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Clinical Studies and Practice
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Smart Mode of Mechanical Lung Ventilation
During Early Activation of Cardiosurgical Patients

Alexandr A. Eremenko, Roman D. Komnov

Petrovsky National Research Center for Surgery,
2 Abrikosovsky Lane, 119991 Moscow, Russia

Iless McciieJOBaHUA: CPABHUTE/IbHAS OlleHKa 6€30I1aCHOCTU U KadecTBa IPOBOAMMON pecliupaTOpHOM
TIOAIep>KKU IIPU MCII0JIb30BAHUY PesKUMa aJallTUBHOM O JepsKUBaloIel BeHTUJISIINY Jerkux (adaptive
support ventilation, ASV) 1 06b19HOr0 IPOTOKOJIA B YCJIOBUSIX YCTAHOBKY [TapaMeTPOB BEHTUJIAALIY Bpa4OM
OPUT B pa"HHEM ITOCJIEONIEPALIMOHHOM IIepHOJie Y KapAUOXUPYPIrUYECKUX TAallHeHTOB.

MarepuaJjbl 1 MeTOABI. B paHIOMHU3UPOBAaHHOM KOHTPOJIMPYEMOM HUCCJIEIOBAHUA Y KapJUOXUPYPIHU-
4eCKUX OOJIbHBIX CPABHUJ/IM BEHTHJIAIMIO B aBTOMAaTU3UPOBAHHOM pesknMe ASV (40 manueHToB) U TPau-
LIMOHHYIO BeHTUJIALNIO (38 malueHToB), KOTOpOU ynpasJsiiu 8 Bpaueit OPUT.

CpaBHUBAJIA IapaMeTphbl BEHTUJIALINY, BCe el CTBUs Bpadyell 10 U3MEHEeHHIO HAaCTPOeK BEHTUJIAATOpa U
3arpayeHHOe Ha 3TO BpeMs, JINTeJIbHOCTb BEeHTUJISIIMOHHOU nofiepskku B OPIT, yacToTy HeskeslaTe IbHbIX
COOBITHH B IIpOIIecCe ITepeBoa Ha CAMOCTOSITeIFHOE TbIXaHUe, IIPOIOJ/IPKUTETHHOCTh HaxokaeHus1 B OPUT
¥ FOCIIATAJIN3AIUHY, IIOCIEe0NePAMOHHBIE OCI0KHEHUS U JIETAJIbHOCTD

Pe3yasrarsl. [[INTETHHOCTD HHTYOAIIMY TPAXEX B IIOCJIEOTIEPAIIMOHHOM IIEPHO/ie TOCTOBEPHO HE OT-
JiM4aJsach U COCTaBUIa 267+76 MuHYT (rpynna ASV) u 271+80 MUHYT (KOHTPOJIbHASA CPYIa).

KosmyecTBo py4HBIX HACTPOeK 2 IpoTus 4 (p<0,00001) 1 Bpems, IpOBeIeHHOE KIMHUAIIMCTOM OKOJIO Pec-
nparopa, 99+35 ceKyHA TPoTHB 166+70 CEKYH[ OBITIO TOCTOBEPHO HIKeE B rpymie ASV (p=0,00001).

Bpewmst oT BoccTaHOBJIEHUSI COOCTBEHHOM JIbIXaTeIbHONH aKTUBHOCTH JI0 ITEPEBO/Ia BO BCIIOMOTaTeTbHBIN
peskuM OBLIIO 10JIbIIIe B KOHTPOJIBHOMU rpyIiie U cocTaBuiio 30 (0-90) MUH, B TO BpeMsI KaK B UHTEJJIEKTY-
aJIbHOM pesKUMe IIepPeBOJ] OCYIIECTBJIAJICA Cpady Iocje ee BoccraHoBaeHuA (p=0,004969).

[Tpu ucnosib3oBaHUU ASV BEHTUJIAIIMOHHOE NaBJieHue (driving pressure) 6b1J10 TOCTOBEPHO HIUKE BO BCe
(asel pecnuparopHoi nogaep:kku: AP 7,2+1,6 nporus 9,3+2,1 cm H,0, (p=0,000001), 1OCTOBEPHBIX pa3Jjiu-
YU 0 BeJTMYMHE JbIXaTeJIbHOro o0bema 7,0 (6-8,5) (ASV) mpotus 7 (6-10) MJI/KT/ueaTbHOM MacChl TeIa
(KOHTpOJIbHAA IPYIIIA) HE IIOJTYYUIIH.

3akiroueHue. [IppmeHeHne peskuMa ASV I03BOJIsSIET TPOBOIUTE 00JIee TPOTEKTUBHYIO BEHTHUJISIIUIO
JIETKUX, COKPaTUTh BpEMEHHBbIe 3aTpaThl Bpaya ¥ Harpy3Ky Ha MeJUIIMHCKUN I1IepcoHaJl IIpU ylIpaBjJIeHnNn
VIBJI 6e3 yiep6a 6e301acHOCTH MTallieHTa ¥ KaYeCTBY BEHTUIAIINOHHOM TOMIEPSKKHL.

Karouesvte crosa: adanmusHas noaaepofcuemougaﬂ BEHMUNAUUS; uHmeJl]leK?myaJlebllZ peixicum eeHmu-
AAUUU; lmpauoxupypeuﬂ; UHMeHCUBHAA mepanus

Purpose of the study: a comparative assessment of safety and quality of respiratory support carried out
using the ASV mode vs. conventional protocol, in which ventilation parameters are set by an ICU physician
during early postoperative period in cardiosurgical patients.

Materials and methods. The modes of a respiratory support included automated ASV ventilation (40 pa-
tients) versus conventional ventilation (38 patients) managed by 8 ICU physicians were compared in a cohort
of cardiosurgical patients in a randomized controlled study.

The comparison included ventilation parameters, all efforts of physicians to adjust ventilator settings and
time it took, duration of respiratory support in ICU, incidence of adverse events in the course of weaning, total
time in ICU and hospital, postoperative complications and mortality.

Results. There was no reliable difference in the duration of postoperative trachea intubation, which was
equal to 267+76 minutes (the ASV group) and 271+80 minutes (the control group).

The number of manual adjustments, which was 2 vs. 4 (P<0.00001), and the time spent by a clinical physician
near a ventilator, which was 99+35 seconds vs. 166170 seconds, were reliably lower in the ASV group (P=0.00001).

Anpecc AJ1s1 KOPpPeCIOH/{eHIUH: Correspondence to:

Poman /Imutpuesnd KoMHOB Roman D. Komnov
E-mail: drrkom@mail.ru E-mail: drrkom@mail.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2020, 16; 1



DOI:10.15360/1813-9779-2020-1-4-15

Knuuudyeckue nccjaeqoBaHud U IIPpaKTUKaA

The time between restoration of patient’s own respiratory activity and transfer to the assisted breathing
mode was longer in the control group and amounted to 30 (0-90) min. while in the smart mode, the transfer

took place immediately after restoration (P=0.004969).

When ASV was used, the driving pressure was reliably lower during all phases of respiratory support: AP
7.2+1.6vs. 9.3+2.1 cm H,0, (P=0.000001); there was no reliable difference in the tidal volume: 7.0 (6-8.5) (ASV)

vs. 7 (6-10) ml/kg/ideal body mass (the control group).

Conclusion. ASV represents a lung-protective ventilation that reduces physician’s time cost and medical
staff efforts in ALV management without compromising patient’s safety and respiratory support quality.

Keywords: adaptive support ventilation; smart ventilation modes; cardiosurgery; intensive care
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BBenenue

IlepeBop nmarueHTa 1Mocjae KapIuoXUpypru-
4yecKO ollepaliiy Ha CaMOCTOAITe/IbHOE JIbIXaHue
OCYIIIECTBJIsAETCS Yepe3 Ieproji KOHTPOIUPYyeMOi
BEHTUJISLINY, IPOBeJleHIe KOTOPOH /1aeT BpeMs
JJIs1 CTabM/IN3aI TeMOIMHAaMUKY U MeTab 011 3-
Ma, ONTUMU3AINN B3aUMOCBSA3aHHON (DYHKIIUU
cep/Iia v JIETKUX, 10 COTPeBaHUA U BOCCTAHOBJIe-
HUA a7leKBaTHOTO CO3HAHUA MalleHTa.

B mocsienHue robl B IPaKTUKY OTeIeHUH
MHTEHCUBHON Tepanmuu aKTUBHO BHEAPAIOTCA
MeTOAbl aBTOMAaTM3UPOBAHHOIO YIIpaBJeHUA
anmaparHol BEHTWJIAIUEN JIETKUX — PEsKUMBbI
HMHTeJJIeKTya/IbHOM BEeHTU/IAIMU. [laHHbIe pesku-
MBI pabOTaOT 10 NPUHIUITY 0O0paTHOU CBA3U U
aBTOMAaTHU4YeCKU MEHSIOT CTelleHb PeCIINPAaTOPHOH
MO/IIEPKKYU, B 3aBUCHUMOCTH OT MEHSIOIIUXCA
norpebHOocTelt manmeHTa. OCHOBHAsl IeJb HUX
HCII0JIb30BAaHUA 3aKJ/II049aeTCs B CHUSKEHUN KOJIHU -
YyecTBa PYYHBIX HACTPOEK alrapara, 4To 10JI3KHO,
110 MHEHHUIO Pa3padOTYMKOB, YMEHBIIIUTh Harpys-
KY Ha IlepCcoHaJl, PUCK BOSHUKHOBEHUSA OIINOOK,
00yCJIOBJIEHHBIX 4YeJIOBeYeCKUM (paKkTopoM U
MTOBBICUTH 3D (PEKTUBHOCTH PAOOTHI B 1IEJIOM.

Pesxum ASV — Adaptive Support Ventilation
(amanTUBHOMU MO IEPKUBAIOIIEN BEHTUJISAIINH JIET-
KUX), padpadboran komnanuei Hamilton Medical AG
Y HalleJIeH Ha aBTOMaTUYeCKYIO aJalITaI[Io PeCcu-
paTopa K HelpepbIBHO MEHSIOIIEMYCS COCTOSTHUIO
1 noTpebHOCTAM nanuenTa. C IpakTHYecKOH TOUKU
3peHUA OH CO3/IaH JJIsI UHTePAKTUBHOIO MOJep-
sKaHUsI COCTOSTHUS «PECITUPATOPHOTO KoM(pOpTa» U
OPHEHTHUPOBAH Ha CKOpelilllee «OIyYeHe» Malu-
eHTa OT PEeCHUPATOPHOUN MOAAEPIKKU. J[aHHBIN
pPEesKUM YIIpaBJjseTcs 10 INPUHIUIY 00paTHOH
CBfI3H, IIPU €r0 UCII0JIb30BAHUN MUKPOIIPOIIECCOP
pecriuparopa peryJaupyeT jAaBJIeHHe Boxa IJd
JIOCTMPKEHMA I1e/IeBOr0 JbIXaTeJbHOTr0 00BbeMa,
CBOJIs1 K MUHUMYMY paboTy IbIXaHNA, OCHOBBIBAsA
pacuetsl Ha ypasHeHuu OTIS [1]. Kpome Toro, aBTo-
MaTHU4eCcKHU PeryIupyeTcs YHC/I0 IPUHYIUTETbHBIX
U CIIOHTAHHBIX BJOXOB B 3aBUCUMOCTH OT JIbIXa-
TeJIbHOM aKTUBHOCTH IMAIMEeHTa.

NaBecTtubl pabotsl J-M. Arnal [2], M. Belliato
[3] 10 0COOEHHOCTAM KCIOJIL30BAHUS JAHHOIO
peskrMa y pas3JIMYHBIX TPYI MMalfieHTOB — 0e3
JIETOYHOMH ITaTOJIOTUH, JTUO0 C HAIMYHEeM 00CTPYK-

Introduction

A postoperative cardiosurgical patient is
transferred to spontaneous breathing through a pe-
riod of controlled ventilation that gives time to sta-
bilize hemodynamics and metabolism, and opti-
mize the interrelated function of the heart and
lungs until the patient warms up and restores ade-
quate consciousness.

Recently, methods of automated control of
mechanical lung ventilation — smart ventilation
modes — have been intensively introduced into the
ICU practice. Such modes function based on feed-
back and change automatically the respiratory sup-
port level depending on changing requirements of
the patient. Their main purpose is to reduce the
number of manual adjustments of the machine,
which, in the opinion of developers, should de-
crease staff load, reduce the risk of human-factor
errors, and improve the efficacy of work in general.

The mode of Adaptive Support Ventilation
(ASV) — has been developed by Hamilton Medical
AG with the aim of automatic adaptation of venti-
lator to continuously changing condition and re-
quirements of the patient. Practically speaking, it
has been created for interactive maintenance of the
‘respiratory comfort’ status and is targeted at the
fastest possible weaning of the patient from venti-
lator. This mode is controlled based on the feed-
back principle, wherein a ventilator microprocessor
regulates the driving pressure to achieve the target
tidal volume, work of breathing being minimized,
through calculations according to OTIS equation
[1]. Besides, it regulates automatically the number
of mandatory and spontaneous inspirations de-
pending on the patient’s breathing activity.

J-M. Arnal et al. [2] and M. Belliato et al. [3] em-
ployed this mode in different groups of patients: free
of pulmonary pathology or suffering from obstruc-
tive or restrictive disorders. They described special
aspects of ventilation patterns chosen by the ma-
chine’s microprocessor in each of the groups of pa-
tients. In case of obstructive pathology, expiration
was longer, tidal volume was increased and respira-
tory rate decreased; while in patients suffering from
arestrictive pathology, tidal volume was decreased.

Alarge study by C. W. Chen and co-workers [4]
found that application of ASV mode in patients
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TUBHBIX WJIM PECTPUKTUBHBIX HapyIIeHWH. B HUX
MIOKAa3aHbl OCOOEHHOCTH  BEHTWJIAIMOHHBIX
MMaTTEPHOB, BBIOPAHHBIX MHKPOIPOIIECCOPOM

anmapara y KaKJI0od U3 rpynn nanueHTtos. [Ipu
OOCTPYKTHUBHOM TATOJIOTUU YIJUHSJICSI BBIIOX,
YBEJIWYUBAJICS bIXaTeTbHBIA 00beM U CHUIKA-
JIACh YaCTOTA JbIXaHUs, Y O0JIBHBIX C PECTPUKTHB-
HOH maToJIoTHell CHM)KaJIach BeJIMYMHA IbIXa-
TeJILHOIO 00beMa.

B kpynaoMm uccienoBanuu C. W. Chen [4]
OBIIO MTOJTyY€EeHO, YTO IPUMeEHEHHe peskuma ASV'y
ManyeHTOB C TPYIHBIM OTJIyY€HHEeM OT pecnupa-
TOpPa NO3BOJIUJIO 3HAYUTEIbHO CHU3UTD JIJIATEJIh-
"HoCTh MBJI 1 HaxoXJeHudA B cTalpoHape npu
CpaBHEHUM C OOBIYHBIM MPOTOKOJOM. O 3HAYM-
TeJbHOM CHMYKEHMU IJINTEJIbHOCTH BEHTUJISAIINNI
Y peaHMMAalWOHHBIX ITAIMEHTOB W MEHbIIEM
KOJIMYECTBE PYYHBIX HACTPOEK FOBOPAT U PE3YJIb-
Tarel uccaegoBanusa C. Kirakli [5].

N3BecTHbI paboThI 10 BJI ipu 060CcTpeHnn
XOBbJI, B KOTOPBIX IIPOLEMOHCTPUPOBAHO YIy4-
ieHrue KJAnHU4Yeckux mcxomoB (L. Han [6]) u
CyLIeCTBEHHOE CHUSKEHME JIUTEeJIbHOCTU BEHTH-
asimu (C. Kirakli [7]) mpu rucnoJib30BaHUM TAHHO-
ro peskuMa.

B HeonryOmmkoBanHOM uccaenoanuu P Celli
TOKa3aHo 3HAYUTeJIbHOE CHUKEeHUE IJINTEeIbHOCTH
BEHTUJIAIINY Y TAIIIEHTOB II0CJIE OPTOTOIINYECKOMN
TPaHCIJIAHTAIlUY [I€YCHU B I'PYIIIe IalUeHTOB, Y
KOTOPBIX B KAYECTBE PEKMUMA PECITUPATOPHOU TTOT-
TepsKKU OBLT BEIOpaH ASV.

B pa6otax P. C. Gruber [8], C. E Sulzer [9], Fang
Zhu [10], S. T. Moradian [11] nokasaHa appeKkTuB-
HOCTb JaHHOT'O PEeKUMa y KapAAOXUPYyPIUUECKUAX
nauueHToB. [IpakTU4ecKu B KaKI0U 13 yKasaH-
HBIX paboT MOKAa3aHO CHUKEHUE IJIUTETbHOCTH
BEHTWJIAINY, a B pabote Moradian mokasaHo erie
U CHU)KEHHE KOJIMYeCTBa aTesJeKTa30B Mpu
HCII0JIb30BaHUU YKa3aHHOI'O pEyKUMa.

B pyccrosi3bI4HOM JIUTEPATypE €CTh paboThI,
TIOCBsIlIleHHble IPUMeHeHMIO peskruMa ASV y Helipo-
Xupypruvyeckux nanueHTos (A. A. ITosynas [12, 13]),
a 0cOO0EHHOCTH TTPUMEHEHUsT JaHHOTO pesKrMa B
KapAuOXUPYPrAM U3y4eHbI II0KA HEJOCTATOYHO.

llenp wuccaemoBaHus — CpPaBHUTEJIbHAsA
olleHKa 0e30TaCHOCTH W Ka4eCTBa IMIPOBOIUMOMN
pecnuparopHOU NoAAePsKKU ITPU UCI0JIb30BaHUHU
peskrMa ASV 11 00BIYHOTO TPOTOKOJIA B YCIOBUSX
YCTAaHOBKH ITapaMeTPOB BEHTWJIALMKA BpadyoOM
OPUT B panHeM IIOCJI€0NEPAlMOHHOM IIEPUOLE Y
KapIUOXUPYPrAYEeCKUX I1allieHTOB.

MarepuaJ 1 MeTObI

JlanHOE paHJIOMU3UPOBAHHOE KOHTPOJIMPYEMOE
nccaef0BaHne ObIIO 000PEHO JTOKATBHBIM 3THIECKIM
komureroM Poccuiickoro Hayuynoro IlenTpa Xupypruu
nMeHu akagemuka b. B. [IeTpoBCKOro 1 BBIIIOJTHEHO Ha
Oase oT[e/IeHUs KapAuOpeaHnMalii 1 MHTEeHCUBHOU
Tepanuu IeHTpa.

with difficult weaning from ventilator resulted in
considerably reduced longevity of ALV and the du-
ration of staying in the hospital compared to the
conventional protocol. Significant decrease of ven-
tilation duration in ICU patients and a lesser num-
ber of manual adjustments have been also evi-
denced in a study by C. Kirakli et al. [5].

There are two papers on ALV mode benefits
during COPD exacerbation that demonstrated im-
provement of clinical outcomes [6] and significant
reduction of ventilation duration [7].

The unpublished study by P. Celli (personal
communication) has shown a considerable reduc-
tion of ventilation time in patients after orthotopic
transplantation of liver in the group of patients for
whom ASV was chosen as the respiratory support
mode.

Several studies by other researchers have
demonstrated efficacy of this mode in cardiosurgi-
cal patients [8-11]. Almost each of the above stud-
ies showed reduction of ventilation duration in ASV
and one study demonstrated reduced incidence of
atelectasis when the said mode was used.

In Russian scientific periodicals there are pa-
pers dedicated to ASV application in neurosurgical
patients (A. A. Polupan [12, 13]), while peculiarities
of using this mode in cardiosurgery have not been
intensively investigated.

Purpose of the study: a comparative assess-
ment of safety and quality of respiratory support
carried out using the ASV mode vs. conventional
protocol, in which ventilation parameters are set by
an ICU physician during early postoperative period
in cardiosurgical patients.

Materials and Methods

This randomized controlled study was approved by
the Local Ethics Committee of the B. V. Petrovsky Russian
Research Centre of Surgery and carried out on the prem-
ises of Intensive Cardiac Care Unit and Intensive Care
Unit of the Centre.

78 patients (49 men and 29 women) who under-
went surgery of the heart and great vessels between Oc-
tober 2015 and December 2016 were included in the
study; their average age was 59.5+10 years. Patients’ char-
acteristics and a list of operations performed are given in
tables 1, 2.

The inclusion criteria included:

— admission to ICU after an operative interven-
tion on the heart or great vessels;

— age between 30 and 76 years;

— body mass index between 18 and 35 kg/m?;

— absence of severe postoperative breathing and
circulation dysfunctions

The exclusion criteria were split into 2 groups:

1) Preoperative: severe renal (blood creatinine higher
than 200 umol/l), hepatic (aspartate and alanine amino
transferases (AST and ALT) higher than 80 u/l), or cardiac
failure (left ventricular ejection fraction lower than 30 %).

2) Postoperative: blood speed via drainage tubes

over 3 ml/kg/hr., perioperative myocardial infarction, un-
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Ta6.runa 1. O61as xapaKTepUCTHKA MAIMEHTOB M HHTPaoepaliOHHbIe MOKa3aTe Iu OKCHreHupyouei pyHk-
MU JIETKUX U ITAapaMETPOB BEHTUJIALINH.
Table 1. Baseline Characteristics of patients and intraoperative clinical variables.

Parameters Values of parameters in groups p
ASV, n=40 Control, n=38

Age, year 59+9.52 63 (44-71) 0.6031
Body height, cm 170+10.48 172+8.77 0.1812
Body weight, kg 84x14.4 82+12.5 0.5629
PBW, kg 64+10 67+9 0.1336
BMI 28.8+4.04 27.3£3.69 0.0937
Blood loss, ml 800 (450.0-1100.0) 800.0 (350-1000.0) 0.2650
Preoperative SpO, 96 (94-97) 96 (94-98) 0.4747
Pa0,/FiO, 300 (247.5-400) 342.5 (300-450) 0.005368
Tidal volume, ml/kg PBW 9.25 (7-12) 9 (6.5-11) 0.177161
PEEP cm H,O 7 (5-10) 6 (5-9) 0.398269

Note. BMI — body mass index; PBW — predicted body weight. Data are given as median (interquartile range) or mean (+SD) SD-
standard deviation

IIpumeuanwue. /1151 Tabs1. 1-4: Parameters — mapamerpsbl; values of ... in groups — 3HaueHwus ... B IpyInax; age, year — BO3pacr,
net; body height — poct; body weight — Bec; PBW — nporaosupyemast macca tesia; BMI — mHzmexrc macce Tesa; blood loss —
KpoBormnoTepst. [uist TabJ1. 1, 3: tidal volume — npixatesnbHbiil 00bem; PEEP — nostoskuTeibHOE NaBjeHye B KOHIIE BbIgoxa. Data
are given as median (interquartile range) or mean (+SD) SD — standart deviation — qaHHbIe ITpeCcTaBIe€Hbl KaK MeIUaHTbl U

MHTEPKBAPTUJ/IbHbBIE MHTEPBAJIbI, NJIN CPEJHNE 3HAYCHUA IIJIIOC-MUHYC CTaHAapTHBIE OTKJIOHEHUA.

Tabsuiia 2. Buabl onepaTuBHBIX BMEIIaTeJ JIbCTB.

Table 2. Types of surgery.
Parameters Values of parameters in groups
ASV, n=40 Control, n=38

Coronary artery bypass graft 20 16
Coronary artery bypass graft + valve surgery 5 0

Valve surgery (replacement or repair) 9 12
Aortic root replacement (David/Bentall procedure) 4 10
Extended myectomy 2 0

IIpumeuanue. Coronary artery bypass graft — mynTrposanue kopoHapHoi apTepuy; valve surgery (replacement or repair) —
XUPYPTrUs KJamnaHa (3aMeHa U/ BOCCTaHOBJIeHUe); aortic root replacement (David or Bentall procedures) — 3ameHa KopHs

aopTthl (MeToaw! [laBuaa i benrasia); extended myectomy —

B nccnenoBanune BRIIOYUIIN 78 MallMeHTOB (49 —
MY>KUYUHBI, 29 — SKeHIIUHBI), CpegHuN Bo3pacT 59,510
JIeT, KOTOpbIe OBLJIN OTIEPHPOBAaHBI Ha CepJIIie M MarucT-
PpasIbHBIX cOCyax ¢ OKTAOps1 2015 roma o gexadbps 2016
roja. XapaKkTepuCTHKa O0JIBHBIX, CIHCOK BBIIIOJTHEH-
HBIX OIlepaIiiii IIpeicTaBjeH B TabI. 1, 2.

KpurepusMu BKIIOYEHUS CIIYKUJIU:

— IIOCTYILJIEHHE B OTJeJIeHe HTHTeHCUBHOU Tepa-
[IUU [10CJIe OIlepaTUBHOIO BMelllaTe/IbCTBa Ha ceple
WUJIY MaruCTpaJIbHbIX COCYAax;

— Boadpact ot 30 7o 76 JseT;

— WHJAEKC Macchl Tesa oT 18 10 35 kr/m?;

— OTCYTCTBHE TSKeJIBbIX I10CJe0lepaliOHHbIX
HapyIIeHnH (PyHKINY IbIXaHIA ¥ KPOBOOOpAIeHUs

Kpurepuu UCK/I0YeHNs pa3iesIud Ha 2 TPYIIIbL:

1) IIpenonepaliliOHHbIE — HAJIUYUe TAXKEIOH I10-
4eyHOU (IOBBIIIEHHE KOHIEHTPAIlUM KpeaTHHUHA
KpoBMU BbIIIe 200 MKMOJIb/J1), TeYeHOYHOU (IIOBBIIIE-
HHE KOHIIEHTpaluu acrmapTar U1 aJlJaHuH aMHUHOTpPaH-
cdepas (ACT u AJIT) Boitie 80 e/J1) MM cEpAeYHON He-
JIOCTaTOYHOCTH ((ppaKmysa BRIOpOCa JIeBOTO SKeTyJouKa
meHee 30 %).

2) IlocTtomepannoHHBIE — CKOPOCTH ITOCTYILJIe-
HUS KPOBH TI0 IpPEHAKHBIM TPyOKam OoJtee 3 MJI/Kr/4,
TeproIlepanoOHHBIA NH(PAPKT MUOKapAa, HeCTaOUJIb-
HOCTb T€MOIMHAMUKH, TOTPEOHOCTH B BBICOKUX [103aX
KapAMOTOHUYECKUX UJIU Ba30IIPECCOPHBIX IPeIaparoB
(BN (Ba30MHOTPOIHBIA MHIEKC) >10) MM B BHYTPU-
a0pTaTbHOU OAJUIOHHON KOHTPITY/TbCAIINH, pepaKTep-

pacurmpeHHas MUOIKTOMUSL.

stable hemodynamics, requirement for high doses of car-
diotonic drugs or vasopressors (VII (vasoinotropic index)
>10), or intra-aortal balloon pump therapy, refractory hy-
poxemia with PaO,/FiO, index less than 150 mmHg, a pe-
rioperative allergic response, convulsions, delirium, an
acute cerebrovascular event.

The primary endpoint of the study was compara-
tive assessment of load on physicians in ICU. The sec-
ondary endpoints of the study were ventilator support
duration in ICU after elective cardiosurgical interven-
tions, incidence of adverse events in the course of wean-
ing from the machine, time in ICU, total time in hospital,
postoperative complications, and mortality.

After admission to ICU, patients were randomly
split into two groups. The 1st group included patients
who received respiratory support in the ASV mode; the
2nd group comprised of patients who received conven-
tional ventilation in a mode controlled by volume or
pressure based on physician’s instructions. Ventilation
was carried out with the aid of Hamilton G-5 or C-2 ven-
tilators (Hamilton, Switzerland).

Anesthetic peculiarities of patient management,
doses of analgesics, hypnotics, neuromuscular relaxants
received by patients were taken into account; intraoper-
ative oxygenation and tidal volumes were compared
(table 1).

Upon surgery completion, patients were trans-
ferred to ICU at the background of propofol sedation
(1-2 mg/kg/hr.), respiratory support using a transporta-
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HasA runokcemus ¢ uapexkcom Pa0,/FiO, menee 150 mm
Hg, anneprudeckas peakuys B IepUOIepalliOHHOM I1e-
puone, cynoporu, neaupuit, OHMK.

OCHOBHOW KOHEYHOH TOYKOH WMCCJIeNOBaHUS
OBlyTa CpaBHUTEIbHAS OIleHKA HAarPy3KH Ha BpaueOHbBIN
IepcoHaJll B OTAeJIeHUU WHTeHCUBHOU Tepanuu. Bro-
PO KOHEYHOU TOYKOU MCCIeIOBAaHUSA ObLIIA JTUTETh-
HOCTh BEHTHJIAIMOHHOU monjepskku B OPUT nocie
IIJIAHOBBIX KapAUOXUPYPru4eCKuX BMeNIare/JibCTB, 4a-
CTOTa pa3BUTHs HesKesIaTeIbHBIX COOBITHH B IIpoIiecce
OTJIY4Y€HU A IMallWeHTa OT armapara, JJIMTeJIbHOCTh Ha-
xoskaenuss B OPUT, o61miast mpogoKUTeTbHOCTD TOC-
NuTaIN3alny, IocjaeolepalOHHbIe OCA0KHEHUs U
JIeTaJIbHOCTb.

INocsie nocrynenus B OPUT meTonoM cirydaiiHbIX
BBIOOPOK ITAIIMEHTOB PA3eJI/IN Ha ABe IPyHIbL. B 1-10 —
BRKJIIOYUJIY IAI[MEHTOB, PeCIIMPATOPHYIO IIOAJEPIKKY KO-
TOPBIM OCYIIECTBJIAJIA B peskuMe ASV, BO 2-10 — ITaLAEH-
TOB, BEHTU/IAINUIO KOTOPBIX OCYHUIECTBJIAIN TPAIUITUOH-
HBIM CIIOCOOOM, TTOCPEICTBOM BpadeOHBIX YKA3aHUH B
peskuMe, KOHTPOJIUPYEMOM IO 00beMy, JTOO TI0 TaBJie-
HUIO. BEHTUJ/IALMIO OCYIIeCTBJISIJIA Ha pecruparopax
Hamilton G-5 unu C-2 ¢pupmsl Hamilton, IlIBeiinapus.

VYHUTBIBAIN AaHECTE3NOJIOTYECKIIE 0COOEHHOCTH
BeeHUd ITallMeHTOB, 03kl aHAJITETHUKOB, TUITHOTHUKOB,
MUOPEJAKCAHTOB, ITOJTYY€HHBIX TallUeHTaMU, CDAaBHU -
BaJIX [TI0KAa3aTe/ 1 UHTPaollepaAllMOHHON OKCUTeHAIH,
BEJIMYUHBI IbIXaTeJIbHbIX 00 eMOB (TabJ1. 1).

IIo OKOHYAHUIO OIEPATUBHOIO BMeIlaTe/bCTBa
(TabJr. 2) manueHToB nepeBonuau B OPUT Ha doHe ce-
Januu nponodosoM (1-2 Mr/kr/4), pecnupaTopHON
NOAJepsKKU TPAHCIIOPTHBIM ammaparoM. B mepsble
60-90 MUHYT IIPOAOJIKAJIY CENALIMIO 1O COrpeBaHA I1a-
[MEeHTa, CTAOMIN3aIny [TI0Ka3are el OKCUTeHaI1H, Te-
MOJMHaMUYECKUX [TapaMeTpPOB.

Jleuenue IIAIIMEeHTOB HAYNHAJIN B COOTBETCTBUHU CO
CTaHIapPTHBIMU IIPOTOKOJIAMU BeJleHusI KapJuoXupyp-
TUYECKHUX IMOCJ/IeonepannoOHHbIX 00JILHBIX. AHAJITE3UI0
OCYILECTBJISIVIN 110 MYJIBETUMOLAIBHOMY IIPOTOKOJY —
KOM6I/IHaIlI/IH HECTEPOUTHBIX TPOTUBOBOCIIAJIUTEILHBIX
CpeJICTB M IIapareramosia c 1ob6aBaeHNeM aHaJITETHKOB
IEHTPAJIBHOTO JelcTBUA (Hedoram, Tpamamor).

OCOOEeHHOCTH PecHUpPaTOPHOI TOJNEP:KKH B
rpynnax cpaBHeHus. B rpynne ASV npu nepBU4YHON Ha-
CTpOIiKe pecriuparopa KJINHUIUCT yCTAaHABJIUBAL: POCT
manyeHTa, Ha OCHOBaAaHWUU Y€ro aBTOMAaTU4Y€CKU pacCun-
ThIBAETCs «UealbHasI Macca TeJlar; IieJieBoe 3HaueHue
«3aMelleHNUs] MUHYTHOM BeHTUJIsANUW» (3a 100% — npu-
HUMaeTCsa «qJI/ISI/IOJIOFI/I‘IeCKaH» MUHYTHasA BEHTUJIA-
nus, paBHasg 100 MJI/Kr uea/lbHOM Macchl TeJsia
(MMT)/mMuH y B3pocJibx). Kpome TOro, ycTaHaBIABaIn
npenes MakCUMaJbHOI'O OABJIEHUS B [ObIXaTeJbHBIX
MyTAX A8 npoduaakTuku 6aporpasmsel, FiO,, PEEP
ETS (expiratory trigger sensitivity — rmoporosoe 3Hade-
HHe II0TOKA [JJIs NIepeKJII0YeHUsl C BJoXa Ha BbIIOX),
YyBCTBUTEJBbHOCTH TPUITEPA BJOXA.

HpI/I 9TOM CJjieyeT OTMETUTD, YTO, 10 HAllNM Ha-
OJITOIEHUsIM, OOJIbIIIAsE YacTh KJMHHUIIMCTOB OT/AAeT
npeAlodYTeHue I1epBOHAYAJIbHBIM HACTPOHKAM 4yB-
CTBUTEJIBHOCTU TpuUrrepa sroxa, ETS, npenesna makcu-
MaJIbHOTO J1aBJIeHUsI U MeHseT, IPOBOJs pecruparop-
HyI0 noagepskky, Toabko FiO,, PEEP u mnponent
3aMeleHnusa MI/IHYTHOI?I BEHTW/IANOWY, YBeJINIUBaA UJINU
yMeHbIIad €ero B COOTBETCTBUU C BEHTUJIAITVMOHHBIMU
MOTPeOHOCTSIMHY TTAIlUeHTA.

tion machine. Sedation continued for the first 60-90
minutes until the patient warmed up and oxygenation
and hemodynamic parameters became stable.

Management of patients began pursuant to stan-
dard protocols for postoperative cardiosurgical patient
management. Analgesia was carried out according to a
multimodal protocol: with a combination of non-steroid
anti-inflammatory drugs plus paracetamol and centrally
acting analgesics (Nefopamum, Tramadolum).

Peculiarities of respiratory support in the groups
compared. In the ASV group, while adjusting primary set-
tings, the clinical physician set (1) the patient’s height to
serve the basis for automatic calculation of the ‘ideal
body mass’; (2) the target value of ‘minute ventilation
substitution’ (the ‘physiological’ minute ventilation equal
to 100 ml/kg of the ideal body mass (IBM)/min in adults
was assumed equal to 100%). Besides, the maximum air-
ways pressure limit was set to prevent a barotrauma,
FiO,, PEEP ETS (expiratory trigger sensitivity — the
threshold flow value for switchover from inspiration to
expiration), and inspiratory trigger sensitivity.

It should be noted that as far as we observed, most
clinical physicians prefer primary settings of inspiratory
trigger sensitivity, ETS, maximum pressure limit and, in the
course of respiratory support, adjust only FiO,, PEEP, and
percent of minute ventilation substitution increasing or de-
creasing it according to patient’s ventilator requirements.

When, in the clinical physician’s opinion, a patient
was ready for spontaneous breathing, the percentage of
ventilation substitution was set to 25%, which practically
corresponded to the spontaneous breathing test, and if
the patient completed it successfully, the trachea extuba-
tion was carried out 30-45 later.

In the group where all decisions were made by a
physician, the initial ventilation mode was SIMV (Syn-
chronized Intermittent Mandatory Ventilation), wherein
inspiration was controlled by volume (Volume Control)
or by pressure (Pressure Control). The physician set FiO,,
PEEP to ensure proper arterial blood oxygenation, max-
imum airways pressure limit, tidal volume or inspiratory
pressure, respiratory rate to provide adequate ventilation,
and set manually the ratio of inspiration time to expira-
tion time. At patient’s wake-up and muscle tone recovery,
the physician reduced the number of mandatory inspi-
rations, increased or decreased the tidal volume and
spontaneous inspiratory support pressure, as necessary.
Upon proven respiratory drive recovery, a patient was
switched over to Pressure Support Ventilation, and this
mode was maintained until weaning.

In both groups, ventilation parameters were solely
chosen by the physician-on-duty who was in charge of
the patient. The study involved 8 intensivists, each of
them participated in weaning of four to five patients from
each of the groups. The researcher just recorded and doc-
umented all actions performed by a physician and meas-
ured the time spent by a physician.

Parameters recorded by the researcher:

1) Directly related to ventilator settings:

Changes of ALV and support respiration modes
(change of the frequency of mandatory and spontaneous
inspirations), frequency of adjustments of parameters.

Value of tidal volume, pressure support level, driv-
ing pressure.

Level of positive end-expiratory pressure and con-
tent of oxygen in the inspired mixture.
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Korma manpenT, 1o MHEHHIO KJIMHALIUCTA, ObLI TOTOB
K CaMOCTOSITEJIbHOMY JIbIXaHUIO, yCTaHABJIMBAJIU [IPOIIEHT
3aMelleHs BeHTUJISIIUY Ha 25%, 9TO IPAKTUYECKH COOT-
BETCTBOBAJIO TECTY CHIOHTAHHOI'O JIbIXaHWA U 110 UCTEYe-
HuU 30-45 MUHYT, B CJIy4ae, yIa4HOI0 IIPOXOKAEHU TECTa
TTAIEHTOM, BBITIOJTHSIJTA 9KCTYOAIHIO TPAXEN.

B rpymie, rie Bce pelieHus OCyIlecTBJIAINCh Bpa-
Y0M, IEepBOHAYAJIBHBIM PEXWUMOM BEHTUJIALINU ObLI
SIMV (Synchronized Intermittent Mandatory Ventilation)
C YIIpaBJIsieMBbIMU Bjioxamu 1o 06eMy (Volume Control)
nu no nassenuio (Pressure Control). Bpau Tak sxe ycra-
HasauBal FiO,, PEEP nyis obecriedeHus JOJKHON OKCH-
reHalyy apTepuaabHON KPOBY, IIpefes MAaKCUMaJIbHOIO
OAaBJIEHUA B ObIXaT€J/JIbHBIX ITyTAX, BEJIMUYUHY JbIXaTeJb-
HOTO 00'beMa WJIU JaBJIE€HUS BIOXA, YACTOTY JIbIXaHUN
IUTsT oOecniedyeHnst He0OOXOMUMON MUHYTHON BEHTWJISI-
o1, yCTaHABJ/IMBAJI BDYYHYIO OTHOIIIEHUE JIJINTEJIbHOCTA
BJIOXa K BBIIOXY. [Ipy mpo0Oy>k1eHnn nanyeHTa, BOCCTa-
HOBJIGHUHU MBIIIEYHOI0 TOHyCa Bpad pegyLupoBall
YHCJIO HABA3aHHBIX BIOXO0B, IIpU HBO6XOJII/IMOCTI/I yBe-
JIMYUBAJI WJAW YMEHbIIAJI BEJIUYUHY ObIXaT€JIbHOTO
00'beMa, 1aBJIeHe MOIeP>KKY CIIOHTAaHHBIX BIOXOB. I10
BOCCTAHOBJIEHHUIO YOEIUTETLHOTO PECIHPATOPHOTO
JpaiiBa manueHTa I1epeBOAU/IN B PEKUM IIOAEPIKKU
nassienneM (Pressure Support Ventilation), B koropom oH
NIPOAOJIKAJ BEHTUJIMPOBATHCSA 10 IlepeBoa Ha CaMo-
CTOSITEJIbHOE [IbIXaHUe.

BrI60p MapaMeTpoB BEHTHJIALNA B 00EHX IPyIIax
LIeJIMKOM JIeyKasl Ha IesKYpHOM Bpade, BelyllleM Ialu-
eHTa. B Xome mpoBeeHNA ncc/IeJoOBaHNs OBLIO 3a/1ei-
CTBOBAHO 8 Bpauell aHeCcTe310JI0r0B-PeaHuMaTOJIOr0B,
Ka?KIILIﬁ M3 HUX YYaCTBOBAJ B OTVIYY€HUU YE€ThIPpEX —
MATUA NAIMEHTOB B KKI0U 13 rpynil. VccaeqoBaresib
TOJIBKO (PUKCHPOBAJI M1 JOKYMEHTHUPOBAJ BCE AEUCTBUS
Bpaua, ¥ u3MepsJyI 3aTpauyeHHOe UM BpeMsl.

[TapameTpsbl, perucTpupoOBaBIINeCcs UCCIeL0Ba-
TeJsieM:

1) Csi3aHHBIe HENIOCPEJCTBEHHO C HACTPOUKaMuU
BEHTUJIATOpA:

WNsmenenusa pesxxumos MBJI u BBJI (n3ameHenune
YaCTOThI HABA3AHHbBIX U CIIOHTAHHBIX B,HOXOB), qacToTa
KOPPEeKLUH [1apaMeTpOoB.

BennunHa AbIXaTe IbHOTO 00'bEMa, YPOBEHD MO -
Jep>KKH JaBJieHueM, driving pressure.

YpOBeHBb II0JI0KUTEJIBHOTO JaBJIEHUS B KOHIIE BbI-
Jl0Xa U collepsKaHre KUCJI0POAa BO BAbIXaeMOH CMeCH.

2) CBsA3aHHBIE C IPUCYTCTBUEM Bpada OKOJIO pec-
nuparopa:

KosmuecTBO IOAXON0B K pecruparopy, KoJjude-
CTBO U3MEHEHHBIX ITapaMeTpPOB.

CymMMapHOe BpeMsl, IPOBeJJeHHOe OKOJIO0 PeCIu-
paropa.

Heo6XonnMOCTh 9YTO—TO 9KCTPEHHO MEHATH B Ha-
CTPOMKAaxX pecluparopa B cjlydyae pasBUTHUsA allHOd UJIU
OpaaUITHO?.

3) Cps3aHHBIE C [JINTEJbHOCTHIO IIPOBOJUMOI
pecrnuparopHOU NMOAIEePKKU:

OO6111ee BpeMsi pecITUpaTopHOL omaepskku B OPUT.

BpeMs UCKYCCTBEHHOH U CIIOHTAHHOU BEHTUJIS-
1UU.

Bpems oT mpoly kaeHus 10 ImepeBojga Ha CaMo-
CTOSITeJIbHOE IbIXaHue.

BpeMst OT BOCCTAaHOBJIEHUST COOCTBEHHOM JbIXa-
TeJIbHOU aKTUBHOCTH JI0 IIepeBoJa Ha BCIIOMOTraTeIb-
HYIO BEHTUJIAIUIO JIETKUX.

2) Those related to physician’s presence near the
ventilator:

The number of approaches to the respirator, the
number of parameter changes.

Aggregate time spent near the ventilator.

The necessity of urgent changes in ventilator set-
tings when apnea or bradypnea developed.

3) Related to the duration of performed respiratory
support:

Total time of respiratory support in ICU.

Time of mechanical and spontaneous ventilation.

Time from awakening to spontaneous breathing.

Time between the restoration of patient’s own res-
piratory activity to transfer to assisted ventilation.

Arterial blood gas composition and acid-base bal-
ance was checked during ALV, 30 minutes after transfer
to assisted ventilation, and 15 minutes before trachea ex-
tubation, using blood gas and electrolyte analyzer Gem
Premier 4000 (Instrumentation Laboratory, USA).

In both groups, readiness to trachea extubation was
assessed pursuant to the criteria of unit’s internal proto-
col that is based on international protocol ‘Evidence-
based guidelines for weaning and discontinuation of
ventilator support included recovery of consciousness,
fulfillment of commands, readiness for cooperation with
the staff, at FiO, less than 0.4, PaO,/ FiO, index higher
than 200 mm Hg, positive end-expiratory pressure <7 cm
H,0, stable hemodynamics, arterial blood pH >7.35,
35<paCO0,<45 mmHg, and rectal temperature higher
than 36°C[14].

One patient in the ASV group was excluded from
the final protocol due to development of prominent psy-
chomotor agitation upon awakening equal to +2 accord-
ing to RASS (Richmond Agitation Sedation Score), which
necessitated his sedation with dexmedetomidine and
prolongation of respiratory support.

In the control group, two patients were excluded:
one patient due to a prominent allergic response during
the early postoperative period involving development of
lactate acidosis and metabolic disorders, and another pa-
tient with bleeding via drainage tubes three hours after
admission to ICU, which required reintervention.

Statistical analysis of data was carried out using Sta-
tistica 10.0 software package. Parameters were tested for
normality distribution of variables by Shapiro-Wilk test.
To assess significance at P<0.05, Student’s t test was used
for normally distributed variables,; for other types of dis-
tribution Mann-Whitney test was employed. Depending
on the type of distribution, quantitative data were given
as amean plus/minus standard deviation when distribu-
tion of variables was normal, and as Me [10-90) (median
and 10-90 percentiles) when distribution of variables was
far from normal. Frequency indices shown as absolute
values and % were assessed by building fourfold tables
involving calculation of y? and Fisher’s exact test. Differ-
ences were considered reliable at P<0.05.

Results and Discussion

In the study, the time from ICU admission to
transfer to spontaneous breathing did not differ be-
tween groups (table 3).

There was no reliable difference in the duration
of mechanical ventilation and time between pa-
tient’s transfer to spontaneous ventilation and tra-

GENERAL REANIMATOLOGY, 2020, 16; 1

www.reanimatology.com



10

DOI:10.15360/1813-9779-2020-1-4-15

Clinical Studies and Practice

AHa/I13 Ta30BOr0 COCTABA U KUCJIOTHO-OCHOBHOTO
COCTOSIHMA apTepHaTbHON KPOBU OCYIIECTBJIAIN BO
BpeMsA nposeaenusa MBJI, yepes 30 MUHYT nocJie nepe-
BOZIa Ha BCIIOMOTaTe/IbHYI0 BEeHTUJ/ISIUIO U 32 15 MUHYT
JI0 9KCTyOAIy Tpaxeu Ha aHAJIM3aTOPe ra30B U JJIEeK-
TPOJIUTOB KpoBU — anmapare Gem Premier 4000 (Instru-
mentation Laboratory, CIIIA).

B o6eux rpymnmnax roTOBHOCTh K 9KCTyOAIuu Tpa-
XeU OLeHUBAJIU B COOTBETCTBUU C KPUTEPUSMU BHYT-
pEeHHero NPOTOKOJIA OTAE/IeHNUs, OCHOBAHHOI'O Ha MEMK-
IyHapogHoM npotokodie «Evidence — based guidelines
for weaning and discontinuation of ventilator support»
[14): BoccTaHOBJIEHHE CO3HAHMS, BBHIIIOJTHEHIE KOMAaH]I,
TOTOBHOCTb K COIPY>KeCTBEHHOM paboTe C TepCoHANIoM,
npu FiO, mensiie 0,4, ungekce PaO,/ FiO, 6osb11e 200 MM
PT. CT., IOJIOYKUTEJIbHOM JaBJIEHUU B KOHIIE BBIJIOXA
<7 cm H,0, crabunsHOl TeMonnHaMuke, pH aprepu-
QJIBHOM KpOBH > 7,35, 35 < paCO, < 45 mmHg, pekTasib-
HOM TeMIleparype Bbie 36°C.

OnuH nanueHT B rpynime ASV O6b11 UCKJIIOUEH U3
HUTOrOBOI'O IIPOTOKOJIA, BBULY PA3BUTHUSI BEIPASKEHHOI'O
TICUXOMOTOPHOTO BO30YKI€HUS 110 IPOOYKIAEHUIO 10
+2 o RASS (Richmond Agitation Sedation Score), uTo
OTPebOBAJIO €T0 CeJaluy JeKCMEIETOMIIMHOM U IIPO-
JJIeHUsI peCIMpPaTOPHOU IO JePsKKHI

B KOHTPOJBHOU TpyIIle ABOE MAllMeHTOB ObLIU
HUCKJIIOYEeHbl — OfHA MalleHTKa BBUJY BbIPAYKEHHON
aJJIeprU4YecKoi peaKIluy B paHHeM II0C/IeonepanioH-
HOM IIepHofie, C pa3BUTHUEM JIAKTaT — alli03a U MeTa-
00/TMYeCKUX HAPYIIIEeHUH U OWH MAIlUeHT C KpoBoTeYe-
HHUEeM II0 JpeHaKHbIM TpyOKaM uepe3 TpU yaca mocJje
nocrynsenuss B OPUT, yTo norpe6oBaao IOBTOPHOTO
OIlepaTUBHOI'O BMeIlaTe/bCTBa.

CTaTHUCTHYEeCKUH aHAJIN3 TAHHBIX BBITIOTHAIN Ha
IepCcOHATbHOM KOMITBIOTEPE C IOMOIIBIO ITaKeTa IpH-
KJIQIHBIX Tporpamm Statistica 10.0. [TapameTpsr 66111
NIpOBepeHbl Ha HOPMAJIbHOCTD pacIIpeiesIeHUsI YHCel C
yuetoMm Kpurepus [llannpo-Yuika. [Ipu HopMaibHOM
pacrpee/ieHUN 3HAYE€HUN UCII0Ib30BaIN KPUTEpU
1-CTBIO[IEHTAa, eCJIU XapaKTep pacipeaeseHus IepeMeH-
HBIX HE COOTBETCTBOBAJI HOPMaJIbHOMY, TO UCIIOJIb30-
BaJIM HellapaMeTPUYeCKUi Kpurepuit MaHHa—YUTHU.
B 3aBHCHMMOCTH OT BUJ1a pacupeaeaeHust KOJU4eCTBeH-
Hble JaHHbIe [IPe/ICTABJIsAIN KaK CpefHee IJII0C-MUHYC
CTaHapTHOE OTKJIOHEHUe B cJlydae HOPMaIbHOIO pac-
npenesieHnsa 1 kak Me [10-90) (menuana 10-90 niporeH-
TUJIB) paclipe/ie/IeHUH, He COOTBETCTBYIOIIEM HOPMAJIb-
HOMy. YacTOTHBIe [TOKa3aTeJ/Iy, IIpe/iICTaBJIeHbl B BUE
abCOTIOTHBIX 3HAYEHNUN U % OIIeHWBAJIN C IIOMOIIBIO
TIOCTPOEHUS YeThIPEXIOJIBHBIX TaOJIHUI C PacCUeToM y?
KpUTEpPUS U TOYHOTO KpuTepus Pumiepa. Pagnuuus
CUMTAJIU JOCTOBEPHBIMU IIpu p<0,05.

Pe3ysbTaThI 1 00Cy:KI€HUE

B mpoBeneHHOM ucCCJ/ieIOBAHUU BpeMsl OT
nocrynjenud nmanuenta B OPUT no nepeBoga Ha
CaMOCTOATeJIbHOE IbIXaHue B IPyIIlaX CPaBHEHUA
He OTINYaJI0oCh (TadJi. 3).

Tak ske JOCTOBEPHO HE OTVINYaJIacCh JJIUTENb-
HOCTb MEXaHUYECKOU BEHTUJISIIIUY U BPEMS, TPO-
BeJIeHHOE TallMeHTOM I10CJe TTepeBoAa Ha CIOH-
TAaHHBIA pEeKUM BEHTWJIAIUU 10 9KCTyOaluu
Tpaxeu. [Tpu aTOM 00€ TPYIIIIBI HE OTVIMYAIUCh 110
JUTUTETbHOCTH IIPOBOAUMON CEIAIUU U T03€ IIPO-
nodoJia (tabu. 3).

chea extubation, either. There was no difference in
the duration of sedation or propofol dose (table 3).

In case of ASV, as soon as patient's own
breathing activity recovered, the machine trans-
ferred the patient actually to assisted ventilation
mode so, as a rule, all inspirations were already
spontaneous. In the control group, patient’s wake-
up and breathing activity recovery did not always
coincide with machine’s switchover to more spar-
ing modes, and that period was equal to 30 (0-90)
min. on average (P<0.005).

In a case of ASV, subject to satisfactory respi-
ratory drive, the machine fastly reduced the num-
ber of mandatory inspirations while in the control
group the interval between recovery of patient’s
own breathing activity and reduction by a physician
of the number of mechanical inspirations was
equal 37 (12-76) minutes on average, P<0.00001.

As a consequence, such adverse events as anx-
iety accompanied with tachycardia, knocking on the
bed, development of tachypnea episodes were ob-
served more frequently in the control group. In the
ASV group, a similar picture was observed in 3 pa-
tients out of 40 (7.5%), while in the control group —
in 7 out of 38 (18%); however, the difference is sta-
tistically unreliable.

When bradypnea developed during weaning
of a patient from the ASV, the machine automati-
cally started mandatory inspirations and continued
mechanical respiratory support until it became clin-
ically possible to minimize mechanical breathing
again. In the control group, when bradypnea or
apnea occurred, backup pressure-controlled venti-
lation with a certain number of mandatory inspira-
tions (full-value ALV) was initiated, which entailed
the necessity of ventilation mode adjustment by a
physician. In the ASV group, clinically significant
bradypnea entailing automatic restart of mandatory
ventilation was noted in 12 patients (30%). In the
control group, there were 15 such patients (39%),
however, in the said instance, parameters were ad-
justed by a physician. The difference between the
groups in that case was insignificant; attention was
focused on the fact that routine modes required in-
volvement of a physician while when ASV was ap-
plied all adjustments were performed automatically.

Compared to the control group, in the ASV
group a physician approached the ventilator rarer, ad-
justment of ventilation parameters was needed twice
less, however, the differences were insignificant. The
time spent by a clinical physician near a ventilator dif-
fered significantly: in the ASV group, a physician was
near a ventilator 99+35 seconds on average vs. 16670
seconds in the control group (P=0.00001).

To assess safety of respiratory support carried
out, PEEP tidal volume, driving pressure or differ-
ence between inspiratory plateau pressure and
PEEP (driving pressure — AP) during mandatory

and assisted ventilation were analyzed.
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Tabsuna 3. 0cO0eHHOCTH IPOBEAEHU PECIMPATOPHOH NIOJAEP KKH, €€ INTeJTbHOCTh H 0COOeHHOCTH Ha0JII0-
J€HHSI 32 AI[HEHTOM.
Table 3. Clinical Outcomes.

Parameters Values of parameters in groups p
ASV, n=40 Control, n=38

Duration of sedation in ICU, min 90 (60-150) 85 (60-150) 0.459450
Sedation (propofol) dose, mg/kg/h 1(1-1.5) 1(1-1.5) 0.256535
Tidal volume at ICU admission, ml/kg/PBW 6.6 (5.7-8.2) 7 (6-8.5) 0.200696
Tidal volume during mechanical ventilation, ml/kg/PBW 7.0 (6-8.5) 7 (6-10) 0.207822
Tidal volume during spontaneous ventilation, ml/kg/PBW 7.5 (6.6-9.5) 8 (7-10) 0.060880
Time to extubation of trachea, min 267+76 271+80 0.870467
Duration of mechanical ventilation, min 172+71 187+72 0.361839
Duration of spontaneous ventilation, min* 80 (52.5-155) 65 (40-180) 0.250303
Time between awakening to spontaneous ventilation, min 0 (9-65) 30 (0-90) 0.004969
Time between awakening to extubation of trachea, min 90 (60-155) 113 (60-190) 0.050073

Time between the restoration of patient’s own respiratory 0 37 (12-76) 0.000000
activity to the physician’s changes in the number

of mandatory breaths or spontaneous ventilation, min

Number of physician's approaches to the respirator per patient 3(2-5) 4 (2-6) 0.001478
Numbers of manual ventilator setting changes per patient 2 (1-4) 4 (2-6) 0.000000
Physician’s time spent at respirator per patient, sec 99+35 166+70 0.00001
Reintubation, n 0 0

Length of stay in ICU, days 1(1-1) 1(1-1) 0.32
Postoperative length of stay in hospital, days 8.8 (7-11.5) 9.7 (7-15) 0.3223
Hospital mortality, n 0 0

Note. Data are given as median (interquartile range) or mean (+SD, standard deviation). * — here, as duration of spontaneous
ventilation, in ASV group — time spent without any mandatory breaths is taken, and in control group — time spent in Pressure
Support Ventilation.

IIpumeuanue. Duration of sedation — npoposkuTenbHOCTH cepanuy; in ICU — B OPUT; (propofol) dose — (mpomnogoir) no3a;
admission — nocryniienue; during mechanical/spontaneous ventilation — B mepuoj; BCKyCCTBEHHON / €CTECTBEHHON BEHTHU-
JasAnun (Jierkux); time to extubation of trachea — Bpems 1o akcryb6anuy; duration — JIMTeNbHOCTD; time between — nepuop
Mesxay; awakening — npo0Oyskaenue; ... the restoration of patient’s own respiratory activity to the physician’s changes in the
number of mandatory breaths or — BoccTaBHOB/IEHHEM COOCTBEHHOH JbIXaTeJIbHOM aKTUBHOCTH M NU3MEHEHHUEM Y CJIa IPU-
HYIHUTEJBHBIX BIOXOB BpauoM; number — urncio; of physician's approaches to the respirator per patient — (kosimuecTBo) Bpa-
4eOHBIX IOIXOI0B K pecrparopy Ha nanueHTa; of manual ventilator setting changes per patient — nsmenenuii pekuma pa-
0OTHI IBIXaTeIBLHOIO anmapara Bpy4Hyio; physician’s time spent at respirator per patient — Bpemsi Bpaua, 3aTpaueHHOe Ha
nmanueHTa; reintubation — nmosropHas uaTy6anus; length of stay — npomoskuTeIbHOCTE TpedbIBanus; days — quu; hospital
mortality — rocrnuranbHasi 1€TATbHOCTD. ¥ — O[] AJIUTETHHOCTHIO CHOHTAHHO! BEHTUJISIIINY MbI IOHMMaeM BPeMsI B IPyIIIle

ASV ¢ IOJIHBIM OTCYTCTBHEM IIPUHYIUTEIbHBIX BIOXOB, @ B KOHTPOJILHOH Ipyme — B pexxume PSV.

B ciyuae npumeHeHus peskuma ASV, Kak
TOJILKO TIOSIBJISIJIACH COOCTBEHHAsI JIbIXaTeJIbHast
AKTUBHOCTh OOJILHOTO, ammapar (aKTHYeCcKu
MepeBOAUs TIallMEHTa BO BCIOMOTATEJbHbBIN
pesKuUM, Kak IIPaBUJIO, BCE BIOXH Y3Ke ObLJIU CIIOH-
TaHHBIMU. B KOHTPOJIBHOU rpymnie Ipo0yskaeHue
MalieHTa ¥ BOCCTAaHOBJIEHHE IbIXaTe/IbHO aKTHB-
HOCTH He BCerJia COBIAAJI0 C IIepeBOoIoM almnapara
B OoJIee IAISAIINIe PEXKUMBI U 9TOT IIEPUOJ B CPEI-
HeM cocTtasui 30 (0-90) MuH. (pa3/inuua CTaTUCTH-
4YeCKU JOCTOBepHBI — p=0,004969).

B ciryyae ASV npu Haau4yuy yIoOBJIE€TBOPU-
TEJILHOTO PeCcCIUupaTOpHOro [apaiiBa armapar
OBICTPO peayUpPOBaT KOJTUYECTBO HABSI3aHHBIX
BJ/IOXOB, @ B KOHTPOJIBHOH I'pyIllie OT BOCCTAHOB-
JIEHUSI COOCTBEHHOM IbIXaTeJIbHOM aKTUBHOCTU
JI0 CHUKEHM I BpAYOM YHCJIa allllapaTHBIX BIOXOB
IIPOXOAUJIO B cpenHeM 37 (12-76) munyT, p 0,0000.

Kak ciaencTBue, B KOHTPOJIBHOUM rpymie
YJaiie OTMeda/id TaKue HesKeJlaTeJIbHbIe SIBJIEHUS,
Kak 0eCIIOKOICTBO, YTO COIPOBOKIAIOCH TaXH-
Kapauel, IOCTYKUBAaHUSIMU 10 KPOBATH, PA3BU-
THEM 3MM30/I0B TaxXUIHO3. B rpynme ASV momo6-
HyI0 KapTUHY HabJonany y 3 mammueHToB u3 40

There was no reliable difference between the
groups in PEEP level at the time of admission and
during mechanical ventilation. Tidal volume did
not reliably differ at different respiratory support
stages either (table 3).

AP and the pressure of support (PS) was reli-
ably lower in the ASV group during all periods of
respiratory support. At the time of admission, AP
in ASV was equal to 8 cm H,O on average and in the
control group — 10 cm H,0, the difference was sig-
nificant (P=0.012). During mechanical ventilation,
AP in the ASV group was lower: 7 cm H,0 vs. 9 cm
H,O (P=0.000001). During assisted ventilation and
before transfer to spontaneous breathing, the pres-
sure of support (PS) in the ASV group was also
lower: 5 vs. 8 (P=0.000001). Hence, the smart mode
was characterized by more sparing ventilation
parameters and in most patients, upon restoration
of a satisfactory muscle tone and subject to ade-
quate respiratory drive, spontaneous breathing test
was actually performed.

There was no significant difference between
the groups in arterial gas exchange, pulse oximetry
and capnography data either during respiratory

GENERAL REANIMATOLOGY, 2020, 16; 1

www.reanimatology.com

11



12

DOI:10.15360/1813-9779-2020-1-4-15

Clinical Studies and Practice

(7,5%), B TO BpeMs1 Kak B KOHTPOJIbHOU IpyIine —
y 713 38 (18%), omHaKO pa3jIn4us CTaTUCTUYECKU
HEJOCTOBEPHBI.

[Tpu pa3BuTHHM OPaANITHOI BO BPEMSI OTIIy4e-
HMsI IAllMeHTa OT anmnapara Ha (poHe ASV anmapar
aBTOMAaTHYECKU BKJIIOYaJ HaBsA3aHHbIE BIOXU U
MIPONOJIKAJI MEXaHWYECKYIO PECIIMPaTOPHYIO 101 -
Jep>KKY BIJIOTh 40 KJIMHUYECKOU BO3MOYKHOCTHU
BHOBb MUHHAMU3UPOBATH allllapaTHbIE AbIXaHus. B
KOHTPOJIGHOH TPYTITIE IPY TOSIBJIEHUH OPATUITHOI
WJIM alTHO9 aBTOMAaTUYeCKU BKJIIOYaJIach pPe3epB-
Hasl BEHTWIALNA C OIpeleIeHHBIM KOJIN4YeCTBOM
HaBs3aHHBIX BIOXOB B PEXHME IO IABJICHUIO
(moJiaas VIBJI), 4To BJIEKJIO 3a COOOM HEOOXOomu-
MOCTb KOPPEKIIY PesKAMa BEeHTUJIALNN BPpadoM.
B rpynme ASV RIMHAYECKU 3HAYNMO€e OpaNITHO)
C aBTOMaTU4YeCKUM BO30OHOBJIEHMEM NPUHYIH-
TeJIbHOU BEHTUJISIIUY OTMETHJIN Y 12 MalueHTOB
(30%). B koHTpOJIBHOU rpyImie — y 15 nanueHToB
(39%), Ipu 9TOM PEryIUPOBKY IIapaMeTPOB Y HUX
OCYLIECTBJIAJIN y)Ke BpadoM. Pasgimunsa Mesxny
TpyHIlaMU B JAHHOM CJIy4ae CTaTUCTUYECKU HeLlo-
CTOBEPHBI, aKIEHT CAeJIa]Id Ha TOM, 4TO B CJIydae
PYTUHHBIX pesKMMOB TPeOOBAIOCH YYACTHE BPaya,
B CJy4dae npuMeHeHusa ASV — peryanpoBKa OCy-
IIECTBJIAIACH aBTOMAaTUYECKU.

Ilo cpaBHeHHUIIO C KOHTpOJIEM B rpyine ASV
Bpay peske IMOOXOAWJ K PeCIIMPaTopy U TaK JKe B
IIBa pasa peske TpeboBaIach KOPPEKIHS TapaMeT-
pOB BEHTUJIAIWM (pasjiu4us CTaTUCTHUYECKU
JoctoBepHbl). CyIleCTBEHHO pas3jn4yanoch U
BpeMms, IPOBeJeHHOE KINHULIMCTOM OKO0JIO PECIIN-
paropa — B rpymnne ASV Bpad HaXOOUJICA OKOJIO
pecnuparopa B cpenHeM 99+35 CeKyHJ IIPOTUB
166+70 cekyH]] B KOHTPOJIBHOI rpymie (p=0,00001).

Ilnsg omeHKH 0€30MacHOCTH IMPOBOAMMOU
pecrnuparopHOil MOAAEp>KKH aHAIN3UPOBAIU
ypoBeHb [1[IKB, BeTnunHy gbIXaTeIbHOTO 00be-
Ma, BEHTHJIALIMOHHOE [aBJIEHUE WJIN pPa3HUILY
MEesKy IaBJeHueM Ijiato Ha Broxe u [IJIKB (dri-
ving pressure — AP) Bo BpeMs IpOBeJeHNA IpU-
HYIUTEeJIbHOU 1 BCIIOMOTaTeJIbHOM BeHTUJIAINMN.

