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YBaxaembie ABTOPHBI!

Kypuan «O61mas peaHuMaToa0TusA» 00BABIIET KOHKYPC HA JyUIIyio paboTy, mpej-
CTaBJEHHYIO HA PYCCKOM U aHTJIMIICKOM s3bIKaX B hopMaTax:

— OpPUTHHAJbHAs Hay4yHas cTaThs (MIPeCTaBJeHNe PE3yJIbTATOB JOTUYECKHU 3aBEPIIEH-
HOTO HCCIefoBaHus, 0Koyo 40 Thic. 3HaKOB, 5—8 uianocTpanuii (pUCYHKOB U /uau TabIuI),
25-40 cchlIokK;

— 0630p (kpuTHYecKoe 06061IeHNEe UCCACOBATENBCKON TeMbl, 0T 10 cTpaHuI Maru-
HomucHoro Tekcta mpudrom Times New Roman 12, ¢ marepsasom 1,5, ot 5 uimocTpanuii
(pucyHkoB u/unu tabaui), ot 80 CCHLIOK;

— KIMHUYEeCKoe Habmoaenue (Ipe/CTaBIeHNue PE3yJbTaTOB JOTHYECKHU 3aBEPIICHHOTO
KJAMHUYIECKOT0 HaOII0eH s, He Gosee 5 CTPaHUI] MAITMHOTMCHOTO TekeTa mprdTom Times
New Roman 12, ¢ unrepsasom 1,5, He 6osee 3-x uimocTpanuil (PUCYHKOB /WU TabaNIL),
15-20 cchinok.

Cpoxu nogauu pykonucu: 01 uionsg — 25 gexabps 2018 1.

KpHTeme BKJIIOYEHHUA B KOHKYPC: IIPpE/ICTAaBJIEHNE HOBbBIX CBeHeHI/Iﬁ, KOHIEIMIn, opn-
IMHAJbHOM TPAaKTOBKHN M3BECTHDBIX /ITaHHBIX] BBICOKH T YpOBE€HDb apryMeHTalun, METO/IMYECKO-
ro, 6I/I6JII/IOFp3.(bI/I‘{8CKOFO CONIPOBOKAEHNWA, ICHOCTDb N3JIOKCHUA; BBAaUMOCBA3b C pEHIEHUEM
AKTYaJIbHbIX, KPYIIHBIX 3a/[la4; a/lCKBATHOE IIPEJICTaBJIEHNE MaTepunaJja Ha AHTJIUMCKOM SI3BIKE.

Kpurepuu uckiaoyeHusa U3 KOHKypca: HECOOTBETCTBUE KPUTEPUAM BKJIIOYECHU S, HAPY-
IEeHWE aBTOPCKON 9TUKHU (Taruat, Ay6aupoBaHue mogadn pyKonucu, Ghaabcupuraiis
pe3yJabTaTOB, MAHUNYIANMA JAaHHBIMU, KOHPJIUKT UHTEPECOB, JIOKHOE aBTOPCTBO, IPUIHUCHI-
BaHUe IIUTUPOBAHUS U JIP.).

JTanpl O EHKU My OIUKaIU:

1. Omenka He MeHee 3-X BHENTHUX PEI[EH3€HTOB 110 OPUTHHAIBHOCTH, AKTYaJbHOCTH,
Macimtaby ¥ yPOBHIO UCTIOMHEHUS UCCIEOBAHYSA; COMEPIKATETBHOCTH U Ka4eCTBY U3JI0KEHWA.

2. JKcnepTHAs OlleHKA YJIEHOB PEAKOJIIETUN 10 COOTBETCTBUIO MOJUTUKE KypHAJIa.

3. 2-roguunoe nurtuposanue nybaukanuun (PUHIL, SCOPUS, WoS).

Oo0pbsaBaenue nodeauteneil koukypcea no I u Il sTanam onmenku nyGauKkanmii, a Takxe
0 MOpsKe BHIILJIATH IpeMuil — B sKypHasne «O06mas peanumaronorus» Nel, 2019

IIpemuposanue nodeauteneit koukypca no I u Il sTanam onenku nyoaukanuii
35 Teic. py6. — B hopMaTe «OpUTHHAIbHASA HAYYHAS CTAThSI»

25 teic. py6. — B popmare «0630p»

15 teic. py6. — B hopMaTe «KIAMHUIECKOE HAOIIOCHIE

Oo0pbsaBaenue nobdeaureneit kKonkypcea no Il stany oneHky nyOAUKaui — B TEKyIeM
HOMEPE JKypHAa Mo UCTEYECHU N 2-X JIeT ¢ MOMEHTa MyOJIMKaIuu BeeX paboT, MPUHATHIX Ha
KoHKypc. Bonyc mobeaurensm — npuriamenue K nyoaukanun B kypHaige «O61as peannma-
TOJIOTUsT» ¢ GECTIIATHBIM TIEPEBOJOM PYKOTIMCH HA AHTTUHCKUN SI3BIK.

Bonpocsl no nposeaennio Koukypca: journal or@mail.ru
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Differential Diagnosis of Congenital Pneumonia in Newborns
with Low and Extremely Low Body Weight (Morphological Study)

Svetlana A. Perepelitsa'?, Elena F. Smerdova?
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14 Aleksandr Nevsky Str., 236041 Kaliningrad, Russia
2V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, 107031 Moscow, Russia
3 Children Region Hospital
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Ienb uccneroBaHMS — KOMILIEKCHAS OlleHKA MOP(OJIOrMYECKUX MI3MEHEHUH B TIJIAIleHTe U JIETKUX JIJIST BbIsIBJIE-
HUSI PAHHUX [IPU3HAKOB BPOKAECHHON THEBMOHUHK Y TTyOOKO HEJJOHOUIEHHBIX HOBOPOK/IEHHbIX.

Marepuassi U MeTobl. [IpoBesn aHaM3 MPOTOKOJIOB MATOJOTOAHATOMMYECKOTO UCCIE0BAHMS 23-X HEIOHO-
HIEHHBIX HOBOPOXKIEHHBIX, YMEPIINUX OT TSPKEJIOH JIbIXaTeJIbHOI HesiocTaTouHOCTH. Cpe/IHMii reCcTallMOHHBIN BO3PACT
HOBOPOKIEHHBIX cocTaBrs 26,4127 nes., Macca Tesa mpu poskaennn — 972,4+355,8 rpamwm. B BoiGopxke 78,3% 1o-
BOPOJK/IEHHBIX NMEJTH 9KCTpeMasbHo HU3KyTo Maccy Tesa (OHMT). Ilpu poskaennu y BceX HOBOPOSKIEHHBIX BBI-
SBUITH achUKCHIO TsiKesoii crerienn. C poskileHUs HOBOPOK/IEHHBIM TIPOBOIMJIN HECKOJIBKO BU/IOB PECITUPATOPHO
teparmn: UBJI ¢ posxaenust mpoBoanin y 65,2% HOBOPOKIEHHBIX, He MHBA3UBHYTO BEHTUIIANIO — B 26,1% ciyvaes
u 8,7% TAIMeHTOB MPOBOANIIN OKCUTEHOTEPAITHIO Yepe3 JIMIEBYI0 MacKy. Bo Beex cirydasix mMesio Mecto nebJaro-
MPUSTHOE TeUeHe HEOHATATLHOTO EPUO/IA, TPOTPECCUBHOE YXY/IIIIEHIE COCTOSIHUSI HOBOPOK/IEHHBIX U JIETAIbHBII
ncxo/1. [TpoBONIIN KOMIIIEKCHOE THCTOJIOTHYECKOE UCCJIE/IOBAHNE TIIATIEHTBI U JIEPKUX YMEPITHX HEOHOMIEHHBIX
HOBOPOJK/JIEHHBIX.

Pesyabratel. Cpejiu IPUYMH CMEPTH HA TIEPBOM MECT€E HaXOISITCS BPOXK/I€HHbIe MH(MEKIIMK PA3IUUHOI JIOKa-
JIN3AIMH: BPOK/IEHHAS THEBMOHUS U TeHEPaJN30BaHHble HHMEKIUN, KOTOPBIE TIPU POKIECHUN KIMHUYECKH MTPO-
SIBJISIIOTCST  TSIPKEJIOM TMePUHATAJNBHON THUIIOKCHEH M JIbIXaTeJbHON HeI0CTaTOYHOCThIO. [Ipu BpOKIEHHO
MMHEBMOHUN MOPGOJIOrnyecKast KapTuHa moJnMopdHasi, 4TO XapaKTePU3YeT TSIKECTb MOBPEKIECHUS JIETKUX: Y
YaCcTH HOBOPOKIEHHBIX B PocBeTe Ae(hOPMUPOBAHHBIX aJIbBEOJ U OPOHXOB BU3YAJIU3UPYIOTCS CKOIIJIEHUS DKC-
cyaata 1 pubpUHa, CErMEHTOSIIEPHBIX JIEHKOLUTOB, (hparMeHThl KOKKOBON 6a30(huIbHON MUKPOMJIOPbI U 60JIb-
100 KOJIMYECTBA KOJOHMEOOPA3YIOIINX NAJ0UeK, CIYIIEHHBIX a/lbBEOJIOIMTOB C Ae()OPMUPOBAHHBIM AAPOM. JLJ1st
JIPYTHUX fleTell XapakTepHo Hamnyue 1uddysHoi 1uMonHo-TeHKOINTapHON MHOUIBTPAIINN B TEPETOPOIKAX 1
pecrupaTopHbIX OT/IeIaX JETKUX, B a/IbBE0JIaX PErUCTPUPYIOTCSI KOMKOBATBIE UJIH TJIACTUHYATBIE 903UHO(DUIBHBIE
ruajinHoBbie MeMOpanbl. JuddysHas, ouaropast MU CAMBHAS CEIMEHTOsIIePHAsA WH(PUIBTPALUS B PA3THMUHBIX
CTPYKTYPax JIETKUX COYETAETCS C THATMHOBBIMU MEMOpAaHaMU PA3JINIHON JTOKATU3AINY, Pa3MepoB. [manrnnoBbie
MeMOpaHbl BbisiBJIeHbI B 93,5% cJydaes.

3axmouenue. OueHb paHHKE TIPEK/IEBPEMEHHbBIE PO/IbI ACCOLMNUPOBAHbI ¢ PA3BUTHEM BHYTPUYTPOOHOI MHEB-
MOHUU U FeHepau30BaHHON MHQEKIUK Y IIyGOKO HEeJAOHOIIEHHBIX HOBOPOK/IEHHBIX. PAHHUMU KIMHUKO-1ab0pa-
TOPHBIMU TTPU3HAKAMHU BHYTPUYTPOOHOTO TTOBPEKACHUS JETKUX HHGMEKITHOHHOTO XapaKTepa SBASIOTCS TsKeTast
HepuHaTaJbHas TUIIOKCHUS, OU€Hb HU3KAsl OIEHKa 110 1Kasie Arrap 1 jabopaTtopHble oKasaTeau (TUIIOKCEMUS 1 Jie-
KOMIIEHCUPOBAHHBIH MeTa0ONNUECKUI JTaKTaT-all1/103), PE3UCTEHTHbIE K CTAaHAAPTHBIM PeaHUMAIMOHHBIM MepPO-
npusitusiMm. Coxpansiionuecs: B IepBble Yachl IMOCTHATAJIBHON JKU3HU TMIIOKCEMUSI U JIEKOMIIEHCUPOBAHHBII
MeTaboIMYECKUIT alluI03 CBUETEIbCTBYIOT O TAKECTH BHYTPUYTPOOGHOTO TIOBPEKAEHUS JIETKUX U TPEOYIOT GhICTPOI
CMEeHbI JIeYeHNs], HATIPABJIEHHOTO HA HOPMAJIN3aINIo (DYHKIIUN JIETKUX, TPODUIAKTHKY OCJIOKHEHUN CO CTOPOHBI
JIbIXaTeJIbHOIN CUCTEMBbI, FeMOCTa3a U IeHTPAIbHO HePBHOIT cricTeMbl. KJIMHUIMCTBI 10JKHBI 3HATH 00 0COOEHHOCTSIX

Aznpecc i KOPPECHOHIEHIUH: Correspondence to:
Cgeruana [lepenesuna Svetlana A. Perepelitsa
E-mail: sveta_perepeliza@mail.ru E-mail: sveta_perepeliza@mail.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2018, 14; 3



DOI:10.15360/1813-9779-2018-4-4-14
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paHHeI;'I TTOCTHATAJBHOM ajlariTaimm TJIy6OKO HEAOHOIIEHHOTO pe6eHKa C BpO}K,ZleHHOfI THEBMOHUEH U 00eCTIeunTh
COOTBETCTBYIOIIEE JIEYECHUE.

Kmioueswie caosa: niayenma; neoonoueHble HoB0PONCOCHHBLE; BPONCOCHNHAS NHEEMONUSL; ACUKCUSL; ZUATUHOBHLE
Mmembpanvt

The purpose of the study is a comprehensive assessment of morphological changes in the placenta and lungs to
detect early signs of congenital pneumonia in extremely premature infants.

Materials and methods. Protocols of post-mortem examinations of 23 preterm newborns died from severe res-
piratory failure were analyzed. The average gestational age of the newborns was 26.4+2.7 weeks and the body weight
at birth was 972.4+355.8 grams. In the sample, 78.3% of infants had an extremely low birth weight (ELBW). At
birth, all newborns presented severe asphyxia. Newborn underwent several types of respiratory therapy since birth:
Mechanical ventilation was performed in 65.2% of newborns since their birth, non-invasive ventilation was performed
in 26.1% of cases, and 8.7% of patients underwent oxygenotherapy through a facial mask. In all cases, there was an
unfavorable course of the neonatal period, a progressive deterioration of newborns' condition, and a lethal outcome.
A comprehensive histological examination of the placenta and the lungs of deceased premature newborn infants was
performed.

Results. Congenital infections of different localizations remain the leading cause of death.Congenital pneumonia
and generalized infections are clinically manifested at birth by severe perinatal hypoxia and respiratory failure. In
the case of congenital pneumonia, the morphological patterns are polymorphic and characterize the severity of lung
damage. For some newborns, these patterns include accumulation of exudates and fibrin, segmented leukocytes,
fragments of basophilic coccal microflora, and a large number of colony forming bacilli, and desquamated alveolocytes
with a deformed nucleus are visualized in the deformed lumen of the alveoli and bronchi. Diffuse lymphoid-leukocyte
infiltration in the septa and respiratory parts of the lungs are typical for other infants. Histological examination find
lumpy or lamellar eosinophilic hyaline membranes in alveoli in specimens from these newborns. Diffuse, focal or
confluent segmentonuclear infiltration in various lung structures is commonly combined with hyaline membranes
of various localizations and sizes. Hyaline membranes were detected in 93.5% of cases.

Conclusion. Very early preterm delivery is associated with intrauterine pneumonia and systemic infection in
extremely premature infants. Early clinical and laboratory signs of intrauterine infectious lung include severe peri-
natal hypoxia, very low Apgar score and laboratory test findings (hypoxaemia and decompensated metabolic lactate
acidosis) that are resistant to standard resuscitation measures. Hypoxemia and decompensated metabolic acidosis
persisting during the first hours of postnatal life indicate the severity of intrauterine lung damage and require a rapid
change of treatment aimed at normalization of lung function, prevention of complications in the respiratory system,
hemostasis and central nervous system. Clinicians should be better informed about the features of early postnatal

adaptation of extremely premature infants with congenital pneumonia to provide appropriate treatment.

Keywords: placenta; preterm newborns; congenital pneumonia; asphyxia; hyaline membranes
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BBenenne

[Tpexxnespemennnie pozasr (IIP) mo-mpexxnemy
OCTAIOTCSI BaKHON MEINKO-COIUATBHON TIPOGJIEMOIH,
T.K. SIBJISIFOTCSI IPUUMHOI BBICOKOT 3a60J1€BAEMOCTH 1
JIETAJTBHOCTHU HEIOHOTIIEHHBIX HOBOPOSKICHHBIX, a OJIv-
JKalite v oT/IaJIieHHbIe TIepUHATAIbHBIE HCXOJIBI ITPO-
tuBOpeunBel [ 1 —3]. B panHeM HeoHATATBHOM TTepHo/ie
y T1yGOKO HEIOHOIIEHHBIX HOBOPOSKIECHHBIX € 9KCTPE-
MaJIbHO HU3Koi Maccoil Tesa (OHMT) naubosee
YACTO PErUCTPUPYETCS 3a00I€BAEMOCTD CEIICHCOM U
BPOXKIEHHBIMU WH(MEKIMSAMHE, HTOT TIOKA3ATEIb IOCTH-
raet 26%o, 4TO, B CBOIO OUEpe]ib, 00YCIOBINBAET BBICO-
KyI0 HEOHATAJbHYIO JieTaTbHOCTh. HezaBucumo ot
YPOBHSI JIETCKOW CMEPTHOCTH, HabOoJIee YacThIMU TIPH-
YUHAMW CMEPTU HOBOPOKICHHBIX SBJISIOTCS HEJOHO-
MIEHHOCTD U BPOJK/ICHHAS THeBMOHUS [4—6].

OcHOoBHOI ipUYKHON 04eHb paHHuX [P aBisioT-
csT XOPUOAMHUOHUT W TIepUHATATbHOE BOCTIajieHue |7,
8]. Bocxosiee nabuIMpoBanne U pa3BUTHE BOCTIaJie-
HUSI B IJTATIEHTE OOYCJIOBIEHO HATMYUEM CJIEYIOTIIX
BosOyauteneit: Ureaplasma urealyticum, Mycoplasma
hominis, Group B Streptococcus, Escherichia coli, Gard-

Introduction

Premature birth (PB) remains an important
medical and social problem since it causes high mor-
bidity and mortality rates in premature newborns.
Early and long-term perinatal outcome data are con-
tradictory [1—3]. In the early neonatal period, sepsis
and congenital infections are most common disorders
diagnosed in small premature infants with an ex-
tremely low body weight (ELBW); the incidence
reaches 26%o, which in turn leads to high neonatal
mortality. Regardless of the infant mortality rate, pre-
maturity and congenital pneumonia are the most com-
mon causes of neonatal death [4—6].

Chorioamnionitis and perinatal inflammation
are the main causes of the very early perinatal lethality
(PL) [7,8]. The ascending infection and inflammation
in the placenta is due to the presence of the following
pathogens: Ureaplasma urealyticum, Mycoplasma ho-
minis, Group B Streptococcus, Escherichia coli, Gard-
nerella vaginalis, Fusobacterium sp., Peptostreptococcus
sp. [9]. Newborns exposed to chorioamnionitis have a
low gestational age and are at a high risk of early sep-
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nerella vaginalis, Fusobacterium sp., Peptostreptococcus
sp. [9]. HoBoposkienHbie, 10/1BEprHY Thie XOPUOAMHUO-
HUTY, IMEIOT HU3KUII reCTAI[OHHbII BO3PACT U BBICO-
KUl PICK PAHHETr0O HAYaJla Cercuca, a TAaKyKe Pa3BUTHUS
OCJIOKHEHUIH €O CTOPOHBI I[€HTPAJbHON HEPBHOM
cucTeMbl (TsiKeJIble TIePUBEHTPUKYJISIDHBIE U BHYTPH-
JKEJTyIOYKOBbIE KPOBOW3JUsIHUSA). HeonaranbHbie
3a60JIeBaHUs JIETKUX OCOOEHHO PaCIpOCTPAHEHBI Y
HEeJIOHOIIEHHBIX HOBOpOkAeHHbIX |8, 10, 11]. Bemy-
IIYIO POJIb B 9TOM IIPOIIECCE UTPAET TPAHCAMHHUAIbHOE
UHOUIIPOBAHUE JIETOUHON JKUIKOCTH, YTO BbI3bIBAET
y HOBOPO3K/IEHHOTO (hOPMUPOBAHUE THATIMHOBBIX MEM-
OpaH 1 pa3BUTHE JbIXaTeIbHOU HegocTaTouHoCTH [12].

B To xe Bpems, nepuHaTaJbHAS THIIOKCUS
0/1a, 00y CIOBIEHHASI XPOHUYECKOH TIATleHTAPHOI
HEeI0CTATOYHOCTBIO, BHI3bIBAET HAPYIEHUE aHTEHA-
TaJbHOTO PAa3BUTHUS JIETKUX. B akcrepumeHnTe Ha
JKUBOTHBIX IOKA3aHO, YTO TUIOKCHS OKAa3bIBAET
BJIMsIHME HA MOPGhOTreHe3 SMUTeNNs, CTUMYJIUPYeT
€ro I'UITepIIa3uio, a TAKKe KJIeTOUHYI0 Iposdepa-
nuio u jsiesierune cocyos yerkux [11, 13]. Tunokcus
CTUMYJIUPYET nposudepanuio 1 CeKPeIrnio aHruo-
TeHHBIX MEINATOPOB B IJIALIEHTE, TAKUX KAK COCY /M-
CTHI aHpOTEANANbHBI (hakTop pocta (vascular
endothelial growth factor, VEGF) u unrepieiikun-
8 [14, 15], ycyrybuisier peakiuu Ha ajljlepreH, 4yTo
OPUBOJIUT K YBEJUYEHHUIO BOCIAJIEHNS U TOBBIIIEH-
HOMY YPOBHIO TpaHchopMupyioliero pakropa pocra
B (transforming growth factor 8, TGF-B) [16], cau-
JKAeT TPAHCHNUTEIHANbHEI meperoc Na™, a Takske
CIOCOOCTBYET TMOBBIIEHHOMY TIPOLYIIUPOBAHUIO
CIVU3U B SMUTEIUATHHBIX KJIETKAX bIXaTeJTbHbBIX
myTeit mosa u HoBopoxkaeHHoro [17]. Covyeranue
3TUX (aKTOPOB B KOHEUHOM Pe3yJIbTaTe TPUBOINT K
PasBUTHIO BHYTPUYTPOOHOI MH(MEKIIMK 1 CEICuca.
[MocTHATAaNTbHAS TUTIOKCUS SBJSETCS OJHUM U3 (hak-
TOPOB, KOTOPbIE MOTYT HeGJIATOMPHUATHO BJIUSATH Ha
AIUTEINH JBIXaTeJbHBIX MyTel U cmoco6CTBOBATH
CTPYKTYPHBIM U (DYHKITMOHATHHBIM U3MEHEHUSIM Y
MJIAJICHIIEB, MOABEPKEHHBIX PUCKY Pa3BUTHS 3a60-
JeBaHuil apixateabHol cucrtembl. DakTopamu,
3HAUUTEJHHO YBEJTUYUBAIONIMMU PHUCK pPaHHEH
WHOEKITUN Y HOBOPOKIECHHBIX, SBISIOTCS MaJIblid
TeCTAllMOHHBIM BO3pacT, HU3KUE Macca Teja TMpu
POKJIEHNN ¥ OIleHKa MO0 ImKaje Amrap, a TakxKe
xXopuoaMHUOHUT [18].

Cericuc n BpOXKJIeHHAS TTHEBMOHUS Y HOBOPO3K-
JICHHBIX JICTE SBJISIOTCS PE3yJITaTOM BHYTPUMATOY-
HOW WH(EKINN, CBI3aHHOW C TPOAYIIMPOBAHUEM U
BBICBOOOK/ICHUEM IIMPOKOTO CIIEKTPA BOCTIATUTEh-
HBIX MeAINaTOPOB. [IUTOKWHBI ABIASIOTCS MOITHBIMA
BOCTTAJINTEILHBIMU METUATOPAMU, B CBIBOPOTKE KPOBU
WX YPOBEHD YBEJIMIUBACTCS BO BpeMst MH(MEKIII, OHI
BBI3BIBAIOT aKTUBAIMIO U JIPYTUX BOCTATUTEIbHBIX
adexroprbIX MOsTeKyII. [ToHMMaHNE 9TOTO TpoIiecca
JIaeT HOBBIE BO3MOKHOCTH JIJIsT IMATHOCTHKY U HAOJTIO-
JIEHUS 32 BPOKIEHHBIMU WH(EKIMSAMU, YTO TIO3BO-
JITeT HaYaTh paHHee JieYeHNe W, KaK CJIe/CTBUE, yBe-
JIMYUTH BBIKIBAEMOCTH HOBOPOXK/IEHHBIX [19].

sis, as well as the development of complications in the
central nervous system (severe periventricular and in-
traventricular hemorrhages). Neonatal lung diseases
are particularly common in preterm newborns [8, 10,
11]. A transamnial infection of the pulmonary lung
fluid makes the greatest contribution to the process,
thus causing formation of hyaline membranes and the
development of respiratory failure in newborns [12].

At the same time, perinatal fetal hypoxia due to
chronic placental insufficiency impairs the antenatal
development of the lungs. Experiments in animals have
hown that hypoxia affects the morphogenesis of the ep-
ithelium, stimulates its hyperplasia, as well as cell pro-
liferation and division of lung vessels [11, 13]. Hypoxia
stimulates the proliferation and secretion of angiogenic
mediators in the placenta, such as vascular endothelial
growth factor (VEGF) and interleukin-8 [14, 15], ex-
acerbates the response to allergen, leading to increased
inflammation and increased level of transforming
growth factor 8 (TGF-B) [16], reduces transepithelial
the transfer of Na™ and contributes to the increased
production of mucus in epithelial cells of the respiratory
tract of the fetus and newborn [17]. A combination of
these factors results in intrauterine infection and sepsis.
Postnatal hypoxia is one of the factors that can ad-
versely affect the epithelium of the respiratory tract and
contribute to structural and functional changes in in-
fants at risk for respiratory diseases. Low gestational
age, low birth weight and low Apgar scoring, as well as
chorioamnionitis are factors that significantly increase
the risk of early infection in newborns [18].

Sepsis and congenital pneumonia in newborns
result from intrauterine infection associated with the
production and release of a wide range of inflamma-
tory mediators. Cytokines are powerful inflammatory
mediators; their level increases in the blood serum
during infections. Cytokines cause activation of other
inflammatory effector molecules. Understanding of
this process provides new opportunities for diagnosis
and monitoring of congenital infections, thus allowing
to initiate early treatment and, as a result, to increase
the survival rate of newborns [19].

The purpose of the study included a comprehen-
sive assessment of morphological changes in the pla-
centa and lungs to detect early signs of congenital
pneumonia in extremely premature infants.

Materials and Methods

Protocols of post-mortem examinations of 23 preterm
newborns died from severe respiratory failure were analyzed.
The average gestational age of the newborns was 26.4+2.7
weeks and the body weight at birth was 972.4£355.8 grams.
In the sample, 78.3% of newborns had ELBW. All newborns
were diagnosed with severe asphyxia at birth, the median
Apgar score was 3 [2; 4] at the 1st minute of life and 5 [4; 6]
at the 5™ minute. Newborns underwent several types of res-
piratory therapy since birth: mechanical ventilation (MV)
was performed in 65.2% of newborns since their birth, non-
invasive nasal continuous positive airway pressure (NCPAP)
ventilation was performed in 26.1% of cases, and 8.7% of pa-
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I_[e]lb nccaegoBalimdg — KOMIIJIEKCHasA OIleHKa
MOp(l)OJIOFI/I‘IeCKI/IX M3MEHEHUI B IJIALIEHTE U JIETKUX
JUJISI BbIABJIEHW S PAHHUX IIPU3HAKOB BpO)KlIeHHOfI ITHEB-
MOHHUU Y I‘JIy6OKO HEJIOHOHIEHHBIX HOBOPOKIECHHDbIX.

MaTepI/IaJI N METO/1bl

[TpoBesn aHAIN3 TPOTOKOJIOB TTATOJIOTOAHATOMMIYE-
CKOTO WCCJIeJOBaHUS 23-X HEJOHOIIEHHBIX HOBOPOXK/ICH-
HBIX, YMEPIIHX OT TKEJIOH /IIXaTeTbHOM HeIOCTATOUHOCTH.
CpeziHuii recTallnOHHBIN BO3PACT HOBOPOIKIEHHBIX COCTAB-
agn 26,4+27 wHem., Macca Tela TPU  POKIEHUT —
972,4+355,8 rpamm. B BbiGopke 78,3% HOBOPOKIEHHBIX
nvet OMHT. [Ipu posxennn y Bcex HOBOPOK/IEHHBIX BbI-
SIBUJIH ac(UKCUIO TSKEJION CTeNeH!, MeInaHa OIIeHKH 110
mrkasie Anrap Ha 1-if MUHYyTe XXU3HU cocTaBsia 3 [2; 4]
Gasra, Ha 5-il MunyTe — 5 [4; 6] 6anos. C poxkaeHust HOBO-
POKIEHHBIM IIPOBO/IMJIN PA3TMYHbIE BU/IBI PECTTMPATOPHOI
Teparum: NCKyCCTBEeHHYT0 BeHTHJsAmIo jgerkux (MUBJT) —y
65,2% HOBOPOXK/ICHHBIX, He MHBA3NBHYIO BEHTUJISIINIO JIeT-
KHX C TIOJIO’KUTETBHBIM JIaBJIEHHEeM B KOHIIE BBIIOXA Uepes
HasasnbHble KaHionn (NCPAP) — B 26,1% cay4aes u 8,7%
HAIMEeHTOB MTPOBOJIMIN OKCUTEHOTEPAIINIO YePe3 JUIIEBYIO
Macky. B mocsenyioniye 4achl ITOCTHATAIBHOM JKU3HU BCEX
HOBOPOJKJIEHHBIX TIepeBOINJIN Ha Tipojtennyio VIBJIL.

YaursiBasi cpok recraiyi, B 93,7% ciydaes IpoBo-
I TPOGUITAKTHKY PECHUPATOPHOTO JHMCTPecC-CHH-
npoma (PIICH) ax3orennsiM cypdakTaHTOM Kypocypdom,
u3 Hux y 90,9% nereii Bepsble cyphakTaHT BBOIUIN TIPU
poskiernu n 9,1% HOBOPOIK/IEHHBIM ITperapaT BBEJU Yepe3
4—18 gacos nocJie poskaenus. OqHOKpPATHO Kypocypd 1o-
ayunin 40,9% HOBOPOKIEHHBIX U ABKIABI — 59,1%. [To-
Ka3aHUSMU JIJIsI TIOBTOPHOTO BBeleHUs cypdakTanTa ObLiu
HEYIOBJETBOPUTEJIbHbIE MOKAa3aTeJIH Ia30BOr0 COCTABa
KPOBH ¥ KHCJIOTHO-OCHOBHOTO COCTOSIHUS: COXPAaHSIO-
HUiicst MeTaboIMIeCKUIT JTAKTAT-AIM/I03, BBICOKAST KHUCJIO-
pPOZHAS 3aBUCHMOCTh M THIIOKCeMUs. Bo Bcex ciydasx
UMEJI0 MECTO HeGJIaronpusiTHOe TedeHne HeOHATAIbHOTO
epro/ia, MporpecCuBHOE yXY/IIIeHe HOBOPOXK/IECHHBIX 1
JIETJBHBII ncXo/. Merana mpoo/KUTETbHOCTH JKU3HH
coctasusiia 89 [30,5; 171,5] wacos.

Cpennuii Bo3pact Marepeii coctaBut 28,3%6,8 net. Me-
auana napurera Gepementoctu — 2 [1; 4], ponos — 2 [1; 2].
Bo Beex carydasx umesn MecTo HebJIaronpusTHoe Tedenue Ge-
PEMEHHOCTH: yIpo3a IPepbiBaHust OePEMEHHOCTH BbIsSIBICHA B
70% cirydaeB, HCTMHKO-TIEPBUKA/IbHAS HEZIOCTATOYHOCTh — Y
26% HAIMEHTOK, Y KaK/I0i1 TpeTbeil GepeMeHHO Gl XPo-
HUYecKre 3a001eBaHNs B CTaInK 0O0CTPEHVST HJIN OCTPbIE HH-
dekiponnpie  3a00JeBaHusl, BIMAION[ME HAa TeYeHUe
recTaIOHHOTO Tpoliecca. Kax rmpaBmiio, IMesio MecTo code-
TaHue HeCKOJIBKUX HeGIaronpusTHbIX (hakTOPOB Y OJIHOI Ge-
pemennoil. EcrectBentbie pojibl Obisin IpoBejietsl y 47,8%
HAIMEHTOK, U3 HUX Y 63,6% MPOBOAIOCH PYYHOE 00CIEI0BA-
HIIE TTOJIOCTH MaTKH (ZIe(heKT MOCTe/a), B OCTATBHBIX CIIyJasix
BBITIOJTHHJIV OTIEPATHBHOE POJIOPA3PEIIEeHHE.

Bo Bpemst MaToJI0T0AHATOMUYECKOTO BCKPBITHS TIPO-
BOJIJTH MAaKPOCKOITNYECKYIO OIEHKY JIETKUX W IITAIl€HTHI.
JUJist MUKPOCKOITHYECKOTO MCCJIeJOBAHUST OPAIH KyCOUKH
Tpaxer, GPOHXOB 1 Pa3HbIe CErMEHTBI 000UX JIeTKuX. B xoze
CTAH/IAPTHOI BBIPE3KH IUIAIEHTY B3BEIINBAJIH, (DIKCHPO-
BaJIM MaKPOCKOITMYECKHE M3MEHEHUsI, OPaid KyCOUYKU 13
BCEX CTPYKTYPHBIX 00pa3oBaHmii: 060JI0YKH B BUJIE POJLIA,
MPOKCUMAJIBHBIN ¥ IUCTATBHBIN OT/IEJIbI ITYITOBUHBI, Kpae-
BBIE W [[EHTPAJIbHBIE YYACTKI XOPHOHA, (hparMeHT Ha3asb-
HOWM M JeluyaJbHOM MJIAacTUHBL. Marepuan Jerkux u

tients underwent oxygenotherapy through a facial mask.
During the following hours of postnatal life all newborns
were switched to the prolonged mechanical ventilation.

Taking into account the gestation age, in 95.7% of
cases prevention of the respiratory distress syndrome (RDS)
was carried out with exogenous surfactant Curosurf; 90.9%
of these infants received their first dose of surfactant at birth
and 9.1% of the infants administered the drug 4—18 hours
after birth. Curosurf was administered once to 40.9% of new-
borns and twice to 59.1% of newborns. Indications for re-
peated administration of surfactant included unsatisfactory
levels of the blood gas composition and acid-base state: per-
sisting metabolic lactate acidosis, high oxygen dependence
and hypoxemia. In all cases, the course of the neonatal pe-
riod was unfavorable, progressive deterioration of the new-
born's condition and a lethal outcome. The median life
expectancy was 89 [30.5; 171.5] hours.

The average age of mothers was 28.3+6.8 years. The
median gravidity was 2 [1;4] and the median parity was 2
[1;2]. In all cases, there was an unfavourable course of the
pregnancy: a threatened miscarriage was found in 70% of
cases, isthmic-cervical insufficiency was diagnosed in 26% of
patients, each third pregnant woman had chronic diseases in
the acute stage or acute infectious diseases that affected the
course of the gestational process. Usually, a combination of
several adverse factors was observed in one pregnant woman.
Natural childbirth was in 47.8% of patients, 63.6% of them
had a manual examination of the uterine cavity (defect of the
afterbirth), in other cases surgical delivery was performed.

Macroscopic assessment of the lungs and placenta was
performed during postmortem examination. Specimen of
trachea, bronchi and different segments of both lungs were
collected for microscopic examination. During the standard
sampling, the placenta was weighed, macroscopic changes
were fixed, biomaterials containing structural formations
were harvested. The latter included membranes in the form
of a roll, proximal and distal umbilical cord, marginal and
central portions of the chorion, fragments of the basal and
decidual plate. The samples from the lungs and the placenta
were fixed in buffered formaldehyde, subjected to standard
processing and embedded into a homogenized paraffin
medium «Histomix». Histological sections were stained
with hematoxilin-eosin, Schiff reagent, Sudan and Van
Gieson's stains. Histological studies were performed using a
microscope «Nikon Eclipse 55i».

Alterations within the lung specimens were described
at the morphological level paying attention to the gestation
age, the state of the child at birth and the duration of the dis-
ease. the state of the alveoli, alveolar passages, interalveolar
septa; the nature, localization and severity of the inflamma-
tory process. During the observing the placenta, the prereq-
uisites for the onset of very early premature birth, diagnosis
of the infectious process, comparison with the gestational
age, the development of congenital infection in small prema-
ture infants and the outcome of the disease were identified.

Statistical processing of data was performed using the
Statistica 6 software (USA). The differences were consid-
ered significant when the level of significance P<0.01.

Results and Discussion

The placenta plays an important role during the
gestational process and contributes to the favourable
development of the fetus. Impairment of the placental
morphology impairs placental circulation and causes
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riaieHTsl ukcuposain B 3abydepeHHoM GhopMmasite,
TIO/IBEPTAJIN CTAHAAPTHON TTPOBOJIKE U 3AJIMBAIN B TOMOTe-
HU3UPOBaHHYIO apadguHoByio cpeay «Histomix». [mcTomo-
THYeCKHe CPe3bl OKPAIINBAIN TeMAaTOKCUITMHOM-9031HOM,
peaktusom ndda, cynanom, mo Ban-Inzony. [ucromorn-
YecKHe NCCAeIOBAHNS TPOBOIUIN € TIOMOIIBIO MUKPOCKOTA
«Nikon Eclipse 55i».

Perucrpanus naMeHeHMiT B IperapaTax Jerkux ydu-
TBIBAJIA COOTBETCTBHE MOP(OTIOTIYECKOTO CTPOEHNUS JIETKUX
CPOKY TeCTaI[IH; COCTOSTHIIE AJIbBEOJ, ATTbBEOJISIPHBIX XO/IOB,
MESKaIbBEOISIPHBIX TIEPETOPOIOK; XapaKTep, JTOKATU3AIIIO
7 BBIPQ)KEHHOCTD BOCHIAJINTEIBHOTO ITpoliecca. Pe3yrsraTel
MOPGhOTIOTHIECKOTO NCCAEIOBAHNS COMOCTABIISIIN C TecTa-
IIIOHHBIM BO3PACTOM, COCTOSTHIEM peGeHKa TTPU POKICHUH
U JUTATESBHOCTBIO TeueHust 6osesnu. [Ipu necreposannu
TIJIATIEHTHI BBISIBIISIA MIPEATIOCHIIKN HACTYILIEHUST OUeHb
PAHHUX HPEXIeBPEMEHHBIX POJIOB, TUATHOCTUKN WH(DEK-
IIHOHHOTO MTPOIIECCa, COTTOCTABJIEHNUS C TeCTAIMOHHBIM CPO-
KOM, PasBUTHS BPOXKAEHHOH uHbeKIU y riayGoko
HEJIOHOIIEHHBIX HOBOPOJKIEHHBIX ¥ MCX071a 3a00JI€BaHNSI.

Cratuctudeckyio 06paboOTKy JaHHBIX MPOBEJHU € TO-
Mo1nbio mporpammer Statistaca 6 (USA). Otamans canranu
JOCTOBEPHBIMHU TIPH YPOBHE CTATUCTHYECKOIN 3HAUNMOCTH
p<0,01.

Pe3yibrarhl 1 00CyKA€eHHE

[TnamenTa wWrpaer Ba)KHYIO pPOJIb B Te4YeHHE
recTalnoHHOTO TIPoIiecca 1 HJATONPUATHOTO Pa3BH-
tug nnona. Hapymenue mopdosoruy mianeHThl
BBI3BIBACT HAPYIIIEHHUE TIAIIEHTAPHOTO KPOBOOOpaIiie-
HUS ¥ Pa3BUTHE TIEPUHATAILHON rUTokcnn. Bocnasmm-
TEJbHBIN TIPOIECC BO BCEX CTPYKTYPHBIX 00pa3oBa-
HUSIX [JTAIIEHTBI MOKET COcOOCTBOBATE TIPEPHIBAHUIO
GepeMeHHOCTH U Pa3BUTHIO BHYTPUYTPOOHO nHbeK-
1IN Y TIOJIA.

[Tpu MmopdostorndeckoM uccie[oBaHUN TIIAIeH-
TBI BBISIBJICHBI COUETAHHbBIEC U3MEHEHUsT, HeGIaronpu-
STHO BJUSBINNE Ha UCX0/ GepeMeHHoCTH. XpOoHYe-
CKasl TUIAlleHTapHasd HeI0CTAaTOYHOCTH Pa3IU4HON
CTereHn BhIpaskeHHOCTH Oblta xapakTepta st 100%
paccMaTpuBaeMbIX ciaydaeB. B kaxaoil TpeTbeii mia-
IIEHTE BBIABJIAIN CyOKOMIIEHCUPOBAHHYIO TLIAIICH-
TapHYI0 HEOCTATOYHOCTD, XapaKTePU30BABIIYIOACS
3HAYUTEIbHBIMU WHBOJIOTUBHO-IUCTPODUUECKUMU
M3MEHEHUSIMU B COUYETAHUN € HAPYIIEHUEM CO3peBa-
HUS BOPCUH. /leKOMIIEHCHPOBAHHYIO TITATICHTAPHYTO
HEJIOCTATOYHOCTD € BBIPAKEHHBIMU MHBOJIIOTUBHO-
IuCcTpoUYeCKUMU  U3MEHEHUSAMHU,  AeUIUTOM
MAacCChI IIJIAIIEHTDI, TUTIOTIIA31 e, HapylIeHeM co3pe-
BaHUSI U BeTBJIEHMS BOPCUH peructpupoBaiu B 17,4%
caydaeB. Jta ¢hopMa IIaleHTapHON HeJ0CTaTOYHO-
¢t 00yCJIOBJIEHA BBIPAKEHHBIM BOCHATUTENbHBIM
MPOIIECCOM B BH/Ie Hecnelnbuueckoro OaKTepuaib-
HOTO TIaleHTUTa. Yaie Bcero perucTpupoBasu:
CEePO3HBII U CePO3HO-THOIHBII MEMOPAaHUT, 9KCCYAa-
TUBHBIN KPaeBO XOPMOAMHUOHUT, 9KCCYIATUBHBI
CyOXOPUATBHBIN HHTEPBUILIY3UT, COCYUCTHI (hyHNU-
KYJIUT, UlleMrYeckrne nHMapKThl, KPYIHble ahyHK-
[IMOHAJIbHBIE 30HBI. /[aHHbIe U3MEHEHWs OBLIN XapaK-
TEPHBI IS TJIANEHT Y HOBOPOosKAeHHbIX ¢ IHMT, y
KOTOPBIX TIPU POXKACHUU OTIPE/EISIN TeKOMIICHCH-

perinatal hypoxia. The inflammatory process in all pla-
cental structures can contribute to the termination of
pregnancy and the development of intrauterine infec-
tion in the fetus.

A morphological study of the placenta demon-
strated combined changes that adversely affected the
outcome of pregnancy. Chronic placental insufficiency
of varying severity was typical for 100% of the cases.
Sub-compensated placental insufficiency character-
ized by significant involutive-dystrophic changes in
combination with impaired maturation of the villi was
detected in each third placenta. Decompensated pla-
cental insufficiency with severe involutional-dys-
trophic changes, placental mass deficiency, hypoplasia,
and impaired maturation and branching of the villi
were registered in 17.4% of cases. This form of placen-
tal insufficiency is caused by a pronounced inflamma-
tory process in the form of non-specific bacterial
placentitis. The following conditions were most com-
mon: serous and serous-purulent membranitis,
phrmTda exudative chorioamnionitis , exudative
subchorial intervillusitis, vascular funiculitis, ischemic
infarction, and large nonfunctioning areas. These
changes were typical for placenta of newborns with
ELBW and with decompensated lactate acidosis di-
agnosed at birth with the following findings: pH —
6.99; BE= —16.7 mmol/I; lactate — 7.5 mmol /1.

Basal deciduitis is characterized by the presence
of leukocyte infiltration in the basal plate (the mater-
nal part of the chorion), fibrinoid residues, and inter-
villous space. Exudative regional chorioamnionitis is
found in the marginal sections of the placental disc,
with a segmentonuclear infiltration, margination,
edema, hyperemia of the capillaries of villi. In the case
of serous inflammation of the placenta, leukocyte in-
filtration is moderate; in the case of the purulent
process, inflammation covers all layers of the placental
membranes, areas of segmentonuclear leukocyte clus-
ters, destruction of decidual tissue and mesodermal
basis (chorioamnionitis) are found. In the case of vas-
cular funiculitis, inflammatory infiltration is localized
in the wall of the umbilical cord vessels.

In 47.8% of cases, a combination of chronic and
acute placental insufficiency was found, which was the
cause of premature operative childbirth (placentitis,
formation of a growing retroplacental hematoma, pla-
cental detachment) and perinatal hypoxia of the new-
born. However, inflammatory changes in placental
structures were typical for 47.8% of cases, i.e. premature
birth was not always associated with the development
of inflammation in the placenta. The following condi-
tions were most commonly registered: basal deciduitis
(17,4%), subchorial intervillusitis and choriocamnionitis
(13%); diffuse manifestations of nonspecific bacterial
platcentitis were found in only 4.3% of cases.

The above changes in the placenta are correlated
with the degree of perinatal hypoxia and low Apgar score
during the 1°* minute of life of newborns with ELBW,
data of gas composition and acid-base state of blood (de-
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POBAHHBIN JIAKTaT-allU/103 ¢ Mokazareagmu: pH —
6,99; BE= —16,7 mMouib/J1; TakTar — 7,5 MMOJIb/JI.

Bazanbublii genuyut xapakrepusyercs Haju-
ypeM JIeMKonuTapHoid MH(GUIbTpau B 6a3aibHOMN
nacTuHKe (MaTepUHCKAs 4acThb XOPUOHA), OCTaTKaX
bubpuHOMIa, MEKBOPCUHYATOM MPOCTPAHCTBE. JKC-
CYJaTUBHDII KPaeBON XOPHMOAMHUOHUT BBISBIISAETCS B
KPaeBbIX y4acTKaX IJIAlleHTapHOTO /IMCKA, C CerMeH-
TOSI/IEPHON MH(PUIIBTPAIIEN, KPAEBBIM CTOSTHUEM JIeH -
KOILIUTOB, OTEKOM, TIOJIHOKPOBUEM KaIlUJIJISPOB BOP-
cu. Ilpu cepo3HoM BocHaJeHUM  IJIAIEHTBHI
JiefikonuTapHas MHGUIBTPAIs BbIpakeHa yMEepPeHHO,
[P THOMHOM IIpoliecce BOCIaJieHne OXBaTbIBAaeT BCe
cion 060JIOYEK TUIAIEHTDI, BBIABIAIOTCS YYaCTKU
CKOIIJIEHUI1 CETMEHTOS/IePHBIX JIEHKOIUTOB, JI€CTPYK-
U JeIUyaIbHOM TKaH, Me30/1ePMabHO OCHOBBI
(xopuoamuuonur). [Ipu cocyaucrom ¢yHukymure
BOCHATUTEbHASA MHOUIbTPAIUd JIOKAJIU30BaHa B
CTEHKe COCY/IOB ITyIIOBUHBI.

B 47,8% nabio/ieHWil BBISIBUIIM COYETAHUE XPO-
HUYECKOH 1 OCTPOI IIJIalleHTapHOM HeJJ0OCTaTOYHOCTH,
YTO SIBUJIOCH TIPUYUHOI [TPEsKAEBPEMEHHbIX OllePaTHB-
HBIX Po/loB (IIAlleHTUT, (JopMUPOBAHME pacTylleid
peTpollaleHTapHoi reMaToMbl, OTCJIONKA I1JIaIleHThI)
U [IepUHATAIbHOM TMIIOKCUU HOBOpOXkIeHHoro. O/1Ha-
KO, BOCITAJIUTEIIbHbIE U3MEHEHUsI B CTPYKTYPHBIX 00pa-
30BAHUAX TUTAICHTHI ObLIM Xapakrepubl A 47,8%
HabJIIO/IEHUI, T. €. TIPEXKIEBPEMEHHbBIE POJIbI He BCer/ia
ACCOIMMPOBAHBI C Pa3BUTHEM BOCIAIUTEIbHOTO IIPO-
riecca B 1rarienre. Hanbosee yacto perucTpupoBasiu:
Gasampubiii  geruayur (17,4%), cybxopuanbHblii
UHTEPBUJLTY3UT U XoproaMHuouuT (13%); nudoys-
HbIE TIPOSIBJICHUST HECTIEIM(DUUECKOTO HaKTEPUATIEHOTO
IJIAIIEHTUTA BBISIBUJIU BCETO B 4,3% HAOMIOeH Uil

OrMevenHble Bblllle M3MEHEHUT B ILJIAlleHTE
COOTHOCSTCS CO CTEIEeHbIO BBIPAKEHHOCTHU IIepUHa-
TQJIbHOM TMIIOKCUU M HU3KOH OIIEHKOH 1o mIKaJe
Anrap nHa 1-if MUHYTe >KU3HU HOBOPOKIEHHBIX C
OHMT, nannbiMu ra3oBoro cocraBa W KHUCJIOTHO-
OCHOBHOT'O COCTOSIHUM KPOBU (JIEKOMIIEHCHPOBAHHBI
CMEeITaHHbIH MeTabOINYECKUH alu/03, THTTIOKCEMUS ).
Peanunmaninonmbie MEpOIPUATHS He OKA3bIBAJIN O3KU-
naeMoro adgdekTa, Bropast olleHKa 110 1kajae Amnrap
ocTaBajach HM3KOH, 4TO MOJATBEPXKAAET TAXKECTb
MepPUHATAIBLHON TUIIOKCUH ¥ CTaGBIN OTBET HOBOPOIK-
JICHHOTO Ha IIPOBOJMMbIE IIePBUYHbIE peaHNMAaIlMOH-
Hble MEPOIIPUATHS.

