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Pe3rome

B xoze okazaHUsA IOMOIIY TAallMeHTaM C HOBOII KODOHAaBUPYCHOU nH(peK1ueil B MeIUIIMHCKOM Hay4HO-
obpasoBarebHOM IleHTpe MI'Y uM. M. B. JlomoHOCOBa B ieprof ¢ 21 anpess o 13 utonst 2020 1. HabJroqa1u
Takoe IposIBJIeHUE (2 BepPOSITHO, U ocaoskHeHre) COVID-19 kak crioHTaHHasA aM¢pu3eMa cpegoCcTeHusI (CII0H-
TaHHBIN THEBMOMEIUACTUHYM).

Iles1b KTMHUYECKOTO HA0JII0ieHu. [[pe/ICTaBUTh JaHHbIE KITUHIUYECKOT0 COCTOSTHUS U TIOJXO/0B K Be-
JIEHUIO MAI[EeHTOB CO CIIOHTAHHBIM THeBMOMeinacTUHyMoM mpu COVID-19 acconnnpoBaHHON THEBMOHU,
MIOCKOJIbKY OHM He ONMCAHbI B YTBEPKJEHHBIX B HACTOSAIINN MOMEHT KINHUYECKUX PEKOMEHIAIUSX, a TI0-
TOMY 3aCJIyKABAIOT OT/€JIbHOI0 BHUMaHMUA.

N3 224 marueHTa c 1ab0paTOPHO MOATBEPIKIEHHBIM TUArHO30M «HOBasi KOPOHABUPYCHAsI MHMEKITHAS
(COVID-19)» BBISIBWJIA 5 C/Iy4aeB THEBMOMeIMACTHHYMa 0e3 THEBMOTOpaKca.

13 HUX B 2-X C/Iy4asix pa3BUTHE THEBMOMEANACTUHYMa OTMETH/IN Ha (poHE TpOBeleHNsI HeNHBA3UBHOMN
BeHTHIIsIIMH Jierkux (HVBJI) (1 Habuiopenne) v neBasuBHOM VIBJI (1 HaGsoneHue). B 3-x ciy4asx pasBuTue
CIIOHTAaHHOU aM(U3eMBbI CPEOCTEHUS HeTb351 aCCOIMMPOBATh ¢ ucnoab3oBanuem MBJI. K momeHnTy nonro-
TOBKH NyOaUKanuy 1 Hab/TI0IeHre THEBMOMEeINACTUHYMA SIBJISIJIOCH 3aKOHUYEHHBIM, YeTBEPO MAIEeHTOB
MPOAO0JIKAJIU CTAallMOHAPHOE JieueHre. Bce MATh maieHToB My>KCKOT0 110J1a, BO3pacT — OT 52 10 84 jieT.

B maHHOI MyOGIMKAIY TOIPOOHO pacCMOTpeJH 2 HAOJTI0eHsT 9M(PU3EMBI CPETOCTEHUS U TOTKOKHON
aMdusemsbl y nanueHToB ¢ COVID-2019.

Knrouesbvle croea: Hoeas koponasupycnas ungeruus; COVID-19; ocrodcnenus; OPAC; TOPC; amdpu-

3ema cpeaocmenuﬂ

KOH(I)JII/IKT HHTEpPECOB. ABTOpLI 3asIBJIAIOT 00 OTCyTCTBUU KOH(bJII/IKTa HWHTEPECOB.

Summary

During the care of patients with novel coronavirus infection at the Lomonosov MSU Medical Research and
Education Center from April 21 to June 13, 2020, we observed cases of spontaneous mediastinal emphysema
(spontaneous pneumomediastinum) as a manifestation or a probable complication of COVID-19.

Anpec 114 KOPPECIIOHJeHIIHH: Correspondence to:
*Bukrop BukropoBuu KakoTkun *Viktor V. Kakotkin
E-mail: axtroz4894@gmail.com E-mail: axtroz4894@gmail.com
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The aim of the paper. To provide clinical case descriptions and approaches to the management of patients
with spontaneous pneumomediastinum in COVID-19 associated pneumonia, as they are not addressed in the
current clinical guidelines, and therefore are worthy of special attention.

Among 224 patients with laboratory-confirmed diagnosis of the novel coronavirus infection COVID-19,
five cases of pneumomediastinum without pneumothorax were identified. Of these, in two cases the pneu-
momediastinum developed during noninvasive lung ventilation (NLV) (one case) and invasive lung ventilation
(one case). In three cases, spontaneous mediastinal emphysema was not associated with lung ventilation. By
the time of publication, one case of pneumomediastinum was completed, and four patients remained hospi-
talized. All five patients were males aged from 52 to 84 years.

This paper presents in depth the description of two cases of mediastinal and subcutaneous emphysema

in patients with COVID-19.

Keywords: novel coronavirus infection; COVID- 19; complications; ARDS; SARS; mediastinal emphysema;

spontaneous pneumomediastinum
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BBenenue

[Ipouino GoJiee rosa nocJe NEPBBIX CAyUAEB
3apaskeHus 4esioBeka BupycoMm SARS-CoV-2 u c
MOMeHTa 00'bsIBJIEHUsI BceMUpHOW opraHusaluei
3/IpaBOOXpPAaHEHUsI O TAHAeMUU HOBO KOPOHABU-
pycHoi uagexnuu (COVID19) 11 mapta 2020 roga
[1]. Ha urostb 2020 T. B MUpPE HACHUTHIBATIOCH O0JjIee
15,7 MUJIJIMOHOB CJIy4yaeB 3apaskeHud u ooJiee
640 TeIcsAY morudinux or COVID-19 [2].

CrionTanHblit nHeBMOMenuactunym (CII),
unn amdusema cpegocrenus (CIC), — peakoe
[1aTOJIOTMYECKOe COCTOsIHNE, XapaKTepuayroliee-
cs1 MHQUABTpaIyeil BO3IYXOM KJIETYATOUHBIX
MMPOCTPAHCTB CPENOCTEHUS W MATKUX TKaHEHU
nepenHei rpynHo creHku [3, 4]. OInunTeIbHasz
ocobeHHOoCTh CIIT — OTCyTCTBUE YOEIUTETbHBIX
MMPU3HAKOB MOBPEYKIEHU TTOJIBIX OPTraHOB CPeo-
CTeHUsI 1 MHEBMOTOPAKCA, YTO MpeoTpeaesasier
CJIOXKHOCTH U depeHITnaTbHON TUAarHOCTUKA U
BbIOOpa TaKTUKU JiedyeHUs. [1lo JaHHBIM psjga
aBTopoB, CIC OGoJjee xapakTepHa AJISI MYKUYUH
MOJIOAOI'0 BOo3pacra [4, 5].

B Hacrosiel pabore nipecTaBUIIN KJIAHU-
Yyeckre HaOJIIOIeHUsI CIIOHTAHHOTO ITHEBMOMeE-
JuactuHyma y nanueHToB ¢ COVID-19 acconunpo-
BaHHOU ITHEBMOHUEN, HAXOAAIINXCS HA JIeYeHU !
B MeauIMHCKOM Hay4YHO-00pa3oBaTeIbHOM I1€HT-
pe MI'Y um. M. B. JlomoHOCOBa.

B nepuop ¢ 21 anipess no 13 uroua 2020 r. npo-
Jeunsiv 224 manueHTa ¢ JabopaTopHO MOATBEP-
SKJEHHBbIM MarHo30M «HOBas KOPOHABUPYyCHas
uHdekimsa COVID-19». ¥V 5-u nammueHToB JUarHo-
CTUPOBAJIM CHOHTAaHHBIV THEBMOMEIUACTUHYM 0€e3
nmHeBMOTOpaKca. ¥ 3-x maruenToB CI1 3adukrcupo-
BaJIM Ha CAaMOCTOAATEJIbHOM [IbIXaHWUH, y 2-X [alu-
enToB CII quarHocTupoBaH Ha (OHe TTPOBEIEHUS
HEMHBA3WBHOM BEHTUIAINHU Jierkux (HVBJI) (n=1)
n naBasuBHou MBJI (n=1). Bce mamueHnTb! ObLIN
MY>KCKOTO I10J1a B BO3pacTe 0T 52 10 84 JieT.

[les1b KIMHUYECKOTO HAOJIOIeHUST — TPe/I-
CTaBUTh JaHHble KJIUHUYECKOTO COCTOSTHUS U
MMOAXOI0B K BeJIEHUIO ITaIlUeHTOB CO CIOHTAaHHBIM
neeBMoMeuacTuayMoM nipu COVID-19 acconun-

Introduction

More than a year has passed since the first
human cases of SARS-CoV-2 occurred and the new
coronavirus infection (COVID19) pandemic was
announced by the World Health Organization on
March 11, 2020 [1]. As of July 2020, there were more
than 15.7 million cases of infection and more than
640,000 deaths from COVID-19 worldwide [2].

Spontaneous pneumomediastinum (SP), or
spontaneous mediastinal emphysema (SME), is an
uncommon condition characterized by air infiltration
into mediastinal spaces and soft tissues of the anterior
chest wall [3, 4]. Lack of clear evidence of mediastinal
organ damage and pneumothoraxis characteristic for
SB resulting in difficulties in differential diagnosis and
treatment choice. According to several studies, SME
is more typical for young men [4, 5].

This paper presents clinical observations of SP
in patients with COVID-19 associated pneumonia
treated at the Lomonosov MSU Medical Research
and Education Center.

Between April 21 and June 13, 2020, 224 patients
with laboratory-confirmed diagnosis of novel coron-
avirus infection COVID-19 were treated at the hospi-
tal. SP without pneumothorax was diagnosed in 5 pa-
tients. In 3 cases SP developed in spontaneously
breathing patients, in 2 patients SP was diagnosed
during noninvasive (n=1) and invasive lung ventila-
tion (n=1). All patients were male, aged 52 to 84 years.

The aim of the paper — to provide clinical case
descriptions and approaches to the management of
patients with spontaneous pneumomediastinum in
COVID-19 associated pneumonia, as they are not
addressed in the current clinical guidelines|6,7], and
therefore are worthy of special attention.

Clinical case 1

A 52-year-old man was hospitalized 3 days after the
onset of the disease complaining of fatigue, chest pain,
dry cough, dyspnea at rest, and elevated body tempera-
ture over 38.5°C.

The spiral chest computed tomography (CT) on ad-
mission showed multiple bilateral peripheral «ground-
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POBAHHOI THEBMOHUY, IOCKOJIBKY OHU HE OII1Ca-
HBI B YTBEP>KIE€HHBIX B HACTOSAIINN MOMEHT KJIU-
HUYECKUX peKOMeHaanuax [6, 7], a moromy 3acJiy-
SKHUBAIOT OT/1eJIbHOTO BHUMAHUSI.

Kiaunnueckoe HaOoaeHue 1

My>k4uuHa 52 JIeT, TOCIUTAJIM3UPOBaH Yepes 3 AHA
oT HavaJsa 3aboJeBaHuUs C KaobaMu Ha OOIIyIo cJia-
60cTh, 60JIE3HEHHOCTH B TPYJHOH KJETKE, CYXOH Ka-
1IeJIb, OJBIIIKY B IIOKOE, IIOBBILIEHWE TeMIlepaTyphl
Tesa Boliie 38,5°C.

[To JaHHBIM MYJIBTUCIUPAJbHON KOMIBIOTEPHON
ToMorpaduu opratoB rpygHoi kietku (MCKT OT'K)
TIpY MTOCTYTIJIEHUH: BO BCEX TOJIAX 0OOMX JIETKUX OIpe-
JleJIsII0TCST MHOTOUYHCJIeHHble Ilepudepudeckue OKpyr-
Jible YIIJIOTHEHUs JIETOYHOH TKaHU I10 TUITy «MaTOBOI'O
cTekJia». BoBjieueHo 1o 15% TKaHU IIPaBOIO U JIEBOTO
gerkux (KT-1). Pubonyknennossle kucaors! (PHK) Bu-
pyca SARS CoV 2 06Hapy>KUIN B OT/IE€JIsIEMOM U3 HOCO-
IVIOTKY ¥ POTOIVIOTKY IAllMeHTa METOI0M I10JIUMepas-
HOM IETTHOU peaKkIuu.

B uH}EeKIIMOHHOM OTJeJIeHUU IPOBOAUIIN Jlede-
Hue (TabJr.).

Ha 4-e cyTkn y nanyeHTa OTMETHJIA IIPOIPECCUPO-
BaHMe AbIXaTeJbHON HeJOCTaTOUHOCTYU U KalllJIsA C CO-
OTBETCTBYIOIIIMM YBEJIMYEHNEM 30H BOBJICUCHUA TKAaHU
Jerkoro — no ganHbIM MCKT (rmosiBjieHre MHOTOYHC-
JIEHHBIX JBYCTOPOHHUX 30H YIJIOTHEHHUS JIETOYHOMN
TKaHU 10 TUITy MaTOBOT'O CTeKJIa ¥ UX TpaHchopMalus
B 30HBI KOHCOJHTAIHUHN M «OYJIBIKHON MOCTOBOM» C
CUMIITOMOM BO3AYLIHOH O6ponxorpaMmsl) no 30-35%
(puc 1. @). IlanuenTy Ha4aJu MyJIbC-TEPANINIO METHUJI-
NpeaHn3010H0M 110 cxeme 1000 mr B cyTku. Ha 8-e cyTku
oT HavaJa 3ab0J1eBaHMsA, B CBI3Y C HAapaCcTaHUEM sIBJIe-
HUH JpIXaTeJbHOU HeJOCTaTOYHOCTH, CHUKEHUEM UH-
nekca okcurenanuu (M0) mo 121, manueHTa nepeseJiv B
peannManunonHoe otaesienue (OPUT), roe navanu He-
VHBA3WBHYIO BEHTUJIALNIO jJerkux (HWBJI) yepes jm-
1eBylo Macky B pesxume CPAP ¢ nmapamerpamu Pinsp
+16 mBar, PEEP +5mBar. [Ipogo/mkuresibHoCcTh HVBJI
cocrasuia 8 cyrok. [Ipu MCKT OI'K (puc. 1, b), uepes
CyTKHU IIocse 3aBeplienusa HVIBJI panee onpepnensas-
myecs 30HBI YIJIOTHEHUA 110 TANY KOHCOJIMIALUU C
CUMIITOMOM BO3IyIIHONH OpoHXorpaduu Iepecranu
onpegenAarbcea. [lnomane nopakeHnsA KakKIoro Jier-
Koro Bo3pocaa ¢ 30-35 1o 85-90% 3a cueT OsABJIeHUS
U@ Py3HBIX 30H YIIOTHEHUS B 000UX JIETKUX T10 THUITY
MaTOBOI'O CTEKJIa C PETUKYIAPHBIMUA U3MEHEHUAMU.

Ha 20-e cyTku 3ab6oseBaHust o gaHHBIM MCKT
OTI'K oTMeTuu NosiBJIeHNe THeBMOMeAuacTUHyMa 6e3
NIPU3HAKOB CBOOOIHOI0 BO3/lyXa B IIJIEBPAJIbHBIX I10JI0-
cTax (puc. 1, ¢). YIUThIBasgA OTCYTCTBHUE $KaJjI00 Ianu-
€HTa, OOIIYIO IMOJIOJKUTEJbHYI0 TUHAMHUKY Ha (oHe
JIeYeHHUs NIPUHAJA pellleHne IPOooJ/IKATh KOHCepBa-
THUBHOE JIeyeHe B IpekHeM obbeMe. IIpu ucciieqosa-
HUU B IUHAMHUKe Ha 28-€ CyTKM OTMETWJIM 3HAYMMOe
yBesim4eHue 06'beMa MHEBMOMeANACTHHYMa (pacIpo-
CTpaHeHNe Ha HA)KHee CPefOoCTeHue); ITI0SABJICHHUE BbI-
pakeHHOU aMdu3eMbl MATKUX TKaHel I1eu, yMepeH-
HOH aM@usemMbl MATKUX TKaHed TIPYyIHOU CTeHKU
cripaBa (mepegHui, OOKOBOW W 3aIHUN OTAEJBI) U
YMEHBbIIIEHHEe 101N TOPaYKeHUA JIETKUX 10 75%.

Koppeknuio Tepanuy He IPOBOJUJIY, TAIIAEHT He
oTMedas CyObeKTUBHBIX IIPOSIBJIEHNN THEBMOMeEIHAA-

glass» opacities. Up to 15% of right and left lung tissue
were involved (CT stage 1). SARS CoV 2 viral RNA was de-
tected in nasopharyngeal and oropharyngeal secretions
of the patient by polymerase chain reaction (PCR).

The treatment administered in the infectious dis-
ease ward is presented in the table.

On day 4, the patient had progression of respiratory
failure and cough with corresponding increase of lung
tissue involvement according to chest CT (multiple bilat-
eral ground-glass opacities transforming into consolida-
tion and «crazy-paving» pattern with air bronchograms)
in up to 30-35% of total area (fig. 1, a). The patient was
started on methylprednisolone 1000 mg/day pulse ther-
apy. On day 8, due to worsening respiratory failure, re-
duced tissue oxygenation index (TOI) (down to 121 mm
Hg), the patient was transferred to intensive care unit
(ICU), where noninvasive lung ventilation (NLV) was
started through a face mask in a CPAP mode and follow-
ing parameters: Pinsp 16 mBar, PEEP 5 mBar. The dura-
tion of NLV was 8 days. Spiral chest CT performed one
day after the weaning demonstrated no consolidation
with air bronchograms (fig. 1, b). The total area of in-
volved lung tissue increased from 30-35% to 85-90% due
to bilateral diffuse «ground-glass» thickening areas with
reticular pattern.

On day 20, the chest CT revealed pneumomedi-
astinum with no free air in the pleural cavities (fig. 1, ¢).
Considering lack of new complaints and overall improve-
ment in the patient’s condition, the treatment was con-
tinued without modifications. On day 28, the follow-up
study demonstrated a significant increase in the pneu-
momediastinum size (spreading to the lower medi-
astinum), severe emphysema of soft tissue of the neck,
moderate emphysema of right chest wall soft tissue (an-
terior, lateral and posterior regions) and involved lung
area reduced down to 75%.

The treatment remained unchanged; the patient
had no symptoms of pneumomediastinum. Chest CT on
days 31 and 36 revealed spontaneous regression of pneu-
momediastinum and reduction of the involved area
down to 60%.

Clinical case 2

A 76-year-old man was admitted to hospital with
complaints of elevated body temperature up to 39.0°C,
fatigue, dry cough, difficulty in breathing. During the
week prior to hospitalization, he received antiviral and
antibacterial therapy. He was hospitalized due to ineffec-
tive treatment and CT signs of viral pneumonia progres-
sion with increase in involved lung area from 25% to 60%
over 10 days.

The diagnosis was confirmed by PCR of nasopha-
ryngeal and oropharyngeal secretions.

The treatment administered in the infectious dis-
ease unit is shown in Table 1.

Due to respiratory failure progression (TOI 111 mm
Hg) the patient was transferred to ICU and put on NLV
through face mask in CPAP mode with the following pa-
rameters: PS (pressure support) 10 mbar, PEEP (positive
end-expiratory pressure) 5 mbar. Corticosteroid therapy
was initiated.

The patient's condition stabilized with treatment,
but on day 20 crepitation in the left axillary region was
observed. Progress chest CT showed advanced lung in-
volvement (up to 90%) combined with pneumomedi-
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Jleuenne manueHTOB 1 ¥ 2 B UH(EKITHOHHOM OT/AE/JICHUH.

Hasunauenue

IManueHTHI

1

2

AHTHOAKTEepHaIbHasI Teparusi

AMOKCULIWJIJIMHA KJIaByJIaHaT
1200 mMr x 3 pasa B CyTKH +
asurpomuniH 500 Mr x 1 pas B CyTKuU

Moxcudiiokcanus 400 Mr x 2 pasa B CyTKH +
e orepasoH ¢ CYJIbOAKTaMOM 2 T x 2 pasa
B CYyTKU B/B

[TpoTUBOBUPYCHAS TEPATIHSI

T'unpoxrcuxiiopoxus 400 mr

B IIepBbIe CYTKH U 110 200 MI

B IIOCJIEYIOLI1Ee CyTKU

HpOTI/IBOBOCHaJ'II/ITeJ'IbHaH Tepanuda

Kouixuiiys 3 Mr B IEepBbIE CYTKU U 110 2Mr
B rioc/sieayrone CyTku

AHTHUNIIpeTHYecKas Tepanus

[Tapaneramos 1o 3000 MI' B CyTKU

ITapaneramos 1o 3000 MI' B CyTKU

IIpodurakTuka TpoM6b03M60-
JITYECKUX OCIOKHEHUN

®paxcunapuH 0,6 Mr x 1 pa3 B CyTKHA

®paxcunapuH 0,6 Mr x 1 pa3 B CyTKH

ITpodumakTUKa CTpecc-nopaskeHn i
SKeJTyJ0YHO-KHIIIeYHOT0 TPAKTa

Owmernpasost 40 MT x 1 pa3 B CyTKuU

Owmernpasost 40 MT x 1 pa3 B CyTKHU

CumnroMaruyeckas Tepanus +
U OrpaHUYeHHble UHDY3Un
KPHUCTaJIJIONIHBIX PACTBOPOB

+

OKCI/IFeHOTepaHHH YBJAaKHEHHBIM
KHUCJIOPOAOM Yepe3 Ha3a/IbHbIe
KaHIJIN

C nmorokom O, 10 6-7 1/ MUH

C norokom O, 10 5-6 j1/MUH

Treatment administered to the patients 1 and 2 in the infectious disease unit.

Treatment Patient
1 2

Antibacterial Amoxicillin clavulanate 1.200 mg tid + Moxifloxacin 400 mb bid +

azithromycin 500 mg qd cefoperazone/sulbactam 2 g bid i. v.
Antiviral Hydroxychloroquine 400 mg —

for the first day followed by 200 mg/day
Antiinflammatory — Colchicine 3 mg for the first day

followed by 2 mg/day

Antipyretic Paracetamol up to 3.000 mg/day Paracetamol up to 3.000 mg/da

Prevention of thromboembolism

Nadroparin calcium 0.6 mg qd

Nadroparin calcium 0.6 mg qd

Prevention of stress-induced
gastrointestinal ulceration

Omeprazole 40 mg qd

Omeprazole 40 mg qd

Symptomatic and fluid therapy +
(crystalloid infusions)

+

Oxygen through nasal cannulae

O, flow rate up to 6-7 I/min

O, flow rate up to 5-6 1/min

Note. Tid — 3 times per day; qd — per day; bid — 2 times per day; i. v. — intravenously.

cruayMa. [Ipy MCKT Ha 31-e 1 36-e CyTKH OT Ha4aJ1a 3a-
OosieBaHUSA OTMETWJIM CaMOIIPOM3BOJIBHBINA perpecc
ITHEBMOMEINACTUHYMA 1 YMEHBIIIEHHe IJIOIaau Iopa-
JKEeHU S TKaHU JieTKUX 10 60%.

Kiaunnnueckoe HaOI0eHue 2

My»k4uHa, 76 JIeT, IOCTYIIAJ B CTAlMOHAP C $KaJIo-
0aMy Ha TOBBIIIEHHE TeMIleparypsl Teaa no 39,0°C,
001ITyI0 C1ab0CTBh, CYXOH KalllesIhb, 3aTpyJHEHIUE TP [TbI-
XaHWM. B TedeHne Hege Iy 1oay4dast IPOTUBOBUPYCHYIO
¥ aHTHOAKTepHaTbHYIO Tepanuio. [0CIuTaIn3npoBaH B
CTalOHap B CBSI3U C OTCYTCTBHEM KJIMHUUYECKOIo a(-
(dexTa OT IPOBOIUMOrO JIeUeHUs U IPU3HAKAMU BUPYC-
HOU mHeBMOHUY, 110 nanHbIM MCKT: yBesmmuenue 3a 10
nHel 3aboJsieBaHWA OOIIEN IJIOMIATA BOBJIEUEHUS
TKaHU JIETKUX € 25% 10 60%.

Jnarnos nmogrBepanay npu nposenennu [111P oT-
JleJ1s1eMOr0 U3 HOCO- U POTOIOTKU. B MH(peKIIMOHHOM
OTJeJIEHNUY TIPOBOAWIIH JiedeHure (Tabur.).

B cBs3U ¢ IporpeccupoBaHueM AbIxaTeJIbHOU He-
IOCTaTOYHOCTU (MHAEKC OKcUureHauuu — 111 MM pr. cT.)
JedeHne nanuenTa nponosskuau B OPUT ¢ npumene-
HueMm HMBJI yepes nuneByio Macky B peskume CPAP ¢
napaMmerpamu Psup +10 mBar, PEEP + 5 mBar, Hauanu
Tepanuio KOPTUKOCTEPOUIAMHU.

astinum and slight emphysema of the chest wall soft tis-
sues. Due to progression of respiratory failure with re-
duced oxygenation index to 96 mm Hg, the patient was
transitioned to invasive lung ventilation (IPPV mode with
the following parameters: Vt 500 ml, MV 7.8-8.5 L/min,
FiO, 100%, frequency 12/min, PEEP 10 mBar, EtCO,
30-34 mm Hg, Ppeak 22 mBar). On the next day, tra-
cheostomy was performed along with the lung ventila-
tion parameter modification (PCV mode with Pinsp 25
mBar, MV=7.8-8.5 L/min, FiO, 70%, frequency 16/ min,
PEEP 5 mBar, EtCO, 42 mm Hg, Vt 400-450 ml). SpO, was
as high as 94%.

However, despite modified ventilation parameters,
progression of subcutaneous emphysema of the neck,
supraclavicular and axillary areas was noted. Laryngo-
and tracheobronchoscopy, esophagoscopy ruled out tra-
cheal, bronchial, or esophageal lesions. Pneumomedi-
astinum onset preceding initiation of mechanical venti-
lation and tracheostomy allowed to exclude tracheal
membranous wall injury during tracheotomy.

Due to subcutaneous emphysema progression, se-
vere tension pneumomediastinum, lack of decompres-
sion treatment effect, the medical team decided to per-
form the mediastinal drainage. Because of the
tracheostomy, in order to reduce the risk of surgical com-
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Puc. 1. KT-kapTuHa (KJIMHHYECKOe HAa0/II0/[eHue 1, orucaHue B TEKCTE).
Fig. 1. Serial CT scans (clinical case 1, discussed in details in the text).

Ha done npoBogUMOro JieueHUus1 COCTOsIHUE I1a-
LMeHTa CTa0UIN3UPOBAJIOCH, OHAKO Ha 20-€ CYyTKU 3a-
6oJIeBaHUSI OTMETHJIN TIOSIBJIEHNE KPEUTAIINH B IO -
MBbIIIIeYHO! o6s1actu cieBa. [Ipu MCKT B nuHamMuke -
NIPU3HAKYU IIPOTPECCUPOBAHUA VIO TOPAKEHUA
TKaHU JierKuXx 110 90% B COYEeTaHUU C THEBMOMEIUACTHU-
HyYMOM U HE3HAUUTeJIbHOU 9M(pU3eMON MATKUX TKaHel

plications and optimize access, the patient was reintu-
bated with an orotracheal tube with further drainage and
mediastinal revision through the previously made inci-
sion in the neck. During the operation no evident air in-
flow was noticed. With the subsequent active mediastinal
drainage, there was a slight air inflow unrelated to breath-
ing, which stopped on the 27 day after the manipulation.
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rpygHoi creHku. Ha dpone nporpeccupoBanus npixa-
TeJIbHOI HeJOCTaTOYHOCTH CO CHHYKEHHEM UHJIeKCa OK-
cureHauuu 10 96 MM prT. CT., IaljienTa lepeBesiyd Ha UH-
BasuBHy0 WBJI (IPPV: Vt=500 ml; MV=7,8-8,5 L/min,
Fi0,=100%, f=12emin"!, PEEP=10 mBar. EtCO, 30-34 mm
Hg. Ppeak 22 mBar). Ha ciefyioimye CyTKY BBIITOJIHUIN
TPaxeoCTOMMIO, CKOPPEKTUPOBaIU napamerps! MBJI:
PCV, Pinsp 25 mBar; MV=7,8-8,5 L/min, FiO,=70%,
f=16emin-!, PEEP=5 mBar, EtCO, 42 mm Hg. Vt 400-
450ml. SpO, cocraBsiio 94%.

OnHako, HeCMOTPSI Ha KOPPEKIUIO ITapaMeTpOB
WBJI, oTMeTH/IN IPOrpecCUpOBaAHME TTOAKOKHOMN oMU -
3€MBbI IIIeH, HAOAKJJIIOYUYHBIX U ITOAMBIIIIEYHbIX obJia-
creii. [Ipu sTapuHro-TpaxeoOPOHXOCKONNH, 330¢aro-
CKOIIMY UCKJIIOYUJIU IIOBPEKIEHHs CO CTOPOHBI TPAXEH,
OpOHXOB M NUIEBOIA. MaHUecTanysI THEBMOMeINA-
CTHHYyMa [0 lepeBoja nanuenTta Ha VIBJI u o Tpaxe-
OCTOMUM HCKJII0YaJla MEXaHU3M IOBPEKIEHUsI MeM-
OpaHO3HOU CTEHKH Tpaxe! P! TPAXEOTOMIH.

B cBsA3U C NPOTrpecCUBHBIM POCTOM IIOJKOMKHOM
3M(1)I/IS€MLI, 3HAYUTEJ/IbHBIM HAIIPpAMKEHHBIM ITHEBOME-
JUACTUHYMOM, OTCYTCTBHEM 3HA4uMoOro adexra or
NIPOBOJUMOTO JIe4eHUsI C 11eJIbI0 JeKOMIIPEeCCUU CPefio-
CTeHUSA KOHCUJIMYMOM IIPUHSJIN pellleHue O IPeHUupo-
BaHUU CpelOCTeHus1. B CBA3U ¢ Ha/IMu1eM TPAaxeoCTOMBbI
C 11eJIbIO YMeHBbIIIeHHsI PUCKa XUPYPTUUEeCKUX OCJI0KHEe-
HUH ¥ ONITHMU3ANMH JOCTyIIa PEMHTYONPOBAJIH ITalfi-
€HTa OpOoTpaxeasbHOUN TPyOKOH C BHITIOJTHEHUEM NTaJTh-
HeHIero ApPeHUPOBaHUA U PEBU3HU CpPelOCTeHUs
uepes paHee BBIIOJHEHHbIHN pa3pes Ha liiee. Bo Bpems
omepanuy oOpaIajo BHUMaHNe OTCYTCTBHE SIBHOTO
nocryiieHusa Bo3ayxa. Ha (pone nocsenyrouiero akTus-
HOT'0 IpeHNPOBaHUsI CPeJOCTEHUS OTMedaJ/ld He3HAUU-
TeJIbHOE IIOCTYILJIeHHe BO3/yXa, He CBA3aHHOe C aKTOM
JbIXaHUs, IpeKpaTUBIIIeecs Ha 2-e CyTKU II0CJIe olepa-
. HeCMOTpH Ha BBIIIOJITHEHHOE€ OPEHHWPOBAHUE, B
TedyeHUe 8-U CyTOK COCTOsSIHME MTallMeHTa OCTABAIOCh
KpaiiHe TsskebIM. OTMevYaIn pacnpocTpaHeHue Io/-
KOYKHOH 9M(pr3eMbl 0 MOILLIOHKY, IIepelHeil [I0BePXHO-
ctu 6exnpa (puc. 2, d, 27-e CyTKH OT Hayaja 3abojeBa-
HI/IH), OOHAKO IIPU CTOJIb BBIPAKEHHOM ITOBPEKICHUN
JIETOYHOM TKAHU OT ﬂaHBHeﬁHJHX XUPYPru4eCKux MaHu-
MYJIANFH pelIeHo ObII0 0TKa3aThesA. [[peHak 3 cpeo-
CTeHUs YIAIU/IU Ha 3-U CyTKU [10CJIe OIlepaliu, BBIIIOJI-
HUJIA PeTPaxeoCTOMHUIO.

B Teuenne nmocsenyromero HabJogeHNs, Ha GoHE
TIpOrpeccHpoBaHrs o0beMa MOpaskeHusI TKAHU JIeT-
KOro (puc. 2, e, 32-e CyTK1) OTMETHUJIA ITIOCTEIIEHHOE Ca-
MOIIPOM3BOJIbLHOE pa3pelieHre MoJKOKHON aM(U3eMbl
¥ THEBMOMeINACTUHYMA (PUC. 2, f; 37-€ CyTKH).

HecMmoTps Ha ABHYIO ITOJIOKATENBHYIO JUHAMUKY
am¢pusemsl cpenocrenus 1o nanabiM MCKT opranos
TPYOHOH KJIETKH, COCTOsIHMe IallMeHTa OCTaBaJIoCh
KpaliHe TSKeJIbIM; TaKKe He OTMeTHJIH 00paTHOTo pas-
BUTHSA [1aTOJIOTMYECKOTO NIpoliecca B JIeTOYHOM TKaHU.
Ha 51-e cyTku nmanieHT CKOHYaJICS OT IIPOrPeCcCUpyro-
el MOJIMOPTaHHOU HEJOCTATOYHOCTU Ha (POHE TsKe-
JIOTO CeIlCuca.

Pe3ysnbrarhl U 00Cy:K/I€HHE

B AWMAarHOCTHUKE CIIOHTAHHOI'O ITIHEBMOMEIa-
CTHUHYMa (mnn 3M(1)I/ISBMI)I Cpe,HOCTeHI/IH) BeEOyIee
MECTO 3aHUMAaeT UCKJI0UYEeHHe HanboJiee 4acThIX
IIPpUYUH OUCJ/JIOKAIUN BO30yXd B MATKHWE TKAHU

Despite the drainage, the patient remained critically ill
for 8 days. Subcutaneous emphysema spread to the scro-
tum and anterior surface of the thigh (Fig. 2, d, 27 days
after the disease onset), and owing to severe lung involve-
ment further surgical intervention was deferred. Medi-
astinal drainage tube was removed on the 3rd day after
intervention, repeated tracheostomy was performed.

Later, along with the progression of the lung tissue
involvement (Fig. 2, e, day 32), there was a gradual spon-
taneous resolution of subcutaneous emphysema and
pneumomediastinum (Fig. 2, f; day 37).

Despite the obvious improvement of mediastinal
emphysema according to chest CT, the patient remained
critically ill; no signs of lung lesion resolution were noted
either. On day 51, the patient died because of progressive
multiple organ failure due to sepsis.

Results and Discussion

When diagnosing SP (or mediastinal emphy-
sema, SME), it is essential to rule out the most fre-
quent causes of air displacement into the mediasti-
nal soft tissues, which are esophageal and tracheal
injuries. In routine clinical practice, SME can be
commonly caused by spontaneous ruptures of
paramediastinal bullae and lung areas, which often
occur without pneumothorax and may cause
differential diagnosis challenging. Widespread oc-
currence of viral pneumonias and, as a conse-
quence, severe interstitial lung abnormalities, have
led to a significant increase in the number of pa-
tients with SME.

In early 2000s, the global community first en-
countered the SP issue in SARS caused by the SARS
CoV coronavirus [8]. Later, the course of disease in
SARS CoV2 did not allow to objectively assess its
prevalence during the pandemic peak, but pub-
lished series of separate clinical observations in the
first half of 2020 confirmed the relevance of dis-
cussing the treatment strategy in SP associated with
viral pneumonia [9-13]. Thus, C. Zhou et al. [9] in
March 2020 reported a case of a moderate novel
coronavirus infection with SME development. This
condition prompted the discontinuation of gluco-
corticoids in the patient. W. Wang et al. also re-
ported a case of SME associated with the novel
coronavirus infection COVID-19, which, unlike the
previous clinical observation, did not involve treat-
ment adjustment and resolved spontaneously [10].
In April 2020, J. Wang et al. reported fatal outcome
in a patient who developed mediastinal emphy-
sema while suffering from COVID-19 and pointed
out a possible unfavorable prognostic value of this
condition [11]. Soon another case of SME was pre-
sented by V. Mohan who emphasized that the
pneumomediastinum required additional investi-
gations, namely esophagography, to rule out a
spontaneous esophageal rupture [12]. In May 2020,
S. Kolani et al. described another case of SME [13].
This report has provided detailed discussion of
SME pathogenesis and suggested predisposing fac-
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Puc. 2. KT-kapTuHa (RJIMHHYECKOe HAa0/II0/[eHHe 2, OIIUCaHHEe B TEKCTE).
Fig. 2. Serial CT scans (clinical case 2, discussed in details in the text).

CpelocTeHus1 — MOBPEXKIeHNsI MUIeBOIa U Tpa-
xeu. B pyTuHHON KIMHNYECKOU TPaKTUKe YacTast
npuyrHa CIC — CIIOHTAHHBIN pas3pbhIB IMapaMme-
IUACTUHAJIBHO PACIOJIOMKEHHBIX OY/IJI U JIeTKUX,
YTO 4YacTO NpoTekaeT 0e3 NIHEBMOTOpAaKca U
MOJKET 3aTPYyIHATH JudHepeHnanabHyI0 JUartHo-

tors. These include severe coughing spells, pro-
longed smoking, inhalation of medications and
other aerosols, and strenuous physical activity.

In the second half of 2020, publications had
become available describing several clinical cases
of pneumomediastinum associated with SARS

www.reanimatology.com
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ctury. lllmpokoe pacnpocTpaHeHue BUPYCHBIX
IIHeBMOHUHM U KaK CJeNCTBUe — IIallUEeHTOB C
BBIPQ)KCHHBIMUA WHTEPCTALHMAIbHbIMU HapyIle-
HUSIMH JIETKUX, IIPUBEJIO K 3HAYUTEJIbHOMY yBe-
JIMYEeHUIOo yrcjia nanueHToB ¢ CIC.

C rpo6JteMoti CITOHTaHHOTO MeIacTHHyMa ITPU
TOPC, BbiaBanHOM KOpoHaBupycoM SARS CoV, Mupo-
BO€ COOOIIECTBO BIIEPBBIE CTOJKHY/JIOCH B Ha4Yase
HBIHEIITHero ThicAYesaeTus [8]. Xapakrep TeueHUus
3aboJsteBanms pu SARS CoV2 He T03BOJISIIIO Ha TTKE
MaHJEMIN OOBEKTUBHO OIIEHUTH PaCIpOCTpaHeH-
HOCTB 00CY>K/1aeMoro 3ab0JIeBaHus], OTHAKO MTOsIBJIE-
HU€ OT/IeJIbHBIX CEPUH KIMHUYECKUX HAOJTIOIeHIH
yoKe B IepBoi nosioBuHe 2020 roa noaTeepsKaaeT
AKTyaJIbHOCTB 0OCYKIE€HMS TAKTUKY JIEIEHVII TTaITH-
€HTOB CO CIIOHTaHHBIM ITHEBMOMEIMACTUHYMOM Ha
¢one BupycHoii nHeBMoHUY [9-13]. Tak, C. Zhou u
coagr. [9] B MapTe 2020 rofa cooOIIIaeT O CIydae Cpei-
HETSHKEJIOT0  TeueHWs1 HOBOM KOPOHABUPYCHOU
nHpekmu c pasBurueM CIC. OOHapykeHHOE
COCTOsIHE TIOCJTY>KIJIO IPUYMHOU JJIs IpeKpaliie-
HUS BBEJEHU ITIIOKOKOPTUKONUIOB Y JAHHOTO ITalTy-
enTa. W. Wang u coaBT. Takyke COODIIIaeT o ciydae
pasButuss COC Ha (oHe HOBOU KOPOHABUPYCHOU
uH@permy COVID-19, koTopasi, B OTTAYHE OT IPeTbI-
JYIIero KIMHIYECKOT0 HaOJTIOIEH s, HE COITPOBOYK-
Jlajlach KOppeKIuel IpoBOAUMOrO JIeYeHUsI U pas-
periacs caMocToATe bHO [10]. J. Wang 1 coasr. [11]
B anpeJie 2020 COOOIIIMIIH O CITy4Yae JIETATHHOTO MCXO-
Jlay IalyeHTa ¢ pa3BUTHeM aM(pr3eMbl CPEIOCTEHNUST
Ha pore COVID-19 n ykasayi Ha BO3MOYKHOe HebJ1a-
TONPUATHOE IPOTHOCTUYECKOE 3HAYCHUE TAHHOIO
KJIMTHIYECKOTO COCTOSTHUSL. B CKOpoM BpeMeH! OBbIT
TpeJicTaBJIeH elre onuH ciydail CIC, aBrop myOsu-
karuu V. Mohan ormeuaet, 4YTo pa3BUTHe THEBMOMe-
JVACTUHYMA y TAlUeHTa IOCTYKUJI0 IIPUIMHOU JJ151
BBIITOJIHCHUS TOIIOJIHUTEIBHBIX THAarHOCTUYECKUX
MEPONPUATUN — a UMEeHHO 330dgarorpaduu 1jis
HUCKJIIOYEHUS CIIOHTaHHOI'O pa3phblBa nuilesona [12].
B mae 2020 roma S. Kolani 1 coaBT. orricasiy erre oI
cay4ait CIC [13], maHHOE COOOIIIEHIE OTIIMYAETCS OT
MpEeBIAYIINAX Pa3BePHYTHIM 00CYKIEHEeM TIaTore-
Hesa JaHHOI'O COCTOSIHMS, a TaK)Ke YKasaHWeM Ha
BO3MOJKHBIE  IIpefpacrojaraioniie  (paxkTopsl
nocjaegHero. K TakoBbIM MOYKHO OTHECTH BBIPKEH-
Hble KallJIeBble IIPUCTYIIB, IJINTEJIbHOE KypeHue,
HMHTAJIALAIO JIEKAPCTBEHHbBIX CPENICTB U APYTYX a9p0-
30J1eH, HANIpsKEHHYIO (PU3NYECKYI0 aKTUBHOCTb.

Bo BTOpoii noJsioBuHe 2020 rona y»ke MO>KHO
OBIJI0 BCTPETUTH MTyOJTUKAIINH, B KOTOPBIX OTIMCHI-
BaJ/IMCh HECKOJIBKO KJIMHUYECKUX CJIy4aeB ITHEB-
MOMeauacTuHyMa Ha (hOHe THeBMOHUH, BbI3BaH-
Hoit SARS CoV2. S. Volpi u coaBrT. nipejicTaBuu 3
ciy4as nanueHToB ¢ COC [14]. Bee atu nanuenThl
OBITH MY>KCKOTO T10J1a, UM€eJIF BO3pacT crapiie 50
JIET, COMyTCTBYIOIYE 3ab0IeBaHMsI, M IIPOBOIM-
Jlach HEMHBAa3WBHAasI BEHTUJIALMA JICTKUX. /JJaHHbIe
ManeHThI ObITY BBITTMCAHBI B CBS3U C YIIyYIIIeHH -

eM Ha hoHe KOHCEPBATUBHOU Tepanuy Oe3 T0IoJI-

CoV2-induced pneumonia. S. Volpi et al. presented
3 cases of patients with SME [14]. All these patients
were males over 50 years old, had comorbidities,
and underwent noninvasive lung ventilation. These
patients were discharged with improvement after
therapy not requiring modification. Unfortunately,
this publication contained no data on changes in
markers of inflammation or tissue damage.

By early 2021, a considerable experience had
been accumulated in the management of patients
with SME associated with COVID-19. There have
been several dozens of publications describing in-
dividual cases of such patients, but they lack a sys-
tematic, full description of the clinical and labora-
tory presentations, which significantly limits the
interpretation and analysis of available clinical
data. Some studies presented a brief history of the
disease, list the main components of drug treat-
ment, and assess complete blood count and C-re-
active protein level [15].

During 3 months of treatment of patients with
viral pneumonia associated with COVID-19 infec-
tion at the Lomonosov Moscow State Medical Cen-
ter, SP was detected in 5 (2.23%) patients out of 224.

According to the most common theory of SP
pathogenesis proposed by C. C. Macklin in 1939, a
sudden increase in intrathoracic pressure leads to a
rise in intraalveolar pressure [16]. The pressure gra-
dient occurring at the border of alveolar lumen and
pulmonary interstitium causes the rupture of inter-
alveolar septa with air bubbles spreading mainly
perivascularly towards the lung root [5]. When a sin-
gle increase in intra-alveolar pressure occurs, after
air migration into the interstitium the pressure gra-
dient decreases, the area of alveolar rupture under-
goes «adhesion» and reparation, followed by resorp-
tion of the gas mixture from the interstitium [13].

The mechanism of SME development in
COVID-19 probably does not differ from that de-
scribed by C. C. Macklin [16], however the need to
maintain sometimes high positive end-expiratory
pressure and plateau pressure in case of lung ventila-
tion, which prevents the pressure gradient between
alveoli and interstitial lung tissue from decreasing, is a
specific feature of pneumomediastinum in COVID-19.

The treatment strategy for patients with spon-
taneous pneumomediastinum is mostly conserva-
tive and includes bed rest, anesthesia, and oxygen
therapy [8]. Antibiotic therapy is not indicated un-
less there is clinical evidence of mediastinitis. Ten-
sion pneumomediastinum with progressing respi-
ratory failure, as well as infection of soft tissues of
mediastinum with mediastinitis can become an in-
dication for surgical treatment. When indications
for surgical treatment arise, upper mediastinotomy
according to Tiegel with tunnelization of pretra-
cheal tissue to the level of tracheal bifurcation and
active drainage of mediastinum are considered to
be the methods of choice [3].
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HUTEJIbHON KoppeKuu. K cokajieHuIo, B JaHHOU
MyOJIMKAIY TaKsKe He YKa3aHbl U3MEHEHUs Map-
KepoB BOCHAJIEHUS UJIU TIOBPEYKIEHUS TKaHEH.

K mavasy 2021 roma 6611 HAKOIIJIEH HEMAJIbIN
ombIT HabJTIomeHMsI 3a marueHTamu ¢ CIC Ha poHe
COVID-19. Yuco myGuKanyii equHAYHBIX CJTy4a-
€B ITal[MEHTOB C JaHHBIM COCTOSIHUEM HAaCYUThIBA-
€T y?Ke HECKOJIbKO JIeCSITKOB, OTHAKO BCe UX 00'b-
€IMHAEeT OTCYyTCTBHE CHUCTEMHOIO II0OXOAa K
OITMCAHUIO KIIMHUKO-Tab0paTOPHON KapTUHBI, YTO
3aTpygHsAeT UHTepIpeTanyuio KINHUYEeCKUX JaH-
HBIX, 4 TAKKe aHAJIN3 JAHHBIX C I[eJIbI0 TIPOBee-
HUSA aHAJIUTUYeCcKUX uccijiegosanuid. Tak, M. Nobre
Pereira u coasr. [15], Kak ¥ aBTOPHI IPEIbIAYIIINX
HCCJIeJOBaHUN, OrpaHUYMBAIOTCS YKa3aHUEM
KpaTKOro aHaMHe3a 3a00JIeBaHMsI, IEPEYHCIISIOT
OCHOBHBbIE KOMIIOHEHTHI JIEKAPCTBEHHOTO Jiedye-
HUS, a U3 JJaAOOPATOPHBIX ITOKa3aTe el 00paIamoT
BHMMaHHEe Ha KJIWHUYECKHU (0OIMui) aHaJIu3
KpoBU 1 C-peakTUBHBIA ITPOTENH.

B TeueHue 3-x MecsIeB JieUeHUsI MAIlMEHTOB
C BUPYCHOI ITHEBMOHUEH, aCCOLMMPOBAHHOU C
uapexnmeir COVID-19, 8 MHOILL MI'Y um. M. B. Jlo-
MOHOCOBA CIIOHTAaHHBIM IIHEBOMEIUACTUHYM
3apeructpupoBanauny S (2,23 %) nanueHToB us 224.

ComracHo HanboJIee pacIpoCTPpaHEHHOM Teo-
puu narorenesa CII, npeggoskennoit C. C. Macklin
B 1939 1, BHEe3amHOe MOBBIIIIEHNE BHYTPUTPYIHO-
ro JaBJICHUs IPUBOAUT K YBEJIWYCHUIO BHYTPU-
aJIbBEOJIAPHOrO naBJieHus [16]. 'paguenT nasJie-
HUs, BO3HUKAIONIMN Ha TpaHHUIle ITIpOCBeTa
AJIbBE0JI U JIETOYHOT'O MHTEPCTHUIIUS, IPUBOJIUT K
paspbIBy MesKaJabBEOJISIPHBIX I[EePeropomokr C
IOCJIEAYIOIIM pacpoCTpaHeHueM BO3LyIIHBIX
IIy3bIPbKOB IIPEUMYLIECTBEHHO IepUBa3aIbHO B
HalpaBJIECHUU KOPHA JIETKOTrO [5]. B ciryyae ogHO-
KpaTHOI'0 INOBBIIIEHUS BHYTPUAJIbBEOJSPHOIO
JaBJICHUA II0CJIe MUT DALMY BO3AyXa B UHTEPCTHU-
[IWH TPaIeHT JaBJIEeHUs YMEeHbIIIaeTcsl, 007aCTh
paspbIiBa ATbBEOJIbI HOABEPTAETCS «CKJIENBAHUIO»
U pernapariiy, IocJie Yero IPOUCXOIUT Pe30pOoIus
rasoBOU cMecu U3 uHTepCcTUIrs [13].

Mexanuam paszsutusa CIC npu COVID-19,
BEpPOATHO, He OTIUYaeTcsl OT OIMCAHHOTO
C. C. Macklin [16], omHako ocob6eHHOCTBIO [TM mpu
COVID-19 B cirydae nposenenus HVIBJI niu nuBa-
auBHOU VIBJI, siBJIsSI€TCSI HEOOXOMUMOCTD IO IEP-
SKaHMs, TOPOH, BLICOKUX MTOKa3aTesei MOI0MKHU-
TeJbHOTO TaBJIEHUS KOHIIA BbIJOXA U JAaBJIEHUS
I1J1aTO, YTO IPEIATCTBYET yMEHBIICHUIO IPagyieH-
Ta NaBJICHUS MEKIy aJbBe0JIaMUA U MHTEPCTULIN-
aJbHOM TKAaHBIO JIETKUX.

TakTuKa JedyeHus IMarueHTOB CO CIIOHTaH-
HBIM [ITHEBMOMEIUACTUHYMOM IIPEUMYIeCTBEHHO
KOHCepBaTUBHAsA W BKJIIOYAET I1OCTEJbHbBIN
pesknM, 00e360/IMBaHNe U OKCUTeHOTepaIuio [8].
Hasnauenve aHTHOaKTEpHAJTLHOW Tepanuud B
OTCYTCTBHE KJIWHUYECKOIO IIOATBEPKIEHUA
MeIUacTUHUTA He IOKa3aHo. [loka3daHueM K

According to C. M. Chu et al. [17], the inci-
dence of SME in SARS from March to April 2003 was
11.6% among 112 cases with confirmed SARS CoV,
while the overall incidence of pneumomediastinum
was about 2%. In the group of patients with SME,
medication regimens did not differ from the main
population. Blood lactate dehydrogenase (LDH)
level was the only laboratory indicator, whose ele-
vation was associated with SME development. SP
was a predictor of more frequent tracheal intuba-
tion and increased mortality. Four patients under-
went mediastinal drainage. Small size of the study
group doesn't allow to draw any definite conclu-
sions concerning possible prevention and the most
rational management of the condition. Several stud-
ies have discussed the advantages of the «safe ven-
tilation» in the management of patients with severe
pneumonia, including nosocomial [18, 19], but best
treatment approaches to such complications as me-
diastinal emphysema still remain unexplored.

To date, the management of patients with
SME associated with the novel coronavirus infec-
tion COVID-19 is still not covered by international
clinical guidelines; however, there are studies at-
tempting to analyze global experience in order to
develop some unified approach to managing pa-
tients with such COVID-19 complications as pneu-
mothorax, mediastinal emphysema, and pneuma-
tocele [20]. As preventive measures of the SP,
A. Sihoe [20] suggests adherence to «safe ventila-
tion» principles in COVID-19 [7], i. e. maintaining
safe volumetric values (4-8 ml/kg) and plateau
pressure (less than 30 cm H,0). The authors do not
describe the surgical options for correction of spon-
taneous pneumomediastinum but suggest consid-
ering pleural cavity drainage in any pneumothorax
regardless of its etiology.

A. Sihoe et al. acknowledge [20] that it is cur-
rently difficult to accurately assess the incidence of
SME in a novel coronavirus infection but estimate
it at 2% based on earlier work by X. Yang et al. who
reported the first cases of SARS-COV-2 in Wuhan
[21]. Notably, Yang reported rather a 2% incidence
of pneumothorax (1 of 52 patients with SARS-COV-
2) rather than the actual incidence of SME.

Inadequate statistical data on the prevalence
of SME could be due to the controversial issue of
case reporting in pneumomediastinum during me-
chanical ventilation. Thus, C. M. Chu, Y. Y. Leung et
al. recorded SME only in patients not on ventilator
[17]. The pathogenesis of pneumomediastinum de-
velopment is the same regardless of ventilator use,
but mediastinal emphysema during mechanical
ventilation is usually considered to be a baro-
trauma manifestation requiring urgent interven-
tions such as mediastinal decompression [22-24].

In our case series, SP was detected in 3 pa-
tients on spontaneous breathing, and in 2 venti-

lated patients.
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XUPYPTAYECKOMY JICYEHHUIO MOKET CTaTb pa3BUTHE
HAIIPAYKEHHOI'0 THEeBMOMEeANAaCTUHyMa C Iporpec-
CUpPOBaHUEM JbIXaTeJbHOU HEJOCTATOYHOCTH, a
Takke NHMUIUPOBAHNE MATKUX TKAHEN CpeiocTe-
HUA C pa3BUTHEM MeIMacTUHUTA. [[py1 BOSHUKHO-
BEHMU MOKa3aHUN K XUPYpPruuecKoMy JIeUeHUIO
METOIIOM BbIOOPA CUUTAIOT BEPXHIOIO MEIUACTIUHO-
tomulo 110 Tiegel c TyHHesmM3amnue npeTpaxeasnb-
HOH KJIETYATKU JI0 YPOBHSA OMQYpKaAIUK Tpaxer 1
AKTUBHBIM JpEHUPOBaHNUEM CpefoCTeHus [3].

Cornacuo pagaeIM C. M. Chu u coasrt. [17]
gactora CI3C nipu TOPC ¢ mapra 1o anpesas 2003
roma cocrasmia 11,6% cpenu 112 ciay4daeB ¢ 11of-
TBepskIeHHbIM SARS CoV, obmras ske yactora [IM
cocTaBJIsIa OK0JI0 2%. B rpymrie nmamuenTos ¢ COC
CXeMbI METTUKAMEHTO3HOI0 JIEUeHUSI He OTVINYAJIUCh
OT OCHOBHOMU nomysisiniuy. KoOHIleHTpanus Jiakrar-
neruaporeHass! (JIII') B KpoBU MAIieHTOB ABJISA-
JIaCh €MMHCTBEHHBIM JTADOPATOPHBLIM IIOKA3aTeJIeM,
TIOBBIIIIEHNE KOTOPOTO OBIJI0 ACCOITTUPOBAHO C BO3-
HukHoBeHneM CIC. Pazsutue CII sBHI10CH ITpeIuK-
TOopoM O0JIee YacTO MHTYOAIIH TPaxew 1 yBeJIIye-
HUA JIeTAJIbHOCTH. YeTBepbIM  MalyeHTaM
BBITIOJIHEHO JPEHUpPOBaHMeE CpelocTeHus. MastbIi
PpasMep rccseryeMou Ipyiibl TAleHTOB He IT03BO-
JISIET CclleJiaTh OMHO3HAYHbIE€ BHIBOABI IO BO3MOSK-
HOHN TIpoumIakTrKe, Hanbosiee parroOHATHLHOMY
BeJIEHUIO TAHHOTO COCTOSTHUSA. B Hay4HbIX paboTax
OTE€YEeCTBEHHBIX U 3apyOEsKHBIX aBTOPOB HEOTHO-
KpaTHO TIOAHUMAJICS BOIIPOC TPENMYIIIECTB «0e3-
oracHout IBJI» 1ipu BeJileHUM TAlIUEHTOB C TSKETTbI-
MH, B TOM YHCJIE HO30KOMHUAJIbHBIMU ITHEBMOHUSIMU
[18, 19], omHaKO ITpobIeMa Pa3BUTHS TAKUX OCJIOK-
HEHUMH, Kak aMdr3eMa CpeloCTeH s, U TTOIXOIbI K
ee JIeYeHUIO OCTAIOTCS BCe ellle HEsICHbIMU.