ITo yposaio IIJIKB nipu nocTynjieHUU U IpA
MIPOBEEHIH alllapaTHON BEHTUIAIMH 00€ TPYIIITHI
JIOCTOBEPHO He OTIMYAIHCh. [IbIXaTeTbHbIN 00 beM
TaKsKe JOCTOBEPHO He OTINYaJICA Ha Pas/JIn4YHbIX
aTarax peclupaTopHOH MOAIePsKKU. (Ta0JT. 3)

Bennuuna AP u naBienus nognepsxkku (PS)
Obl1a TOCTOBEpHO HUKe B rpymie ASV Bo Bce
IepuoApl pecnuparopHoil mnoagep:kku. Ilpu
nocrynienun AP na ASV cocrasuiio B cpegHeM 8
cm H,0, B koHTpoJibHOU rpynne — 10 cm H,0, pas-
aunyue nocrosepHo (p=0,011598). Bo BpeMsa amna-
parHoii BeHTUsIsAMu AP B rpymimie ASV 1oCTOBEpHO
ke — 7 cm H,O nmporus 9 cm H,O (p=0,000001).
Bo BpeMs BcnoMorareibHOM BEHTUJISIIIAY U Ilepef
IIepEeBOIOM Ha CAMOCTOATE/IbHOE IbIXaHUe B IPYII-
e ASV naBstenue nomgep:kku (PS) ObLIO Tak:ke
JOCTOBEpHO HuMKe — 5 mnporus 8 (p=0,000001).

support or after transfer to spontaneous breathing
or 12 hours after trachea extubation (table 4).

There were no cases of trachea reintubation in
either group. Two patients required non-invasive
mask ventilation during the first 8 hours after trans-
fer to spontaneous breathing (one in the ASV group
and one in the doctor’s interface group).

In present study, a comparison was made be-
tween respiratory support peculiarities during
smart pulmonary ventilation when the machine’s
microprocessor inspiration by inspiration was ad-
justed to patient’s requirements versus the conven-
tional protocol when all care in respiratory support
quality and patient’s ‘comfort’ were performed by a
physician-on-duty.

Data demonstrate that smart modes of ALV
allow simplifying management of postoperative
lung ventilation, considerably reducing the staff
load without compromising the quality and safety
of performed ventilation whatsoever and automat-
ically eliminating many outstanding problems.

Comparing our findings with the findings of
Fang Zhu et al. [10] in a study performed in cardio-
surgical patients after isolated valve surgery, it
should be noted that there was no difference in the
total respiratory support time (from admission to
extubation) in the ASV group: 295 minutes
(196-413) vs. our 267+76; however, the time in doc-
tor interface groups differed significantly: 421 min-
utes (297-653) vs. 271+80 minutes in our study.

A similar picture was also observed in the
comparison of our findings with those of P. C. Gru-
bera and co-workers: there was no difference in the
time of respiratory support: 300 (205-365) vs. our
267+76 sec in the ASV group, while in our study the
time in the doctor interface group was significantly
shorter: 271+80 minutes vs. 540 (462-580) obtained
in compared study [8].

In the study carried out by A. Yazdannik [15]
on post-myocardial revascularization patients, the
findings were comparable with the general trend:
4.83 hours in the ASV group vs. 6.71 hours in the
SIMV group.

In other study the authors compared duration
of post-trachea intubation in ASV mode after my-
ocardial revascularization surgery. In one of the
groups, the percentage of minute ventilation sub-
stitution remained constantly at 100% being ad-
justed only to maintain eucapnia while in the other
it was aggressively decreased to 25% for fast transfer
to spontaneous breathing. In case of the aggressive
approach, the trachea intubation duration
amounted to 225 (204-278) minutes and in case of
the tolerant one — 423 (269-511) minutes[16].

Therefore, in our study, the physicians were
only a bit behind the aggressive approach of trans-
ferring of a patient to spontaneous breathing and
even ahead of the tolerant approach though there

was no gasl to terminate respiratory support fast
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Table 4. Values of respiratory variables.

Parameters Values of parameters in groups P
ASV, n=40 Control, n=38
pa0,/FiO, Admission to ICU 319+38 331+87 0.5
During mandatory ventilation 372464 372451 1.0
During spontaneous ventilation 364+62 384+49 0.112
EtCO, Admission to ICU 36.47+3.97 34.95+2.86 0.056
During mandatory ventilation 37 (34.5-41) 36 (34-40) 0.230
During spontaneous ventilation 36 (34-42) 36 (34-42) 0.475
PaCO, Admission to ICU 38.6+4.0 37.5+2.7 0.154
During mandatory ventilation 39 (36-43.5) 38 (35-43) 0.441
During spontaneous ventilation 38 (36-44) 38 (36-45) 0.753
SpO, Admission to ICU 100 (97.5-100) 100 (98-100) 0.593
During mandatory ventilation 100 (98.5-100) 99 (98-100) 0.177
During spontaneous ventilation 100 (98-100) 99 (98-100) 0.317
PaO, Admission to ICU 149+44.5 158+47.3 0.346
During mandatory ventilation 124 (94-165.5) 126 (99-149) 0.522
During spontaneous ventilation 114(92.5-139) 122 (100-160) 0.074
pH Admission to ICU 7.42+0.04 7.42+0.04 0.373
During mandatory ventilation 7.4+0.04 7.41+0.04 0.468
During spontaneous ventilation 7.4+0.04 7.4+0.03 0.760
30 minutes after extubation ~ SpO, 94+1.77 94+1.78 0.192
pa0O,/FiO, 318 (272.5-400) 332 (300-400) 0.315
paCo, 39 (36-42.5) 38 (35-44) 0.638
12 hours after extubation SpO, 95 (92-96) 95 (92-97) 0.638
paO,/FiO, 338 (295-400) 330 (290-400) 0.697
paCo, 39 (36.5-42.5) 39 (36-44) 0.607

Note. Data are given as median (interquartile range) or mean (+SD), SD is standard deviation.

IIpumeuanue. Admission to ICU — nocrynsienue B OPUT; during mandatory/spontaneous ventilation — Bo Bpemst IpUHYyIU-
TeJIbHOU UJIU CIIOHTAHHOM BEHTUJIAINU Jerkux; hours after extubation — yacoB mocsie akcrybanuu. Data are given as median
(interquartile range) or mean (+SD), SD is standard deviation — naHHbIe IpeICTaBIEHBI B BHJIe MeIUaH (MHTEPBAaKBAPTUIHLHOTO
pasmaxa) Uy cpegHel III0C-MUHYC KBaJpaTUYHOE OTKJIOHEHUE.

TakuMm 00pa3oM, HHTEJIEKTyaJIbHbIA pPeXUM
XapakTepuaoBaJsics 60Jiee TpOTeKTUBHBIMU Iapa-
MeTpaMU BEHTUJIAINU, Uy OOJIBLIIIMHCTBA O0JIBHBIX
IIpy  BOCCTAHOBJIEHMU YOOBJIETBOPUTEJIBLHOTO
MBIIIEYHOTO TOHYCAa Y HAJIMIUU aICKBATHOI'O peC-
MMAPATOPHOTO ApalBa (aKTUIECKU TPOBOAUIICSI
TECT CIIOHTAaHHOT'O ObIXaHWA.

ITokasarenu apTepuabHOrO ra3ooOMeHa,
JIaHHbIE IMyJIbCOKCUMEeTPUU U KalTHOTpapuy, Cyliie-
CTBEHHO HE OTJIMYaJIUCh B 00enx rpynmnax HUu BO
BpeMsi PeCIUpaTOpHONA TOAAEPIKKHA, HU TIOCTE
IlepeBoJia Ha CAMOCTOsITeIbHOE JIbIXaHUe, HU uepes
12 yacoB mocJie 9KCcTyOaIyy Tpaxen (CM. Tabr. 4).

Hu B ogHO¥ M3 TPyl HE OTMETUJIN CJIyYaeB
peuHTybanuy Tpaxeu. [IByM nanueHTaMm norpedo-
BaJIOCh IIpOBeJleHNEe HEWMHBA3UBHOU MACOYHOU
BEHTUJIAIINU B II€PBbIE 8 wacos mocJie rnmepesoaa
Ha CaMOCTOSITeJIbHOE JbIXaHue (OfWH B TPYIIIE
ASV, onyH B rpynme BpaueGHOTO mHTEpdeiica).

B mpeacTaBiieHHOM HCCJIeTOBAaHUH ITPOBEN
COIIOCTaBJIEHNE OCOOEHHOCTEH pecnupaToOpHOU
MOAIeP>KKU IIPU IPOBeIeHNH UHTEeJIJIEKTYaJIbHON
BEHTUJIAIMU JIETKUX, KOTJa MHKpPOIIPOLECCOop
anmapara BJOX 3a BJIOXOM TOJICTPaWBAJICH TIOf
MaryeHTa U TPAJUIIMOHHOTO MPOTOKOJa, KOT/Aa
BCs1 3a00Ta 0 Ka4ecTBe PeCIUPATOPHON IO IePsK-
KU ¥ «KOM@OpTe» TMalmueHTa OCYIIeCTBJISAIACH
AEKYPHBIM BpadoM.

HOﬂy‘IeHHble HaMH OaHHbIE IIOKa3aJiv, 4YTO
MHTEJUIEKTYaJbHble pekuMbl FIBJI 1103BOJIAIOT

and everything was done according to patient’s
condition.

It was also noted that in manually adjusting
ventilator, almost in all patients physicians employed
low tidal volumes practically similar to ventilator’s
automatic settings, which complied with all contem-
porary guidelines on sparing lung ventilation.

The time spent by a clinical physician near a
ventilator was not taken into account in the afore-
mentioned studies; however, the necessity of setting
adjustments according to our and international
data evidenced that when ASV was used, require-
ment for physician’s involvement occured rarer.

At the same time, it should be noted that the
ASV mode provided a more sparing lung ventilation.
In particular, the driving pressure (AP) during the
smart mode was significantly lower during both ALV
and assisted ventilation. Importantly, the machine
transferred a patient to the assisted ventilation mode
immediately upon recovery of patient’s own breath-
ing activity. The interval between appearance of pa-
tient’s breaths and commencement of reduction of
mechanical inspirations was shorter thus promoting
decreased probability of asynchronicity between the
patient’s breathing and mechanical ventilation.

Conclusion

The comparison of a smart mode — ASV —
versus conventional protocol of mechanical venti-
lation during the early postoperative period has
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YVIPOCTUTH ITPOBeJIeHNe II0C/Ie0IepAMIOHHON BeH-
TUJIANNUY JIETKUAX, 3HAYUTEJIbHO CHUSUTD HATPY3KY
Ha TIepcoHaJ, abCOJTIOTHO He Tepsisi B Ka4ecTBe 1 0e3-
OIIACHOCTY NPOBOAMMOI BEHTUJISIIUY U YCTPAHSS
MHOTYIE€ IMEIOITHECS TPO0JIEMbI aBTOMATHYECKH.

CpaBHHUBas HAIIM PE3YJBTAThI C pe3yJbTrara-
MU HCC/eJoBaHusl, BbeIoJIHeHHOro Fang Zhu un
coaBTopamu (10) y KapAuOXUpypruveCcKux namu-
€HTOB I10CJIe U30JUPOBAHHOU KJIAIIaHHOM XUPYP-
TU¥, OTMETWJIN, YTO HET PA3IUYHUHN IO 00IIeMy
BpeMeHU peCIMpaToOpHON MOAIep>KKHU (0T IIOCTYTI-
JIEHUS 110 9KCcTybarum) B rpynme ASV 295 MUHYT
(196-413) mpoTUB IOJYYEHHBIX HamMUu 267x76,
OIHAKO CYILECTBEHHO OTINYaeTCs BpeMs B IPYyIl-
max BpaudeOHOTO WHTepdeiica — 421 MuHyTa
(297-653) npoTus 271+80 MUHYT IOJyYEHHBIX B
HallleM UCCJIeJOBAHUU.

IMomobHas kapTuHa HabJIOmATach W TPU
CpaBHEHMY HaIlWX pe3yssraros ¢ ganubmvu P C. Gru-
bera [8]: HeT pa3/umii 10 BpeMeHU pecIupaTopHON
nonnepskku 300 (205-365) npoTHB HAIIMX 267176 CeR
B rpymre ASV, Ipy TOM, 4TO B IIPOBEIEHHOM UCCJIe-
JOBaHUU CyLIECTBEHHO KOpOYe BpeMs B IpyIIle
BpadyebHOTO MHTEp(etica: 271+80 MUHYT TPOTUB
540 (462-580) nosryuyenHsix P. C. Gruberom.

B pabore A. Yazdannik [15], BBITTOJTHEHHOM
Ha ITaOMEeHTax I10CJe PeBaCKyJIApU3aluid MHUO-
Kap/ja, pe3yJIbTaThl COMIOCTABUMBI C 00IIEN TeH-
neHuueil — 4,83 yaca B rpynmne ASV npotus 6,71
4Jaca B rpymnie SIMV.

IIpencrapisier mHTepec pabora M. K. P. Tam
[16], B KOTOpPO¥ aBTOPbI CPAaBHUBAIU JJIUTEIb-
HOCTb HHTYOAITNH TPaxeu IOCJIe OIlepaIuii peBac-
KyJsdpHu3anyuu Muokapza npu pexume ASV. B
OIIHOU M3 rpyII IPOLIEHT 3aMellleHUsI MUHYTHON
BEHTHJIALWY IIOCTOSHHO OCTaBaJICA Ha YPOBHE
100% u peryaupoBajica TOJLKO IJI NOAIepIKa-
HUs1I HOPMOKAIlHUY, a B APYroi — arpeccUBHO
CHIKAJCS 10 25% C 1es1bi0 OBICTPOTO TIepeBosa
Ha caMOCTOATeJbHOE NbIXaHue. B caydae arpec-
CHMBHOTO TOAX0AA JJIUTETHFHOCTh NHTYOAINY Tpa-
Xeu cocraBuiia — 225 (204-278) MUHYT, a B cIy4ae
JubepaabHOro — 423 (269-511).

TakuMm 06pa3omM, HAIIKA TOKTOpPA HEHAMHOTO
OTCTaJIU OT arpecCUBHOM TAKTUKU IlepeBoja Ha
CaMOCTOATEJIbHOE IbIXaHUe U 3HAYUTEJbHO Olle-
penvn TrudepaabHbBIHN MOAXOI, TIPU TOM, YTO yCTa-
HOBKHU Ha OBICTpPOE MpeKpaleHre pecruparop-
HOWU TOJIEPIKKH HE OBITIO0, ¥ BCE OCYIIECTBIATIOCH
B COOTBETCTBUM C COCTOSTHUEM ITallMeHTA.

Takske OTMETUJIN, UTO IIPY PYYHON HACTPOM-
Ke pecluparopa Bpady IIPaKTUYeCKHU Y BCeX ITal-
€HTOB HCIIOJIb3YIOT HEBBICOKHE IbIXaTeJbHbIe
00beMBI, MPaKTUYECKN HE OTIWYAIOIINECS OT
aBTOMAaTUYEeCKUX HACTPOEK peclnuparopa, 4To
COOTBETCTBYET BCEM COBPEMEHHBIM PEKOMEH1a-
LIUSIM 110 IPOTEKTUBHOM BEHTUJIAIIUY JIETKUX.

shown that the respiratory support duration was
equal, whereas the former significantly reduces the
time spent by a clinical physician on involvement
in the process of patient’s weaning from the ma-
chine and the number of approaches to the ma-
chine as well as the number of adjustments made
by a physician in mechanical breathing parameters.

ASV provides a more sparing lung ventilation
as evidenced by considerably lower peak and driv-
ing (AP) pressure values both during ALV and as-
sisted ventilation modes, the probability of asyn-
chronicity between a patient and a ventilation
when the former is recovering his own breathing
activity decreases as well.

BpeMs HaxoKAeHWs RJIMHUIMCTA OKOJIO
pecnuparopa B BbIIIIEYKa3aHHBIX UCCJ/IEIOBAHUAX
He YYUTHIBATIN, a HEOOXOJUMOCTHh KOPPEKINHU
HACTpOEK II0 HAIllUM U Sapy6e?KHLIM JaHHBbIM,
CBUIETEJHCTBOBAJIO O TOM, YTO ITPH UCIIOTH30Ba-
HuM ASV BMemIaTeJ/bCTBO Bpaya TpeOOBaIOCH
3HAYUTEJHHO pesKe.

BMmecre ¢ TeM, HEOOXOOMMO OTMETUTH, YTO
peskuM ASV oOecniednBas 6oJiee IPOTEKTUBHYIO
BEHTUJ/IAITUIO JIETKUX. B YaCTHOCTH, BEHTUJIAIIVOH-
Hoe fasJjieHue (AP) Ipy NHTEJJIEKTYaIbHOM PEsKU-
Me OBLJIO 3HAYMMO HIPKe Kak BO Bpemsi VIBJI, Tak u
BO BpeMA BCIIOMOTaTeJIbHOU BEHTUJIALINN. Ba}KHO,
YTO amrmapar repeBoansI alfeHTa Ha BCIIOMOTa-
TeJIbHBI PE’KUM CTa3y I0CJIe BOCCTAHOBJIEHUS
COOCTBEHHOI [bIXaTeJIbHOM aKTUBHOCTH. Takske
00J1e€ KOPOTKUM OBIJI IEPUOJT BPEMEHH OT TTOSTBJIE-
HMs JbIXaHUH MallieHTa 10 Hayasla yMeHbIIIeHU
YHCJIa almnapaTHbIX BIOX0B. JTO CIIOCOOCTBOBAJIO
CHUKEHUIO BEPOATHOCTU ACUHXPOHHU IbIXaHUA
IIanyveHTa u annapaTHoﬁ BEHTHUJIALINN.

3akJrouenue

CpaBHeHUE WHTEJJIEKTYaJbHOIO peykuMa
ASV ¢ 00BIYHBIM ITPOTOKOJIOM aIllIapaTHOU BEHTHU-
JISIIAY B PAHHEM MOCJIeONeparioOHHOM epuoe
1MOKa3aJo, 4YTO IPU OJWHAKOBOH JJIUTEJILHOCTHU
pecnuparopHOi MOJJEePsKKU 3HAUYUTEIbHO CHU-
sKaeTcs1 BpeMs, 3aTpayeHHOe KJIWHUIUCTOM Ha
y4acTue B IIpollecCce OTIyYeHHs NanueHTa OT
anmapara, a TakKe KOJIU4eCTBO II0IX0I0B K HeMy
U YHCJIO BBINOJIHSEMBIX BpPAadyoOM HW3MeHEeHUH
apaMeTpOB alllapaTHOTO IbIXaHUS.

Pesxnm ASV obecrieunBaet OoJiee MPOTEKTUB-
HYIO BEHTUJIALMIO JIETKUX, O Y€M CBUIETE/IbCTBYIOT
3HAYNUTEJbHO MEHbIIINEe 3HaYeHUsI IIMKOBOTO 1aB-
JIEHWsI U TaBJIeHUsI BeHTUIAInY (AP) Kak BoBpeMs
WBJI, Tak v Ipx UCII0JIb30BAHNUU BCIIOMOIaTeJIbHBIX
PEesKUMOB, a TAK)KE MEHBINASA BEPOATHOCTDb ACUH-
XPOHWU ITAllUeHTa U BeHTUJ/ISTOPA IIPU BOCCTAHOB-
JIEHHH COOCTBEHHOM JIbIXaTe/IbHON aKTUBHOCTH.
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OpranonporekTuBHbIE 3(h(PeKTHI
3KCTPAKOPIIOPATHHONH MEMOPAHHO OKCUTeHAI[HH
Y BHYTPHAOPTAJbHOH 0a/JIIOHHOH KOHTPIYJIbCAIIUU
IIPH YPECKO;KHOM KOPOHAPHOM BMelIaTeJbCTBE BBICOKOIO PHCKa
y HalieHTOB C OCTPBIM KOPOHAPHBIM CHHAPOMOM

P. A. Ropreamwok, 1. JI. lllykesuy, W. E. Bepemtarus, B. 1. IaHioKoB

Hay4Ho-ncciie1oBaresibCKIil HHCTUTYT KOMIIJIEKCHBIX TPOOJIEM CEP/IEYHO-COCY/UCThIX 3a00/I€BaHUii,
Poccusi, 650002, . KemepoBo, CocHOBBI OysibBap, 6

Organoprotective Effects of Extracorporeal Membrane Oxygenation
and Intra-Aortic Balloon Pump in High-Risk Percutaneous Coronary
Intervention in Patients with Acute Coronary Syndrome

Roman A. Kornelyuk, Dmitry L. Shukevich,
Ivan E. Vereshchagin, Vladimir I. Ganyukov

Research Institute of complex problems of cardiovascular disease,
6 Sosnovy bulvar, 650002 Kemerovo, Russia

IeJsb Hcc/IeqOBAHHUA: OIIEHUTH OPraHONIPOTEKTUBHBIE 3(h(heKThI BEHO-apTepUaabHON 9KCTPAKOPIIOPAJIb-
HOI MeMOpaHHOI1 okcurenaruy (OKMO) u BHyTpraopTaabHON 6a/1/10HHOM KoHTpITysIbcanyy (BABK) Bo Bpems
YPECKOKHOI0 KOPOHApHOI'0 BMellIare/IbCTBa BbICOKOro prucka (UKB BP) npu ocTpoM KOpOHapHOM CUHIpOME.

MarepuaJjbl 1 MeTOJbl. B ricciienoBanue BKIIIOYMIIM 51 nIarnueHTa U pasjesniad Ha JBe UcciaenyemMble
rpynmnsl. ['pynna 1 (HKB+3KMO) n=29 — nanueHTbl, KOTOPbIM BO BpeMs YPEeCKOKHOI'0O KOPOHApPHOI'0 BMe-
I1aTe/IbCTBA BBICOKOTO PUCKA OKa3blBaach MeXaHUYeCcKasI o JepsKKka KpoBooOpalieHsi B BUJle BEHO-ap-
TepUaJbHOH 9KCTpaKopIopalbHOI MeMOpanHoi okcurenanuu. I'pynmna 2 (UKB+BABK) n=22 — nanueHTs],
KOTOPBIM BO BpeMs YpECKOKHOI'0 KOPOHAPHOI'0 BMeIlaTe/IbCTBA BBICOKOI'O PHCKa OKa3blBajlach MeXaHU-
yeckasl MOAJepsKKa KpoBooOpallleHusi B BHJe BHYTPUAOPTAJIbHON 0a/JJIOHHOU KOHTpIyJabcanuu. s
CpaBHEHUSI OPraHONPOTEKTUBHBIX CBOMCTB MEXaHUYECKON MONIep KKU KpOBOOOpallleHus1 B UHTpa— U
II0CJIeollepaliOHHOM [TIepHrojie OIeHUBAIN JUHAMUKY HHCTPYMEHTAJIbHBIX U J1a00paTOPHBIX MAPKEPOB Op-
FaHHOTO OBPEKAEHNUS: 9JIEKTPOKAPIUOTrPAMMBbI, 9XOKapAUOTIPaMMBbl, CollepsKaHus TponoHuHa I, o61ei u
MB dpakiuu kpeatundochokrrHasbl, KpearnHuHa, NGAL, carypaiiuyu BeHO3HOH KPOBH.

PeayaswraThl. Ha ciienyroiue CyTKH I10cje BMellare/J bCTBA OTMeYaJ/Iy caeylolire noKasareau uccue-
JyeMbIX TapaMeTpoB: TpornoHuH [ — 0,18 (0,1; 2,3) ar/ma B rpynmne YKB+3KMO u 1,64 (0,92; 2,36) Hr/MJ1 B
rpyniite YKB+BABK (p=0,045); ceiBoporounbiii NGAL — 139,4 (88,1; 166,7) ur/mi B rpynne YKB+9KMO u
212,3 (102; 279) B rpynne YKB+BABK (p=0,027); noueunas nuchyukius (ctaguu R, I, F mo RIFLE) — 2 (6,8%)
Habuoenus B rpynne YKB+9KMO u 7 (31,8%) B rpymiie YKB+BABK (p=0,021); mosinopranHas HeoCcTaTo4-
HOCTb (2 u 60Jiee 6astoB o SOFA) — 3 (10,3%) Habsonenus B rpymiie YKB+9KMO u 12 (54,5%) B rpymiie
YKB+BABK (p=0,001).

3akmouyenue. Beno-aprepuansuas IKMO no cpaBHeHuIo ¢ BABK okasbiBaeT 60J1ee BbIpaskeHHbIN Op-
raHOIPOTEKTUBHBIN 9(p(peKT myTeM JOCTUKEHNsI FeMOJUHAMIUYeCKO CTaOUIBHOCTH, UTO, B CBOIO OYepe.b,
IpenynpeskaaeT pa3BUTHe TUIIOKCUY U TTOC/eaylomel opranaoil aucynknuu. KpoMme Toro, B yc/I0BUAX
BeHO-apTepuanbHoi IKMO obecrieunBaeTcs Jydlilee KaUeCcTBO U IIOJTHOTA PEBACKY/IAPU3AINHY, & TAKKe
CHM’KaeTCA TOCIUTaIbHasA J1eTaJIbHOCTb.

Knroueswte crnoea: opearonpomeryus; 4peckodcHoe KOPOHAPHOe 8MeULaInenbCImeo; IKCMpakopnopalbHas
MeMOpaHHas OKCUeHAUUS; BHYMPUAOPMANbHAS, OANNOHHAS, KOHMPIYLbCAYUSL; OCMPbLIL KOPOHAPHBLL CUROPOM

Purpose of the study: to evaluate the organoprotective effects of veno-arterial extracorporeal membrane
oxygenation and intra-aortic balloon pump during high-risk percutaneous coronary intervention in acute
coronary syndrome.

Materials and methods. Patients required mechanical circulatory support (n=51) were divided into two
study groups: patients who received mechanical circulatory support by veno-arterial extracorporeal membrane
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oxygenation (ECMO) (Group 1, n=29) during high-risk percutaneous coronary intervention, and Group 2 pa-
tients who received mechanical circulatory support by intra-aortic balloon pump (IABP) during high-risk per-
cutaneous coronary intervention (Group 2, n=22). The dynamics of instrumental parameters and laboratory
markers of organ damage were evaluated by electrocardiography, echocardiography, determining troponin I,
creatine phosphokinases and creatinine levels, NGAL, venous blood saturation to compare the organoprotec-
tive properties of mechanical circulation support in the intra- and postoperative period.

Results. The following values of the parameters were found the next day after the intervention: troponinI—0.18
(0.1; 2.3) ng/ml in the ECMO group and 1.64 (0.92; 2.36) ng/ml in the IABP group (P=0.045); serum NGAL —139.4
(88.1; 166.7) ng/ml in the ECMO group and 212.3 (102; 279) in the IABP group (P=0.027); renal dysfunction (stages R,
I, F according to RIFLE) — 2 (6.8%) observations in the ECMO group and 7 (31.8%) in the IABP group (P=0.021); mul-
tiple organ failure (2 or more points according to SOFA) — 3 (10.3%) cases in the ECMO group and 12 (54.5%) in the
IABP group (P=0.001).

Conclusion. Veno-arterial ECMO in comparison with IABP has a more pronounced organoprotective effect
by achieving better hemodynamic stability, which, in turn, prevents hypoxia and the subsequent development
of organ dysfunction. In addition, in conditions of veno-arterial ECMO, better completeness and quality of

revascularization is ensured, and hospital mortality is also reduced.

Keywords: organoprotection, percutaneous coronary intervention, extracorporeal membrane oxygenation,

intra-aortic balloon pump, acute coronary syndrome
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BBenenune

Upecko;KkHOe KOpOHApHOe BMeIlaTeJIbCTBO
BBICOKOTO pucka (UKB BP) — aTo coOupaTeIbHBIN
TepMUH, 00beTUHSIONTHH O] COOOH IeJTyI0 TPyTI-
1y haKTOpOB, HATUYWE WU COYeTaHUE KOTOPBIX
OTIpeJesISTIOT BBICOKUH PUCK TEXHIYECKIX 1 TEMO-
JTUHAMUAYECKUX OCJIOKHEHUI YpeCKOKHOU peBac-
Kyasgpusanuu. OTHUM W3 BeOyIINX KPUTEpPHEB
BBICOKOTO pHCKa SIBJISIETCSI MHOTOCOCYJIHUCTOE
nopaskeHue KopoHapHbIX apTepuii (KA) [1, 2]. ITpu
9TOM ONTHMAJIbHASA TAKTUKA PEBACKY/ISPU3AIAN
SIBJIAETCS IIPEIMETOM IUCKYCCUU, ¥ TPA MHOTOCO-
cymucToM ropaskeHun KA mpenmodyrenye otaer-
cA oIleparii KOPOHAPHOTO IIYHTUPOBAHUA [3].
OmHAKO CyIIEeCTBYIOT KJIMHUYECKUE CUTYallHH,
KOT/ZIa B OTIEpanfil KOPOHAPHOTO IITYHTUPOBAHUSA
MOKeT OBITh OTKAa3aHO HA OCHOBAHWM BBICOKOTO
pucka no mkaJsue STS nim EuroScore II. IIpu atom
BeIyIINMHU KPUTEPUSIMH, OTIPEIeISTIONINMHU PUCK,
ABJISIIOTCSL OCTPBIA KOpOHApHBIN cuHgpoM (OKC),
HHU3Kasl (ppakiyss BeIOpOCA JIEBOTO SKEJTyJOYKa
(®B JIJK), koMOpOUIHEINA (POH, O5KUPEHUE, BHICO-
KU PUCK TeMOpparuyeckux OCJ0KHEHUU Ha
¢ oHe MBOMHON aHTUATPETAaHTHON Tepanuu [4, 5].
KoHcepBaTBHAsA TaKTHWKa B CJiydae OTKa3a OT
peBackyisapudanun npu OKC conpoBoskaaercs
BBICOKOMU (28%) rociuTaabHOU JIETAIbHOCTBIO.

Takum obpasom, UKB, BwITOSTHSEMOE TI0
SKM3HEHHBIM ITOKAa3aHUAM, HECET BEICOKHI PUCK
OCJIO’KHEHWH, B IIEPBYIO OYepeb — reMorHa-
MHYECKHUX, YTO, B CBOIO O4Yepejqb, BJedYeT 3a
co00if HapyIIeHne JOCTaBKUA KHUCJI0POIa opra-
HaM. [MIIOKCHUSA SABJIAETCSA OJHUM M3 KJII0YEBBIX
MEXaHU3MOB PAa3BUTHUA KPUTUYECKUX COCTOSIHHUU
u noauopranHoi Hegocrarounoctu (ITOH) [6]. B
CBSI3U C 3TUM IIpUMEHeHUe YCTPONUCTB MeXaHu-
YeCcKOU moaaep kK KpoBooOparienus (MIIK) Bo
BpemMsa UKB BP saBisercsa naroreHeTHYeCKU
000CHOBAHHBIM.

Introduction

High-risk (HR) percutaneous coronary inter-
vention (PCI) is an umbrella term that combines a
whole group of factors, the presence or combina-
tion of which determine the high risk of technical
and hemodynamic complications of percutaneous
revascularization. One of the leading criteria for
high risk is multivessel coronary artery disease
(CAD) [1, 2]. In this instance, the optimal tactics of
revascularization is a matter of discussion, and in
case of CAD, coronary bypass surgery is preferable
[3]. However, there are clinical situations where
coronary bypass surgery may be denied on the basis
of high risk on the STS or EuroScore I scales. At the
same time, the leading risk criteria include an acute
coronary syndrome (ACS), low ejection fraction of
the left ventricle (LVEF), comorbid background,
obesity, and a high risk of hemorrhagic complica-
tions with double antiplatelet therapy [4, 5]. In case
of refusal of revascularization during ACS, conser-
vative tactics is employed accompanied by high
(28%) hospital mortality. Thus, PCI for vital indica-
tions carries a high risk of complications, primarily
in hemodynamics, which entails a alteration of oxy-
gen delivery to organs. Hypoxia is one of the key
mechanisms for the development of critical condi-
tions and multiple organ failure (MOF) [6]. In this
regard, the use of mechanical circulatory support
devices (MCSD) during HR PCI is pathogenetically
significant. Among the existing MCSD methods, the
most common and studied are IABP, veno-arterial
(VA) extracorporeal membrane oxygenation
(ECMO), Impella (Abiomed Inc, Denver, Massachu-
setts), TandemHeart (CardiacAssist, Inc., Pittsburgh,
PA). Each of these methods has its advantages and
disadvantages. For example, TandemHeart, having
a sufficiently high pump delivery rate, provides only
one-ventricular support and requires sufficient ex-
perience of atrioseptostomy during device installa-
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Cpenu cymectByromux Metoqos MITK Hanbo-
Jiee paclipOCTPAaHEeHHbIMU 1 U3Y4eHHbIMU SIBJISIOTCS
BHyTpHAoOpTaTbHasi Oa/JIOHHAs KOHTPITY/IbCAIHS
(BABK), BeHO-apTepraibHasi 9KCTPaKOPIIOpaabHasI
MmeMmOpanHass okcureHanuss (BA 9KMO), Impella
(Abiomed Inc, lenBep, Maccauycerc), TandemHeart
(CardiacAssist, Inc., ITutTcOypr, IleHcuabBaHMs).
Kasxap1il U3 aTUX METOIOB MeeT CBOU IIpeuMyliie-
cTBa U HepocraTku. Tak, Hanpumep, TandemHeart,
UMesi TOCTAaTOYHO BBICOKYIO IIPOU3BOAUTEIBHOCTD
HAcoca, OKa3bIBAET JIUIIb OJHOKETYJOUYKOBYIO ITOJI-
JEP>KKY ¥ TpeOyeT TOCTAaTOYHOTO OIIhITA aTPHOCETI-
TOCTOMMHU IIpU YCTaHOBKe YycTpolictBa. Impella
TaK:Ke HKMeeT XOPOLIyI0 IIPOM3BOIUTEBHOCTD,
OJTHAKO TIPW HEOOXOTUMOCTH ABYXOKETYIOYKOBOHN
MONJEPIKKU  TpebyeTcsi WMIUIAHTANHUS — JBYX
YCTPOICTB, UTO CO3/1a€eT CYIleCTBeHHbIE OrpaHnye-
HUS1 BBUJTy KpaliHe BBICOKOM CTOMMOCTH YCTPOMCTBA.

BABK Ha npoTsiskeHNH HeCKOJIbKUX 1eCSITKOB
JIeT ObIIa «30JI0ThIM cTaHmapToM» MIIK mpu kap-
TVOTEHHOM IIIOKe Ha (hOHE UIIIEMIUYECKOH 601e3HI
cep1ia, ONHAKO OlleHKa YPOBEHsI I0Ka3aTeIbHOCTU
3(ppeKTUBHOCTH MEeTOa IPONOJIBKAET CHUKATHCS
B HOBBIX peHaKIMsIX KINHUYECKUX peKOMeHJaluii.

BA 3KMO noMuMO BBICOKOU TPOU3BOIU-
TeJIbHOCTH U IBYXOKeJIYI0YKOU ITOIepsKKUA UMeeT
BO3MOYKHOCTB 00€ecIiedeH s 9KCTPaKOPIIOpaIbHO-
ro ra3oo06MeHa, HO Ipu BceM mpu aTroM OKMO —
camasl MHBa3uWBHasi Meronuka cpenu MIIK, uto
MO’KeT OBITh CBsI3aHO C OOJIBINIEH YaCTOTOM
0CJIO}KHEHUH [7]. BMecTe c TeM, CTerieHb OpraHHO-
T'0 IOBPEsKIEHUS B YCJIOBUSIX TOTO UJIM UHOTO BUIA
MIIK npu UYKB BP saBisiercss Majion3yuyeHHOH
TeMOU BBUly BbIPayKeHHOH «y30CTH» 9TOU KaTero-
puu IaueHToB. B mogaBJsionieM Yuciie cjIy4aen
MpecTaBaeHHbIe paboThI 1o TeMe UKB BP mpecite-
JYIOT LleJIb — HM3y4eHre KaueCTBa peBaCKy/IsApu3a-
1IUH, ee BJIUSHUS Ha OTAaIeHHble ucxoabl. OnHaKo,
OJTKAUIITAI TTOC/TE0TIEPAIIIOHHBIN ITEPUOI, Tpe-
OyIOIMii THTEHCUBHON TepaIiy, 3a4acTyIO BbITa-
JlaeT U3 I10JIs1 3PEHUsI ucciiejoBaresiei.

[esb vicciiefoBaHMUs — OIEHUTDH OPTaHOIIPO-
TEeKTUBHbBIE 9 (EKTHI BEHO-apTepPUATbHOU 9KC-
TpaKopIopaabHON MeEMOPaHHOHN OKCUTEHAINH 1
BHYTPHUAOPTATHHON 6AIJTOHHOHN KOHTPITY/TbCAIIN
BO BpeMs YPECKOKHOTO KOPOHApHOI'0 BMella-
TeJIbCTBA BBICOKOTO PUCKA IIPU OCTPOM KOPOHAp-
HOM CUHIpOME.

MarepuaJ 1 MeTObI

HabJttonatesibHOE PeTPO-IPOCIEKTUBHOE UCCIIe-
JIOBaHWe ITpoBeJH B neprox 2015-2019 rr. Ha 6ase Ha-
Y4HO-HCCJIe0BATEeIbCKOI0 NHCTUTYTA KOMIIJIEKCHBIX
1po6J1eM cepAevHO-COCYAUCThIX 3a0osieBannii I. Keme-
poBo. B ucciienoBanne BRIIOYMAIM 51 MManyenTa, KOTo-
psie nogseprinuck YKB BP npu OKC. HMccnenoBanune
OBLIO 0JOOPEHO JIOKAJbHBIM 3THYECKUM KOMHUTETOM
Hayuno-ucciie10BarebCKOr0 MHCTUTYTAa KOMILIEKC-
HBIX IPO0OJIEM CepAEeYHO-COCYAUCThIX 3a00IeBaHII.

tion. Impella also has good pump delivery rate, but
given the necessity of two-ventricular support, im-
plantation of two devices is required. The latter sig-
nificantly restricts its use due to the high cost of the
device. For several decades, mechanical circulatory
support by intra-aortic balloon pump (IABP) was
the standard of MCSD for cardiogenic shock in a
coronary heart disease; however, the effectiveness
of the method continues to decline in new versions
of clinical recommendations. In addition to high
productivity and two-ventricular support, VA ECMO
has the ability to provide extracorporeal gas ex-
change, but ECMO is the most invasive technique
among MCSD which may be associated with a
higher frequency of complications [7]. At the same
time, the degree of organ damage under the condi-
tions of a particular type of MCSD for PCl is a poorly
studied subject because this category of patients is
limited. In most cases, the papers presented in the
topic of HR PCI, pursue the goal of studying the
quality of revascularization and its effect on long-
term outcomes. However, the immediate postoper-
ative period requiring intensive care often falls out-
side the field of view of researchers. The aim of the
study was to evaluate the organoprotective effects
of VA ECMO and IABP during high-risk percuta-
neous coronary intervention for acute coronary
syndrome.

Materials and Methods

An observational retro-prospective study was con-
ducted during the period 2015-2019 on the premises of
the Research Institute for Complex Issues of Cardiovas-
cular Diseases of Kemerovo. The study included 51 pa-
tients who underwent HR PCI with ACS. The study was
approved by the local ethics committee of the Research
Institute for Complex Issues of Cardiovascular Diseases.

The inclusion criteria were a combination of two or
more of the following symptoms: ACS or myocardial in-
farction, severity of CAD according to Syntax Score >23,
LVEF<45%, contraindications for emergency coronary
bypass surgery. These criteria are consistent with HR PCI
criteria approved by the international clinical expert con-
sensus led by the Society for Cardiovascular Angiography
and Interventions (SCAI) in 2015 [2]. Hemodynamically
significant rhythm disturbances, systolic blood pressure
<90 mmHg, any acute organ dysfunction, or 2 and more
points by the SOFA organ dysfunction scale, clinical
death before the intervention were the exclusion criteria.

Patients required mechanical circulatory support
were divided into two groups: Group 1 (ECMO group) —
patients who had the support of VA ECMO during HR PCI
(n=29), and Group 2 (IABP group) — patients who were
supported by IABP during intervention (n=22).

According to the inclusion criteria, 51 patients were
selected, among which there were 33 men (64.7%) and 18
women (35.3%). The median age of the patients in the en-
tire population was 64.5 (57.5; 74). The ECMO group in-
cluded 29 patients, the IABP group — 22 patients. Ac-
cording to the main clinical and demographic
parameters, such as age, comorbid background, obesity,

severity and nature of CAD, myocardial contractility, the
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Ta6smna 1. KinuHu4yeckas u feMorpacguyeckasi XapakTepUCTHKA ITAIHEHTOB.
Table 1. Clinical and demographic characteristics of patients.

Parameters Values of parameters in groups P
ECMO, n=29 IABP, n=22

Age 64 (57;74) 66 (58,5; 78) 0.91
Male gender, % 68,9 59 0.46
Body mass index 31 (28; 36) 27.5(25;32) 0.09
Diabetes 8 (27,5%) 5(22,7%) 0.58
A history of myocardial infarction 13 (44,8%) 14 (63,6%) 0.18
Stroke anamnesis 5(17,2%) 4 (18,1%) 0.97
A history of chronic obstructive pulmonary disease 4 (13,8%) 2 (9%) 0.54
A history of chronic renal failure 8 (27,5%) 6 (27,2%) 0.98
LVEE % 45 (31; 59) 38.5 (34; 50) 0.71
LVEF < 35% 4 (13,8%) 6 (27,2%) 0.23
EuroSCORE IT 2.81 (1,66; 4,62) 2.4 (0,79; 3,62) 0.65
LMCA stenosis > 50% 16 (55,1%) 11 (50%) 0.71
SYNTAX Score 28 (26; 35) 31.5(27; 32) 0.63

Note. For tab. 1 and 2. PCI — percutaneous coronary intervention; ECMO — extracorporeal membrane oxygenation; IABP —
intra-aortic balloon pump; LVEF — left ventricular ejection fraction; EuroSCORE — European system for cardiac operative risk
evaluation; LMCA — left main coronary artery; SYNTAX Score — Synergy between Percutaneous Coronary Intervention with
TAXUS and Cardiac Surgery. Significance of intergroup differences was recognized at P<0.05.

Ipumeuanwue. /I1s1 Tabs1.1, 2: Parameters — nmapametpsl; values of ... in groups — 3HaveHnus ... B rpynmnax; ECMO — akcrpa-
KopIiopasbHas MeMOpaHHas okcureHanus; IABP — BHyTpuaopTasabHas 6a/JIOHHAsA KOHTPIy/IbCcallisd; age — BO3pacT; male
gender — MyskcKoii moJ1; body mass index — unaexc Mmaccel Tes1a; diabetes — nquaber; a history of myocardial infarction — un-
¢apkr Mrokapa B anamHese; stroke anamnesis — MHCY/IBT B aHaMHe3e; a history of chronic obstructive pulmonary disease —
XpoHHYecKast 00CTPYKTUBHAs1 00J1e3Hb JIETKUX B aHaMHe3e; a history of chronic renal failure — xpouudeckast 60/1€3Hb IOYEK;
LVEF — ¢pakiius naruanus jgeBoro skesaynouka; LVEF <35% — dpakius naruanus jgeBoro skesyaouka <35%; EuroSCORE II —
eBpOIeliCKas MIKaja OIeHKH PHUCKa P KapIUOXUPYyprudecKux BMemaTesbcTBax; LMCA stenosis >50% — CTeHO3 CTBOJIA
JIeBOM KOpoHapHOo# aprepun >50%; SYNTAX Score — 1Ikasia OLEHKH TSSKECTH IOpakeHUs KOpOHapHOTo pycJia. Significance

of intergroup differences — gocTOBEpPHOCTH MEKTPYIIIOBBIX pas3/IMYni IpHU3HaBaIu pu p<0,05.

KputepusiMu BKJIIOYEHUS B UCCIEI0BAHUSA OBLIIO
couyeTaHue ABYX U 00J1ee U3 HUKENePeYnCAeHHbIX ITIPU-
3HakoB: OKC niu undapKT MUOKap/Ia, TAKECTb Topa-
SKeHUsI KOpOHAapHBIX apTepuii mo Syntax Score >23, ®B
JI?K <45%, npoTuBONIOKa3aHUsI K 9KCTPEHHOU orepa-
I KOPOHAPHOTO LIYHTUPOBaHUsA. ITU KPUTEPUH CO-
miacyorcs ¢ kpurepusamu YKB BP, yreBepsxkaeHHbIMU
MeKIyHAPOJHBIM KJIMHUYECKUM 9KCIIePTHBIM KOHCEH-
cycoM Bo Inase ¢ Society for Cardiovascular Angiography
and Interventions (SCAI) B 2015 roay [2]. Kpurepuu uc-
KJIIO4eHUs1 ObLIM CJlelylolde: TeMOJUHAMUYECKU
3HA4YMMbIe HapyIlIeHWs PUTMa, CUCTOJINYECKOe apTepu-
aJIbHOe AaBJsieHne <90 MM pT. CT., JII06ast ocTpasi opraH-
Hasg guchyHKLUA, aubo ske Hanauyue >2 6AJJIOB TI0
mKajae opraHHoil nuchynknuu SOFA, kImHUYecKast
CMEepPTh 0 HayaJsla UHTePBEHIUN.

HccnenyemMblx NalyeHTOB pas3fesnyy Ha JBe
rpynnel. I'pynmna 1 (YKB+9KMO) — nanueHTsl, KOTO-
peiM Bo BpeMmA YKB BP oka3biBa/ii MEXaHUYECKYIO O/~
JIlep>KKy KpoBoobOpaieHusi B Bujge BA 9KMO (n=29).
I'pynna 2 (UKB+BABK) — mnamnueHTBI, KOTOPBIM BO
BpeMA UKB BP okaspiBaiyn MexaHUUECKYIO IIO/I/IEPIKKY
KpoBooOparienus B Bujae BABK (n=22).

ComracHO KpUTepUsIM BKJIIOYEHNs B UCCJIe/JOBaHIE
orobpasu 51 manyeHTa, U3 HUX 33 My>k4uH (64,7%) u 18
skeHIIUH (35,3%). MenuaHa Bo3pacTa MaliueHToB Bcel
reHepabHOI COBOKYITHOCTH cOCTaBuUJIa 64,5 (57,5; 74). B
rpyniry YKB+9KMO Bomnu 29 mamnueHToB, B LPYIIy
YKB+BABK — 22 nariuenTa. [10 0CHOBHBIM KJIMHUKO-IE-
MorpaguyeckuM napaMmeTrpaM, TAaKUM Kak BO3pacT, KO-
MOpOUJHBIN (DOH, O3KUpPEHUE, TSXKECTh U XapaKTep I10-
pakeHUsI KOPOHApHBIX apTepuil, COKpaTUTeJbHas
CIIOCOOHOCTHh MHOKAP/Ia, IIPeICTaBJIeHHbIE TPYIINbI HE
UMeJId CTAaTUCTUYECKU 3HAUYUMBIX pa3auuuil (TadJr. 1).
Bce nanmeHTsI ©MeJIn MHOTOCOCYAMCTOE HopakeHue KA

presented groups did not have statistically significant dif-
ferences (table 1). All patients had a multivessel CAD with
an initial score of Syntax Score >23: stenosis of two or
more large epicardial arteries and/or their branches with
a diameter at least 2.5 mm and a degree of stenosis of at
least 70% and/or stenosis of the left main coronary artery
(LMCA) not less than 50%.

In the ECMO group, in 21 (72.4%) patients, cannu-
lation was performed through open surgical access in the
femoral artery and femoral vein, in the remaining 8 cases
(27.6%) — using the puncture method with the help of
endovascular stapling device Prostar XL (Abbott, USA).
In 28 cases (96.6%), arterial cannulation was performed
through the common femoral artery, and in one case
(3.4%) — through the right subclavian artery, due to se-
vere atherosclerosis of the ileofemoral arterial segment.
In all cases venous cannulation was performed through
the left common femoral vein. The cannulas were posi-
tioned under fluoroscopy so that the end of the venous
cannula was set at the level of the right atrium, and the
end of the arterial cannula was in the aortic bifurcation.
15-17 Fr cannulas were used for arterial cannulation,
21-23 Fr. — for venous cannulation. ECMO flow rate was
controlled for a perfusion index of 2.0-2.5 1/min/m?. An-
ticoagulation was supported by bolus administration of
unfractionated heparin to maintain a target activated
blood coagulation time of 200-250 seconds.

In the IABP group, a balloon device of 8 Fr 30 or 40
cm3 - depending on anthropometry and the balloon de-
vice manufacturer’ recommendations — was installed by
puncture using the Seldinger technique through the
common femoral artery. In all cases IABP synchroniza-
tion was performed automatically through the tensio-
metric port of the balloon device in the aorta in relation
to heart rate of 1:1. Anticoagulation was supported by
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C MICXOIHBIM O6a/IoM 1o Syntax Score >23: CTEHO3BI ABYX
1 60J1ee KPYIHBIX SNMMKAPANATbHBIX apTeprUi 1/ WA UX
BeTBell iuaMeTpOM He MeHee 2,5 MM CO CTelleHbIO CTe-
HO3a He MeHee 70% W/WUJIM CTEHO3 CTBOJIA JieBoH KA
(CtJIKA) e meHee 50%.

B rpynnie YKB+9KMO y 21 (72,4%) nanueHTa Ka-
HIOJISIIUIO BBINOJIHAJIYN Yepe3 OTKPBIThIN XUpyprude-
CKUIH JOCTYII B 001aCTH OeIpeHHOM apTepuy U OeapeH-
HOM BeHbI, B OCTaJbHBIX 8 ciaydasax (27,6%) —
MTyHKIIMOHHBIM CITOCOOOM C MCITOJIb30BaHMEM 9HI0BAC-
KYJIIPHOTO cIIMBalomiero ycrpoicrsa Prostar XL (Ab-
bott, CIIIA). B 28 cnyuasx (96,6%) apTrepuaibHyIO KaHIO-
JIANWIO BBIIOJIHSAJIM  4Yepe3 OOIIylo OegpeHHyIo
apTepuIo, ¥ B ONHOM ciy4ae (3,4%) 4yepes Ipasylo IO -
KJIIOYMYHYIO apTepuio, BBUJY BBIPA’KEHHOI'O aTrepo-
CKJIepo3a uyieodeMopaJbHOIO apTepuaIbHOIO Ccer-
MeHTa. BeHO3HYI0 KaHIOJIALUIO BO BCeX Ciydasx
BBITIOJTHSIN Yepe3 o01Iyio 6epeHHyio BeHy. KaHoau
MO3UIIMOHUPOBAJIN B YCJIOBUAX PEHTI€HOCKOIINU TaK,
4TOOBI KOHEI BEHO3HON KaHIOJIM ObLI Ha YPOBHE TIpa-
BOTO IIpeficepausd, a KOHell apTepuaJbHOU — Ha YPOBHE
O6udypranuu aopThl. 1 apTepraaTbHON KaHIOJIAINT
WCTIOJIb30Baau KaHioau 15-17 Fr, mys BeHO3HOUW —
21-23 Fr. O6bemHast ckopocth mepdysnu IKMO Bapb-
upoBasiack B mpepesnax 70-100% oT pacyeTHOU s
obecrieyeHus nep@ysnoHHOro nHIAEKca — 2,0-2,5 Ji/
MWH/M?. AHTUKOATYJISIAIO MTOIEeP5KUBAIA OOJTIOCHBIM
BBeJleHreM He(pPaKIMOHUPOBAHHOIO rellapuHa [JIs
nojAepsKaHus 11eJIeBOr0 aKTUBUPOBAHHOIO BpeMeH!U
cBeprhiBaHuA KpoBu 200-250 cekyHL,.

B rpynnie YUKB+BABK 6asyioHHOE yCcTpOICcTBO (8
Fr, 30 nsin 40 cM®), B 3aBUCHMOCTH OT aHTPOIIOMETPUH U
peKoOMeHJanui MPOU3BOAUTEIIST 6AJTTIOHHOTO YCTPOK-
CTBa, YCTaHABJIUBAJIU IIYHKIIMOHHO 110 MeTonuKe CeJlb-
JIUHTepa yepes 00IIyIo OeIpeHHy0 apTepuio. CHHXPO-
Husanusa BABK BO Bcex ciay4Yasx BBINOJHAJNA B
ABTOMATUYEeCKOM pesKUMe Yepe3 TeH3MOMeTpUUeCKUI
opT 6aJITIOHHOTO YCTPOICTBA B A0PTE B COOTHOIIIEHUH
€ 4aCTOTOH cepIedyHbIX COKpaleHuii 1:1. AHTUKoaryJsi-
VIO TOJJEePKUBAJIHN OOJIIOCHBIM BBeJeHNeM Hedpa-
KIMOHUPOBAHHOIO rellapyuHa Jjisl IoAlep>KaHuA 1eJjie-
BOT'0O aKTUBUPOBAHHOTO BpEMEHU CBEPThIBAHUA KPOBU
200-250 cexyHz,.

MOHUTOPUHT LIEHTPAJIbHOU TeMOJUHAMUKU OCY-
11IeCTBJIAIN ITyTeM IIPSIMOM TEH3MOMEeTPUU B JIy4eBOU ap-
TEePUU U [I0OCPEACTBOM KaTeTepU3aliy JIETOYHOU apTeprun
KareTepoM CBaH-TaHna. [[y11 cpaBHeHVs OpraHOIIPOTEK-
TUBHBIX CBOMCTB MIIK B MHTpa- U I1oc/IeonepaioHHOM
Teprojie OLeHMBAIU TUHAMUKY MHCTPYMEHTAJIbHbIX U J1a-
60paTOpHBIX MAPKEPOB OPTAaHHOTO IIOBPEKIEHNS: AJIEK-
TPOKapAUOIPaMMbl, 9XOKapAUOIPaMMBbl, COINEP)KAHUS
TporonuHa I, obmeit 1 MB ¢paxrim kpearrHbOCHOKH-
Hasbl, KpearnHuHa, NGAL (neutrophil gelatinase-associ-
ated lipocalin — suriokamH, acCOIMMOPOBAHHBIN C JKeJia-
TUHA30d HEeUTpO(duU/IOB), carypauud BEHO3HOU KpPOBU
(SvO,). Kpome TOr0, OLIleHMBaJIN IIOJTHOTY U KA4eCTBO pe-
BaCKy/IAPU3aLyK 110 1IKaJsie Syntax. CTelneHb BBIPayKeHHO-
CTH OPTaHHOH NUC(YHKIINY OLIEHUBaIX 110 IKajaaM SOFA
(2 1 6outee 6asutoB), RIFLE (cramuu R, I, F). Takske orieHu-
BaJId 4acTOTy Pa3BUTUA TakuX ocsaoskHeHuil MITK kak
oCTpoe HapyIIeHre MO3rOBOT0 KPOBOOOPAIIleHNs, Hapy-
IIIeHrie KPOBOOOPAITeHNA B HIPKHIX KOHEYHOCTSX, II0Yed-
Hasl ¥ [Tle4eHOYHas1 NUCHYHKINSA, FeMOJIN3, a TAK)Ke FeMop-
paruyeckye ocJIOKHeHus. KimHuuecky 3HaYMMOU 1714
KpOBOTeYeHNs IPUHMIMAIACh CTeneHb 3a o mkaie BARC.

bolus administration of unfractionated heparin to main-
tain a blood coagulation time of 200-250 seconds.

Monitoring of central hemodynamics was carried
out by direct tensiometry in the radial artery and by
catheterization of the pulmonary artery with a Swan-
Ganz catheter. To compare the organoprotective proper-
ties of MCS in the intra- and postoperative period, the
dynamics of instrumental and laboratory markers of
organ damage were assessed: electrocardiography,
echocardiography, troponin I level, creatine phosphoki-
nase-MB, creatinine, neutrophil gelatinase-associated
lipocalin (NGAL), venous blood saturation (SvO,). In ad-
dition, the completeness and quality of revascularization
was evaluated according to the SYNTAX score. The sever-
ity of organ dysfunction was evaluated according to the
scales of SOFA (2 or more points), RIFLE (stages R, I, F).
The incidence of such complications of MCS as an acute
cerebrovascular accident, circulatory disorders in the
lower extremities, renal and hepatic dysfunction, hemol-
ysis, as well as hemorrhagic complications were also
evaluated. The grade 3a on the BARC scale was taken as
clinically significant for bleeding.

Statistical processing was performed using SPSS
software. To verify the nature of the distribution of the
trait, the Shapiro-Wilk test was used. Due to the fact that
more than 80% of the signs were not repaired by the law
of normal distribution, quantitative data were presented
by the median with an interquartile intervals (Me (25%;
75%)). Qualitative data were indicated as percentages
(%). For the intergroup comparison of quantitative data,
the Mann-Whitney test was used; for comparing quali-
tative data, the Pearson Chi-square was employed. Sig-
nificance of differences between groups was determined
at P<0.05.

Results and Discussion

Comparative characteristics of the key re-
search results are presented in table 2. The average
duration of the endovascular intervention in the
ECMO group was 100 (70; 150) minutes. The total
ECMO support time was 225 (180; 240) minutes.
There was arrhythmia of the type of ventricular fib-
rillation in the ECMO group in 1 case (3.4%), and
there was a short-term transient depression of the
ST segment by ECG in 7 (24.1%) cases that, in con-
dition of MCSD, was not accompanied with a sig-
nificant violation of hemodynamics. Depression of
the ST segment coincided with manipulations on
LMCA. However, regressed myocardial ischemia
was registered by ECG at the end of manipulations
on LMCA. In all cases the ECMO procedure was dis-
continued immediately after PCI. Hemodynamic
and cardiac rhythm stability without high doses of
inotropic support, mean arterial pressure> 65
mmHg, cardiac index> 2.2-2.5 I/min/m? during
flow rate of 0.8-1 1/min for 15-20 minutes were the
criteria for weaning from ECMO.

The average duration of the endovascular in-
tervention in the IABP group was 44 (28; 87) min-
utes. The total IABP time support was 538 (179;
1072) minutes. There were arrhythmias such as ven-
tricular fibrillation or ventricular tachycardia, which
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TaGsnna 2. CpaBHeHHe Pe3yJIETaTOB HCCJIeJOBAHHH.
Table 2. Comparative characteristics of the research results.

Parameters Values of parameters in groups P
ECMO, n=29 IABP, n=22

Duration of the endovascular intervention, min 100 (70;150) 44 (28; 87) 0.001
Duration MCS, min 225 (180; 240) 538 (179; 1072) 0.001
Life-risk arrhythmia during PCI 1 (3.4%) 2 (9%) 0.39
MCS stop in cath lab 29 (100%) 11 (50%) 0.001
SvO, during of the endovascular intervention 67 (61; 74) 59 (51; 65) 0.04
High doses of inotropic support 2 (6.8%) 11 (50%) 0.001
LVEE % 46 (33; 60) 39 (30; 49) 0.69
Troponin I, ng/ml 0.18 (0.1; 2,3) 1.64 (0.92; 2.36) 0.045
Creatine phosphokinase-MB, ME/] 46 (18;137) 200 (33; 405) 0.04
Stages R, I, F by RIFLE score 2 (6.8%) 7 (31.8%) 0.021
Serum NGAL, ng/ml 139.4 (88.1; 166.7) 212.3 (102; 279) 0.027
Mechanical ventilation duration, hours 13.5(2; 23) 48 (2; 96) 0.001
MOF (2 = SOFA score) 3(10.3%) 12 (54.5%) 0.001
SOFA score 3(1;4) 6(3;8) 0.02
Residual SYNTAX score 10 (2; 19) 18 (11; 24) 0.01
Bleeding, 3a BARC score 13 (44.8%) 4 (18.1%) 0.046
Hospital lethality 1 (3.4%) 5 (22.7%) 0.034

Note. MCS — mechanical circulatory support; SvO, — venous oxygen saturation; NGAL — neutrophil gelatinase-associated
lipocalin; MOF — multiple organ failure; NGAL — neutrophil gelatinase-associated lipocalin; SOFA — sequential organ failure
assessment score; BARC — bleeding academic research consortium score. Significance of intergroup differences was recognized
at P<0.05.

ITpumeuanue. Duration of the endovascular intervention — IpogoJ/I>KUTEIEHOCTE OCHOBHOT'O 9HJJOBACKYJISIPHOTO 9TaIla, MUHYT;
duration MCS — npofo/IsKUTe/IbHOCTh MeXaHN4eCKOU MoAepsKKU KpoBooOpainenus; life-risk arrhythmia during PCI — sxus-
Heyrposkalolliye HapyIllleHUsI PUTMa BO BpeMs YpeCcKOKHOI0 KOpOHapHOro BMeniareabcTBa; MCS stop in cath lab — okonuanue
MexaHNYeCKOH IO Iep>KKH KpoBooOpaleHusA B peHTreHonepanuonaoi; Sv0, during of the endovascular intervention — cary-
pauys BEHO3HOW KPOBY BO BpeMsi OCHOBHOTO 9HJJOBACKYJ/IsIpHOTO aTana; high doses of inotropic support — BbICOKHE 103bI HHOT-
ponHO# nogaep;kky; troponin I, ng/ml — Tpononus I, Hr/mi; creatine phosphokinase-MB, ME/l1 — kpeatungocdhornnasa-MB,
ME/m; Stages R, I, F by RIFLE score — cragmu R, [, F mo mkase RIFLE; serum NGAL, ng/ml — cbIBOpOTOYHBIN JTUTTOKANH, aCCO-
LIMUPOBAHHBIN C sKeJIaTHHA301 HelTpoduiIoB, Hr/MJI; mechanical ventilation duration, hours — npogo/sKUTEILHOCTS MEXaHU-
YeCKOU BEHTUJIAINHY JierKuX, yachl; MOF (2 2 SOFA score) — moJimopranHast HeJJOCTaTOYHOCTD (2 = 06aJsiioB 1o 1ikaje SOFA);
SOFA score — 11kaJjia OLleHKU BBIPAXKEHHOCTH opranHoi qucdynkiun; residual SYNTAX score — ocTarouHblii 6aJ1i1 10 1IKaJjle
SYNTAX; bleeding, 3a BARC score — kpoBoTedeHUe 3a craguu 1o mkasne BARC; hospital mortality — rocnurasbHas 1eTaaIbHOCTb.
Significance of intergroup differences — nocroBepHOCTH MEKTPYNIIOBBIX PA3/ MY IpHU3HaBaIu npu p<0,05.

CraTucTUYecKyi0 00pabOTKY BBIOJHUINA C WC-
M0JIb30BAaHUEM TIPOTPaMMHOTO obecniedeHust IBM SPSS
Statistics. [Ij11 IIpoBepKU XapakTepa paclpeleseHust
MpU3HAKa UCIOJb30Bau Kputepuii lanupo—Yuiika.
Beuny Toro, uto 60see 80% MPU3HAKOB He IOYNHSAJINCH
3aKOHY HOPMAJIbHOTI'O paclipeie/ieHus KOJIM4eCTBEeHHbIe

required immediate defibrillation, and was also ac-
companied with a violation of systemic hemody-
namics in 2 cases (9%) during the procedure. IABP
support continued in the intensive care unit in 11
(50%) patients; in other cases, support was discon-

OaHHbIE ITpeaCTaBuJIn MBIII/IE[HOI?I C MTHTEPKBAaPTUJ/IILHBIM
nHTepBanoM (Me (25%; 75%)). KauecTBeHHBIE TaHHbBIE
yKasaJii B BuJe IpoueHToB (%). [114a MeKTrpymnioBoro
CpaBHEHUsA KOJMYECTBEHHBIX JTaHHBIX HCIIOJ/JIb30BaJIN
KpuTepuii MaHHa- YUTHH, JIJISI CDaBHEHUST Ka4eCTBEH-
HBIX JaHHBIX — Xu-KBaapar [Ilupcona. CTaTucTu4yecKku
3HAYUMBbIM cyuTaa U 3HaueHnue p<0,05.

Pe3ynbTaThl U 00CY:K/IEHHE

CpaBHUTEJIBHYIO XapaKTEPUCTHUKY KJII0UYEBbIX
Ppe3yJIBTaTOB MCCIIeIOBAHMS TPEICTABUIIN B Ta0-
qaurie 2. CpeHsIs IJUTeIbHOCTh OCHOBHOT'O 9H/IO-
BacKyJIsApHOro arana B rpynme YKB+3KMO cocra-
Busa 100 (70; 150) munayT. Ob1mee Bpemss IKMO
nonaepskKu cocrasuiio 225 (180; 240) munyT. B
rpynnie  YKB+OKMO BO BpeMms BBINOJHEHUA
OCHOBHOTI'O 9HJOBACKYJIIDHOTO JTamna B 1 cay4dae
(3,4%) oTMevasM HapyIIeH!sI pUTMA I10 TUITy (prod-
PULJIALNN SKEeJIYIOYKOB, a TaKkKe B 7 (24,1%) cay-
4asgx OTMeYasi KPpaTKOBPEMEHHYIO IIPEeXOIAIIyIO

tinued after PCI immediately in the cath lab. Hemo-
dynamic and cardiac rhythm stability without high
doses of inotropic support, mean arterial pressure
>65 mmHg, cardiac index >2.2-2.5 1/min/m? against
abackground of decrease in IABP support to 1:2 and
1:4 were criteria for weaning from IABP.