JlmiTenbHO cOXpaHAaIoNascs r’UIIOKCEeMUS BbI3bI-
BaeT Pa3BUTHE OCJIOKHEHUH, B UCCIe/yeMOI IpyIiiie
y 83,3% HOBOPOXK/IEHHBIX PA3BUJINChH HATIPSIKEHHBII
ITHEBMOTOPAKC U JIETOYHOE KPOBOTEUEHHE.

[IpoBognMoOe JledeHe He crioco6CTBOBATIO HOP-
MaJIM3aIMy HapyIeHnii MeTaboJn3Ma M ra3oBOro
cocTaBa KPOBH, Y HOBOPOXK/IEHHBIX COXPAHAIUCH allH-
1103, TUIIEPJAKTATeMUs, TUIIOKCEMMUS, UTO IIPUBEJIO K
Pa3BUTHUIO IOJMOPTaHHOM HEJOCTATOYHOCTH U JIeTaJIb-
HOMY UCXOJLY.

AHaym3 OCHOBHBIX IIPUYUH JIETAJIbHBIX HUCXO/I0B
y TIybOKO HEOHOUMIEHHBIX HOBOPOKICHHBIX MOKA3A

compensated combined metabolic acidosis, hypoxemia).
Resuscitation did not have the expected effect, the sec-
ond Apgar scoring remained low, which confirms the
severity of the perinatal hypoxia and a weak response of
the newborn to the primary resuscitation.

Long-term persisting hypoxemia causes the de-
velopment of complications; in the study group, 83.3%
of newborns developed pressure pneumothorax and
pulmonary bleeding.

The treatment did not contribute to the normal-
ization of metabolic disorders and blood gas composi-
tion; acidosis, hyperlactemia, and hypoxemia persisted
in newborns, which led to the development of multiple
organ failure and death.

Analysis of the main causes of death in small pre-
mature newborns showed (fig. 1, @), that congenital in-
fections of different localization are the leading cause:
congenital pneumonia (CP) and generalized infections
(CGI) account for 52% of deaths; the RDS accounts
for 22% of deaths, intraventricular hemorrhages (CTH)
for 17% and severe asphyxia for 9% of cases. Thus, con-
genital infections are the dominant diseases in small
premature newborns which are clinically manifested
at birth by severe perinatal hypoxia and RE.

Histological examination demonstrated that the
morphological structure of the lungs was preserved,
and immaturity of the lung tissue corresponds to the
gestational age. In the case of CP, the morphological
presentation was polymorphic, which characterizes
the severity of lung damage: in a number of the new-
borns, accumulation of exudates and fibrin, segmented
leukocytes (fig. 2, a), fragments of basophilic coccal
microflora and a large number of colony forming
bacilli, desquamated alveolocytes with a deformed nu-
cleus, karyorrhexis, granular cytoplasm, and frag-
mented and whole red blood cells, and hemosiderin
grain were visualized in the deformed lumen of the
alveoli and bronchi. The wall of the bronchioles in
most cases was destroyed; there were optically dense
exudate, a large number of segmented leukocytes, and
elements of the desquamated bronchiolar epithelium
in the remaining gaps of terminal bronchioles. In peri-
bronchial areas and interalveolar septa, edema and
sparse mixed cellular infiltration were found: seg-
mented leukocytes, macrophages or lymphocytes.
Edema and plethora of pleural vessels were found.

Diffuse lymphoid-leukocyte infiltration in the
septa and respiratory parts of the lungs were typical
for other dead infants; lumpy or lamellar eosinophilic
hyaline membranes were found in alveoli. Diffuse,
focal or confluent segmentonuclear infiltration in var-
ious lung structures was combined with HM of vari-
ous localizations and sizes, i.e. the formation of HM
took place with underlying CP (fig. 2, b).

The congenital generalized infection is charac-
terized by myocardial lesions (myocarditis: interstitial
round-cell infiltration of the myocardium, edema and
fragmentation of myocardial fibers, disappearance of
their cross striation, perivascular round-cell clusters),
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Puc. 1. HoBoposkzieHHbIe: CTPYKTYpa JeTaabHocTH (a) u ocao:kHenuii (b).

Fig. 1 Newborns: structure of mortality (a) and complications (b).

Note. CP — congenital pneumonia; RDS — respiratory distress syndrome; IVH — intraventricular hemorrhage; CGI — congenital gener-
alized infection; AF — amniotic fluid; HM — hyaline membranes; DIC — disseminated intravascular coagulation.

IIpumeuanune. CP — Bposxkaennas nuesmonust; RDS — pecriuparopusiit auctpecc-cungpom (PAACH); IVH — BuyTpikenymoukoBbie Kpo-
Boussmsinus (BIKK); CGl — Bpoxaennas renepanusoBannas nndexuus (BIW); AF aspiration — acrmpannst OKOJIOIIOAHBIX BOJ;
HM+lung edema — ruanunosbie MemOpanbi+otek jerkux; DIC — JIBC-cuHapoM (IucceMUHUPOBAHHOE BHYTPUCOCYIUCTOE CBEPTHIBA-
nue); Pressure pneumothorax — nanpsik. mueBMortopaxc; Asphyxia — acurcust.

(puc. 1, a), uTo cpe/i TPUYWH CMEPTH HA TIEPBOM MECTE
HAXO/ISTCST BPOK/IEHHBbIE MHMEKIINN PA3INIHON JIOKa-
Jm3aryu: Bpoxaennas nmuesMonust (BID) u renepasm-
3oBanHble nHMeknnu (BI'M), ux gong B crpykrype
JIeTaTbHOCTH cocTaBiisieT 52%, Ha pouio PIICH npuxo-
IUTCsT 22% JIeTAThHBIX UCXOIO0B, BHYTPUKETYI0UKO-
Bbix kpoBomanustnuii (BJKK) — 17% wu Tsokenoit
acurcu — 9% ciaydaen. Takum 06pasoM, TOMUHNU-
pytonMu 3a60I€BaHUAMHE Y TIIYOOKO HEIOHOIEHHBIX
HOBOPOXK/IEHHBIX SIBJIIOTCST BPOXKIEHHBIE MH(MEKIINH,
KOTODbIE TIPU POKAEHUH KINHUYECKU TIPOSBIISIOTCST
TSKeJIoN epuHataabHou Tunokcueit u JIH.

[Ipu ruCTONIOTIYECKOM HCCIIeIOBAHUY BBISIBUIIH,
4TO MOP(OJIOTUIECKOE CTPOEHUE JIETKUX COXPAHEHO,
a HE3PeJIOCTh JIETOUHOI TKaHM COOTBETCTBYET CPOKY
recrauuu. IIpu BII mopdosornueckas kapruta Oblia
NOJUMODPQHOI, YTO XaPAKTEPUIYET TKECTH TIOBPEXK-
JeHUs JIETKUX: Y YaCTH HOBOPO’KIEHHBIX B IIPOCBETE
nehopMUPOBAHHBIX alTbBEOJ 1 OPOHXOB BU3YaIN3U-
POBaJIM CKOTIIICHUSI 9KCCyaTa U (pubpuHa, CerMeHTo-
SJIEPHBIX JTEUKOIUTOB (pUC. 2, @), hparMeHTbl KOKKO-
BOii 6a30huIbHOI (DIOPHI U GOJBIIOrO KOJMYECTBA
KOJIOHUEOOPA3YIONHMX MaT0UeK, CAYIEHHBIX aTbBeO-
JIOIINTOB € Ie(POPMUPOBAHHBIM SIIPOM, KAPUOPEKCHU-
COM, 3ePHUCTON IUTOTIIIA3MOM, a TakKe, (hparMeHTH-
pOBaHHbIE U IleJible  IPUTPOIMTHL,  3€pHa
remocuzieputa. Crerka GPOHXMOT B GONBITHHCTBE
carydaeB OblTa pa3pylieHa, B COXPaHUBIITIXCS TIPOCBE-
TaX TEPMUHATBHBIX OPOHXUOJ HAXOIAUIUCH OMTHYE-
CKWY TJIOTHBIN 9KCCY AT, GOJBINOE KOJMIECTBO CErMEH-

respiratory tract (bilateral macrofocal confluent pneu-
monia, purulent tracheitis, bronchitis). The study of
the brain demonstrated infiltration and hyperemia of
the membranes, perivascular lymphoid cuff clusters,
perivascular and pericellular edema, deposits of RBCs
and hemosiderin in the plexuses of the lateral ventri-
cles, leukocyte infiltration of the subependymal zone
(meningoencephalitis, ventriculitis). Round-cell infil-
tration around the glomeruli, thrombosis of glomeru-
lar capillaries, alteration of the tubular epithelium
(glomerulitis) were found in kidneys; alteration of he-
patocytes, lymphoid infiltration in the sinusoids, seg-
mentonuclear clusters erasing the structure of the
hepatic lobules (hepatitis, liver abscesses) were found
in the liver being a morphological substrate of multiple
organ failure.

Respiratory distress syndrome was characterized
by the presence of dystelectasis, pulmonary microcir-
culation disorders , the presence of eosinophilic lamel-
lar, lumpy, and fragmented HM of various
localizations (fig. 2, ¢). The alveoli were, in general,
poorly stretched, filled with edematous fluid, floccu-
lent mass, their wall was lined with fragmented HM.
There were focal deposits of red blood cells or exten-
sive confluent hemorrhages into interalveolar septa,
interlobular septa and visceral pleura.

Perinatal asphyxia and its complications in the
form of intraventricular hemorrhage are the cause of
adverse outcomes in the early neonatal period. Severe
perinatal hypoxia causes irreversible damage to the
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TOSIZIEPHBIX JICHKOIINTOB, 3JIEMEHTHI CJIYIIEHHOrO
GPOHXHMOIAPHOTO nUTeNusA. B nepubpoHxuaibHbIX
YUaCTKaX M ME)KaJIbBEOJSIPHBIX CENTAaX BBISBIISIN
OTEeK, CKYAHYIO CMEIIAHHOKJETOUHYIO WH(UIbTPaA-
I[UI0: CErMEHTOsIIePHbIE JIEUKOIUTBI, MAaKpodaru uim
sumboruTsl. OTMeYanu 0TeK U IOJHOKPOBUE COCY-
JIOB TLJIEBPBI.

Jlist ipyrux TpynoB OBLIO XapaKTepHO HAJIUYUE
g dysHoit TMMPONIHO-IEeHKOIUTAPHON UH(MUITBT-
palyy B MEPEropojikax U PecrupaTopHbIX OTIeIax
JIETKHUX, B aJIbBE0OJIAX PETUCTPUPOBAIU KOMKOBATHIE
WU TJIACTUHYAThIE J03UHOMDUIbHBIE THATIHOBbIE
meMOpanbL. JuddysHas, ogarosas UK CJAUBHAS Cer-
MEHTOsIIepHast MHMUIBTPALUS B PA3JIUYHBIX CTPYK-
Typax Jierkux couerasach ¢ ['M pazinyHoli JioKaIu-
3anunu, pasMepoB, T. e. Ha ¢oHe TeueHus BII
npoucxoauio popmuposanue I'M (puc. 2, b).

Bposkzennasi renepanu3oBaHHAs WHGMEKIIHS
XapaKTepHU3yeTcs MOpakeHneM MHOKapaa (MHOKap-
JUT: MESKYTOUHAST KPYTJIOKI€TOYHAS WH(MUIIBTPALIUS
MUOKap/a, OTeK U (pparMeHTaIus MUOKapAOBOJIO-
KOH, UCYE3HOBEHNE UX MOTIEPEYHOI NCUEPUYEHHOCTH,
NEePUBACKYJIIPHbIE KPYTJIOKIETOUYHbIE CKOTLIEHUST ),
IBIXaTeIbHBIX IIyTell (IBYCTOPOHHISI KPYIIHOOYAro-
Bas CJMBHAS TTHEBMOHUs, THOWHBIN Tpaxeut, GpoH-
xurt). [Ipu nccsenoBaHy roJIOBHOrO MO3Ta BBISIBJISLIIN
UHMGUIBTPAIMIO W TIOJHOKPOBUE 060JI0YEK, TIEPUBAC-
KyJspHble aumbonatbie MyhToobpasHbie CKOILIE-
HUSI, TIEPUBACKYJISIPHBIN U [TEPULIEJITIOJISIPHBII OTEXK,
CKOILJIEHMSI 9PUTPOIIUTOB ¥ TEMOCUIEPUHA B CILIeTe-
HUSAX  OOKOBBIX  JKEJNYIOYKOB, JICHKOIMTAPHYIO
UHGUIBTPALUIO CYyOoIeHIMMaIbHOI 30Hbl (MEHUH-
rosutiea uT, BEHTPUKYJIUT). B IOUKax — KpyrJoKJe-
TOYHYIO HHPUIBTPAIINIO BOKPYT KIyHOUKOB, TPOMGO3
KJIyOOUKOBBIX KATUJIJISIPOB, AJIETEPAIIUI0 KAHAIBIIEBO-
ro sruTeNus (TJIOMEPYJIUT); B lIeYeHN — aJIbTEPAIIIO
renaToIuToB, TUMMOONIHYIO HHPUIBTPAIIIO B CHHY-
COU/IaX, CErMEHTOsI/IepPHbIe CKOILIEHUSI, CTUPAIOIIIE
CTPYKTYDPY TIE€UEHOUHBIX J0JIeK (rernaTut, abCIecchl
[IEYEHN ), UTO ABJISIOCH MOPHOJOTHUECKUM cyHeTpa-
TOM IIOJIMOPTAHHON HEZOCTATOUHOCTH.

PecnipaTopHblil AUCTPECC-CUHIPOM XapaKTepH-
30BAJICST HATTMYIEM JINCTEIEKTA30B, PACCTPOICTB MUK-
POIUPKYJIAIIH B JIETKUX, HATUYUEM D03MHO(PUIBHBIX
NJIACTUHYATHIX, KOMKOBATBIX, (hpAarMEeHTUPOBAHHBIX
I'M paznuunoit nokanuzaiuu (puc. 2, ¢). AibBeoJbl
GOJIBIIEH YACThIO OBIIN TJIOXO PACTIPABJICHDI, 3ATI0JI-
HEHbI OTEYHOM KUAKOCTHIO, XJIOIbEBUAHON MACCOH,
UX cTeHKa BbicTyiana pparmenTapubivu ' M. Umennch
0YaroBble IPUTPOIUTAPHBIE CKOTICHUS WU OOIIU]-
HbIE CIUBAIOIINECS MEKLY COOON KPOBOUSIIMSHIS B
MeKaJIbBEOJISIDHBIE TI€PETOPOJKU, MEXKI0JIbKOBBIE
CEIThI ¥ B BUCILIEPATBHYIO TLIEBPY.

Achukcus B pomax ¥ BHYTPUIKETYI0UYKOBbIE
KPOBOU3JIUSIHUS, KAK €€ OCJI0KHEHUE, IBJISIIOTCSI IPH-
YUHON HEBJIATONPUATHBIX UCXO/0B B PAHHEM HEOHa-
TaJgpHOM mepuoje. Tskenas nmepuHaTadbHas THIIO-
KCHsI  BbI3bIBAET HeOOpaTUMBIE — MOBPEKACHUS
rosioBHoro u crnuuuoro mosra: BJKK IV crenenn c

5 N R ST

Puc. 2. Mopdoioruyeckas: KapTHHA IIOBPEKACHUS JTETKUX NPU
BPO>K/IEHHOI THEBMOHUH Y HE[OHOLIEHHOTO HOBOPO3K/AEHHOTO.
Fig. 2. Morphological presentation of a lung injury in congenital
pneumonia in a premature newborn.

Note. a — diffuse-focal infiltration of interalveolar septa, alveoli
are filled with segmented leukocytes, alveolar macrophages, x1000.
b, ¢ — hyaline membranes, x1000 and x400 respectively. Haema-
toxylin-eosin staining.

IIpumevanue. a — nuddysno-oyaroBass NHOUIBTPAIISI MeEXK-
AJIbBEOJISIPHBIX IIEPETOPOJIOK, ATBBEOJIBI 3AITOTHEHBI CETMEHTOSIIEP-
HBIMH  JICHKOIIMUTAMHU,  QJbBEOJIIPHBIMU  Makpodaramu.
OxparnBanie reMaToOKCHINH-2031HOM, YB.1000. b, ¢ — ruanumo-
Bbie MemOpanbl, yB. 1000 u 400, cootsercTBeHHO. OKpammBaHue
reMaTOKCUINH-903UHOM.
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reMOTaMIIOHAIOM, TPOPBIBOM KPOBU B MO33KEUKOBO-
JIYKOBUYHYIO IIUCTEPHY, CyOLyPpaTbHOE IPOCTPAHCTBO
U KaHaJl CIMHHOTO MO3Ta; CIOCOOCTBYET UIIIEMUYECKO-
MY [TOBPEKAEHUIO HE3PEJIbIX JIErKUX, POPMUPOBAHUIO
OYATOBBIX IUCTEIEKTA30B, GYJLIE3HOI HM(DU3EMBI JIeT-
KX ¥ HalpsoKEHHOMY ITHEBMOTODPAKCY, a TaKiKe
HOSIBJIEHUIO pacnpocTpaneHubix 'M.

CrpyKTypa ocI0:KHEeHuUIT IpejicTaBeHa Ha puc. 1,
b. BposkieHHYIO TTHEBMOHUIO, KAK OCJIOKHEHIE OCHOB-
Horo 3abosieBanusi, peructpupoBaiu B 18% ciyuaes,
4TO OBLIO OOYCIOBIEHO OOBEKTUBHBIMU CJOKHOCTSMI
muddepentinanpaoil quarnoctuku Bl ¢ apyrumun
3a60JI€BAHISIMY JIETKHX.

HebaaronpusaTHbiM (hOHOM JIJIsi Pa3BUTUST THEB-
monuu u PICH saBiisercs neonatanabHas acuparus
OKOJIOTLIOJTHBIX BOJl, KOTOPYIO OT™Mevasu y 26% neTeit.
ITO OCJIOKHEHME SIBJISIETCS TUCTOJOIMYECKOM HAXOJI-
KOI1 1 XapaKTepPH3YyeTCsl HATMYNEM B TIPOCBETE ATbBEOT
(bparMeHTOB yelryeK OKOJIOIJIOAHBIX BOJI, MEKOHIAJIb-
HbIX Tesel. Hammuue Mukpoacnupanuu ycyryoser
Teuenne BpoxkaenHoi maesmonnu u PIICH.

Hanpsxennsrit nHeBMoTopakc u JIBC-cunapom
(;1erouHoe, JKeyy0YHOE KPOBOTEUEHUE) SIBIISIOTCS
nanboJiee yactoimu ocaoxkuenuamu BIT u PIICH. Nx
pasBuTHE 06YCIOBIEHO COXPAHAIONIEHCS TUTOKCEMMU-
eil. CpOKM MX IOSIBJIEHUST PA3JIUYHBI U 3aBUCST OT
JUTATEIBHOCTHU U BBIPAKEHHOCTHU IMIIOKCEMUU.

V3BecTHO, UTO HACTYILJIEHUE TIPEKIEBPEMEHHBIX
pozoB Hanbosiee YacTo 00YCAOBIEHO BHYTPUMATOY-
HBIM BOCITAJIITEIbHBIM IIPOIIECCOM ¥ PA3BUTHEM BHYT-
puyTpobHoil nndexuuu y mwioga [8, 9, 20], ogHako,
OCHOBHAsI COBPEMEHHAs CTPATErysl BeJIeHUsT HEJOHO-
IIEHHBIX HOBOPOXK/IEHHBIX HANPABJIEHA HA TPOPUIAK-
tuky P/ICH c nmomoripio 3amMecTuTeNIbHON Tepanuu
Kypocypdom 6e3 yuera BBICOKOTO pricka passutust BII.
[TpakTudeckn BceM HOBOPOXKIEHHBIM IIPU POKIEHUN
BBOJIUJIN KypOCypP®, O/IHAKO, TOKA3aTeH Ta3000MeHa
1 MeTaboJIM3Ma OCTABAIMCH HEYIOBJIETBOPUTETbHbI-
MU, COXPAHSIINCh MeTaOOJMUECKHIl JTAKTAT-aI1/I03,
BBICOKAsI KUCJIOPOHAST 3aBUCHMOCTb U THIIOKCEMIL,
4TO, TI0 MHEHUIO KJIMHUIIUCTOB, OBLIO TIOKA3aHUEM LISt
MOBTOPHOTO BBefieHus1 Kypocypda. Kak mnokazamnm
pe3yJsibraThl MOPGhOJIOTUYECKOTO HUCCIEI0BAHUS, Y
93,5% neteit chopmuposasuck I'M, T. e. BBezieH e TIpe-
mapara B IlepBble MUHYTBI JKU3HU Ha (pOHE TIyOOKIX
NEePUHATAIBHBIX HApPYIIEHWI KUCJIOTHO-OCHOBHOTO
COCTOSTHUS U THUIIOKCUU IBJIsIETCST HedhDeKTUBHBIM.
Taxum o6paszoM, HarboJiee 4acTo y TIyOGOKO HEeAOHO-
IIEHHBIX HOBOPOJKIEHHBIX B JIETKUX HA (DOHE TeYEeHUsT
ocrtporo riepuoja BII, popmupytorcsa I'M paznnanoii
JIOKQJIN3AIIH, HECMOTPsI HA TTPOPUIAKTUIECKOE BBE-
nenue Kypocypda.

[IpesxeBpemMenHble POBI ACCOIMUPOBAHBI C
Pas/INYHBIMU BOCHATUTETHHBIMU H3MEHEHUSIMU B
IJTalleHTe U Pa3BUTUEM, B IEPBYIO OYEPElb, BHYTPH-
yTPOOHO#T nH(bEKIIH y HEJOHOMEHHBIX HOBOPOSK/IEH-
HbIX [8, 9, 20]. XapakTepHbIM ITPOSBIEHUEM BPOXK/IEH-
HbIX nHpeKmi y HoBopoxaeHHbix ¢ IHMT u ouenp
HU3KOII Maccoil Tejia B 1iepBble 72 yaca MOCTHATAIb-

brain and spinal cord: IV degree IVH with hemotam-
ponade, breakthrough of blood in the cerebellar-bul-
bous cistern, the subdural space and the canal of the
spinal cord; contributes to ischemic damage of the im-
mature lungs, formation of focal dystelectases, bullous
emphysema of the lungs and pressure pneumothorax,
as well as the development of expanded HM.

The structure of the complications is shown in
fig. 1, b. Congenital pneumonia as a complication of
the underlying disease was registered in 18% of cases,
which was due to objective difficulties of differential
diagnosis of CP with other lung diseases.

Neonatal aspiration of amniotic fluid, which was
observed in 26% of infants, is an unfavorable back-
ground for the development of pneumonia and RDS.
This complication is a histological finding and is char-
acterized by the presence of fragments of amniotic
fluid lamellae and meconium corpuscules in the lumen
of the alveoli. The presence of microaspiration wors-
ens the course of congenital pneumonia and RDS.

Pressure pneumothorax and DIC syndrome
(pulmonary, gastric bleeding) are the most common
complications of CP and RDS. Their development is
due to the persistent hypoxemia. The time of their dif-
fers and depends on the duration and severity of hy-
poxemia.

It is known that the onset of preterm labor is
most often caused by the intrauterine inflammation
and the development of intrauterine infection in the
fetus [8, 9, 20]; however, the main modern strategy for
the management of premature infants is aimed at pre-
venting RDS by means of replacement therapy with
curosurf without taking into account the high risk of
CP. Almost all newborns administered curosurf at
birth, however; the indicators of gas exchange and me-
tabolism remained unsatisfactory; metabolic lactate
acidosis, high oxygen dependence and hypoxemia per-
sisted, which, according to clinicians, was an indication
for the re-administration of curosurf. Morphological
study findings demonstrated that 93.5% of the chil-
dren presented HM, i.e. administration of the drug in
the first minutes of life with underlying severe perina-
tal disorders of the acid-base status and hypoxia is in-
effective. Therefore, most often, in the lungs of small
premature newborns, on the background of acute CP,
HM of various location are formed despite prophylac-
tic administration of Curosurf.

Premature birth is associated with various in-
flammatory changes in the placenta and the develop-
ment, primarily, of an intrauterine infection in
premature infants [8, 9, 20]. RF with a rapid develop-
ment of multiple organ failure, hemodynamic disor-
ders accompanied by persistent changes in the
acid-base state and hyperglycemia is a characteristic
manifestation of congenital infections in newborns
with ELBW and very low body weight within the first
72 hours of postnatal life [18, 21, 22.] Clinically, severe
RF, hypoxemia and severe disorders of the acid-base
state of the blood, are hyperlactatemia are determined
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HOU kusuu sipisiercst [TH ¢ ObicTpbIM pa3BUTHEM
HOJIMOPTaHHOI HEZOCTATOYHOCTH, FEMOINHAMUYECKH -
MU HapyIIEHUSIMU, COITPOBOKIAIONINECS CTONKIMMU
U3MEHEHUSIMH KUCJIOTHO-OCHOBHOTO COCTOSIHUSI U
runepriavkemueii [18, 21, 22.]. Knunuuecku 1mpu posk-
JIeHUW Y HeJIOHOIIIEHHBIX HOBOPOJK/IEHHBIX C BPOJK/IEH-
HOI MHeBMOHUel orpezessgercs Tsokenas IH, rumok-
cemMust U TIyOOKKE HAPYIIEHUS KUCJIOTHO-OCHOBHOTO
COCTOSIHVSI KPOBH, TuniepsakraTemus. [laTodusmomo-
rust WHMEKITMOHHBIX 3a00JIeBaHIIl JIETKUX Y HEIOHO-
IIEHHBIX HOBOPOXK/IEHHBIX SIBJISIETCST CIOYKHBIM TIPOIIEC-
COM, M MOKET BKJIIOYAThH BJUSIHUE MEPUHATAIBHOTO
BOCIIAJIEHMS B IJ1arienTe Ha Mopgorenes jierkux [8, 10].
Achukcus mioga B COYETAHUM C BPOXKIEHHBIMU
UH(PEKIIMOHHBIME 3200I€BAHUSIMU JIETKUX TIPUHIU-
MUAJIbHO U3MeHseT (PU3NOJIOTHIO TEPEX0/a K ITIOCTHA-
TAJIBHON KU3HU U TPeOYeT UHMBULYATLHOTO MOX0-
1a K PeIIeHnio IpobiieM HOBOPOKAEeHHOTo [23].

[Ipu poskeHnH TIyGOKO HEAIOHOMIEHHOTO peGeH-
Ka HeOOXOAMMO TIOHUMATh MEXaHU3M HACTYILICHUS
IpeKIEeBPEMEHHBIX POJIOB, YUUTHIBATD, B IEPBYIO OUe-
pellb, HAJIMYKE AHTEHATAIBHOM THEBMOHUY [IPH COOT-
BETCTBYIONIEH KIMHUYECKOI KapTUHE 1 JTaGOPaTOPHbIX
MOKAa3aTeJIsIX Ta30BOT0O COCTaBA U KUCIOTHO-OCHOBHOTO
coctosinun KpoBu. CBOEBpeMeHHAas HOPMAaJIU3AIUST
JKM3HEHHO BasKHBIX MOKas3aTesell y TiyboKo HejoHO-
IIEHHOTO PeGeHKa € BPOKICHHON THEBMOHUEH SIBJISICT-
Cs1 OCHOBOIIOJIATAIONIEl 1 TIPHBOIUT K CHIDKEHUIO HEO-
HATAJIbHBIX OCJIOKHEHUN U JIeTaIbHOCTH [24].

3akiaoyeHue

Oyenb paHHUe TPEXKAEBPEMEHHbBIE POJIBI ACCO-
[IUUPOBAHBI C PA3BUTHEM BHYTPUYTPOGHON THEBMOHU
U TeHePATM30BaHHON MHMEKIUN Y rIyGoKo HeOHO-
IIEHHBIX HOBOPOK/ICHHBIX. PAaHHUME KJIMHUKO-1200-
PaTOPHBIMU MTPU3HAKAMU BHYTPUYTPOGHOTO MOBPESK-
JIeHUS JIeTKUX MHPEKIMOHHOTO XapaKTepa SBJSIOTCS
TdKesas TiepuHATaIbHAs THUIIOKCHUS, OYeHb HU3Kas
OlleHKa 10 TKase Anrap u mabopatopHble KPUTEPUU
(TUTIOKCEMUST U JIEKOMITEHCHPOBAHHbII MeTabosnye-
CKUII JIAKTAT-aI[1/I03), PE3UCTEHTHDIEC K CTAaHAAPTHLIM
peaHUMAIMOHHBIM MeponpudaTisaM. CoxXpaHsAonmecs
B TIEPBbIE YaCbl TOCTHATAIBHOM JKU3HU TUITOKCEMUS U
JEKOMITEHCUPOBAHHBIN METabONMYECKUI alluI03 CBU-
NETETHCTBYIOT O TSKECTH BHYTPUYTPOOHOTO MTOBPEXK-
JIEHUST JIETKUX U TPeOYIOT OBICTPOIl CMEHbI JIEUEHMS],
HAIPABJIEHHOTO HA HOPMAJIU3AIUIO (DYHKITUU JIETKUX,
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in premature infants with congenital pneumonia at
birth. The pathophysiology of infectious pulmonary
diseases in premature infants is a complex process and
may include the effect of perinatal inflammation in the
placenta on lung morphogenesis [8, 10]. Asphyxia of
the fetus in combination with congenital infectious
diseases of the lungs fundamentally changes the phys-
iology of the transition to postnatal life and requires
an individual approach to solving the problems of the
newborn [23].

At the birth of a small premature infant, it is nec-
essary to understand the mechanism of premature birth,
take into account, first of all, the presence of antenatal
pneumonia with a corresponding clinical presentation
and laboratory parameters of the gas composition and
acid-base blood status. Timely normalization of vital
signs in a small premature infant with congenital pneu-
monia is essential and leads to a decrease in neonatal
complications and mortality rates [24].

Conclusion

Very early preterm delivery is associated with in-
trauterine pneumonia and systemic infection in ex-
tremely premature infants. Early clinical and
laboratory signs of intrauterine infectious lung include
severe perinatal hypoxia, very low Apgar score and
laboratory test findings (hypoxaemia and decompen-
sated metabolic lactate acidosis) that are resistant to
standard resuscitation measures. Hypoxemia and de-
compensated metabolic acidosis persisting during the
first hours of postnatal life indicate the severity of in-
trauterine lung damage and require a rapid change of
treatment aimed at normalization of lung function,
prevention of complications in the respiratory system,
hemostasis and central nervous system. Clinicians
should know about the features of early postnatal
adaptation of extremely premature infants with con-
genital pneumonia and provide appropriate treatment.

HPOMUIAKTHKY OCJ0KHEHUHA CO CTOPOHBI JbIXaTe b=
HBIX ITyTel, TeMOCTa3a U IIeHTPaJIbHON HEPBHOM CUCTe-
Mbl. KJIMHUIMCTBI TOJZKHBI 3HATH 00 0COOEHHOCTIX
pamHeil II0CTHATAIBHON afanTaluy rIyOOKO HeLOHO-
IIEHHOTO pebeHKa ¢ BPOKIEHHON ITHEBMOHKEN 1 00ec-
[EYHUTh COOTBETCTBYIOIIEE JICYCHHE.
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KleTVL‘{eCKVIe COCTOAHUS B IEAMATPUN

Kaunnnueckoe Ha0OoeHne cencuca y pedenka
¢ MHOPO/IHBIMY MAarHUTHBIMH TeJIAMU

P. B. bouapos

Bosbnuia ckopoit MeUIITHCKON moMotin Ne2,
Poccus, 634021, 1. Tomek, yii. Komresoro, 1. 72

Sepsis in a Child with Foreign Magnetic Bodies: Clinical Case
Roman V. Bocharov

Emergency Medical Care Hospital No. 2,
72 Koshevogo Str., Tomsk 634021, Russia

ITean pa6orel. OnrcaTh KIMHIYECKOe HaGIoIeHNe cencrca y peGeHKa B PE3yJIbraTe CIyYaiiHOTo TepopaIbHOTO
IIpreMa MarHUTHBIX TeJL.

Marepuassl 1 MeTO/Ibl. AHATTN3WPOBATI MEIUIIMHCKYIO KapTy JiedeHns naruenTa 3 jeT. [Ipn ero moctyniennn
BBISIBJIEHA KJIIMHUKA Pa3JIMTOTO THOMHOTO epuToHnTa. [[MariocTuKy cerncuca npoBo/IUIN COTJIACHO BO3PACTHO-CIIe-
pUIECKUM KPUTEPUSAM, TaOOPATOPHBIM JAHHBIM, JI0Ka3aTEIbCTBY HAIMYKsT MH(MEKIIUY U OPraHHON ANCHYHKIIUM.

Pesyasratel. Bo Bpems omepanui 06HAPYKIIN PA3IUTON KAJOBBIN TEPUTOHUT, TPUIUHON KOTOPOTO CTAH 9
HEOTI03HAHHBIX MAaTrHUTHBIX MHOPO/IHBIX TeJI, Hal/IEHHBIX B TIPOCBeTe KUIevHnKa. [locaeonepanmonsslii mepuos
HMeJI TSIKEJIOe TeYeHNe ¢ Pa3BUTHEM MTOJIMOPTaHHON IUChYHKITI: KapAHUOBACKYISPHON, peCINPATOPHON, KUAIIIeY-

HOI1.

3akmouenne. Y feTei MIaIIero Bo3pacTa MNHOPOIHbIE MArHUTHBIE TeJla MOTYT MMPUBO/INTD K MOBPEXKIEHNUIO 11e-

JIOCTHOCTH JKEJTYTOYHO-KUIIIEYHOTO TPaKTa.

Knroueswte cnosa: aemu; MazHUumHvle uHOpOaHble meJa; KUUleYHUK, cencuc

The purpose of the study. To describe a clinical case of sepsis in a child due to accidental ingestion of magnetic

objects.

Materials and methods. Medical records of a 3-year-old patient were analyzed. Clinical presentation of diffuse
purulent peritonitis was found at admission. Sepsis was diagnosed according to age-specific criteria, laboratory test

findings, evidence of infection and organ dysfunction.

Results. During the surgery, diffuse fecal peritonitis was found, which had been caused by 9 unidentified mag-
netic foreign objects found in the intestinal lumen. The postoperative period had a severe course accompanied by
developing cardiovascular, respiratory, and intestinal multiple organ failure..

Conclusion. In young children, foreign magnetic bodies can damage the gastrointestinal tract.

Keywords: children; magnetic foreign bodies; intestines; sepsis
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BBenenne

Jletu, perMyIecTBEHHO MJIA/IIIETO0 BO3PACTA,
YACTO MPOTIATHIBAIOT CYYAHBIM 00PA30M PA3TUYHBIE
TIPE/IMETDI, KOTOPbIE CTAHOBATCA MHOPOHBIMU TEJIaMN
JKETYZI0UHO-KHUIIeYHOTo TpakTa [1—4]. 3a mocientee
15 et yBesmuuiics yaeabHbIN BEC CIydaes, KOT/a B
KadyeCTBe MHOPOJHBIX TEJI q)I/II'ypI/IpyIOT MeTaJlJIn4e-
CKHeE IIpeIMEThI, O6HaﬂaIOH_II/Ie MarHUTHBIMU ITOJIAMN
Pa3IMIHON HHTEHCUBHOCTH, TIPEACTABIISIONITE COOOTT
3JIEMEHTHI IETCKIX UTPYIIeK M KOHCTPYKTOPoB [3—9],
1 OTHOCANIHECA K (bH3I/I‘{€CKI/I AKTUBHBIM MHOPO/ITHBIM
tesaMm [ 1, 2]. IIporiouenHbIe MATHUTHBIE TEJIA B KOJIHU-
YecTBe IBYX 1 GOJIee TIPOIBUTAIOTCS TI0 OT/IETTAM JKeTy-

Introduction

Children, mostly young children, often swallow
accidentally various objects comprizing the foreign
bodies of the gastrointestinal tract [1—4]. Over the
last 15 years, the number of cases with foreign bodies
representing metal objects with magnetic fields of dif-
ferent intensity including the physically active ele-
ments of children's toys and toy construction sets, has
increased [3—10]. Two or more swallowed magnetic
objects move along the gastrointestinal tract at differ-
ent speeds, and actively interact with each other [5, 6,
8, 13]. After an indefinite period of time, objects cause
damage to the intestinal wall and nonspecific symp-
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JOYHO-KUIIIEYHOTO TPAKTa C PA3HOIl CKOPOCTHIO, U
AKTUBHO B3aUMOZENCTBYIOT Mexkay coboii [5, 7, 12].
[lannas cutyanus depe3 HeOIpPeleJeHHOe BpeMs
BbI3bIBAET TOBPEKIEHNE CTEHKU KHUIIEYHUKA C BO3-
HUKHOBEHHEM Heclelu(uuecKux CHUMITOMOB, B
pe3yJibTaTe Yyero IMPOUCXO/IST PA3IIMTIHOTO POJIA OCIOK-
HeHus: nepdopaius KUIeYHON CTEHKU, HEITPOXOIH-
MOCTb KUIIIEYHUKA, KDOBOTEUEHIE, KUIIIEYHbIE CBUIIIN
u coyctbs, mepuronut [1—5,7, 8, 10—12].

[Tesb paboTHl — OTUCATh KIUHUYECKOE HAbJIIO-
nenue cerncuca y pebeHKa B pe3yJibrare CaydaitHoro
[epOPaIbHOTO IIPHeMa MAaTHUTHBIX TeJL.

MaTepI/IaJI U METO/1bl

ITpoBesn aHaIM3 MEAUTTTHCKON KapThl Ne752 (chopma
Ne003/y) 6ombHOTO T., 3-X JIET, 2-X MECSITIEB, KOTOPHIIT MOJTY-
YaJI JiedeHne B OT/IEIEHIH aHECTE3WOJIOTUN W PeaHNMAIH
(OAuP) OTAY 3 «bBosbauta ckopoit MeAnTINHCKON TTOMOTITH
Ne 2 » ¢ 05.02.2013 o 25.02.2013. V13 anamHe3a U3BeCTHO,
urto peberok Havas Gosers 01.02.2013: nepuognuecku Bos-
HUKam 60U B JKUBOTE, THTIEpTepMust 110 37,5°C, AByKpaT-
HBI JKMAKUI CTYJI, MHOTOKPATHAs PBOTA. YUYaCTKOBBIM
MeIMaTpPOM 3aI0/[03PEHa TTHEBMOHNSI, Ha3HAYeHa TIPOTHBO-
BocnamTesbHas repanus. 05.02.2013 6oy B KuUBOTE yCHIIN-
JINCh, B IOPSI/IKE OKA3aHMs CKOPOIT MEIUIIMHCKON TTOMOIITH
pebeHok rocruransnposan B cranmonap. Makt npuema pe-
GEHKOM BHYTPb MATHUTHBIX HHOPOAHBIX OOBEKTOB OCTAJICS
HEW3BECTHBIM. [IpM IOCTYIUIEHNM COCTOSTHHE TSIKEJOe,
JKMBOT BBIIIE YPOBHsI peOEPHBIX /YT, B aKT€ J[BIXaHUS yJa-
CTBYET MOBEPXHOCTHO, BBIPAKEHHAs GOIE3HEHHOCTD BO BCEX
orenax. [lepersist GpionHast CTEHKA IUIIEPEMIPOBAHA, BbI-
PaKeH COCYMCTBIN PUCYHOK, KOHTYPHUPYIOTCS ETJIH KHITIey-
nuka. [lepuroHeasbHble CAMIITOMBI PA3IPAKEHUS OPIOTIIHBI
MOJIOKUTEbHBIE. YIETPa3ByKOBOE HCCIeI0BaHIe OPIONTHOI
TOJTOCTH: TPUSHAKH PA3JINTOTO IEPUTOHITA, YePBE0OPA3HBII
OTPOCTOK He BU3yaJIm3upyercs. KosiernaipHoe peleHue:
TevyeHwe alleHNINTA, OCTIOKHEHHOTO Pa3JINThIM TIEPUTOHU-
TOM, TIOKa3aHO TIPOBeJIEHNE TTPEIOTIEPAIIIOHHOI TIOJTOTOBKH
B TeueHne 2—3-X 4acoB M MOCJIEYIOIIee OllepaTHBHOE Jieue-
He (CpeMHHAs JIAapOTOMIS ).

CocTrosiHIe MAIMeHTa OIIEHUBAJIN 110 TEKYIINM JIaH-
HbIM TIpUKpoBaTHOTO MoHUTOpa MEC-1000 («Mandray»,
Kwurait): repmomerpus (T, °C), HemHBa3MBHOE apTepuab-
noe paienne (HuAJl, mm pt. cr.), nyansc (I1,"), npixanue
(1,"), nemnBazuBHast okcureHarys (SpO,,%); mo novyaco-
BOMY TeMIty anypesa (MJl/Kr/4ac); 110 J1abopaTopHbIM JaH-
HBIM KJIMHUYECKUX AaHAJIM30B KPOBH, MOYH, TECTOB
KOAryJIOrPaMMbl, OMOXUMIU KPOBH. B imarsoctike octporo
pectimpatopHoro auctpecc-cunaapoma (OP/[C) ncmonb3o-
Basm bepmmackne nedwammm (2012) [13], ¢ yaetom dax-
TOPOB PUCKA PA3BUTHST U OCOOEHHOCTSIMU THATHOCTUKY Y
neteii [14—16]. Unentudnkanuio pa3BUTHS cercrca mpo-
BOJIUJIN COTJIACHO BO3PACTHO-CIENN(DUIECKUM TOPOTOBBIM
JMAarHOCTUYECKUM 3HAYEHWSIM ¥ KPUTEPHUSIM Pa3BUTHS CHH-
npoma cructeMHoil BocianmrtenbHoi peakiiuu (CCBP), no-
Ka3aTeJabCTBaM MH(MEKINH, MOATBEPKIAEHUSIM OPTaHHOI
MCHYHKIINN UCXOJS M3 OTYETOB MEK/YHAPOIHON KOHCEH-
CyCHOIl KOH(MEepeHIMN 10 IeNATPUIECKOMY CETICUCY
(IPSSC, 2005) m MeskayHapo/Hoit opranusarin «/[Brske-
HMe 3a BbIKUBaHue ipu cemnicuces (SSC, 2012) [17, 18]. [In-
HAMWKY 9HJIOT€HHOI MHTOKCUKAIIH OIIEHUBAJIN IO YUCITY
geiikonnto (LX10%), nefikonutapHoMy HHIEKCY MHTOKCH-
karuu (JIIN), comeprranmio majsoukosiiepHbIX HeUTpodn-

toms are developed that result in various complica-
tions: perforation of the intestinal wall, bowel obstruc-
tion, bleeding, intestinal fistulas and anastomosis, and
peritonitis [1—4, 6, 8,9, 11—13].

The purpose of the study: to describe a clinical
case of sepsis in a child due to accidental ingestion of
magnetic objects.

Materials and Methods

We analyzed medical card No.752 (form Ne003/y) of
patient T., 3 years and 2 months old, who received treatment
in the Intensive Care Unit (ICU) of Emergency hospital No.
2 from 05.02.2013 to 25.02.2013. We know from patient's
medical history that the child fell ill on 01.02.2013: period-
ically, there were abdominal pain, fever up to 37.5°C, liquid
stool (twice), and multiple vomiting. A district pediatrician
suspected pneumonia and prescribed an anti-inflammatory
therapy. On 05.02.2013, abdominal pain increased; in order
to provide emergency medical care, the child was hospital-
ized. The fact that the child swallowed magnetic foreign ob-
jects remained unknown. At admission, the condition was
grave, the abdomen was above the level of the rib arches,
breathing was superficial, and there was severe pain in all
parts. The anterior abdominal wall was hyperemic, the vas-
cular pattern was expressed, and intestinal loops were con-
toured. Peritoneal symptoms of irritation of peritoneum
were positive. Abdominal sonography: there were signs of
diffuse peritonitis, the appendix was not visualized. Collec-
tive decision: appendicitis complicated by diffuse peritonitis;
preoperative preparation for 2—3 hours and subsequent sur-
gical treatment (median laparotomy) were indicated.

The patient's condition was assessed based on current
findings from bedside monitor MES-1000 («Mindray»,
China): thermometry (T, °C), non-invasive blood pressure
(NIBP, mmHg), pulse (P, "), breathing (D, ), non-invasive
oxygenation (SpO,,%); hourly diuresis (ml/kg/hour); labo-
ratory test findings: complete blood count, urinalysis, coag-
ulogram tests, and blood chemistry test. The Berlin
Definition (2012) was used [14] in the diagnosis of acute res-
piratory distress syndrome (ARDS) taking into account risk
factors and diagnostic features in children [15—17]. Identi-
fication of sepsis development was carried out according to
age-specific threshold diagnostic values and evidence of in-
fection accompanied by SIRS development and organ dys-
function based on the reports of the International Pediatric
Sepsis Consensus Conference (IPSSC, 2005) and the criteria
described by Surviving Sepsis Campaign (SSC, 2012) [18,
19]. The dynamics of endogenous intoxication was followed
up based on the WBC count (LX107), leukocyte index of in-
toxication (LIT), the stab neutrophils count (%), the quanti-
tative level of C-reactive serum protein (CRP, mg/1), the
semi-quantitative test for determining the concentration of
procalcitonin (PCT, B-R-A-H-M-S PCT-Q, ng/ml).

Results and Discussion

The severity of the condition at admission was
manifested as follows: dry skin and mucous mem-
branes (exsicosis); tachypnea — 307!, tachycardia, 169!,
NIBP drop to 92/42 mm Hg (hypovolemia); «pale»
spot symptom for 4—5 seconds and lack of urination
(microcirculation disorders), reduction of SpO, to
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Puc. 1. MaruurHble HHOPO/IHbIE TeJIA B KOJIUYECTBE I NITYK.
Fig. 1. 9 magnetic objects.

soB (ITSH, %), kommuectBeHHOMY YpOBHIO C-PEakTHBHOTO
6enka ceiBopoTkd Kposu (CPB, Mr/im), mosyKkomndecTBeH-
HOMY TECTY OTIpeJleJIeHIsT KOHIIEHTPAIUU TPOKATBIIUTO-
nuna (IIKT, B-R-A-H-M-S PCT-Q, ur/mu).

Pe3yabrarsl 1 00Cy:KAeHHE

TsoKecTb COCTOSIHUS IIPU TOCTYILTIEHUH BBIPAXKa-
JIACH CJIEYIONINM 00Pa3OM: CYyXOCTb KOXKHBIX TIOKPO-
BOB U CJM3UCTHIX 000/1049€eK (9KCUKO3); TAXUIIHOD —
30, raxurapaust — 1691, cumkerne HuA/l mo 92/42
MM PT. CT. (THIIOBOJIEMUST); CUMIITOM <«BJIETHOTO>
mATHA 4—5 CEeKyHJ M OTCYTCTBUE MOYEOT/eseHuUs
(Hapy1eHe MUKPOIIMPKYJIAINN ), cHnkenne SpO, 110
92% npu dpaxiun Babixaemoro kuciopozaa (FiO,)
0,21; uncmao L — 16,3X10°, CPb — 198 mr/m u [IKT >
10 ar/man (CCBP). Ilocse 3-x yacoBoii mpesomnepa-
[IUOHHON TIOJATOTOBKM TIOKA3aTeNU YJIYUIIHINUCE:
HuA/l — 90/60 mwm pr. ct., Y1 — 261, HCC — 137,
T — 37,4°C, remn auypesa — 5,26 mii/kr/yac, SpO, —
95% mipu FiO, — 0,21. BoimosiHeHa oriepariust: CpeinH-
HAs1 JIATIAPOTOMUSI, YIaJleH e UHOPOHbIX TeJl KIIey-
HuKa (9 MarHUTHBIX ITAPUKOB), yIlIBaHue nepdopa-
[[UU TOIIe KUIITKU, Pe3eKIUs NIeOeKATbHOTOo yIJa,
9HTEPOIEKOCTOMMUSI, AMNEHDKTOMUSI, CAHALINS KU/ -
KOTO THOSI ¥ KaJia; IPEHUPOBAHUE OPIOIITHON TOTOCTH,
sganapoctomus (puc. 1).