Ha cerogusnrauil 1eHb, IpodJieMa BeeHusT
nanueHToB ¢ CIC Ha (hoHEe HOBOM KOPOHABUPYC-
Hoit undexnuu COVID-19 Bce emié He OTpaskeHa B
MEKAYHAPOLHbBIX KINHUYECKUX PEKOMEHAAIAX,
OTHAKO Y>Ke TOSIBJISIOTCA PaboThl, B KOTOPBIX
MIpeAIPUHUMAIOTCS MONBITKA aHAJIN3a MUPOBOTO
OITBITA C IIeJIBI0 Pa3paboTKHU eTUHOIO0 TOAX0aa K
BEeIEHUIO ITallUEHTOB C TAKUMU OCJIOKHEHUSIMU
COVID-19 kak mHeBMOTOPAKc, aMmpusema cpejio-
cTeHud U nHeBMarolesne [20]. B kauecTBe mep
npo(pUIAKTUKA CHOHTAHHOTO THEBMOMEIUACTH -
HyMa A. Sihoe [20] ykasbIBaeT cjiefoBaHUe IIPUH-
numam 6eszomacuoi BJI mpu COVID-19 [7], To
€CTb TMPUIEePKUBATHCS 0€30TMaCHBIX 00bEMHBIX
(4-8 MJu/KT) mokasaresell W JaBJEHUs I1JIATO
MeHee 30 cM BOA. CT. XUpypruuecKruii BapuaHT
KOPPEeKIMH CIIOHTAHHOI'O THEBMOMEINaCTUHyMa
ABTOpaMM He OMMMCBHIBAETCSI, OHAKO IIPeJJIaraeTcs
paccMoTpeTh BapUaHT IPEeHUPOBAHUS IJIEBPAJIb-
HBIX ITOJIOCTEN TPU PA3BUTHUM THEBMOTOPAKCa BHE
3aBUCHUMOCTH OT €Tr0 3TUOJIOTUMH.

A. Sihoe 1 coaBr. mpuaHaior [20], YTO B HACTOSI-
U MOMEHT TOYHAsI OlleHKa YacTOThI BCTpevae-

Moctu CIC npu HOBOH KOPOHABUPYCHOM NH(peEK-

Lack of symptoms and laboratory changes during
development and resolution of pneumomediastinum
(WBC count 10-14,000/ul, without left shift in the dif-
ferential, C-reactive protein level 5-7 mg/1 during the
monitoring period) was a distinctive feature of the
first case described above. Increased blood LDH lev-
els in patients with SME described by C. M. Chu,
Y. Y. Leung et al. [17] were not observed.

To describe the mechanism of spontaneous
resolution of pneumomediastinum in case 2 pa-
tient, we formulated the following hypothesis. The
pressure gradient equalization between alveoli and
interstitium occurr due to worsened ventilation of
the lung area, where lung tissue rupture has prima-
rily occurred (the negative changes in lung tissue
lesions during the observation period is notewor-
thy). Such a rapid reversal of pneumomediastinum
and subcutaneous emphysema after cessation of
gas inflow into the tissue can be explained by a
high fraction of oxygen in the inhaled gas mixture
(80-90%). Surgical treatment was performed in
one patient, but the apparent lack of effect of sur-
gical decompression of the mediastinum and
spontaneous resolution of pneumomediastinum
occurring later seem remarkable. This fact casts
doubt on the validity of surgical treatment of pa-
tients with spontaneous pneumomediastinum.

Conclusion

SME is an uncommon specific complication
of pneumonia caused by the novel coronavirus in-
fection COVID-19, which, regardless of its direct
cause, may represent a poor prognostic factor and
predictor of a severe disease.

The main measures to prevent SME include
adherence to the principles of safe ventilation such
as limitation of volume (4-6 ml/kg) and plateau
pressure index less than 30 cm H,0), as well as a rig-
orous risk-benefit assessment of the ventilation
mode used.

Accidental detection of SME when there is a
visible clinical effect from the treatment should not
prompt the doctors to modify the treatment regi-
men, and especially to discontinue the steroids.

If SME is detected in a clinically stable patient,
it is very likely to resolve spontaneously without
specific treatment. Surgical treatment may be indi-
cated if tension pneumomediastinum or signs and
symptoms of mediastinitis, as well as clinically sig-
nificant concomitant pneumothorax develop.

The questionable evidence of the risk of an
additional mechanism of SARS-CoV-2 propaga-
tion when performing pleural drainage [25]
should not be a reason for withholding pleural
drainage if indicated.

When SME develops in a patient on the venti-
lator, it becomes a limiting factor that does not
allow intensivist to set stricter modes of ventilation,
if necessary.
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Clinical and Experimental Studies

LMY CJIOYKHA, OJHAKO OLICHUBAIOT YaCTOTY JAHHOTO
cocTosiHUA B 2% Ha OCHOBaHUM 0OoJiee PaHHUX
padbor X. Yang c coaBT., KOTOpBIE COOOIIIAIN O TIEP-
BBIX CIy4asix jJeueHus 60abpHbIX ¢ TOPC B Yxane
[21]. CTout oT™MeTHTh, 4TO X. Yang coobiraet o 2%
BCTpPEYaeMOCTU ITHeBMOTOpakca (1 u3 52 nanueH-
TtoB ¢ TOPC), a He 0 HentocpeacTBeHHO YactoTe CIC.
Bo3moOsKHO, IpUYMHA HEYIOBJIETBOPUTEIIb-
HBIX CTaTUCTUYECKUX JAHHBIX IT0 pACIIPOCTPaHeH-
Hoctu CIC 00yc/IO0BI€eHa HATUYWEM Pa3HOTIACHI
II0 ITOBOJy yueTa ciaydaeB [IM Ha ¢oHe nipoBefe-
uus MBJI. Tak, B pabote C. M. Chu, Y. Y. Leung n
coaBT. CIC perucTpupoBad TOJBKO y ITallMeH-
TOB, He HaxonuBmuxcsa Ha MBJI [17]. [Iatorenes
passutua I[IM onyHaKoB BHE 3aBUCHUMOCTHU OT
¢dakra npumenenuss VBJI, omHako BbIsABJIEHUE
aMmpusemsbl cpenoctenusi Ha ¢pone VBJI, kak mipa-
BWJIO, PacCMaTpPUBAIOT KaK IMPOSIBJIEHHE Oapo-
TPaBMBI, ¥ TAKOE COCTOSTHHE MOYKET TOTpeboBaTh
HEOTIOKHBIX TAKTUYECKUX PellleHNH, B TOM YucJie
JIEeKOMIIPEeCCUU CpefoCcTeHud [22-24].
B Hameii cepuy HabJTIOEHNH Y 3-X TTaIleH-
ToB CII 3adukcupoBanu Ha CaMOCTOSTEJBHOM
JIbIXaHUH, Y 2-X ITalieHToB — Ha ¢oHe VBJIL.
Oco6eHHOCTHIO IEPBOTO OMMCAHHOTO HABJTIO-
JleHrs1 ObBLIIO OTCYTCTBHE CYyO'EKTUBHOM CUMIITO-
MaTHKH, a TaK)Ke TMHAMUKY JJab0paTOPHBIX ITOKa-
3areseli IpU PA3BUTUM U perpecce ITHEBMO-
MeauacTuHyMa (J1edKonuTel oT 10 7o 14 ThicAY B
MKJI, 6€3 CIIBUTA JIEUKOIUTAPHOU (DOPMYJIBI BIIEBO,
conepskanne C-peakTUBHOTO Oeska 5-7 Mr/j 3a
BpeMms HaOmomenus [1M). [oswimenus JIJAI B
KpoBH y nanueHToB ¢ CIC, onmcaHHOrO B pabore
C.M. Chu, Y. Y. Leung u coasr. [17], He HabJI0qaTH.
71 onmcannAa MexaHn3Ma CIIOHTaHHOI'O pas-
pelleHrs THEBMOMeINaCTUHyMa y BTOPOI'o IaljieH-
Ta cpopMUpoOBaI CAEAYIOIYIO TUIIOTE3Y: BbIpaB-
HUBaHMe I'PaAeHTa JABJICHUA MEKIY albBeosaMuy
Y MHTEPCTULIEM IIPOU3OIILIO 10 IIPUYNHE YXyZ1Ie-
HYS1 BEHTWIALMYA TOI'O Y4aCTKa JIETKOI'0, B KOTOPOM
IIepBUYHO IIPOM30IIeJI Pa3pbIB JIETOYHOU TKaHU
(ob6pamaer Ha cebs BHUMAaHWE OTpHUIIATETbHAS
JVHAMMKa B COCTOSIHUM JIETOYHOU TKAHU 3a BpeMs
HaOmonenust). CTOJIb CTpeMHTESIbHOEe OOparHoe
passutue IIM 1 TonKOKHOU aM(pH3eMbl ITOCJIE TIpe-
KpaleHus IOCTYIVIEHN A rada B KJIETYaTKy MOYKET
OBITH 00'BSICHEHO BHICOKOI (PpaKIei KUCa0poaa Bo
BIIbIXaeMoU cMecu (80-90%). Xupyprudyeckoe Jjede-
HU€e B CepUH HAOJTIOIEHNH ITPOBEJIN OTHOMY TIaIlu-
€HTY, OTHAaKO 00pariaoT Ha cebs1 BHUMaHue (haKTH-
4yecKoe OTCyTCTBHe 3(eKTa OT XUPYpPrudecKoi
JEKOMIIPECCUM CPEeIOCTEHUS U CIIOHTaHHOE pa3pe-
IIeHE [THEBMOMeIUacTuHyMa B OTCPOYEHHOM
nepuoge. IToT (PaKT CTaBUT I10]] COMHEHUe OIIpaB-
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However, currently available data on the COVID-
19 pandemic are still insufficient to develop universal
algorithms for the prevention, timely diagnosis and
management of SME and associated conditions.

AaHHOCTb XUPYPTUYECKOI0 JIEYEHUA ITallTUEHTOB CO
CIIOHTAHHBIM ITHEBMOMENNACTUHYMOM B II€JIOM.

3akJaoueHnue

CrnoHTanHadg asMdu3eMa CpeloCTeHUs —
HeuacToe creruuIeckoe 0CI0KHEeHNe ITHEBMO-
HUY, BBI3BAHHON HOBOU KOPOHABUPYCHON NH(DEK-
nmeir COVID-19, koTopoe BHe 3aBUCHUMOCTHA OT
MPSAMOYN MPUYUHBI €r0 BO3SHUKHOBEHUS MOKET
ABJIATHCA (PAKTOPOM HeOJIaroNPUATHOTO IIPOTHO-
32 M IIPEIMKTOPOM TSYKeJIOro TeueHus 3abosieBa-
HUA Y MIalleHTa.

OcHOBHBIE MepPOIPUATHSA 110 TPO(PUITAKTHKE
pasButusa COC 3aKJIHYAITCSA B CJEeJ0BAHUU
npuHnunaMm 6esomnacHoit BJI — orpannuenue
006 beMHBIX (4—6 MJI/KT) TIOKa3aTesel 1 moKasare-
JIsI TaBJIeHU 11J1aTo MeHee 30 CM BOJ. CT., a TaKKe
TIIaTeJIbHOM OIleHKe IOJIb3bI U PUCKOB MCIIOJIb-
3yeMOro pexxnmMa BEHTUJJIAINU.

Ciyuaitnoe oOHapyskeare CIC mpu siBHOM
KJINHUYEeCKOM 3¢ eKTe OT IPOBOJUMOTO Jeye-
HUA He JOJIKHO ABJIATHCSA IOKA3aHUEM JJIs1 U3Me-
HEHUsI CXeMBI JIeueHUs], a TeM OoJiee 719 OTKa3a OT
IIPUMEHEHUsI TKIOKOKOPTUKOUIOB.

IIpu BbIABIeHUU CIC y KIMHUYECKU CTa-
OMJIBHOTO TalieHTa BBICOKA BEPOSATHOCTH €ro
CaMOTIPOU3BOJILHOTO pa3perenus 6e3 crernudu-
4eCKoro JieueHu:A. IlokazaHneM K XUpypruuecKko-
MY JI€4€HHUIO MOTYT CTaTh pa3BUTHE HAIIPSAKEHHO-
ro IIHEBMOMEeOUuAaCTUHyMa U MaHI/Iq)eCTaHI/IH
MEJUACTUHUATA, a TAK)Ke HaJIudue KINHUYECKU
3HAYMMOT'0 COIyTCTBYIOIIEro IHEBMOTOPAKCA.

CoMHUTEJIbHBIE JaHHbI€ O HAJIMYMUU PpUCKA
MOSIBJIEHUS JOIIOJIHUTE/IbHOTO MEXaHU3Ma pac-
npoctpaneHnsa SARS CoV2 npu BBIIOJTHEHUU
IIJIEBPAJIbHOIO IPEHUPOBAaHUA [25] HE JOJIKHBI
OBITH ITOBOIOM JI/ISI OTKa3a OT IIPOBeIeHUS TPEeHNU-
pOBaHUs MJIeBPaJbHOM MOJIOCTH B TeX CJIyYasix,
IJie OHO ITIOKA3aHo.

CIIM, pa3BuBalomuiica y nanuesTta Ha VIBJI,
IproOpeTaeT poJib OTPaHUYNBAIOINIETO (haKTOpa,
KOTOPBIN He IT03BOJISIET PEAaHNMATOJIOTy B CIy4yae
HeoOXOIMMOCTH YCTaHaBJIMBAaTh OoJiee YKeCTKIe
PEeXMMbI BEHTUJIALIUN.

HNmerommuxcss Ha JAaHHOM JTamne O0OpBOBI C
nanaemueir COVID-19 faHHBIX HEIOCTATOYHO JIS
¢popMupoBaHuA YHUBEPCATbHBIX aJITOPUTMOB 10
IIpeIOTBPAIlleHHI0, CBOeBPEMEHHOH TMarHOCTUKE
n ycrpanenuio CIC 1 ee 1TOCI€JCTBUI.
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Pe3rome

Iesas ucciaegoBaHys — U3YYUTh KIMHUYECKUE BADUAHTHI TUIIOKCUY Y nTanueHToB ¢ COVID-19 B 3aBu-
CHMOCTH OT BBIPQYKEHHOCTH OCTPOH NIbIXaTeIbHON HeI0CTaTOYHOCTH.

Marepuansl 1 MeToabL. O6cienoBanu 60 MamueHToB ¢ TKeabIM TedeHrneM COVID-19 1 KIMHUKOH OCT-
poii aepixaTebHOI HegocTaTouHocTy (O/JH), rocnuTaIn3upOBaHHbBIX B UH(EKIIMOHHbIE CTal[nOHaphl Hink-
"ero Hosropoga.

B nccaenoBanne BRIIIOUUIH MTAIIEHTOB, Y KOTOPBIX BBISIBJISIJIA CHIPKEHNE TPAHCKYTAaHHOU caTypanuu
MeHee 93% IIpU CIIOHTAHHOM JBIXaHUH, ¥ TPeOOBABIINX, COITIACHO BpeMeHHBIM KINHUYeCKIM PeKOMeH/a-
LHSIM 110 JieueHUIo nanueHToB ¢ COVID-19, KoppeKIuu AbIXaTeIbHbIX HapyIlleHni. Bcex manueHToB 1o xa-
pakTepy IbIxaTe/IbHBIX HAPYIIeHUN pa3aesuin Ha 2 Tpynibl 1o 30 4eJI0BeK B KasKI0MU: 1-51 rpyIina — namnu-
eHTBI 6e3 ka00 Ha 3aTpyaHEeHNEe AbIXaHUs U YaCTOTOM IBIXaHUsI 0 25 B MUHYTY; 2-51 TPyIIia — Mal[MeHThl,
C ’kajI00aMu Ha 3aTpyJHEHNE TbIXaHUs U YaCTOTOU AbIXaHUs OoJiee 25 B MUHYTY.

[MToMuMO 3HAYEHU TPAHCKYTAaHHOH caTyparyy, OIeHUBAIH 5KaI00bI HA HAPYIIIEHUS AbIXaHUsI, YACTOTY
npixanuit (Y1), Hanuuue, 1100 OTCYTCTBUE (DOPCUPOBAHHOTO AbIxaHus (P/]), 4aCcTOTy cepliedHbIX COKpa-
menuii (YCC), mapameTpbl KUCAO0THO-0cHOBHOTO (KOC) 1 ra30BOro cocTaBa apTepuasbHON U CMEIIAHHON
BEHO3HOU KPOBH, HATUYHE, JTUOO OTCYyTCTBHE CUMIITOMA «OEJIOT0 IATHA», KOHIIEHTPAIUIO JIAKTaTa KPOBH.
TsKECTDb MOBPEKIEHUS JIETKUX OTIPEAEJIsAIN 0 TaHHBIM KOMIIBIOTEPHOH ToMOrpad U, TSHKECTb COCTOSTHUS
oneHUBaJIH 110 mKkase NEWS. Takske yYUTHIBAIU BHIOpAHHBIE METOBI JI€YEHUS IbIXaTe/IbHbIX HAPyIIeHUH,
HeoOxonuMble 151 koppekiuu OJTH, 1 pe3yabTarTsl TOCIUTAIN3AINN.

PeayuibraTsl. B 1-1i rpyIine cpeqHIi Bo3pacT cocTaBull 66 (56; 67) JeT, a TSHKeCTb cocTosTHUsI — 8 (7; 10) 6asioB.
Y 60/1bHBIX 1-#1 rpynIibl OTMEYATN HE3HAYUTETHHYIO TAXUKAPIUIO U TAXUITHOI, TUIIEPIAKTaTEMUH U TTOJIOMKHU-
TeJIbHOTO CUMITTOMa 6eJIoro MATHA He Ob110. SpO, cocTaB/IAIo B cpenHeM 86 (83; 89)%. 3nauenus pH u pCO, B
BEHO3HOU KPOBU HAXOJUJINCH B pedhepeHCHBIX nHTepBasiax, BE — B cpenneM — 6 (4; 9) Mmouib /i1, pO, — 42 (41;
44) MM pT. cT., SO, — 67 (65; 70)%. B apTepuanbHoii KpoBu pO, COCTABJISAIO B cpegHeM — 73 (69; 75) MM PT. CT., SO,
—86(83;90)%, O, — 37 (35; 39) MM pT. cT. [IpoBeieHre OKCUTeHOTepaIiy IIOTOKOM 5-15 Ji*MUH! B IPOH-NO3ULIUHU
TI03BOJISLIO 106UTHCs1 Koppekiuy O/TH. Bee marueHTsI 9TOM IPYIIIbI ObIIN BBITMCAHBI U3 CTAIOHAPOB.

Bo 2-1i rpynme cpegHU BO3pacT cocTaBua 76 (70; 79) JeT, a TsKeCcTh cocTossHusa — 14 (12; 18) 6aswuios.
ASKUTANIO OTMETHUJIN Y 15 MaeHToB, OJ0KUTENbHBI CUMIITOM 0€eJIoro MsiTHA — Y 13, TOBbIIIEHUE CO-
JIep>kaHusA JakTaTa — y 18 maruenToB. Y/l B cpegHeM coctasuda 34 (30; 37) B MunyTty, HCC — 110 (103; 121)
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B MUHYyTY, SpO, — 76 (69; 83)%. B BeHo3HOI1 kpoBU pH B cpeguem cocrasJsii 7,21 (7,18; 7,27), pCO, — 69 (61;
77) MM pT. cT., BE — 5 (-7; 2) mmouts/ a1, pO, — 25 (22; 28) MM pT. cT., SO, — 47 (43; 55)%. B aprepuanbHoit
kpoBu pO, 66110 B cpemHeM 57 (50; 65) MM pT. cT., SO, — 74 (69; 80)%, pCO, — 67 (58; 74) MM PT. CT. Y maru-
€HTOB 2-1 TPYIIBI CTaHJapTHAsI OKCUT€HOTepaIusi B IPOH-TI03UIUY He obectieunia koppekiun O/1H, u ro-
TpeboBasach BEICOKOIIOTOYHASI OKCUTeHOTepanyis, HenHBasuBHass CPAP-tepanms (continues positive airway
pressure) ¢ ucnosjb3oBanueM 50-90% (pakuum KUCI0poJa NI HEMHBAa3UBHAS BEHTUIIALNSA JIETKUX B pe-
skume CPAP+PS (continues positive airway pressure + pressure support). B 14 ciy4gasx morpeboBasics TepeBoy,
Ha MHBA3WBHYIO BEHTUJIAINIO j1eTkuX (MBJI). B aToii rpynme 65110 10 JeTanbHBIX HCXO0B (33%).

3akarodeHue. Y mamnuenToB ¢ COVID-19 nesecoobpa3Ho BbIieIeHNE IBYX KIMHUYECKAX (DEHOTHIIOB
runokcud. IlepBelil BapuaHT xapakTepusayercsi cHuskeHueM SpO, ot 80 10 93%, OTCyTCTBHEM TaXUIIHOD U
CBHJIETEJICTBYET 00 YMEPEHHOH apTepraIbHON T'UITOKCEMUH 0€3 pa3BUTHSI TUITOKCUH TKAaHeH 1 arli103a.
Omna xapakTepHa JJis arueHToB 60Jiee MOJIOOr0 BO3PaCTa, aCCOIMUPOBAHA C MEHbBIIIEN CTENIeHBIO T0-
BpesKAEHUs JIETKUX U TAYKEeCThIO COCTOSIHMSA, YeM Yy ITallueHTOB ¢ BblpaskeHHoH O/1H. ['mnokcemus kop-
pUTHpyeTCcsA MPOH-TI03UNMEN U KICI0pooTepanrell n He Tpebyer nmepesoga Ha VIBJI. Bropoit BapuaHT
TUIOKCUU XapaKTepu3yeTcsl pa3BUTHEM 3HAUYUTEJIbHOUN apTepuaJbHOU I'HIIOKCEMUHU U TUIIEPKAIIHUY C
pasBUTHEM I'MIIOKCUY TKaHEW U anumo3a. [l ee KOppeKIuu TpedyeTcs MpuMeHeHe HeMHBa3uBHOMN
uau nHBasuBHOU MBJI.

Knarouesvte crosa: 2Uunokcemust, C2unepraniusi; auuaos; 2UNOKCUsL MEKEaHell
KOH(i).JII/IKT HHTEPECOB. ABTOpLI 3asIBJIAIOT 00 OTCYyTCTBUU KOH(bJII/IKTa HWHTEPECOB.

Summary

The aim of the study was to examine the clinical phenotypes of hypoxia in patients with COVID-19 in re-
lation to the severity of acute respiratory failure (ARF).

Material and methods. Sixty patients with severe COVID-19 and manifestations of acute respiratory failure
admitted to the infectious disease hospitals of Nizhny Novgorod were enrolled in the study.

The study included patients with transcutaneous saturation (SpO,) below 93% on spontaneous breathing,
who required correction of respiratory alterations according to the Interim Clinical Guidelines for the Treat-
ment of Patients with COVID-19. All patients were divided into 2 groups of 30 patients each according to the
nature of respiratory impairment. Group 1 included patients without breathing difficulties who had respiratory
rate up to 25 per minute. Group 2 patients had breathing difficulties and respiratory rate over 25 per minute.

In addition to SpO,, severity of respiratory difficulties, respiratory rate (RR), forced breathing (FB), heart
rate (HR), acid-base balance (ABB) and arterial and venous blood gases, capillary refill time, blood lactate level
were assessed. The severity of lung involvement was determined using chest computed tomography, and sever-
ity of disease was assessed using the NEWS score. Respiratory treatment required for ARF correction and the
outcome of hospitalization were also considered.

Results. In group 1, the mean age was 66 (56; 67) years and the disease severity was 8 (7; 10) points. Group 1 pa-
tients had minor tachycardia and tachypnoea, there were no lactate elevation or prolonged capillary refill time. Mean
SpO, was as low as 86 (83; 89)%. Venous blood pH and pCO, values were within normal reference intervals, mean BE
was 6 (4; 9) mmol/l, pO, was 42 (41; 44) mm Hg, and SO, was 67 (65; 70)%. Mean arterial blood pO, was 73 (69; 75)
mm Hg, SO, was 86 (83; 90)%, and O, was 37 (35; 39) mm Hg. Oxygen therapy with the flow rate of 5-15 I/min in
prone position helped correct ARE All patients of this group were discharged from hospital.

In group 2, the mean age was 76 (70;79) years and the disease severity was 14 (12; 18) points. Anxiety was
observed in 15 patients, prolonged capillary refill time was seen in 13 patients, and increased lactate level in
18 patients. Mean RR was 34 (30; 37) per minute, HR was 110 (103; 121) per minute, and SpO, was 76 (69; 83)%.
Mean venous blood pH was 7.21 (7.18; 7.27), pCO, was 69 (61; 77) mm Hg, BE was -5 (-7; 2) mmol/l, pO, was
25 (22;28) mm Hg, SO, was 47 (43; 55)%. Mean arterial blood pO, was 57 (50; 65) mm Hg, SO, was 74 (69; 80) %,
and pCO, was 67 (58; 74) mm Hg. In the group 2 patients, the standard oxygen therapy in prone position failed
to correct ARE and high flow oxygen therapy, noninvasive CPAP with FiO, of 50-90% or noninvasive CPAP+PS
were administered. Fourteen patients were started on invasive lung ventilation. There were 10 fatal outcomes
(33%) in this group.

Conclusion. Two clinical phenotypes of hypoxia in patients with COVID-19 can be distinguished. The first
pattern is characterized by reduced SpO, (80-93%), no tachypnoea (RR >25 per minute) and moderate arterial
hypoxemia without tissue hypoxia and acidosis («silent hypoxia»). It is typical for younger patients and asso-
ciates with less lung damage and disease severity than in patients with severe ARE Hypoxemia can be corrected
by prone position and oxygen therapy and does not require switching to mechanical ventilation. The second
pattern of hypoxia is characterized by significant arterial hypoxemia and hypercapnia with tissue hypoxia and
acidosis. Its correction requires the use of noninvasive or invasive mechanical ventilation.

Keywords: hypoxemia, hypercapnia; acidosis; tissue hypoxia
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BBenenue

Hogas koponaBupycHast nHpermust COVID-19,
OXBaTHBIIIasl BECh MU, CTajla HACTOSAIINM HUCIIbITa-
HUeM JJI CUCTeM 3JPaBOOXpaHEHMsA BCeX CTpaH,
BBI3BAB KOJIOCCAJIHHYIO Harpy3Ky Ha FOCIIUTAIN U
OT[IeJIeHUsI MHTEHCUBHOU Tepanui (1, 2].

OJIHVUM 13 CHHIPOMOB ITPU TSXKEJIOM TeYeHUN
COVID-19 aBJssieTca ocTpast abIxaTeJabHasi HeJ0-
crarouynocTts (OJIH), mo moBomy KOTOpO# Hare
BCEro IMPOUCXOIUT TOCIUTATN3AUA B CTAllIOHAP
Y OTJleJIEHUsTI MTHTEHCUBHOU Tepanui (2, 3].

[ToBpeskIeHUs AbIXaTeIbHOU CUCTEMBI IIPU
nHpuposanuu BupycoM SARS-CoV2 onuceiBa-
eTcsi, Kak aJbBeoJIAPHOE U MHTEPCTUIMATIbHOE
9KCCYyJaTUBHOE BOCIIaJeHue C ImpeobJsasaHremM
MHOUJIBTpaInu MakpodaraMu 1 MOHOIIUTaMH, a
TaKKe KaK odarosasl JleCKBaMallUsl 3MUTEJINUSA
JIbIXaTe/IbHBIX ITyTel, KPOBOUIJIUSAHNIE B JIET0Y-
HYIO TKaHb U IpoJudeparys MHEBMOIIUTOB 2-T0
Tuna (4, 5].

[Tomo6HBIE MOP(OJIOTUYECKIIE U3BMEHEHMUS B
JIETKUX IIPUBOIST K HAPYIIIEHUIO UX Ta3000MeHHOMN
(pyHKITIY 11 pa3BUTHIO TUTIOKCEMUH, KOTOpasi acco-
IIUUPYeTCs ¢ HeOJIaronpHUATHBIM IIPOrHO30M [6].

Y MHOTHX MAalIMEHTOB C TSKEJIBIM TEYEHUEM
COVID-19 pasBuBarTcs abIxaTeJbHbIE HAPYIIIe-
HHUSA C BO3MOKHBIM (DOPMHPOBAHMEM OCTPOTO
pecnimparopHoro gucrpecc-cuagpoma (OPIC) [5].

BmecrTe c TeM, 3HaYNUTeJIbHASA YaCTh HaIU-
€HTOB C OCTPOH [AbIXaTeJbHOW HEI0CTATOU-
HOCTHIO UMeeT KJIMHUYECKHE CUMIITOMBI JIbIXa-
TeJbHBIX HapPYIIEeHUH JIeTKON WU YyMepeHHOH
CTeIleH!, HO TT0Ka3aTeju TPaHCKYTaHHOU cary-
pamun (SpO,) mpu 9TOM CHUKAIOTCS HEOOBIYHO
3HaA4YUMO |[7, 8].

Takoit qUCCOHAHC MEKIY KITUHUYECKOU Kap-
tuaoit O/IH m cHmxenuem mokasaresss SpO,,
OIlpeiesisieMOro C IOMOIIBIO MYJIECOBOM OKCH-
MeTpPHUH, MOJYUYNUJ ONpeieleHre «TUX0H» TUIo-
kcum («silent» hypoxia) [9-11].

Bpaum peaHmMMaro/ioTM TPUBBLIKJIM, YTO Y
MaIleHTOB C THEBMOHMEN 3HaYUTe /IbHAs JecaTy-
pamysa CompoBOSKAAETCs Kajjo0aMu Ha 3aTpya-
HEHHOe JbIXaHVe 1 KINHUYEeCKUMU ITPOSBJICHUS -
MM B BHUJIE TAXUITHOI, (POPCUPOBAHHOTO BIXAHUS,
HapylLIeHUsAMM CoO3HaHwus (12, 13].

[Ipu COVID-19, naske B ciIy4asx CyI|eCTBEH-
HOW JiecaTyparyu, OrpeiessieMOd TPAHCKYTaHHO,
3TU CUMIITOMBI BCTPEYAIOTCA He Beeraa [14].

Nayuenne ocobennocreit OJJH u OPJIC ipu
COVID-19 n103B0/IA/IY BBIIE/IUTD 2 TUIIA PA3BUTUA
JbIXaTeJIbHBIX HapyHIEeHWH Yy 9TOM KaTeropuu
MIaIIeHTOB B 3aBUCUMOCTH OT CTEIIEH! 3JIaCTUY-
HOCTH JIeTKHUX [15].

O npupoje 3TOro HEIPUBBIYHOTO /IS KJIH-
HUIMCTOB COCTOAHUA UAET TUCKyccus (16, 17 ].

TraHeBas ecarypaliyisi MOSKeT OBITh BbI3Ba-
Ha apTepuagbHOM r'UIIOKCeMUeH, HapyllleHus MU

Introduction

The novel coronavirus infection COVID-19,
which has swept the world, is a real challenge for
the healthcare systems of all countries, causing an
enormous burden on hospitals and intensive care
units [1, 2].

One of the syndromes seen in severe COVID-
19 is acute respiratory failure (ARF), which most
commonly results in hospitalization to medical and
intensive care units [2, 3].

Respiratory damage in SARS-CoV2 infection is
characterized by alveolar and interstitial exudative
inflammation with predominant macrophage and
monocyte infiltration, as well as focal airway ep-
ithelial desquamation, pulmonary hemorrhage,
and type 2 pneumocyte proliferation [4, 5].

These histological changes in the lungs result
in impaired gas exchange and hypoxemia, which
associates with a poor prognosis [6].

Many patients with severe COVID-19 have res-
piratory disorders with possible development of
acute respiratory distress syndrome (ARDS) [5].

At the same time, a significant part of patients
with acute respiratory failure present with mild or
moderate respiratory impairment with unusually
severe decrease in transcutaneous oxygen satura-
tion (Sp0,) [7, 8].

Such discrepancy between the clinical presen-
tations of ARF and SpO, reduction measured by
pulse oximetry has been defined as «silent» or
«happy» hypoxia [9-11].

As intensive care physicians know, in patients
with pneumonia a significant desaturation occurs
which presents with labored breathing and clinical
signs such as tachypnea, forced breathing, and im-
paired consciousness [12, 13].

In COVID-19, even in significant desaturation
confirmed by transcutaneous pulse oximetry, these
signs and symptoms do not always occur [14].

The study of ARF and ARDS in COVID-19 al-
lowed to distinguish 2 types of respiratory impair-
ment in this category of patients, depending on
lung compliance [15].

The nature of this unusual condition for clini-
cians is under discussion [16, 17].

Tissue desaturation can be caused by arterial
hypoxemia, microcirculatory disorders, RBC and
hemoglobin damage [18].

Another viewpoint suggests that this phenom-
enon is also associated with peripheral vascular mi-
crothrombosis [19].

Meanwhile, microcirculatory disorders, arte-
rial hypoxemia and hypercapnia, as well as RBC
and hemoglobin damage undoubtedly result in tis-
sue hypoxia and acidosis development [20].

Understanding the nature of «silent hypoxia»
and its differences from severe ARF is essential for
choosing the proper treatment in patients with
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MUKPOLMPKYJIALNHA, IOBPEKICHUEM 9PUTPOLIU-
TOB U remMoryioouua [18].

ITOT (peHOMEH, C IPYTrol TOYKYU 3PEHUS, CBSI-
3aH TaKsKe C COCYIUCTBIM ITepudepruiecKuM MUK-
porpom6o3oMm [19].

BMmecTte ¢ TeM, ©”TOTOM MUKPOLUPKYIATOP-
HBIX HapylIeHu!, apTepruajbHOU r'NIOKCEMUN U
TANIepKaIlHUY, & TAK)Ke [IOBPEXKICHUS 9PUTPOLI-
TOB ¥ TeMOTJI001Ha, 0€3yCI0BHO, SABJISIETCS pas-
BUTHE TUIIOKCHUS TKAHM U aniao3a [20].

BaskHO TOHMMATH OTVIMYME TOHATHUSA «TUI0-
kcus» or O/TH, uro Heo6xoarMo A1 BbIOoOpa mpa-
BUJIBHBIX METONOB JIEYEeHUA Yy NAaUUEHTOB C
COVID-19 u cumnrtomamu OJIH — HauuHas C
IepeBofa B IPOH-IIO3UINIO0 ¥ OKCUTeHOTEpaNei,
CPAP 11 “”HBa3MBHOU UCKYCCTBEHHOU BeHTUJIAINN
Jerkux (MBJI) [15, 21-23].

Kpowme TOro, BO3HMKaIOT COMHEHHUS B LieJIe-
Cc000pa3HOCTU UCTIIOJTb30BAHUS MOKA3aTe sl TKa-
HEBOU caTypanuy Kak abCOJIIOTHOTO KPUTEPHS B
pelleHny BoIpoca 0 HayaJjie ”HBa3UBHOM BEHTHU-
JISIUY JIEeTKHUX [5, 24].

IToHnMaHMe TaHHOIO BOIIPOCA HAILJIO OTpa-
’KEHUEe B 9BOJIIOINY TTO/IX0/IOB K MHTYOAINM Tpa-
xeun y nanueHToB ¢ COVID-19 u O/1H B MupoBoii u
OTeYeCTBEHHOU MpPaKTukKe [25-27].

B cBA3HU € yKa3aHHBIM, UHTEpPEC K U3yYEHUIO
B3aUMOCBA3U BBIPAKEHHOCTU TI'MIIOKCEMUU U
TUMOKCHUU C pa3/INYHOU CTENeHbI0 KINHUYECKUX
nposiBiaeHnii cumnroMoB OJIH y mamueHTOB C
COVID-19 He sABJIsI€TCS TPA3AHBIM, 2 IMEET O0JTh-
II0€e IIPaKTU4YeCKoe 3Ha4eHue, IOCKOJIbKY II03BO-
Jis1eT IPUHATH BepHOe 1 CBOEBPEMEHHOE pellleHue
0 BeIOOpE MeToga koppekiuu OJTH. BmecTe ¢ TeMm,
BOIIPOCHI B3aUMOCBSI3M M3MEHEHUU KUCJIOTHO-
OCHOBHOI'O COCTOSTHHS U Ta30BOI'0 COCTaBa KPOBU
C BBIPAKEHHOCTBIO THMIOKCUU U KJIMHUYECKUX
cuMIiToMoB y tanreHToB ¢ COVID-19 He oOcyxe-
HBI JIOJIPKHBIM 00pa3oM.

Ilesp ncciienqoBaHnusa — U3YYUTh KJIMHUYE-
CKHe BapUaHThI T'AIIOKcHY y nanuesToB ¢ COVID-19
B 3aBUCHUMOCTHU OT BBIPAsKEHHOCTHU OCTPOU JIbIXa-
TeJIbHOU HEeJOCTAaTOYHOCTH.

MarepuaJ 1 MeTobI

[IpoBeJsin MHOTOLIEHTPOBOE IIPOCIEKTUBHOE UC-
cJlefloBaHue, B X0/le KOTOporo o0cJsenoBanu 60 namu-
€HTOB (27 MyXYUH U 33 MKEHIIUHBI) C TAMKEJIBIM Teue-
Huem COVID-19, conpoBOKAaBIIEHCA KJIMHUKOU
OJIH, rociuTa/IM3upOBaHHBIX B NH(EKIIMOHHBIE CTa-
IUOHapbhl YHUBEPCUTETCKOU KJAMHUKHA [TMMY
MunanpaBa Poccun, 'BY3 HO I'b Ne33 r. Husknero
Hosropopa. luarao3 COVID-19 u cTeneHb nmopaske-
HUA JIETKUX yCTaHABJIMBAJIU Ha OCHOBAHUM KpUTeE-
pueB, U3JIOKEHHBIX BO BpeMeHHbBIX KIIMHUYECKUX pe-
koMmeHganusax M3 PP [25]. Cpennuii Bo3pacT
nanueHToOB cocTtaBuJ 70 (58; 77) Jjer.

B uccnenoBanue BKJIIOYUIIN TIALIMEHTOB, ¥ KOTO-
PBIX IIPU CIOHTAHHOM JIbIXaHUU BBIABJIAJIN CHUKEHNE

TpaHCKyTaHHOU caryparuu MeHee 93%, 1 4T0o Tpebo-

COVID-19 and ARF including prone positioning,
oxygen therapy, CPAP, and invasive mechanical
ventilation [15, 21-23].

Besides, there are doubts about the appropri-
ateness of using tissue saturation values as an ab-
solute indication for initiating the invasive me-
chanical ventilation [5, 24].

This issue has influenced the evolution of ap-
proaches to tracheal intubation in patients with
COVID-19 and ARF worldwide [25-27].

In this regard, the interest in studying the re-
lationship between the severity of hypoxemia and
hypoxia and clinical manifestations of ARF in pa-
tients with COVID-19 allows making a proper and
timely decision on the choice of ARF correction
strategy. Moreover, the relationship between
changes in acid-base status and blood gases and
the severity of hypoxia and clinical manifestations
in patients with COVID-19 has not been adequately
discussed.

The aim of the study was to examine the clin-
ical phenotypes of hypoxia in patients with
COVID-19 in relation to the severity of acute respi-
ratory failure.

Materials and Methods

A multicenter prospective study with participation
of 60 patients (27 men and 33 women) with severe
COVID-19 associated with symptomatic ARF hospital-
ized in infectious disease hospitals of the University
Hospital of Privolzhsky Research Medical University of
the Ministry of Health of Russia and municipal hospital
No. 33 (Nizhny Novgorod) was conducted. The diagno-
sis of COVID-19 and the severity of lung lesions were es-
tablished based on the criteria specified in the Interim
Clinical Guidelines of the Ministry of Health of the Russ-
ian Federation [25]. The mean age of the patients was
70 (58; 77) years.

The study included patients with reduced SatO,
(<93%) on spontaneous breathing which required, accord-
ing to the Interim Clinical Guidelines for the Treatment of
Patients with COVID-19, correction of respiratory impair-
ment. The study did not include patients who had clinical
manifestations of sepsis, shock, multiple organ failure syn-
drome, or coma at the time of examination.

All patients on admission to ICU were divided into
2 groups according to the nature of respiratory impair-
ment. Group 1 included patients having no breathing dif-
ficulties and no clinical signs of forced breathing, with
respiratory rate (RR) under 25/min and transcutaneous
oxygen saturation <93%. Group 2 consisted of patients
complaining of breathing difficulties and having clinical
signs of forced breathing, with RR >25/min and transcu-
taneous oxygen saturation <93%. The severity of disease
at the time of study enrollment was assessed using the
NEWS scale. The severity of lung lesions (grading) was
based on chest computed tomography results (CT1 — up
to 25%, CT2 — up to 50%, CT3 —up to 75%, CT4 — more
than 75% of both lungs area involved). Characteristics of
patients in the groups are presented in Table 1.

The capillary refill time was also measured. Tran-
scutaneous oxygen saturation was determined using
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Tabmuna 1. KinHu4Yeckasi XapaKTepHCTHKA ITAIlHEHTOB.
Table 1. Clinical characteristics of patients.

Parameter Values in groups

Group 1 (n=30) Group 2 (n=30)

20

Age, years Me (Q1;Q3)

60 (56; 67) 7 (70; 79)!, P=0.04

Male sex, n ( ptop) 14 (47+0.09%)

13 (43+0.09%)

Female sex, n ( ptop) 16 (53+0.09%)

17 (57+0.09%)

Diabetes mellitus, 7 ( ptop) 14 (47+0.09%)

15 (50+0.09%)

Cardiovascular diseases, n ( pxcop) 28 (94+0.05%)

29 (97+0.03%)

Essential hypertension 28 (94+0.05%)

29 (97+0.05%)

Coronary heart disease 20 (67+0.09%)

20 (67+0.05%)

Chronic heart failure 12 (40+0.09%)

18 (60+0.09%)

Permanent atrial fibrillation 2 (7+0.05%) 3 (10+£0.05%)
Respiratory diseases, n (ptop) 8 (26+0.08%) 9 (30+0.08%)
Chronic obstructive pulmonary disease 7 (2310.08%) 8 (26+0.05%)
Asthma 1 (3+0.03%) 1 (3+0.03%)
Severity according to NEWS, points Me (Q1; Q3) 8 (7;10) 14 (12;18), P=0.01
Lung lesions area, CT grade Me (Q1; Q3) 2(2;2) 4 (3;4)!, P=0.01

Note. ' — significant intergroup differences.

IIpumeuanue. Age, years — Bo3pacrt, JieT; male/female — myskunnbl/skeHuHbl; diabetes mellitus — caxapubliit qfuaber; car-
diovascular diseases — 3aboJieBaHUA CEPLEYHO-COCYIUCTON CHUCTEMBI; essential hypertension — runepronudeckas 601e3HB;
coronary heart disease — uremunueckasi 6os1e3Hb cepina; chronic heart failure — xponunueckas cepyieuHast HeI0CTaTOYHOCTb;
permanent atrial fibrillation — nocrosinnas ¢opma ¢ubpunianuu npencepauit; respiratory diseases — 3aboJsieBaHus JbIxa-
TeJIbHOU crucTeMbl; chronic obstructive pulmonary disease — xpoHudeckast 00CTpyKTUBHas1 0JIe3Hb JIETKUX; asthma — OpoH-
XuajabHas acTMa; severity according to NEWS, points — TsixecTb cocTosiHusA 1o mkane NEWS, 6ansos; lung lesions area, CT
grade — 00'beM IIOpaskeHUs1 JIETKUX 110 JaHHBIM KT. ! —3HaYMMble pa3In4usi MesKIy TPYIIIaMH.

BaJIO, COIVIAaCHO BpeMeHHBIM KJIMHUYEeCKUM peKOMeH-
anusM 1o JiedeHuio manueHTos ¢ COVID-19, koppek-
MU AbIXaTeJbHbIX HapyllleHuil. B uccaemoBanue He
BKJIIOYAJIH TTAI[IEHTOB, KOTOPbIe Ha MOMEHT 00cJIeo-
BaHUA UMeJIU KIMHUKY CelICHUCa, III0KA, CUHIPOMA I10-
JIMOPTaHHOM HeJJ0CTaTOYHOCTH, KOMBI.

ITpu nocrynennu B OPUT Bcex nanueHToB 110 Xa-
pakTepy JbIxaTe/JbHBIX HapylleHUH pas[esuju Ha 2
rpymis! 1o 30 4esT0BeK B KayKIOMU: 1-51 — maIueHTsl 6e3
5KaJI00 Ha 3aTPyIHEHNE TBIXaHUs U KITNHUIECKUX ITPU-
3HAKOB (DOPCUPOBAHHOIO JbIXaHUS, C YACTOTOM JbIXa-
HuA (U]1) 1o 25 B MUHYTY U TPAHCKYTaHHOU caTypanuen
meHee 93%; 2-51 — MaIMeHThl C skalo0aMu Ha 3aTpyIHe-
HUe JbIXaHUs U KJIMHUYEeCKUMU ITPU3HaKaMu (Dopcupo-
BAHHOTO JIbIXaHusI, ¢ YJ] 6osiee 25 B MUHYTY U TPAHCKY-
TaHHOMU caryparnueil MeHee 93%. Ts3KeCTb COCTOSIHUS HA
MOMEHT BKJIIOUEHHsI B UCCJIeJJOBaHNUe OLleHUBAJU I10
mkane NEWS. TsaskecTs mopaskeHUs JIETKUX 10 JaHHBIM
KoMIlbloTepHOH ToMorpaduu (KT1 — nopaskeHue 1o
25% nerkux, KT2 —mo 50%, KT3 — mo 75%, KT4 —
6osee 75%). XapaKTEepUCTUKY MAIEHTOB B TPyIIIax
TIpeCTaBUIIH B TabJI. 1.

YYuTHIBaIN Tak)Ke HaJW4YWe, JTUOO OTCYTCTBHE
cumnToMa «6esoro nATHa» (CBIT). 3HaUYeHUs TPaHCKY-
TaHHOU caTypalyu oIpeessjii MeTOLOM IIyJIbCOBOM
okcuMmeTpuy, YJI, 4acTOThl CcepleuyHbIX COKpallleHUN
(UCC) — c nomMoIIp10 TPUKPOBATHBIX MOHUTOPOB Jlpe-
rep, Kapgexc, Munnpeii, Tputon. KucjioTHO-0CHOBHOe
cocrosinue (KOC), ra3oBblii COCTaB BEHO3HOH U apTepu-
QJIbHOM KPOBU U KOHILIEHTPALIUIO JIAKTATA B KPOBHU Olle-
HHBAJIXA C IIOMOIIBIO aHaIn3aTopoB Panuomerp Menu-
kan. IlepBoHAua/JbHYI0 OLIEHKY TPaHCKYTaHHON
caTyparuu 1 3a60p KPpOBY Ha aHAJIU3BI OCYIIECTBIISIH,
IpU CIOHTAHHOM JIBIXaHWU MMAallTUeHTOB 1O Ha4YaJ/ia KOp-
pexnyu OJTH.

JledyeHue naleHTOB OCYIIECTBIISIIN COIACHO aKTy-
AJIbHBIM BpeMeHHI)IM KIIMHUYEeCKUM pEeKOMEHOAIAM 110
IUArHOCTUKE M JiedeHWIO mamueHToB ¢ COVID-19, ¢
BKJIIOYEHFIEM ITPOTHBOBHUPYCHOW, aHTUMHUKPOOHOH, ITPOTH-

pulse oximeter, respiratory rate, heart rate were measured
by bedside monitors Drédger, Cardex, Mindray, Triton.
Acid-base status, venous and arterial blood gases, and
serum lactate level were assessed using Radiometer Med-
ical analyzers. Initial assessment of oxygen saturation and
blood sampling were carried out in spontaneously
breathing patients before starting the treatment of ARE

Patients were treated according to the current In-
terim Clinical Guidelines for the Diagnosis and Treatment
of Patients with COVID-19, with antiviral, antimicrobial,
anti-inflammatory, anticoagulant drugs and a stepwise
(escalation) approach for ARF management [25].

Statistical analysis was performed using Microsoft
Office Excel and Statistica 6.0 software. The Shapiro-Wilk
test was used to check the normality of distribution of
variables. Taking into account sampling asymmetry, val-
ues of discrete and continuous variables were presented
as median and percentiles, Me (Q1; Q3). Qualitative vari-
ables were presented as numbers of cases (n), the per-
centage and the standard deviation of the percentage
(pxop). Small-group criteria were used for comparative
analysis. Statistical significance of group differences for
quantitative variables was determined by Mann-Whitney
U test. Comparative assessment of statistical significance
of differences for percentages was performed using the
%2 criterion.

Results and Discussion

Group 1 patients, when compared with Group
2 patients, were younger, had smaller lung lesion
area on CT scan and lower scores on the NEWS
severity scale.

The RR of these patients ranged from 16 to 25
per minute, HR was between 84 and 99 per
minute, SpO, ranged from 80 to 93%, venous
blood pH was within 7.34-7.46 range, pCO, ranged
from 35 to 40, BE ranged within 2-12 mmol/l, pO,
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Tabsuia 2. XapakTepucTuka mokasareseit O/TH.

Table 2. Parameters of patients with acute respiratory failure.

Parameter

Values in groups

Group 1 (n=30)

Group 2 (n=30)

Respiratory rate, per minute Me (Q1; Q3) 22 (20; 24) 34 (30; 37)!, P=0.02

SpO,, % 86 (83; 89) 72 (68; 78)!, P=0.04, for n=24
76 (69; 83) for n=30

Heart rate, per minute Me (Q1; Q3) 88 (87;95) 110 (103;121)', P=0.03

pH, Me (Q1; Q3)

7.39 (7.37; 7.41)

7.21(7.18;7.27)!, P=0.02

pvO,, mm Hg Me (Q1; Q3) 42 (41; 44) 25 (22;28)!, P=0.01
SvO,, mm Hg Me (Q1; Q3) 67 (65; 70) 47 (43; 55)!, P=0.02
pa0,, mm Hg Me (Q1; Q3) 73 (69; 75) 57 (50; 65)!, P=0.01
Sa0,, mm Hg Me (Q1; Q3) 86 (83; 89) 74 (69; 80)!, P=0.04
paCO,, mm Hg Me (Q1; Q3) 37 (35; 39) 67 (58; 74)!, P=0.01
Note. ' — significant intergroup differences.

IIpumeuanue. Respiratory rate, per minute — Y/I; heart rate — YCC. ! — 3HaunMble Pa3JIM4Ms MEK/y IPYIIIIaMHU.

BOBOCIIAJIUTEIbHON, AHTUKOATY/IIHTHOM TepaIyy 1 Io11a-
TOBOI0 (3CKAJIALMOHHOr0) nmoaxoaa B jieueHun OJIH [25].
CrarucTuueckyio o0paboTKy MaTepuaa mpoBo-
JIWJIN ¢ TTOMoIIbIo TporpamMM Microsoft office Excel u
Statistica 6.0. [ly1s1 onpeesieHus BRIOOPOK Ha HOPMaJTh-
HOCTB pacrpejeseHus UCI0Ib30BaIu Kputepui [lla-
npo-Yusaka. C y4eToM aCHMMeTpHUH BBIOOPOK, 3HaYe-
HUA NUCKPETHBIX 1 HEIPEPBIBHBIX KOJTNYE€CTBEHHBIX
ToKa3areJiel MPeJACTABUIIN B BUJIE MeIUaHbl U IPOLIEH-
tuiaeil — Me (P25; P75). KauecTBeHHbIe ITOKasaTesIn
TIPeICTaBUIIN B BHJie abCOJIIOTHOTO 3HAYEHHs YHCiIa
ciay4daeB (1), JOJIM U CTAHJAPTHOTO OTKJIOHEHUS IIPO-
LIeHTHOU poJu (ptop). [Ipu cpaBHUTEJIBHOM aHa/IU3€
HCIIOJIb30BaJI KPUTEPUHU NJIA MAJIbIX T'PYIIIL. CraTuctu-
4eCKyI0 3HaYUMOCTb Pa3J/IM4Yuil B IpyIIax AJIs KoJuue-
CTBEHHBIX [I0Ka3areJiell oIpeessiiii MeTogqoM ManHa—
Yutan (kputepuii U). CpaBHUTEJIBHYIO OIIEHKY
CTaTUCTUYECKON 3HAYMMOCTH PA3JIMYUHN JJIs 0JIer
NIPOBOJUJIM C UCII0JIb30BAaHUEM KpUTepUH 2.

Pe3ysnbrarhl U 00Cy:K/I€HHE

[TanimeHTHI 1-11 rpyNIibl, B CDABHEHUH C ITali-
€HTaMH 2-1 TPYIIIbI, XapaKTepU30BaJINCh OoJiee
MOJIOIBIM BO3PACTOM, MEHBIITUM 00'HEMOM TIOPa-
skeHus jJerkux no KT u MeHbIIMMU 3HAaYeHUSIMU
0aJIJI0B TSYKECTH COCTOSIHUA 1Mo miKkajie NEWS.

Y]] aTrx 60/IbHBIX BAPHHUPOBAJIA B JUAIa30HE
ot 16 no 25 B MunyTy, YCC — B guanasose or 84
10 99 B MUHYTY, NOKa3aresab SpO, — B nuanasoHe
80-93%, pH BeHO3HOI KpOBU — B JHMaIa3oHe
7,34-7,46, pCO, — B nuanasone 35-40, BE — B nua-
ma3oHe 2—12 Mmoub/J1, pO, — B quana3one 4047 mm
pT. cT., SO, — 62-77%, pO, apTepuaIbHON KPOBU —
67-85 MM pT. cT., SO, apTepuasbHON KpPOBU —
83-93%, pCO, — 33-46 MM PT. CT. (TabJI. 2).

[IpomosKUTETBHOCT BBISIBJIEHUSI CAMIITOMA
«beJioro sATHa» ObLIIa MEHee 3 CeK Y BCeX MaIyeH-
TOB 1-# rpymel, y HUX He TOBBIIIAJI0CH COlepsKa-
HUe JIAKTaTa B KPOBU. [Ipy MpoBeieHNM OKCUTEHO-
tepanmun  (OT) motokom 5-15 JemMuH! B
npoH-nosunuu (I1I1) ygaBajsocs JOCTUYbL KOPPEK-
nuu OJ1H. ITpn aTom Y]/I ymensIaiacs 1o 16-22, B
cpenuem no 18 (17; 20) B munyty, YCC cHMKaIaCh
o 80-90 B MUHYTY, B cCpefHeM cocTasJsna 85 (83;
88). SpO, yBesmmuuBasioch B cpengHeM 1o 93 (92;

ranged from 40 to 47 mm Hg, SO, was 62-77%,
arterial blood pO,was 67-85 mmHg, arterial
blood SO, was 83-93%, and pCO, ranged be-
tween 33-46 mm Hg (Table 2).

The capillary refill time was less than 3 sec in
all Group 1 patients, and their blood lactate level
was not elevated. Oxygen therapy with flow rate of
5-15 1/min in prone position helped correct ARE
Meanwhile, RR decreased down to 16-22/min, on
the average, to 18 (17; 20) per minute, HR decreased
down to 80-90/min, on the average, to 85 (83;88)
per minute. SpO, increased to the mean of 93 (92;
95)%. During the treatment, 4 patients in Group 1
required short-term (one day long) noninvasive
CPAP or high flow oxygen therapy (Table 3). There
were no fatal outcomes in Group 1. The hospital
stay in this group was 12-16 days.

Group 2 patients complained of breathing dif-
ficulties and shortness of breath. Anxiety with
forced breathing was noted in 15 patients. RR
ranged from 25 to 46 per minute, HR from 99 to 138
per minute, SpO, from 65 to 85%. SpO, was less
than 80% in 24 patients, while being within the
81-85% range in 6 other patients. Notably, unlike
Group 1 patients, the six mentioned patients had
increased RR up to 30 or more per minute. Venous
blood pH was in the range of 7.13,7.27, pCO, was
55 to 97 mm Hg, BE was from -9 to 5 mmol/l pO,
was 14-39 mm Hg, SO, was 40-60%. Arterial blood
pO, was 41-69 mm Hg, SO, was 50-84%, and pCO,
was >45 mm Hg (Table 2).

The capillary refill time was prolonged in 13
patients. In 18 patients the increased lactate level
(above 2.0 mmol/l) was detected, but no hypoten-
sion was noted. Despite prone positioning and oxy-
gen therapy, the clinical and laboratory parameters
of ARF failed to improve. For this reason, Group 2
patients required high-flow oxygen therapy (HFOT)
or noninvasive CPAP therapy using 50-90% FiO2,
and if not effective, noninvasive mechanical venti-
lation in CPAP+PS mode. In 16 cases, the noninva-
sive correction of ARF was effective. In 14 cases,
mechanical ventilation was started (Table 3). There
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TaGamna 3. UcrioJib30BaHHBIE METO/IbI PECITHPATOPHOM HMOAIEPIKKH.

Table 3. Respiratory support in the patients.

Respiratory support Group 1 (n=30) Group 2 (n=30)
Standard oxygen therapy 30 30
High flow oxygen therapy 2 9
Noninvasive CPAP 2 21
Noninvasive ventilation in the CPAP+PS mode Not required 16
Invasive ventilation in various protective modes Not required 14

IIpumeuanue. Standard/High flow oxygen therapy — crangapTHasi/BICOKOIIOTOYHASI OKCUTeHOTeparsi; noninvasive CPAP —
HeunBasuBHas CPAP-tepanus; noninvasive ventilation in the CPAP+PS mode — neunBasusHas MBJI B pexxume CPAP+PS; in-
vasive ventilation in various protective modes — mHBa3uBHasi VIBJI B pa3/iMyHbIX pesKUMax NPOTEKTUBHOUN BEHTUJISAIAH; NOt

required — He TpeboBaIaCh.