The need for inotropic support in ECMO
group was observed in 17 (58.6%) patients with a
duration of 12 (3; 17) hours, while in the IABP
group —in 12 (54.5%) with a duration of 22 (13; 39)
hours (P=0.001). High doses of inotropic support
(adrenaline >0.1 pg/kg/min, dobutamine >10 pg/
kg/min) were observed in 2 (6.8%) patients in the
ECMO group, and 11 patients in the IABP group
(50%) (P=0.001). Inotropic support in the PCI +
IABP group required a combination with vasopres-
sor support with norepinephrine in 2 (6.8%) cases.
There were no statistically significant differences
between the groups. When comparing LVEF the
next day after the intervention and the values were
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nenpeccuto cermerntra ST mo 9KI, uro Ha ¢one
MIIK HE cONpOBOXAAJIOCH 3HAYNMBIM HApyLICHU-
eM reMmofHaMuKuU. /lenpeccus cermenTa ST coB-
nagasna c ManunynanuaMu Ha CtJIKA, ogaako npu
NpeKpalleHny MaHUNYIsANUA Ha IocjaegHeM
HacTyllajl perpecc uieMuy MUOKapaa 110 JTaHHBIM
IKI. Bo Bcex cirygasx npouenypy IJKMO npekpa-
Iy HenocpectBeHHO ntocae YKB B penTreHo-
nepaunoHHoU. Kpurepusamu ornydenust or IKMO
OBLIN: CTAONILHOCTE TEMOTUHAMUKY U CEPIIEUHO-
0 PUTMa C UCIT0JIb30BAaHUEM UJIU 0€3 NCI0JIb30-
BaHUs TepaneBTUYECKUX 103 MHOTPOITHOM IOI-
JIEPsKKY, CpeHee apTepuaabHOe aBJaeHne >65 MM
PT. CT., CEpJIEUHbIN UHAEKC >2,2-2,5 j1/MUuH/M? Ha
(one o6bemMHOI ckopocTy tepdysuu 0,8-1 1/ MuH
B TeueHue 15-20 MUHYT.

CpenHsisa NJIMTEeJIbHOCTh OCHOBHOTO JTalia B
rpynnie YKB+BABK cocraBuniia 44 (28; 87) MUHYTEI.
Oo6mee Bpems nommep:kku BABK cocTaBusio 538
(179; 1072) muHyT. BOo BpeMsa npoueaypsl B 2 CJIy-
4Jaax (9%) orMedasiy HapylIeHusA pUTMa 110 TUILLY
(pubpunaanum KeJIyJOYKOB WU KETYTOIKOBON
TaXUKapAuHU, YTO TPeOOBATIO HEMEJIEHHOU JJIEK-
TPOUMITYJIbCHOU Tepallny, a TaKKe COIPOBOYKIA-
JIOCh HapyIIeHUeM CUCTEeMHOU reMOITUHAMUKH. Y
11 (50%) nmanmenToB nopaepskky BABK nipopo.i-
’KaJiu B OT/ieJIEHUM WHTEHCUBHOU Tepanuu, B
OCTa/IbHBIX CJIy4asax IOONEpP)KKY IIpeKpalatu
nocye YKB HenmocpencTBeHHO B peHTreHoIiepa-
nuoHHOU. Kpurepusmu omiydenuss oT BABK
OBLTH: CTAOUILHOCTH TEMOTUHAMUKY U CEPIEUHO-
r0 pUTMa C UCII0JIb30BaHNEM WU 0€3 UCIIO0Ib30-
BAaHUS MUHUMAJIbHBIX TepaneBTUYEeCKUX 03
WHOTPOITHOU MOJIJIEPIKKY, CpeTHee apTepruabHOe
JlaBJjieHne >65 MM PT. CT., CEP/I€YHBIM HHJIEKC
>2,2-2,5 n/MuH/M? Ha (pOHe YMEHbILIEHUs I0[-
nepsxkku BABK o 1:2 u 1:4.

[ToTpe6HOCTL B MHOTPOITHOHM TOIIEPIKKE B
rpymre UKB+3KMO nadmonanu y 17 (58,6%) maru-
€HTOB C IIPONOJIKUTEJIBHOCTBIO 12 (3; 17) 4acos,
Torpa Kak B rpynne YKB+BABK — y 12 (54,5%) ¢
NPOLOJLKUTEJIBHOCTBIO 22 (13; 39) yacos (p=0,001).
BrIxon 13 TepaneBTUYECKOTO TUana3oHa HHOTPOM-
HOU monjiepskKu (agpeHaysnH >0,1 MKI/Kr/MuH,
noOyTamuH >10 MKr/Kr/muH) B rpymre YKB+OKMO
Habmmonam y 2 (6,8%) mammeHToB, B Tpymnme
YKB+BABK — y 11 (50%) nmanuenTos (p=0,001),
npAYeM WHOTPOIIHAs IIOAJEpsKKa B TIpylIe
YKB+BABK B 2 (6,8%) cirydasix TpeboBasia KOMOU-
HallHY C Ba30IPeCCOPHON MOAIePsKKOM HOopaape-
"asmHoM. [Ipu cpaBHenun ©B JIK Ha cienyromue
CYTKHU II0CJIe BMeIlaTe/IbCTBa He OTMedaJsId CTaTh-
CTUYECKU 3HAUUMBIX OTJINYUI MEsK Ty NCCIIeTyeMbl-
MU IpyIIIaMu: 3Ha4eHUA COCTaBUIA 46 (33; 60) u
39% (30; 49) B rpynmax YKB+9KMO n UKB+BABK,
COOTBETCTBEHHO (p=0,69).

C nmosuruii obecriedyeHus: CTabuJIbLHOMU reMo-
JIWHAMUKA BO BpeMsA u nocae YKB, 9KMO mnoka-
3asa cebs rak gyummuii Mmeron MIIK. Vi3BecTHO,

46 (33; 60) and 39% (30; 49) in the ECMO and IABP
groups respectively (P=0,69).

From the standpoint of ensuring stable hemo-
dynamics during and after PCI, ECMO showed it-
self to be the best method of MCSD. It is known that
with the development of severe hemodynamic dis-
turbances up to cardiogenic shock during PCI, the
VA ECMO is a more effective MCS method [8]. The
frequency of life-risk arrhythmia during the main
stage of PCI was not statistically different between
the groups. Nevertheless, the development of such
arrhythmias in ECMO conditions was not accom-
panied by a deterioration in systemic hemodynam-
ics, while in IABP conditions, on the contrary, there
was a cardiac arrest and immediate electrical pulse
therapy aimed at restoring the effective heart
rhythm was required. Also, one of the key criteria
for excommunication from MCS was the presence
of a satisfactory cardiac index value in the range of
2.2-2.5 I/min/m? without high doses of inotropic
support. In conditions of IABP, the use of inotropic
support was statistically significantly more often
required, moreover, in maximum therapeutic
doses, or in combination with norepinephrine. At
the same time, weaning from IABP occurred in
50% in the operating room; in other cases, MCS
prolongation was required, which indicates more
pronounced manifestations of heart failure syn-
drome in this group, despite statistically insignifi-
cant differences in LVEF after a day between the
study groups. This is also confirmed by the SvO,
data, which statistically significantly differed be-
tween the groups directly during PCI. In the ECMO
group, the median SvO, was higher, which indi-
cates the best oxygen delivery with this MCS
method. However, we did not observe statistically
significant differences in this indicator in the post-
operative period.

The level of troponin I the day after PCl in the
ECMO group was 0.18 (0.1; 2.3) ng/ml, in the IABP
group — 1.64 (0.92; 2.36) ng/ml (P=0.045). The level
of creatine phosphokinase-MB the next day after
PClin the ECMO group was 46 (18; 137) IU/], in the
IABP group — 200 (33; 405) IU/1 (P=0.04). Thus, sta-
tistically significant differences in the levels of these
markers of myocardial damage between the stud-
ied groups also indicate a high degree of transferred
myocardial ischemia during the procedure under
conditions of IABP.

Renal failure (RF) was observed in the ECMO
group in 2 (6.8%) patients, in the IABP group — in
7 (31.8%) patients (P=0.021). Moreover, stage R was
observed in 2 (6.8%) cases in the ECMO group and
in 5 (22.7%) cases in the IABP group (P=0.1); stage |
was observed in 0 (0%) cases in the ECMO group
and in 1 (4.5%) case in the IABP group (P=0.247);
Stage F was observed in 0 (0%) cases in the ECMO
group and in 1 (4.5%) case in the IABP group

(P=0.247). The NGAL level the day after PCI in the
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4TO TIPY PA3BUTHUH TAKEJBIX TeMOJUHAMUYECKUX
HapylLIeHUH BIJIOTh 10 KAPAUOreHHOTO 1I0OKa BO
BpeMs UKB 6osee apperTBHBIM MeTogoM MITK
asJsgercsa BA 9KMO [8]. YacroTa sku3HeyrposKalo-
IIUX HapylleHUd puTMa BO BpeMs OCHOBHOTO
arana YKB crarucTrdecky He OTJIN4Yajlach MEXIy
rpynnaMmu. TeM He MeHee pa3BUTHE TaKUX ApUT-
Muii B ycjaoBusax JKMO He conpoBOKAAJIOCH
yXy[OLIeHueM CHCTEMHON reMOIMHAaMUKU, TOTIA
Kak B ycjioBuAX BABK, HantpoTus, oTMevany ocTa-
HOBKY KpOBOOOpaIieHus, 4YTO NOTpPedoBaso
HeMeJJIeHHOU 3JIeKTPOUMITYJIbCHON Teparuu,
HaIlpaBJeHHOW Ha BOCCTaHOBJIeHNE 3D (PEKTUB-
HOTO puTMa cepAna. Takske OJHUM U3 KJIIOYEBBIX
KputepreB oTrydeHuss ot MIIK 6b110 Hamuune
YIOBJIETBOpUTEJIbHOTO 3HadYeHus CH (B mpepestax
2,2-2,5 ji/mMuH/M?) 6€3 TIPEeBBINIIEHUS TEPATIEBTHU -
YeCKOTO0 AUana3oHa MHOTPOIIHBIX NTpenapaTros. B
ycaoBuax BABK crarucTrnyecky sHa4YMMO dalie
TpebdOoBaJIOCh UCIOJIb30BaHe MHOTPOITHBIX IIpe-
MaparoB, IpUYeM B MaKCUMAJIbHO TepamneBTHUYe-
CKUX J103aX, JTN00 B KOMOWHAITAY C HOpaApeHaIr-
HOM. Bmecre ¢ Tem omiydeHue or BADBK
Ipoucxoauso B 50% cjydyaeB B OIIepaIlOHHON, B
OCTaJTBHBIX CIy4Yasix TpeboBasach MPOJTOHTALIHS
MIIK, 4To ykasbpIBaeT Ha 0oJjiee BBIpa’KEHHbBIE
MPOSIBJIEHUSI CUHAPOMA CePJIEeYHO HeJI0CTATOY-
HOCTH B 9TOH IpyIIle, HECMOTPS Ha CTaTUCTUYe-
CKM He3HauuMble ominuusa @B JIJK B uccaenye-
MBIX Ipynmax CIoycrss cyTku nocsae YKB. 3rto
MMOJTBEPYKAAETCA U NaHHbIMU SvO,, KOTOpbIE CTa-
TUCTUYECKU 3HAYUMO Pa3JINYaIuCh MEKIy IPYII-
IIaMHU HerocpencTBeHHo Bo Bpemst UK B BP. B rpyir-
e YKB+9KMO menmana SvO, OblLjia BBIIIIE, YTO
YKa3bIBAET Ha JIYYIIyIO JOCTABKY KMCJI0POAa IpHA
manaoMm Metoge MITK. Bmecre ¢ TeM, He HabJ1Ioga-
JW CTAaTUCTHUYECKN 3HAYUMBIX OTJIHNYUH 9TOTO
IO0KAa3aTeJisl B TOCJIe0epalliOHHOM IIepUO/IE.

CopepsyxkaHue TpOIIOHMHA | Ha caenyoiue
cytru nnocse YKB B rpynne YKB+9KMO cocrasu-
J10 0,18 (0,1; 2,3) Hr/mu, B rpynne YKB+BABK —
1,64 (0,92; 2,36) Hr/Mma (p=0,045). Comepsranue
K®K MB Ha caenyomue cyrku mnociae UKB B
rpynne YHKB+9KMO cocrasuio 46 (18; 137) EIl/ 1,
B rpynne UYKB+BABK — 200 (33; 405) El/x
(p=0,04). Takum 06pa3oM, CTaTUCTUIECKH 3HAYU-
MbI€ pPa3JUUYUA CONEPsKAHUA ITUX MapKepOoB
MIOBPEKICHUA MAOKApAa MeKAy UCC/IeayeMbIMU
TpYIIIaMU TaK:Ke YKa3bIBAIOT Ha OOJBIIYIO CTe-
TeHb ITlepeHeCeHHOU UIlleMU Y MUOKapia BO BpeMsi
npouenypsl B ycaoBusax BABK.

[Toueunas pucynkuusa (1) mo mkase
RIFLE ormeuanu B rpynne YKB+9KMO y 2 (6,8%)
nanueHTos, B rpynie YKB+BABK y 7 (31,8%)
marueHToB (p=0,021). IIpuuem cTaguio R HaOJTIO-
Janu B 2 (6,8%) ciyvasax B rpynne YKB+3KMO u B
5 (22,7%) cnyuasx B rpynne YKB+BABK (p=0,1);
cranuio I Habmomanu B 0 (0%) caydasix B TpyIIne
YKB+9KMO u B 1 (4,5%) caydyae B rpymnne

IABP group was 139.4 (88.1; 166.7) ng/ml, in the
IABP group — 212.3 (102; 279) (P=0.027). RE as-
sessed on the RIFLE scale, was observed more often
in the IABP group. When assessing the incidence of
RF separately for each stage, no significant differ-
ences were found. Serum NGAL confirms a lower
degree of kidney damage in the ECMO group. There
are some studies where the incidence of acute renal
failure during percutaneous revascularization of
LMCA and coronary artery bypass grafting in pa-
tients with existing chronic renal failure were com-
pared, and it was shown that RF developed less fre-
quently in PCI [9]. There is no information, which
MCSD-based methods were used for those inter-
ventions. It is known that the development of RF in
ACS significantly increases the risk of death [10].
The study of RF as a complication of IABP, preced-
ing the operation of coronary bypass surgery, does
not show a reliable connection between these phe-
nomena [11], but, in turn, does not show compar-
ative data with revascularization in the form of PCI,
in which IABP is used much more often. IABP is
known to improve renal blood flow [12], but the
correct anatomical comparability of the balloon
and aorta is extremely important since this mis-
match entails renal complications [13]. E Pap-
palardo et al. showed that with the development of
cardiogenic shock, IABP does not protect against
RE and with its development the risk of death sig-
nificantly increases [14]. Studies on the develop-
ment of RF with using ECMO show a high inci-
dence of this complication, but the fact that the
etiology of RF is associated with the primary dis-
ease and impaired oxygen delivery to the kidneys
rather than with the use of ECMO is always stipu-
lated. ECMO in this situation is just one of the in-
tensive care methods that supports global perfu-
sion and provides oxygen transport to all organs
[15]. Thus, the development of RF in ACS has been
investigated only in severe patients, while this issue
has not been studied in initially hemodynamically
stable patients. However, the results of this study
showed that with HR PCI, the use of IABP was most
commonly associated with the development of
renal dysfunction compared to ECMO.

MOF was observed in 3 (10.3%) cases in the
PCI + ECMO group and in 12 (54.5%) cases in the
IABP group (P=0.001). The median score in the
ECMO group was 3 (1; 4) points, while in the IABP
group it was 6 (3; 8) points (P=0.02) by SOFA score.
Thus, we observed not only a more frequent devel-
opment of MOF in the IABP group, but also a
greater degree of severity of MOE

The duration of the endovascular intervention
of PCI was higher in the group using ECMO. This
was due to the fact that, because of MCSD speci-
ficity and better hemodynamic stability, the opera-
tor had more opportunities for the most complete
revascularization that evidenced by significant dif-
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YKB+BABK (p=0,247); craguio F—B 0 (0%) cirygasax
B rpymmne YKB+3KMO u B 1 (4,5%) ciydae B rpymie
YKB+BABK (p=0,247). Copepsxanue NGAL na cJie-
nylomue cyrku nocise YKB B rpynnie YKB+BABK
cocraBun 139,4 (88,1; 166,7) Hr/mj, B rpymnne
YKB+BABK — 212,3 (102; 279) (p=0,027). Takum
o6pas3oM, MbI HaOJTIOgA/IA passuthe [1]] mo mkaste
RIFLE wame B rpynne YKB+BABK. [Ipu onenke
4acToThl pa3BuTus [1]] oTaes pHO Mo Ka)KI0H cTa-
UM TOCTOBEPHBIX pa3JIMYMi He BBISIBU/IN. 3HaUe-
HUA cofiepsKaHusi cbiIBOpoTouHOro NGAL monTeep-
SKIAeT MEHBIYIO CTeIIeHb IIOBPE)KICHUA [I04YEK B
rpynne UKB+9KMO. M3BecTHBI UCCIEIOBAHNUA,
KOT/a CpaBHMBAJIACh YaCTOTa Pa3BUTHUSA OCTPOU
TMOYEYHON HEIOCTATOYHOCTU IIPU YPECKOKHOU
peBackynapusanuu CTJIKA u onepanyy KOpoHap-
HOT0 IIIYHTUPOBAHUS y NAI[EeHTOB C UMeIoIIeicsa
XPOHUYECKON TTOYeUYHON HEeI0CTAaTOYHOCTHIO, T
nokasaso, 4ro [1]] B ycnoBusax YKB pasBusasiach
pexe [9]. BMecTe ¢ TeM, He IIpeCTaBJIeHO, KaKue
meTtoasl MITK mcnosib30BaInch OpU JaHHBIX BMe-
maresibCcTBax. OJTHAKO U3BECTHO, UYTO pa3Butue [1]]
npu OKC cymiecTBEeHHO MOBBIIIAET PUCK CMEPTHU
[10]. UccaenoBanue I1]] kak ociokHenusi BABK,
MIPeAIIeCTBYIOLIEro Olepanyuy KOPOHApHOIO MIyH-
TUPOBaHMsI, HE TIOKA3bIBAET JOCTOBEPHOU CBSI3U
MEsRIY 9TUMU ABJIEHUAMU [11], HO, B CBOIO O4epeb,
¥ He OTpayKaeT CPaBHUTEJIbHBIX TAHHBIX C PEBACKY-
Jasspusanueit B Busie YKB, npu kotopom BABK nipu-
MeHsIeTCsI 3HaUuTeAbHO yaiile. Mi3aBecTHO, uTo BABK
yJIydlllaeT IoYeYHbIi KPOBOTOK [12], oqHAKO KpaiiHe
BQKHOM SBJISAETCS TpPaBUJIbHAsA aHATOMUYECKasi
COTIOCTaBUMOCTH OaJIJTOHA M aOPThI, TaK KaK 3TO
HECOOTBETCTBHE BJIEYET 3a COOOM IIOUYEUHbIE OCI0MK-
Henwus [13]. E Pappalardo u coaBTOpbI 1TOKa3aJIu, YTo
OpUA PA3BUTHUUA KapAWOTreHHOTO moka BABK He
3amuiaet ot [1]], a mpu ee pa3BUTUM 3HAYUTEJIHBHO
BO3pacTaeT PUCK JieTaJIbHOro ucxoza [14]. Mccieno-
BaHUA 10 paspuTuio [IJl mpu mCHogb30BAHUU
OKMO 1noka3pIBalOT BBICOKYIO 4YacTOTy 3TOrO
OCJIO}KHEHMsI, HO BCETla OTOBAPHUBAETCSA TOT (DAKT,
uTo aTroJiorusi [1]] cBsi3aHa ¢ IepBUYHBIM 3a00J1e-
BaHWEM U HapyllIeHWeM T0CTaBKYU KUCI0POaa K IT04-
kaM, a He ¢ ucroJab3doBanueM JKMO. 11 3KMO B
9TOU CUTYaLIUU SIBJISIETCS UMEHHO OHUM U3 METO-
JIOB UHTEHCUBHOM Teparniu, KOTOPBIH MOIEP KUBA-
eT m1obasbHyI0 Iepy3nIo 1 00ecIieYrBaeT TPAHC-
HOpT KUcJIopofga Ko BceM opraHaM [15]. Takum
obpasom, pazsurue [1]] mpu OKC siJisieTcs u3yueH-
HOU TeMOU TOJIBKO y MaIlieHTOB B KPUTHUYECKOM
COCTOSTHUH, TOTZIA KaK 9TOT BOIIPOC y UCXOIAHO I'eMO-
IMHAMUYECKA  CTAa0MJIbHBIX  IAIEeHTOB  He
nay4dascs. Pesyssrarbl JAHHOTO MCCJIENOBAaHUA
nokasdany, yto npu YKB BP ncnonb3oBanne BAGK
yalie acCCOLMUPYETCsl C pa3BUTHEM ITOUEYHOH TUC-
¢yHKIIMM IO cpaBHeHMIO ¢ IKMO.

IIOH, kak cobniTue Habdaogaau B 3 (10,3%)
ciydasax B rpynie YKB+3KMO u B 12 (54,5%) coy-
4gaax B rpynne YKB+BABK (p=0,001). IIpu onenke

ferences in the residual SYNTAX score between the
studied groups. The residual SYNTAX score in the
ECMO group was 10 (2; 19) points while in the IABP
group it reached 18 (11; 24) points (P=0.01). Also,
the endo-endovascular surgeons themselves sub-
jectively noted the best comfort when performing
PCI in ECMO conditions.

Among all patients, we did not note any com-
plications except hemorrhagic. BARC bleeding at a
score of 3a or more was observed in 13 (44.8%) pa-
tients in the ECMO group and in 4 (18.1%) patients
in the IABP group (P=0.046). Despite the obviously
better hemodynamic effects and minimization of
organ damage with ECMO usage, there is a high fre-
quency of hemorrhagic complications in the group
of use of this type of MCS. This, in turn, can dis-
credit the technique, as the blood transfusion that
may be required in connection with these compli-
cations is a predictor of the MOF development. The
high frequency of bleeding, most likely, is associ-
ated with the greater invasiveness of this method,
as well as with the relatively small team experience,
as the rate of hemorrhagic complications de-
creased. The obtained data are consistent with
global experience, which also notes that more fre-
quent and routine use of ECMO reduces the poten-
tial number of complications [16].

To sum up, the hospital mortality, which was
significantly lower and was noted in 1 (3.4%) case
in the ECMO group compared with 5 (22.7%) cases
in the IABp group (P=0.035). A randomized con-
trolled trial of SHOCK 2 did not show a decrease in
mortality when using IABP in patients with cardio-
genic shock [17], while ECMO according to other
non-randomized trials was associated with im-
proved survival [16]. A limitation of these studies is
that initially hemodynamically stable patients were
not studied.

Conclusion

Comparing with IABP, veno-arterial ECMO
has a more pronounced organoprotective effect by
achieving better hemodynamic stability, which, in
turn, prevents hypoxia and subsequent develop-
ment of organ dysfunction, which is confirmed by
both clinical and laboratory markers. In addition,
under the conditions of veno-arterial ECMO, better
completeness and quality of revascularization is
ensured, and hospital mortality is also reduced.

Conflict of interest. The authors declare no
conflict of interest.

110 IIKaJsie opraHHou aucdynknuu SOFA Mennana
6a/utoB B rpymme YKB+9KMO cocrasuna 3 (1; 4),
Torga Kak B rpynne YKB+BABK cocrasunia 6 (3; 8)
(p=0,02). Takum oOpasoM HAOJIOAAIN HE TOTHBKO
6outee gacroe passutue [IOH B rpynme YKB+BAEBK,
HO 1 OOJIBITIYIO CTeNeHb BhIpaskeHHOCTH [TOH.
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JIATeIbHOCT OCHOBHOTI'O 9HA0BACKYJISIPHO-
ro atania YKB 6b11a BBIIIIE B TPYIITIE C KCIIOJIH30Ba-
HueMm OKMO. 9T0 CBA3aHO C TeM, YTO B YCJIOBUAX
aroro Buga MIIK npu Jiyuiiieil reMogHaMUYeCKON
CTaOMJIBHOCTH OTIEPATOP UMeEJT OOJIbIIE BO3MOYK-
HOCTeH JJIs1 MAKCUMAaJIbHO ITOJITHOM peBaCKY/IsApU-
3aly¥, YTO TMOATBEPsKIAeTCsI TOCTOBEPHBIMU
OmIMYUAMHA B ocTarouyHoM SYNTAX mesxny uccie-
nyeMbIMu rpynnaMu. Octatounbiii SYNTAX B rpym-
e YKB+9KMO cocrasuia 10 (2; 19) 6aJ0B, Torma
Kak B rpymme YKB+BABK cocraswmir 18 (11; 24) 6a-
J10B (p=0,01). PeHTreHO3HI0BACKY/IAPHBIE XUPYPIU
CYOBEKTUBHO OTMEYasIy JIYIITU KOMQOpPT TIpHu
BoInosiHeHnu YKB B yciioBuax IKMO.

Kakux-1m60 0CJI0KHEHU, KpOMe reMoppa-
TUYECKUX, CPey BCEeX MAallMEHTOB HE OTMeYaJIu.
KpoBoTteueHnue c orieHko# 3a u 60Jee 1o IKaje
BARC naburionanm y 13 (44,8%) mareHToB B rpyI-
e YKB+3KMO uy 4 (18,1%) mauueHToB B IpyIie
YKB+BABK (p=0,046). HecMoTpsAs Ha O4YeBUIHO
Jiydlliie reMoguHaMu4eckue a(peKTbl U MUHU-
MU3AIAI0 OPTAHHOTO MOBPEKAEHUS ITPU UCIIOJIb-
3oBaHnM JKMO, nMeHHO TpY IPUMEHEHUU 3TOTO
Buaa MIIK Habomany 60IbIIYIO YaCTOTY TEMOP-
paruvyeckux ocJIOKHEHUH. ITO, B CBOIO O4Yepeb,
MOYKET NUCKPEeOUTHPOBATh METOAWKY, TaK KaK
reMoTpaHc(y3un, KOTOPbIE MOTYT ITOTPEOOBATHCS
B CBSI3U C 9TUMU OCJIOKHEHHUAMH, CAMHU 110 cede
ABJIAIOTCA IpeauKTOpoM passutust [IOH. boJib-
I1as1 YaCTOTa KPOBOTEUEHUH, 110 BCEN BUTUMOCTH,
CcBsI3aHa C 00JIbIIIell MHBA3UBHOCTBLIO 9TOT'O METO-
ma MIIK, a Takyke C OTHOCHUTEJbHO HEOOJbIINM
ONBITOM KOMAaH/IbI, 10 Mepe HAKOILJIeHUsI KOTOPO-
ro 4YacTtoTa TeMopparudecKux OCJIOKHEHUHU
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XaHUYecKasi IofiJiepsKKa KPOBOOOpaIlleHrsl IPY YPECKOKHOM KO-

yMeHbIIaaack. [lojiydeHHble JaHHbIE COIIACYIOT-
Cs1 ¢ O0IIEMUPOBBIM OIBITOM, KOTOPBIN CBHE-
TEeJBCTBYET, 4YTO OoJiee YacToe W PYTUHHOE
ucrnoJab3oBanue IKMO cHUKaeT IoTeHIInaabHOe
YUCJIO OCJIOKHEHU! [16].

Pe3ynsrupyroIieii BBIIIIEONCAHHOTO SIBJISIET-
Csl TOCTIUTA/TbHAS JIETATBHOCTD, KOTOpast ObIIa
3HA4YMMO HUKe U oTMedasiach B 1 (3,4%) caydae B
rpynne YKB+3KMO no cpasrenuio ¢ 5 (22,7%)
ciayvasamu B rpynne YKB+BABK (p=0,035). Panno-
MHU3UPOBAHHOE KOHTPOJINPYEMOE UCCIeJ0OBaHNe
SHOCK 2 He mokasajo CHH)KEeHUS JIeTaJbHOCTU
npu npuMeHeHuu BABK y nanueHTOB ¢ Kapauo-
TeHHBIM MIOKOM [17], Torma Kak NpUMeEHeHUe
9KMO 1o raHHBIM APYrUX He paHAOMU3UPOBAH-
HBIX UCCJIEOBAHNN aCCOIUUPOBAHO C YIIyUIIIEHU-
eM BbDKHBaeMOCTH [16]. OrpaHuYeHUWEM 3THUX
HCCJIE€IOBAHUM, OIIATH K€, ABJISIETCS TO, YTO UCXO]I-
HO reMOJIMHAMUYEeCKH CTa0UJIbHbIE HalleHThl He
00CJIeTOBAJINCE.

3akJaouenue

BA 9KMO nio cpaBHeHuio ¢ BABK oka3biBaer
0osee  BBIpa)KEHHBIH OPraHONPOTEKTUBHBIN
a3 peKT myTeM NOCTHUKEeHUs JIydlllell reMOoqHa-
MHY€eCKOU CTabUIbHOCTH, YTO, B CBOIO OYepenb,
IpeayInpeskJaeT pa3BUTHE TUIIOKCUU U TIOCHe-
Iyioleit opranHoil gucyHkiuu. Kpome toro, B
ycaoBusax BA 9KMO oOecneunBaeTcs Jiydiinee
KaueCTBO U [IOJIHOTA PeBACKYJISIPU3AINY, a TAKKE
CHHKAEeTCsI TOCMIUTAIbHAS JIETAILHOCTD.

KouduaukT nuHTEpECOB. ABTOPHI 3asIBJSIOT
00 OTCYTCTBUU KOH(JIUKTA HHTEPECOB.
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,I[uccep’ram»m Ha COHMCKaHHue y'-IeHOﬁ CTEIIeHH NOKTOpa HayK oes OHYGJII/IKOBaHI/IH OCHOBHBIX
HAyYHbIX p€3yJIbTAaTOB B BEAYIIHUX ;KypHaJaX U U3[IaHUAX, IepEeIC€Hb KOTOPbIX YTBEPK/1€H BrIcIeii arre-
CTaHHOHHOﬁ KOMPICC]/Ieﬁ, 6leyT OTKJIOHEHBI B CBA3U C HAPDYLICHUEM II. 10 IToosxeHus1 o nopAake nmpu-

CYy;KAC€HHUA YUYEHBIX CcTerneHem.

ITepeuens skypHanoB BAK, nanaBaembix B Poccuiickoii @efepanuu o criernuagsbHocTy 14.01.20 «AHe-
CTe3MOJIOTHUA U PeaHNMAaTOJIOTHA», B KOTOPBIX PEKOMEeHIyeTcs IMyOJIUKANA OCHOBHBIX PE3Y/IETaTOB JIHC-
cepranuii Ha COMCKaHNe yYeHOH CTeleH! JOKTopa U KaHAuAaTa MeTUIIMHCKUX HaYK:

*  AHecme3uosozus U peanumMamonous;
*  Obwas peaHuMamonozus.
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Coagulopathy in the Acute Phase of Traumatic Brain Injury

Anastasia I. Baranich, Aleksandr A. Sychey, Ivan A. Savin, Aleksandr A. Polupan,
Andrei V. Oshorov, Aleksandr A. Potapov

N. N. Burdenko National Medical Research Center of Neurosurgery, Ministry of Health of Russia,
16 Tverskaya-Yamskaya 4% Str., 125047 Moscow, Russia

Octpas uyepenHo-mo3rosas TpaBMa (UMT) MosKkeT cONIpoOBOKIAThCA pa3BUTHEM Koarysnonaruu. [Ipu
9TOM, B YCJIOBUSIX PHCKa PA3BUTHS UJIU IIPOrPECCUPOBAHNS FeMOpparn4ecKkux IposIiBJIeHUH B BellleCTBe Io-
JIOBHOT'O MO3Ta, HOpMaJbHOe (PyHKIIMOHMPOBaHUE reMOCTa3a UMeeT KpUTUYECKOe 3HaYeHUe.

Ilens uccaenoBaHuA: ONIpefie/IeHre YaCTOThI Pa3BUTHA KOAryJI0IIaTuy B OCTPOM IIepHrojie U30JIMPOBaH-
Hoi UYMT u BbIsiBJIeHHE B3aUMOCBSI3M BAPUAHTOB HapyIIeHUsI TeMocTasa ¢ TsKkecTbio UMT.

Marepuanbl 1 MeToabl. [IpoananusupoBanu 323 uctopun 60/1e3HU narueHToB ¢ UYMT, rocniurainsu-
poBanubix B OPUT IlenTpa Helipoxupypruu c 2008 r. mo 2016 r., 13 HUX B UCC/IeJoOBaHue BKRJIoUnIu 118 na-
nueHToB. KpuTepuu BK/IIOYEHUA: ocTpasd udojauposanHasa UMT, rocnurannsanys B IepBble 72 yaca ocJje
TpaBMBbI, MOJIOJION U CpeJHUH BO3pacT nanreHToB. [Ipu nocTynaeHnn B CTallioHap BCeX MaljieHToB olle-
HUJIY 110 111KaJjie koMbl [masro (LIIKT') u pa3genuau Ha ABe rpynmnsl: 1 — siskesass UYMT, 2 — UMT ymepeHHON
U JIETKOU CTENEHU TSAKECTH. BceM manpieHTaM MpoBeJsIu uccaeaoBanus remocrasa (AUTB, I[TTH, koHIeHT-
pauus GuOPUHOTEHA, YUCJIO TPOMOOIIUTOR).

Pe3yasrarsl. Y 63,6% naiueHTos ¢ ocTpoil UMT BeIABUI/IM IPHU3HAKYU HAPYILIEHNUsI TeMOCTas3a, 00/IbIINH-
CTBO U3 KOTOPBIX (55,1%) HOCUJIY FUIIOKOATY/IAIMOHHBIN XapaKkTep U HaOJII0AAIUCh B IpymIie Tspkesaod UMT
(62,5%). HamnboJ1ee yacThIMU ITpU3HAKAMU KOATYJIONATUH ABJISJINCH CHUKeHue ypoBHs [1TU menee 70% u
TpoMOoIruTonenuss — MeHee 150X10%/1. Mesky pasBUTHEM TPOMOOIIUTONEHUN U HEOJIAarONPUsITHBIM HC-
xonoM (1-3 6asta no IIkase Mcxonos Imasro (IIIMI') BBISIBU/IN KOPPEJISIUOHHYIO B3aUMOCBS3b €J1aboit
cuiiel (r=0,276; p=0,002).

3axJjrodyenue. Ha arare ocTyIieHUA B CTallMOHAP KOAryJ/I0NaTUIo JUarHoCTUpPoBau y 63,6% nanueH-
TOB B ocTpoM nepuoge UYMT, npu sToM npeobJiafany rUIIOKOAry/IsMoOHHbIe n3MeHeHUs1. KoarymonaTuio
JIOCTOBEPHO Yallle BISBJISJIN Y TAIMEHTOB B OCTPoM Itepuoe Tskesoit UMT (IITKT'<8 6a110B).

Mexanuambl UM T-acconuupoBaHHOM KoaryJIonaTuy 10 CUX IIOp He 10 KOHIIa U3y4eHbl; He00X0IUMO
JlaJibHelIIIee UccyeloBaHKe BKJIaga TPOMOOIUTapHOTO, IJIa3MEHHOI0 U (hUOPUHOIUTAYECKOTO KOMIIOHEH-
TOB B (popMUpOBaHUe KOATy/I0NIAaTUH, YTO, BEPOSITHO, TpeOyeT UCI0Ib30BaHNs1, B TOM YHCJ/Ie, THTErPaJIbHbIX
METOJ0B AUAarHOCTUKH reMoCcTasa.

Kanaroueswte crosa: IIMT-accouuupoeaHHaﬂ Koazyionamus, 4epenHo-mo3208as mpasma, cemocmas; roa-
cyronamus

Acute traumatic brain injury (TBI) can be accompanied by coagulopathy. In TBI, when an increased risk
of hemorrhagic lesions in the brain tissue exists, keeping the normal hemostasis is crucial.

The aim: to determine the incidence of coagulopathy in the acute phase of isolated TBI and identify the
correlation between the types of hemostasis disorders and the severity of TBI.

Materials and methods. We analyzed 323 case records of patients with TBI hospitalized to the Neurosurgery
Center ICU from 2008 to 2016, 118 of them were included in the study. Criteria for inclusion were acute isolated
TBI, hospitalization in the first 72 hours after injury, young and middle-aged patients. On admission to the
hospital, all patients were assessed according to the Glasgow Coma Scale (GCS) and divided into two groups:
group I with severe TBI, group 2 with mild and moderate TBI. All patients underwent blood coagulation testing
(APTT, PTI, fibrinogen concentration, platelet count).

Results. In 63.6% of patients with acute TBI coagulopathy were found, most of them (55.1%) had hypoco-
agulability state and were observed in the group of severe PMT (62.5%). The most frequent signs of coagulopa-
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GENERAL REANIMATOLOGY, 2020, 16; 1 www.reanimatology.com 27



28

DOI:10.15360/1813-9779-2020-1-27-34

Clinical Studies and Practice

thy were reduced PTTI of less than 70% and thrombocytopenia of less than 150X10°/1. A weak correlation
(R=0.276; P=0.002) was found between the development of thrombocytopenia and adverse outcomes (1-3

points according to GOS).

Conclusion. on hospital admission coagulopathy was diagnosed in 63,6% of patients in the acute phase of
TBI, hypocoagulability state prevailed. Coagulopathy was significantly more common in patients in the acute

phase of severe TBI (GCS<8 points).

The mechanisms of TBI-associated coagulopathy have not yet been fully clarified. Further studies of the
role of platelet, plasma and fibrinolytic components in the development of coagulopathy are warranted, which
require more comprehensive methods of hemostasis investigation.

Keywords: hemostasis; traumatic brain injury; TBI-associated coagulopathy
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BBenenue

OcTpas yepenHo-Mo3roBas Tpasma (UMT)
SIBJISIETCSI OMHOM U3 JTUIUPYIOIIUX IPUUUH CMEPT-
HOCTH U TSPKEJI0M HHBAJIUIU3AINH JIUI] MOJIOZOTO
U cpegHero Bodpacra [1]. IIpusnano, 4TO B psne
cayyaeB UMT conpoBokIaeTcss HapylUIleHUAMU
CHUCTEMBI TeMocTasa [2-4], 06yc/I1aBIUBaAOITUMA
TOBBIITIEHNE PHCKA FreMOpparunyeckou Tpauncdop-
Mally KOHTY3WOHHBIX O4YaroB M yBeJIMYEHUSA
o0beMa MHTpaKpaHUAJIbHOU reMaToMbl. B TO ske
BpeMsl, TI0 JaHHBIM HEKOTOPBIX MCCJIeJOBAaHUH,
pas3BUTHE KOATYJIONAaTUX MOKET CTaTh IPUINHON
¢dopMUpOBaHUS MUKPOTPOMOOB, YTO IIPUBOIUT K
Pa3BUTHIO UIIIEMUYECKUX TTOBPEKIEHUN TOJIOB-
Horo mo3ra [5]. Kpome Toro, popmupoBaHue Koa-
ryjonaruy, accoruupoBantoii ¢ UMT, cBsi3ano ¢
BBICOKOU 4acTOTON reMoTpaHC(y3uid, JAUTeb-
HBIM JIEYeHUEeM B OTeJIeHUN peaHuMalliu, IOBbI-
IIIEHHBIM PHUCKOM Pa3BUTHUS TOJIUOPTaHHOU HET0-
CTaTOYHOCTH, KpaTHOM YBeJUYEeHUU pHUCKa
JIETAJILHOTO UCXOJA U 3HAYMMO BBICOKMM YPOBHEM
WHBAJUIU3AINY, U, TAKUM 00pa3oM, sIBJISIETCS
OTHUM U3 BAKHEUIIINX HE3ABUCUMBIX MTPETUKTO-
pOB HeOJIaTONMPUATHOTO Ucxoa [6-9]. B ucciemo-
BaHwuu Stein u Ap. [10] TpoIEMOHCTPUPOBAHO, YTO
6oJs1ee yeM y 80% manyieHTOB C MPU3HAKAMU TUTIO-
KOaryJIsiliy, BbIsIBJIEHHBIMU Ha dTalle II0CTYyILIe-
HHUsI B cTanuoHap, (OPMUPYIOTCS BTOPUUYHBIE
MMOBPEsKIEHNUS TOJIOBHOTO MO3Ta, KOTOPhIE MpHU
OTCYTCTBUU KOAryJjonaTuy pasBUBAJINUCH TOJIBKO
B 31% csry4aeB. B pabore Allard u gp. [8] mokasaHo
4JeThbIpexXKpaTHOEe yBeJIMYeHNe PUCKA JIETaJIbHOI0
HCXOZa Y HalleHTOB C KoaryJjaonaruei U mprusHa-
KaMU IPOTPECCUPOBAHUSA FeMOPPAarnvyecKux oua-
I'OB, BhISIBJIEHHBIX 110 JaHHBIM KT [4].

B Hacrosmee BpemMs OTCYTCTByeT TOYHOE
onpenenenne YMT-acconnmpoBaHHOM Koarysomna-
TUU, B CBSAI3U C YEM YaCTOTA €e BO3SHUKHOBEHUSI
I POKO BapbUpyeT 10 JaHHBIM Pa3JINYHbIX UCCJIe-
JOBaHMWM U MOKeT gocturarb 90% [11, 12]. Mexa-
Hu3Mbl UMT-acconuupoBaHHOU KoaryJonaTuy,
KaK M ee XapaKTepHbIe JJab0paTopHble IPU3HAKU,
OCTaloTCs He BepU(UITUPOBAHBI, OTHAKO UX IIOHU-
MaHMe II03BOJIUT BBIABUTH IAIMEHTOB I'PYIIIHI
pYICKa PA3BUTHUS TeEMOPPArUUEeCKUX UJIA UIlleMIye-
CKHX 04aroB U YJIy4YIIUTh Ka4eCTBO UX JIeYeHUs.

Introduction

Acute traumatic brain injury (TBI) is one of the
leading causes of morbidity and mortality in young
and middle-aged people [1]. In some cases, TBI can
be accompanied by abnormal coagulation [2-4], re-
sulting in an increased risk of hemorrhagic transfor-
mation of contusion foci and an increase in the vol-
ume of intracranial hematoma. At the same time,
the development of coagulopathy may lead to the
formation of microthrombi, causing ischemic brain
damage [5]. In addition, coagulopathy related to TBI
associates with high rate of blood transfusions, pro-
longed treatment in the intensive care unit, in-
creased risk of multiple organ failure, dramatic in-
crease in the risk of death and significantly higher
level of disability, and thus is one of the most impor-
tant independent predictors of adverse outcome
[6-9]. The study by Stein et al. [10] demonstrated
that more than 80% of patients with hypocoagula-
bility state found on hospital admission develop
secondary brain damage, which in the absence of
coagulopathy was seen only in 31% of cases. Allard
et al. [8] showed a fourfold increase in the risk of
death in patients with coagulopathy and signs of he-
morrhagic foci progression revealed by CT data [4].

Currently, there is no precise definition of TBI-
associated coagulopathy, therefore, its incidence
varies widely according to different studies and can
reach 90% [11, 12]. The mechanisms of TBI-associ-
ated coagulopathy, as well as its typical laboratory
signs, remain to be verified, and their understand-
ing will allow to identify patients at risk of develop-
ing hemorrhagic or ischemic foci and improve the
quality of their treatment.

The aim of this study was to determine the in-
cidence of coagulopathy in the acute phase of iso-
lated TBI, its most characteristic signs, as well as to
check the correlation between types of coagulation
disorders and TBI severity.

Materials and Methods

We analyzed 323 case records of patients with TBI
hospitalized in the intensive care unit of the Neuro-
surgery Center from 2008 to 2016, of which 118 patients
who met the criteria for inclusion were included in the
retrospective study.
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[leJsb ncciieqoBaHUs — OINpeiesIeHNe 4acTo-
Thl Pa3BUTHA KOATyJI0IIaTUX B OCTPOM IIepuoze
uzosimpoBanHoit UMT u BbisiBJIeHHE B3aUMOCBSI-
31 BApUAHTOB HAPYIIEHUA I'eMOCTa3a C TAKECThIO
UMT.

MarepuaJ 1 MeTObI

IIpoananmmaupoBaau 323 ucTopuu 60JIE3HU IMaIu-
eHToB ¢ UMT, rocniuTa/m3npoOBaHHBIX B OTAEJ/ICHUE pea-
HUMAallY1 U UHTEeHCUBHOU Tepanuu lleHTpa Helipoxu-
pypruu ¢ 2008 r. mo 2016 ., 13 HUX B PETPOCHEKTUBHOE
HCCJIelOBaHUEe BRJIIOYMIU 118 manumeHToB, COOTBET-
CTBYIOIIUX KPUTEPUSM BKJIIOUEHUS.

KpuTepusiMu BKJIIOUEHUsI B UCCJIeJOBAHUE SIB-
JISIJINCh: HAJIWYMeE 0CTPOi ndonupoBanHoit UYMT, roc-
NUTaAU3anuA B IepBble 72 yaca I10cJjie TPaBMbl, MO-
JIOZIOU M CpeHUN BO3pacT manueHToB (oT 18 mo 59
Jger). K KpurepuaM HeBKJIIOYEHHUS B MCCJIeJOBAaHUE
OTHOCMJIN: HaJINYMe JaHHBIX O TPAaHC(Y3UU CBeKe3a-
MoposkeHHOU miadMbl (C3II) B TeyeHue 7 CYTOK [0
rocnuTagu3alnuy, IpueM aHTUKOaryJssHTOB U aHTU-
arperaHToB, HuMeOIIHecs HapylleHUsd QyHKIUU
redeHy, GOHOBAsI KOATYJI0TIATHs UJIU TpoMboduns,
JlaHHBbIE O HeJJaBHEM IlepeHeCeHHOM HelpOoXupypru-
4eCKOM BMelllaTeIbCTBe, a TAK)Ke HaJInyue He3aBUCHU-
MBIX (paKTOpOB puCKa pPa3BUTUA KOarysjaolaTHUH,
TaKUX KaK MacCUBHAsA KPOBOIIOTepsi, TUIIOTEPMUs
(menee 35°C) u anupos (pH menee 7,35 mo maHHBIM
KOC aprepuasbHOA KPOBU).

IIpu nocTyn/ieHuu B CTalMOHAP BCeX MallieHThI
OLleHMJIN 1O mKaJie KoM [itasro (IKT) u pasnenniu Ha
2 rpynnsl: 1 rpynna (ocHoBHasA) — Tsskestada UMT (HIRT
8 6a10B U MeHee), 2 Tpynna (KOHTpoJsbHasA) — UYMT
YMepeHHOH U jierkoii creneHu TsorectH (KT 9-15 6ait-
JIOB). ¥ BCEX MAIlMEHTOB BBITIOJIHUJIA UCCJICTOBAHUA CH-
crembl reMocTasa (AUTB, I[1TH, kormnenTparus pudpu-
HOT€Ha, YHCJIO TPOMOOIIMTOB) IpPU IOCTYIJIEHUH
ranyieHTa B cTarroHap. Ha ocHoBaHMY psifa my6/mKa-
LUH, IOCBAIIEHHBIX MCCJAENOBAHUAM T'eMOCTa3a
[13-16], 1 pedpepeHCHBIX 3HAUEHUI IOKa3aTesell CBep-
ThIBAIOIIleH CUCTEMBI KDOBU, II0JIy4eHHbIe JaHHbIe KBa-
JUUIIPOBATU KaK:

1. Hopmoxoarymnanusa — BCe MOKa3aTeJan CBep-
TBIBAIOIIEN CUCTEeMbI KPOBU B IIpefe/iax HOpMaJlbHbIX
3nauenuii: AYTB 25-35 cek, [TTH1 80-120%, koHIIeHTpa-
nyst pudbpuHoreHa 1,7-4,4 v/ 171 ¥ YUCI0 TPOMOOITUTOB
150-410X10°%/ut;

2. T'unokoarynasanusa — IpU HAJTUYUU OJHOIO U3
rokasaresieii: AYTB 6ostee 35 cek, IITU menee 80%,
KOHI[eHTpaIus ¢ubpuHoTreHa MeHee 1,7 T/AJ1, 9HCIIO
TpoMboIIUTOB MeHee 150X10°/t;

3. T'unepkoarynanus — IpU HAJIUYUU OJHOIO U3
rokasaresieii: AUTB menee 25 cek, I1TU 6osee 120%,
KOHIIeHTpanus pudpuHoreHa 6ostee 4,4 v/aJ1.

dNHIEMHUOJIOTHYECKIe JaHHBIE [IJIsT 00erX TPy
TIpe/iCTaBJIeHbI B TabJ1. 1. I'pyImbl cTaTUCTHYECKH J10-
CTOBEPHO He OTJIMYAJIACh 110 IOJIy U BO3PACTY.

st cTaTHCTUYecKod 00paboTKM pe3yabraToB
npumeHsu nporpammy «STATISTICA 6.0». IIpu craru-
CTUYeCKOI 00paboTKe JaHHBIX HOPMaIBHOCTE pacipe-
JeJIeHUsA OINpenesAnn 1o Kpurepuio KoaMmoroposa-
CmupHoBa. JlaHHBIE IIpeACTaBJIAIN Kak M+SD (M —
cpenHsasa, SD — craHmgapTHOe OTKJIOHEHWE) IPU HOp-
MaJIbHOM paclpejeseHAN U Kak Meguany (25 u 75 npo-

The inclusion criteria were acute isolated TBI, hos-
pitalization in the first 72 hours after the injury, young
and middle age of patients (18 to 59 years). The non-in-
clusion criteria were known fresh frozen plasma transfu-
sion within 7 days prior to hospitalization, use of antico-
agulants and antiaggregants, pre-existing liver
dysfunction, coagulopathy or thrombophilia, docu-
mented recent neurosurgical interventions as well as in-
dependent risk factors for coagulopathy, such as massive
blood loss, hypothermia (less than 35°C) and acidosis
(pH less than 7.35 in arterial blood).

On admission, all patients were assessed according
to the Glasgow Coma Scale (GCS) and divided into 2
groups. Group 1 (main) patients had severe TBI (GCS
score 8 and less), Group 2 (control) patients had mild and
moderate TBI (GCS score 9-15). Hemostasis testing
(APTT, PTI, fibrinogen concentration, platelet count) was
performed in all patients on admission. Based on several
papers studying hemostasis [13-16] and reference values
of blood coagulation system parameters, the obtained
data were qualified as:

1. Normocoagulability where all blood coagula-
tion indices were within normal values (APTT 25-35 sec,
PTI 80-120%, fibrinogen concentration 1.7-4.4 g/dL and
platelet count 150-410x10%/1

2. Hypocoagulability with one or more of the fol-
lowing: APTT > 35 sec, PTI < 80%, fibrinogen concentra-
tion < 1.7 g/dl, platelet count < 150x10°/1

3. Hypercoagulability with one or more of the fol-
lowing: APTT < 25 sec, PTI > 120%, fibrinogen concentra-
tion>4.4 g/dL.

Epidemiological data for both groups are presented
in table 1. The groups did not differ significantly by sex
and age.

The statistical analysis of the results was performed
using the «STATISTICA 6.0» software. During statistical
analysis of data, the distribution normality was tested by
Kolmogorov-Smirnov criterion. The data were presented
as M+SD (M — mean, SD — standard deviation) in nor-
mal distribution and as median (25 and 75 percentiles)
in non-normal distribution. The Mann-Whitney crite-
rion was used for comparison of two groups, the differ-
ences were considered statistically significant at p<0.05.
To determine the relationship between GOS outcomes
and hemostasis, a correlation analysis was performed
using Pearson and Spearman methods (<0.2 was consid-
ered very weak correlation; 0.2-0.5 — weak correlation;
0.5-0.7 — moderate correlation; 0.7-0.9 — strong corre-
lation; >0.9 — very strong correlation).

Results and Discussion

Epidemiology and type of hemostatic disor-
ders in TBI. Coagulopathy was found in 63,6% of pa-
tients with acute TBI on admission to ICU (table 2).
The majority of the patients (55.1%) had hypocoag-
ulability states, while hypercoagulation was ob-
served only in 8.5% of patients.

Hypocoagulability in TBI can be attributed to
the excessive activation of hemostasis by the tissue
factor present in large quantities in brain tissue,
which leads to further depletion of blood-clotting
factors [17]. However, the TBI-associated coagu-
lopathy is a complex process that affects all stages

GENERAL REANIMATOLOGY, 2020, 16; 1
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TaGuuia 1. XapakTepuCTHKA HCCJIEyEMbIX IPYIIIL.
Table 1. Patient profile.

Parameters Values of parameters in groups P
Main, n=88 Control, n=30
Sex
men 67 (76.1%) 21 (70.0%) ns
women 21 (23.9%) 9 (30.0%) ns
Age, years, mean+SD (min-max) 31.4+10.8 (18-59) 33.1+12.0 (18-59) ns

Note. For Tables 1-3 and Figure 1: ns — non significant (>0.05)
Ipumeuanwue. [Ij1s1 TabJ1. 1, 2, puc.: Parameters — nmapameTpbl

; values of ... in groups — 3Ha4eHwu4 ... B Tpynmax; main — oc-

HOBHast; control — KOHTPOJIbHAS; S€X — I10JT; Men — MYSKYMHBI; Women — 3KeHIIUHBI; age, years, mean — BO3PAacT, JIET, CPeJl-

Hee; NS — OTCYTCTBUE OIMYUI MeskIy rpynnamu (p>0,05).

TaGsmuma 2. BapnaHTel 13MeHeHUH remocra3a npu UYMT.

Table 2. Hemostasis changes in TBI.

Parameters Values of parameters in groups

Main, n=88 Control, n=30 Total, n=118
Hypocoagulability 55 (62.5%) 10 (33.3%) 65 (55.1%)
Normocoagulability 25 (28.4%) 18 (60%) 43 (36.4%)
Hypercoagulability 8(9.1%) 2 (6.7%) 10 (8.5%)

IIpumeuanwue. Total — Bcero; Hypo-/Normo-/Hypercoagulability — I'mno-/Hopmo-/Tunieproarysisinus.

LIeHTUJIN) — IIPU HEHOPMAJIbHOM paclpeniesieHuu. [l
CpaBHEHHSI JIBYX TIPYNI WCIOJIB30BATN KPUTEPUU
ManHa—-YUTHH, IIPX 9TOM PA3INYNAA CUUTAJIA CTATACTH-
4eCKd 3Ha4uMbIMu npu p<0,05. lna ompepesieHus
B3anMOCBA3U ucxoa0B 110 [TV ¢ mokasareasiMmu remo-
CTa3a MPOBeJIN KOPPEeISIIUOHHBINA aHAIN3 TI0 METOIaM
ITupcona u Cnimpmana (<0,2 — o4eHs cadast KoppeJs-
must; 0,2-0,5 cirabas koppessanus; 0,5-0,7 — cpeqHsis
roppesstiust; 0,7-0,9 — BBICOKAsA KOppessnust; bosee
0,9 — o4eHB BBICOKAs KOPPEeJIANHUA).

Pe3ynbTaThl U 00CYK/I€HHE

AMUIEeMHOJIOTHS U XapaKTep HapylIeHui
remocrasda npu UMT. V 63,6% nanueHTOB C OCT-
poit UMT npu nocrtyninenuu B OPUT BeissBUIN
MIpU3HAKK HapyIIeHus remocTasa (tabu. 2). ITpe-
obsagaromiee 60JIBITUHCTBO HapymeHui (55,1%)
HOCWJIM TUIIOKOATYJISAIMOHHBIA XapakTep, B TO
BpeMsI KaK TUIEPROATYIISINIO HaOJI0gay JIUITh
y 8,5% manueHToB.

Hanmmune Npr3HAaKOB THIIOKOATYIANAYN IIPA
UMT MOKHO OOBSICHUTE Ype3MePHON aKTHBAIIH-
el reMocTrasa TKaHeBbIM (DAKTOPOM, COjIeprKa-
IIAMCS B OOJIBIIIOM KOJIMYECTBE B TKAHU MO3ra,
4yTo 00ycJaBJIMBaeT OajbHEWIIee WCTOIEeHNe
¢akTOpPOB CBepThIBAHUSA KPOBH [17]. OHAKO KOa-
ryjomnarus, accouuruposaHnHas ¢ YMT, npencras-
JIsTeT cO60M KOMIIJTIEKCHBIH ITPOIIECC, 3aTParuBa-
MK Bce 3BeHbsl remMocTasa. [loBpeskJIeHHbIN
9HOTEN 1epedpaTbHBIX COCYI0B TaK)Ke TPHUBO-
IAT K TUTIEPAKTUBAIIUN TPOMOOIIUTOB C IOCJIE-
OYIOIIM CHUSKEHHEM MX YHCJIa U PEaKTUBHOCTHU
[12]. Kpome Toro, mpu UMT HabJI01aeTCSA 3HAYN-
MOe yBeJIn4YeHre YPOBHA IPOKOATYJIAHTHBIX MUK-
poBe3ukya [18], KoTOpble MOLYT HE TOJBKO
ABJIAATHCSA aJIBTePHATUBHBIM UCTOYHUKOM TKaHe-
BOro (pakTopa, HO TaK:Ke cojepskaT pocharumaui-
cepuH, CIOCOOCTBYIOIINI 00pa30BaHUIO TPOKOA-
T'YJIAHTHBIX KOMILJIEKCOB [19]. Tak ke ogHUM U3

of hemostasis. Damaged cerebral vascular endothe-
lium also causes platelet hyperactivation with a
consequent reduction in platelet number and reac-
tivity [12]. In addition, a significant increase in the
level of procoagulant microvesicles is observed in
TBI [18]. The vesicles may not only be an alternative
source of tissue factor, but also contain phos-
phatidylserine promoting the formation of proco-
agulant complexes [19]. One of the mechanisms of
this coagulopathy is fibrinolysis enhancement [20].

Laboratory signs of TBI-associated coagu-
lopathy. In most studies, the criterion for TBI-asso-
ciated coagulopathy was hypocoagulability state
manifested as abnormality of one or more labora-
tory hemostasis parameters (prolonged APTT, re-
duced PTI or platelet count) [21]. Our results (table
3) show that the most common signs of coagulopa-
thy in the severe TBI group were reduced PTI (less
than 70%) and platelet count below 150x10%/1 (fig.).
Similar data were obtained in the Wafaisade et al.
study, which included 3114 patients with isolated
TBI [22]. The authors also point out that the de-
crease in platelet count and PTI is the most typical
sign of hemostasis disorders in TBI.

Hypercoagulability was found in 8.5% of TBI
patients and manifested as increased fibrinogen lev-
els, which may have been due to a severe systemic
inflammatory response associated with TBI, since
inflammatory cytokines (such as interleukin-6 and
interleukin-1), which become elevated after TBI,
participate in the fibrinogen production [8]. How-
ever, this claim requires further research.

The link between TBI severity and the devel-
opment of coagulopathy. Coagulopathy was most
commonly observed in the severe TBI group, which
can probably be explained by the potentially more
significant brain tissue damage: signs of hypocoagu-
lability were observed in 62.5% of patients with se-

vere isolated TBI. In a study by Talving et al. including
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Tabsmna 3. B3aumocBs3b Mexxay ucxogamu mo [IUT u ypoBHEM TPOMOOLIMTOB.
Table 3. Correlation between GOS outcomes and platelet count.
Platelet count GOS score 2P
1 2-3 4-5
<100X10%/1 3 (33.3%) 6 (14.6%) 2 (2.9%) x?=10.783
2100X10%/1 6 (66.7%) 35 (85.4%) 66 (97.1%) P=0.005
IIpumeuanue. Platelet count — copepskanne Tpomoo1uToB; GOS score — [T, 6asibI.
120 T -1
250
100 T
= 2007
13 N
E 150
60 — E‘; B
& 100
40—
20 - 507 —
T T T T
Main Control Main Control  Groups
Parameters Values of parameters in groups
Main, n=88 Control, n=30 Total, n=118
IAPTT, s 26.7 [23.9; 30.3] 27.3123.7;29.9] ns
PTI, % 68.0 [53.0; 77.0] 88.0 [78.0; 98.0] <0.05
Fibrinogen, g/dl 3.45[3.1; 4.0] 3.3[2.4;4.9] ns
Platelets, 10°/1 148 [121; 175] 202 [175; 226] <0.05

CpenHue 3Ha4eHH HCCJIelyeMbIX II0Ka3areJieil 1 HanOoJIee XapakTepHbIe JJaGopaTopHbIe NPU3HAKY H3MEHEHHIi reMocTa3a.
Mean values of the studied parameters and the most common laboratory hemostasis changes.

Note. The comparative analysis data are presented as an integrative 95% range of the parameter without extreme points, contours,
median value and 25% and 75% quartiles; P— significance of differences; ns — no significant differences between groups.
IIpumeuanue. PTI —IITY; Platelets — tpom6omuTsl; APTT, s — AUTB, cek. [JaHHBIe CDAaBHUTEILHOTO aHAIN3A IIPECTABIIEHbI
B BHUJle UHTerpaTuBHOro 95% pa3Maxa IIokasareJis 6e3 9KCTpeMaJIbHbIX 3HAYeHUH U KOHTYPOB, CPeJUHHOI0 IUaNa30Ha, OTPAHU-

YeHHOTr0 3HaueHussMu 25% u 75% KBapTuJisi, MeJuaHbl.

MEXaHM3MOB JAHHOU KOaryJjolnaTUu SIBJISETCS
ycunenne pubpuHoauaa [20].

JlabopaTropnsie npusHaku YMT-accorumpo-
BaHHOMH KoaryJionaruu. B 6o/bIImmHCTBE paboT, Kpy-
TepusiMu  UMT-accoMMpPOBAHHON KOArysaomaTuu
ABJIAIOTCA TUIIOKOATYJIANMOHHbIE U3MEHEHUA KaK
MUHHMYM OJTHOTO JTa00PaTOPHOTO IIOKA3aTeJIsI OLIEH-
KU reMocrasa (yauHenue AYTB, cHuxeHue 3Haye-
HuA [T nin ymeHblleHre yucsia TPOMOOITNTOB)
[21]. TToJsty4eHHBIE PEe3YIIBTaThI (TA0J. 3) JEMOHCTPH-
PYIOT, YTO HanbOoJIee YaCThIMU IIPU3HAKAMI KOATYJI0-
IIaTUH B rpymre Tsoxenaoi UMT asiigerca cHkeHne
3nauenus [1TU Hmke pedepeHcHbIX (MeHee 70%) 1
TpoMboruTonieHnss — meHee 150x10°/1 (puc.). Cxon-
HbIe JJaHHbIE TI0JIY9YeHbI B rccaeqoBanny Wafaisade
U COABT., BKJIIOUMUBIIEeM 3114 nanueHToB ¢ U30JIMPO-
BaHHOU UMT [22]. ABTOpBI TaK:Ke yKa3bIBAIOT, YTO
CHIKEHVEe Yrcja TpoMOoIuToB u 3HadeHus [1TU
SIBJISIIOTCST HanboJiee XapaKTePHBIMU ITPHU3HAKAMU
HapyIieHn# remocrasa mpu UMT.

lnneproarynAnyoHHbIC N3MEHEHMS, BBISABJICH-
HbIe Yy 8,5% nanuenTos ¢ UMT, npoAaBJsIiCh B BULE

436 patients with TBI (392 with blunt head injuries,
44 with penetrating wounds), the authors demon-
strate that coagulopathy is significantly more com-
mon in patients with penetrating wounds and also
recognize severe brain damage (GCS below 8) as an
independent risk for coagulopathy development [7].
Correlation between coagulopathy and out-
comes according to the GOS. Pearson's correlation
coefficient was used to test the correlation between
platelet count and GOS outcomes. A weak correla-
tion (R=0.276; P=0.002) was found (table 3).
Several studies have demonstrated that
thrombocytopenia and probable thrombocytopa-
thy contribute significantly to the development of
coagulopathy associated with TBI [23-27]. A de-
crease in platelet count below 175x10°/1 has been
shown to significantly increase the risk of progres-
sion of hemorrhagic foci, while thrombocytopenia
below 100x10°/1 causes a nine-fold increase in risk
of death [28, 29]. According to Sun et al., thrombo-
cytopenia and thrombocytopathy can be diag-

nosed even several days after the trauma [30].
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Clinical Studies and Practice

yBeJIMY€eHMs YPOBHsI (pOPHUHOTEHA, YTO, BOSMOKHO,
OBIJI0 CBSI3AHO C BBIPAYKEHHOU CHCTEMHOM BOCITAITH-
TeJIbHOU peakiueit Ha (pone UMT, T.K. BociamuTe Ih-
HbIe [IUTOKUHBI (TaKkue Kak UHTepsiedKkuH-6 (IL-6) u
unHTepJieikuH-1 (IL-1)), comepskanne KOTOPhIX ITOBbI-
mraercs mocsie UYMT, ygacTByloT B cuHTe3€e (prOpHHO-
refa [8]. OmHaKo NIaHHOE yTBepskiIeHHe TpedyeT
JTaJTbHEHIIIero NCCIefOBaHuA.