[Toce oniepaiuu 1o BO3pacTHO-CrieU(pIIecKuM
[IOPOTOBBIM JIUATHOCTUYECKUM 3HAYEHUSIM M KPUTe-
pusim pazsutst CCBP (UCC > 140 Y/ = UBJI; T >
38,5°C; CA/ < 94 mm pr. ct., L > 15,5X10%), mabopa-
TopHbIM IaHHBIM (CPB — 198 mr/u, ITKT > 10 nr/mu,
[MAH — 33%), nepdopanunu BHYTPEHHETO OpraHa
(KMIIIEYHUK ), HAJIMYUIO THOMHOTO BBIIIOTA B OPIOLIHOMN
nosioct (JIokyc WH(MEKIMU) U Tape3a KUIIeuHNKa
(oprannas Auc@YHKIUS ) IUArHOCTUPOBAHO Pa3BUTHE
cericuca. Ilpusnaku, ykaspiBaioliue Ha pa3BUTHE
OPJIC, B TOM unCJie PEHTIeHOJIOTHYECKUE, OTCYTCTBO-
Basiu. MHrencuBHyIio Tepanuio ¢ 1-X cyToK ocyIiecTs-
JISLIIH TIO CJIEYIOIIMM HAITPABJIEHUSIM: PECITUPATOPHAS
MOJIJIePsKKa B TpUHyUTesibHoM peskume CMV (contin-
uous mandatory ventilation); KoppeKiusa BoIHO-2JIeK-
TPOJIMTHOIO COCTaBa, OeJKOBOro OGananca, (hakKToOpoB

92% with a fraction of inhaled oxygen (FiO,) of 0.21;
WBC count — 16.3x10% CRP — 198 mg/l and PCT
> 10 ng/ml (SIRS). The parameters improved after a
3-hour preoperative preparation: NIBP — 90/60
mmHg, RR — 26!, HR — 137!, T — 37.4°C, diuresis
rate — 5.26 ml/kg/h, SpO, — 95% with FiO, — 0.21.
The following surgery was performed: median laparo-
tomy, removal of foreign bodies of the intestine (9
magnetic balls), suturing of perforation of the je-
junum, resection of the ileocecal angle, enterocecos-
tomy, appendectomy, sanitation of liquid pus and feces;
drainage of the abdominal cavity, laparostomy (fig. 1).
After the surgery, sepsis was diagnosed based on
age-specific threshold diagnostic values and criteria for
the development of SIRS (HR > 140'; RR=MV; T >
38.5°C; SBP < 94 mm Hg, L > 15.5%10°), laboratory
data (CRP — 198 mg/1, PCT > 10 ng/ml, stab neu-
trophils — 33%), perforation of the internal organ (in-
testine), the presence of purulent effusion in the
abdominal cavity (infection locus) and intestinal pare-
sis (organ dysfunction). Signs indicating the develop-
ment of ARDS, including radiological ones, were
absent. The following types of the intensive therapy
were carried out starting from day 1: respiratory sup-
port in the CMV mode (continuous mandatory venti-
lation); correction of the water-electrolyte composition,
protein balance, blood coagulation factors and anemia;
multimodal analgesia and sedation; inotropic support
(dopamine 3 pg/kg/min); empirical antibacterial ther-
apy with a maximum activity spectrum (III generation
aminoglycoside, I1I generation cephalosporin, nitroim-
idazole); proton pump inhibitor; parenteral nutrition.
There was a deterioration in patient's state 12
hours after admission, against the background of the
therapy: hypotension, an increase in the number of
leukocytes and stab neutrophils, tachycardia to 200 min,
a decrease in tissue perfusion (hyperlactemia 3.7
mmol /1), a drop in PO,/FiO, with an increase in FiO,,
and retained PCT value of > 10 ng/ml. The condition
is regarded as a manifestation of septic shock with car-
diovascular and respiratory failure. Over the next 24
hours of intensive care, hemodynamic parameters sta-
bilized against the background of cardiotropic support
(dopamine 10 pg/kg/min), but high values of inflam-
matory reaction markers (WBC count, percentage of
stab neutrophils, concentrations of CRP and PCT).
Auscultation demonstrated crackling rales in both lung
fields. According to the sonography of pleural cavities,
traces of free liquid in the volume of up to 10 ml were
detected; the airiness of the lungs was preserved.
Echocardiography: the heart cavities are not dilated,
there is no hypertrophy of chambers, contractility
(global) of the right and left ventricles is satisfactory,
there is no fluid in the pericardium. Lung X-ray visual-
ized confluent focal shadows at the projection of the
upper lobes of the right and left lungs (fig. 2, a).
According to the Berlin definitions, the develop-
ment of the ARDS was established: X-ray demon-
strated bilateral infiltrates not caused by effusion and
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CBEPTHIBAHUSI KPOBU U AHEMUM; MYJBTUMOATBHOE
06e360JMBaHKE U CEIAINsT; MHOTPOITHAS MOJIEPKKA
(modamuH 3 MKT/KI/MUH ); SMIPHYECKast aHTHOAKTe-
PHAJIbHAS TEPAITUS C MAKCHMAIbHBIM CIIEKTPOM AKTUB-
noctu (amunorauko3du I11 nokonenust, nedamnocro-
pun III mokojeHus, HUTPOMMUAA30); UHTUOUTOD
[IPOTOHHO [TOMIIBI; TAPEHTEPATbHOE ITUTAHIIE.

Yepes 12 yacoB mnociie nocTytienus, Ha hoHe
[IPOBOAIMMOIl  Tepamuy, HACTYIUIO yXyIIIeHue
COCTOSIHUSI — apTepPUaJIbHAs TUIIOTEH3MsI, POCT YHCIIa
seiikoruto u [TAH, raxukapauu no 200 mun!, cHu-
skenve mnepdys3uu TKaHel (runepiakrtatemus 3,7
mmoub/a), nagenue PO,/FiO, ¢ ysesmuenuem FiO,,
coxpanenue 3uadenus [TKT > 10 ar/miu. Cocrosinue
paciieHeHO KaK IPOSIBIEHUE CEITHYECKOTO IIOKa C
KapAMOBACKYJISIPHOW U PeCIUPATOPHON HEOCTATOY-
HOCTBI0. B nocsieryionue 24 yaca MHTEHCUBHON Tepa-
K TeMOJIMHAMUYECKHUE MTOKA3aTe/ CTabMIN3upoBa-
Jiich Ha hoHe KapAMOTPOITHON MOIepKKH (J1ohaMuH
10 MKr/Kr/MUH), HO COXPaHSJIUCh BBICOKUMHU 3HAYe-
HUSI MAPKEPOB BOCIIAJINTETbHON peakiny (YUCJIo Jiek-
KOIUTOB, IpotieHTHOe coziep:kanue [TAH, konmenrpa-
min CPb wu IIKT). Ilo wucreuenun 48 wuacos
AyCKYJIBTaTUBHO MOSBUJIUCH KPENTUTUPYIOIIIE XPHUITBI
110 060uM JIerouHbIM ToJisiM. [To anHbM coHorpadum
[JIEBPAITBHBIX TI0JIOCTEH BBISABJICHDI CJIE/IbI CBOOOHOI
KUAKOCTH B 0Obeme 10 10 M1, BO3AYIITHOCTD JIETKIX
coxpaHeHa. IXoKapauorpadus: MOJIOCTH CepPAlla He
pacipensl, runepTpodun KaMmep HeT, COKPATUMOCTh
(r106asIbHasT) IPABOTO ¥ JIEBOTO JKETYIOYKOB YIOBIIE-
TBOPUTEJIbHA, JKUAKOCTH B Iiepukape Het. Ha pent-
renorpacduu JIETKUX B IIPOEKIIUY BEPXHUX JI0JI€ TIpa-
BOTO U JIEBOTO JIETKUX BU3YAJTU3UPOBAIU 0YATOBBIE
TEHU CJIMBHOTO Xapakrepa (puc. 2, a).

Coryacuo BepamHckuM ehuHUIMSAM yCTaHOBU-
sin pazsutue OP/[C: npu HENpsiIMOM TTOBpEKIAI0IIIEM
(baxrope B Teuenue 60-1 4yacoB 1ocJie KIMHUIECKOTO
Havasia Orpe/Ie/IeHbl PEHTIEHOIOTHYECKU OutaTepaib-
Hble MHOUIBTPATBI, HE BBI3BAHHBIE BBITIOTOM, aTEJIEKTa-
3aMU JIETKHX; PECTIUPATOPHAST HEAIOCTATOYHOCTD He 00b-
SICHSLJIACH CePIIEYHOIl HEIOCTATOYHOCTHIO; HAPYIIIEHNEe
okcureHanuu kposu cpenneit Tskectu: PO,/FiO, —
140,2 mm pr. ct., PEEP — 8 cm BosH. CT.

Yepes 64 yaca BbITIOJTHEHA PEBU3NS JIATTAPOCTO-
MBI MACCUBHBII CITA€YHBIN TIpollecc, MecTa repdopa-
i1 KUITEYHUKA 3aastHbl, B HUKHUX OT/e1ax OpIoli-
HON II0JIOCTM cIlipaBa M CJeBa SKUAKUH THOM
(«0CyMKOBaHHbBIE» THOWHUKM ), caHaIUs, TTPOBU30P-
Hble 1Bkl Ha pany. [locsie onepaTuBHOTO BMeIaTesib-
CTBA M0 JIaGOPATOPHBIM, KIMHIYECKUM JIAHHBIM U Map-
KepaM COXPaHSINCH TIPOSBJIEHUs cercuca (TabJuia).

Ha 6-e cyTku BBIIOJHUIIN IPEHUPOBAHKE Ta30-
Boro abcriecca, Ha 8-¢ CyTKU — 3aKPhITHE JIATIAPOCTO-
Mbl (B OPIONIHOII IIOJIOCTU CEPO3HBLI BBIIIOT, THOS U
KUIIEYHOTO COAEPIKUMOTO HeT). B cxeme aHTHMUKPOG-
HOII Teparuu TPOBEJIN TIEPBYIO CMEHY aHTHOMOTHKOB
[0 YYBCTBUTEIBHOCTU K BBICESIHHOMY U3 GPIOIIHO
nosioctu Enterobacter cloacae — 107 KOE/m, Bropyio
CMeHY — TI0 YyBCTBUTEIBLHOCTH K coobiecTBy Enter-

Puc. 2. Pentrenorpacdus JIerkux.

Fig. 2. Lung X-ray.

Note. a — Bilateral infiltrates are signs of ARDS; b — positive dy-
namics of ARDS, shadow of S1 segment.

IIpumeyanue. a — Guiarepaibible MHOUIBTPATHI — MPU3HAK
OP/C; b — nonoxurenbhas quHamuka redenust OP/IC, saTenenue
cermenTa S1.

atelectasis of the lungs under the effect of an indirect
damaging factor within 60 hours after the clinical
onset; respiratory failure was not due to heart failure;
there was moderate impairment of blood oxygenation:
PO,/FiO, — 140.2 mmHg, PEEP — 8 cm w. g.
Laparostomy revision was performed in 64
hours: massive commissural process, intestinal perfo-
rations are sealed; liquid pus is found in the lower ab-
domen on the right and left (encysted abscess),
sanitation, provisional sutures on the wound. After the
surgery, the manifestations of sepsis persisted accord-
ing to laboratory and clinical data and markers (table).
On the 6™ day, pelvic abscess drainage was per-
formed, on the 8" day laparostomy closure was carried
out (serous effusion, pus and intestinal contents are
not present in the abdominal cavity). In the antimi-
crobial therapy scheme, the first change of antibiotics
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Ta6iuua. lunamuka anaausupyemsix kpurepues CCBP u cencuca.
Table. The dynamics of the analyzed criteria for SIRS and sepsis.

Treatment stages

Values of parameters at treatment stages

HR RR -/ NIPB, T, °C PO,/ Lx10°%stab PCT, CRP,

FiO, mmHg FiO, neutrophil% ng/ml mg/1
05.02.2013 after surgery 140 MV /0.3 95/66 37.9 330.9 7.6/25 >10 198
06.02.2013 Sepsis/shock 200 MV /0.4 60/30 39.2 283.7 19.3/30 >10 192
07.02.2013 132 MV /0.4 92/58 37.4 248.5 18.5/31 >10 165
08.02.2013 after surgery 138 MV /0.45 90/54 37.4 140.2 10.5/14 >10 70
11.02.2013 pelvic abscess 128 MV,/0.8 92/47 37.2 79.6 12.3/30 2<.<10 48
13.02.2013 after surgery 132 MV ,/0.8—0.7 98/48 37.3 90.9 16.8/19 2<.<10 24
18.02.2013 121 MV/0.5—0.4 102/55 37.2 121.6 24/21 2<.<10 42
20.02.2013 switch to CPAP 114 CPAP/0.3  103/59 37.0 219.6 12.9/8 0.5<..<2 18
25.02.2013 discharge from the ICU 110 28/0.21 97/60 36.9 389.9 10.5/2 <0.5 10

IIpumeuanue. Treatment stages — aramnpl tedenus, Values of parameters at... — 3nayenus nokasareseit Ha..., after surgery — nocie ome-
panmu; Sepsis/shock — cencnc/mok; pelvic abscess — Tazossrit aGenecc; switch to CPAP — cmena na CPAP; discharge from the ICU
—sbiBojt 13 OAuP; HR — YCC; RR — Y/I; NIPB, mmHg — HuA/I, mm pr. ct.; stab neutrophil — nanouxosznepubie neiirpodusr; PCT,

ng/ml — IIKT, ur/mia; CRP, mg/l — CPB, mr/m; MV — UBJL

obacter faecalis — 107 KOE/m u Escherichia coli — 10°
KOE/m. BermoiHuIu ¢ 1esbio IETOKCUKAIIK 4 ceanca
JIMCKPETHOTO Tia3Madepesa, 7 ceaHCcOB BHYTPUBEHHO-
I'0 JIa3epHOro 06JydeHnst KpoBu. IIpomo/IKIuIM MyJib-
TUMOzAIbHOE 06e3bomBaHue. IlpoBesn TOJIHOE
napeHTepaibHoe uTanue (18 cyTok), MMyHO3ame-
CTUTEJIbHYIO Tepannio. ONTUMHU3AIIIO PECITUPATOP-
HOU noziiepskku Bo Bpemst UBJI ocymiecTsisiiim manu-
myJisiuein MaHeBpa <«OTKPBITHS JIETKUX»>
(pexpyr™menT) B peskume Pressure Control Ventilation
(xonTpOIst 110 MaBsernio ). Kymmposasm OPIC: ncues-
HOBeHUe GuiaTepaybHbIX HHMUIBTPATOB [10 PEHTIEHO-
rpadum Jerkux (0cTaToyHoe 3areMHeHHue CcJaadoi
WHTeHCUBHOCTU S1), coHOrpadms mepruKapaa u mieB-
pPaJbHBIX TOJIOCTE — JKUIKOCTU HET, HapyIICHUS
OKCHUTEHAIINU KPOBU YMEHBIITHINCH (puc. 2, b).

B mporiecce MHTEHCUBHOI Tepanuu OTMEYaIN
MOJIOXKUTENbHYI0 MuHaMuKy TedeHnss CCBP u kynu-
poBaHue cenTuyeckoro cocrosiaust. Ha 15-e cyrku —
nepeBos MIBJI ra peskmm CPAP (constant positive air-
way pressure), Ha 16-e cyTku — sKcTybalust Tpaxeu,
Ha 17-e cyTKM — OTMeHa KUCJIOPOIHOMN TOJIEPIKKH.
Ha 20-e cyTkn nmpu OTCyTCTBUYM OPTaHHBIX IUCHYHK-
11ii peGEHOK IIepeBe/ieH B XUPYPrUuecKoe OTAe/IeHHUE.

3akjIoyeHue

Ciydau IpoTJIaTbIBAaHUS JI€THMU MAarHUTHBIX TeJT
(ocraBiInecs HeM3BECTHBIMU ) IAIOT KAPTUHY <OCTPO-
TO JKMBOTa».

[IpoxoskaeHne HeCKOTBKIX MAaTHUTOB HA PA3HbBIX
YPOBHSIX JKETyI0UHO — KUIIEYHOTO TpaKTa, baaro/a-
PSI B3AMMHOMY TPUTSIKEHUIO, TPUBOIUT K TIOPasKe-
HUIO KUIIIEYHOH CTeHKW — WIIeMHUH U repdopaIium,
BO3HUKHOBEHUIO KAJIOBOTO ¥ THOWHOTO TIEPUTOHUTA.

[larHoe OCJIOKHEHWE TPOSIBISIETCS] Pa3BUTHEM
CHH/IPOMA CHCTEMHOT BOCTIATTUTETLHO PEAKITNH, U, TIPH
HAJINYUT WHOEKITMOHHOTO TIPOIIecca W OPTaHHOM JIHC-
yHKIIUH, TPaHCHOPMUPYETCS B TEUECHUE CETICHCA, CETI-
THYECKOTO ITOKA U MOJTMOPTAHHON HEIOCTAaTOYHOCTH.

Konguukr unrepecos. ABTop 3asBisger 00
OTCYTCTBUH KOH(PIMKTA MHTEPECOB.

was performed based on the findings of the sensitivity
test to abdominal Enterobacter cloacae — 107 CFU /m,
the second change was performed based on the sensi-
tivity to Enterobacter faecalis — 107 CFU/m and Es-
cherichia coli — 105 CFU/m. 4 sessions of discrete
plasmapheresis, 7 sessions of intravenous laser irradi-
ation of blood were performed for the purpose of
detoxification. Multimodal analgesia continued. Com-
plete parenteral nutrition (18 days) and immunosup-
portive therapy were performed. Optimization of
respiratory support during ventilation was carried out
by the lung recruitment maneuver in the Pressure
Control Ventilation mode. ARDS was arrested: bilat-
eral infiltrates eliminated as demonstrated by lung ra-
diography (residual darkening of low intensity at S1);
ultrasound of the pericardium and pleural cavity
demonstrated that there was no fluid; blood oxygena-
tion impairment is decreased (fig. 2, b).

During the intensive therapy, positive dynamics
of SIRS and relief of the septic state were observed.
On 15" day the ventilator mode was switched to
CPAP (constant positive airway pressure), on 16" day
extubation of the trachea was performed; on the 17"
day, the oxygen support was withdrawn. On the 20
day, in the absence of organ dysfunction, the child was
transferred to the surgical department (table).

Conclusion

Swallowing of unidentified magnetic objects by
the child resulted in an acute abdomen pattern.

The passage of several magnets through the gas-
trointestinal tract led to the multiple damage of the
intestinal wall revealed by ischemia and perforation,
fecal and purulent peritonitis.

This complication was manifested by the devel-
opment of a systemic inflammatory reaction syndrome
and because of an infectioun and organ dysfunction, it
had resulted in septic shock accompanied by multi-
organ failure.
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IMenn: oreHKa KIMHUYECKOH 3HAYMMOCTH T1aPAMETPUYECKOTO MOHUTOPUHTA 3((HEKTUBHOCTH MHTEHCUBHOH Te-
paruu U peabUIuTAlul Ha OCHOBAHUY aHAIM3a (DYHKIIMOHAIBHOIO COCTOSIHUS @BTOHOMHON HEPBHOI CUCTEMBI Y
MAIMEHTOB C TTOBPEKACHUSMHU FOJIOBHOTO MO3Ta Pa3/IMUYHOTO I'eHesa.

Marepuai u Metopl. B nccienosane Briounn 66 mamnnentos Ha 20—50-e CyTKM TOCJIE YePEITHO-MO3TOBOI
TPABMbI, AHOKCUYECKOTO OBPEKIEHNUS FOJIOBHOTO MO3Ta; OCTPOTO HAPYIIIEHUsI MO3TOBOr0 KpOBOOGpalieHus. Boije-
JICHUE KJIIMHIYCCKUX TPYIII U HOCJIEY IO aHAJIN3 KIMHUYECKOTO CTaTyca OCHOBAJIM Ha OIIEHKe (DYHKIIMOHAIBHOTO
COCTOSIHUSI aBTOHOMHOII HepBHOIT cuctembl (AHC) uexois U3 AMHAMUKU NAapaMETPOB BapuabebHOCTH PUTMA
cepaua (BPC). B kauecTBe 1apamMeTpoB HOpMbI U iaTosioruu GpyHkuunoHaabHoro coctosiaus AHC anpoGuposaiu
1 poBbIe 3HAUEHS, TTOTydeHHbIe y 500-a MarueHToB B epUONePAHOHHOM MEPHO/IE TPU 5-U MUHYTHOH JITTUTEIb-
noctu 3ancu BPC [1]. [TapacuMnaTndeckyio runepakTMBHOCTb IIPUHUMAJH B IIpejesiax snadenuii s SDNN
(cTaHmapTHOE OTKJIOHEHUE OT CPeIHeN TUTETbHOCTH BCEX CHHYCOBBIX R-R mutepBanon) > 41,5 mc; anist rMSSD
(cpeHeKBaipaTHUHOE OTKJIOHEHME PA3HOCTH JIBYX CMEXKHBIX 0TcueToB R-R kapanounnrepsasnoB) > 42,4 mc; 1s
PNN50% (nosist cocenaux cunycoBbix R-R uHTepBaios, Kotopbie pasianyarorcs 6osiee yem Ha 50 Mcek) > 8,1%; st
SI (crpecc-ungexc Hanpsikenus: baesckoro, nopmanusosannbie eaquauipl) < 80 H. e.; ausa TP (obmas MoIHocTh
criektpa gactot) > 2000 mc?. CuMnarnyeckasi TMIePaKTUBHOCTD MPUHUMAJIACE B TIpefieax 3Hadenuii st SDNN <
4,54 mc; miist TMSSD < 2,25 mc; it pNN50% < 0,109%,; st ST >900 n.e.; it TP < 200 mc?. Hopma mapaMeTpos
BPC npunumanace B npezesax snadennit 1yt SDNN [13,31—41,4 mc]; st tMSSD [5,78—42,3mc]; mist pNN50%
[0,110—8,1%]; mst ST [80—900 m.e.]; mmst TP [200—2000 mc?]. duist BepudbuKaimy mapacuMIaTHdecKoi uin criM-
MATHYECKON TUMePaKTUBHOCTH B YKA3AHHBIX TIPeIeTax MPUHUMAIN 3 U3 5 mapaMeTpos [1].

Pesyabrarsl. [To nunamuke napamerpoB BPC 10 u Ha 30—60-e cyTKU HHTEHCUBHOIT Tepauu U peabuIuTaum
MAIUEHTOB ¢ TPABMATHIECKIMU U HETPABMATUYECKUMI MTOBPEKIEHISIMU TOJIOBHOTO MO3Ta BHISIBUIIN O KITMHUYECKUX
IPYIII MaleHToB. 1-g rpynna (n=27) — naiueHTbl ¢ HOPMaJIbHBIMU MTOKa3aTeIIMU (DYHKITMOHAIBHOW aKTUBHOCTH
AHC, kak B MOMEHT II0CTYILIEHUS! B CTAallMOHap, Tak 1 Ha 30—60-e CyTKU MHTEHCUBHOIT Tepaluu U peabuInTalui.
2-g rpynna (n=9) — nanueHTsl ¢ MoKasaTe MK cuMiatuieckoit runiepaktusHoctTit AHC nexoziHo nmpu noctyieHnu
B OT/ICJICHVE MHTCHCUBHOI Tepanuu 1 HopMoii pyHkirmonanbHoi aktusHoctn AHC na 30—60-e cyTku mpoBejieHus
Kypca MHTEHCUBHOU Tepanuu u peabuauraiui. 3-s rpyiia (#=8) — Hal[eHThl ¢ UCXOJHBIMU IOKA3ATE/ISIME HOPMbI
dbynknnonanbaoro cocrossuug AHC u nokazatenssmu cumnatuyeckoil runepaktusioctn AHC na 30—60-e cytku
[POBE/IEHUsI KyPCa UHTEHCUBHOMU Tepaluu u peabunutaiuu. 4-s rpynna (n=15) — naiueHTsbl ¢ HOKa3aTeJsMK CUM-
natnyeckoit runepakrusHoctn AHC kak ucxoano, tak u #Ha 30—60-e cyTku npoBeieHUs Kypca MHTEHCUBHOM Tepa-
U 1 peabruTaium. 5-51 rpyiia (71=7) — NalUeHTbI C I0Ka3aTeJIsIMU [TapacuMIaTuyeckoii runepaktusHoctu AHC
(1o mapamerpam BPC) xak ncxXoiHO 1pH MOCTYIIEHUH B OT/IeJIEHUE MHTEHCUBHO Tepanuy, Tak 1 Ha 30—60-¢e cyTkn
[POBE/IEHVsI MHTEHCUBHOI Tepalu U peabuInTaluim.
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Monitoring and Outcome of Critical States

3akmouenne. Hopmasnuzarmsa napamerpos BPC conpoBoskaeTcst BBIXOZIOM NAIlNEHTOB U3 BETeTaTHBHOTO CO-
CTOSTHMSI ¥ KOMBI HA MITHIMAJIbHOE CO3HAHWE WJIN HOPMY CO3HAHMUS, TIPOUCXOUT CHIKEHNE MHIIEKCA MHBATUIHOCTH
¥ POCT cornnanbHo# penHTerparun 1o mrkase DRS (M. Rappaport, 1982), camkenre 3aBUCIMOCTH OT MCKYCCTBEH-
HOU BEHTHJISAIINH JIETKUX, HOPMAJIN3AIHST MBIIIEYHOTO TOHYCA.

Kmouesvte cnosa: HezZpOMOHumopqu; eapua6eﬂbuocmb cepaelmozo pumma, cumnamudecKas u napacumnamu -
YECKASL 2Unepaxmuenocmo, KAUHUYECKUTL Kaacmep cuﬂapomoe nocredcmeuil uepento -M03206011 mpaembvl, AHOKCUU M0O32a

Purpose: evaluation of the clinical significance of parametric monitoring of the effectiveness of intensive care
and rehabilitation based on the analysis of the functional state of the autonomous nervous system in patients with
brain damage of different genesis.

Materials and methods. The study included 66 patients on day 20—>50 after the traumatic brain injury; anoxic
damage; and stroke consequences. The isolation of clinical groups and subsequent analysis of clinical status is based
on the analysis of the functional state of the autonomic nervous system based on the dynamics of the heart rate vari-
ability (HRV) parameters. Findings obtained in studies of 500 patients in the postoperative period with a 5-minute
HRYV were tested as normal and abnormal ANS parameters [1]. Parasympathetic hyperactivity was measured within
the limits for SDNN (standard deviation of all normal-to-normal R-R intervals) > 41.5 ms; for rMSSD (root-mean-
square of the successive normal sinus R-R interval difference) > 42.4 ms; for pPNN50% (the percentage of interval
differences in successive NN intervals greater than 50 ms (NN50) / total number of NN intervals) > 8.1%; for SI
(Baevsky stress index, in normalized units) < 80 n. u.; for TP (total power of variance of all NN intervals) > 2000
ms?. Sympathetic hyperactivity was determined within the limits for following parameters: SDNN, < 4.54 ms;
rMSSD, < 2.25 ms; pNN50%, < 0.109%; SI, > 900 n. u.; TP < 200 ms?. Normal HRV parameters were selected within
the limits of the values for: SDNN [13.31-41.4ms]; rMSSD [5.78—42.3 ms]; pNN50% [0.110—8.1%]; SI [80—900
nu]; for TP [200—2000 ms?]. To verify the parasympathetic or sympathetic hyperactivity within these limits, 3 of 5
parameters were chosen [1].

Results. Based on the dynamics of the HRV parameters before the intensive care and on days 30—60 of the in-
tensive therapy and rehabilitation of patients with traumatic and non-traumatic brain injuries, 5 main clinical groups
of patients were identified. Group 1 (n=27) consisted of patients with normal parameters of the ANS functional ac-
tivity (both at the time of admission to the hospital and on the 30—60 day of the intensive therapy and rehabilita-
tion). Group 2 (7=9) included patients with the baseline sympathetic hyperactivity of the ANS at admission to the
intensive care unit and normal functional activity of the ANS on the 30—60™ day of the intensive care and rehabil-
itation. Group 3 (n=8) included patients with baseline normal functional state of the ANS and the signs of sympa-
thetic hyperactivity of the ANS on the 30—60™ day of the intensive care and rehabilitation. Group 4 (n=15) consisted
of patients with signs of sympathetic hyperactivity of the ANS both initially and on the 30—60t" day of the intensive
care and rehabilitation. Group 5 (7=7) included patients with signs of parasympathetic hyperactivity of the ANS
(according to the parameters of HRV) both at baseline, at admission to the intensive care unit, and on the 30—60t"
day of the intensive care and rehabilitation.

Conclusion: The normalization of HRV parameters is accompanied by patients’ recovery from the vegetative
state and coma to minimal consciousness or normal consciousness; the index of disability rate decreases, the social
reintegration grows, according to the DRS scale (M. Rappaport, 1982); dependence on mechanical ventilation re-
duces, and the muscle tone normalizes.

Keywords: Neuromonitoring; heart rate variability; sympathetic and parasympathetic hyperactivity; craniocerebral
trauma; brain anoxia
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BBenenne

ABTOHOMHAST HEpBHAsI cCUCTeMa — BaKHEUTITHI
PEryJISITOp TOMeocTa3a Mpy (PU3NOJIOTUIECKIX, TTATOJIO-
THYECKUX U OKCTPEMAJTBHBIX COCTOSTHUSX. HeeMoTpst Ha
MYJIBTUKAY3THUECKUN W TETEPOTOIHBII XapaKTep
TIPUYHH MOBPEK/ICHUS TOJIOBHOTO MO3Ta (TPaBMa, aHOK-
CUs, KPOBOUBJIHSIHUE, OMIEPAIMOHHAS TPaBMa) METOJ
peructparuu BPC mo3BoJisieT o1eHuTh alanTaiioH-
HBII OTBET TIEHTPATBHBIX THTTIOTAIAMITYECKIX OT/ICJIOB
AHC u, creroBaTesibHO, yPOBEHb HEHPO-9HIOKPUHHOTO
OTBETA Ha OCTPOE ¥ XPOHMIECKOE KPUTHUECKOE COCTOST-
Hue [2]. DyeKTpodU3NONOTMIeCKII HETPOMOHUTOPIHT
BBISIBJIEHWS (DYHKITMOHATBHOTO COCTOSTHIS] aBTOHOMHOI
nHepBHO# cucteMbl (AHC), Kak T7IaBHOTO peryIsaTopa
TOMeoCTa3a OPraHu3Ma, MOBBIIAET TOYHOCTH OIEHKU
YPOBHS CO3HAHUS, IMTHAMUKU COTIMATBHON perHTerpa-

Introduction

The autonomous nervous system is the most im-
portant regulator of homeostasis under physiological,
pathological and extreme conditions.

Despite the multicausal and heterogeneous na-
ture of a brain damage (trauma, anoxia, hemorrhage,
surgical trauma), the HRV registration method al-
lows to assess the adaptive response of the central hy-
pothalamic parts of the ANS and, consequently, the
level of neuro-endocrine response to acute and
chronic critical condition [2]. Electrophysiological
neuromonitoring of the functional state of the au-
tonomous nervous system (ANS) as the main regula-
tor of homeostasis increases the accuracy of
assessment of the level of consciousness, dynamics of
social reintegration, prognosis of the patient's state
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IIU1, TPOTHO3a OIEHKU COCTOSTHUS MarueHTa 1 ahgex-
TUBHOCTU METO/IUK JIEKAPCTBEHHOI, HEMETMKAMEHTO3-
HOI MHTEHCUBHOM Tepanyu 1 peadbusmranuu. Mecaeno-
BaHME IIOCBSIIEHO Pa3paboTKe aBTOMATU3MPOBAHHON
CUCTEMBI OIIeHKM JUHAMHUKU CO3HAHUS, TSIKECTU
coctosinus 1 3(hGHEKTUBHOCTH UHTEHCUBHON Teparuu
nmyTeMm anajsmsa xapakrepuctuk BPC y maruenTos ¢
MTOBPEKIEHUSIMU TOJIOBHOTO MO3Ta.

Ilenpio nccaenoBannuss — OlleHKA KINMHUYECKOM
3HAYMMOCTH [TaPAMETPUUYECKOTO MOHUTOPUHTA A(phek-
TUBHOCTU MHTEHCUBHOII Tepany U peabuiInuTaiun Ha
OCHOBAHWM aHain3a (QYHKIMOHATHLHOTO COCTOSTHUS
ABTOHOMHOW HEPBHOW CHCTEMbl Y TIAI[MEHTOB C
MTOBPEKIEHUSIMU TOJIOBHOTO MO3Ta PA3JIMYHOTO TeHE3a.

MaTepI/IaJI N METO/1bl

B nccanenosanue, Boinosnentoe Ha 1-3-u cyTku mocae
nocTyrieHus naruenTta n Ha 30—60-e cyTKy MHTEHCUBHOM
teparmu u peabuaurain 8 QHKIL PP, Briouriu 66 matm-
enToB. Bee nocrynusinue nanuents Obim Ha 20—50-e cyTKE
HocJie TTIOBPEsK/IEHNST TOJIOBHOTO MO3Ta Pa3IMYHOTO TeHe3a.
ITo HO30JIOTHH MAIMEHTBI PACTIPEAETUINCE, CIELYIONIM 00-
pasoM: TOCTe/CTBUST YepermHo-Mo3roBoil TpaBMbl (UMT),
(n=29; 43,9%); IOCTIe/ICTBUST OCTPOTO HAPYIIEHUSI MO3TOBOTO
kpoBoobpartens B iepuox 2016—2017 rr. (OHMK), (n=12;
18,2%); mociesicTBUSI aHOKCHUYECKOTO TTOBPEKAEHHS TOJIOB-
Horo mosra (n=10; 15,1%); mocaencTBust cybapaxHOUIATb-
Horo kpoBousustaust (n=7; 10,7%); moceacTBYs yaaueHust
OITyXOJIN 1 apTePHO-BEHO3HOI Maab(hOpPMaIK TOJIOBHOTO
mosra (n=8; 12,1%). Mysuun 661710 — 44, KeHmun — 22,
cpennuit Bo3pact — 46,8+217mer (puc. 1). Kpurepum
BKJIIOYEHHsT — CIUIONTHAST BBIOOPKA.

Kpurepnem ¢hopMupoBaHus KIMHUYECKIX TPYIII HC-
CJIEZIOBAHMS CJIYKUJIH TTapaMeTpbl GYHKIIMOHAIBHOTO CO-
CTOSTHUSI aBTOHOMHON (BEreTaTUBHOW ) HEPBHON CHCTEMBI,
MOJy4eHHbIe HA OCHOBE KOMITBIOTEPHOTO aHAJIM3a BapHa-
6enbrocTu put™a cepaua (BPC). Ouenky BPC npoBoauiu
npubopom Tomncnexrp-8 EX (dupma Heitpocodr, Poc-
cust) € MpOTOKOJIOM GecripoBoiHoiT csizn Bluetooth mesxy
Kap/IN0aHAIN3aTOPOM U HEePCOHAIBHBIM KOMIIBIOTEPOM.
[TpuHATHIE [MATa30HBI TAPAMETPOB HOPMBI M MATOJOTUI
BPC st 5-MuHyTHOI 3anmcu nipeactasiensl B Tabor. 1.

15
13
12
9 9
.
I L
l_- | | | [ I I
2 3 4 5 6 7

Puc. 1. Bo3pacTHoii cocTaB nafHeHTOB, BKIIOYEHHBIX B HCCJIE-
JIOBaHME.

Fig. 1. Age of patients included in the study.

Note. The total number of patients by age group is given above the
columns. 1. 10—19 years; 2. 20—29 years; 3. 30—39 years; 4. 40—49
years; 5. 50—59 years; 6. 60—69 years; 7. 70—79 years.
IIpumeyanue. Haj cronGukaMu npuseieHo obIiee KOJIMYecTBo Ta-
I[UEHTOB 110 Bo3pacTHbM rpymam. 1. 10—19 ser; 2. 20—29 ser; 3.
30—39uer; 4. 40—49 ner; 5. 50—59 ser; 6. 60—69 ner; 7. 70—79 ner.

and the effectiveness of methods of drug and non-
drug intensive care and rehabilitation.

The study is intended to develop an automated
system for assessing the dynamics of consciousness,
the severity of the condition and the effectiveness of
intensive care by analyzing the characteristics of HRV
in patients with brain damage.

The purpose of this study is evaluation of the
clinical significance of parametric monitoring of the
intensive care and rehabilitation effectiveness based
on the analysis of the functional state of the au-
tonomous nervous system in patients with brain dam-
age of different genesis.

Materials and Methods

66 patients were enrolled in the study, which was car-
ried out on day1—3 after patient's admission and on day 30-
60 of the intensive care and rehabilitation in the Federal
Research and Clinical Center of Intensive Care Medicine
and Rehabilitology.

Ta6auua 1. [TapameTpsl HOPMBI U NATOIOTHH (PYHKIHOHAIBHOM AKTHBHOCTH aBTOHOMHOM HEPBHOM CHCTEMBI JIS1 5-TH

MHHYTHO# 3auCcH BapualeIbHOCTU PUTMA Cepla.

Table 1. Parameters of normal and abnormal functional activity of the autonomic nervous system for a 5-minute heart

rate variation record.

Parameters Parasympathetic hyperactivity Normal range HRV Sympathetic hyperactivity
S, n. u. <80 80—900 >900

SDNN, ms >41.4 13.31—41.4 <13.31

rMSSD, ms >42.3 5.78—42.3 <5.78

PNN50, % >8.1 0.110—8.1 <0.110

TP, ms? >2000 200—2000 <200

Note. HRV — the heart rate variability. For tabl. 1, 2: ST — Baevsky stress-index, n.u.; SDNN — standard deviation of normal-to-normal
R-R intervals, ms; TMSSD — root mean square of successive differences, ms; pPNN50 — the percentage of interval differences in successive
NN intervals greater than 50 ms, %. TP — total power spectrum, ms” In order to verify the parasympathetic or sympathetic hyperactivity
within these limits, there should be 3 out of 5 parameters [1].

IIpumeuanue. Parameters — napamerpsr; Parasympathetic/Sympathetic hyperactivity — napacummnaTuueckas /cumMnarindeckas rurep-
akTuBHOCTD; Normal range HRV — auanason nopmbl BapuabeabiocTy putMa cepaia. st taba. 1, 2: ST — crpeccosbrii nuaexe baes-
ckoro, HopM. examIb; SDNN — cpennexBagpatnuynoe otkionenne R-R kapaunonnTepsanos, mc; rMSSD — cpeanexBazpaTinatoe
OTKJIOHEHHE Pa3HOCTH JIBYX CMEXKHBIX 0TcueToB R-R kapauonnrtepBanos, mc; pNN50 — nosist R-R kapanonHTepBasios, OTIUYAIONINXCS
ot mpezbIyIero 6osee ueM Ha 50 Mc, %; TP — o61mast MOIIHOCTH CrieKTpa 4acToT, Mc?. [[Jist BepuduKanni napacuMIaTiHIecKoil rumep-
AKTUBHOCTHU WJIM CUMIIATHYECKON MMIIEPAKTUBHOCTU B YKa3aHHbBIX IIPe/ieiaX H0JKHb ObITh 3 13 5 mapameTpos [1].
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B xasxplit epro/t nccieJOBaHNS AaHATU3UPOBAIN He
menee 300 kapauonnTepBanoB (mapamerpsl BPC Borunc-
JISUIUL TIO COOTBETCTBYIONTIM (hOPMYJIaM pacIpeiesieH s ).
Omnpenemnsinu cremyiomue mokazarean BPC: SDNN — cpen-
HeKBaJpaTHIHOe OTKJIOHeHHe R-R kapamonHTepBasion B Mc;
rMSSD — cpemnexBaspaTnyHOEe OTKJIOHEHUE PAa3HOCTH
IBYX CMEKHBIX 0TcueToB R-R KapanonnTepBaios B Mc; pNN
50%-moss1 R-R KaparonHTEepBaIOB B IPOIIEHTAX, OTJINYAI0-
muXcst T mpeasiyero dosee vem va 50 mc; SI — crpecco-
Bl mHAeKc baeBckoro B H. e.; LF/HF-cootHnomenne
CIIeKTpa HU3KUX U BBICOKUX 4YacToT B H. e.; VLF cmexTp
OYeHb HU3KMX 9acTOT B Mcek?; LF crexTp HU3KMX 9acToT B
Mmcex?; HF criextp Bbicokux yactor B Mcek?; TP o6mmas mori-
HOCTb CIIEKTPA 9acTOT B MCEK>.

OteHKy IMHAMUKE OGIIETO COCTOSTHUST ITAIIMEHTA [PO-
BOJIFJIH TI0 CJIEYIONINM KINHIYeCKNM Kputepusm: 1) ypo-
BeHb CO3HAHUS, 2) YPOBEHb MBIMIEYHOTO TUIIEPTOHYCA
(crmacTUIHOCTN ), 3) 3aBUCUMOCTD TTAIINEHTOB OT MCKYCCTBEH-
Hoti BeHTHIIsINY Jerkux (VIBJI), 4) nammame TpaxeocTOMBI,
5) KoJImuecTBeHHAsI XapaKTePUCTUKA MHBAJINIHOCTH, 6) 4a-
CTOTa TIePeBO/Ia TTAI[IIEHTOB M3 OT/IeJIeHNI HHTEHCUBHOM Te-
paruu B OT/leJIeH s HelpopeabuIuTaliOHHOTO MPOhUIIs,
6) ob11ast JIeTaJIbHOCTb.

YpoBeHb CO3HAHNS PETUCTPUPOBAJIH 10 3-M IIKAJIAM:
[nmasro, Four, Giocino [3—8]. 3a mocToBepHYIO TIOJI0KUTED-
HYI0 KJIMHUYECKYIO INHAMUKY TPHHIMAJIHN TIePeX0/] TTali-
enTa 110 mkase Giocino (2002) Ha ogun 1 Gojiee ypoBeHb B
rpajalny CoO3HAHUs (BereTaTHBHOE COCTOSTHUE; COCTOSTHUE
MUHUMAJIBHOTO CO3HAHW; MUHUMAJIbHOE CO3HAHUE <«+»;
HOPMa CO3HAHU:T). YPOBEHb MBIIIIEYHOTO TUIIEPTOHYca (cria-
CTUYHOCTH) PETUCTPUPOBAIN OMIATEPATIBHO 110 3-M CyCTa-
BaM JUIS BEPXHUX M HIDKHMX KOHEYHOCTEH (JIOKTEBOI,
JIyYe3aIsICTHBIN CYCTaBbl, TATBI[BI KUCTH, OeIPEHHBII, KO-
JIEHHBIH, TOJIEHOCTOMHBIN cycTaBbl). OIeHNBaIN CyMMBI
GasioB 1o moauduirposanHoil mkaise Amsopra (The
Modified Ashworth Scale — MAS), [9]. lunamuxy Heiipo-
TICUXOJIOTUYECKOTO CTaTyCa OT BETETATHBHOTO COCTOSTHUS /10
COTMATLHOI PEMHTErPAIIH MTAIleHTa OTIEHIBAJIH 110 IIKaJe
nnBaymaHoctu DRS (the Disability Rating Scale). Makcu-
MasbHoe 3Haverne DRS (29 6a110B) coOTBETCTBYET 9KC-
TPEMAJTbHOMY  YPOBHIO BETETATUBHOTO cTaryca,
MuHIMaIbHoe 3Hadenne DRS (0 6ammoB) — cratycy mos-
Horo 3710poBhs [10, 11]. Bcem manmenTam, BKIIOUEHHBIM B
HCCTIeIOBAHNE, BBITIOMHSIIN OHOTUITHBIE PeaGUIUTaIlnOH-
HbIe MEPOIIPUSTHS 1 TIPOBOIIIN CTAHAAPTHYIO MHOTOKOM-
TTOHEHTHYIO HHTEHCUBHYIO T€PAIIHIO.

Crartuctinyeckyio 06paboTKy MOTYYEHHBIX TaHHBIX
TIPOBEJH C MCTOJIb30BaHNEM TTporpaMMel Statistica 13 EN
(StatSoft Russia). /locToOBepHBIMI TTPU3HABATN PA3JTHUIMS
pu p<0,05. «HysieByio» rumoresy oreHuBaIm ¢ MpuMeHe-
HieM kpuTepres [lipcoma (x°), aHanmsa aucepenit Bhoo-
pok (Anova-analysis of variance), ncrosb3oBasim -Kpurepuii
Crplo/IeHTa, B Ps/Ie C/Iy4aeB UCII0JIb30BAIN HellapaMeTpuye-
ckuii kputepuit Manna-YutHn.

Pe3ybrarhl 1 00Cy:KIeHHE

ITo mannbiM apamerpoB BPC, 3anmmcanmabix Ha
1—3 cyrku mocse nocrymenus manuenta B8 O HKI]
PP u oBTOPHOU perucranui BapuadebHOCTI PUTMA
cepana #Ha 30—60-e CyTKM WHTEHCUBHOW Teparmy,
chopmupoBanu 5 rpymnn manueHTos. llokasatenn
nunamuku BPC kak Bpemennoro (SDNN, rMSSD,
PNNS50, ST) tak u wactornoro guamnaszona (LF/HE HE,
LF, VLF, TP) npusesu B Tabu. 2 u 3, puc. 2.

All patients were admitted on day 20—50 after brain
damage of different origin.

Based on the nosological entities, the patients were dis-
tributed as follows: consequences of a craniocerebral injury
(CCI) (n=29, 43.9%); consequences of acute disorders of cere-
bral circulation (stroke) over the period 2016—2017 (n=12,
18.2%); consequences of anoxic brain injury (n=10, 15.1%);
consequences of subarachnoid hemorrhage (=7, 10.7%); con-
sequences of removal of a tumor or arterio-venous malforma-
tion of the brain (n=8, 12.1%). There were 44 men and 22
women; the median age was 46.8+2.17 years (fig. 1). Inclusion
criteria: rolling sample.

Parameters of the functional state of the autonomous
(vegetative) nervous system, obtained on the basis of com-
puter analysis of the heart rate variability (HRV) were the
criteria for the formation of clinical study groups. The eval-
uation of HRV was performed by the Polyspektr-8 EX ap-
paratus (Neurosoft, Russia) with the protocol of the
wireless Bluetooth connection between the cardioanalyser
and a personal computer. The accepted ranges of normal
and abnormal HRV parameters for a 5-minute record are
presented in table 1.

In each study period, at least 300 intervals were ana-
lyzed (the HRV parameters were calculated according to
corresponding formulas of distribution of cardiac intervals).
The following HRV parameters were determined: SDNN —
standard deviation of normal-to-normal R-R intervals, in
ms; rMSSD — root mean square of successive differences, in
ms; pNN50% — the percentage of interval differences in suc-
cessive NN intervals greater than 50 ms (NN50) / total num-
ber of NN intervals; SI — Baevsky stress-index in n.u.;
LF/HF- low frequency/high frequency ratio in n.u.; VLF
very low frequency spectrum, in ms? LF low frequency spec-
trum in ms% HF high frequency spectrum in ms% TP total
power spectrum, in ms?.

The dynamics of patient's general condition was eval-
uated according to the following clinical criteria: 1) the level
of consciousness, 2) the level of muscle hypertonicity (spas-
ticity), 3) the dependence of patients on mechanical venti-
lation (MV), 4) the presence of tracheostomy, 5) the
quantitative characteristics of disability, 6) the frequency of
patients' transfer from intensive care units to the neurore-
habilitation units, 6) the overall mortality rate.

The level of consciousness was assessed using 3 scales:
Glasgow, Four, Giocino [3—8]. Changes in patient's level of
consciousness by one or more level according to the Giocino
scale (2002) (vegetative state; a state of minimal conscious-
ness; minimal consciousness «+»; normal consciousness)
were taken as significant positive dynamics. The level of
muscular hypertonicity (spasticity) was recorded bilaterally
in 3 joints for upper and lower extremities (elbow, wrist
joints, fingers, hip, knee, and ankle joints). We estimated the
sum of scores of the Modified Ashworth Scale (MAS) [9].
The dynamics of the neuropsychological status from vege-
tative state to social reintegration of the patient was evalu-
ated by the DRS (disability rating scale). The maximum
value of DRS (29 points) corresponds to the extreme level
of vegetative status, the minimum value of DRS (0 points)
corresponds to the status of health [10, 11]. All patients in-
cluded in the study underwent the same type of rehabilita-
tion and a standard multi-component intensive therapy.

Statistical processing of data was carried out using the
Statistica 13 software (StatSoft Russia). Differences were
considered significant at P<0.05. The «null» hypothesis was
assessed by applying the Pearson's chi-squared test (x*) and
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Puc. 2. Tlunamuka SDNN (a) u rMSSD (b) xo u nocie kypca

GumMTanuu y 06CIeI0BaHHbIX NAlH-

HMHTEHCUBHOM TE€panuu U pea

€HTOB.

bilitation. A square frame: the range of normal SDNN/ rMSSD
Ilpumeyanne. CTONOIBI ¢ BEPTHKATBHBIM U TOPU3OHTAIBHBIME

Fig. 2. SDNN (a) and rMSSD (b) dynamics before and after in-
Note. Columns with vertical and horizontal strokes: values of pa-
rameters before and after the course of intensive therapy and reha-
values in ms for a 5-minute record of RR intervals by ECG.

tensive care and rehabilitation in patient groups.

GumTain, cooTBeTcTBeHHO. KBamparHast
pamMKa — auanasoH HopMaiabHbIX 3HaueHNit SDNN/rMSSD B mc

st 5-i MunyTHOI 3anmen RR kapanonntepsaios KT,

HITPUXaMK — 3HAYEHUS 1aPAMETPOB JI0 U T10CJIe Kypca MHTEHCHB-
HOIl Tepanmuu M pea

27, my:x. — 19; sxen. — 8; cp. BO3-

1-10 rpymmry (n
pact — 49,1+3,5 jieT) cocTaBUIU TAITUEHTHI ¢ HOP-

MaJIbHBIMU TTOKA3aTeNIMH (PDYHKITMOHAIbHOM aKTHB-
noctu AHC mo mapamerpam BPC 3a Bce Bpewms
HabJIIOIEH NS, KAK B MOMEHT TIOCTYIJIEHUS B CTAIlHO-

Hap, tak u na 30—60

o

-€ CYTKH CTaH/IapTHOM MHTEHCHUB-

OUIUTAIINN.
Hopmasbuble nokazarenu (pyHKIHOHAIBHOTO

o

HOM TEpallun 1 pea

o

-i1 rpy1re manu-

1

€HTOB COITPOBOKIAIUCH HAWTYUIITUMI [TOKA3ATEIIMU
nrkan yposus coznanust (Inasro, Four, Giocino), Bo3-

o

o

COCTOAHMA aBTOHOMHON HEPBHOU B

OUIUTAIIMOH-
Hble OTAedeHus  (JOCTOBEPHOCTh PasJUdYMil 110

kpureprio X~ ot 3-it rpyrmsr — p<0,016; ot 4-ii rpy b

— p<0,00004)

o

, MUHUMAaJIbHOHN 3aBUCUMOCTBIO TIal[ieH-

o

JIeHUsI ”HTEHCUBHON Teparuu B Hefipopeal
2 o o
X" or 3-it rpynner — p<<0,0017; or 4-ii rpynmnbsr —

MOSKHOCTBIO GBICTPOTO MepPEBO/ia MAIMEHTOB U3 OT/Ie-
toB oT UBJI (;10cTOBEPHOCTH pazivyuii 10 KPUTEPUIO
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p<0,0002). Perpecc (yayuiienrie) ypoBHsI CO3HAHUS 110
nrkase Giocino Ha 1 ypoBenb (110 Tpajialiuu BEreTaTuB-
HOE COCTOSIHUE — MHHUMAJIbHOE CO3HAHUE — MUHM-
MaJIbHOE CO3HAHME «+» — ICHOE CO3HAHUE) HaBII0IaIIN
y 29,6% naiueHToB, YTO YKa3bIBAET HA BOCCTAHOBJIEHLE
yHKIMIT rOJI0BHOTO Mo3ra (TabJL. 4).