95)%. B mporiecce sieueHus 4 manueHTam 1-1 rpyi-
ITbI TOTPeOOBAIACh HEMTPOMOJLKUTETbHAS (B Teue-
Huw ogHUX cyTokK) HCPAP mmm BIIO (Ta6Jr. 3). B 1-i1
T'pyIIIE JIeTaTbHBIX NCX00B He 0b1710. CpOKHU TOC-
NUTAJIN3aIUU TAIUEHTOB 3TOU IPYIIIBI B CTAIlUO-
Hape cocTaBwJIM 12-16 nHe.

VY nanueHToB 2-U IPyNIIbI BBIABJIAIN $KaJIO-
OBl HA 3aTPyAHEHHOE JbIXaHUE, YYBCTBO HEXBATKH
BO3JyXa. ASKUTALMIO C KIIMHUYECKUMU IIPA3HAKa-
MU (POPCUPOBAHHOTO ABIXaHUSA OTMETUJIH y 15
narueHToB. Y/l Oblj1a B Juama3oHe oT 25 10 46 B
munyTy, YCC — ot 99 mo 138 B munyty, SpO, —
65-85%. Y OO0JIBIIIMHCTBA ITAalleHTOoB (24 yejioBe-
Ka) nokasaresb SpO, coctasiisi meHee 80%, ogHa-
KO y 6 IIalMeHTOB OH HAaXOOWJICA B Oualla3oHe
81-85%, HO TIpW 3TOM B OTVIMYMH OT MAITUEHTOB 1-
U rpynmnel, oTMedanu yBesauueHue YJI mo 30 B
MUHYTY 1 60Js1ee. pH BEHO3HOU KPOBHU OIIPEHesIN
B Auanasose 7,13-7,27 pCO, cocTasasio ot 55 10
97 MM pT. cT., BE— 0T -9 o 5 Mmmouie/ 1 pO, — 14-39
MM pT cT, SO, — B nuanasone 40-60%. B aprepu-
anpHOU KpoBu pO, — 41-69 mm prt. cT., SO, —
50-84%, pCO, — oT 45 10 MM PT. CT. (TabJ1. 2).

CUMIITOM «0€JI0TO0 IIATHA» OBLI IOJIOMKUTEb-
HBIM Y 13 manueHToB. Y 18 — BBIABUJIN IIOBLIIIIE-
HUE COJlep>KaHusl JIakTaTa Belimie 2,0 MMOJIBb/JI,
MIPY 9TOM He OTMeYaJsu apTepuaJbHON T'UIIOTEeH-
3un. [Ipu nepesope B Il u npoBenenun OT He
yIa7I0Ch JOCTUYh KOPPEKIINHU KIUHUKO-Tabopa-
TOpHBIX ITOoKa3aresieit O/IH. B cBsA3u ¢ aTuM naru-
eHTaM 2-¥ rpynnbl oTpeboBaiach BHICOKOIIOTOY -
Has okcurenorepanus (BI1O) niu HenHBa3uBHas
CPAP-tepanus ¢ ucnoab3oBanuem 50-90% dpak-
MU KUCJOpojia, a Mpu UX HeapPeKTUBHOCTHU
HeWHBa3WBHasA BeHTuaAnus Jjgerkux (HMBJI) B
pesxume CPAP+PS. B 16 ciay4yasax meTonbl HEMHBA-
auBHOI Koppekiuu O/TH 66111 9¢ppekTuBHEL B 14
cay4asx norpedoBasics mepeBox Ha VIBJI (Tada. 3).
B aToii rpynme 66110 10 1eTaabHBIX UCXOI0B (33%).
JMTeIbHOCTD TOCOUTAIU3AIMYA BApbUPOBaJIa OT
8 10 37 cyTOK. [lyid BCeX MaleHTOB C JieTaJIbHbIM
HICXO7I0M OBILJIO XapaKTEePHO MTO3/THEE MOCTYILJIEHHE
B craroHap (6osee 10 cyTok or Hadasa 3aboJe-
BaHNs) U BBICOKME 3HAYEHUsA TeMIlepaTyphl TeJsa
B T€YEeHHe BCero JOTrOCHUTAIBHOTO Mepruoja.

Kak cienyer u3 npeacTaBIeHHbBIX pe3yJbTa-
TOB, y NMAlMEHTOB 1-Ii IPyNIbl, B CpaBHEHUM C

were 10 fatal outcomes (33%) in this group. The
hospital stay ranged from 8 to 37 days. All patients
who died were admitted late (more than 10 days
after the disease onset) and had high body temper-
ature during the entire prehospital period.

As follows from the results, Group 1 patients,
compared with Group 2 patients, were younger,
had less severe disease and lung involvement, no
hypercapnia and severe tachypnea and tachycar-
dia. Moderate desaturation ranging from 80 to 93%
was not associated with signs of tissue hypoxia such
as acidosis, increased venous blood lactate, critical
drop in venous blood oxygen saturation and pO,,
prolonged capillary refill time, and impaired con-
sciousness. It was probably due to adequate oxygen
delivery to the tissues (pvO, over 40 mm Hg, SvO,
over 60%), i. e. arterial hypoxemia was not accom-
panied by tissue hypoxia and even compensated by
increased oxygen transport and utilization. Besides,
the compensatory increase of BE prevented the de-
velopment of acidosis. Thus, moderate arterial hy-
poxemia without hypercapnia, acidosis, or tissue
hypoxia is typical for «silent hypoxia».

Arterial hypoxemia in the majority of patients
in Group 1 (n=26), as well as oxygen desaturation
were corrected by prone positioning and oxygen
therapy with the flow rate of 5-15/min. This sug-
gests that ARF in Group 1 patients was associated
with the development of pulmonary atelectasis and
«dead space» in posterior lung areas due to inter-
stitial infiltration (edema) of lung tissue, and simple
change of body position allowed to improve venti-
lation-perfusion ratio, arterial blood oxygenation,
and condition of patients [10].

Most Group 2 patients (n=24) had reduced
SpO, (<80%). However, in 6 patients SpO, ranged
between 81 and 85%, but, unlike Group 1 patients,
their RR was increased up to 30 per minute or more.
Significant arterial hypoxemia (<65 mm Hg), respi-
ratory acidosis and hypercapnia (50-90 mm Hg)
were also detected, resulting in forced breathing,
breathlessness and anxiety, tachypnea (30-50 per
minute) and tachycardia, SvO, reduction below
60% and pvO, reduction below 40 mmHg. In 18 pa-
tients increased blood lactate level was found. Pro-
longed capillary refill time was noted in 13 patients,

indicating tissue perfusion and oxygenation disor-
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MarneHTaMu 2-i TPyIIbl peruCcCTPUPOBAIH DoJiee
MOJIOZ0H BO3PACT, MEHBIIIYIO TSKECTb COCTOSTHUS
U CTETIeHb IMOPa’KeHUsI JerKUX, He OBIJI0 TUIep-
KaIlHUY Y BbIPAYKEHHbBIX TAXUIIHOI U TaXUKapIHUU.
YMepeHHas TpaHCKyTaHHas Jecarypauus B
IKUPOKOM nuanasdone — ot 80 1o 93% He compo-
BOYKJIAJIaCh TAKUMU IPU3HAKaMU I'MIIOKCUY TKa-
Hell, Kak alu03, yBeJnyeHne JaKkTaTa BEeHO3HON
KpOBH, KPUTUYECKUUM CHUKEHHUs] BEHO3HOU
carypanuu u pO,, NOJOKUTEJIbHBIM CHMIITOM
«besioTo MATHA», HAPYNIEHUsIMU CO3HaHWsA. 1o
BCEW BUAMMOCTH, 3TO OBLIO CBSI3aHO C TEM, YTO
JIOCTaBKa KUCJIOPO/ia K TKAHAM ObljIa YIOBJIETBO-
putesibHOU (pvO, H6oJ1ee 40 MM PT. CT., SVO, 6GoJtee
60%), T. e. apTepuaabHas TMIIOKCEMUA He COIIPO-
BO>KJjaJIaCh PA3BUTHEM T'MIIOKCUU TKAHEN, a KOM-
IIEHCUPOBAJIACH 34 CYEeT YBeJIMYEeHNA TPAaHCIIOpTa
U yTWJIM3anuu Kucjiopoga. Kpome Toro, passu-
THIO alli103a IIPEeNATCTBOBAJIO HAINYre KOMIIeH-
caropHoro yBesindenusi BE. Takum obpasom, ajs
«TUXOU THIIOKCUN» XapaKTepHO pa3BUTHE yMEPEH-
HOU apTepHaJIbHOU THUIIOKCEMHUU 0e3 pa3BUTHS
TUTIEPKAHUY, alli03a ¥ TUIIOKCUU TKAaHEeN.

ApTepranbHasi THIIOKCEMUS Y OO/TBITUHCTBA
nanueHToB 1-ii rpynme (26 yesJoBeK), a TaK)Ke
TPaHCKyTaHHAsA JecaTypanus KOppUrupoBasach
MIPOH-TIO3UIMEN U KUCJI0pPOAoTepanreii ¢ moro-
KOM 5-15 jieMuH L. 9TO 103BOJIAET IPEIIIOI0KUTD,
uyro O/IH y marueHToB 1-1i Tpynmbl Oblia CBsi3aHa
¢ opMHUPOBAHNEM ATEJIEKTA30B JIETKUX U «<MEPT-
BOT0 MIPOCTPAHCTBA» B JOPCATbHBIX 30HAX, YTO, B
CBOIO 0oYepehb, 00YCIOBJIEHO pa3BUTHEM UHTED-
CTUIIMATbHOU NHPUJIBTPALIU JIETOYHOU TKaHH, a
IIPOCTOE U3MEHEHME II0JIOKEHU S TeJla II03BOJIAII0
YJIYYLIUTh BEHTUJIAIMOHHO-TIeP(y31OHHbBIE COOT-
HOIIIEHUs1, OKCUTeHAIIUI0 apTepuaJbHOU KPOBU U
COCTOsIHME nmanueHToB [10].

VY GOJIBIITMHCTBA MANIMEHTOB 2-1 TPYNIIBI (24
4JeJiOBeKa) oTMedanu cHuskeHue SpO, mo 80 um
MeHee %. OgHako y 6 manueHToB SpO, HAXOAUIOCH
B nIuanasoHe 81-85%, HO IIpU 3TOM, B OTJIMYUE OT
ManueHToB 1-U Ipynnbl, oTMevaau yBeJndeHue
Y1 no 30 B MUHYTY 1 H0JIee. BeIssBUIM TaKksKe pas-
BUTHE 3HAUYMMOU apTepuaibHON THIIOKCEMHUU
(MeHee 65 MM PT. CT.), peClIMpaTopHOro anuao3a u
runepkanHuu (50-90 MM pT. CT.), YTO IPUBOJUJIIO
K ITOSIBJIEHUIO (POPCUPOBAHHOTO JABIXaHUS, RAJI00
Ha yayLIbe U aKUTAluU, TaXunHoa (30-50 B MuHy-
Ty) ¥ TaXuKapauu, cCHUKeHu1o SvO, MeHee 60% u
pvO, menee 40 MM pT. CT., a y 18 nanueHTOB — K
YBEJIMUEHUIO COLEpyKaHusA JaKTara Kposu. ¥ 13
MaIeHTOB OTMeYaJIu I0JI0KUTETbHBIN CUMIITOM
«beJjioro TATHa», YTO CBUIETEJHCTBOBAJO O
NOsIBJIEHUU HapylleHWH TKaHeBOU nep@ysuu u
okcureHanuu. [Ipumensemsble OJ1 IepBOHaYaJIb-
HOU KOppEeKLUHU IbIXaTeJIbHON HeJOCTaTOUHOCTU
MPOH-TIO3UIUSI W OKCUTEeHOoTepanus ObLIN
Hea(p(PEeKTUBHBI y BCeX NAIUEHTOB 2-i I'PyNIIbI.
Hcnonb3oBaHNe BBICOKOIIOTOUYHON OKCUTEHOTe-

ders. Prone positioning and oxygen therapy used
for initial correction of respiratory failure were in-
effective in all Group 2 patients. High flow oxygen
therapy, CPAP and noninvasive mechanical venti-
lation failed to correct ARF in 14 patients which ne-
cessitated starting invasive ventilation.

Thus, development of ARF in Group 2 patients
is probably associated with progressive alveolar in-
filtration, atelectasis of lung tissue, increased dead
space and pulmonary shunting [10, 28].

The correction of intrapulmonary blood
shunting requires both increased pressure in the
respiratory system to open the alveoli and prevent
their closure, and improved pulmonary blood flow
(28, 29]. Invasive ventilation fully affects only respi-
ratory component of shunt formation [28,30]. Per-
haps, this can explain the failure of mechanical
ventilation in most patients in Group 2 (10 out of
14 patients died).

Tissue desaturation is known to be caused by
arterial hypoxemia, microcirculatory disorders,
RBC and hemoglobin damage, and peripheral vas-
cular thrombosis [18-20].

Group 1 patients were found to have no im-
paired tissue perfusion based on capillary refill
time measurement. This technique, though, has
low reliability in assessing microcirculatory disor-
ders, therefore, abnormal oxygen saturation can be
due to arterial hypoxemia. In 13 patients of Group
2, the capillary refill time was prolonged which sug-
gests that reduced oxygen saturation could be
caused both by severe arterial hypoxemia and mi-
crocirculatory and tissue perfusion disorders asso-
ciated with hypercapnia, acidosis, and microvascu-
lar thrombosis [29, 31].

At the same time, oxygen saturation in 6 pa-
tients from Group 2 was the same as in Group 1 pa-
tients. However, a difference in RR was observed. In
Group 1, the RR was below 25 per minute, while in
Group 2, it exceeded 30 per minute. Such difference
can probably be explained by hypercapnia and aci-
dosis in Group 2 patients. Thus, we can assume that
SpO, is highly informative in clinical assessment of
hypoxia severity, but RR is more important when
assessing the severity of ARF in spontaneously
breathing patients.

Thus, some patients with severe COVID-19
develop so-called «silent hypoxia», which presents
with tissue desaturation but without severe respi-
ratory signs and symptoms such as tachypnea,
forced breathing, impaired consciousness. «Silent
hypoxia» is essentially different from severe ARE
Our data suggest that patients with «silent hypoxia»
contrary to those with severe ARF are characterized
by younger age, less severe lung damage and dis-
ease severity, as well as moderate arterial hypox-
emia, which is not accompanied by hypercapnia,
acidosis, and tissue hypoxia. «Silent hypoxia» or,
more properly, hypoxemia without tissue hypoxia,
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panus, CPAP u HVIBJI B 14 ciry4asx TakyKe OKasa-
JIOCh HEeJOCTaTO4HO 151 Koppeknuu O/1H, u Bo3-
HUKJIa He0OXOIUMOCTH B ItepeBojie Ha MBJIL.

Taknm o6pa3om, passutre O/H y nariieHTOB
2-1 TpyIIIbI, BEPOSITHO, CBSI3aHO C IPOTPecCUpOBa-
HUEM aJIbBeO0JIIPHON NH(PUIIBTPALIUY, aTeJIeKTa3!1-
poOBaHueM JIerOYHOH TKaHH, yBeJINUeHneM MepT-
BOI'0 IIPOCTPAHCTBA U JIETOYHOTO 1IyHTa [10, 28].

[J11 KOppeK Uy BHYTPUJIETOYHOTO IIIYHTH -
pOBaHUs KPOBH HEOOXOMUMO KaK YBeJIUUYEHHE
JlaBJIeHUS B AbIXaTeJIbHON CUCTEME JJIsI OTKPbI-
THS aJbBe0J U NPO(PUIAKTUKUA UX 3aKPBITHUS,
Tak U yJIy4dllleHre JIEFCOYHOIr0 KPpOBOTOKA [28, 29].
NuBasuBHaa VIBJI no3BoJigeT B OTHOCUTEJBHO
IIOJIHOW Mepe BJIMATH TOJIBKO Ha pecnuparop-
HbBII KOMIIOHEHT (pOpMUPOBaHuUs IIyHTA [28, 30].
Bo3MOsKHO, 9TUM (paKTOM MOSKET OBITH 00BsICHE-
Ha OeaycmemHOCTh npoBenenus VBJI y 607b-
IIMHCTBA MTallUeHTOB BO 2-1 rpynne (y 10 ua 14
JieTaJbHbIN UCXO).

Kak wu3BecTHO, TKaHeBasa Jecarypanus
MO’KET OBITh BhI3BAHA apTepHUaTbHON TUTTOKCEMU-
ell, HapylIeHUAMU MUKPOIIUPKYJISAINY, IOBPEK-
JIeHNEeM 3PUTPOIMTOB U TeMOTJI00MHA, COCYIH-
CTBIM Iepudepudeckum TpoM60o3om [18-20].

Y nauueHToB 1-¥ rpynnbl IOCPEACTBOM
omnpejiesIeHNsI CUMIITOMa «0eJIoro MSATHa» Hapylie-
HUI TKaHeBOU nep(y3uu He BbIABUJIN. YUUTHIBAS
HEBBICOKYIO NH(POPMATUBHOCTh 3TOT'0 METO/A [JIs1
OIleHKU HapylIeHUH MUKPOIUPKYIAIMY, MOKHO
CUNTAaTh, YTO U3MEHEHNsI TDAHCKYTAaHHOH caTypa-
1Y OBLTN CBSI3aHBI C PAa3BUTHEM apTepUATbHON
TUMOKCeMUHU. Y 13 manueHToB 2-1 IPyNIbl CUMII-
TOM «0€JIOTO TATHA» OBLI MOJIOMKUTEJIbHBIM, a,
CJIeIoBaTeJIbHO, CHUPKeHe TPAHCKYTaHHOM cary-
pamuu MOTi0 OBITH OOYC/IOBJIEHO HE TOJIBKO
BBIpa’KEHHOU apTepraIbHOU TUIIOKCEMUEN, HO U
HapyUIeHUsIMU MUKPOIUPKYJIANUA U TKAaHEBOU
nep@ysuu, CBI3aHHBbIMU C TUNIepKallHUeN, allui0-
30M, MUKpOTpoMbo3amu [29, 31].

Bmecre ¢ TeM, y 6 manueHTOB BO 2-i rpyIiie
3Ha4YeHUsI TPAHCKYTaHHOU caTypalryu COBIA AN CO
3HAUEHUSIMU 9TOTO MOKa3areJisl y MalueHToB B 1-i
rpyIIIe, HO IIPpY 9TOM OTMeYaJid padjmyue 1o Y/1. B
1-1i rpymirre Y/T 66112 He 60J1ee 25 B MUHYTY, @ BO 2-1
rpymie — 6oee 30. Takoe pa3muyre MOKHO 00'b-
SICHUTB, 110 BCel BUMMOCTH, HaJIMUreM ruIepKar-
HUM U allU/103a Y MAI[UeHTOB BO 2-i rpynne. Takum
00pa3oM, MOYKHO CYUTaTh, YTO B KJIMHUYECKOU
OLICHKE TAYKECTH TMIIOKCHUM ITOKasaresb SpO, —
BecbMa UH(pOpMaTUBEH, HO JJI51 OIIEHKU BbIPayKeH-
Hoctu O/IH y ClIOHTaHHO-ABIIIAIINX [TAIIUEHTOB B
0O0JIBIIIEH CTeIleH! BayKHO 3HaueHue YJI.

TakuM 06pas3oM, y HEKOTOPBIX MTAI[EHTOB C
TssKeJIbIM TedyeHneM COVID-19 pa3BuBaercs, Tak
Ha3bIBaemasl, «TUxas» TMIOOKCUs, KOTOpast mpo-
SIBJISIETCSI pa3BUTHEM TKAaHEBOMU Jecarypanuu, Ho
IIPA 9TOM HET SPKO BBIPAKEHHBIX CUMIITOMOB
JbIXaTeJbHbIX PAaCCTPOMCTB B BUJE TAXUITHOI,

despite significant desaturation, does not require
initiating mechanical ventilation, and can be cor-
rected by prone positioning and oxygen therapy.
Further research is required to reveal the main
mechanisms of hypoxemia and hypercapnia devel-
opment in «silent hypoxia» and severe ARE

Conclusion

In patients with COVID-19, two clinical phe-
notypes of hypoxia can be distinguished. The first
pattern is characterized by decreased SpO,
(80-93%) and lack of tachypnoea (defined as RR
>25 per minute) which indicates moderate arterial
hypoxemia without tissue hypoxia and acidosis
(«silent hypoxia»). It is typical for younger patients
and is associated with less lung lesions and lower
disease severity than in patients with severe ARE
Hypoxemia can be corrected by prone positioning
and oxygen therapy and does not require initiating
mechanical ventilation. The second pattern of hy-
poxia is characterized by significant arterial hypox-
emia and hypercapnia with tissue hypoxia and aci-
dosis. Noninvasive or invasive mechanical
ventilation is required for its correction.

¢opcUpOBaHHOTO IbIXaHUsI, HAPYIIIEHUsI CO3HA-
Husl. «Tuxasg rUmokcusi» UMeeT CyllleCTBEHHBIe
on4MA oT BeIpaskeHHou OJTH. ITosryueHHblIe qaH-
HbIe ITI03BOJIAIOT YTBEPsKAATh O TOM, YTO [IJ1 Ialu-
€HTOB C «TUXOH TUIOKCHUeN» B CPAaBHEHUU C aIu-
eHTaMu c BeIpakenHoit OJ/[H, xapaktepHsbl OoJiee
MOJIOJOM BO3pacT, MeHbIlIas BBIPAKEHHOCTH
MIOBPEKIEHUA JIETKUX U TAKeCTb COCTOSHUSA, a
TaK)Ke yMepeHHas apTepualibHasg TMIIOKCEMUs,
KOTOpas He COIPOBOKIAETCA pa3BUTUEM TUIlep-
KalHUY, alua03a U TUIOKcUU TKaHel. «Tuxas
TUIOKCHSI», WJIU IPaBUJIbHEe CKa3aTh — FUIOKCe-
Mus1 6€3 TUIIOKCUU TKaHEeN, HECMOTPsI Ha 3HAYU-
TeJBHYIO JecaTypamuio He TpeOyeT ImepeBoja Ha
WBJI, a KoppuUrupyeTcsi IpoH-MIO3UIHeN U KUCJIO-
pomorepanueii. [[Js1 paCKpbITHsI IPEUMYILIECTBEH-
HbBIX MEXaHU3MOB Pa3BUTHA TMIIOKCEMUHU U TUTIEP-
KalTHUU NIPU «TUXON TMIIOKCUU» U BBIPAsKEHHOU
O/IH HeoOxonumo Mpoao/KeHe UCCIeJOBaHUM.

3akJaouenue

Y manmenTtoB ¢ COVID-19 nesiecoo6pasHo
BbIJlesIeHHe JBYX KJINHUYECKUX BApUaHTOB I'UIIO0-
kcuu. [lepBblil BApUAHT XapaKTepHU3yeTCsl CHUKe-
HueM 3HadeHus SpO, ot 80 no 93%, orcyrcTBUEM
TaxUIHoO3 OoJiee 25 B MUHYTY U CBUETEIbCTBYET
00 yMepeHHOU apTepuaJbHON runokceMun 6e3
pas3BUTHUA TMIIOKCUM TKaHeHd U anuposa (Tumo-
kcus). OHa xapakTepHa AJjid MalMeHTOoB OoJiee
MOJIOJIOI'0 BO3pacTa, aCCOIMUPOBaHa C MeHbIIIeH
CTeNeHbI0 IOBPEKAEHUA JIeTKUX U TAMKECTBIO
COCTOSHUSA, YeM Yy MalMeHTOB C BbIPaskeHHOU
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O/1H. ['mnoxceMust KOppUIrupyeTcs IpOH-II03UL-
el ¥ KNCJIOPOAoTepanvel, 1 He TpeOyeT mepeBoja

Ha

MBJI. Bropoii BapuaHT rMIIOKCUM XapaKTepu-

3yYETCA pa3BUTHEM 3HAYUTETLHOU apTepI/Iaanoﬁ
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Pe3rome

[MapokcuamasnbHast HoYHast remornoounypusi (ITHI') — kiIoHAJIBHOE 3a00/IeBaHE TEMOTIOITHYECKUX
CTBOJIOBBIX KJIETOK, KOTOPOE IIPOABJISETCSA TeMOJTUTUYECKON aHeMuel, TpoM003aMU U HeI0CTaTOYHOCTHIO
¢yuKIIIN KOCTHOTO MO3Ta. [TarueHT My»KcKoro roJia 51 roga c ITHI' B aHaMHes3e, 10 TOBOAY KOTOPOM OH IT0-
JIyqaJsi JIeYeHre 9KyJIN3yMadoM, MOCTYIIJI B OOJIBHUILY C $Kaja00aMu Ha OCTPYIO 60JIb B TPYIHOU KJIETKE 1
onbIIKY. ITocTaBu/IM AMAarH03 TPEXCOCYJUCTOrO MOPAKEHNU I KOPOHAPHOIO PyCJIa, 110 II0BOMY Yero 3aIlja-
HUPOBAJIA IPOBeJIeHe A0PTOKOPOHAPHOTO IITYHTUPOBAHUA. JIJIs TOTO, YTOOBI N36e)kaTh pa3BUTHA Kak
TpomM603a, TaK ¥ KPOBOTEUYEHH, B JAHHOM CJI0SKHOM KJIMHUYECKOM CJIydae, PeIIiau IPOBECTH MaIfieHTy
TpomboasiacTorpaduueckoe UccaefoBaHNe U UCII0JIb30BaTh IapamMeTp R B KauecTBe 1ies1eBOT0 IIPH IIpOBe-
JIeHNU aHTUKOATYIAHTHOH Tepanuu. [1py nogaepskaHuM 3HaYeHUH JaHHOTO ITapaMeTpa B paMKkax 11-14 cex
MO>KHO JOCTHYb OIITUMAJIBHOTO HaaHca MesR Iy PUCKOM TpoMb03a 1 KpoBoTedueHHs. Kpome Toro, Bo BpeMsa
OIIepaTHBHOTO BMeIIaTe/IbCTBA He HAOJIIOa/IN OCTPOro reMoJIN3a, a AJIs1 YMEeHBIIIeHUA PUCKa Pa3BUTHA
BHYTPHUCOCYAUCTOrO reMOJIN3a JOTIOJHNUTE/IbHO Ha3HAYUIN 9KYIN3yMao.

Kntoueswle crosa: napokcusmanibHas HOUHAsL 2eMOL0OUHYPUSL; IKYAUIYMAD; MPOMBOINACTOZPAMMA

Konduukr nHTEpecoB. KOHPINKT NHTEPECOB OTCYTCTBYET.

Summary

Paroxysmal nocturnal haemoglobinuria (PNH) is a clonal haematopoietic stem cell disease that presents
with haemolytic anaemia, thrombosis and bone marrow failure. We report a case of a 51-year-old male with a
history of PNH in treatment with Eculizumab admitted to our Hospital for acute chest pain and dyspnoea.
The diagnosis was a triple vessel disease and patient was scheduled for coronary artery bypass grafting surgery.
To balance the risk between thrombosis and bleeding in this particular clinical setting, we decided to use
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thromboelastography (TEG) as point of care solution and we used the R parameter as the target of our antico-
agulant therapy. The R parameter between 11 and 14 sec can be used as a target value to balance the risk; in
addition, there was no evidence of acute hemolysis during the surgery and supplemental dose of Eculizumab
was administered in order to minimize any potential exacerbation of intravascular hemolysis.

Keywords: paroxysmal nocturnal haemoglobinuria; eculizumab; thromboelastogram
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BBenenue

[MTapokcu3MasbHass HOYHAsI TEMOTTIO0UHY-
pus (ITHT) — 3aboseBanue, o6yCI0OBJIEHHOE
KJIOHAJbHBIM HapylaieHueM I'eéMOIIO3TUYECKUX
CTBOJIOBBIX KJIETOK, KOTOPO€ IIPOSIBJISIETCS FeMO-
JIUTUYECKON aHeMuel, TpoMb0o3aMu 1 HEAOCTa-
TOYHOCTHIO KOCTHOTO MO3Ta. 3aboeBaHMe BbI-
3bIBa€TCA COMAaTHUYECKUMU MYyTalluAMU TIeHa
PIGA, criersieHHOT0 ¢ X-XpOMOCOMOM 1 OTBEYal0-
Iero 3a 6MOCUHTE3 TITUKO3UAPOoChaATUTUIITHO-
3uTOJBHBIX ([DPU) sropHBIX 6esgKoB. [Ipu BO3-
HUKHOBEHUM YKa3aHHOU MyTalliu pa3BUBaeTCs
nedpunut '®U akOpHBIX O€JTKOB (B YaCTHOCTH,
CD55 u CD59), ABJAIONIUXCSI WHTUOUTOpaMU
KoOMILJIeMeHTa [1].

Caukenne conepsykanuss CD55 u CD59 crio-
COOCTBYeT HOBBIIIIEHHOHN CKJIOHHOCTH 3PUTPOIH-
TOB K BHYTPHUCOCYIUCTOMY F€MOJIU3Y, YTO MOKET
MIPUBECTUA K PAa3BUTHUIO TPOMOO30B, COIPOBOK-
JAIOTIIXCS TIOBBIIIIEHNEM PYICKA OCJIOKHEHUN U
JIETAJIbHOTO UCXOAA.

Kaunndeckuit quarnos [THI moarBepskaa-
€TCA OTCYyTCTBHEM HJIN PE3KUM YMEHbIIECHHEM
yrcya 'Y skopHBIX 0€JTKOB B TTepudepruIecKoi
KPOBH C TIOMOIIIHIO0 MPOTOYHOM UTOMETpUH [1-3].

ITHT" MosxeT pa3BUTHCA KaK CaMOCTOATEb-
Hoe 3a00JIeBaHME U B KAYECTBE OCJIOKHEHUS TIPY-
TUX MTePBUYHBIX 3a00/1€BaHUN KOCTHOTO MO3Ta,
HampuMep, TpUOOPETEeHHOH arIacTUIeCKOH aHe-
MUU UJIA MUEJIOAUCIIIIACTUYIECKOI'0 CHHAPpOMA.

Cpenu cTparernii ieueHus 3a001eBaHNs Hau-
OoJiee mepcrieKTHBHASA — OJI0Ka/Ia TEPMIHATBEHOTO
KOMIIJIEKCA AaKTUBAIIUY KOMILJIEMEHTA C TIOMOIIIHIO
IYMaHNU3WPOBAHHOTO MOHOKJIOHAJIBHOTO aHTHTE A
aKynmm3yMaba, BBICOKOI((EKTUBHOTO W eIHH-
CTBEHHOTI'O Oq)I/IHI/IaJ'II)HO YTBEPKAECHHOI'O TapreT-
HOTO mpernapara jid jgedenud [THI [4].

[IpuMeHeHUe TIpenapaTa COMPOBOSKIAETCS
010KaI01 BHYTPHUCOCYAMCTOTO TEMOJIN3a, CHIKE-
HUEM TPOMOOTHUYECKUX OCJIOKHEHUH [5-7] 1 yiTy4-
IIeHHueM BBI)KMBAEMOCTH UM KayecCcTBa KU3HU
6osbHbIX [THT.

VY nmanueHToB, MOJTyYaoIHX IKYIU3yMao, KO-
TOPBIM TIPOBOJAT XUPYPTHUYECKOE BMEIIATEJIh-
CTBO, Ba’KHO CJIETUTH 3a MMPOSsIBJIEHUAMU 3a0oJe-
BaHMWA Cpasy IOCJe TPOBENEHUs OIllepalny,
IIOCKOJIBKY Ha (pOHe MHOTUX (PaKTOpOB (Iepesu-
BaHWe KPOBH, TPUMEHEHNeE IIperapaToB s aHe-

Introduction

Paroxysmal nocturnal haemoglobinuria
(PNH) is a clonal haematopoietic stem cell (HSC)
disease that presents with haemolytic anaemia,
thrombosis and bone marrow failure. PNH is
caused by somatic mutations in PIGA, an X-inked
gene responsible for the biosynthesis of glyco-
sylphosphatidylinositol (GPI) anchors; PIGA muta-
tions leads to a deficiency of GPI-anchored pro-
teins, such as CD55 and CD59, which are both
complement inhibitors [1].

The loss of CD55 and CD59 renders PNH ery-
throcytes susceptible to intravascular haemolysis
which can lead to thrombosis, associated with in-
creased morbidity and mortality.

Clinical diagnosis of PNH should be con-
firmed by detecting the absence or severe defi-
ciency of GPI anchors with peripheral blood cell
flow cytometry analysis [1-3].

PNH can arise de novo or evolve from other
primary bone marrow disorders, such as acquired
aplastic anaemia or myelodysplastic syndrome.

Therapeutic strategies include terminal com-
plement blockade. Eculizumab, a humanized mon-
oclonal antibody complement inhibitor, is highly
effective and remains the only approved therapy for
PNH [4].

Treatment can lead to resolution of intravas-

cular haemolysis, reduction in thrombosis
rate [5-7] and improved survival and quality of life
in PNH patients.

In a patient receiving Eculizumab and under-
going a surgical procedure, it is important to mon-
itor the disease manifestations soon after the pro-
cedure, because there are many factors that could
lead to complement activation and disease mani-
festations such as transfusions, anesthetics and
other concomitant drugs, inflammation or im-
mune reaction due to infection. Moreover, supple-
mental dose of Eculizumab is sometimes required
for additional support [8, 9].

Aliterature search via Pubmed revealed several
case reports describing Eculizumab use in patients
with PNH undergoing surgery including only one
case of cardiopulmonary bypass [10]. We also iden-
tified two publications in which patients receiving
Eculizumab treatment underwent extracorporeal

membrane oxygenation (ECMO) therapy [11, 12].
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CTe3nu U JPpyTrux CpeacTs, BOCHAJUTEIbHBIE NJIN
MMMYyHHBI€ peaKIINH B OTBET Ha MH(EKIIHNIO) Y HUX
MOTYT Pa3BUTHCSI aKTUBAIUSI KOMIIJIEMEHTA U 00-
octpenue [THI. boJsee Toro, nis TONIOJHATEb-
HOTr0 obecrieueHust 0e30IaCHOCTH IMal[eHTa MHO-
rma TpebyeTcs JOIOJJHUTEJHLHOE BBeIEHUE
akynuaymaba [8, 9].

[Touck B Pubmed BBIABUI JIUIITHE HECKOJIBKO
COO0O1IIIeHHI 0 cTydasx IPOBeJeHNs XUpyprude-
CKHMX BMeIIaTeJbCTB y manuenTos ¢ ITHI, nosy-
YAOIIUX 9KYIN3yMab, B TOM YHCJIE OTHO OTIMCAHUE
OIlepaIyy C UCII0JIb30BaHUEM 9KCTPAKOPIIOPATh-
Horo kpoBoobparenus [10]. Takxke MbI 0OHapY-
SKIJTH 2 TyOJIMKANNY, B KOTOPBIX MAIMEHTHI, T10-
JIyJaloliye aKyaInu3yMmad, IpOXoauan JedeHne ¢
IIOMOIIBI0 IKCTPAKOPIIOPATHLHON MeMOpaHHOU
okcurenamuu (AKMO) [11, 12].

KaunHnyeckoe HaﬁﬂIOI[EHI’Ie

Mysxkunna 51 roga c [THI, mo moBogy KOTOpOi
OH TIOJTyYasl 9Kyanu3ymMad BHYTPUBEHHO (B/B) B
nose 900 Mr 1 pas B 2 Hefesu, IIOCTYIINJI B HAIILy
0OJIBHUILY C sKajio0aMu Ha OCTPbIe OOJU B TPY/I-
HOU KJIETKE U OJBIIIKY TPpU (PU3UIECKON HATPY3-
Ke, pa3BUBIIINECH 3a 3 IHA /10 TOCIUTATU3ALHH.
9KTI mpu nmocrtynnennu Obljia B HOpMeE, YPOBEHD
TpoltoHuHa I — nossleH (292 Hr/ ).

V namnueHTa TaksKe UMEJIMCh IUCJUIUIEMUS,
XOBbJI, BeipaxxkenHoe oxupenue (MMT 36,73, Bec
100 Kr, pocT 165 cMm) 1 apTepruasbHasA TUIIEPTEH3UA.

ITo aHHBIM KOpOHAPOAHTHOTPa(hUH BEIABU-
JIM TPEXCOCYAMCTOE ITopaskeHne (reMoJuHaMude-
CKU 3HAYMMOe Cy’KeHHe ITPOCBeTa JIEBOH IIaBHOM,
MpaBoil 1 orubaroleil KOpoHapHbBIX apTepuii). Ha
TPaHCTOPAKAJTLHON 9XOKapauorpaduu oOHAPY-
SKUJIA COXPaHHYIO INIO0AJIBHYIO COKPATUTETHHYIO
dyarouo JIXK (pparmusa Beidbpoca JIK 55%),
rutnieprpoduio JIJK, runmoknHes MeskKeTyI09KO0-
BOH meperoponku u 6a3anbHbIX oTAesnoB JIJK, a
TaksKe HeOOJIBIITYI0 MUTPAJIBHYIO PETryPruTanuio.

ITo maHHBIM YJIBTPA3BYKOBOTO MCCJIE0BaAHUSA
COHHBIX apTepI/Iﬁ I1aTOJIOTUN HEe BbIABUJIN.

[TanmeHTy 3aIlJIaHUPOBAIN IIPOBEJEHHE
A0PTOKOPOHAPHOTO IITYHTUPOBAHUS.

[lepen xupypru4ecKuM BMeNIaTeJIbCTBOM U
1ocJie Hero TMalMeHTy MMPOBEJIN OOIMUI aHaIu3
KPOBH C OTIpe/iesieHHeM JIEHKOIUTapHON (hOPMYJIBI
Y TIOZICYETOM YHCJIa PETUKY/IOIUTOB, MCCIIeJOBaHIE
YPOBHsI JaKTaTaeruaporenassl (JIJII'), ranrorioou-
Ha 1 ob1ero omympyorHa ¢ onpeneseHneM ppax-
1ui. Pe3ysbraThl Jab0paTOPHBIX MCCAETOBAHUHI
MIPYBEJIH B Ta0JIHUIIE.

KpomMme Toro, nposesy IpOTOYHYIO IIUTOMET-
puto 1Jist orleHku o6bema ITHI-k/I0HA B rpaHysio-
[IATAaX, MOHOIIUTAX ¥ 9PUTPOLUTAX 13 ITPOOKI EPH-
¢epuueckoii kpoBu c nobaBaenuem JTA (puc. 1).

Xupyprudeckoe BMenIaTeJIbCTBO. AOPTOKOPO-
HapHOe IIYHTUPOBaHNe — CTaHJapTHasI XUPYPIru-

Case background

A 51-year-old male with a history of paroxys-
mal nocturnal hemoglobinuria on 900 mg of
Eculizumab administered via intravenous infusion
every 14 days, was admitted to our hospital for
acute chest pain and dyspnea on exertion which
started three days before hospitalization, a normal
ECG and increased cardiac troponin I (292 ng/L).

The patient also suffered from dyslipidaemia,
COPD, severe obesity (BMI 36.73, with weight 100
kg and height 165 cm), and hypertension.

Angiogram showed a triple vessel disease (le-
sions in the left main coronary, right coronary and
circumflex arteries) Transthoracic echocardiogra-
phy demonstrated a preserved LV global systolic
function (EF 55%), LV hypertrophy, and septum
and basal hypokinesis. As well as minor mitral re-
gurgitation.

No abnormalities on carotid ultrasound were
revealed.

The patient was scheduled for coronary artery
bypass grafting surgery.

Before and after the surgery, blood tests such
as complete blood count, reticulocyte count, lac-
tate dehydrogenase (LDH), haptoglobin level, total
and fractionated bilirubin were performed, their re-
sults are shown in table.

Moreover, the assessment of the PNH clone
size in granulocytes, monocytes, and red blood
cells was done by flow cytometry using peripheral
blood sample collected in EDTA as shown in fig. 1.

Surgical technique. Coronary artery bypass
grafting (CABQG) is the standard surgical technique
used to treat multi-vessel coronary artery disease,
supported by international guidelines (Class 1,
Level A) [13-14]. In the described case, after the skin
incision, chest was opened via longitudinal full me-
dian sternotomy, retrosternal tissue and peri-
cardium were opened and heart was exposed with
the origin of aorta and pulmonary artery. An asym-
metric sternal retractor provided elevation of the
left hemi-sternum during the harvesting of the
mammary artery in skeletonized way. The same
procedure was utilized for right mammary artery
harvesting [15]. Simultaneously another surgeon
identified the left great saphenous vein. Incision
was started one centimetre above and laterally to
the medial malleolus and the vein was cleared from
the adventitia and connective tissue. After systemic
heparinization a standard arterial cannula 20 Fr
(Edwards Lifesciences, Irvine, CA) and a two-stage
atrial venous cannula 28-36 Fr (Medtronic, Min-
neapolis, MN) were inserted respectively in ascend-
ing aorta and right atrium. Cardiopulmonary by-
pass was established with roller pump (Jostra HL
20, Austin TX) and membrane oxygenator (Inspire
6F Livanova/ Sorin Group USA, Arvada CO). Aortic
cross-clamp was positioned in distal ascending
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PESYJII)TaTBI dHa/JIN3a KPOBHU U BPpEMs BBEICHU A SKYJIHSYMaﬁa.

Patient’s blood test results and Eculizumab dose.

Parameters Prior to surgery Day of surgery Post 1 day Post7days Post 14 days
Eculizumab dose, mg —_ 900 —_ —_ 900
Hemoglobin, g/dl 12.8 9.6 11 9.1 9.7
LDH, U/L 449 491 570 1589 408
Reticulocytes, x1000 2 5.17 5.58 3.69 5.96
Haptoglobin, g/L 0.1 0.1 0.4 1.5 2.5
Bilirubin, total/direct, mg/dl 1/0.10 1.5/0.20 1.5/0.20 1.7/0.40 1.8/0.40

IIpumeuanue. LDH — JI/IT; total/direct — o6muit/ mpsimoii; prior to surgery — o oneparnuy; day of surgery — neHb onepanuu;

post 1/7/14 days — mgHeil mocsie onepanuu.
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Fig. 1. Flow cytometry assessment of the PNH clone size in neutrophils, monocytes and red cell populations.

IIpumeuanne. Count — uncsao; RBC — apuTponursl.

4yecKasi Ipolielypa, KOTOPYIO IIPUMEHSIOT IJ1A Jiede-
HUSI MYJIBTHCOCYIHUCTOTO aTePOCKJIePOTHYECKOrOo
HOpaYKeHNsI KOPOHAPHBIX COCY/IOB, 3(p(heKTUBHOCTH
KOTOPOU NOATBEP:KAeHA T0Ka3aTeIbHBIMU JaHHBI-
mu (Kutacc 1, ypoBens fokasanHocTy A) [13-14]. B
JaHHOM CJjydae Iocje paspesda KOKU TPyIHYIO
KJIETKY OTKPBIJIY C IIOMOIIIBIO IPOI0JIBHON ITOJTHON
CpelMHHOU CTEPHOTOMUH, 3aTeM PACCEKJIN PeTpo-
CTepHaJIbHbIE TKAHU U IIepUKapZ, IJIs1 IOTy4eHUA
JOCTyTIa K CepAIly U MeCTy OTXOKIEHHUs aopThl U
JierouyHoi aptepuu. C IOMOIIBI0 ACUMMETPUYHOTO
CTEepPHAJIbHOI'0 PETPAKTOPA JIEBYIO ITOJIOBUHY I'PY/IU-
HBI ITOAHAJIN, IIPOBEJIX BBIAEJIEHUE JIeBOU BHYTPEH-
Hell TpyIHOU apTepuu 110 METOIUKE «CKeJIeTUPOBA-
HusA». Ilo TON sKe MeToquKe BBIAEINJIMN IIPABYIO
BHYTPEHHIOIO I'PYAHYIO apTepuio [15]. B To ske BpeMs
JIPYTOW XUPYPT OOHAKUII JIEBYIO OOJIBIITYIO ITOTKOMK-
HYIO BeHy Oellpa 1 HadaJs pa3pes3 Ha 1 CM BBIIIIe U
JiarepajibHO OT MeUa/IbHOM JIONBIKKY. BeHy BbIze-
JIMJTA U3 aIBEHTUIIMOHHON 000JI0YKU ¥ OKPY;Kal0-
1Iel coefuHNUTe/IbHOU TKaHu. [Tociie mpuMeHeHus
renapyuHa CTaHJAPTHYIO apTepUaJIbHYI0 KaHIOJIO
pasmepom 20 Fr (Edwards Lifesciences, MpBuH,
CIIIA) 1 IBYXCTYIIEHYATYIO IIPEICEPIHYI0 BEHO3HYIO
KaHIoJTI0 padmepom 28-36 Fr (Medtronic, MunaHea-
nosiuc, CIITA) BBeJIM B BOCXOIAIIYIO a0PTY U IIpaBoe
npezcepare, COOTBETCTBEHHO. JKCTPAKOPIIOPAJIb-
HOe KpoBoOOpalleHre OCyIIeCTB/IINA C IIOMOIIBIO
armmapara Jostra HL 20 (CIIIA) 1 MeMOpaHHOTO OKCH-
renaropa Inspire 6F (Livanova/ Sorin Group, CIIIA).

aorta; myocardial protection was obtained through
intermittent antegrade blood cardioplegia in prox-
imal ascending aorta [16]. CABG between saphe-
nous vein and right coronary artery was performed
with a continuous 7-0 polypropylene suture; sub-
sequently the vein graft was attached to aorta with
a continuous 6-0 polypropylene suture. In situ left
internal mammary artery was grafted to the obtuse
marginal coronary artery with a continuous 8-0
polypropylene suture and in situ right internal
mammary artery was grafted to the left anterior de-
scending coronary artery with a continuous 8-0
polypropylene suture [17]. Cross clamp was re-
moved, and the patient was gradually weaned from
cardiopulmonary bypass. Venous and arterial can-
nulas were removed and protamine was adminis-
tered. After achieving haemostasis through electro-
cautery, sternum was closed in a standard fashion
using stainless steel wires. Wound closure was com-
pleted with metal clips.

Anaesthesiological management. According
to hematologist advice, the patient was empirically
treated with fluconazol and piperacillin/tazobac-
tam at prophylactic dose.

Because the increased risk of thrombosis the
patient was treated with calcium heparin 12500
[U/24h, subcutaneously, with the last administra-
tion 12h before the surgery.

In the operating room patient was premed-
icated with midazolam 2 mgi.v. and fentanyl 50 mcg
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Ha nucranbHy10 4acTh BOCXOIAIIEH a0PThI HATIOMKU-
JIV TIOTIePEYHBIN a0OPTATBHBIN 3a)KUM, 3aIIIUTY MUO-
KapJia OCYIIeCTBJISINA C IIOMOIIBI0 aHTerpagHON
MPEPHIBUCTON KPOBSHOM KapJMOIJIETHH Yepe3
MMPOKCUMAJIbHBIN OTJIes BOCXOJAIIEN aopThl [16].
PuKcaIro CoOeJUHEHN MEKTY ITOTKOKHOM BeHON
U TIpaBOM KOpPOHApHOU apTepueidl MPOBOAUJIHN C
MMOMOIIbI0 HEMPEePHIBHOTO IIBA MOJUTPOTUATIEHO-
BOU HUTHIO 7/0. BeHO3HBIN MMIIJIAaHTAT 3aTeM (PUK-
CUPOBAJIH K a0pTe C TOMOIIIBIO HEMPepPhIBHOTO ITIBa
MOJINIIPONIMJIEHOBOM HUTBIO 6/0. JIeBylo BHyTpeH-
HIOIO TPYAHYIO apTepuio (PUKCUPOBAIU in Sifu K
apTepuy TyIIOIO Kpas € IIOMOIIBIO HEIIPEPBIBHOIO
IIOJIMIIPOIIAJIEHOBOIO IBa 8/0, aHaJIOrMYHYI0 apTe-
pUIO C MPaBOW CTOPOHBI (PUKCUPOBAIN in SitU K
JIEBOU TiepeHel HUCXOSIEN KOPOHAPHOU apTe-
pUH C TOMOIITBIO TAKOTO sKe 111Ba [17]. [lonepeunsbIii
3aKUM CHSIJIH, TAITAEHTA ITOCTEIIEHHO OTKJIFOUIIIH C
IKK. BeHosHbIe 1 apTepua/bHbIe KaHIOIN yIaJIK-
JIY, BBEJIU ITpoTaMuHa cyibgart. [Tociie qocTrskeHus
reMocrasa C IIOMOIIBIO JJIEKTPOKAayTepru3anun
4aCcTU I'PyJUAHBI COEIUHUIN CTAaHIAPTHBIM CIIOCO-
60M C MOMOIIBIO ITPOBOJIOKA W3 HeEpIKaBeroIei
cTa/iv. 3aKPbITHE OTIEPAITMOHHON PAHbI 3aBEPIITUIIN
C IIOMOIIBIO METAJLTTYECKUX CKOO.

AHecTe3HnoJIOTHYECKOe mocooue. [10 peko-
MEeHJally remMaroJora, HauueHTy C HeJIbio IIPo-
umakTUKU HadHauW/IM (HJIYKOHA30J1 U NTUIlepa-
IUJLIWH/Ta300aKTaM.

BcaencTBre TOBBITIIEHHOTO PUCKa TpoMb03a
MalFeHTy TaKKe BBOOWJIM rerapud 12500 ME/24 4
MOJIKOYKHO (TToc/IeJHUM pas 3a 12 9 710 oneparun).

B onepainoHHOM NaneHTy IpoBesu IpeMe-
JTUKAITAI0 MUa30J1aMOM (2 MT B/B) U (DEHTAaHUJIOM
(50 Mkr B/B). Jlepurut aHTUTPOMOWHA (YPOBEHB
AKTUBHOCTU 67%) KOPPUTMPOBAIU C IIOMOIIBIO
HasHayeHUsI JaHHOr o BelrlecTBa B 7o3e 1000 ME B/B.

B cooTBeTcTBUH CO CTaHAAPTHBIMH IMOKAa3a-
HUAMHU K IIPOBEJEHUI0 KapIUOXUPYPTUYECKOr0o
MOHUTOPHUHTA ITPOBOIUJIN MOHUTOPUHT, KOTOPBIX
Brirouasl DRI, namepenune SpO,, Temneparypsbl
TeJsla ¥ MO4Y€eBOr0 ITy3bIps1, ”HBA3UBHOE OIlpeieJie-
Hue A/l u TpaHca3odareanbHyo axoKI.

O6111y10 aHECTe3WI0 TTPOBOIUIH C IIOMOIIIHIO
denTanuma B 1o3e 200 MKT, mponiodoJia ¢ 1ese-
BBIM YPOBHEM B ILJIadMe 3,5 MKI'/MJI B Te4eHue 3
MUHYT, POKYpOHUsI OpoMuia B 1o3e 70 MT C rocJie-
IyIoIIel MHTyOaIen mammuenTa.

AHecTe3uI0 ToAAep>KUBAJIHU C IIOMOIIBIO ITPO-
nodoJia 0 11eJIeBOT0 YPOBHA B IJIadMe 3 MKI'/ MJI,
denTanma B 03e 1 MKr/Kr/30 MUH [10 TIpOBee-
HUsI 9KCTPAKOPIOPATBHOTO KPOBOOOpaIeHus
(OKR), meproguuecroro BBeJeHus IucarpaKkypus
beanmara. Takke BBOAWIU ceBODIypaH B KOH-
neutpauu 0,9% B CBA3U C €ro NpOTeKTUBHBIM
adppexToM pu ullleMun-penepdpysun.

B cooTBeTCTBUH C MPUHITUITAMU MOHUTOPUH-
ra CUCTEMBI reMOoCTasa IS MOAepsKaHusd aKTHU-
BHPOBAaHHOI'O BpPEMEHHU CBEPTHIBAHUSA HA YPOBHE

i.v. Antithrombin deficiency (activity level 67%) was
corrected by the administration of 1000 IU i.v.

Standard monitoring was performed accord-
ing to standard monitoring indications in cardiac
surgery and included ECG, SpO,, body and bladder
temperature measurement, invasive blood pres-
sure, and transesophageal echocardiography.

General anesthesia was induced with fentanyl
200 mcg, propofol TCI with 3.5 mcg/ml plasma tar-
get in 3 minutes, rocuronium 70 mg, and followed
by tracheal intubation.

Anesthesia was maintained using propofol
TCI 3 mcg/ml plasma target, fentanyl 1mcg//kg/30
minutes till CPB, intermittent administration of
cisatracurium. Sevoflurane was administered at
0.9% because of its protective preconditioning ef-
fect in ischemia-reperfusion. Total amount of fen-
tanyl was 900 mcg.

By HMS guidance, 24000 IU of heparin was ad-
ministrated to maintain an activated clotting time
greater than 480 seconds (498 s) during the CPB.

Total CPB time was 78 minutes, with 50 min-
utes of aortic cross clamping. Cold blood cardiople-
gia was administered at 0-20-40 minutes from aor-
tic clamp.

Weaning from CPB required noradrenaline
0.05 mcg/kg/min to restore MAP>65 mm Hg, under
HMS, protamine sulphate 350 mgi.v. was adminis-
tered to get a clotting time of 119 seconds.

Twenty minutes after administration of prot-
amine sulphate, with intraoperative clinical evi-
dence of bleeding, a thromboelastography (TEG)
was performed which showed a prolonged clotting
time (R value) in CK track (13.9 min with 4.6-9.1
min reference) and in CKH track, with heparinase
(10.2 min with 4.3-8.3min reference); after that the
prothrombin complex concentrate was adminis-
tered at a dose of 20 IU/kg (2000 IU).

After surgery, the patient was transferred to
cardiac ICU where Eculizumab 900 mg i.v was ad-
ministered due to its washout during CBP.

During the surgery, patient received only a
single unit of red blood cells because of blood he-
moglobin value <9 g/dl.

Because of the high risk of thrombosis due to
history of paroxysmal nocturnal hemoglobinuria,
we decided to administer calcium heparin 10.000
IU/8h subcutaneously, with first administration
after 4h from the admission in ICU.

The patient was extubated after 12 hours in
ICU and a cycle of BiLevel non-invasive ventilation
was planned (6 cm H20 EPAP, 18 cm H,O IPAP, 40%
FiO,) in order to improve oxygenation in particular
because of obesity (BMI 36.33) and COPD.

After 72 hours of ICU, the patient was trans-
ferred to the ward and discharged home after 7 days.

During hospitalization the patient received
only 1 unit of red blood cells due to moderate in-
travascular hemolysis.
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BbIlIe 480 ¢ (KOHKpeTHee, 498 ¢) BO BpemA IIpoBe-
nenns OKK BBonmm renapus B 1o3e 24000 ME.

Bpemsa mpoBegenusa OKK cocraBuiio 78
MMHYT, BpeMs IIePEKPECTHOr0 3a)KUMa a0pThbl —
50 muHYT. X0J1080BasA KPOBsAHAA KapIUOIJIerus
MMPOBONWJIACH MPHU HAJOKEHUH A0PTATBHOTO
3askrMa u yepes 20 1 40 MUHYT IIOCJIE HEero.

Bo Bpems npekpamenus JKK s Boccra-
HOBJIeHHSA cpeqHero AJl Ha ypoBHe OoJjee 65 MM
PT.CT. TOTpeboBaJIOCH BBEIeHNE HOPaIpeHamHa
B 103e 0,05 MKr/Kr/MuH. B cooTBeTCTBUY C TIPUH-
[IMIIaMU MOHUTOPWHTA CUCTEeMbI TeMOCTa3a, s
II0JIyYEHUA BpeMeHU CBepTbIBaHUA 119 c,
Ha3HAYWJIM IPOTaMUHA Cy/Ibdar B 103e 350 MI' B/B.

Yepes 20 MUHYT IIOCJIE BBEIEHU [IPOTaMUHA
cyiab(ara npy KIMHUYECKUX IPU3HAKAX UHTPaA-
ONepanruoHHOTO0 KPOBOTEUYEHUS IIPOBEJIN TPOM-
6oasmacrorpaguio (T3, KoTOpasi Mokasasia yiu-
HEeHUe BpeMeHU CBepThIBaHuA (IIOKa3aresib R) 1o
KaHaJly nurpargoro KaoJsmHa (CK) go 13,9 mun
(mpu HOpME 4,6-9,1 MUH) U 10 KaHAJIy IUTPATHO-
ro kaoJsimHa c renapunasou (CKH) mgo 10,2 mun
(mpu HOpMe 4,3-8,3 MUH), I10CJIe Yero Ha3HaYnJ/Iu
KOHITEHTpAT IPOTPOMOMHOBOTO KOMILIEKCA B
no3e 20 ME/kr (2000 ME).