Cesa3ssb TsskecT UYMT 1 pa3BUTHA KOaryJio-
naru. Yaie BCero KoaryJIornarui HabJrioqaa B
rpynie Tsskesod UMT, 4To, BEpOSTHO, MOKHO
O0BSACHUTH IIOTEHIIMAJLHO 0o0Jiee 3HAYUMbIM
MOBPEKJIEeHNEM MO3TOBOM TKaHU: NPU3HAKU
TUTIOKOAT YIS HabTIonanu y 62,5% manueHToB
¢ Tsiskesi0u n3osimpoBanHoit UMT. B uccienosa-
Huu Talving u ap., Bk/IounsieM 436 aiyeHToB ¢
UMT (392 mamueHTa CO CjenbIMUA paHEHUAMU
TOJIOBBI, 44 — C TPOHUKAIOIIMMU), ABTOPbI JEMOH-
CTPHUPYIOT, 4YTO KOAryJOllaTUXA BCTPEYaroTCsA
3HAYMMO Yallle Y NalieHTOB C IPOHUKAIIIUMU
paHeHusAMM, a TaKKe IMIPU3HAKT TAKeJI0e
noBpeskaenne rojgoBHoro moara (IIIKI menee 8
0aJI710B) OMHUM U3 HE3aBUCUMBIX PUCKOB (DOPMU-
pOBaHUU Koaryjaonaruu [7].

Koppeasanusa Meskay HaIu4HeM KoaryJio-
natuu 1 ucxoaamu mo IIUT. /1 vcciienoBanus
B3anMOCBs3u ncxonoB 1o [T u yucia TpomMo60-
IIUTOB IPUMEHUIU KO3 PUIMEHT KOPPeTAIUn
[InpcoHa, BBIABUJIN KOPPEJIALNOHHYIO B3aUMO-
CBsA3b cj1aboit cuabl (1=0,276; p=0,002) (TabJr. 3).

B psnme paboT mMpoaeMOHCTPUPOBAHO, YTO
TPOMOOITUTOIIEHUS U BEPOSITHASI TPOMOOITUTOIIA-
THS BHOCAT 3HAYMMbIN BKJIA]] B (QOpMUPOBaAHME
KOaryJjonarum, accouuupoBanHoi ¢ UMT [23-27].
Bb1710 TOKA3aHO, YTO CHIYKEHNE YK CJIa TPOMOOITH-
TOB MeHee 175X10°/J1 ;OCTOBEpPHO yBeJIUYUBAET
PHCK IIPOTPECCUPOBAHUS TEMOPPAarnyeCcKuX 04a-
OB, B TO BpeMsI KaKk TPOMOOIIUTOIIEHUSI MeHee
100X10%/y1 mEeBATUKPATHO YyBeJIWYUBACT PUCK
JeTaJIbHOTO ucxona [28, 29]. I1o manabsiM Sun u 1p.,
TPOMOOIIUTONIEHUST U TPOMOOIIUTONIATUSI MOTYT
OBITh TUAarHOCTUPOBAHBI Jajke yepe3 HECKOTbKO
JTHeW TocJjie anmn30o4a TpaBmbl [30].

B uccaenoBanuu IMPACT (International Mis-
sion for Prognosis and Analysis of Clinical Trials in
TBI), BrirouuB1ieM 8686 nmanuentos ¢ YMT, npo-
JIEMOHCTPHUPOBAHO, YTO YAJUHEHUE TPOTPOMOU-
HOBOTO BpEeMEHHU (1, KaK CJIeICTBUE, YKOPOYEHHE
[ITH) ABIA€TCA OGHUM U3 HE3aBUCUMBIX IIPEIUK-
TOPOB HEOJJIArOMPUATHOTO Ucxoxaa [31].

B naHHOM HCCJIEIOBaHUU OTCYTCTBYET KaKas-
Janb0 roppensAanusa Mesray ucxomamu no KT u
anavennieM [TV, 4To MOKHO OOBSCHUTEL CPAaBHU-
TEJHHO HEOOJIBIIIMM YHCJIOM MCCJIeJOBAHHBIX
nalueHTOoB.

K coskanenuto, craHiapTHBIE TECThI CUCTEMBI
reMocrasa, Takue kak AUTB, ITTH, koHnieHTpanua
¢ubpuHOTreHa He BCcerga 0TOOPaskaroT peaJbHOe
COCTOSIHAE CHCTEMBI TIeMOCTa3a, IIOCKOJIBKY

The IMPACT (International Mission for Prog-
nosis and Analysis of Clinical Trials in TBI) study,
which included 8686 patients with TBI, demon-
strated that prothrombin time prolongation (and,
as a consequence, PTI shortening) is one of the in-
dependent predictors of adverse outcomes [31].

Our study did not show any correlation be-
tween outcomes on GCS and PTI values, which can
be attributed to relatively small number of patients
studied.

Unfortunately, standard tests of the hemosta-
sis system such as APTT, PT], fibrinogen concentra-
tion do not always represent the real state of the he-
mostasis as they are performed in a plasma sample
without consideration of the interaction of coagu-
lation factors with platelets, blood cells and vascular
endothelium. Complex and multifactorial coagula-
tion disorders, such as TBI-associated coagulopa-
thy, probably require a more rigorous investigation
using integral tests such as thromboelastography
and thromboelastometry. The data from these tests
will allow to discover more accurate predictors of
adverse outcomes.

Conclusion

On admission, coagulopathy was diagnosed in
63.6% of patients with acute isolated TBI, with most
of these changes developing in patients with severe
PMT and manifesting as hypocoagulability state.
The most typical laboratory signs of the coagulopa-
thy were thrombocytopenia and reduced PTI. How-
ever, the standard coagulation tests are not sensi-
tive to several other possible mechanisms of
coagulopathy, e. g. platelet abnormalities and fib-
rinolysis, therefore the use of additional investiga-
tions or integral hemostasis testing is likely helpful
for selecting the targeted coagulopathy treatment
as well as identifying adverse outcome predictors.

BBITIOJTHAIOTCS B 00pasile mjaa3Mbl, TaKUM 00pa-
30M He YYUTBHIBAETCS B3aUMojielicTBrE (PaKTOPOB
KOaryJIsiliuu C TPOMOOIIUTAMU, 9JIEMEHTAMU KJIe-
TOK KPOBHU U 9HI0TeeM cocynoB. CI0KHbIE U
MHOTO(aKTOPHBIE HAPYIIIEHUS] TEMOCTA3a, TAKKE
Kak UMT-accorumupoBaHHaA KoaryJIonarus, Bepo-
SITHO TPeOYIOT OoJiee TIAaTeTbHOU TUAarHOCTUKY C
IIOMOIIBIO MHTETrpPpaJJIbHBIX METOO0B HCCJAen0oBa-
HUsI, TAaKUX KaKk TpoMOoasiacTorpadus u TpoM009-
JIACTOMETPUSI, a TIOJTyYeHHbIE JTAHHbIE 3THUX TECTOB
MO3BOJIAT BBIIBUTH O0OJIEE€ TOUHBIE NpeTuKTOPbI
HeOJIaroNpUATHOTO UCXOa.

3akJrouenue

Ha sramne mocrtymieHus B cranuonap UMT-
aCCOMMPOBAHHYIO KOAryJIONATHUIO TUarHOCTUPO-
Ba/IN y 63,6% IaueHTOB C OCTPON U30JIMPOBaH-
HOWl UMT, mipm 9TOM B OOJIBIIMHCTBE CJIy4aeB
JaHHbIe N3MEHECHUS Pa3BUBAJINCH y ITAIIMEHTOB C
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Knunudyeckue uccjaeqoBaHud U IIPpaKTUKaA

Tsprkesio UMT 1 HoCcU/Iy TMIIOKOArysIsiliiOHHbBIN
xapakTtep. HauboJsiee xapakTepHBIMU JITaD0OPaTOP-
HbIMU IIpU3HAKaMU JAHHON KOaryJIonaTUU sIBJIsI-
JINCh TPOMOOITUTOTIEHNUST U CHUYKEeHUEe 3HAYEeHUH
I[ITHU. OpHako, cTaHmapTHBIE KOAryJIsAlHOHHBbIE
TECTBI HE YYBCTBUTEJILHBI K PAAY IPYTUX BOZMOXK-
HBIX IaTO(PU3NOTOTUIECKUX MEXaHU3MOB Koary-
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IleJss ccaegoBaHUA — 000CHOBaHUE MOP(OJIOTHUECKUX TUATHOCTUYECKUX KPUTEPUEB pecIuparop-
Horo nuctpecc-cuaapoma (PIICH) u octporo pecniuparopHoro auctpecc-cuaapoma (OPJIC) y rmybokoHe-
JIOHOIIIEHHBIX HOBOPOYKJ€HHBIX.

MarepuaJjbl ¥ MeTOAbl. [IpoBean aHaaus3 IPOTOKOJIOB IaTOJI0T0AaHATOMUYECKOT0 UCCJIeJOBAHUA
31 HOBOpORIeHHOTO. CpeHUII reCTallMOHHBIN BO3PACT eTell cocTaBu 28,9+5,3 HeJl., Macca TeJia IIPH POsK-
JeHnn — 14044945 rpamm. B Beibopke 58% HOBOPOSKIEHHBIX UMeJIN 9KCTpPeMaJbHO HU3KYIO Maccy Tesa
(OMHT). ITpu poskIeHNH Y BCEX HOBOPOSKIEHHBIX BBISIBUIN aC(OUKCHIO TSKEIOM CTeTIeH!, MeIaHa OLleHKHI
TI0 ITKaJjIe Anrap Ha 1-if MUHyTe jKU3HU coCTaBJIAIa 3 [2; 5] 6amta. Bo Bcex ciIy4asx UMeJsIo MecTo HebJsaro-
NIpUATHOE TedeHue 3a0oIeBaHusA. MeuaHa IPOA0/KUTEIbHOCTH KU3HU COCTaBIsANa 72 [22; 181] gaca.

Pe3ysibTaThl HCCJIefOBaHUA. B riccef0BaHNY BBIABUIIN JIBA BapuaHTa (pOpMUPOBAHUA THATNHOBBIX
MeMOpaH y HeJJOHOIIEHHBIX HOBOPOKIEHHBIX C OCTPOH AbIXaTe/IbHON HeJOCTaTOYHOCTHIO. [HaInHOBEIE
MeMOpaHBbI B JIETKUX 00HAPYKUIH y 93,5% HOBOPOXKIEHHBIX, UX HUX B 51,6% ciydaeB uMmes Mecto PJICH,
00yCJIOBIEHHBIN TePBUYHBIM AedUIuTOM cypdakTanTa, y 41,9% aereit Bersssuau OPJIC, 06yC/IOBJIEHHBIH
BO3JIefiCTBHEM Ha He3peJible JeTKue IPAMBIX U HeIPAMBIX IOBPeXKIA0NNX (pakTopoB. Bo Becex ciayuasx
nmeJsicst Mopgoaorudeckuii cyocTpar asist GOpMUPOBAHUS THATUHOBBIX MEMOpaH: HE3PeJOCTh U AHTEeHa-
TaJbHOE MTOBPeRIeHNEe CTPYKTYP asporeMaTuieckoro 6apbepa, THEBMOHUA, MUKPOACIUpaLUs, UIIeMUs
JIETKHUX.

3arsarouenne. OCTpBIN peCIUPATOPHBIN JUCTPECC-CUHIPOM XapakTepeH a1 41,9% rimyOOKOHEI0HO-
IIIeHHBIX HOBOPOSKIEHHBIX, €70 Pa3BUTHIO CIIOCOOCTBYET BO3/eliCTBIE Ha He3peJIble JIeTKHUe IPSAMBIX (BPOXK-
JleHHaA THEBMOHUA, aCIIMPals OKOJIONJIOAHBIX BOJ) Y HEIIPAMBIX (TAMKeJIas IepuHaTaabHasi TUIOKCUA —
WIIEMUs], IOK, TeMOPPAaruyecKuil CHHAPOM) MOBPesKAAOIINX akTopoB. Hanbosee yacto Mmopdoaoruye-
ckue npusHaku OPJIC ob6HapysKUBaIN Yy HOBOPOSKAEHHBIX C BPOXKACHHOM MHEeBMOHUEH, achUKcue, Heo-
HaTaJIbHOM acnuparireil OKOJIOIJIONHBIX BOJI, UTO YCYTYOJIAJIO TedeHue 3a00IeBaHUA.

Kntouesvle croea: HeOOHOULEHHble HOBOPONCOEHHDLE; BPOHCOCHHAS NHEBMOH UL, 2UANUHOBbLE MEMOPAHbL;
ocmpulil pecnupamopHbLii ducmpecc-cunHopom

The aim of the study is to provide a rationale for the morphological diagnostic criteria of respiratory distress
syndrome (RDS) and acute respiratory distress syndrome of the newborn (ARDSN) in extremely preterm new-
born infants.

Materials and methods. Autopsy protocols of 31 newborns were studied. The average gestational age of
children was 28.9+5.3 weeks, body weight at birth was 1404+945 grams. Fifty eight percent of newborns in the
sample had extremely low body weight (ELBW). At birth, all newborns were found to have severe asphyxia,
and the median score on the Apgar scale at the 1st minute of life was 3 [2; 5] points. In all cases there was an
unfavorable course of the disease. The median life span was 72 [22; 181] hours.

The results of the study. The study revealed two variants of hyaline membrane formation in preterm new-
borns with acute respiratory failure. Hyaline membranes in the lungs were found in 93.5% of newborns, in
51.6% of cases there was ARDSN due to the primary surfactant deficiency, in 41.9% of children ARDS was due
to immature lung being exposed to various direct and indirect damaging factors. In all cases a distinct mor-
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phological pattern in newborns with the hyaline membranes was identified: immaturity and antenatal damage
to air-blood barrier, pneumonia, microaspiration, ischemia of the lungs.

Conclusion. Acute respiratory distress syndrome is typical for 41.9% of extremely preterm infants, its de-
velopment is favored by exposure of immature lungs to direct (congenital pneumonia, amniotic fluid aspira-
tion) and indirect (severe perinatal hypoxia with ischemia, shock, hemorrhagic syndrome) damaging factors.
Morphological signs of ARDS were most often found in newborns with congenital pneumonia, asphyxia,

neonatal aspiration of amniotic fluid.

Knrouesvte cnosa: preterm newborns; congenital pneumonia; hyaline membranes; acute respiratory distress

syndrome
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BBenenue

OcTphlif pecnupaTOpHBIA JUCTpecCc-CUH-
npom (OPJIC, ARDS) siBiisieTcst oqHOUM HanboJsiee
4acThIX MpobjeM peanumarosoruu. [lokasarean
3abosieBaemocTty OP/IC BapbUPYIOT B IIIMPOKKUX IPe-
JleJiax, Tak, B EBporie 3a00/1€BaeMOCTh COCTaBJISIET
13-30 ciryqaes Ha 100 000 Hacesnenusy, B CIIIA — ot
45 1o 75 cary4aes, B Poccutiickoit @epeparin peru-
crpupyerca ot 15 000 go 25 000 ciiydyaeB B rof.
BonbanuHas cmeptHOCTh 0T OPJIC cocTasiisger or
34,9 1o 57% 1 3aBUCHUT OT TAMKECTHU €r0 TEUYEHUs
[1]. B mocsiegHME TOBI OTMEYAEeTCA POCT JUArHo-
ctuku OPJIC, 4T0 00yCI0BJIEHO, C OJHOU CTOPOHBI,
POCTOM KOJIMYeCTBA MallMeHTOB C MHOYKECTBEH-
HBIMU [TOBPEKIEHUSIMH, C IPYTON — YIy4IlIeHneM
IUarHOCTUKYU Pa3BUBIINXCS OCJIOKHEHUH [1,2].

Ocoboe BHUMaHUE yAeJdsieTCs BOIpocaMm
guarHoctuku u jgedyenus OPJIC B nmenuarpuye-
CKOU TPAKTUKE U Y HOBOPOSKIEHHBIX TeTel [3-6].
3a mocjaenHue HECKOJbKO JEeCSATUJIETUN CMEPT-
HOCTb aeterd oT OPJ/IC cHU3uJIach U COCTaBJSIET
16-24%. [6, 7]. OnHaAKO, B OTAeJI€HUsIX UHTEHCUB-
HO#l Tepanuu cMepTHOCTh OoT OPJIC ocraercsa
BBICOKOM U cocTaBJjisgeT 30% oT 00Iero 4ucja
yMepIIUX MalueHToB [4]. V gereil ©MeIOT IieH-
HOCTb HECKOJIBKO MMPOTHOCTUYECKUX (haKTOPOB,
BJIMAIOIINUX HA IIOKa3areJib CMEPTHOCTHU. B niep-
BYI0O OYepellb, — 9TO TAKECTh apTepUaIbHOU
TUIIOKCEMUH, YeM paHbllle OHA OIpeaessaeTcs,
TeM Xy>Ke MIPOTHO3 3a00JieBaHUS U BBIINIE PUCK
HaCTYyILJIEHUSA JieTaJdbHOro ucxona. Ha ocHoBa-
HUH 9TOTO TecTa y OOJILITUHCTBA JIeTell MOKHO
pquarHocrtuposars OPJIC eme pgo TOro, Kak
norpebyerca uHTyOanusa tpaxeu [8]. Ha mcxop
OPJICy meTeii BAUSIOT TSYKECTH U AJIUTETbHOCTD
IIOBPEXKIECHUS JIETKUX [9].

Y HOBOPOMKIEHHBIX OeTell IMarHOCTUKa
OPJIC mocTaTro4HO CJI0YKHA U IpoTUBOpeuusa. De
Luca D. ¢ coaBT. IpeACcTaBUINA MEKIYHAPOIHBIN,
MHOTOIIEHTPOBOU ¥ MEKIUCIIUTIIMHAPHBIN TTPO-
ekt «Heonatambabiii OPJIC», 11e71bI0 KOTOPOTO
ABJIETCA IIoJIydeHre KOHCeHCYCHOT0 oIpeieJe-
HUA OPJIC 17151 HOBOPOKIEHHBIX, IPUMEHUMOTO B
nepuHaragbHOM Tepuope. OmpeneseHue OBLIO
CO3JIaHO MYTeM OOCYIKIEHUsT MEXKTY IKCIEPTAMU
u3 EBporeiickoro o611ecTBa Mo neauarpudeckon
1 HEOHATAJILHON WHTEHCUBHOU Tepamnuu, EBpo-

Introduction

Acute Respiratory Distress Syndrome (ARDS)
is one of the most common challenges in intensive
care. ARDS prevalence varies widely, with 13-30
cases per 100,000 population in Europe, 45 to 75
cases per 100,000 population in the USA. Its inci-
dence in the Russian Federation ranges from 15,000
to 25,000 cases per year. The hospital mortality
from ARDS ranges from 34.9% to 57%, depending
on the severity [1]. In recent years there has been
an increase in the diagnosed cases of ARDS, which
is caused, on the one hand, by the rise in the num-
ber of patients with multiple conditions, and on the
other hand, by the improved diagnosis of compli-
cations [1, 2].

Special attention is paid to diagnosis and treat-
ment of ARDS in pediatric practice and in newborn
children [3-6]. Over the past few decades, infant
mortality from ARDS has declined and ranges from
16 to 24% [6, 7]. However, in intensive care units the
mortality rate from ARDS remains high and ac-
counts for 30% of the total deaths [4]. Several prog-
nostic factors affecting the mortality rate are essen-
tial in children. First of all, it is the arterial hypoxemia
severity. The earlier it is diagnosed, the worse is the
prognosis and the higher is the risk of mortality.
Based on this test, ARDS can be diagnosed in most
children before tracheal intubation is required [8].
The severity and duration of the lung injury also af-
fect the outcome of ARDS in children [9].

In newborn children, diagnosing ARDS can be
challenging and controversial. De Luca D. et al. pre-
sented an international, multicenter, and interdis-
ciplinary project, Neonatal ARDS, which aims to
obtain a consensus definition of perinatal ARDS for
newborns. The definition was elaborated through
discussion between experts from the European So-
ciety for Pediatric and Neonatal Intensive Care, the
European Society for Paediatric Research, and ex-
perts from the USA and Australia. According to the
expert opinion, the mechanisms causing ARDS in
adults and older children include surfactant dys-
function, lung tissue inflammation, decreased lung
oxygenation, increased intra-pulmonary shunting,
and diffuse alveolar damage. The same mecha-
nisms are common in critical respiratory disorders

of newborns [10].
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MefiCKOT0 00IIIeCTBa ITeTUATPUIECKUX UCCIIeI0Ba-
HUH, a Takke skcreptos n3 CIIA u ABcTpaiuu.
ITOT AJOKYMEHT COJIeP>KUT IIEPBOE OTpeJIeIeHIE
KOHCEHCYyca AJ1s1 HOBOposkIeHHbIX ¢ OPIIC. Taksxe
MPe0CTaBJIEHO 3KCIIEPTHOE MHEHHE O TOM, YTO
MexaHu3MBbl, BbI3bIBawInue passurue OPJIC y
B3POCJIBIX ITAIIMEHTOB U JeTel CTapIiero Bo3pac-
Ta, 00ycJI0BIeHBI AUChYHKITNEN cyp(aKTaHTOB,
BOCHIAJIEHWEM JIETOYHOW TKaHW, YMEHbIIIEeHVUEM
OKCUTEHAIIMOHHON CIOCOOHOCTH JIETKHX, YBe-
JIMUYeHUeM BHYTPHUJIETOUYHOTO IIYHTA U JudPys-
HBIM aJIbBEOJIAPHBIM IIOBPEXJIECHHNEM, OHU KE
XapaKTePHBI /151 KPUTHUECKUX PEeCTUPATOPHBIX
paccTpoicTB Y HOBOPOKAEHHBIX [10].

Kputepuu OP/IC y HOBOPOK€HHBIX JleTel
MOJIKHBI BRJIIOYATh TaKWe IIPUYUHBI OCTPOH
TUTIOKCEMUH, Kak 3aboJieBaHMe JIETKUX, CBSI3aH-
HOe C He3PeJIOCThI0 Ha (DOHE HeTOHOIIeHHOCTH,
(mepBUYHBIN AeULIUT cypdaKTaHTa U pecnupa-
TOPHBIA NUCTPECC-CUHAPOM HOBOPOKIEHHOTO,
(PIICH)), mepuHaTanbHOE MOBPEKIEHNE JIETKUX
MIPY CUHIPOMeE acCIUPaAId MEKOHUS, BPOIKIEH-
HOU UJIM MHTPAHATAIbHON THEBMOHUY U CETICHCE,
Jpyrue BpOMXKIEHHBbIE aHOMaJuH, HaIpUMED,
BpOKIeHHas1 quadparMaibHas rpeika. Fccemno-
BaHUs, CBsi3aHHbIe ¢ naroduanosorueid OPICy
HOBOPOMIEHHBIX MAaJIOYMCJ/IEHHBI, a BJIUAHHE
MMOCTHATAJILHOTO CO3PEBAaHUSA JIETKUX HAa MeXa-
HU3M ero pa3BUTUsA HEU3BECTHO [6].

Jleuenue HETOHOIIEHHBIX HOBOPOMKIEHHBIX C
OCTPOH JbIXaTeJIbHOU HeslocTaroyHoCcThio (O/1H),
00yCJIOBJIEHHOW TEPBUYHBIM [1€(PUIINTOM Cyp-
(¢akranTa, IpenapaTaMu Cyp(akTaHTOB ABJISAETCSA
IaToreHeTUYeCKn OOOCHOBAHHBIM METOIOM U
CIIOCOOCTBYET CHUSKEHUIO CMEPTHOCTH B 9TOH BO3-
pactHo¥ rpynmne [14-17]. Tak ke OoKa3aHO, 4YTO
BBICOKOKOHIEHTPUPOBAaHHbIE ITPOM3BOIHBIE MHO-
3uToJ1a U cyo(parnmm pochaTuauaminieprHa B
npenaparax cypgaKTaHTa IIPENsITCTBYIOT pa3Bu-
THIO BOCIIAJIEHUA B JIETKUX, UX KIIMHUYECKOE ITPpU-
MEeHEHHE MOSKET IPe/ICTABIATH MHTEPEC JIJIsI Oy/y-
IeTo JieYeHUsT HOBOPOSKIAEHHBIX B OCTPOU
akccynatuBHol (pase OP/IC [5, 18]. HeoHarasb-
HBIU acIMpallMOHHbBIN CUHIPOM acCOIUUPYETCS C
WHaKTHUBaIell cypdakranTa, CcnocoO6CTByeT
TSYKEJIOMY TIOBPEKIEHUIO JIETKUX W Pa3BUTHIO
OPJIC. B aTux ciayuyasax Tepanus cypgakTaHTamMu
SIBJISIETCSI BapWaHTOM BbIOOpa M CIIOCOOCTBYET
OJraronpusTHOMY TeUeHUIo 3abosieBanus [14, 17].
Ycuiusi CienuaivicCTOB PA3JIMYHBIX CIIENNATBHO-
cTen JOOJI’)KHBI OBITH HallpaBJIEHbl Ha M3y4Y€eHUE
MEeXaHU3MOB Pa3BUTHSA, PAHHIOI TUArHOCTUKY
OPZIC, uTo OymeT CIIOCOOCTBOBATh CHUKEHUIO
CMEPTHOCTH HOBOPOSKIEHHBIX.

e nccaenoBanus — 060CHOBaHKE MOPO-
JIOTUIECKUX TNAarHOCTUYECKUX KPUTEPUEB PECITN-
paropHoro nuctpecc-cuHapoma (PIICH) u octporo
pecnimparopHoro pucrpecc-cugapoma (OPIC) y
[JTyOOKOHETOHOIIIEHHBIX HOBOPOKIEHHBIX.

Criteria for ARDS in newborn infants include
such causes of acute hypoxemia as lung disease of
prematurity (primary surfactant deficiency and
ARDSN), perinatal lung injury in meconium aspi-
ration syndrome, congenital or intranatal pneumo-
nia and sepsis, other congenital abnormalities such
as congenital diaphragmatic hernia. Studies of
ARDS pathophysiology in newborns are limited
[11-13], and the effect of postnatal lung maturation
on ARDS development is unknown [6].

Pathogenetic treatment of premature infants
with acute respiratory failure (ARF) due to primary
surfactant deficiency helps to reduce mortality in
this age group [14-17]. The highly concentrated in-
ositol and phosphatidyl-glycerol derivatives in sur-
factant preparations have also been shown to pre-
vent inflammation in the lungs, and their clinical
use may be of interest for future treatment of new-
borns in the acute exudative phase of ARDS [5, 18].
Neonatal aspiration syndrome is associated with
the surfactant inactivation and contributes to se-
vere lung injury and ARDS development. In these
cases, surfactant therapy is the treatment of choice
which promotes a favorable course of the disease
[14, 17]. The efforts of specialists in different areas
should be focused on studying the mechanisms of
development and early diagnosis of ARDS, which
will help reduce infant mortality.

The aim of the study was to provide a rationale
for the morphological diagnostic criteria of respi-
ratory distress syndrome of newborn (RDSN) and
acute respiratory distress syndrome (ARDS) in ex-
tremely preterm infants.

Materials and Methods

We analyzed the autopsy protocols of 31 newborns
who died from acute respiratory failure. The average ges-
tational age of newborns was 28.9+5.3 weeks, body weight
at birth was 1404+945 grams. Fifty eight percent of the new-
borns in the sample had extremely low body weight. At
birth, all newborns were found to have severe asphyxia, the
median Apgar score was 3 [2; 5] points on the 1st minute of
life, and 6 [4; 6] points on the 5th minute; therefore, chil-
dren were given several types of respiratory therapy. Con-
trolled mechanical ventilation (CMV) from birth was used
in 64.5% of newborns, non-invasive lung ventilation with
nasal continuous positive airway pressure (NCPAP) was
used in 25.6% of cases, and 12.9% of patients received oxy-
genation therapy through the face mask. Due to increasing
ARE in the following hours of postnatal life all newborns
were switched to prolonged mechanical ventilation. Con-
sidering the gestational period, in 93.5% of cases, poractant
alfa was prescribed to prevent ARDSN. The drug was given
at birth to 79.3% of them, and 4-18 hours after the birth to
20.7% of newborns. Poractant alfa was administered once
in 48.3% and twice in 51.7% of newborns. In all cases ad-
verse neonatal outcomes were seen with progressive dete-
rioration and death, which in 26% occurred within 1 day.
The median lifetime was 72 [22; 181] hours.

The average age of mothers was 27.4+6.9 years. The
median number of pregnancies was 2 [1; 3], number of
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MaTepnaJI H ME€TOAbI

IIpoBesy aHa/IM3 IPOTOKOJIOB I1aTOJI0T0AHATOMU -
YEeCKOI'0 UCCIeI0BAaHNA 31 HOBOPOKIEHHOTO, YMEPILIUX
OT OCTPOH JbIXaTeJIbHOU HexocTaTouyHOCTH. CpegHuit
reCTallMOHHBIN BO3PacT HOBOPOSKAEHHBIX COCTABJIAT
28,915,3 Hex., macca TeJsia Ipu poskaeHnu — 1404+945
rpamMm. B BeI6opke 58% HOBOPOKJeHHBIX nMesin OMHT.
IIpu posxkaeHnun y Bcex HOBOPOSKIEHHBIX BbIABUJIU aC-
(puKCHIO TSRO CTeNeH!, MeINaHa OI[eHKY I10 IITKaJjIe
Arnrap Ha 1-11 MUHYTe 5KM3HHU cocTaBJsiia 3 [2; 5] 6ana,
Ha 5-i1 MUHyTe — 6 [4; 6] 6AJLJIOB, B CBSI3H C YeM, AETAM
MIPOBOJMJIA HECKOJIBKO BUJOB PeCIUPATOPHON Tepa-
nuu. Ha ynpasiisieMylo UCKyCCTBEHHYIO BEHTUJIALIUIO
aerkux (MBJI) ¢ posxxaenus nepesesu 64,5% HOBOPOK-
JIeHHBIX, HEMHBA3UBHYI0 BEHTUJ/ISILUIO JIETKUX C I10JIO0-
SKUTEJIbHBIM [aBJICHUEM B KOHIIE BbIIOXA Yepe3 Ha-
3aspHbIe kaHtou (NCPAP) npoBonumu B 25,6% cirydyaes
1 12,9% nanuenToB I10JTyYa/ii OKCUTeHOTEPAIIIIO Yepes
JINIEBYI0 MacKy. B cBA3m c Hapacratomeir OJH, B
TocJeyIolye Yachl IOCTHATAIbHOH KU3HU BCeX HOBO-
PO’KAEHHBIX IlepeBesn Ha IpoasieHHyo NBJI. Yuursr-
Basi CPOK recranuu, B 93,5% ciydaes c 1eJ1bI0 Tpodu-
jgakTuku PIICH HasHauanmm Kypocypd, u3 Hux 79,3%
JleTell mpernapar BBOOWJIN IPU poskaeHuu u 20,7% HO-
BOPOKJIEHHBIM — 4yepe3 4-18 4acos 1ocjie poykaeHus.
OnHOKpaTHO Kypocypd Moaydusu 48,3% HOBOPOXKIEH-
HBIX U IBKIBI — 51,7%. Bo BCcex crydasix UMeJIo MeCTO
HebJIarONMpUATHOE TedeHNe HeOHaTaJIbHOTOo epuoja,
NIPOTPECCUBHOE YXyIILIeHUE HOBOPOKIEHHBIX U JIe-
TaJIbHBIHN UCXOf, B 26% CJIyuaeB 3aperucTpUpOBaIu 0-
CYTOYHYIO JIETAJIbHOCTb. MeJuaHa Npogo/KUTEeIbHO-
CTHU »KM3HU cOoCTaBJIsAjIa 72 [22; 181] gaca.

CpenHuii Bo3pacT MaTepeit cocTaBuI 27,4+6,9 j1er.
Menuana napurera bepeMeHHocta — 2 [1; 3], pogoB —
2 [1; 2]. Bo Bcex cy4dasix BbIsIBUJIN HeOJIarONMpusiTHOE
TeyeHe OePEMEHHOCTHU: yTpo3a MpephIBaHMs ObIIa Xa-
pakrepHa 1714 71% manyeHToK, UCTMUAKO-IiepBUKaJIbHas
HEJIOCTAaTOYHOCTb — B 19,4% ciiydaeB, y KaKIOU
TpeTbel bepeMeHHOH ObLIN XpOHUYECKHe 3a00/IeBaHUS
B CTaI1¥ 00OCTPEHMsI, OCTPhIe HH(MPEKIIMOHHBIE 3a00J1e-
BaHWs, BJUAOIIYE HA TeYeHHEe I'eCTAalHMOHHOIO IIe-
puopa. Kak npaBuJjio, UMeJIo MeCTO COYeTaHUE HECKOJIb-
KUX He0JIarONPUATHBIX (DAKTOPOB Y OTHOM OepeMeHHOM.
EcrectBennble poasl nposesu y 45,2% manueHToK, U3
HUX Y 57,1% POXBI OCTIOKHUINCH JedeKToM rocaena, B
CBSAI3U C YeM, UM IIPOBOAUIN Py4HOe 06c/iejoBaHue I10-
JIOCTH MaTKU. B OCTa/IbHBIX CJIy4asx BBIITOJHUJINA 9KC-
TPEHHOE OllepaTUBHOE POAOpA3PeLIeHNe.

Bo Bpems IaroJIoroaHaTOMUYECKOrO0 BCKPBITHUS
NIPOBOIUJ/IN MAaKPOCKOIINYECKYIO OLEHKY Jierkux. Jljis
MUKPOCKOIIIMYECKOT0 UCCIeJOBAHNUA OpaIl KyCOUKH U3
Pa3HbBIX CEIMEHTOB 00OMX JIETKUX, Tpaxer, OpoHxoB. Ma-
Tepuas JIETKUX (pUKcupoBan B 3abyepeHHOM (hopMa-
JINHe, OJBepraju CTaHAAPTHOI MPOBOJKE U 3aIUBATI
B TOMOTE€HU3UPOBAaHHYI0O NapaduHOByI0 cpeny «His-
tomix». [ucTosornyeckue cpesbl OKpalnuBaIu reMaToK-
CHJIMHOM U 303WHOM, peaktuBoM lIndda, cynanom, mo
Ban-I'msony. I'ucrosiornuyeckue ucciaenoBaHusA IPOBO-
JUJIU ¢ ToMolbio MUKpockoma «Nikon Eclipse 55i».

Peructpanusa u3MeHeHUH B Iperaparax JIeTKUX
YYUTBIBAJIa COOTBETCTBHE MOP(OIOTrHYecKoro cTpoe-
HUs JIETKUX CPOKY FeCTalyi; COCTOSIHUE aJIbBEO0JI, ajlb-
BEOJISIDHBIX XOJ0B, MEKaJ/IbBEOJISIDHBIX I1I€PETOPOAOK;
pacmoJioskeHue, BU, KOJIMYECTBO U CTEIIeHb BBIPAYKEH-

deliveries was 2 [1; 2]. In all cases complicated pregnancy
was observed: threatened abortion was seen in 71% of
patients, cervical insufficiency — in 19.4% of cases, every
third pregnant woman had exacerbated chronic diseases
or acute infectious diseases affecting the gestation. As a
rule, several adverse factors combination occurred per
one pregnant woman. Vaginal delivery was performed in
45.2% of the patients, of them 57.1% had placental ab-
normalities, and therefore underwent postpartum man-
ual uterine exploration. In other cases, an emergency op-
erative delivery was done.

During autopsy, a macroscopic evaluation of the
lungs was performed. Specimens from different seg-
ments of both lungs, trachea and bronchi were taken for
microscopic examination. The material was fixed in
buffered formalin, processed and placed into homoge-
nized paraffin medium «Histomix». Histological cross-
sections were stained with hematoxylin and eosin,
Schiff's reagent, Sudan stain, van Gieson stain. Histolog-
ical investigation was made using the «Nikon Eclipse 55i»
microscope.

The following parameters were assessed during the
microscopic examination: lung morphology and gesta-
tion period correlation, condition of alveoli, alveolar pas-
sages, interalveolar septa, location, type, number and
severity of hyaline membranes, type and severity of pul-
monary edema, nature, localization and severity of in-
flammatory process. The results of the morphological
study were matched against gestational age, the condi-
tion of the child at birth and the duration of the disease.

The data were analyzed using the Statistica 6 (USA)
software. The differences were considered significant at
probability value P<0.01.

Results and Discussion

The analysis showed that the main causes of
death in premature newborns were congenital
pneumonia (58%), RDSN (25.8%), severe perinatal
hypoxia and its consequences such as combined is-
chemic-hemorrhagic brain and spinal cord injury
(16.2%). Newborns showed clinical signs of severe
perinatal asphyxia at birth such as very low Apgar
score, severe acid-base disorders (severe decom-
pensated metabolic lactate acidosis, hypoxemia),
low response to resuscitation. Persisting hypoxia
and respiratory failure were the adverse pre-exist-
ing conditions affecting the outcome. Their clinical
and laboratory signs were recorded in 93.5% of
newborns.

The histological study showed that the im-
maturity of lung tissue was consistent with the
gestation period. Clusters of segmented neu-
trophils, fragments of basophilic cocci or colony-
forming rods were found in alveoli. Exudate and
fibrin, desquamated alveolar cells with a de-
formed nucleus, karyorrhexis, and granular cyto-
plasm were typical. The wall of bronchioles was
in most cases destroyed, and optically dense exu-
date, a large number of segmented neutrophils,
desquamated bronchial epithelium, erythrocytes
and hemosiderin were found in the lumen of re-
maining terminal bronchioles. Infiltration with

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 1



DOI:10.15360/1813-9779-2020-1-35-44

Knunudyeckue uccjaeqoBaHud U IIPpaKTUKaA

HOCTH THAJIMHOBBIX MeMOpaH (I'M), BUJ 1 pacripocTpa-
HEHHOCTb OTeKa JIETKUX; XapaKTep, JIOKAIU3ALNIO U BbI-
PaKeHHOCThb BOCHAJIMTEILHOIO Npolecca. Pe3yssrarsl
MOP(}OJOrNYeCKOro UCCaAefOBAHUA COIOCTABJIAIN C
recTaIiOHHBIM BO3PACTOM, COCTOSTHIEM pebeHKa Ipu
POYKIEHUH U IJINTETHHOCTHIO TeYeHH A O0JIe3HM.

CrarucTiudeckyio 06paboTKy JaHHBIX IPOBEJH C
NOMOIIBIO ITporpaMMel Statistaca 6 (USA). Otnnunsa
CUYUTAJIM JOCTOBEPHBIMU IIPU YPOBHE CTAaTUCTUYECKON
3HauuMocTu p<0,01.

Pe3ynbTaThl U 00CY:K/IEHHE

AHasu3 IoKasaJl, YT0 OCHOBHBIMU IIpUYMHA-
MH JIeTaJIbHbIX UCXOI0B Y HEJOHOIIIeHHbIX HOBO-
PO>KIEeHHbBIX ABUJNCh: BDOYKIEHHAsI THEBMOHUS
(58%), PIICH (25,8%), TAskenass nepuHaTaJbHas
TUTIOKCHSI U ee II0CJIeICTBUS B BUJle COUETAHHOTO
UIIeMHUYeCKi— reMOpPParudecKoro moBpeskie-
HHS TOJIOBHOTO U CHMHHOro Moa3ra (16,2%). Kian-
HUYECKU ITPU POYKIEHNH Y HOBOPOYKIEHHBIX OBLITA
MPU3HAKU TSKEJ0N MepruHaTaTIbHOU acPUKCUU:
O4YeHb HU3Kas OIleHKa 110 IITKaJjie Anrap, IITyOOKHe
HapyIIeHUsI FTa30BOT'0 COCTaBa U KUCJIOTHO-OCHOB-
HOT'O COCTOSIHUSI KPOBHU (TsI3KeJIbIN JeKOMIIeHCHU-
POBaHHBIA MeTa0OJMYECKUH JaKTaT-aIu03,
TUIIOKCEMUST), CITabbIi OTBET Ha IIPOBOANMBIE pea-
HUMAaIMOHHBLIA MeponpusaTus. Hebsaromnpu-
SITHBIM TPEMOPOUIHBIM (POHOM, TIOBJIMABIITIAM Ha
rcxo[ 3a00JIeBaHUH, ABJISLJIFICH COXPaHSIONINECS
TUMNOKCHUSA U AblXaTesJbHas Hel0CTaTOYHOCTh. VX
KJIMHUKO-1a00paTopHble IPU3HAKY 3aPETUCTPH-
poBasu y 93,5% HOBOPOKIEHHBIX JIeTel.

[Ipu rUCTOOTUYECKOM UCCJIEJOBAHUM YCTa-
HOBUJIU, YTO HE3PEJIOCTh JIETOYHOU TKAHU COOT-
BETCTBYET CPOKY rectaiiuu. B ajbBeoJsiax o6Hapy-
SKUJTU CKOILJIEHUS CETMEHTOsIIePHBIX JIEHKOINTOB,
(pparmeHTHI KOKKOBO¥ 0a30(DUIBHON (HIIOPHI UITH
KOJIOHMEOOpasyoIuX IMajodyek. XapaKTepHO
HaJ4ue dKccyaara u (pudpuHa, CIyeHHbIX alb-
BEOJIOLIUTOB C 1e(POPMUPOBAHHBIM SIIPOM, KAPUO-
peKcucoM, 3epHHUCTOH IuTomsasMon. CreHKa
OpOHXMOJI B OOJIBIITMHCTBE CIyYaeB paspylleHa, a
B COXPAHWBIIUXCSA NPOCBETAX TEPMHUHATbHBIX
OPOHXMOJ HAXOAUTCS ONITHYECKH TIJIOTHBIHA 9KCCY-
J1aT, 60JIBITIOE KOJTMYECTBO CETMEHTOSIIEPHBIX JIEH -
KOITUTOB, 3JIEMEHTHI CJIYILIEHHOTO OPOHXUOJISIPHO-
0 JMUTENUs], SPUTPOLUUTHI U TeMOocuiepuH. B
NepuOpPOHXUATBHBIX YUYAaCTKAX U MesKaIbBeoJIsIp-
HBIX CeNTax 00HaPY;KUJIN MH(PUIBTPALIAIO CETMEH -
TOsIIepHbIMU JIeHKoIUTaMu, MakpodaramMmu Ujin
JauM@pOLUTaMU, OTEK, MeJTKOOYaroBble CKOIJIEHUS
9PUTPOIUTOB. B njieBpe oTMedasau OTeK U MOJTHO-
KpOBHUE COCYJIOB.

HNanHble nosimmMopdHble MopdoJIoruyeckre
M3MeHEeHU B JIETKUX COOTBETCTBOBAJIN KJIMHUYE-
CKUM TIPOSIBJIEHUSIM BPOKJIEHHOU IMHEBMOHWU,
KOTOpasi IPU POKIEHUHN NPOABJIAIACH TAMKET0H
acukcuel, pe3anCTeHTHOU K IPOBOAUMBIM pea-
HUMAIIMOHHBIM MEpPONPUSTUSIM, HapacTalomen
JIbIXaTeJIbHOM HejocTaToOYHOCTBIO. [IpoBonuMoe

segmented neutrophils, macrophages or lympho-
cytes, edema, small focal clusters of erythrocytes
were discovered in peri-bronchial spaces and in-
teralveolar septa. Pleural edema and vascular
congestion were noted.

These miscellaneous morphological changes
in the lungs corresponded to the clinical manifes-
tations of congenital pneumonia, which at birth
manifested as severe treatment-resistant asphyxia
and progressive respiratory failure. The acute res-
piratory failure was not resolved by the treatment,
metabolic and blood gas abnormalities progressed
which resulted in cardiovascular, brain, and renal
failure.

The research showed that 87.5% of the new-
borns died during the first day of postnatal life due
to the combination of severe intrauterine pneumonia
and early developed hyaline membranes. The follow-
ing features typical for all cases were identified:

 infiltration of lung structures (interalveolar
septa, bronchiolar walls, peribronchial and par-
avasal areas, pleura) with segmented neutrophils;

» dystelectasis of various severity;

* eosinophilic hyaline membranes of various
shapes (solid, fragmented, layered, lumpy) and lo-
cations (fig. a).

Hyaline membranes due to congenital pneu-
monia or alveolar cell damage are factors which sig-
nificantly impair the lung gas exchange function in
premature infants. Neonatal aspiration of amniotic
fluid, observed in 32.3% of children, was a major
adverse factor. It is characterized by the presence
of amniotic fluid and meconium particles in alveo-
lar and bronchial lumen.

The study revealed differences in hyaline
membrane formation and a variety of morpholog-
ical signs of lung damage.

Two variants of hyaline membrane formation
are typical for premature newborns with ARE

The first variant is when RDSN and hyaline
membrane development are caused by primary
surfactant deficit associated with the morphologi-
cal lung immaturity. In the study 16.1% of ex-
tremely preterm infants with very low body weight
demonstrated morphological signs of «classical»
RDSN such as diffuse dystelectases, microcircula-
tion disorders, eosinophilic lamellar, lumpy, frag-
mented hyaline membranes localized in different
parts of the respiratory tract.

A combination of congenital pneumonia and
RDSN has been registered in 29% of newborns.
Morphologically, alveoli and bronchi were filled
with fibrin, leukocytes and microbial colonies.
The peri-bronchial zones and interalveolar septa
showed wide-spread focal lymphocytic and
leukocytic infiltration, while hyaline masses were
visualized in the bronchial lumen. In this case it
is extremely difficult to diagnose the main disease
and choose management strategy, and the use of
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JiedeHne He crtocoOcTBoBasIo padperiennio OJTH,
HOpMaJIM3aluyd HapylleHui Mertadoanama u
ra3oBOTO COCTaBa KPOBH, YTO IIPUBEJIO K pa3BH-
THIO TIOJIMOPTAHHON HEJIOCTATOYHOCTHU: CEP/IEYHO-
COCYZIMICTOH, MO3TOBOM, TIOYE€YHOM.

AHanum3 mokasas, YTo HACTYIJIEHHE JIeTaJTb-
HOTO WCXOfa B TepBble CYTKH NOCTHATAJHHOMN
SKU3HHU y 87,5% HOBOPOKIEHHBIX 00yCJIOBJIEHO
coYeTaHMeM TSKeJI0N BHYTPUYTPOOHOI ITHEBMO-
HUH ¥ PaHO C(hOPMUPOBABIITUMICS THAJTMHOBBIMHU
MmembOpaHamu. J{J1s1 Bcex HabOJTIOeHH XapaKTePHBI:

* CcerMeHTOsiepHas MH(PUIBTPALHS CTPYK-
Typ JIETKUX (MEKaJbBEOJIAPHBIX CENT, CTEHOK
OpOHXMOJI, TTePUOPOHXUATBLHBIX 1 TTapaBasalib-
HBIX YYaCTKOB, IJIEBPHI);

* HCTeJIeKTa3bl Pa3JIMYHOH CTETIeH BbIpa-
SKEHHOCTH;

* 303WHO(WIbHBIE THAJTUHOBBIE MeMOpa-
HBI, IMEIOIINe Pa3InYHyI0 (GOopMy (CIIONIHEIE,
(pparmMeHTHPOBAHHBIE, CJIOMCTHIE, KOMKOBUTHBIE)
U pacnoJioskeHue (puc. a).

I'manmHOBBIE MeMOpaHbBI, (POPMUPYIOIIHECS
Ha (poHe BPOKIEHHON THEBMOHUY WJIA TIOBPEXK-
IIEHUsT aJIbBEOJIOIIUTOB, SABJSIOTCA (DaKTOPOM,
3HAYUTEJNHHO YXYAMIAIOIMM Ta3000MeHHYIO
(pyHKIIHIO JTETKUX Y HEOHOIIIEHHBIX neTeil. Kpaii-
He HeOJ/IaronmpusTHBIM (DOHOM SIBJISETCS HEOHa-
TaJdbHAs acCIHpanus OKOJIOIJIOMHBIX  BO[I,
BBIABJIEHHAsA Y 32,3% JeTell, XapaKTepu3yIoIasics
HQJIMYHEM B ITPOCBETE aJIbBE0JI 1 OPOHXOB YEITyeK
OKOJIOILJIOHBIX BOJT, MEKOHUAJbHBIX TeJIell.

B ricciemoBaHuUY BBISIBUJIA Pa3anyus B op-
MHPOBAaHWM THAJNHOBBIX MeMOpaH, a Takke
motmMopdu3M MOP(OTOTHIECKNX MPU3HAKOB
TIOBPESKIEHN S JIETKUX.

i HeJOHOIIEHHBIX HOBOPOKIEHHBIX C
OJIH pasauYHOW I3THOJIOTUM XapaKTepHO IBa
BapuaHTa (h)OPMUPOBAHUS THATUHOBBIX MeMOpaH.

IepBrIii BapuanT — passutue PIICH u ¢op-
MHpPOBaHME THAJTUHOBBIX MeMOpaH, 00yC/IOBIEH-
HOe TEepBUYHBIM AeUIUTOM cypdaKTaHTa Ha
¢one Mopdosioruiueckoi He3peJJoCTH JIETKUX. B
nuccaenoBanuu y 16,1% mryboKOHETOHOIIEHHBIX
IleTel c OUeHb HU3KO MacCo Tesra ObLIu MOpP(do-
JIOTUYECKHe MPU3HAKU «KJiaccuueckoro» PIICH:
pacrpocTpaHeHHbIE TUCTeTeKTa3bl, PACCTPOUCTBA
MUKPOIVPKYIANNN, HATUYAE 903WHO(MUIbHBIX
IJTAaCTUHYATHIX, KOMKOBATHIX, (hparMeHTHPOBaH-
HBIX THAJTUHOBBIX MEMOpPaH, JIOKAJIUIYIOIINXCSA B
Pa3IMYHBIX OT/eJIaX PECIIPATOPHOTO TPaKTa.

Coueranne BpokIeHHOU mHeBMoHun 1 PIICH
3aperucrTpupoBay y 29% HOBOPOKICHHbBIX. MOp-
¢ ostormyecku MpoCcBeT aaTbBE0J M OPOHXOB 3aI0JI-
HeH pUOPUHOM, JIEUKOITUTAMU U KOJIOHUSIMU MUK-
pooprann3MoB. B mepuOpoHXMATBHBIX 30HAX U
MesKaJTbBEOJIIPHBIX ITEPErOPOIKax BUAHA 09aro-
BO-TMICCEMUHUPOBaHHAsI TUM(PO-JIeHKOIUTapHAs
MHOUIBTPALYS, 2 THATMHOBBIE MACCHI 3aTIOJTHSIOT
TIPOCBETHI OPOHXOB pa3dHOro Kaaubpa. B aTom ciy-

TucToJIOrHYecKHii cpes Jerkoro.

Histological sections of the lungs.

Note. a — hyaline membranes in congenital pneumonia of a
preterm newborn. Numerous hyaline membranes, macrophages
and segmented neutrophils in alveolar lumen are visualized. b—
hyaline membranes and alveolar pulmonary edema. Hema-
toxylin and eosin staining. Magnification X<400.

IIpumeuaHue. @ — ruaInHOBBIe MeMOpaHbI Ha (DOHE BPOK-
JIeHHO! ITHEBMOHHH Y HEJIOHOIIIEHHOT0 HOBOPOSKJeHHOTr 0. BU-
3yaJIM3NPYIOTCSA PAaCIpOCTPaHeHHbIe THATHOBbIE MEMOPaHBbI,
Makpoaru 1 cerMeHTOs1IepHbIe JIEHKOIUTEI B IPOCBETE aJlb-
BeoJI. b — rHajlMHOBbIe MeMOpPaHbI U aIbBEOJISIPHBIN OTEK
Jerkux. OKpalIMBaHue reMaTOKCHJINHOM U 903WHOM. YBe-
smdenne X400.

poractant alfa is not effective, as the persistent
lung ischemia along with the perinatal inflamma-
tion and extreme acid-base disorders reduce the
drug efficacy.

The combination of morphological signs of
congenital pneumonia, neonatal aspiration and
RDSN was typical for 6.5% of newborns in the stud-
ied group. In these cases interalveolar septa and
peri-bronchial connective tissue were infiltrated
with lymphocytes and leukocytes. Amniotic fluid
and meconium particles, as well as the hyaline
membrane fragments could be located in the
lumen of alveoli and bronchi.

In all the above cases, the glomerular mem-

brane formation was caused by three leading fac-
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yae IpUKU3HEHHAash IUAarHOCTUKAa OCHOBHOIO
3aboJs1eBaHMSA U BBIOOP JIe4eOHOH TAKTUKY KpaitHe
3aTpyIHeH, a IpuMeHeHue Kypocypda He apdex-
TUBHO, T. K. COXpaHAOIIMecs UIlleMUs JIETKUX Ha
¢oHe mepmHATATHLHOTO BOCHAJIEHUs, TIYOOKHUX
HapylIeHUH KHUCJIOTHO-OCHOBHOIO COCTOSIHUSA
KPOBU CHUKAIOT 3(h(PEeKTUBHOCTD ITpenapara.

Coueranue MOpP(QOJIOTUUECKUX IIPU3HAKOB
BPOSK/IEHHON THEBMOHMH, HEOHATAJIbHON acClu-
parum u PJICH Ob1710 XapakTepHO 17151 6,5% HOBO-
POKIEeHHBIX HCCAeqyeMOl rpynnbl. B atux ciy-
Jagx MesKaJIbBeOJIApDHBbIe Ieperopoiku U
nmepuOpOHXNA/NbHASA COEJUHUTESbHAs TKaHb
MH(UIBETPpUPOBAHBI TUM(POIUTAMU U JIEHKOIUTA-
Mu. B mpocBere anpBeos W OPOHXOB pa3HOTO
KaMOpa HaxOIATCA YEITyHKHA OKOJIOTIIOAHBIX BO
¥ MEKOHWUS, (pparMeHThI THAJIMHOBBIX MEMOPaH.

Bo Bcex BeIIIeNlepedrcIeHHbIX CIy4Yasx pop-
mupoBanue I'M ObLIO 00yCJIOBIEHO HATMIVNEM
Tpex Bedymux (axkTopoB: MOPQOJOrHYECKU
He3peJbIX JerKNX, BHYyTPUYTPOOHON THEBMOHUM
U IJIMTeIbHOU NepUHATATbHON TUIIOKCUU.

BTopoii BapuaHT (G OpMUPOBAHUSA Fr'HAJIUHO-
BBIX MeMOpaH 3akJiovyaercs B pa3putuu OP/ICy
rJTyOOKOHETOHOIIIEHHBIX HOBOPOYKIeHHBIX. [Tyc-
KOBBIM MOMEHTOM B ITIaTOTeHe3e SIBJIAeTCS Ilepu-
HaTaJIbHasl TUIIOKCHsI, BBI3bIBAIOIIAsl IOBPEsK/Ie-
HHe€e aJIbBEOJIOIUTOB, 9HAO0TEJUSA KAUJJISAPOB,
MOBBIIIeHNE IPOHUIIAEMOCTU COCYAUCTON CTEH-
KU, pPa3BUTHE UHTEPCTULINAJIBHOTO UJIN aJIbBEO-
JIIPHOTO HEKapUOT€HHOT0 OTeKa jierkux. I1aTo-
rege3 OPJIC B 9THUX Cciy4asax CJIAOKeH, T.K. UMeeT
MEeCTO aHTeHaTaJIbHOe U PaHHee II0CTHAaTaIbHOe
MOBpesKJeHNe CTPYKTYP JIEFKHX, a TAK)Ke code-
TaHUE NPSAMBIX U HEeNPSMBIX IOBPEKIAIIINX
¢dakTopoB [1]. IIpAMBIMH TOBPEKAAIOIIUMU
¢pakTopamMu, CIIOCOOCTBYIOIUMHA PA3BUTHUIO
OPJIC, saBasoTcA mepuHaTajgbHasg TUIOKCHUS,
HeoHaTaJIbHas1 aClIUpaIys OKOJIONJIOAHBIX BOA U
BpOKJIeHHas1 THeBMOHUsA. HenpsiMbIMU NOBpEXK-
JA0IUMU (pakTOpaMHU SIBJIAIOTCA TaKUE OCJI0K-
HEeHHUsl paHHero HEOHATaJbHOIO IIepuosa, Kak
HapylleHusl LEeHTPaJbHOU TreMOJUHAMUKU U
IIIOK, CEIICHUC, IOBPEesKIeHNe JIeTKUX (HallpsIsKeH-
HBIA IHeBMOTOpaKc). Mop¢oJioTudecKu B Jier-
KUX BbIpaskeH aJIbBeOJISIpHBIN OTEK, IOJTHOKPO-
BHE MEKJ0JIbKOBBIX IIePeropoAOK U IJIeBPHI,
0O4aroBble MEPUBACKYJIIPHbIe KPOBOUSJIUSAHUS.
XapakTepHbl pacIpoCTPaHeHHbIE AUCTeJIeKTa-
3bl, B IPOCBETE aJIbBEOJI BCTPEYAIOTCSA MHOKe-
CTBEHHBbIE CIJIOLIHbIE U (pparMeHTHPOBAHHBIE
TUaTMHOBBIE MEMOPaHBI, (DOKYCHI AJTbBEOJIIPHO-
ro oTeka Jierkux (puc. b).

Pazsutue OPJIC Ha (hoHE BPOKIEHHOU ITHEB-
MOHUH UJIV TeHEPATM30BAaHHON BHYTPUYTPOOHOM
nH@eKIu 60 XapaKTepHO 115 16,1% meTeli, B
3THUX CJIydasx MMeeT MeCTO coueTaHue MopdoJio-
rAYeCKUX IPU3HAKOB BOCHAJIUTEIBHOIO IIPOIeC-
ca B JIETKUX, IIOBpPeKJIeHUe 3HA0TeJUsI MUKPO-

tors: immature lungs, intrauterine pneumonia and
prolonged perinatal hypoxia.

The second variant of hyaline membrane for-
mation is the ARDS in extremely premature infants.
The trigger factor is perinatal hypoxia, causing
damage to alveolar cells, capillary endothelium, in-
creased permeability of the vascular wall, intersti-
tial or alveolar noncardiogenic pulmonary edema.
The pathogenesis of ARDS in these cases is com-
plex due to antenatal and early postnatal damage
to lung structures and a combination of direct and
indirect damaging factors [1]. Direct damaging fac-
tors promoting ARDS are perinatal hypoxia, neona-
tal amniotic fluid aspiration, and congenital pneu-
monia. Indirect damaging factors are early
neonatal complications such as central hemody-
namic disorders and shock, sepsis, lung damage
(tension pneumothorax). Alveolar edema, vascular
congestion in interalveolar septa and pleura, focal
perivascular hemorrhages are common morpho-
logical findings. Dystelectases are typical, and mul-
tiple solid and fragmented hyaline membranes and
foci of alveolar pulmonary edema are found in alve-
olar lumen (fig. b).

Development of ARDS associated with con-
genital pneumonia or generalized intrauterine in-
fection was typical for 16.1% of children. These
cases are characterized by combination of lung in-
flammation, endothelial damage in the microcircu-
lation and alveolar noncardiogenic pulmonary
edema. A combination of morphological signs of
neonatal aspiration, congenital pneumonia and
ARDS was recorded in 19.7% of children.

Perinatal asphyxia in combination with is-
chemic-hemorrhagic brain and spinal cord injuries
were also complicated by ARDS development in
16.1% of newborns. This category of infants was the
only one to show no signs of congenital pneumo-
nia. Signs of ARDS were solely found on morpho-
logical examination, such as focal lung dystelec-
tases, hyaline membranes, serous alveolar
pulmonary edema, lung hemorrhages.

Lifetime of infants differed depending on the
type of hyaline membrane and was significantly
higher in newborns with ARDS than in those with
RDSN (P<0.01). In both groups several newborns
died within the first day of life, which indicates se-
vere perinatal damage to the organs and systems of
preterm children.

A total of 93.5% of newborns were found to
have hyaline membranes in their lungs, and in
51.6% of cases their formation was due to a primary
surfactant deficiency, i. e. RDSN. ARDS due to im-
mature lung exposure to the damaging factors was
diagnosed in 41.9% of infants. In all the cases the
morphological features underlying hyaline mem-
brane formation included immaturity and antena-
tal damage to air-blood barrier structures, pneu-
monia, microaspiration, lung ischemia [9].
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LUPKYJISITOPHOIO PycJja U aIbBeOJIIPHOIO HEKap-
JUOTeHHOro oTeKa Jerkux. Coueranue MopgoJio-
TMYeCKUX IPU3HAKOB HeOHATAJIbHOU acnupanuy,
BposkaeHHoU mHeBMOoHMU 1 OPJIC 3apeructpupo-
Banmny 19,7% nereii.

[lepuHaTanpHasa acpuUKCUs B COYETAaHUU C
HUIIeMUYeCKU — reMOpparu4ecKuMu IoBpesKie-
HUSIMHA TOJIOBHOTO W CIMHHOIO MO3ra TaK’Ke
ocaosxkHmsack passurueM OPJIC y 16,1% HOBO-
POSKIIEeHHBIX, JIUIIb Y 3TOM KaTeropuu JeTei OTCyT-
CTBOBAJ/IM IPU3HAKU BPOSKIAEHHON ITHEBMOHMU.
[Tpu MopdOJIOrnUYecKoM UCCJIeJOBAHUY JIETKUX
BBISIBJIEHBI TOJIbKO npuaHaku OPJIC: ouarosbie
IVCTeEKTAa3bl JIETKUX, THAJTNHOBBIE MeMOpaHHI,
CepO3HbBIN ATbBEOJISIPHBIN OTEK JIETKUX, KPOBOM3-
JIMSIHUSA B JIETKUE.

[TpogoJIKUTEIBHOCTD YKU3HHU, B 3aBUCUMO-
CTH OT BUAA (POPMUPOBAHUS T'MAJTUHOBBIX MEM-
Opan omtmyaiack. Y HoBoposkIeHHbIX ¢ OPIIC oHa
Obl1a CTaTUCTUYECKY 3HAYMMO BBIIIIE, TIO CPaBHE-
HUIO C JeTbMHU, Y KOTOPBIX fuarsocruposan PJICH
(p<0,01). B o6enx rpynmnax ©MeOT MECTO CIydaun
CMEPTHOCTU HOBOPOYKJIEHHBIX B IIepBble CyTKU
SKH3HU, UTO CBUJIETeIbCTBYET O TSI3KeCTH IlepuHa-
TaJIbHOI'O IOBPEYKIEHUSI OPTaHOB U CUCTEM HEM0-
HOIIIEHHOTO peOeHKa.

Bcero I'M B jierkux oOHapysxkun y 93,5% HOBO-
POYKIEHHBIX, X HUX B 51,6% ciiy4aeB Ux (pOpMHUPO-
BaHMe OBITI0 00YCJIOBJIEHO TIEPBUYHBIM JTe(pUIITOM
cypdaxrranTa, 1. e. PIICH, y 41,9% nereii BBISIBUIN
OPJIC, 00ycJIOBJIEHHBIN BO3TEHCTBHEM Ha HeE3pe-
Jible JIeTKHe MPSIMbIX U HEITPSIMBIX IIOBPESKIAIOIINX
¢paxTopoB. Bo Bcex ciydyasx nMesicst MopgoJiorude-
ckuii cyberpar miisi popmupoBanusi IM: Hespe-
JIOCTh 1 aHTEHATaJbHOE IOBPEsKIEHNEe CTPYKTYP
asporeMaTUyecKoro aprepa, THEBMOHUS, MIKPO-
acrypanys, UIeMust Jerkux [9].

OdyeHp paHHHE IpeKIeBpeMeHHble POAbI
ACCOIIMMPOBAHBI C XOPUOAMHUOHUTOM, BHYTPU-
yTpoOHOU NMHEBMOHWEH W TUmokcuen [19, 20],
TSOKECTDh COCTOSTHUST HOBOPOYKIEHHBIX 00YCI0BIIE-
Ha, B [IEPBYIO OYepe/ib, IepruHaTaJbHbIM II0BPEsK-
JIeHNeM He3PeJIbIX JIETKUX U BHYTPUYTPOOHBIM
HapylleHueM CUHTe3a Cyp(aKTaHTa.

OTmm4nTeIbHOU 0COOEHHOCTRIO MU depeH-
nmuaabHou quarsoctuku PIICH u OPJIC saBiigeTcs
HaJIN4Me WU OTCYyTCTBUE HeKapAUOreHHOTO ajlb-
BEOJISIPHOT'O UJIX MUHTePCTUIUATIBHOTO OTEKA JIer-
KuXx. B ciydae, korja uMeeTcsi HeKapAuOreHHbIN
OTeK JIeTKux, guarnocrupyercsa OPJIC.

CoxpaHsAolasicsi TUIIOKCHS B paHHEM Heo-
HaTaJbHOM Ilepuoze Ha (hOHe HEe3PEeJIOCTH JIETKUX,
SIBJISIETCSI OCHOBHOM MPUYWHOM TepUImTa cooCT-
BeHHOTO cypdakTanTa u padsutus PIICH y Hepno-
HOIIIEHHOTO peOeHKa.

drnoJgoruss OPIIC y HeJOHOIIEHHBIX HOBO-
POKIEHHBIX IMpeJCTaBJeHa COYeTaHUeM [BYX
BUIOB (PAaKTOPOB, OKA3BIBAIOIIUX HeraTUBHOE
JlelicTBUe Ha He3peJioe JIeTKoe:

Very early preterm delivery is associated with
chorioamnionitis, intrauterine pneumonia, and hy-
poxia [19, 20]. The severity of the newborn's condi-
tion is primarily due to perinatal damage to imma-
ture lungs and intrauterine surfactant production
disorder.

The distinguishing feature helping differenti-
ate between RDSN and ARDS is noncardiogenic
alveolar or interstitial pulmonary edema. In case of
noncardiogenic pulmonary oedema, ARDS can be
diagnosed.

Persisting hypoxia in the early neonatal period
associated with the immaturity of lungs is the main
reason for the surfactant deficiency and RDSN de-
velopment in a preterm infant.