Heckosibko MeHbBIINIT POCT YPOBHS CO3HAHMS, B
CPaBHEHWHU CO 2-ii TPYIIION MAIMeHTOB YKa3bIBAeT HA
HCXOMTHO BBICOKUII YPOBEHDb ITOTO MOKasaTess B 1-ii
rpymre naruenToB ¢ Hopmoit pynkiuu AHC. [Tanum-
€HTBI JAHHOI IPYIIITbI UMEJIN HAMBBICIITIE [T0KA3ATEH
ynkimonanbuoii mkaabl uHBanuaHOCTH (DRS,
M. Rappaport, 1982), yto ykazsiBaeT Ha BOCCTAaHOB-
JieHue WHIUBUIYYMa OT KOMBI 10 KOMMYHUKAIMU 1
COIMAJIbHOI PEMHTETPAINH. SHAYEH e TAHHOTO TTI0Ka-
3atenss — 16—17 GaioB, yKasbiBaeT Ha MUHUMAJIb-
HBIIl YDOBEHb ¥ CHUIKEHNE MHBAJIUIHOCTH B JIAHHOI
rpymme. [Tokazaresnu MplliedHOroO TUIIEPTOHYyCa (CcIia-
CTUYHOCTU) B AaHHOU Tpynme no MAS cymmapho
COCTABJISIIIU JIO U TTOCJIE KyPCA MHTEHCUBHO TepaIiu
7,03+1,9 u 6,92+2,04 6a1s10B, COOTBETCTBEHHO, YTO
OTPa’KaeT HEeBBICOKHII YPOBEHD €r0 MaTOJOTHYECKUX
uaMeHeHwit. JIeTaIbHOCTh B 9TOM Tpyrie Oblja MUHHU-
MasibHa — 3,7% (CMepPTh OT IEPUTOHUTA), YTO BO MHO-
TOM MOKHO OTHECTH K CJIy4ailHOMY (hakTopy, He 3aBU-
camemMy ot o0uero (yHKIMOHATIBHOTO CTaTyca
naienToB 1-it rpynnel (passinyiie MO YPOBHIO
JIeTATBHOCTH COCTABISACT 110 KpuTepuio X ¢ 3-if rpyi-
noit — p<<0,03; c 4-i1 rpynmoit — p<0,00001).

2-10 rpynmy (n=9, myx. — 6; )ken. — 3; cp. BO3-
pact — 41,5%5,76 j1eT) coCcTaBUIIH MAIMEHTHI, Y KOTO-
PBIX UCXOAHO (TIPU TOCTYTILIEHUN ) HAOJIIOAIN CHM-
HATHUYECKYIO TUIEPAKTUBHOCTb (HU3KUE 3HAYEHUS
SDNN, rMSSD, pNN50, TP, Bbicokue 3uauenus SI) u
Hopmy dyHkinonasbuoil aktusHoctu AHC na 30—
60-e cyTKU ITPOBeIeHUs KyPca MHTEHCUBHON TePaITi
u peabunuranuu (poctr SDNN, rMSSD, pNN50, TP,
camxkenne SI), (tabu. 2 u 3, puc. 2 u 3). Hopmanusa-
1nus aJsieKTpodusnosornyeckux mokaszareneii BPC
COIIPOBOK/IAJIACH YJIyUIIEHUEM HEBPOJOTUYECKOTO U
COMaTHYECKOTO cTaryca nanuenTos (tabir. 4). B man-
HOII TPYIIIIe PErMCTPUPOBAIN POCT YPOBHST CO3HAHUS
no BceMm mikanam (Inasro, Four, Giocino), a perpecc
(ynyurienuie) ypoBHs co3HaHus 1o 1mkajne Giocino Ha
1 ypoBeHb GblJI MAKCUMAJIBHBIM U3 BCEX PaccMaTpu-
BaeMbIX, ero u HabJogamu y 55,5% HalrenToB 9Toi
rpymnmnbl. VIMeHHO 110 aTOMY KpuTepuio (perpecc —
yJIydllleHre YPOBHSI CO3HAHUS HA 1 yPOBEHb 10 IIKaie
Giocino) BbISIBUIN MaKCUMAaJIbHbIE IOCTOBEPHbIE Pa3-
JINYMS ¢ IPYrUME rpynnamu (1o Kpurepuio Mann-
Whitney noctoBepHOCTb pasjindust MeXKIY AaHHON
IPYIION 1 3-if, 4-i 1 5-if TPYIIIIaMU COCTaBUIA COOT-
BercrBerHo: p<0,028; p<0,05; p<0,05). 77,7% naru-
€HTOB HTOU IPYIIILI OBUIN MIePEBEICHBI U3 OT/ACTICHUST
WHTEHCUBHON Tepanuy B HeHpopeabuInTainoHHbie
OTJIeJIEHUsI C MEHBIIEI 3ABUCUMOCTBIO OT [TOCTOSTHHO-
O KOHTPOJISI JKUBHEHHOBAKHBIX (PYHKIUIL. Y HarueH-
TOB 9TO¥ IPYIIIIBI B MOMEHT HOPMATH3AIIH TapaMeT-
poB BPC nosiHoCThIO OTCYTCTBOBAJIA 3aBUCUMOCTD OT

analysis of variances of the samples (ANOVA); the ¢-test was
applied, and in some cases the nonparametric Mann-Whit-
ney test was used.

Results and Discussion

According to the HRV parameters recorded on
day 1—3 after patient's admission to the Federal Re-
search and Clinical Center of Intensive Care Medicine
and Rehabilitology and re-evaluation of heart rate
variability on day 30—60 of intensive therapy, 5
groups of patients were formed. Parameters of HRV
dynamics of both time (SDNN, rMSSD, pNN50, SI)
and frequency range (LF/HE HEF, LF, VLE, TP) are
presented in tables 2 and 3, fig. 2.

The 1°t group (7=27, men — 19; women — 8; me-
dian age: 49.1£3.5 years) consisted of patients with
normal functional activity of the ANS according to the
HRYV parameters over the whole observation period,
both at admission and on day 30—60 of a standard in-
tensive therapy and rehabilitation.

Normal values of the functional state of the au-
tonomic nervous in the 1st group of patients were as-
sociated with better values in the scales scoring the
level of consciousness (Glasgow, Four, Giocino), quick
transfer of patients from the ICU to the neurorehabil-
itation unit (the significance of differences versus
group 3 based on the y* was P<0.016 and P<0.00004
versus group 4 ), minimum dependence of patients on
the ventilator (the significance of differences versus
group 3 based on the y* was P<0.0017 and P<0.0002
versus group 4). Regression (improvement) of the
level of consciousness by 1 level according to the Gio-
cino scale (vegetative state — minimal consciousness
— minimal consciousness «+» — clear consciousness)
was observed in 29.6% of patients, indicating the re-
covery of brain functions (table 4).

A slightly lower increase in the level of con-
sciousness, in comparison with the group 2, indicates
an initially high level of this parameter in the group 1
(patients with a normal ANS function). Patients in
this group presented the highest rates of the functional
disability scale (DRS, M. Rappaport, 1982), indicat-
ing the patients’ recovery from coma to communica-
tion and social reintegration state. The value of this
parameter (16—17 points) indicated the minimum
level and reduction of disability in this group. MAS
scoring of muscle hypertonicity (spasticity) in this
group was 7.03£1.9 and 6.92+2.04 before and after the
course of intensive therapy, respectively, which re-
flected the low level of pathological changes. The mor-
tality in this group was minimal: 3.7% (death from
peritonitis), which can be largely attributed to a ran-
dom factor that does not depend on the general func-
tional status of patients of the 1% group (the difference
in the mortality rate according to the y* test versus the
group 3 was P<0.03 and P<0.00001 with the group 4).

The patients from group 2 (n=9, men — 6;
women — 3; median age: 41.5£5.76 years) exhibited
baseline (at admission) sympathetic hyperactivity
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WNBJI (no neuenus 22,2% nanuenTtos nosy4dasu MBJT)
U JIETATBHOCTD, OTMETUJIN [OCTOBEPHOE CHIUKEHIE
nnBasanoctTu 1o DRS, mnoxasartenn MbliieyHoro
TUTIEPTOHYCA OBLIN CXO/IHBI C AaHAJIOTHYHBIMU TOKA3a-
TesisiMu 1-i1 TpyTIIIbL

3-10 rpymmy (n=8, Mmy:. — 5, KeH. — 3, cp. BO3-
pacr 43,5%5,9 sieT) cocTaBUIIM TTAIUEHTHI C KUCXOIHO
(TIpY TIOCTYIJIEHUN) HOPMAJTBHBIMU ITOKA3aTeJsIMU
(OYHKIIMOHATBHOI AKTUBHOCTU U PA3BUTHEM CUMIIATH-
yeckoii runiepaktuBHocT Ha 30—60-€ cy Tk Ipu 1Ipo-
BeJIeHUsT Kypca UHTEHCUBHOW Tepanuy u peabuinTa-
mun  (camkenne SDNN, rMSSD, pNN50, TP,
yeeanuenue SI), (tabu. 2 u 3, puc. 2 u 3). Passutue
HATOJIOTNYECKIX U3MEHEHWH, OTPA)KEHHOE AJIEKTPO-
pusunosmornyeckumu nokazaresssmu BPC, cotpoBosk-
JAJIOCh YXY/IIIIeHneM HEBPOJIOTUYECKOr0 U COMaTHye-
cKoro craryca mmaiuenTos (1abu. 4). B manHoii rpyiime
PerucTpUpPOBATIM CHIKEHUE YPOBHS CO3HAHUS 10 BCEM
nrkanam (I'masro, Four, Giocino), a perpecca (yJryurire-
HU) YPOBHA co3Hanus 1o mikase Giocino Ha 1 ypo-
BeHb He HAGJIIOIAJIN HU Y O[HOTO MAI[MEHTa HTON TPyII-
nbl. [lepeBon manuenToB 3-if TPYIIIBI U3 OTAETEHUS
WHTEHCUBHOI Tepanu B HelpopeabuInTaIllMOHHbIE
OT/IEJIEHUSI C MEHBIIIEl 3aBUCHMOCTBIO OT TIOCTOSTHHOTO
KOHTPOJISI JKU3HEHHO BaKHBIX (DYHKIHIA ObLI BBITIOJ-
HEH TOJIbKO y 25%. Y NaIlMeHTOB 3TO IPYIINbI 3aBH-
cumocth ot VIBJI Bo3pocia B 2 pasa 3a BpeMs HX
HAXOK/IEHUSI B OT/IeJIEHUSIX NHTEHCUBHO TEPAITUU: OT
37,5 10 62,5%, coorBercTBeHHO. JIeTambHOCTh coCTa-
Buna 37,5%. OTMeTW/In JOCTOBEPHOE yBeJIHYeHUe
nnBasugHoct 1o DRS, mokasaTesb MbleyHOTO
runiepronyca mo MAS cocraBus cymmapso okoso 13
GaJIIIOB, YTO HEJIOCTOBEPHO BHIIIE B CPABHEHWH C TIPe-
IBLAYIIUMU rpyIamu (Tabur. 4).

4-10 tpymmy (n=15, myx. — 9, ;keH. —6, cp. Bo3-
pact 50,8£6,3 sieT) cocTaBuIIN TAIMEHTBI C [TOKa3are-
JgMu cuMmiiatndeckoil runepaktuBHoctn AHC kak
ncxoHo, Tak u Ha 30—60-e cyTku nmpoBeeHns Kypca
WHTEHCUBHOIW Tepanuu u peabuauranuu (HU3KHE
srayennst SDNN, rMSSD, pNN50, TP, Bbicokwuii ypo-
serb SI) (1abu. 2 u 3, puc. 2 u 3). [TocrosgHHBII ypo-
BEHb CUMIIATHYECKOW T'MIIEPAKTHUBHOCTH COTIPOBOK-
MaJics  HAJIMYMEM — TSDKEJIoro, 0e3  IMHAMUKH,
HEBPOJIOTUYECKOTO ¥ COMATUYECKOTO CTAaTyCa MalleH-
TOB JaHHOM Tpymnbl (Tabir. 4). Perucrpuposann Hus-
KWl ypoBeHb CO3HaHM: 110 BceM mmkanam (Iuasro,
Four, Giocino), a perpecca (yJsydineHnusi) ypOBHS
cosHanus 110 1mkaye Giocino Ha 1 yposeHb He HabJIIO-
JIaJIi HU Y OJTHOTO TiainenTa. [lepeBost nareHToB aToit
TPYIIIBI U3 OT/EJIeHUsI UHTEHCUBHON Teparuu B Heli-
POopeabuIMTAIIOHHbIE OT/EIEHHUS ¢ MEHbIIEH 3aBUCH-
MOCTBIO OT TIOCTOSTHHOTO KOHTPOJIST ’KI3HEHHOBAYKHBIX
dbyHKIMIT ObLI BBIIOJIHEH TOJIBKO Yy 13,3%. 3aBucu-
moctb o1 UBJI Habmonamu y 61,5 u 66,6% maiueHTos
UCXOJIHO TIPY TIOCTYIUIEHUH U 32 BPEMsI X HaXOXK/e-
HUSI B OT/IEJIEHUSIX MHTEHCUBHON TEPAINU, COOTBET-
crBenno. JlerasbHOCTD B 4-if rpytiiie coctaBuiia 53,3%.
ITo mkasne naBanuanoct (DRS) Habmomam Makcy-
MaJIbHbIe 3HaYeHusT — 25,5 1 25,4 6asJI0B NCXOHO U B

(low values of SDNN, rMSSD, pNN50, TP, and high
SI values) and the normal functional activity of ANS
on day 30—60 of the intensive therapy and rehabilita-
tion (increase in SDNN, rMSSD, pNN50, TP, reduc-
tion of ST), (table 2 and 3, fig. 2 and 3). Normalization
of electrophysiological parameters of HRV was ac-
companied by improvement of the neurological and
somatic status of patients (table 4). In this group, the
growth of consciousness level according to all scales
(Glasgow, Four, Giocino) was registered, and the re-
gression (improvement) of consciousness level accord-
ing to the Giocino scale was the highest of all scales
considered; it was observed in 55.5% of patients in this
group. Maximum significant differences with other
groups were registered for this criterion (regression —
improvement of consciousness by 1 level according to
the Giocino scale); according to the Mann-Whitney
test, the significance of the difference between this
group and the 3, 4™ and 5% groups was P<0.028;
P<0.05; P<0.05, respectively. 77.7% of the patients in
this group were transferred from the intensive care
unit to the neurorehabilitation units with less depend-
ence on constant monitoring of vital functions. At nor-
malization of HRV parameters, patients of this group
were completely independent of mechanical ventila-
tion (before treatment, 22.2% of patients were on me-
chanical ventilation) and there was no mortality; there
was a significant decrease in the disability rate accord-
ing to DRS; parameters of muscular hypertonicity
were similar with those in the 1% group.

The 3" group (7=8, men — 5, women — 3, median
age: 43.5£5.9 years) included patients with baseline (at
admission) normal functional activity and develop-
ment of sympathetic hyperactivity by day 30—60 of in-
tensive therapy and rehabilitation (decrease in SDNN,
rMSSD, pNN50, TP, an increase in ST), (table 2 and 3,
fig. 2 and 3). The development of pathological changes
reflected by electrophysiological parameters of HRV
was accompanied by deterioration in the neurological
and somatic status of patients (table 4). In this group,
a decrease in the consciousness level according all
scales (Glasgow, Four, Giocino) was registered, and the
regression (improvement) of the consciousness level
according to the Giocino scale was not observed in any
patient in this group. Only 25% of patients in group 3
were transferred from the ICU to neurorehabilitation
units with a lesser dependence on the constant vital
sign monitoring. In patients of this group, the depend-
ence on ventilator increased by 2-fold during their stay
in intensive care units: from 37.5% to 62.5%, respec-
tively. The mortality rate was 37.5%. There was a sig-
nificant increase in disability rates according to the
DRS; the MAS muscle hypertonicity scoring was a
total of about 13 points, which is unreliably higher as
compared to previous groups (table 4).

Group 4 (n=15, men — 9, women — 6, median
age: 50.8£5.9 years) included patients with sympa-
thetic ANS hyperactivity both at baseline and on day
30-60 of the intensive therapy and rehabilitation (low
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npoliecce MHTEHCUBHOI Te€PAIUU, COOTBETCTBEHHO, YTO
YKa3bIBaeT Ha IOJHOE OTCYTCTBUE KOMMYHUKAIUU 1
COIMAJIbHOI PEMHTETPAIIH B JAHHO IPYIIIIe MalleH-
ToB. IlokazaTesib MBIIIIEYHOTO TUTIEPTOHYCA B CPaBHE-
HUWY C [IPEABIAYIIIUMY TPYIINAMI OKA3aJICsI MUHUMAJTb-
HBIM — CYMMapHO 0K0JI0 4,86 Ganios (Tabu. 4).

5-10 Tpy1ty (n=7 My:. — 5, 5KeH — 2, Cp. BO3pacT —
37,0£8,7 jieT) cocTaBUIIM MAIMEHTHI C TTOKA3ATEISIMU
napacumnaruyeckoit runepaktuBHoctu AHC kak
WCXOJIHO TP noctyrieHuu, Tak u Ha 30—60-e cytku
MPOBE/IEHVS] MHTEHCUBHON T€PATUU U PeabuIuTaiium
(Boicokwue s3uavenust SDNN, rMSSD, pNN50, TP, nus-
kuii yposenb SI) (1abu. 2 u 3, puc. 2 u 3). B ganHoit
rpyIIlle MOCTOSIHHBIN YPOBEHb apaCUMIIATHYECKOI
TUNIEPAKTUBHOCTH, OTPAKEHHBII 51€KTPODU3NOTIOTH-
yeckumu 11okazaresismu BPC, ykaspiBas Ha Hanume
ucronieHus Qyukiuonanbuoin akrusnoctu AHC u
COTIPOBOJK/IAJICS HAJIMYUEM TSIKEJI0T0, 6e3 INHAMUKH,
HEBPOJIOTUYECKOTO ¥ COMATUYECKOTO CTAaTyCa MallleH-
ToB (Tabu1. 4). B 5-ii rpyIie perucTpupoBaiu HUSKUA
ypoBeHb co3HaHus 110 Bcem mikanam (Iasro, Four,
Giocino), a perpecca (yJiydiiieHns ) ypoBHsI CO3HAHUS
no mkase Giocino Ha 1 ypoBenb He HaGJIOAAIM HU Y
omHoro namuenTa. [lepeBoj maeHToB 3TOI IPYIIIIbI
U3 OT/leJIeHUsI UHTEHCUBHOW Teparu B Helipopeabu-
JINTAIMOHHBIE OT/EJIEHUsI C MEHBINEI 3aBUCMOCTBIO
OT ITOCTOSTHHOTO KOHTPOJIST )KU3HEHHO BaJKHBIX (DYHK-
11 GBI BBIONTHEH Y 42,8%. Y mauenToB 9TOH TpyTi-
1Bl 3aBUCUMOCTh 0T VIBJI Habmonamu B 28,5% ciayua-
€B KaK MCXO/HO IIPU NOCTYILJIEHIH, TAK 1 32 BCE BPEMsI
UX HAXOK/IEHUST B OTIEJIEHUSIX UHTEHCUBHOI TePaIuu.
JleranpHocTh B rpymie orcyrcTBoBasa. Ilo mikame
unsanugaoctu (DRS) nHabiroganu BhICOKUE 3HaYe-
Hus (22—23 Gajina), 4To TakKe, Kak U B IPYyIIe 4 yKa-
3bIBAET HA IOJHOE OTCYTCTBUE KOMMYHUKAIUU WU
COIMAJIbHO PEMHTETPAIMH B JAHHOW IPYIIIE MaIleH-
ToB. [Tokazaresib MBIIIIEYHOTO TUTIEPTOHYCA B CPABHE-
HUWY C TIPEBIAYIIUMI TPYIIAMU — MAaKCUMAJIbHbII. B
[eJIOM 5-10 TPYIIITY HAIUEHTOB XaPaKTEPU30BAIU KAK
CHIDKeHUEM (OTCYTCTBHMEM ) aJalTal[MOHHOTO OTBETA
AHC, Tak u HUBKUM peabUINTALUOHHBIM IOTEHIHA-
JIOM B OTBET Ha ITOBPEsK/IEHIE TOJIOBHOTO MO3Ta. Beico-
kasg BPC yxasbiBaer Ha HU3KYIO aKTUBHOCTH WJIU
<UCTOIIEHUE» BBICIIUX PEryaaTOpHBIX 1IeHTpoB AHC,
YTO CHUKAET aJIalITAllNOHHbIE BO3MOKHOCTH OPTaHU3-
Ma. o jaHHbIM psifia KINHUYECKUX U 9KCIIepUMEH-
TaNbHBIX PaboOT MapacUMIIaTHYECKass TUIEPAKTUB-
HOCTb  COIIPOBOJKJAETCSI ~ YaCThIM  Pa3BUTHEM
TUTIOTEH3WH, GPAJINKAP/IUHI, KapAMOUHTHOUTINT 1 CHH-
KOTIe, TOTaIbHONW GPOHXO0OCTPYKIINH, YTO TOATBEP-
JK/IAET, YTO JAHHBIN THUIl (DYHKIINOHAIBHON aKTHBHO-
ctu AHC ne asasgercs nopmoii [12—21].

[Ipu ananuze 3aBUCUMOCTU DYHKITHOHATBHBIX
napamerpoB AHC oT HeBpoJsiormyeckoro craryca
BBISIBUJIM HEKOTOPbIE 3aKOHOMEPHOCTH, TPedyIoIue
unrepnperaiuu. llpu cpaBHenuu mucnepcuii B
IPYIIIAX NAIMEeHTOB C MOKa3aTeIsIMHU, XapaKTePHbI-
MU [IJI51 HOPMBI, CUMIIATUYECKOIl NN TTapACUMIIaTH-
YeCKOU rUIepakTUBHOCTH, U YPOBHSIMU CO3HAHUS 110

SDNN, rMSSD, pNN50, and TP values, high SI val-
ues), (table 2 and 3, fig. 2 and 3). The constant level
of sympathetic hyperactivity was associated with poor
neurological and somatic status of patients without
dynamic changes (table 4). Consciousness level was
determined by scales Glasgow, Four and Giocino, and
the regression (improvement) of consciousness level
according to the Giocino scale was not observed in any
patient in this group. Only 13.3% of patients in group
3 were transferred from the ICU to neurorehabilita-
tion units with a lesser dependence on the constant
vital sign monitoring. Dependence on ventilators was
observed in 61.5% and 66.6% of patients at admission
and during their stay in intensive care units, respec-
tively. The mortality rate in group 4 was 53.3%. Ac-
cording to the disability rating scale (DRS), the
maximum values were observed (25.5 and 25.4 points
at baseline and during the intensive therapy, respec-
tively), indicating a complete lack of communication
and social reintegration in this group of patients.

Muscle hypertonicity values were minimal as
compared to the previous groups: a total of about 4.86
points (table 4).

Group 5 (n=7, men — 5, women — 2, median age:
30.7+8.7 years) included patients with parasympa-
thetic ANS hyperactivity both at baseline and on day
30-60 of intensive therapy and rehabilitation (high
SDNN, rMSSD, pNN50, TP levels and low SI), (table
2 and 3, fig. 2 and 3). In this group, the constant level
of parasympathetic hyperactivity as determined by
electrophysiological parameters of HRV indicated the
depletion of functional activity of the ANS and was
associated with a poor neurological and somatic status
of patients without any dynamics (table 4). A low con-
sciousness level according to Glasgow, Four and Gio-
cino scales was registered in group 5, and the
regression (improvement) of consciousness level ac-
cording to the Giocino scale was not observed in any
patient in this group. Only 42.8% of patients in this
group were transferred from the ICU to neurorehabil-
itation units with a lesser dependence on the constant
vital sign monitoring. In patients of this group, de-
pendence on ventilator was observed in 28.5% of cases
both at admission and during their stay in intensive
care units. There was no mortality in this group. Ac-
cording to the disability rating scale (DRS), high val-
ues were observed (22—23 points), indicating a
complete lack of communication and social reintegra-
tion in this group of patients as it was in group 4. The
muscle hypertonicity index is the highest in compari-
son with the previous groups. In general, the 5th group
of patients was characterized by both a decrease (ab-
sence) of the adaptive response of the ANS and a low
rehabilitation potential in response to brain damage.
High HRV values indicate a low activity or «deple-
tion» of higher regulatory centers of the ANS, which
reduces the adaptive capacity of the body. According
to a number of clinical and experimental studies,
parasympathetic hyperactivity is accompanied by fre-
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TaGauua 5. JlaHHbIE JOCTOBEPHOCTH IUCIHEPCHOHHOTO
aHaJu3a B IPyNnax NalMeHTOB ¢ Pa3iINYHbIM (QYHKINO-
HaJbHBIM COCTOSIHHEM aBTOHOMHOH HEPBHOH CHCTEMBbI
(AHC) no nokasaTensM BapruaGeJbHOCTH PUTMa CepALa
(BPC) n xJMHUYECKOro cTaryca.

Table 5. Significance Analysis of variations in groups of
patients with different functional state of the autonomic
nervous system (ANS) for the heart rate variability
(HRYV) and clinical status.

Scales P — value
The level of consciousness
Glasgow 0.0039
FOUR 0.0052
Giocino 0.003
The level of disability
DRS 0.0068
Muscle tone
MAS
Upper limb 0.003
Lower limb 0.004
Total, upper and lower limb 0.0042

Note. Norm, sympathetic, parasympathetic hyperactivity of the
ANS functional activity (according to HRV) were determined.
the level of consciousness was evaluated according to Glasgow,
FOUR, and Giocino scales; MAS — modified Ashworth scale with
evaluation of muscle tone in total, bilateral for upper limb — three
joints — elbow, wrist, thumb; lower limb — three joints — hip,
knee, ankle, and in total for the upper and lower limbs; DRS —
Disability rating scale (Rappaport M., 1982).

IIpumeuanue. Hopma, cumnaTiyueckas, mapacuMIIaTHIecKast TH-
nepakTUBHOCTD (hyHKIMoHanbHOI aktuBHOCTH AHC (110 1aHHBIM
BPC). Total, upper and lower limb — cymmapuo, BepxHue u HUK-
HIE KOHEYHOCTH.

mkasgaM koM Imasro, Four, Giocino, Mbliie4yHOro
tonyca 1o nkajge MAS, KoJinuecTBEHHOU XapaKTe-
PUCTUKHU TPOTHO32a M YPOBHSA WHBAJIUIAHOCTH IO
DRS nosyumnim 10CTOBepHbIE OTINYUS, TAKIM 06pa-
30M Pa3anuyusd CPEeHUX BEJUYUH B TPYIIIAX HEJIb3S
cyuTtarh cayvaiinbiMu. CTaTUCTUYECKUE [aHHbIe
npuBesenbl B TabuI. 5.

OueBuiHO, UTO MEXK/Y MapameTpaMu QyHKIIMO-
nanbHoit aktuBHocT AHC u ypoBHeM co3Hanust ume-
eTcsl JIOCTOBepHad KOppessiusd. YpPOBeHb CO3HAHUSA
MaKCUMAJIbHBII B TPyIaxX IallMeHTOB C HOPMOU
bynkmmonanmpioit aktusnoctu AHC u poctoBepHo
yaydinaeTcs npu Hopmasusaiuu nmapamerpo AHC or
3HAYEHUH, OTPAKAIOIIUX CUMIIATUYECKYTO WJIU T1apa-
CUMIIATUYECKYIO TUTIEPAKTUBHOCTD, 10 HOPMBI. O1HO
n3 1maTou3nOJIOTHYECKUX COCTABJLIONINX JAHHON
3aBUCUMOCTH ABJISAIOTCS HaliJIeHHbIE paHee KOppeJis-
nuu Mexay Hapyuiennem AHC wu mobienuem
MHTPaKPAaHUAJIbHOTO JIABJIEHUS, HAPYIICHUEM MeXa-
HU3MOB ayTOPETYJISAIUA  MO3TOBOTO  KPOBOTOKA,
MMMYHHBIM OTBETOM, aKTUBAIIUEN MUKPOTJINU 1 MaK-
podaros, MOBpeX/eHNEM TreMaTodHIle(haTnIeCcKOro
Gapbepa U OKCUAATUBHBIM cTpeccoM [22—26]. TTocre
TPaBMBbI T0JI0BHOTO M0O3ra 90% maIuenToB UMEIOT Mpu-
3HAKM aBTOHOMHOW MUCHYHKIUU, PETUCTPUPYEMbIE
yiKe B TIEPBYIO HeZleNio, 1 0KoJsio 30% 13 HUX UMEIOT
MpU3HAKU TPOJJIeHHON au3aBTonomMun [28—30].
OaHuM M3 BaKHBIX HAIPaBJIEHUI COBPEMEHHDIX
UCCJIEI0BAHIHN ABJISIETCS Pa3pabOTKa KOJMIECTBEHHBIX

quent development of hypotension, bradycardia, car-
dioinhibition and syncope, total bronchial obstruc-
tion, which confirms that this type of ANS functional
activity is not a normal one [12—21].

The analysis of the dependence of the functional
parameters of the ANS on the neurological status re-
vealed some patterns that require interpretation.
Comparison of the dispersion in the groups of patients
with parameters typical for the normal values, sympa-
thetic or parasympathetic hyperactivity, and levels of
consciousness according to the Glasgow, Four, and
Giocino coma scales, MAS muscle tone scoring, quan-
titative characteristics of the prognosis and the DRS
level of disability demonstrated significant differences,
so the differences in the average values in the groups
cannot be considered accidental. Statistical data are
presented in table 5.

Significant correlation between the parameters
of the ANS functional activity and the level of con-
sciousness had been revealed in the study. The level of
consciousness was maximum in the groups of patients
with normal functional activity of ANS and it was sig-
nificantly improved with normalization of ANS pa-
rameters from values reflecting sympathetic or
parasympathetic hyperactivity to normal ones. Previ-
ously found correlations between ANS impairment
and increased intracranial pressure, impairments of
mechanisms of autoregulation of cerebral circulation,
immune response, activation of microglia and
macrophages, damage of the blood-brain barrier and
oxidative stress are among pathophysiological compo-
nents of this dependence [22—26]. After a brain injury,
90% of patients present signs of autonomic dysfunc-
tion registered at the first week, and about 30% of
them exhibited patterns of prolonged dysautonomia
[28—30]. Development of quantitative predictors of
the prognosis of the level of consciousness and tar-
geted intensive therapy based on the parameters of
HRYV as the main method of determining the func-
tional state of ANS continues to represent one of the
modern research challenges [31—33].

Analysis of HRV values typical for the normal
levels, sympathetic or parasympathetic hyperactivity
and muscle tone level according to the modified Ash-
worth scale (MAS) demonstrated no significant cor-
relations.  Sympathetic ~ hyperactivity =~ was
accompanied by a significantly lower level of muscle
hypertonicity and, on the contrary, parasympathetic
hyperactivity (group 5) was accompanied by the max-
imum level of muscle hypertonicity. SDNN and muscle
tone (spasticity), measured summarily in MAS scores,
provided a moderate positive correlation demonstrat-
ing that at high values of SDNN (growth of parasym-
pathetic hyperactivity), patients exhibited a higher
muscle tone (spasticity). The correlation coefficient
(Pearson Correlation Coefficient) between SDNN
and the overall muscle tone is 7=0.58, and the linear
regression equation were as follows: y=0.35X+1.27
mm, where X — SDNN in ms; y — muscle tone in the
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IPEAUKTOPOB IIPOTHO3a YPOBHSI CO3HAHUS U IeJIeHa-
[PABJIEHHON WHTEHCUBHOI TepaIuy 110 IapaMeTpam
BPC kak ocHoBHOTO MeTo/1a otipejiesieHus (hyHKITO-
HaspHOTO coctosung AHC [31—33].

[Tpu anammse nokazareseit BPC, xapakTepHubix
[T HOPMBI, CUMITATUYECKOH WJIM MapacuMIiaTiye-
CKOIi 'UITEPAKTUBHOCTH ¥ YPOBHS MBIIIIEYHOTO TOHYCA
no moaudwuiuposanHoi mkante Amsoprta (MAS)
Hall/IeHbI IOCTOBEPHbIE KOPPEJISAIUOHHbIE 3aBUCHMO-
ctu. CUMIaTUYeCKast TUIIEPAKTHBHOCTD COITPOBOXK/IA-
eTCs1 I0CTOBEPHO GoJiee HU3KUM YPOBHEM MbIIIEUHO-
ro rUIEpPTOHyca M, HA06OPOT, MapacuMIaTHYeCKast
TUIIEPAKTUBHOCTh (5-s TPYIINA) CONPOBOXKIAETCS
MaKCUMAaJIbHbIM YPOBHEM MBIIIEYHOTO TUIIEPTOHYCA.
SDNN u mbiieunslii ToHyc (CIIacTUYHOCTbD ), U3Me-
PeHHBII cyMMapHO B Oanax 1o mkane MAS, umeror
YMEPEHHYIO TTOJIOKUTENbHYIO KOPPEJISIIHIO, YTO O3HA-
yaeT, 4To Tpu BbicokuX 3HaveHusx SDNN (pocr
HapacUMIIATUYECKO TUIIEPAKTUBHOCTH) y TAl[NeH-
ToB HabJIo/1aeTcst GoJiee BEICOKUI MBIIIEYHBIN TOHYC
(crractuunoctp). KoadunuenT koppensiuu (Pear-
son Correlation Coefficient) mexay SDNN u cym-
MapHBIM MbIlledHoM TorycoMm 7=0,58, a ypaBHeHue
JuHeiHoit perpeccun cruenyiomee: y=0,35X+1,27,
rie X — SDNN B Mcek; y — MbIIIIEYHbIN TOHYC TI0
MAS B Gamnax. O B3aMMO3aBUCUMOCTH YPOBHS
MBIIIIEYHOTO TOHyca U 1okadatesieilt BPC u aktusHo-
ctu AHC ykasbeiBaioT B cBOUX PaboTax psij UCCAEL0-
Bateseii [34—41]. Takum 06paszoM, IIpu cuMIIaTAYe-
CKOIl TUIEPAKTUBHOCTH MBIIIEYHBIl TUIIEPTOHYC
(CHacTUYHOCTH) UMEET MUHUMAJIbHBIE MIPOSIBIEHUS,
TOT/Ia KaK IapacuMIIaTHYecKas TUIEPAKTUBHOCTh
COYETAETCSI C MAKCUMAJIbHBIM TIPOSIBJIEHUEM MBIIIIeY-
HOTO TuIepToHyca. Ha Hai B3rJisii 9T JaHHbIE MOTYT
OBbITH OOBSICHEHBI CIEAYIOMINM 06PAa3OM: IIPH CHUMIIA-
TUYEeCKOU FUIePAKTUBHOCTU IIPOUCXOIUT yYCHIEHUE
AKTUBHOCTU IIEHTPAIBbHBIX (THIIOTATAMIYECKHX )
nentpoB AHC u oiHOBpeMEHHO yCUIIMBAETCS aKTUB-
HOCTb aHATOMUYECKH OJIN3KHUX [IEHTPAJIBHBIX OT/IEIOB
9KCTPAITMPAMUIHON CUCTEMBI (IIEHTPATIBHBIN MOTO-
HEIPOH), YTO He TT03BOJISIET PA3BUTHCS MATOJIOTYE-
CKOIf aKTUBHOCTH CETMEHTAPHOTO aIlapaTa ClInHHOTO
mo3ra. Hao6oport, 1ipu napacuMIiaTu4eckoi rumep-
AKTUBHOCTH AKTUBHOCTb IIeHTPasbHbIX 0T1e710B AHC
MUHUMAJbHA, YTO, BO3MOKHO, CBSI3AHO U C HU3KOI
AKTUBHOCTBIO IIEHTPAJIbHBIX OT/EJIOB dKCTPAIUpa-
MUJIHON CUCTEMBbI, U, KaK CJIeICTBUE, TPOUCXOIUT
«pPacTOPMaKUBAHUE» AKTUBHOCTU CErMEHTAPHOIrO
arrapara ClIMHHOTO MO3Ta U MOsIBJIEHNE BbIPAKEHHOI
«CIACTUYHOCTH>. JlaHHble O B3aMMO3aBUCUMOCTU
Mbinrednoro Tonyca u AHC nyxpaiorcst B jajbHeii-
IIeM U3YYEeHUH.

Wccneposanue mucbananca AHC npu rerepo-
TOITHBIX TIOBPEKIEHUIX FOJIOBHOTO MO3Ta (aHOKCUS,
TPaBMa, OCTPbIe HAPYIIEHUsT MO3TOBOTO KPOBOOGpa-
IIEHNUs], TTEePUOIEPAINOHHbIE HEHPOXUPYPTrUYecKie
OCJIOKHEHWST) aKTyasibHas 3a/adya COBPEMEHHBIX
HAYYHBIX MccaenoBanuil. V3yyenue B3aumocBs3u
HapyueHns: GYHKIMOHAIBHOIO CTATyCa CUMIIATIYe-

MAS scoring. A number of researchers [34—41] indi-
cated the interdependence of the level of muscle tone
and HRV parameters and ANS activity. Thus, in the
case of sympathetic hyperactivity, the muscle hyper-
tonicity (spasticity) revealed minimal manifestations,
while parasympathetic hyperactivity was accompa-
nied with the maximum manifestation of muscle hy-
pertonicity. In our opinion, these data can be
explained as follows: in the case of sympathetic hyper-
activity, there is an increase in the activity of the cen-
tral (hypothalamic) centers of the ANS and at the
same time the activity of anatomically close central
parts of the extrapyramidal system (central motor
neuron) increases, which does not allow the develop-
ment of pathological activity of the segmental appa-
ratus of the spinal cord. On the contrary, in the case of
parasympathetic hyperactivity, the activity of the cen-
tral parts of the ANS is minimal, which may be due to
the low activity of the central parts of the extrapyra-
midal system, and, as a consequence, there is a «disin-
hibition» of activity of the segmental apparatus of the
spinal cord and the appearance of pronounced «spas-
ticity». Data on the interdependence of the muscle
tone and ANS need further study.

The study of ANS imbalance in heterotopic brain
damage (anoxia, trauma, acute cerebral circulation
disorders, perioperative neurosurgical complications)
is an urgent task of modern scientific research. The
studies of the relationship of disorders of the func-
tional status of the sympathetic or parasympathetic
nervous system in cerebral insufficiency, impairment
of nutritional homeostasis, muscle dystonia, respira-
tory failure and weaning are the most important areas
of scientific research of modern neuroresuscitation
and rehabilitation.

Conclusion

Neuromonitoring of the functional state of the
autonomic nervous system using the digital parame-
ters of heart rate variability allows to identify the clin-
ical groups of patients with significant differences in
the level of consciousness and the prediction of the dy-
namics of consciousness, social reintegration status,
muscle dystonia, and respiratory support.

Normal and abnormal parameters of the func-
tional state of the ANS have a significant correlation
with the assessment of consciousness levels using the
Glasgow, Four, Giocino scales, DRS disability level, and
muscle tone according to the modified Ashworth scale.

In the case of sympathetic hyperactivity, the de-
pendence of patients on mechanical ventilation is
more than 8 times higher than the dependence on ven-
tilation in the normal functional activity of ANS.

Elimination of sympathetic hyperactivity is a re-
liable prognostic sign of improvement of patient's con-
dition and regression of neurological symptoms.

The absence of the dynamics of pathologically al-
tered parameters of the heart rate variability in the
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CKOU WJIN [TAPACUMIIATHYECKON HEPBHOW CUCTEMBI TIPU
1epebpabHOM HEOCTATOUHOCTH, HAPYIIEHIH HY TPH-
TUBHOTO TOME0CTAa3a, MbIIIIEYHO JINCTOHUH, PeCnpa-
TOPHOI HEJIOCTATOYHOCTU U BeHUHTe — BaskHelllee
HarlpaBJieHle HAYYHOTO TOMCKAa COBPEMEHHON HElpo-
peaHuManuy 1 peabuaInTainm.

3akiaoyeHue

HeiipomonuTopunr yHKITMOHAIBLHOTO COCTOS-
HUS aBTOHOMHOIN HEPBHOM cUCTEMBI 1O TIU(POBBIM
napaMeTpaM BapuabeabHOCTH PUTMa Cep/lla Mo3BO-
JIgeT BBISABJIATD KIAMHUYECKHUE TPYTITBI HAIIMEHTOB C
JIOCTOBEPHBIMU PA3IUYUSMHE 110 YPOBHIO U TPOTHO3Y
IUHAMUKH CO3HAHUS, CTATYCy COIMAJbHON penH-
Terpaiuy, MbIIIIEYHON AUCTOHWHU, PECIIMPATOPHOM
MO/I/IEPIKKH.

3HaueHNd HOPMbBI U TTATOJOTUH (DYHKITMOHAIb-
Horo coctoguuss AHC numeioT 1octoBepHyTo KoppeJis-
1[I0 C OIIEHKOI YPOBHEN CO3HaHUA 110 11Kase [asro,
Four, Giocino, ypoBHEM WHBAJIUIHOCTU TO INKaJe
DRS u MbiieqsbsiM TOHYCOM 110 MOJIUPUITUPOBHHON
nrkasie AnrBopra.

[Tpu cuMImaTn4yecKoil TurepakTUBHOCTH 3aBUCH-
MOCTb TAIIMEHTOB OT MCKYCCTBEHHON BEHTUJIAINU
GoJiee yeM B 8 pas IIPEBHILIAIOT 3aBUCUMOCTD 0T VIBJI
nipu HopMme yHKImonanbHol aktusHocTn AHC.
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form of sympathetic and parasympathetic hyperactiv-
ity during the intensive therapy and rehabilitation is
a reliable indicator of its inefficiency.

The effectiveness of the intensive care and reha-
bilitation of patients with long-term impairment of con-
sciousness, depending on the prosthetics of vital organs,
can be objectively judged by neuromonitoring of the
functional state of the autonomous nervous system.

YcrpaneHue CUMITATHYECKOM TMITEPaKTUBHOCTHA —
JIOCTOBEPHBIN MIPOTHOCTUYECKUM TTPU3HAK YJIYUIICHUS
COCTOSAHMS TAIMEHTa U perpecca HEeBPOJOTHMYECKOi
CUMITTOMATUKH.

OrcyTcTBUE AMHAMUKHU MATOJOTHYECKT U3Me-
HEHHBIX [IAPAMETPOB BapuadeJbHOCTH PUTMA CEPLA
B BUJIe CUMIIATUYECKOW U TAapACUMITATHIEeCKON TUTIep-
AKTUBHOCTH B ITPOIlecce MHTEHCUBHOM Tepary 1 pea-
OuIMTAlMU JOCTOBEPHBIII IIoKa3aTelb ee Headhek-
TUBHOCTH.

06 a(phekTUBHOCTY UHTEHCUBHON Tepanuu 1
peabuuTanuu JIMIL ¢ JUIUTESbHBIM HapyIIeHUEM
CO3HAHMS, HAXOSAIIMMCS B 3aBUCUMOCTH OT IIPOTE3U-
POBAHUSA KUZHEHHO Ba)KHBIX OPTAHOB, MOXKHO 00b-
eKTUBHO CYZUTh 10 HEHPOMOHUTOPUHTY (DYHKITHO-
HaJIBHOTO COCTOSIHUSI aBTOHOMHOM HEPBHOM CUCTEMBbI.
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Mopdonornueckne npu3Haki Pa3JINYHbIX TEMIIOB HACTYIUIEHUSI CMEPTH
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Morphological Characteristics of Different Rates of Dying
Vladimir A. Putincev'!, Dmitry V. Bogomolov!, Dmitry V. Sundukov?

! Russian Centre of Forensic Medical Expertise,Russian Ministri of Health,
12/13 Polikarpov Str., 125284 Moscow, Russia
2 Peoples Friendship University of Russia,
6 Miklukho-Maclaya, Moscow 117198, Russia

Iesb vccnenoBanus: HayuHOe 0OOCHOBaHUE U Pa3pabOTKa JOCTYIHBIX MOP(HOJIOTHIECKIX KPUTEPHEB, TI03BO-
JITIOTINX YCTAHABJINBATD VINTETPHOCTD YMUPAHUS W TEMI HACTYTIJICHUS CMEPTH.

Marepuass 1 MeToabl. MaTepras ocHOBHOTO uccienoBanns — 206 BBISABIEHHBIX CIydaeB CMEPTH Y JIUIL C Pa3-
JIMYHBIM 3apaHee U3BECTHBIM TIPOIIECCOM YMUPAHUS, UTO U SBJISIOCh KputepueM otbopa us 1500 ciydaes cMepTu
(n=206, 14%). 13 HuX B paMKax CyAe0HO-MeANINHCKOI aKctiepTusbl — 110 ciyuaes Habm0neHUH, Cy1eOHO-Meaun-
[IMHCKOTO UCC/IEI0BAaHUS TPYIIa — 79 CJIydyaeB U B PAMKAX [IaTOJI0T0aHATOMUYECKOTo BCKpbiTust — 17 ciryyaes. OObem
BBIPaBOTKHM UCXOJHOrO MaTepuana coctaui ot 30 10 57 ciryyaes HabmoneHus B 5 Tpyax. Jljist mepBoro BpeMeH-
HOTO HHTepBasia GbLII0 0TOOpaHo — 53 ciryyast HaboAeH!il, 111 Broporo — 30 HabJoeHuil, 4151 TpeTbero — 32 Ha-
OMIO/ICHNS, TS 4eTBEPTOro — 34 HabMoAeHus u st nartoro — 57 nabmoaenuii. [Ipu nceaegoBanmy MaTeprana
NPUMEHSIIH CJIEAYIONIME METObL: AHAIM3 CBEACHUN 06 06CTOATENbCTBAX HACTYIICHK cMepTH (110 MaTeprajiam
Jleq1a), peTPOCTIEKTUBHBIN KINHUKO-aHATOMIYECKUN aHaN3, OCHOBHOW (KJIACCUIEeCKUI ) METO/T BCKPBITHS TPYTIOB
JIfo/Iel TIPW CEKITMOHHBIX NCCJIEIOBAHUSX U THCTOJOTHYECKOe nccaenoBanue. lomosantenbao npumensan NI'X-
rccyieloBaHme, a Takske MopdoMeTprueckuii, MaKpocKonmumdeckKuit u hotorpaduaecknii MeTobl. /[ TouHOCTH 1
Ha/IeKHOCTH TTOJTyYeHHBIX Pe3yJIBTaTOB NCCIE0BAHNS NCIOIB30BAIN MOP(OIOTO-CTATUCTHYECKUH aHAIN3, KOTOPBIH
BKJIIOYAN B ce0s KaK CTATUCTUYCCKUI anains MOp(hOJOrMIeCKNX MPU3HAKOB, TaK M TAHATOTCHETUYCCKMIT aHAIN3
carydaeB 0TOOPAHHOTO MaTepuaa.

Pesyabrarel uccienoBanus. Pazpaborain u HaydHO 000CHOBAIN METOIMKY YCTAHOBJIEHUSI 5-1 TEMIIOB yMUPa-
HUs 10 MOPGOJOTHIECKUM ITPU3HAKAM, CUCTEMAaTU3UPOBAHHBIM B MOP(MOIOTHYECKIE KOMILIEKCHI: MOJTHUEHOCHDBII
temn <15—30 mMun; 6prcTporii Temmn >30 Mun — <2 u; cpeanuii Temn >2 — <6 u; MeIeHHbIH Temi >6 — <12 u; am-
TembHbIA Temr >12 4. Anpobarus npeIoKeHHOr0 METO/Ia Ha BATOBOM 9KCIIEPUMEHTATBHOM MaTEpUAJIE TO3BOJIIIA
JU7IST KQKA0TO MOPGOTIOTTIECKOTO KOMIIJIEKCA YCTAHOBUTD IUATHOCTUIECKUN TIPefiesl CYMMapHOH 3HAYUMOCTH 1,
TakuM 06pa3oM, yCOBEPIIEHCTBOBATh METOMKY YCTAHOBJIEHUSI TEMITA YMUPAHIS 110 MOP(OJIOTHYECKIM IIPU3HAKAM
JUIs1 Cy1eOHO-MEANIIMHCKOM TIPAKTUKHL.