[Tocse oneparym nanyeHTa repeBesy B Kap-
JIMOJIOTHYECKOE OT/eJIeHre MHTEHCUBHOU Tepariui,
r7e BBeJH 9Ky/m3ymad B mo3e 900 mMr B/B BCIIeq-
CTBHE €T0 9JIMMUHAIINYN U3 KPOBU BO BpeMms JKK.

Bo Bpemsa onepanuy NanueHTy IIPOBEJIN
nepeJsinBaHue 1 eTUHUIIBI 9PUTPOITUTAPHON MaCChI
B CBSI3H CO CHUKEHHEM reMoryIo0rHa MeHee 9 T/ [T,

B cBsI3M C BBICOKMM pPHCKOM TpoM0O03a
(Ha;mmuue B aHamHe3e [THI') — HasdHauuum mom-
KOYKHOe BBefeHHe renapuHa B po3e 10000 ME
KaskIble 8 4acoB (mepBasi 103a yepes 4 yaca mocJje
IiepeBoJia B aJIaTy UHTEHCUBHON Tepanuu).

Tpaxeto akcTyOnpoBasy yepes 12 4 mpeObIBa-
HU B ITaJIaTe MTHTEHCUBHOU Tepanuy, AJ1s yiIydlie-
HUsS OKcureHauuu Ha ¢oHe oxkupenus (MMT
36,33) u XOBJI mpoBesiu ITUKJI HEMHBA3WUBHOU BEH-
THJIAIMA B pesknMe Bilevel co 3Hauenusimu EPAP
6 cMm Bo. cT., IPAP 18 cm Bog. cT. 1 FiO, 40%.

Yepes 72 4 mpeObIBAHUSA B ITaj1aTe MHTEHCHUB-
HOU Tepanuu nalueHTa nepeBesiu B OT/e/IeHre 1
BBINTKCAJIN IOMOH yepe3 72 4.

3a BpeMs BCell TOCIUTAJIN3AIUY TAUeHTy
NepeJIvJIv JIAIG 1 eJUHULY 9pUTPOMACCHI B CBA3U
C YMEpPEeHHBIM BHYTPHUCOCYAUCTBIM I'€MOJIM30M.

B neHTpe BHUMaHUsA — KOHTPOJIb CBEPThI-
BaeMOCTH KPOBH. J[J151 yMEeHbIIICHNU S PAUCKOB KaK
TpoM603a, TaKk ¥ KPOBOTEUEHUsI B JAHHOU KJIU-
HUYEeCKOU CUTYyalluu NPUHAJIU pelleHne O IIpu-
MeHeHuU TpoMboastactorpaduu (TIAT) miist nuHa-
MUYECKOr0 KOHTPOJIA KOAryJAaliu «y MOCTeJNN
00JILHOIO».

bpuranckass opranmsanusa NICE (Hamwmo-
HaJbHBIA MHCTUTYT OXPaHbl 3I0POBbSI U COBEP-
IIIEeHCTBOBAHUS MEIUIIMHCKOM mmomoiu, 2014 r.)

Focus on coagulation management. To bal-
ance the risk between thrombosis and bleeding in
this particular clinical setting, we decided to use
TEG as a point of care solution.

TEG is recommended by NICE guidelines to
help detect, manage and monitor hemostasis in car-
diac surgery patients (NICE guidelines, 2014). Other
clinical guidelines do not currently strongly recom-
mend TEG for use in other settings due to the lack of
high-quality evidence. Recently updated guidelines
of the European Society of Anesthesiology recom-
mended viscoelastic hemostatic assays
(TEG/RoTEM) to guide the management of periop-
erative bleeding and for managing severe peripartum
hemorrhage albeit with the low level of evidence.

The main advantage of TEG testing is its po-
tential to deliver immediate goal-oriented and in-
dividualized care to a bleeding patient.

TEG has convincingly demonstrated its use-
fulness to help improve outcomes in cardiac sur-
gery. A meta-analysis of 17 randomized controlled
trials (RCTs) demonstrated that TEG decreases
blood product transfusions and surgical re-explo-
ration due to postoperative bleeding in cardiac sur-
gery patients. These effects were associated with a
lower incidence of acute kidney injury and throm-
boembolic events. Another systematic review of 17
RCTs involving 1493 patients, mainly elective on-
pump cardiac surgery, revealed that TEG/RoTEM
decreases transfusion of blood components and re-
duces the overall mortality [18]. The quality of the
included studies, however, was considered to be
low [18]. A recent RCT found that intraoperative
correction of coagulopathy guided by EXTEM and
FIBTEM can reduce postoperative bleeding, blood
transfusions, and duration of critical care in pedi-
atric cardiac surgery patients [19]. TEG is also a
more cost-effective method compared to standard
coagulation tests in the diagnosis of coagulopathy
in cardiac surgery.

A normal thromboelastogram is schematically
represented in fig. 2. Prompt qualitative analysis of
the TEG tracing can be performed during the test.
The quantitative analysis of TEG includes the
measurement of the 5 parameters listed and de-
scribed in Figure 2. A coagulation index has also
been suggested by the manufacturer to assess the
overall coagulation status. The coagulation index
(CI) for whole blood may be calculated as follows:

CI=-0.2454R+0.0184K+0.1655MA—-0.0241a-5.0220

Specific considerations. In this particular set-
ting, where it is difficult to balance between throm-
botic and bleeding risk, we decided to monitor an-
ticoagulation with TEG and use the R parameter as
the target of our anticoagulant therapy.

The R time reflects a quantitative or qualita-
tive deficiency of coagulation factors that may be
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peroMeHayeT npuMeHenne TOI' 1y1A BBIABICHUA
HapyIleHu reMocTasa 1 AUHAMUIECKOT0 KOHTPO-
JISI CUCTEMBI KOATryJIANN Y O0JIBHBIX TTOCJIEe Kap-
JIUOXVPYPrAYeCKUX BMeIlaTeJabCTB. Pekomenpna-
UM JIPYTAX OOIIECTB B HACTOsINEe BpeMs He
ynomuHaroT TOI' B IpyTruxX KIMHUYECKUX CUTYaluAaX
B CBA3U C OTCYTCTBHEM JOKa3aTe/IbHBIX TaHHBIX
BBICOKOI'0 KadyecTBa. COIVIaCHO ITOc/IefHel Bepcuu
pexomeHnpaanuii EBporeiickoro obiiecTBa aHecre-
3M0JIOTUH, UCCJIeN0BaHue CUCTEMBbl IeMOoCTasa C
romotbio TAT miir TpoMO03/I1aCTOMETPHH CIIETYET
IIPUMEHATD IIPU IIePUOIIepaliIOHHOM KpPOBOTEYe-
HUU U IIPU Pa3BUTUU TAXKEJIOT0 POLOBOIO KPOBO-
TeueHUsI (HUSKUU YPOBEHD JOKA3aHHOCTH).

[naBHOE nnpenmymiectso TOI' 3ak/ogyaerca B
BO3MOKHOCTU OKa3aHUs IieJieHallpaBJeHHOU U
WHAUBUAYAJIN3NPOBAHHON IIOMOIIY IIPU BeJeHUU
IIaleHTa C KPOBOTEYCHUEM.

Yb6enuTebHO TOKa3aHa BaskHasA poJib Tl B
VIy4LICeHUH UCXONOB B Kapauoxupypruu. 1o nan-
HbIM MeTa-aHa/m3a 17 paHgoMA3upPOBaHHbIX KOHT-
poJsmpyeMbIx uccaenopanuil (PKU), npumenenue
T3ATI' compoBOKIATOCH YMEHBIIIEHNEM HEOOXOH-
MOCTHY B TpaHC(y3UHU KPOBHU U ITIOBTOPHBIX XUPYP-
TAYEeCKUX BMeEIIaTeJIbCTB MAJIs IIOMCKA IIPUYUH
II0CJICONEPAlIMOHHOI0 KPOBOTEYEHNUA y TAllECHTOB
KapAUOXUPYPru4eckoro npocpumasd. JlaHHbIe
3¢ peKThI OBLIN TaK:Ke CBSI3aHbI C 00JIee HU3KOU
BCTPE4YaeMOCTBI0 OCTPOI'0 IIOBPEKAEHUS II0YEeK 1
TpoMboambosuii. Ellle omwH cucTeMaTwmdecKui
0630p 17 PKU c ywyactuem 1493 mammeHTOB, B
OCHOBHOM II€pEHECUINX KapIUuOXAPYpru4ecKue
BMeUIaTe bCTBA C UCIIO/Ib30BAaHUEM UCKYCCTBEH-
HOTO KPOBOOOpAIIeHus], TOKa3aJI CHIKEHIe YHCa
cjy4daeB IlepesIMBaHUs KOMIIOHEHTOB KPOBU U
00111el1 CMEPTHOCTH ITpH McIToJIb3doBanuu TAT [18].
K coskajieHuIo, Ipy 9TOM Ka4eCTBO IIPOAHaIN3UPO-
BaHHBIX HCCJIEIOBAaHUI OBLIO TMPU3HAHO HU3-
kM [18]. ITo narHbIM HeraBHero PKU, koppeknysa
KOaryJIonaTuy BO BpeMs Ollepalluy II0f, KOHTPO-
JieM TpoMOoaIacToMeTprieckux TectoB EXTEM n
FibTEM nipuBOJUT K CHUYKEHUIO YKCJIA TTOCJIeoTne-
paliOHHBIX KPOBOTEYEHUH, IepeTMBaHUi KPOBU
Y IJTITEJIbHOCTY ITPeOBIBaHMSA B OT/I€/IEHUY NHTEH-
CHBHOH TepaluH y feTel, IepeHeCInX KapIuoxu-
pypru4yeckue BMelareabcrsa [19]. belia mokasana
OoJiee BBICOKAST 9KOHOMMUYECKasT 3(P(PEKTUBHOCTD
TII' B cpaBHEHMH CO CTaHIAPTHBIMU MCCJIEN0Ba-
HUSIMU CBEPTHIBAEMOCTH KPOBU B IMArHOCTHKE
KOAaryJIonnaTuii Ipu NpoBeJeHNN KapauoXupypru-
YeCKHUX Ollepalui.

CxeMy HOpMaJIBHOU TPOMO03IaCTOrPaAMMBI
IIpuBeJid Ha puc. 2. KauecTBeHHBIN aHAINU3 ITapa-
METPOB KOAryJIsAlNN MOKHO IIPOBECTH IIPSIMO BO
Bpemsa TOI-uccnenopanus. KoaudecTBeHHBIN
aHaau3 BKJIIOYAET M3MEpeHHe 5 IapaMeTpos,
onucaHHbIX Ha puc. 2. [IpomsBoguresbp Tecra
TaK)Ke IIpefJaraeT UCIoJb30BaTh NHIEKC CBEp-
THIBAEMOCTH JJIs1 OOIIEH OIIEHKU CHUCTEMBI KOary-

Puc. 2. HopmasibHas1 TpOMOO3/IacTorpaMmma.

Fig. 2. A normal thromboelastogram.

Note.R — reaction time. Represents period of latency from start
to initial fibrin formation due to effects of Factor VIla and Tissue
Factor. K — time to 20mm clot amplitude. Represents time
taken to achieve a certain level of clot strength due to thrombin
and activation of platelets (where r-time = time zero). Alpha
angle (Za). Measures the speed at which fibrin build-up and
cross-linking takes place (clot strengthening), and hence as-
sesses the rate of clot formation. MA — maximal amplitude. A
function of the maximum dynamic properties of fibrin and
platelet bonding via GPIIb/IIla and represents the strongest
point of fibrin clot and correlates to platelet function: 80%
platelets; 20% fibrinogen. LY30% — percentage decrease in am-
plitude 30 minutes post-MA. Represents degree of fibrinolysis.
Normal Values: R — 4-8 min; K — 1-4 min; oo — 47-74°; MA —
55-73mm; LY 30% — 0-8%.

IIpumeuanue. R — Bpems peakuuu. OTpaskaeT CKPBITHIN I1e-
puoz 10 Havasaa oOpa3doBaHus (puOpUHA Mo AeificTBUEM (dak-
Topa VIla u TkaneBoro ¢akropa. K — Bpems (popmupoBanus
CrycTKa (1o aMIInTyabl Tpomba 20 mm). OTpaskaeT Bpems 10
IOCTYDKEHHUA OIpeNesleHHON KOHCHCTEHIMU Tpomba Iof
BJIMSTHUEM TPOMOHMHA U aKTUBALIMHU TPOMOOIUTOB (T1e BpeMsi
7 COOTBETCTBYET HYJIEBOH TOUKe). YroJi o (o angle) — orpaskaer
CKOpOCTb 0Opa3oBaHus (GuOpUHA M IOMEPEYHBIX CBA3€H
(ykpenieHre TpoM0a) U XapakTepU3yeT CKOPOCTh 00pa3oBa-
HUSA CrycTKa. MA — MaKcUMaJibHasi aMIIUTYJa. 3aBUCHUT OT
MaKCHMa/IbHBIX JMHAMHYECKUX CBONCTB (DOpPHHA U CBA3BI-
BaHMA TPOMOOIIUTOB ¢ IOMOIIBIO perenntopoB GPIIb/IIIa, xa-
pakrepusyeT HauboJsiee cTabUIbHYIO (hopMy (PUOPUHOBOTO
cryctka (Ha 80% cocTouT u3 TpoMOOIUTOB U Ha 20% u3 puod-
pUHOreHa) ¥ Koppeaupyer ¢ pyHKIuei TpombouTos. LY30 —
JIOJI5I CHUSKEHUSI aMILIUTY bl yeped 30 MUHYT I10CJ1e JOCTHKe-
s MA. Orpaskaer crerneHb (pubpuHosmsa. HopmanbHble
3HaueHus. R —4-8 muH; K— 1-4 muH; yron o — 47-74°; MA —
55-73 mM; LY30 — 0-8%.

corrected by fresh frozen plasma (FFP) transfusion,
prothrombin complex, or anticoagulant reversal.
This value increases also during UFH therapy as in
our case report.

An R value between 11 and 14 min was con-
sidered acceptable to balance the risk.

We therefore performed a series of 3 TEG at
different time points as shown in fig. 3 (T1 — at the
end of intervention, T2 — 3 hours after ICU admis-
sion, T3 — 36 hours after ICU admission) in order
to monitor the efficacy of anticoagulation therapy
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aauun. Manekc ceepteiBaemoctu (MC) paccunThI-
BaeTcs 10 ciaeaylomei popmyie:

HnC=-0,2454 xR+ 0,0184 x K+ 0,1655 x MA -
0,0241 x Zo. - 5,0220.

Oco0eHHOCTH KIIMHUYECKOro HaOmoaeHus1. B
JTAHHOM CJTy4ae B CBSI3U C HAIMYKEM 3aTPyIHEeHUH C
MOCTIDKEHEM OaaHca MeskIy oOpa3oBaHUEM
TPOMOOB M KPOBOTEYEHUEM PEIIUJIA ITPOBECTH
KOHTPOJIb CUCTEMBI CBEPTHIBAHUA KPOBHU IIPYU [IOMO-
1 TOI' ¥ KCII0JIB30BaTh B KAYECTBE 11eJIEBOI0 II0KA-
3aTeJisl aHTUKOATY/IITHTHOU Tepanuu napameTp R.

[Tokasaresib R oTpaskaeT KOJIMYeCTBEHHBIN
WUJTY Ka4yeCTBEHHbIH 1e(pUIIUT (DaKTOPOB CBEPTHIBA-
HUS, KOTOPBIN MOYKHO KOPPUTHUPOBATH C IIOMOIIIBIO
repe/IMBAHUSA CBEKe3aMOPOKEHHOH I1JIa3MBbl, ITPO-
TPOMOMHOBOTO KOMILIEKCA WJIA aHTAarOHWCTOB
AHTUKOATYJIsAHTOB. JlaHHBIM MOKa3aTe/b TaK)Ke
MOBBILIAETCA IPU Tepanuu HepaKIIMOHUPOBaH-
HBIM refapruHOM, Kak OBIJIO B HAIlIEM CJTy4ae.

3nadeHue nokasaress R mesxnay 11 u 14 mun.
CUMTAETCS PUEMJIEMBIM C TOYKY 3PEHMUsI Oaranca
PHUCKOB.

Jy1s1 KOHTpOoJIs1 3(p(hPEeKTUBHOCTH aHTUKOATY-
JITHTHOM Tepanuyu U MUHUMM3AIlUU PUCKa KPOBO-
TedyeHus nposesn Tpu Tl ucciaenosBanusa B 1UHAa-
muke (T1 — B KoHIIle onepanuy, T2 — yepes 3 yaca
1ocJie MOCTYIJIEHUsI B OT[esleHhe MHTEHCUBHOU
Tepanuy, T3 — depes 36 4acoB 10CJIe IOCTYIICHUA
B OTJIeJIeHHe MHTEHCUBHOM Tepanud, puc. 3). Ob1as
KpOBOLIOTEPs cocTaBmi1a 375 MJ1 B TeyeHue 48 4acos.

3akJrouenue

[TapokcuaMasnbHass HOYHAS TeMOTJIOOUHY-
pUsi — pellKoe TeMaToJIoTH4ecKoe 3aboJsieBaHue,
IJII KOTOPOT'0 XapaKTepPHBbI BHYTPUCOCYIUCTHIN
reMoJIn3, OIOCPEeJOBAHHBIN CHCTEMOU KOMILJIe-
MeHTa, ¥ TPoM603bL. TpoM0O03bI — HarboJIee cepb-
e3Hble ocyoxkHeHus ITHI, Bei3biBaroniue 40-67%
JIETaTHbHBIX KCXOJIOB IIPY TJAaHHOM 3a00JIeBaHUH.

PazsnnyHble paKTOpHI, TaKKE KaK UH(eKIun
niu 6epeMeHHOCTh, MOTYT YCUJIUBATh TEMOJIU3 Y
nanuenToB ¢ [THI. Xupyprudeckue BMelIaTeib-
CTBa TAK)Ke MOT'YT BbI3bIBAaTh BBIPAYKEHHYIO aKTH-
BalMIO CUCTEMbI KOMIIJIEMEHTA U ABJISAIOTCA BAYXK-
HBbIM (PAaKTOpPOM pHCKAa PA3BUTUA TeMOJIN3a.
Kpowme atoro, y 60s6HBIX [THT 1TOBBIIIIEH PHUCK pas-
BUTHs TPOMOO03a B ITOC/IE0TIEPAIIOHHOM ITEPUOIE.

CornacHO HalIUM JaHHBIM, Y IIAUEHTOB C
ITHT MO3kHO BITOJTHE O€30ITacHO MPOBECTU A0PTO-
KOpPOHAapHOE LIYHTUPOBaHUeE.

JJ1s mocThyKeHusl HauMeHbIIIero pucKa Kak
TpoM003a, TaK ¥ KPOBOTEYEHHNSI MBI PEKOMEHYEM
HCII0/Ib30BaTh B Ka4yeCTBe TecTa AJ1s1 MOHUTOPUH-
ra CHUCTeMbl CBEPTbIBaHHUA KPOBHU «y IIOCTEJN
6oabpHOTO» TpOMOO3JIacTOMETpPHIO. B KadecTBe
[IeJIeBOr0 3Ha4eHus ItapaMeTrpa R MOYKHO UCIIOJIb-
30Barh Auamna3oH 11-14 c.
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Puc. 3. TpoM003/1acTOrpaMMBbI B pa3JIM4IHbIE IEPHUOIBI Bpe-
MEHH.

T1 — B koH1e onepanuy, T2 — yepes 3 yaca mocJjie noCTyIIe-
HuA B ONT, T3 — uepes 36 yacos nocse nocrymienns B OUT.
Fig. 3. TEGs at different time points.

T1 — at the end of the intervention, T2 — 3 hours after ICU ad-
mission, T3 — 36 hours after the ICU admission.

without increasing the bleeding risk. The total
amount of blood loss was 375 ml in 48 hours which
is considered acceptable after cardiac surgery.

Conclusion

Paroxysmal nocturnal hemoglobinuria (PNH)
is a rare hematological disorder, characterized by
complement-mediated intravascular hemolysis
and thrombosis. Thrombosis is the most serious
complication which accounts for 40-67% of deaths
in PNH.

Stressors such as infection and pregnancy
have been known to exacerbate hemolysis in PNH
patients. Surgery can also trigger prominent com-
plement activation and is an important risk factor
for hemolysis. Furthermore, the postoperative
thrombosis risk is high.

According to our experience, CABG procedure
can be safely performed in PNH patients.
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ITokasaHo, 4To JiedeHre THIIOUTOPOM OeJlKa
koMIvieMeHTa C5 9Ky/IM3ymMaboM 3HAYUTEJBHO
YMEHBIIIAeT YHCIIO TPOMOOTHYECKHUH OCIOKHEHUH
y 60u1bHBIX [THT 1 yuTydIiiaeT Ka4ecTBO X SKU3HM.

[Ty1anOBOE XMPYPruYecKoe BMEIIaTeIbCTBO Y
[AIWEeHTOB, IIOJIyYaoINX 9KyJIn3yMad, ciaemyer
MIPOBOJUTH Ha CJIeIYIOIINAN ITOCIe TOCIeJHEero BBe-
JleHMs Npenapara feHb. VIHBasuBHbIE IIPOLEIyPhI
MOTYT IIPUBECTU K aKTUBALIUU CUCTEMbI KOMILIEe-
MeHTa ¢ (h)OpMHUpPOBaHUEM TepPMUHAJIBbHBIX KOM-
IJIEKCOB, II09TOMY IIPU PAa3BUTUU I'eMOJIM3a Ha
(hore nmpuema sxkynu3ymada He0OXOAUMO BBEEHIE
JOTIOJIHATEIHOM AO3bI IIpenapara Jijis OCTAaHOBKHU
remoJsin3a. Kpome Toro, o0s13aTes1bHO IpoUIaK-
TUYeCKOe IIPpUMEHEHUE HU3KOMOJIEKYJIAPHOIO
rerapyuHa B IepUoIepaliOHHOM IePUOIE.

B onmcbiBaeMOM KJIMHIYECKOM HaOJII0eHUN
IIPU3HAKOB OCTPOI'0 T€MOJIM3a BO BpeMsA BMellla-
TeJIbCTBA U B PAHHEM I10CJIE0IIePALIMOHHOM II€PHO-
Jie He HaOJTIoa/Iu, OIIOJTHATEIbHOE BBETEHUE 9KY-
Jm3ymabda I YMEHbIIEHUA pucka
BHYTPUCOCYIMCTOIO I'eMOJ/I13a IPOBOJUJIN B I€Hb
oIeparyy, IocJje 3aKPbITUA OePAlMIOHHON PaHbI
B obJacTu cepana. Takyke manyeHTy BBOAVIIN reria-
puH. MakpOCKOIINYeCKOU reMOIIOOMHYPHH ¥ TPOM-
©030B B IIepHroJie BOCCTAHOBJ/IEHHS He HAOJIIOA/IN.

B MeuITMHCKON JTUTeparype uMeeTcs: He0O0JIb-
I110€ KOJIMYECTBO COOOIIEHNH O BeJJleHUH XUPYPIU-
yecKUX nanueHTos ¢ [THI, moay4daromux skyauay-
Ma0. Me1 Hanum B Pubmed sume 2 onucanus
KJIMHUYeCcKux ciaydaes OKK y manueHTOB, IoJIy-
YAIOIINX 9KYIN3yMa0: IIPU IIPOBeleHUH KapJUOXH-
pyprudeckoi onepanuu U Bo BpeMsA NpoLesyphl
IKMO. Hammm pe3ysisraTbl CBUETETHCTBYIOT O Oe3-
OIIACHOCTHU U KJIMHUYECKOU N0JIb3e MPUMEeHEeHUA
TPOMO03J1aCTOMETPHUH [JIsI JUHAMUYECKOI0 KOHT-
pOJIA COCTOAHUA CUCTEMbI CBEPThIBAHUA KPOBU Y
HAIIMEeHTOB, IOJTy4YaloNIuX aKy/In3ymad. boJbryio
Ba’KHOCTb UMeeT MYJIBTUUCIIUIITNHAPHBIN IIOAXO0,

IIpU BeeHuu nanyenTos ¢ [THI
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Pe3rome

Ilenas ucciaenoBanus. KauecTBeHHasi U KOJIMYECTBEHHAs OIleHKA TUCTOMOP(OJIOTNYeCKUX U3MEHEHNH
B JIETKUX IIPU OCTPBIX OTPaBJIeHUsIX 6akI0(eHoM 1 ero KoMOMHaNMeN B TOH ke JJ03€ C 9TAaHOJIOM 4Yepes 3
Jaca I10CJIe OTPaBJICHUS.

MarepuaJjibl 1 METOABL. JKCIIEPUMEHT ITPOBOMJIH Ha 15 KpbIcax-camiax iuHuu Wistar maccoii 290-350 1.
u Bo3pactoM 20 HeJesb. JKUBOTHBIX pacnpenenan Ha 3 TPyIIbl 10 5 Y)KUBOTHBIX: KOHTPOJIbHAs Ipyma —
WHTaKTHBIE KPBICHL; 1-51 TpyIiia — KPBICH], IT0JIyyaBIre 6akjao(deH B BUjie MOHOIIpeniapara; 2-s1 rpymnmna —
KPBICBI, I10JTy4YaBIlIe KOMOUHAIMIO Oaka0(peHa U 9TaHOoJIa.

BakJioeH BBOAMIN TTEpOPAJIBHO B 103€ 85 MI'/KT MacChl 3KUBOTHOTO I10]] HAPKO30M (xsiopoJiasa), 40%
9TAHOJI B J103€ 7 MJI/KI MacChl 3KUBOTHOT'O BBOAMJIU C TOH ke 10301 OaksiodeHa nepopaibHo. JKUBOTHBIX
BCeX I'PyNI BBIBOAUIN U3 9KCIIEPUMEHTA Yyepe3 3 yaca IyTeM Ilepelo3UPOBKU Hapko3a. Ob6pasibl TKaHU
JIETKUX KCCJIeI0BaId METOIOM CBETOBOM MUKPOCKOIINHU C UCIIOJIb30BAHUEM BUI€0CHCTEMBI IIPU yBeJIMYe-
Huu x400. O1leHUBa/IU cJjleyIolre THCTOJIOTHYeCKe IPU3HAKU: HapylleHre KpoBooOpaIieHus (I10JIHO-
KPOBHE KallWJIJIAPOB X BEHYJI, KDOBOU3JIUAHUS B MEKaIbBeOJIsApHbIE [IePErOpOJKHU, KPOBOUIJIMAHUS B aJIb-
BEOJIbI, CJIaJPK), HAJIN4YMe aTe/IeKTa30B U TUCTeJeKTa30B, aM(pu3eMbl, KJIeTOUHOHN peaknuu (yBeJudeHue
4yycsia JeHKOIUTOB Ha TEPPUTOPUU MEKATbBEOJISIPHBIX [IEPETOPOIOK), YTOJIIIEHNEe MeyKaIbBeOJIsIPHBIX I1e-
PeropojoK 3a cueT OTeKa, CIyIIMBAaHNE dIIUTENNS B IPOCBET OPOHXOB. VI3Mepsiyiu JuaMeTp ajibBeoJI U TOJI-
LIHY MeXKaJIbBEOJIAPHBIX IIEPETOPOIOK.

Pe3yasrarsl. Uepes 3 yaca 1iocsie BBeleHUsA Oaka0(deHa B JIETKUX BbISIBU/IN HapyllleHre KpoBooOpaiiie-
HUA (IIOJITHOKPOBUSA BEHYJI U KalIMJIJIAPOB, KPOBOUBJINAHUA B MEKaJIbBEOJIIPHBIE IIEPErOPOIKH, CIAIK), I10-
siBJIeHre aM(U3eMBI, aTejIeKTa30B U JUCTEEeKTA30B U KJIETOUHYIO peakIuio (MHQUIBTpaIys MesKaabBeo-
JIIPHBIX [IePErOopoioK JefikoruTamu). Bo 2-ii rpymnime sKMBOTHBIX Yepe3 3 yaca 00Hapy>KUJIU HapylleHue
KpOoBOOOparieHusi (IoJTHOKPOBHE BEHYJI U KallUJLJISIPOB, CIapKa), 9M(Pu3eMy, aTejIeKTa3bl U TUCTeJeKTasbl,
KJIETOYHYIO PeaKInIo (MH(PUIBTpAIys JIEMKOIIUTaMM), a TAKKE CEKPET B IpocBeTe OpoHxuoJI. B 1-i rpymne,
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JIUaMeTp aJTbBE0JI OBLJ CTAaTUCTUYECKH 3HAYMMO OOJIBITE, YeM B KOHTPOJIBHOM U 2-# TPYIIAX, a TOJIIITHA
MesKaJIbBEOJISIPHBIX IIEPEropoIoK, HAITPOTHUB, MEHbITIEe. Bo 2-1 rpytine fuamMeTp aabBeoJT ObLIT CTaTUCTUIECKH
3HAYNMO MEHBIIIE, YeM B 1-1 rpy1ie, HO OOJIbIIE, YeM B KOHTPOJIFHOH. TOJIIIIHA MeKaTbBEOSIPHBIX ITepe-
TOPOJIOK BO 2-1 TPyIITTie ObLIA CTAaTUCTUYECKU 3HAYMMO OOJIBITIE, YeM B KOHTPOJIBHOM U 1-# TpyIImax.

3akJrouenmue. [Ipy BBeieHNN 6akaodeHa 1 ero KOMOMHAIIUY C 9TAaHOJIOM B JIETKUX PA3BUBAETCS KOM-
TVIEKC OOIIENaTOIOIMYECKUX IIPOIECCOB: PACCTPOMCTBO KPOBOOOpaIIeHNs (BeHYIAPHOE U KallUJJISIpPHOE
TTOJTHOKPOBHE, CJIATK), TOBHIIIIEHNE IPOHUIIAEMOCTH COCY/IOB B YCJIOBUSX PA3BUBAIOIIEHCsI TUIIOKCUH, MH-
uBTpanysa MesKaTbBEOJISIPHBIX IIEPETOPOIOK JTeHKouTaMu. Mopdoioruieckrie i3MeHEeHHSI MOTYT OBITh
WCIIOJTb30BaHBI JIJIsI OIEHKHU CTeTIeH! BBIPa’KeHHOCTH OOIIeNaToIOIMYeCKIX IIPOIIeCCOB IIPY OTPaBJIEHIHN
6arI0(PeHOM 1 eT0 COUYeTaHHEM C ITAHOJIOM M YCTaHOBJIEHHSI YCJIOBUH eTo TefCTBHUA (MOHOIIperapar, KOM-
OMHAINS C 9TAHOJIOM).

Knaroueevte cnoea: barnogden; nezkue; 2ucmomopgonoutieckue UsMeHeHus; ompasieHue
Kouduukr naTepecoB. KOHDIMKT MHTEPECOB OTCYTCTBYET.

Summary

The aim of the study: to assess the lung histopathology in acute intoxication with baclofen alone and its
combination with alcohol (in the same dose) 3 hours after the ingestion.

Materials and methods. The study was performed on 15 male Wistar rats weighing 290-350 g and aged 20
weeks. The animals were divided into 3 groups, 5 animals each: control group that included intact rats; Group
1 composed of rats received baclofen alone; Group 2 that included rats received a combination of baclofen
and ethanol. Baclofen was administered orally at a dose of 85 mg/kg animal weight under anesthesia (chlo-
ralose), and 40% ethanol, 7 ml/kg animal weight, was orally administered along with baclofen at the same
dose. Animals of all groups were sacrificed after 3 hours by overdosing anesthetic agent. Lung tissue samples
were examined by light microscopy using a video system at x400 magnification. The following histological
characteristics were evaluated: circulatory disorders (engorged capillaries and venules, hemorrhages in inter-
alveolar septa and alveoli, sludge), atelectasis (including partial), emphysema, cellular response (increased
WBGCs in the interalveolar septal area), thickening of interalveolar septa due to edema, epithelial desquamation
into bronchial lumen. The diameter of alveoli and thickness of interalveolar septa were measured.

Results. Three hours after the baclofen administration, circulatory disorders in the lungs (engorged venules
and capillaries, hemorrhages in the interalveolar septa, sludge), emphysema, atelectasis (complete and partial)
as well as cellular response (leucocyte infiltration of interalveolar septa) were detected. In the Group 2, baclofen
resulted in circulatory disorders (engorged venules and capillaries, sludge), emphysema, atelectasis (complete
and incomplete), cellular response (infiltration with leukocytes), as well as fluid in the lumen of bronchioles.
In Group 1, the alveolar diameter was significantly larger than in the control group and Group 2, while the
thickness of the interalveolar septa was lower. In group 2, alveolar diameter was significantly less than in group
1, but still greater than in the control group. The thickness of the interalveolar septa in group 2 was significantly
greater than in the control group and group 1.

Conclusion. After administration of baclofen alone and in combination with ethanol, the following alter-
ations were found in the lungs: circulation disorders (venular and capillary engorgement, sludge), increased
vascular permeability because of developing hypoxia, leukocyte infiltration of interalveolar septa. The moni-
toring of morphological alterations may aid in evaluating the severity of pathological processes in intoxication
with baclofen alone and in combination with ethanol and in determining the method of intoxication (baclofen
alone or in combination with ethanol).

Keywords: baclofen; lungs; histopathological changes; intoxication
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OTpaBJiieHus1 CTaOMITLHO 3aHUMAIOT OJHY U3
BeAyIINX TO3UIIUI B CTPYKType HaCUJIbCTBEHHON
cmepru [1-5].

B mocsiemHee BpeMsi OTMedYaloT OOJIBIIIOE
YHCJIO OTPaBJIeHUI MUOpeakCaHTOM Oakrjode-
HOM (TOPTOBBIE HA3BAHUS — JILOpe3aJ, OaKJo-
can). C XuUMUY€eCKOU TOYKH 3PEHUS ITOT IIperma-
paT He WMeeT CXOACTBA C  JIPYyTUMU
MHOpeJIaKCaHTaMU U IIPeJICTaBJIsIeT coboi OeTa-
p-x10pdeHNTBFHOE TPOU3BOTHOE OTHOTO M3 TOP-

Intoxications have consistently held one of the
leading positions among violent death causes [1-5].

Recently, many poisonings with the muscle re-
laxant baclofen have been reported. This drug is
chemically different from other muscle relaxants
and represents a beta-p-chlorophenyl derivative of
an inhibitory neurotransmitter GABA (gamma-
aminobutyric acid) [6-8].

Baclofen has a strong psychoactive effect and

can be abused by mostly young drug addicts [9-11].
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MO3HBIX HelpomeaguaropoB — [AMK (ramma-
aMHUHOMACJISTHOM KUCJIOTHI) [6-8].

Baksoden obsagaer BbIpaskeHHBIM IICUXO0-
AKTUBHBIM 3(P(PEKTOM U MOKET SABJATHCA 00h-
€KTOM 3JI0yTIOTPeOIeHNST Y HAPKO3aBUCUMBIX JIHI]
IIPEUMYIIECTBEHHO MOJIOLO0r0 Bo3dpacra [9-11].

Baksioden qocTaTouHO IMIUPOKO IPUMEHSIET-
Cs1 B KJIMHUYECKOU nipakTuke [12]. B nepopanbHO
¢dopme aTOT mpemapara MOKa3aH MaIueHTaM C
paccesiHHbIM CKJIEPO30M, BbIPAYKEHHOU MBbIIIIEY-
HOHM CIMAaCTUYHOCTHIO, @ TAK)KE MPU Pa3JIUUHBIX
3aboJsieBaHUAX CHOMHHOTO MO3Ta  (OITyXOJIH,
nH@EKITMOHHBIE 3a00J1€BaHUS, TPABMbI, OCTPBIE
HapyIIeHusi MO3TrOBOTO KpoBooOparieHus). B
pAle UCCIelOBaHUN MMOKas3aHO, 4YTO OakJIodeH
3P erTHUBEH ITPU JIEUEHUHN AIIUEHTOB, CTPAJIAI0-
KX aJkoroau3dmMom [13-23] u JILIT [24-25].

MexaHusM gercTBUs H6akIodeHa ocTaercs
He JI0 KOHIIA BbIACHEeHHBIM. [TokasaHo, 4To OaKJjI0-
¢eH yrHetTaeT MOHOCHUHAIITUYECKUE U IIOJIHUCHU-
HalTH4ecKre pedeKchl, CHUKaeT BO30yIUMOCTb
raMMa-MOTOHEHPOHOB, YTO OOYCJIOBJIUBAET €ro
MUOpeJIakcupymolllee aelicTue [25].

[TpumeHenne Oaka0geHa COMPSIPKEHO C BBICO-
KUM PUCKOM Pa3BUTHSI TOOOYHBIX peakItuii. [Tpu ero
MIPUMEHEHNN JasKe B TePAaleBTUYeCKUX 103aX BO3-
MOSKHO BO3HMKHOBEHHE BU3YaJIbHBIX U CJIyXOBBIX
raJuTIOIMHALINHI, Pa3BUTHE TPEBOYKHOCTU U SMOITHO-
HAJIbHOH JIAOMIbHOCTH; HapyIIeHre (PyHKITUH cep-
JIeYHO-COCYIMCTON CUCTEMBI, pe3Koe CHUsKeHue AJl
BIUIOTH /IO KoJuiarica, HapymieHne paborsl "KKT
(13ykora, CHUKEHWE NepUCTAJIBTUKU, TOIITHOTA,
PBOTA), IUIJIONHXSA, COHJIUBOCTD, allaTUsl, MUTPEHB;
CHIDKeHHe anmeTuTa. MHorma npu JieueHnu OaKJjIo-
(¢eHOM BO3MOSKHO yBeJIMUeHHue Macchl Teqa. [Ipu
IUTATEJIFHOM TIpUMeHeHUH 6aKI0(heH MOKET OKa-
3bIBATh I'eIaTOTOKCHMYECKOoe AecTBueE (7, 8].

OcTphle orpaBsieHuss 6akaI0(peHOM MOTYT
OBITH KaK CJIEACTBUEM CIyYalHOU ITepe03UpPOB-
KM, TaK U CyUIIAJAJIbHOIO IOBEIEHUA U KPUMU-
HaJbHBIX AeHcTBUM. Takue NHTOKCUKAUU MOTYT
COIIPOBOKATHCA OECCOHHUIIEH, CITyTAaHHOCTBIO
CO3HaHUs, KOMOU [26] 1 HapylIeHueM JbIXaHUs,
rOJIOBOKPYsKEHHEM, TPEBOKHOCTBIO, II0SIBJICHUEM
Tra/ITIONMHAIUN ¥ TaXUapUTMUH [27], Tunepcastm-
BallMH, TOIIHOTHI, PBOTHI, nuapen. Kpome Toro,
BO3MOJKHO HapylleHHe aKKOMOoJaluW, yTpara
KOpHeaJIbHOT0 pedJieKca, MbIllleqHasi TUTIOTOHUS,
KJIOHMYecCKue cynoporu [28-29], runopedJiekcus,
apednercus. Hab/1ioma0Tcss HapyIeHus co CTO-
POHBI CEPAEYHO-COCYIUCTOMN CUCTEMBI: OpaguKap-
nusi, nepudepudeckas Badogusaaramnus [30-31].
CrnenmnduyecKkruii aHTUIOT MPU OCTPHIX UHTOKCH-
Kanusax 6arIogeHoM OTCyTCTBYeT. [Ipu jJedeHnn
TaKUX OTPaBJIEHUI peKOMEeHJ0BaHa CUMIITOMATH -
4JecKas Tepanus (IIogepskaHnue CepaedHo-Ccocy-
IHUCcTOM nesaresibHOCTH, IBJI).

J1o HacToAIIEero BpeMeH!U MmaToreHes OCTPhIX
oTpaBJIeHUH 0aKJIOPEHOM OCTAETCS N3YYEHHBIM

Baclofen is widely used in clinical prac-
tice [12]. Its oral form is indicated for patients with
multiple sclerosis, severe muscle spasticity, and
various spinal cord diseases (tumors, infections, in-
juries, acute circulatory disorders). Several studies
have shown that baclofen is effective in the treat-
ment of patients with alcoholism [13-23] and cere-
bral palsy [24-25].

The mechanism of action of baclofen remains
incompletely understood. Baclofen has been
shown to inhibit monosynaptic and polysynaptic
reflexes, reduce excitability of gamma-motoneu-
rons, which underlies its myorelaxant effect [25].

The use of baclofen is associated with a high
risk of adverse reactions. When using it even in
therapeutic doses, visual and auditory hallucina-
tions, as well as anxiety and emotional lability,
cardiovascular dysfunction, a severe drop in BP
up to collapse, GI disturbances (heartburn, re-
duced peristalsis, nausea, vomiting), diplopia,
lethargy, fatigue, migraine, reduced appetite may
occur. During treatment with baclofen, an in-
crease in body weight may be observed. Under
prolonged use, Baclofen possesses a hepatotoxic
effect [7, 8].

Acute baclofen intoxication can result from
accidental overdose as well as from suicidal be-
havior and criminal acts. Such intoxications may
be accompanied by insomnia, confusion,
coma [26] and respiratory disorders, dizziness,
anxiety, hallucinations and tachyarrhythmia [27],
hypersalivation, nausea, vomiting, diarrhea. Ac-
comodation disorders, corneal reflex loss, muscle
hypotonia, clonic convulsions [28-29], hypore-
flexia, areflexia are also possible. Cardiovascular
system disorders such as bradycardia, peripheral
vasodilation can be observed [30-31]. There is no
specific antidote in acute baclofen poisoning.
Symptomatic therapy (cardiovascular support,
mechanical ventilation if needed) is recom-
mended in such cases.

Currently, the pathogenesis of acute baclofen
poisoning remains insufficiently studied, mecha-
nism of death is also not fully elucidated. As of
today, the data on the results of studies detailing the
therapeutic and toxic effects of Baclofen are frag-
mentary and presented in a few publications [32].
One of target organs in baclofen poisoning are
lungs. Meanwhile, there are no data on lung
histopathological changes in baclofen poisoning.

The aim of the study was to assess the
histopathological changes in the lungs 3 hours after
acute poisoning with baclofen and its combination
at the same dose with ethanol in rats.

Materials and Methods

The experiment was performed on 15 male Wistar
rats weighing 290-350 g and aged 20 weeks, divided into
3 groups (5 animals in each).
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HEeJ0CTAaTOYHO, TaHATOTeHe3 B TAKUX CJydasix
Tak)Ke BBISICHEH He 10 KOHI[A. Ha ceroHs naHHble
0 pe3yJIBTaTax uCCaeq0BaHNH, TIOAPOOHO PACKPHI-
BAIOIIUX TepaleBTUYECKHNe U TOKCUYECKUe
addexThl 6ara0(peHa, pa3po3HeHbI U MPEeICTaAB-
JIEHBbI OTHeJbHbIMU paboramu [32]. OgHUM U3
OpraHoB-MUIIIEHeH [IPU OTPABJIEHUSAX 9TUM IIpe-
1aparoM sIBJISIIOTCS JIeTKue. B To ske BpeMs naH-
HbIe 0 MOP(OJIOTUYECKUX U3MEHEHUAX B JIETKUX
IIpH OTpaBJieHuM baki1o(eHoM OTCyTCTBYIOT.
lenbp wucciienoBaHusi — KadeCTBEHHasl U
KOJINYeCTBEHHAsl OlleHKa rucroMopdgoJsiornye-
CKUX U3MEHEeHUH B JIETKUX IIPU OCTPBIX OTPaBJie-
HUAX 6aKJI0(EHOM U ero KOMOWHAIIMEH B TOH JKe
Jl03€ C 3TAaHOJIOM Yepes 3 yaca I1ocJje OTpaBJIeHus.

MarepuaJa u MeToabI

IKCIIEPUMEHT IIPOBOAWIIN Ha 15 KpbICax-caMIiax
auaun Wistar maccoit 290-350 r. u Bo3pacTtom 20 He-
JleJIb, pacIpeie/IeHHbIX Ha 3 TPYNIIBI (110 5 sKUBOTHBIX B
KasKJI0M).

CopnepskaHue SKIBOTHBIX ¥ PabOTY C HUMHU IIPOBO-
JIWJIA B COOTBETCTBUM € mprukadom Munagpasa CCCP Ne
755 ot 12.08.1977 1. u EBpomneiickoii KonBeHnuei o 3a-
IIUTE ITO3BOHOYHBIX KUBOTHBIX, UCIIOIb3YEMBbIX I
9KCIIEpUMEHTOB WJIM B UHBIX Hay4YHBIX 1eJax (Ctpac-
Oypr, 18.03.1986 1.).

BaksiodeH 1 ero KOMOMHAIHIO C 9TAHOJIOM BBO-
JIUJTY TI0]] OOIIIMIM HapKO30M (XJIOpoJIasa) yepes KeJry-
JIOYHBIA 30H]I.

Beigesnuiu cienyomye rpynbl )KUBOTHBIX:

® KOHTPOJIbHAA (71=5) — YKUBOTHBIE, I10JIyYaBIIIe
na3oronndeckuii pacrsop NaCl us pacuera 10 MJj1/Kr, HO
He TI0JTy4YaBIIIiie HU 9TaHOJIa, HU OakIo(eHa.

¢ l-arpynmna (n=5) — KUBOTHBIE, IIOJyYaBIINe
6arsodeH B 103e 85 MI'/KI' B IBOTOHIMYECKOM PacTBOpe
NaCl, npogo/KUTeNbHOCTb 9KCIIEpUMeHTa 3 yaca.

e 2-grpynma (n=5) — KUBOTHBIE, II0Jy4YaBIIne
6akJio(eH B mo3e 85 Mr/Kr B pactBope 40% sTaHOJI1a U3
pacyera 7 MJI/ KT, IPOAOJIKUTEIBHOCTD 9KCIIEPUMEHTa
3 yaca.

IocJie BBeieHNA IPeIapaToB sKUBOTHBIX BBIBOAUIIN
13 HapKO3a U OCTaBJ/IAVIA B BUBAPUU B YCJIOBUSIX CBOOOL-
HOTO JIOCTYTIA K BoJe, HO Oe3 muiy. Yepes 3 waca yKUBOT-
HbBIX BBIBOIAJIA U3 OIIBITA ITyTEM IIePeI03NPOBKYU HAPKO3a.

Jlerkue purcupoBasin B 10% HelTpasibsHOM op-
MaJiuHe U 3ajuBaJju B napaduH. M3roraBjanBanu ru-
CTOJIOTMYECKHe CPe3bl TOIINHON 5 MKM, HAHOCHUJIN Ha
NpeJMeTHBIE CTeKJ/Ia U OKpalluBa/Id eMaTOKCUJINHOM
¥ 303WHOM. Jlajiee mpenaparbl KCCJIeL0BAIA METOA0M
CBETOBOU MUKpOCcKonuu Ha MuUKpockone Nikon Eclipse
E-400 c Bugmeocucremoii Ha ocCHOBe kaMepbl Watec 221S
(Anonus) npu yBennuennu x400. OueHnBaIM HAJIUINE
CJIEAYIONINX IPU3HAKOB: PACCTPOMCTBA KPOBOOOpate-
HUA (IOJTHOKPOBYE KAlIUJIJIAPOB U BEHYJI, KPOBOU3JIUA-
HUA B ME€)KaJIbBEOJIAPHbBIE IEPErOPOIKH, KPOBOU3JINA-
HUA B aJbBEOJIbl, HaJW4YME CJaJyKa), HaJu4dnue
areJIeKTa30B U AUCTEeIeKTa30B, 9M(PU3EMBbI, KI€TOYHON
peakiuu (yBeJryeHHe Y1C/Ia JIeHKOIIUTOB Ha TEPPUTO-
pUH MeKaJIbBEOJIAPHBIX IIEPErOPOJOK), CIAyIIUBAHUA
9IIUTENIVS B IPOCBET OPOHXOB.

Jl711 OLleHKYM 3HAQYMMOCTH IOSABJICHUSA TOTO WU
WHOI'0 TUCTOJIOTMYECKOr0 IIpU3HaKa I10J1b30BaJIA KpU-

The animals were kept and handled in accordance
with the Order of the Ministry of Public Health of the
USSR No 755 of August 12, 1977 and the European Con-
vention for the Protection of Vertebrate Animals used for
experiments or other scientific purposes (Strasburg,
March 18, 1986).

Baclofen and its combination with ethanol were
administered under general anesthesia (chloralose)
through a gastric tube.

The animals were divided into the following
groups:

e control (n=5) which included animals that re-
ceived normal saline 10 ml/kg and neither ethanol nor
baclofen

e group 1 (n=5) comprising animals receiving ba-
clofen 85 mg/kg in normal saline solution with the exper-
iment duration of 3 hours

e group 2 (n=5) which consisted of animals re-
ceiving baclofen 85 mg/kg in ethanol 40% 7 ml/kg with
the experiment duration of 3 hours.

After drug administration, the animals were recov-
ered from anesthesia and left in the vivarium with free
access to water, but without food. After 3 hours, the ani-
mals were sacrificed by overdosing with anesthetic.

Lungs were fixated in 10% neutral formalin and
embedded in paraffin. Histological sections of 5 pm
thickness were prepared, placed on slides and stained
with hematoxylin and eosin. Then the preparations
were examined by light microscopy using a Nikon
Eclipse E-400 microscope with a video system based
on a Watec 221S camera (Japan) at x400 magnifica-
tion. The following signs were assessed: circulatory
disorders (capillary and venular engorgement, hem-
orrhages in interalveolar septa, hemorrhages in alve-
oli, sludge), atelectasis (complete and partial), emphy-
sema, cellular response (increased WBCs in
interalveolar septa), epithelial desquamation in the
bronchial lumen.

Fisher's criterion was used to assess the signifi-
cance of a particular histological sign. The sign was con-
sidered significant if it was absent in one group and ap-
peared in 4 or 5 cases in another.

Lung tissue morphometric study was performed.
The diameter of alveoli and thickness of interalveolar
septa were measured. Each histological specimen was
studied in 10 vision fields. The results of morphometric
study were processed using MS Excel and Statistica soft-
ware. Arithmetic mean and standard deviation were cal-
culated.

Results and Discussion

No histopathological changes in the lungs
were noted in animals of the control group.

Three hours after administration of baclofen
85 mg/kg, circulatory disturbances (venular and
capillary engorgement, sludge (Fig. 1, a), emphy-
sema (Fig. 1, b), atelectasis (complete and incom-
plete), and cellular response (leucocyte infiltration
of interalveolar septa), as well as thickening of in-
teralveolar septa due to edema (Fig. 1, ¢) were con-
sidered significant.

In the lungs of Group 2 animals treated with
a combination of baclofen 85 mg/kg and
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Tepuil Puiiepa. [losgB/ieHne IpU3HaKa CYUUTAIN 3HAUU-
MBIM IIPH €r0 OTCYTCTBUU B OJHOM I'PYIIIle U [I0SIBJIEHUN
B 4 1 5 cy4yasx B APyrou.

ITpoBenu MopdomeTpruueckoe HCCIeJ0BAHNE
TKaHU JIeTKoro. MaMepsanu quaMeTp aabBeoJs U TOJ-
IIMHY MeKaJIbBEeOJIIPHBIX I1Ieperopofok. Kaskapiil ru-
CTOJIOTMYECKU ITpenapaT udydasnu B 10 101X 3peHus.
PeaysisraThl MOP(OMETPHYECKOT0 NCCIeI0OBAaHNs 00pa-
6arsiBasy B mporpamMmax MS Excel u Statistica. Paccun-
TBIBAJIM CpeJjHee apudMeTHYecKoe U CpeiHee KBaapa-
TUYHOE OTKJIOHEHUE.

Pe3ysnbrarhl U 00Cy:K/A€HHE

VY SKMBOTHBIX KOHTPOJIbHOU I'PYIIIIBI [1ATOJIO-
THYECKUX USMEHEHUH B JIETKUX HE OTMETHUJIH.

Yepes 3 yaca mocJie BBeeHUs bakaodeHa (B
J103e 85 MI'/KI') CTaTUCTUYECKN 3HAUMMbIM CUUTAJIN
Ha/IM4Yue HapylIeHn KpoBooOpaIeHus (IoJIHO-
KPOBUA BEHYJI U KaUJLJIAPOB, cjIagka (puc. 1, a),
nosiBjieHus1 aMpusemsbl (puc. 1, b), aTejIeKTa30B U
JIACTeJIEKTa30B U KJIETOYHYIO peaKIuio (MH(MUIIBT-
palysi MeskaIbBeoJISIPHBIX IEPETOPOIOK JIEHKOITH-
TaMM), a TaKKe yTOJIIIEHUsI MesKaJabBeOoJAPHBIX
IIeperopoiok 3a cuer oreka (puc. 1, o).

B Jjierkux sKkUBOTHBIX 2-1 TPYIIIBL, IOJIy4YaB-
mUX KoMOUHAIUIo 6akyiodeHa (B mo3e 85 Mr/Kr)
u aTtaHoJa (7 mJ/Kr 40% aTaHoJ1a), CTaTUCTUYE-
CKU 3HAUYMMBIM CUMTAJU HAJIW4YWe HApYIIeHUuH
KpoBooOpaieHuss (IOJTHOKPOBUS BeHYJ WU
KanuJIJasIpoB, cJaajska), aM(u3eMbl, arejeKTa-
30B M [JIMCTEJIEKTa30B, KJETOYHOU peakIiuu
(MHUIBTPALMIO JTEUKOIIUTAMU), a TAK)KE HaJIU-
4Yre ceKpeTa B IPOCBeTe OPOHXUOJI (PUC. 2), 4ero
He HaOJIoTau B 1-1 rpymme.

Pesysisrarel MOpOMETPUIECKOTO UCCJIENI0-
BaHUSA aJIbBEOJI M Me3KaJIbBEOJIAPHBIX IIEPETOPO-
TIOK MIPEeCTaBUIN B TaOJIHIIE.

W3 TabIMIIbI BUTHO, YTO Y KPBIC 1-1 TPYIIITHI,
MTOJTy4aBIINX OakI0(eH N30JIUPOBAHHO, TUAMETP
aJIbBE0JI ObLJI CTATUCTUYECKHU 3HAYMMO OOJIbIIIE,
4yeM B KOHTPOJIbHOU U 2-Ii Ipylnax, a TOJIIUHA
MesKaJbBEOJIIPHBIX IE€PEeropofoK, HAIMpPOTHUB,
MeHBbIIIE.

Y SKMBOTHBIX 2-1 TPYIIIBI, TOJIyYaBIINX KOM-
buHanuio 6axaodeHa 1 aTaHOJIa, JUAMETP aIbBe-
0J1 OBLJI CTATUCTUYECKU 3HAYMMO 00JIbIIle, YeEM B
KOHTPOJIBHOU TpyIlle, HO MeHbllle, 4eM B 1-i
rpyunie. ToJiyHa MeyKaJIbBeOIsIpHBIX IIeperopo-
JTOK B 9TOM TpyIIire Oblyia CTaTUCTUYECKHA 3HAYUMO
0oJIbIIIe, YeM B TpyIITie KOHTPOJIS U 1-i rpymIe.

W3BecTHO, uTO OakI0(DeH He OKA3bIBAET IIPSI-
MOT'O TOKCUY€ECKOTO IEMCTBUS Ha OPOHXU U JIETKUE.
TeM He MeHee, OH yCHUJIMBaeT IIPECUHANITUYECKYIO
0J10Ka Ty HEPBHBIX IMITYJIHCOB, OEPYIIFX CBOE Hava-
JI0 B CHMUHHOM MO3Te. JTO0, B CBOIO OUepelb, TPUBO-
JUT K yTHETEHWIO VX Ilepefadyu. B pesyisrare cHU-
sKaeTcd HamnpsiKeHWe MBIIII], B TOM YHuCjIe U
Me)kpebepHBIX. VX upeamepHOe paccjabJieHue
MOJKET NPUBOAUTH K 3aTPYLHEHUIO NbIXaHUA C

Puc. 1. IIpenapar jJ1erkoro KpsIchl 1-i rpynnel (6akiaodeH,
85 Mr/Kr).

Fig. 1. Rat lung specimen (animal from Group 1, baclofen, 85
mg/kg weight).

Note. a — sludge; b — emphysema, thin interalveolar septa in
the emphysema area; c— interalveolar septa thickening due to
edema, leucocyte infiltration of interalveolar septa. Magnifica-
tion x400. Hematoxylin and eosin staining.

IIpumeyuanue. a— cramk; b— ambusema. FICTOHYeHNE MesK-
JIbBEOJIAPHBIX IEPETOPOJOK B 30HE 9M(HU3EMBIL. € — YTOJIIIIe-
HUEe Me)KaJbBeOJISIPHBIX IIEPEropoJoK 3a CYeT oTeka. MH-
uIIBTpaIysa MeKaTbBeOJIAPHBIX TEPErOPOIOK JIEHKOIUTAMI.
a, b, c— yBennvenue 400. OkpanvBaHye TeMaTOKCUINHOM 1
903UHOM.
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JlnameTp ajbBeoJI U TOJMIIIUHA Me;KATbBEOIIPHBIX IEPErOPoAoK (M+m).
Alveolar diameter and interalveolar septa thickness (M+m).