The two main groups of factors having a neg-
ative effect on the premature lung in preterm
neonates and causing ARDS are:

1. Direct damaging factors (congenital pneu-
monia, aspiration of amniotic fluid)

2. Indirect damaging factors (severe perinatal
hypoxia with ischemia, shock, hemorrhagic syn-
drome).

Long-term impact of direct and indirect dam-
aging factors [1] on immature lungs of a newborn
promotes the development of ARDS associated
with various neonatal period diseases.

In all the studied cases the formation of hya-
line membranes is caused by the surfactant defi-
ciency, which production after birth and in the
neonatal period is affected by such factors as ges-
tational age and maturity of lung tissue, degree of
perinatal hypoxia, metabolic acidosis, hypo-
glycemia and hypothermia [9, 17].

Replacement therapy with exogenous sur-
factants is effective under certain conditions. The
very early, so-called preventive use of exogenous
surfactants in severe perinatal hypoxia, decom-
pensated metabolic lactate-acidosis, is question-
able. Despite the preventive poractant alfa ad-
ministration, almost all deceased preterm infants
have developed hyaline membranes, which indi-
cates drug failure. Early normalization of pul-
monary gas exchange and acid-base condition in
extremely preterm infants is fundamental and
leads to a decrease in mortality and neonatal
complications [14, 21].

Conclusion

ARDS occurs in 41.9% of extremely preterm
infants. The syndrome develops due to exposure of
immature lungs to direct (congenital pneumonia,
aspiration of amniotic fluid) and indirect damaging
factors (severe perinatal hypoxia with ischemia,
shock, hemorrhagic syndrome). Morphological
signs of ARDS are most often found in neonates
with congenital pneumonia, asphyxia, neonatal as-
piration of amniotic fluid.
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1. IIpsimble TIOBpeskaatonue (axkTopbl —
BPOKJeHHasl NHEBMOHHU:A, acHupaius OKOJO-
IJIOJHBIX BOZ;

2. HempsiMble OBpeskIa0ITe (PAKTOPHI —
TsPKeJsIasi HepuHaraabHast TUIIOKCUS — UIIIEMUS,
IIIOK, TEMOPPAruIeCcKuil CHHIPOM.

[Tpomomkaroiieecst BO3[IeiiCTBHE MPSMBIX U
HeNpsIMbIX TOBpeskaaionux ¢axkropos [1] Ha
He3peJible JIerkKue HOBOPOYKJEHHOIO CII0C00-
cTBYIOT passutuio OPJIC Ha ¢doHe pasauuHbIX
3aboJsieBaHUI HEOHATAJIBHOTO TIEPHUOIA.

Bo Bcex paccmarpuBaeMbIx ciydasx (OpMu-
poBanme I'M o6ycioBieHo aedumurom cypdak-
TaHTa, HA CUHTE3 KOTOPOTO IIOCjIe POYKIEHUA U B
HeOHAaTaJIbHOM Ilepuojie BJIUsIET Pl (PaKTOPOB:
recTalMoOHHBIA BO3PACT M 3pPeJIOCThb JIerOYHOH
TKAaHU, CTeIleHb BRIPAYKEHHOCTH ITepUHATAIbHON
TUTIOKCUHY, MeTab0/IMYeCKUH alli103, TUIIOTINKE-
MuA U runorepmud (9, 17].

3amecTuTeJbHAsI Tepanusi 9K30TeHHBIMU
cypdakranTamu siBjsieTcst 9(pheKTUBHOU B CITy-
4yae coOJIIofieHus1 psifa ycaoBuil. COMHUTEIEHBIM
SIBJISIETCSI OUEHDb paHHee, TaK Ha3bIBaeMOe, PO u-
JIaKTUYEeCKOe TIpUMeHeHNe 9K30TeHHbIX cypdax-
TAHTOB IPU TSKEJION NepUHATATIbHON T'UIIOKCUH,
JeKOMIIEHCHPOBAHHOM META00JNUYECKOM JIAKTAT-
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aruo3e. HecMoTpsi Ha nmpoduiakTuyecKoe BBe-
JleHre Kypocypda, IpaKTUYeCKH y BCEX yMEPIINX
HEJOHOIIEHHbIX HOBOPOYKJAEHHBIX MNPOU3OIILIO
pa3Butue u popmupoBanue 'M, 4TO cBUjIETETD-
CTByeT 0 Hea(p(peKTUBHOCTHU ero NpUMeHEeHUs.
PanHss1 HOpMaIU3aIysi Ta3000MeHHON (PYHKIUHA
JIETKUX, KUCJIOTHO-OCHOBHOT'O COCTOSIHUSA Y TTy00-
KOHEIOHOIIIEHHOTO pebeHKa, sIBJISTIOTCS OCHOBO-
MOJIATAIOIUMU U IPUBOJAT K CHUYKEHUIO CMepPT-
HOCTH, HEOHATaJbHBIX OCJIOYKHEeHU [14, 21].

3akJaouenue

OcCTphIii pecriupaToOpPHbBIN TUCTPECC-CUHIPOM
xapakTepeH 175 41,9% mIyOOKOHEeqOHOIIEHHBIX
HOBOpOXkIeHHBIX. PagButuio OPIIC criocoOCcTByeT
BO3JIENCTBIE MPSMBIX (BPOKIeHHASA [THEBMOHUS,
acnupanus OKOJIOILUIOAHBIX BOM) W HEMPSIMBIX
(TsI2KeJTast IepUHAaTaIbHAsT TUTIOKCUST — UIIIEMUS,
IIIOK, TEMOPPAruYeCKUil CUHAPOM) OBPEKIAI0-
mux (PaKTOpPOB Ha He3peJsible Jierkue. Haubostee
yacto MopdoJiorndeckue npudnaku OP/IC o6Ha-
PY’KUBAIOTCSA Y HOBOPOKIEHHBIX C BPOKIEHHON
IMTHEeBMOHMeEH, acpuKcrei, HeoHaTaJIbHOU acrinpa-
e OKOJIOTIOAHBIX BOI, UTO YCYTyOJIsIET TeUeHE
3a00JIeBaHUA.
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Combined Xenon and Epidural Anesthesia During Surgical Correction
of Joint Deformities in the Lower Extremities of Children with Cerebral Palsy
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Ilesp ucciaenoBanusa. CpaBHUTEIbHAS OIEHKA METOIOB COUETAHHON aHECTE3NH HAa OCHOBE KCEHOHA 1
3MUyPATHLHON aHECTE3UH Y IETEH € IepeOpaibHBIM MapaImaoM.

Marepuasiabsl H MeTOAbI. COUeTaHHYIO KCEHOHOBYIO aHECTe3UIO C AIMUAYPATbHON 6/I0Kamoi IpoBeIn y
50 mereii c epeOpaNTBHBIM TAPAJIMIOM B BO3pacTe oT 3 10 17 JsieT. ITanmeHToB pasaeuiv Ha IPYIIIbI 10 Me-
TOIy MO/ Iep>KaHusI aHecTe3nu: y 30 MaIMeHTOB UCII0JIb30BaIA KCEHOH, Y 20 — KCEHOH C mapaMu ceBOdJIio-
pana. O1ieHIBa/IM 0COOEHHOCTH TeYEHUsT AHECTE3UH, MHTPAOIIEPAIIMOHHYIO TeMOJMHAMUKY U KOTHUTUBHbBIE
¢yHKIIIN 10 U TTOCTIe OIepaIuu.

PeayubraThl. lcriosib3oBanne KCEHOHA IIPYA BCEX N3YYEHHBIX BApUAHTaX aHECTE3UU IIPUBOAUIIO K YBe-
JIMYEHUIO TTOKa3aresiell MPOU3BOAUTEILHOCTH Cep/ilia U CTaOUILHOMY FeMOJUHAMUYeCKOMY MPO(MUITIO HA
BCEX JTallax aHeCTe3WH, HeCMOTPSI Ha JIePeCCUBHOE BVSIHIE MIUIyPaTbHON OJI0KaIbl HA TeMOIMHAMUKY.
IIcuX0J0THYECKOE TECTUPOBAHME ITOKA3aJI0 OTCYTCTBUE OTPUIATEIFHOTO BIUSHUS aHECTE3NU KCEHOHOM
Ha KOTHUTUBHBIE (DYHKIINY y eTell ¢ epebpabHBIM IapaIndoM. BRIABU/IN HEJOCTAaTOYHYIO aHAIbIeTHYe-
CKYIO aKTUBHOCTB KCEHOHA, er0 9METOTeHHbIE CBOMCTBA, CIIOCOOHOCTH MCKAKATh ITapaMeTPhbl CIUPOMETPUH,
CJIO’KHOCTH B MOJeP/KaHUM ITapaMeTPOB HOPMOBEHTHUJIAINN Y JeTel Mita el Bo3pacTHOH rpynimsl. Co-
JeTaHMe KCEHOHA C TapaMu ceBO(II0paHa HUBEJIUPOBAJIO HEJOCTATKU €ro N30 TMPOBAHHOTO IPUMEHEHUS.

3ar/rouyenue. KapauocTuMyIupyoIye CBOHCTBA KCEHOHA TTO3BOJISTIOT KOMIIEHCUPOBAThH OTPUIIATEb-
HOe JIeliICTBYe Ha TeMOIMHAMUKY 3MHUIyPATLHON aHECTE3UU U 00X AHECTETUKOB, & OTCYTCTBHE HEHPOTOK-
CUYHOCTH SIBJISIETCSI 3HAYMMBIM [TPEUMYIIIECTBOM KCEHOHOBOW aHECTE3UH Y JIETEU C UCXOHO TIOBPEKIEHHON
ITHC. KceHOHOBasA aHeCTe3UsI sABJIACTCA IIEPCIEeKTUBHBIM HAllpaBJIEHUEM B PAa3BUTHUM aHECTe3U0JI0TIYe-
CKO¥ ITOMOIITU JIETSIM C Iiepe0dpaibHBIM MapaJImaoM.

Knroueevte croea: anudypaivhas anecmesus; 0emu; uepebpaibHblil napaiuy; KCeHOH; 2eMOOUHAMUKA;
KOZHUMUBHbLle PYHKUUU

Objectives. The objective of this study is to compare different methods of combination general and regional
anesthesia based on xenon.

Materials and methods. Xenon anesthesia combined with epidural block was performed in 50 children
with cerebral palsy aged 3-17 years. In 30 patients xenon was used to maintain anesthesia, in 20 children xenon
was combined with sevoflurane. We compared the process of anesthesia, the intraoperative hemodynamic
parameters and cognitive status before surgery and after it.

Results. The use of xenon in all studied anesthesia methods increased the cardiac performance and was
associated with a stable hemodynamic profile at all stages of anesthesia despite the depressive effect of epidural
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blockade on hemodynamics. Psychological testing revealed that xenon anesthesia has no negative effect on

cognitive functions in children with cerebral palsy.

Conclusion. Xenon anesthesia is a promising trend in anesthesia care for children with cerebral palsy.
Xenon can compensate the hemodynamic depression caused by epidural anesthesia due to its cardiac stim-
ulant property, with no neurotoxicity being a significant benefit for children with initial damage of CNS. How-
ever, anesthesia with xenon turned out to have some disadvantages. In our study, xenon showed insufficient
analgesic properties, had emetic properties and was associated with spirometric abnormalities. It was more
difficult to maintain normal ventilation parameters in young children when using xenon. Several adverse
events were noted in the recovery period. These disadvantages can be partially reduced by using a combination

of xenon and sevoflurane.

Keywords: epidural anesthesia; children; cerebral palsy; xenon; hemodynamics; cognitive function
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BBenenue

Onepanuy, HanpaBJICHHbIE Ha YCTPaHECHUE
nedopMaIy CyCTaBOB HIYKHUX KOHEYHOCTEN —
Ba)KHBII KOMIIOHEHT peabuIuTanmuu JeTell C
nepebpasbabiM mapaaundoM (IIIT), moCKOJBKY
pacmupsieT BO3MOKHOCTH TIE€PENBIIKEHUs U
caMo00CIyKMBaHUsA, CHIOCOOCTBYeT peabuanTa-
WY TTAIUEHTOB U 00JIeT9aeT yXo 3a HUMU. AJTh-
TepHATUBOU 00IIell aHeCTe3NH ITPU TaKUX OTlepa-
UAX SABJSETCA COYETAaHHAs JNHAypasbHasS
aHecre3usi. bilarogaps BeIpaskeHHOMY aHAJIbIeTH -
YEeCKOMY M aHTHUCHAcTH4YeckoMy 3apderTy, oHa
MT03BOJIsIET CHU3UTH KOJTMYECTBO MPENaparoB AJsd
00111e1i aHeCTe3nH, YTO CIIOCOOCTBYET YCKOPEHHO-
MY BOCCTAHOBJIEHUIO CO3HAHWS M pAaHHEHN aKTHBU-
3anuu nanueHTa. B rmocsieonepaioHHOM ITepHO-
e OIHUAypaJbHAsd aHaJIbre3Ws IO3BOJIAET
obOecrieunTh KoM@opT marueHTam c 111 6e3 6ou
Y CIACTUYECKOTO COKPAIeHHU s MBIIIII.

Hapsany c¢ npeumyiiecTBamMu, W3BECTHBI U
HEeJ0CTaTKH 3MHIypaTbHON aHECTe3WH, BHITIOTHEH-
HOH Ha MOSCHUYHOM YPOBHE. ITO — CHMIaTHYe-
cKkas OJIOKaja, KOTOpas BBI3BIBAET AUJIATAIIUIO
€MKOCTHBIX COCYyOOB HHMXHUX KOHEYHOCTEH C
MTOC/IeTYIOIINM CHUKEHEM 00'beMa IUPKYIUPYIO-
meit kpoBu (OLIK). MIaMeHeHUST TeMONMHAMUKU
HanboJIiee BhIpasKeHbl y marreHToB ¢ L1, koTopbiM
NIPUCYILLA KCXOOHAasA runososieMus [1, 2]. Jlenpeccus
reMOJMHAMHUKH TaK)Ke YCUIUBaeTcs apperTamMmu
TperaparoB JJ1s1 o011iel anecTe3nu [3]. UToObI oj-
JepsKaTh CeplleYHbId BBIOPOC MPHU MPUMEHEHUHN
COYETAaHHOU SMUypaJTbHOU aHECTe3NH y ManyeH-
TOB ¢ LIIT MO’KHO HCII0JIb30BaTh BHICOKKE 00 bEMbI
nH(Qy3noHHOU nogepsKKH [3]. OgHAKO, COITIACHO
COBpPEMEHHBIM MPeJICTaBIeHUsIM 00 MHTpaoIepa-
[IMOHHOH MH(Y3NOHHOH Tepanuy, «THOepaTbHBI»
MTOJIXO]] K Ha3HAYEHUIO NH(Y3NOHHBIX Cpef Hepa-
[MOHaJIeH [4] U CBA3aH C MOBBIIIEHHBIM PUCKOM
TepuoIiepaloHHbIX OCJI0KHEHUH [5].

Ipyroii mpo61eMoii, CBA3aHHOI ¢ TpUMeHe-
HUeM 00IIell aHeCTe31H, ABJIAETCH BO3IEeHCTBUE
AHECTETUKOB Ha HEBpaJbHBIE CTPYKTYphbI [6].
I/ICCJIe,IIOBaHI/IH Ha JKUBOTHBIX CBUAETEJILCTBYIOT O
MIPSIMOM TTOBPEYKIAIOIIEM BO3€HCTBUH Ha IIEHT-
panbHyio HepBHYIO cucteMy (LTHC) 6osbmmmHCTBA

Introduction

Surgical correction of joint deformities in
lower extremities is an important part of rehabili-
tation of children with cerebral palsy (CP) as it im-
proves their mobility and self-care thus facilitating
the patient care. An alternative to general anesthe-
sia during surgery is combined general and
epidural anesthesia with strong analgesic and an-
tispastic effect which allows reducing the drug load
for general anesthesia and promoting the acceler-
ated recovery of consciousness and early activation
of the patient. Due to the epidural analgesia, pa-
tients with CP do not experience pain and spastic
painful muscle contraction during the postopera-
tive period.

However, the epidural lumbar anesthesia has
several disadvantages. One of them is the sympa-
thetic block which can cause dilatation of capaci-
tance vessels of lower limbs resulting in a decrease
of circulatory volume, which is most severe in pa-
tients with CP and preexisting hypovolemia [1].
Moreover, drugs used in general anesthesia can fur-
ther impair the hemodynamic parameters [2]. To
maintain cardiac output when using a combination
epidural anesthesia in patients with CB, a high vol-
ume fluid therapy can be used. However, the current
intraoperative fluid management concepts consider
the so-called «liberal» approach to administering
fluid therapy as unreasonable and associated with
a higher risk of perioperative complications [4, 5].

Another problem concerning general anes-
thesia is the impact of the anesthetic drugs on neu-
ral structures. Animal studies show the direct in-
jury effect on central nervous system (CNS) of
most inhaled and non-inhaled anesthetics now in
use [6, 7]. Clinical trials demonstrate the ability of
general anesthesia to cause delayed cognitive im-
pairment and behavioral disorders of various in-
tensity and duration, particularly in patients with
immature CNS [8, 9].

The risk of postoperative cognitive dysfunc-
tion (POCD) is increased not only in young children
but also in patients with pre-existing higher mental
function disorders which worsen after surgery per-
formed under general anesthesia [10, 11]. The use
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HCIIOJIb3YEeMbIX WHTAJALMOHHBIX W HEWHIaJsd-
IIUOHHBIX aHECTETUKOB [7]. KimnHu4yeckue uccJie-
IOBaHUSA II0OKA3bIBAIOT CIIOCOOHOCTH OOIIEel aHe-
CT€3WH BBI3bIBAaTh OTCPOYEHHbIE KOTHUTUBHBIE U
IIOBeJleHUYeCKre HapylleHusI pa3JIudHOMN IPOI0JI-
SKUTETLHOCT M BBIPAQKEHHOCTH, OCOOEHHO Y
narnueHToB ¢ He3pesol [THC [8, 9]. Puck pasButus
[10CJIeONePANMOHHON KOTHUTUBHOU TUC(YHKIINU
MIOBBIIIIEH HE TOJIBKO y JleTell paHHero Bo3pacra,
HO Y IIPX UCXOJHBIX HAPYIICHUAX BBICIINX [ICUXU-
yecknx (yHKROUH [10], KOTOpBIE YCyTyOJSIOTCS
MOCJIe IPOBEJIeHN s OTIepaTUBHBIX BMEIIaTebCTB
B ycaoBUsX 00111e anectesuu [11].

Bo3MoskHO, pelrieHreM, M03BOJISTIOIIINM HUBE-
JINPOBATh TEMOANHAMIYECKYIO HECTAOMITBHOCTD U
YMEHBIIUTh HEPOTOKCUYHOCTh BO BpeMsI COYeTaH-
HOH 3IUIypa/IbHON aHecTe3nu y nanueHTos c LI,
MOSKET CTaTh IpUMEHeHNE KCeHOHA. MIHepTHBIN ra3
KCEHOH 00JIaJaeT MUHUMAaIbHBIM BO3JeCTBHEM Ha
reMOAMHAMUKY, (DYHKIIMIO MUOKAp/1a ¥ HEUPOI'yMo-
pasbHBIN OTBET [12], Jajke B yCJIOBUSIX CEPAEYHON
HEeOCTAaTOYHOCTH [13]. Takske y KCeHOHA OTCYTCTBY-
€T HEMPOTOKCUYHOCTH [14]. HaripoTuB, JaHHbIE 9KC-
NepUMEHTAJIbHBIX U KITMHAYECKUX UCCTIeJOBaHUN
[I0Ka3aJ/yd HajIn4yre Y KCeHOHa HeHpOIpOTEeKTUB-
HBIX CBOMCTB [15, 16]. VMccaenoBaHuss MapKepoB
HEeUPOHATHLHOTO IOBPESKIEHMS ITPU 00IIIel aHecTe-
311 KCEHOHOM IT0Ka3aJI1, UYTO KCEHOH He BhI3bIBAET
nopaskenus [IHC gaske npu niuresbHOM ITpUMeHe-
Huu [17, 18]. [IpogeMoHCTPUPOBAHO, UTO KCEHOH
OKa3bIBAET KapAuo- U HeUpONpPOTEeKTUBHBIE
a(pexTrI y3re B cybaHECTETHIECKUX KOHIIEHTPa-
musx (0,25-0,5 MAK), B TOM 4KCJie 1 B KOMOMHAIIIN
C IPYTMMM HMHTAISAOUOHHBIMU aHECTETHUKAMU, C
COXpaHEeHWEM €ero MOJIOKUTEJbHOTO BJAUSHUSA Ha
remonuHamury u LTHC [19].

HccnenoBanusi, nogTBepskaatoiniie agdex-
TUBHOCTH ¥ 0€30TIaCHOCTh aHECTE3NH KCEHOHOM Y
JeTell, BIIepBbIe B MUpPe OBITN ITPOBEIeHbI B HAIITEH
crpase. B pesyssrare yero B 2014 rony B MHCTPYK-
[MIO 110 MEJUIIMHCKOMY IPUMEHEHHUIO IIpernapara
KceMen® MunagpaBoM Poccuu ObLIM BHECEHBI
W3MEHEHWsI, pa3pellalolye ero NpuMeHeHne IJIs
IIpOBe/IeHUs1 HapKo3a y JeTell B Bo3pacTe oT 1 rona
I1o 18 jiet. [Tpy 9TOM OTCYTCTBYIOT JAHHBIE O PE3YJIb-
Tarax MCII0JIb30BaHM KCEHOHA B COCTAaBE COYEeTaH-
HOH 9N TypaTbHON aHeCTEe3WH JIeTel C nepedpah-
HBIM [IAPAJINYOM, a TAKYKE OIEHKH ero BJIUSHUS Ha
CepAeYHO-COCYIUCTYIO CUCTEMY U KOTHUTUBHBIC
(pyHKIIMN ¥ 9THX TPOOIEMHBIX TAIEHTOB.

llenp wuccaemoBaHuss — CpaBHUTEJIbHAsA
OIleHKAa METOJ0B COYEeTaHHOI aHeCTe3NH Ha OCHO-
Be KCeHOHA U 3IIUIyPaJIbHOU aHEeCTe3UN y IeTel C
nepedpaTbHBIM TapaTHIOM.

MarepuaJ 1 MeTObI

B ncciegoBanue BRJIIOYUIN 50 feTeid B Bo3pacre
ot 3 1o 17 jeT c nepebpasbHBIM ITapaTNYOM B (hopMme
CHACTUYeCKOM OUIJIeruH WU CIACTUYeCKOro TeTpana-

of xenon seems to be a good remedy to reduce the
hemodynamic instability and neurotoxicity during
combined general and epidural anesthesia in pa-
tients with CP. Xenon is a noble gas with minimal
effect on hemodynamics, myocardial function and
neurohumoral response, even in heart failure [12,
13]. Xenon shows no neurotoxicity. Moreover, ex-
perimental and clinical study data have demon-
strated its neuroprotective properties [14, 15]. The
neuronal injury marker research has shown that
xenon does not cause any damage to the central
nervous system even in long use [16, 17]. It has
been shown that xenon starts to produce both car-
dio- and neuroprotective effect even in subanes-
thetic concentrations (0.25-0.5 MAC), also when
combined with other inhalation anesthetics, with
its positive effect on hemodynamics and central
nervous system being preserved [18].

The first trials to confirm the effectiveness and
safety of xenon anesthesia in children have been
conducted in the Russian Federation. As a result,
the Healthcare Ministry of Russia has made an
amendment to the instruction for the use of
XeMed® (medical xenon, Akela-N, Russia) allowing
its use in general anesthesia in children aged 1 to
18 years. However, no data are available on xenon
being used as part of combined general and
epidural anesthesia in children with cerebral palsy
and its effects on the cardiovascular system and
cognitive functions in these complex patients have
not been described so far.

Research objective: comparative assessment
of combination anesthesia based on xenon and
epidural anesthesia for children with cerebral palsy.

Materials and Methods

The research involved 50 children aged from 3 up
to 17 years with spastic diplegia or spastic tetraparesis
cerebral palsy. All patients had ASA II-III classes and un-
derwent lower limb bone or soft tissue orthopedic sur-
gery under general xenon anesthesia combined with
epidural block. Patients were divided into 2 groups com-
parable in age and gender (table 1).

In the first group of patients, xenon anesthesia
(XeMed®) was used. In the second group, xenon was
combined with volatile anesthetic sevoflurane. Both
groups of patients were divided into 2 subgroups de-
pending on age: from 3 to 8 and from 9 to 17 years old.

Premedication regimen adopted in our Science and
Practical Center included atropine in a dose of 0,01
mg/kg and midazolam 0,25+0,01 mg/kg and was used in
all of the patients under study [19].

Since xenon is proved to be emetogenic the preven-
tion of postoperative nausea and vomiting (PNV) was
done. Drugs for anesthesia were chosen depending on
the assessment according to POVOC scale [21]. In the av-
erage risk of PNV (2 points according to the POVOC scale)
dexamethasone in the dose 0f 0.15+0.01 mg/kg was used,
in high risk (3 points) a combination of dexamethasone
and ondansetron in the dose of 0.1+0.001 mg/kg was ad-
ministered.

GENERAL REANIMATOLOGY, 2020, 16; 1

www.reanimatology.com



48

DOI:10.15360/1813-9779-2020-1-45-58

Clinical Studies and Practice

TaGsmna 1. XapakTepHuCcTHKA HcCaeayeMbIX rpynn (M+m).

Table 1. Characteristics of the studied groups (M+m).

Parameters

Values of parameters in groups

Xe (n=30) Xe+Sev (n=20)
younger senior younger senior
(3-8 yrs, n=17) (9-17 yrs, n=13) (3-8 yrs, n=12) (9-17 yrs, n=8)

*Male/ Female 11/6 8/5 715 5/3

Age, years 4.89+0.29 11.78+0.6 5.1+£0.49 12.5+0.49
Weight, kg 18.01+1.15 35.3+2.43 18.88+2.21 37.4+1.53
Average surgery time, min 148.32+14.84 133.8+20.4 129.85+12.7 127.88+18.77
Average anesthesia time, min 214.25+15.41 187.47+22.5 186.4+13.8 191.88+19.6

Note. * — no between-group difference (P>0.1).

ITpumeuanme. [ Tab. 1-4: parameters — napameTpsl; values of ... in groups — 3Hauenue B rpynmax. [lis Tabm. 1-5: Xe —
KCeHOH; Sev — ceBoduropas. [l Tabi. 1-2: younger — MJIajlIne; senior — craplmue; yrs/years — JieT; male/female — mour,
MY>K/5KeH; age — Bo3pacT; weight — Bec; average surgery/anesthesia time — cpeyHee Bpems onepanuu/aHecTe3nu. * — MeK-

TPYIIIOBOE pa3Inyue OTCyTCTBYeT (p>0,1).

pe3a. PU3UYECKUI CTaTyC COOTBETCTBOBAJ OIlEHKE II0
ASA II-III. Bcem manyeHTaM BBIIIOJIHAINA OPTONEINYe-
CKHEe oIlepalr Ha KOCTAX, MbIIIIAX U CYXOMKUJIUAX
HIDKHUX KOHEYHOCTEH B YCJIOBUSIX COYETAHHOU aHeCTe-
31WH HAa OCHOBE KCEHOHA U AN TypaThHOMI OJT0KabI. [1a-
OUEeHTOB pa3ae/jnjau Ha 2 TpyIIbl, COITOCTaBUMbBIE 110
BO3pacTy u moJry (p>0,1), (taba. 1).

B 1-i rpymie naieHToB B Ka4eCcTBe 00IIEro KOM-
TMOHEHTa aHeCTe3WH NCII0JIb30BaIu KceHOH (KceMen®).
Bo 2-1i rpymiie manueHToB UCIT0JIb30BAI KOMOWHAIIIIO
KCEHOHA C Tapo00pas3yolnM aHeCTETHUKOM CeBO(]JIIO-
paHoM. BHyTpHM KakJ0# HcciIe yeMol TPyl IPOBO-
WA CTpaTU(UKAIIIO O0JBHBIX HA 2 TOATPYIIIEI IO
BO3pacTy: oT 3 10 8 sier u oT 9 10 17 J1€eT.

ITpeMenuKanuio y Bcex OOIBHBIX IPOBOAUIIN 11O
equHOU cxeMe, TpuHATOMN B HITI] eTCKOM IICUXOHEBPO-
qaoruu [20]. OHa BK/OYasa arponuH B fo3e 0,01 mr/kr
u Muga3osam B fo3se 0,25+0,01 Mr/Kr.

B cBsA3M ¢ JOKa3aHHON 9METOT€HHOCTHIO KCEHOHA
TIPOBOIUJIN MPO(PUITAKTHKY TIOCJIE0TIEPATTTOHHOH TOIII-
HOTHI 1 pBOTHI (IIOTP). B 3aBUCHMOCTH OT OLIEHKHU 110
mrkane POVOC [21] nmpu cpegHeM PHUCKe Pa3BUTUA
IIOTP (2 GaJsja) HasHa4Yaad AeKCaMeTasOH B [103€e
0,15+0,01 Mr/KT, TpU BBICOKOM PHCKe (3 Oas11a) UCIoJIh-
30BaJI KOMOMHAITHIO JleKcaMeTa30Ha 1 OHAaHCEeTPOHA
B 1o3e 0,1+0,001 Mr/Kr.

WNHIyKIUo aHecTe3nu B 1-i rpynme (Xe) mpoBo-
JANJIN oes ONpUMEHEeHU A MHTaJIAIVUOHHBIX aHECTEeTUKOB
¥ OCYIIECTBJISAIN OO/TIOCHBIM BBEJIeHIEM ITPonodoJIa B
nose 3,1+0,2 mr/kr, ¢penranuaa — (4,1+0,13 MKT/Kr) 1
pokyponusi — (0,66+0,01 mr/kr). Ilocse nuaTYOANN
Tpaxeu U repesojia manyenTa Ha alrapaTHyo BEeHTUJ/IA-
LIUI0 IIepexXOUJIN K 9Tally JeHUuTporenusanuu. Ilognep-
sKaHNe aHeCTe3UU 10 BBeIeHUsI KCEHOHA B KOHTYP Hap-
KO3HO-JbIXarejbHOro annapara (H/IA) ocymecTtBisamm
nepunogn4eCKuMu 0OJIIOCHBIMU BBEJI€HUAMU IIPOIIO-
¢osa B pasoBoii 103e 1 Mr/Kr npu 3Ha4eHUsX BIS-Mo-
HHUTOpa OoJiee 55. I[To OKOHYAHUH TIEHUTPOTeHU3AIUH,
HA4MHAs C 9Talla HaChIEeHUs U Ha BCeX IOC/IeIYIOIINUX
JTanax MHra/lAUOHHYI0 aHEeCTe3UI0 OCYLIeCTBJIIS/INU C
rasorokoM O, II0 MeTaboJIMIeCKOl HoTpebHOCTH (meta-
bolic flow), Ho He HUKe 0,15 JI/MUH, YTO OBITIO OOYCIOB-
JIEHO 3aBOJICKMMHU HacTpoiikamu HJIA, He TT03BOJISIO-
IIMMU CHU3UTh IIOTOK KUCJI0OPOJA MeHee YKa3aHHOI0
3HAYeHUsI.

Bo 2-#1 rpynne namnueHToB (Xe+Sev) WHIYKIIHIO
AHEeCTe3WH MPOBOAMIIA CEBO(ITIOPAHOM 1O OOJTIOCHOH
MeTouKe, eHTaHmIoM (3,9+0,14 MKI/KT) U POKYpO-

In the first group (group of Xenon anesthesia — Xe
group) the volatile anesthetics were not used and anes-
thesia was performed by bolus dosing of propofol 3.1+0.2
mg/kg, fentanyl 4.1+0.13 pg/kg and rocuronium bromide
0.66+0.01 mg/kg. The tracheal intubation and transition
to mechanical ventilation was followed by the denitro-
genisation stage. Prior to introducing xenon into the ven-
tilator circuit, anesthesia was being maintained by recur-
rent bolus dosing of propofol in a single dose of 1 mg/kg,
with the bispectral index exceeding 55. With the stage of
denitrogenisation completed, starting with the satura-
tion stage and later on, xenon inhalation anesthesia was
administered using the oxygen flow depending on the
metabolic flow but not lower than 0.15 1/min because of
the default set of options of the anesthetic machine
which doesn’t allow to set a lower oxygen flow.

In the second group of patients (a group of
Xenon+Sevoflurane — Xe+Sev group) anesthetization was
performed by bolus dosing of sevoflurane, fentanyl
3.9+0.14 pg/kg and rocuronium bromide 0.67+0.02
mg/kg. During denitrogenisation anesthesia was main-
tained by inhalation of sevoflurane in concentration
0.8-1.0 MAC. Again, as with the first group, starting with
the saturation stage, anesthetization was done with the
oxygen flow depending on the metabolic flow. Xenon sat-
uration was being performed until reaching the target
concentration of 50%, with the sevoflurane vapor being
present in the breathing gas mixture.

Maintenance of anesthesia at the main stage in the
group of Xe+Sev was done by xenon — oxygen mix in the
xenon : oxygen ratio of 50-52% : 40-45% with vapors of
sevoflurane in concentration 0.5-0.7 (0.2-0.3 MAC) dur-
ing the surgery.

During the denitrogenisation phase the patients of
both groups were anesthetized by one-use epidural
BBraunPerifix (Germany) or PajunkEpilong (Germany)
sets. After installation and fixing of the epidural catheter
ropivacaine in concentration of 0.2% (Ropivacaine-Kabi
of Fresenius, the Netherlands) was introduced in the dose
of 1.68+0.08 mg/kg.

Fluid therapy in both groups was carried out by
polyionic salt solution Ionosteril 1/1E in the volume of
12.9+0.77 ml/kg/h.

Ventilation during all the surgeries was done with
anesthesia apparatus GE Medical Systems Datex
Ohmeda S\5 Avance (USA), with pressure control venti-
lation (PCV) and with maintenance of normoventilation
guided by a respiratory volume (RV), and with control of
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aueM (0,67+0,02 mr/kr). [lonnepsxkanne aHecTe3suu Ha
aTalle JeHUTPOreHU3alUH OCYLIeCTBIISAIN ceBO(IIIopa-
HOM B KoHIleHTparuu 0,8-1,0 MAK. Tak ske, kak u B 1-i1
rpylllle, HAYMHAsA C 9Talla HACBIIIeHNUsI KCEHOHOM, aHe-
CTe3UI0 OCYIIEeCTBJIAIN ¢ radoTrokoM O, 1o metabolic
flow. HaceImmeHme KCEHOHOM ITPOBOJIVIIH 1O TOCTHKEHU S
€ero 1eeBoi KoHrenTpanuu 50%, Ipu 9TOM B ra3oHap-
KOTHYECKOU CMeCH COXPaHsJINCH IMapbl ceBOdIIopaHa.
IMonnepsxaHve aHecTe3WM HAa OCHOBHOM 3JTame BO 2-U
rpymie (Xe+Sev) IpOBOJUJINA KCEHOH-KUCJIOPOAHOU CMe-
Cb10 B cooTHOIIeHnu Xe 50-52% : O, 40-45% c mapamu ce-
BotIopaHa B KoHreHTparnuu 0,5-0,706.% (0,2-0,3 MAK)
B Te4eHHe BCero oleparuBHOI0 BMeIlaTe/IbCTBA.

Ha srare eHUTpOreHN3anyy 60JIbHBIM 00€VX IPYIII
IPOBOOWJIN ITYHKIIWIO Y KaTETEPU3AITUIO MMM AYPAIBHOIO
TIPOCTPAHCTBA € IOMOIIBIO OTHOPA30BBIX ANIUIYPATbHBIX
HabopoB BBraun Perifix (lepmanwst), Pajunk Epilong (Tep-
Manusi). [Tocste ycTaHOBKM U (DUKCAIIN STTUYPAIHBHOTO
karerepa BBomuu 0,2% pormBakanH (PonmBakanH-Kabu
Fresenius, Hunepsianael) B nose 1,68+0,08 Mr/kr.

VH}Y3NOHHYIO TOIEPIKKY B 00€HX IPpyIIIax ocy-
IIECTBJIAIA MOJTHHOHHBIM COJTIEBBIM PAcTBOPOM MoHO-
crepus 1/13 B o6beme 12,9+0,77 mut/Kr/4ac.

Bce onepanum BeInoJIHAMM B yciaoBuax VBJI ¢
yipasJjieHreM 1o gasieHuio (PCV) u noppepsxkanuemM
HopMoBeHTUIANMY 1pu oMoy HIA GE Medical Sys-
tems Datex Ohmeda S\5 Avance (CIIIA) o KOHTpoJIeM
IbIXaTeJIbHOTO oOBbema (JI0), maBJaeHHUS Ha BIOXe
(Pinsp), (pakIMOHHBIX KOHIEHTpAIUM KUCJI0pOAA
(FiO,) n nHranmsannonHbix aHecteTukoB (FiXe, FiSev) B
ra3oHapKOTUYEeCKOU cMecH, TapIuaabHOr0 1aBJeHUs
CO2B BeigbixaeMoM Boanyxe (EtCO,). [l anecteaun
KCEeHOHOM MCII0JIb30BaJ/I1 KCEHOHOBYIO HApKO3HYIO
npucrasky KHII-01 u KCeHOHOBBIN rasoaHaau3aTop
I'KM-03. MOHUTOPUHT BUTAJIbHBIX (DYHKIIUI OCYILIECTB-
Jis1t ipu oMoty MoHuTopa Nihon Kohden LifeScope
(Anonwus). Perucrpuposanu caegyromue NoKa3aTesIn:
4JacTora cepaevyHbIx corpatennii (YCC), cpeanee apTe-
pranbHOe naBjsieHue (AJlCp), HaChIeHNe KAaluJJIsp-
HOo# KpoBu O, (SpO,). ATeKBaTHOCTb aHECTE3UU OI[eHH -
BaJad 10 IOKa3aresaM BIS-monuTOopmHra m Ha
OCHOBAaHMH KJIMHWYECKUX INPU3HAKOB. IlapameTrpsl
IEeHTPAJIbHOU TeMOIMHAMUKY: yIapHbIi ungexc (Y1),
cepaeunblii nanekc (CH), obiee mepudepruueckoe co-
cynucrtoe conporusyaenue (OIICC) namepsyii MeToI0M
UHTerpajbHON peorpadum peorpadom Iuamant-M
(3AO [ImamanT, Poccus). lamMeHeHus mokasaTesiei
(ukcrpoBau Ha cIeJyIOIINX 9TallaX aHeCTe3UU: I10CIe
npeMeIuKanyy, THAYKIA, TeHUTPpOreHn3anus (rocsuie
MIPOBeIeHNs IMHUAYPaIbHOW OJIOKaNbl), OKOHYAHHE
JTala HacblllleHUs1 KCEHOHOM, KOYKHBIN pa3pes, 1oj-
JlepskaHue aHeCTe3UH, 3aBeplileHre aHeCTe3UHU.

ITocne Ha/OKeHUA FUIICOBOM IIOBA3KU IIpEeKpa-
a1aau mogavy MHTra/JIAMUOHHBIX aHECTETUKOB B KOHTYP
HJIA, ipu atom yBeanuuBas notok O, 1o 6 j1/mun. I[1pn
MOSIBJIEHUM aJeKBATHOI'O CIIOHTAHHOTI'O JbIXaHUsI, He
JO’KUAsICh ITOJIHOTO TIPOOYKIEeHUs MalienTa, B Co-
CTOSIHUM yMepeHHoU cefanuu (BIS 70-75) mpoBonuan
9KCTyOAaIMIO Tpaxew 1 IepeBof aI[ieHTa Ha CaMOCTOs-
TeJIbHOE AblxaHue. ITocjie JOCTHKEeHUsI YPOBHS CO3HA-
HUs 8 OasutoB o Aldrete [22] oCyIIeCTBIISIITH TIEPEBOT
TTanyenTa B ITOCIe0IepaIiOHHYIO ITaIarTy, I7e Bce 60JIb-
HbIe MOJIy4YaJIu IIPOJJIeHHOe 00e360JMBaHNe TIOCTO-
SIHHOU anugypasnbHoi uHysueii 0,2% pacTBopa polu-
BakauHa B go3e 0,1-0,2 Mr/kr/4ac.

the inspiratory pressure (Pinsp), the fractional of inspired
oxygen (FiO2) and inhalation anesthetics (FiXe, FiSev) in
breathing gas mix and the partial pressure of carbon
dioxide at the end of expiration (EtCO,). For xenon con-
sumption we used a xenon flow meter KNP-01 (Russia)
and a xenon gas sensor GKM-03 (Russia). Monitoring of
vital functions was performed by the Nihon Kohden
LifeScope monitor. The following data were registered:
heart rate (HR), mean arterial blood pressure (MAP), oxy-
gen saturation of capillary blood (SpO,). The adequacy of
anesthesia was estimated according to the BIS monitor-
ing parameters and basing on clinical signs. The central
hemodynamics parameters, i.e. the stroke volume index
(SVD), the cardiac index (CI) and the peripheral vascular
resistance (PVR) were measured by integrated rheogra-
phy using a rheograph Diamant-M (Russia). Changes of
parameters were observed at the following stages of anes-
thesia: after the premedication, during the induction, at
the stage of denitrogenisation (after the epidural block),
at the end of the stage of xenon saturation, after a skin
section, during the anesthesia maintenance, and at the
end of anesthesia.

After the plaster application, the supply of inhala-
tion anesthetics into the breathing contour was stopped
and the oxygen flow was increased up to 6 1/min. After
the appearance of adequate spontaneous breath, the pa-
tients were extubated and weaned to the spontaneous
breathing in moderate sedation (BIS 70-75), without
waiting for their full awakening. Having reached the level
of consciousness of 8 points Aldrete score [21], the pa-
tients were transferred to the postoperative room where
all of them got the prolonged anesthesia by continuous
epidural infusion of ropivacaine 0.2% in a dose of 0.1-0.2
mg/kg/h.

The day before surgery, on the first and the third
day after anesthesia, memory, attention and thinking
were estimated by a clinical psychologist in 20 patients,
13 patients from the Xe group and 7 patients from the
Xe+Sev group. The Luria memory words test, Shulte ta-
bles, Raven's progressive matrices and the children's cor-
rection task were used.

The statistical data analysis was performed using
the Statistica 7.0 software. The mean of the sample (M)
and the standard error of the mean (m) were calculated.
To estimate the statistical significance of the mean values
the Student’s test was used. For assessment of signifi-
cance in related data groups the Wilcoxon’s test was used.
The Mann-Whitney's test was used in independent data
groups. The differences were considered significant with
the probability value (p) not exceeding 0.05. The results
obtained are presented as M+m.

Results and Discussion

Xenon analgesic properties assessment. In lit-
erature xenon is described as a medicine with a
strong analgesic potential [23, 24], however, it does
not provide the sufficient level of analgesia in chil-
dren [25]. Our experience also suggests low efficacy
of xenon as an analgesic agent. This became obvious
when during surgery the patients position on the op-
erating table had to be radically changed, which was
followed by an abruptly accelerated blood circula-
tion and additional opioids were required.
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HakanyHe onepanuu, B IepBble€ U TPETbU CYTKHU
TocJie aHeCTe3NH KJIMHUYEeCKUM IICHXOJIOTOM OBLIN
OII€HEHBbI CBOIICTBa IMaMATHU, BHUMAaHUA U MBINIJIEHUA Y
20 60IBHBIX, U3 HUX 13 MarieHToB IPyNnbl Xe U 7 maru-
€HTOB Irpynnsl Xe+Sev. Mcno/ib30Ba/ M METOOUKHY 3aI10-
muHaHUA 10 coB A. P. JIypus, tabsuns! llynsre, mpo-
rpeccuBHble MaTpullbl PaBeHa, AETCKUN BapWaHT
KOPPEKTYPHOU POOHI.

CraTUCTUYECKUI aHaIu3 JAHHBIX TPOBOIMJIH C
HUCII0JIb30BAHNEM IIPOrpaMMBbI aHA/IN3a JaHHbIX Statis-
tica 7.0. BeImoJsiHAIM pacdeT cpegHero 3Ha4eHUs BbI-
60opku (M) ¥ CTAaHJAPTHOM OITUOKY cpeaHero (m). J{ms
oIpejeJIeHusI CTaTUCTUYEeCKOY 3HAaYMMOCTH Pa3/Inuuil
CpellHUX BeJIMYWH MCI0Jb30Baau Kpurepuili Crblo-
neHTa. [y OlleHKU JOCTOBEPHOCTH Pa3UYUU IPHU
CpaBHEHHNU CBA3aHHBIX I'PYIIIT JAHHBIX UCIIOJIb30BaJIN
KpuTepuil BUJIKOKCOHa, IPU CPAaBHEHUU HE3aBUCUMBbIX
rpyni — Kputepuil ManHa—YuTHU. Pagnuyus npusHa-
BaJIM JOCTOBEPHBIMU ITIPY BEPOSATHOCTH OIITNOKH (p) HE
6outee 0,05. Peayibrarsl mpeacTaBuIn B hopmare Mtm.

Pe3ynbTaThl ¥ 00CYK/IEHHE

OneHKa aHATbTeTHYECKUX CBOMCTB KCEHO-
Ha. B tutepaTtype KCeHOH OIUCHIBAETCSI KaK IIpe-
rapar ¢ BbIpasKeHHBIM aHAIbreTU4eCKUM IIOTEH-
muaioMm [23, 24], omHAKO y JeTeld aHeCTe3UsI 3TUM
WHEPTHBIM Ira30M He 00eCIIieYnBaeT JOCTATOYHOTO
YPOBHSA aHaJjbresnu [25]. Mbl Takke OTMETHUINA
HEeJI0CTAaTOYHYI0 3((PEeKTUBHOCTh KCEHOHA KaK
aHaJIbreTHKa. JTO OTYETIMBO IIPOSIBUIIOCH, KOTTA
B XOJIe oTlepanuy TpeboBaioCh pauKaJIbHO U3Me-
HATH II0JIO’KEeHUE IMalleHTa Ha OIlepaliOHHOM
CTOJIe, ¥ 9TOT MaHEeBP COMPOBOKIAJICA BbIpaYKeH-
HOU ruriepauHamMueil KpoBooOpallieHus U Tpebo-
BaJI TOTTOJTHUTETHHOTO 00€300JTMBAHM ST OTTUOU/ 1A~
mu. PacxoskeHne TaHHBIX O CBOMCTBAaX KCEHOHA
KaK aHaJIbTeTHKa MOKeT OBITh 00YCIOBJIEHO pas-
JINTYHON MUHUMAaJbHOH aIbBe0JIAPHON KOHIIEHT-
panueii (MAK) kceHoHa y B3poCbIX U geTeit. Ecoin
Y B3pOCJIbIX TanueHToB MAK KCeHOHa coCTaBJIsIeT
63-71%, TO y meTeill OHa HEM3BeCTHA B CBS3U C
OrpaHNYEeHHBIM MUPOBBIM OTBITOM IPUMEHEHUS
KCeHOHa B 3TOH Bo3pacTHOH rpynne. [Io faHHbIM
W. W. Mapleson [26], MAK kceHoHa y meTeli cTap-
e 1 roga npeanoJIoKUTESIbHO COCTABIAET 92% 1
MOKET OBITh CHUSKEHA ITyTeM KOMOUHAIHU C IPY-
TUMU UHTAJISIIIUOHHBIMI aHECTETUKAMU, B 4aCT-
HOCTH, CeBO(JIIOPAHOM.

B Harem mccireoBaHNM KOMOMHAIVIST KCEHOHA
¢ ceBO(hIIOpaHOM XapaKTepU30BaIach 60Jsiee BhIpa-
SKEHHBIM aHaJIbreTu4ecKuM 3¢ eKToM, YeM MOHO-
AHeCcTe3Us1 KCeHOHOM. JTO ITPOSIBUJIOCH B CHUKEHUH
norpeOHOCTH B (peHTaHWUIIE B rpyte Xe+Sev. B rpy-
e Xe JOTIoTHUTEeTbHOE 00e300/MBanve (peHTaHu-
JIOM TTOTpeOoBaAIOCh y 20 mareHToB (67%) B cpeqHei
I03UpoBKe 2,3+0,15 MKr/Kr/4ac, a B rpy1re Xe+Sev
(¢eHTaHUT UCTIOIB30BAJICS JIUIIb y 7 TAIEHTOB
(35%). ITpu aTOM 103BI (heHTaHUIa OBLIH JOCTOBEPHO
HIKe (p<0,001), uem B rpymre Xe — 1,34+0,14 Mkr/
kr/gac. CoueTaHue KCeHOHA C ceBO(IIOPaHOM B
MUHMMAaJIbHOU KOHIIEHTPAIX Ha BIOXE HE TOJIbKO

Controversial data on analgesic properties of
xenon can be explained by different minimal alve-
olar concentration (MAC) of xenon in adults and
children. The MAC of xenon for adults is 63-71%,
but in children it is not defined because the inter-
national experience of xenon use in this age group
is very limited. According to Mapleson W. [26], the
MAC of xenon in children aged 1 year and older is
estimated at 92% and can be reduced by a combi-
nation with other inhalation anesthetics, for in-
stance, with sevoflurane.

In our research the combination of xenon and
sevoflurane showed stronger analgesic effect than
xenon alone. It resulted in a reduced need of fentanyl
in the Xe+Se group. In the Xe group additional fen-
tanyl administration was required in 20 patients (67%)
in an average dose of 2.3+0.15 nug/kg/h, while in the
Xe+Sev group fentanyl was used only in 7 patients
(35%), in doses significantly lower (P <0.001) than in
the Xe group, the mean being 1.34+0.14 ng/kg/hour.

Not only did the combination of xenon and
sevoflurane in its minimal inhaled concentration
provided stronger intraoperative analgesia but also
it appeared to be more cost-effective allowing to sig-
nificantly reduce the xenon flow (P <0.01) at all the
stages of anesthesia in both age subgroups and thus
decrease the general consumption of xenon by 14%
(P<0.01) in the younger age subgroup and by 18%
(P<0.05) in the senior one, respectively (table 2).

The combination of xenon and sevoflurane
also helped reduce the dose of rocuronium bromide
which was 0.11+0.04 mg/kg/h in the Xe+Sev group
vs 0.23+0.02 mg/kg/h in the Xe group (P<0.01).

The BIS indices showed the depth of anesthe-
sia to be appropriate and sufficient for surgical
anesthesia in both cases.

Impact of xenon on the parameters of me-
chanical ventilation. As xenon is a noble gas it does-
n'tinfluence the central regulation of breath and the
muscular tone of bronchi. However, due to its high
density and viscosity it can change the breathing
mechanics and rheological properties of the breath-
ing gas mixture. Supplying xenon in the breathing
mix caused changes in the mechanical ventilation
parameters which are presented in table 3.

The xenon added to the respiratory mix
caused increase of the breathing volume with con-
stant inspiratory pressure in all patients. This was
due to the indication error of the flowmeter of the
anesthesia apparatus which is poorly adapted for
working with xenon. However, the patients in Xe
group showed both increase of breathing volume
and a trend to hypercapnia which required using
the hyperventilation mode by increasing inspira-
tory pressure to eliminate carbon dioxide.

The younger subgroup revealed more promi-
nent changes. As a matter of fact, small children nat-
urally had narrow bronchial lumen and mechanical

ventilation was done through a small diameter
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Tabsuia 2. Pacxo KceHOHA MPH pa3JINYHbIX BApHaHTaX aHecTe3uu (M+m).
Table 2. Xenon consumption during various types of anesthesia (M+m).

Parameters Values of parameters in groups
Xe (n=30) Xe+Sev (n=20)
younger senior younger senior
(3-8 yrs, n=17) (9-17 yrs, n=13) (3-8 yrs, n=12) (9-17 yrs, n=8)

Wash-in phase Xe, 1 5.2+0.27*# 6.43+0.26* 4.19+0.17* 5.29+0.27*
Maintenance of anesthesia Xe, | 19.96+1.84% 19.8+1.89* 13.6+1.3* 14.75+1.43%
Xe flow during maintenance, I/min 0.11+0.006" 0.11+0.004* 0.072+0.003* 0.073+0.009%
Total consumption Xe, 1/hour 8.86+0.28" 10.04+0.6* 7.26+0.41% 8.24+0.49*
Anesthesia time Xe, hour 2.96+0.26 2.65+0.34 2.56+0.24 2.62+0.32

Note. Between-group difference: * — P<0.01; * — P<0.05.

IIpumeuanue. Wash-in phase — Hacsimenue, Ji; maintenance of anesthesia — nognepsxanue anecresuy; flow during mainte-
nance — IOTOK ... Ha MOAIepskanue; total consumption — ob61uit pacxom; hour — yac; anesthesia time — Bpems anecre3uu.

Pagsmaust Meskay rpynmamu:  — p<0,01; * — p<0,05.

obecrieunBasio 60Jiee BBIPA’KEHHYI0 MHTPAOIEpa-
[IMOHHYIO aHAJIBI'€3UI0, HO U ABJISIJIOCh 9KOHOMUYE-
CKM T1eJ1ecCO00pa3HbIM, TaK KaK MO3BOJISIIIO TOCTO-
BepHO (p<0,01) CHU3UTH IIOTOK KCEHOHA Ha BCEX
Jrarax aHecTe3nH B 00erx BO3PACTHBIX TOATPYIIIAX,
Y, CJIEOBATEIFHO, YMEHBIITUTE OOIITUI Pacxor Kce-
HoHa Ha 14% (p<0,01) B Mmuta/IIIeif BO3PACTHO MOM-
rpynre 1 Ha 18% (p<0,05) — B cTapieii (TadJr. 2).
KombuHanusi kKceHoHa u ceBodIIOpaHa
TaK)Ke IIpUBeJia K CHHYKEHHUIO pacxoja POKypo-
Husa— 0,11+0,04 mr/xkr/4ac B rpynie Xe+Sev 11po-
TuB 0,23+0,02 Mr/Kr/4ac B rpynrme Xe (p<0,01).
IiybuHa aHecTe3wnu 1o okasaressam BIS —
MOHHTOpA IIPU UCIIOJIb30BAHUU KCEHOHA U KOM-
OMHAIIMM KCEeHOHa C CeBOQIIOPAHOM COOTBET-
CTBOBAJIa XUPYPTrUYeCKOH CcTaguu HapKo3a U
SIBJISIJIACH JOCTATOYHOM JJIs1 IPOBEAEHUs ollepa-
THUBHOI'O BMeIIaTe/IbCTBa.
Bausinue kcenoHa Ha napamerpsi UBJI. Kce-
HOH, B CBfI3U C XMMUYECKOH WHEPTHOCTbHIO, He
BJIASIET HA LEHTPAJIbHYIO PEery/IAlnIO AbIXaHUus 1
TOHYC MYCKYJIaTypbl OpoHxoB. Ho 3a cueT BHICOKOM
IVIOTHOCTU U BA3KOCTY OH MOYKET U3MEHATh MeXa-
HUKY JbIXaHUS U PEOJIOTUYEeCKre CBOMCTBA raso-
HapKoTHueckoi cMmecu. [Ipu 1monmade KceHOHaA B
IIbIXaTeJIbHYI0 CMECh MbI HAOJTIONAIN N3MEHEHWS
napameTpoB VIBJI, KOTOpbIe OTpaskeHbI B Ta6JI. 3.
KceHoH, mo00aB/IeHHBI B [bIXaTeJIbHYIO
CcMech, NpPUBOOWJI K yBesquueHuwo JO npu
HensMeHHOM Pinspy Bcex manueHToB. ITO CBA3a-
HO C MOTPEeNIHOCTBIO IToKa3aTesiell (pyioymeTpoB

(4-5.5 mm) endotracheal tube (ETT), which caused
increased aerodynamic resistance of airways during
the ventilation by the dense xenon-oxygen mix. In
the elder Xe subgroup the trend to increased IV and
Pinsp was less strong due to a wider ETT and
bronchial tree lumen which is accompanied by
lower resistance in the airways. Children of the
Xe+Sev group showed less changes in the mechan-
ical ventilation parameters as compared to the Xe
group, which is explained by smaller xenon content
in breathing mix, and thus its lower density. So, the
combination of xenon and sevoflurane allowed re-
ducing the density of breathing mixture due to
lower xenon concentration and made the mechan-
ical ventilation parameters more appropriate which
is vitally important for patients of younger age.
Comparison of hemodynamics in different
types of xenon anesthesia. The studied hemody-
namic parameters are presented in table 4. Prior to
starting anesthetization, the age subgroups
(younger and elder) of both patient groups showed
no significant differences in hemodynamic profiles.
The hemodynamic profile of anesthesia at the
stages of induction and denitrogenisation showed
differences in the decrease central hemodynamic
parameters, heart rate reduction and perfusion
index rise due to cardiac depression and vasodila-
tion caused by the general anesthesia drugs in pa-
tients with CP and associated pre-existing hypov-
olemia [3]. However, the patients anesthetized and
maintained with sevoflurane demonstrated signifi-

Tabsauia 3. [Tapamerpsi UBJI ipu pa3/TnuHbIX BUIAX aHECTE3UH KCEHOHOM.
Table 3. The parameters of mechanical ventilation during different types of xenon anesthetizing.

Parameters Values of parameters in groups
Xe (n=30) Xe+Sev (n=20)
younger senior younger senior
(3-8 yrs, n=17) (9-17 yrs, n=13) (3-8 yrs, n=12) (9-17 yrs, n=8)

TV on the denitrogenisation stage, ml/kg 9.93*+0.37 9.33*+0.24 10.5%+0.43 9.46*+0.62
TV during Xe anesthetizing, ml/kg 16.68*+0.86 11.76*+0.45 14.89%+0.84 11.59*+0.88
Pinsp on the denitrogenisation stage, cmH,0 12.75*+0.3 11.46*+0.25 12.27+0.46 11.62+0.26
Pinsp during Xe anesthetizing , cmH,0 15.96*#+0.38 13.86*+0.56 13.817+0.62 12.25+0.69
EtCO, during Xe anesthetizing, mmHg 44.74%+0.88 42.13+0.96 39.64%+0.47 39.75+0.7

Note. * — between-stage difference P<0.05; * — between-group

difference P<0.05.

IIpumeuanue. TV — J10; on the denitrogenisation stage — Ha arane nenuTporenusanuy; during ... anesthetizing — Ha arame
aHecTe3UU. * — pa3au4usa MesRay aranamu (p<0,05); ¥ — pasiuaus Meskay rpynmnamu (p<0,05).
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HJIA, e mprcmocob/IeHHBIX AJ1s1 pabOThI C KCEHO-
HOM. OIHAKO y MalMeHTOB I'PyNIIbl Xe Bo3pacTall
He ToabKO /IO, HO TaksKe 0TMeYaJiu CKJIOHHOCTh K
TUIIepKAIlHUY, [JIs1 yCTPAaHEeHUsI KOTOPOH NPUXo-
IWJIOCH IPUOEraTh K PesKUMY TUIEPBEHTUIIAINN
myteM yBesaumdeHus Pinsp. ameHeHus ObLIN
0oJiee BBIpasKeHbI B MJIAMIIEH MOATPYHIE. ITO
0OBSCHSIETCS TEM, UTO JIETSIM MJIAJIIEero Bo3pacTa
npoBoauu VBJI uepes aHI0TpaxeaTbHYO TPYOKY
(9TT) oTHOCHTETLHO HEOOJBIIOTO TUAMETpa —
4-5,5 MM. JTO, a TaKKe BO3pacTHAasA y30CThb IIPO-
cBeTa OpOHXOB, IPUBOAMJIO K BO3PACTAHUIO a9PO-
JOVHAMUUYECKOTO0 COIIPOTUBJICHUA AbIXaTEJIbHBIX
IyTel IpU BEHTUJISIIIUY IIJIOTHOU KCeHOH-KHUCJIO-
ponHol cMecklo. B cTapiieii moarpymie Xe Takske
ObLTa TeHIeHIHA K ToBbIeHuto /10 u Pinsp, HO B
MEHBIIIEN CTETeH!, YTO 00YCI0BIEHO OOTBITNM
nmpocBeroM ITT m OGpPOHXMAIBLHOTO NEepeBa, W,
COOTBETCTBEHHO, MEHBIIIUM COIIPOTUBJICHUEM B
JIbIXaTeJIbHBIX OYTsX. Y feTeil rpynnbsl Xe+Sev
n3MeHeHUs1 MmapamerpoB MBJI ObLIM HE CTOJb
BBIpa’KeHHBIMU, KaK B rpy1ie Xe, 4T0 00 bsICHsIET-
CA MEHBIIIUM CO/epsKaHueM KCEHOHAa B ra3oHap-
KOTHYECKOUN CMECH, Y, COOTBETCTBEHHO, ee boJiee
HU3KOU MJI0THOCTHIO. TakuM o6pasom, koMOIHa-
1151 KCeHOHAa ¢ ceBO(JIIOpaHOM IMO3BOJIMJIA CHU-
3UTH ILJIOTHOCTH JbIXaTeJbHOU CMecH 3a CUYeT
YMEHBIIEHNU KOHIIEHTPali KCEHOHa, U caenana
mapameTpbl MIBJI 6oJiee panmoHAJIBLHBIMH, YTO
0COOEHHO aKTyaTbHO JJIsI TAIlIeHTOB MJIAJIIEero
BO3pacra.

CpaBHeHHe TreMOJUHAMHUKH MPHU pa3aud-
HbIX BHJAaX aHeCTe3uHu KCeHOHOM. [loka3arenu
HCCJIeyeMbIX TapaMeTPOB FreMOAUHAMUKHU IIpeI-
cTaBUJIA B TA0J1. 4. Jlo MHIYKINY aHECTE3WH T'eMO-
TUHAMUYeCcKre TPOo(UIN OBIIN CXOTHBI MERIY
BO3PACTHBIMU MOATPYIIIaMH 00ewX TPyI U CTa-
TUCTUYECKU HE OTJINYAJIUCH.

lemoguHamMuveckuii npouIb aHECTE3UH Ha
ararnax MHIAYKIUA U JeHUTPOreHU3aluy OTInYal-
Csl CHUPKEHMEM TTapaMeTPOB IIEHTPAIbHOU reMo-
InHaMuky, ypeskenneM YCC M NOBBINIEHUEM
nHAeKca nepdysnud, 9To 00bSICHSIETCS Kapanoe-
IIPECCUBHBIM U BA30AUJIATUPYIOLIUM BO3eUCTBU-
eM IperaparoB i 00Iel aHecTe3Un Ha (oHe
WICXOJTHOU TUTIOBOJIEMUH, CBOICTBEHHOM ITaIfeH-
taMm ¢ LI [3]. OgHako TaM, rae A UHAYKIUA 1
MOJIJIEPsKAHUA aHECTE3UH HUCII0JIb30BaIU ceBOd-
gopat, AJlcp. 661710 TOCTOBEPHO HUSKe. B rpymnme
Xe oTMeuasu najbHeliee ymeHblieHne YCC u
Allcp., BCJIeACTBUE CUMIIATOJTUTHUYECKOTO 9P ek-
Ta SMUAYPaJbHON OJ0Kanbl. OJHAKO BBEJEHUE
KCE€HOHAa B Ta30HaPKOTUYECKYIO CMECH IIPUBEJIO K
BBIpAKEHHOMY, CTAaTUCTUYECKU 3HAYUMOMY
nosbiieHuio YU. B nmoarpynmne Xe muanmue YU
TOBBICUJICA Ha 45,7% OT NCXOIHBIX 3HAUEHUI, a B
noarpymnme Xe crapmue — Ha 26,4% (p<0,01). B
rpyniie Xe+Sev y neteli crapuiero Bo3dpacra YU
JOCTUT UCXOJHBIX 3HAYEHUH, a Y MJIaAIINX JeTei

cantly lower mean arterial pressure. In the Xe
group, further reduction of heart rate and mean ar-
terial blood pressure was seen due to the sympa-
tholytic effect of epidural anesthesia. However, the
introduction of xenon to the breathing gas mixture
caused a strong and significant increase of stroke
volume index. In the Xe group, the younger sub-
group showed the SVI values increased by 45.7% as
compared to the baseline ones, and in the elder
subgroup the rise of the SVI values was 26.4%
(P<0.01), respectively. In the Xe+Sev group, in elder
children, the SVI values were comparable to the
baseline ones, and in younger children the SVI val-
ues slightly exceeded the baseline ones. Also, the
rise of MAP and CI as compared to the values reg-
istered at the previous stage was found. Thus, an in-
crease in SVI allowed to compensate a relative
bradycardia and hypotension and led to the in-
crease of CI values in all groups.

At the stage of skin incision the stabilization of
heart rate and mean arterial pressure values was
observed, with SVI and CI steadily increasing in
both groups of patients due to the xenon-induced
cardiac stimulation. In the Xe+Sev group this effect
was less noticeable. Even when used in the 50%
concentration, xenon successfully corrected the he-
modynamic depression associated with epidural
anesthesia and elevated the cardiac performance
indices to the original values.

The terminal anesthesia and patient awaken-
ing stage was characterized by the HR and MAP ris-
ing to the reference values. The SVI grew signifi-
cantly due to the increase of HRE Thus, the
hemodynamic profile at the awakening stage was
stable with no tachycardia, hypertension and pe-
ripheral spasm observed. Hemodynamic profiles of
different types of xenon anesthesia in children from
different age groups are presented on figure.

