
(Tabs. 2), 4To CONMPOBOKAAIOCH YMEHbBIIEHHEM KOHIIEHTPa-
un MmoueBuHbl B KIIB otHOcuTenbHo miepBoix cytok TTTTL
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ctomy on urea reabsorbtion in kidneys, HBO also stimu-
lates its formation by nephrocytes with follow-up incretion
into blood flow. Urea excretion with urine reduced after
hepatectomy is decreased during hyperoxia because of urea
delivered via arterial blood, where its concentration is
directly dependant on HBO. Since post-hyperoxic period
progresses, the level of urea excretion via urine is normal-
izing, however, its inflow from kidneys into the blood cir-
culation remains high.

OHaKo, IO CPaBHEHUIO ¢ HOPMOW OHA OCTaBasiach TOBHI-
meHHoi Ha 4-e u 11-e cytku IIT'T], cootBeTcTBeHHO, Ha 48 1
47% (1abu. 2). Ha (hoHe HOpMAIM3AIN SKCKPEIMU MOYEBHU-
HbI ¢ MOYOH (Tabs1. 2) 5TO yKa3bIBaeT Ha BOCCTAHOBJICHUE B
IIT'TI, nosbiuentoi B yenosusx ['BO, peabeoplOin Moue-
BUHBI B TIOYKAX TPHU COXPAHEHUH CTUMYJIHPYIONIErO BJIUS-
HUSI TUTIEPOKCHU KaK Ha 00pa3oBaHKie MOYEBUHBI HehpOIIU-
TaMH, TaK U ee MHKPEIMIO 3 HUX B KPOBOTOK. B pesysibrare
cofiepskaHrie MOYEeBUHBI TTIOUeYHON TKaHn Ha 4-e n 11-e cyT-
ku TITTI craHoBMIach COOTBETCTBEHHO Ha 22 1 34% HIuKe
AHAJIOTUYHOTO 1OKa3aTe sl JKUBOTHBIX 3 U 4 Cepuii OIbITOB
(puc. b v ¢), crabunmsupysIch B Tpefiesiax Hopmbl (Tabr. 2).

3akjoyeHue

Takum o6pasom, IBO, ycrpaHsis ocieonepauoHHy o
apTepuasIbHyIo THIIepaMMOHIEMIIO, Bbi3BaHHy1o PII, ctumy-
JIUPYET HKCKPEITUI0 MOHOB AMMOHUSI C MOYOI. JTO JIOCTUTAET-
cst ycrpaHeHueM nHrubupytorero sausiaust PIT Ha cexperiuio
aMMHUAKa B TIOYEYHBIE KAHAJIBIIBI ITPU OJIHOBPEMEHHON aKTHU-
BalMu B He(HPOIUTAX BHYTPUKIETOUHOTO AMMOHUOTEHE3a, B
TOM YHCJIE U HE CONPSIKEHHOTO C JIE3aMUINPOBAHIEM TJIyTa-
muna. O6naznas curepruamom ¢ PIT otHocHTenbHO CTHMYJIH-
PYIOTIETO BIVSHWS Ha TIyTAMUHOBBIN IINKJ B movykax, [ BO
NPEUMYIIECTBEHHO aKTUBUPYET 0OpasoBaHUE <«I[I0YEYHOTO>
riyTamuHa. [Ipr 9ToM TOpMOXKEHUE ero MOCTYIIEHNST B KPO-
BOTOK B ycJioBHsX nipuMenenusi [ BO npexpariaercst B mocr-
TUIIEPOKCUYECKOM TIEPHOjie. YCUIIUBAs CTUMYJIHPYIOIiee
prmstane PIT na peabcopOimio B moukax modesumbl, [5O ox-
HOBPEMEHHO CTUMYJIUPYET ee 0OpaszoBaHue HePoIUTaMu ¢
JJIbHElell nHKpenneil B KpoBOTOK. CHUKEHHAs 10CIe
PII axckpenust MOYEBUHBI ¢ MOYOH yCTPAHSACTCS B YCIOBH-
SIX TUTIEPOKCHUH 32 CUET MOYEBUHBI, TIOCTYTIAIONIEN € apTepu-
AJIbHOI KPOBBIO, T/IE YBEJIMUEHHME €€ COJIeP;KaHMs HATIPSIMYIO
cBsizano ¢ npumenennem I'BO. [To mepe pazsuTns mocrru-
MIEPOKCUYECKOTO TIEPUOJIA HKCKPEIMS MOYEBUHBI ¢ MOYOI
HOPMAJIM3YETCsl, HO COXPAHSIETCS €€ TIOBBIIIEHHOE TTOCTYII-
JIEHUE 13 TIOYEK B KPOBb.
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