Parameter Values in groups

Control 1 2
Alveolar diameter, pm 42.9+11.1 72.8+19.5* 49.0+16.4**
Interalveolar septa thickness, pm 7.72+2.08 4.36+1.11* 12.12+2.44%*

Note. Considered statistically significant at P<0.01: *— difference between Group 1 and the controls, Group 1 and Group 2; ** — dif-

ference between Group 2 and controls, Group 2 and Group 1.

IIpumeuanwue. Values in groups — 3HavyeHus B rpynmnax; alveolar diameter — guameTp anbBeoJs; interalveolar septa thickness —
TOJIIIIMHA MEeKAIbBEOJIAPHBIX ITIeperopoaok. CTaTUCTUYeCKH 3HAYUMO IpH p<0,01: * — oTaudne 1-if IPyNIIBI OT KOHTPOJIBHOMN
U 2-i rpyni; 1 u 2; ** — oTiiu4ne 2-# TPYIIIbI OT KOHTPOJIBHOM U 1-U rpymiIL.

Puc. 2. Jlerkoe KpbICHI 2-if rpymnnsbl (0akaogen, 85 Mr/kr+
40% aTaHoJIa 7 MJI/KT).

Fig. 2. Rat lung specimen (animal from Group 2, baclofen 85
mg/kg + ethanol 40% 7 ml/kg).

Note. Fluid in the lumen of the bronchiole. Magnification x400.
Hematoxylin and eosin staining.

ITpumeuanue. Cekper B IPOCBETE GPOHXHOJIBI. YBeJIHYEHUE
400. OkpamIMBaHHe reMaTOKCHJIMHOM H 903HHOM.

IOCJIeIIOMKUM pasBUTHEM rMIIOKCUU. Kpome Toro,
0co00T0 BHUMAHMSA 3aCTYKUBAIOT 3P (PEKTHI OT
crumysianuu [AMKa- penenrtopoB Ha NIAAKYI0 MycC-
KyJ1aTypy OpOHXOB ¥ Ha Jierkue. COTIaCHO JaHHBIM
Jureparypsl, aronuctsl TAMKa-penentopoB BbI3bI-
BAIOT COKpAIIleHNeE [TIaJKOH MyCKY/IaTypbl OpOHXOB
1 OPOHXHOJI, YTO, B CBOIO OYEPE/H, COITPOBOSK/IAET-
Cs CIIa3MOM U 3aTpyJHEHUEM IbIxaHusd [33, 34]. XoTa
Oakm0odeH U ABJISIETCA CETEKTUBHBIM arOHUCTOM
TAMKb-periennTopoB, B BBICOKUX J03aX OH MOSKET
BbI3bIBaTh cTuMynAanuio u I'AMKa-penentopos.
[Tomo6HbIH 3 (heKT MBI HAOJTIOIATIN B 00EMX 9KCITe-
PUMEHTAJIBHBIX rpynnax («0arsoden» u «darJo-
(eH+3TaHOJ»). B JIerKuX OJONBITHBIX KUBOTHBIX
00€erX MOIOBITHBIX TPYIIT HAbTI0AaIN aM(pU3EMY.
V YKUBOTHBIX 2-U TPYIIIBI, TOJTyYaBIINX KOMOMHA-
1o 6akstopeHa 1 3TaH0JIa, CTATHICTIYECKY 3HAYNMO
DOJTBIIIE TOMTIIIMHA MEYKATHBEOJIIPHBIX IEPETOPOIOK,
YTO CBSI3AHO C OOJIBITIEN BHIPAKEHHOCTHIO OTEKA.
BosnukHOBeHUE Takoro adeKrTa, BOSMOKHO, CBSI-
3aHO C JONOJIHUTE/IbHBIM BJIMHUEM 9TaHOJIa.

B yC/10BHAX TMIIOKCUHA TOBBIIIAETCA COCYIH-
CTO-TKaHeBasi IPOHUIIaeMOCTh. Kpome Toro, OB1710

ethanol, 40% 7 ml/kg, circulatory disturbances
(venular and capillary engorgement, sludge),
emphysema, atelectasis (complete and incom-
plete), cellular response (leucocyte infiltration),
as well as fluid in the bronchiolar lumen (Fig. 2)
were considered significant, which was not ob-
served in Group 1.

The results of morphometric study of alveoli
and interalveolar septa are presented in the table.

The table shows that in Group 1, which re-
ceived baclofen alone, the alveolar diameter was
significantly greater than in the control group and
Group 2, while the thickness of the interalveolar
septa, by contrast, was less.

Group 2 animals receiving baclofen and
ethanol combination had significantly larger alve-
olar diameter than in the control group, but smaller
than in Group 1 which received only baclofen. The
thickness of the interalveolar septa in this group
was significantly greater than in the control group
and Group 1 receiving baclofen.

Baclofen is known to have no direct toxic ef-
fect on the bronchi and lungs. However, it in-
creases presynaptic blockade of nerve impulses
originating in the spinal cord. This, in turn, in-
hibits their transmission. As a result, the tone of
muscles, including the intercostal ones, de-
creases. Their excessive relaxation can lead to
breathing difficulties followed by hypoxia. Be-
sides, effects of GABA receptor stimulation on
bronchial smooth muscles and lungs are worth
special attention. According to the literature,
GABA A receptor agonists cause contraction of
bronchial and bronchiolar smooth muscles ac-
companied by spasm and breathing difficul-
ties [33, 34]. Although baclofen is a selective ago-
nist of GABA B receptors, it can also cause
stimulation of GABA A receptors at high doses.
This effect was observed in both experimental
groups («baclofen» and «baclofen+ethanol»). Em-
physema was observed in the lungs of the exper-
imental animals in both groups. In Group 2, re-
ceiving a combination of baclofen and ethanol,
the thickness of the interalveolar septa was signif-
icantly greater, which is associated with more se-
vere edema. This effect could be due to the addi-
tional effect of ethanol.
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II0OKA3aHOo, YTO COCYAUCTO-TKaHeBas IIpOHULAe-
MOCTb yBeJr4uBaercs npu crumynsanuu TAMRa-
peuenTtopoB [35], YTO Tak)Ke IOATBEPKAAETCA
pes3yJbraTaMy HallluX 9KCIIEPUMEHTOB. Y TOJIIIe-
HUE MeKaJIbBEOJISIDHBIX MEePeropojoK 3a CYeT
oTeKa HabJTI0IaId B 00enX 9KCIIepUMeHTATbHBIX

rpymnmnax.
3arJaoueHnue

ITpu BBeneHnu 6akaogeHa 1 ero KOMOMHAIN
C 9TAHOJIOM Pa3BUBAETCS KOMIIJIEKC OOIIEeIaToJIo-
TUYECKHX ITPOIIECCOB B JIETKHX: PACCTPONCTBO KPO-
BOOOpareHns (BeHyIAPHOE U KauJJIsIPHOE TT0JI-
HOKPOBUE, CJaIK), TOBBIIIEHNE TPOHUIIAEMOCTH
COCYIIOB B yCJIOBUSX Pa3BUBAIOIIENCS TUITOKCHUH,
WH(UIBTPAIUS MEKATHBEOJISIPHBIX IIEPETOPOIOK
JeiikonuTamMu. MopdoJiorudeckue W3MeHEeHUs
MOTYT OBITh UCIIOJIb30BAHBI JJIsI OIIEHKH CTEIIeHN
BBIPAYKEHHOCTU 0OIIEITaTOIOTTYEeCKUX ITPOIIECCOB
MIPY OTPaBJIEHNH DAaKI0(EHOM U €T0 COYETAaHUEM C
9TAHOJIOM U YCTAHOBJIEHUS YCJIOBUH €T0 IeHCTBUS
(MOHOTIpernapar, KOMOMHAITUS C 9TAHOJIOM).

Jluteparypa

1. Jlusanos I'A., Jlodszun A.H., Pasuna A.A., Inywrkos C.H., Heanosa
A.A., Borukosa E.B., Bamoybtperog B.B. B1aronpusiTHBIN UCXOZ
OCTPOTO TSXKEJIOr0 OTPABJIEHUS METAJ0HOM (KJIMHUYECKO€e HAOJII0-
nenue). Obwas peanumamonozus. 2018; 14 (5): 25-31. DOIL
10.15360/ 1813-9779-2018-5-25-31

2. Pomanosa O.JI., Cyndyroe /I.B., [onybes M.A., Baazonpasos M.JL,
Towrkoes B.B., Yypunos A.A. Tlaroornyeckue n3MeHeHN B IeYeHU
IIPY OCTPBIX OTPABJIEHUSIX KJIO3AIMHOM U €r0 COYeTaHUuEeM C ITaHO-
JIOM (9KCIIepIMeHTaIbHOe HcceioBanne). Obuwas peanumarmono-
eust. 2019; 15 (2): 27-35. DOI: 10.15360/1813-9779-2019-2-27-35.

3. Kysueyos B.B., Jloosizun A.H., bamouybiperos B.B., Hexcernuesa H.B.,
Baparos /].B. OcOOEHHOCTH KJIMHIYECKOI'O TeYE€HHSI OCTPBIX OTPaB-
JIEHUI MEeTaJ0HOM, OCJIOKHEHHBIX Pa3BUTHEM CHHAPOMA ITO3H-
IIMOHHOTO CABJIEHUsI U CUCTEMHOr0 padgoMuonusaa. Tokcukooe.
eecmHuk. 2015; 4: 38-43.

4. Jlusanos I'A., Jlonadse A.T., Bamouyviperos B.B., JloOsizun A. H., Diyu-
koe C.H., Xapumonoea T.B., Heanosa A.A., baparos /].B., AnmoHnosea
A.M. Octpble OTpaBjIeHHs] MeTaJoOHOM (noJbduHoM) (0630p).
Obuwjas pearumamonozus. 2017; 13 (3): 48-63. DOI: 10.15360/1813-
9779-2017-3-48-63

5. Pomanosa O.JI., Cyndykoe /I.B., Ionybes A.M., baazonupaeos M.JI.
MopdoJsiornyeckrue n3MeHeHUsI B 3aBUCUMOCTH OT COJI€PIKAHUS
KJIO3allMHa 1 ero MeTabOoJINTOB B JIETKHUX M CBIBOPOTKE KPOBH (9KC-
repuMeHTaIbHOe uccienoBanue). Obwas peanumamonozus. 2018;
14 (4): 44-51. DOI: 10.15360/1813-9779-2018-4-44-51

6. Baclofen Monograph for Professionals. Drugs.com. American Society
of Health-System Pharmacists. Retrieved 3 March 2019.

7. Mawrosckuti M./]. JlekapcTBeHHBIe cpejcTBa. 17-e ua. M.: HoBast
BoJIHa; 2019: 73-74.

8. Product Information Clofen. TGA eBusiness Services. Millers Point, Aus-
tralia: Alphapharm Pty Limited. 7 June 2017. Retrieved 15 August 2017

9. Jykosa O.A., I[lokpoeckuii A. A., Meaenmuwes A. B., Kpactos E. A., Cy-
eoposa E. B., Efppemos A. A. CMepTesibHOE OTpaBJieHNE Hbakrtode-
HOM. CydebHo-meduyunckas akcnepmusa. 2015; 58 (1): 35-39.
10.17116/sudmed201558135-39

10. Charifou Y., Martinet O., Jabot J., Gauzere B.A., Allyn J., Vandroux D.
Baclofen Intoxication Cases in an Intensive Care Unit. Anaesth Crit
Care Pain Med, 2016; 35 (2): 169-170. PMID: 26667597. DOIL:
10.1016/j.accpm.2015.10.003

11. Moffat A.C., Osselton M.D., Widdop B. (eds.) Clarke’s analysis of drugs
and poisons. London: Pharmac Press 2011.

12. Gablofen (Baclofen) FDA Full Prescribing Information. US Food and
Drug Administration. Retrieved 2016-01-2

13. Reynaud M., Aubin H-J., Trinquet F., Zakine B., Dano C., Dematteis
M., Trojak B., Paille F., Detilleux M. A randomized, placebo-con-
trolled study of high-dose baclofen in alcohol-dependent patients—
the ALPADIR study. Alcohol Alcohol. 2017; 52: 439-446. PMID:
28525555. DOI: 10.1093/alcalc/agx030

14. Rigal L., Legay Hoang L., Alexandre-Dubroeucq C., Pinot J., Le Jeunne
C., Jaury P. Tolerability of high-dose baclofen in the treatment of pa-
tients with alcohol disorders: a retrospective study. Alcohol Alcohol.
2015; 50: 551-557. DOI: 10.1093/alcalc/agv052

Under hypoxia, vascular and tissue perme-
ability increases. Moreover, the vascular and tissue
permeability has been shown to increase under the
stimulation of GABA A receptors [35], which is also
confirmed by our results. Edema-associated thick-
ening of the interalveolar septa was observed in
both experimental groups.

Conclusion

After administration of baclofen, alone or in
a combination with ethanol, histopathological
alterations that included circulatory disorders
(venular and capillary congestion, sludge), in-
creased vascular permeability in the context of
hypoxia, leukocyte infiltration of inter-alveolar
septa, developed in the lungs. Morphological al-
terations monitoring may aid to assess the sever-
ity of pathological changes due to baclofen in-
toxication alone or in combination with ethanol
and identify the method of poisoning (baclofen
alone or in combination with ethanol).
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Pe3rome

Iless uccaexoBaHuA. BeisiBiIeHNe TPEKOHANIIMOHUpPYIOMEro adderTa ceBodrypaHa Ha CJIU3UCTYIO
000JI09KY TOHKOH KUIITKY IPA TeMOPParndeckoi TUIIOTEH3UHU B 9KCIIEpUMEHTe.

MarepuaJs 1 MeTOAbI HcciexoBanuA. ObcsieqoBanu 106 KpbIC-CaMIIOB, paclpe/eeHHbIX Ha 2 TPYIIIBL:
1-s rpynmna — c npuMeHeHueM adupa (n=40) u 2-4 rpynna — c npuMeHeHneM ceBodypana (n=40). B 2 koHT-
pOJIbHBIE IPYIIIBI BXOAWU/IN UHTAKTHBIE )KUBOTHBIE: 10 KpbIC HApKOTHU3UpPOBaH acdupomM, 10 — ceBorio-
paHOM. 6 )KUBOTHBIX IOTUOJIN KO 2-My 9acy reMopparudeckoi TUIoTeH3un Ha oHe a(pHOro HapKo3a.
VcciiegoBarebCKIe TOUKH TeMOPPAarndeckoy rTunoTeH3uu — 15 MuH., 30 MUH., 1 94 1 2 9. AMUJIOTUTUYECKYIO
AKTUBHOCTbH CJIU3UCTON 000/I0YKY TOHKOH KUIIIKY OTIpeesisiyii MeTogamu J. A. 3abesimHcKoro, B. W. Smith
u 1. M. Roe B Mmonudukannu A. M. YroJieBa. Pe3yiasrarsl 06paboTaiv CTaTUCTUYECKN HellapaMeTPUIeCKUM
MeTogoM MaHHa—YUTHHU.

Peaynprarel. Ha 15-11 MUH reMOpparuiecKkoi ruImoTeH3NHU BO BCEX OT/Ae1aX TOHKON KUIIKY aKTUBHOCTD
¢paxuii aMuIa3sl Bo 2-1 Ipymie sKUBOTHBIX OblyIa 3HAYMMO HIKe, 4eM B 1-1 rpynme. K 30-i MuH. reMop-
parnyeckoi TUIIOTEH3UHU BO BCEX OT/iesIaX TOHKOH KUIITKY aKTUBHOCTE (PpaKInuil (pepmeHTa BO 2-1 Tpymme
oCTaBaJlach 3HAYMMO HIKe, 4eM B 1-ii rpymme, ¢ pasHuiel, B cpegHem, oT 2 10 9 pas (p=0,01; p<0,001), a
4yepes 1 4 reMopparnyecKkoil rTMIoTeH3NN — HUKE, B CpeiHeM, B 2 1 4 pasa (p=0,02; p<0,001). Ko 2-my gacy
reMopparnyecKoi FUIOTeH3UN B IBeHAAIATUIIEPCTHON KUIIIKe aKTUBHOCTD ITPAKTUYECKH BCeX (hpaKIIUH
aMMJIa3bl BO 2-H TPYIIe JKUBOTHBIX OCTaBajach 3HAYMMO HIKe B 3—4 pasa I10 CpaBHEHMUIO C 1-If TpyIIIoii.
OnHaKo B TOIIEH ¥ TOAB3IOITHON KUIIIKe HA0JTI0a/Ii 3HAYMMO 00JIee BBICOKYIO aKTUBHOCTD TPYHO JIECOP-
6mpyeMol 1 BHYTPUKJIETOYHON (DpaKIMHI aMUJIa3bl 10 CPABHEHUIO C KOHTPOJIEM.

3akirouenue. [1pu MpoBeJeHNN aHeCTe3N0JOTNYeCKOro Iocobusa ceBodIIopaHoM Ha (poHe reMoppa-
TUYEeCKON TUIIOTEH3UHU B TeueHUe 1 yaca aKCIepuMeHTa BBISIBUJIN CHUPKEHNE 9KCKPETOPHOH (DyHKINH IO -
SKeJTyTOYHOH SKeJsie3bl, CTAa0MIN3aIUI0 eTOYHON KaiiMbl CTM3UCTON OOOJIOUKM BCEX OT/EJ0B TOHKOM
KUIITKY, B TOM 9HCJIe, 1 MeMOpaH 9HTePOIUTOB. Yepes 2 yaca ocjie KpOBOIIOTePH BBIABUIIN OMOXUMIYECKIE
MIPU3HAKY MOBPEKIEHUS IIETOYHON KAalMBI B TOII[EM U MTOJIB3/I0IIHOM OT/€JIaX TOHKON KHUIITKY.

Karouesvte crosa: cesodrypar; npekoHOULUOHUPOBAHUE; 2eMOPPAUUeCKULL ULOK; KPbLCbL
Konduaukr naTepecoB. KOHDINKT HHTEPECOB OTCYTCTBYET.

Summary

Aim of the study. To investigate the preconditioning effect of sevoflurane on small intestinal mucosa in ex-
perimental hemorrhagic hypotension.

Material and methods. The study was performed on a cohort of 106 male rats that included two experi-
mental groups: one exposed to ether (Group 1, n=40) and another one exposed to sevoflurane (Group 2, n=40);

Anpec 1714 KOppeCIIOHJeHIIH: Correspondence to:
*Anaronui Bnagumuposud Eppemon *Anatoly V. Efremov
E-mail: efremov.anatoly.55@gmail.com E-mail: efremov.anatoly.55@gmail.com
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two control groups included 20 intact animals, of which 10 were anesthetized with ether and 10 with sevoflu-
rane. Six animals were excluded from the study because they died by the 2" hour of hemorrhagic hypotension
under ether anesthesia. The study parameters were measured at 15 min, 30 min, 1 h, and 2 h of hemorrhagic
hypotension. Amylolytic activity of the small intestine mucosa was determined by E. A. Zabelinsky, B. W. Smith
and I. M. Roe technique modified by A. M. Ugolev. The data were statistically analyzed using the nonparametric
Mann-Whitney method.

Results. By 15 min of hemorrhagic hypotension, the activity of amylase fractions in all small intestine re-
gions in Group 2 animals was significantly lower vs the Group 1 rats. By 30 min of hemorrhagic hypotension,
the activity of the enzyme fractions in all small intestine regions in Group 2 animals remained significantly
lower than in Group 1, by an average of 2 to 9 times (P=0.01; P<0.001), and after 1 h of hemorrhagic hypoten-
sion, it was 2 and 4 times lower (P=0.02; P<0.001). By the 2nd hour of hemorrhagic hypotension, the activity of
nearly all duodenal amylase fractions in the Group 2 animals remained 3—-4 times lower compared to Group 1.
Meanwhile, a significantly higher activity of slowly desorbing and intracellular amylase fractions vs the control
group was observed in jejunum and ileum.

Conclusion. In hemorrhagic hypotension under sevoflurane anesthesia, a decrease of the pancreas excre-
tory function, stabilization of the brush border of the mucosa of all small intestine regions, including enterocyte
membranes, was found during the first hour of experiment. Two hours after the hemorrhage, the biochemical

46

evidence of brush border damage in the jejunum and ileum was revealed.

Keywords: sevoflurane; preconditioning; hemorrhagic shock; rats
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BBenenue

OnHuM M3 HanOOJIee YaCThbIX OCJIOMKHEHUN
ollepaTUBHBIX BMellaTe/IbCTB B XUPYPIUU ABJIAET-
Csl MacCUBHas1 KpOBOIIOTEPS, JIeTAJIbHOCTh OT KOTO-
poil B paHHEM IIOC/IEOTNEPAIIMOHHOM IIepuoe
nocturaet 65% [1, 2]. IIpuunHO# Takoro mcxoaa
SIBJISIETCSI CTPEMUTETHLHO PA3BUBAIOLINIICSI TEMOP-
paruveckuii MoK, IaToreHe3 KOTOPOro MOgPOOHO
M3y4eH, B TOM YHCJIE U C TO3UINU (DOPMUPOBAHUS
CHUHJIpOMa uieMun-pernepdysuu (3, 4]. B HacTosi-
1iee BpeMs KM3BECTHbI MEXaHMW3MbI HE TOJIBKO
penepdy3MOHHOTO TOBPEXKIEHUs cep/ilia, HO U
3KCTpaKapAUaJIbHBIX CUCTEM, B YACTHOCTH, KeJIy-
JIOYHO-KUIIIEYHOI'0 TpakTa [5-8]. JlocraTouHo nox-
PpOOHO OMUCAHBI CTAINH KUIIEYHON HEOCTATOYHO-
CTH, TIOCJIeJ0BaTeIbHO (hopMuUpyIoIrecs Ha poHe
IUINTEJIbHOU TeMOpparndeckoid TUMOTEH3UU U
XapaKTepHU3yIoIuecs: (GyHKIIMOHATbLHBIM U3MeHe-
HUEM IUIIEBAPUTEHHO-TPAHCIOPTHOT'O KOHBEM-
epa, HapylleHrneM IIPUCTeHOYHOTO N1llleBapeHus
¥ BCAChIBaHMUA; BOSHUKHOBEHUEM 3HJIOTOKCEMUU
BOPOTHOI BEHBI U JeKOMIIeHCAllell OCHOBHBIX
JeTOKCUKAIIMOHHBIX CUCTEM OpraHU3Ma C IocJje-
OVIOIIUM Pas3BUTHUEM CHHIpPOMA 9HIOTE€HHOU
WHTOKCUKAIIMU U TOJUOPTAaHHOU HEI0CTaTOYHO-
ctu [9]. B cBA3U € 3TUM, BO3HUKAET BOIIPOC O IIPO-
pumaKTIKe KUIeYHON HEJOCTATOUHOCTH, HEIO-
CpelCTBEHHO BJIUAIONIEN Ha TeYyeHHe U HUCXO[
I0CJ/Ie0IIepallMOHHOrO [IEpUOoAa.

B Hacrosmee BpeMsA IpU IIPOBEIEHUU
MIOJIOCTHBIX OTlepaIiuii 1151 aHeCTe3N0JIOTUUECKO-
ro MocoOus MUPOKO MPUMEHSIETCSI UHTAJISIIINOH-
HBIN aHEeCTeTUK — ceBOdJIIopaH, 00J/IagaroIIni
yoKe TOKa3aHHBIM 3(p(PeKTOM MPEKOHAUITUOHUPO-
BaHus [6, 10-16]. AHECTE3MOJIOTUYECKOE IIPEKOH-

Introduction

Massive blood loss is one of the most frequent
surgical complications with mortality reaching 65%
in the early postoperative period [1, 2]. This is due
to a rapidly progressing hemorrhagic shock, which
has been extensively studied, including within the
ischemia-reperfusion syndrome framework [3, 4].
Currently, the mechanisms of reperfusion damage
of heart and other organs, particularly gastrointesti-
nal tract, are known [5-8]. Detailed descriptions of
the stages of intestinal failure, consistently develop-
ing in prolonged hemorrhagic hypotension and
characterized by abnormal function of the digestive
transport pathways, impaired parietal intestinal di-
gestion and absorption, portal vein endotoxemia
and decompensated major body detoxification sys-
tems followed by endogenous intoxication and mul-
tiple organ failure syndrome [9]. Therefore, the issue
of intestinal failure prevention, which directly af-
fects the postoperative period and its outcome, ap-
pears relevant.

Currently, sevoflurane, an inhaled anesthetic
agent with a proven preconditioning effect, is
widely used for anesthesia during major surger-
ies [6, 10-16]. Sevoflurane-induced heart and brain
anesthetic preconditioning has been extensively
studied both in experiments and clinically [13-14,
17-18]. In particular, the effect of sevoflurane on
functional recovery of animals after circulatory ar-
rest with subsequent resuscitation has been re-
vealed [17, 19]. In patients with heart failure this
drug was associated with higher myocardial con-
tractility, reduced tissue oxygen demand, and im-
proved microcirculation [14]. Sevoflurane-based
inhaled anesthesia induction allowed to achieve
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IUIMOHUPOBAHUE CepJiIla W TOJOBHOTO MO3Ta
3TUM IIpernaparoM aKTUBHO U3y4YaeTCs B IKCIIEPH-
MeHTe U KJauHuke [13-14, 17-18]. B yacTtHOCTH,
BBISIBJIEHO BJUSAHUE ceBOdIypaHa Ha (PyHKINO-
HaJIbHOE BOCCTAHOBJIEHHE ;KUBOTHBIX IIOCJIE OCTa-
HOBKH KPOBOOOpAIIeHus C TOC/IeAyIONIeN peaHu-
mamued [17, 19]. ¥ mHallMeHTOB C CeplleYyHOH
HEeIOCTaTOYHOCTHIO TAHHBIH ITpernapar o0ecrnevu-
BaJI 60JIee BEICOKUE TTOKA3aTe/ I COKPaTUTEIbHOM
(yHKIIME MUOKapAa, YMeHbIIaJ MOTPeOHOCTH
TKaHeH B KUCJI0POIe, CHOCOOCTBOBAJT aIeKBATHOMN
MUKpOUUPKyaAANUU [14]. BbLIO mOKas3aHOo, 4YTO
BBeJleHUe MHTAISIIMOHHON NHIYKIIUY HA OCHOBE
ceBouIypaHa B aHECTE3UIO ITO3BOJISLIIO JOOUBATh-
cs1 6oJTBITIEN TEMOTMHAMUYECKOHN CTAOMIBHOCTH Y
MaIeHTOB C BLICOKUM PUCKOM PA3BUTHS Kap/Iu-
AJIBHBIX OCJIOKHEeHUuH: [20].

Omnupasich Ha ysKe U3BECTHBIE 0OCOOEHHOCTHU
¢dapMakonuHaMUKU ceBO(JIypaHa, TUIOTeTuYe-
CKM MOSKHO BBIIBUHYTH IIPEIIIOJI0KEHNE O TOM,
YTO €ro NPeKOHIUITUOHUPYIONIUHN 3P (HEKT MOKET
HaOJII0AaThCSa U B TOHKOM KHUIIIKe, HaXO4Allelics
B YCJIOBUSIX UIIIeMUM IIPpU KpPOBONOTEpE; W, B
oIpeJieJIEHHOU CTenleH!, TPOPUIaKTUPOBATh €€
MOBpEXJAeHNe, 3aKOHOMEPHO IIPUBOJAIIEE K
HapylLIeHUsIM MOTOPUKY, IlepeBapuBaHusI U BCa-
ChIBAHUA IMUINEBLIX BEIIECTB, a TaK)Ke IOBBIIIIe-
HUIO MPOHUIIAEMOCTHU KUIIIEYHON CTEHKH.

Llesb vcciienoBaHusi — BbIsIBJIEHUE TPEKOH-
aunuoHupymomero agdexkra ceBodJiypaHa Ha
CJIU3UCTYIO0 000JI0YKY TOHKOU KHUIITKY ITPUA reMOop-
paru4ecKkou rTMIOTeH3UM B 9KCIIEPUMEHTE.

MarepuaJ 1 MeTobI

VicciemoBaHue BBIIOJTHMIIY Ha 106 6eJibix 6ecrio-
POIHBIX KPbICAX-CaMIlaX, BbIPAIlCHHBIX B IUTOMHUKE I.
HoBocubrpcka 1 HaXOIUBIIINXCS Ha IIEpPeiepsKKe B BU-
Bapuu Kadeapsl Tonorpaduueckoil aHaTOMHUU U OIle-
paruBHOU xupypruu OMCKOIro rocyJapCTBEeHHOT'O MeIU-
OVHCKOI'0 YHUBEPCUTETA B ONMHAKOBBIX YCI0BUAX [21].
B ucceioBaHye BRIIOYAJIN YKUBOTHBIX Maccoi 200-230 T
yepesd 10-12 yacoB 11ocJjie nocaegHero KOpMJIeHud Ipu
CBOOOIHOM JIOCTYIIE K Bofle. YKHMBOTHBIX pa3/ies i Ha
1-10 rpyIIly cpaBHeHUsl, B KOTOPOU IpUMeHsI apup
(n=40), 1 2-10 OCHOBHYIO I'DyIIIy, B KOTOPOH HCII0JIb30-
BaJsi ceBogutiopa (n=40). CoryiacHO MOfiesiu TeMoppa-
rUYeCKOU TMIIOTeH3UH, B KKA0U IpyIie BblIe uIu 4
HcciefoBare bCkue TOYKk — 15 1 30 MuHyT, 1 1 2 yaca
I0CcJie KPOBOIIOTEPH.

B 1BE€ KOHTPOJIBHBIE TPYNIIbI BKJIIOYUJIN UHTAKT-
HBIX YKMBOTHBIX, U3 HUX 10-TH KpbICaM IIPOBOAMJIA HAP-
K03 3pupom, a 10-T — ceBOGIIIOpAaHOM. 6 SKUBOTHBIX
noru0Jid Ko 2-My 4acy reMopparuieckoi ruroTeH3nu
Ha ¢oHe 3(PUPHOTO HAPKO3A.

FKMBOTHBIX BBOIW/IN B HAPKO3 C IIOMOIIBIO MACO4-
HOH MHTaJIAIIOHHON aHeCTe31H, 3aTeM HHTyONPOBaJIN
Tpaxelo ¢ MIOMOIIBIO KareTepa JJIs LeHTPaJIbHBIX BEeH
(22G/22G «Bbraun»). Hra/isinMOHHYIO aHECTE3UIO IIPO-
BOJMJIM C IIOMOIIIBI0O OPUTMHAJIBHOIO YCTPOMCTBA (I1a-
TeHT P® Ha nosesnyio Mozesb Ne 178264 «YcTpoiicTBO
JJIsT TIPOBEJIEHUsI AHECTe3MOJIOTUYECKOT0 II0COoOMs

greater hemodynamic stability in patients with
high risk of cardiac complications [20].

Based on the known pharmacodynamic fea-
tures of sevoflurane, we can hypothesize that its
preconditioning effect can also be observed in the
small intestine in ischemia associated with blood
loss and, to some extent, prevent its damage, which
naturally leads to disorders of motility, digestion
and absorption, as well as increased permeability
of the intestinal wall.

The aim of the study was to reveal the precon-
ditioning effect of sevoflurane on small intestinal
mucosa in experimental hemorrhagic hypotension.

Materials and Methods

The study was performed on 106 male white out-
bred rats from Novosibirsk nursery and kept in the ani-
mal house of the Department of Topographical Anatomy
and Operative Surgery of Omsk State Medical University
under the same conditions [21]. The animals weighing
200-230 g 10-12 hours after the last feeding with free ac-
cess to water were included in the study. The animals
were divided into the Group 1 (comparison, exposed to
ether, n=40), and Group 2 (main, exposed to sevoflurane,
n=40). According to the hemorrhagic hypotension
model, in each group 4 study time points were assigned:
15 and 30 minutes, 1 and 2 hours after the blood loss.

Two control groups included intact animals, of
which 10 rats were anesthetized with ether and 10 with
sevoflurane. Six animals exposed to ether anesthesia died
by the second hour of hemorrhagic hypotension.

The animals were anesthetized using mask inhala-
tion anesthesia, then their tracheas were intubated using
a central vein catheter (22G/22G «B. Braun»). Inhaled
anesthesia was performed using an original device (RF
utility patent No. 178264 «Device for anesthesia in small
laboratory animals» dated March 28, 2018) with the se-
lected drug until the surgical stage of anesthesia was
reached. The following concentrations were used: 2-2.5
MAC at the beginning of anesthesia; 0.5-0.75 MAC to
maintain anesthesia.

To simulate hemorrhagic hypotension, catheteri-
zation of the common carotid artery was performed
using a 26 G catheter («B. Braun»). To prevent blood clot-
ting the animals were injected with heparin 500 IU/kg.
The hemorrhagic hypotension was modeled by acute
bleeding while maintaining the systemic blood pressure
at 40 mm Hg (RF Patent for utility model Ne 49442 «De-
vice for modeling of hemorrhagic hypotension in small
laboratory animals» dated November 27, 2005).

After 15 and 30 min, 1 and 2 h after the blood loss
resection of all small intestine segments weighing 25-30
mg was performed to determine the enzymatic activity
of its mucosa according to the E. A. Zabelinsky tech-
nique [22]. The technique is based on comparison of
amylolytic activity of 5 samples taken from a fragment of
mucosa of all small intestine regions and is used for eval-
uation of intraluminal and contact digestion. The first
sample (C) reflects the activity of pancreatic a-amylase
of the small intestine glycocalyx. Subsequent three tests
(D,, D, and D) reveal the activity of y-amylase desorbed
from the brush border of the small intestinal mucosa,
and the fifth test (G) shows intracellular enzyme activity.
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MEeJIKUM J1ab0paTOPHBIM YKUBOTHBIM» OT 28.03.2018 1)
BBIOPAHHBIM ITPENAPATOM JI0 IOCTHKEHUS XUPyprude-
CKOI cTaguu Hapkosa. lcrnosp3oBaiau cjenyloliue
KOHIeHTpauuu: 2-2,5 MAK npu Hadaje aHecTe3uw;
0,5-0,75 MAK ny1s mopiepskaHusI aHECTE3NU.

C meJsibio MOJeJIMPOBAHUS TeMOpparun4eckoii ru-
TIOTEH3WH TPOBOJINJIN KAaTETEPUIAIUIO 00TIell COHHOM
aprepuu KaretepoM 26 G, «B Braun». /Iy npenorBparte-
HUSI CBEPTHIBAHUSA KPOBU SKUBOTHBIM BBOIAJIH TeTIapUH
B no3upoBke 500 EJI/kr. MopesimpoBaHue reMopparnye-
CKOH THIIOTEH3UU IIPOBOJUJIM OCTPBIM KPOBOIIyCKa-
HUEM C IOAJepsKaHHueM CHUCTEMHOIO apTepHaJIbHOTO
JaBjieHnA Ha ypoBHe 40 MM pPT. cT. (ITatenT P® Ha moses-
HYI0 Moniesib Ne 49442 «YCTPOUCTBO JJIT MOl TUPOBa-
HUSI TeMOpparun4eckoil TUIOTEH3NH Y MeJIKHAX Jabopa-
TOPHBIX KIBOTHBIX» OT 27 HOSIOps 2005 T).

UYepes 15 u 30 MuH, 1 1 2 4 1ocjae KPOBONIOTEPHU
TIPOBOAMJIN PEe3EeKIUIO CETMEHTOB BCeX OTIe/I0B TOHKON
KHUIIKU Maccou 25-30 MT ¢ 1es1bI0 onipefesieHus gep-
MEHTaTHBHOM aKTUBHOCTH €€ CIM3UCTON 000JI0IKH 10
metomy J. A. 3abeTMHCKOTO [22]. MeTouKka OCHOBaHa Ha
CpaBHEHHHM aMUJIOJUTHYECKOH aKTHUBHOCTH 5 mpob,
B3ATHIX C (pparMeHTa CIM3UCTON 000JIOYKH BCEX OT/IE-
JIOB TOHKOM KUIIIKY, U IPUMEHeTCs JJIs1 OLleHKU I10-
JIOCTHOTO W IPUCTEHOYHOIro nuuieBapeHusd. Ilepsas
mpoba (C) xapakTepusyeT akTUBHOCTh ITaHKpeaTuye-
CKOM o-aMuja3bl IVIMKOKAJIMKCA TOHKOM KUIIKU.
[Mocsenyromue Tpu mpo6s! (D1, D2 1 D3) mo3BoJssoT
BBISABATH aKTUBHOCTH y-aMHUJIA3bl, JeCOPOUPYEMOH CO
MMETOYHOW KaWMbl CJIM3UCTON OOOJIOYKU TOHKOW
KUIIIKY, a nATas1 mpoba (G) — BHYTPHUKJIETOYHYIO aKTHB-
HOCTb (hepMEHTOB.

B rmosry4eHHBIX TPOOaX AMHUIOTUTHIECKYIO aKTHB-
HOCTh OIIpefessAand II0 MeTOAuKe, IpensoKeHHON
B. W. Smith u I. M. Roe B moguduramun A. M. Yro-
aeBa [23]. Cogepskanne HeruapOJIN30BAHHOIO Kpax-
MaJia oTmpejiesisijiv Ha criekTpogoTtomerpe (CP-46) npu
IJrHe BOJHBI 580 HM IIyTeM CpaBHEHUA OIBITHOIO U
KOHTPOJIBHOT'O PAaCcTBOPOB U BBIPAYKAJU B YCJIOBHBIX
€IMHUIIAX.

CrarncTudeckyio 06paboTKy pe3ysIsTaToB IIPOBO-
JWAJIA Ha IepCOHAJbHOM KOMIBIOTEpPE C UCII0JIb30Ba-
HUEM ITakeTa npukgagHbix nporpaMm «STATISTICA
10.0». XapaKTepUCTUKNA KOJUYECTBEHHBIX [TaHHBIX
npexacrasuin B Buse Me [LQ; HQ]. lya oneHky 3HaUm-
MOCTH Pa3jl4ui B IBYX COBOKYITHOCTSIX MTPUMEHSIJIN
KpuTepuii ManHa-YuTHU. Kpurudeckuili ypoBeHb
3HAYMMOCTH [IPU IIPOBEPKE CTAaTUCTUYECKUX TMITOTE3 B
IaHHOM MCCJIeJOBAaHUM IIpUHUMaIU pasHbIM 0,05.

Pe3ysnbTaThl U 00CYK/I€HHE

ITepBbIit 9TAN MCC/IEOBAaHUS 3aAK/II0YAJICS B
CPaBHUTEJIBHOM OIEHKE aMUJIOJIUTHYECKON
AKTUBHOCTH CJIU3UCTON 0O0JIOYKYU BCEX OTIEJIOB
TOHKOU KHINKA B 2-X KOHTPOJIBHBIX TPyIIaX,
00yCJIOBJIEHHBIX BBIOOPOM aHeCTETUKA — apupa
i ceBopIIOpaHa.

Pe3ynbraThl, NpeacTaB/ieHHbIe B Ta0J. 1,
JIEMOHCTPUPYIOT CTaTUCTUYECKU 3HAYNMBbIE pas-
JIMYUSI B aMUJIOJIUTUYECKON aKTUBHOCTH CIIU3U-
CTON 000JIOYKU BCE OTJEJIOB TOHKOU KHUIIKU Y
KPBIC KOHTPOJIbHBIX I'PYIIII, XapaKTEPUIYIOIIHECST
0oJlee HUBKUMU TTOKa3aTes MU Ha (poHe ceBOp-

Amylolytic activity in the obtained samples was de-
termined by the technique proposed by B. W. Smith and
I. M. Roe modified by A. M. Ugolev [23]. The content of
non-hydrolyzed starch was determined using spec-
trophotometer (SF-46) at 580 nm wavelength by compar-
ing the experimental and control solutions and expressed
in CU (conventional units).

Statistical analysis of the results was performed
using the STATISTICA 10.0 software package. Quantita-
tive data were presented as Me [LQ; HQ]. Mann-Whitney
test was used to assess the significance of difference be-
tween any two groups. The cut-off level of significance
for testing statistical hypotheses in this study was 0.05.

Results and Discussion

The first stage of the study was a comparative
assessment of the amylolytic activity of the mucosa
from all regions of the small intestine in both con-
trol groups based on the choice of anesthetic agent,
either ether or sevoflurane.

The results presented in Table 1 show signifi-
cant differences in amylolytic activity of the mu-
cous membrane of all small intestine regions in
control rats, characterized by lower values under
sevoflurane exposure vs the ether anesthesia. Since
all animals were taken in the experiment 12 hours
after feeding, the results obtained indicate stimu-
lation of pancreatic excretory function and in-
creased activity of brush border fractions of all
small intestine regions, including intracellular en-
zymes, in animals exposed to ether.

At the second stage of the study, we obtained
the values of amylolytic activity of the mucosa of
three small intestine regions, namely duodenum,
jejunum and ileum, in rats exposed to sevoflurane
and ether in different periods of hemorrhagic hy-
potension (Tables 2, 3).

In the duodenum, after 15 mins of hemorrhagic
hypotension, the activity of practically all enzyme
fractions in Group 2 animals was significantly lower
vs the Group 1. However, when compared with con-
trols on sevoflurane, the activities of the luminal and
rapidly desorbing enzyme fractions in Group 2 were
44% and 65% higher, respectively. The activity values
of the medium-rate and slowly desorbing fractions
as well as of the intracellular enzymes in Group 2 did
not differ from the control values on sevoflurane. A
similar trend toward low activity values for all amy-
lase fractions in Group 2 vs Group 1 was seen in the
jejunum and ileum, and intracellular enzyme values
did not differ from control ones (Table 2).

By 30 min of hemorrhagic hypotension in al-
most all regions of the small intestine, the activity
of amylase fractions remained low in the Group 2
vs Group 1 with an average 2-to-9-fold difference,
respectively. At the same time, the activity of des-
orbing amylase fractions was higher than the con-
trol values. It is noteworthy that the activity of in-
tracellular enzymes in Group 2 still did not differ

from the control values on sevoflurane (Table 2).
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TaGuma 1. AMHJTOTUTHYeCKasi aKTUBHOCTH (YCJI. €]1.) TOHKOM KHIIKH IIPH aHeCTe3NU 3(hHpoM B ceBo(IypaHOM

B KOHTPOJIBHBIX rpynnax Kpsic, Me [LQ; HQ].

Table 1. Intestinal amylolytic activity (units) under ether and sevoflurane anesthesia in the control groups, Me

[LQ; HQI.
Parameters Enzyme fractions
C D, D, D, G
Duodenum
Ether 0.80 [0.71; 0.82] 0.76 [0.73; 0.86] 0.60 [0.46; 0.66] 0.38[0.31; 0.56] 0.48 [0.39; 0.57]
Sevoflurane 0.27 [0.20;0.34] 0.29 [0.22;0.36] 0.42 [0.28;0.51] 0.2910.19; 0.41] 0.24 [0.15;0.32]
P=0.02 P<0.001 P=0.01 P=0.02 P<0.001
Jejunum
Ether 0.76 [0.60; 0.80] 0.73[0.57;0.88]  0.56 [0.45;0.61]  0.53 [0.31;0.59]  0.34 [0.31;0.39]
Sevoflurane 0.21 [0.11; 0.33] 0.20 [0.12; 0.29] 0.23 [0.10; 0.34] 0.24 [0.16; 0.32] 0.22 [0.08; 0.29]
P<0.001 P<0.001 P=0.01 P=0.02 P=0.02
Ileum
Ether 0.71 [0.66; 0.86] 0.66 [0.63; 0.68] 0.54 [0.42; 0.60] 0.34 [0.28; 0.36] 0.32 [0.16; 0.41]
Sevoflurane 0.17[0.11; 0.32] 0.30 [0.24; 0.39] 0.24 [0.16; 0.32] 0.20 [0.11; 0.32] 0.16 [0.07; 0.28]
P<0.001 P<0.001 P=0.01 P=0.02 P=0.01

Note. For tables 1-3: P— statistical significance of intergroup differences.
IIpumeuanwue. {51 Tads. 1-3: enzyme fractions — dpakuun ¢pepmenrta; duodenum — 12-nepcTHast KUIIKa; jejunum — ToIast
KUIIKa; ileum — mopaB3gomHas Kuika; ether — apup. p— ypoBeHb 3HAUMMOCTH MEKTPYIIIOBBIX Pa3INYni.

JIIOpaHa II0 CPaBHEHUIO C 3(pUPHBIM HAPKO3OM.
ITocko/IBKY BCeX SKMBOTHBIX Opajud B 9KCIIepH-
MEHT CITycTs 12 4acoB 1ocJje KOpMJIeHUs, MTOJIy-
YeHHbIe pe3y/IbTaThl CBUAETEe/IbCTBYIOT O CTUMY-
JIAAIINY 9KCKPETOPHON (DYHKITUU MOJIPKETYT0UHOMN
sKeJie3bl U TOBBIIIEHWM aKTUBHOCTU (hpaKkuuit
IIETOYHOU KallMbI BCEX OTAEJIOB TOHKON KUIIIKU,
BRKJIIOYAsl BHYTPUKJIETOYHbIE (hepMeHTH], Ha (poHe
acupa.

Ha BTOpOM aTarne ucc/jiejoBaHUA IOJYUYUIN
IIOKa3are/d aMUJIOJUTUYeCKOY aKTUBHOCTH CJIU-
3UCTOH 000JIOUKH TPeX OTJEeJI0B TOHKOU KUIIIKHY,
JIBeHaAIIaTUIIepCTHOIO, TOLIEro U I0JB3JOIITHOTO,
y KpbIC Ha (oHe aHecTe3uu ceBOQIypaHOM U
apupoM B pa3/IMYHbIe CPOKU TreMopparudeckoi
runorensuu (taodJd. 2, 3).

Ha 15-if MUH reMopparuieckoii TUIIOTeH3UU
B IBeHaAIATUIIEPCTHOM KUIITKe aKTUBHOCTB ITPaK-
TUYeCKU BceX ppaknuil pepMeHTa Bo 2-ii rpymnme
SKUBOTHBIX OblyIa 3HAUUTEJIbHO CHUKEeHa OTHOCH -
TeJIbHO ToKaaareseil 1-ii rpynnsl. OgHaKko npu
CpaBHEHUM C KOHTPOJIbHBIMU ITOKa3aTeJ MU Ha
ceBo(plopaHe aKTHBHOCTHU IIOJIOCTHOH U JIETKO
JIecopoupyeMbIx (ppakiuii pepMeHTa Bo 2-H rpyt-
e ObLIXU BBIINIEe HAa 44 U 65%, COOTBETCTBEHHO.
ITokasaTesi akTUBHOCTH CpeiHe U TPYAHO JIecop-
O6upyeMbIxX (ppaKInii, a TakKe BHYTPUKJIETOUHBIX
¢epmeHTOB BO 2-# rpymne He OTIWYAINUCH OT
KOHTPOJIBHBIX 3HadeHUNl Ha ceBodJIoOpaHe.
[Tono6HasA TeHIEHIUA K HU3KUM IIOKa3aTessM
AKTHUBHOCTH BcexX (hpakiuii aMusIasbl BO 2-1 rpyI-
Ile [10 CPaBHEHMUIO ¢ 1-i1 TpocyeskuBasIach B ToIIeH
U TOAB3JOIIHON KHUIIIKaX, IpHUYeM IOKa3aTesu
BHYTPUKJIETOYHBIX (pepMEHTOB He OTJINYA/IUCh OT
KOHTPOJIBHBIX (Ta0JI. 2).

K 30 MuH. reMopparnieckoil TUIOTeH3UU
IIpaKTUYeCKU BO BCeX OTJAesax TOHKON KUIIKU
AKTUBHOCTD (hpaKIii aMUIa3bl OCTaBAINCh HU3-

After 1 h of hemorrhagic hypotension in the
Group 2, amylolytic activity of fractions of all small
intestine regions remained on the average 2-4
times lower than in the Group 1. The measurement
of the intracellular enzyme activity revealed lower
values (by 50-60%) vs the Group 1 animals. Mean-
while, the enzymatic activity values in Group 2, in
general, did not differ from the control ones, except
for the jejunum, where the slowly desorbing frac-
tion exceeded the control values by 44% (Table 3).

By the 27 h of hemorrhagic hypotension in
the duodenum the activity of practically all amylase
fractions in the Group 2 animals remained 3-4
times lower vs Group 1 and did not differ from the
control. However, in the jejunum and ileum along
with the low activity of intraluminal and rapidly
desorbing fractions in the sevoflurane group, high
activity of slowly desorbing and intracellular frac-
tions vs the control values was seen while no such
differences were observed with the group of ani-
mals exposed to ether anesthesia (Table 3).

In general, at all time points of hemorrhagic
hypotension there was a trend to reduced amy-
lolytic activity of intraluminal (pancreatic), desorb-
ing and intracellular enzyme fractions in all small
intestine regions down to control values in sevoflu-
rane-exposed animals vs the ether-exposed group.
The only exception were slowly desorbing and in-
tracellular fractions of the enzyme by the 2" hour
of the experiment, whose values did not differ from
the ones in the Group 1.

Sevoflurane sparked interest due to the dis-
covery of its additional effect, anesthetic precondi-
tioning, which is effected through the stabilization
of cell membranes under hypoxia, a major patho-
genetic factor in massive blood loss [7, 12, 14]. Cur-
rently, there are publications on cardioprotective
effect of this anesthetic agent confirmed by numer-
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Tabuna 2. AMHIOIUTHYECKAsI AKTUBHOCTH (YCJI. €]1.) TOHKOH KMIIIKU KPBIC IIPH reMOPpParunyecKoi THMOTeH3UN
(15 1 30 mun), Me [LQ; HQ].

Table 2. Rat small intestinal amylolytic activity (units) after 15 and 30 minutes of hemorrhagic hypotension,
Me [LQ; HQ].

Parameters Enzyme fractions
C D, D, Dy G
15 min
Duodenum
Group 1 0.95 [0.80; 1.03] 0.82 [0.80; 1.10] 0.83[0.72; 1.03] 0.74 [0.67; 0.83] 0.51 [0.40; 0.61]
Group 2 0.39 [0.25; 0.52] 0.48 [0.34; 0.65] 0.54 [0.08; 0.62] 0.35[0.11; 0.60] 0.28 [0.24; 0.55]
P<0.001, P.,=0.01 P=0.001, P.,=0.01 P=0.02 P=0.01 P<0.001
Jejunum
Group 1 0.88[0.75; 1.01] 0.73[0.70; 0.85] 1.06 [0.99; 1.10] 0.59 [0.42; 0.60] 0.38 [0.30; 0.39]
Group 2 0.40 [0.29; 0.52] 0.44 [0.32; 0.56] 0.46 [0.34; 0.51] 0.52 [0.40; 0.58] 0.24 [0.11; 0.31]
P<0.001, P.,=0.01 P<0.001, P,=0.02 P=0.02, P.,=0.01 P=0.02
Ileum
Group 1 0.39[0.35; 0.41] 0.71 [0.69; 0.75] 0.64 [0.63; 0.70] 0.54 [0.51; 0.68] 0.38 [0.24; 0.40]
Group 2 0.25[0.17; 0.32] 0.29 [0.19; 0.38] 0.59 [0.41; 0.69] 0.33 [0.31; 0.42] 0.21 [0.10; 0.29]
P=0.02 P=0.01 P.,=0.02 P=0.03, P.,=0.01 P=0.03
30 min
Duodenum
Group 1 1.17 [1.14; 1.20] 1.12 [1.10; 1.16] 1.02 [0.99; 1.12] 0.86 [0.80; 0.90] 0.61 [0.54; 0.63]
Group 2 0.28 [0.15; 0.38] 0.47 [0.39; 0.77] 0.59 [0.47; 0.82] 0.50 [0.42; 0.87] 0.31 [0.25; 0.51]
P.0.001 P<0.001, P,;,<0.001 P<0.001 P<0.001, P,;,<0.001 P=0.01
Jejunum
Group 1 1.19 [1.18; 1.21] 1.13 [1.04; 1.16] 1.06 [0.99; 1.10] 0.82 [0.78; 1.20] 0.58 [0.54; 0.64]
Group 2 0.32[0.19; 0.86] 0.29 [0.24; 0.77] 0.31 0.60 [0.52; 0.62] 0.28 [0.11; 0.34]
P<0.001 P<0.001 0.16 P<0.001, P,,=0.01 P=0.01
Ileum
Group 1 1.20 [1.15; 1.21] 1.03 [0.98;1.10]  0.80 [0.75;0.94] 1.10 [0.97;1.21] 0.55 [0.50; 0.61]
Group 2 0.26 [0.15; 0.41] 0.60 [0.49; 0.81] 0.92 [0.85; 1.06] 0.43[0.31; 0.50] 0.32 [0.30; 0.37]
P<0.01 P<0.001, P.;,<0.001 P.,<0.001 P=0.001 P<0.001

Note. Note. For tables 2, 3: P— statistical significance of intergroup differences; P,,,— significance of Group 2 parameters vs the con-
trol group (the sevoflurane control group values are shown in table 1).

IIpumevanue. [y a0 2, 3: p — ypOBeHb 3HAYMMOCTH Pa3/IMYUN MesKIy I0Ka3aTeJIsIMU IPYIII; P, — YPOBEHb 3HAUUMOCTHU
pasuyus 2-1 Ipynisl 10 CPaBHEHUIO C KOHTPOJIbHOM (3HaYeHUsI KOHTPOJIbHOM rpyninbl «Sevoflurane» — B tabJr. 1).

Tabsmna 3. AMUIOJIMTHYECKAasi aKTHBHOCTHh TOHKOM KHMIIIKH KPBIC B YCJIOBHAX FeMOPParu4ecKkoii rHIoTeH3uu
(1 u 24aca), Me [LQ; HQ].
Table 3. Rat small intestinal amylolytic activity after 1 and 2 hours of hemorrhagic hypotension, Me [LQ; HQ].

Parameters Enzyme fractions
C D, D, D, G
1h
Duodenum
Group 1 0.99 [0.97; 1.17] 0.97 [0.94; 1.13] 0.92 [0.91; 0.97] 0.73 [0.54; 0.84] 0.46 [0.31; 0.63]
Group 2 0.29 [0.19; 0.38] 0.33[0.18; 0.51] 0.35[0.19; 0.58] 0.37 [0.21; 0.52] 0.28 [0.23; 0.37]
P<0.001 P<0.001 P<0.001 P=0.01 P=0.02
Jejunum
Group 1 1.01 [0.95; 1.11] 0.97 [0.75; 1.0] 0.96 [0.8; 1.0] 0.58 [0.21; 0.90] 0.66 [0.61; 0.82]
Group 2 0.30 [0.24; 0.41] 0.31 [0.26; 0.51] 0.28 [0.23; 1.24] 0.54 [0.27;1.19] 0.28 [0.22; 0.35]
P<0.001 P,,=0.02 P<0.001 P.,=0.01 P=0.01
Ileum
Group 1 1.03 [0.96; 1.11] 0.97 [0.92; 1.05] 0.63 [0.45; 0.90] 0.36 [0.31; 0.50] 0.56 [0.50; 0.86]
Group 2 0.23 [0.13;0.40] 0.35 [0.32; 0.39] 0.45 [0.31; 0.93] 0.28 [0.20; 0.44] 0.26 [0.23; 0.35]
P<0.001 P<0.001 P,,=0.01 P=0.03
2h
Duodenum
Group 1 1.20 [1.04; 1.63] 1.01 [0.86; 1.37] 0.72[0.70; 0.97] 0.41 [0.24; 0.57] 0.53 [0.41; 0.61]
Group 2 0.30 [0.28; 0.32] 0.33[0.19; 0.41] 0.34 [0.24; 0.43] 0.39 [0.19; 0.54] 0.38 [0.24; 0.51]
P<0.001 P<0.001 P=0.01 P=0.03
Jejunum
Group 1 0.97 [0.94; 1.14] 0.91 [0.72; 1.08] 0.56 [0.24; 0.94] 0.54 [0.27; 0.76] 0.48 [0.34; 0.61]
Group 2 0.23 [0.21; 0.25] 0.26 [0.19; 0.39] 0.22 [0.19; 0.34] 0.47 [0.28; 0.68] 0.39 [0.28; 0.58]
P<0.001 P<0.001 P,,=0.02 P,,=0.02
Ileum
Group 1 0.92 [0.49; 1.20] 0.87[0.37;1.19] 0.43 [0.37; 0.49] 0.32[0.20; 0.43] 0.56 [0.30; 0.62]
Group 2 0.20[0.19; 0.21] 0.36 [0.26; 0.48] 0.39 [0.21; 0.55] 0.43 [0.41; 0.48] 0.49 [0.46; 0.61]
P<0.001 P<0.001 P,,=0.01 P,,=0.01 P,,<0.001
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Kaunuvyeckue u JKCIIepuMEHTAaJ/JbHbIEC UCCJIE€NO0OBaAaHUA

KO BO 2-1i FpyIIIie 10 OTHOLIEHUIO K [IOKa3aTeJsIsIM
B 1-1i rpyIIie c pa3HUIlEel, B CpeiHeM, OT 2 10 9 pas,
COOTBETCTBEHHO. [Ip¥ 9TOM aKTUBHOCTH JTeCOpPOU-
pyeMBbIX (ppakIii aMuaasbl Oblja BHIINIE KOHT-
POJIbHBIX 3HaUeHUl. [IprMedaTesibHO, UTO AKTUB-
HOCTb BHYTPUKJIETOUHBIX (DEPMEHTOB BO 2-U
rpy1Iie, No-IpexHeMy, He OTJIn4Yaaach OT KOHT-
POJILHBIX 3HAaYEeHUH Ha ceBoJriopane (TadJr. 2).