3axiouenne. YCTaHOBJIEHHbIE B JaHHOI paboTe MOP(OIOrnyecKre KOMILJIEKChI TeMIIAa HACTYIJICHUST CMEPTH
HOCJIY/KaT JabHEHIIIeMY PAa3BUTHIO HE TOJBKO CyAeOHO-MeMIITHCKON TAHATOJIOT U, HO U COBEPIIEHCTBOBAHUIO Jie-
4eOHO-TTPO(YUITAKTUYECKON [TOMOIIIN.

Kantouesvie crosa: memn ymupanusi; OnumensHocms (npoooijcumensHoCcy ) YMUpanist; azoHaibHulll nepuoo; He-
3annas cmepmv; Moppono2uecKue NPUSHaK; MOPGON02ULECKUTI KOMNIEKC; MAHAMO2EHE3

The purpose of the study: scientific evidence and development of accessible morphological criteria that allow
to determine the duration of dying and the rate of dying.

Materials and methods. The material of the main study included 206 identified deaths of persons with different
pre-known processes of dying, which served as criterion for selection from1500 deaths (n=206, 14%). Of these, 110
cases were observed by the forensic medical expertize, 79 cases were revealed by the forensic medical examination
of the dead body and 17 cases were included after the postmortem autopsy. The sample included from 30 to 57 cases
subdivided in 5 groups. 53 cases were selected for the first time interval, 30 observations for the second one, 32 ob-
servations for the third one, 34 observations for the fourth one and 57 observations for the fifth time interval. The
following methods were used to study the material: analysis of information about the circumstances of death (based
on the records), retrospective clinical and anatomical analysis, the main (classical) method of autopsy of human
corpses in sectional studies and histological examination. In addition, an immunohistochemical test, as well as mor-
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phometric, macroscopic and photographic methods were used. For the accuracy and reliability of the findings, mor-
phological and statistical analysis was used, which included both statistical analysis of morphological characteristics
and tanatogenetic analysis of the cases of the sampled material.

Study results. We developed and scientifically proved a methodology for determining 5 rates of dying according
to the morphological characteristics systematized in morphological complexes: fulminant rate <15-30 min; fast rate
>30 min — <2 h; moderate rate >2 — <6 h; slow rate >6 — <12 h; lingering rate >12 h. Approbation of the proposed
method on the gross experimental material allowed to set the diagnostic limit of the total significance for each mor-
phological complex, and thereby, to improve the methodology of establishing the rate of dying in accordance to the
morphological characteristics for the use in forensic practice.

Conclusion. The morphological complexes of the rate of dying established in this work would serve as a base for
further development of not only forensic thanatology, but also for the aim of improving the medical and preventive

care.

Keywords: rate of dying; duration of dying; agonal period; sudden death; morphological features; morphological

complex; thanatogenesis
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BBenenue

Omnpezesienrie  TIPOJOIKUTETBHOCTH — SKU3HU
YyeJIoBeKa TIPU PA3TIMYHBIX BU/IAX HACHJIbCTBEHHON 1
HEHACUJIBCTBEHHOI CMEPTH OKa3bIBAET CYIIECTBEHHYTO
MOMOIIIb CyIeGHO-CIIE/ICTBEHHBIM OpraHaM Mpu ycTa-
HOBJIEHUU UCTHHBI B X0OJI€ PACKPBITUSI U PACCIIEN0BA-
HUSI IPECTYILIIEHIH.

YcTaHOBIIEHVIE JUTUTETBHOCTY YMUPAHUS YeJI0Be-
Ka, a TaK)Ke CBSI3AHHOTO C HUM TeMIIa HACTYILIE€HUS
CMePTU 10 MOP(OJIOTUIECKUM TIPUIHAKAM SIBJISTIOTCS
ofHON W3 HamboJiee CTapbIX M CIOKHBIX TPOBIEM
Cy1eOHO-MEUITMHCKON TAHATOIOTHH, 0 CUX MOP He
MOJIYYMBILEH YZIOBIETBOPUTENBHOTO pelleHrs. TemIr
HACTYIUICHVSI CMEPTU 3aBUCHUM OT Psifia CYOBEKTUBHBIX
U OOBEKTUBHBIX MPUYUH, KOTOPBIE MOTYT YCKOPUTh
WY 3aMEJIJTUTh €TO U, TEM CAMBIM, TIOBJIUSATH HE TOJIBKO
Ha JJTUTEJIBHOCTD TIPOllecca YMUPaHUs, HO 1 Ha TaHa-
ToreHe3 B 1iesioM. C MOHMMAaHUEM MTPOUCXOJISIINX B
YMUPAIOIeM OPraHI3Me IPOIIECCOB CBSI3aHbI CBOEBPE-
MEHHOCTb, MHTEHCUBHOCTh U I[€JIEHAIIPABJIEHHOCTb
Mep, HalpaBJEHHbIX HA peaHuMaIuio yejoseka [1].
I[Ipesxne Beero, aT0 BaXKHO U1t OObEKTUBH3AIMN TTPO-
1[ecca YMUPAHUSI BO BDEMEHH, UTO [TO3BOJIUT 3JIEKBATHO
OLIEHUTb CBOEBPEMEHHOCTD U TIOJTHOTY IIPOBEIEHHBIX
JiedyeOHbIX MeponpusiTuil. B ¢Bsi3u ¢ 3TUM u3yuerne
JUTUTETBHOCTH YMUPAHUST U TEMITA HACTYILIIEHI CMep-
TH TI0 MOP(OJIOTUIECKUM TIPU3HAKAM B XOJI€ TAHATO-
TeHEeTHYECKOTO aHA/IN3a TIPU PA3THMYHBIX ITPUYMHAX
HACUJIBCTBEHHOI 1 HEHACUJIBCTBEHHOI CMEPTH C yue-
TOM BJUSIHUS BHENIHUX WM BHYTPEHHUX (HaKTOPOB
MOCITYSKUT JAbHEHIIeMY PasBUTHIO HE TOJIBKO Cy1e0-
HO-MEeIMIINHCKON TAHATOJIOTUH, HO U COBEPIIIEHCTBO-
BaHUIO JIe4eOHO-IPOPUIAKTHIECKON oMOmIH [2—5].

B nacrostiiiee BpeMst B cyeGHON MeAUITMHE B
3aBUCHMOCTH OT CKOPOCTH HACTYILJIEHWS] CMEpPTH
(TeMma yMuUpaHUsI) ee TOAPA3AETSIIOT Ha GBICTPYIO
(ocTpyIo), HACTYIAIOILYI0 MTHOBEHHO, BHE3AITHO, Oe3
arOHAJIBHOTO MEPUO/IA, U MeJIEHHYIO (aTOHAJIBHYIO),
HACTYMAIOILYIO MeJJIEHHO U COMTPOBOSKIAIONIYIOCS aro-
HUel, UIATIecst HeCKOIbKO MUHYT UJIH 4acoB 1 GoJiee
[4, 5]. Ora KmaccuduKaiss OCHOBBIBAETCS, TIPEKIE
BCET0, HA KJIMHNYECKIX 1 UHCTPYMEHTATIbHBIX TPU3HA-

Introduction

The determination of the life expectancy in dif-
ferent types of violent and non-violent death provides
substantial assistance to the judicial and investigative
authorities in establishing the truth in the investiga-
tion of crimes.

The determination of the duration of dying, as
well as the associated rate of dying based on morpho-
logical characteristics is one of the oldest and most
complex problems of forensic thanatology, which has
not yet received a satisfactory solution. The rate of
dying depends on a number of subjective and objective
reasons that can accelerate or slow it down and thus
affect not only the duration of the dying process, but
also the thanatogenesis as a whole. The understanding
of processes occurring in the dying organism is associ-
ated with the timeliness, intensity and purposefulness
of measures aimed at resuscitation [1]. First of all, it is
important to objectify the process of dying in relation
to timing to assess the timeliness and completeness of
the treatment adequately. In this regard, the study of
the duration of dying and the rate of dying according
to the morphological characteristics during thanato-
genetic analysis at various causes of violent and non-
violent death, taking into account the influence of
external and internal factors, might contribute to fur-
ther development of not only forensic thanatology, but
also to improving preventive and medical care [2—5].

At present, in the forensic medicine, depending
on the rate of dying, the death is considered fast
(acute), coming instantly, suddenly, without agonal pe-
riod, and slow (agonal), coming slowly and accompa-
nied by agony, lasting several minutes or hours or more
[4, 5]. This classification is based primarily on clinical
and instrumental characteristics developed by physi-
ologists and clinicians in the second half of the last cen-
tury [6]. Such well-known scientists as Avdeev M.I.,
MD, Professor, corresponding member of the USSR
Academy of Sciences (1957), Davydovsky 1.V.,, MD,
Professor, academician of the USSR AMS (1966), and
Kasyanov M.I., MD, Professor (1954) pointed in their
scientific works that death from any cause within 12
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KaX, pa3paboTaHHbIX (PU3NOTIOTAMU ¥ KIMHUIIUCTAMI
e1ile BO BTOPOH TI0JIOBUHE TIPONLIOTo croserus [6]. O
TOM, YTO HACTYILJIEHUE CMePTU B TedeHnue 12 yacos, ot
KakuX Obl IPMYKUH OHA HY POUCXOJINIIA, IAET OJ[MHA-
KOBYIO MOP(OJIOTNYECKYIO KAPTHHY, HA KOTOPYIO yKa-
3bIBAJIM B CBOMX HAYYHBIX pabOTax TaKKe M3BECTHBIE
yueHble, KaK [I. M. H., TpO(eccop, YIeH-KOPPECTIOHIEHT
AHM CCCP Aszees M. 1. (1957), 1. m. 1., ipocbeccop,
akaseMuk AMH CCCP [asbiosckuit 1. B. (1966),
n.M.H., ipodeccop Kacbsinos M. 1. (1954). B cBoux
paboTax OHU OTMEUAJIH, YTO MPH OBICTPO HACTYITUBIIEHT
CMEPTHU B IIOJIOCTSIX CePJIIa U KPYITHBIX KPOBEHOCHBIX
cocyiax OOHAPYIKUBAIOT JKUKYIO KPOBb G€3 CBEPTKOB.
Haxoskiene KpacHbIX CBEPTKOB KPOBU TaKIKe CBH/IE-
TeJIbCTBYET O KOPOTKOM aroHaJbHOM rnepuoze. [Ipu
JUIUTEILHON aroHuu 06pasyioTcst JKeJToBaTo-6esbie
uin GeJible CBEPTKH 3a CYET TIOBBIIIEHUsT CBEPThIBAE-
MOCTH KpoBU. V3 MUKDPOCKONIUYECKHX ITPU3HAKOB
GBICTPO HACTYMUBIIEH CMEPTH UMU OBLIU OTUCAHBI:
pe3Koe MOJHOKPOBUE KAIMJLISIPOB M BEHO3HBIX COCY-
[IOB, CTa3bl, MEJIKIE TIePUBACKYJISIPHBIE KPOBOU3JIHSI-
HUSI, TIEPUBACKYJISIPHBIEN oTek 1 np. HecmoTpst Ha TO,
YTO MAaKpO- ¥ MUKPOCKOIIMYeCKast MOPhOIornuecKast
KapTUHA OCTPOI CMEPTH IOBOJIBHO OXapPaKTePH30BaHA
GJraro/iapst HAyYHbIM TPYAaM TIPEbIAYIIEro MOKOJIe-
HUS1 yYEHBIX, U He BO3HIKAET TPYIHOCTEH C ee IMarHo-
CTHKOI1, K COJKAJIEHUIO, HA CETOAHSIIHUN JI€Hb 9TOTO
HEJI0CTATOYHO JIJIsI CYKIEHUI O ITTUTEIbHOCTH 1 TEMIIe
YMUPAHUSI.

Heobxo1mnmMo Takxke OTMETUTD, YTO YCTaHOBJIE-
HU€ [IJTUTEJTbHOCTH U TEMIIA YMUPAHUS SIBJISIETCST BAXK-
HBIM 3BEHOM TAHATOT€HETUYECKOT0 aHAINU3A [IPU Pa3-
Gope JIeTaIbHBIX CJIYYAEB Ha KIMHUKO-aHATOMUYECKIX
KoHGepeHuaxX 1pu auddepeHImanbHOl JMarHOCTH-
Ke, HaIIpUMep: OCTPOI MACCUBHOM KPOBOIIOTEPH C OCT-
PBIM MaJIOKPOBUEM, BHE3AITHON U CKOPOIOCTUKHOI
cmeprbio (BC u CC, coorBercTBenHO) U T.71. [lmuTenb-
HOCTh MHTEPBAJIA MEXKAY CepPAEYHBIM IIPUCTYIIOM U
MOMEHTOM CMEPTH [03BOJIAET BbIenTh B rpymie CC
ObIcTpyIo cMepTh (B mpegenax 60 munyt — BC) u CC
C MIPOJIOJLKUTEILHOCTHIO MaHU(pecTanny 3a60IeBaHst
no 1 cyrok [7, 8]. I ue cayuaiino B hopmyJie creru-
asmpHOCTH — cyae6Hast MeautuHa (dp crenuanTbHo-
cru: 14.03.05) B 01HOM U3 IIyHKTOB €€ PHOPUTETHBIX
obJracTell uCeIeIoBatus yKa3aHo — U3yYeHue IPUInH
U TAHATOTeHEe3a BHE3AITHOI CMEPTHU, COBEPIIIEHCTBOBA-
HUe METO/IOB ee TUarHOCTUKU U MpoduaakTuku [9].
Bce 9710 00BEKTHBHO CBU/IETEILCTBYET 00 aKTyaIbHO-
CTH TIOJI0OHOTO MCCIEA0BAHUS U 00YCIOBUIIO HEOOXO-
IVIMOCTB JIAJTbHENIIEr0 U3y4eHus MOP(OJOruIecKUX
U3MEHEHUII IPollecca YMUPAHUSI BO BPEMEHU IIPU Pas-
JINYHBIX BUIAX HACUJIbCTBEHHOI M HEHACHIbCTBEHHOI
CMEDTH JIJIs COBEPIIIEHCTBOBAHUST METO/IOB INATHOCTH-
KU TeMIIa HACTYTIIEHUsS] CMEPTH B Cy1€0HO-CIIE/ICTBEH-
HOU MPaKTHKe, a TAKXKe B PELIEHUH BOIIPOCOB 3/[PABO-
oxpaHeHUs. B cBsI3u ¢ 4eM KOJIJIEKTUBOM aBTOPOB
DOIBY «PIICM3» M3 PO B TeueHue HECKOIBKUX
Jiet pazpabaTbiBaeTcs IpobJIeMa yCTaHOBJIEHUS TEMIIA
HACTYIIJIEHUS] CMEPTHU U JIJTUTEIBHOCTU YMUPAHUS 110

hours presents the same morphological pattern. In
their works, they noted that liquid blood without clots
was found in the heart cavities and large blood vessels
after rapid death. The presence of red blood clots also
indicates a short agonal period. In the case of pro-
longed agony, off-white or white clots are formed due
to increased blood clotting. They described the follow-
ing microscopic signs of fast death: precipitous plethora
of capillaries and veins, stases, small perivascular hem-
orrhages, perivascular edema, etc. Although the macro
- and microscopic morphological presentation of acute
death is sufficiently described by scientific works of the
previous generation of scientists, and there are no dif-
ficulties with its diagnosis, unfortunately, today it is
not enough to make judgments about the duration and
rate of dying.

It should also be noted that the determination of
the duration and rate of dying is an important part of
thanatogenetic analysis while assessing lethal cases at
clinical-anatomical conferences in the process of dif-
ferential diagnosis, for example: between acute mas-
sive blood loss and acute anemia, sudden and
unexpected death (SD and UD, respectively), etc. The
duration of the interval between the heart attack and
the moment of death makes it possible to distinguish
rapid death in the UD group (SD within 60 minutes)
and UD with the duration of the disease manifestation
for up to 1 day [7, 8]. And it is no accident that the for-
mula of the specialty, i.e. forensic medicine (code of
specialty: 14.03.05), contains the study of the causes
and thanatogenesis of sudden death, improvement of
methods of its diagnosis and prevention as one of the
items of its principle areas of research [9]. All this ob-
jectively indicates the relevance of such a study and
necessitated further study of the morphological
changes in the process of dying with time in different
types of violent and non-violent death, in order to im-
prove methods of diagnosis of the rate of dying in
forensic practice, as well as in addressing public health
issues. In this connection, the team of authors of the
Russian Center of Forensic Medicine under the Min-
istry of Health of the Russian Federation has been
studying the problem of establishing the rate of dying
and the duration of dying according to morphological
data for several years [10, 11]. The introduction of mo-
lecular biology methods in the study of the terminal
state morphology is urgent [12, 13], especially in view
of the efforts of clinicians to predict the outcome of re-
suscitation [14, 15].

The purpose of the study was to accumulate sci-
entific evidence and develop accessible morphological
criteria that allow to determine the duration of dying
and the rate of dying.

Materials and Methods

The material of the main study included 206 identi-
fied deaths of persons with different pre-known processes
of dying, which was the criterion for selection from1500
deaths (n=206, 14%). Of these, 110 cases were observed in
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Mopdonorndeckum jgannbiM [10, 11]. AkTyanbpabiM
SIBJIIETCST BHE/IPEHUE METOI0B MOJIEKYJIIPHOI G1OJI0-
I B U3y4yeHue MOpMOIOTuI TEPMUHATIBHBIX COCTOSI-
Huii [12, 13], ocobento BBUIY yCHUJIMSA KINHUIMCTOB
110 POrHO3MPOBAaHUIO MCX01a peaHuMaruu [ 14, 15].

[lenb viceeoBanus — Hay4HOe 0O0CHOBAHUE U
paspaboTKa AOCTYMHBIX MOPHOJOTHYECKUX KPUTEPU-
€B, TI03BOJISTIONINX YCTAHABIUBATH [ITIUTEIBHOCTD YMU-
PaHUsS U TEMIT HACTYILJIEHUS CMEPTH.

MaTepnaJI U METO/1bl

Marepuan octoBHoro nccsenopanus — 206 BbIsABICH-
HBIX CJTy4aeB CMEPTH Y JIMI[ C PA3JINYHBIM 3apaHee M3BeCT-
HBIM IIPOIIECCOM YMHPAHMUS, UTO W SIBJISIJIOCH KPUTEPHEM
orbopa uz 1500 cayuaes cmepru (n=206, 14%). V13 Hux B
pamKax cyae0HO-MeMIIMHCKOI aKcnepTussl — 110 cayuaes
HabJTIO/IeHUIA, CyIeOHO-MEIUITHCKOTO MCCIE0BAHS TPYTIa
— 79 caydaeB M B paMKax [aTOJIOTOAHATOMUYECKOTO BCKPbI-
tust — 17 coryqae. PacnipesiesieHie ieTaIbHBIX CJIYYaeB C 3a-
paHee  WM3BECTHBIM  IPOIECCOM  YMHUPaHUS 10
HEIOCPEe/ICTBEHHON TPUYNHE CMEPTH 1 ITTUTEIbHOCTH YMU-
panus npezcrasui B tabur. 1. Beibopky Matepuaia B OCHOB-
HOM TIPOBOJIVJIN C €TO PeYIIPOBAHUEM HA TPYIIIIBI C yIETOM
JUTUTETBHOCTH YMUPAHUS IO CJIEYIONINM BPEMEHHbBIM HH-
TepBajiaM aroHasibHoro nepuoza: 1) < 15—30 munyT; 2) > 30
MUHYT < 2 9acoB; 3) > 2 < 6 yacos; 4) > 6 yacoB < 12 yacos;
5) > 12 yacos. O6beM BbIPaOOTKN HCXOIAHOTO MaTepHalia co-
craBust o1 30 10 57 cirydyaes HabuoaeHus B 5 rpynax. [
MepPBOro BPEMEHHOTO WHTEepBasa ObLI0 0TOOpaHo — 53 ciry-
vast Habmogenuii (rpynma 1, n=53), ausa sroporo — 30 Ha-
6mogenuii  (rpynna 2, n=30), aas Tperbero — 32
Habumogenust (rpymmna 3, n=32), 1151 uerBeproro — 34 Habuo-
nenust (rpynna 4, n=34) u aus naroro — 57 HabsoaeHNi
(rpymma 5, n=57) (pUCYHOK).

1500 cases of violent and non-violent death,
check for the pre-known process of dying in their history

1178 excluded casesdo

_’ i e
not comply with the requirements

Y

322 randomly distributed
(expert's and specialist's conclusions
and protocols of postmortem autopsies)

v v v v

Group 1 Group 2 Group 3 Group 4| | Group 5
n=ﬁg n=56 n=55 n=56 n=87
15 26 23 22 30
excluded | | excluded | |excluded | | excluded | | excluded
v v v v v
Group 1| | Group2| | Group 3| | Group4| | Group 5
n=53 n=30 n=32 n=34 n=57
Sample
n=206

Puc. 1. Cxema BbIGOPKH MaTepuaJa.

Fig. 1. Sampling flow-chart.

ITpumeuanue. Cases — ciayuaes; of violent and non-violent death,
check for the pre-known process of dying in their history — nacuJib-
CTBEHHOM 1 HEHACUJTbCTBEHHO CMEPTH, TPOBEPSEMBIX Ha 3apaHee
M3BECTHBIN Ipoliece ymMmupanus B ux ucropuu; excluded — uckiio-
yennbix; do not comply with the requirements — ne yaosierso-
paomux  tpeboBanmsam; randomly distributed (expert's and
specialist's conclusions and protocols of postmortem autopsies) —
CITy9aifHO pacTpe/iesIeHHBIX (3aKTI0UeHnIT SKCIIEPTA 1 CIIEIHAIIT-
CTa, 1 TIPOTOKOJIOB MaTOJOTOAHATOMUYECKUX BCKPBITHUIT); group —
rpymia; sample — BbIGOpKa.

TaGmma 1. HenocpeacTBeHHbIe IPUYMHbI CMEPTH H JJIUTENBHOCTD YMHPAHHUSI HCCJIEyEMbIX JIHII.
Table 1. Immediate causes of death and duration of dying of the studied subjects.

Parameters Values of parameters in groups
Groups 15 2nd 34 4th 5t Total
Duration of dying <15—30min >30 min<2h >2h<6h >6h<12h >12h
Causes of death n n n n n
Death from injury (extensive and/or severe
destruction of the body and its parts) 16 5 2 1 2 26
Complications of trauma,
which directly resulted in death:
blood loss 10 9 10 9 6 44
shock 6 5 3 2 2 18
embolism 2 1 1 1 1 6
compression of organs with blood — 1 1 1 2 5
Asphyxia 14 2 1 1 2 20
Electric shock 1 1 1 4 8
Hypothermia — 2 1 2 2 7
Thermal burns — 1 1 3 10 15
Poisoning 1 1 5 7 9 23
Sudden death (cardiovascular diseases) 3 2 6 6 17 34
Total 53 30 32 34 57 206

IIpumeuanne. Parameters — nokazaresu; values of ... in groups — 3nauenusi ... B rpynmnax; duration of dying — pumuresnbnocts ymupanus;
causes of death — npuuunbr cmepru; death from injury (extensive and /or severe destruction of the body and its parts) — cmepts oT
TpaBMbl (0OIIUPHBIE U/WK TPyOble paspylieHus Teja U OTAeNbHbBIX ero yacreii); complications of trauma, which directly resulted in
death — ocsoxnenus TpaBMbI, KOTOPbIE HeTOCPeACTBEHHO MpuBesn kK cMepT; blood loss — kposonorepst; shock — 1mok; embolism —
amboaust; compression of organs with blood — caasnenue opranos kposbio; asphyxia — acdukcus; electric shock — anmekrporpasma;
hypothermia — o6mee oxnaskaenue; thermal burns — repmuueckue osxkoru; poisoning — orpasaenust; sudden death (cardiovascular dis-
eases) — BHe3salHast cMepTh (3a00JIeBaHIsI CePIeYHO-COCYAUCTOl crcTeMbl); total — Beero.
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[Tpu mccnenoBaHUN MCXOMHOTO Marepuasa IIphMe-
HSLTH CJIE/LYTOTIE METOJIBL: AHAJI3 CBEIEHUIT 06 00CTOSATEI b=
CTBaX HACTYIUIEHHS cMepTd (IO MarepuajiaMm Jeja),
PETPOCIIEKTUBHBII KJIMHUKO-aHATOMIYECKUH aHAJIN3, OC-
HOBHON (KJIacCHYEeCKNiT) MEeTO/l BCKPBITUS TPYIIOB Jroeit
TIPU CEeKIIMOHHBIX NCCIIEI0OBAHMIX, THCTOTIOTHIECKOE FCCIIe-
noBanne, a Takke MI'X-mcenenosanme, o HAIIUM TaHHBIM
00 skcnpeccun pubpuHoOreHa B jerkux (Tabir. 2), BHocsIee
BKJIAJ[ B Pa3pelieHue mpooIeMbl YCTAHOBICHHST TeMTIIa U [TH-
TeJILHOCTH yMUPaHUsL. [lOIOTHITETbHO TPUMeHSITH Mopho-
MeTPUYeCKUil, MaKkpoCcKomudecknii n goTtorpaduaeckuit
MeTozibl. B oHOM 13 cirydqaeB cMepTH OT yIbMIHAHTHOTO
cericrica (MOTHUEHOCHAs (hopMa cericrca) JIJIst NCCIIeioBa-
HUS Ay TONICHITHOTO MaTeprasa BliepBble IPUMEHHJIN METO]
[TIIP (mommvepasHast TierTHast peaKifist).

J1711 TOUHOCTH 1 HA/IESKHOCTH TIOTyYeHHBIX pe3yJIbTa-
TOB MCCJIE/IOBAHMS NCIIOJIB30BATN MOP(HOJIOTO-CTATHCTHYe-
CKWI aHAJIN3, KOTOPBII BKITIOYAT B ce0s1 KaK CTATUCTHIECKIUIT
aHaJII3 MOP(OJIOTHUECKNX TPU3HAKOB, TaK M TAHATOT€HETH-
YyecKuii aHaJIu3 ciydyaeB 0ToOpaHHOTO MaTepuasa [16, 17].
TanaToreneTnmuecknii (TIOTYKOJINIECTBEHHBIN ) aHamn3 [16]
TIO3BOJIUJI COCTABUTH CY’K/IEHVE O HETIOCPEACTBEHHOH TIPH-
YITHE CMEPTHU 1 TeMIIe YMUPaHMs, a TaKKe c(hOpMYyIUPOBATH
KJIMHUKO-aHATOMUYECKIH SMMKPU3 KaK HEOOXOMMBIN KOM-
MOHEHT 1151 MOP(OJIOr0-CTaTUCTHYECKOro aHasm3a (Tabir. 1).
[Ipy CTATUCTIYECKOM aHAIM3€ BBIYUCIIMIIN CPEIHIE OATITbI
U WX ONUOKH, CPeIHIE KBaJIPATHYHBIE OTKIIOHEHUSI, OBEPH-
TeJbHBIEe HTEPBAJBI, MPOBEIN KOPPEISIIMOHHbI aHAIN3
TAaHHBIX MOP(OTIOTHYECKNX TTPU3HAKOB. OIEHKY T0CTOBEP-
HOCTH IMPOBOANIH O t-kputepuio CteiofeHTa. Pazmmuns
CYMTAIM JIOCTOBEPHBIMH, e P coctaBisin 95% u Goiee
mporertos (p<0,05—0,01). O6paboTKy TaHHBIX OCYIIECTB-
JISITTH € TIOMOIIIBIO JTMTIEH3WOHHOI BEPCUH MaKeTa MpUKJIa-
Hbix nporpamm SAS (Statistical Analysis System) u
CTaHIaPTHBIX MaTeMaTHaecKux Tabimir «Microsoft Excels.

PesysbraThbl H 00CyKA€eHHE

Ha ocnoBe ananuza 1moy4eHHbIX PE3YJIbTATOB
onpenennsn 34 Hecnenupuueckux Mopdosiornyie-
CKUX TpU3HaKa (KPUTEPHUsI) C BBICOKOI YaCTOTOI
Berpevaemoctu (taba. 2). B 1-ii rpymme (n=53)
HAOJTIO/IEHNST CJIyIaeB HACUIbCTBEHHON 1 HEHACHIIb-
CTBEHHOU cMepTH, BoisiBUIN 12 Mopdosornueckunx
npusnakoB. Bo 2-it u 3-it rpynmnax (n=30 u n=32,
COOTBETCTBEHHO) — 110 6 MOpdosIOrnUecKrX TPU3HA-
KOB. B 4-it u 5-if rpynnax (n=34 u n=57, coorBer-
CTBEHHO) — 110 5 MOP(hOJIOTHYECKUX TPU3HAKOB.

Ha zaksiounTesnipoM aTare MCcie0Banmst IaH-
Hble MPU3HAKU ObLIM MCIIOJB30BAHBl B MOPHOJIOTO-
MaTeMAaTUYeCKOM MOJIEJIUPOBAHIK TIPOIECCa YMUPa-
HYsI, HA OCHOBAHMM KOTOPOTO pa3paboTajiv U HAy4yHO
060CHOBAJIN METO/IVKY YCTAHOBJICHUS ITUTEIIBHOCTH 1
TeMIa YMUPAHU 110 MOPMOIOrUYecKM ITpu3Hakam. B
XOJI€ UCCJIEIOBAHYST BBIIBUJIM, UTO CYOHEKTUBHAS IKC-
HepTHasT OlleHKA TIPU3HAKOB O MPUBEIEHHBIM M03H-
IVSIM PA3JINYAeTCsT B 3aBUCUMOCTH OT HABBIKA IKCITEPTA
U CTasKka ero paboThl, YTO OTPUIATEILHO CKA3bIBACTCS HA
JIOKA3aTeJIbCTBEHHOM 3HAYEHUH BBIBOJIOB HJIU CY KII€-
HUIL. /17151 COBEPIIIEHCTBOBAHMS IAHHOTO METO/IA Cy/1e0-
HO-MEIIUTIMHCKON TIPaKTUKKU pazpaboranu TabJiuiLy,
MO3BOJIIONIYIO YCTAHOBUTD IMSITh BAPUAHTOB TeMIIa
HACTYIUIEHUST CMEPTH 110 -1 MOP(OJIOTHYECKUM KOM-

the forensic medical expert examination, 79 cases in the
forensic medical examination of the dead body and 17 cases
in the postmortem autopsy. The distribution of lethal out-
comes with a pre-known process of dying in accordance to
the immediate cause of death and duration of dying is pre-
sented in Table 1. The sampling was mainly carried out
with its reduction into groups taking into account the du-
ration of dying in the following time intervals of the agonal
period: 1) < 15—30 minutes; 2) > 30 minutes < 2 hours; 3)
> 2 < 6 hours; 4) > 6 hours < 12 hours; 5) > 12 hours. The
baseline sample included from 30 to 57 cases of observation
in 5 groups. For the first time interval, 53 cases were se-
lected (group 1, n=53), 30 observations for the second one
(group 2, n=30), 32 observations for the third one (group
3, n=32), 34 observations for the fourth one (group 2,
n=34) and 57 observations for the fifth time interval
(group 5, n=57) (figure).

The following methods were used to study the mate-
rial: analysis of information about the circumstances of death
(based on the case records), retrospective clinical and
anatomical analysis, the main (classical) method of autopsy
of human corpses in sectional studies, histological study, as
well as immunohistochemical study, according to our data
on the expression of fibrinogen in the lungs (table 2), con-
tributing to the resolution of the problem of establishing the
rate and duration of dying. In addition, morphometric,
macroscopic and photographic methods were used. In one
case of death from fulminant sepsis, the method of PCR
(polymerase chain reaction) was applied for the first time to
study the autopsy material.

For the accuracy and reliability of the findings, mor-
phological and statistical analysis was used, which included
both statistical analysis of morphological characteristics and
thanatogenetic analysis of the cases of the sampled material
[16, 17]. The thanatogenetic (semi-quantitative) analysis
[16] allowed to make a judgment about the immediate cause
of death and the rate of dying, as well as to formulate clinical
and anatomical epicrisis as a necessary component for mor-
phological and statistical analysis (table. 1). During the sta-
tistical analysis, we calculated the average scores and their
errors, the mean square deviations, confidence intervals, and
conducted a correlation analysis of these morphological
characteristics. The significance was assessed according to
the t-test. Differences were considered significant, if p was
95% or more (p<0.05—0.01). Data processing was carried
out using the licensed version of the SAS (Statistical Analy-
sis System) application package and standard mathematical
tables «Microsoft Excel».

Results and Discussion

Based on the analysis of the findings, 34 non-spe-
cific morphological features (criteria) with a high fre-
quency of occurrence were determined (table 2). In
group 1 (n=53), the analysis of violent and non-vio-
lent deaths identified 12 morphological features. In
groups 2 and 3 (n=30 and n=32, respectively) 6 mor-
phological features were identified. In groups 4 and 5
(n=34 and n=57, respectively), 5 morphological fea-
tures were identified.

At the final stage of the study, these features
were used in the morphological and mathematical
modeling of the process of dying, on the basis of
which a methodology for determining the duration
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Ta6auua 2. Mopgosoruueckue NpU3HaKy /151 yCTAaHOBJICHHUS TEMIIA HACTYIUIEHHS CMEPTH.

ITokasarerp  OmnucaHue NPU3HAKOB HNupexc

3HAYUMOCTH
Mopdonornyeckuii Komiiekce I: MOJIHHEHOCHBI TeMIT HACTYIUICHUSI CMEPTH

X1 [OJIHOE OTCYTCTBYE WK KPaiiHe c1abast BhIPaKEeHHOCTh OTEKA JIETKUX 1 MO3Ta 0,29

X2 CBEKIIE APEAKTUBHBIE KPOBOUBIUSIHIIS B TAPEHXUMY JIETKUX W MO3Ta 0,16

X3 HabyxaHne HEHPOHOB PETHKYJISPHOI (HOPMAIIN TOTTOBHOTO MO3Ta C 0YATOBBIM aPEAKTHBHBIM 0,16
KapUOJIM30M U IIUTOJIU30M O€3 BBIPAKEHHON TIMATbHON Peakiun

X4 MOJTHOKPOBUE KATMJIISIPOB BHYTPEHHUX OPraHOB, 0COOECHHO JIETKUX W KOPBI MOYEK 0,19

X5 OCTpbIe N3BMEHEHNS MUOKAPAA 110 THIy anddysHoil pparMenTaiuy u/mim HuTon3a, 0,18
BOJIHOOOPA3HOIT M3BUTOCTHU KAPAUOMUOIIUTOB U APYTUe MPU3HAKK CEPAECYHOTO TAHATOreHE3a

X6 OTCYTCTBUE T. H. IOKOBOII T€PECTPOITKHI TeMOIITHAMUKI 0,24

X7 B HA/[IIOYEUYHHIKAX COCTOSIHUE KJIETOK KOPBI IEMOHCTPUPYET BBICOKOE COZIEPIKAHUE JINTINJIOB 0,18

X8 HaJlM4ue HePBUYHOI MOUYM B KAIICYJIaX HOYEUHBIX KJIyOOUKOB 0,2

X9 OBICTPOE Pa3BUTHE AYTOJNM3A B CEJIe3eHKe U JIP. OpraHax 0,26

X10 CIIEIMAIN3UPOBAHHBIE COCY/ICTBIE CTPYKTYPBI JIETKUX U MO3Ta B BUJIC TAK HA3bIBAEMBIX 0,19
3aMBIKAONIUX aPTEPUI IIPU OBICTPOM YMUPAHUY ABJSIOT KADTUHY ClIa3Ma

X11 MMMYHOTHUCTOXUMHUYECKOE BBIsIBIEHTE (KOPIUUHEBAsT OKPACcKa) He3HAYNTETHHOI dKCITPECCHI 0,18
(hubprHOreHa B TKAHI JIETKOTO

X12 OTCYTCTBUE CUH/IPOMA JIIICCEMUHIPOBAHHOTO BHYTpUcocyucToro ceeproisanus, win /[BC-cungpoma 0,19

(TI0JTHOE OTCYTCTBIE MUKPOTPOMOOB HJIM UX HATMYIE TOJIBKO B OJTHOM OPTaHe)
U PECHIPATOPHOTO JIICTPECC-CUHIPOMA
Mopddoaornyeckuii komiwiekc II: GbICTPbIN TEMI HACTYIIEHHS] CMEPTH
X1 HaYyaJbHBII OTEK TOJIOBHOTO MO3Ta 0,28
X2 B KOPE TOJIOBHOTO MO3Ta MOSIBJISTIOTCST HIIIEMUYCCKIe I3MEHEHNST MTUPAMUIHBIX HEHTPOHOB, 0,26
a B CTBOJIE TOJIOBHOTO MO3Ta 3aKOHOMEPHO HAOJIIOAIOTCSI ABJICHIISI CATEJINTO3a
11 04aroBOil HeHPoHO(MArNN KJIETOYHBIX 3I€MEHTOB C TPU3HAKAMI KapHoJIi3a
X3 B [I0YKaX yIKe MOSIBJISIIOTCS TIPU3HAKH [IEHTPATU3AINN KPOBOOOPAIICHMUST 0,27
X4 B JIETKUX OTMEYAETCSI TIPUMECH K MHTPAAIbBEOJIAPHOMY TpaHccyaTy (GubpUHOTreHa, 4T, BEPOSITHO, 0,28
oTpakaeT BO3HNKHOBEHHE HAYaTbHBIX TIPI3HAKOB PECIIIPATOPHOTO MCTPECC-CHH/IPOMA B3POCIIBIX,
3aKOHOMEPHO Pa3BMBAIOIIETOCS B OTBET HA ITOBPEXK/CHNE

X5 B HA/IMOYETHIKAX HA ITUX CPOKAX HEIIPEMEHHO UMEIOTCS 30HDI JICTUITONIN3AIUN B CETYATON 30He 0,28

X6 AyTOJIN3 CEJIE3EHKI 1 JIPYTUX OPTAaHOB MeHee BHIPAKEH, & CKOPOCTD €T0 Pa3BUTHSI 3aMe/[JIeHa 0,27
Mopdouornyeckuii kommiekc I1I: cpeuuii TeMn HacTyIUIeHUs] CMePTH

X1 BBIPAKEHHBII OTEK TOJIOBHOTO MO3Ta 0,24

X2 B KOpE€ TOJIOBHOTO MO3Ta WIIeMUYeCKIe M3MEHEeHNsT TUPAMUIHBIX HEHPOHOB CTAHOBSTCS 0,23

PacIpoCTpaHEHHBIMH, TTOSIBJISIIOTCS €/INHIYHbBIE TTMKHOMOP(hHBIE HEPOHBI, B CTBOJIE TOJIOBHOTO MO3Ta
3aKOHOMEPHO HAOJIIOIAIOTCS SABJICHSI CATEJUIITO3a 1 09aroBOM HEHPOHO(MArUU KIETOUHBIX 3IEMEHTOB
¢ IPU3HAKAMU KapruoJmsa
X3 B [IOYKAX y’Ke TOSBJSIOTCS] BBIPAKEHHbIC IPUZHAKM [CHTPAIM3AIMN KPOBOOOPAIIEH ST 0,13
X4 B JIETKUX OTMEYAETCsI TIPUMECH K MHTPAAIbBEOJISIPHOMY TpaHCCyaTy (GUOPHHA, YTO, BEPOSATHO, 0,23
OTpaskaeT BO3HUKHOBEHNE TIPU3HAKOB PECITUPATOPHOTO IMCTPECC-CUHIPOMA B3POCIIBIX, 3aKOHOMEPHO
Pa3BUBAIONIETOCS B OTBET Ha ITOBPeXkeHKeE (10c/Ie 8 UaCOB B JIETKHX IOSBJISIOTCS CHAYasIa
MHTPABEHYJISIPHbIE U MHTPAKAINJIISIPHBIE JIEHKOCTA3bI, 3aTeM JUalie/ie3 JeHKOIUTOB B aJIbBEOJIbI
Jlake TTPU MHTAKTHBIX GPOHXaX)

X5 B HA/IMOYEYHNKAX HEIIPEMEHHO MMEIOTCS 30HbI JIeTUIIONAN3AIII B CETYATOM 0,24
U BHYTPEHHeH TPeTH IIyYKOBOI 30HAX
X6 npusnaku /IBC-curapoma 0,25
Mopdonorunyeckuii kommiexc I'V: MeieHHbII TeMII HACTYIZICHHS] CMEPTH
X1 B CTBOJIE TOJIOBHOTO MO3Ta BBIPAKEHHbII CaTe/IIINTO3 U HellpoHO(arus 0,12
X2 B JIETKUX PA3JININMBbII TPY TPUMEHEeHNN PYTUHHBIX okpacok PACB, 0,12
KkoTopbiil moaTBepskaaetcs VII'X ncenenoBannem
X3 B [OUYKAX Ha (POHE HEHTPATUZAIMU KPOBOOOPAIIEHHS TIOSBJISIIOTCS AUCTPODUUECKIE 0,13
1 HauaJIbHble HEKPOTHYECKIE N3MEHEHIS KaHAIbIIEBOTO afapaTa
X4 nporpeccupyiomme npusnaku JIBC-cunapoma 0,13
X5 B Ha/[IIOYEUHMKAX [IPOIPECCUPYIONIast AeIUIIONINU3A1Us] IIyYKOBOI 30HbL 0,29
Mopdonornuecknii komiuiekc V: IMTENbHbII TEMIT HACTYIIEHUST CMEPTH
X1 B JIETKHX, T/Ie TOMUMO OTMEYEHHOM BbIle npuMech (pMOPHHA K aJIbBEOJIIPHOMY TPAHCCY/IATY, 0,8

BCTPEYAINCH OYArOBbIe HHTPAATbBEOJISIPHBIE UM TTAHOPOHXUAIbHBIE CKOTIIIEHUS JIEHKOIUTOB
¢ TIpuMechio GUOPHHA, T.€. Pa3BUIACh THOWHO-GUOPHHO3HAST THEBMOHUS, TPH 9TOM HUOPITH
YTPAuNBaJI CETYATYIO CTPYKTYPY, CTAHOBUJICS IJIOTHBIM, D03MHOMDUIIBHBIM,

a MECTaMU YiKe BCTPEYaInch chOpMUPOBAHHBIE THAMHOBbIE MEMOPAHBI

X2 B TKaHKU KOPBI M CTBOJIA MO3Ta HApacTaeT OTeK 1 0OPasyIoTest TIIMAJIbHbIE Y3ETKH 0,9
CMEIITAHHOTO CTPOCHHUS HA MECTE TOrUOIINX HEHPOHOB

X3 B Ha/[IIOYEUHMKAX YYACTKU JeJUIOUM3ANI UMEIOTCS B IIyUYKOBOI 30He, 0,8
U CTAHOBSITCSI TOTATBHBIMU B CETYATOM, YTO BBIPAKAETCST B XOPOIIEM OKPAIINBAHIH

X4 B HQ/[IIOYEUHMKAX BCTPEUAIOTCS OUarh IIUTOJIHM3A 0,8

X5 CKOPOCTDb Pa3BUTHSI Ay TOJIM3A 3aMeIJIEHa, BBIPAKEHHOCTD HE3HAUNTe I bHAsT 0,9
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Table 2. Morphological features to establish the rate of dying.
Parameter Feature description Index
of significance
Morphological complex I: fulminant rate of dying
X1 complete absence or extremely mild severity of pulmonary and brain edema 0.29
X2 fresh areactive hemorrhages in the parenchyma of the lungs and brain 0.16
X3 swelling of neurons of the reticular formation with focal areactive karyolysis 0.16
and cytolysis without a pronounced glial reaction
X4 plethora of capillaries of the internal organs, especially lungs and kidney cortex 0.19
X5 acute myocardial changes in the form of diffuse fragmentation and/or cytolysis, 0.18
wave-like tortuosity of cardiomyocytes and other signs of cardiac thanatogenesis
X6 the lack of so-called shock adjustment of hemodynamics 0.24
X7 in the adrenal glands, the state of the cortical cells shows a high content of lipids 0.18
X8 the presence of primary urine in the glomerular capsules 0.2
X9 rapid development of autolysis in the spleen and other organs 0.26
X10 specialized vascular structures of the lungs and brain in the form of the so-called 0.19
<«arteria obturatoria» in the case of fast dying present a pattern of a spasm
X11 immunohistochemical detection (brown color) of insignificant expression of fibrinogen in lung tissue 0.18
X12 the absence of disseminated intravascular coagulation, or DIC syndrome (complete absence 0.19
of microthrombi or their presence only within one organ) and respiratory distress syndrome
Morphological complex II: fast rate of dying
X1 initial brain edema 0.28
X2 ischemic changes in pyramidal neurons appear in the cerebral cortex; and in the brain stem, the signs 0.26
of satellitosis and focal neuronophagy of cellular elements with signs of karyolysis are naturally observed
X3 there are signs of centralization of blood circulation in kidneys 0.27
X4 in the lungs, there is an impurity to the intraalveolar transudate of fibrinogen, which probably reflects ~ 0.28
the development of the initial signs of respiratory distress syndrome in adults, naturally developing
in response to the damage
X5 in the adrenal glands, at this period, there certainly are areas of delipidation in the reticular zone 0.28
X6 autolysis of the spleen and other organs is less pronounced, and the rate of its development is decelerated 0.27
Morphological complex III: moderate rate of dying
X1 severe brain edema 0.24
X2 ischemic changes in pyramidal neurons in the cerebral cortex spread; solitary pyknomorph 0.23
neurons appear; and in the brain stem, the signs of satellitosis and focal neuronophagy of cellular
elements with signs of karyolysis are naturally observed
X3 there are signs of centralization of blood circulation in kidneys 0.13
X4 in the lungs, there is an impurity to the intraalveolar transudate of fibrin, which probably reflects 0.23
the development of the initial signs of respiratory distress syndrome in adults, naturally developing
in response to the damage (intravenular and intracapillary leukostasis first appear in lungs 8 hours later,
then diapedesis in the alveoli appear, even in the presence of intact bronchi)
X5 in the adrenal glands, there certainly are areas of delipidiation in the reticular zone 0.24
and inner third of the zona fasciculata
X6 signs of DIC syndrome 0.25
Morphological complex IV: slow rate of dying
X1 in the brain stem, there is pronounced satellitosis and neuronophagia 0.12
X2 in the lungs, RDS distinguishable due to application of routine stains, 0.12
which is confirmed by an THC study
X3 in kidneys, on the background of centralization of the circulation, initial dystrophic 0.13
and necrotic changes of the tubular apparatus appear
X4 progressing signs of DIC syndrome 0.13
X5 in the adrenal glands, progressive delipidation of the zona fasciculata 0.29
Morphological complex V: lingering rate of dying
X1 in the lungs, where in addition to the above-noted admixture of fibrin to the alveolar transudate, 0.8
there were intraalveolar or panbronchial focal deposits of leukocytes with an admixture of fibrin,
i.e., suppurative and fibrinous pneumonia developed; at that, the fibrin lost the reticular structure
and became dense and eosinophilic; sometimes hyaline membranes were found
X2 in the tissue of the cortex and the brain stem, edema increases and glial nodules 0.9
of mixed structure are formed at the site of the dead neurons
X3 in adrenal glands, sections of delipidation are in the zona fasciculata and become total 0.8
in the reticular zone, resulting in a good staining
X4 in the adrenal glands, there are foci of cytolysis 0.8
X5 the rate of autolysis is decelerated, the severity is insignificant 0.9

IJIeKCaM C olicanreM MOPhOIOrnYeCKUX IPU3HAKOB U
yKa3aHUeM JIMArHOCTUYECKOrO MpeJiesia nX CyMMapHOn
sHaurMocTH (Tabir. 2). [IMarHocTuaecKuii peiest Cym-
MapHO 3HAYMMOCTH JIJIst KA3K10T0 MOP(MOJIOTHYECKOTo
KOMIIJIEKCA YCTAHOBIIIH TIPU ATIPOOAITIN TIPETIOKEH-

and rate of dying on morphological grounds was de-
veloped and scientifically substantiated. The study
revealed that the subjective expert evaluation of the
characteristics of the above parameters differs de-
pending on the skill of the expert and the work ex-
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HOTO METO/Ia Ha BAaJIOBOM 3KCIIEPTHOM Martepuase. Jljst
MEPBOT0O KOMILJIEKCA IMArHOCTUYECKUM TIPEIETIOM CyM-
MapHO# 3HAYNMOCTH MOP(HOJOTUIECKUX TTPU3HAKOB
apisiercs Besimunaa — 1,21; 17151 BToporo KoMruiekca —
0,82; naa tperbero — 0,66; mis yerseproro — 0,39 u
naroro — 2,1. lannag tabuuua mpeacrasisger coboi
CIIPABOYHBII MaTepuas /sl OIEHKH 110 CyMMAapHO
JIMATHOCTHYECKON 3HAYMMOCTU BBISIBJIEHHBIX ITPU3HA-
KOB JIJTUTEJIbHOCTH YMUPAHUS U TeMIIa HACTYTLIEHUST
CMEPTH B CY1e0HO-MEIUIINHCKOI TPaKTHKE.