As seen from the curves presented, xenon pro-
vided a stable hemodynamic profile of anesthesia
both when used alone and in combination with
sevoflurane. Xenon-asociated cardiac stimulation
appears to compensate the negative impact of
epidural block on hemodynamics.

Recovery period assessment. With stopping
the supply of xenon and sevoflurane into the
breathing circuit of the anesthesia machine, recov-
ery of spontaneous breath and awakening of pa-
tients was fast. The time from the end of the inhaled
anesthetics supply to extubation was about 3.1+0.4
min in patients of the Xe group. The time of recov-
ery of consciousness up to the level of 8 points ac-
cording to the Aldrete scale was 5.46+0.52 min, that
of up to 10 points being 7.9+0.81 min. Awakening
occurred immediately to clear consciousness with
no remaining sedation observed.

In the Xe+Sev group, the time till extubation
was 3.14+0.38 min. which did not differ from the Xe

group. Awakening in this group of patients took sig-
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Ta0amua 4. UsMeHeHHs reMOJUHaMHMKH Ha OCHOBHBIX dTamax anecreauu (M+m).
Table 4. Hemodynamic changes at main stages of anesthesia (M+m).

Parameters Type Values of parameters at the anesthesia stages
of anesthesia Before Induction Denitrogeni- Wash-in Skin Themainstage Theend
anesthesia to anesthesia sationstage phase Xe incision of anesthesia of anesthesia
HR Xeyoung 131.17+3.85 117.07+3.47* 105.92+2.04* 101.89+2.25*/101.57+2.59* 99.03+3.1* 120.35+4.8*
Xesenior 104.06+3.42  99.07+2.66 86.6+3.07* 79.4+4.62* 79.93+4.62* 81.2+4.07* 103.47+5.45
Xe+Sevyoung 127.55+5.20 120.91+4.93  102.55+4.55* 91.64+4.05* 92.36+3.76* 90.09+3.63**  117.27+7.95
Xe+Sevsenior  107.75+9.52  106.62+7.5  95.75+7.91*  86.1+7.8*  86.25+7.8* 81.37+7.93* 110.62+9.4
MAP Xeyoung 83.14+1.82 66.64+1.97*  68.92+2.23* 61.78+1.99* 61.71+2.27* 64.92+2.2* 77.35+1.90%
Xesenior 85.4+3.81 72.0+3.46* 70.33+3.0*  69.8+2.79*  67.9+2.55* 72.2+1.7* 86.06+2.89
Xe+Sevyoung ~ 77.00£3.74  63.55+2.16*  60.73+4.65* 64.55+2.11* 60.82+2.00* 60.71+2.68* 69.00+2.19
Xe+Sevsenior 81.0+4.82  66.62+3.75*  59.75+2.31** 63.37+2.93* 67.5+2.32* 66.37+2.43* 83.5+4.3
SVI Xeyoung 33.34+x1.97 37.51%2.19 41.83+2.65  48.6+3.26* 51.01+4.23* 55.93+5.84* 49.12+5.38*
Xesenior 39.0245.11  38.63+4.6 40.04+5.19  49.34+6.54* 53.53+6.36* 51.18+5.66* 46.65+5.8*
Xe+Sevyoung 41.20+£5.70  34.52+3.85 35.68+3.48  45.60+4.70 48.51+5.46* 52.25+4.11* 52.14+5.78*
Xe+Sevsenior 37.85+5.45 33.7+3.38 30.0+2.08 37.38+£3.53 41.37+£3.17 42.71£3.3 45.8+5.3
CI Xeyoung 4.05+0.23 4.31+0.26 4.42+0.30 4.75+0.38  4.87+0.42 5.12+0.5* 5.63+0.6*
Xesenior 3.69+0.4 3.54+0.38 3.43+0.37 3.77+0.43 4.25+0.45 4.07+0.43 4.68+0.49*
Xe+Sevyoung 4.43+0.43 4.10+0.38 3.63+0.29 4.22+0.34 4.29+0.34 4.72+0.41 5.69+0.67*
Xe+Sevsenior 3.50+0.31 3.22+0.29 2.77+0.27 3.21+0.30  3.59+0.21 3.96+0.4 4.53+0.45*
PRV Xeyoung 2351+156 1984+154 2012+158 1708+150*  1711+154*  1659+120* 1850+174*
Xesenior 1785+169 1661+162 1620+167 1582+167  1427+159* 1501+168 1551+130
Xe+Sevyoung 22114210 1981+155 1902+125 1991+177 1899+177 1731+118 1822+187
Xe+Sevsenior 1897+199 1612+136 1842+167 1729+105 1623+56 1640+70 1795+188

Note. * — significant difference of variables compared with baseline values P<0.05); # — between-group difference on the similar

stages(P<0.05).

IIpumeuanue. At the anesthesia stages — Ha aTanax aHecteauy; type — Buj; before — no; induction to — unnyknus; denitro-
genisation stage — meHuTporeHusanus; wash-in phase — naceimenue; skin incision — koskHbIi paspes; the main stage — oc-
HOBHOU arar; the end — okonuanne; HR — YCC; MAP — AJlcp; SVI— YU; CI— CU; PRV — OIICC. * — n0oCTOBEPHOCTD Pa3TNYNi
C MCXOIHBIMY 3Ha4eHUsIMH (p<0,05); # — TOCTOBEPHOCTH PA3IMYMH MesKIy IPYIIIIaMU Ha aHAJIOTMYHBIX 9Tanax (p<0,05).

He3HauUTeJIbHO IIPEeBbICUJI UX. Tak)Ke B 9TOU IpyII-
e ormeuasiu poct AJllcp. u CU ot 3HaueHuit npe-
IBITyIIero aTamna. TakuM oO6pa3oM, TOBBIIIIEHNIE
YU m03BOJINJIO CKOMIIEHCUPOBATh OTHOCUTEJIb-
HyI0 OpaguKapauio U TUIIOTOHUIO U TIPUBEJIO K
pocty 3HaueHuii CY Bo Bcex rpymnmax.

Ha aTamne KoKHOTO paspesa oTMedaJu cTabu-
smaanuio 3Hadennit YCC u Allcp. I1pu aTom npo-
nosprasicsa poct YU u CH Bo Beex rpynmnax 60J1b-
HBIX, 9YTO 00BSACHSETCS KapIUOCTUMYIIHPYIOIIM
apderTom kKceHoHa. B rpymnme Xe+Sev aToT
3 pexT OB He CTOJIL BhIpaskeH. OTHAKO U B KOH-
neHTpanuu 50% KCeHOH TakyKe YCTPaHsAJI Jernpec-
CUIO reMOHaMHNKH, BbI3BAHHYIO SHH,IIypaJIbHOfI
0JI0KaIOM, M IIOBBIIIAJ 3HAYEHUS IoKasareJen
IIPOU3BOAUTEIBLHOCTHU CEeP/Ila 1O NCXOLHBIX.

JTar OKOHYaHUS AaHECTE3NH U ITPOOY RIEHUS
MallMeHTOB XapaKTepU30BaJICA IOBBIIIEHUEM
UCC u AJlcp. 10 MCXOIHBIX 3HAYEeHUHN. 3a CUeT
noseimieHuss YCC suHaummo yBesnanmuuscsa CH.
TakvM 0Opa3oM, TreMOIMHAMUYECKUH MTPOPUITH
aTamna mpooysKAeHNs XapaKTEPU30BAJICS COXpaHe-
HHEM CTaOMIbHON reMOAMHAMUKH 0e3 Taxukap-
1Y, TUIIEPTeH3UN U Nepudepruyeckoro crasma.
IemonuHamMuueckue Npoduan pa3jaIunyHbIX BUAOB
AHeCTe3U! C UCI0JIb30BAHWEM KCEHOHA Y JleTel
Pa3HbIX BO3PACTHBIX I'PYIIII NPEACTaBUJIN HA PUC.

Kak BuUJHO U3 NIpeJiCTaBJIeHHbIX IPaPUKOB,
KCEHOH o0ecIieuynBaJjl CTaOUJILHBINA FreMOgHAMMU-
4yecKU Nnpodusb aHecTe3UM KaK B KadecTBe
€INHCTBEHHOI'O HWHTIaJIAIIMOHHOI'O aHEeCTEeTHKa,

nificantly longer: the time to reach 8 points Aldrette
scale was 7.11+0.61 min. and the time to reach 10
points was 11.18+0.79 min (P<0.05). Sevoflurane in
low concentration does not depress breathing and
thus does not prolong time till extubation. But
since it has higher gas/blood solubility index as
compared to xenon, elimination of the former from
the body occurs more slowly, which provided a
longer and more smooth recovery of consciousness
in the Xe+Sev patients.

Though the xenon association with the post-
operative agitation syndrome is considered un-
common, we have repeatedly faced this adverse
event in the early postoperative period when using
xenon in practice. The intensity of this syndrome
was estimated according to the Watcha scale [27].
The syndrome of postoperative agitation scoring 2
points and more was found in 6 patients (20%) of
Xe group (1 of the elder subgroup and 5 of the
younger one). Frequent postoperative agitation is
probably due to the pre-existing cognitive and
emotional disorders typical of CP. Abrupt awaken-
ing to clear consciousness may be stressful for such
patients and provoke postoperative agitation. Re-
covery of consciousness in the Xe+Sev group oc-
curred more slowly and postoperative sedation was
more common, which explains the postoperative
agitation syndrome being observed only in two pa-
tients of this group (10%). Postoperative sedation is
responsible for smooth recovery of patients with CP
and in this case may be regarded as a benefit.
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H3MeHeHHs reMOJMHAMHUKH IIPH Pa3JIMYHBIX BADUAHTAaX aHECTe3HU KCEHOHOM Y eteii 3-8 (a) u 9-17 sert (b), % OT HCXOTHBIX
3HAYEHHUI.

Hemodynamic changes during different types of xenon anesthesia in children 3-8 (a) and 9-17 years old (b), % of baseline ones.
Note. 1 — before anesthesia; 2 — induction to anesthesia; 3 — denitrogenisation stage; 4 — wash-in phase Xe; 5 — skin incision;
6 — the main stage of anesthesia; 7 — termination of anesthesia

IIpumeyanue. 1 — 10 aHECTE3UH; 2 — UHIYKIUS; 3 — NEHUTPOTeHU3aIsi; 4 — HaChILleHUe KCEHOHOM; 5 — KOKHBIN paspes;

6 — OoCHOBHOW aramn; 7 — okoHuaHue anecte3nn; HR — YCC; MAP — AJlcp; SVI — YU; CI — CU; PRV — OIICC.

TaK U B COYETAHUU C ceBodurropanoM. Kapauoctu-
MyJIupyomui 3 perT KceHoHa CIoCcoOeH KoM-
HEHCI/IpOBaTb OTpI/II_[aTe.HbHOE BOS}IBI';‘ICTBI/IE IIIN -
IypaTbHOM OJIOKAIbI HA TEMOIMHAMUKY.

OneHKa BOCCTAaHOBUTEJIHHOTO TE€pHOAA.
[TocJte oKOHYAHUS MTOIAYY KCEHOHA U ceBO(JTIopa-
Ha B KoHTYp HJIA mpoucxonuio 66IcTpoe BoccTa-
HOBJIEHHE CAMOCTOSITEJIHHOTO TBIXaHUS 1 ITPOOYIK-
JleHIe MTareHToB. Bpems oT mpekparieHus mogaqamn
WHTIANNOHHBIX aHECTETUKOB [0 9KCTyOAuu y
00JIbHBIX rpymIb! Xe — 3,1+0,4 MuH. BocctaHoBIe-
HHe CO3HaHUs 70 YpoBHsA 8 6asutoB mo Aldrete —
5,46+0,52 muH, 10 10 6ay10B — 7,9+0,81 MuH. [Tpo-

In the postoperative period, the postoperative
vomiting (POV) was a common adverse effect.
Antiemetic drugs involved in premedication could
not fully prevent the vomiting. Postoperative vomit
was uncommon among younger children, but was
frequently seen in teenage girls, which corresponds
to the data available [28]. The incidence of POV in
groups with different types of anesthesia differed
insignificantly: it was seen in 6 patients (20%) in the
Xe group and 3 patients (15%) in the Xe+Sev group.
Laryngospasm during extubation developed in 2
patients (6.6%) in the Xe group and in 1 patient
(5%) in the Xe+Sev group.
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OysrmeHme B rpyIie Xe IPOUCXOIII0 CPasy 10 sICHO-
ro co3HaHus, 0e3 apexTa 0OCTaTOUHOI CeqaITum.

B rpymme Xe+Sev Bpems [0 9KCTyOanuu
NIPaKTUYEeCKU He OINYAJI0Ch OT BDEMEHHU B IPYyII-
e Xe u cocraBuiio 3,14+0,38 muH. [IpobOy:xaeHmne
B 9TOH I'pyIIIle IPOUCXOIUIIO TOCTOBEPHO AOJIbIIIE:
1o 8 6amioB o Aldrete 3a 7,11+0,61 muH, 1o 10
6amtoB — 3a 11,18+0,79 muH (p<0,05). CeBodI0-
paH B HU3KMX KOHIIEHTPALUAX He YTHeTaeT JbIXa-
HUE U, CJIEJOBATEJIbHO, He TIPOJJIEBAET BpeEMs 10
arcrtybaruu. Ho 3a cueT 6oJiee BLICOKOTO KO-
dunmeHTa paCTBOPUMOCTHU ra3/KpPOBb CEBO(PJIIO-
paHa ero 3JIMMUHAIWSA U3 OpTaHN3Ma IIPOUCXOIUT
MeJJIeHHee, YeM 9JIMMHUHAIA KCeHOHa, 4YTO o0ec-
IeYnJsIo 0oJiee AJIUTeJbHOE U IIJIABHOE BOCCTAHOB-
JIeHHe CO3HaHUA B rpymile Xe+Sev.

XO0TAA KCEHOH XapaKTepU3yeTCs KaK aHecTe-
THUK, PEKO BbI3bIBAIOIINN CUHIPOM ITOCJIEHAPKO3-
HOM a)KUTallMU, B CBOEN MpPaKTUKEe Mbl HEOIHO-
KPAaTHO CTAJIKUBAJIUCH C 9TUM HEOJIarOPUATHBIM
SIBJIECHHEM PAHHEr 0 IT0CJIe0epPAIMOHHOT0 ITIEPUO-
Jla IPY UCIIOJIb30BAHUY KCEHOHA. BBIpayKEeHHOCTh
BO30YK/IeHHS OIleHNBaJ/IH 10 IIkasie Watcha [27].
B rpyme Xe cHHIPOM MOC/IEHAPKO3HOTO BO30YK-
JIeHUsI C OIIEHKOU 2 1 OoJsiee H6asia oTMedasau y 6
namueHToB (20%), u3 HUX 1 — B cTapiiel moaArpyI-
ne u 5 — B MJajInei. Yactoe mocjaeHapKo3HOe
BO30y>KI€HNE, BEPOSTHO, CBSI3aHO C MCXOTHBIMH
KOTHUTHUBHBIMU HAapyLICHUAMH, KOTOPBIE IIPUCY-
mu nanuentam c JLII, B ToM 4ucae paccTpoiu-
CTBaMH dMOIMOHAIBHOH c(pephl. Pearoe mpooy:k-
JIeHe 0 COCTOSIHAS NPAKTAYEeCKHA SICHOTO
CO3HaHMSI MOSKET SIBUTHCS CTPECCOBBIM (DAKTOPOM
JIJIs1 TAKUX MTAIIMEHTOB U CIIPOBOIIMPOBATH IOCTIe-
HApKO3HYIO a)KUTanuIo. BoccraHOBJ/IeHME CO3HA-
HUA B rpynne Xe+Sev IIPOHUCXOAWIIO [OJBIIE,
coxpassijics apPerT mocaeHapKO3HOU celaliuu,
MT03TOMY CHHIPOM ITOCJIEHapPKO3HOTO BO30y:RIe-
HHUS OTMEYaJICSl JIUIIb Y TBOWX OOJBHBIX 3TOHU
rpynmsl (10%). g nanuenTos ¢ LI aTo ckopee
NIPEUMYIIEeCTBO, YeM HeJOCTATOK, TaK KaK JeJsiaeT
mpoOy>kaeHre 6oJiee TIaKIM.

B mocseonepanilmOHHOM TlepUOAE YacCThIM
HeOJIarONPUSATHLIM SIBJIEHUEM OBLI CHHIPOM
MocJieonepallMoHHON  pBOTHI. HecmoTpsi Ha
BKJIIOYEHWE B IIPpEMeJUKAIUI0 AHTUIMETHUKOB,
MMOJIHOCTBIO TpeAoTBpaTuTh pasputue [1OTP He
YIAI0Ch. ITO SIBJIE€HNE PEJJKO BO3HUKAJIO y JeTeil
paHHero BO3pacTa, 1 Jalle 0TMe4asach y JeBOYCK-
IIOLPOCTKOB, YTO COOTBETCTBYET JAHHBIM JIATEpa-
TypsI [28]. HacToTa BosHUKHOBeHU:A [TIOTP B rpym-
nmax C Ppas3JAYHbIMA BHUJAMU aHECTe3UH
omIMYaIach He3HAYUTETBHO: y 6 00/TBHBIX (20%) —
B rpynne Xe u y 3 60abHBIX (15%) — B rpyrmime
Xe+Sev. JJapuHTrOCTIa3M ITPH IKCTYOAITNH BOSHUK Y
2 bonbHBIX (6,6%) — B rpynre Xe u'y 1 maruenTa
(5%) — B rpynme Xe+Sev.

KornutuBHBIEe (PYyHKUIHN OLieHWBaJIU y 13
0O0TBHBIX U3 TPyNIbI Xe 1y 7 O0JIBHBIX U3 TPYIIIhI

We estimated cognitive functions of 13 pa-
tients from the Xe group and 7 patients from the
Xe+Sev group. Memory, attention and thinking in-
dices were assessed as percentage of the age-appro-
priate normal values. Reduced indices of memory,
attention and thinking with respect to the average
age values were initially found in 12 patients (60%).
The average deficiency of these highest mental
functions was 28.1% (table 5).

On the first day of the postoperative period all
the patients demonstrated increased exhaustion of
attention and emotional lability. Productive operat-
ing time with the psychologist averaged 17.25+0.42
min. During the first day a non-significant rise in
cognitive deficiency was noted based on a small de-
crease in memory indices in the Xe+Sev group and
attention parameters in the Xe group of Xe. On Day
3 all the indicators of the cognitive status were nearly
similar to the baseline, and thinking indexes in the
Xe group exceeded the baseline ones by 4.2%, which
was considered as minor reduction of cognitive de-
ficiency. Meanwhile, the cognitive assessment in
children with CP after combination anesthesia with
sevofluran and epidural block showed considerable
negative influence of this intraoperative anesthesia
on postoperative cognitive functions [11]. Particu-
larly, the overall cognitive deficiency was seen in
44.6% patients the morning after surgery. However,
on Day 3 after the operation these abnormalities dis-
appeared in 75% of patients, but persisted in 25% of
them with the severity even superior to the baseline.

The data obtained in neuropsychological test-
ing indicate no neurotoxic properties of xenon both
as a single anesthetic agent and in combination
with sevoflurane.

Conclusion

The use of xenon as part of combined anes-
thesia in children with CP provides stable hemody-
namic parameters during the entire intervention,
quick recovery of consciousness, and does not af-
fect the cognitive functions. The cardiovascular ef-
fect of xenon compensates the negative hemody-
namic effect of epidural block. However, anesthesia
with xenon has some disadvantages. Analgetic ef-
fect of xenon is insufficient in pediatric anesthesia.
When using xenon in the respiratory mix it is diffi-
cult to ensure normal ventilation in younger chil-
dren and proper respiratory monitoring. In our
study the following undesirable effects of xenon
anesthesia in the recovery period were noted: post-
extubation laryngospasm, postoperative agitation
syndrome, postoperative nausea and vomiting.
High xenon consumption in the absence of special-
ized anesthesia equipment leads to a significant in-
crease in cost of anesthesia.

The combination of xenon with low concen-
trations of sevoflurane enhances the analgesic
component of anesthesia, makes mechanical ven-
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TaGuuna 5. JluHaMuKa KOTHUTUBHON AUCHYHKIIMHA.
Table 5. Cognitive dysfunction dynamics.

The functions Deficiency from age-appropriate normal value (%)
Before surgery The 1%t day after surgery The 3 day after surgery
Xe Xe+Sev Xe Xe+Sev Xe Xe+Sev
Attention 36.8* 38.1 46.1* 41.4 36.7 39.3
Thinking 26.5 25.4 28.5 30.9 22.3 25.1
22.0 20.1* 27.1 31.9* 21.9 22.0
Summary cognitive defisency, % 28.4 27.8 33.9 34.7 26.9 28.8

Note. * — no differences were found between the groups and stages (P>0.05).
IIpuMeyanue. * — OVIMYUI Me)KIY IPYIIIAMU U 9TAallaMU He BBIABUIU (p>0,05).

Xe+Sev. MccaenoBaiu nmokasaresii naMmsAaTU, BHU-
MAaHUA U MBIIIJIECHUA B npoueHTax oT BOSp&CTHOﬁ
HOPMBL. Y 12 manuesToB (60%) UCXOAHO OTMedaan
CHUXeHUue HOKaSaTeHefI IIaMATH, BHUMAHUA U
MBIIIJIEHU A OTHOCUTEJIbHO Cpe,IIHI/IX BOSp&CTHbIX
nokasareJsiedd. B cpegHem qeUIUT 9TUX BBICIINAX
IICUXUYeCcKuX QyHKIUH cocraBui 28,1% (Taba. 5).

B mocseonmepanioHHOM TIepuone y BCeX
IIalITMEeHTOB B HepBI)Ie CYTKI/I OoTMEeYaJir ITIOBBIIIIEH -
HYIO NCTOIIa€eMOCTh BHUMAHUA U IICUX03MOIINO-
HaJbHYI0 JaOUIBbHOCTH. [IpOAYKTUBHOE BpeMs
paboThl C TICUXOJOTOM COCTAaBUJIO B CpemxHEM
17,25+0,42 muH. B TeyeHue repBbIX CYTOK OTMeYa-
J HeOOJIbIIIOE, CTATUCTUYECKU MaJIO3HAYNMOE
HapaCTaHI/Ie KOTHUTHUBHOTO }qu)I/IIlI/ITa, HpOHBI/IB-
IIerocsi B HeaHa4uTeJIbHOM CHUKEHUHU ITOKa3aTe-
Jiell TaMATH B rpynne Xe+Sev 1 BHUMAaHUA B IPyII-
ne Xe. Ha Tperbu CYyTKM BCe IIOKasareJu
KOTHUTHUBHOTO CTaTyca IPAKTUYECKU He OT/INYa-
JINCh OT MCXOOHBIX, a ITIOKa3aTreJIi MbIIIJIEHUA B
rpynme Xe IpeBbIlIagd UCXOLHbIe HaA 4,2%, YTO
HpI/IBeJ'IO K HESHa‘{I/ITeJIbHOMy YMEHLI_HeHI/IIO KOr-
HUTHUBHOTO Jedunura. B cBo0 ouepeb, UCCIIeN0-
BaHUSA KOTHUTHUBHBIX (PYHKIIMH, IPOBElEHHbIE ¥
mereir ¢ LIIT mocae coyeTaHHOW aHeCTe3WU Ha
OCHOBE CeBOpaHa W JMUAYPAJHHOU OJOKAIHI,
MOKa3ajau 3HAYUTEJbHOE OTPUIATEIbHOE BJIUSI-
HHe 3TOU CXeMbI HHTPAOIIepaIoHHOr0 00e360-
JIMBAHVA HA MIOCJe0NepallMOHHble KOTHUTUBHbIE
¢ysarmun [11]. B yacTHOCTH, OOIIINIT KOTHUTHUB-
HBIU AeUIUT HAyTPO IOCJIe ollepaluy COCTaB-
71571 44,6%, 0IHAKO HA TPeTbU CYTKU IIOCJIE oIlepa-
U y 75% OOJIBHBIX BbISIBJIEHHbIe HAPYIIEHUS
epecrangy OnpeneATbCA, HO Y 25% IMalueHTOB
HapylIeHNUsI COXPaHsJ/IU BhIpAYKeHHbIN XapaKTep,
TIpeBBIIIAsA NCXOAHBIA YPOBEHb.

Takum 00pa3oM, JaHHBIE, TOJIyYeHHbIE B
pesy/abraTe HelipoIICUX0JI0TUYeCKOI0 TECTUPOBA-
HUS, CBUJETEHCTBYIOT 00 OTCYTCTBUU HEHPOTOK-
CHUYEeCKHUX CBOMCTB KCeHOHA KaK B KaUueCTBE eJIITH-
CTBEHHOTO MHTAJISAIUOHHOTO aHEeCTETHKA, TAK U C
coYeTaHWU € mapaMu ceBo(JrropaHa.

3akJrouenue

[TpuMmeHeHNE KCEHOHA B COCTaBe COYETAHHON
aHecre3uu y fereii ¢ LII1 obecrieunBaeT cTabu/Ib-
HYIO TeMOJHAMUKY B TeueHIe BCero BMelaTe lb-
CTBa, OBICTPOE BOCCTAHOBJIEHUE CO3HAHUS, OTCYT-

tilation more manageable and patient’s awakening
more smooth and comfortable.

Xenon-associated cardiac stimulation com-
bined with sevoflurane provides stable hemody-
namics throughout the surgery. Addition of sevoflu-
rane reduces the incidence of adverse events in the
postoperative period such as agitation, laryn-
gospasm, nausea and vomiting. Combination of
xenon and sevoflurane makes anesthesia cost-ef-
fective by reducing the xenon consumption. Xenon
anesthesia in all studied applications did not sig-
nificantly affect the cognitive function of patients
with cerebral palsy.

Our data allow us to recommend xenon-based
anesthesia for use in children with cerebral palsy.

CTBUE BJIMSHUSA AHECTE3WW HAa KOTHUTHUBHBIE
¢yskuuu. Kapnuoctumynupylomue 3¢ deKThl
KCEHOHA KOMITEHCHUPYIOT OTPUIIATETHHOE BIUSTHIE
aMUIypaTbHON OJIOKAIBI HA TEMOTUHAMUKRY. Tem
He MeHee, aHeCTe3WsI KCeHOHOM MMeeT U OTPHIia-
TeJIbHbIE CTOPOHBI. AHATTbreTHYECKAs aKTUBHOCTh
KCEHOHA He[l0CTAaTOoYHa JJIsi TPOBEIeHN s aHecTe-
3UM y JleTel; mpu 100aB/IeHNH KCeHOHa B ra3o-
HApKOTUYECKYI0 CMECh BOSHUKAIOT CJIOKHOCTH B
obecrieueHN HOPMOBEHTUJIAIINY y JleTel MJa-
11ell BO3pacTHOU IPYIIbI U UCKAKAIOTCsI TaHHbIE
pecnmparopHOro MoHUTOpUHTA. [Ipu mpuMeHe-
HIUY KCEHOHA OTMeYaJsI CIeAyIolre HesKeaTe  b-
Hble 3((PeKTbl aHecTe3nH B IIOCJIEHAPKO3HOM
Tepuoie: TOCTIKCTYOAIMOHHBIN JJTApUHTOCIIa3M,
CHHJIPOM TIOCJIEHAPKO3HOU asKUTAIINH, TTOCIIe0Te-
palyoHHas TOITHOTA U PBOTA. BRICOKMI pacxof
KCEeHOHA IIPU OTCYTCTBUH CITEIUATN3UPOBAHHON
HApKO3HOU anmapaTypbl IPUBOAUT K 3HAYUTEITh-
HOMY yIOPO’KaHUIO0 CTOMMOCTH aHECTE3WH.
CoueTaHue KCEHOHA C HUBKUMU KOHIIeHTpa-
USIMU TIAPOB ceBOJTypaHa CioCOOCTBYET yCuJie-
HUIO aHATIEeTUYECKOTO KOMIIOHEHTA aHEeCTE3MH,
nesiaet MIBJI 6oJ1ee yripaBJisieMoii, a mpobyskaeHue
IJIaIKUM 1 KOM(OPTHBIM [1J1s TanueHTa. Kapano-
CTAMYJIAPYIOIIME CBOMCTBA KCEHOHA B COUETAaHUH
¢ ceBOJIypaHOM NO3BOJISIIOT 00€CIeYUuTh CTa-
OMJIBHYIO FeMOIMHAMUKY Ha IIPOTAKEeHUN BCEro
OIlepaTUBHOIO BMeIIaTeJbcTBA. Kpome TOrO,
nobaBiieHNe MapoB ceBo(JIIOpaHa yMeHbIIaeT
YacTOTy pas3BUTHA He)KeJsaTeJbHBIX ABJIEHUHN

IIOCJIEHAaPKO3HOI'0 ITepuoaa: askurTaumuu, JJapyuHro-
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CIIadMd, TOIIHOTbBI U PBOTHI, OE€JAE€ET aHECTE3NIO
0oJiee 9KOHOMUYHON 3a CUET CHUKEHUS pacxoaa
AOPOTOCTOAIIETO aHECTETUKA KCEHOHA. Kcenono-
Basi aHECTE3NA BO BCEX MCCJICJOBAHHBIX BaApUAH-
Tax €€ IpuMEHEHUA HE OKa3bIBaJla 3HAYMMOI'O
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Models of Ischemic Stroke (Review)
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YacToTra pa3BUTHs UIIIEMUYECKOI0 NHCYJIbTa OCTAETCsI BBICOKOYM BO MHOTUX CTpaHaX, HECMOTPSI Ha TeH-
JIeHITNIO CHIYKeHUsI 3a00J1eBaeMOCTH, 00yCI0BJIEHHON HapyIIeHUsIMU MO3roBOro KpoBooOpamienusi. He-
JIOCTaTOYHbIe 3HAHUSI [TaTOreHe3a, TUarHOCTUKY, KJIIMHUKY U JIe4eHHUsI 9TOr0 TPO3HOro 3a00/1eBaHUsl. MOTYT
OBITH BOCIIOJIHEHBI MOJEJNPOBAHUEM HIIEMUUYECKOr0 MHCY/IbTA Ha SKUBOTHBIX, B YaCTHOCTU I'PBI3yHAX
(KpBICHI, MBIIIIH).

Ilesis 0630pa. OO0CHOBaHME BBIOOPA ITEPCIIEKTUBHOM MOEIH NIIIEMUYECKOT0 HHCYJIBTa YeI0BEKa.

13 6os1ee 300 mepBUYHO OTOOPAHHBIX UCTOUHUKOB JIUTEPATypPhl PA3INYHbIX 6a3 faHHBIX (Scopus, Web
of science, PUHII 1 1p.) A/1s1 aHa/m3a BbIOpaiu 84 UCTOYHNKA, U3 HUX — 72 UCTOUYHUKA, OIyOJIMKOBAHHBIX B
TeueHHe ocjaeHux JjieT (2015-2019 rr.). KpureprueM UCK/II0YEeHNUSI ICTOYHUKOB CJIYKUJIN MaJsiasi uHpopma-
TUBHOCTb U yCTapeBIINe JaHHbIE.

B 0630pe paccMmoTrpestn 6 9KCIIepUMeHTaIbHBIX MOZieJiell OCTPhIX HapyLIeHU MO3roBOro KpoBooopa-
IIIeHUs1: OKKJIIO3UsI cCpegHel MO3TOBO apTepuH, MOJIeJsIb 9MOOINYECKOT0 UHCY/IBTa, (hOTOTPOMO03, MOAe I
C UCII0JIb30BaHUEM TPOMOUHA, 9HI0TeINHA-1 U ¢ IpUMeHEeHNEM 3JIeKTPOKOATy/IsIUKU cpegHell MO3roBOt
apTepuu.

[TpuBesiu (haKTOPBHI, BIAUAIOLINE Ha JOCTOBEPHOCTH U BOCIIPOU3BOAUMOCTD Pe3YJIETaTOB UCCIeJOBAHMS,
CBsI3aHHBIE C COOJIIOleHNEM ITPABUJI 10 pa3MelleHUIO U aKKJINMAaTU3alluy JKUBOTHBIX, OpTaHU3aluy ITUTa-
HUSA U YXO/1a, C BBIOOPOM MeTofia aHecTe3UH U 00e300/11MBaHus, COOJII0eHNEM aCelITUKN, MOHUTOPUPOBA-
HUEM OCHOBHBIX (PU3UOJOTMYECKUX [TapaMeTPOB Ha BCeX aTarax IKCIepruMeHTa 110 MOJIeITMPOBAHUIO UIlle-
MHMY€CKOI'0 MHCYJIBTA, C TYMaHHBIM BbIBEIeHUEM >KUBOTHBIX U3 9KCIIEPUMEHTA.

Crestay BBIBOJ, O ITePCIIEKTUBHOCTU MOJEJIN UIIIEMUYeCKOT0 MHCY/IBTa, OCHOBAaHHOM Ha OKKJIIO3UU Cpef-
Hell MO3TOBOM apTepuy, Kak HauboJiee MIPUOIMIKEHHOHN K UIIIEMUYeCKOMY NHCYJ/IBTY Y YeJIOBEKA U IT03BO-
JIIOIIEN MOJIy4aTh BOCIIPOU3BOAUMbIe Pe3y/IbTaThl B 9KCIIEPUMEHTE.

Kntouesvte croea: uniemuueckutl UHCYLbN; MOOIU ULLEeMUYECKO20 UHCYAbMA; OKKI03USL; CPeOHSIst MO3-
208as apmepusi; IMOOIUUECKULL UHCYAbNL; hOmMOompomoo3

The incidence of ischemic stroke remains high in many countries, despite a declining trend in the incidence
of brain circulation disorders. Limited knowledge of the pathogenesis, diagnosis, clinical presentation, and
treatment of this life-threatening disease can be complemented by modelling of ischemic stroke on animals,
particularly, in rodents (rats, mice).

The aim of review: to provide a rationale for choosing an optimal model of human ischemic stroke.

Among more than 300 primary literature sources from various databases (Scopus, Web of science, RSCI,
etc.), 84 sources were selected for evaluation, of which 72 were published in the recent years (2015-2019). The
criteria for exclusion of sources were low relevance and outdated data.

The review examined six experimental models of acute cerebrovascular events including middle cerebral
artery occlusion, embolic stroke model; phototrombosis; models using thrombin, endothelin-1 and electro-
coagulation of the middle cerebral artery.

The review outlines the factors influencing reliability and reproducibility of research results, related to ad-
herence to the rules of animal accommodation and acclimatization, nutrition and care, selection of anesthesia
and pain relief methods, compliance with aseptic techniques, monitoring of basic physiological parameters at
all stages of the ischemic stroke modeling experiment, with humane withdrawal of animals from the experiment.
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It was concluded that the model of ischemic stroke, based on the occlusion of the middle cerebral artery,
is most promising as being the closest to features of human ischemic stroke and enabling to obtain repro-

ducible results in the experiment.

Keywords: ischemic stroke; models of ischemic stroke; occlusion; middle cerebral artery; embolic stroke; pho-

totrombosis
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BBenenue

HecMoTps1 Ha TeHIEHITNIO CHIKEeHUsI 3a00J1e-
BaeMOCTH, 00yCJIOBJIEHHON HapyIIIEHUIMHU MO3TO-
BOTO KPOBOOOpaAIleHus1, YaCTOTa PA3BUTHUS UIIIe-
MHYECKOTO HHCYJBTa OCTaeTcsl BBICOKOU, 4TO
IOATBEPKAAETCA CTAaTUCTUYECKUMU JAHHBIMU
[1-3]. B Betuko6puTaHuu UlIeMUYeCKUN HHCYIBT
perucrpupyercsa exxerongso y 100 Teica4 Yea0BeK.
12% marueHTOB yMUpaloT B TeueHue 30 gHel, a
JB€ TPeTH BBIXKUBIINX ITOCJIE MHCYJIBTA ABJIAIOTCA
nHBanaugamMu. B Kurtae wacrora perucrpanuun
HWHCYyJBTa cocTasisteT 1596 Ha 100000 yesnoBek [4],
a B lpane — 16 ma 100000 Hacenenus [5]. B Mek-
CUKe 3TOT IIoKasaresab paseH 33,47 Ha 100000
skuTesen [6].

YacTtoTa pasBUTUSA U HEOJATONPUSATHBIE
MIOCJIEICTBUS UIIEMUYECKOI0 UHCYJIBTa 00yCI0B-
JIeHbl HEeJOCTAaTOYHBbIMHN 3HAHUSIMU IIaTOreHe3a,
JINATHOCTUKY, KIMHUKU U JIeYeHUsI 3TOr0 TPO3HO-
ro 3aboJsteBanus1. HekoTopbie BOITPOCHI TaToreHe3a
MOTYT OBITH BBISICHEHBI MOJIETTPOBAHNEM UIIIEMU-
4YEeCKOI'0 MHCYJ/bTa Ha KUBOTHBIX, B YaCTHOCTU —
IrpbI3yHax (KPBICHI, MbIIN) [7-9]. B cBA3U C aTNM,
COBEePIIIEeHCTBOBAHNE MOJIeTUPOBAHU S HUIIIEMUYe-
CKOTO WHCYJIbTA, BHITIOJTHEHNE PEKOMEHIAINN 110
COZlep>KaHUIO U YXOAY 3a YKUBOTHBIMU, COBEPILIEH-
CTBOBaHMeE OIIEPAIIMOHHOUN TeXHUKHU, aHECTE3UH,
MUHUMU3AMMsI 0011 OyIyT CIOCOOCTBOBATH MOJTY-
4YeHUI0 00Jiee TOYHBIX Pe3YyIbTaTOB HAYYHOTO
uccaegosanus [10].

O Ba)KHOCTHU pellleHus 3TUX BOIPOCOB CBU-
JIeTeJIbCTBYET U COBelllaHNe 9KCIepTOB, Opra-
HU30BaHHOe HallmoHa/ bHBIM [IeHTpOM Beuko-
OpuTaHUM 110 3aMeHe, YCOBEPIIEHCTBOBAHUIO 1
COKpAalleHNI0 MCHOJIb30BaHUA SKUBOTHBIX B
Hay4YHbIX MCCJIEJOBAHUAX HAa OCHOBE IIpUMEHe-
HUST HOBBIX TeXHOJIOTHY B 2014 roAy /151 OIleHKU
CyILLECTBYIOLIVX METOJ0B MO/JIeJIMPOBaHUs UIlle-
MHYECKOTO MHCYJIBbTA, 00CyRIeHUs npobiewm,
CBS3aHHBIX, C HAJIe)KAIIUM YXO40M 3a KUBOT-
HBIMH U BBIPAOOTKH COOTBETCTBYIOIIUX PEKO-
MeHIallui.

ITesib 0630pa — 0OOCHOBaHUE BBIOOPA MEP-
CIIEKTUBHOU MOMEJIN HUIIEeMUYECKOT0 WHCYJIBTa
4eJI0BeKa.

Mopesb, OCHOBaHHAsI HA OKKJIFO3WH
cpeaHel MO3TOBOM apTepuu

[Tpeobaagaroruii BELIOOP CBS3aH C MOIEH-
poBaHueM HapylleHn MO3roBOro KpoBoooOparie-

Introduction

Despite the trend of decreasing morbidity due
to cerebrovascular accidents, the incidence of is-
chemic stroke remains high, as confirmed by sta-
tistical data [1-3]. In the UK, ischemic stroke is re-
ported in 100,000 people annually. 12% of patients
die within the next 30 days, and two-thirds of stroke
survivors are left disabled. In China, the incidence
of stroke is 1596 per 100,000 people [4], while in
Iran it reaches 16 per 100,000 [5]. In Mexico, the fig-
ure is 33.47 per 100,000 [6].

High incidence and the detrimental effects of
ischemic stroke are due to a lack of knowledge of
the pathogenesis, diagnosis, clinic and treatment
of this life-threatening disease. Some issues of
pathogenesis can be clarified by modeling ischemic
stroke in animals, in particular, rodents (rats, mice)
[7-9]. In this respect, improvement of the ischemic
stroke modeling, implementation of animal main-
tenance and care recommendations, optimization
of surgical techniques and anesthesia, and pain
minimization will contribute to obtaining more ac-
curate results of scientific research [10].

The importance of solving of these problems
has been confirmed by the expert meeting organ-
ized by the the National Centre for the Replace-
ment, Refinement and Reduction of Animals in Re-
search (United Kingdom, 2014) to assess existing
methods for ischemic stroke modelling, discuss
proper animal care and develop relevant recom-
mendations.

Aim of the review: to provide a rationale for
choosing a promising model for human ischemic
stroke.

The Middle Cerebral
Artery Occlusion Model

Simulation of cerebrovascular accidents in the
middle cerebral artery territory has been the most
preferred model so far. Variants of this method
allow obtaining a cortical infarct using the occlu-
sion of more distal parts of the middle cerebral ar-
tery [11-14].

When choosing an occluder, its diameter and
flexibility as well as its tip coverage are essential.
The occluder flexibility minimizes the risk of artery
damage (puncture) in the area of the skull base. A
long, larger diameter occluder provides more reli-
able occlusion, but can also block other vessels

coming directly from the circle of Willis to the sub-
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HUsI B OacceiiHe cpefHell MO3TOBOI apTepHU.
BapuaHTh! 9TOTO CIIoco0a MO3BOJISIOT MTOJTYIUTh
KOPTUKAJIbHBIN HH(PAPKT, UCIIOJIb3YsI OKKIIO3UIO
0oJee MUCTATBHBIX OT/IEJIOB CPEJHEN MO3TOBOM
aprepuu [11-14].

ITpu BBIOOpE OKKJTIONEPA KJIIOYEBOE 3HAYE-
HHE UMEIOT ero TruaMeTp U TMOKOCTD, a TAKKe —
MMOKPBITHE HAKOHEYHNKA. [MOKOCTh OKRJIIOZIepa
MHHUMU3UPYET PUCK MOBpPEKAEHUsI (IIPOKO0JIA)
aprepu# B 06J1aCTH OCHOBaHUs Yeperna. [ THHHBII
OKKJIIoJiep OoJIbIllero auaMeTpa obecreuynBaeT
OoJee HaIEKHYIO OKKJTIO3UIO, HO MOSKET OJIOKH-
pOBaTh U Ipyrue COCyabl, OTXOJsIINe HEeIloCpes-
CTBEHHO OT BussimsueBa Kpyra K IOAZKOPKOBBIM
CTpyKTypaMm. BHe nipefiesioB caMoil cpeHel M03-
rOBOY apTepUH, BCJIEACTBUE 3aKYIIOPKUA IPOKCHU-
MaJIbHBIX apTepui, OTXOOAIINX OT CpeHel M03-
roBoll aprepuu (Hampumep nepenHss
XOpUOUAAJIbHASA U TUIIOTA/IaMUYeCKasi apTepyun) B
30He HapyIIeHHOTO KPOBOOOPAIIIeHH MOTYT OKa-
3aTbCsA TAJaMyC, TUIIOTAJIaMyC, U TUMIOKAaMIL. Y
HEKOTOPBIX ;KUBOTHBIX MOSKET OBITh HACJIEICTBEH-
HbII HeNOJIHBIA BUjjin3ueB Kpyr.

UYarie UCIIO0JIb3YIOT OKKJIIOJIePhI MAJIOTO AUa-
MeTpa, KOTOpble OTPAHMYMBAIOT HUILIEeMUYECKOe
MOBPE’KAEHNE TEPPUTOPHEN KPOBOCHAOKEHUS
cpeqHel MO3TOBOU apTEPUU.

Bosiee BapmabeJsibHBIE pPeE3yIBTaThl OTMe-
YalOTCsI Ha MOZEJISIX C BPEMEHHOU OKKJII03uei
cpenHeil MO3rOBOI apTepuu 10 CPaBHEHMUIO C ee
MTOCTOSTHHON OKKJII03HeN. ITO 00yCI0BIJIEHO pas-
BUTHEM peniepy3MOHHBIX IOBPEKIEHUN B CBA3U
C YaCTUYHBIM BOCCTAaHOBJIEHEM KPOBOTOKA. Psn
TaKUX (PAaKTOPOB KakK I10J KUBOTHBIX 1 BO3PacT,
NpeAlIecTBYIOINN CTpecc, OKpysKalolas cpega
MOTYyT OKa3blBaTh 3HAUYMUTEJBHOE BJIMsSIHHE Ha
Ppe3yabTaThl NCCeI0BaHNsI, 0COOEHHO Ha JIETaTh-
HOCTb U CPOKHU BOCCTaHOBJIeHUs [15-17].

IMOOIMYECKHA HHCYJIBT

MHorue BOITpoChI ITaToreHe3a MHCYJIBTOB 9MO0-
JIMYECKON MPUPOIBI OCTAIOTCS MAJIOU3y4EeHHBIMU
[18, 19]. B cBsi3M ¢ 9TM pa3padaThIBAIOTCS METObI
9KCIIEPUMEHTATLHOTO BOCITPOU3BEIeHNsI 9MOO0JTH-
YECKOI'0 MHCYJIBIa, B YaCTHOCTHU METOJ, C MCII0JIb30-
BaHMeM TOHKOM KaHIOJH, COlepsKalleidl CTyCTOK
KpoBU. [laHHAsA MOJIEJTb SIBJISIETCSI HAanbOOoJIee CII0MK-
HOW TEXHUYECKH, a TaK)Ke — B ILIJIaHe IOJIy4eHUsI
BOCIIPOU3BOIUMBIX pe3yJsraroB. [Ipu ee ncnons3o-
BaHWUU PErUCTPUPYETCA BBICOKASA CMEPTHOCTD JKC-
TTepUMEHTATHHBIX YKUBOTHBIX (0oJtee 30%).

doToTpomM0O03

[laHHasa MoJesIb peKOMEeHIyeTCs I UCCle-
JOBaHUSA KJIETOYHBIX U MOJIEKYJIIPHBIX MEXaHU3-
MOB Pa3BUTUA UIIIEMUYECKOr0o UHCyabTa 20, 21].
Mopesib 0OCHOBaHa Ha TPOMOWPOBAHUU KOPTH-
KaJIbHBIX NINAJIbHBIX COCYHOB. [log Hapko3oM npo-

cortical structures. Beyond the middle cerebral ar-
tery, the thalamus, hypothalamus, and hippocam-
pus may be in the area of impaired circulation due
to occlusion of proximal arteries arising from the
middle cerebral artery (e.g. the anterior chorioidal
and hypothalamic arteries). Some animals may
have a congenital incomplete circle of Willis.

Small diameter occluders are used more often,
restricting ischemic lesion to the blood supply area
of the middle cerebral artery.

More variable results are observed on models
with temporal occlusion of the middle cerebral ar-
tery compared to its permanent occlusion. This is
due to the development of reperfusion damage re-
sulting from partial recovery of blood flow. Various
factors such as gender and age of anumals, previ-
ous stress, and environment may have a significant
impact on the study results, especially on mortality
and recovery timeframe([15-17].

Embolic Stroke

Many issues of the pathogenesis of embolic
strokes remain poorly studied [18, 19]. In this re-
gard, methods of experimental embolic stroke re-
production are under development, in particular
the method using a thin cannula containing a
blood clot. This model is the most complicated
technically and also in terms of obtaining repro-
ducible results. The use of this model results in high
mortality of experimental animals (over 30%).

Photothrombosis

This model is recommended for studying cel-
lular and molecular mechanisms of ischemic stroke
[20, 21]. The model is based on thrombosis of cor-
tical pial blood vessels. Under anesthesia, the skin
is cut along the midline above the skull. In some
laboratories, the bones of the skull are rarefied with
a drill. The photosensitive dye Bengal pink is in-
jected intraperitoneally or intravenously. The light
source is placed perpendicularly above the skull, in
the presumed infarct modelling area. The main re-
quirement is to avoid heating of the skull and brain
under lighting. In addition, a green filter is used to
exclude infrared and ultraviolet waves, but to allow
the light with a wavelength stimulating Bengali
pink (the peak is at 560 nm).

Thrombin Injection Model

Stroke may also be caused by thrombin injec-
tion into the lumen of the distal branch of the mid-
dle cerebral artery [22, 23]. The possibility of spon-
taneous thrombolysis, affecting the variability of
the results, should be taken into account. This
model can be used to study thrombolytic drugs, for
example, rtPA. The size of brain infarcts with this
model is small, thus, neurological signs are mini-
mal or absent.
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U3BOJIUTCS pa3pe3d KOYKU 110 CpeTHel JIMHUU HaJ
JepernoM. B HEKOTOPBIX JabopaTOPUSAX C ITOMO-
IILI0O CBeEpJia MPOBOIUTCS paspe’keHre KOCTel
yepena. ®OTOUYBCTBUTEIBHBIA KpACUTEJh OeH-
TraJIbCKUU PO30BBIN BBOAUTCSA BHYTPHUOPIOIIMHHO
IV BHYTPUBEHHO. VICTOUHHK CBETAa pa3MeIiaeTcs
MepIeHANKYASIPHO Haj 4YeperoM, B 30He, TJe
MpeJoJjaraeTcsi MojeJupoBaHue UWH@apKTa.
OcHOBHOe TpeOOBaHWE — WCKJIOYUTHL HArpeB
Yepera 1 MO3Ta IPU OCBeIeHn . [[0TT0JTHUTETHHO
HUCTOJIB3YIOT 3eJI€HBIA (DUIBTP ST UCKITIOYeHU S
WH(QpPaAKPACHBIX U YIBTPa(pUOIETOBBIX BOJH, HO
TIPOITYCKAIOITN CBET C IUTMHOM BOJIHBI, CTUMYJIH -
pyoteli 6eHrasbCKUA PO30BBIN (MUK — 560 HM).

MoaeJsb, OCHOBaAaHHAsA
Ha BBeJeHHUH TPOMOHUHA

WHCYnBT MOSKET OBITH TaKKE BHI3BAH BBEJE-
HHEM TPOMOWHA B IPOCBET AWCTAJbHON BETBHU
cpeqiHell Mo3roBoi aptrepuu [22, 23]. [Ipu sTom
cJleflyeT yYUThIBATbh BO3MOKHOCTb CIIOHTaHHOT'O
TpoMOOJI3¥Cca, BIUSIONIET0 Ha BapruabeTbHOCTh
Ppe3yJIBTaTOB. ITa MOJIEJIb MOYKET OBITh UCIIOTH30-
BaHa IMPY U3y4YE€HUHU TPOMOOJIMTHYECKUX TIperna-
paroB, Hampumep, rtPA. Pa3mepbl mH}apKTOB
MO3ra IIpU HCHOJb30BAHWM JAaHHOU MoOJesu
HeOO0JIbIIINE, T03TOMY HEBPOJIOTHYECKHE TPU3HA-
KA MUHUMAaJIbHBI WJIN OTCYTCTBYIOT.

Mogaesan HHCYJIBTa
C MCITIOJIb30BAHHUEM HI0TEJINHA- 1

JHJoTenuH-1  siBjasiercs 9¢hPeKTUBHBIM
BA30KOHCTPUKTOPOM IIPOJIOJIKUTETBHOTO Jel-
CTBUS W MPUBOOUT K TOSIBJIEHUIO HEOOJIBIITUX
(pOKyCOB HllIeMUYECKOI0 MOBpesKIeHus. cnos-
3ys CTEpPEeOTaKCUYECKYI0 PAMKY, OCYILeCTBJIAIOT
MUKPOUHBEKIINU 9HJ0TeIMHA-1 B UHTEpeCcyeMbIi
Y4aCTOK MO3Ta, I[le 1 UHAYIUAPYIOTCS UIlleMuYe-
CKUe II0BpesKaeHus (24, 25].

JIEeKTPOKOAryJIAUA
cpeaHel MO3roBoii apTepun

B HEKOTOPBIX CIy4Yasax NOCTOSHHYIO OKKJIIO-
3WI0 OCHOBHOTO CTBOJIA CPeIHEN MO3TOBOM apTepuu
OCYILECTBJIAIOT II0CPEICTBOM 3JIEKTPOKOAryJIALMN
[26, 27]. IIpon3BOAUTCA KPAaHUOTOMUSA Y BCKPbIBA-
eTcs1 TBepasi MO3roBast 000j109Ka. Uepes apTepuio
C TIOMOII[HI0 TOHKUX JUATePMUAYECKUX IITATIIOB IPO-
IIyCKaeTCsl TOK. JTO INPUBOLUT K CBEPTBbIBAHUIO
KPOBH, MOBPEKIEHUIO CTEHKU apTepPUH, UIIEeMUN
MO3ra JUCTajJbHee MeCcTa 3JICKTPOKOAryJIAn.

Hapsany ¢ aTuM, IOABJIAIOTCA HOBbIE MOJHU-
duraym MogeJupoBaHUsA OCTPBIX HapylLIeHUN
MO3TOBOTO KPOBOOOpAIIeHNs, IT03BOJISIOIINE
JeTaJu3upoBaTh UX IIaTOT€He3 U OCYILLeCTBJIATh
JOKJIMHUYECKYI0 anmpo0aryio HOBBIX METOIOB
JIe4eHUA UILIEMUYECKOro UHCYJIbTA [28, 29].

Endothelin-1 Model of Stroke

Endothelin-1 is an effective long-acting vaso-
constrictor causing small areas of ischemic injury.
Using a stereotactic frame, endothelin-1 is micro-
injected into the target area of the brain, where is-
chemic injury is induced [24, 25].

Middle Cerebral
Artery Electrocoagulation

In some cases, permanent occlusion of the
main trunk of the middle cerebral artery is per-
formed by electrocoagulation [26, 27]. Craniotomy
is performed and the brain dura mater is dissected.
Electric current is delivered through the artery by
means of thin diathermic pincers. This leads to
blood coagulation, arterial wall damage, cerebral
ischemia distal to the electrocoagulation site.

At the same time, there are new modifications
of acute cerebrovascular accident modeling, allow-
ing for a detailed elaboration of their pathogenesis
and preclinical testing of new methods of ischemic
stroke treatment [28, 29].

Animal Maintenance
Before and After Stroke

The rules for handling the experimental ani-
mals are specified by the European Parliament [30].
The duration of animal acclimatization should be
at least 7 days before the experiment. Animals
should be inspected daily to assess their appear-
ance and control their body weight.

Irregular internal animal transportation may
affect their physiological parameters causing sleep
disturbances, increased plasma corticosterone, low
immunity, and reduced body weight [31]. It takes
from 2 to 4 days for these parameters to return to
normal levels. Normalization of food consumption
and sexual behavior after transportation requires
more than 4 days. Transcontinental transportation
of animals leads to longer circadian rhythm disor-
ders, and their resynchronization takes more than
2 weeks.

When preparing the animals for the experi-
ment, it is important to ensure the stability of daily
exposures in order to maximally avoid side effects.
Animals live in hierarchies where there is domina-
tion and subordination. Relocation of animals to
other groups provokes stressful situations, disrupts
social relations and causes aggression [32].

The same researcher should also work with
animals during acclimatization.

One of the essential moments of animal main-
tenance is the environmental enrichment, which is
the main requirement for improving their general
condition [33]. The European requirements for the
level of animal environmental enrichment are
specified in the EU Directive 2010/6327, which pro-
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Co,uepmaHne JKAUBOTHBIX
A0 U IT0CJI€ HHCYJ/JIbTA

[TpaBusia paboOTHI C 9KCIEPUMEHTATbHBIMU
SKUBOTHBIMU OTIpefiesieHsl EBponetickum [TapJia-
MeHTOM [30]. ITpomo/IKUTEIbHOCTD AaKKINMATA3a-
[[U¥ >KUBOTHBIX JOJDKHA COCTABJISITH HE MeHee 7
OHe 1o Havajga JKcrepuMeHTa. ;KUBOTHBIE
JOJIKHBI €KeTHEBHO OCMaTPUBATHCS JJIs1 OLIEHKH
BHEIITHETO BHJIa, KOHTPOJISI MacChI TeJa.

Hapymenus BHyTpeHHeH TpaHCIIOPTUPOB-
KH )KMBOTHBIX MOKET BJIUATH HA UX q)HSI/IOJ'IOFI/I-
4YeCKHUe apaMeTphl: HapyIlIaTh COH, IPUBOAUTD K
MOBBIIIEHHUIO COEPIKAHUSI KOPTUKOCTEPOHA B
IJjia3Me, CHHIKEHUIO HMMYHHOﬁ AKTHUBHOCTHU,
YMeHBIIIeHNIO Macchl Teqaa [31]. Hopmanusanusa
9THUX IIOKa3aTeJIed 3aHuMaeT OT 2 10 4 nHei. Jlas
HOpPMaJIM3aluy MoTpedJIeHUs MUIILH, CEKCyaslb-
HOT'0 ITIOBEJJeHHsI IOCJIe TPAHCIIOPTUPOBKU Tpe-
Oyetcst 6oJiee 4 nHeil. TpaHCKOHTUHEHTATbHAS
TPaHCIIOPTHUPOBKA >KUBOTHBIX BeJeT K OoJiee
AJIUTEJBHBIM HaAPDYIIEHUAM NUPKAAHbIX PUTMOB
U 17151 UX PECUHXPOHU3AINN HeoOxonmuMo HoJiee
2 HeeJlb.

[Ipy ToArOTOBKE SKUBOTHBIX K AKCIIEPUMEHTY
BayKHA CTaOMJIbHOCTD IIOBCEIHEBHBIX BO3IEHCTBUI
C I[EJIBI0 MAKCUMAIBLHOTO UCKITIOYEHH ST TOOOYHBIX
a(pdexToB. JKUBOTHBIE SKUBYT B MEPAPXUAX, Te
CyIIeCTByeT OJOMHHHPOBAHUWE W IIOAYMWHEHHE.
Ilepecesienue YJKUBOTHBIX B IPyTrUe IPYIIILI IIPUBO-
IUT K CTPECCOBOM CUTYAINH, HAPYIIIaeT COLNATb-
Hbl€ OTHOIIIEHY s, BbI3bIBAET arpeccuto [32].

KenarenbHO Takske, 4yTOOBI B IpoIecce
AKKJIMMAaTU3AaNH C SKUBOTHBIMH pad0TaJI OGUH U
TOT K€ 9KCIIEpUMEHTATOP.

OnHUM U3 CyIIeCTBEHHBIX MOMEHTOB COfep-
SKaHUsI JKUBOTHBIX SIBJISIETCSI «00OTaIlleHne» OKpy-
SKAIOIEN CpeJibl, YTO SIBJISIETCSI OCHOBHBIM TPebo-
BaHUEM JJIs1 YAYYIIEHUS UX OOIIETO COCTOSIHHUS
[33]. TpebGoBaHMA K YpPOBHIO «0O0OTaIleHU»
cpeJbl, B KOTOPOH HaXoAATCsA KUBOTHEIE, B EBpo-
e ycraHoBjeHbl [upektuBoii EC 2010/6327,
IIpeJycMaTpuBalolileil BblfeseHne «IIpOCTPaHCTBa
JIOCTAaTOYHOM CJIOMKHOCTH, II03BOJIAIOIIEEe 00ec-
nmeymBarTb HOPpMaJIbHOE€ MOBEOEHUE B IMINPOKOM
nuanasoHe». CyIiecTByeT «CBepXo0oraleHHbI»
VPOBEHBH COZIEPKaHUS KUBOTHBIX: MCIOJIb30Ba-
HYe OOJIBIITNX MHOTOYPOBHEBBIX KJIETOK, TOCTYI K
HOBBIM Pa3HO0Opa3HBIM UTPyIIKaM, 000pyI0Ba-
HUE NJIsA CTUMYJIUPOBAHUA )IBHFaTeJIBHOfI AKTUB-
HOCTHU, HUCIIOJb30OBaHUE MY3bIKH, 3dI1daXOB, YTO
oOecrneunBaeT 0oJiee CJIOKHYIO MYJBTHUCEHCOP-
HYIO CTUMYJISIIIUIO U 60JIe€ ITOJTHOE BOCCTAHOBJIE-
HUe€ [T0CJIe MOJIeJIMPOBaHUsI MHCYIIBTa. Ecii Moze-
JIMPYIOTCS MHCYJBTBI C pas3BUTUEeM HH(papKTa
KOPBI TOJIOBHOTO MO3Ta (4TO 3HAYUTETHHO BIIUSIET
Ha IOBeJeHHE >KUBOTHBIX), UX B OJIMIKalIIeM
IocJIeoNepalioHHOM IIepuofie IiejaecoodpasHo
pasMernarb UHIUBUAYAIbHO.

vides for «a space of sufficient complexity to allow
the expression of a wide range of normal behav-
iour». There is a «<super-enrichment» level of animal
maintenance which is the use of large multi-level
cages, access to new and diverse toys, equipment
to stimulate motor activity, the use of music and
odours for more sophisticated multi-sensory stim-
ulation and more complete recovery after stroke
modeling. If strokes with cortical infarcts are simu-
lated (which significantly affects animal behavior),
it is advisable to accommodate the animals sepa-
rately in the immediate postoperative period.

Consumption of Food and Liquids

A balanced diet and fluid intake are essential
for the successful recovery of animals in the post-
operative period. During adaptation to post-stroke
nutrition, one should consider that rodents are
neophobic to food. To overcome neophobia, nutri-
tional supplements should be introduced into the
diet before surgery.

During preoperative adaptation, animals
should eat the food that they will need after the
stroke [34, 35]. The behavior of rodents is deter-
mined by the daily cycle, they eat food in the dark
time of day. It is important to put the food into the
cage before the active phase of animal nutrition.

An overnight fast before the operation could
have negative consequences. Even a 6-hour starv-
ing period associates with weight loss and glycogen
depletion in the liver.

The animal's access to water should also not
be restricted due to the fact that the body weight re-
duction is primarily due to fluid loss. Signs such as
sunken eyes, changes in skin turgor (skin does not
straighten after pinching) indicate significant fluid
loss. If swallowing is impaired, subcutaneous fluid
injection is used. Moisturized mashed food should
be delivered to animals at the end of the daylight,
providing a more effective and natural model of ro-
dent nutrition.

Stroke causes a change in the composition of
the intestinal microbiota, which is partly due to
changes in intestinal permeability and intestinal
motility. The change in microbiota, in turn, affects
the functioning of the CNS. In this regard it is nec-
essary to avoid uncontrolled effects on animal mi-
crobiota during the experiment [36-39].

Improved methods for stroke modeling have
been suggested [40]. The age of animals, associated
diseases (hypertension, diabetes, obesity, infections,
tumors, etc.) determine the pattern of stroke [41, 42].
Higher mortality rates and more severe neurological
disorders are observed in older animals.

Anesthesia and Analgesia

The physiological status of the animal, the na-
ture of the experiment, and the duration of the op-
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IMoTpediieHHne MUIITH U SKUTKOCTH

ParmmonasnbHOe TUTAHNE U cOATAHCUPOBAHHOE
noTpedJieHNe SKUAKOCTH SBJIAIOTCS yCJIOBUEM
VCIIENTHOTO BOCCTAHOBJIEHUSI ;KUBOTHBIX B TIOCJIE-
omeparioHHOM Ilepuoje. B mporiecce akkIuMaTu-
3aIMM K IOCTUHCY/JIBTHOMY ITUTAHUIO CEeIyeT YIu-
TBIBaTh, YTO I'PHI3YHBI MOTYT 00J1a71aTh HeohoOHMEH
B OTHOIIIEHUY NUIIH. J[JIs1 TPEOIOIEHHS TUIEBOM
HeooOUM TUIIEBBIE T0OABKU HEOOXOIUMO BBO-
IUTH B PAIlOH TUTAHUS JI0 OTIEPAIIHL.

[Tpy aKKIMMATH3AIUH KUBOTHEIX B JOOIIE-
palOHHOM ITEPUOJIe OHH TOJKHBI TIOTPEDJIATE TY
OUILy, KOoTopass UM OymeT HeoOXomamMa IOCJse
MoJe/upoBaHuA UHCyAbra [34, 35]. IloBenenue
I'PBI3YHOB OIPEJENSETCS CYTOYHBIM IIFKJIOM, OHH
MIOTPEeOJIAIOT IUIIY B TEMHOE BpeMsI CyTOK. BaskHo,
4TOOBI THITA OBLJIa TTIOMeEIeHa B KJIETKY mepes
aKTUBHOU (pa30ii MUTAHUA )KUBOTHBIX.

HouHoe roJsiogaHuie HakKaHyHe OIepanuu
MOKET NIMEeTh HeraTUBHBIE MTOCJIeACTBHS. Jlaske
6-TH 4aCOBOU MHTEPBAJI B IpHEME TUIIH COIPO-
BOSKJaeTcs oTepeii Beca U MCTOIeHNeM IJINKO-
reHa B IeYeHH.

JlOCTYTI 5KMBOTHOTO K BOJIE TaK:)Ke He TOJIKeH
OBITH O'PAHIYEH B CBSI3H C TEM, UTO IIOTEPSI MACCHI
Tesia 00yCJIOBJIEHA, TTPEsKIE BCETO, TIOTEPEN KU -
kocTu. Takue NMpU3HAKM KaK 3allaBlIne IJIas3a,
M3MeHeHUe Typropa KoKu (KOoka He pachpas-
JIsIeTcs IocJIe IIUITKA) YKa3bIBAIOT Ha CyIIleCTBEeH-
HYIO IIOTEPIO KUIKOCTU. [Ipy HapymeHuu riora-
HUA UCHOJb3yeTCs IOJKOYKHOE BBejeHUe
SKUJIKOCTH. YBJIQKHEHHYIO MHINY B BHjE IIOpe
addeKTuBHEE TPENOCTABJATh SKUBOTHBIM B
KOHIIe CBETOBOI'0 1HA, obecrieynBast eCTeCTBEH-
HYIO MOJIeJIb TIUTaHUS TPHI3YHOB.