Uepes 1 4 reMopparunyecKkoii FUIoTeH3NN BO
2-1 rpy1mIe aMUJIOJIUTHYECKask aKTUBHOCTD (ppak-
IUH BCeX OTAEJOB TOHKOW KHUIIKU OCTaBaJlach
OoJiee HU3KOM, B CpeTHEM, B 2 1 4 pa3a, 1o CpaBHe-
HUIO ¢ 1-1 rpynnoi. [Ipu nccsienoBaHuu aKTUBHO-
CTU BHYTPUKJIETOYHBIX (PepMEHTOB BBISBUIU
0oslee HHM3KWE TIOKa3aTeJqu aKTHUBHOCTH (HA
50-60%) o cpaBHEHUIO C 1-i FPyIIIOi ;KUBOTHBIX.
[Ipu aToM 3HaueHUsI (pepMEeHTAaTUBHOU aKTHUBHO-
CTHU BO 2-H rpymnmne, B 11eJIOM, He ONINYAJIUCh OT
KOHTPOJIbHBIX 3HAYEHUI, 32 UCKJIIOUeHNeM TOIel
KUIITKY, TJe TPYIHO fecopbupyemasi pparmus rmpe-
BBIITIAJIa KOHTPOJIbHBIE 3HAaYeHUsT Ha 44% (TabJ1. 3).

Ko 2-My 4 reMopparnieckoii THIIOTEH3UU B
JBEHAAIAaTUIIePCTHOU KUIIIKEe aKTUBHOCTb IPAK-
TUYeCKH Bcex PpaKkIui aMUJIa3bl BO 2-1 IpyIIe
SKUBOTHBIX OCTaBajach B 3-4 pasa HUXKe IIO0
CpaBHEHMIO C 1-i Ipynnoil u He OTIMYaJgach OT
KOHTpOJsA. OfHAKO B TOILIEH W IOAB3IOLIHON
KUIIIKe Ha (pOHe HU3KUX IT0Ka3areJiel akTHBHOCTU
TTOJIOCTHOH ¥ JIETKO JlecopOupyemMoit (pparmuii B
IpyIIIE SKUBOTHBIX C CEBO(IIOpaHOM HAOJTIONATHI
BBICOKYIO aKTUBHOCTH TPYIHO JeCOpOMpyeMoi u
BHYTPUKJIETOYHOU (ppakiuil 1O CPaBHEHUIO C
KOHTPOJIbHBIMY 3HAYEHUSIMU Ha (POHE OTCYTCTBUS
pas3yinyuii B aKTUBHOCTHU C TPYIIIOHN ;KUBOTHBIX,
MTOJTYYaBIIINX HAPKO3 a¢prpom (Tab. 3).

B esioMm, Ha BCex uccieg0BaTe/ IbCKUX TOUKaX
reMopparn4ecKoi TUIOTeH3UH HaOJTI0a/Id TeH-
JEeHIMI0 CHUKEHUSI aMUJI0JIUTUYeCKON aKTUBHO-
CTH ITOJIOCTHOH (TaHKpeaTnyecKoi), recopoupye-
MO U BHYTPUKJIETOYHOU (ppaKIuii (pepMeHTa BO
BCeX OTJlesIax TOHKON KUIIIKU J0 KOHTPOJBbHBIX
3Ha4YeHUU Ha (hoHe ceBO(IypaHa II0 CPAaBHEHUIO C
3(pUPHBIM HapKO30M. VICKJ/II0UeHNEe COCTABJISAIN
TPyOHO necopbupyeMas U BHYTPHUKJIETOYHAs
(¢pakuu pepmMeHTa KO 2-My 4acy 9KCIEepUMEHTA,
3HAYeHHUsI KOTOPBIX He OTINYAJIUCh OT 1-U TPYIIIbI.

HuTepec k ceBo(II0OpaHy BO3HUK B CBA3U C
OTKPBITHEM €ro IOIOJHUTEJBHOro adderra —
aHEeCTeTUYEeCKOT0 IPEKOHAUIMOHUPOBAHNUA, KOTO-
PBIi peanu3ayeTcst Yepe3 CTabUIN3anuIo KIeToY-
HBIX MEMOPAaH B YCIOBHUSIX TUTTOKCUY, SIBJISIONIEH -
Cs1 OCHOBHBIM ITaTOreHeTU4YeCKUM (haKTOPOM IIpHU
MacCUBHOM KpoBorioTtepe [7, 12, 14]. B HacTos1iee
BpeMsI IOSIBJISIIOTCS ITyOJIMKAINY, TTOCBSIIIEHHBIE
KapAUOIPOTEKTOPHOMY JAEHCTBUIO 3TOTO aHECTe-
THKQ, IIOATBEP’KAECHHOMY MHOTOYHCJICHHBIMUA
KJIMHUYECKUMHU HUccieqoBaHusamu [11, 20, 24, 25].
[NosiBMJIMCH COODIIEHNST O TPOSIBJIEHNH aPerTa
€ro NPeKOHJUIINOHUPOBAHUSA HEe TOJIBKO B OTHO-

ous clinical studies [11, 20, 24, 25]. There are reports
about its preconditioning effect not only on the
heart, but on other organs as well, including brain,
kidneys, and lungs [6, 16, 17, 26]. However, when an-
alyzing the literature regarding anesthesia precon-
ditioning by sevoflurane, we can encounter some
contradictions. In particular, the studies of Tomai
and Julier did not reveal cardioprotective effect of
sevoflurane, which raises questions about the anes-
thetic dosage, especially since there is no reference
dose initiating the anesthetic preconditioning.
Some authors believe that one can expect full-scale
protection only if the concentration of sevoflurane
is deliberately increased to 2 MAC during anesthe-
sia [17]. All of the above enabled us to hypothesize
about possible anesthetic preconditioning of the
small intestine in circulating blood volume deficit
caused by blood loss and test it experimentally
using proven and proprietary models of hemor-
rhagic shock and sedation techniques, as well as
clinically validated anesthetic doses of sevoflurane.
Experimental studies and clinical observations
have proved that the intestine becomes ischemic
and has a tolerance threshold to ischemia in various
conditions as a result of the organism stress-re-
sponse [27]. However, in critical conditions, such as
hemorrhagic shock due to massive blood loss,
structural changes of small intestine mucosa, the
most sensitive to hypoxia, take place [9, 27]. This
leads to at least two adverse effects, i. e., disruption
of digestive transport along the small intestine and
damage to the blood-tissue barrier, resulting in in-
creased wall permeability and endotoxemia devel-
opment [10]. Subsequently, reperfusion worsens in-
testinal damage, and the vicious circle closes with
secondary damage of all organs and tissues by en-
dotoxins [27-29]. In this regard, the use of sevoflu-
rane during operations involving massive blood loss
would, to some extent, prevent these disorders.
Low activity of intraluminal and rapidly des-
orbing amylase fractions in animals exposed to
sevoflurane vs with those on ether suggest not only
preserved small intestinal mucosa glycocalyx func-
tion, but also preconditioning of pancreas, respond-
ing to reperfusion by intense release of pancreatic
juice into duodenum, which additionally damages
glycocalyx. The slowly desorbing and intracellular
fractions of the enzyme values that are close to the
control ones reflect their strong link to the small in-
testine brush border condition and enterocyte
membrane stabilization first under ischemia condi-
tions, and then in reperfusion, although after 2 hours
of hemorrhagic hypotension in jejunum and ileum
there was a trend to the loss of enzyme binding to
brush border and destruction of enterocytes.
Finally, we can assume that cytoprotective
properties of sevoflurane may underlie its precon-
ditioning effect when used in specific doses [25, 26],
which requires further experimental confirmation.
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IIEHUN CepAua, HO TaKyKe U IPYrUX OpraHoB —
roJIOBHOI'O MO03ra, Iovek, Jerkux [6, 16, 17, 26].
OnHaKo mpu aHaIM3€e OTEYECTBEHHON U 3apyOesk-
HOU JINTEPaTyphl, HOCBSAIIEHHON NCCIeJ0BAHUIM
AHECTe3N0JIOTUYECKOT0 TPEKOHITUIIMOHNPOBAHMSA
ceBo(IypaHa, UMeITCsI HEKOTOphle IPOTUBOPEe-
4. B vacTHOCTH, B ccaeqoBanusax Tomai, Julier
He BbBISBJIEH KapJAUONPOTEKTUBHBIN 3P deKT
ceBodIypaHa, 4TO 3aCTaBJIsIEeT 3aAyMarbCsl HaJ
JIO3VPOBKOM aHecTeTHKa, TeM OoJiee, 9TO OTCYT-
CTBYIOT PEeKOMEHJAIluu [03bl, NHUIIUUPYIOIIeH
MIPOILECC aHECTETUYECKOT0 ITPEKOHIUIIMOHNPOBA-
HUA. HeKOTOpBbIe aBTOPHI CYMTAIOT, YTO PACCUUTHI-
BaTb Ha MOJIHOLIEHHYIO 3alUTy MOKHO JIMIIb B
TOM CJIy4ae, eCJIM BO BpeMs aHeCTe3ny IpegHaMe-
PEHHO yBeJIMYMBATh KOHIIEHTPAINIO ceBoIypa-
Ha 10 2 MAK [17]. Bce BhIllIENIEpeYnCIIEHHOE T103-
BOJIUJIO HaM C(OpMyJHpOBaTh TUMNOTE3y O
BO3MOKHOM aHECTETUYECKOM ITPEKOHIUITMOHUPO-
BaHUU TOHKON KUIIKU B YCJIOBUSAX JedULUTA
obbeMa MUPKYIUPYIOIIEH KPOBU B pe3yJbTaTe
KPOBOTEYEHUS U PeaTn30BaATh 9TO B IKCIIEPUMEH-
Te, UCII0Jb3ysl IIPOBEPEHHbIC Y IaTeHTOBAHHbBIEC
MOJIeJIM FeMOPParnvyecKoro IIoKa U anrapara s
cemaryy, a Tak)Ke ampoOMpPOBaHHbBIE B KJIUHUKE
HapKO3HbIe 103kl ceBOIypaHa.
JKCepUMEHTATbHBIMU UCCJIEJOBAHUAMUI U
KJAMHUYEeCKUMHU HaOJII0JeHusAMHU JOKas3aHo, YTO
WMEHHO KUIIIeYHUK ITPUA PA3JTUYHBIX IaTOJIOTAYE-
CKHX IIpOoIeccax B pe3yJbrare CTpecC-peakluu
OpraHu3Ma HAaXOOUTCA B yCJOBUAX WUIIEMUU U
“MeeT olpejieJIeHHBIU MTOPOr TOJEPAaHTHOCTHU K
Hel [27]. OmHAKO TPU KPUTUUECKUX COCTOSTHUSX,
K KOTOPBIM OTHOCHUTCA FeMOpparndecKux IIOK,
¢dopmupyooIIUiics B pe3ysbrare MaCCUBHOU KpO-
BOTIOTEPH, HAOJIIOJaeTCsA U3MEHEHNE CTPYKTYPHI
CJAM3UCTON 000JIOUKY TOHKOM KUIIIKU, HarboJiee
YyBCTBUTEJIBHOU K TUIIOKCUH [9, 27]. 3TO IpPUBO-
IUT, KaK MUHUMYM, K JBYM HeOJIarompusiTHbIM
IIOCJIEACTBUAM: HAPYIICHUIO IINIEeBAPUTEIBHO-
TPAHCIOPTHOU (PYHKIUU TOHKOU KHUIIKU U
MTOBPEKIEHNIO THUCTOTEMATUUeCKOTO Oapbepa,
NIPABOIALLEMY K IIOBBIIIEHUIO IIPOHUIAEMOCTHU
CTEHKU OpraHa ¥ pa3BUTUIO 9HA0TOKceMuu [10]. B
JanbHelleM, penepdysust yCUJIMBaeT IOBPEK-
JleHre KUIIeYHNKA, ¥ IOPOYHBIN KPYT 3aMbIKAET-
Ccs1 BTOPUYHBIM NOBPEKJEHUEM BCEX OPraHOB U
TKaHel 3HIOTOKCHMHAMM [27-29]. B cBA3U ¢ aTUM
IpuMeHeHUe ceBodJIypaHa BO BpeMsl IIpoBefe-
HUSI OTIepalii, CONMPsIsKeHHbIX C MACCUBHOM KPO-
BOTIOTEpEH, TO3BOJIUIO ObI, B U3BECTHOU CTETIEHH,
Ipo(UIAKTUPOBATH 3TU HAPYIIEHUS.
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Conclusion

During anesthesia with sevoflurane in hemor-
rhagic hypotension during 1 hour of the experi-
ment we observed decreased pancreatic excretory
function, stabilization of the mucosal brush border
in all small intestine regions and enterocyte mem-
branes. However, 2 hours after the blood loss there
were biochemical signs of damage to the brush bor-
der in the jejunum and ileum.

Huakure mokasarey akTHBHOCTH MOJIOCTHOM
¥ JIETKO JecopOupyeMoi (ppakiuii aMuIasbl B
TPYIITIe 5KUBOTHBIX C UCIIOJTb30BAHUEM CEBOIIY-
paHa, 1o CpaBHEHMIO C TAKOBBIMHU Ha a(upe, mo3-
BOJISAIOT CJ€J1aTh BHIBOJ HE TOJIBKO O COXpaHEHUH!
(pyHKIINY TITMKOKAIMKCA, TOKPHIBAIOIIEro CIN3H-
CTYI0 000JIOYKY TOHKOHM KUIITKY, HO ¥ O IPEKOH ! -
[IMOHUPOBAHUY ITORETYI0YHOH 5Kejle3bl, pearu-
pyro1iel Ha pernepdys3nio MOIITHBIM BRIOPOCOM B
JIBEHAAIATUIIEPCTHYIO KUIITKY TAaHKPEeATUIeCKOTO
COKa, JI0IIOJIHUTEJIbHO IIOBPEKIAIOIIET0 [NINKOKA-
Jgukc. [Tokasaresm TpymHO AecopOuUpyemMol u
BHYTPHUKJIETOYHOH (ppaknmii pepmenTa, mpuodIm-
SKEHHbIe K KOHTPOJbHBIM 3HAYEHUSIM, OTPAKAIOT
WX TPOYHYIO CBSA3b C COCTOSIHMEM II[€TOYHOM
KalMBbl TOHKON KUIIKW U CTA0OMJIU3AIUI0 MEM-
OpaH 9HTEPONMTOB CHAaYaJIa B yCJIOBUSX UIIIEMUH,
a 3areM ® pernepdy3ud, XOTS IOCJE 2-X YacaB
reMopparuueckoil ruoTeH3UU B TOIIed U IOJ-
B3JOIITHON KHWIITKaX HaMedasjach TEHIEHIUSA K
rnorepe cBsiser (pepMeHTa CO METOYHOU KaiiMOi 1
JeCTPYKIIFN 9HTEPOIINTOB.

B 3akJIoueHve, MOSKHO TIPEIITOIOKATD, UYTO B
ocHOBe a(pdeKTa MPEeKOHUITMOHUPOBAHUS CEBOP-
JIypaHOM, IIPUMEHSIEMOTO B OIIPEIeJIEHHOM TO3UPOB-
Ke, UM€eeT MECTO IIUTONPOTEKTOPHOE CBOMCTBO [25,
26], Tpebyroriee JaTbHEUIIIEro MOpoIOTHIECKOT0
TIOTBEPSKIIEHNSA B IKCIIEPUMEHTE.

3akJrouenue

IIpu mpoBeIeHUN aHECTEe3UOJJIOTUUYECKOTO
roco6us ceBorropaHoM Ha pOHe reMopparude-
CKOW TUTIOTEH3WH B TeUueHue 1 yaca 9KCIepuMeHTa
HabJTI0/1aTi CHUPKEHNE 9KCKPETOPHON (PYHKITUHN
TTOJI?KEJTY/TOYHOM 5KeJIe3bl, CTAaOMIN3aIIHIO IIIeTOY-
HOM KaWMBbI CJAM3UCTOM 000JIOYKH BCEX OTJIEI0B
TOHKOM KUIITKY, B TOM YHCJIe, I MEMOPaH 9HTEPO-
uToB. OgHAKO Yepes 2 yaca IocJjie KpOBOIIOTEPHU
TTOSIBJISIJIVCH OMOXUMUYECKUE TPU3HAKY TTOBPESK-
JIeHUs [IeTOYHOM KaliMbl B TOIIEM U HOAB3I0III-
HOM OTJeJ1aX TOHKOHU KUIIKH.
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Pe3rome

Iless uccienoBaHus. VI3y4uTh NBysepHbIe KJIeTOYHbIe 00pasoBaHUsI CEHCOMOTOPHOH Kopbl (CMK)
6OJIBIIIOT0 MO3Ta ITOJI0BO3PEJIBIX O€JIBIX KPBIC IocIe 40-MUHYTHOH OKKJTIO3MH OOIINX COHHBIX apTEPUH.
MeTtoabI ncciaexoBaHusA. OCTPYIO UINTEMHIO MOJIEJIMPOBAJIN Ha 6eJTbIX KpbIcax Wistar myTem 40-MIHYTHON
OKKJTIO3WH 001X COHHBIX apTepuii (OOCA). [TpoBOIM/IN CpaBHUTETHLHYIO MOP(OMETPUYECKYIO OLIEHKY
IIUTO-, JE€HIPO, CHHANITO- ¥ NINOAPXUTEKTOHUKN HEOKOPTEKCA B HOpMe (1=5), uepes 1 (n=5), 3 (n=5) n 7 cyTok
(n=5) mociae OOCA. Hcnosnb30Bany OKpacKku no Huccio, reMaTOKCMIIMHOM M 903UHOM, IMMYHOTACTOXH-
Mmuueckue peaknuu Ha NSE, MAP-2, HSP-70, p38, caspase-3, GFAP, AIF1 u Ki-67. OnjeHuBaJ/In YACJICHHYIO
IVIOTHOCTh TUPaMUIHBIX HEUPOHOB, osturogeHaporutos (O/IL]), mukpormmoruros (MI'L]), conepskanue quc-
TpouIecKr 1 HEKPOOHMOTHYECKN N3MEHEHHBIX HEHPOHOB, C OJJTHUM U O0JIee IIPHIIITKaMy, TeTePO- U TUKa-
PpHUOHOB. [IpOBEpPKy CTaTUCTHYECKUX TUIIOTE3 IPOBOJUJIN C IOMOIIBIO IPOTPaMMBI Statistica 8.0.
Peayaerarsl. [Tocie OOCA cTaTUCTUYECKU 3HAYMMO YBeJIMUYUBAJIOCh COflepyKaHue JUCTPOUIECKU U
HEKpPOOMOTHUYECKN N3MEHEHHBIX HEMPOHOB, COoJlepKaHre HeHPOHOB C IByMs sITpaMH, C IByMs U 6oJiee sif-
PBIIIKaMU, 001IIee KOJIMYECTBO (ITposudepaliysi) U cofiepskaHre TAnepTPoPUpoOBaHHBIX acTPOIuToB, OJIIT
u MI'L]. B TeueHre Bcero repriofa HaOJTIoOIeHUsT 001IIast YMCAeHHas MIJI0OTHOCTh HelipoHoB CMK mociie OOCA
B cioe III ymenbmrasiacek Ha 26,4% (p=0,001), a cmoe V— Ha 18,5% (Mann-Whitney U-test; p=0,01). ITaToJto-
ruyecKre U KOMIIEHCAaTOPHO-BOCCTaHOBUTEIbHBIE U3MEeHeHUsA HOCUIU Ju(dy3HO-04aroBblil Xapakrep 1
NIPOSIBJIAIUCH OoJiee BeIpaskeHo B ciioe I Heokoprekca. CofepskaHue IBYsAAePHbIX FeTePOKaPUOHOB U -
KapHuOoHOB 4Yepes 1-u u 3-e cytok nociae OOCA B cpaBHeHUHU ¢ KOHTpoJseM — 3,5 (1,5-4,0)/MM2 — He n3MeHH-
JIOCh, a Yepe3d 7 CYyTOK YBEJMYUBAJIOCH 10 6,5 (5,0-8,5)/Mm? (Mann-Whitney U-test; p=0,002). YBeuueHue
MIPOUCXOINJI0 HA (POoHE H0JIee BEICOKOTO, UeM B KOHTpoJIe, coepskanusi O/ u MI'1l. B aToT mepuon B cjioe
III 1 V Tak’ke OTMETUJIA MAaKCUMATbHOE KOJIMYECTBO HEHPOHOB C ABYMSI B O0JIee sIIPHIIITKAMH.
3akrouenue. [Tocse 40-muayTHOI OOCA B CMK Ha (hoHe TUCcTPpODIIECKUX M HEKPOONOTHIECKUX U3-
MeHEHHH MIPaMUTHBIX HEHPOHOB U aKTHBAIUN HEHPOITINAIbHBIX KJIETOK IIPOVICXOIUIIO YBEJIHMYeHHe 00-
pa3oBaHUs reTepOKapUOHOB U HEMPOHOB € aMIJIN(UIIPOBAaHHBIM SIAPBIIIKOM. BEIsIBII€eHHbIE U3MEeHEeHU
paccMmaTpuBaJ/Ii Kak OJWH U3 BADUAHTOB PeaKlUy HePOHOB Ha UIlleMUYeCKOe ITI0BPeKIeHHe.

Knrouesbvle crnosa: ocmpasi unemusi; HeOKkopmerc; 06ysi0epHble HelipoHbl; ACHpPO2USL; MUKPOIUSE UM-
MyHO2Ucmoxumusi; mopgomempusy; kpoicor Wistar
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BJIaI‘O}IapHOCTB. ﬂaHHaH pa60Ta BBIINIOJ/JTHEHA ITPU ITOJAEPIKKE Omckoro TroCyaapCTBEHHOI'O MEQUIINH-
CKOT'O YHUBEPCUTETA B pAMKaX IIOATOTOBKHU U aTTECTAIN HAYIHO-TIEJArOTUYIECKUX U HAYYHBIX KaJIpOB.

Summary

The aim of the study. To study the double-nucleated cellular structures of the brain sensorimotor cortex
(SMQ) of sexually mature white rats after a 40-minute occlusion of the common carotid arteries.

Methods. Acute ischemia was simulated in white Wistar rats by 40-minute occlusion of the common carotid
arteries (OCCA). We performed comparative morphometric evaluation of cyto-, dendro-, synapto-, and glioar-
chitectonics of the neocortex in intact animals (n=5), and 1 (n=5), 3 (n=5), and 7 days (n=5) after OCCA. We
used Nissl, hematoxylin and eosin staining, and immunohistochemical reactions for NSE, MAP-2, HSP-70,
p38, caspase-3, GFAP, AIF1, and Ki-67. Numerical density of pyramidal neurons, oligodendrocytes (ODCs), mi-
croglyocytes (MGCs), presence of dystrophic and necrobiotic neurons with one or more nucleoli, hetero- and
dikaryons were assessed. Statistical hypotheses were tested using Statistica 8.0 software.

Results. The percentage of dystrophic and necrobiotic neurons, nerve cells with two nuclei or two or more
nucleoli, the total number (proliferation) and percentage of hypertrophic astrocytes, ODCs and MGCs increased
significantly after OCCA. The total numerical density of SMC neurons decreased by 26.4% (P=0.001) in layer III
and by 18.5% in layer V (Mann-Whitney U Test; P=0.01) after OCCA throughout the observation period. Patho-
logical and compensatory changes were diffusely focal and more pronounced in layer III of the neocortex. The
density of bi-nucleated heterokaryons and dikaryons remained unchanged on days 1 and 3 after OCCA vs con-
trol and was 3.5 (1.5-4.0)/mm?, and increased to 6.5 (5.0-8.5)/mm? on day 7 (Mann-Whitney U Test; P=0.002).
This increase occurred along with a higher density of ODCs and MGCs than in the control. The maximum num-
ber of neurons with two or more nucleoli was also noted in layer III and V during this period.

Conclusion. After 40-minute OCCA in SMC, parallel to the dystrophic and necrobiotic changes of pyramidal
neurons and activation of neuroglial cells, there was an increase in the formation of heterokaryons and neurons
with amplified nucleolus. These changes were considered as a variant of neuronal response to ischemic damage.

Keywords: acute ischemia, neocortex; bi-nucleated neurons; astroglia; microglia; immunohistochemistry;

morphometry; Wistar rats
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BBenenue

W3BecTHO, 4To 10CJIe OCTPO UIIIEMUN T'OJIOB-
HOTO MO3ra, Ha ()OHEe 00paTUMBIX TUCTPOpIIe-
CKUX, aTpO(PpUIECKUX 1 HEKPOOUOTUUECKUX U3Me-
HEeHUU HeHpOHOB, HEHPOIIUAIBHBIX KJIETOK U
KJIETOK MUKPOCOCY/IOB, aKTUBUPYIOTCSI KOMIIEHCa-
TOPHO-BOCCTAaHOBUTEJIbHbIE MeXaHU3MbI [1, 2]. B
COBOKYITHOCTH 3TO IIPUBOAUT K IPOCTPAHCTBEHHON
peoprasusanyy MeKKIeTOUYHbIX B3aUMOOTHOLIIe-
HUI HEPBHOU TKaHU. VI3MEHSI0TCA He TOJIBKO MeK-
HEeHWpPOHHBIE CBSA3U, HO U MOPQOJOrUsi HeUpo-
VIMO-MUKPOCOCYOUCTBIX ~ KOMILJIEKCOB  [3-5].
3HAYNUTEJBbHO aKTUBUPYIOTCA acTpouutsl, O/l n
MI'LI. Kpome runeprpoduu, runepiiasum, usme-
HeHUI (POpPMBI U pa3MepPOB, OTMedaeTcs Iposude-
painusa sTUX KJIEeTOK, YCJIOKHeHUe UX IIPOCTPaH-
CTBEHHOU OpraHU3alliy, yCUJIeHNe MeXaHU4YeCKON
MOJIBMSKHOCTHU Nepr(eprieCcKrX OTPOCTKOB U CUH-
Te3a Tpoduueckux ¢axTopoB [6-12]. Bricokasa
MOABUYKHOCTh HeHpOoIJInaJbHbIX KJIETOK, UX MUT-
palyisi OTHOCUTEJIbHO IEPUKAPUOHOB IIPUBOJIUT, C
OJITHOU CTOPOHBI, K YBeJIMYEHUIO COJlep>KaHUs CBO-
OOTHBIX aKTUBUPOBAHHBIX (POPM, a, C APYTOH CTO-
POHBI — CaTeJUIMTapHBIX U (PAronUTHUPYIOIINX
(pOpM KJIETOK, a TAKSKE K CIUSIHUIO KJIETOK U, BO3-
MOYKHO, HMX IIepenporpaMMupoBaHuio [13-16].

Introduction

After acute cerebral ischemia, amid reversible
dystrophic, atrophic and necrobiotic changes of
neurons, neuroglial cells and microvascular cells,
the compensatory and restorative mechanisms are
activated [1, 2]. Taken together, this leads to spatial
reorganization of cellular interconnections of neu-
ral tissue. Not only interneuronal connections but
also the morphology of complexes between neu-
rons, glial cell and microvessels change [3-5]. As-
trocytes, ODCs and MGCs become highly activated.
In addition to hypertrophy, hyperplasia, shape and
size changes, these cells proliferate, their spatial or-
ganization becomes more complex, mechanical
motility of peripheral processes and production of
trophic factors increases [6-12]. The high mobility
of neuroglial cells and their migration in relation to
perikaryons lead, on the one hand, to an increased
level of free activated as well as satellite and phago-
cytic cells, and also to cell fusion and, probably,
their reprogramming [13-16]. An increase in the
number of cellular structures, where perikaryons
and glial cell bodies significantly converge up to the
invagination of smaller cells (gliocytes) into larger
ones (neurons) and fusion [13, 14, 17, 18]. The fu-
sion of neurons and glial cells is hypothesized [13,
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OTMe4daeTcs yBeJudeHrue KOJIM4eCcTBa KIeTOYHbIX
KOHCTPYKIIUH, B KOTOPBIX IIEPUKAPUOHBI U TeJjia
IIMAJIBHBIX KJETOK 3HAYUTEJbHO COJIMYKAIOTCS
BILJIOTh 0 MHBAruHamuii 0oJiee MeJKUX KJIETOK
(LIMOLUTBI) B KPyIIHbIe (HeHpoHBbI) U causHus (13,
14, 17, 18]. Cy1iiecTByeT TUIIOTe3a O CJIUSIHUU Hel-
POHOB ¥ ITUAJTBHBIX KJIETOK [13, 14, 19]. Ocobas
posb mpu atoM orBoauTcs OJIL [20]. Cimssame OIL]
C HeHpOHaMU KOPBI TOJIOBHOT'O MO3Ta, BEPOSITHO,
MOZKeT OBITh YaCThI0 HOPMAJIBLHOTO OHTOTeHe3a U
BO3MOKHBIM CPEJICTBOM HeHpopereHepaiuu B
MpOIIecCe CTapeHUsI U IPU TUITOKCUYEeCKOM / !iTIIe-
MHY€ECKOM BO3JIEACTBUU. ABTOPBI IPEIII0JIAraioT,
4T0 nocJe Takoro causaaud aapo O/ moasepra-
eTcs1 Helipocnelu(uyecKkoMy IepenporpaMmmMupo-
BaHUIO, B pe3yJIBTaTe 4eTro 00pas3yoTcs ABYsAep-
Hble HEWPOHBI, UTO yIBauBaeT (PyHKIMOHAIbHbIE
BO3MOKHOCTH Helpona [20]. IIpu marosoruu
coussanio OJI1] u HeHPOHOB MOKET CIIOCOOCTBO-
BaTh (popmupoBaHme amMebOMTHOTO (heHOTHUIIA
MUKPOIJINY, AJI1 KOTOPOTO XapaKTepHbI BbICOKAs
MMOJABUKHOCTb, Mpeobjamanuve ¢aroruTapHoOn
(pyHKIMU U CeKpelnuu IUTOKUHOB [21]. Kpome
TOrO, IOTEPsI CBSA3EU MesK1y HepOHaMU U MUKPO-
[JIMe TI0CJIe UIIIEMUN CTIOCOOCTBYET JabHEHIIIer
AKTUBAIMU [IOCJIeHEeH, UTO YCUINBaeT BocIase-
HU€, BLI3BAaHHOE BBHICBOOOKIEHEM TPOBOCITATIH-
TeJIbHBIX [IUTOKWHOB. JTU NU3MEHEeHNs1, BEPOSTHO,
MOTYT OBITH MHUIIMHPOBAHBI TTEPUTIEIUTIOIIPHBIM
OTEKOM, KOTOPBI pa3pbiBaeT CBSA3U HEUPOHOB U
MUKpOIIuu [8].

PeakTHBHO M3MeHEHHble HEUPOHBI UMEIOT
TTOBBIIIEHHYIO CIIOCOOHOCTH K CIUSHUIO. VIMeroT-
cs1 MOp@OoJIOTUYECKHE TTOTBEPSKAEHN ST TPUHIIN-
N1aJbHOW BO3MOYKHOCTHU CJAUSHUA HEHpOHAJb-
HBIX OTPOCTKOB W I[IE€PUKApPUOHOB C APYyTUMU
kJaeTkaMu. CJIMBAIOTCS He TOJILKO TeJsla KJIETOK, HO
U UX OTPOCTKU, CTUMYJIUPYSI IPOAYKIIUAIO [IPOBOC-
naJUuTeJbHBIX IUTOKUHOB [22, 23]. Takasa BO3-
MOJKHOCTh IIOKa3aHa AJiad KJaeTOK Ilypkunsbe,
MOTOHEWPOHOB CIIMHHOTO MO3Tra U MUPAMUIHBIX
HEHPOHOB HEOKOPTEKCA. ABTOPHI MyOJIUKAIII
00Hapy’KMBaJIM B HEOKOPTEKCE TeTepo- U JUKa-
PUOHBI — HEUPOHBI C ABYMS sIIpaMH, pa3jindaio-
IUMHUCSA U OJNWHAKOBBIMU IO MopdoJsoruye-
CKUM U LUTOXMMUYECKUM IpudHakam [20,
22-24]. Tax, mocJie IPepPLIBUCTON TUMmodapuye-
CKOU TMIIOKCUU KOJINYECTBO BYSJEePHBIX Hell-
poHOB B cyosax III-V mMoTOpHO# KOpBI OesbIxX
KPBIC YBEJINYUBAJIOCH Ha 23,4%. ABTOPHI IIpe-
[10JIaraloT, YTO IIOBBIIIEHHOE COAePsKaHNe ABYs-
JlepHBbIX HEHPOHOB MOMKET CJIY3KUThb CTPYKTYP-
HOUW OCHOBOU HeWPONpPOTEKTOPHBIX 3 PEKTOB
aganranuu K runokcuu [19]. K yBenuueHuio
KOJIN4eCTBA FeTepOKapUOHOB KJIETOK Ilypkunbe
B HEOHATaJbHOM MO3’Ke4YKe NMPUBOIUT paaua-
LIMOHHOE ITOBpexAeHue [25]. B MO3KeuKe TakKe
oTMeueHO 0Opa3oBaHUe IBYSJePHBIX reTepoKa-

PUOHOB IIpU pacCeaHHOM CKJepo3e [26].

14, 19]. A special role in this process is assigned to
ODC:s [20]. Fusion of ODCs with cortical neurons
can probably be a part of normal ontogenesis and
a possible way of neuroregeneration in aging or
during hypoxia/ischemia. The authors suggest that
after such fusion, the nucleus of ODC undergoes
neurospecific reprogramming, which results in the
formation of binuclear neurons with double func-
tional capacity [20]. In pathological conditions, fu-
sion of ODCs and neurons can be promoted by
amoeboid phenotype of microglia characterized by
high motility, predominant phagocytic function
and cytokine secretion [21]. Moreover, the loss of
connections between neurons and microglia after
ischemia contributes to further activation of the
latter, which enhances inflammation caused by the
release of proinflammatory cytokines. These
changes can probably be initiated by pericellular
edema, which disrupts connections between neu-
rons and microglia [8].

Neurons with reactive changes have an in-
creased ability to fuse. There is histological evidence
of fusion of neuronal processes and perikarions
with other cells as well. Not only cell bodies but also
their processes can fuse, stimulating proinflamma-
tory cytokine production [22, 23]. This possibility
has been shown for Purkinje cells, spinal cord mo-
toneurons, and pyramidal neurons of the neocortex.
The researchers detected hetero- and dikaryons
(neurons with two nuclei which can be both differ-
ing and identical morphologically and cytochemi-
cally) in the neocortex [20, 22-24]. Thus, after inter-
mittent hypobaric hypoxia, the number of binuclear
neurons in layers III-V of the motor cortex of white
rats increased by 23.4%. The authors suggest that
the increased content of binuclear neurons may un-
derlie the neuroprotective adaptation to hypoxia
[19]. An increase in the number of Purkinje cell het-
erokaryons in the neonatal cerebellum can be
caused by radiation damage [25]. The formation of
binucleate heterokaryons in the cerebellum has also
been noted in multiple sclerosis [26].

All these processes are closely related to the im-
mune system, which provides tissue homeostasis
both under physiological conditions and pathology
[27]. Microgliocytes are considered under this aspect
[11, 12]. However, the biological and functional role
of microglia in the formation of hetero- and
dikaryons has not been studied. Although there are
studies demonstrating direct fusion of microglia with
pyramidal neurons after retroviral infection [28].

Some authors [13, 14] conclude that the prob-
able mechanism of binuclear neuron formation in
embryogenesis and in adult organisms is cell fusion
during their syncytial interaction. Syncytial con-
nections and fusions of neurons are characteristic
both for pathological conditions of nervous system
and for certain stages of normal ontogenesis. The
kinetics of syncytial fusion of living neurons and
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Bce aTn mponecchl TECHO CBsI3aHbI C UMMYH-
HON CcHCTEeMOH, o0OecHeynBamoIlell TKaHeBOU
roMeocTas Kak B (pU3UOJOTUYECKUX yCJIOBUSIX,
Tak U Ipu naroJioruu [27]. B aToM acnekre pac-
CMAaTPUBAIOTCSI MUKPOTTTUOLUTHI [11, 12]. OnHako,
HeoOXOAUMO OTMETHUTbH, YTO OMOJIOTHYecKass U
(pyHKIIMOHAJIBHASA POJIb MUKPOIINY IIpU (hOPMU-
PpOBaHWM reTepo- ¥ JUKAapUOHOB He u3y4yeHa. X0TA
eCTb paboThI O MPSIMOM CJIMSITHHE MUKPOTJINU C
NUpPaMUJHBIMU HelipOHAMU II0CJIE PETPOBUPYC-
HOU nH(perIUM [28].

B paborax [13, 14] mesiaeTcst BLIBOJ, YTO BEPO-
SAITHBIM MeXaHUu3MOM (OPMHUPOBAHUSA IBYysIep-
HBIX HEHPOHOB B aMOpHMOTeHe3e U Y B3POCJIBIX
OpPTraHN3MOB SIBJISIETCS KJIETOYHOE CJIMSITHUE B
MpoIiecce UX CUHIMTUAIBLHOTO B3aUMOJIEACTBUS.
CUHIIUTHAIbHBIE CBSI3W M CJIUSHUS HEUPOHOB
ABJISIOTCS XapaKTePHOW YepTO U JJIs1 TaTOJIOTUH
HEPBHOU CHUCTEMBI, U JIJIsI OTIpeJleIeHHbIX CTaIUHN
HOpPMaJIbHOTO OHTOTeHe3a. B Kysierype HelipoHOB
MMPOAEMOHCTPUPOBaHA KWHETUKA CUHITUTAAIBHO-
r'0 CJIUSTHUS SKUBBIX HEUPOHOB U (pOpMUPOBaHUS
TaKUM CIIOCOOOM JBYSIIEPHBIX KJIETOK. ITO SIBU-
aocbk 100% 1moaTBepsKaAEHUEM BO3MOKHOCTU
00pa3oBaHUS CI0KHBIX KJIETOYHBIX KOMITO3UIIUI
B HepBHOH TKaHM IIyTeM causiHusA. [IpuBeneHsl
JaHHbIE, JeMOHCTPUPYIOLIXE, YTO IIe/IeBble KOH-
TaKThI CIIOCOOHBI MTPEBPAIIAThCS B CUHITUTUAIb-
Hble Tepdopaluy, a COMaTU4YeCKue IesieBbie
KOHTAKTHI ITPH OJIarONPUATHBIX YCJIOBUSX MOTYT
npeoOpa3oBbIBaTh HEHPOHBI B AUKApUOHBL. To
€CTb, niepdopalysi, TOCTENEeHHO 0XBaThIBasI [TUTO-
I1a3My 00emX CITUBAIOIINXCS KJIETOK, IIPeBpala-
eT ux B OMHYKJIeapHBIN HelipoH [13, 14, 29]. 3To
npeobpa3oBaHre pacIpoCTpaHeHO U Ha HEHpo-
IKaJabHble B3AMMOOTHOLIEHHUS C Jo0OaBJIeHUEM
BO3MOYKHOCTH IepenporpaMMUPOBAHUA AApa
[JINAJILHOU KJjeTku [20].

Takum 06pasom, TUTIIOTE3a O POJIUA CIAUSTHUS
KJIETOK B (DU3MOJOTUYECKOU W pemnapaTUBHOU
pereHepanuyi HEPBHOUW TKAaHU HMMeEET MPaBO Ha
cymiectBoBanue. [ToaToMy HEOOXOIUMBI NATbHEN-
IIMe WCCJIEeNOBAaHUsI B 9TOM HampaBJIeHWH. B
HACTOSIIIeN paboTe MIPOBeIeHO TUCTOJIOTUTYECKOE,
MMMYHOTUCTOXUMUYECKOe ¥ MOphOMeTprUUIecKoe
HCCJIeN0BaHNe Pa3J/IMYHbIX IBYSANEPHbBIX IMPAMUI-
HbIX HEPOHOB (TeTepo- U IUKapuoHOoB) cJios Il u
V ceHCOMOTOPHOM KOPbI TOJIOBHOTO MO3Ta ITOJIOBO-
3peJIbIX OeJIbIX KPhIC B HOpMeE U Tocsie 40-MUHYT-
HOU OKKJTIO3UH OOIITNX COHHBIX apTEPUA.

MarepuaJ 1 MeTObI

Pa6ora BeImostHeHa B PI'BOY BO «OMCcKHii rocy-
JTApCTBEHHBIH MEIUITMHCKUN YHUBEPCUTET», OT0OpeHa
9TUYECKUMH KOMUTETAMU By3a (IpOTOKOJ Ne 83 oT 14
OKTAOPs1 2016 roa; mpoTokoJ Ne 107 oT 2 OKTAOPs1 2018
roga). lcmoJsib3oBanu ayTOpPemHBIX II0JIOBO3PEJIBIX
KpbIC cToKa Wistar (camubl macca 270-350 rp.). JKusot-
HBIX COTEPKaJIA B CTAH/IAPTHBIX JJAOOPATOPHBIX YCJIO-

formation of binuclear cells in this way was demon-
strated in neuronal culture. This provided a solid
proof for the possibility of formation of complex
cell structures in neural tissue by fusion. Data
demonstrating that gap junctions are capable of
transforming into syncytial perforations, and so-
matic gap junctions, under favorable conditions,
can transform neurons into dikaryons, have been
published. This suggests that perforation, gradually
embracing the cytoplasm of both fusion cells,
transforms them into a binuclear neuron [13, 14,
29]. This transformation is extended to the neu-
roglial interactions with the added possibility of
glial cell nucleus reprogramming [20].

Thus, the hypothesis of the role of cell fusion
in physiological and reparative regeneration of
nervous tissue can be considered valid. Therefore,
further research in this direction is necessary. In the
present work we carried out histological, immuno-
histochemical and morphometric study of different
binuclear pyramidal neurons (hetero- and
dikaryons) of layer III and V of sensorimotor cortex
of mature white rats in intact condition and after
40-minute occlusion of common carotid arteries.

Materials and Methods

The study was performed at the Omsk State Med-
ical University after being approved by the ethical com-
mittees of the university (Minutes Ne 83, October 14,
2016; Minutes Ne 107, October 2, 2018). Outbred sexually
mature Wistar rats (males weighing 270-350 g) were
used. Animals were kept in standard laboratory condi-
tions, the experiment was carried out according to the
«Rules of work with experimental animals» (Appendix to
the order of the Ministry of Health of the USSR from
12.08.77 Ne755) and with the guidelines of the Interna-
tional Council for Laboratory Animal Science, supported
by WHO, and Directive of the European Parliament
Ne 2010/63/EU dated 22.09.10 «On protection of animals
used for scientific purposes».

Acute incomplete cerebral ischemia was simulated
by 40-minute occlusion of the common carotid arteries
(OCCA) without hypotension. The choice of this model
was due to the fact that binucleate cellular structures
after incomplete ischemia in the neocortex, in contrast
to focal complete ischemia, have not been studied [19,
20]. The experiment was performed under anesthesia
with Zoletil 100 (5-7 units). Intact rats (n=5) served as a
control. At 1, 3 and 7 days after OCCA (n=15, 5 rats per
each time point) the brains were fixed by perfusion with
sequential injection of 100-125 ml of 0.9% NaCl solution
and dalteparin sodium (5,000 units) and 30 ml of 4%
paraformaldehyde solution on phosphate buffer (pH
7.2-7.4). The obtained material was embedded in ho-
mogenized paraffin (HISTOMIX®) using an STP 120. Se-
rial frontal sections (4 um thickness) were prepared using
an HM 450 microtome (Thermo) at the sensorimotor
cortex level.

Cell identification (nerve/glial cells) of SMC was
performed on Nissl, hematoxylin and eosin stained
preparations as well as by immunohistochemical reac-
tion for NSE, HSP-70, MAP-2 (neurons), GFAP (astro-
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BUSIX, 9KCIIEPUMEHT IIPOBOJUJIM B COOTBETCTBUU C
«[IpaBryTaMu IpoBeieHNsA paboT C MCIOIb30BaHHUEM
9KCIIEpUMEHTAJbHBIX SKUBOTHBIX» ([IpmyoskeHue K
npukady Munucrepcrsa 3npasooxpanenusa CCCP or
12.08.77 Ne755) u ¢ pekoMeHmanusaAMHu MeskayHapos-
HOTO KOMHUTETA 10 HayKe O JIA00PaTOPHBIX SKIMBOTHBIX,
noaaepskanHbix BO3, mupexktuBoii EBponeiickoro ITap-
aameHTa Ne 2010/63/EU ot 22.09.10 «O 3amuTe sKUBOT-
HBIX, UCII0JIb3YEeMBbIX JJIs1 HAyYHBIX LiesIeli».

OCTpyIo HeNoJIHYI0 MIIeMUI0 FOJIOBHOTO MO3Tra
MOJIeJIMPOBAJIH IIyTeM 40-MUHYTHOH OKKJIIO3FH OOIITHX
connbIx aprepuii (OOCA) 6e3 runoreH3nn. Berdop aToi
Mojiesi 6BLIT 00YCIIOBJIEH TEM, UTO JIBysIepHbIE KIIETOY-
HbIe 00pa30BaHMs IOCJIe HETTOTHON UIITEMUH B HEOKOP-
TeKce, B OWINYKe OT (POKATbHOU MOJHOUN UIIeMUU, He
U3y4daance [19, 20]. IKCnepruMeHT IPOBOIUJIHN IO Hap-
ko30M: Zoletil 100 (5-7 equnun). KonTposeM ciayskuin
WHTAKTHBIE KPBICHI (1n=5). Uepes 1, 3 u 7 cyTOk nocJie
OOCA (n=15, 1o 5 KpbIC HA CPOK) MO3T (PUKCUPOBAIU
nepdysueil nocaegoBareJbHbIM BBegeHreM 100-125
Mg pactopa 0,9% NaCl u ®parmuna (5000 equHALY) U
30 ma1 4% pacTtBOopa napadopmanbaeruga Ha ¢gocdar-
HOM Gydepe (pH 7,2-7,4). [TosryueHHBII MaTepHaI C Io-
MoIibio aBromara «STP 120» 3ak/1i04ay B TOMOTeHU31-
poBauHbIH mapaduH (HISTOMIX®). Cepuiiabie
¢ poHTaNBHBIE CPE3BI (TOIIIMHA 4 MKM) TOTOBUJIU C I10-
Mo1bio Mukporoma HM 450 (Thermo) Ha ypoBHe ceH-
comoTopHO# Kopbl (CMK).

Nnentudukanuio kietok (HeripoH/mus) CMK
NIPOBOAMJIY Ha IIpernaparax, OKpalleHHbIX TeMaTOKCHU-
JINHOM U 903MHOM, 110 Hucciio, a Takske IpU UMMYHO-
rucroxumMuiecko peakruu Ha NSE, HSP-70, MAP-2
(uetiponsl), GFAP (actponutsel) u AIF-1 (Mukporaus).
UucjieHHYI0 IVIOTHOCTh IUPAMUIHBIX HEHIPOHOB U acT-
POLIUTOB OIlpeeJisiin Ipu okpacke 1o Huccoo. Lutoc-
KeJIeT HelIpOHOB (Tesia U OTPOCTKU) U3Yy4dasu C IIOMO-
mpi0 peaknuu Ha MAP-2, KOTOpBIH 006paTUMO
CBSI3BIBAETCSI C MUKPOTPYOOUYKaMU ITUTOCKEJIETa, CII0-
co0OCTBYS UX ITOJIMMepU3aluy. LluTockesieT acTpoIUTOB
HM3ydJaJiy ¢ ToMolbio peakiny Ha GFAP, koTopsIii o6pa-
3yeT IPOMe)KyTOUHble (huIaMeHThl. Paciipeesenue cu-
HaAITUYeCKUX TepMUHaJIed BOKPYI HeIIpOHOB — C IIO-
momiplo  p38  (cmHamToM3WMH) U caspase-3.
Vcniosib3oBaHue 1151 BepuUKALUU TepMUHaIen cas-
pase-3, Hapsay c p38, o0yCJIOBJIEHO TeM, YTO 3TOT
J1eHI0TPOIHBIN (pepMeHT arnonTo3a IpUHUMAaeT aKTUB-
HOEe y4acTue B CUHAIITUYeCKOH IJIaCTUYHOCTHU U, KaK
p38, Jiokanuayercsa B TepMuHasAxX [30]. Mukpornno-
LUTHI BepU(pUIUPOBAIN C IOMOIIBIO cllelupuiecKon
VIS 9TUX KJIeTOK peakuyy Ha AIF-1 (aymoTpaHcianTar
BOCHAJIUTEJIBHOTO (pakTopa 1), TakKe U3BECTHBIN KaK
MOHU3UpPOBaHHAs1 KaJbIUii-CBA3BIBAIONIAs afanTep-
Hast MoJsiekyna 1 (IBA1). OneHky nposingepaTUBHOM aK-
TUBHOCTHU KJIETOK HepBHOU TkaHu CMK npoBoau/u c
nomMoublo peakuuu Ha Ki-67, KOTOphbIii sIBJIsA€TCA s1ep-
HBIM aHTUTE€HOM ¥ 0OHApY)KUBAETCS HA IPOTIKEHUN
BCEro KJIETOYHOIO IIUKJIA, a TOKOSIIUMUCS KJIeTKaMU
He 9KCIIPeCCUpyeTcs.

1151 UMMYHOTHUCTOXMMHUYECKOI0 UCCIeJ0BAHUSA
HCII0JIb30BAJIU I10JIM- U MOHOKJIOHAJ/IbHbIE aHTHUTeJIA.
NSE, HSP-70 — kpoJin4bH ITOJIMKJIOHAJIbHBIE aHTUTEJIA
K KpPBICHHOMY aHTUTEHY; pa3BedeHue 5-20 MKI/MJI
(Cloud-Clone Corp.). MAP-2 — KpOJUYbU MOJUKJIIO-
HaJIbHble aHTHUTeJsa, padBejeHue 1 MKr/mi (ab32454,
Abcam, CIIIA). GFAP — mMbIIIMHbIE MOHOKJIOHAJIbHbBIE

cytes), and AIF-1 (microglia). The numerical density of
pyramidal neurons and astrocytes was determined by
Nissl staining. The cytoskeleton of neurons (bodies and
processes) was studied using the reaction for MAP-2,
which reversibly binds to microtubules of the cytoskele-
ton causing their polymerization. The cytoskeleton of as-
trocytes was studied by reaction for GFAP, which forms
intermediate filaments. Distribution of synaptic termi-
nals around neurons was studied using p38 (synapto-
physin) and caspase-3. The use of caspase-3 for terminal
verification, along with p38, is due to the fact that this
pleiotropic enzyme of apoptosis takes an active part in
synaptic plasticity and, like p38, is localized in the termi-
nals [30]. Microglial cells were verified using a cell-spe-
cific reaction for AIF-1 (allograft inflammatory factor 1),
also known as ionized calcium-binding adaptor molecule 1
(IBA1). The proliferative activity of SMC neural tissue
cells was assessed using the reaction for Ki-67, which is a
nuclear antigen detectable throughout the cell cycle and
inot expressed by resting cells.

Poly- and monoclonal antibodies were used for im-
munohistochemical studies. NSE, HSP-70 were detected
with rabbit polyclonal antibodies to rat antigen with 5-20
pg/ml dilution (Cloud-Clone Corp.). For MAP-2 we used
rabbit polyclonal antibodies, 1 ng/ml dilution (ab32454,
Abcam, USA). GFAP were detected using ready-to-use
murine monoclonal antibodies, clone GA5 (Bond Ready-
to-Use Primary Antibody; Leica Biosystems Newcastle
Ltd, UK). p38 (synaptophysin) was diagnosed by ready-
to-use murine monoclonal antibody, clone 27G12 (Bond
Ready-to-Use Primary Antibody; Leica Biosystems New-
castle Ltd, United Kingdom). Caspase-3 was detected
using murine monoclonal antibodies, clone 3CSP03, 1:25
dilution (Diagnostic BioSystems Inc., USA). For AIF-1 de-
tection the rabbit polyclonal antibodies, 5-20 pg/ml di-
lution (Cloud-Clone Corp.) were employed. Ki-67 was
measured by ready-to-use murine monoclonal antibody;,
MIB-1 clone (Bond Ready-to-Use Primary Antibody;
Leica Biosystems Newcastle Ltd, UK).

Immunohistochemical reaction was performed on
sections placed on polylysine-coated slides. After reac-
tion with primary antibodies, the sections were incu-
bated with appropriate secondary antibodies, DAB (3,3'-
diaminobenzidine) = chromogen, stained  with
hematoxylin, and embedded in polystyrene. A No-
volinkTM (DAB) Polymer Detection System (Leica
Biosystems Newcastle Ltd., United Kingdom) kit was
used for imaging.

The preparations were photographed using a Leica
DM 1000 microscope (x100 objective, GXCAM-DM800
Unique Wrap-Around 8MP AUTOFOCUS USB camera,
pixel size 1.4x1.4 ym), and images were saved as tiff files
(2592x1944 pixels). For maximum contrast and sharp-
ness, we performed image correction using the Camera
Raw filter (contrast, white balance, and sharpness) in
Photoshop CC. Further morphometric study was per-
formed using Image] 1.52s software. To generate the or-
dered sample, we used randomly selected (macro by x/y
coordinates) color images of the neocortex with 10 re-
gions of interest of 50 pymx50 pm from each section,
saved as stacks. The generation of final samples (ran-
domization) of visual fields for each time period (n=30,
per time point) was done based on the obtained arrays
(100 stacks) of data using a random number generator in
Statistica 8.0 software. Thus, 30 randomly selected visual
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anTuTesa, KiIoH GA5, roToBble K mpuMeneHuio (Bond
Ready-to-Use Primary Antibody; Leica Biosystems New-
castle Ltd, Betmkoopuranus). p38 (cuHantonsnn) —
MBIIIUHBIE MOHOKJIOHAJbHBIE aHTUTeJ A, KJI0H 27G12,
rorosble K npuMeHeHuto (Bond Ready-to-Use Primary
Antibody; Leica Biosystems Newcastle Ltd, Bemukoopu-
TaHusA). Caspase-3 — MBIIINHbIEe MOHOKJIOHAJIbHBIE aH-
tuTesia, kKJI0H 3CSP03, pasBenenue 1:25 (Diagnostic
BioSystems Inc., CIIIA). AIF-1 — KpoJIn4bH ITOJIUKJIO-
HaJIbHBIE aHTUTeJsIa, padBegenue 5-20 Mkr/mi (Cloud-
Clone Corp.). Ki-67 — MbIIIIHbIE MOHOKJIOHAJIbHBIE aH-
TuTeNa, KJI0H MIB-1, roroBble k nnpuMmenenuio (Bond
Ready-to-Use Primary Antibody; Leica Biosystems New-
castle Ltd, BemukoOpuTanusi).

VIMMyHOTMCTOXUMHUYECKYIO peaKI1Io IPOBOIUIN
Ha Cpe3ax, IOMEeNIeHHbIX Ha ITOJINJIN3UHOBBIE ITPEIMEeT-
HBIE cTerJia. [Tocse pearknuu C IepBUYHBIMU AHTUTE-
JIaMH¥ Cpe3bl MHKYOUPOBAJIH C COOTBETCTBYIOIIIIMH BTO-
PUYHBIMU aHTUTEJIaMHU, XpPOMOI€HOM DAB
(3,3'-mnamMuHOOEH3UINH), TOKPATITUBAIN T€MATOKCHJIH -
HOM, 3aKJ/II0YaJH B IOJUCTUPOJI. /1 BA3ya/u3anuu
HCIOJIB30BAIN MYJIBTHMepHBIH Habop NovolinkTM
(DAB) Polymer Detection System (Leica Biosystems New-
castle Ltd, BemukoOpuTanusi).