Taxum 06pasom, B Hatleil paboTe yCTaHOBUIIM MOP-
(bosrornueckrie KOMILJIEKCHI TEMITA HACTYTIJIEHHUS] CMEPTH.
[Tosryuennble faHHbIE MOKHO OIEHUTh C HECKOJIBKUX
03K BO-IIEPBBIX, OHI UMEIOT IIPAKTHYECKOE Cyael-
HO-MeJMINHCKOe 3HaYeHHe, T.K. [103BOJISIOT O0JIee TOYHO
1 000CHOBAHHO OTBEYATh HA BOIPOCHI CJIEACTBEHHBIX
OPraHoB O IIEPEKUBAHUI TPABMBI, O CIIOCOOHOCTI CMep-
TEJIbHO PAHEHBIX K AKTUBHBIM T[€JIeHATTPABICHHBIM JIeii-
CTBUSIM U T. 1. BO-BTOPBIX, MOKA3aHHBII HaMKU MOPGHO-
JIOTMYECKHI SKBUBAJIEHT TAaHATOr€HE3a BO BPEMEHHOM
OTHOLLIEHUY MMeeT 3HaueHue /I OHUMaHus o0Lena-
TOJIOTHYECKHUX TPOIECCOB. B TO BpeMst Kak KJIIMHIYecKue
€ero napaJijiesin yske Obuin gaBHo orvcanbi |18, 19], mop-
bostormyeckasi CTopoHa JIo CUX 1op Obljla M3ydeHa Helo-
CTaTouHO. B-Tperbux, 3HaueHne JaHHOI PabOThI 3aKJII0-
yaercd B BO3MOKHOCTHU aHajIn3a o011e010I0In4ecKoil
3aKOHOMEPHOCTU Pa3PyIIeHUsT TAKON CJIOKHON TOMEOo-
CTaTHMUYECKOI CUCTEMbI, KAK OPraHn3M YeJIOBeKa BO Bpe-
MEHHO¥ mKase. B 4acTHOCTH, HAIIIO TTOATBEPKIEHIE
Gaectsee obobmenne akagemuka Capkucosa [I. C. o
BPEMEHHON IPa/IAliy Pa3pyIIeHus TTOLypOBHeN (hyHK-
IIMOHAJIBHBIX CHCTEM OPraHu3Ma B IIPOIECce TaHATOTe-
Hesa [19]. Hakoner, Haima paboTa MMeeT HEKOTOPOE
brnocodckoe 3HaUeHNE B YACTH IEMOHCTPAIIUH 3aK0-
HOMEPHOCTEH pas3pyIleHust HepapXUuecK YCTPOEHHBIX
dbyuknmonanbabix cucrem. IlonsTre Takux cucrem
HCTIOJIb3YETCS B MEAUIINHE CO BPEMeH aKajieMuKa AHO-
xuHa I1. K., Ho ux paspyiiienue He BbI3bIBAJIO IO CUX TIOP
HPUCTAIBHOTO BHUMAHUS IIATOJIOTOB U CyAeOHBIX ME/IH-
koB [20]. B wactHOCTH, TPO/IEMOHCTPUPOBAHO, UTO HAU-
6oJ1ee paHHKE U3MEHEHMST IIPOMCXOAT B TOMEOCTATHYe-
CKUX HarboJiee IPEBHIX CUCTEMAX TeMOIUPKYJISIINH,
OZIHAKO, UX paciiajl Hab/I0AAeTCs, HAIIPOTHB, B IOCJIE]-
HIOIO OYepPE/lb, a [IEPBbIM HEOOPATUMO PaspyLIaeTcs cyo-
CTpaT BbICIIEN HEPBHOII IESITETHHOCTH.

3akaouenue

[Tosryyennble pe3yibTaThl U3yYeHUsT MOP(OJIO-
IMYeCKUX U3MEHEHU OCHOBHBIX TOMEOCTATHYECKUX
CHCTEM OPTraHMU3Ma YesI0BEKa TIPU PA3JIIMYHBIX KATEro-
PUSIX ¥ BUJIAX CMEPTHU TTO3BOJISIIOT TUATHOCTUPOBATH
TEMIT HACTYTIJIEHUSI CMEPTH C aTOHATIBHBIM [1€PUOIOM
1o 12 4acoB B BUji€ MSITH BPEMEHHBIX ITPOMEKYTKOB.

Ha ocuHoBanuu MopdoJoro-cTaTuCTHYECKOro
aHaiM3a MOPQOJOrHYECKUX MPU3HAKOB B CJIyYAsX
CMEPTH JIUI] C 3apaHee M3BECTHBIM MIPOIIECCOM YMHPa-
HUSI IOITBEP/IIIN PAHee YCTAHOBIEHHbIE U BbIIEJIUITH
HOBbIE (Bcero 34) ungopMaTUBHBIE HeCTIETU(pUIECKIe

perience, which adversely affects the probative value
of the conclusions or judgments. To improve this
method of forensic practice, a table was developed
that allows establishing five variants of the rate of
dying in 5 morphological complexes with a descrip-
tion of morphological features and the diagnostic
limit of their total significance (table 2). The diag-
nostic limit of total significance for each morpholog-
ical complex was established during the approbation
of the proposed method on the gross expert material.
For the first complex, the diagnostic limit of the
total significance of morphological features is —
1.21; for the second complex it is — 0.82; for the
third one it is — 0.66; for the fourth one — 0.39 and
the fifth one it is — 2.1. This table is a reference ma-
terial for the evaluation of the total diagnostic sig-
nificance of the identified features of the duration
and rate of dying in forensic practice.

Therefore, morphological complexes of the rate of
dying were established in our work. The data obtained
can be estimated from several points of view. First, they
have practical forensic value, because they allow an-
swering the questions of investigative authorities more
accurately and reasonably about the experience of
trauma, the ability of mortally wounded to active tar-
geted actions, etc. Secondly, the morphological equiva-
lent of thanatogenesis in a temporary relation is
important for understanding of general pathological
processes. While its clinical parallels have been de-
scribed long ago [18, 19], the morphological character-
istics has not been studied enough so far. Third, the
significance of this work lies in the possibility of ana-
lyzing the general biological pattern of destruction of
such a complex homeostatic system as the human body
in the time scale. In particular, the brilliant generaliza-
tion of academician Sarkisov D. S. on the time grada-
tion of the destruction of functional system sublevels of
the body in the process of thanatogenesis was confirmed
[19]. Finally, our work has some philosophical signifi-
cance in terms of demonstrating the laws of destruction
of hierarchically arranged functional systems. The con-
cept of such systems has been used in medicine since
the time of academician Anokhin P. K., but their de-
struction has not drawn close attention of pathologists
and forensic doctors [20]. In particular, it is shown that
the earliest changes occur in the homeostatically an-
cient systems of hemocirculation, however, their decay
occurs, on the contrary, last of all, while the substrate
of higher nervous activity is irreversibly destroyed first.

Conclusion

The results of the study of morphological
changes in the basic homeostatic systems of the
human body in different categories and types of death
allow diagnosing the rate of dying with agonal period
up to 12 hours in the form of five time intervals.

On the basis of morphological and statistical
analysis of morphological features in cases of deaths
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MOHTATOPMHI‘ M MCXOA KPUTUICCKNUX COCTOSHUM

MOpPQOJIOrnYecKue MPU3HAKU (KPUTEPUN) C BBICOKOI
YaCTOTOI BCTPEYAEMOCTH.

[Ipu momomu  MOPdOJIOro-MaTEMATUYECKOTO
MOJIEJTPOBAHUST [TATOJIOTUYECKHUX TIPOIIECCOB YMUPA-
Hust, abCTParupysiCh OT OCHOBHOM MIPUYMHBI CMEPTH Ha
OTHOCHUTEIbHO MHTAKTHOM (hore Habio/ienust, pa3pa-
6oranu 1 HayyHO 000CHOBaIM MeToauKy [1] yeranos-
JIEHUS -1 TEMIIOB YMHUPAHUs 110 MOPMOIOTUIECKUM
NPU3HAKAM, CHCTEMATU3MPOBAHHBIM B KOMILIEKCHI:

1) MOJIHMEHOCHBIIT TEMI, TIPH KOTOPOM aroHajIb-
HBII 1ieproz cocTaBsti < 15—30 MunyT;

2) BBICTPBIN TEMII, IPU KOTOPOM arOHAJIbHbIN
nepuoj cocTanisiy > 30 MUHYT — < 2 4acoB;

3) cpenHuil TeMII, KOrla aroHAJbHBIN TIePUOJL
cocraBJisiyl > 2 — < 6 4acos;

4) Me/IJIEHHBII TeMII, TIPU KOTOPOM arOHAaJIbHBbIIT
MIEPUOJL COCTABIISLI > 6 yacoB — < 12 yacos;

5) UTATETHHBIN TEMIT, IPU KOTOPOM arOHAJIbHbIN
MepHoJL cocTaBsia > 12 yacos.
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Mocrymuna 11.04.18

with a pre-known process of dying, we confirmed pre-
viously established informative nonspecific morpho-
logical features (criteria) and identified new ones (in
total, 34) with a high frequency of occurrence.

Using morphological and mathematical model-
ing of pathological processes of dying, abstracting
from the main cause of death on a relatively intact
background of observation, we developed and scien-
tifically justified the procedure [21] for identification
of 5 rates of dying based on morphological features
systematized in the complexes:

1) fulminant rate with the agonal period of
<15—30 min;

2) fast rate with the agonal period of >30 min —
<2 h;

3) moderate rate with the agonal period of >2 —
<6 h;

4) slow rate with the agonal period of >6 — <12 h;

5) lingering rate with the agonal period of >12 h.
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Experimental Studies

Mopdosornueckne n3MeHeHHsI B 3aBUCHMOCTH
OT CO/IepPsKaHUs KJI03aMiHA H €r0 MeTa0O0JUTOB B JIETKHX H CBIBOPOTKE KPOBU
(9KcnepuMeHTaIbHOE UCCIIe/IOBAaHUE )

O. JI. Pomanosal, /I. B. Cyuaykos!, A. M. Tony6es!?, M. JI. BiraroupaBos!
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Morphological Changes Depending on the Content
of Clozapine and its Metabolites in the Lungs and Serum
(Experimental Study)

Olga L. Romanova!, Dmitriy V. Sundukov!, Arkady M. Golubev? Mikhail I. Blagonravov!

! Peoples Friendship University of Russia,
6 Miklukho-Maclaya, Moscow 117198, Russia
2 V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia

ITenb uccaeroBaHus: OIEHNUTH MOPHOJIOrYECKUE M3MEHEHNUS B JIETKUX B 3ABUCUMOCTHU OT KOHIIEHTPAIIUH KJIO-
3allMHa U ero OCHOBHBIX METabOJUTOB B TKAHU JIETKOTO U CHIBOPOTKE KPOBH.

Marepuaisl © METOABI. JKCIEPUMEHTBI MPOBOAMIN Ha GECTIOPOAHBIX Kpbicax-camiax Maccoit 290—350 r B
Boapacte 20 remenb (n=15). JKUBOTHBIX pasaequin Ha 3 rpynibl: 1-s — KOHTpoJIbHast (MHTaKTHBIE KPBICH) (n=5);
2-51 — oTpaBJIeHNE KJI03aUHOM (17=5); 3-51 — oTpaBJieHne KoMOuHaIel Kao3annHa ¢ atanosoM (n=>5). Kiosarmun
BBOJIMJIM NTEPOPAJIBHO B 103e 150 MI' Ha KT MacChl ;JKMBOTHOTO MO 061muM 06e360IMBaHieM; CIIUPT BBOIUJIH CO-
BMECTHO € KJIO3AITUHOM TI€POPAJILHO B /103€ 5 MJI Ha KI' MACChl ;KUBOTHOTO. /[abHeiliee nccae[0BaHue TPOBOINIIH
yepes 24 yaca 1ocJjie BBe/IeHUS [1Pernaparos ;KMBOTHBIM 2-if 1 3-#1 rpynir. Ilocsie aBranasmm JKMBOTHBIX METOJIOM Ji€-
KanuTaruy o0pasilbl TKAHU JIETKUX 3aJMBaIK B napadut 1o o6IenpuHsaAToil Metouke. /lajiee u3roTaBinBaim ri-
CTOJIOTMYECKHUE CPE3BI TOJIIIIMHOI 5 MKM, KOTOPbIE HCCJIEI0BAJIH C TIOMOIIBIO CBETOBOW MUKPOCKOIIMHU HA MUKPOCKOIIE
Nikon Eclipse E-400 ¢ Buzeocucremoii Ha octose kamepsr Watec 221S (Amonus) npu ysenndernn X200 u X400.
OueHnBaIy HaJIMYUeE CJAEAYIONUX MTATOJOTHYECKUX IPU3HAKOB: PACCTPOHCTBO KPOBOOGpalieHust (OJIHOKPOBUE,
KPOBOMBJIUSIHUS, HATMYNE CJIQJKA), HAIMYNE aTeJeKTa30B U [IICTEJNEKTa30B, HAIMUNe SMPU3EMbl, KI€TOUHON pe-
akiy (yBeJnyeHue Yncsia JEHKOIUTOR), CAYIIBAHIE SIUTEJHSI B TPOCBET OPOHXOB. XUMUKO-TOKCHKOJIOTHIECKOE
ucce[oBate MPOBOANIIN Ha BBICOK0a((HEKTHBHOM JKUIKOCTHOM XpoMarorpade ¢ macc-aerekropom Agilent Tech-
nologies 430 Triple Quad LC/MS (Tepmanust). [sist mosydeHnst XpoMaTOrpaMM TIPUMEHSIIIN TiporpamMmy Agilent
Mass Hunter Workstation for series tripple Quadrapole vers. B06.00 build 6.0.6.25.4sp4.

Jlnst 06paboTKK XpoMaTorpaMM MCIIoab3oBaau rnporpamMmy Agilent Mass Hunter Quantitive Analysis vers. B
07.00 build 7.0.457.0. OuenuBasu cojep:kanne KJao3annHa, HOPKJIo3anHa 1 KJI03amuH-N-OKCHIa B CBIBOPOTKE
KPOBU 1 TOMOTEHATe JIEFKUX KPBIC.

Pesyabratel uccaexoBanusi. Yepes 24 yaca Bo 2-ii rpyrie ;JKUBOTHBIX OTMETHJIN HAJTMYUE ATEJIEKTA30B U JIHC-
TEeJIEKTA30B B TKAHU JIETKUX, a TAKKe ee MHPUIBTPAIIMIO JIEUKOIIUTAMI; B 3-If IPYIIie — apTepuaIbHOe MOJHOKPO-
BUE, KJIETOYHYIO peakiuio (yBeJMueHue 4YHucja JIEHKOIUTOB, aTeJeKTa3bl W JIMCTEJIEeKTa3bl, YTOJIIEHIe
Me3KaJIbBEOJISIPHBIX ITEPETOPoIoK). Uepes 24 yaca B JIErkuX KMBOTHBIX 3-# IPYIIITbI KOHIIEHTPAIINST KIO3AITMHA BO3-
pocuia B 22,2 pasa, Hopkio3anuia — B 6,6 pasa, kinozanun-N-okcnia — B 6,2 pasa 1o cpaBHeHHIO €O 2-i TPYIIION;
B CBIBOPOTKE KpOoBH — B 5,7, B 2,0 1 B 4,6 pas, COOTBETCTBEHHO.

3akmouenue. [Ipi oTpaBiieHNN KJIO3AITIHOM B COUETAHUH C 9TAHOJIOM PA3BUBAETCSI KOMIIJIEKC MATOJOTHYECKITX
U3MEHEeHUIl B JIerkuX, 6oJiee BbIPasKEHHBIX [0 CPABHEHUIO ¢ U30JMPOBAHHBIM BO3/ICHCTBIEM KJIO3AIIMHA KAK MOHO-
npenpara. [Ipy 9TOM KOHIEHTPAIUs KJI03aIIMHA U er0 MeTabOJUTOB B JIETOYHON TKAHM U CHIBOPOTKE KPOBU BbIIIIE
[PH €r0 TIOCTYIJIEHUH B OPTaHU3M B KOMOUHAIMH C 9TAHOJIOM.

Kmouesvie cnosa: HOPKJIO3anum, mo3anuH-N—oxcua; JeZrue; SMaHnol; KpUMUHAIbHbLE OMPABIEHUA; MOKCUKOJI02UA

The purpose of the study: to assess the morphological changes in the lungs depending on the content of clozapine
and its metabolites in the lungs and serum.
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Materials and methods. The experiments were performed on male outbred rats weighing 290-350 g at the age
of 20 weeks (n=15). The animals were divided into 3 groups: Group 1 — reference group (intact rats) (7=5); Group
2 -poisoning with clozapine (n=5); Group 3 — poisoning with a combination of clozapine with ethanol (n=5). Cloza-
pine was administered orally at a dose of 150 mg per kg of animal's body weight under general anesthesia; alcohol
was administered together with clozapine orally at a dose of 5 ml per kg of animal's body weight. Further study was
carried out 24 hours after administration of drugs to animals of the 2nd and 3rd groups. After euthanasia of the an-
imals by decapitation, tissue samples of lungs were embedded in paraffin according to the standard technique. Then
5-um thick histological sections were made and examined using light microscopy with the aid of a Nikon Eclipse E-
400 microscope equipped with a video system based on the Watec 221S camera (Japan) at magnification of X200
and x<400. The following pathological patterns were assessed: disorder of blood circulation (hyperemia, hemorrhage,
and sludge), the presence of atelectasis and dystelectasis, the presence of emphysema, the cellular response (an in-
crease in the white blood cell count), and desquamation of epithelium into the lumen of the bronchi. A chemical and
toxicological study was performed on a high-performance liquid chromatograph with mass detector Agilent Tech-
nologies 430 Triple Quad LC/MS (Germany). To obtain chromatograms, the following software was used: Agilent
Mass Hunter Workstation for series tripple Quadrapole vers. B06.00 build 6.0.6.25.4sp4.

The following software was used for processing chromatograms: Agilent Mass Hunter Quantitive Analysis vers.
B 07.00 build 7.0.457.0. Serum and lung homogenate levels of clozapine, norclozapine, and clozapine-N — oxide were
evaluated.

Results. In 24 hours, animals in the 2nd group exhibited atelectasis and dystelectasis in the lung tissue, and leuko-
cyte infiltration; in the 3rd group, arterial hyperemia, cellular response (an increase in the white blood cell count),
atelectasis and dystelectasis, and thickening of interalveolar septa were revealed. In 24 hours, in the lungs of animals
of the 3rd group, the concentration of clozapine increased by 22.2-fold, norclozapine by 6.6-fold, and clozapine-N-
oxide by 6.2-fold as compared to the 2nd group; in serum it increased by 5.7-, 2.0- and 4.6-fold, respectively.

Conclusion. In the case of poisoning with clozapine in combination with ethanol, a complex of pathological
changes in the lungs develops, which is more severe than the isolated effect of clozapine administered as a single
drug. The concentration of clozapine and its metabolites in the lung tissue and blood serum is higher when it enters

the body in combination with ethanol.

Keywords: norclozapine; clozapine-N-oxide; lungs; ethanol; criminal poisoning; toxicology
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BBeneunne

XapaKTepHOW 4epTOoi OTpaBJIEeHUH aTUITUYHBIM
HEHPOJICIITUKOM KJIO3AIIMHOM SIBJISIETCS  TSIXKEJIoe
TeYeHMe M BbICOKAs JIETAJIbHOCTD, JOCTUTAIONIAs, 110
JIAHHBIM OTEYECTBEHHBIX aBTOPOB, 18—20%, 10 naH-
HbIM 3apybeskHbix aBropos — 10% [1, 2].

Kmnozamun (Jleroneke, Azanentun, Knazapw,
Wnpoxc, Jlarrenakce, Jlerorexkc) — aTo HEWPOJENTHK C
BBbIPa’KEHHBIM ceZIaTUBHBIM ahdexToMm. I1o xummyecko-
MY CTPOCHHIO OH TIPEICTABJISIET COOOI TPUITHKINYe-
CKOE COeJIMHEHNE, MOJIEKYJIbI KOTOPOTO UMEIOT dJIeMeH-
TBI CXO/ICTBA C TPOU3BOAHBIMU 1,4-6GeH30/11a3enmHa.
Dapmakosiornyeckoe eficTBIe KJI03aITNHA CKII/IbIBA-
€TCsT U3 HECKOMTBKHX a(h(heKTOB 1 BKITIOYaeT B cebst 6J10-
KaJly HEHTPaJIbHBIX U IeprdepryecKux Xo0JnHOoperer-
TOPOB, (-aJIPEHOPEIENTOPOB, CEPOTOHMHOBLIX U
TUCTAMUHOBBIX PEIEIITOPOB, TOPMOKEHUE BBICBOOOIK-
neHust podaMUHa MPECUHANTHYECKON MeMOPaHOIL.
EnmHoro MHEHMS 0 TOM, KaKOH 13 3TUX MEXaHU3MOB
peobJIaIaeT, Ha CeTOAHSIIHUN IeHb HE CYIIECTBYET.
Tem He MeHee, GOIBITNHCTBO UCCIENOBATEICH CUNTACT
HanboJiee 3HAUMMBIMU [IEHTPAIbHBIE XOJTUHOJIUTIHYE-
ckue ahdexTs [3].

Kirozanun oTHOCUTCS K TaK Ha3bIBaeMbIM (DYHK-
IMUOHAJIBHBIM siiaM. [Ipu o/1o3pennn Ha OoTpaBJicHIE
UM HEOGXOIMMO ITPOBEIEHIE CYIeOHO-MEIUITHTHCKOTO
uccseoBatust. JIHarHoCTHKa B MOMOOHBIX CIIyYastx
MTPOU3BOIUTCS KOMILJIEKCHO € y4ETOM BCEX JIOCTYITHBIX
JAHHBIX: KIMHUKO-aHAMHECTUYECKUX, MTaTOJOrOaHa-

Introduction

Poisoning with an atypical antipsychotic cloza-
pin results in a severe course and high mortality rate
reaching 18—20%, according to Russian studies, and
10%, according to international studies [1, 2].

Clozapine (Leponex, Azaleptin, Clazarile, Ibrox,
Lapenas, Lepotex) is an antipsychotic with significant
sedative effect. According to the chemical structure,
Clozapine represents a tricyclic compound molecular
structure of which is similar to the derivatives of 1,4-
benzodiazepine. Several pharmacological effects of
clozapine include blockade of central and peripheral
cholinoreceptors, a-adrenoreceptors, serotonin and
histamine receptors, inhibition of the release of
dopamine by the presynaptic membrane. There is no
consensus on which mechanism prevails. However,
most researchers consider central cholinolytic effects
to be the most significant [3].

Clozapine is a so-called functional poison.
Forensic examination should be performed when
poisoning is suspected. In such cases, the diagnostic
process is a comprehensive one, taking into account
all the available data: clinical data and medical his-
tory, autopsy data, histomorphological and quanti-
tative analysis of the clozapine levels in biological
fluids of the body.

There is a large number of cases of criminal poi-
soning with clozapine. The most profound suppressive
effect on the human body is typical for the combined
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TOMUYECKUX, TUCTOMOPMOTIOTNIECKUX, KOJNIECTBEH-
HOTO aHaJIN3a COEPIKAHUs KJI03auHa B GHosiornye-
CKUX Cpe/laX OpPraHu3mMa.

OTrMmeuaercst GOJIBINOE YUCIO CIYYAEB KPUMU-
HaJIbHBIX OTpaBJieHnii kirosarmHom. Haubosee riy6o-
KO€ CYIIPECCHBHOE JIEHiCTBUE HA OPraHU3M YesioBeKa
XapaKTePHO /IJisI COYETAHHOTO MpUeMa KJI03arnHa 1
9TAHOJIA, YTO YACTO UCIIOJIb3YETCsI 3TI0YMBIIIJIEHHUKA-
MU B TIPECTYITHBIX TeJIsIX [4].

[l71s1 kTo3anHa XapaKTepeH y3KUil TeparneBTu-
yeckuil nHAeKC (BbIciias cyTouHas jo3a — 600 wmr,
cMmepresbHast — 2 T.) [5, 6], 4TO TOBbIIAET PUCK BO3-
HUKHOBEHUS CJYYANHBIX OTPABJIEHUI, B TOM YHCIIE,
CMEePTEJIbHBIX, TI0ITOMY OYEHb BAXKHAsI POJIb OTBOIUT-
Csl UCCJEeNOBAHUIO OMOJOTUYECKUX  KUIKOCTEN
(KpoBH, MOUYM ) U BHYTPEHHUX OPraHoB [7].

CorslacHO JaHHBIM JIUTEPATYDBI, KJIO3AIUH
KyMYJIUDY€eT B roJIOBHOM Mo3re u Jierkux [8]. Tem ne
Metee, 0cOOEHHOCTH TTaTOreHe3a U3MEHEHUH BO BHYT-
PEHHUX OPraHaX, B YaCTHOCTH, B JIETKUX ITPH COUETAH-
HOM BO3/IEMICTBUU KJIO3AIMHA M 9TAHOJIA, U3YUEHBI
He0CTaTOYHO.

[lenb vicce[oBaHUsT — OLEHUTH MOPQOJIOrUYe-
CKU€e U3MEHEHUsI B JIETKUX B 3aBUCUMOCTHU OT KOH-
[EHTPAINY KJI03AINHA U €70 OCHOBHBIX METAB0JIUTOB
B TKaHU JIETKOTO U CBIBOPOTKE KPOBU.

MaTepI/IaJI N METO/1bl

IKCIepUMEHTbI IPOBOJIMIHN Ha 15 6eCIOPOHBIX KPbI-
cax-camiiax maccoit 290—350 rp. B Bospacre 20 nezesb. ;Ku-
BOTHBIX Pa3/lelMJIN Ha 3 TPYHIbBL 1-91 — KOHTPOJbHAS
(MHTaKTHBIE KPBICHI, 7=>5); 2-5 — OTPaBJI€HIE KJI03AITIHOM
(n=>5); 3-91 — oTpasJieHre KOMOMHAIIME} KJI03alliHa ¢ 9Ta-
HOJIOM (1=13).

Kitosams BBOAMIIN TIepopaibHoO B 03¢ 150 Mr Ha KT
MacChl JKMBOTHOTO MO 061M 06€300IMBAHNEM; TUIIOBBIET
CIIUPT BBOJIWJI B COUETAHUHN C KJIO3AITMHOM II€POPATBLHO B
Z03€e 5 MJI Ha KT Macchl *KMBOTHOTO. /lasbHelilee ncciemno-
BaHe POBOJIMJIN Yepes 24 yaca 1ocJie BBeJIeHUs Tperapa-
TOB JKUBOTHBIM 2-11 1 3-1 TPyTIL.

JKMBOTHBIX BCeX TPYII BBIBOJMJIN M3 9KCIIEPUMEHTA
nyteM gekarurariin. OGpasiibl TKAHU JErKUX (GUKCHPOBATIH
CTaHJIAPTHO B 4% HeHTPaIbHOM MapadopMab/erujie 1 ajee
oGpabarbiBaii 10 00IENPUHATON MeToanke. V3rorasiu-
BaJIM THCTOJIOTMYECKUE CPE3BI TOJIIMHOI 5 MKM, HAHOCHIIH
Ha IpeZIMETHBIE CTEKJIA U OKPAIINBAIN TeMOTOKCUIIMHOM M
203nHOM. [Ipenaparsl ¥iccieIoBasIi METOIOM CBETOBO MUK-
pockonuu Ha mukpockornie Nikon Eclipse E-400 ¢ Bugeocu-
creMoii Ha ocHoBe Kamepbl Watec 221S (Anonms) npm
yBesmmaernn X200 n X400.

X¥UMn4ecKoe HCCIIeI0BaHNEe CBIBOPOTKH KPOBH KPBIC
U TOMOTeHAaTa UX JIETKUX ITPOBOJUIN METOJOM BBICOKO-
a(hdeKTUBHOI JKUAKOCTHOHN XpoMaTorpadni ¢ Macc-/1eTeK-
tupoBanueM (BOJKX-MC/MC) na BeicokoaberTHBHOM
JKUIKOCTHOM Xpomarorpacde ¢ Macc-gerekropom Agilent
Technologies 430 Triple Quad LC/MS (Tepmanus). dus
06pabOTKH XPOMATOTPAMM HCIOJIB30BAIN IPOrpamMmy Ag-
ilent Mass Hunter Quantitive Analysis vers. B 07.00 build
7.0.457.0.

Copepskanue KUBOTHBIX U PabOTY ¢ HUMU TPOBO/AIIN
B cootBeTcTBUM ¢ TTprkazoM Munsapasa CCCP Ne 755 ot
12.08.1977 . u EBpornetickoii KonBentueii o 3amure mo3Bo-

intake of clozapine and ethanol, which is often used by
criminals for criminal purposes [4].

Clozapine is characterized by a narrow therapeu-
tic index (the highest daily dose is 600 mg, the lethal
dose is 2 g) [5, 6], which increases the risk of acciden-
tal poisoning, including fatal ones, therefore, a study
of biological fluids (blood, urine) and internal organs
is crucial [7].

According to the literature, clozapine accumu-
lates in the brain and lungs [8]. However, the patho-
genesis of changes in the internal organs, in particular,
in the lungs, with the combined effects of clozapine
and ethanol, has not been sufficiently studied.

The purpose of the study: to assess the morpho-
logical changes associated with the content of clozap-
ine and its metabolites in the lungs and serum.

Materials and Methods

The experiments were carried out on 15 outbred male
rats weighing 290—350 g. at the age of 20 weeks. The animals
were divided into 3 groups: Group 1 — reference group (in-
tact rats); Group 2 — poisoning with clozapine; Group 3 —
poisoning with a combination of clozapine with ethanol.

Clozapine was administered orally at a dose of 150 mg
per kg of animal's body weight under general anesthesia;
ethanol was administered together with clozapine orally at
a dose of 5 ml per kg of animal's body weight. Further study
was carried out 24 hours after administration of drugs to an-
imals of the 2nd and 3rd groups.

Animals of all groups were removed from the experi-
ment by decapitation. Lung tissue samples were fixed in 4%
neutral paraformaldehyde and further processed according
to the standard procedure. Histological sections, 5 um thick,
were placed on glass slides and stained with hematoxylin
and eosin. Then histological sections were examined using
light microscopy by means of a Nikon Eclipse E-400 micro-
scope with a video system based on the Watec 221S camera
(Japan) at magnification of X200 and x400.

Chemical study of rats' blood serum and their lung ho-
mogenate was performed by a high-performance liquid chro-
matography with mass detection (HPLC-MS/MS) using a
high-performance liquid chromatograph with a mass detec-
tor Agilent Technologies 430 Triple Quad LC/MS (Ger-
many). The following software was used for processing
chromatograms: Agilent Mass Hunter Quantitive Analysis
vers. B 07.00 build 7.0.457.0.

Animals were kept and all works with them were car-
ried out in accordance with Order No.755 of the Ministry of
Health of the USSR dated 12.08.1977 and the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes (Strasbourg,
18.03.1986).

Statistical processing of the study results was carried
out in MS Excel. To verify a histological change in the qual-
itative analysis, the Fisher test was used.

Results and Discussion

24 hours after the administration of clozapine,
precipitous circulatory disorder (severe plethora of
capillaries of interalveolar septa and venous plethora)
was found in animals' lungs. Interstitial edema devel-
oped. Alveolar hemorrhages were observed.
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HOYHBIX JKIBOTHBIX, MCIIOJb3YEMBIX /ST HKCIIEPUMEHTOB
WK B MHBIX HayuHbIx 1esistx (CrpacOypr, 18.03.1986 1.).

CraTtuctuaeckyio 00paboTKy Pe3yIBTaToB UCCIeI0Ba-
HuUs npoBoausu B iporpamve MS Excel. s noarsepskie-
HUS  JIOCTOBEPHOCTH TIOSIBJIEHWS TOTO WJH HHOTO
THCTOJIOTNYECKOTO U3MEeHEHNUST ITPU POBEe/ICHNH KaueCTBEH-
HOTO aHaJM3a puMeHsH kKputepuii AOumrepa.

Pe3ybTarhl 1 00CYKAEHHE

Yepes 24 gyaca riociie BBe/leHUs KJIO3AITUHA B JIeT-
KUX JKUBOTHBIX OTMEUAJIN PE3KOe HAPYIIEeHe KPOBO-
o6patienust (BbIpaskeHHOE OJTHOKPOBUE KATTHJISIPOB
ME>KaTbBEOJIIPHBIX [I€PETOPOJIOK U BEHO3HOE TIOJTHO-
kpoBue). Pa3BuBajicssi WMHTEPCTUIMAIBHBIN OTEK.
Hab6monanu anbBeossipHble KPOBOUIIUSHUS.

B rpymie 2, nosryuasineit KJo3anuH Kak MOHO-
mpernapar, Ipu CPaBHEHUM C KOHTPOJIEM METOIO0M
ODuriiepa, IOCTOBEPHO OTMEYAIN HATMYUE aTeTeKTa-
30B U IUCTEJIEKTA30B.

Yepes 24 yaca riocsie KOMOMHUPOBAHHOTO BBE/IE-
HUST KJIO3AITHA 1 9TAHOJIA OTMEYAIN TOJHOKPOBUE,
KPOBOUBJIMSIHUS B ATbBEOJIBI M MEKAJIbBEOJISIPHbIE
MepPEropojiku, MOBpekAeHue OPOHXUATBHOTO ITUTE-
JIUST, YTOJIIIeHNEe MeKaIbBEOISIPHBIX TIEPETOPOJIOK 32
cyeT oTeka 1 MHpUIbTpanuu Jeiikormuramu. O6Hapy-
JKMBAJIN OPUTPOIIUTHI B TPOCBETE OPOHXOB U AJIbBEOT.
OTMeTH/IM CcIy4au Pa3BUTUS WHTEPCTUIIMAIBHOTO
oreka (puc. 1, a).

[locToBepHBIMU B IpyIIie 3 MOKHO CUUTATH CJIe-
nyroiire Mop(OIOrIecKrie MI3MEHEH S apTEPUATIBHOE
MOJTHOKPOBHE, KJIETOYHYIO PEAKIUI0 — YBeJIudyeHue
qrcaa JIEHKOINUTOB, YTOJIIEHNE MeXaIbBEOSIPHBIX
HIEPETOPOJIOK, ATEJIEKTa3bl 1 AUCTeeKTasbl (puc. 1, b, ¢).

TaxuMm 06pasoM, TIPKU COYETAHHOM BO3JICHCTBIN
KJIO3allMHA ¥ 9TaHoja Habmomaau 6ojee TayOoKue
naToMopdoIornyecKne M3MeHEHUsI B JIETKUX 110
CPaBHEHWIO C U30JIMPOBAHHBIM BO3/IEIICTBUEM KJI03a-
mHA. AHAJIOTUYHBIE JAHHBIE HAMU GBI TOJYYeHbI
patiee Ipu UCCIeA0BAHNN MOP(OJIOTHIECKUX U3MEHE-
HUIT B cep/iie Kpbic [9].

Conep:kanuve KJI03aMnHa U €r0 OCHOBHBIX MeTa-
GOJIUTOB — HOPKJIO3ANUHA W KJI03annH-N-OKcH/Ia B
CBIBOPOTKE KPOBU U TOMOTEHATE JIETKUX SKUBOTHBIX
AHAJIM3UPOBAJIN 110 BAJIMIMPOBAHHOM MeTomKe [8].
[MosyyeHHbIe JaHHBIE TIPEICTABICHBI B TaOJIWIIE.

Kak cienyer u3 maHHBIX, MPEJCTABIEHHBIX B
TabJL., cojepKaHue KJI03aluHa B CHIBOPOTKE KPOBU
66110 B 5,7, HOpKJIo3anuHa — B 2,0, a Kao3anuH-N-
okcujia — B 4,6 pas BbIle B TPYIIIIE 3, MOJIydaBIIeid
KJIO3AITUH ¥ 9TAHOJI [10 CPABHEHUIO C TPYIIION 2, TIOJTy-
YaBlIleil KJI03aMuH B BUjie MOHOIIPeIapara.

CxopiHble TaHHbIE MOJIYYUITH TIPU XUMUKO-TOK-
CUKOJIOTUYECKOM MCCIeIOBAHUN TOMOTEHATA JIETKUX
kpbic. Yepes 24 yaca y ;KMBOTHBIX, [TOJIy4aBITUX 3Ta-
HOJI ¥ KJIO3AIUH, COjlep:KaHye KJI03alnHa B JIETKUX
6bL10 B 22,2 pasa, HOpKJIo3anuHa — B 6,6 pasa, a KJ1o-
3anuu-N-okcuma — B 6,2 pasa BbIlIe 110 CPABHEHUIO C
TPYIIOH 2, moJyyaBIiell KJI03amuH U30JIMPOBAHHO.
JlocTaTOuHO BBICOKME 3HAUEHUs OMUOKU CpeiHei,

Puc. 1. IIpenapar jerkoro Kpsichbl yepes 24 yaca nocie orpasJe-
HHS KJIO3ANMMHOM U 9TAHOJIOM.

IIpumeyanue. a — MHTEPCTUIIMATBHBII OTeK, yB. X200; b — Kie-
TouHas peaknus (yBeJaudeHue Yuciia JeHKouToB), yB. X400; ¢ —
KJIETOUHAs Peakiyst (yBeJIMYEHIE YUCIA JIEHKOLUTOB), YTONIIEHIE
MeRAIbBEOJISIPHBIX TTEPErOpo/IoK, yB. X400. Oxpacka reMaToOKCH-
JIMHOM M 903MHOM.

Fig. 1. Specimen of rat's lung 24 hours after poisoning with
clozapine and ethanol.

Note. a — interstitial edema, magnification X200; b — cell re-
sponse (an increase in the white blood cell count), magnification
X400; ¢ — cell response (increased number of white blood cells),
thickening of interalveolar septa, magnification X400. Hema-
toxylin and eosin staining.

GENERAL REANIMATOLOGY, 2018, 14; 4

www.reanimatology.com



48

DOI:10.15360,/1813-9779-2018-4-44-51

Experimental Studies

Copepskanue KI03anyuua U ero MeTaGoJUTOB B CHIBOPOTKE KPOBH M TOMOTEHATE JIETKUX y KPbIC.
The levels of clozapine and its main metabolites in blood serum and homogenate of rats' lungs.

Parameters The value of parameters in groups
blood serum, pg/ml lung homogenate, ug/g
Group 2 Group 3 Group 2 Group 3
Clozapine 0.28+0.089* 1.42+0.33 458.03£107.95%  10177.45+891.45
Norclozapine 1.28+0.41 2.52%0.60 274.48+104.93* 1808.96+317.28
Clozapine-N-oxide 0.05+0.01* 0.23+0.10 1.90+0.34* 11.80+3.55

Note. * — significant differences between groups, P<0.05.

IIpumeuanue. Parameters — nokasarenn; Values of ... in groups — mokasaresu B rpymimax; blood serum — coiBoporka kposu; lung ho-
mogenate — romorenar Jjierknx; Clozapine — kirosanun; Norclozapine — nopkiosarnun; Clozapine-N-oxide — knosanuu-N-oken. * —

JIOCTOBEPHbBIE PasIHyist Meskay rpyrmamu npu p<0,05.

0.4

03 +—+

0.2

[ i —

0.0041  0.0012

0 +— T
Norclozapine/clozapine  Clozapine-N-oxide/clozapine

B Group2

E Group 3

Puc. 2. CooTHOmEHHE METAGONT/KI03ANHMH B CHIBOPOTKE KPOBU
(a) uromorenare Jgerkoro (b) Kpbic.

Fig. 2. The metabolite/clozapine ratio in serum (a) and lung ho-
mogenate (b) of rats.

HOJIyYeHHbIe [TPU IPOBEIEHUN XMMUKO-TOKCUKOJIOTH-
YEeCKOTO HUCCJIEIOBAHUSI, BO3MOKHO, 00YCJIOBJIEHDI
reHeTUYeCKON  HEOTHOPOAHOCTHIO  ITOAOIBITHBIX
SKMBOTHBIX 1 MAJIOX BBIOOPKOIA.

Bosee Bbicokoe cojiepaniie KJI03amuHa U ero
MeTabonTOB (HOPKJIO3alnHa 1 KJI03aIiH-N-OKCH/Ia)
B JIETKUX COOTBETCTBOBAJIO MOSABJIEHUIO B HUX OoJiee
BBIPAKEHHBIX U PA3HOOOPA3ZHBIX THCTOMOP(OIOrnye-
CKMX U3MeHeHU.

CooTHolleHrie HOPKJIO3aMUH,/KJI03aIIUH B ChIBO-
POTKe KPOBH KPBIC IPYIIIIbI 2, TIOTyYaBIIell KJI03amuH

In Group 2 treated with clozapine as a single-drug
therapy, there were atelectasis and dystelectasis as com-
pared to the reference group using the Fisher test.

There were hyperemia, alveolar and interalveolar
septa hemorrhages, damage to the bronchial epithelium,
and thickening of the interalveolar septa due to edema
and infiltration by leukocytes 24 hours after concomi-
tant administration of clozapine and ethanol. Red blood
cells were found in the bronchial lumen and alveoli.
Cases of interstitial edema were observed (fig. 1, a).

The following morphological changes can be
considered significant in Ggroup 3: arterial plethora,
cellular response (an increase in the leukocyte count),
thickening of interalveolar septa, atelectasis and dys-
telecasis (fig. 1, b, ¢).

Therefore, the combined effects of clozapine and
ethanol showed deeper pathomorphological changes
in the lungs compared to the isolated effects of cloza-
pine. Similar data were obtained earlier in the study
of morphological changes in rat hearts [9].

The levels of clozapine and its main metabolites,
norclozapine and clozapine- N-oxide, in blood serum
and homogenate of animal lungs were analyzed using
a validated procedure [8]. The acquired data are pre-
sented in the table.

Data presented in the table demonstrate that the
level of clozapine in serum was 5.7-fold, norclozapine
2.0-fold and clozapine-N-oxide 4.6-fold higher in
group 3 receiving clozapine and ethanol as compared
to group 2 receiving clozapine in the form of a single-
drug therapy.

Similar data were obtained in chemical and tox-
icological study of the rats' lung homogenate. The
level of clozapine in the lungs was 22.2-fold, norcloza-
pine 6.6-fold, and clozapine-N-oxide 6.2-fold higher
than in group 2 receiving clozapine alone. Relatively
high values of the error of mean obtained during the
chemical and toxicological study may be explained by
genetic heterogeneity of experimental animals and a
small sample.

A higher concentration of clozapine and its
metabolites (norclozapine and clozapine-N-oxide) in
the lungs corresponded to the development of more
pronounced and diverse histomorphological changes
in them.

Fig. 2 demonstrates the metabolite/clozapine ratio
in rat's blood serum and their lung homogenate. The nor-
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KaK MOHOIIPerapar, COCTaBuIO 4,57, a COOTHOIIEHNE
kno3anuH-N-okcu/kino3anua — 0,18. B rpymnre 3,
MOJTyYaBIIIei KIO3aIUH U 9TAHOJI, COOTHOIIEHIE HOPK-
JIO3aIMH /KJI03anuH coctaBuiio 1,77, a cooTHoleHMe
ko3anuH-N-okcu/kmno3anud — 0,16.

CooTHollIeHIIe HOPKJIO3AMUH /KIO3AITIH B TOMO-
reHare JIETKIX KPbIC B TPYIIIIe 2, OJyYaBIieil Kjio3a-
uH, cocrasuio 0,60, a cooTHOIIEHNE Ko3altnH-N-
okcuj/kno3anun — 0,0041. B rpynme 3, nosryuasiieii
KOMOWHAIIMIO KJIO3alMHA U ATAHOJIA, COOTHOIICHUE
HOpKJIo3anuH,/kno3anuu coctasuio 0,18, a coorno-
nmenue kao3anuu-N-okcu/kino3anun — (0,0012.

Ha puc. 2 cootHomenns MeTaboIuT /KI103auH
B CBIBOPOTKE KPOBH KPbIC ¥ TOMOTHATE UX JIETKUX
IPEJICTABIEHb! B IPAdUUYECKOM BUE.

B ocHOBe MaToJIOTMYeCKUX MPOIECCoB, HabI0-
JIA€MBIX B JIETKUX KBOTHBIX IPYIII 2 U 3, JIEJKUT, BEPO-
SITHO, TIOBBIIIIEHNE CBEPTHIBAEMOCTH KPOBU, CBSI3aHHOE
€ MEXaHU3MOM JIECTBUSI KJIO3ATIMHA, 1 HETIOCPECTBEH-
HOE TIOBPEKIEHNE HOTENNS COCYZ0B MUKPOIIUPKY-
JIATOPHOTO PYyCJia IO/ IefICTBUEM CaMOTO KJIO3AITNHA,
YTO coTJIacyeTcs ¢ JaHHbIMU Ppsijia aBTopos [3, 10, 11].

Pe3skoe 1oBbllIeHNE arperannoHHON aKTHBHOCTH
APUTPOIUTOB ¥ TPOMOOIIMTOB, HAOMIOAEMOE 1 TIPH
M30JIMPOBAHHOM OTDPABJIEHUU KJIO3AIMMHOM, W HPU
KOMOUHMPOBAHHOM OTPABJIEHUN KJIO3AIIMHOM U 9Ta-
HOJIOM, BEPOSITHO, CBs13aHo ¢ 610kanoii 5-HT3-penen-
TOPOB B TPOMOOITMTAX, YTO TAKIKE COTJIACYETCSI C JIaH-
HbIMU JiuTepaTypbl [5]. B orBer Ha sK3orenHoe
BO3/IeiiCTBIE HA JIeTKUE, (DOPMEHHBIE 9JIEMEHThI KDOBH
caumaroTcest, 06pasys ciajku. KposeHanotenve pas-
JINYHBIX OTIEJI0B MUKDPOIIMPKYJIATOPHOTO PycJia CTa-
HOBUTCSI HEPABHOMEPHBIM. JTO OTPUIIATETBHO CKA3bI-
BAaeTCsl U HA MUKDOIMPKYJSINKM, ¥ HA TKAHEBOM
MeTaboJIM3Me, YTO PUBOAUT K YCYTIyOIeHIO THITIO-
kcuu u anuiosy tkanei [12, 13]. Cxoanyio kapTuHy
HabJIIO/Ia/IN KK B [TPOBEICHHBIX HAMU PAHEE UCCIIE0-
BaHusX [14], Tak ¥ B JaHHOM 9KCIIEPUMEHTE.

[lon BO3melicTBUEM KJIO3AMUHA HAPYIIAIOTCS
cBolicTBa cypdakTanta. ITo, B CBOIO OU€PEb, IPUBO-
JIUT K BO3HUKHOBEHUIO aTesiekTa3oB [15, 16]. B mpo-
Be/IEHHOM 9KCIIEPUMEHTE ATeJIeKTa3bl U AUCTEIEKTA3bI
HOSIBJISITIMCH BO 2-ii ¥ 3-1 IPYIINax >KUBOTHBIX.

B sierkux KpbIc, ITOJIyYaBIInX KIO3AIH 1 €10 KOM-
GUHAITIO C TAHOJIOM, BEPOSATHO, TIPOUCXOIUT TIOBPESK-
JIeHVe SHIIOTEJIVS MUKPOIUPKYJISTTOPHOTO PYCJIa JIETKIX
U aJIbBEOJIAPHOTO SITUTEIUS, UTO MOJKET OBITH CBS3AHO C
HEINOCPEeICTBEHHBIM AJIBTEPUPYIONINM JEHCTBUEM Ha
HUX KJIO3AIIMHA, & TAKIKE C PE3KUM YCUJIEHUEM TIPOIIecca
niepexucHoro oxkucyaenus sunuoB (ITOJT) u moBpeske-
HPEM aHTUOKCHIAHTHOW CUCTEMBI 3aIUThI KPOBH. JTO
noaTBepskaaeTcs psgoM pabor [11, 17, 18].

B ny6imKaIusix mocJieiHux JieT MoKa3aHo, 4to B
pesyJIsTaTe HEIOCPENCTBEHHOTO BJIMSHUS TUIIOKCUU
06pasyioTcs psaj GHONOTUYECKH aKTHBHBIX BEIECTB,
KOTOPbIe OKa3bIBAIOT JAJIbHEliIIIee TIOBPEsK/IAIoIIee BO3-
NEIiCTBIE HA HHIOTEINATBHYIO MEMOPAHY, B YaCTHOCTH,
B JIETKUX M3 [TOBPEKIEHHBIX TYYHbIX KJIETOK BBICBOOOK-
JIAeTCst TACTAMUH, a TaKxKe Psi| pepPMEHTOB, BbI3bIBAIO-

clozapine/clozapine ratio in blood serum of rats of group
2 receiving clozapine as a single-drug preparation was
4.57, and the clozapine-N-oxide/clozapine ratio was
0.18. In group 3 receiving clozapine and ethanol, the
norclozapine/clozapine ratio was 1.77, and the clozap-
ine-N-oxide/clozapine ratio was 0.16. The norclozap-
ine/clozapine ratio in the lung homogenate of rats of
group 2 receiving clozapine was 0.60, and the clozapine-
N-oxide/clozapine ratio was 0.0041. In group 3 receiv-
ing clozapine and ethanol, the norclozapine/clozapine
ratio was 0.18, and the clozapine-N-oxide/clozapine
ratio was 0.0012.

Pathological processes observed in the lungs of
animals of groups 2 and 3 are probably based on in-
creased blood coagulation associated with the mech-
anism of action of clozapine and a direct damage to the
endothelium of the microcirculatory vessels under the
effect of clozapine itself, which is consistent with the
data of several authors [3, 10, 11].

A precipitous increase in the aggregation activity
of red blood cells and platelets observed in both iso-
lated poisoning with clozapine and combined poison-
ing with clozapine and ethanol, probably, is associated
with blockade of 5-HT3-receptors in platelets, which
is also consistent with the literature data [5]. In re-
sponse to exogenous effects on the lungs, blood cells
stick together forming, sludge. The blood supply of the
various parts of the microvasculature becomes hetero-
geneous. This has a negative effect on microcirculation
and tissue metabolism, which leads to worsening of
tissue hypoxia and acidosis [12, 13]. A similar picture
was observed both in our earlier studies [14] and in
this experiment.