WHCynbT BBIBBIBAET H3MEHEHHE COCTaBa
MUKPOOMOTBHI ~ KHIIIEYHUKA, YTO YaCTHYHO
00yCJIOBJIEHO W3MEHEHHEM IPOHUIIAEMOCTU U
MOTOPHKH KUIIEYHUKA. VI3MeHeHne MUKPOOHO-
THI, B CBOIO OYEPEb, BIUsIET HA (DYHKIIMOHUPOBA-
une [THC. B aToii cBsA3u HEOOXOIUMO B IIPOIIECCE
9KCIEpUMeHTa u30eraTb HEKOHTPOJUPYEMBIX
BO3JIeICTBUI HAa MUKPOOHOTY SKMBOTHBIX [36-39].

[TpensioskeHsb! yaydIIeHHbIE CIIOCOOBI MOJIe-
JUpoBaHUs UHCyabTa [40]. Bo3pacT »KUBOTHBIX,
COITyTCTBYIOIIE 3a00/IeBaHUS (TUIIEPTOHMS, TAa-
OeT, oykupeHre, MH(MEKITNY, OITyX0JIH U JIp.) oIIpe-
JIeJISTIOT 0COOEHHOCTH Pa3BUTHA NHCYIBTA [41, 42].
VY HOKUJIBIX 3KUBOTHBIX OTMEYAOTCsI 60J1€€ BBICO-
KUe IoKa3areJsu JeTaJabHOCTH, 6oJsee TAKeJble
HEBPOJIOTMYECKHE HAPYIIEHUS.

AHecTe3us M aHAJIre3usl

Jly1s1 BBIOOpa MeTo/1a aHeCTe3NH NMEIOT 3Hade-
Hue (U3NOJIOTHTIECKUH CTaTyC YKUBOTHOI'O, XapakK-
Tep 3KCIEPUMEHTA, NJIUTEJIbHOCTD Olepanuu (43,
44]. Eciu y SKUBOTHBIX MMEIOTCA IPOOJIEMBI,
00ycJI0BJIEHHBIE 3a00/IEBAHNSIMU TTIEYEHU U [TOYEK,

eration are important for the choice of anesthesia
method [43, 44]. If animals have liver or kidney con-
ditions, the recovery process after the operation
may be longer and complications can develop. In
such cases the inhaled anesthetic isoflurane, 99%
of which is excreted by lungs with exhaled air,
should be used [45, 46].

The methods increasing the efficiency of anes-
thesia have been proposed [47], and the genotoxi-
city of the preparations used for anesthesia has
been studied [48]. Animals of the control group
should undergo exactly the same anesthesia as an-
imals of the experimental group. Besides general
anesthesia, local anesthesia is used in some cases
[49-52]. There is evidence of the immunomodula-
tory effect of local anesthetics, and stroke-induced
immunosuppression may cause infectious compli-
cations, which are among major adverse conse-
quences of stroke [53].

Analgesia prevents or significantly reduces pain,
which considerably distorts the results of the experi-
ment. Animals in pain do not eat, drink or sleep.

Pain assessment in stroke models is made on
the basis of non-specific signs that are important
for determining the general condition of animals.
Such signs include narrowing of eyes (orbital tight-
ening), changes in the shape and position of ears
and whiskers.

Aseptic Considerations

Infectious complications as a result of poor
asepsis are manifested as inflammation, pain, slow
recovery, which jeopardizes the results of the exper-
iment. Rodents in the stroke modeling often de-
velop spontaneous bacterial pneumonia. The
mechanisms of such pneumonia are unclear. They
may be related to immune suppression. In such
cases, pneumonia is caused not by external expo-
sure, but rather by increased intestinal permeability
and bacterial translocation. Aspiration is also a
plausible cause of pneumonia. In these situations,
prophylactic antibiotic administration is ineffec-
tive. On the contrary, the use of antibiotics, due to
changes in microbiotic composition, may affect the
results of the experiment. If antibiotics are used,
they should be administered in both experimental
and control groups of animals.

Control of Physiological Functions

General anesthesia leads to a lack of blink, so
the eyes must be protected with a gel or liquid, which
prevents the corneal drying during anesthesia.

Body temperature must be monitored as hypo-
or hyperthermia may develop. Brain cooling (thera-
peutic hypothermia) has effective neuroprotective
properties in modeling ischemic stroke [54]. When
anesthetics are used, hypothermia develops due to

their influence on thermoregulation mechanisms,
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MPOIEeCC BOCCTAHOBJIEHUS MTOCJIE OTTePAIIA MOSKET
OBITH O0JIee ATUTEIHHBIM U ITPOTEKATh C Pa3BUTHU-
€M OCJIO;KHEHUH. B TIOI00HBIX CTy9asix IPeIITouTH -
TeJIbHO MCII0JIb30BaHNEe NHTAJISAIMOHHOIO aHeCTe-
TuKa uszodJiypaHa, 99% KOTOPOro BBIBOIUTCS
JIETKUMH C BBIJbIXaeMbIM BO3IyXOM (45, 46].
IIpensioskeHbI CIOCOOBI, TIOBBIIIAIOIINE
3¢ (PeKTUBHOCTh aHecTe3uu [47], uU3ydarorcs
BOIIPOCHI TEHOTOKCUYHOCTH IIPEIapaToB, UCIOJIb-
3yeMbIX 11 aHecre3uu [48]. JKuBOTHBIE KOHT-
POJIBHOU I'PYIIIBI JOJIKHBI IIOABEPTaThCS TOUHO
TAKOH ’Ke aHeCTe3NH, KaK U KMBOTHbBIE OITBITHON
rpynnbl. KpoMe o6111eii, B psijie ciydaen, UCIOJTb-
3yeTrca MecTHas aHecresusd [49-52]. ImeroTcsa naH-
Hble 0 UIMMYHOMOAY/IUPYIOIIEM TeHCTBUU MECT-
HBIX aHECTETUKOB, 4 WHCYJIbT-UHAYIMPOBaHHAsA
MMMYHOCYIIPECCUSI MOSKeT OBITh MPUYNHOHN
UHQMEKITMOHHBIX OCJ0KHEHUU, SBJISIONIUXCSA
OCHOBHBIM Cpey OCJIOKHEHUEM UHCYJIBTA [53].
AHaJIresus npefoTBpalaeT Uik CyIeCTBeH-
HO YMeHBbITIaeT 60J1b, KOTOpasi 3HAYUTETHHO MCKa-
JKaeT pesy/abrarbl JKcnepuMmeHTa. KHUBOTHBIE,
HCIIBITHIBAOIINE 00JIb, HE €[IAT, He IBIOT 1 He CIIAT.
Ouenka 6011 B MOJIEJISIX MHCY/IBTA IPOM3BO-
JIATCS TI0 HecTelTu(UIHBIM TPU3HAKaM, UMEIOITIM
Ba)KHOE 3HAYeHWe U MJIsI OompenesieHusl 00IIero
COCTOSTHUSA 5KUBOTHBIX. K TaKUM ITpr3HaKaM OTHO-
CATCA Cy)KeHue T71a3 (opbuTanbHOe 3aTArUBaHue),
rn3MeHeHue (pOpPMBI U IOJIOKEHUsI YIIIeH 1 yCOB.

AcenTtuka

I/IHq)eKL[I/IOHHbIe OCJIOKHEHU A, KaK pe3yJbrar
HeKa4eCTBEHHON ACEIITUKH, IPOABJIAIOTCA pa3BU-
THEeM BOCIIaJIEHUAA, 6OJ'II/I, 3aMelJIECHHbIM BBbI310-
POBJIEHUEM, YTO CTABUT II0J YyIPO3Yy PE3YJIbTAThI
IKCIIEpHUMEHTA. % I'PBI3YHOB IIPpU MOAEJINPOBAHNN
HWHCYJIbTA 9aCTO Pa3BUBAETCA CIIOHTAHHAA bakre-
puaj/sibHasAg ITHEBMOHUA. MexaHU3MbI pa3BUTUA
TaKOU ITHEBMOHUM HE sICHBI. BoamoskHO, OHU CBSI-
3aHbl C I10JaBJIECHUEM MMMYHUTETA. B HO,HO6HBIX
CJIydasax HpPI‘IPIHOfI Pa3BUTHA ITIHEBMOHUU ABJIAET-
CAd HE 3arpA3HEHNE M3 BHEIITHUX NCTOYHUKOB, 4,
BEPOATHO, MMOBBIINIEHHAA IPOHUIIAEMOCTDb KHUIII€Y-
HUKa 1 6aKTepI/IaJIbHaH TpaHCJIOKRAIUA. Boamosk-
HOU HpH‘IHHOﬁ IITHEBMOHHHN MOKET ABUTHCA U
aClipanus. B arux CJjrydgasx HpO(i)I/IJ'IaKTI/I‘IeCKOQ
BBEJIEHUE AHTUOWOTHKOB SIBJISIETCS HeE)q)(beKTI/IB-
HBIM. HaHpOTI/IB, INIpUMEHEHNE aHTI/I6I/IOTI/IKOB, B
CBA3WM C HW3MEHEHHEeM COoCTaBa MI/IKp061/IOTbI,
MOKET BJIUATH Ha PE3YJ/IbTaTbl IKCIIEPUMEHTA. B
CJIy4da€ NCI10JIb30OBAHUA AHTUOMOTUKOB OHU JOJIK-
HBI IDUMEHATHCA KAK B OHI)ITHOfI, TaK X1 KOHTPOJIb-
HOH rpyumiax JKuBOTHBIX.

KoHTpoJb (pu3u0a0ruuecKkux
pyHKIIMH

O6H_laﬂ dHeCTe3nd IMIPpUBOAUT K OTCYTCTBUIO
MOpraHusd, II09TOMY IVIa3da JOJIXKHbI OBITH 3aliu-

due to metabolism suppression and dilatation of pe-
ripheral vessels. After induction of general anesthe-
sia, body temperature decreases by 1-20°C. Main-
taining body temperature is an essential component
of the anesthesia management to avoid hypother-
mia. Special attention should be paid to obese ani-
mals, as excessive subcutaneous fat causes a de-
crease in perfusion and heat conductivity of tissues.

As all types of anesthesia have a negative effect
on the respiratory system, it is necessary to ensure
adequate oxygenation of organs. Endotracheal in-
tubation and mechanical ventilation help control
the effects of gas exchange, particularly through
oxygen enrichment of the inhaled gas mixture. The
use of tracheal intubation and artificial lung venti-
lation in stroke modeling reduces the mortality of
operated animals as compared to spontaneous res-
piration. Lung ventilation in stroke modeling asso-
ciates with a reduction in brain infarct size.

Blood oxygenation can be controlled inva-
sively by performing arterial blood gas analysis
(using PaO,, mmHg) or non-invasively by pulse
oximetry (SpO,, %). The impact of anesthetics on
respiratory and circulatory functions depends on
the dose, therefore the use of lower doses of anes-
thetics is important.

Monitoring of the basic physiological param-
eters during anesthesia is necessary to ensure its
stability, increase the study reproducibility, reduce
mortality and complications in the postoperative
period. Non-invasive monitoring methods should
also be used to assure physiological stability. In par-
ticular, pulse oximetry allows assessing cardiores-
piratory functions. Capnography is recommended
to standardize respiratory function assessment in
stroke modeling and in fMRI studies, where PaCO,
stability is crucial. To compensate for fluid loss, a
saline or Hartmann solution should be adminis-
tered. Solutions should be given every 1-2 hours
during anesthesia.

Postoperative Period

Modeling of brain ischemia in the postopera-
tive period leads to a number of changes accompa-
nied by clinical signs. The choice of a rational stroke
modeling protocol is a crucial condition for suc-
cessful outcome of the experiment [55, 56]. To pre-
vent hypothermia of animals it is necessary to con-
trol the temperature in the room where the animals
are kept after the operation. Local heat sources are
used for this purpose. Physiological parameters are
monitored at least four times a day at regular inter-
vals during the first 48 hours. Body weight, food and
fluid intake, animal interaction, cognitive func-
tions, post-stroke depression are assessed [57-60].
Breathing control is also mandatory. Weight loss
after stroke modeling is mainly explained by dehy-
dration, eating disorders, reduced motor activity.
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Reviews

IeHbl C IIOMOIINbIO TeJisl UJIU SKUIKOCTH, UYTO
npefoTBpallaeT BhICBIXaHNE POTOBUIILI BO BpeMs
aHeCcTe3UMH.

Heo0xoquM KOHTPOJIb TeMITepaTyphbl TeJsa,
TaK KaKk BO3MOKHO Pa3BUTHE TUII0— WJIU TUIIEP-
Tepmun. OxJiaskieHre Mo3ra (TepaneBThu4yecKasi
runoTepmus) obaamaeT apHeKTUBHBIMU HEHPO-
MIPOTEKTOPHBIMYU CBOMCTBAMU MPU MOJIeTUPOBA-
HUU UIIEMAYECKOr0 UHCYJILTA [54]. ITpu nucmoJin-
30BAaHUM AHECTETUKOB PAa3BUBAETCA TMIOTEPMHUSI
13-3a UX BO3JIeUCTBUSI HA MEXaHU3MbI TEpDMOpPEry-
JISITIAA, B CBSI3W C YTHETEHWEM MeTaboJim3Ma U
auaaranueil nepudepudeckux cocymgon. [locie
WHAYKOUY O0IIel aHeCTe3NH TeMIlepaTypa TeJsa
camykaerca Ha 1-2°C. [loggepskanue Temiepary-
pBI Tejla — 4YacTh yIpaBJeHUsl aHecTe3ueu IJisg
mpemoTBpaleHuss Iepeoxnaskiaenus. Ocoboe
BHUMaHVE HEOOXOAMMO yIeJIATh TYyYHBIM SKMUBOT-
HBIM, TaK Kak HU30BITOK ITOOKOKHOTO >KHpa
00yCJaBIUBaET CHIPKeHVE Nepdy3un U TEmsIo-
ITPOBOJIMMOCTHU TKaHEMN.

ITockoabKY JM00bIe BUIBI aHECTE3WN OKa-
3bIBAIOT OTpPHUIlATEJbHOE BJIMSIHWE Ha JbIXa-
TeJBHYIO CHCTEMY, HeoOXoquMo obecredeHne
aJleKBaTHOU OKCUTEeHAIluX OPraHoB. JHJOTpa-
xXeaJbHass MHTYOANMs U MeXaHW4YeCKasl BEHTHU-
JISAIMSA TOMOTAIT KOHTPOJUPOBATH 3P EeKThI
razoo0OMeHa, B TOM YHCJIe 3a cueT o0oraiieHus
KHCJIOPOAOM BbIxaeMol ra3doBou cmecu. I1pu-
MeHeHWe UHTYOAaIlNy TPaxeu M UCKYCCTBEHHON
BEHTUJAINUA JIETKUX IIPU MOJeJUPOBAHUU
WHCYJbTa BeAyT K CHUKEHUIO CMEPTHOCTH OIle-
PUPYEMBIX 3KUBOTHBIX I10 CPABHEHUIO C UCIIOJIb-
30BaHWEM CIIOHTAHHOIO JbIXxaHusA. Mckyc-
CTBeHHAas BEHTUJIANUSA JEeTKuX npu
MOJeJUPOBAHUMU HHCYJAbTa COIPOBOMKIAECTCA
yMeHbIIIeHueM pa3MepoB UH(apKTa MO3Ta.

OkcureHanuio KPOBU MOKHO KOHTPOJUPO-
BaTh NHBA3WBHO, IPOBO/ISI aHAJIN3 F'a30B apTepH-
aJbHOM KPOBM (HampsikeHue Kucaopoga — Pa0,
B MM pT. CT.) WJIM HEWHBA3UBHO — METOIOM
nynscorcumerpuu (SpO, B %). CTeneHs BIUAHUA
AHECTETUKOB Ha (DYHKIINU JBIXaHUS U KPOBOOO-
palleHus 3aBUCUT OT IO3bI, I09TOMY HUCIIOJb30-
BaHME MEHBIINX 103 aHECTETUKOB UMEET BaK-
HOe 3HaYeHHe.

MOHUTOPUHT OCHOBHBIX (PU3NOJIOTUUYECKUX
ImapaMeTpOB BO BpeMs aHeCTe3UH HeOOXOIUM IS
obecneueHus ee CTAOMUIBHOCTH, YIy4IIIEHUS BOC-
NPOU3BONMMOCTH HCCJEeNOBaHUsI, CHUYKEHUS
JIeTaJIbHOCTH, OCJIOKHEHUH B ITOCJIEOTIEPAIIMOH-
HOM Ttepuoje. /[yis1 obecrieuenns puanogoruye-
CKOM CTaOM/IbHOCTH HEOOXOIHMMO HCI0/Ib30BaTh
TaKKe HEMHBa3WBHBIE METOIbI MOHUTOPHUHTA. B
YaCTHOCTH, IYJIbCOKCUMETPUS I03BOJISAET OLICHNU-
BaTh KapauopecnuparopHble (yHknuu. lasa
CTaHJApTU3allMU [bIXaTeJbHOU (YHKIMU NpHU
BOCIIDOU3BENCHUY WHCY/IbTAa U IIPXA UCCJeN0Ba-
Hun GMPT, rme odeHb BajKHA CTAOUJIBHOCTH

Neuroprotectors

In recent years, emphasis has been placed on
the study of drugs and methods that possess neu-
roprotective properties in the experiment in ani-
mals and in patients with ischemic stroke [61, 62].
In particular, these properties exist in the vascular
endothelial growth factor [63], cerebral miRNA [64],
electroacupuncture [65], adropin [66], glia [67],
nicotinamidadeninucleotide phosphate [68], di-
methylfumarate [69], hypothermia [70], and steroid
hormones [71].

Neuroprotectors enhance resistance of central
nervous system structures to oxygen starvation
[72-74]. Anesthetics also have these properties, and
their use has led to significant success in develop-
ing experimental models of human stroke.

Medical gas xenon has a neuroprotective ef-
fect [75]. Exceptional properties of xenon make it
different from other neuroprotective agents, so it
plays a special therapeutic role in stroke, both in-
dependently and in combination with other treat-
ments. The neuroprotective effect of xenon can be
mediated by N-methyl-d-aspartate receptor inhi-
bition [76].

Neuroprotective effects of xenon delivered by
xenon-containing echogenic liposomes through
controlled ultrasound release in early brain damage
after subarachnoid hemorrhage have been evalu-
ated. Ultrasound imaging and electron microscopy
have shown that liposomes containing xenon have
aunique structure that allows its two-stage release.
The use of xenon effectively inhibited bleeding, im-
proved overall neurological function and reduced
damage to motor function along with apoptotic
neuronal death, as well as decreased mortality [77].
Neuroprotective effects were already shown in the
blood xenon level of less than 20% of the estimated
neuroprotective concentration [78].

Binding to the active center of several serine
proteases is one of the unique properties of xenon.
Since the active site of serine proteases is struc-
turally conservative, xenon’s ability to alter the cat-
alytic activity of a serine protease plasminogen tis-
sue activator (tPA) has been investigated. Molecular
modelling and in vitro and in vivo studies have
shown that: 1) xenon is a tPA inhibitor; 2) xenon in-
hibits tPA-induced thrombolysis; 3) in the post is-
chemic period, xenon inhibits ischemic brain dam-
age, tPA-induced brain haemorrhage, and
blood-brain barrier damage [79].

At the same time, stroke outcomes may be af-
fected by the pharmacological effects of anesthetics
on nervous function, their species-specific, medical
and dose-specific effects on cerebral blood flow
and metabolism, autoregulation, ischemic depolar-
ization, excitotoxicity.

Anesthetics also modulate systemic blood

pressure, respiratory function and thermoregula-
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PaCO,, pekomenayeTcsa UCII0/IBb30BaTh KallHOIPa-
dwuto. [I7s1 KOMIIEHCAllMU TOTePD SKUAKOCTH CJle-
JIyeT BBOJUTH (PU3UOJOTUYECKUI PACTBOP UJIU
pactBop XapTMmaHa. BBeleHre pacTBOPOB HpH
NIPOBEIEHUY aHECTE3UHN JOJIKHO OCYILECTBJIATh-
cs1 Kaskaple 1-2 yaca.

IlocsieonepalMOHHBIN NTEPHO],

BocrnipousBenenue uireMum Mo3ra B IocJie-
OnepanroHHOM MMepUofe MPUBOIUT K PA3BUTHUIO
psja U3MeHEeHUH, COMPOBOKIAIOIIINXCSA TTOSIBJIE-
HUEeM KJIMHUYECKHUX MPU3HAKOB. Be1Oop parmuo-
HaJIbHOTO IPOTOKOJIa MOJEeJIUPOBAHUA UHCYJIBTa
ABJIAETCA PpellalIluM YCJOBUEM YCIEIIHOTO
HUcxoma sKcrepumenTa [55, 56]. lia npegorspa-
IIIeHUsI TTePeoxIaskIeHUs YKUBOTHBIX HEOOXOIH-
MO KOHTPOJIMPOBAaTh TeMIlepaTypy B IIOMelle-
HUW, TJe COolepsKabCs SKUBOTHbIE MOCJE
onepanuu. s aTUX 1eJiel NCI0Ib3YIOT MeCT-
Hble UCTOYHUKM Tersia. KoHTpoJib pusmosoru-
4YeCKUX IIapaMeTPOB OCYIECTBJIAETCS He MeHee
4JeTbIpex pa3 B IeHb C peryJIApHbIMA NHTepBaJja-
MU B TedeHHue nepBbix 48 yacoB. KoHTpoJupy-
eTCs Macca TeJsia, OlleHUBaeTCs MUIIEBOU peskuM
U moTpebJieHre SKUIKOCTH, B3aMMOIENCTBUE
SKUBOTHBIX, KOTHUTUBHBIE (PYHKIIMU, ITOCTHH-
cynbTHas nenpeccus [57-60]. Obs13aTesieH TakKe
KOHTPOJBb AbIxaHUs. [loTeps Beca mocje Moje-
JIMPOBAHUs WHCYJIBTA 0OBSACHAETCS, NIABHBIM
06pa3oM, 00e3BOKUBAHMEM, HAPYIIIEHUEM TTATa-
HUSI, CHUKEHNEM JIBUTaTeIbHON aKTUBHOCTH.

HeiiponipoTeKTOpBI

B mocnepHue ropel ynesisercsa BHUMaHUE
M3y4YEeHUIO IIperapaToB U METOAOB BO3IEUCTBUS,
00/1a1AI0ITNX HEHPOIIPOTEKTOPHBIMHU CBOHCTBaMU
B 9KCIIEpUMEHTE Ha SKABOTHBIX U Y [TAIIMEHTOB IIpU
HUIIEeMUYEeCKOM UHCyabTe [61, 62]. B yacTHOCTH,
TaKUMU CBOMCTBaMHU oOJIamaloT ¢pakTopa pocTa
9H/IOTE NS COCYIOB [63], iepeGpabHast miRNA [64],
3JIEKTPOAKYIIYHKTYpa [65], TponuH [66], rud [67],
HUKOTMHaMUJaleHuHIuHyKIeotuagocdar [68],
nuMetuiapymapar [69], runnorepmus [70], crepous-
HbIe TOPMOHBI [71].

HeliponrpoTeKTOphI 00€CIIeYnBaIOT ITOBBIIIIE-
HUe yCTOMYMBOCTHU CTPYKTYP LIEHTPAJIbHOU HEPB-
HOM CHUCTEMBI K KUCJOPOJHOMY TOJIOIAHUIO
[72-74]. TakMU CBOMCTBAMHU 00J1aJal0T AHECTETH -
KH. VX HCI0JIb30BaHME MO3BOJIMJIO JOOUTHLCH
3HAYUTEJLHBIX YCIIEXOB B pa3pabOTKe 9KCIepu-
MEeHTA/IbHBIX MOZleJiell HHCYJIBTA YeJIOBEKA.

K momoOHBIM ITpenaparaM OTHOCUTCS MeIu-
[IIMHCKUH ra3 KCeHOH, 00J1aIafoIui HEHPOIIPpOTeK-
TOpHBIM 3(pdekToM [75]. YHUKAIbHBIE CBOMCTBA
KCEHOHA OTIMYAIOT €ro OT APYTUX HEHpPOIPOTeK-
TOPHBIX ar€HTOB, IT03TOMY OH UTPAET 0COOYIO Tepa-
IIEBTUYECKYI0 POJIb IIPU MHCYJIBTE, KaK CaMOCTOsI-
TeJIbHO, TAaK U B COYETAHUU C JPYTUMU MEeTOJaMuU

tion, which may affect both the development of is-
chemic stroke and the effectiveness of therapeutic
interventions [80].

Sevoflurane is another anesthetic with neuro-
protective properties [81]. The influence of sevoflu-
rane on the ATPase activity of hippocampus neu-
rons in rats with cerebral ischemia-reperfusion
injury (IRI) through the signaling pathway of cyclic
adenosine phosphate (cCAMP) and proteinkinase A
(PCA) has been studied. Sevoflurane was found to
enhance ATPase activity in rat hippocampus neu-
rons with IRI in the brain by activating the signaling
pathway cAMP-PCA [82].

Neuroprotective effects of pre-conditioning
with estrogen and post-conditioning with sevoflu-
rane have been identified in experimental animals
on the stroke model in middle cerebral artery oc-
clusion [83]. Sevoflurane pre-conditioning pro-
tected the brain from damage induced by is-
chemia-reperfusion by inhibiting miR-181a [84].

Conclusion

Thus, there are several experimental ischemic
stroke models. The most adequate stroke model is
the one using the blood flow occlusion in the mid-
dle cerebral artery territory. Two variants of this
method allow obtaining massive brain infarcts
(blood flow occlusion with subsequent reperfu-
sion) and small infarcts (without blood flow
restoration). This corresponds to different variants
of ischemic stroke in humans.

When conducting experiments to model is-
chemic stroke at all stages of the experiment (in the
pre-, peri-, and postoperative periods), it is neces-
sary to observe the requirements for the accom-
modation and acclimatization of animals, the or-
ganization of nutrition and care, the choice of
anesthesia and pain relief, the compliance with
asepsis, monitoring of basic physiological param-
eters, humane withdrawal of animals from the ex-
periment. It is important to train researchers, tech-
nicians, specialists in animal handling, who
provide a high-quality performance of experi-
ments, which is the main condition for obtaining
reliable scientific data.

JedeHus. HeliponpoTeKTUBHBIN 3(p(PeKT kceHoHa
MOKeT OBITh OIIOCPEJOBAaH HWHTUOMPOBAHUEM
penienitopa N-metus-d-acmaprara [76].
ITpon3BeeHa oreHKa HEHPOIPOTEKTOPHBIX
3d(PerToB KCEHOHA, JOCTABJSIEMOr0 KCEHOH-
CoIepsyKRaIIMU 3XOT€HHBIMU JIMIIOCOMaMU ITIOCPEeI -
CTBOM KOHTPOJIMPYEMOTO YIBTPA3BYKOM BBICBO-
OOSKIIEeHNS TPU pAaHHEM TTOBPESKIEHUHN T'OJIOBHOTO
Mo3ra mocJje cybapaxHouaaabHOTO KPOBOUIJIHS-
HUA. YJIBTPa3BYKOBasi BU3yaIN3aInsI ¥ 9JIEKTPOH-
Hasg MUKPOCKONHS IIOKa3asjd, YTO JIUIIOCOMBL,
cofiepsKaIye KCeHOH, UMEIOT YHUKAJIBHYIO CTPYK-
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TYPY, KOTOPasi I03BOJISAET OCYIECTBJIATD €r0 IBYX-
aTaITHOe BBICBOOO K IeHre. [I[puMeHeHre KCEHOHA
a(perTrBHO GIOKMPOBAIO KPOBOTEUEHNUE, VITyU-
[1aj0 OOIIYI0 HEBPOJIOTHYECKYI0 (PYHKIHUIO U
YMEHBIIAJIO NTOBPEsKAeHe MOTOPHOH (PYHKITUU B
COYeTaHUM CO CHUYKEHWEM BBIPIPKEHHOCTH aTlon-
TOTHYECKOU rnbesi HEHPOHOB, a TaKKe CHIKATIO
JeTaabHOCTh [77]. [loka3aHo, YTO HEUPOIPOTEK-
TOpHBIE 3 (EKTHI MOTYT OBITH MOJYYEHBI TPHU
HUCIOJb30BAHUM KOHIIEHTPAIIMA KCEHOHA B KPOBH,
cocraBJsiolei meHee 20% OT pacueTHOU HeUpo-
MIPOTEKTOPHOM [78].

HeonienuMbiM (hU3UKO-XUMUYECKUM CBOWU-
CTBOM KCEHOHa SIBJISIETCSI TO, YTO 9TOT ra3 CBSI3bI-
BAeTCA C aKTUBHBIM LIEHTPOM psijla CEpUHOBBIX
nporeas. [I0CKOJIbKY aKTUBHBIN CAUT CEPUHOBBIX
IIpOTeas ABJIAETCA CTPYKTYPHO KOHCEPBATUBHBIM,
MPOBEJIN UCCJIeJOBAHNE, MOSKET JIU KCEHOH U3Me-
HATh KaTAJIUTUYECKYI0 aKTUBHOCTb TKAaHEBOI'O
aKTMBaTOpa MjaasaMuHorena (tPA), cepuHoBOM 1po-
Teas3bl. MeTogoM MOJICKY/ISPHOIO MOAEJIUPOBa-
HUS U UCCJIEOOBAHUAMU in Vitro U in vivo ObLIO
IOKA3aHOo, 4TO: 1) KCEHOH SIBJISETCS MHTUONTOPOM
tPA; 2) kceHOH MHTHOMpYyeT tPA-MHAYIIMPOBaHHBIN
TPOMOOJIN3WUC; 3) B HOCTUIIIEMUYECKOM TIEPHOJIE
KCEHOH II0JIaBJIsAeT UIIIeMUYEeCKOe ITOBPeKIeHNE
TOJIOBHOTO Mo3ra u tPA-uHIynnpoBaHHbBIE KPO-
BOM3JIUSIHUS B MO3T, HOBPEsKIeHNEe TeMaTOHIIe-
danudeckoro 6aprepa [79].

B TO ke BpeMs, Ha MCXOObI MHCYJIBTA MOYKET
BJIMATH (papMakroJOruyeckoe Bo3elCcTBrE aHe-
CTeTHUKOB Ha HEPBHYIO (PYHKIWIO, X BUJOCIIEI-
¢duueckoe, JeKapCTBEHHOE W Jo030crenuduye-
CKOe BO3JlefiCTBUE Ha MO3TOBOM KPOBOTOK U
00MEeH BEIEeCTB, Ay TOPETYISAINIO, HIIIEMUYECKYIO
JIETIOISIPU3AIUI0, 9KCUTOTOKCUYHOCTb.

AHECTeTHUKH TaKyKe MOIYJIUPYIOT CACTEM-
HOe apTepUajJbHOE aBJjieHne, (PyHKIINIO BHEI -
HETO ObIXaHUs U TePMOpPEryIsalHIo, U3MEHEeHNe
KOTOPBIX MO’KET OKa3bIBaTh BO3JIeMCTBUE KAK
Ha TpOIlecChl PAa3BUTHUA HIIEMUYECKOTO
WHCYJIBTA, TaK 1 3((PeKTUBHOCTH TeparneBTHYe-
CKUX BMelIaTeJbCTB [80].

JpyruM aHecTeTHMKOM, 00J1afalouM Hel-
POINPOTEKTOPHBIMU  CBOUCTBAMHU, SABJISAETCS
ceBoduypas [81]. MccienoBano BaussHue ceBod-
JiopaHa Ha AT®a3Hyl0 aKTUBHOCTb HEUPOHOB
TUMITIIOKaMIIa y KPBIC C IlepedpasbHOH NIlleMue -

Jluteparypa

1. Guzik A., Bushnell C. Stroke Epidemiology and Risk Factor Manage-
ment. Continuum (Minneap Minn). 2017; 23 (1, Cerebrovascular Di-
sease): 15-39. DOI: 10.1212/CON.0000000000000416.

2. Thrift A.G., Howard G., Cadilhac D.A., Howard V]J., Rothwell PM.,
Thayabaranathan T, Feigin V.L., Norrving B., Donnan G.A. Global
stroke statistics: An update of mortality data from countries using a
broad code of «cerebrovascular diseases». Int J Stroke. 2017; 12 (8):
796-801. DOI: 10.1177/1747493017730782.

3. Cadilhac D.A., Andrew N.E., Kilkenny M.E, Hill K, Grabsch B, Lannin
NA, Thrift A.G., Anderson C.S., Donnan G.A., Middleton S., Grimley R.
Improving quality and outcomes of stroke care in hospitals: Protocol
and statistical analysis plan for the Stroke123 implementation study.
Int ] Stroke. 2018; 13 (1): 96-106. DOI: 10.1177/1747493017730741.

penepdy3uOHHBIM IIOBpEKIEHUEM uepe3 CHUT-
HaJIbHBIN NIyTh IIUKJINYECKOr0 aIeHO3UHMOHO-
docdara (IAMP) u nporenHknHasbl A (ITKA).
YcTaHOBJIEHO, UYTO CeBO(QJIypaH yCUJIUBaeT
AT®a3HyI0 aKTUBHOCTB B HEpDOHAX T'MIIIIOKaMIIa
KpbICc ¢ IPU B roJIOBHOM MO3re IIOCpenCcTBOM
aKTHUBalYK CUTHAJIbHOIO myTu TAM®-ITKA [82].

Ha Mopesn nHCy/IbTa IIPY OKKJIIO3UU Cpej-
Hel MO3rOBOH apTepuU Yy dKCIIEpUMeHTaIbHbIX
SKUBOTHBIX BBISIBJIEHbI HeHpONpPOTEKTOPHbIE
3 peKThI NpegBapUTeIbHOI0 KOHIUIIMOHUPOBA-
HYA C IOMOUIBIO 3CTPOreHa U MOCTKOHAUIIMOHN-
pOBaHUs IPU UCII0JIb30BaHUU ceBodIypaHa [83].
[IpenBapuTe/ibHOE KOHIUIIMOHNPOBAHME CeBOd-
JYPAaHOM 3alHIajJi0 MO3I OT IIOBPEKIEHUs,
WHIYIIUPYEMOTO ullleMueii-penepdysneil myrem
nHrnbupoBanus miR-181a [84].

3akJrouenue

Takum 06pasom, CyIIIeCTBYeT PSJT IKCIIEPHU-
MEHTaJIbHbBIX MO/IeJIel BOCITPOM3BeIeHUSI UITIEMU-
4yecKoro nHcysbra. HauboJsiee ajiekBaTHOM Mojie-
JIBIO WHCYJIBTA SIBJISIETCSI METOJ], OCHOBAHHBIN Ha
OJIOKMPOBAHUM KPOBOTOKA B OacceliHe cpeqHen
MO3TOBO¥ apTepuu. /[Ba BapuaHTa JaHHOTO CIT0-
co0a MO3BOJISIOT IMOJIyYUTh MaCCUBHbIE MH(PAPK-
ThI MO3Tra (6JI0KaJja KPOBOTOKA C MOCJIEAYIONIEN
penepdysneii) 1 UHPAPKTHI HEOOJIBIITNX pa3Me-
poB (6e3 BocCTaHOBJIEHUsI KDOBOTOKA). ITO COOT-
BETCTBYET pa3jIMYHBIM BapHaHTaM HIIIEMUYECKO-
r'0 MHCYJIBTa y YeJIOBEKaA.

IIpu MpoBeeHNHN IKCIIEPUMEHTOB 10 MOJIE-
JIMPOBAHUIO HUIIEMUYECKOTO WHCYJIBTa Ha BCEX
aramax JKcmepuMeHTa (B J0OIEePaIMOHHOM
Iepuojie, BO BpeMsl Olepaluu U B MOCToIlepa-
[IMOHHOM ITePUojie) HE0OXOUMO COOJIIOaTh Tpe-
OoBaHUs, TPETbSIBJsSIEMbIE K pPa3MEIIeHUI0 U
AKKJIMMATU3allud  KUBOTHBIX, OpPraHU3aIuu
MUTAHUS U YXO[Ia, BELIOOPY METOJa aHECTEe3NHU U
00e300JyiMBaHusl, K COOJIIOOEHUIO AaCENTHKH,
MOHUTOPHUPOBAHUIO OCHOBHBIX (DU3HOJIOTHYE-
CKUX I[apaMeTpPOB, TYMaHHOMY BbIBEJIEHUIO
SKUBOTHBIX M3 9KCIIEpUMEHTa. BaskHa MOAroToBKa
HnccaenoBaresael, TeXHUKOB, CIIEIMaJINCTOB II0
pabore C }KUBOTHBIMH, 00€CITeUNBAIOIIINMHU Kave-
CTBEHHOE BBIIIOJIHEHNE 3KCIIEPUMEHTOB, YTO
SIBJISIETCSI OCHOBHBIM yCJIOBHEM IIOJTYYEHUs
JIOCTOBEPHBIX HAYYHBIX IAHHBIX.
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Respiratory Support During Pulmonary Artery Thromboembolia (Review)
Dmitry A. Ostapchenko'?, Alexey I. Gutnikov?, Dariya V. Rubanova?, Artem A. Losev?
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Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia
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Tpomboambosus sierounont aprepun (TIJIA) — He camocTOsITE/IbHAsE HO30JOTUYECKasT €UHUIIA, A
OCJIO}KHEHN e Pa3/IMYHbIX 3a00J1eBaHUH U COCTOSTHUN, TPUBOAAIINX K BOBHUKHOBEHUIO [NTYOOKUX TPOMO0O30B
B BEHO3HOM CHCTEME, IIPABBIX KAMEPAX CEeP/IIa, TUO0 BhI3BIBAIOIIUX MECTHBIN TPOMOO03 B CHCTEME JIETOYHOM
aprepun. TOJIA xapaKkTepu3yeTcs CJIOSKHOCTBIO [TaTOTeHe3a Pa3BUTHS JbIXaTeIbHON HeJJOCTaTOYHOCTH pas-
JINYHOU CTelleH! BhIPasKeHHOCTH, YTO 00yCJIaBIMBAET CJIOYKHOCTh BBIOOpA CIIOCOO0B pecnupaTopHoO 1oj-
JIEPSKKU.

Ilesas 0030pa. [Toka3aThb BO3SMOYKHOCTH PA3JTUYHBIX METOIOB PECITUPATOPHON MOAJEPIKKHU U MTEPCIIeK-
TUBBI IPUMEHEHU S BBICOKOIIOTOYHON OKCUT'€HOTepauy C y4eTOM 1aTo(U3N0I0TnIYeCKUX 0COOEHHOCTel
T3JIA.

OT60p 82 MCTOUHMKOB IIPOBOAUJIN 10 IPUHIUIY COUETAHU S KINHUYECKUX U 9KCIIepUMEeHTaIbHbBIX JaH-
HBIX U3 UCTOYHUKOB IIOCJEeIHUX 5 JieT U OoJiee paHHUX, COXPAHUBIINX aKTyaJbHOCTD /I MEAULIMHCKON
MPaKTUKU.

B 0630pe npecTaBu/Id CTPYKTYPY OCHOBHBIX IPUYMH U YaCTOTY pacupocTpanenus TAJIA; paccmorpenn
aTarbl TpoMOOTreHe3a U OCHOBHBIE ITPOSBJIEHUS IbIXaTe/IbHOU HEJJOCTAaTOYHOCTH Tpu TAJIA, BO3HUKAOIIINE
IIpU HECOOTBETCTBUY BEHTUJ/ISILUY U NTepP(y3un Jerkux; IpuBesu 5 METOJ0B pecIupaTopHOl Tepanuu y
00/1bHBIX € TOJIA: HUBKOIIOTOYHYIO ¥ BBICOKOIIOTOYHYIO OKCUTE€HOTePaInuio, HeMHBa3WBHYIO M UHBA3UBHYIO
HCKYCCTBEHHYIO BEHTUJISINIO JIETKUX, 9KCTPAKOPIIOPAJIbHYIO OKCUTeHAIIUI0 KPOBY; TOKa3au ahpheKTUB-
HOCTb Y OTPAaHUYEHUSI ITUX METO/IOB.

3akiarodyeHue. MeTo]] BLICOKOTIOTOYHOU OKCUT€HOTEPAIUH TIpeJicTaBjsieTcs: Haubosiee 3 HEeKTUBHBIM
U IePCIEeKTUBHBIM Y 00JIbHBIX ¢ TAJIA B CBA3U C OTCYTCTBHEM HETaTUBHBIX KapAUOTeMOIUHAMUYeCKUX I10-
CJIeICTBUN, CYOBEKTUBHOU KOM(POPTHOCTHIO [IJIs TAlIIEHTOB, a TaK)Ke BBUJIy COOTHOIIEHUsI C MUHUMAJIb-
HBIMU PUCKAaMH BTOPUYHBIX UH(EKIIMOHHBIX OCJIOKHEHUH.

TeMm He MeHee, HAKOTIJIEHHOTO KJIMHUYECKOT0 OIbITA HEJIOCTATOYHO /7151 OTHO3HAYHOT'0 BHIOOPA TOTO UJIA
HWHOT0 METO/1a peciupaTopHoi nonaepskku npu TIJIA. Heob6xoauMo IpofoKeHe U3yUeHNsT KIMHIYeCKON
3(pperTUBHOCTU BHICOKOIIOTOYHOI OKCUT€HOTEPAINHU Y CIIelIU(pPHUIeCKOro KOHTHUHIeHTa 00JIbHBIX, IepeHec-
mux TAJIA.

Knroueswvte crosa: mp0M609M60.}luﬂ,' Je2ouras apmepus; cunokrcemus, CZUnoOkanHus, pecnupamopHas
noaaepofcna; dvixamenvHas Heaocmammmocmb; 8blCOKONOMOYHAA OKCUceHOmMepanus, UCKYCCImeeHHasl 6eH-
MUuAYUs 1eckux;, IKCMparopnopailbHas OkCUceHauusl kposu

Pulmonary artery thromboembolia (PATE) is not a clinical entity as such, but a complication of different
diseases and conditions leading to deep thrombosis in the low tension circulation system, right cardiac cham-
bers or causing local thrombosis in the pulmonary artery system. PATE is characterized by complex pathogenesis
of respiratory failure of varying severity, which makes it difficult to choose a respiratory support technique.

Purpose of the overview: to show advantages of different respiratory support techniques and prospects of
high-flux oxygen therapy with regard to PATE pathophysiology.

82 sources were selected based on the principle of combining clinical and experimental data from papers
published over the recent 5 years and earlier that are still relevant for medical practice.

The overview presents the structure of main causes and prevalence of PATE and considers thrombogenesis
stages and predominant manifestations of respiratory failure during PATE occurring due to inconsistency be-
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tween pulmonary ventilation and perfusion. Review discusses five methods of respiratory therapy in PATE pa-
tients: low-flux and high-flux oxygen therapy, non-invasive and invasive artificial lung ventilation, extracor-
poreal blood oxygenation. Finally, the paper shows the efficacy and limitations of these methods.

Conclusion. High-flux oxygen therapy seems to be the most effective and promising technique in PATE
patients thanks to absence of adverse cardiohemodynamic consequences, subjective comfort for patients, and
relation to minimal risks of secondary infectious complications.

Nevertheless, the clinical experience accumulated is insufficient to make an absolute choice of one par-
ticular technique for respiratory support during PATE. It is necessary to continue investigating the clinical effi-
cacy of high-flux oxygen therapy in the specific population of patients who experienced PATE.

Keywords: thromboembolia; pulmonary artery; hypoxemia; hypocapnia; respiratory support; respiratory
failure; high-flux oxygen therapy; artificial lung ventilation; extracorporeal blood oxygenation
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BBenenue

PecrnimparopHasi mogfiepsKKa AB/ISIETCS OHAM U3
KJTIOYEBBIX 3JIEMEHTOB TEPAITIH KPUTHIECKUX COCTOSI-
Huid [1-3]. Tpom6G0oaMOO/HSA JIETOYHOH apTepuun
(T3JIA) — ocTpasi OKKJIIO3UsI CTBOJIA U BETBEH
JIETOYHO apTepun TPOMOOM. PacripocTpaHeHHOCTh
9TOTO OCJIO’KHEHUsI Pa3JMYHbIX 3a00JIeBaHUN
cocTasJigeT npuMepHo 1-2 ciyyad Ha 1000 yessoBex
B rof [4, 5]. KpymiHbIe nOIyJIAIMOHHbBIE UCCJIEN0Ba-
HUA TIOKa3aJM, 4yTo 4dactora TIJIA cocraBiisier
60-70 cryuaeB Ha 100 000 HacesieHUA B TOJI, BHYT-
pubOTLHIUYHASA JIETATFHOCTh BapbUPYET OT 6 10
15% [6-9]. ITo JaHHBIM MHOTOYUCJIEHHBIX IIaTOJIO-
roaHaTOMUYECKUX UccienoBanui, B 50-80% ciry4da-
eB TAJIA He qmarHocTupyetcsi Boobie [10-13], gTo
MOYKHO OOBACHUTH 3HAUYUTEJILHBIM ANaIIa3oHOM
HWHTEPIpETAIU KINHUYECKUX TaHHbIX 1 3HAYEHUN
mkKaJj BeposatHocTy TIJIA [14]. ITpu aToM JieTaib-
HOCTBH Cpe€au HE€ JICYEHDbIX IMallMEHTOB JOCTUTAeT
40%, ToTra Kak Py TPOBEIeHNH CBOEBPEMEHHOMN
Tepanuu — He nipeBbImaet 10% [6, 15, 16].

TAJIA — He camocToATeJ bHASA HO30J0TAYe-
CKasi eIMHUIIA, a OCJIO’KHEHNE PAa3/IMIHBIX 3aboJe-
BaHUU U COCTOSTHUH, MPUBOAAIINX K BOSHIKHOBE-
HUIO TIyOOKMX TPoMOO30B B BEHO3HOW CHCTEME,
IIpaBbIX KaMepax CepIa, MO0 BHI3BIBAIOIINX MECT-
HBIA TPOMOO03 B CHCTEME JIETOYHOU apTepun [4, 17].
[TpumepHO B 95% Ciy4aeB OCHOBHOW MPUYMHOHN
T3JIA siBiasieTcss TpoM0O03 TIyOOKMX BEH HUKHUX
KOHEYHOCTeN, B 2% CTy4aeB — TPOMOO3bI B CHICTEME
BepxHeH 110J10 BeHbI, B 3-15% ciIydaeB — TPOMOBI
B [IPABOM TIpeJIcEPANH (IIPY MePIaTeTbHON apuT-
MUM), IPABOM SKeJTYI0YKe, OIMCAHBI TAKKE Iapa-
TIOKCaJIbHBIE TPOMO09MOOJTNY U3 JIEBOTO TIPEICEp-
JIAs1 IPY OTKPBITOM OBAJILHOM OKHe [10, 18-22].

B ocHOBe HanboJIee YaCTHIX MPUYUH BO3HUK-
HOBEHUsI TPOMOO30B B BEHO3HOH CHCTEME JIEIKUT
KJIacCCMYecKas Tpuaga BupxoBa, a HMEHHO:
MIOBpEsKIEHNE COCYUCTOHN CTEHKY (TpaBMBI, Kare-
Tepu3aIysi BeH), CHUKeHNEe CKOPOCTH KPOBOTOKA
(omrepaTwBHBIE BMENIATE/ILCTBA, JIUTEJbHAS
MMMOOUTA3AITUS, CUITINI 00pas SKU3HH, O3KUpe-
HI/Ie) U1 TIOBLINIE€HWE CBEPTBIBAEMOCTH KPOBU
(Hac/eACTBEHHbIE KoaryJjionaruu, antTugocgoJiu-
MUIHBIA CHHIIPOM, TIapaHeoIIacTUYeCKUil CHH-

Introduction

Respiratory support is one of key elements in
therapy of critical state [1-3].

Pulmonary artery thromboembolia (PATE) is
an acute occlusion of pulmonary artery trunk or
branches with a clot. Prevalence of this complica-
tion of various diseases is approximately equal to
1-2 cases per 1000 persons per year [4, 5]. Major
population studies have shown that PATE inci-
dence amounts to 60-70 cases per 100,000 persons
per year and the intra-hospital mortality varies be-
tween 6 and 15% [6-9]. According to numerous post
mortem examinations, in 50-80% of cases PATE is
not diagnosed at all [10-13], which can be ex-
plained by a wide range of clinical data interpreta-
tion and PATE probability scores [14]. Mortality
reaches 40% among untreated patients while it
does not exceed 10% when timely therapy is per-
formed [6, 15, 16].

PATE is not a clinical entity as such, but a com-
plication of different diseases and conditions lead-
ing to deep thrombosis in the low tension circula-
tion system, right cardiac chambers or causing
local thrombosis in the pulmonary artery system [4,
17]. In 95% of cases approximately, the main cause
of PATE is deep-vein thrombosis of lower extremi-
ties, in 2% — thrombosis in the superior vena cava
system, in 3-15% of cases — clots in the right atrium
(in case of atrial fibrillation), right ventricle; para-
doxical thromboembolia from the left atrium in
case of patent foramen ovale has been described,
too [10, 18-21].

Most common causes for thrombosis in the low
tension circulation system stem from the classic Vir-
chow triad, namely: damaged vascular wall (injuries,
vein catheterization), decreased blood velocity (sur-
gical interventions, prolonged immobilization,
sedentary lifestyle, obesity), and increased blood co-
agulation (hereditary coagulopathies, antiphospho-
lipid syndrome, paraneoplastic disease, intake of
oral contraceptives, and hormonotherapy) [15].

In most cases, the initial stage of thrombogen-
esis is a damage of vascular wall endothelium [23].
There is no doubt that endothelium renders a po-

tent influence on the coagulation hemostasis con-
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JIpOM, TpUMeHeHne OPaJIbHbIX KOHTPAIleNTUBOB 1
ropMoHaJjibHadA Tepamnus) [15].

HavaabHBIM 3TAarmoM TpoMOOTeHe3a, B 60JIhb-
IIWHCTBE CJIy4aeB, IBJIAETCA II0BPEKIeHNE dHI0-
Tesusl CTeHKU cocynoB [23]. Her coMHeHUH, 4TO
9HIOTEJIUI MeeT MOIITHOE BJIUSHIE HAa COCTOSTHIE
KOaryJIssMOHHOIO reMocra3a. B Hopme KjeTku
9HJIOTEJIVA CUHTE3UPYIOT 9HA0TEJINH, IPOCTAlUK-
JIMH, a TaK)Ke OKCUJ a30Ta — BelleCcTBa, CHHUYKAIO-
€ COCYIUCTBIN TOHYC, TOPMO3SIIIHE aATre3uIo U
arperamnuio TpOMOOIIMTOB U MPeAyIPesKIaIOIINe
TpoMmbooOpasoBanue [24]. [ToMruMO 3TOTO, 9HIOTE-
JUaJbHbIE KJIETKU BBIIEJIAIOT TKaHEeBbLIM aKTHUBa-
TOp MJIA3MUHOTEHA, KOTOPHINA B CBOIO O4Yepelb,
aKTUBU3UpPYeT (UOPUHOIN3 B OTBET HA TPOMOO-
obpasoBanue [25]. [Ipu MOBpesKIEHUH 9HIOTEIIHA,
HapsAAy CO CHUYKEHUEM €ro 3alllUTHOI'O BJIUAHUA
Ha CBEPTHIBAIOIIEE 3BEHO FeMOCTa3a, IPOUCXOIUT
BBICBOOOKI€HVE B KPOBOTOK ITPOKOATY/ISTHTHBIX
BEITECTB, B YaCTHOCTU — (pakTopa Bustebpannra,
KOTOPBIN 00pasyeT CBsI3b MKy TPOMOOIUTAMI
Y KOJJIAreHOM, a Takke MUKpOuOpuIamMu cyo-
aHgoTenus. KpoMe TOro, He3amMIEHHBINA Cy0-
9HJI0TEeJINAJIBHBIN CJIOU COCYIOB CaM CTaHOBUTCS
CTAMYJISITOPOM a[re3W¥ W arperanuy TpoMOOIH-
TOB, U3 KOTOPBIX BLICBOOOKTAETCS PsIT OMOJIOTH-
YeCKW AKTUBHBIX BelllecTB (AP, cepOoTOHWUH,
TpoMOOoIIIacTyH U Ap.) [26].

AKTHBanysA TPOMOOIIMTOB 3aITyCKAET Koary-
JIAIMOHHBIN KacKaj, C y4acTueM BcexX (pakTopoB
CBepTHIBAHUS KPOBU C 00pa3oBaHUeM, B KOHEU-
HOM UITOTe, TPOMOWHA, TpeBparieHueM GuopPUHO-
reHa B GuOpPUH U IPUBOIUT K (pOPMUPOBAHUIO
¢pubpuH-TpOoMOOIIUTAPHOTO TpOoMba [3, 15, 18, 27].

B kJIMHWYECKHMX W 9KCHEPUMEHTATbHBIX
Ha0JTIOJIEHNSIX BBISIBUJIN YCUJIEHHE JIETOYHOTO COCY-
JIMCTOTO COMTPOTHBJIEHN S, BHIBBAHHOTO OOCTPYKITH-
efi, 3a CYeT Ba30- M OPOHXOKOHCTPUKIINY B PE3YJTh-
TaTe BBICBOOOYKIEHUS OMOJIOTMYECKH aKTHUBHBIX
BEIECTB (TPOMOOKCAHBI, TUCTAMIH, CEDOTOHIH) U3
arperaTtoB TPOMOOIITOB B TpoMbe [28, 29].

TakuM o0Opa3oM, 9MOOJIBI BBI3LIBAIOT HeE
TOJIBKO MEXaHUYECKYI0 OOCTPYKIIMIO JIETOUHBIX
apTepuii, HO ¥ CTAHOBSITCS MOITHBIMU aKTHUBATO-
paMu ryMopaJibHbIX U3MeHeHUul. [1pu nepekpsbl-
TUU TPOMOOM MTPOCBETA JIETOYHOI apTepPUH, BHe-
3alHO TIPOMCXOJUT MHOTOTPAHHBIM Kackaj
KJIETOYHBIX U MOJIEKYJISIPHBIX B3aUMOJIeICTBUY C
y4acTHheM KaK [IPOKOAryJIsHTOB U Ba30KOHCTPHUK-
TopoB (PAE PDGE ET-1, neikoTpreHbI, TPOMOWH),
TaK ¥ AHTHUKOATYIsSHTOB W Ba30gUJIATATOPOB
(raTexosnamuHbl, cepotoHuH, NO, AT-1I) [30]. Yya-
CTHE TYMOpPaJIbHBIX MEXaHW3MOB OOBSICHSET
HepeaKko HaOJI0aeMoe HECOOTBETCTBUE MEKIY
TSPKECThIO CEPJIeUHO-COCYIUCTBIX PACCTPOUCTB U
CTETeHbIO OKKJIIO3WU JIETOUYHBIX apTEPUI.

B psine 1abopaTopHBIX MCCIENOBAHUM ITPOJIe-
MOHCTPUPOBAaHA BAKHOCTH aKTUBAIUU IIPOTea3-
3aBUCHUMBIX PELIENITOPOB, CUTHAJIBHBIX ITyTel TUII0-

dition. In health, endothelium cells synthesize en-
dothelin, prostacyclin, and nitrogen oxide — sub-
stances that decrease vascular tone, slow down
platelet adhesion and aggregation, and prevent clot-
ting [24]. Besides, endothelial cells release t-plas-
minogen activator, which, in turn, activates clot lysis
in response to clotting [25]. When endothelium is
damaged, in addition to impairment of its protec-
tive influence on the clotting hemostasis compo-
nent, procoagulant substances are released into the
bloodstream, in particular, von Willebrand factor
that forms a link between platelets and collagen as
well as subendothelial microfibrils. Besides, the un-
protected subendothelial layer of vessels becomes
itself a promoter of platelet adhesion and aggregates
releasing several biologically active substances
(ADBP serotonin, thromboplastin, etc.) [26].

Platelet activation initiates a coagulation cas-
cade involving all blood coagulation factors and
ending with formation of thrombin, transformation
of fibrinogen into fibrin, and finally entailing for-
mation of fibrin-thrombocyte clot [3, 15, 18, 27].

Clinical and experimental observations re-
vealed increased pulmonary vascular resistance
caused by obstruction due to vaso- and bron-
choconstriction resulting from release of biologi-
cally active substances (thromboxanes, histamine,
serotonin) from platelet aggregates in a clot [28, 29].

Hence, emboli not only cause a mechanical
obstruction of pulmonary arteries, but become po-
tent activators of humoral changes. Occlusion of
the pulmonary artery lumen by a clot is accompa-
nied with a sudden multifaceted cascade of cellular
and molecular interactions involving both proco-
agulants and vasoconstrictors (PAE PDGE ET-1,
leukotrienes, thrombin), and anticoagulants and
vasodilators (catecholamines, serotonin, NO, AT-II)
[30]. Involvement of humoral mechanisms explains
the frequently observed inconsistence between
severity of cardiovascular disorders and the degree
of pulmonary artery occlusion.

Anumber of laboratory investigations demon-
strated the importance of activation of protease-de-
pendent receptors, signaling pathways of hypoxia
and inflammatory response in PATE pathogenesis
at the cellular and molecular levels [31, 32].

Occlusion and spasm of pulmonary vessels re-
sultin appearance of lung tissue areas that are ven-
tilated but not perfused; this leads to increased
physiological dead space and ventilation-perfusion
imbalance. In health, the alveolar ventilation (V)
equals on average to 4 1/min, pulmonary capillary
blood flow (perfusion) (Q) — 5 1/min, and their re-
lation — V/Q — that is referred to as the ventila-
tion-perfusion index — equals, correspondingly, to
0.8, i. e. perfusion is more intensive than ventilation
[33]. On the whole, different V/Q indices in different
lung compartments compensate each other and
the mean value of V/Q = 0.8 remains sufficient for
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KCHH A BOCITAJINTEJIBHOTO OTBeTa B ITatorenese TOJIA
Ha KJIETOYHOM Y MOJIEKYJIIPHOM YPOBHSX [31, 32].

B pesysibrare OKKJ/IIO3UH U ClIadMa JIETOYHBIX
COCYZIOB OSIBJIAIOTCS BEHTU/IMPyeMble, HO He 1ep-
(ysupyemble y9aCTKHU JIETOYHOU TKaHH, YTO IIPUBO-
JIUT K YBEJIMYEHUIO (PH3UOJIOTUYECKOTO «MEPTBOTO
MIPOCTPAHCTBA» W HApPYIIEHWUIO BEHTUJISIIMOHHO-
11ep(y3nOHHOTO COOTHOILIIeHUsl. B HopMe anbBeo-
JisApHas BeHTAnuA (V) B cpegHeM cocTaBJseT 4 j1/
MMUH, JIETOYHBIH KaUJJISIPHBIN KPOBOTOK (11epdy-
3us) (Q) — 5 si/muH, a ux cootHotrernue V/Q, KoTo-
poe 1 Ha3bIBAIOT BEHTWISIIMOHHO-TIEP(Y3MOHHBIM
COOTHOIIIEHNEM, COOTBETCTBEHHO pasHoO 0,8, T. e. 11ep-
(py3us1 IpOUCXOIUT NHTEHCHBHEE, YeM BEeHTUJIALINSA
[33]. IIpu aTOM pa3Hble BeJIm4rHbI V/(Q B pa3/IMIHbIX
KOMIIaPTMEHTAaX JIETKUX B [1€JI0OM KOMIIEHCUPYIOT
Ipyr opyra, ¥ cpegHee coorHomenue V/Q = 0,8 ocra-
€TCsI TIOCTATOYHBIM [17151 3(p(hEeKTUBHOTO razoodMeHa
(OKcUreHaIM BEHO3HOU KPOBU U YIAJIEHUS U3 Hee
yIJIeKUCJIoTo Ta3a). [Ipu psime 3aboseBaHUit COOT-
BETCTBUE IIPOIECCOB BEHTUJISILUU U Ieppy3un B
JIETKMX Hapyllaercsa. B aToM ciy4ae BO3MOYKHO
TTOSIBJIEHVIE TATOJIOTUYECKUX 30H C ITpeodIalaHeM
BBICOKOrO V/Q (BEHTU/IMPyeMble, HO He nepdy3u-
pyeMBbIe aJIbBE0JIbl — AIbBEOJIAPHOE MEPTBOE IIPO-
cTpaHcTBO — V/(QQ=00), miu Huskoro V/Q (mepdysu-
pyemble, HO He BEHTUJIWUPyeMbIe aJjbBEOJIbI —
WCTUHHBIN BHYTPUJIETOUHbIN HIYHT — V/Q=0).

IIpu ocTpoii JIETOYHON 9IMOOJIUM TIIABHBIM
MEXaHH3MOM Pa3BUTUA TMIIOKCEMUHU SABJIAETCA
HapyleHus COOTBETCTBUA BEHTUJIALWY U IIep-
¢ysun (mpeobsaganvie 30H «MEPTBOTO IIPO-
cTpaHCTBa») [34, 35].

Iens 0630pa — MoOKa3aTh BO3MOKHOCTH pas-
JIMYHBIX METOAOB PECHUPATOPHON MONIEPKKU U
MIepPCIEeKTUBbl IIPUMEHEHUs BBICOKOIOTOYHOM
OKCHUT'€HOTepaNuy C y4eTOM IaTO(PU3N0TIOTHIECKUX
0COOEeHHOCTEHN TPOMO0IMOOJIUY JIETOTHOI apTEPUIHL.

ITaTopusnosiornyeckue
npoueccel mpu TIJIA

[laToreHeTHYeCKH, a TaK)Ke KIUHUYECKU Ha
repBO€e MeCTO Y 00JIbHBIX C TOJIA BBIXOIUT AbIXa-
TeJbHAasA HEIOCTATOYHOCTh, KOTOpasg HOCHUT
COCTaBHOU XapakTep M oOycjaBJIMBaeTcs Ipe-
UMYIIeCTBEHHO TUIIOKCEMUEl, TUMOKAalHUEeH.
[urokceMusi Mpu OCTPOU JIETOYHOU 3IMOOJINU
BO3HHUKAET B pe3yJIbTaTe HECOOTBETCTBUS BEHTH -
Jgsauuu U nepdysun [36]. OgqHAKO, B YCJIOBUAX
OOIITUPHOU JIETOYHON IMOOJINY, HEMAJIYIO POJIb
HAr'paeT IPUCYTCTBHE NOIOJHUTEJbHOIO KOMIIO-
HeHTa — IIpaBO-JIEBOCTOPOHHETO UIyHTa. BHYT-
pUJIEroYHOE MIYHTUPOBAHUE MOYKET IIOSABUTHCA
10 Mepe pPoCTa JIaBJEeHUs B CUCTEME JIETOYHOU
aprepuu. [Ipu paBeHCTBE /1aBJIEHUH B IPAaBOM U
JIEBOM IIpeJCepAuy B YCJIOBUAX HOPMBI LIIyHTA
KPOBU MEKIy IpefcepiusMu HeT, Ho npu TIJIA
MIpaBoIpeicepaHas TUIIEPTEH3UsI MOKET BECTH K

efficient gas exchange (venous blood oxygenation
and removal of carbon dioxide therefrom). In a
number of diseases, the balance of ventilation and
perfusion processes is distorted. In such case,
pathological areas might appear where high V/Q
(ventilated but not perfused alveoli — the alveolar
dead space — V/Q=0o0), or low V/Q (perfused but
not ventilated alveoli — the true intrapulmonary
shunt —V/Q=0) is predominant.

During acute pulmonary embolism, the main
mechanism of hypoxemia development is misbal-
ance between ventilation and perfusion (predomi-
nance of dead space areas) [34, 35].

Purpose of the overview: to show advantages
of different respiratory support techniques and
prospects of high-flux oxygen therapy with regard
to the pathophysiology of pulmonary artery throm-
boembolism.

Pathophysiological Processes
During PATE

In PATE patients, respiratory failure charac-
terized by a composite nature and caused mostly
by hypoxemia and hypocapnia comes to the fore
both pathogenically and clinically. During acute
pulmonary embolism, hypoxemia occurs due to
misbalance between ventilation and perfusion [36].
However, in a situation of a major pulmonary em-
bolism, presence of an additional component —
right-left shunt — plays a considerable role, too. In-
trapulmonary shunting might occur with growth of
pressure in the pulmonary artery system. In health,
when pressures in the right and left atria are equal,
there is no blood shunt between atria; but during
PATE, right atrial hypertension might lead to blood
overflow from the right into the left atrium (7, 37].
Cases of profound refractory hypoxia that was not
relieved by thrombolysis in PATE patients with
patent foramen ovale have been described [38, 39].

The second manifestation of respiratory failure
during PATE, apart from hypoxemia, is hypocapnia
that reflects growth of alveolar minute ventilation of
lungs as a part of total minute ventilation, which in-
creases in spite of dead space extension due to oc-
clusion of the capillary bed of lungs. Minute venti-
lation grows as breathing is stimulated by pain
impulses from pleura due to lung infarction. Be-
sides, stimulation of juxtacapillary receptors in the
alveolar-capillary barrier structures raises afferent
vagus activity followed by stimulation of oblongata
respiratory neurons and development of hyperven-
tilation and hypocapnia [16, 28, 33, 36].