IIpenapars! ¢pororpadupoBalu Ha MUKPOCKOIIE
Leica DM 1000 (o6bekTHB x100, kamepa GXCAM-DM800
Unique Wrap-Around 8MP AUTOFOCUS USB, pixel size
1,4x1,4 pm), n3o6paskeHne COXpaHsIN B (paiiyiax ¢ pac-
mpenueM tiff (2592x1944 nukcesent). JIas qocTmxe-
HUSI MAaKCUMaJIbHON KOHTPACTHOCTH M Y€TKOCTH M300-
pakeHUs1 IPOBOAMWJIU KOPPEKIHIO C IIOMOIIBIO
¢uierpa Camera Raw (ROHTpacTHOCTB, 6astaHc Hesioro,
uyeTkocTh) B Photoshop CC. [JanbHelinee MopdomMeTpu-
4ecKoe MCCJIeloBaHue OCYIeCTBJIsIJIM C UCII0Ib30Ba-
HueM nporpamMmsl Image]J 1.52 s. [lns ¢popMupoBanus
BapUAIMOHHBIX PSAOB UCIOIB30BAIN CIAYIalHBIM 00-
pasoM oToOpaHHBIE (MAaKpOC MO KOOpAWHATaM X/y)
[IBeTHBIe N300paskeHNs1 HeokopTekca — 10 obJracreit
HHTEpeCcoB pasMepoM 50 MKMx50 MKM C KasKI0ro cpesa,
COXpaHeHHbIe B BUJe CTeKOB. PopMHpOBaHUE OKOHYA-
TeJIbHBIX BEIOOPOK (PaHIOMU3aIHs) IToJIeH 3peHus I
KasKI0ro cpoka (n=30, Ha CPOK) MPOBOIUJIN U3 MOJIY-
4YeHHbIX MaccuBOB (100 CTEKOB) TaHHBIX C IIOMOIILIO T'e-
Heparopa cJIyJalHbIi yuces B IporpamMe Statistica 8.0.
TaknM 06pa3om, 71 KasKI0TO METOJa OKPACKH Ha CPOK
orbmpasu 1o 30 cryJaifHO BRIOPAHHBIX TI0JIeH 3pEeHUS
(o6aacTe mHTepeca) CMK. OOIIIyI0o YUCIEHHYIO MJI0T-
HOCTb IUPAMUAHBIX HeHpOoHOB B c10ax [I1u V CMK (11e-
pecuer Ha 1 MM?) oIlpefessAan 10 HAJIMYUIO AAPbIIIEK
Ha cpe3ax IepuKapuoHOB (0OKpacka 1o Huccmo). Hc-
MOJTb30BaHME MOJOOHOTO MOAX0a 00YCIOBJIEHO TEM,
UTO SIIPBIIIKO SBJAJIOCH YPE3BbIUAHHO YCTOHUMBOMN
CTPyKTYypoOU HelipoHa. Ero pasmeps! u ¢hopma He n3me-
HAJIACh Jake B KJIETKAX C ABHBIMU YJIBTPACTPYKTYp-
HBIMU IIpU3HAKaMM WIIEMHYECKOI0 IIOBPesKIeHUs
AApa U TATOILIAa3MBbI [2]. OTIe/IbHO PaCCYNUTBHIBAIN CO-
JiepsKaHre HeHPOHOB C IBYMA sIpaMH, C OTHIM U 6oJiee
ogHOTO AnpbImKa. Omnpepensiy copepskanne (%)
HOPMO- Y F'UIIepXPOMHBIX HEHPOHOB (HECMOPIIEHHbIX U
NUKHOMOPQHBIX). /17151 MOp(oMeTpruiecKkoro anaansa
TaK’Ke UCI0/Ib30BAJIM UMMYHOI'MCTOXUMUYECKYIO peaK-
muio Ha Ki-67 (mponudeparnBHas akTUBHOCTSD sifiep) U
AIF-1 (uncjeHHas NJOTHOCTh MUKPOIIMOIUTOB). Bece
octanbHble peaknuu (NSE, HSP-70, MAP-2, p38, cas-
pase-3, GFAP) ncnonbpaoBanu s uieHTU(DUKAIIAH CO-

fields (region of interest) of SMC were selected for each
staining method per time point. The total numerical den-
sity of pyramidal neurons in layers III and V of SMC (cal-
culated per 1 mm?) was determined by the presence of
nucleoli on perikaryon sections (Nissl staining). This ap-
proach was used due to the extreme stability of the neu-
ronal nucleolus. Its size and shape did not change even in
cells with obvious ultrastructural signs of ischemic dam-
age of nucleus and cytoplasm [2]. The content of neurons
with two nuclei, with one and more nucleuolus were cal-
culated separately. We determined the percentage (%) of
normochromic and hyperchromic neurons (nonshrinked
and pycnomorphic). Immunohistochemical reaction for
Ki-67 (proliferative activity of nuclei) and AIF-1 (numeri-
cal density of microglial cells) was also used for morpho-
metric analysis. All other reactions (NSE, HSP-70, MAP-2,
p38, caspase-3, GFAP) were performed to identify the cor-
responding structures by specific proteins.

Statistical hypotheses were tested using nonpara-
metric criteria (Mann-Whitney U-test, Kruskal-Wallis
ANOVA, Fisher's test) using Statistica 8.0 software (Stat-
Soft) [31]. Quantitative data in the study are reported as
median (Me —50% quartile) and interquartile range
(Q1-Q3, or 25-75% quartiles), fractions, percentages. The
null hypothesis was rejected with Bonferroni correction
at P<0.01.

Results and Discussion

In layers IIl and V of the SMC of control animals,
typical medium-sized (perikaryon 170-250 pym?) and
large (350-520 pm?) normochromic pyramidal neu-
rons with a large light nucleus containing a single
nucleolus and small amounts of heterochromatin
dominated (Fig. 1 a, b).

In immunohistochemical reactions, the bod-
ies and processes of pyramidal neurons were con-
sistently filled with the marker for MAP-2 (Fig. 1 ¢
and NSE (Fig. 1 d). Around the neurons (at the
perikaryon and apical dendrites) numerous synap-
tic terminals (rounded, high-density structures)
were located, which were clearly visible in im-
munohistochemical reactions for p38 (synapto-
physin) and caspase-3. In these reactions, the SMC
neuropil is represented by a homogeneous sub-
strate of densely arranged DAB chromogenic dots
(Fig. 1 e, fi. Immunohistochemical reactions (NSE,
MAP-2, p38, and caspase-3) produced images in
which the perikaryon compartment was visually
«cut off» from the surrounding neuropil structures.
This allowed us to clearly visualize complex cellular
structures of the binucleate hetero- and dikaryons
(Fig. 1 ¢) type, previously found in the neocortex by
other authors mainly using classical histological
staining methods [17-19].

Astrocyte bodies (8-10 pm) and processes
were seen as a network that filled the space be-
tween the SMC perikaryons. Astrocyte bodies were
round with a narrow band of cytoplasm around the
nucleus containing GFAP. Astrocytes were often de-
tected in close contact with the perikaryon, but

never inside it (Fig. 2).
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OTBETCTBYIOIIAX CTPYK-
TYp IO cienudruuecKuM
Oeskam.

IIpoBepky craru-
CTUYECKUX TUIIOTE3 OCY-
IIeCTBJISAIN HelapaMerT-
PUYECKUMU KPUTEPUAMU
(Mann-Whitney U-test,
ANOVA Kraskel-Wallis,
x2-Kputepuii, dumiepa) c
TIOMOIIIBI0 IIPOTPAMMBI
Statistica 8.0 (StatSoft) [31].
KosmmuecTBeHHble [maH-
HbI€ B MCCJIeJOBAaHUU
npencraBJ€Hbl MeauraHa
(Me — 50% KBapTW/b) U
WHTEPKBApPTUILHBIN pas-
6poc (Q1-Q3 — 25-75%
KBapTUJIN), [OJH, IIPO-
nenTsl. Hynesaa rwurmo-
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OHOsIIEPHbIE  CPeJi-

Hue (IIepuKapuoH 170-
250 MKM?) U KpYyIIHBIE
(350-520 MKM?) HOpMO-
XpOMHBbIe INPaMUTHbIE
HeWpPOHBI C KPYIHBIM
CBETIBIM IPOM, COLep-
SKAIIUM OIHO SIAPBIIIKO
1 HeOOoJIbIIIoe KoJIhve-
CTBO reTepoxpoMaruHa
(puc. 1, a, b).

Puc. 1. Heiiponsl cios III (a, ¢, d, f) u V (b, ) ceHCOMOTOPHOI KOPBI TOJIOBHOTO MO3ra 0eJIbIx
KpBIC B HOpMe.

Fig. 1. Neurons of layer III (q, ¢, d, f) and V (b, e) of the sensorimotor cortex of intact white rats.
Note. Normochromic pyramidal neurons predominate, uniformly filled with MAP-2-positive ma-
terial (d), p38- (e) and caspase-3-positive (c) synaptic terminals are located around the bodies and
dendrites of pyramidal neurons in the neuropil. Pyramidal neurons are indicated by the arrows.
Nissl staining (a, b), immunohistochemical reaction for NSE (¢), MAP-2 (d), p38 (e), and caspase-3
(f). Magnification x100; scale 20 pm

ITpumeuanue. [IpeBaanpyioT HOPMOXPOMHBIE IUPaMUIHbIe HEHPOHBI, pPABHOMEPHO 3aII0JIHEH-
Hble MAP-2-1103UTUBHBIM MaTepuasioM (d), BOKPYT TeJI U IeHAPUTOB IUPpaMUIHBIX HEHPOHOB, B
Helpomnuje pacroJiaratorcsi p38- (e) u caspase-3-MO3UTUBHBIE (€) CHHANITHYECKUE TEPMUHAJIH.
Crpesiku — nupamMugHblie HelipoHbl. Okpacka 1o Huccio (4, b), ”(MMyHOTMCTOXMMUYECKas peak-

IIpu wmmMmyHOrHU-
CTOXUMHUYECKUX peaK-
LOUAX TeJIa U OTPOCTKU
NUPAMUAHBIX HEWPOHOB OBLIM PaBHOMEPHO
3aroJ/iHeHbl MapkepoM Ha MAP-2 (puc. 1, ¢) u NSE
(puc. 1, d). Bokpyr HeiIpOHOB (Ha IEPUKAPUOHE U
aNMMKaJIbHBIX JEeHAPUTAX) pacloJarajochk 00Jb-
II10€ KOJINYeCTBO CHHANTUYECKUX TepMHUHaJsei
(OKpyI/Ible CTPYKTYPbl BBICOKOH IIJIOTHOCTH),
KOTOPBIe XOPOIII0 BUAHBI IPU UMMYHOTHUCTOXUMU-
YecKol peaknuu Ha p38 (cMHANTO(MU3WH) U Cas-
pase-3. Ilpu atux peaknusax Hetiponuiab CMK
IIpeJicTaB/IeH OHOPOAHBIM CyOCTPaTOM U3 IJIOT-
HO pacmoJIOsKEeHHBIX ToueK XpoMoreHna DAB (puc.
1, e, f). UmmyHOTHCTOXMMIYEeCKUEe peakunu (NSE,
MAP-2, p38 u caspase-3) cos3maBasu usobpaske-
HUsI, HA KOTOPBIX KOMIIAPTMEHT IIepUKapUOHA
BU3YaJIbHO «OTCEKAJICS» OT OKPY KAIOIINX CTPYK-
Typ Helponu/is. ITO I03BOJIAJIO XOPOIIO BUAETH

st Ha NSE (¢), MAP-2 (d), p38 (e) u caspase-3 (fj. O6bekTuB x100; mkama — 20 MKM.

In intact animals, small (21.2 [30.8-42.6] pm?)
inactive microglial cell with an oval nucleus (5x7.5 pm)
and thin processes prevailed in SMC, which were
detected as part of glio-microvascular complexes
(Fig. 3 a), in a free state in neuropil (Fig. 3 b), and in
close contact with perikaryons without ODCs
(Fig. 3 ¢) and in combination with them (Fig. 3 g). At
the same time, we observed binucleate cell struc-
tures in which MGC nuclei were in contact with
neuronal nuclei, which indicated deep invagina-
tion of MGCs into the perikaryon (Fig. 3 ¢). The lat-
ter was also characteristic of the ODCs (Fig. 3 g).

After acute ischemia induced by 40-minute
OCCA, pyramidal neurons of layers III and V of the
SMC underwent hydropic and protein dystrophy,
necrobiosis with hypo-, hyperchromia, and
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Puc. 2. ActpouuTsl cJios III ceHCOMOTOPHO# KOPBI TOJIOBHOT'O
Mo3ra 0eJIbIX KPBIC B HOpMe.
Fig. 2. Astrocytes of layer III of the sensorimotor cortex of in-
tact white rats.
Note. The bodies (red arrows) and processes (yellow arrows) of
astrocytes (#) fill the space between perikaryons (black arrows)
like a network; astrocyte bodies are in close contact with
perikaryon. * — nuclei of pyramidal neurons. Immunohisto-
chemical reaction for GFAP. Magnification x100; scale 20 pm.
IIpumeuanwue. TeJsia (KpacHbIE CTPEJIKUA) U OTPOCTKU (sKeJIThble
CTPEJIKU) aCTPOLIUTOB (/) B BUJI€ CETH 3aIIOJIHAIOT IIPOCTPaH-
CTBO M€Ky TepUKapUOHaMU (YepHbIE CTPEJIKH), TeJIa aCTPO-
IIUTOB B TECHOM KOHTAKTE C IEPUKAPHOHOM. * — sipa nupa-
MM/IHBIX HEHPOHOB. IMMYyHOTUCTOXUMUYECKAs peaKIus Ha
GFAP. O6bekTuB x100; mkasia — 20 MKM.

CJIO’KHBIE KJIETOYHbIEe 00pa30BaHUs TUTA JIBYS-
JIepHbBIX 'eTepo- U JUKAPUOHOB (puUc. 1, ¢), onucas-
HBIX paHee B HEOKOPTEKCe IPYIrUMU aBTOPaMu B
OCHOBHOM IIPH KJIACCUYECKUX I'UCTOJIOTAYECKUX
MeTo/ax OKpamuBanua [17-19].

Tesa actponuToB (8—-10 MKM) ¥ X OTPOCTKUA
ObITM TIpe/CcTaBJEHBI B BHJE CETH, KOTOpas
3aII0JIHAJIO IPOCTPAHCTBO MEKIY IIepUKapuoHa-
Mu CMK. Tena acTpouuTOB HMeJH KPYLJIYIO
dopmy, y3Kas nojoca HUTOIJIa3Mbl BOKPYT siIpa
conepskasia GFAP. AcTporThI 4acTO BBISIBJISJINCH
B TECHOM KOHTAKTe C [IEpPUKAPUOHAMHU, HO HUKO-
rJa ux He OBLIO BHYTPU ITEPUKApHUOHA (PUC. 2).

B HOpMme B CMK npeBasipoBanu Mmejakne —
21,2 (30,8-42,6) MKM? — HeaKTUBHbI€ MUKDPOLJINO-
LIUTHI C OBAJIBHBIM AIPOM (5x7,5 MKM) U TOHKUMU
OTPOCTKaMH, KOTOpbI€ BBIABJAJINCH B COCTaBe
IVINO-MUKPOBACKY/IAPHBIX KOMILJIEKCOB (puc. 3, a),
cBoOOMHO B Helipomnuie (puc. 3, b), a TakyKe B Tec-
HOM KOHTAaKTe C TepuKapruoHamu 6e3 (puc. 3, ¢) U B
coueranuu ¢ OJIL (puc. 3, d). [Ipu arom oTmMeuanu
IBysIepHBIE KJIETOYHbIE KOMIIO3UIINH, B KOTOPBIX
sanpa MI'L] KOHTaKTUPOBAJIM C sIIPaMU HEUPOHOB,
YTO CBHUJIETEIHCTBOBAJIO O UIyOOKOM MHBarMHAIIN
MI'TI B mepukapuoH (puc. 3, ¢). [lociienaee 66110
Takke cBolicTBeHHO U 1y1s1 O/I1] (puc. 3, d).

[Tocne ocTpoit wuilieMuu, BbI3BAHHOU 40-
MuHYyTHOU OOCA, nupaMuHble HEHPOHBI CJIOEB

Puc. 3. Ciroii 111 (a, b, ¢) n V (d) ceHCOMOTOPHOI KOPBI FOJIOB-
HOTI'0 MO3ra 0eJIbIX KPBIC B HOpMe.

Fig. 3. Layer III (a, b, ¢) and V (d) of the sensorimotor cortex of
the intact white rat brain.

Note. Inactive microgliocytes (red arrows) with processes are
predominant and are detected as part of the glio-microvascular
complex (a), in the neuropil (b), in close contact with the peri-
carion without oligodendrocytes (¢) and in combination with
them (d). * — pyramidal neurons, black arrows indicate oligo-
dendrocytes. Immunohistochemical reaction for AIF-1. Magni-
fication x100; scale 20 pm.

IIpumeuanue. [IpeBaIMpyIOT HEAKTUBHBIE MUKPOLIAOIUTHI
(KpacHBIE CTPEJIKH) C OTPOCTKAMU, KOTOPBIE BBISIBJISTIOTCS B CO-
cTaBe [INO-MUKPOBACKYJISIPHOTO KOMILIEKCA (), B Hefponusie
(b), B TECHOM KOHTAKTe C IEPUKAPUOHOM 0€3 () U B COUeTaHUU
¢ omurofieHapoIUTaMu (d). * — nupaMuIHbIe HEUPOHBI, Yep-
HBI€ CTPEJIKYU — OJIUTOIEHAPOIUTHL. IMMyHOTHCTOXUMUYECKasT
peaxius Ha AIF-1. O6'bekTuB x100; mkana — 20 MKM.

perikaryon shrinkage, and phagocytosis. However,
hyperchromic staining pattern without neuronal
shrinkage and with it predominated. Different de-
grees of vacuolization, hyperchromia, and
perikaryon shrinkage (high heteromorphism of al-
tered neurons) were noted in neighboring areas of
SMC. A large number of glial cells, such as ODCs,
astrocytes and MGCs included into in glio-mi-
crovascular complexes, in neuropil, in close contact
with perikaryons and dendrites, in phagocytic
structures were noted (Fig. 4). Thus, 3 days after
OCCA, the neuroglial index of SMC increased from
1.62 (1.53-1.81) to 2.72 (2.48-3.10) (median; Mann-
Whitney U Test; P=0.001).

Changes in neurons and glial cells were ac-
companied by increased proliferation of SMC neu-
ral tissue cells. In intact animals, only 6.2 (95% CI:
2.4-12.9) out of 100 neuroglial cells in SMC had
Ki67-positive nuclei. 3 days after OCCA, this con-
tent increased to 18.6% (95% CI: 11.6-27.6%)
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Puc. 4. ITupaMuiHbIe HeHPOHBI H IIMOIUTEI CJ1051 V CEHCOMOTOPHO#H KOPBI TOJIOBHOTO M0O3Ta 0eJIbIX KPBIC B IOCTHIIEMHUYe-
CKOM nepuoje (3-e CyTok).

Fig. 4. Pyramidal neurons and gliocytes of layer V of the sensorimotor cortex in white rats post ischemia (day 3).

Note. Various degrees of hyperchromic vacuolization and pericarion shrinkage (arranged in ascending order of severity); large num-
ber of glial cells seen as round dark oligodendrocytes (red arrows), lighter astrocytes (yellow arrows), dark oval or irregularly shaped
(black arrows) and rounded (blue arrows) microglia cells around a pycnomorphic neuron. Green arrows indicate capillaries with
endothelial cells and perivascular edema. Hematoxylin and eosin staining. Magnification x100; scale 20 pm.

ITpumeuanue. Pa3Has CTeNeHb BAKYO/IU3AIUN THIIEPXPOMUY U CMOPINUBAHMS IEPUKAPUOHOB (PACIIOJIOKEHB] B IIOPSAIKE Ha-
pacTaHus IpU3HaKa); GOJIBIIOE KOJINYECTBO NINATHHBIX KJIETOK — KPYIVIBIX TEMHBIX OJIUTOI€H/IPOIIUTOB (KPACHbIE CTPEJIKH),
6oJIee CBET/IBIX ACTPOIUTOB (SKeJIThIE CTPEJIKH), TEMHBIX OBAJIbHBIX UJIH HEIPABUIILHOHN (POPMBI (YepHBIe CTPEIKN) U BOKPYT
IIKHOMOP()HOTO HelipOHa OKPYIVIBIX (CHHHUE CTPEJIKY) MUKPOLIHOINTOB. 3eJIeHbIe CTPEJIKY — KAUJISAPBI C 9HA0TeTHATbHBIMI

KJIETKAaMHU, IEPUBACKY/ISIPHBII 0TeK. OKpacKka reMaTOKCHU/IMHOM U 903UHOM. OO0 beKTHB x100; mKaia — 20 MKM.

[II u V CMK nonBeprajau rTHAPONNYECKON U OeJT-
KOBOU MUCTPOG U, HEKPOOMOTHIECKUM U3MeHe-
HHUAM C T'uiio-, FHHerpOMHEfI U CMOpIIYUBaHUEM
[IepUKAPUOHOB, a TAKsKe IIpoleccaM (paronurosa.
OnHako, mpeobJ1aiany TUIEPXPOMHbIE THHKTOPH -
aJTbHbIEe U3MeHeHUs1 0e3 M CO CMOPIIUBAHUEM
HelpoHOB. B cocennux yuyactkax CMK ormeuanu
pasHyIo CTelleHb BaKy0JIN3aluy, TUIIEPXPOMUU U
CMOpIIMBaHUSA IEPUKAPUOHOB (BBICOKAS reTepo-
MOp¢HOCTh N3MEHEHHBIX HEHPOHOB). OTMeya
00JIBIIIOE KOJIUYECTBO NINAJIbHBIX KiaeToK — OJIL,
actpouuToB 1 MI'Tl B cocTaBe INIMO-MUKPOBACKY-
JISIPHBIX KOMILJIEKCOB, B HeHpoIuiie, B TECHOM KOH-
TaKTe C IepUKAPUOHAMM U JIEHIPUTAMU, B COCTaBe
(paroruTrpytomnyx cTpyKTyp (pHcC. 4). Tak, yepes 3-e
cyTok rnocjie OOCA HeliporuanbHbli nHAEKC CMK
yBesimyuBasicd or 1,62 (1,53-1,81) mo 2,72 (2,48-3,10)
(memmana; Mann-Whitney U-test; p=0,001).

W3meHeHNsA HEIPOHOB U NIMAJIBHBIX KJIETOK
COTIPOBOKIATNCH YBEJTWYEHHEM MTPOJTH(pepaTuB-
HOU aKTUBHOCTHU KJIE€TOK HepBHOU Tkauu CMK. B
HopMe u3 100 HelpornuaabHbIX KjaeTok CMK
TOJIBKO 6,2 (95% JIM: 2,4-12,9) umeau Ki67-mo3u-
TUBHBIE A1pa. Yepea 3-e cyTok nocsie OOCA aToT
IokasareJjib yBeanuyusajica 1o 18,6% (95% [JU:
11,6-27,6%) (x%=5,9, d=1, p=0,01). BoJsiee BbicOKas
IJIOTHOCTh KJIETOK HEHpPOIJINU yBeJIMYuBasa
(pu3mHecKnii KOHTAKT C HEMPOHAMHU, CIIOCOOCTBYS
HUX CJAUSHHUIO [29].

Taosmna 1. Cogepskanue (10J151) HOPMOXPOMHBIX He -
POHOB ¢ IByMs M 0oJiee siiphInkaMu B ciioe 111 u V
CEHCOMOTOPHOI KOPbI MO3ra KpPbIC B HOPMeE H IIOCTH-
HIEMUY€eCKOM IepHoJie.

Table 1. Percentage of normochromic neurons with two
or more nucleoli in layer III and V of the sensorimotor
cortex in intact animals and post ischemia.

Time point Layers
111 \4
Baseline 15/200 8/200
p=0.201-v
Day 1 52/200 22/200
P=0.00001* P=0.01%, %2=14.0;
P=0.0002"-Y
Day 3 57/200 29/200
P=0.00001* P=0.0004*
%?=0.20; P=0.65*  y°=0.81; P=0.37*
%?=10.8; P=0.001""-V
Day 7 100/200 49/200
P=0.00001* P<0.00001*

%%=18.5; P<0.0001* y?=5.75; P=0.01*

%%=26.7; P<0.0001"-V

Note.* —vs the control (Fisher criterion); # — vs the previous time
point; "V — between the layers (Fisher criterion, y? criterion). The
null hypothesis was rejected after Bonferroni correction at P<0.01.
In each time point 200 nucleolated neurons were assessed.
IIpumeuanue. Time point — Bpems ucciiegoBaHust; baseline —
HOpMa; day — cyTKH; layers — cjion. * — cpaBHeHUe ¢ KOHTPO-
JeM (kputepuii duiiepa); ¥ — npeabIIyIIUM CpokoM; -V —
MesK1y caosiMu (kputepuit duiiepa, kputepuit y2). Hymnesas
TUII0Te3a OTBepraiack C yaeroM Koppekuuu bondepponu npu
p<0,01. B kaxgoM cpoke oreHnBaIu 110 200 HEUPOHOB C AJ-
PBIIIKAMHU.
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B pesynbrare nosiBjieHUs1 0OJIBIIIOTO KOJIUYe-
CTBA WIIEMHUYEeCKH U3MeHEHHBIX HelpoHOB
(BaKyoJIM3MPOBAHHBIX, T'HUIIO-, TUIIEPXPOMHBIX)
nocsie 40-munHyTHOM OOCA B pa3INyHbIX CJIydali-
HBIX IT0JIAX 3peHusA CMK craTucTuyecky 3Ha4uuMo
YMEHBIIAJ0Ch COJepsKaHue HOPMOXPOMHBIX
NUpaMUIHBIX HEHPOHOB (1o 10-90%). Takoii pas-
OpocC CBUIETEeIbCTBOBAJ O BRIPAKEHHOM 0Yaro-
BOM XapakTepe THUHKTOPUAJIbHBIX M3MEHEHUU.
[Tpu aTom o6111as1 Ync/ieHHasI IVIOTHOCTh Helpo-
HOB Yepe3 7 CyTOK HabJioneHus B cioe 11l ymeHb-
maJsack Ha 26,4% (p=0,001), B HOpMe — 442
(352-485), a cioe V— Ha 18,5% p=0,01), B HOpMe
290 (244-331) na 1 mm? (Mann-Whitney U-test).

[Tocsie OOCA cpeny cOXpaHUBIIIMXCS HOPMO-
XPOMHBIX HEPOHOB OTMEYaJsIN 04aroBoe yBesye-
HUE JT0JU KJETOK ¢ 2-1 U OoJiee sIpBIIIKAMU B
snpe. MakcuMasibHOE collepskaHre TaKuX Helpo-
HOB oTMeyvaJsiu B ciioe Il 1 Vuepes 7 cyTok (Taba. 1).

Ha ¢oHe oOpaTUMbIX 1 HEOOpaTUMBbIX U3MeE-
Hennit B CMK mosiBiisisiock 60Jib110€ KOJUYe-
CTBO IEPUKApPUOHOB C MpPU3HAKAMU Pa3HBIX
(mocaenoBaresbHBIX) CTaAUM (OpMHUpPOBAHUS
CJIOKHBIX IIEPUKAPUOHOB C IBYMS sIIpaMH B IJIOC-
KOCTH Cpe30B (pHUC. 5). ITU CTaIuU paHee ONMCaHbl
IIPY JPyTUX [1aTOJI0TUYECKUX

(?*=5.9, d=1, P=0.01). A higher density of neuroglia
cells increased physical contact with neurons, pro-
moting their fusion [29].

As a result of a numerous ischemic neurons
(vacuolated, hypo-, hyperchromic) emerging after
40-minute OCCA, the content of normochromic
pyramidal neurons decreased significantly (up to
10-90%) in various random visual fields of SMC.
This variation indicated a marked focal pattern of
the staining changes. The total numerical density
of neurons after 7 days of observation in layer III
decreased by 26.4% (P=0.001) (in the intact group
it was 442 [352-485] per 1 mm?) and in layer V by
18.5% (P=0.01) (in the intact group it was 290
[244-331]) per 1 mm?) (Mann-Whitney U Test).

A focal increase in the fraction of cells with 2
and more nucleoli was observed among the pre-
served normochromic neurons after OCCA. The
maximum content of such neurons in layers IIT and
V was noted after 7 days (table 1).

Along with reversible and irreversible changes
in SMC a large number of perikaryons with the
signs of different (sequential) stages of complex
perikaryon formation with two nuclei in the section

were found (Fig. 5). These stages have been previ-

COCTOSTHUSIX: cOIMXKeHNE
KJIETOK — CJIUSIHHE X MEM-
OpaH — OPOHUKHOBEHUE B
nepukapuoH — obOpasoBa-
HUEe TeTepo- W [UKapPUo-
HOB [17, 20, 29]. B iponeccax
cymsaHuA yyacrsoBaan O/l u,
ropasno peske, MITI (puc. 5).
MBpI nipefiroJiaraeM, uTo rocye
WIleMUH peaJnsyercs JBa
THIIa B3aMOOTHOIIIEHWI HEeH-
POHOB ¥ pa3HbIX TUTIOB MIT]—
aroruTapHoe (CaHOTeHe3) C
paspyleHreM IepuKapyuoHa 1
He (parorTapHoe (KOMIIeHCa-
1y, perapanusi 6e3 paspy-
LIeHUA) cIusAHNe. BepoAaTHO,
TEPBBIN TUII CBsI3aH C aMme00-
ugHbiMu MI'1], a BTopoii — ¢
He aKTUBUPOBaHHbIMU MI'TI.

, V caoit

B nosib3y dopmuposBa-
HUSA 1ociae 40-MUHYTHOH

OOCA rerepo- U IUKapuo-
HOB  CBUJETEJIbCTBOBAJIN
TaK)Ke JaHHbIe HAaIero
MMMYHOTHCTOXUMUYECKOTO
HCCIeq0BaHUs, MO3BOJIUB-
e 1o Helpocnenudpuie-
CKUM MeTKaM [OJIyYUTh
HOBYI0 MH(OPMAIHIO O TIPO-
CTPAHCTBEHHOM PaCIOJIOKe-
HUU KOHTAKTUPYIOIIUX KJIe-
TOK U HeliponuJisi. Oco6eHHO

Puc. 5. Ciio:xHBIe KJeTOYHbIe KOMIIO3UILUH (reTepo- U AUKapHuoHEbI) B cioe III u V cenco-
MOTOPHO#1 KOPBI FTOJIOBHOTO MO3T'a 6eJIbIX KPBIC B IOCTHILIEMHUYECKOM Ieprojie (3-€ CyTOoK).
Fig. 5. Complex cell patterns (hetero- and dikaryons) in layer III and V of the sensorimotor
cortex of white rats during the postischemic period (day 3).

Note. Different degrees of spatial distribution complexity of neural tissue cells. * — pyram-
idal neurons; black arrows — oligodendrocytes; yellow arrows — astrocytes; red arrows —
microglyocytes; green arrows — endothelial cells and pericytes. Nissl staining. Magnification
x100; scale 20 pm.

IIpumeuanue. Pa3Has CTeIIeHb yCI0KHEHNs IPOCTPAHCTBEHHOTO pacCIIpeie/IeHHs Kle-
TOK HEPBHOH TKaHU. * — NMUpaMUIHble HEHPOHBI; YepHbIE CTPEJIKUA — OJIATOJeHAPO-
LIATBI; KeJIThble CTPEJKH — aCTPOLUTHI; KPACHBbIE CTPETKA — MUKDPOIIMOIUTHI; 3eJIe-
HBIEe CTPEJIKU — IHAO0TEJNONUTHI 1 nepunuThl. Okpacka o Huccio. O6sekTus x100;
mKassa — 20 MKM.
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HarIAAHO (KOHTPACTHO) 3TU
KOMIIapTMEHTHI BUJIHBI IIPU
peaknuu Ha p38 u caspase-3
(puc. 6).

B nponecce Hemnocpen-
CTBEHHOTO CJIMSAHUSA C IIepu-
KapuoOHaMu Yy4acTBOBaJIH,
BEPOSITHO, HE BCe TUITbI HEN-
pOIIMaIbHBIX KJIETOK.
[locnenHee He  yoajoch
II0Ka3aTb OJIA acTPOLIUTOB
(obeux Tumnos). Mx Tejsa
TOJIBKO KOHTAaKTUPOBAJIU C
IIepuKapyuoHaMy, He [IPOHU-
Kasg 3a IpejeJsbl BHEIIHUX
KOHTYPOB (pHuc. 2, 7, a—c). Ml
noJjlaraeM, 4YTO CJAHSHUIO
KJIETOK NIPenATCTBOBAJ
SKeCTKUM Tnodubpusisp-
HBIA ITUTOCKEJIET ACTPOIIU-
TOB, KOTOPBIH, TOJBKO B
KPYIHBIX BETBAX OHOI'O aCT-
pouuTa oXBaTbIBaJI Ha Cpe3e
780-1500 MKM? 1 OBLI CyIIle-
CTBEHHO OO0JIbllle TepUKa-
puoHa (mJomanb KPymHOTO
nepruKapuoHa Ha puc. 1 b—
370 Mxm?). OgHaKo, 9TO He
3HAYUT, YTO aCTPOLMUTHI He
y4yacTBOBaJIM B IIpoliecce
o0pa3oBaHusi TreTepo- U
JIUKAapUOHOB. MeJjikue OoTpo-
CTKY IPOTOIJIa3MaTUYeCKUX
ACTPOLIUTOB  «OKYTHIBAJIN»
HUIIY, B KOTOPBIX IPOUCXO-
nuiio camsaaue O/I1 u nepu-
KapuOHOB, KOHTPOJHUPYH,
BEpPOATHO, MUKpOCpeny
aToro mpoliecca (puc. 7, b, ¢).

[lo nuTeparypHbIM JaH-
HbBIM U CYIIIeCTBYIOIIM T'UII0-
Te3aM, IocJe UIIeMUU reTe-
pokapuoHbl  (hOPMUPYIOTCS
n3 O/I1] 1 nepuKapuoHoB [17,
20, 29]. MpBI moJiaraem, 4To
moloOHOE  TIPEeJCTaBJIEHHE
HY’KHO PacIIUpPUTh U BKJIIO-
YUTH B YUCJIO IPETEHIE€HTOB
(mnu nmomoinuukos) MI'TI. B
II0JIb3y 9TOr0 CBUJETEJIb-
CTBYET TO, YTO 9TH JBE KJIE€TKU
4acTO BCTpEYaIuCh BMeCTe,
“MeJsr NIPUMEPHO OJUHAKO-
Bble pa3Mephbl, BbIABJIAINCH
PAIOM C HEIOBPEKIEHHbIMU
HeiipoHamu (puc. 3, 5, 7), TO
eCThb, (PYHKIIMOHUPOBAIN B
KOMILJIEKCAX, BRBAMHO JOIT0JI-

HSSA IPYT APyTa.

Puc. 6. IMMyHOrHCTOXHMHY€ECKOE IIPeICTaBJIeHHE NPOCTPAHCTBEHHOI0 COOTHOIIEHH A
crenu@uIecKux 0eJIKOB HEPBHOM TKAaHU B ABYsSAEPHBIX KJIETOYHBIX 00pa30oBaHUAX
(uepHble cTpenkn) caos Il (a, e, ¢, f; g u'V (b, d) ceHCOMOTOPHOIi KOPHI TOJIOBHOTO MO3ra
OeJibIX KpbIC Yepe3 1-u (a, b), 3-e (d, e, f; ) 1 7 CyTOK (€) B IOCTHIIIEMHYECKOM IIEpPHOJIE.
Fig. 6. Inmunohistochemical representation of the spatial relationship of specific neural
tissue proteins in double-nucleated cell structures (black arrows) of layer Il (a, ¢, ¢, f; g
and V (b, d) of the sensorimotor cortex of white rats on days 1 (a, b), 3 (d, e, f; g, and 7 (¢
post ischemia.

Note. The red arrow indicates a mononuclear neuron. Immunohistochemical reaction for
NSE (a), MAP-2 (b), HSP-70 (¢), p38 (d), and caspase-3 (e-g). Magnification x100; scale 20 pm.
IIpumeuanue. KpacHast cTpesika — OIHOSIIEPHBII HEMPOH. IMMYHOTHCTOXUMUYECKAST
peaknus Ha NSE (a), MAP-2 (b), HSP-70 (¢), p38 (d) u caspase-3 (e-g). O6bexkTus x100;
mKajsa —20 MKM.

Puc. 7. [IpocTpaHCTBEHHOE COOTHOLIEHHE ACTPOLMTOB M MX OTPOCTKOB (KpacHbIe
CTpeJIKH), OJIMIOJEHJPOLUTOB (YepHble CTPeJIKH), MHKPOIVIMOLHUTOB (3e/ieHbIe
CTpEeJIKH) U MMPaMUTHBIX HeHpoHOB (*) ci1os III (a, b, d) u V (¢) ceHCOMOTOPHO# KOPBI
TOJIOBHOTO MO3ra 0eJIbIX KPBHIC B IOCTHIIIEMHYECKOM IepHo/e (3-e CyToK).

Fig. 7. Spatial relationship between astrocytes and their processes (red arrows), oligoden-
drocytes (black arrows), microglyocytes (green arrows), and pyramidal neurons (*) of
layer III (a, b, d) and V (c) of the sensorimotor cortex in white rats post ischemia (day 3).
Note. Inmunohistochemical reaction for GFAP (a-c) and AIF-1 (d). Magnification x100;
scale 20 pm.

IIpumeuanue. ImmyHorHcToXuMu4eckas peakuusi Ha GFAP (a—c) u AIF-1 (d). O0bekTuB
x100; mkajsa — 20 MKM.
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Tabmuna 2. O01asA YrcjeHHas MJIOTHOCTH (Ha 1 MM?) BceX TUIIOB MHUKPOIVIMOIUTOB U OJIUTO/IEHPOIIMTOB B
CMK (cJiom I1I + V) Gesibix KpbIc B HOpMe 1 riocsie OOCA.
Table 2. Total numerical density (per 1 mm?) of all types of microglial cells and oligodendrocytes in the SMC

(layers III + V) of intact white rats and after OCCA.

Groups Cells
Microgliocytes, Oligodendrocytes,
reaction for AIF-1 Nissl staining
Control, n=30 vision field 64.0 (32.0-64.0) 60.2 (30.0-68.5)
P=0.6v°
Day 1, n=30 96.0 (95.0-128.0) 65.4 (25.0-75.0)
P=0.0001* P=0.01%; P=0.0003"-°
Day 3, n=30 78.0 (64.0-96.0) 57.5 (50.0-70.0)
P=0.0002%; P=0.01** P=0.3% P=0.01*%
P=0.003"°
Day 7, n=30 78.0 (64.0-96.0) 77.5(52.5-87.5)
P=0.001%; P=0.64** P=0.001%; P=0.001*%;
P=0.8"—°

ANOVA Between the time points (day 1, 3, 7)

H (2.N=102)=11.5; P=0.003*

H (2.N=100)=9.2; P=0.01*

Note. * — vs the control; ** — vs the previous time point; ¥° — between the MGCs and ODCs (Mann-Whitney U Test); * — between
the time points after ischemia (ANOVA Kruskal-Wallis). The null hypothesis was rejected after Bonferroni correction at P<0.01. The

data presented as Me (1 and 3 quartiles).

IIpumeuanue. Cells — kiteTky; Nissl staining — okpacka o Huccuio; vision field — moste spenus; between the time points — mesxy
CpOKaMH (CyTKH). * — CpaBHEHUe C KOHTPOoJIeM; ** — ¢ IpeIbIyIIUM CPOKOM; ¥~ — MesKly MUKPOIVIMOIIUTAMU U OJTUTOEHAPO-
mutamu (Mann-Whitney U Test); * — mesxay cpokamu nocste nmemun (ANOVA Kruskal-Wallis). HyneByro rumoresy orBeprastu ¢
ydeToM Koppekuuu Bordepponu npu p<0,01. Marepuast npeacTaBu/Id Kak Meuany (1 u 3 KBapTuiin).

B noctumemMnyeckoM nepuojie U3SMEHSJINCh
rnmokasaresn (popMbl, KOJUYECTBA U PA3ZMEPOB
MUKPOINIMOLUUTOB BO BCEX M3YYECHHBIX CJOAX
CMRK. Kaxk u B kouTpoJie, MI'L] BBIABJIAINA BOKPYT
COCYZ0B, B TECHOU CBsI3U C IepUKApUOHAMU HOP-
MOXPOMHBIX ¥ TUTIEPXPOMHBIX TUPAMUIHBIX HEl-
poHOB (puc. 8). OTMeTH/IN yBeIUYeHUEe 00IIei
YUCJIEHHOU TIJIOTHOCTH MUKPOIJIMOIUTOB Ha 1 MM?
rioJist 3perust CMK (ta6a1. 2). IIpu aToMm Bo3pacra-
JIa T0JIsT aKTUBHBIX (popM (aMeboumHbIe Oe3 JTUH-
HBIX OTPOCTKOB, HEMPABUJIbHOU (POPMBI) KJIETOK
(ot 15% B KOHTpOJIE O 65% yepes l-u CyTKy;
Mann-Whitney U-test, p=0,0001). MakcuMaIbHYIO
001IIyT0 YN CIEHHYIO INIOTHOCTH Becex MI'T] otmeTH-
su B CMK ugepes 1-u cytku nnocae OOCA.

ITocsie OOCA yBenmuumnBaJIMCh TaKKe pasMe-
pb1t MI'TL. VX mutoiank mpu okpacke Ha AIF-1 Bapsb-
nposaJsack ot 23,4 1o 93,1 MKkM?, MeguaHa (HUK-
HUH 1 BepXHUU KBapTUin) — 42,6 (31,3-51,0) MKM?,
a B KoHTpoJsie — 21,2 (30,8-42,6) Mrm? (Mann-Whit-
ney U-test, p=0,0001). Ha aToM ypoBHe IIOKa3aTe 1
0CTaBaINCh yepes 3-e u 7 CyTOK. [1o maHHbIM jiuTe-
parypsl, mogo0HbIE N3MEHEHUS SIBJSIOTCA IPO-
SIBJIEHWEM Pa3BUTHSI 0COO0U (POPMBI BOCHATUTEITb-
HOU peakiuu — BOCHajieHusi 1 (POPMUPOBAHUSA
aMeOOUTHOIT MUKPOIJIHH, JJ15 KOTOPOU XapaKTePHO
OoJbIlIe pa3Mephl, HeMpaBUWJIbHAsA popMa Tesa,
npeobaaganye parorUTapHON (PYHKIIVH U CEKpe-
UM IIATOKWHOB [8].

CpaBHeHHMe nuHaAMUKHU KoJsimdectBa MI'T] u
OJ1L1 B CMK noxasaJio, YTo UK yBeJINYCHUs IIJIOT-
HOCTHU 3THX KJIeTOK nocjae OOCA oTiuyascs: oJs
MT'L] — uepes 1 cytkn, OJII] — 7 cyTOK (TabJ. 2).
MosKHO npearoJiokuTs, uro MI'T] canupoBaiu
HEPBHYIO TKaHb I10CJIE UIIeMUM JJII BO3SMOYKHO-

ously described in other pathological conditions
and include cell convergence, fusion of their mem-
branes, penetration into perikaryon, and formation
of hetero- and dikaryons [17, 20, 29]. ODCs and,
much less frequently, MGCs participated in the fu-
sion processes (Fig. 5). We suppose that after is-
chemia two types of interactions between neurons
and different types of MGCs develop: phagocytic
(in recovery) with perikaryon destruction and non-
phagocytic (in compensation and repairn without
destruction) fusion. Probably, the first type is asso-
ciated with amoeboid MGCs and the second with
non-activated MGCs.

The formation of hetero- and dikaryons after
40-min OCCA was also confirmed by our immuno-
histochemical results, which provided new infor-
mation on the spatial arrangement of the contact-
ing cells and neuropil by neurospecific markers.
These compartments are particularly clearly visible
in the reaction with p38 and caspase-3 (Fig. 6).

Not all types of neuroglial cells probably par-
ticipated in direct fusion with perikaryons. The lat-
ter could not be shown for astrocytes (both types).
Their bodies were only in contact with the
perikaryons, not penetrating beyond the outer con-
tour (Figs. 2, 7 a—c). We believe that cell fusion was
hindered by the rigid gliofibrillary cytoskeleton of
astrocytes, which, just in the large branches of one
astrocyte, covered 780-1500 pm? of the section and
was significantly larger than the perikaryon (the
area of the large perikaryon in Fig. 1, bis 370 pm?).
However, this does not mean that astrocytes were
not involved in the formation of hetero- and
dikaryons. Small processes of protoplasmic astro-

cytes «enveloped» the niches in which the fusion of
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||
ODCs and perikaryons
took place, controlling,

probably, the microenvi-
ronment of this process
(Fig. 7 b, ¢).

According to the liter-
ature and existing hypothe-
ses, heterokaryons are

formed after ischemia from
ODCs and perikaryons [17,
20, 29]. We believe that this
view should be expanded to
include MGCs as candidate
helpers. This is supported

by the fact that these two
cells were often found to-
gether, had approximately
the same size, and were de-
tected next to intact neu-
rons (Figs. 3, 5, 7). In other
words, they functioned to-
gether, mutually comple-

Puc. 8. IIpocTpaHcTBeHHOE paciipee/JeHHe MUKPOIIHOLMTOB (4YepHbIe CTPEeJIKH) H OJIH-
TrOJEeHAPOLUTOB (KpacHbIE CTPEJKH) BOKPYT IEPHKAPHOHOB MUPAMHAHBIX HEHPOHOB (*)
CMK 6eJibix KpbIc B HOpMe (D), uepes 1-u (a, ¢, f; 8), 3-€ (d) 1 7 cyTOK (€) B mocTHIIIEMHYE-

CKOM 1nmepuoje.

Fig. 8. Spatial distribution of microgliocytes (black arrows) and oligodendrocytes (red ar-
rows) around pericaryons of pyramidal neurons (*) of white rat SMCs in intact animals (b)

and after 1 (a, ¢, f; 8), 3 (d), and 7 (e) days post ischemia.

Note. The red arrow indicates a single neuron. Inmunohistochemical reaction for AIF-1. Mag-

nification x100; scale 20 pm.

ITIpumeuanue. KpacHas cTpesika — OQUHOYHBIA HEHPOH. VIMMyHOTHCTOXUMUYECKas peak-

s Ha AIF-1. O0bekTuB x100; 1mKaJia — 20 MKM.

CTH TOCeayoImero 06ojiee TOJHOIIEHHOTO ee
CTPYKTYPHO-(PYHKIIMOHAIBHOTO BOCCTAHOBJIEHNUS
cygactuem OJIIL.

CyMMupys1 pe3yJbraTbl I'MCTOJIOTHYECKOTO
(reMaTOKCHUJIH U 3031H, MeTo Huccisa) u uMmy-
Horucroxumuueckoro (NSE, HSP-70, MAP-2)
uccjienoBanus (150 mojiedl 3peHus HA KasKIIbIN
CpOK C Tocjaefyiolieid paHjgomusanue no 30),
YCTaHOBUJIN | UTO YU CJIEHHAA IIJIOTHOCTh FeTepo- U
InKapuoHOB B CMK KOHTDPOJIBHBIX KUBOTHBIX
cocrasJsna 3,5 (1,5-4,0)/mm?, yepes 1-u 1 3-e CyTOK
nocsie OOCA ocraBasiach Ha ypOBHE KOHTPOJIBHOI'O
3HaveHust —4,0 (2,0-4,5) (p=0,20) 1 4,0 (2,5-5,0)/Mmm?
(p=0,35), a uepes 7 CYyTOK, B CpPaBHEHUU C KOHTPO-
JieM, CTaTUCTUYEeCKU 3HAUUMO YBeJINYNBaJIaCh 10
6,5 (5,0-8,5)/Mmm? (Mann-Whitney U-test; p=0,002).
YBeJIM4eHne KoJnYecTBa reTepo- U JUKapUOHOB
porcxonuao Ha (oHe 6osiee BHICOKOTO, Y€M B
KOHTpoJIe, copepskannst O/ u MI'LL.

Takum 00pa3oM, pe3ysIbTaThl HACTOSIIETO
HCCJIeJOBAHUS CBUJETEJbCTBOBAJU O TOM, UTO
nocae 40-muHyTHOH OOCA B CMK Ha ¢Qone
yMeHbIIIeHUs1 O00Iell YMCIeHHOHW IIJIOTHOCTH
NUPAMUIHBIX HEHPOHOB U AKTUBAIIUU HEUPOTJIU-

menting each other.

In the postischemic
period, the shape, number
and size of microglial cells
in all the studied layers of
SMC changed. As in the
control, MGCs were de-
tected around the vessels,
in close association with
the perikaryons of nor-
mochromic and hyper-
chromic pyramidal neu-
rons (Fig. 8). There was an
increase in the total numerical density of microglial
cells per 1 mm? of the SMC visual field (Table 2). At
the same time, the proportion of active forms
(amoeboid cells without long processes, with irreg-
ular shapes) increased from 15% in the control to
65% after 1 day (Mann-Whitney U Test, P=0.0001).
The maximum total numerical density of all MGCs
was observed in the SMC 1 day after OCCA.

The size of MGCs also increased after OCCA.
Their area when stained for AIF-1 ranged from 23.4
to 93.1 um?, with a median (lower and upper quar-
tiles) of 42.6 (31.3-51.0) um? with the control value
of 21.2 (30.8-42.6) ym? (Mann-Whitney U Test,
P=0.0001). The parameters remained at this level
after days 3 and 7. According to the literature, such
changes represent a special inflammatory re-
sponse, inflammation and amoeboid microglia for-
mation, which is characterized by large size, irreg-
ular body shape, predominance of phagocytic
function and cytokine production [8].

Comparing the changes in the number of
MGCs and ODCs in the SMC showed that the max-
imum increase in the density of these cells after
OCCA was different for MGCs (after 1 day) and
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AJbHBIX KJIETOK MPOUCXOINJI He3HAYUTETbHbIN
casur O6ajaHca MKy CAUSTHIEM WU WHAUBUAY-
AJIbHOM 11€JIOCTHOCTHIO HEMPOHOB U TJIMAJIbHBIX
KJIETOK B CTOPOHY yBeJW4eHUs1 oOpa3oBaHUSA
reTepOKapHUOHOB.

B cpaBHeHHU C KOHTpOJIEM 4Yepe3 7 CYTOK
nocsie 40-munytHoir OOCA B CMK yBesnnuuBa-
JIOCh COJlepsKaHue reTepokapruoHoB. OMHAKO KaK
TPaKTOBATh 3TO YBEJIWYEHHE, €ro POJIb B aClIEKTe
(PYHKIIMOHAJIBHOCTU HENTOHATHO. [TocieqHee cBsi-
3aHO C Te€M, YTO KJIETKHU C IBOUHBIMU SIPAMU B
HOpPMe COCTaBJIsAIU 0K0J10 1%, a mocie OOCA —
1,5% Bcex nupaMuHbIX HeiipoHoB CMK. Kak onu
MOTJIM KPUTHUYECKU M3MEHUTH MEKHEUPOHHbBIE
CBsI3U, HEM3BECTHO.

TeM He MeHee, poJIb CAUSHUSA KJIETOK B HEPB-
HOU TKaHM uaydaercs. VI3BeCTHO, UTO B HeU 3KC-
npeccupyorcsi py3oreHbl — CHelraJIu3upoBaH-
HbIe MOJIEKY/IbI, HEOOXOTUMBbIe [JIS1 CJIVSTHUS
KJIETOK, KOTOpBbl€ AaKTUBUPYIOTCA B YCJIOBUX
BUPYCHOU MH(peKINHU, CTpecca Uiy APYyTUX I1aToJI0-
TUYECKUX COCTOSTHUU. ADeppaHTHAsI 9KCIIPECCUST
(y30reHOB NPUBOIUT K CIUSHUIO HEHPOHOB U
“3MeHeHUsIM X QyHKIUU. JUKapruoHBbI, TOJTy4YeH-
HbI€e B pe3yJibTare CJIUSHUS IBYX HEHPOHOB, COXpa-
HSIOT CBOIO YKM3HECIIOCOOHOCTh, CTAHOBSATCS 9JIEK-
TPUYECKN CBSI3aHHBIMH, Tepsisi TIIPA  9TOM
WHIWBUAYAJIBHOCTh, 4YTO, II0 MHEHHUIO aBTOPOB,
IIPUBOAUT K N3MEHEeHUIO HeHPOHHBIX LieTieil U Hapy-
IIEHUIO0 NX HOPMAJIBHOTO (DYHKIIMOHUPOBAHUS [32].

KakoBbI TTOCI€ICTBUS CAUSHUS HEHPOHOB U
IVIMAJbHBIX KJIETOK Hen3BeCTHO [23]. HekoTophie
aBTOPBI OTHOCSIT TeTEPO- U JUKAPHUOHBI K 0COOBIM
¢dopMmam pereHepanv HepBHOU TKAaHU — JOCTH-
SKeHHe JUIVIOUIUY, MAUHYSI MUTOTHYECKOe JeJe-
HUE KJIETOK, 0€3 UCTI0/Ib30BaHUS pe3epBa CTBOJIO-
BBIX KJIETOK T'OJIOBHOT'O MO3ra. JTO II03BOJISIET
COXPaHATb APXUTEKTOHUKY yrKe UMEeIOIIUXCS Hel-
POHHBIX ceTel, yCUJIUBAaTh 4acCTh €€ y3JI0B, He
Hapyasa ux pyHkouio [13, 19].

HecoMHEHHO OJJHO, UTO B HEPBHOU TKaHU
CyliecTByeT  OajlaHC MEKIYy CAUSTHUEM U MHIM-
BUIyaJIbHOCTBIO KJIETOK, TOMEOCTaTUYECKHU CMe-
IIeHHBbIA B CTOPOHY COXpPaHEHHUsI CTPYKTypHO-
(pyHKIMOHAJIBHOU IeJI0OCTHOCTU 3peJIbIX
HelipoHOB. O/THAKO, HEM3BECTHO, KaK OH MOJIJIEP-
sKUBaeTcs. BeposTHO, YTO B TOBPEKI€HHOU HEPB-
HOU TKaHM CYILIECTBYIOT MeXaHU3MBbI, II01aBJISIO-
I¥e HEKOHTPOJHUPYyeMOe CIUSAHUE KJIETOK, TeM
caMbIM MOAepsKrUBasi HEMPOHBI KaK OTJebHbIE
ennuHUIBL. He06X0IUMO KPUTUYECKH OIeHUBATh
JAHHBbIE O CJAMSHHUU KJETOK, MOCJIEICTBUSA KOTO-
PBIX He TOHATHBI 70 cux mop. Oco0eHHo 3To Kaca-
eTcs1 MPOIIECCOB pereHeparyu Tkadeu (23, 33].

B nmamewm ncciienoBanuy, Hapsny C yBejadde-
HUEM COJepsKaHUus TeTepPOKAPUOHOB, BBISBUJIN
3HAYNTETHHO OoJiee BeIpaskeHHOE (Ha 20-40%) yBe-
JgmdeHue noau HelipoHoB CMK c nByms u 6osee
ANPBIIIKAMA. ITO, BEPOATHO, CBUIETEIHCTBOBAJIO

ODCs (7 days) (Table 2). We can suggest that MGCs
«cleansed» the nerve tissue after ischemia for better
structural and functional recovery in the future
with the participation of ODCs.

Summarizing the results of histological
(hematoxylin and eosin, Nissl method) and im-
munohistochemical (NSE, HSP-70, MAP-2) studies
(150 visual fields for each time point followed by
randomization to 30), we found that the numerical
density of hetero- and dikaryons in SMC of control
animals was 3.5 (1.5-4.0)/mm?, on days 1 and 3
after OCCA remained at the control value of 4.0
(2.0-4.5) (P=0.20) and 4.0 (2.5-5.0)/mm? (P=0.35),
respectively, and on day 7, compared with control,
increased significantly to 6.5 (5.0-8.5)/mm?
(Mann-Whitney U Test; P=0.002). The increase in
the number of hetero- and dikaryons was accom-
panied by a higher level of ODCs and MGCs than in
the control.

Thus, the results of our study showed that after
a 40-minute OCCA, there was a slight shift in the
balance between the fusion and individual integrity
of neurons and glial cells towards an increase in het-
erocaryon formation in SMC, accompanied by a de-
crease in the total number of pyramidal neurons
and activation of neuroglial cells.

Compared to the control, 7 days after the 40-
minute OCCA, the percentage of heterokaryons in-
creased in the SMC. However, it is not clear how to
interpret this increase and its role from a functional
point of view. Interestingly, the percentage of bi-nu-
cleated cells among the pyramidal neurons of SMC
was about 1% in intact animals and 1.5% after
OCCA. It is unknown how they could critically alter
the inter-neuronal connections.

Nevertheless, the role of cell fusion in nervous
tissue is being studied. The nervous tissue is known
to express fusogens, specialized molecules neces-
sary for cell fusion, which are activated in viral in-
fection, stress or other conditions. Aberrant expres-
sion of fusogens leads to neuronal fusion and
changes in neuronal function. Dikaryons produced
by the fusion of two neurons remain viable and be-
come electrically interconnected, while losing their
individual features, which, according to the au-
thors, disrupts neuronal circuits and and their nor-
mal function [32].

The consequences of neuronal and glial cell
fusion are unknown [23]. Some authors consider
hetero- and dikaryons as special patterns of nerve
tissue regeneration, i.e., diploidy achieved with-
out mitotic cell division and using no brain stem
cell reserve. This allows preserving the architec-
ture of the existing neural networks, strengthen-
ing some of their nodes without disrupting their
function [13, 19].