The properties of surfactant are impaired under
the effect of clozapine. This, in turn, leads to the emer-
gence of atelectasis [15, 16]. In the experiment, atelec-
tasis and dystelectasis developed in the 2nd and 3rd
groups of animals.

In lungs of rats receiving clozapine and its com-
bination with ethanol, endothelium of the microcir-
culatory bed of the lungs and alveolar epithelium
may be damaged, which may be associated with a di-
rect alteration effect of clozapine on them, as well as
with a precipitous increase in the lipid peroxidation
(LPO) and damage to the antioxidant system of
blood protection. This is confirmed by a number of
works [11, 17, 18].

Recent publications have demonstrated that
due to direct influence of hypoxia, a number of bio-
logically active substances (particularly, histamine)
are formed, which have a further damaging effect on
the endothelial membrane and causing releasing the
various proteolytic enzymes from the damaged mast
cells in the lungs. Increased concentration of hista-
mine in blood exacerbates bronchospasm and post-
capillary vasoconstriction. This leads to an increase
in pressure in the pulmonary capillaries and an ac-
tive release of the fluid in the interstitium [19—22].
It can be assumed that this mechanism is the basis
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KX [TPOTEOJIN3. YBeIYeHre KOHIIEHTPAIMU TUCTAMU-
Ha B KPOBHU yCyTybIisieT OPOHXOCIIA3M U MOCTKATMILIISIP-
HYIO Ba30KOHCTPUKIINIO. DTO IIPUBOJUT K YBEJIUUYECHUIO
JIaBJICHUA B JIETOUHBIX KAITUJISIPaX ¥ aKTHBHOMY BBIXO-
Ny sKugroctu B unrepcruiuii [19—22]. Mosxxuo niper-
HOJIOKUTD, YTO JIAHHBII MEXaHU3M JIEKUT B OCHOBE Pa3-
BUTHUA UTEPCTUIUATIBHOTO OTE€KAa Yy JKUBOTHBIX,
BKJIIOYEHHBIX B IIPOBE/ICHHBII 9KCIIEPUMEHT.

Kpowme Toro, matosiornyeckue mpoueccsl, 1mnpo-
UCXOJIAIIHE B JIETKUX, MOTYT ObITH OOYCJIOBJICHBI [TPHU-
CYTCTBUEM IUTOKUHOB, K KOTOPBIM OTHOCSTCSI TaKHe
BerecTBa, kak unrepaeiikuiel (MJI-1-18), unrepde-
poubl (MDH-q, -, -y), kaxekTuHb ((hakTopbl HEKPO-
3a OITYXOJIN ), KOJIOHUECTUMYJIUPYIoNre GaKkToOpbl 1
psan apyrux [23—25].

Bce BBITIEnIEpeunicIeHHOE, HAPSIY C HApYTICHN-
€M MUKPOITUPKYJISTIN B JIETKUX, BBI3bIBAET 3aUNTEITh-
HOE MOBBITIIEHNE TTPOHUTIAEMOCTH JIETOUHBIX KaITUJIIS-
POB, a TakyKe pa3BUTHE OTEKa, YTO HAOMIOAATOCH B
MPOBe/ICHHOM paHee [ 14] 1 B TaHHOM KCIIEPUMEHTE.

B moceytotieM pa3BUBAtOTCS KJIETOUHAST peak-
NS KYMYJISATINS B JIETKUX HEHTpohnios, Makpoda-
TOB, TUM(DOINTOB ), THTEPCTUTNATHHBIN 1 ATbBEOJISIP-
HBII OTEK, aTeJIeKTa3bl M INCTEIeKTa3bl, PACCTPOICTBA
TeMo- 1 TNM(DOMIKPOTTMPKYJISITINH, HAPYIIaeTcsI po-
XOIUMOCTH GPOHXHOIT [26].

YkazaHHble I3MEHEHUS TIPUBOJSAT K HAPYTITCHITO
razoo6Mena B JIETKUX, HAPACTAHUIO PECTTPATOPHOI
TUITOKCHH, TUITOKCEMUN ¥ YXY/IIECHUI0 OUOMEXaHUKN
JieTkux [27].

B xozme mpoBesieHNsT XUMUKO-TOKCHKOJOTHYE-
CKOTO MCCIIEIOBAHISI TOMOTE€HATA JIETKIX GOJTee BHICO-
KOe cofiepskafme KI03aMiHa 1 eT0 MEeTabONTNTOB —
HOPKJIO3aNiHA W KJI03anmnH-N-OKCHa OTMETHJIHN B
IPYIIE JKABOTHBIX, MOJYUYABIIIX KOMOMHAIIIO KJIO-
3amHA 1 3TaHOJA. JTAHOJ, BEPOSTHO, TPUBOAUT K
VCUJICHWIO KYMYJISITIAY KJI03alTHA B JTIETKHUX.

3akiaoueHue

HpI/I OTPpaBJIECHNN KJO3aIlIMHOM B COYETaHUHN C
9TAHOJIOM Pa3BUBAETCA KOMILJIEKC MOp(l)OJIOI‘I/I‘-IeCKI/IX
M3MeHEeHUI B JIETKUX, boutee BbIPDAa’KEHHBIX 10 CpaBHE-
HUIO C U30JIMPOBAaHHBIM BO3lI€IL/,ICTBI/IGM KJIO3allMHa KaK
MOHOIIpeIpara. HpI/I 9TOM KOHIIEHTPaMA KJI03aIllnHa
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for the development of interstitial edema in animals
included in the experiment.

In addition, pathological processes occurring in
the lungs may be due to the presence of cytokines,
which include such substances as interleukins (IL-1-18),
interferons (IFN -, -8, -y), cachectins (tumor necro-
sis factors), colony stimulating factors and a number
of others [23—25].

All of the above, along with impairment of mi-
crocirculation in the lungs, causes a significant in-
crease in the permeability of pulmonary capillaries, as
well as the development of edema, which was observed
in the previous [14] and this experiment.

Then, the cellular reaction develops: accumulation
neutrophils, macrophages, and lymphocytes in lungs, in-
terstitial and alveolar edema, atelectasis and dystelecta-
sis, disorders of hemo — and lymphomicrocirculation;
the patency of the bronchioli is impaired [26].

These changes lead to the impairment of gas
exchange in the lungs, the increase in respiratory hy-
poxia, hypoxemia and deterioration of lung biome-
chanics [27].

During the chemical-toxicological study of the
lung homogenate, higher levels of clozapine and its
metabolites, norclozapine and clozapine-N-oxide, were
found in the group of animals that received a combina-
tion of clozapine and ethanol. Ethanol probably leads
to increased accumulation of clozapine in the lungs.

Conclusion

In the case of poisoning with clozapine in a com-
bination with ethanol, a complex of pathological
changes in the lungs develops, which are more severe
than the isolated effect of clozapine as a single drug
therapy. The concentration of clozapine and its
metabolites in the lung tissue and blood serum is
higher when it enters the body in combination with
ethanol.

1 ero MeTaboJIUTOB B JIETOYHON TKaHU U CbIBOPOTKE
KPOBHU BbIIIE ITPU €T0 IMOCTYIIJIEHUN B OPraHr3M B KOM-
6I/IH3.HI/II/I C 9TaHOJIOM.
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Experimental Studies

Bimsinue rumepOapruuecKoil OKCUreHalui Ha KPyroo00poT MOYEBHUHBI
B OpraHu3Me NMpu YaCTHYHOM renaTdakKTOMHUH B 9KCIIEepUMEHTe
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The Effect of Hyperbaric Oxygenation on the Circulation
of Urea in Rats Following Experimental Partial Hepatectomy

Pavel N. Savilov'?, Dmitriy V. Molchanov!?

I'N. N. Burdenko State Medical University,
10 Studencheskaya Str., 394036 Voronezh, Russia
2 Tambov Central District Hospital,
4 Polevaya Str., 392524 Pokrovo-Prigorodnoe, Tambov District, Tambov Region, Russia

Ienb: usyuenuve Bausinus runepbapuueckoii okcurenanuu (F’BO) Ha Kpyroo60poT MOYEBHHBI B OpraHu3Me
1OCJIe YACTUYHOMN reNaTakTOMUU B 9KCIIEPUMEHTE.

Marepuan u MmeToabl. VcciieoBanust BHITTONHIIIN Ha 75-1 GEJbIX MOJOBO3PEJIBIX KPbIcax (CaMKax) Maccoii
180—220 r. Yactuunyio remarakromuio (UI'D) ocyiecTBIisig, pesenupysi 4actb JeBoi gouu nedenu (15—20% or
macchl oprana). ['BO soimosasim Tpexkpatho (3 ata, 50 mun). Ilepsblii cearic HaunHagu yepes 4—8, BTopoil u Tpe-
THI1, COOTBETCTBEHHO, uepe3 24 u 48 yacos nocsie oneparun. Cozep:kanue MmoueBuHbl (M) ornpezesnsiin B TKaHIX
BUCIIEPAJILHBIX OPTAHOB, & TAKI)KE B apTEPUAIBHOI KPOBHU (a0pTa), KPOBH BOPOTHOI, TOUEUHON 1 T€Y€HOUHBIX BEH,
JKeJTIu XoJiefioxa u Moue, Ha 1-e, 4-e u 11-e cyTku noctrunepokcudeckoro (3-u, 7-e u 14-e cyTKu nocJieorneparuon-
HOTO) TIepuo/ia.

PesyabraTbl. AKTUBAINS B TUTIEPOKCHYECKUX YCIOBHUSIX MHKPEnU M U3 ONlepUPOBAHHOI MeYeHu B KPOBOTOK
COTIPOBOJK/IAETCS TIOBBIIIEHNEM €€ COJIEPKAHNST B APTEPUAJIBHOI KPOBH U BbIJIeJIEHUEM U3 OPTAHN3MA C MOYOi1, 4eMy
crocoberpyer yerpatenne ['BO crumyspyiomero siausgnausa U9 wa peabeopinio MoyeBuHbl B oukax. OqHoBpe-
MEHHO B [IOYEYHOI TKaHu akTUBUPYeTcst oGpasoBarue M ¢ BbijieJieHueM B KpoBb nouedHoil Berbl. Crumyssimsa [BO
[eYEHOYHO-KUIIIEYHOTO KPYroobopoTa M compoBoKAaeTCsl COXPaHEHHeM CTUMYJIUpyIolero Biusinust UTD ua ee
HakorieHre TkansiMu duodenum u tosicToil Kumiky. B muToBUAHOI Kemese, cee3eHKe, Cepile, JIErKOM Ollepupo-
BanHbIX Kpbic [BO akTUBUPYET Nepexoji «apTepuanbHoii> M us cBoGOAHOrO B eBsizanHOe cocTosuue. [Ipekpaiienue
I'BO nopmanusyert conepxanue M B apTepuaibHoil KpoBHU K 11-M cyTKaM MOCTTrUTIEPOKCUYECKOTO Tlepro/ia Ha hoHe
ee M36UPATEILHOTO HAKOTIIICHUS B CEPILIE, CeJie3eHKe, ierkoM, kumeunuke. Coxpanenue nocsie TBO nosbiienHoro
noctymienust M U3 orepupoBaHHOI TeYeHr B KPOBOTOK COITPOBOK/IAETCST YACTHYHOI peTeHInell B renarorurax M,
nocrtymaroniei ¢ Kpobio BopoTHol Berbl. Ha 11-e cytku nocste 'BO oTrMedaeTcst TOBTOpHAS rUTIEPOKCHYECKAsT aK-
TUBAIUS EYEHOUHO-KUIIIEYHOT0 KPYroobopoTa M, cTuMyJistiins 06pa3oBatiist ee B OYKax ¢ BbIJICJIEHUEM B KPOBb
MOYEYHOI BEHBI IIPU COXPAaHEHUH, BOCCTaHOBIeHHON B ycaoBuax I'BO, akckperun M ¢ Mouoii.

3axmouenne. 5O okasbiBaeT KOPPUTUPYIOIIEE BIUSHIE Ha U3MeHeHUsT Kpyroobopora M B opranusme, BbI3bl-
Baemblie UI'D.

Knrouesvte cnosa: ZUNEPOKCUSL; NEUEHD, noepeofcﬁeﬂue; MoUuesurnda, O6M6H,' opeanusm

Purpose. To study the effect of hyperbaric oxygenation on the circulation of urea in the body after partial hepa-
tectomy (PHE).

Material and methods. The studies were performed on 75 white mature rats (females) weighing 180—220g. Partial
hepatectomy was performed by resection of a part of the left lobe of the liver (15—20% of the organ weight). Hyper-
baric oxygenation (HBO) was performed three times (3 ata, 50 min). The first, second and third sessions were per-
formed 4—8 hours, 24 hours and 48 hours after the surgery, respectively. The urea level was determined in the tissues
of visceral organs, as well as in arterial blood (aorta), portal blood, blood from renal and hepatic veins, bile from com-
mon bile duct, and in urine on the 1st, 4th and 11th days of posthyperoxic period (days 3, 7 and 14 post-surgery).

Results. Activation of the urea incretion from the operated liver to the bloodstream under hyperoxic conditions
was accompanied by increased urea concentration in the arterial blood and excretion from the body with urine that
was facilitated by the elimination of a stimulating effect of PHE on the reabsorption of urea in the kidneys by the
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HBO procedure. At the same time, the production of urea in the renal tissue was activated and further released to the
circulation through the renal vein. Stimulation of the liver and intestinal urea circulation by HBO was accompanied
by the preservation of the stimulating effect of PHE on its accumulation in duodenum and colon tissues. In the thyroid
gland, spleen, heart, and lungs of operated rats, HBO activated the transition of the «arterial» urea from the free form
to the bound one. Termination of HBO normalized the urea concentration in the arterial blood by the 11th day of the
posthyperoxic period whereas urea continued to be accumulated the heart, spleen, lungs, and intestine. A preserved
increased release of urea from the operated liver into the bloodstream after HBO was accompanied by partial retention
in the hepatocytes of urea delivered via bloodstreem through the portal vein. On the 11th day after HBO, the repeated
hyperoxic activation of the liver and intestinal urea circulation occured, as well as HBO-restored stimulation of its
production in the kidneys resulted in urea release into the renal vein and excretion with urea.
Conclusion. HBO provides a correcting effect on alteration of circulating urea caused by PHE.

Key words: hyperoxia; liver; damage; urea; metabolism; rats; hyperbaric oxygenation; partial hepatectomy
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BBenenne

OpHOM U3 aKTyaJbHBIX MPOOJIEM runepbapuie-
CKO¥ METUIIUHBI SIBJISIETCST TIPABUJIbHASI MHTEPITPETa-
U KJIMHUKO-TadOPAaTOPHBIX JaHHBIX MAI[HEHTOB,
MO/IBEPTHY THIX BO3EHCTBIIO THIIEPOAPUIECKOIT OKCH-
renarun (['BO). ITo cBsI3aHO € TeM, 9TO OJTHA U Ta JKe
GbyHKIIMOHATEHO-MeTabOMMYeCKasT CHCTEMA, B 3aBU-
CHMOCTH OT COCTOSTHUSI HA MOMEHT THIIEPOKCHYECKOTO
BO3/IEHCTBUS, MOJKET I0-Pa3HOMY pPearupoBaTh Ha
onuH u TOT ke pexknm [BO [1—3], a, cremoBatepHO,
GyIeT pasanaHast IMHAMUKA HCCTEYEeMBIX TOKa3aTe-
sieit. QM 13 GMOXUMUYECKUX MTOKa3aTe e, Hupo-
KO HCTIOTb3YEMBIX B KIMHIKE JJIST OT[CHKHU COCTOSTHUS
A30TUCTOTO MeTABOIM3MA OPTAHI3MA, STBIISIETCST MOJe-
BrHA [4]. Mexay TeM, nccaeoBaHus MOKA3aH, 9TO
HapyIIeHre MOYeBUHCUHTETHYECKON (DYyHKITNY Tera-
TOIUTOB |5, 6] He BBI3bIBAET CHUMKEHUS KOHI[EHTPA-
1M1 MOYEBUHBI B apTepranbioil kposu (AK), 6iaro-
Japsl aKTHBALUU 3alUTHO-TPUCITOCOOUTETBHBIX U
KOMITEHCATOPHBIX PEAKIINii, HAITPABJIECHHBIX HA TTPe/I-
VIIPEKIeHNe CHIKEHST ColepsKanms MoueBUHBI B AK
[6, 7]. Onrako, BOIPOC O TOM, KaK BJIUIET Tuepbapu-
YeCKUiT KUCTOPO/ HA MAHHBIE PEAKIUN B GOMHLHOM
OpraHmu3Me OCTAETCsS OTKPBITHIM, XOTSI YCTAHOBJIEHA
€To CIMOCOOHOCTD YCTPAHATL HAPYIIEHUST CUHTE3a
MOYEBHUHBI B TieueHr (HeoGpaTumast (hopMa CBsI3bIBa-
HUS aMMuaka) [8], a TaksKe peryupoBaTh Kpyroodo-
POT IIyTaMiHA B ONEPUPOBAHHOM opraHusme (o6pa-
tuMmas Gopma cBsA3bBaHusg ammuaka) [9]. B
pesyJbTaTe, 3aTPYAHIETCS He TOTBKO WHTEPIPeTaINs
JIabOPaTOPHBIX JAHHBIX, HO U MOHUMaHUe MeXaHU3Ma
TUTIEPOKCHYECKOTO BAMSHUSA Ha a30TUCTHIN MeTabo-
J3M GOTEHOTO OpPTaHM3Ma.

[Teap pabotsr — uaydenne Bausinust [BO na
KPyroo6OpOT MOYEBUHBI B OPTAaHU3ME MTOCJIE YaCTHY-
HOU TeMaTIKTOMUH B 9KCIIEPUMEHTE.

Marepuan u MeTo/Ibl

OnpIThl POBENN Ha 75-1 Genbix Kpbicax (caMKax)
maccoii 180—220 r. Hactuunyto renarakromuio (UI'D) npo-
BOJIMJIN 11071 (DU PHBIM HAPKO30M, ITyTEM y/IaJICHUS 3JICKTPO-
HOKeM 4JacTu JieBoit jgosn nedenn (15—20% ot macchbl
oprana). Paboty ¢ sKcrieprMeHTaIbHBIMU KIBOTHBIMHE [TPO-
Boausu ¢ yuetom «IIpaBuiia poseserust paboT ¢ UCIIOJIb-

Introduction

A correct interpretation of clinical and labora-
tory data of patients exposed to hyperbaric oxygena-
tion (HBO) is one of urgent challenges in hyperbaric
medicine. This is due to the fact that the same func-
tional metabolic system differentially reacts to the
same HBO mode depending on its state at the time of
hyperoxic exposure [1—3] resulting in different dy-
namics of the tested parameters. Urea is one of bio-
chemical markers widely used in the clinic to assess
the state of the nitrogen metabolism of the body [4].
Meanwhile, studies have shown that impairment of
the urea-synthetic function of hepatocytes [5, 6] does
not cause a decrease in the urea concentration in the
arterial blood (AB) due to the activation of protective
adaptive and compensatory reactions aimed at pre-
venting the reduction of urea in AB [6, 7]. However,
the question of how the hyperbaric oxygen affects
these reactions in a sick body remains unanswered, al-
though its ability to eliminate disorders of the urea
synthesis in the liver (an irreversible form of ammonia
binding) [8] and to regulate the glutamine circulation
in the operated organism (a reversible form of ammo-
nia binding) has been described [9]. As a result, the in-
terpretations of laboratory data and understanding of
the mechanism of hyperoxic effect on nitrogen metab-
olism in a disease are complicated.

The purpose of this work was to study the effect
of HBO on the urea circulation in the body after par-
tial hepatectomy.

Materials and Methods

Experiments were carried out on 75 white rats (fe-
males) weighing 180—220 g. Partial hepatectomy (PHE)
was performed under ether anesthesia, by removing the part
of the left lobe of the liver (15—20% of the organ weight)
using a cauterodyne. All experiments with animals were car-
ried out according to the «Regulations for carrying out stud-
ies using experimental animals» approved by Order No. 742
of the Ministry of Higher and Secondary Professional Edu-
cation of the USSR on November 13, 1984. HBO was con-
ducted with medical oxygen using the following mode: at a
pressure of 3 ata, for 50 minutes, 1 session per day, three
times. The first session started in 4—8 hours, the second and
third sessions in 24 and 48 hours after PHE, respectively.
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Experimental Studies

30BaHNEM IKCIIEPUMEHTATBHBIX JKUBOTHBIX>, YTBEPIK/ICH-
Heix IIpnkaszom MuHuCTEpCTBA BBICIIETO U CPEHETO Clie-
asbroro obpasosatnus CCCP or 13.11.84 1. (Ne742). TBO
MTPOBOJIMJIN MEJUIIHCKIM KHACJIOPOJIOM B pesknme 3 ata, 50
MUH, 1 ceaHc B CyTKH, TpeXKpaTHO. [1epBblit ceanc HaunHaIM
yepe3 4—8 wacoB, BTOPOI 1 TpeTuit — 4yepes 24 u 48 gacon
nocsie YI'D, coorBercTBenHo. JKUBOTHBIX pasesanan Ha 7
cepuii onBITOB: 1 cepust — MHTAKTHBIE JKUBOTHBIE (HOpMa),
2, 3 1 4 cepunm — KUBOTHbBIE HCCJEOBAHHbIE, COOTBET-
CTBEHHO, Ha 3-1, 7-e n 14-e cytkn nocie UI'D. It cepun
CITYSKUJIN KOHTPOJIEM JIJIST BBISIBJICHUS <IUCTOT0» ahderTa
I'BO. 5,6 u 7 cepun — OKCUTEHNPOBAHHbIE JKUBOTHbIE C Pe-
3eKInell meyeHy, ICCIe/loBaHHbIe, COOTBETCTBEHHO, Ha 1-€,
4-e u 11-e cyTkE mocTrunepokcuaeckoro (3-u, 7-e u 14-e
CYTKH TIOCJIE0TIEPAIINOHHOTO) Tepruojia. OObekTamMu nccJie-
JOBAHS CITYKUJIH: IINTOBUIHAS JKeJle3a, JIeTKHe, Cep/lle,
nesasg (JIAIT) u cpeprasa (CAIL) nosmm mevenn, cemesenka,
JKemynok, nenaanatunepctHas kumka (/[IIK), tomrcras
KUIIIKA, TOYKH, apTepuairbHas kpoBb (AK, aopra), BeHO3HAS
KPOB: BODOTHO! BEHBI, T€U€HOUHBIX BEH, TIOYEYHON BEHBI;
JKeJTYb X0JIeZIoXa ¥ Mova. B aspHelimeM pacCunThIBAIH ap-
TepPHO-BEHO3HYIO PA3HUILY [0 MOUEBHUHE: MEXKITY apTePUAIIb-
HOI KPOBBIO 1 KPoBbIo medeHouHbix BeH (hABP), mexmy
apTepua;bHOI KPOBBIO M KPOBBIO TToUedHOIT BeHbI (TABP);
aprepuo-noptanbHyio pazuuiy (AIIP) — mexay aprepu-
AJTPHOI KPOBBIO 1 KPOBBIO TIOPTAIBGHON BEHBI U TIOPTO-Be-
nHosuyio pasuuiy (IIBP) — mexay xpoBbio mopTasbHOi 1
nedeHoYHbIX BeH. [Tocie 3a60pa KPOBH U3 COCYIOB TPOU3BO-
mnn mepdysnio opranos oxaakaeHusM 0,145M pactBo-
pom KCI. JKuBoTHbix 3a0uBajiu jaekanuraiueil Ha (hoHe
TAaMUHATIOBOTO HapKo3a (40 Mr aTamMuHama-Na,/Kr Macchl).
OTMBITBIE OT KPOBH OPTaHBI U3BJIEKAIN, 3aAMOPAKUBAIH B
SKITKOM a30Te M PACTHPAJIH JI0 TOPOIIKA, KOTOPBIN UCTIOJIb-
30BasH /s mpurorosyenus 10% romorenara B 60% pac-
TBope Tpuxygopykcycuoii kmcsaoTel (TXY). lomorenar
HKCTPArnpoOBAJIN Ha X004y B TedeHne 30 MUHYT, IIEHTPH-
dyruposasu npu 3000 06/MuH B Tederue 10 MuH.

[l mosrydenus Mo4d JKUBOTHOE MOMeIain Ha 2—4
vaca B KJIETKY-TIEHAT, a B TPOOGUPKH, MPeHA3HAYCHHBIE /TSI
9TOH 1eH, TpeaBapuTesrbHo BHocHan 0,1 Mt 60% pactBopa
TXY st momaBIeHust ypeasnoit akTuBHoCT Mou. [1poby
MOYH JIJIST OTIpefieJieHrst MOueBUHBI pasBoamnian B 100 pas,
YTO YYUTBIBAJIH [IPU pacueTe TOIyIeHHOTo okasaTess. Co-
IepsKaHre MOYEeBUHBI B KDOBH, TKAHSX, *KeTIH 1 MOYeE OIpe-
eI AVAIeTUIMOHOKCUMOBEIM — MeTozoM  [10] ¢
HCrob30BanneM Habopa peakTnBoB dhupmbl «JIaxema». B
TKaHU CO/lep’KaHNe MOYEBHHBI BBIPAKATH B MMOJIb/KI
BJIQXKHON TKaHW, B OMOJOTHYECKUX KUIKOCTAX (KPOBb,
JKeJT4b, MOYa) — MMOJIb/JI. Pesymbrarsl o6paboTany craTi-
CTUYeCKHU ¢ yueToM ¢t-kputepust CTpiojieHTa 1 Koahdum-
enta Holomana—Keiisica st MHOKeCTBEHHBIX CpaBHEHUH
[11]. CratncTideckwii aHAIN3 TPOBOINIIN C TTOMOIIIBIO TTEP-
COHAJIBHOTO KOMITBIOTEPA C HCIOJTH30BAHUEM INPOTPAMM
«Staistica 5.5» u «Microsoft Exel XP». Paznuuus B cepusix
OIIBITOB CUNTAH OCTOBepHBIME T1pH p<0,03.

Pe3yibrarhl 1 00CyKA€HHE

Kak moxaszanu Hamwm uccjaefoBaHus, Ha 3-U
cytku npuMenenuss [BO y xxuBoTHbix ¢ UI'D koH-
neHTpalmg MoyeBuHb B AK, KpOBU 11e4eHOYHBIX BEH,
MOPTAJIBHON BEHDBI, U JKEJIYN YBEJNYMBATIACH OTHOCH-
TeJIbHO HOPMBI, cooTBeTcTBeHHO, HA 70, 42, 110 u
122%, conpoBoOXKIasiCh COXPAaHEHUEM OTPUIATETBHOI
hABP 1o moueBune; [IBP o MmoueBuHe Oblia Heo-

The animals were divided into 7 groups according to sepa-
rate series of experiments: 1 series — intact animals (normal
animals), 2, 3 and 4 series — animals examined on the 3", 7
and 14" days after PHE, respectively. These series served as
a reference groups for determining the «pure» effect of
HBO. 5, 6 and 7 series consisted of oxygenated animals with
liver resection on the 1°, 4™ and 11" day of post-hyperoxic
(3", 7™ and 14" day of the postoperative period), respec-
tively. Thyroid, lung, heart, left (LLL) and middle (MLL)
lobes of the liver, spleen, stomach, duodenum, large intes-
tine, kidneys, arterial blood (AB, aorta), venous blood: por-
tal veins, hepatic veins, renal veins; bile of common bile duct
and urine were the study objects. Subsequently, the arteri-
ovenous difference in urea was calculated: between arterial
blood and blood of the hepatic veins (hAVD), between ar-
terial blood and renal vein blood (rAVD); arterio-portal dif-
ference (APD: between arterial blood and portal vein blood,
and port-venous difference (PVD): between the blood of
portal and hepatic veins. After collection of blood from the
vessels, organ perfusion was performed with a cooled 0.145
M KCl solution. The animals were sacrificed by decapitation
on the background of etaminal anesthesia (40 mg etaminal-
Na/kg body weight). The organs washed from the blood
were removed, frozen in liquid nitrogen and melted to pre-
pare a 10% homogenate in a 60% trichloroacetic acid solu-
tion. The homogenate was cold extracted during 30 minutes
and centrifuged at 3000 rpm for 10 minutes.

To obtain urine, the animals were placed into a cahe
for 2—4 hours, and urine samples were collected into test
tubes containing 0.1 ml of a 60% TCA solution to inhibit
urease activity. Each urine sample was diluted 100-fold, and
the urea concentrations in the blood, tissues, bile and urine
were determined by the diacetylmonoxime method [10]
using a reagent kit manufactured by <LAHEMA». In the tis-
sue, the urea content was expressed in mmol / kg of wet tis-
sue, in biological fluids (blood, bile, urine) — in mmol/1. The
results were processed statistically using the Student’ t test
and Newman-Keuls coefficient for multiple comparisons
[11]. The statistical analysis was carried out using «Staistica
5.5» and «Microsoft Excel XP» software. Differences in the
series of experiments were considered significant at p<0,05.

Results and Discussion

As experimental studies showed, on the 3 day
of the use of HBO in animals with PHE, the urea con-
centration in AB, the blood of the hepatic veins, portal
vein, and bile increased by 70%, 42%, 110% and 122%,
respectively. The urea increase was accompanied by
the retention of negative hAVD for urea. The PVD
values for urea were unreliable (table 1). Meanwhile,
in non-oxidized animals on the 3" day after liver re-
section, hABD for urea was unreliable, and PVD val-
ues for urea were positive [6, 7]. Compared to the
animals of the 2" (reference control group) series of
experiments in oxygenated rats of the 5% series, the
urea concentration in AB, the blood of the hepatic
veins, the portal vein and in the bile exceeded the sim-
ilar parameters of the animals of the 2" (reference) se-
ries of experiments by 63%, 96%, 46% and 72%,
respectively (fig. 1, a). As for the concentrations of
urea in the left (LLL) and middle (MLL) lobes of liver
in the oxygenated animals of the 5 series, they signif-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 4



DOI:10.15360,/1813-9779-2018-4-52-63

91{CH€pTAMeHTaAthIe MCCACAOBAHMA

Ta6auua 1. Biusinue runep6apuyeckoii okcurenanuu (I'BO) na comeprkanne MOYEBHHbI B KPOBH, KEJIUH, MOYE KPbIC C
pe3ekiueii neuenu (M+m).

Table 1. The effect of hyperbaric oxygenation (HBO) on the content of urea in the blood, bile, urine of rats with liver
resection (M=*m).

Parameters Values of parameters at the study stages

Days of post-HBO Intact animals 1(3) 4(7) 11 (14)
(postoperative) period n=10 n=10 n=10 n=10
Urea content (mmol/1) in the study objects:

Blood (aorta) 3.40%0.12 5.78+0.22* 4.01+0.3% 3.84+0.15%
Blood v. hepatica 4.25%0.1 6.01£0.21* 5.16+0.4* 4.91%0.29%
Blood v. porta 2.71+0.13 5.69+0.4* 3.96+0.33** 4.51£0.23*
Bile (Common bile duct) 2.78+0.11 3.19+0.1% 3.38+0.28* 3.81+0.26*
hAVD -0.83£0.11 -0.43%0.07 —1.03£0.28 —1.08+0.18*%
PVD —1.22+0.38 Unreliable —1.23+0.25 Unreliable
APD 0.74+0.14 Unreliable Unreliable —0.91+0.2
Blood v. renalis 2.63+0.19 5.83%£0.32* 4.04£0.23** 3.87+0.19%
rAVD 0.77%0.08 Unreliable Unreliable Unreliable
Urine 34.61+3.31 46.6+3.8* 32.5+4.6* 36.4+4.8

Note. hABP and rABP — hepatic and renal arterio-venous difference for urea, respectively; PVD — porto-venous difference for urea:
APD — arterio-porta difference for urea; unreliable — the difference unreliable. * — P<0.05 — significance of differences compared to
the normal values; * — (P<0,05) — significance of differences compared to the first day of post-HBO-period.

IIpumeuanue. [[yist tabi. 1, 2: parameters — mokasatesy; values of...at the study stages — snauenmus ... na atanax uccaegosans; days
of post-HBO (postoperative) period — aun nocse I'BO (1ocseonepanoHHOro) nepuoa; intact animals — nHTaKTbIe JKUBOTHBIC; Urea
content in the study objects — comepskarnue MoueBUHbI B MiccyeayeMbix o0bekTax; blood — kposb. st tabu. 1 puc.: bile — xesub;
urine — Mo4a; hABP u rABP — cOOTBETCTBEHHO TIe4eHOYHAsSI 1 TT0YeIHast apTEPUO-BEHO3HbIE PA3HUIbI 110 MoveBHHe; PVD — nopro-
BEHO3Hasl pasHulia 1o mouesune; APD — aprepuo-noprasbHas pasHuia o modesune; unreliable — pasauune Hegocrosepuo. * —
p<0,05 — 10CTOBEPHOCTH PABTUUNIL TTIO CPABHEHHIO ¢ HOPMOIL; ¥ — p<0,05 — TOCTOBEPHOCTH PA3TUYNIL IO CPABHEHWIO C TEPBBIMU CYT-

KaMU ITOCTTUIIEPOKCUYECKOTO TIepruo/aa.

croBepHO# (Tab. 1). Mexkay TeM, y HEOKCUTEHUPO-
BaHHBIX JXUBOTHBIX HA 3-U CYTKHU I10CJIE PE3EKIINH
neyenu hABP mo moueBute Oblia HEZOCTOBEPHOM, a
[IBP 1o MmoueBrHE — MOJOKUTETBHON BETUYNHOM [ 6,
7]. Tlo cpaBHEHUIO C SKUBOTHBIMU 2-i1 (KOHTPOJIBHOM )
CEepUH OIbITOB Y OKCUTEHUPOBAHHBIX KPBIC 5-if cepun
OTIBITOB KOHIIEHTparuu MoyeBuHbI B AK, KpoBu reve-
HOYHBIX BEH, TIOPTATbHOI BEHBI U B JKEJTUH ITPEBbITIIA-
JIN aHAJIOTUYHbBIE TIOKA3aTeN KUBOTHBIX 2-11 (KOHT-
POJIBHOI) CEepUM OMBITOB, COOTBETCTBEHHO, Ha 63, 96,
46 u 72% (puc. a,).YUrto Kacaercs KOHIIEHTpAIUIl
moueBuHbI B jieBoit (JI/IIT) u cpenneit (C/{IT) nomnax
MEeYeHU, TO Y OKCUTEHUPOBAHHBIX JKUBOTHBIX -
CepU¥ OHU IOCTOBEPHO ITPEBBINTAIN HE TOJBKO aHAJIO-
TUYHbIE TIOKA3ATENN JKUBOTHBIX 2-11 (KOHTPOJIBHOM )
cepun (puc. b,), Ho u HopMbI (Tabu. 2). ConocrasJie-
HUE TIOJYYeHHBIX PE3YJIBTATOB C IAHHBIMU JIUTEPATY-
pal [6, 7] m0KasbIBaeT, uTO TUIEPOAPUUECKUN KUCTIO-
POJI, CTUMYJTHPYSI MOUEBUHCUHTETUYECKYTO (PYHKIINIO
TenaToIMTOB, OMHOBPEMEHHO YCUINBAET MHKPEITHIO
MOYEBWHBI U3 OTIEPUPOBAHHON MeUeHN KaK B KPOBO-
TOK, TaK U €€ CEKPEITHIO B JKeJTUHbIE KAIHJJISIPHI.
[loBpIlIeHHOE  TIOCTYTIJIEHHE MOYEBUHBI  C
JKEJTIBIO B JKEJTYIOUHO-KUIIEYHBIN TPAKT Ha 3-1 CYTKU
couetannoro npuMenenus: YI'D u T'BO He BhizbIBaso
JOCTOBEPHBIX U3MEHEHUI ee KOHIIEHTPAI[UHU B CTEHKE
xkeayaka, JIIK, ToicToil KWIIKM OTHOCUTENIHHO
JKUBOTHBIX 2-i1 cepuu (puc. b;). OnHako, 1o cpaBHe-
HUIO C HOPMOIi, B YKa3aHHBII TIEPHOJL 0OGHAPYIKEHO ee
usbuparesbHoe yseandenne B crerke 11K u toncroit
KMIIKH, coOoTBeTcTBeHHO, Ha 27 u 30% (Tabm 2).
Mexy Tem AITP 1o MoueBrHE Yy OKCUTEHUPOBAHHBIX

icantly exceeded not only the similar parameters of the
animals of the 2" (reference) series (fig. 1, b), but also
the normal values (table 2). Published data [6, 7] and
data obtained in these experiments show that hyper-
baric oxygen stimulating the urea-synthetic function
of hepatocytes simultaneously enhances the incretion
of urea from the operated liver both into the blood-
stream and its secretion into the bile capillaries.
Increased release of urea with bile in the gas-
trointestinal tract on the 3' day of combined use of
PHE and HBO did not cause significant changes in
its concentration in the wall of the stomach, duode-
num, and colon as compared to animals of the 2" series
(fig. 1, b). However, in comparison with the normal
animals, its selective increase in the wall of the duo-
denum and colon was found during this period by 27%
and 30%, respectively (table 2). Meanwhile, the APD
for urea in oxygenated rats on the 3'4 day of the post-
operative period became unreliable (table 1), whereas
in the same period of observation in non-oxidized an-
imals with liver resection, APD values were negative
most probably due to the stimulating effect on the
urea production by enterocytes and its release into the
portal bloodstream. Comparison of the obtained re-
sults with literature data [6, 7] demonstrate that due
to HBO, the stimulating effect of resection on the for-
mation of urea in the tissue of the small intestine is ab-
rogated. At the same time, on the one hand, an
increase in urea concentration in the blood of v. porta
of operated rats under hyperoxic conditions is
achieved by an increase in its concentration in AB. On
the another hand, this is an activation occurred under
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Puc. /lunamMuka coiepsKaHuisi MOYEBUHBI B OHOJIOTHYECKHX MKHAKOCTSX (@) U BUCHepaabHbIX opranax (b) kpbic ¢ peseknueii neuenn u [O.
Fig. Dynamics of urea content in biologically fluids (a) and visceral organs (b) of rats with liver resection and HBO,

Note. ay, b; — on the first day of post-HBO period; reference: animals with liver resection without HBO, examined on the 3 day of the
postoperative period. as, by — on 4-day of post-HBO period; reference: animals with liver resection without HBO, examined on the 7%
day of the postoperative period. a3, b3 — on 11-day of post-HBO period; reference: animals with liver resection without HBO, examined
on the 14" day of the postoperative period. For 1—3: * — P<0.05 — significance of differences compared the reference group.
IIpumeyanue. a,, b, — B nepBble CYTKU MOCTTUIIEPOKCUYECKOTO TIEPUO/IA; KOHTPOJIb — HEOKCHUTeHUPOBAHHbIE )KUBOTHBIE C PE3EKIeit
[EYEHH, CCIIEA0BAHHbBIE HA 3-1 CYTKH I10C/ICONEPAIMOHHOTO EPHOAA. dy, by — Ha 4-€ CYyTKHU IOCTTUIIEPOKCHYECKOTO EPHO/A; KOHTPOJIb
— HEOKCHTEeHIPOBAHHbIE JKIBOTHBIE ¢ Pe3eKIHell [IeYeHH, HCCIeJ0BAHHbIE Ha 7-€ CyTKI OC/IE0NePaLIOHHOTO [IePHOAa. d3, by — Ha 11-e
CYTKH MOCTTHIEPOKCUYECKOTO ITePUO/IA; KOHTPOJIb — HEOKCUTEHUPOBAHHbIE JKUBOTHBIE ¢ PE3EKIMeil [IedeHHt, ncceoBannbie Ha 14-¢ cyTku
nocsieonepainoHHoro nepuoza. g 1—3: * — p<0,05 — 10CcTOBEPHOCTD PA3INYUN 110 CPABHEHUIO C KOHTPOJIEM.

KPBIC Ha 3-U CYTKHU IOCJIEONePalmOHHOTO TTepuoa
CTaHOBMJIACH HEZOCTOBEPHOIT (Tabur. 1), Torna Kak B
AHATIOTUYHBIN TTePUO/T HabIIOEHUH § HEOKCUTEHITPO-
BaHHBLIX JKMBOTHBIX C pe3eKIneil meyeHn ona Gbiaa
OTPHIATETHHO BETMUMHOH, O1aroaapst CTUMYJTHPYIO-
IIeMY BJIUSTHIIO OTIepaIlii Ha 00Pa30BaHie MOYEBUHbI
SHTEPOIUTAMU U ee TIOCTYTIJICHUIO M3 HUX B TOPTaJIb-
HBIII KpOBOTOK. CoTlocTaBIeHNe TIOTYYeHHBIX PEe3YJTh-
TATOB C IAHHBIMU JINTEPaTypshl [6, 7] mokaspIBaeT, 4To
B yca0BUsIX KypcoBoro Bozzeiictsust [BO ycrpanser-
CsI CTUMYJTHPYIOIIEe BIUSTHIE PE3EKINHU Ha 06pa3oBa-

the hyperoxic conditions of the liver-intestinal urea
cycle, as indicated by a positive correlation (7=0.85,
p<0.05) of urea content in the blood in v. porta, and
bile values determined on the first day of post-hyper-
oxic period (day 3 post-surgery). At the same time, the
stimulating effect of liver resection on the accumula-
tion of urea by the tissues of the duodenum and the
colon still remains under conditions of hyperoxia, In
turn, the stimulating effect of hyperoxia on the secre-
tion of gastric juice discovered earlier [12] explains the
absence of an increase in the concentration of urea in
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Ta6iuua 2. Biusnue runepoapuyeckoii okcurenanuu (FBO) Ha conepsxanne MOYEBUHbI B BUCIEPAJIBHBIX OPraHax KPbIC
c pe3ekuueii neuenu (M+m).

Table 2. The influence of hyperbaric oxygenation (HBO) on the urea content in visceral organs of rats with liver re-
section (M*m).

Parameters

Values of parameters at the study stages

Days of post-HBO Intact animals 1(3) 4(7) 11 (14)
(postoperative) period n=15 n=10 n=10 n=10
Urea content (mmol/kg wet tissue) in the study objects:

Thyroid gland 2,73+0,15 3355021 3,50+0,22 3,5020,21
Lungs 2,91%0,20 3,56%0,25 3,46%0,18 4,15%0,29*
Heart 3,47%0,11 3,33+0,17 3,05+0,19 4,53+0,31*
LLL 4,83+0,14 6,57+0,4* 5,72+0,34* 6,07+0,3*
MLL 4,64+0,16 6,01+0,39* 5,31+0,3 5,85%0,2*
Stomach 3,70%0,20 3,69%0,18 3,25+0,19 4,05%0,26
Duodenum 3,68+0,13 4,68+0,24* 3,51+0,21 4,40+0,19*
Colon 3,03%0,21 3,93%0,33* 4,65%0,3* 5,39+0,32*
Spleen 3,31%£0,16 3,42%0,22 3,21+0,17 4,33+0,30*
Kidneys 14,2+1,01 11,0+0,73 9,31+0,52* 9,73+0,34*

Note. LLL — the left lobe of the liver; MLL — middle lobe of the liver. * — P<0.05 — significance of differences compared to the normal
value.

IIpumeuanue. Wet tissue — Baxknas Tkanb. /st tabsr. 2 u puc.: thyroid gland — muroBunnas xkemesa; lungs — serkue; heart — cepiie;
LLL — sesast gosist mevenn; MLL — cpennsist goaist nedenn; stomach — skenyzok; duodenum — asenaguarunepernas kumika; colon —

TosicTas Kuinka; spleen — cenesenka; kidneys — mouku. * — p<0,05 — 10CTOBEPHOCTH PA3JINUHii 10 CPABHEHUIO ¢ HOPMOIL.

HUEe MOYEBHMHBI B TKAHU TOHKOTO KuiteyHuka. [Ipu
9TOM yBeJNUEHIe KOHIIEHTPAIIMA MOUYEBUHBI B KDOBH
V. porta ONMepUpOBAHHBIX KPBIC B YCJIOBUSX THIIEP-
OKCHYECKOTO BO3/IEICTBUSI JOCTUTAETCSI, C OJTHO CTO-
powbl, yBesmuenueM ee kontentpanun B AK. C apy-
rOil CTOPOHBI, TO AKTUBAIWMS B TMIIEPOKCHYECKUX
YCIOBUAX TEYEHOUHO-KUIIEYHOTO KPyroobopora
MOYEBUHBI, HA UTO YKA3bIBAET ITOJIOKUTETbHAS KOPPe-
asmmst (r=0,85, p<0,05) Mexay ee coaepsKaHUEM B
KPOBH . porta M 3KeJTYH, BbIBJIEHHAS B TIEPBbIE CYTKU
MOCTTUIIEPOKCITYECKOTO (3-U CYyTKU ITOCTIEONEPAI[TOH-
HOro) mepuona. Bmecre ¢ TeM, B yCJIOBUSIX TUIIEDP-
OKCUU COXPAHSIETCS CTUMYJIMPYIOIIee BAUSHUE Pe3eK-
IUU TIeYeHW Ha HAKOIJIEHWEe MOYEBUHBI TKAHSIMU
JIIK u tosicroit kumiku. B cBoio ouepeib, obHapysKeH-
Hoe panee [12], cTumynupyioriee BIUSHUE TUTIEP-
OKCHU Ha CEKPEIHUIO JKETYJOUHOTO COKA OOBSICHSIET
OTCYTCTBUE YBEJTMYEHUs KOHIIEHTPAIUN MOYEBIHBI B
CTeHKe JKesy/Ka Ha (DoHe YBeJTMYeHUs ee MOCTYILIe-
HUSI K HEMY C apTePUATbHOI KPOBBIO.

3BeCTHO, 4TO TPAHCIIOPT MOYEBUHBI Yepe3 Ouo-
JIOTHYECKIE MEMOPAHBI OCYIIECTBIISIETCST Ty TEM MTPOCTO
muddysun 1o Tpauenty konterTparyu [13]. Mexmy
TeM yBeJIW4YeHNe KOHIIEHTPAI[ MOUYEBUHBI B apTEPH-
aJIbHOM KpoBM Ha 3-u cyTku nipumenenust [BO (puc. a,)
He TIPUBO/INJIO K JIOCTOBEPHBIM M3MEHEHWSIM €€ COJep-
JKaHWsSI B TKAHSIX CEJIE3EHKH, CEPAIA U JieTkuX (puc. b,
TabJ1. 2). ITO FaeT OCHOBAHUE TOBOPUTH 00 aKTUBALIUK B
YKa3aHHbBIX OPTaHaX IPU TUTIEPOKCUT TIEPEX0ia «apTe-
PUATBHON» MOYEBHHBI U3 CBOOOIHOTO B CBsI3aHHOE (C
GesTKaM ¥ U JIMTIONPOTENIAMIT ) cOCTOsTHYE. J[aHHast peak-
IV STBJISIETCST OJTHUM U3 MEXAHM3MOB a/IalTAIINN Opra-
HU3Ma K rurepokcui |14, 15], HanpaBieHHBIX Ha TIPEI-
VIIPEKIEHNE AKTUBAIINH B HIX IIEPEKUCHOTO OKUCIIEHIST
JIUTIUJIOB TIPU CBEPXHACHITIEHUH KUCIOPOIoM [1].

AKTHUBAIUS B THIIEPOKCUYECKIX YCIOBUSIX ITEpe-
XO0JIa MOYEBUHBI B CBSI3aHHOE COCTOSTHUE, BEPOSITHO,

the gastric wall despite its increased delivery with ar-
terial blood.

It is known that urea transport through biologi-
cal membranes occurs by simple diffusion through a
concentration gradient [13]. Meanwhile, an increase
in the concentration of urea in the arterial blood on
the 3" day of HBO (fig. 1, a) did not lead to significant
changes in its content in the tissues of the spleen, heart
and lungs (fig. 1, b, table 2). These data provide an ev-
idence of activation of the transition of <arterial» urea
from free to bound (with proteins and lipoproteins)
state in these organs during hyperoxia. This reaction
seemingly represents a part of mechanisms of adapta-
tion of the body to hyperoxia [14, 15] aimed at pre-
venting the overactivation of lipid peroxidation
during oversaturation with oxygen [1].

Activation of the transition of urea to the bound
state under the hyperoxic conditions probably occurs
in the thyrocytes explaining the decrease (by 24%) of
urea concentration in the thyroid tissue compared to
the animals in the 2" series of experiments (fig. 1, b).
It remained elevated by 20% as compared to normal
values (table 1). The obtained results argue for the se-
lective decrease in the permeability of the histohema-
tological thyroid gland barrier for urea in operated
animals under conditions of exposure to HBO.

As can be seen from fig. 1, an increase in the con-
centration of urea in AB did not lead to an increase in
its content in the kidneys as compared to the animals
of the second series of experiments. However, in com-
parison with the intact animals, it decreased by 22%
(table 1). In the blood sampled from of v. renalis on the
34 day of HBO, the urea concentration increased by
72%, as compared to the animals of the 2" series of ex-
periments (fig. 1, @), becoming 222% higher than the
normal level (table 1). As a result, rAVD for urea re-
mained unreliable (table 2). Meanwhile, in the urine,
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HMeeT MECTO ¥ B TUPOIUTAX, 00bACHSS CHIKeH e (Ha
24%) KOHIIEHTPAI[I MOYEBUHBI B TKAHW IITUTOBUIHO
JKeJle3bI OTHOCUTEJIBHO XKUBOTHBIX 2-I1 CEPUU OIbITOB
(puc. b,). OxHako, 1o cpaBHEHMIO C HOPMOM, OHa 0CTa-
Basach nmoBbienuoi va 20% (tabu. 1). loayuentbie
PE3YJIBTATHI TIO3BOJIAIOT TOBOPUTH 00 N36UPATETHHOM
CHW)KEHUU TIPOHUIIAEMOCTU THUCTOreMaTHYeCKOTO
Gapbepa MUTOBU/HOM JKeJIe3bl [T MOYEBUHBI Y OTIe-
PUPOBAHHBIX JKUBOTHBIX B YCJIOBUSIX KYPCOBOTO BO3-
nericreug ['BO.