Later, as bronchoconstriction develops and de-
creases ventilation and oxygen tension in alveolar gas,
Euler-Liljestrand reflex, i. e. microvasculature constric-
tion, takes place resulting in still higher increase of pul-
monary vascular resistance and growth of load on right
compartments of the heart [34]. Experimental findings
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IIepeTOKY KPOBU U3 IPABOI0 B JIeBOE IIpeicepaue
[7, 37]. Ommmcansbl ciyvyau TIyOOKO# pedparrep-
HOU TUTIOKCHH, He KyITUPyeMOH TPOMOOJIMN3UCOM
y nauueHToB ¢ TAJIA n He3apallleHHBIM OBaJIb-
HBIM OKHOM [38, 39].

BTrophiM TpOosiBJIeHWEM JIbIXaTeJbHOU
HeJqocTarouyHoCTU npu TIAJIA, TOMUMO TUIOK-
CeMUH, SIBJISETCSA THNMOKANHUSA, OTpaskaromas
pOCT aJbBEOJSAPHON MUHYTHOW BEHTUJAIUU
JIETKUX KaK YacTH 00I1[eli MUHYTHOU BEHTUJIS-
oYY, KOTOpas yBeJIMYMBAETCs, HECMOTPs Ha
pacuirpeHre MEPTBOTO MPOCTPAHCTBA BCJE-
CTBUE OKKJIIO3WU KATMUJIJISAPHOTO JIOKA JIETKUX.
K pocTty MUHYTHOU BEHTUJIALUN HNPUBOIUT
CTUMYJIALIUSA AbIXaHUs 00/I€BBIMU UMITYJIbCaAaMU
U3 TJIeBPHlI BCJeACTBHE MH(PAPKTA JIETKOTO.
KpomMme TOro, cTuMynanusa IOKCTaKaluJIJIAPHBIX
penenTopoB B CTPYKTypax aJbBeOJIAPHO-
KaNWJIJISIPHOTO Oapbepa MoBbIaeT addepenrt-
HYI0 BaryCHyI0 aKTHBHOCTb C IOCJeAyIoliel
CTUMYJIAIMEN peclIMPaTOPHBIX HEHPOHOB IIPO-
JIOJITOBATOr0 MO3ra, pa3BUTHEM TUIIEePBEHTH-
JIAIUUA W TUIIOKAamHuu [16, 28, 33, 36].

B manbHeiieM, 1o Mepe pa3BUTUSI OPOHXO-
KOHCTPUKIIMY, BeyIledl K CHUSKEHUIO BEHTUJISI-
[IMU ¥ TAPIUAIBHOIO JABJIEHUA KUCJI0POA B aJlb-
BEOJIIPHOM Trase, cpaOarbiBaeT pedJerc
dintepa—JlnimecTpana, 3aKJIIOYAIOIIAICS B KOH-
CTPUKIHAYU MEJIKUX COCYJ0B, YTO IIPUBOIUT K €11e
00JIbIIIEMY TOBBIIIIEHHIO JIETOYHOTO COCYANCTOTO
CONIIPOTUBJIEHUA W POCTYy HAarpy3Ku Ha IIpaBble
oTneJisl cepaua [34]. Pesysbsrarsl, 0JIy4eHHbIE B
3KCIIEPUMEHTAJIbHBIX HCCJIEeNOBAHUAX, CBUE-
TeJIbCTBYIOT, UYTO OKKJII03UsI JIETOYHOU apTepUM C
IOCJIEAYIOIM BO3pacTaHUEM CHUCTOJIMYECKOrO
JaBJICHUA B IPABOM SKeJIYA0YKe He COIIPOBOXKIA-
€TCA aleKBaTHBIM KOMIICHCATOPHBIM yCUJICHAEM
KpPOBOCHAOKEHUS IPABBIX OTIE/JI0B CEP/IA, YTO
IIPUBOJUT K UIlleMUU MUOKapza [40].

KoMmnencaropHoe yBesmaeHre paboThl mpa-
BOI'0 YKeJIyI0YKa BBUY BBICOKOTO COIIPOTHUBJIE-
HUS B MAJIOM KpyTe B a3y JeKOMIIeHCaluu IIpo-
SIBJISIETCSI ero Ieperpy3koi, (opmupoBaHHeM
[IPaBOsKEJIyJOYKOBON HEJJOCTATOYHOCTU U pa3BU-
THEM OCTPOTO JIETOYHOTrO cepaia. JlocTaTtoyHo
YaCTO IIPU 9TOM HAOJI0JaeTCA TaXUKAPIUS Y CHU-
sKeHHe CeplIevHOro BhIOpOca, YTO erne OOoJIbIle
yCcyTyOJIsIeT THITOKCEMUIO.

B pesynsrare neperpysku IpaBoro sKeJjryod-
Ka Ha (hOHEe 3HAUUTEJIbHOTO YMEHbIIIEHUSI eMKO-
CTH apTepUaIbHOI0 pyCJia HACTyNaeT 3HAYNTe Ib-
HOe OrpaHWYeHre BeHO3HOr0 BO3Bpara KPOBU B
JIEBBIE OTIeJIBI cepria. Kpome Toro, m36eITOUHOE
HaIpsPKeHUe CTEHKU IIPaBOro sKeJIyJ0YKa IIPUBO-
JUT K CMEIIeHUI0 MeXX)KeJyJ0YKOBOH Ilepero-
POIKHU B IIOJIOCTh JIEBOI'O JKEeJYLOYKa U CysKaeT
ero npocseT. PagBuBaeTcss CHHAPOM MaJIoro cep-
JIeYHOTO0 BBIOpOCA (JIEBOKETYIOYKOBAS HEJIOCTA-
TOYHOCTB) (41, 42].

evidence that pulmonary artery occlusion and subse-
quent increase of systolic pressure in the right ventricle
is not accompanied with an adequate compensatory
increase of blood supply to right compartments of the
heart, which results in myocardial ischemia [40].
Compensatory intensification of the right ven-
tricle function due to high resistance in the pul-
monary circulation during the decompensation
phase manifests as its overloading, right ventricle
failure and acute cor pulmonale. Tachycardia and
lowered cardiac output are observed quite frequently
in such case, aggravating hypoxemia still stronger.
Right ventricle overload at a background of sig-
nificant reduction of the arterial bed capacity results
in a considerable decrease of venous return of blood
to left compartments of the heart. Besides, excessive
tension of the right ventricle walls shifts the inter-
ventricular septum into the left ventricle cavity and
narrows down its lumen. Low cardiac output syn-
drome (left ventricular failure) develops [41, 42].

Methods of Respiratory
Support During PATE

In view of the above, respiratory support dur-
ing this pathology might become crucial. We can
only ask what respiratory support technique should
be chosen particularly for PATE patients. There is
still no clear-cut answer to the question raised [43].

Low-flux Oxygen Therapy

Low-flux oxygen therapy is the first choice and
the simplest and most available choice of respira-
tory support in a clinical setting [44, 45]. Among a
great versatility of oxygen therapy implementation
techniques, insufflation of humidified oxygen
through nose cannulas, nasal or face masks is the
most common (46, 47]. However, oxygen therapy
performed using conventional methods might not
always be sufficient for a patient suffering from
acute respiratory failure (ARF), when, due to pul-
monary ventilation-perfusion misbalance, simple
increase of the oxygen fraction in inhaled gas does
not help to improve arterial oxygenation [48-51].
Besides, this method has a number of limitations:

— efficacy for mild respiratory failure only;

— gas flow rate up to 15 1/min;

— ‘dilution’ of oxygen-gas mixture flow with air;

— constitutional, somatic and neurological
limitations for method application;

— inefficient gas mixture humidification;

— inefficient gas mixture warming [50, 51].

Noninvasive ALV (NILV)

The second respiratory support method ap-
plied is NILV that has a number of advantages not
only over low-flux oxygen therapy, but over invasive
lung ventilation as well [52-55]:

— minimized risk of injury in upper air pas-
sages (UAP);
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MeTtoabI peciupaTOpPHOMI
noaaeps:kku npu TIJA

Hcxopns u3 BBINIECKA3aHHOTO, PECTTUPATOP-
Hasl MOJIepsKKa TPU JAaHHOU MMaTOJOTUN MOSKET
npuobpeTarh IepBOCTeNIeHHOe 3HaueHne. OcTaer-
Cs1 JIUIITH BOTIPOC, KAKOUW METOJ, PeECIIUPATOPHON
TIO/IIEP>KKY CTOUT BBIOPATH /17151 O0JIBHBIX UMEHHO
c TAJIA. B HacTosAmiee OJHO3HAYHOT'O OTBETA Ha
TIOCTaBJIEHHBIN BOMIPOC HE MOJIyYeHo [43].

HuskonmorouHasa OKCHIeHoOoTepamnuAa

OCHOBHBIM, a TaK)Ke CaMbIM IPOCTBIM U
JIOCTYITHBIM METOJIOM BBIOOPA PECIMPATOPHOM IOI-
JIEPKKU B KJVHUKE SIBJISIETCSI HU3KOIIOTOYHAS
okcureHoTepanus [44, 45]. Cpeu 00OJBIIIOTO pas-
HOOOpa3usi CIoco00B peann3alui OKCUTeHoTepa-
M HanboJiee 9acTo UCIOJIb3YETCsI MHCY(DIIAINS
VBJIQKHEHHOTO KHCJIOPOJa Yepe3 HOCOBbIe KaHIO-
JIN, Ha3aJIbHbIe WUJIM JIULeBble MacKku (46, 47]. OnqHa-
KO, OKCUT€HOTEePAIHsI, IPOBOMMAsI TPAUIIMOHHbI-
MU METOJIaMH, He BCera MOKET ObITh JJOCTaTOYHOM
IJTs1 G0JIBHOTO C OCTPOH JbIXaTeTbHON HEJJOCTATO4-
Hoctblo (OIH), Korga BeileiCTBYE HAPYILIEHUsT BEH-
TUIAIMOHHO-TIEP(Y3MOHHBIX OTHOIIIEHNUH B JIer-
KHUX IPOCTOE YBeJIMYeHNE (PpaKInK KUCIOPOIa BO
B bIXaeMOM ra3e He IIPUBOLUT K YJIYUYIIIEHUIO apTe-
puanbHOU oKcureHaruu [48-51]. Kpowme Toro, ata
MEeTOINKA MMeET PSIJT OTPaHUYeHUI:

— 3 (HEKRTUBHOCTH TOTBKO IIPU JIETKUX PoPp-
Max IbIXaTeJIbHON HeJI0CTaTOYHOCTH;

— CKOpPOCTB IIOTOKA rasa Ao 15 Jji/muH;

— «pasbaBjieHHE» TIOTOKAa KHCJOPOIHO-
ra30BOM CMeCH BO3IYXOM;

— KOHCTUTYIOMOHAJbHbIE, COMAaTUYECKUE U
HEBPOJIOTUYECKHE OTPAaHUYEHUS] MPUMEHEHUs
MeTOo/1a;

— Hea(p(PeKTUBHOE YBJIAKHEHUE Ta30BOU
cMmecy;

— Hea(p(PeKTUBHOE COTrpeBaHMEe Ta30BOU
cmecu (50, 51].

Hennsa3usnasa UBJI (HUBJI)

BTopoii MeTon mpuMeHsIeMO peciupaTop-
HOU mognepskku — 910 HUBJI, KOTOpasi mmeer
PAII IPEUMYIIIECTB HE TOTBKO ITepe] HU3KOMOTOY-
HOI OKCHUTeHOTepaIuel, Ho U lepej NHBa3UBHOU
BEHTUJIANNEH JIerKuX [52-55]:

— MUHUMH3AIUs pHCKA TOBPEXIeHUN
BEPXHUX JbIXaTebHBIX IyTel (BJII);

— 06JibIlIFe 6€30TACHOCTH U KOM(OPT IJIsT
060JILHOTO;

— COXpaHeHWe CIIOHTAHHOTO JTbIXaHMST;

— CHIKeHUE PUCKa Pa3BUTHSI BEHTUJISATOP-
acconmupoBaHHOU THEBMOHUM (BAIT)

— MEHbIIas BBIPA’KEHHOCTh HETraTUBHBIX
KapIuOreMOINHAMUYECKUX W PECIUPATOPHBIX
3 peKTOB;

— greater safety and comfort for the patient;

— retention of spontaneous breathing;

— reduced risk of ventilator-associated pneu-
monia (VAP)

— milder adverse cardiohemodynamic and
respiratory effects;

— possibility of contact with the patient.

NILV allows efficient adjustment of various
disorders in pulmonary gas exchange, reduces the
need for trachea intubation, allows an opportunity
of earlier trachea extubation during invasive lung
ventilation [43, 51, 56].

Compared to ALV, initial usage of NILV is asso-
ciated with a lower mortality (23 vs. 39%); however,
itis still not fully clear whether this was a result of a
systemic error of selection (NILV was performed in
patients with milder respiratory failure symptoms)
or fewer complications, mostly, ventilator-associ-
ated pneumonia [51].

NILV failure as a method of treatment is asso-
ciated, as a rule, with increased mortality with the
exception of subgroups of patients suffering from
cardiogenic pulmonary edema and hypercapnic
respiratory insufficiency (this group includes COPD
patients). Correspondingly, in future, these factors
should be taken into account in the selection of pa-
tients for clinical trials of NILV efficacy [57]. NILV is
also associated with a lower incidence of nosoco-
mial infections [58], most probable, thanks to fewer
incidence of ventilator-associated pneumonia due
to trachea intubation and other nosocomial infec-
tions related to the time in ICU (sinusitis, device-
related infections, etc.) [59].

Nevertheless, in addition to absolute advan-
tages, NILV features a number of drawbacks as well:

— impossibility of use in case of low con-
sciousness level, patient’s anatomical peculiarities;

— pain, erythema and facial skin damage
caused by a mask;

— inadequate gas mixture humidification and
warming resulting in damaged tunica mucosa of
the nose and mouth, UAP, especially when usage is
polonged;

— aerophagy, nausea, heartburn;

— idiosyncrasy (claustrophobia) [60, 61].

Invasive ALV

In case of fulminant PATE, respiratory therapy
involves mostly ALV [62]. An adverse influence of
ALV in patients suffering major PATE presents as
decreased venous return and aggravated right ven-
tricular failure caused by a positive intrathoracic
pressure [36].

According to a number of studies, application
of ALV in PATE patients resulted in negative clinical
outcomes wherein in some studies ALV usage even
increased mortality [63]. The main risks of ALV
usage are a ventilator-associated damage of lungs
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— BO3MOYKHOCTBH KOHTaKTa C 00JIbHbBIM.

HWBJI no3BoJisieT 3p(peKTUBHO KOPPEKTU-
poBaTh pa3JUYHbIe HapylmIeHUs razoobMeHa B
JIETKUX, CHI)KAeT MOTPeOHOCTh B MHTYOAITUH TPa-
XeH, TaeT BO3MOKHOCTh 00Jiee paHHeH 9KCcTyOa-
WY TPaxeu MPU MPOBeeHNY MHBA3UBHOU BEHTH-
JISIIUY JIerKux [43, 51, 56].

[Iepsuunoe ucnonb3oBanue HIIBJI o cpaBHe-
Huto ¢ VIBJI accorumpoBaHo ¢ 6oJiee HU3KOH JIeTaTb-
HOCTBIO (23 poTuB 39%), OMHAKO TaK 10 KOHIIA U He
SICHO, SIBJISIETCS JIA 9TO PE3yJITaTOM CACTeMaTuJe-
ckoii ommmOKm or6opa (HVIBJI mpoBoamsIach y maru-
€HTOB C MeHee BhIPaYKEHHbIMH TPU3HAKAMH JIbIXa-
TeJbHOU HEIOCTaTOYHOCTH) WA  MEHBIIEro
KOJIMYECTBA OCJIOKHEHH, B OCHOBHOM — BEHTHUJIS-
TOP-aCCOIMUPOBAaHHON MTHEBMOHUU [51].

Hecocroarenpnocte HUBJI, kak wMerona
Jle4eHus1, KaK MPaBUJIO, ACCOIMUPOBAHA C IMOBBI-
IIEHHOH JIETAJbHOCTBIO, 32 MCKJIIOUYEHUEM ITOJI-
TPYILI [TAIIUEHTOB C KApIUOT€HHBIM OTEKOM JIETKUX
U rAnepKaHuyecKoy IbIXxaTeJIbHOU HeJOCTaTou-
HOCTBIO (B 3Ty IPyMIly BXOAAT nanueHThl ¢ XOBJI).
COOTBETCTBEHHO, B Ja/JbHEHIIEM, 9T (PAKTOPHI
JOJKHBI VYU THIBATHCS P OTOOPE MAITMEHTOB A5
KJIMHUYECKUX UCTBITaHUH apperTuBHOCTU HVBJI
[57]. HUBJI Takske acconmmupoBaHa C MeHBIIEN
YaCcTOTOM HO30KOMUAJIbHBIX MHGek1uii [58]. Bepo-
SITHEU BCETO, 3T0 00yCJIOBJIEHO MEHBIIIEH 9aCTOTON
BEHTUJISITOP-ACCOIIMMPOBAHHON ITHEBMOHUH, CBSI-
3aHHOM C MHTyOammel Tpaxew, a TaKKe IPYTIHUX
HO30KOMHAJIbHBIX MH(EKITNH, CBSI3AHHBIX C JIJTU-
TeJbHOCThIO TpeObiBaHuss B OPUT (cunycursi,
KareTep-acCOMMPOBaHHbIE MH(eKrMU 1 Jp.) [59].

Ho, moMuMo aOCOJIIOTHBIX MPEUMYIIECTB,
HUBJI uMmeer u psy HEOCTATKOB:

— HEeBO3MOKHOCTb IPUMEHEHUsI NP HU3-
KOM YpOBHE CO3HaHWUs, aHATOMUYECKIX 0COOEH-
HOCTSIX 00JILHOTO;

— 00Jib, 9puTEMa W TMOBPEKIEHUE KOKU
JIAIIA TPA UCTI0JIb30BAHUY MACKWY;

— HeaJleKBaTHOE YBJIAKHEHE 1 COTPeBaHNe
ra3oBOU CMeCH — MMOBPEKIEHHE CJIU3UCTON HOCO-
u porowioTkd, B/ITT, ocoOeHHO TIpH ATUTETHHOM
MIpUMEHEHNH;

— aspodarus, TOIIHOTA, U3KOT3a;

— WHAWBUAyaJbHAA HelnepeHOCUMOCTh
(kmayctpododus) [60, 61].

NuBazuBuaga UBJI

[Tpu mostHueHOCHOU hopme TIAJIA pecniipa-
TOpHAasi Tepanus 3aKJII0YaeTcs IJTaBHbIM 00pa3oM
B mpoBenenuu MBJI [62]. OTpuniaresibHOE BJIUS-
Hue VBJI y 604bHBIX ¢ MaccuBHON TAJIA mpo-
SABJISIETCSA B BUJe CHUKEHMsI BEHO3HOT0 BO3BpaTa
1 yCYTyOJIEHUH ITPABOSKETYIOYKOBOM HEJ0CTaTOY-
HOCTH, BCJIEICTBHE IIOJIOKUTEJbHOIO BHYTPH-
TPyAHOIO AaBJjeHus [36].

[To maHHBIM psija MCcCeq0BaHUN UCOJIH30-
Banue VIBJI y manuenTos ¢ TAJIA npuBogu/Io K

and development of ventilator-associated pneu-
monia [48, 64]. Invasive ALV with aggressive param-
eters used to correct severe ARF certainly allows
correct severe ventilation disorders, on the one
hand, and, on the other, renders a number of im-
mediate and delayed adverse effects on organs and
systems: lung hyperinflation, barotrauma, volu-
trauma, atelectrauma, respirator-associated tra-
cheobronchitis and pneumonia, extrapulmonary
purulent-septic complications. That is why the
concept of a ‘safe’ and ‘sparing’ ALV has gained trac-
tion recently [48, 49]. One of the principles of this
concept consists in retention and maintenance of
patient’s spontaneous breathing even in a situation
of invasive respiratory support [47, 61].

Extracorporeal
Blood Oxygenation

Experimental evidence testifies to that extracor-
poreal blood oxygenation might produce effect during
amajor PATE [65]. This opinion is supported by some
case descriptions and serial observations [66-68].

High-flux Oxygenation

High-flux oxygen therapy (HFOT) is a rela-
tively new and most promising method of respira-
tory therapy in PATE patients [61, 69, 70]. It is im-
plemented with the help of a high-speed gas flow
generator (up to 60 liters per minute and over), a
system for efficient gas mixture humidification and
warming provided with a faculty of stepwise flow
rate and temperature regulation, precise setting of
the oxygen fraction, and a special circuit made of a
semi-permeable material eliminating condensa-
tion, as well as an original nasal or tracheostomy
cannula [51, 61, 71].

HFOT has a number of advantages compared
to low-flux oxygen therapy [72, 73]:

— high speed of gas flow significantly exceed-
ing flow speed during patient’s inhalation mini-
mizes atmospheric air admixture and allows main-
taining the preset constant high fraction of oxygen;

— high speed of gas flow offsets UAP resist-
ance and reduces patient’s respiratory work;

— high speed of gas flow reduces the flow
shortage during inspiration in ARF patients, as a
result, thoraco-abdominal asynchronism diminish-
es, respiratory rate decreases, and the tidal volume
becomes larger;

— high speed of gas flow provides gas
exchange improvement by generating a positive
pressure in laryngophalanx and UAP;

— high speed of gas flow improves CO, elimi-
nation and alveolar ventilation, decreases the vol-
ume of anatomical dead space;

— positive respiratory effects of the high
speed of gas flow are practically unaccompanied
with aggravation of cardiohemodynamics;

GENERAL REANIMATOLOGY, 2020, 16; 1
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OTpUIATEeTbHBIM KIMHUUYECKUMH UCX0JaM, IPpU
3TOM B HEKOTOPBIX UCCJIEJTOBAHUAX IPUMEHEeHNe
HBJI pasxe yBeJIMYMBajI0 YPOBEHD JIETAJIBHOCTHU
[63]. OCHOBHBIMU pPHUCKAMHU WCIIOJIb30BAHUS
VBJI ABAAI0OTCA BEHTUIATOP-ACCOLUUPOBAHHOE
NOBpeKIeHNeE JIETKUX U PA3BUTHE BEHTUJIATOP-
acconuupoBaHHON mHeBMOoHUU [48, 64]. bes-
YCJIOBHO, UCIIOJIb3yeMasi IPU KOPPEKIUU TsKe-
got OJIH muBasuBHass VMBJI ¢ arpeccuBHbIMU
nmapaMeTpaMu, C OJHOU CTOPOHBI, TO3BOJISIET
KOPPUTHPOBAaTh Ts)KeJible HapyLIeHHWsl ras3o-
oOMeHa, c APyroil — NMeeT PsiJ HEMeIJIEeHHBIX 1
OTCTPOYEHHBIX OTpHUIlaTeAbHBIX 3((PeKTOB Ha
OpTraHbl U CUCTEMBI: TUNIEPUHQPIIALNSA JTETKUX,
bapoTpaBMa, BOJIOMOTpaBMa, aTeJIeKTOTPaBMa,
pecruparop-acconUpoOBaHHBIE TPAXe0OPOHXUT
¥ ITHEBMOHUSsI, BHEJErodyHble THONHO-CEeNTHUYe-
CKUe 0C/0KHeHu:A. [loaToMy B mocseqHue rogsl
MMOJTy4YnJIa Pa3BUTHE KOHIENHUS «0e30TacHOM»
wim «maasamei» UBJI [48, 49]. OnHuUM U3 MpUH-
IIATIOB 9TOU KOHIIENIINY SIBJISETCS COXpaHEHME U
Mo TepskaHye CIIOHTAaHHOTO AbIXaHUsI 00JTLHOTO
Jla’Ke B YCJIOBHSAX UHBA3UBHOU peciupaToOpHOM
NOaAepyKKU [47, 61].

IKCTpaKopnopajabHas
OKCHUI'€HLUsA KPOBH

JlokasaTeJibCTBa, MOJyUYeHHbIEe B 9KCIIEPU-
MEeHTa/IbHBIX NCCAeJ0BAHUAX, CBUIETEIbCTBYIOT,
4to mpu MaccuBHOU TAJIA Mosket nath adekT
9KCTpaKopropajbHasd OKCUTeHIIUs KPOBU [65].
JTO MHEHMe MTOATBEPIKIAETCS OTIeIbHBIMU OIIH-
CaHUAMHU KJIMHUYECKUX CIydyaeB U CepUUHBIMU
HabJ/II0IeHusAMHA [66-68].

BpicOKONMOTOYHAsI OKCUT€HAIUA

BeicokomoTrounas okcurenorepanusi (BITO)
SIBJISIETCST OTHOCHUTETLHO HOBBIM U HauboJIee mep-
CIIEKTUBHBIM METO/I0M PECIIUPATOPHOU Tepanuu y
6oapHBIX ¢ TIJIA [61, 69, 70]. OHa peanusyercs
MMOCPEJICTBOM TeHepaTopa BBICOKOCKOPOCTHOTO
MOTOKA rasa (mo 60 JuTpoB B MUHYTY U OoJiee),
cucteMbl AJs1 3((HEKTUBHOIO YBJIAKHEHUS U
CcorpeBaHUsI Ta30BOM CMECH C BO3MOYKHOCTBHIO
MIOIIArOBOM PETyJIAINY CKOPOCTU IOTOKA U TEMITe-
paryphl, TOYHOH YCTAaHOBKU (PpaKIIUU KUCJIOPOAA,
a TaKy)Ke CIelMaJIbHOI0 KOHTYypa U3 IIOJIYIIPOHU-
1[aeMOT0 MarepuaJsa, He JOMYCKaIIero o6paso-
BaHUsS KOHJeHcaTa, U OPUTHMHAJIBLHONW HOCOBOU
WUJIA TPAXeoCTOMHYECKOU KaHto U [51, 61, 71].

BITO umeert psAn IperMyIIeCTB 110 CPAaBHEHUIO
C HU3KOIIOTOYHOM OKCUTeHOoTepanuen (72, 73]:

— BBICOKasi CKOPOCTH IIOTOKAa rasa, cyle-
CTBEHHO MPEBBIIAIINASA CKOPOCTh NOTOKA NpPHU
B/IOXe OOJIBHOTO, MUHUMU3HUPYET «IIPUMeEIINBa-
HHe» aTMOC(EPHOT0 BO3/1yXa U MO3BOJISIET MO -
JepsKUBaTh 3aJaHHYI0 IIOCTOSHHYIO BBICOKYIO
¢dpakKIro KUCI0PO/a;

— adequate warming and humidification of
inhaled gas improves the function of epithelium in
the upper air passages and that of alveoli, the func-
tional condition of all tracheobronchial tree struc-
tures, lowers the energy and metabolic inputs of the
body in a situation of increased energy requirement
at a background of respiratory failure [61, 71, 74].

The principal mechanism determining the clin-
ical efficacy of HFOT is the creation of a gas flow sub-
stantially greater than the patient’s inspiratory flow,
and generation of a positive pressure in UAP [75]. It
should be noted that HFOT efficacy derives from the
conjunction of all above factors [37]. A specific fea-
ture of this method is, first of all, no influence on in-
trathoracic pressure, that is why its application does
not compromise the right ventricle function [76-78].

In order to establish HFOT efficacy for PATE, a
retrospective study was undertaken in France on the
premises of two ICUs. 104 PATE patients treated in
ICUs since January 2011 till June 2015 were chosen for
the study [79, 80]. Clinical and laboratory symptoms
of acute respiratory failure were present in 33 patients;
of them, 14 required urgent invasive ALV and two
more patients — NILV for COPD exacerbation [81].
The remaining 17 ARF patients (52%) received high-
flux oxygenation where FiO, was 100% and flow speed
was 60 1/min. PATE severity was determined based on
the following parameters: profound desaturation dur-
ing spontaneous room-air breathing (SpO, —
70-89%), loss of consciousness (27%), presentation of
interventricular dyssinchrony according to Echo-CG
(75%). According to CT-angiography, bilateral PATE
was observed in 15 patients. Three patients received
systemic thrombolysis for deterioration of hemody-
namics [82]. Within the first 2 hours of HFOT, signifi-
cant improvement of breathing measures was found:
SpO, grew from 93% to 100%, P<0.00001; respiratory
rate decreased from 29 to 20 per minute, P=0.0007.
There was not a single patient who needed trachea in-
tubation during the first 24 hours of HFOT usage. Sur-
vivability amounted to 88% (n=15)

The above characteristics of HFOT as well as
findings of few investigations allow surmising the
possibility of a more physiological, compared to
other types of respiratory support, prosthetic repair
of the external respiration function by means of this
technique in PATE patients.

Conclusion

Thus, respiratory support during PATE is a
very acute issue due to high incidence of this com-
plication, diversity of its pathogenesis, and also be-
cause of unsatisfactory clinical results.

The method of high-flux oxygen therapy seems
most effective and promising in PATE patients
thanks to absence of adverse cardiohemodynamic
consequences, comfort for patients, and minimal

risks of secondary infectious complications.
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— BBICOKASA CKOPOCTH ITOTOKA Ta3a HUBEJIN-
pyer comporuBisienue Bl u cHukaer paborty
JIbIXaHUSI 00JILHOTO;

— BBICOKAsA CKOPOCTH ITOTOKA ra3a penynu-
PYeT «IIOTOKOBBIH TOJION» TP BAOXe OOJTBHBIX C
OJIH, B pe3yJibTaTe 4Yero yMeHbIIIaeTcs Topakoad-
JIOMUHAJbHBIN AaCUHXPOHU3M, CHUYKAETCS YaCTOTa
IbIXaHWS, YBEJTMINBAETCS AbIXaTeTbHBIH 00beM;

— BBICOKAsi CKOpPOCTb TOTOKa rasa obec-
MeYnBAET YIy4IlleHre Ta3000MeHa 3a CUeT TeHe-
panuu MOJIOKUTEJTbHOTO JABJEHUSA B TOPTAHO-
rioTke u BJIIT;

— BBICOKAasI CKOPOCTB IIOTOKA r'ada yJIy4iaer
asmMuHanuio CO, 1 aJIbBEOJIAPHYIO BEHTUJIALUIO,
YMEHbBIIIaeT 00'beEM aHATOMHYECKOTO MEPTBOTO
MIPOCTPAHCTBA;

— MOJIOKUTEJIbHbIE pecnmparopHbie
3¢ (P eKrThI BEICOKOU CKOPOCTHU MMOTOKA ra3a Mpak-
TUYECKHU HE COIIPOBOKAAIOTCA YXYAIICHUEM Kap-
IHUOTeMOIUHAMUKHY;

— aieKBaTHOE COrpeBaHue W yBJa’KHEHUE
B/IbIXae€MOI0 ra3a yIydliaeT (PyHKIUIO SIIUTe s
BEPXHUX JbIXaTeJIbHbIX IIyTel 1 aIbBE0JI, (DyHKIINO-
HaJIbHOE COCTOSTHE BCEX CTPYKTYP TPaxeoOpOHXM-
QIBHOTO JIepeBa, CHUKAET 9HepreTUIeCKre U MeTa-
Oostmyeckre 3arparbl OpraHW3Ma B YCJIOBUAX
VBEJIMYEHHON 9HEPTeTUYEeCKON MOTpeOHOCTH Ha
¢oHe gpIxare/IbHOM HEJJOCTATOYHOCTH [61, 71, 74].

[IpyHIIMOAaNTBHBIM MEXaHU3MOM, Ompefe-
JIAIOIIUM KJIMHUYecKyo apdexktuBHoCcTh BIIO,
ABJISIETCA CO3JaHMe II0TOKA rada, CyleCTBEeHHO
MPEBBINIAIOIIEr0 MHCITUPATOPHBIA ITOTOK OOJIBLHO-
r0 ¥ TreHepanusi MOJIOKUTEJIbHOTO JNABJEHUA B
BIIT [75]. Ilpu aToM ciiegyer OTMETUTb, YTO
apdexTuBHOCTE BIIO o06yc/iOB/IEeHA COBOKYH-
HOCTBHIO BCeX Iepevyuc/ieHHbIX (akTopoB [37].
Ocob6eHHOCTBIO 9TOM METOAWKH, B TIEPBYIO OYe-
penpb, ABJIAETCA OTCYTCTBUE BJIMSHUA HA BHYTPU-
IrpyfHOE JaBJICHUE, [I09TOMY €€ IpPUMEeHeHne He
IIPUBOAUT K YXyIIEHUIO (PYHKITUU ITPABOTO YKeTy-
oo4YKa [76-78].

C uenwio onpenenenus apdextuBHocTr BITO
ripu TAJIA Bo ®pannmn Ha 6a3e nByx OPUT 661710
MIPOBEAEHO PETPOCHEKTUBHOE UCciefoBaHue. [y
nccienoBanus ObLIM BhIOpaHbI 104 mamumeHTa C
TAJIA, KOoTOpbIe HAXOMUIUCH B oTHeeHnsx OPUT B
nepuox ¢ auBapsa 2011 oo urous 2015 rr. [79, 80].
Kianko-mabopaTopHble TPU3HAKKA OCTPOM JbIXa-
TeJIbHOM HeJJOCTaTOYHOCTU MPUCYTCTBOBAIN y 33
MMaIEeHTOB; 13 HUX 14 MOHAIO0M/IACh 9KCTPEHHAs
nHBasuBHas1 MIBJI u eme isym — HUBJI mpu o60cCT-
pennu XOBJI [81]. OctanbHble 17 manmentos ¢ O/IH
(52%) moJsry4asy BbICOKOIIOTOYHYIO OKCUTEHAITUIO C

Jluteparypa

1. Epemenko A.A., I[lonskoea I1.B., Boicuzuna M.A. BnussHre MeTOI0B
HEeMHBA3WBHOI peCMpaToOPHOIl MOJIePHKKU Ha ra3000MeH y Kap-
JIMOXUPYPrHYECKUX O0IBHBIX C IOCIE0TIePAIIIOHHOI IbIXaTe IbHOM
HEJI0CTAaTOYHOCTBI0. O6uwas peanumamonozus. 2019; 15 (4): 21-31.
DOI:10.15360/1813-9779-2019-1-21-31

Nevertheless, the accumulated clinical expe-
rience is insufficient to make a decisive choice in
favor of a particular method of respiratory support
during PATE. It is necessary to continue investiga-
tion of the clinical efficacy of HFOT in the special
population of patients who experienced PATE.

napamerpamu: FiO, — 100%, ckopocTs moToka — 60 J1/
muH. Tssxects TOJIA onpenenanack CaenyOIuMu
rmapaMeTpamu: IIyOOKOH JiecaTypanyei mpy camo-
CTOATEJIbBHOM [ObIXaHMUHW KOMHATHBIM BOSJIyXOM
(SpO, — 70-89%), norepeii cosHanus (27%), HAIU-
qreM MesK:KeJyJOUKOBOU TUCCUHXPOHUU I10 JaH-
HbIM IXO-KT (75%). I1o pesynsraram KT-anruorpa-
¢y OmnarepanpHylo TIJIA Habmomamm y 15
IIAIIIE€HTOB. TPEM IIarxeHTaM B CBsA3U C yxy,umeHI/I-
€M reMOIVHaMHKU ITPOBeJIn CUCTEMHBIN TpOM60-
Jm3wc [82]. B epsrle 2 yaca mpoBenenwsi BI1O Ob110
BBIABJIEHO 3HAYUTEJIbHOE YITyullleHHe [ToKa3aTesei
IbIxaHusA: Tak — SpO, yBesmmumiiack ¢ 93 1o 100%,
p<0,00001; Y — yMeHbIIUIaCh C 29 10 20 B MUHY-
Ty, p=0,0007. Hu omHOMY ITaniieHTy He TOHAI00u-
JIach MHTYOAIWs Tpaxew B IepBbIe 24 yaca mpruMe-
HenusA BI1O. BekuBaeMocThb cocTaBuiia 88% (11=15)
BrlimenepeunciieHHbIE XapaKTepPUCTUKU
BIIO, a Takske naHHbIle HEMHOT'OYMCJIEHHBIX UCCJIe-
JIOBAaHUU ITO3BOJISIOT IPEAIIOJIOKUTH BO3IMOMK-
HOCTbH 60Jiee (pU3NO0JIOTUIECKOTO, B CPABHEHUU C
JIPYTUMU BUJAMHU PECIUPATOPHON MOIJIEpKKH,
NIPOTe3UPOBAHUA (PYHKIIMM BHEIIHEIrO JbIXaHUS
IOCPEICTBOM 9TOTO MeTolIa ¥ 00JbHBIX ¢ TAJIA.

3akJaouenue

Takum oOpasoM, mpobJieMa pecmupaTopHOn
noanep:kkn 1ipu TAJIA cTouT KpaiiHe OCTpo,
BCJIEJICTBHE BBICOKON YaCTOTHI BCTPEYAEMOCTH
9TOTO OCJIO’KHEHM S, MHOT000Pa3ny ero naToreHe-
33, a TaKkyKe — BBUIY HEYIOBJIETBOPUTETbHBIX
KJIMHUYECKUX Pe3yJIBTaToB.

MeTo/T BEICOKOIIOTOYHOU OKCUTE€HOTepannu
TpeJcTaBysieTcst Hanbosiee 3 HEKTUBHBIM U TIEP-
CIIEKTUBHBIM Y O0JIbHBIX C TOJIA B CBSI3H C OTCYT-
CTBUEM HETAaTUBHBIX KapINOTeMOANHAMUYECKIX
MMOCJIeICTBUH, KOM(MOPTOM [AJisT TAIMEHTOB, a
TaKk’Ke MUHUMAJIbLHBIM PHUCKAaM BTOPUYHBIX
UHQEKITMOHHBIX OCT0KHEHUH.

Tem He MeHee, HAKOTIJIEHHOTO KJIMHUYECKOTO
OTIBITA HEJOCTATOYHO JIJIsT OJJHO3HAYHOTO BhIOOpaA
TOTO WJTF MTHOTO METO/Ia PeCIMPaTOPHON MOIEPIK-
ku pu TOJIA. Heo6xommmMo mponossKeHue N3y YeHunst
kauHIYeckon adpdexrusHOocTH BITO y cnerudprye-
CKOT'0 KOHTHHTeHTa 00/IbHBIX, TepeHectiux TAJIA.
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Mapoukos A. B.3 (61-72)
Maxapun O.A.3 (102-113)
Mumpogarnos H. M. 1 (4-11)
Muwurosa C.5 (23-33)
Monuanos H. B.6 (11-20)
Mopos B. B. 1 (54-69)
Myanakraesa I M. 4 (42-57)
Myxuna H. B. 4 (76-87)
Mycmagpa A. 3.6 (21-25)

Hacubynrruna A. P2 (21-26)
Heiimapr M. H. 3 (19-30)

Oges308 A. M. 2 (53-78), 3 (83-101)
Ocmpoea 1. B. 1 (70-86), 3 (73-82)

Ilasnosa C. B. 6 (38-49)

Hapmuownosa E. A. 4 (3241)

Hapgeros A. JI.5 (61-73)

Iapgperosa E. B. 6 (38—49)
Iepeneauya C. A. 4 (58-66), 5(88-105)
Ilempukos C. C. 1 (47-53)

Iempuuwyes IO. H. 4 (3241)

Ilemposa M. B.5 (11-22),6 (93-114)
Ilemposckas 3. JI. 2 (53-78), 3 (83-101)
Iucapes B. M. 3 (31-47),5 (74-87), 6 (80-92)
IlonskosaIl. B. 4 (21-31)

Ilonacenrko A. B. 3 (48-60)

Ilomanog A. JI. 6 (4-10)

IHommep E. A. 1 (4-11)

IIpadxan I1.6 (93-114)

IIpomemnoti /1. B. 1 (12-26)
Ilpomacos /]. M. 4 (76-87)

Ilpouenxo /l. H. 4 (42-57)

IMwenucrnos K. B. 1 (12-26)

ITvsanosa JI. I 1 (54-69)

Padusunko A. C.3 (48-60)

Pedrun H. B.5 (34-43)

Pewemusk B. U.5 (74-87), 6 (80-92)
Pewwemnsar T. M. 5 (74-87), 6 (80-92)
Poduonosa A. /1.2 (4-12)

Pomanosa O. JI. 2 (27-35)

Puuicros H. A. 4 (67-75)

Psibukos /[. B. 4 (76-87)

Psiburosa M. A. 4 (76-87)

Ca3oHos B.I'6 (21-25)

Caudos I11. X. 6 (93-114)
Camamos H. 0.1 (4-11)
Camconos A. A.6 (26-37)
Canapos A. 1.6 (21-25)
Cagporosa B. A. 2 (13-20)
Cepeynosa B. A.5 (4-10), 6 (11-20)
Cuneaii I' 2 (36-52)
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Cumarun P A.2 (13-20)
Cunkun M. B.5 (44-60)
Creopuyos A. E.5 (61-73)
Crobsao M. JI. 3 (102-113)
Conosvesa H. H.5 (106-126)
Copoxroymosa C. H. 2 (4-12)
Cmenanos A. C. 6 (26-37)
Cmenanos C. C.6 (26-37)
Cmonnuykuti A. A. 4 (4-10)
Cmpenvyosa E. 1.1 (4-11)
Cysoposa O. B. 2 (4-12)
Cyndykos /I. B. 2 (27-35)

Tazuposa A. I. 2 (13-20)
Tumowernro O. C.5 (106-126)
Tobwinbaesa 3. C. 6 (21-25)
Touuno C. A.3 (61-72)
Tparxmyes /[. O.6 (38—49)
Tymunosuu T. A. 5 (88-105)
Tymenvan A. B. 3 (31-47)

Veaii JI. U. 2 (79-98)

Pamyes O. 3.2 (13-20)
Dunes A. /1.3 (31-47)
dDuaunnosa H. E. 2 (21-26)
Dupmenm I1.5 (23-33)

Xacan A. I11. 2 (13-20)
Xeamos B. b. 1 (47-53)
Xodoposuu H. A. 6 (93-114)
Xoorcues X. 111. 4 (4-10)
Xopoxopuna B. A. 6 (4-10)
Xpomasa M. 2 (36-52)
Xpynes A. E. 2 (4-12)
Xymopnas M. B. 3 (48-60)

ILlenokuna A. B. 3 (48-60)

Llokoaaesa 3. .4 (67-75), 6 (38—49)

Yeprukosa H. B. 2 (79-98)

Tropun H. H. 4 (42-57)

E. . Bepewaeun, H. M. Mumpodganos, H. FO. Cama-
mos, E. U. Cmpenvyosa, A. JI. Betinbepe, E. A. Io-
mmep, C. C. Boeauoe OOMeH HyKJEeUHOBBIX KUC-
JIOT Y O0JIBHBIX C TSXKEJION 03KOI'OBOH TPaBMOM, 1

/1. B. [Ipomemnoti, FO. C. Anekcandposud, K. B. [Tuie-
HucHos [leperpyska ;KUIKOCTHIO KaK IPETUKTOD
JIETaJIBHOTO UCXOfa Y AeTeil B KPUTHYECKOM CO-

B. A. Anues, A. I flsoposckuii, A. A. IllanowiHukos,
H. JK. Jlopus, M. C. Bemuwesa CpaBHUTeJbHas
OlleHKa COBpPEMEHHbBIX MHTaJISIIIUOHHBIX aHECTe-
TUKOB IIPU KAPOTUHOU 9HIAPTEPIKTOMUM
A.A.Anocos, H. C. Banauwios, A. B. Epoghees, IO. C. JKdan-
kuna, A. A. Hlaparwana, A. /. Mancgenvo iamepe-
HUSA TyOUHHOYW TeMIlepaTryphl Tejia yejJoBeKa Me-
TOJIOM IIACCUBHOM aKyCTUYECKON TEPMOMETPUU
H. B. Ioponuaposckas, B. b. Xeamos, A. K. Eecees,
A. K. lllabanos, M. M. Toavoun, C. C. [lempukos
peIoKCc-TIoTeHIIMaaa IJ1a3Mbl
KPOBH B IIPOIlecCe ee KapaHTUHU3AKY (TIpeaBa-

B. T. Jlonzux, B. A. Jluxon0608, B. B. Mopo3, JI. I ITvsi-
nosa, T. H. /lTonzux, A. B. Epwios, M. C. /[po3deykas
[TepCreKTUBHOCTH HOBBIX YIVIEPOJHBIX COpOEeH-
TOB, O00JIAAIOIMINX AHTUMHUKPOOHBIMH CBOW-

H. B. Ocmposa, H. B. [onyb6esa, A. H. Ky3oeues,
A. M. Tonyb6es IlTporaoctTrueckasi 3HaYUMOCTh U
TepaneBTUYECKUN NOTEHIINAJ] MO3TOBOI'0 HEM-
porpoduueckro ¢pakropa BDNF npu nospeskie-

A.E. Xpynes, E. C. Kyopsieuyesa, I1. A. E2oposa, A. /. Po-
duonosa, C. H. Copokoymosa, O. B. Cysoposa Ka-
4eCTBO sKU3HU O0JIBHBIX Ha IPOrPaMMHOM IeMo-

H. B. AIpema, O. 3. Pamyes, H. C. Kosnos, A. I’ Ta-
euposa, H. M. Bazabosa, A. I11. Xacan, P A. Cuma-
Hum, I. M. Kopoawk, B. A. Cagpponosa Jlumpopes
B II0CJIEONIEPALIMOHHOM II€PHUOJie Y OHKOXUPYP-

A. P Hacubyanuna, A. H. JloOsizun, B. A. BOoguH,
H. E. ®ununnosa, b. B. bamouybiperos, C. H. [iyu-
K08 YCIIENIHBIH HCXOJ OCTPOTO OTPaBJIEHUS
A710M 3esieHol MaMObl (Dendroaspis viridis) kiau-

1(4-11)
BO3MOJKHOCTH €r0 KOPPEeKIUU
1 (12-26)
CTOSTHUM
1 (27-38)
1 (39-46)
1 (47-53)
MoHuTOpUHT
puTebHOE COOOIIEHNE)
1 (54-69)
CTBaMU, JJ1s1 ”HTEHCUBHOM Tepamnun
1 (70-86)
HUW T'OJIOBHOTO M03ra (0630p)
2 (4-12)
nuaJuse
2 (13-20)
TUYECKHUX O0JIbHBIX
2 (21-26)
HUYeCcKoe HabJIIogeHe
2 (27-35)

O. JI. Pomanosa, /. B. Cyndyrkos, M. A. Tonybes,
M. JI. Brazonpasos, B. B. [owkoes, A. A. Yypunos

Yeproiuw A. M. 5 (4-10), 6 (11-20)

2 (36-52)

2 (53-78)

2 (79-98)

2(99-114)

3 (4-18)

3 (19-30)

3 (31-47)

3 (48-60)

3 (61-72)

3 (73-82)

3 (83-101)

Yepnaros P A.3 (31-47), 4 (42-57)
Yymauenko A. I3 (31-47)
Yypunos A. A. 2 (27-35)

Iabaros A. K. 1 (47-53)
HlanowHuros A. A. 1 (27-38)
Hlaparwana A. A. 1 (39-46)
Hlapunoea B. X. 4 (4-10)
Illaposa E. B. 5 (44-60)
Ilesenes O. A. 6 (93-114)
Ilezaii I1. B. 6 (4-10)
Illoporosa A. IO. 6 (26-37)

Ilepbarosa A. A. 5 (88-105)

Asoposckuti A. I''1 (27-38), 5 (34-43)
Arosnes A. I0. 4 (76-87)

Anresuu JI. C.5 (61-73)

Apema H. B. 2 (13-20)

[TaTosornvyeckre U3MEeHEHUs B IIeUeHU IIPU OCT-
PBIX OTPABJIEHUSX KJI03aIIMHOM U €r0 COYeTaHNueM
C 3TAHOJIOM (3KCIIEpUMEHTAIbHOE UCCIe0BaHNE)
I’ Cuneaii, M. Xpomasa, M. Batinep, /Joic. I Ayeycmu-
dec, X. I' Kacmusiio AHecTe31oJIorndeckoe ooec-
reyeHye NaIMeHTOB C IUCCeKIINel aopThl TUIA A
H. A. Kosnos, A. M. Ose3os, 3. JI. [lemposckas Ile-
puolnepanoOHHbIe NOBpesKAeHNne MUOKapjaa U
cepjledyHasi HEJJOCTATOYHOCTh B HEKApUaJIbHON
xupypruu (063op). Yacte 1. THOMaTOrEeHE3 U
NIPOTHO3WpPOBAaHUE IIepUOoIepaMOHHbIX Kap1-
QJIBHBIX OCJI0KHEHUH

A. . Inyxos, I' K. I'pui3ynosa, J1. H. Yeail, T. JI. Aneti-
Hukosea, H. B. Yeprukosa, A. IO. bypm PoJib anon-
TO3a B IIaTOreHe3e HEKOTOPBIX KPUTUYECKUX CO-
CTOSTHUH

I @. Jleckosa Pochoaunubl CUHANITHYECKUX
MeMOpaH B [aToreHese sHIedasonaTuu mpu re-
MOpparu4eckom Imoke (0630p)

E. A. Kopruenko ITpoduiiaktuka peneppysmnoH-
HBIX OCJIO}KHEHHH B JIEYEHUU OCTPOTO MH(PapPKTa
MHOKap/Ja Ipu caxapHoM auabere 2 Thmna

M. 1. Hetimaps, P B. Kucenes [IpuMeHeHUe yCKO-
PEHHOU aKTUBAIIUY IIPU PETPOIIEPUTOHEOBU/IE-
09H/I0CKOIINYECKOH aJipeHadIKTOMUU 10 IIOBOAY
cuHjgpoma Kymunra

B. M. Ilucapes, A. I Yymauenxo, A. /I. Punes, E. C. Ep-
wiosa, C. B. Kocmiok, H. H. Betiko, E. K. I'puzopves,
V. B. Enucuna, P A. Yepnaros, A. B. Tymeavan Kom-
OmHanus MOJIEKY/IsIpHBIX Omomapkepos /IHK B
IIPOTHO3€E UCXO0/Ia KPUTHYECKUX COCTOSTHUMA

M. B. Xymopnas, A. B. Ilonacenko, A. B. Ileno-
kuna, A. C. Padusunko, . H. JKudkosa, A. I’ Ky-
muxuH, C. C. Kpymuuygruil, A. C. Ionoskun, E. B. I'pu-
2opves PactBopumass ¢opma TPUITEPHOIrO
penenropa MueJa0ouIHbIX K1eToK-1 (STREM-1) u
nonumMopdHubie BapuanTel TREM-1 npu pa3Bu-
TUW TOJUOPTaHHOW HEIOCTATOYHOCTH IIOCJIEe
olnepanuu KOPOHAPHOIO IIYHTUPOBAHUA

C. A. Touuno, A. B. Mapoukos, B. A. Jlusunckas
CKpPUHUHTOBbIE KPUTEPUH ITOJIMOPTaHHOMN HEO0-
CTAaTOYHOCTH TI0CJIe a0IOMUHAJIBLHBIX OTlepalluii
(KITMHUYECKOE HCCJeI0BaHUE)

H. B. Ocmposa, O. A. I'pebernuuros, H. B. [onybesa
HeliponpoTeKTUBHOE AEWCTBUE XJI0PU/IA JTUTHUS
Ha MOJieJId OCTAaHOBKHU cep/lia y KpbIC

H. A. Kosnos, A. M. Ose3os, 3. JI. [lemposckas Ile-
puolepallMOHHOE MOBpeXJAeHWe MHuoKapaa u
cepeyYHasi HeJ[OCTATOYHOCTbB HEKAPIUATbHOMN
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xupypruu (063op). Yacts 2. CHH)KEeHHE pHCKa
IepuonepanuoHHbIX KapAUaJbHBIX OCJIOMKHE-
HHH € TOMOIIBIO (DAPMAKOJOTUIECKUX Mep U OII-
TUMU3aliY aHECTe3U0JI0T0-peaHuMaroJiIoruye-
CKOro obOecredyeHnsI

3(102-113) O. A. Maxapun, B. M. ;Kenuno, M. JI. Ckobzo Ba-

4 (4-10)

4 (11-20)

4 (21-31)

4 (32-41)

4 (42-57)

4 (58-66)

4 (67-75)

4 (76-87)

5 (4-10)

5(11-22)

5(23-33)

5(34-43)

5 (44-60)

PHMAHTHI MOMEPEYHO-TIJIOCKOCTHOM GJI0Kaabl 1
0J10Kabl KBAIPATHOM MBIIIIIEI (0630p)

P H. Akanaes, B. X. lllapunosa, A. A. CmonHuy-
kuil, X. I1I. Xoosrcues HefiporponHsble 3 eKThI re-
NaTONPOTEKTOPOB IIPU OTPABJIEHUU aJIKOT0JIEM
@. @. Bepwadckuii, O. A. ['pebenuuros, A. B. Epuios,
B. B. JIuxsanues, M. A. Mazomedos Bnusinvie cena-
IUU JEeKCMEeIeTOMUINHOM Ha BBIPaYKEHHOCTh
OKHUCJIUTEJIbHOIO JUcTpecca NpPH [IeJUPUU Ha
(one TAKE0I COYETAHHOM TPABMBI

A. A. Epemenko, I1. B. [lonskosa, M. A. Boicuzuna
BimssHme MeTOI0B HEMHBA3UBHON pecrnuparop-
HOU NOJAEeP/KKHU Ha Ta3000MeH y KapAUOXUPYP-
TUYeCKUX OOJBHBIX C MOCIE0NePAlOHHON JIbI-
XaTeJbHOW HEJJOCTATOYHOCTHIO

E. A. I[Tapmuinosa, 0. H. [lempuwes, H. B. Kyo-
pasuyes, O. I” Manxkosa, A. JI. Jlesum CocTossHUAE
MMMYHHUTETA U €0 BJIMAHKWE Ha YaCTOTy Pa3BHU-
THUA HOHHOpFaHHOﬁ HEIOCTAaTOYHOCTH Yy IMalieH-
TOB IIOCJIe OIlepaluii Ha cepjle

H. H. Tiopun, C. H. Aedetikun, /1. H. IIpoyenko,
P A. Yepnakos, I. M. Myanakaesa, H. A. Ko3nos
ONHUAEeMHUOJIOTUs Celcuca y OOJbHBIX, IIOCTY-
MalLIUX B OTJeJ/IeHue peaHUMaTOJI0TUH MHOIO-
npodUJIBHOIO CTallMOHApa

C. A. Ilepenenuya, C. B. Anekceesa, O. B. Bo3zo-
Merm PaHHUe yJIBTPa3ByKOBbIE IPU3HAKH CILIe-
HOMera/Jimu Y HOBOPOKIE€HHBIX

A. C. babkuna, H. A. Pvisickos, B. B. AumoHnosa,
3. U. Ilokonaesa, A. P Acanos, C. H. Kanabyuies,
IO. B. 3aparceyruii Mopdomornueckue u QyHK-
LIIMOHAJIbHbIe U3MEHEeHUsI CepeuyHO-COCYAUCTON
CHACTEMBI IIPY OCTPOM OTPaBJIEHUHU KJI03alIUHOM
(aKCcrIepuMeHTaIbHOE UCCIeJOBAHNE)

A. I0. Akosxes, I' A. bosipunos, /I. B. Pabukos,
M. A. Pabukosa, /I. M. Ilpomacos, 1. B. Myxuna
IIpenynpeskneHre HapyIeHUN GapbepHO PyHK-
LIMH KUIIeYHUKa IIPU OCTPOA MaCCUBHOM KPOBO-
norepe (9KCIIepUMEHTAJIbHOE UCCIeJOBaHue)

E. A. Manuenko, E. K. Kosznoea, B. A. CepeyHoaa,
A. M. Yepnoiww OgHopoaHas nedopmamnusa Ha-
TUBHBIX 3PUTPOLUTOB IIPU UX NJIUTEJTBHOM Xpa-
HeHuun

A. M. Tony6es, M. B. TIlempoea, A. B. [ peuko, B. E. 3a-
xapuenko, A. H. Ky3oenes, A. B. Epuioé MoJieKy-
JIAPHBIE MAPKEPbI NIIEMUYIE€CKOIr0 NHCYJ/IbTA

I1. Kanpanosea, I1. /Kumea, C. Muwukoea, JI. Kouan,
I1. upmenm IlpuMeHeHUe HETIPEePBIBHOU BCIIO-
MorareJbHOI BEHTU/IALIWU JIETKUX IIPU TUIIEpKaIl-
HUYECKOH JbIXaTeJIbHOU HeJJOCTaTOYHOCTH

H. B. Pe0kun, A. ®@. Jlonamum, A. I Aeoposckuli,
B. B. Jluxeanyes 3aMeCTUTebHAs1 TepPalns IIpe-
rmapaTaMy aHTUTPOMOWHA B KOMIIJIEKCHOM Jieue-
HUHU Cercuca

E. A. Konopamuesa, M. B. Cunkun, E. B. Illaposa,
C. Jloypenc, A. H. Kondpamuves JleiicTBUE 301111~

5(61-73)

5 (74-87)

5(88-105)

JeMa Ipu IJIUTEJbHOM HAPYUIE€HWHW CO3HAHUA
(kJIMHUYECKOe HaOJIIoIeH e)

B. H. JlTopozosues, /]. C. Ankesuu, A. JI. [lapgenos,
A. E. Ckeopyos, A. B. Komeavrnukosa UyBCcTBU-
TeJIBHOCTH 6apOpenenTopoB U COCTOSTHHIE aBTO-
HOMHOI HEepBHOH CHUCTEeMBI Y ITAIlUeHTOB C XpO-
HU4YEeCKUMU HaPpYUIEHUAMU CO3HAHUA

B. H. Pewwemnsar, H. B. Maes, T. M. PeuiemHsg,
C. B. JKypaseawv, B. M. ITucapes 3aboseBaHusi
nedeHu u remocras (063op) Yacts I. Hexosecra-
THYecKue 3a00JIeBaHUs IIe9eHU U FeMOCTas3

C. A. Ilepeneauya, T. A. Tymunosuu, A. A. lllepoa-
ko6a II0CTUHCYJIBTHBIN TaJlaMUYeCKUM CUHIPOM
(0630p)

5 (106-126) E. B. Kyzaeeckasi, O. C. Tumowenko, T. A. I'ypeesa,

6 (4-10)

6 (11-20)

6 (21-25)

6 (26-37)

6 (38-49)

6 (50-61)

6 (62-79)

6 (80-92)

6 (93-114)

H. H. Conoevesa Posib IpOTEOIUTHYECKUX CUCTEM
CTPOMBI B OIIyX0JI€BO# mporpeccuu (0630p)

A. JI. Ilomanos, /I. B. 3emckosa, T. H. Heanosa,
B. A. Xopoxopuma, II. B. Illezaii, C. A. Heanos,
A. /I. Kanpun O1jeHKa BJIUSHUS OJHOHYKJICOTH] -
Horo nojsumop@guama vall58met rena KaTexoJ-
O-metuatpancdepassl (COMT) Ha apperTus-
HOCTh CIIMHAJIbHON aHAJITe3Uu B 1 CyTKHU 1ocse
JlalapoCKONMYeCKUX Ollepanuil mo moBoay Ko-
JIOPEKTAJbHOTO paKa (IIMJIOTHOE UCCJIefOBaHue)
A. B. I'peuro, H. B. Moauanos, B. A. CepzyHosa,
E. K. Kosnosa, A. M. Yepnviui [JleheKTb MeMOpaH
9PUTPOLUTOB y NAIUEHTOB C HAPYLIEHUsAMU (PyHK-
IIM¥ TOJIOBHOTO MO3Ta (MMJI0THOE UCC/IeJOBAHUE)
A. H. Canapos, B. I Cazonos, 3. C. Tobvir6aesa,
I' b. Kapuna, M. H. Kypoukun, /. K. bepemoica-
Hoga, A. 3. Mycmadgha TlepBoe ycIielrHoe BHeIpe-
HHUEe CeMelHO-OPUEeHTHPOBAHHON MeTUITNHCKOMN
IIOMOIIN B OTOEJEeHHNU WHTEHCUBHOM Tepanuu
IleTCKOTo cTranuoHapa Pecnybsiuku Kasaxcran
(coobmiene)

A. B. Topbynosa, /I. b. Asdees, C. C. Cmenanos,
B. A. Akynunun, A. C. Cmenanos, A. IO. Illoponosa,
A. A. Camconoe IMMOUTOAPXUTEKTOHNKA 3y0OUa-
ToH ¢pacium u nmosss CA4 runmoxkamia roJjos-
HOro Mo3ra 0eJsIbIX KpbIC mocie 20-MUHYTHOH
OKKJIIO3UH OOIINX COHHBIX apTepuil

K. B. /lep2unes, 3. H. IJokonaesa, H. b. benozaa-
30ea, A. B. Komoea, C. B. Ilaenosa, /I. O. Tpaxmyes,
E .B. I[lapgenosa dnukapauanabHass TPAHCILIaH-
Talyd IJIaCTOB U3 ME3E€HXNMaJIbHBIX CTPOMAJIb-
HBIX KJIETOK YKUPOBOH KJIETYATKHU CIIOCOOCTBYET
AKTHUBAOUU 3MMUKApAA U CTUMYJHUPYET IMTOCTUH-
¢apKTHBIN pernapaTUBHbIA aHTUOTeHe3 IIPU UH-
¢apkTe Muokapaa (akcriepuMeHTaJIbHOE UCCIe-
IlOBaHUe)

A. C. Babkuha Jlazep-uHAyIHpOBaHHAs (PJryo-
peclieHTHasl CHEeKTPOCKONUA B JUArHOCTHUKeE
TKaHeBO¥ rMIOKCcHU (0030p)

H. B. Beno6opodosa MeTab0J113M MEKPOOHOTEI ITPH
KPUTUYECKHUX COCTOSTHUAX (0030p U ITOCTYJIaThI)

B. H. Peuuemnsar, H. B. Maes, T. M. PeuwemHsag,
C. B. JKypaseaw, B. M. Ilucapes 3abosieBaHusI
neveHu 1 remoctas (063op) Yacts I1. XosrecraTu-
Jeckue 3a00JIeBaHUS IIeYeHU U TeMOCTas3

O. A. Illesenes, M. B. Ilemposa, IlI. X. Caudos,
H. A. Xodoposuu, II. [Ipadxar MexaHU3MBbI HEM-
PpONPOTEKIINY TPU LepedpPaTbHON TUIIOTEPMUU
(0630p)
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CBETJIOM ITAMATH KOJIJIET

24 gauBaps 2020 I. B Bo3pacre 85 jieT CKOHYaJICA
leopruii AnekcanapoBuy JINBaHOB, 3aCTyKeHHBIN
Bpau Poccutickoii @enepainu, 3acayKeHHbIH
IesiTesb HayKU Poccutickoit @enepariiy, Jlaypear
npemuu [TpaBuTesibcTBa Poccutickoit ®eneparu
B 00J1aCTU HAYKU U TEXHUKHY, YJI€H PEeKOJIIETUN
skypHasia «O0I11ast peaHuMaTOJIOTUsI».

Buoepadus — e anpene Ha cailme
wwuw.reanimatology.ru e pa3oese
«O stcyprane», nepconanuu, buozpaduu

19 deBpasisa 2020 . y1ries1 U3 sKU3HU ApMeH
AptaBasgoBu4 byHATAH, akaneMuk PAH,
PYKOBOAUTEJIb OTAeJIa aHeCTe3U0JIOTUHN
u peanumanuu PHIX nM. akaneMuka
B. B. IleTpoBCKOrO0, TOYETHBIN 3aBEeIYIONTHI
Kadeapbl aHECTE3NOJIOTUU U PEAHUMAaTOJIOT U
DPTAOY BO MI'MY um. 1. M. CeueHoBa
(CeueHOBCKUH YHUBEPCUTET), YIeH PeIKOIIEruU
sKypHasia «O0I11asi peaHUMaTOJIOTHsI».

Buoepagdus — e anpene Ha cailme
wwuw.reanimatology.ru e pa3oese
«O scyprane», nepconanuu, buozpaduu

Peoaruus scyprana «0ouias peanumanonozusi»
cobo.ie3nyem pooHbimM, OIUSKUM U KOJLLe2am
Apmena Apmaeasdoeuua u Ieopzusi Anexcanoposuua
u CKopoum emecme ¢ HUMU.
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CumynaumonHbin ueHTp PHKL] PP

JlabopaTopus nepcneKTuBHbIX
CUMYNALUOHHbIX TEXHO/IOrUN

CUMYNALMOHHDBIE OBPA3OBATE/IbHbIE MPOrPAMMDbI:

/ MepBasa NoMoLLb
/ MNoaroToBKa MHCTPYKTOPOB NepBoi

nomoLiuun

/ BasoBas cepaeYyHo-nerovyHad peaHMMmauusa

/ PaclumpeHHasa cepaeyHo-/1erovHas
peaHumMaums
/ YNbTpa3ByKOBO MOHUTOPUHI
M HaBUraums B aHeCTe3noNornm-
peaHumaTonoruun

/ TpyAHbI ObIXaTesbHbIA NyTb

Ten.: 8(495)650-96-77
www.fnkcrr.ru/edu
edu@fnkcrr.ru

/ PecnupatopHas nogaepxka

/ KpuTnyeckmne coctosiHMA

B aHECTE3MO/orMn-peaHnMaToiorum
/ MoaroToBKa K NepBUYHOM
cneunanusMpoBaHHOM akkpeauTaumm
/ O6y4yeHne npenopaBaTenem

CUMYNAUMNOHHBIX LEHTPOB

Bce o6pazoBaresibHble MPOrpamMmab|
o6ecne4yeHs! 6asi1amm HMO
Bo3MOXHO ¢ghopmMupoBaHue
006pa30BaTE/IbHLIX UUK/TOB
Mo Tpe6oBAHMUIO