Kak Bugno u3 puc. 1, yBesnueHune KOHIIEHTPA-
1uu MouyeBUHBI B AK He IpuBOAMIIO K yBEJIMYEHIIO
ee COZIEPKAHUS B [TOYKAX 110 CPABHEHUIO C JKUBOTHBI-
MU 2-it cepun o1biToB. OTHAKO, TI0 CPABHEHUIO C HOP-
MO, oHa cHmxkanach Ha 22 % (tabu. 1). B kposu .
renalis na 3-u cytku npumenenns [BO konienTpa-
[T MOYEBUHBI YBEJNYNBAJIACh HA 72% II0 CpaBHe-
HUIO C JKUBOTHBIMU 2-Ii cEpUU ONbITOB (PUC. d,), CTa-
HOBSICh TIPH 9TOM Ha 222% Bbiiite HopMbI (Tabu. 1). B
pesyabrate rABP 110 MoUeBHHe ocTaBasach HeJJOCTO-
BepHoi (Tabu. 2). Mexay TeM B MOY€e KOHIIEHTPALIML
MOYeBUHBI Ha 3-1 cyTKu ipuMeHenns ['BO yBemun-
Bajach Ha 92% 110 CPABHEHUIO C SKUBOTHBIMU 2-ii
cepuu onbITOB (puC. a,). CorocraBenne MOJIydeH-
HBIX PE3yJIbTaTOB C JaHHBIMU JuTepaTyphl [16, 17]
CBU/IETEJILCTBYET O TOM, 4TO B ycsoBusix [ BO ycrpa-
HSIETCSI CTUMYJINPYIOIIee BJIUSTHUE PE3EKIIUU TIeYeH U
Ha peabcopOIMIo MOYEBUHBI B TOYKAX, HO COXPAHSIET-
Cs1 CTUMYJIMPYIOIIee BJIMSIHUE OTlepanuu Ha 06paso-
BaHUE MOYEBUHBI KJIETKAMU ITIOYEYHBIX KAHABIIEB U
ee UHKPEIUIO B TIOYEYHbIH KPOBOTOK. ITO OOBIICHSET
HECOOTBETCTBHE Y OIIEPUPOBAHHBIX JKHBOTHbIX, OOHA-
pyxennoro npu I'BO, mpupocrta KoOHIEHTpaIuu
mouesunbl B AK u kposu v. renalis (puc. a,) Ha ¢pone
HOPMaJIM3ALNU €€ S9KCKPELUH ¢ Mo4oii (TabJr. 2).

[Tpekpamenue xkypca 'BO He BbizbIBaso usme-
HEHUsI KOHI[EHTPAIlU MOYEBUHBI B KPOBU 0. hepatica
Ha 4-e CyTKU TIOCTTHIIEPOKCUYECKOTO TTEPHO/IA, KOTO-
past ocTaBaJsiach Bbiliie HOpMbI Ha 45% (Tabu. 1). ITo
CPaBHEHMIO C KUBOTHBIMU 3-i1 CEPUU OTIBITOB €€ yBe-
Jgenue coctaBuiio 23% (puc. a,). [pu atom hABP
110 MOYEBUHE YBEJINYUBAJIACH 10 CPABHEHUIO C IT€PBbI-
MU CyTKaMH MOCTTUTIEPOKCHYecKoro iepuogia (Tabir. 1).
ITO yKa3bIBAeT HA YCUJIEHHE K 4-M CYTKaM MOCTTHUIIe-
POKCHYECKOTO [E€PHO/IA CTUMYJIUPYIOIIETO BIUSHUS
TUIIEPOKCUM HA WHKPEIMI0 MOYEBUHBI U3 ONEPUPO-
BAHHOTO opraHa B KpoBoTOK. Uto kacaerca [IBP 1o
MOYEBHHE, TO K 9TOMY CPOKY OHa HOPMAaJIN30BaJIach
(1abu. 1). B 9TUX yCI0BUSAX KOHLEHTPALMS MOYEBUHI
B JI/III re orsimuanace, a 8 C/LIT npeBbimana va 39%
AHAJIOTMYHBIH TT0KA3aTeJIb JKUBOTHBIX 3-11 CEPUHU OTIbI-
ToB (puc. b,). Ilo cpaBHEHUIO ¢ HOPMOIT IOCTOBEPHOE
yBeJnYeHnue KOHIeHTpalun ModeBuHbl (Ha 18%)
6b110 oT™MeueHo ToJ1bko B JIJIIT (Tabu. 2). Conocras-
JIEHUE TIOJTyYEHHbIX PE3YJIBTATOB C JAHHBIMU JIUTEPA-
Typsl [6, 8], mokasbiBaeT, YTO B ONIEPUPOBAHHON TIeve-
HU Ha 4-€ CYTKU MOCTTHIIEPOKCUYECKOTO IePUOa
crumyspyioniee Biusinvie [ BO Ha cMHTE3 MOUEBUHbBI
COXPAHSIJIOCh B TENATOINTaX HEIOBPEXKAEHHOI IpH

the urea concentration increased by 92% on the third
day of HBO as compared to the animals of the 2" series
of experiments (fig. 1, a). Our experiments, similarly
to earlier published data, demonstrate that under the
HBO the stimulating effect of liver resection on urea
reabsorption in the kidneys is eliminated, however, the
stimulating effect of the surgery on the formation of
urea by the cells of the renal tubules and its incretion
into the renal blood flow remains. This explains the dis-
crepancy in the operated animals detected in HBO, be-
tween the increase in the concentration of urea in AB
and blood in . renalis (fig. 1, @) and normal values of
its excretion with urine (table 2).

Discontinuation of the HBO did not cause any
change in the urea concentration in the blood of the
hepatic veins on the 4™ day of the pos-hyperoxic pe-
riod, which remained 45% higher than the normal one
(table 1). In comparison with the animals of the third
series of experiments, its increase was 23% (fig. 2, a).
At the same time, hABD for urea increased in compar-
ison with the first days of the posthyperoxic period
(table 1). This indicates an increase in the stimulating
effect of hyperoxia on the incretion of urea from the
operated organ to the bloodstream by the 4™ day of
the posthyperoxic period. PVD for urea was normal
(table 1). Under these conditions, the urea concentra-
tion in the LLL did not differ, and in the MLL it ex-
ceeded the similar parameter of the animals of the
third series of experiments by 39% (fig. 2, b). In com-
parison with the normal values, a significant increase
in the urea concentration (by 18%) was noted only in
the LLL (table 2). Comparison of the obtained results
with literature data [6, 8] shows that in the operated
liver on the 4™ day of the posthyperoxic period, the
stimulating effect of HBO on urea synthesis was pre-
served in hepatocytes of intact MLL, while in the re-
maining part of the LLL, it was stopped after
resection. Therefore, the accumulation of urea is most
likely due to the partial retention of the metabolites
formed by hepatocytes and delivered through the por-
tal vein bloodstreem.

In bile, the urea concentration decreased by 31%
on the 4™ day of the posthyperoxic period as compared
to the first day after the end of the HBO course; these
differences were absent in animals form the third series
of experiments (Fig. 2, a). Therefore, on the 4™ day of
the posthyperoxic period, the stimulating effect of hy-
peroxia on the excretion of urea with bile ceases, but
there remains a stimulating effect of liver resection on
the release of urea from hepatocytes to the bile capil-
laries. Asc a result, its concentration in the bile on the
4™ day of the posthyperoxic period (7 day of the
postoperative period) exceeded the normal values by
54% (table 1).

It is evident from fig. 2, a that on the 4™ day of
the posthyperoxic period, the urea concentrations in
arterial blood and vporta blood do not significantly
differ in animals of the third series of experiments.
However, if the concentration of urea in the AB was
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oneparuu C/III, torma kak B ocraBinelica mocie
pesexiun yactu JIJIIT ono npexpamasocs. [Toaromy
HAKOILJIEHUE B Hell MOYeBHHBI BEPOSITHEE BCETO CBsI3a-
HO C YaCTUYHOW pereHiiueil MmeraboanTa, Kak obpa-
3YIOIETOCST €€ FeNATOIIMTAMU, TAK U MTOCTYTAIOIIETO K
HUM C KPOBBIO V. porta.

B sxesrum KOHIIEHTPAIVI MOUEBUHBI HA 4-€ CYyTKU
MOCTTUIIEPOKCUYECKOTO Mepuoa cHuzkanach Ha 31%
OTHOCHTEJIBHO TIEPBBIX CYTOK I10CJI€ OKOHYAHMS KypCca
I'BO, e oraMyasgch OT aHAJIOTMYHOTO IOKAa3aTess
JKUBOTHBIX 3-11 cepuu onbIToB (pHC. a,). 113 aToro ciie-
IIyeT, 4TO Ha 4-€ CYTKH [TOCTTUTIEPOKCUYECKOTO ITEPHO/a
MPEKPAIAeTCsT CTUMYJIPYIOIIEe BIUSHUE TUIIEPOKCIH
Ha BblJleJIEHNE MOYEBHUHBI C JKEIYbIO, HO IPU ITOM
COXPAHSIETCSI CTUMYJIHUPYIOIIee BIUSHUSA PE3eKIIIH
HeYeH! Ha MOCTYIUIEHe MOYEBUHBI U3 TeIIaTOIUTOB B
JKeJTYHbIe KaUJUIIpbl. Bilarogaps aToMy ee KOHIEHT-
parus B JKeIIH Ha 4-e CyTKU [TOCTTUIIEPOKCUYECKOTO
(7-e cyTKHM 1TOCIIEOTIEPAIIMOHHOTO) TIEPHO/IA TIPEBbITIIA-
Jia Hopmy Ha 54% (Tabur. 1)

Kak BusHO U3 puc. a,, Ha 4-e CyTKU MTOCTTHIIE-
POKCHYECKOTO [ePHO/Ia KOHI[EHTPAIUSI MOUYEBUHBI B
apTepuaIbHOI KPOBU U KPOBU 0. Porta TOCTOBEPHO He
OTJIMYAJINCH OT AHAJIOTUYHBIX TIOKA3aTeel JKUBOTHBIX
3-i1 cepun onbiToB. Ho ecaim B AK konnenrtpanus
MOYEBUHBI IOCTOBEPHO HE OTJIMYAJIACH OT HOPMBI, TO
B KPOBH 0. porta OHa IpeBbiinajia ee Ha 47% (tabJr. 1).
[Toatomy AIIP 1o MmoueBuHe ocTaBaiach HEJOCTOBEP-
HOI1. B 9TUX yCI0BUAX KOHIIEHTPAIIMSI MOYEBUHBI B
Trauax xenynka, 11K u cesesenke qocroBepHo He
OTJIMYAJINCh OT AHAJOTMYHBIX I[OKa3aTeseil Kak
SKUBOTHBIX 3-11 cepun ombIToB (pHc. b,), TaK 1 HOPMbI
(tab.r. 1). TosbKoO B TKaHM TOJICTON KUIIKU COJEPIKa-
HUe MOYEBUHBI HA 4-€ CYTKU MTOCTTUIEPOKCHYECKOTO
Hepro/ia IpeBbIano Hopmy Ha 54% (rabor. 2). Toay-
YeHHbIE PE3YJIbTAThI YKA3bIBAIOT HA ITPEKPAILeHNe K 4-M
CYTKaM IOCTTUIIEPOKCUYECKOTO TIepUoa CTUMYJIH-
PYIOIIEro BJIUSHIS FUIIEPOKCUU KaK HA TIeYeHOYHO-
KUIIEYHbIA KPYyrooGOPOT MOYEBHHBI, TAK 1 €€ TOBbI-
IeHHoe 06pa3oBaHue B TKAHIX TOHKOTO KUIIEYHKKA.
[Tpu aTOoM coxpaHeHUe TTOBBIIIEHHON KOHIIEHTPALUN
MOYEBUHBI B TIOPTAJILHOM KPOBOTOKE MOJKET JOCTH-
raThCs 32 CUET CHUIKEHUSI ee CEKPEIUN B IPOCBET TOJI-
CTOTO KUIIEYHHUKA. ITO 0OBACHSIET, 0OHAPYKEHHOE
HAMU HA 4-e CyTKH IIOCTTUIIEPOKCHYECKOTO TIepruo/ia
(tabJ. 2), usbupare/bHOE HAKOILIEHUE MOYEBIHDI B
TKAQHU TOJICTON KHUIIKH.

Ha 4-e cyTku mOCTTHIIEPOKCUYECKOTO TIEPHO/IA
COZIepIKaHKEe MOYEBUHBI B JIETKHX ¥ CEPJILIE He OTIIIYa-
JIOCh OT AHAJOTMYHOTO ITOKA3aTess JKUBOTHBIX 3-I
cepuu onbIToB (puc. b,) u Hopmsl (tabr. 1). B Tkanu
HIUTOBY/THOM KeJie3bl B YKA3aHHBIN 1epro/] HabJIio]e-
HUH cofiepyKaHne MOYeBIHBI ObLITIO Hike Ha 17% oTHO-
CHUTEJIbHO JKUBOTHBIX 3-11 cepunt (puc. b,), HO TIOBbIIIIE-
HO Ha 26% orHocuTeabHO HOpMbI (Tabi. 1).
CoriocraBiieHie MOJYYeHHbIX PE3YIbTATOB YKA3bIBAET
Ha COXpPaHeHUe K 4-M CyTKaM ITOCTTUIIEPOKCUYECKOTO
Heprojia MHrHOUPYIOIIEro BIAUSHUS TUTIEPOKCUY Ha
MPOHUIAEMOCTh THCTOTEMATUYECKOro Gapbepa IHUTo-

not significantly different from the normal one, in
v.porta blood it exceeded it by 47% (table 1). There-
fore, the AVD for urea remained unreliable. Under
these conditions, the concentration of urea in the tis-
sues of the stomach, duodenum, and spleen was not
significantly different from that of the animals of the
third series of experiments (fig. 2, b) and the normal
values (table 1). Only in the colon tissue, the urea con-
tent exceeded the normal values by 54% on the 4™ day
of the posthyperoxic period (table 2). The obtained re-
sults indicate the cessation of the stimulating effect of
hyperoxia on the hepatic-intestinal urea circulation as
well as its increased production in the tissues of the
small intestine by the 4™ day of the posthyperoxic pe-
riod. In this case, the preservation of an increased con-
centration of urea in the portal blood flow can be
achieved by reducing its secretion in the lumen of the
large intestine. This explains the selective accumula-
tion of urea in the tissues of the colon, found on the 4
day of the posthyperoxic period (table 2).

On the 4™ day of the posthyperoxic period, the
urea content in the lungs and heart did not differ from
the similar parameters in the animals of the third se-
ries of experiments (fig. 2, b) and the normal values
(table 1). In the tissue of the thyroid gland during the
observation period, the urea content was lower by
17% as compared to the animals of the third series
(fig. 2, b), but increased by 26% as compared to the
normal ones (table 1). A comparison of the obtained
results indicates that the inhibitory effect of hyper-
oxia on the permeability of the histohematological
thyroid gland barrier for urea is maintained by the 4™
day of the posthyperoxic period. In literature, we did
not find any evidence on the presence of arginase in
the thyroid cells. This is why the increased urea con-
centration in thyroid tissue found in our study might
results (at least, partly) from the transition of a bound
urea to the free state.

On the 4™ day of the posthyperoxic period,
rAVD did not recover, despite the normalization of the
urea content in the AB. The reason for this fact is the
retention of its increased (by 54%) content in the
blood v. renalis (table 1). In the kidneys, its concen-
tration was significantly reduced during this observa-
tion period, both as compared to the animals of the
third series of experiments (fig. 2, b) and the normal
values (table 2), by 22% and 35%, respectively; in the
urine, the concentration was normal (table 2). The ob-
tained results demonstrate that in oxygenated rats un-
dergo PHE, the stimulating effect of hyperbaric
oxygen on the excretion of urea in the urine stops on
the 4™ day of the posthyperoxic period, but the urea
release by the kidney tubules in the bloodstream is ac-
tivated. These circumstances explain the decrease of
its concentration in the kidney tissue during early
post-hypoxy period.

Later, on the 11™ day of the posthyperoxic pe-
riod, urea concentration in AB and blood hepatic
veins exceeded the reference values by 26 and 47%,
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BU/THOM JKeJie3bl 11 MoueBUHbBL. I10CKOJIbKY B I0CTYII-
HOIT HaM JiTepaType He YAaI0Ch OGHAPYKUTh CBEIe-
HUI O HAJIMYUU aprUHAa3bl B TUPOIUTAX, TO BBISABJICH-
HOE B 3TUX YCJOBHUAX YBEJUYEHHE KOHIECHTPAlUU
MOYEBUHBI B TKAHU IIIUTOBUIHOM JKeJIe3bl CJIe/lyeT pac-
CMaTpUBATh KaK Pe3yJIbTaT Iiepexoia YacTH CBSA3aHHOM
MOYEBHHBI B CBOOOIHOE COCTOSTHUE.

Ha 4-e cyTku nocTrunepokcuyeckoro nepruoa
rABP ne BoccTanaBimBaiach, HECMOTPS Ha HOPMAJIH-
3a1uIo cosiepskanus MoueBruHbl B AK; mpuannoii Tomy
coxpaHeHHe K 3TOMY CPOKY ee IOBBIIIEHHOTO (Ha
54%) copep:kanust B KpoBu v. renalis (taba. 1). B ou-
KaX ee KOHIEHTPAIU B YKa3aHHbII epuojt HabJrioie-
HUIT ObLJIA JOCTOBEPHO CHIIKEHA, KAK OTHOCUTEIHHO
JKUBOTHBIX 3-11 cepun ombIToB (pHc. b,), TaK 1 HOPMbI
(tabu. 2), coorBercTBeHHO, Ha 22 1 35%; B MOY€e HOP-
masusoBasach (tabir. 2). V3 mosydeHHbIX pe3yJibTa-
TOB CJIEJ[yeT, UTO Y OKCUTEHUPOBAHHBIX Kpbic ¢ UI'D
Ha 4-e CyTKU NOCTTUIEPOKCUYECKOro IIepuoja mpe-
KpallaeTcst CTUMYJIPYIOliee BIUAHIE runepbapuyie-
CKOT'O KHCJIOPO/Ia Ha Bbl/leJIeHe MOYEBUHBI C MOYOIA,
HO IIPU 9TOM aKTUBUPYETCS MOCTYIJIEHEe MOYEBUHBI
06pa3yeMoil KJIeTKaM1 TIOYEYHbIX KAHAJIBIEB B KPO-
BOTOK, OOBSICHSISI CHUKEHIE B YKA3aHHBII [IEPHOJ ee
KOHI[EHTPAIMHU B [I0YEYHON TKAHU.

Ha 11-e cyTku noctrunepokcuyeckoro rnepuoja
KOHIIeHTpalus MoyeBuHbl B AK 1 KpoBU 1Ie4eHOYHBIX
BeH ITIpeBbIIIaIa KOHTPOJIb, COOTBETCTBEHHO, Ha 26 1 Ha
47% (puc. as), He OTIUYAINCH OT HOPMBI, X0Ts1 hABP
110 MOYEBHHE OCTaBaJIacCh OTpULATEIbHOI (Tadu. 1). B
KPOBb IIOPTAJIbHOI BEHBI CO/lepKaHe MOYEBUHBI I1pe-
BBIIIIAJI0O HOPMY HA 67%, 4TO [1eJ1ai0 HeOCTOBEPHOI
I1BP no mouesune (tabu. 1). Comep:xanue Merabomura
B JIZIIT n C/ITI na 11-e cyTKM OCTTUIIEPOKCHYECKOTO
1epruo/ia JOCTOBEPHO IIPEBbIIIaia KaK aHaJOTHYHbIe
HOKas3aTe I KOHTPOJIs (puc. b,), Tak 1 HOpMbI (TabL. 2).
Anasoruunbie u3MeHeH s HabJIOATICH CO CTOPOHBI
KOHIIEHTPAI[MK MOYEBUHBI B JKeTur (pUC. a;, TabJr. 1).
CuenoBatesbao, Kk 11-M cyTkaM nocTrunepokcuye-
CKOTO IIepro/ia COXpaHSAeTCs CTUMYJIMPYIOLiee BJIUs-
HUE TUIIEPOKCUU Ha IOCTYIJIEHHEe MOYEBUHBI M3
ocTaBlieecs 10cje Pe3eKInK YacTu 11e4eHn B KPOBO-
TOK U >KeJYHble KAUJJISAPBL. DTO COIPOBOKIAETCS
YaCTUYHON peTeHIMell B ITeYeHOUYHOI TKaHU <IIOp-
TaJbHON» MOYEBHMHBI, CONEHCTBYsI COXPAHEHWUIO ee
HAKOIJICHUIO B relaToIMnTax.

Kaxk Bumnoii us tabir. 1, na 11-e yTku mocrruie-
POKCHYECKOr0 Iiepro/ia IIPOUCX0nIo hopMUpOBaHUe
orpunarenbHoil AIIP o mouesubl, 6arogapsi yBe-
andeHnio Ha 67%, 4TO ee KOHIIEHTPAIMK B KPOBU
BOPOTHOI BEHBL. ITO CBUJIETEJIBCTBYET 00 yBeanye-
HUU B YKA3aHHDBII IIepPUOJL IIOCTYIVIEHUS B IIOPTaJIb-
HbIIl KpPOBOTOK MoueBUHbI U3 cesedenku, JJITK u tos-
croii kumku. Hecayyaiino ee cojepskanue B TKaHIX
ITUX OPraHOB B YKa3aHHBIN Tepuoj HabJIoMe it
OBLJIO JOCTOBEPHO YBEJIMYEHO KAK 110 CPABHEHUIO C
HOpMOii (Tabm. 2), Tak u ¢ xourtposem (puc. b).
MoskHO rOBOPUTD O HECKOJIBKUX MeXaHU3MaXx, 1eTep-
MUHUPYIONIMX YBeJIUYEHUE COIePKAHIA MOYEBUHDI B

respectively, (fig. 3) they did not differ from the nor-
mal ones, although hAVD remained negative for urea
(table 1). The portal vein blood urea content exceeds
the normal one by 67%, making PVD unreliable for
urea (table 1). The content of the metabolite in the
LLL and MLL significantly exceeded both similar
control parameters (fig. 3, b) and normal ones on the
11% day posthyperoxic period (table 2). Similar
changes were observed for the urea concentration in
bile (fig. 3, a, table 1).Therefore, by the 11t day
posthyperoxic period, the stimulating effect of hyper-
oxia on the delivery of urea from the remaining part
of the liver into the blood and bile capillaries per-
sisted. This is associated with a partial retention of
«portal» urea in the liver tissue, promoting its accu-
mulation in the hepatocytes.

As seen from the table 1, on the 11 day of the
posthyperoxic period, a negative hAVD for urea was
found due to a 67-percent increase of its concentra-
tion in the portal vein blood. This argues for the in-
creased urea release from the spleen, duodenum and
colon into the portal bloodstream in the specified pe-
riod. It is not accidental that its content in the tissues
of these organs significantly increased in comparison
with both the normal animals (table 2) and the refer-
ence group in the specified period (fig. 3, b). We can
consider several mechanisms that determine the in-
creased urea concentration in the portal vein blood.
Firstly, it is a delayed stimulating effect of HBO on
the arginase of spleen macrophages known to be acti-
vated post PHE [18]. Secondly, it is the stimulating
effect of PHE on the formation of urea by enterocytes
of the duodenum. Thirdly, there is a decrease in the
metabolism of «liver» urea in the large intestine,
which explains the significant increase in its content
in the colon wall as compared to tissues of the stom-
ach and the duodenum (fig. 3, ).

Asitisshown in fig. 3, b, on the 11 day of the
posthyperoxic period, the urea concentration in car-
diomyocytes exceeded the reference one by 31%; its
concentration in the lungs and the thyroid gland
did not differ from it (fig. 3, b). However, in com-
parison with the normal values, the concentration
of urea increased by 31%, 43%, and 28%, respec-
tively (table 1). Taking into account the dynamics
of the urea content in the AB at this time period
(table 1), it is reasonable to suggest various mecha-
nisms that determine the changes in its concentra-
tion in several organs. If in the lungs its
accumulation is determined by the retention of a
metabolite synthesized by hepatocytes, then in the
cardiac muscle same might be a manifestation of the
delayed stimulating effect of hyperoxia on the
arginase of cardiomyocytes as described earlier [19].
The lack of information on the presence of arginase
in the thyroid cells provides a possibility to suggest
partial retention of urea coming from AB.

On the 11 day after HBO, the urea content in
AB and blood of renal veins was increased by 26%
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SKCHepMMeHTaABHbIe MCCACAOBAHMA

KPOBU BOPOTHOII BeHbL. Bo-11€pBbIX, 0TCPOYEHHOE CTH-
myspyioiiee Biausguue ['BO Ha aprunasy ceseseHou-
HbIX Makpodaros, KoTopas, Kak uzsectro [18], akru-
Bupyetrcs nnpu UI'D. Bo-BTopbix, BoccTanoBeHue K
YKa3aHHOMY CPOKY, MHAYIMpPYyomlero Biustaus Y9
Ha o6pasoBanue MoueBrHbI oHTeporutamu ITK u ee
HOCTYILJIEHUE U3 HUX B KPOBb. B-TpeThux, CHIKeHNE
MeTabosIM3Ma «[eYeHOUHON» MOYEBUHBI B TOJICTOI
KHUIIKE, 9TO 00BACHSIET OOBICHAETCSA 3HAUNMBIH [TPHU-
POCT ee Co/lepKaHMs B ee CTEeHKe TOJICTOI KUIIKH 110
cpaBHeHuIo ¢ TKaubio skesryaka u IITK (puc. bs).

Kak Buno u3 puc. bs, Ha 11-e cyTku norcrure-
POKCHYECKOT0 MepUo/ia KOHIIEHTPAIIM MOYEBUHBI B
KapINOMUOIUTAX TPEBbINIANIa KOHTPOIb Ha 31%, B
JIErKUX U IUTOBUIHOI JKeJie3e He OTIMYAIACh OT HETO.
OpmHako, Mo CPaBHEHUIO C HOPMOW, KOHIIEHTPAIHS
MOYEBHHBI B HUX YBeJMUEHNE B HUX ObLJIA TIOBbIIIEHA,
coorBeTcTBeHHO, Ha 31, 43, 1 28% (tabn. 1). Eciu
y4ecTb IMHAMUKY coziep:kanust MoueBuHbl B AK K yka-
3aHHOMY CPOKY, TO MOKHO cJieJiaTh BbiBoJ (Tabir. 1) o
Pa3INYHBIX MEXAHU3MAX, IETEPMIHUPYIONIUX U3MEHE-
HUSI ee KOHIIEHTPAIMK B YKa3aHHbIX opranax. Eciu B
JIETKUX €€ HAKOILJIEHUE JIeTePMIHUPOBAHO PeTeHIInel
MeTaboJIMTa, CHHTE3UPOBAHHOTO TeNATOIUTAMH, TO B
CEepIEYHOI MBIIIIE 3TO IIPOSIBJIEHKUE OTCPOYEHHOTO
CTUMYJIMPYIOIIErO BIUSHUS THIEPOKCUY Ha, OOHAPY-
JKeHHylo paHee [19], aprunasy KapAuOMHUOIUTOB.
OTcyTcTBUE CBENEHMII O TPUCYTCTBUU APTUHA3bI B
TUPOIUTAX, [JaeT OCHOBAaHUE JYMaTh O YaCTUYHOI
peTeHInU B HIX MOYEBUHBI rocTynaorieii ¢ AK.

Ha 11-e cytku nocsie 'BO conepskanve moueBu-
Hbl B AK U KPOBU ITOYEUHBIX BEH, 110 CPABHEHUIO C
KOHTPOJIEM OBLIIO YBEINUEHO, COOTBETCTBEHHO Ha 26%
u 57% (puc. as), B moukax Ha 47% cuuzkeHo (puc. bs).
OTHOCHTEIBHO HOPMBI CO/IEPKAHNE MOUEBUHBI B [I0Y-
Kax 6bl0 cHuskeno Ha 31% (tabu. 2), Torna Kak B
KPOBU TIOYEYHBIX BEH YBeJIMYeHO Ha 47%, a B MOUe He
ormyanoch or Hee (tabu. 1). TABP no mouesune ObLia
HezocToBepHoii (Tabur. 1). M3 aToro ciepyer, uTo K yka-
3aHHOMY CPOKY Ha (hoHe BOCCTAHOBJIEHMSI peabcopImu
MOYEBHMHBI M3 [TOYEYHBIX KAHAJIBIEB MMEET MECTO
COXpaHeHHe TOBBIIIEHHOE TOCTYILIEHIe MOYEBUHbBI U3
MOYEeYHON TKaHU B KPOBOTOK. JTO CO3/AeT YCJIOBUS
I TIOZIJIEPKAHMS ee CHUYKEHHOU KOHI[EHTPAINK B
IIOYEYHOH TKaHHU.

3akaoyeHue

Takum oOpasom, TpexkpaTHoe npumenerne 'O
y KUBOTHBIX ¢ UI'D NpuBOAUT K yBeJIMYEHUIO KOH-
neHTpai ModeBuHbl B AK, Gaarogaps rurepokcu-
YEeCKOH CTUMYJISIINN [TOCTYTIJIEHUS MOUYEBUHBI U3 Ol1e-
PUPOBAHHOM TEYeHU B KPOBOTOK IIPU COXPAaHEHUU
AKTUBUPYIOTIETr0 BIUSHUSA OTEPAIlUU Kak Ha 00pa3o-
BaHUE «[I0YEYHOI» MOYEBUHDI, TAK U €€ BbI/IeIEHUE U3
MOYEYHOIi TKAaHW B KPOBb. YCTPaHsS CTUMYJIHMPYIOIee
BJIMSTHUE PE3EKIUU TIEUEHHU Ha PeabCopOInio MOYEBH-
HbI B TOYEYHBIX KAHAJIbI[AX, TUTIEPOAPUUECKIIT KUCIO-
PO/l, CTUMYJIUPYET BBIBEJCHHUE C MOUOH «apTepraib-

and 57% (fig. 3, a), respectively, in kidneys it reduced
by 47% (fig. 3, b). As compared to the normal values,
the urea content in the kidneys reduced by 31%
(table 2), whereas in the renal veins blood it in-
creased by 47%; and in the urine, it did not differ
from this value (table 1). rAVD for urea was unreli-
able (table 1). Therefore, by the indicated period,
during the restoration of the reabsorption of urea
from the renal tubules, the increased release of urea
from the renal tissue into the bloodstream takes
place. This creates the conditions for maintaining re-
duced concentration of urea in the kidney tissue.

Conclusion

Three sessions of HBO in animals with PHE
lead to an increase in urea concentration in AB, due
to hyperoxic stimulation of urea release from the op-
erated liver into the blood stream while maintaining
the activating effect of the surgery on the formation
of «renal» urea and its release from the renal tissue
into the blood. Eliminating the stimulating effect of
liver resection on urea reabsorption in the renal
tubules, hyperbaric oxygen stimulates the excretion
of «arterial» urea with urine. At the same time, hy-
perbaric oxygen activates the liver-intestinal urea
circulation and its accumulation in liver tissue.
Under HBO, the formation of urea in the tissues of
the small intestine returns to norm, but the PHE-
triggered mechanisms determining the accumulation
of urea in duodenum and colon cells are retained.
Under hyperoxia conditions in spleen, heart, and
lung tissues of operated animals, the transition of the
<«arterial» urea from the free to the bound state is ac-
tivated. In the thyroid gland this activation is ac-
companied by a change in the permeability of the
histohematological barrier for a given organ and
metabolite.

The termination of the hyperoxic effect in the
body creates conditions for the gradual normalization
of the urea content in the AB on the 11 day of the
posthyperoxic period while maintaining the stimulat-
ing effect of HBO on urea accumulation in the oper-
ated liver, mainly due to the retention delay of the
«portal» urea in it. The stimulating effect of HBO on
the liver and intestinal urea circulation stops on the
4™ day for a short period of time and resumes on the
11® day of the posthyperoxic period. This is accompa-
nied by a selective accumulation of urea in heart,
spleen, lungs, duodenum and colon. By the 11 day of
the posthyperoxic period, the inhibitory effect of hy-
perbaric oxygen on the accumulation of urea in the
kidney tissue is not eliminated, but there is a delayed
hyperoxic stimulation of the excretion of urea into the
bloodstream from the renal tissue. Results ot the study
confirm the concept on hyperbaric oxygen as a regu-
lator of adaptation mechanisms triggered in the body
in response to the action of a pathogenic agent formu-
lated earlier [1].
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HOII» MOYeBUHBI. OIHOBPEMEHHO TUTIEPOAPUIECKUIT
KHICJIOPOJT aKTUBUPYET IIe4eHOUHO-KUIIEYHBIN KPYTO-
0060pPOT MOYEBUHBI 1 €€ HAKOILIEHUE TKAHBIO TIEUEH.
ITpu I'BO HopMmanusyercs oOpasoBaHiie MOYEBUHBI B
TKaHSAX TOHKOTO KUIIIEYHUKA, HO IIPU 9TOM COXPAHIOT-
csI MeXaHU3Mbl, 3anryckaembie UI'D u reTrepMuHmpyio-
ne Hakoniaenue mouesunbl crenke /[ITK u Toncroii
KUIIKKU. B TKaHAX cesie3eHKH, cepilia, JerkiuX orepu-
POBAHHBIX JKUBOTHBIX B YCJIOBUAX IMIIEPOKCUU aKTH-
BUPYETCSl MEPexo]] «apTepuaibHOi» MOYEBUHbBI U3
CBOOOJIHOTO B CBA3AHHOE COCTOsSIHUE. B 1iuroBuHO#
JKeJIe3e 9TO COIIPOBOKIAAETCS U3MEHEHeM IIPOHUIIae-
MOCTH THCTOTEMATHYECKOTO Gapbepa opraHa /st aH-
HOTO MeTaboJIUTA.

[Tpexpaiiienuie ruepoKCUYECKOro BO3/1eHCTBUSA
Ha OPTaHU3M CO3/IaeT YCJIOBUS 11 TOCTEIIeHHOM HOP-
Masin3anun cojepxanust MoueBunbl B AK na 11-e
CYTKH IIOCTTUIIEPOKCUYECKOTO IIEPUO/Ia ITPU COXpaHe-
HUM K 3TOMY CPOKY cTUMYJinpyiolero Biausgiusg 5O
Ha ee HAKOILJIEHUE B OIIEPUPOBAHHON [1€4eHH, TPEUMY-
IIECTBEHHO 32 CYET PETEHIIMOHHOU 3a/1ep:KKOIl B Hell
<IIOPTAJIbHON» MOUYeBUHBL. CTUMYJIMpYIOlee BJIMS-
Hue 'BO Ha IeYeHOYHO-KUIIEYHBIH KPyroobopoT
MOYEBUHBI KPATKOBPEMEHHO IIpeKpaliaeTcs Ha 4-e u
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1. Inany C. Menuko-6uosnornyeckas cratuctuka. M.: Ipaxruka: 1998: 459.
ISBN 5-89816-009-4

12. E¢ynu C.H. (ped.). PyKOBOACTBO 110 TUIIEPOAPHIECKOIT OKCHUTEHAIHN.
M.: Meaummna; 1986: 415.

13. Baradumupos I[0.A., IIpockypuna E.B. Jlekium 10 MeAMIIMHCKON
6uodusuke. M.: Akagemxnura; 2007: 432. ISBN 978-5-211-05328-1

14. Kpuuescxas A.A.. Jlykaw A.H., bBponosuyxas 3.I. Buoxnmmudeckne
MeXaHnu3Mbl KHCJOPOAHON WHTOKcHMKanuu. Pocros-ua-/omy: PTY;
1980: 116.

15. Kpuuesckas A.A., Jykaw AH., Buyxos B.B., [Jyoxun C.H.
JKenesocozepkaine GeJKM MIa3Mbl KPOBH U IIPOTEOJUTHYECKAST
AKTUBHOCTD B CBIBOPOTKH KPOBHU TP rUTIEPOAPUYECKON OKCHTEHAIINHN 1
3aIUTHOM JleiicTBIM ModeBUHBL buon. nayxu. 1986; 9: 30 - 36.

16. Moauanos /1.B., Casunos I1.H. Tloueurbie MeXaHU3Mbl JTUMUHAIIUN
aMMUaKka ~ [pU  pe3eKIUu  [edeHn  (IKCIepUMeHTaIbHOe

B0300HOBIIsIETCsT HA 11-€ CYTKH MOCTTUIIEPOKCHYECKO-
O Mepuojia. ITO COMPOBOKIASIETCS N30MPATETHHBIM
HAKOTJIEHEM MOYEBUHBI TKAHSIMU CEPIIIA, Cee3eH-
ku, jserkux, JIITK u toncroit kumku. K 11-m cyTram
MOCTTUIIEPOKCHYECKOTO MEPUO/la He YCTPAHSIeTCs
UHrUOUpPYIOIee BIUSHUE THIIEPOAPUIECKOTO KUCIIO-
POJia Ha HAKOILJIEHHE MOYEBUHBI TIOYEYHOU TKAHH, HO
IPU 9TOM MMEET MeCTO, OTCPOYEHHAsI [0 BPEMEHH,
TUTIEPOKCUYECKAST CTUMYJISIIUU BbIEJ€HUST MOYEBH-
HbI B KPOBOTOK U3 [TOYEYHOI TKaHu Ha (oHe, Boccra-
HOBJIEHHOII paHee, 9KCKPEINU «apTePUAIbHOIT» MOoue-
BUHBI 13 OTIEPIPOBAHHOTO OPraHU3Ma ¢ MOYOI.

[Tosy4eHHble pe3ysIbTaThl HOATBEPKAAIOT, CHOp-
MyJIpoBaHHOe panee [1], momoxkenue o runepbapu-
YeCKOM KHUCJIOPOJie KaK PeryJisiTope MeXaHW3MOB
ajlanTanuu, 3ayCckaeMbIX B OPTaHU3Me B OTBET Ha
neiictBre maroreHHoro arenra. [Ipu aTom, B Hammx
UCCJIEIOBAHUSIX, OH He TOJIbKO KOPPETUPOBAJI IIPOIIEC-
CBI, TIPETISITCTBYIOIIIE CHUKEHUIO COIEPsKAHUS MOUe-
Bunbl B AK 1nipu Hapyiennu ee o6pa3oBaHust B rera-
TOIUTAX, HO U WM3MEHsiI ee OOMEH B IOYKAX U
JKEJTy IOYHO-KUIIIEYHOM TPAKTe, A TAK)KE B OPraHax, He
NPUHUMAIONINX HENOCPENCTBEHHOTO y4acTHs B ee
BbIBEJIEHUU 13 OPraHu3Ma.
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ITpaBuiia OArOTOBKY, IIOAAYN ¥ IIYOJUKALUU PYKOIUCH, OIOJTHEHHbIE B COOTBETCTBUU
¢ pekomenanmsiMmu AHPU (Accormariun Hayunpsix Pegaktopos u M3nareneit, PD)
u ICMJE (International Committee of Medical Journal Editors) st HayuHbIx usganuii,
BXOJSIIUX B MEKAyHAPOIHbIe 6as3bl JaHHbIX, B pepakiuuu or 17.02.2017 1.

Information for English-Speaking Authors

Requirements for publication in the journal General Reanimatology based
on «International Committee of Medical Journal Editors. Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in Medical Journals»,
which is available at http://www.ICMJE.org.

IIpaBoBbI€ aCHEKTHI My OIUKAIMA PYKOTUCH

Yenosus nybruxavuu pyxonucu

— Pykonucu my6auKyioTest mpu 00s3aTeb-
HOM COGJIIOIEHUN aBTOPOM STUKHU ¥ MTPABUJI My6In-
karuu  (mojgpoGHee  Ha  cafite  sKypHasa:
www.reanimatology.com).

— Pykonucu my6aukyioTest ¢ cobmogeHueM
HOPM aBTOPCKOTO IIPaBa 1 KOHMUAEHIINATBHOTO OTHO-
IIIEHUST K TIEPCOHATTBHBIM IAHHBIM aBTOPOB.

— Pyxomcu my6ankyiorcs GecriiaTHo.

— Pyxommcn, npuHSATBIE B JKYpHAJ, TTPOXOAST
pelieH31POBaHIie HA OPUTUHAIBHOCTD, ITUYHOCTb, 3HA-
YUMOCTb, aJleKBATHOCTb CTATUCTUYECKOI 00paboTKI
JAHHBIX HA yCJOBUIX KOH(MUIEHIIUAIBHOCTH 32 KC-
KJIIOUEHWEM BBIIBIEHUS (QanbCUUKAIIH JaHHBIX.

— Peaxosuterns ocrasisieT 3a cob0ii IPaBo co-
KpalaTh U PelaKTHPOBATh PYKOIUCH.

IIpuvunor cuamus ¢ newamu u 3a0epicku nyoau-
Kauuu pyxonucu

— Pyxkonmcu, He COOTBETCTBYIOIINE MTPOMUITIO
JKypHaJa, He TPUHUMAIOTCS.

— Pykoricu, panee omyOIMKOBAHHbIE, 2 TAKKE
HalpaBJICHHBIE B JPYTOH KypHAJI Win COOPHUK, HE
[MPUHUMAIOTCSL.

— 3a HeKoppeKTHOoe o(opMiieHrEe U HEOCTO-
BEPHOCTb [TPEJICTABIISIEMbIX OMOIHOTpabUUECKUX JlaH-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTh BILJIOTH [0
CHSTUS PYKOIIVICH C TICYaTH.

— Hapymienue npasui opopmiieHust pyKOIHCH,
HECBOEBDEMEHHBIH, a TaK)Ke HealeKBATHBIN OTBET Ha
3aMeyYaHs PeleH3eHTOB U HAYYHbIX PEJAaKTOPOB MPU-
BOJIAT K 3a/IepykKKe TyOIUKAIINH JI0 UCTIPABJIEHUS YKa-
3aHHBIX  HemoctatkoB. Ilpm  wrHOpMpoBaHUM
3aMeYaHUil PEI[eH3eHTOB U HAYYHBIX PEIAKTOPOB Py-
KOITHUCh CHUMAETCS € JIAJTbHEHTIer0 pacCMOTPEHUSI.

— Pyxkomnucu oTKIOHEHHBIX PaboT pemakiueit
He BO3BPAIIAIOTCS.

Humepecvr cmopon: Aemop,/Pedaxius

Penakuus octasisier 3a coO0OH TIPaBO CUUTATH,
YTO aBTOPBI, IPEAOCTABUBIINE PYKOIUCH JJIsT Iy OJIH-
Karuu B sKypHa «O011ast peaHuMaTOJIOT >, COTJIac-
HBl C YCHOBUAMU TyOJUKAI[MM W OTKJIOHEHWS
PYKOIIHCH, & TaKKe C TIPaBUIaMu ee 0(hopMIIeHus.

Pepaxnus ocrassisier 3a co60il TIPaBO CYUTATH,
YTO aBTOP, OTBETCTBEHHBIN 32 TIEPEITUCKY C PeaKIIUeEH,
BbIPA’KaeT MO3UITUIO BCETO AaBTOPCKOTO KOJJIEKTHBA.

ABTOp mosrydaeT WHGOPMAIMOHHbBIE JICKTPOH-
HbIE TIChbMa 000 BCEX ATATIaX IPO/IBIKEHUS PYKOITUCH,
BKJTIOYAST YBEJOMJIEHUE O HECOOTBETCTBUM PYKOTIHCH
TPOUITIO JKypHAJIA 1 TIpaBUIaM 0(hOPMIIEHUST; TEKCTBI
PeleHsuil; pereHre PeKOIIEruy O MyOIUKAIUE UITH
OTKJIOHEHUH PYKOTIHUCH; BEPCTKY OTPEAAKTUPOBAHHOTO
BapUaHTa PYKOIIUCH [IJIsI [TOJIyY€HUST aBTOPCKOTO JI0ITy-
cka K redatu. JlonosHnTesbHy 0 HHGOPMAIINIO O TPo-
JBIKEHUN PYKOIUCH aBTOP MOJKET IOJYYUTH II0
azapecy: journal _or@mail.ru; www.reanimatology.com.

lapanmuu Asmopa

[IpenocraBernas B peIakIuio PyKOIHCH MOJTHOC-
ThIO OPUTHHAJIBHA. VICTI0/Ib30BaHE TIOOBIX MaTEPHATIOB
JIPYTUX aBTOPOB JIOIYCKAETCsI TOJIBKO C VX Pa3pelieHst
U TIpu 00513aTeJIbHOI CCBIJTKE HA 9THX aBTOPOB.

CImcok aBTOPOB COAEPIKUT TOJIBKO TEX JINII, KO-
TOPBIE BHECJIU ONIYTUMbII BKJIAJl B KOHIIEMIHIO, ITPO-
€KT, UCITOJTHEHUE WJIW WHTEPIPETANIO 3asABICHHON
paboThI, TO €CTh TeX JIUI, KOTOPbIE COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pyxkoriuch He coepsKUT MaTEPUATIOB, 3aIPEIeH-
HBIX B OTKPBITOH T€YaTH AeiCTBYIONUM 3aKOHO/A-
TesibcTBOM Poccuu.

Tapanmuu pedaxyuu

JIro0bIe pYKOTIHCH, IOJTyYeHHbIE PEAAKITHEH ISt
pelieH3upoBanusi, OyAyT BOCIIPUHIMATHCSI KaK KOH-
(bunennmanbHpie 10KyMeHTbl. OHI He MOTYT GBITh 110-
Ka3aHbl J[PyTUM JIUIAM U OOCYKIEHBI ¢ HUMH, 3a
UCKJIIOUEHUEM JIUTI, YIIOJTHOMOYEHHBIX PeNaKIUel.

Heonyb6uKkoBaHHBIE MATEPHAIIBI, HAXOSTIHECS
B [IPEJIOCTABJIECHHON CTaThe, He YLy T UCIIOIb30BAHBI B
COOCTBEHHOM HCCJIEJOBAHIK HAYYHOTO PEJaKTOpa U
peleH3eHToB 6e3 MUCHMEHHOTO Pa3peleHtst aBTopa.

Perensent we GymeT MOMYIIEH K PacCMOTpeE-
HUTO PYKOTIUCH, €CJIN UMEET MeCTO KOH(JINKT MHTe-
pPEcoB B €ro KOHKYPEHTHBIX, MAapTHEPCKUX JUOO
JIPYTUX OTHOIIEHUSX ¢ KeM-JI100 U3 aBTOPOB, KOM-
MMaHUH UK OpTaHu3aIlnii, CBA3aHHBIX C MATEPUATIOM
myOIUKATTITH.

asee cMm. Ha caiite www.reanimatology.com.
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Dear Authors,

The Obshchaya Reanimatologiya (General Reanimatology) journal announces a con-
test for the best paper presented in Russian/English in the following nominations:

— original scientific paper (a report on the results of a logically completed studys;
about 40 thousand characters; 5-8 illustrations (figures and/or tables), 25—40 references;

— review (critical discussion of the research topic; 10 and more pages; font: Times
New Roman, 12; interval 1.5; at least five (or more) illustrations (figures and/or tables); 80
or more references;

— clinical observation (a report on the results of a logically completed clinical obser-
vation; no more than 5 pages; font: Times New Roman, 12; interval 1.5; no more than 3
illustrations (figures and/or tables), 15—-20 references.

Deadline for submission: July 1 — December 2018.

Contest eligibility criteria: presentation of new data, concepts; original interpreta-
tion of known data; strong evidence, clearly described methodology, prompt bibliographic
support and citations; clarity of presentation; relationship with the solution of relevant,
major problems; adequate presentation of the material in English/Russian.

Exclusion criteria: incompliance with the eligibility criteria; violation of the
author's ethics (plagiarism, duplicate submission of the manuscript, falsification of results,
data manipulation, conflicts of interest, false authorship, falsely-attributed citation, etc.).

Stages of the paper assessment:

1. Assessment of the originality, relevance, scope and level of execution of the study,
as well as the significance and quality of presentation at least by three external reviewers.

2. Evaluation of the compliance with the journal policy by the Editorial Board members.

3. 2-year paper citation (Russian Science Citation Index, SCOPUS, WoS).

Names of the winners based on stages I and II of the paper evaluation, as well as the
procedure of payment of awards will be published in Obshchaya Reanimatologiya No.1, 2019

Awards for the winners based on stages I and II of the paper evaluation
35 000 roubles in the «Original Scientific Paper» nomination

25000 roubles in the «Review» nomination

15 000 roubles in the «Clinical Observation» nomination

The winners of the contest based on stage III of the paper evaluation will be
announced in an issue published 2 years after the date of publication of all papers accepted
during the contest. Bonus for the winners: an invitation to publish papers in the Obshchaya
Reanimatologiya (General Reanimatology) journal with a free translation of the manuscript
into English/Russian.

For more details, please, write: journal or@mail.ru
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