One thing is certain, there is a balance in the
nervous tissue between cell fusion and individual

existence, which shifts toward preserving the struc-
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0 TOM, 4YTO B (PYHKIIMOHUPYIOIINX HeHpOoHaX,
BRJTIOUAJIMCH MIPOIIECCHI afanTaIiuy OeJJOKCUHTE3U-
pyIoIIell CUCTEMBI, KOTOPBIE MPOSIBJISIJINCH TUTIep-
Tpoduel u aMIMpUKAITAEN AAPHIIEK U ONTUCAHbI
HaMmM paHee Takske 17151 20-muHyTHON OOCA [2]. ITo
JAHHBIM JINTEPATYpPHI, TTOCIeHee 00ecleynBaeT
ycuieHre oOpadoBaHue pubOCOM, pereHeparuio
YACTUYHO MOBPEKIEHHBIX U 3aIUTY (DYHKIIMOHU-
PYIOIINX KJIETOK, HEHPOIIACTUYHOCTE [34]. [ToaTo-
My HMMEHHO THUIIepTPOUI0 M aMIIU(PUKALMIO
Anpseliiek nocsue 40-munytHoi OOCA, He UCKJIIO-
4Jast pOJIv CJIUSTHUS KJIETOK, 11eJIecoO00pasHo pac-
CMaTpUBaTh KaK KJTIOYEBYIO aIalITAIIAI0 OEJTIOKCHH-
Te3UPYyIoIel CUCTEMbI HEPOHOB.

CoBpeMeHHBIe JaHHbIE CBALETEJbCTBYIOT O
TOM, YTO OOCTOSITeJIbCTBA CJIUSIHUS HEHPOHOB
BechbMa CrieluuvHbL. X0TsI O4eHb MaJIO U3BECTHO
0 (pU3MOJIOTUUECKOM IIPEHMYIeCTBe UJIU BO3-
MOKHOM BpeJTHOM 3 deKTe CIUSAHUS, ICHO, YTO
OHO MOKET UMETh ITOCJIeICTBUA JIJIsI HEPOHA KaK
Ha CyOKJIETOYHOM, TaK U Ha 3JIEKTPO(PU3NO0JIOT U -
4eCKOM YpOBHe [32].

O06pasoBaHMeE CJI0KHBIX KJIETOUHBIX CUCTEM
B naToJjiorudyecku usaMeHeHHoii CMK c yuactuem
HEWPOHOB U HEWPOIIUM Ie1eCO00pPa3HO pac-
CMaTpUBaTh B aCHeKTe KJIETOYHO-KJIETOUYHBIX
daronmuTapHBIX U UHBIX TUIIOB B3aUMOOTHOIIIE-
HUU C y4eTOM MOPOCTPAHCTBEHHO-BPEeMEeHHBIX
ocoOeHHOCTe. B mpoliecce aTuX B3aMOOTHOIIIEe-
HUU Ka)KJas IIMaabHas KJIETKa UTpaeT 0colyro
poub: MI'Tl Murpupyer 1 norjaoliaeTr CTpoMy u
anuKajabHbIE NEHIPUTHI HEOOPATUMO MMOBPEIK-
JIEHHbIX HEUPOHOB, ACTPOIUTHI — WX MHOTOYHC-
JieHHbIe MeJikue neHaputhl, O/II1 — obecreyun-
BalOT IIOCJIeyIOllee BOCCTAHOBJIEHNE aKCOHOB
coxpaHuBIIUXCSA HeWpoHoB [35, 10, 11]. A Bce
BMeCTe, YCUJIMBAsA CUHTE3 HeHPOTpOo(pUUeCKUX
¢daKkTOpOB, — penapaTUBHYI0 PeOPraHU3aIUI0
HEepBHOU TKaHU B 11eJioM [1, 6, 7,9, 27]. OnHako, B
0COOBIX CITy4asix HEKOTOPBIE TINaTbHbIE KIIETKHI
Y1 HEUPOHBI CJIMBAIOTCSI, BEPOSATHO, He JJisA (paro-
OUTO3a, a IJIs1 COBMECTHOIO YCUJICHUA pelapa-
TUBHOI'O IOTeHIIHAJIa.

ITonyueHHble B paboTe AaHHBIE MOCITY>KaT
IIJIs1 yTOYHEHUsI OCHOB U 0COOEHHOCTEN CTPYKTYP-
HO-(PYHKIIMOHAJIbHOU peopraHu3aluy HepBHOU
TkaHu CMK c y4yeToM BO3MOSKHOU aKTHBAIUU
OJIHOT'O U3 MHOT'OYHCJIEHHBIX eCTECTBEHHBIX MeXa-
HU3MOB pernapanum — CJIUSHUSA KJIEeTOK — Mocje
OOCA.

3arJoueHnue

[Tocsie 40-munytHON OOCA, Ha poHe nud-
(py3HO-0UaArOBBIX AUCTPOPUUECKUX NU3MEHEHUN U
HeoOpaTUMOr0 TOBPEKIeHUs] YaCTU TMHUPaMU/I-
HBIX HEPOHOB, YBEJIMYNBAJIOCH KOJIMYECTBO HEH -
PONIHAIBHBIX KJIETOK W TIOBBIIIAJIACH BEPO-
SITHOCTH 00Pa30BaHUs reTepo- U IMKapHUOHOB.

tural and functional integrity of mature neurons.
However, it is unclear how the balance is main-
tained. It is likely that there are mechanisms in the
damaged nervous tissue that suppress uncon-
trolled cell fusion, thereby maintaining neurons as
separate units. It is necessary to critically evaluate
the data on cell fusion whose consequences are still
unclear. This is especially true for tissue regenera-
tion processes [23, 33].

In our study, along with the increase in the
fraction of heterocaryons, we revealed a signifi-
cantly greater (by 20-40%) increase in the propor-
tion of neurons with two or more nuclei in the SMC.
This probably indicated that in functioning neu-
rons, the adaptation of the protein synthesizing sys-
tem manifested by hypertrophy and amplification
of nucleoli was activated, which we described ear-
lier also for the 20-min OCCA [2]. According to the
literature, the latter provides enhanced ribosome
formation, regeneration of partially damaged and
protection of functioning cells, and neuroplasticity
[34]. Therefore, hypertrophy and amplification of
nucleoli after 40-min OCCA (apart from the cell fu-
sion) can be considered as the key adaptation fea-
ture of the protein synthesizing system of neurons.

Current evidence suggests that the circum-
stances of neuronal fusion are highly specific. Al-
though very little is known about the physiological
advantage or possible detrimental effect of neuron
fusion, it can clearly have impact at the ultracellualr
and electrophysiological levels [32].

The formation of complex cellular structures
in altered SMC involving neurons and neuroglia
should be considered from the perspective of inter-
cellular phagocytic and other types of interactions,
taking into account the spatial and temporal pat-
terns. During this interaction, each glial cell plays a
special role: MGCs migrate and ingest bodies and
apical dendrites of irreversibly damaged neurons,
astrocytes ingest their numerous small dendrites,
while ODCs ensure subsequent recovery of axons
of the preserved neurons [35, 10, 11]. And all to-
gether, by enhancing the production of neu-
rotrophic factors, they promote integral reparative
reorganization of neural tissue [1, 6, 7, 9, 27]. How-
ever, in special cases, some glial cells and neurons
fuse, probably not for phagocytosis, but for the
joint enhancement of reparative potential.

Our data will serve to clarify the fundamental
and specific features of structural and functional
reorganization of the SMC nervous tissue, taking
into account the possible activation of cell fusion,
a natural repair mechanism after OCCA.

Conclusion

After 40-minute OCCA, along with diffuse
focal dystrophy and irreversible damage to some of
the pyramidal neurons, the number of neuroglial
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Clinical and Experimental Studies

AKTHBaIMA peaKTUBHOTO HEHPOIINO3a UMeJIa
reTepOXpPOHHBIM XapakTep. Yepe3 CyTKH IOocCjie
OOCA oTMmeTW/IM MUK yBeJUYEHUsI YUCJIeHHON
IVIOTHOCTU MUKPOIJIMOLIUTOB, a yepe3 7 CyTOK —
OJIUTOJEHIPOITUTOB.

Cpenu coXpaHUBIINXCSI HOPMOXPOMHBIX HEH-
POHOB OTMETHJIM O4YaroBOe YyBeJIUUYeHUHe IOJIU
KJIETOK C 2-Ms W 0oJiee SIAPBINIKAMU B siTpe.
CopnepsraHre TaKUX HEHPOHOB OBLIIO MAKCUMAJTh-
HBIM uepe3 7 cyTok nocsie OOCA — Bo BpeMs ITUKa
yBeJIMYEeHUsI COLlep KaHusl OJIUTOEHIPOLIUTOB.

YuyacTue aBTOpPOB: aBTOPHI JIUYHO U B PaB-
HOM KOJIMUeCTBe IPUHUMAaJIU y4acTHe B peasiu-
3alM1 KOMIIJIEKCHOTO MeTO0JI0TNYEeCKOT0 MO~
X0lla, BKJIIOUAIOIIEr0 9SKCIepUMEHTAJbHBIH,
AHATOMHUYECKUH, TUCTOJIOrUYeCKUii, MopdomeT-
puyYecKkuii u ”HPOPMAIIMOHHO-MaTeMaTUYeCKUHN
MEeTO[IbI, a TaK’Ke METObl HaOJII0IeHNsI, OTHca-
HUS U aHaJu3a.
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cells and the rate of hetero- and dikaryons forma-
tion increased.

Activation of reactive neurogliosis was not si-
multaneous. The maximum increase in the numer-
ical density of microgliocytes was observed on day
1 after OCCA, while the maximum rise in oligoden-
drocytes was noted 7 days after OCCA.

Among the preserved normochromic neu-
rons, there was a focal increase in the fraction of
cells with 2 or more nucleoli in the nucleus. The
percentage of such neurons was maximal 7 days
after OCCA, during the maximum increase of oligo-
dendrocytes.
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Pe3rome

ITocsie BBINTMCKY U3 OTIEIeHUS WHTEHCUBHOU Tepaluny y Nalilu€HTOB MOKET Pa3BUBATHCS «CUHAPOM I10-
CJIe,I[CTBI/IfI MHTEHCUBHOU Teparunumn», BKJ'IIO‘Ia}OH.H/Iﬁ OOJITOBPpEMEHHbIE COMaTH4Y€CKHE, ICUXOJIOTUYECKUE U
KOTHUTUBHbIC HAPYIIIEHUA. OTHOCUTEJIbHBIN BRJIA JaHHBIX HapymeHHﬁ B 1OJITOCPOYHOE Ka4YeCTBO YKU3HU
MManEeHTOB IIPAKTUYECKU HE N3YYIEH.
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Knunudyeckue HCCJaeqoBaHuA

Ilesab uccaegOBaHMs — OIIPelesIUTh TUII U CTeNleHb TAXKeCTU (PYHKIMOHAJIbHBIX PACCTPOMCTB U HApYy-
LIIeHNsI Ka4eCTBA YKU3HU IIPU BBIIIKCKE U3 OTJeJ/IeHUsI peaHUMallui U UHTeHCUBHOU Tepanuu (OPUT) u Ha
NPOTSKEHUHU II0CIeAYIOINX 6 MecsIeB.

MarepuaJi 1 MeTOABI. B rccienoBanme BRIIOYMIIN 218 manueHTos, BeimucaHHbIx n3 OPUT yausepcurert-
CKOM OOJIBHHUITBI B IIEPHUOJT MeKY arpesieM 2016 v nrostem 2017 rr. KprTepuu NCKITIOYEHS: BO3PACT MJTa e
18 J1eT, HOBpesKIeHNe FOJIOBHOTO UJIM CIIMHHOTO MO3ra, OsKuJaeMasi IIPOJOJIKUTE/IbHOCTD sKU3HU MeHee 90
nHel, nepuop npebbiBanusa B OPUT MeHee 12 yacoB. Micniosib3oBaiu onpocHuku SF-36 (kpatkast popma
OIEHKH 3TOPOBBSI) U 5-ypoBHEBHIN EQ-5D-5L (EBporeiickuii OMpOCHUK OTIEHKU KayecTBa B 5 00J1aCTsX), KO-
TOpBIe IAallMeHThI 3aIl0/IHSAJIN IIPY BhINUCcKe U yepes 30, 90 u 180 nHeii nocJie Hee. IIpoBoau/Iv cpaBHEHUe N1a-
IIEeHTOB, KOTOPHIM TPeOOBaIOCh KpaTKOBpeMeHHoe npedbiBanre B OPUT (rpymima HHTeHCHBHOTO HabJTIoe-
Hus, n=109), 1 Tex, KOTOpbIe IPOLLIU Kypc jedenus: B OPUT (rpynna nHTeHCUBHOU Tepanuu, n=109).

Pe3ynbraThl. Uepes 180 qHell Bce moKa3aTe iy olIpocHUKOB SF-36 u EQ-5D-5L TOBBICUJINCH 110 CPaBHe-
HUIO C MOMEHTOM BBITTMCKY, 33 UCKJTIOUEHUEM OOIIIETO ITOKA3aTe IsI ICHXUYECKOT0 310poBbsi SF-36 (p=0,08).
B rpyniie UHTEHCUBHOU Tepaluy 3HAYUTEJIbHO YIY4IIUJINCh BCe ITokadaresau EQ-5D-5L, B To BpeMs Kak B
IpyIIe THTEHCUBHOTO HAOJIIONEeHNS YIYYIIUINCh TOJIHKO TOKA3aTe N BU3yaTbHO-aHATOTOBON IIKAJIBI
OLIEHKHU 3JJ0POBbSI TAHHOT'O OIIPOCHUKA.

3akJjroueHue. Y IManyeHToB, BRINNCAaHHbBIX 13 OPUT, Hab/roga iy AuTeTbHbIe COMaTHYeCcKre 1 IICHUX0-
JIOTHYecKre HeOIaronpusTHbIe mocaeacTsus. [Tocse Boimrcky n3 OPUT cHmKaeTcs orjeHKa COOCTBEHHOTO
KauyecTBa sKU3HU. Hapyiienus nokasareJieii, XapakTepU3YIOIINUX IICUX0J0TUYECKYIO I KOTHUTUBHYIO C(ephl,
OBLTH 60JIE€e BEIPAXKEHHBIM, YeM Y ITapaMeTPOB COMATHYECKOT0 COCTOSTHUS AIeHTOB. CUTYAITIIO IOMOYKET
WCIIPaBUTH HAOJTIOIEHNE U JIeYeHNe MTal[eHTOB, BRIMHCAaHHbBIX 13 OPUT, B ciennaibHBIX TOCTPEeaHNMAITOH-
HBIX KJIMHUAKAX C YIIOPOM Ha HEOOXOIUMOCTE IICUX0JIOTHYECKON ¥ KOTHUTHBHOU TIOAIEPSKKY OOJIBHBIX.

Knrouesvte crosa: cum?pom nocaedcmeuil UHMEeHCUBHOIL mepanuu; aOﬂZOCPO’iHble ucxoabt; nauu-
€Hmbul, 86blnUCAHHbLLE U3 OPHT,' u3yuenue omoanieHHbIX pe3yibmarmos; kauecmaeo dHCUu3Hu

duHaHCHpOBaHHUeE. [[aHHOE MCCIIeJ0BaHNE He IT0JTyYasIo KaKUX-JIN00 TPAHTOB OT 00II[eCTBEHHBIX, KOM-
MepYeCKUX NI HEKOMMEPYECKHX OpTaHU3aIin.
KoH(INKT HHTEPEeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUM KOH(MJIMKTA NHTEPECOB.

Summary

Patients may experience long-term physical, psychological and cognitive impairment after intensive care
unit (ICU) discharge, a condition commonly described as post-intensive care syndrome. The relative contri-
bution of each of these components to long-term quality of life was never investigated.

The aim of this study is to identify the type and severity of disability and QoL at the discharge from ICU
and up to following 6 months.

Material and Methods. All patients (n=218) discharged from a university hospital ICU between April 2016
and July 2017 were eligible. Exclusion criteria included: age <18 years, brain or spinal injury, life expectancy
<90 days, and ICU stay <12 hours. The Short Form Health Survey (SF-36), and 5-level EuroQoL-5D (EQ-5D-
5L) questionnaires were administered at ICU discharge, and at 30-, 90- and 180-days. We compared patients
requiring short-term ICU monitoring (IM, Intensive Monitoring, n=109) or patients requiring ICU treatment
(IT, Intensive Treatment, n=109).

Results. All dimensions of SF-36 and EQ-5D-5L parameters increased from ICU discharge to 180-days, ex-
cept for the SF-36 Synthetic index linked to mental health (P=0.08). All EQ-5D-5L parameters improved sig-
nificantly in the IT group, while only Visual Analog Scale Health Perception improved in the IM group.

Conclusion. ICU survivors suffer long-term physical and psychological sequelae. The perception of Quality
of Life is reduced after ICU discharge. The psychological and cognitive dimensions were more compromised
than physical ones. Patients discharged from the ICU may benefit from specific intensive care follow-up clinics
addressing their needs in term of psychological and cognitive support.

Keywords: postintensive care syndrome; long-term outcome; ICU survivors; follow-up study; quality

of life
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BBenenue Introduction

Jlo HeJTaBHET0 BpeMeHU BHUMaHNe YYeHbIX U Until recently, the primary focus of intensive
YCHUJIWSI Bpayeli-peaHnMaroJIoroB Ob1au cocpeno- | care unit (ICU) clinicians and researchers was
TOYEeHBI Ha KPAaTKOCPOYHOM BbKMBAaeMOCTH Tanu- | short-term survival. However, with improvement in
€HTOB OTJeJIeHU peaHUMAIlMU M MHTeHCUBHOU | care and increased rates of survival to critical ill-
tepanuu (OPUT). Onnako, mo Mepe noBeIllleHuss | ness, the new goal of ICU care is shifting towards
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Clinical and Experimental Studies

Ka4yecTBa OKa3aHUsA MEeIUIIMHCKON IOMOIIU U
BB)KMBA€MOCTH ITAlUEHTOB B KPUTHUYECKOM
COCTOSIHUM, HOBOM 11eJibi0 Bpauet OPUT craso
JOCTHKEHVE OITHMaJbHOIO KadecTBa >KU3HU,
0COOEHHO C TOYKM 3peHUs (PyHKIMOHAIHHOTO
BOCCTAHOBJIEHUsI 1 TOBTOPHON WMHTerpanuu B
00IIIECTBEHHYIO KU3HB [1, 2].

CHHIPOM «I10CJIeICTBUY UHTEHCUBHON Tepa-
v ([TUT-cuuaapom) 6bLT BIZIeJIEH CPAaBHUTETHHO
HEIaBHO U BRJIIOYAET JIJINTEJIbHbIE COMaTU4eCKUe,
IICUXOJIOTUYECKNE W KOTHUTHBHBIC HapyLICHUS,
pasBuBampInuecsa mnocjae BbIMUCKU n3 OPUT u
BJIVIAIONIME HA )KU3Hb [IAIICHTOB U UX POACTBEHHU-
KOB [3, 4]. 9T0 onpenesienre 661710 chOPMyIIPOBa-
HO B 2010 rony Ha KoH(pepeHtu OOIIeCTBAa NHTEH-
cuBHOMU Tepanuu (Society of Critical Care Medicine)
[5] m XxapaKTepu3yeT MOCIEACTBYUsI TPEOBIBAHUS B
OPUT. JlaHHBI CHUHAPOM HapyllaeT KadecTBO
sku3HU (KK) nmanyeHToB 1 41€HOB UX CeMel Kak B
KpPaTrKOCPOYHOM, TaK 1 B [UINTEJILHOM ILJIaHe [5-7],
3ameJiss IPOLEeCChl BbI3IOPOBJICHUS U ITOBBIIIAsA
Harpys3Ky Ha pOJCTBEHHUKOB 1 O0JIbHUYHBIE PACXO-
oel [3]. Muorma manumentoB ¢ IIMT-cuHapomom
IIOBTOPHO I'OCIUATAJIM3UPYIOT 110 II0BOLY HapyIlle-
HUM, 00yCJIOBJIEHHBIX JAHHBIM CHHIPOMOM.

B mocnenHue rogbl TPOBOAUTCSA OO0JIBITIOE
KOJIMYEeCTBO UCCJIeJOBAHUN, N3yYaIOIIUX IPUYH-
HBI U (pakTopbl pucka [TNUT-curgpoma, a TakKe
CITOCOOBI ero MPOoUIAKTUKY [4, 8].

Bce OoutbITIE TaHHBIX CBUIETETHCTBYIOT O TOM,
4YTO BBIPasKEHHOCTb COMATHUYECKUX, [ICUX0JIOrIYe-
CKUX ¥ KOTHUTHBHBIX HApyIIEHN, KOTOpbIe pa3BU-
Barorcd npu [ I T-cuagpoMe, MOKHO YMEHBIIUTD C
ITOMOIIIBIO TIJTAHOB PEAObUINTAIIH ITOCJIE BBITTUCKH
[6, 9, 10]. ITpu atom niposassienuda [IUT-cunagpoma
BeCbMa MHIWBHUYAIbHBI, & HAPYILIEHWs Ka4ecTBa
SKA3HU MOI'YT AMETh Pa3/JIAYHYIO CTElleHb BbIpa-
SKEHHOCTH B 3aBUCUMOCTH OT CTa {1 3a00JIeBaHS
WJIM ITIepuOoJa BbI3AOPOBJICHUS. B CBA3M € aTUM 0CO-
OyT0 3HAYMMOCTD B pa3padOTKe NHINBUYaTHN3UPO-
BaHHOHN IPOTpaMMbl peabWINUTAIIMOHHBIX MEpO-
npusTuii [10, 11] mpuobpeTaeT CBoOeBpeMeHHOe U
panHee (erre Bo Bpems nipedbiBanust B OPUT) pac-
ITO3HABaHMeE TeX chep, KOTOPbIe MOTYT B HANOOJTb-
men creneHu noctpagarth or [IUT-cuHapoma.
Bosee TOro, Aj1s NJIaHUPOBAHUA KJIIMHWUYECKUX
HCCIeIOBAaHUH B 9TOH 06/1acTh HEOOXOAMMO HaJIH-
Yyre OOJIHIIIOTO KOJTMYECTBA KIIMHIYECKYX TJAHHBIX.
Hackouibko MbI 3HaeMm, B Mtajmu He IIPOBOIHAIOCH
HCC/IeJOBAHNN, HAlIPAaBJIEHHBIX HA YCTAHOBJIEHUE
TUIIA, BBIPDAYKEHHOCTH ¥ AUHAMUKY PA3BUTHS HAPY-
1IeHus1 (PyHKIIMN OpraHu3Ma U KadyecTBa ;KU3HU
II0CJIEe BBIXOJA U3 KPUTUYECKOIO COCTOSTHUS.

Takum oOpasom, meab JAaHHOTO OOcepBa-
OMOHHOIO MCCJIENOBaHWA 3akK/odanach B
BBIAIBJICHUY THUIIA Y CTEIICHU TSAYKECTU HapyIlIeHU
¢dyHKIMU opraHmsma (nHBaguguaanuu) u KK
pu BeInKcKe 13 OPUT 1 Ha NpOTssKeHUH MocJie-
OYIOIIVX 6 MeCALEeB.

survival with the best possible quality of life (QoL),
especially in terms of functional recovery and rein-
tegration into the society [1, 2].

Post Intensive Care Syndrome (PICS) is a re-
cently defined clinical condition including physi-
cal, psychological and cognitive disorders, that
arise and last after ICU discharge, affecting patients
and their families [3, 4]. This definition was first de-
veloped in 2010 during the Society of Critical Care
Medicine (SCCM) conference [5] to identify the se-
quelae of ICU stay. This syndrome may compro-
mise both short- and long-term quality of life (QoL)
of patients’ and families’[5-7], affects the healing
process and increases family workload and hospital
costs [3]. In some cases, patients with PICS may un-
dergo hospital re-admissions for PICS-related
problems.

In recent years, a growing number of studies
focused on understanding the causes and risk fac-
tors of PICS, and how to prevent it [4, 8].

Growing evidence demonstrates that physical,
psychological and cognitive dysfunctions that char-
acterize PICS can be reduced through the use of fol-
low-up plans [6, 9, 10]. However, each patient pres-
ents different sequelae and the various aspects of
QoL are affected to different grades at different
stages of critical illness and recovery. Specific recog-
nition of the areas mainly affected by PICS is thus
of utmost importance to set up a program of «per-
sonalized care»[10, 11] that can be initiated while
still in ICU. Furthermore, data from current prac-
tice are necessary in order to provide baseline data
to plan interventional trials. However, no previous
studies investigated the type, degree and time pat-
tern of disability and QoL after recovery from criti-
cal illness in Italy.

Accordingly, the aim of this observational
study was to identify the type and severity of dis-
ability and QoL at the discharge from ICU and up
to following 6 months.

Materials and Methods

This study was performed at IRCCS San Raffaele
Scientific Institute, Milan, Italy. We conducted a prospec-
tive, observational study in the ICU of a tertiary care uni-
versity hospital between April 2016 and July 2017. The
ICU is a multidisciplinary 8-bed unit treating both med-
ical and surgical patients. The study was performed in ac-
cordance with the Good Clinical Practice standards and
the Declaration of Helsinki 2013 and was approved by the
local Ethical Committee. All patients provided written in-
formed consent to participation in the study.

This manuscript has been written according to the
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) Statement [12, 13].

Included patients. All consecutive patients dis-
charged from ICU were screened for eligibility (n=542).
Patients were enrolled if they signed the informed con-
sent and did not have the following exclusions criteria:
age < 18 years, prior enrollment in the study, brain or
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KianHudeckue UCCIEeLO0BaHUSA
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Puc. 1. CTeneHs y4acTus B MCCJIeA0BaHUH 218 nainueHToB, BhINUcaHHbIX u3 OPUT.

Fig. 1. Adherence to follow-up of the 218 ICU survivors included in the study.

ITpumeuanue. Adherence to follow-up — yuacrue nmanuenToB B uccienosanny; N of patients — Kou4ecTBo manueHToB; days
from ICU discharge — nuu nociie Beinucku u3 OUT; completed follow-up — 3aBepimiu ucciaenosanue; lost to follow-up — mo-
TepsIHBI AJI5 TOCJIeAyIoNero Hao onenusi; withdrew consent — orkasasuch ot yuactus; died — ymepoin.

MaTepnaJI H ME€TOAbI

MecTo nnpoBeneHus uccaenosanusa: Hayuno-uc-
cJefioBaTesIbCKUM U jiedebHbI nHCTUTYT CaH Padaaite,
r. Munias, Utanus. [IpoBesy npocneKTUBHOE obcepBa-
IMOHHOE nccaenoBanne Ha 6aze OPUT cennaausupo-
BAaHHOU YHUBEPCUTETCKON OOJIbHUIIBI B IEPUOJ MEKTY
anpeJsieM 2016 roga u urosieM 2017 ropa. OTesieHue pea-
HUMAaIlUM U WHTEHCUBHOW Tepamuu IpeCTaBIIsAI0
co60i1 MHOTOIIPO(UIBLHOE OT/IeJIeHNEe Ha 8 KOEK, B KO-
TOPOE IOCTYNAJIY IAI[UEHTHI C TePAlleBTUYECKUMU U XU-
pyprudeckumu 3aboseBanusiMu. VcciienoBanue, 0006-
PpEHHOE MeCTHBIM 9TUYeCKUM KOMUTETOM, IIPOBOIUJIN B
COOTBETCTBUH C IpUHIMNaMu Hanmesxaiei KIuHUYe-
CKOU MPaKTUKU U XeJbCUHKCKOH IerIapannn (pegak-
nus 2013 r.). Bce manueHTsI TOAKUCAIN HH(GOPMUPO-
BaHHOE COIVIacue Ha y4yacTUe B UCCJIeJOBAaHUM.

JlaHHas cTaThsl HallMCaHa B COOTBETCTBUU C CTaH-
napramu 3aaBjaeHuss STROBE (IloBwllieHne kayecTBa
OTYETHOCTH 00CepPBAIIMOHHBIX UCCAETOBAHUH B 9TIUE-
MuoJiorun) (12, 13].

IMaumenTsl. /[7191 BKJAIOYEHUsI B HCCJEJOBaHUE
MIPOBOAUIN OTOOP MalMeHTOB, BeIMUCAHHbIX 13 OPUT
(n=542). B uccienoBaHue BRJIIOYAIN HAlIUEHTOB, IIOAIIN-
caBIINX NH(GOPMUPOBAHHOE COITIACHe, IPU OTCYTCTBUU
CJIEAYIOLIUX KPUTEPUEB UCKJ/II0YEHU: BO3PACT MJIaJIe
18 seT, mpenlIecTByOlIee yyacTue B JAaHHOM HCCJIE0-
BaHWY, IOBPEsKIEeHNEe TOJIOBHOIO UJIU CIIMHHOI'O MO3I4a,
okugaeMas MpPOAOJIKUTEJNBbHOCTh SKU3HU MeHee 90
nHelt, BpeMsi mpeObiBanus B OPUT meHee 12 yacos, Ha-
Ju4dne A3bIKOBOro 6apeepa. Kpurepuu MCKIIOUEHUS
UMeJUCh y 213 manuenToB, a 111 60/IbHBIX 0TKA3aIUCh
OT y4acTus B UcciiefoBaHuU. TakuM oOpa3oM, B Ucce-
JoBaHue OBLIO BKJIIOUEHO 218 maruenTos (puc. 1).

[TarmeHTOB pas3ae/ansn Ha 2 IPyIbl B 3aBUCUMO-
CTH OT IOKa3aHUH K rocnuTanusanuu B OPUT. B rpymmy

spinal cord injury, life expectancy < 90 days, ICU stay <
12 hours, or linguistic barriers. The exclusion criteria
were present in 213 patients, and 111 patients denied
consent. Accordingly, a total of 218 patients were enrolled
in the study (Supplementary Figure 1) with follow up de-
tails available in Fig. 1.

Patients were stratified in two groups depending on
indication for ICU admission: patients admitted after
major or complicated surgery or patients which had po-
tentially critical condition that required intensive moni-
toring and potentially needed immediate invasive treat-
ment [14] with an ICU length of stay (LOS) less than 24
hours, were considered Intensive Monitoring (IM, n=109)
patients; all other patients were considered Intensive
Treatment (IT, n=109) patients.

A total of 69 patients (32%) were not assessed at six-
months (25 withdrew from the study, 12 in the IT group
and 13 in IM group and 44 were lost to follow-up, 23 in
the IT group and 21 in the IM group). Further 22 out of
218 patients (10%) died: 10 at 30-days, 7 between 30 and
90-days and 5 between 90 and 180-days.

The median age of the whole cohort was 66 (55-73)
years, and 63.3% were male. These values were similar
between the two groups (IT [66; 54-73]; IM [66; 57-73]).
As expected, the APACHE II, SAPS II and SOFA IN scores
were significantly different between IM and IT group (all
P<0.001). On the contrary, no difference in SOFA OUT
was found (P=0.26). Intensive care unit LOS was 1 (0-1)
days in the IM group and 4 (1-8) days in the IT group,
while hospital LOS was 15 (2-21) and 26 (3—-44) days, re-
spectively (P<0.001 for both ICU and hospital LOS). Pa-
tient characteristics are shown in Table 1.

Quality of Life assessment. QoL was assessed using
with the Short Form Health Survey (SF-36 ) [15] and the
5-level EuroQoL-5D (EQ-5D-5L) [16]. These scales were
chosen since they are widespread used and validated in
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Tabsuia 1. UcxogHbIe XapaKTepPUCTUKHU 218 malieHTOB, BHIMHNCAaHHBIX U3 OPUT, BK/IIOUEHHBIX B HCCJIEI0BAHHE.
Table 1. Baseline characteristics of the 218 ICU survivors included in the study.

Parameters Values in groups P-value
All patients Intensive Treatment Intensive Monitoring

(n=218) (n=109) (n=109)
Age, years, media (+SD) 63 (13) 62 (14) 65 (13) 0.23
Males, n (%) 138 (63.3%) 64 (59.8%) 74 (68%) 0.12
APACHE II at ICU admission 13 (10-16.3) 14 (11-19) 11 (8-15) <0.001
SAPS II at ICU admission 30 (21-40) 38 (29-45) 22 (16-31) <0.001
SOFA at ICU admission 5(3-8) 8 (5-10) 3 (2-5) <0.001
SOFA at ICU discharge 4 (2-6) 4 (2-7) 4 (3-6) 0.26
ICU stay, days, median (quartiles) 2 (0-4) 4 (1-8) 1(0-1) <0.001
Hospital stay, days, median (quartiles) 18 (2-32) 26 (3-44) 15 (2-21) <0.001
MYV, days, median (quartiles) 5.8 (3-8) 3.7 (0-5) 0 (0-0) <0.001
Post-Operative patients, n, (%) 139 (64%) 45 (41%) 94 (86%)

Note. APACHE — Acute Physiology and Chronic Health Evaluation; SAPS — Simplified Acute Physiology Score; SOFA — Sequential

Organ Failure Assessment; MV — Mechanical Ventilation.

Ipumeuanwue. /I;1s1 Tabs1. 1-3: All patients — Bce marueHTsl; intensive treatment — rpyrmmna MHTEHCUBHOM Tepanuy; intensive
monitoring — rpyImmna UHTEHCUBHOTO HabJI0jeHust; age, years, media — Bo3pacT, ronbl, cpejiHee; males — my»kuusbl; at I[CU
admission/discharge — B OPUT npu nocrynyienun/npu Boinucke; ICU/Hospital stay, days, median (quartiles) — giuTesbHOCTD
npe6siBanusa B OPUT/6oabHUIE, THU, MeIMaHa, KBAPTUJIH; pOst-operative patients — maiueHThbI IOCJIe OIIePaTHBHOTO BMe-
maresibctBa. APACHE — 11kasia o1feHKHM 0CTPBIX (DM3UOJIOTUYECKUX PACCTPOIMCTB M XPOHUYECKUX HAPYIIEHUH COCTOSIHUS;
SAPS — ympoleHHas IIKaJja oleHKu (pusnosiorunyeckux pacctpoiicts; SOFA — nuHamMuueckast oljeHKa OpraHHOM HeJocTa-

TOYHOCTH; MV — MexaHUYecKasi BeHTUJIAIUS.

WHTeHCUBHOTO Hab ogeHus (I'MH) oruecsu 109 60J1b-
HBIX ITOCJIe OOIIMPHOIO UJIN OCJIOKHEHHOTO XUPYPIru-
4YeCKOro BMeIIaTe/IbCTBA, a TaKKe MAIeHTOB B IIOTEH-
IIUAJIBHO TAYKEJIO0M COCTOSIHHUU, KOTOPBIM TPeO0BaJIOCh
WHTEHCUBHOE HaOJIofeHne W, IPpU HeoOXOIUMOCTH,
CpPOYHOE MHBA3WBHOE BMEINIAaTeIbCTBO [14], HaXOqUB-
muxcsi B OPUT menee 24 yacoB. OctanbHbIe 109 mamm-
€HTOB COCTaBUJIY IPYIIIlY HUHTeHCUBHOU Tepanuu (I'T).

Uepesa 6 MecsIeB UCKIOYMINA 69 ITallIEeHTOB
(32%), n3 Hux 25 BeINLIN U3 uccaenoBanud (12 ma 'T
n 13 u3 I'IH), 44 Ob11M IOTEPSAHEI A1 HabmoneHus (23
B I'MT u 21 B I'MH). Emme 22 u3 218 nanuenToB (10%)
ymepau: 10 yesoBek paHee 30-ro JHS TIOCJIE BBITTUCKY,
7 — Mexay 30-M 1 90-M IHAMM HUCCaeloBaHUs, 5 —
Mesxay 90-M u 180-M THAMU.

Mepnuana Bo3pacra o0Iell IpymIbl cocTaBuIIa 66
[55-73] JieT, 63,3% y4aCTHUKOB OBITTM MY?KCKOTO II0JIA.
T IapaMeTphl ObLIN CXOOHBI B 06enx rpymmax B [TUT —
66 [54-73], B TMH — 66 [57-73]. Kak B 0k17ajiock,
yucao OanmoB mo mkajaam APACHE II, SAPS II u
SOFAnocT cTarucTU4ecKd 3HAYMMO pPa3JNYaIoCh
mesxay 'UT u TUH (p<0,001 ny1a Bcex cpaBHUBaeMbIX
rnokasareJieil). Pasnuuuii mo 6asiam SOFABBII He 00-
Hapysxuiu (p=0,26). JuuTeJbHOCTb NpeObIBAaHUA B
OPUT cocraasaa 1 [0-1] nesap B I'VIH u 4 [1-8] nHel B
I'MT, a oO1iee npeObIBaHKE B CTAIIMOHAPE IJTUJIOCH 15
[2-21] u 26 [3-44] gHell cooTBeTCTBEHHO (p<0,001 mis1
npebsiBanusa B OPUT u B crarpionape). [Ipyrue xapak-
TepUCTUKHU AIEHTOB IPUBEJH B TA0JI. 1.

Ouenka kavyecTna sku3HU. KauecTBo sxn3au (KIK)
HCC/IeI0BAIU C IIOMOIIBIO OIIPOCHUKOB SF-36 [15] u 5-
ypoBHeBoro EuroQoL-5D (EQ-5D-5L) [16]. laHHbIe
IIIKaJIbI BBIOPAJIA B CBSI3U C MX IIOBCEMECTHBIM UCII0JIb-
30BaHMWEM U HajJW4YMeM BaJIUJUPOBAHHBIX IIEPEBOIOB
Ha pa3Hble A3bIKU [17-19]. KpoMe TOro, 3Th OIpOCHUKNA
OB 000PEHBI KINHUYECKUMU PEKOMEHIAIMSIMHU 110
OIIpe/ieJIeHNIO MCXO/I0B OllepaTUBHOTO JieueHusi EBpo-
ITeICKOTO0 00IIIecTBa aHECTE3MO0JIOTOB 1 EBporelickoro
obmecTBa MHTEHCUBHOH Tepanuu [20]. OpOCHUKY Ha
KasKI0r0 NalyeHTa 3aloJIHANINCh 4 pasa: cpasdy Iocje

different languages [17-19]. Furthermore, they are both
among the recommended QoL scales by the joint Euro-
pean Society of Anesthesiology/European Society of In-
tensive Care Medicine Perioperative Outcome Defini-
tions guidelines [20]. We administered the questionnaires
at four different time-points: at ICU discharge, and then
at 30-, 90- and 180-days after discharge. At 30-, 90- and
180-days questionnaires were administered by phone
call. Questionnaires and reference values for Italian pop-
ulation are provided in supplementary material.

The following data were collected from each pa-
tient: gender, weight, height, ICU LOS, hospital LOS, du-
ration of mechanical ventilation (MV, days), Sequential
Organ Failure Assessment score (SOFA) at admission
(SOFA IN) and discharge from ICU (SOFA OUT), Simpli-
fied Acute Physiology Score (SAPS) II, Acute Physiologic
Assessment and Chronic Health Evaluation (APACHE) I,
entry diagnosis (post-operative or non-operative).

Statistical Analysis. Categorical data were presented
as absolutes number and percentages and compared by
two-tailed y?-test or Fisher’s exact test when appropriate.
Continuous data were presented as means (+standard de-
viation [SD]) for normally distributed variables and as me-
dians (25" and 75" percentiles) for variables when distri-
bution was not normal. Continuous measurements were
compared using the Wilcoxon— Mann-Whitney test or Stu-
dent T-test if data were normally distributed. Two-sided
significance tests are used throughout. A P-value < 0.05
was considered statistically significant. No imputation for
missing data was performed.

In order to justify the sample size of this observa-
tional single-arm study, we estimated the accuracy of the
SF-36 synthetic component of physical health. For this
reason, a total number of 100 patients produces a two-
sided 95% confidence interval (CI) with a width equal to
0.20 when the sample proportion is 4219 (95% CI = 32 to
52). For the SF-36 synthetic index of mental health, a total
number of 100 patients produces a two-sided 95% CI
with a width of 20 when the sample proportion is 48 (95%
CI 38 to 58).
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Boinmucku u3 OPUT, yepes 30, 90 u 180 qHei mocsie BbI-
NHCKU. B Tpex mocaeqHuxX caydassx KOHTAKT C ITallueH-
TOM IIPOUCXOUJI 10 Teie)OHY.

JlJ1A Kaskoro manueHTa IOJyYnJIn Caeayolnnue
JIAHHBIE: IT0JI, BEC, POCT, IVINTEJTLHOCTh TPEOLIBAHUS B
OPUT, niuTeIbHOCTH TPeObIBAaHUS B CTAITMOHAPE, AU -
TeJbHOCTh HAaXOKJIEHMs Ha NCKYCCTBEHHON BEHTHUJISA-
WY JIETKUX (B JHSAX), IIOKA3aTEJN COCTOSTHUA 10 IIKa-
aaMm SOFA npu nocrymiennun (SOFAmoct) m npm
Beinucke u3 OPUT (SOFABbIm), SAPS II, APACHE II, a
TaKsKe AVarHo3 NPy IMOCTYILJIeHUH.

CrarucTudeckuii anaaua. KayecTBeHHbIE JTaH-
HbI€e TPEJICTaBUJIA B BUJIE YK CEJI ¥ IPOIEHTHBIX JI0JIEH,
WX CpaBHeHHe IIPON3BOJUJIN C TOMOIIBIO IBYXCTOPOH-
Hero TecTa > WM TOYHOTO TecTta Pumiepa (B COOTBET-
CTByIOIleM cjay4dae). KosandyecTBeHHbIe TaHHBIE BbIpa-
SKaJIv B BUJle CPEJHUX (+ CTaHJapTHOE OTKJIOHEHNE) 151
epeMeHHBIX C HOpMaJIbHBIM pacupejiejleHueM NN B
BUJIe MeIUaHbI C 25 U 75 NIPOLEHTUJIAMY IIPU pacipe-
JleJIEHNH, OTJINYaloeMcsl 0T HopMaJibHOro. KoJsimue-
CTBEHHBIE IlepeMeHHble CPABHUBAJIU C IOMOIIBIO TeCTa
YunkokcoHa—-MaHHa-YUTHU Wi f-tecta CThIOeHTa
(mpu HOpMaJILHOM pacrpenesieHnn). VMcrnoab3oBanu
JIBYXCTOPOHHUE TECThI CTATUCTUUYECKON 3HAYUMOCTH,
KOTOpPYIO IPU3HaBaJIU IIpu 3HadeHuu p<0,05. Komnen-
CaIUIO OTCYTCTBYIOIINX JAHHBIX HEe IIPOBOJUJIN.

Jls1 onipeieIeHUs pasMepa BIOOPKYU B JTAHHOM
HCCJIeTOBAHUY 00CepPBAIlMOHHOTO THUTIA OIEHUJIN TOY-
HOCTh 00IIero mokasareJsisi Gu3n4ecKoro 3I0POBbS
o mrkase SF-36. J/IByxctopoHHU# 95%-HbIN TOBEPU-
TeJbHBIN UHTEepBaJ ¢ mupoToi 0,2 a5 100 marueHToB
TToJTy9aeTcs IpH JoJie B BEIOOPKe, paBHOM 4219 (95%
JII; 32-52). [Iast 06111ero mokasaresisi ICUXuIecKoro
310pOBbA 10 1IKaJne SF-36 gByXcTOpoHHUN 95%-HbIHI
JlOBepUTeJIbHBIN UHTepBaJI ¢ mupoTroi 20 ass 100 na-
IINEHTOB IOJTYYaeTCsI IPH J10J1€ B BLIDOPKE, paBHOM 48
(95% 1111; 38-58)

CrarucTudeckre UCCieJ0BaHUs IPOBOJUIIN C ITO-
mo1blo nporpaMmMel STATA (15 Bepcus; College Station,
Texas, USA).

Pe3yibrarhl U 00Cy:K/A€HHE

OuneHka KadecTBa >KHM3HH, CBA3aHHOIO C
COCTOsIHHEM 310pOBb, 1o miKaJae SF-36. Pe3yiib-
TaThl 3alOJHEHUsI onpocHuka SF-36, BKJIOUas
pasnuuus mexxay TMH u TUT, npuBesiu B TadJ. 2.
B o0m1eti rpymrme HabI0ma M 3HAYUTEIHHOE YITyd-
IIeHue IokKasaTesieil uepes 6 mecsies (p<0,001)
T10 BCEM MMyHKTaM 3a UCKJII0YeHNEeM O0OIIETO ITOKa-
3aTeJisl ICUXUYECKOTO 3I0POBbs (ICUXUYECKUH
KOMIIOHEHT 310p0BbA) (p=0,08).

B I'IT noBeIIIeHne YrcJia 6a/IIoB 0 pas3fe-
gy «Ob11ee coCTosTHUE 3J0POBbsI» HE TIOCTUTAJIO
cratTucTudeckoi 3Haunmoctu (p=0,09). Ilo myHK-
TaM, XapaKTepU3yIOIIUM [ICUXUYECKOe 300POBbe
(’KM3HEHHAas1 AKTUBHOCTh, COLIMAJIbHOE (DYyHKIINO-
HUPOBAHWeE, OTPAaHUYEHUS BBIIIOJTHEHUS 9MOIINO-
HaJIbHOU pOJIM, ICUXUYECKOE 3T0OPOBBE), TAKKE
Ha0JTIOa ! YITydIlIeHre, OTHAKO KOJIMYeCTBO OaJl-
JIOB, XapaKTePU3YIOIINX }KU3HEHHYIO aKTUBHOCTD
U TICUXWYECKOE 30pPOBbE, He MpEeBbINIATI0 75.
3HAYMMOTO YITydIIIeHUsI 001IIero moKa3aTeJis IICH-

All statistical analyses were performed with the
STATA software (ver. 15; College Station, Texas, USA).

Results and Discussion

Evaluation of health-related quality of life
with SF-36. The results obtained by the SF-36, in-
cluding differences between IM and IT are reported
in Table 2 and Supplementary Table 1. In the overall
population we observed significant improvement
at six months (P<0.001) in all collected items with
the only exception of the Synthetic index linked to
mental health (P=0.08).

In the intensive treatment (IT) group, the in-
crease in General Health was not significant
(P=0.09). The mental items (vitality, social function,
emotional role limitations, and mental health) in-
creased, but vitality and mental health remained
under 75 points. The Mental synthetic index (MCS)
did not improve significantly from day 0 to day 180
(P=0.07).

In the IM group, the item values were compa-
rable to IT group at 180 days. All items were signifi-
cantly improved at 180-days as compared with ICU
discharge, except for General Health perceptions
(P=0.09) and Synthetic index linked to mental
health (P=0.39).

Evaluation of health-related quality of life
with EQ-5D-5L. Results obtained with the EQ-5D-
5L questionnaire are presented in Table 3 and Sup-
plementary Table 2. Overall, the score in all the
items significantly improved from ICU discharge to
180-days. Anxiety/Depression was the item requir-
ing the longest time to improve (180-days), as com-
pared with the others that were already significantly
better than ICU discharge at 90 days.

We observed a similar pattern when analyzing
data from the IT group only, with a significant im-
provement in Pain/Discomfort and Anxiety/De-
pression items observed only at 180-days from ICU
discharge.

In the IM group, only the Visual Analog Scale
(VAS) of health perception (EQ-VAS) increased sig-
nificantly at 180-days, while differences in all other
items remained not-significant.

We reported the EQ-VAS in Fig. 2.

Key findings. We reported for the first time the
six months follow up QoL data from ICU survivors,
assessed by two widely used and validated scales.
Our study showed that improvement in physical
and psychological health-related parameters may
continue up to six months after critical illness.
However, the final scores remain lower than those
reported for the average healthy population, al-
though patients have recovered according to con-
ventional clinical criteria. In particular, we found
that QoL items related to psychological health fail
to improve after six months. Finally, our study pro-
vides for the first time six-months QoL data for a
mixed ICU population in Italy.
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Tabsmna 2. /luHaMHUKa KayecTBa ;KM3HHU 10 JaHHBIM onpocHuKa SF-36 B pa3Hble mepHoabl HCCIAET0BAaHUA B
oﬁmeifl rpymnie nafieHToB 1 OTAECJIbHO 110 rpynmnam HHTeHCHBHOﬁ Tepannuu K THTEHCHUBHOI'O HaﬁJIIO}IeHH}I.
Table 2. Trends in quality of life about the individual dimensions of Short Form Health Survey (SF-36) parameters
at the different study time, in all patients, intensive treatment patients and intensive monitoring patients.

SF-36 — parameters Values in groups of patients P-value
day0 (ICU 30 days 90 days 180day 0-30 days 0-90 days 0-180 days
discharge)
All
Physical Functioning (median; Q1, Q3) 5 (0; 40) 50 (10; 75) 65 (35;91,25) 75(55;95) <0.001 <0.001 <0.001
Limitations to the physical role 0 (0; 75) 0 (0; 25) 0 (0; 100) 75 (0; 100) 0.01 0.17 <0.001
Bodily Pain 41 (22;100) 52 (41;84) 73 (41;100) 84 (64;100) 0.08 <0.001 <0.001
General Health perceptions 55 (40; 67) 60 (45;72) 61 (45;76) 61 (45;76) 0.02 <0.01 0.025
Vitality 43 (25;60) 45 (30; 55) 50 (35; 70) 55 (40; 70) 0.35 <0.01 <0.001
Social Functioning 50 (37;87) 50(37;75) 75(37;100) 87 (62;100) 0.12 0.043 <0.001
Emotional role limitations 33 (0; 100) 33 (0; 100) 66 (0; 100) 100 (33; 100) 0.3 0.15 <0.001
Mental Health 60 (48;72) 64 (48;76) 64 (52;80) 72 (60; 80) 0.02 0.03 <0.001
Synthetic index linked to physical health 30 (22;37) 34 (28;43) 40 (31;50) 46 (37;53) <0.001 <0.001 <0.001
Synthetic index linked to mental health 46 (36; 54) 43 (35; 51) 46 (37;53) 51 (43;55) 0.02 0.07 0.08
Intensive treatment
Physical Functioning (median; Q1, Q3) 5(0; 35) 48 (5; 70) 68 (29;95) 75(45;95) <0.001 <0.001 <0.001
Limitations to the physical role 0 (0; 50) 0(0;0) 25 (0; 100) 75 (0; 100) 0.07 0.23 <0.001
Bodily Pain 41 (22;100) 57 (41;84) 74 (42;100) 84 (63;100) 0.1 <0.001 <0.001
General Health perceptions 52 (40;65) 56 (41;67) 61 (45;76) 61 (46;76) 0.046 0.015 0.09
Vitality 35 (25;55) 43 (26; 55) 50 (30; 70) 55 (40; 75) 0.28 <0.01 <0.001
Social Functioning 50 (37;87) 50(37;75) 75(37;100) 87 (56;100) 0.18 0.1 <0.001
Emotional role limitations 33 (0; 100) 33 (0; 100) 83 (0; 100) 100 (33; 100) 0.24 0.22 0.019
Mental Health 56 (43;68) 60 (44; 76) 66 (44;84) 72 (60; 82) 0.16 0.026 <0.001
Synthetic index linked to physical health 29 (23;35) 34 (27;42) 43 (32;51) 46 (36;52) <0.001 <0.001 <0.001
Synthetic index linked to mental health 44 (34;53) 40 (32;51) 43 (36;53) 52 (43;55) 0.12 0.18 0.07
Intensive monitoring

Physical Functioning (median; Q1, Q3) 10 (0;40) 50 (25;75) 65 (35;90) 75(62;95) <0.001 <0.001 <0.001
Limitations to the physical role 0 (0; 75) 0 (0; 25) 0 (0; 100) 75 (0; 100) 0.026 0.27 0.004
Bodily Pain 41 (22;100) 52 (41;84) 61 (41;100) 84 (73;100) 0.25 0.004 <0.001
General Health perceptions 56 (42;72) 60 (47;75) 61 (46;74) 61 (45;74) 0.1 0.12 0.09
Vitality 50 (30: 65) 45 (30; 55) 50 (35;69) 55(43;70) 0.15 0.16 0.028
Social Functioning 62 (37;75) 50(37;75) 62 (40;100) 87 (62;100) 0.19 0.14 <0.001
Emotional role limitations 33 (0; 100) 33 (0;100) 66 (33;100) 100 (66; 100) 0.49 0.23 <0.01
Mental Health 68 (52; 76)* 64 (52;76) 64 (56; 76) 72 (60; 80) 0.4 0.29 0.032
Synthetic index linked to physical health 32 (22;38) 34 (28;43) 37 (30; 50) 45 (38;53) 0.01 <0.001 <0.001
Synthetic index linked to mental health 48 (39;55) 43 (37; 52) 47 (38;53) 50 (43;55) 0.045 0.092 0.39

Note. * — P<0.05 vs intensive treatment patients.

IIpumeuanwue. Physical functioning — ¢usnuecroe pyarnnonuposanue; limitations to the physical role — BiusiHue husuue-
CKOT0 COCTOSIHUS Ha poJsieBoe pyHKInoHupoBanue; bodily pain — nHTeHcuBHOCTH 60411; general health perceptions — o61iee
COCTOSTHHE 3/I0POBBS; Vitality — skM3HeHHas aKTUBHOCTS; social functioning — conuansHoe GyHKIMOHIpPOBaHUE; emotional
role limitations — poJieBoe (yHKIIMOHUPOBaHUE, 00YCIOBIEHHOE 9MOIIMOHAIBHBIM cocTostHuEM; mental health — nmcuxuye-
ckoe 310poBbe; synthetic index linked to physical health — ¢usuueckunit komnonentT 3nopoBbs; synthetic index linked to mental
health — ncuxuyeckuit KOMIIOHEHT 310POBbs. * — p<0,05 B CpaBHEHUU C I'PYNIIOA UHTEHCUBHOM Tepamuu.

XHUYECKOTO 3J0POBbs B IIEPUO]] C HaYasIa UCCIeH0-
BaHus 10 180-ro nua He orMevanu (p=0,07).

B T'H uepes 180 queii Hab0HaIA KapTUHY,
cxokytlo ¢ T'MT. IIpom3ouisao CTaTUCTUYECKU
3HA4YMMOe yJIy4llleH’e B CPAaBHEHUU C II0Ka3aTe-
JIAMM Ha MOMEHT HadaJia MCCJIeIOBaHUA (BBIIIUC-
Ka u3 OPUT), 3a UCKIIIOYEHUEM IIYHKTA OLIEHKU
o6111ero coctossHUA 300poBbs (p=0,09) 1 ncuxmye-
CKOTO KOMIIOHEHTAa 300p0Bbi (p=0,39).

OneHka KadecTBa >KM3HH, CBSI3AHHOIO C
COCTOsTHHEM 3110pOBbsA, o mkajge EQ-5D-5L.
Pesynbrarel 3anonHeHusa onpocHuka EQ-5D-5L
npeacTaBuad B Tabsa. 3. OTMETW/IN 3HAYUMOE
yJIydllleHHue Bcex IToKa3areseil yepes 180 nHell B
CpaBHEHUU ¢ MOMeHTOM BbITUCcKkHU 13 OPUT. Han-
OoJ1ee TO3THO TPOUIOIILIIO YITyUIlIeHe IToKa3are-
Jielt, XapaKTepu3yIoIUX TPEBOTY U AEIIPEeCcCHuIo (K

Relationship to previous studies. Patients
quality of life after ICU discharge has been assessed
in several previous publications.

Elliott et al., in 2011 [21], in arandomized clin-
ical trial, tested a tailored individualized endurance
and strength training intervention to ameliorate the
post-ICU physical recovery. In their study, they se-
lected adult intensive care patients who had been
atleast 48 hours in ICU, mechanically ventilated for
24 hours or more. This group of patients can be eas-
ily compared to our «intensive treated» patients. In
their study, they focused on SF-36 questionnaire,
looking for an improvement in interventional
group of 10 points more than control group eight
weeks after ICU discharge. The training was not
able to improve PCS score or MCS score, all the im-

provements of SF-36 domains were comparable be-
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Tabsuna 3. luHaMUKa ITOoKa3aresiell kauecTBa sku3Hu mo EQ-5D-5L B pa3/inuHbIe TePHOAbI MCCJIeJOBAHUA B
oﬁmeﬁ TrpymnIiie naifieHToB 1 OTAECJIbHO 110 rpynmnam HMHTEHCHUBHOMN Tepannuu K THTEHCHUBHOI'O HaﬁJIIO}IeHI/I}I.
Table 3. Trends in quality of life about the individual dimensions of EQ-5D-5L parameters at the different study
time, in all patients, intensive treatment patients and intensive monitoring patients.

EQ-5D-5L — parameters Values in groups of patients P-value
day 0 (ICU 30 days 90 days 180 days 0-30days 0-90 days 0-180 days
discharge)
All
Mobility (mean+SD) 3.1+1.49 2.3+1.3 1.9+1.2 1.6+0.9  <0.0001 <0.0001  <0.0001
Self-care 3+1.4 1.96+1.24 1.47+0.99 1.25+0.68  <0.0001 <0.0001  <0.0001
Usual Activity 2.84+1.34 2.41+1.2 2.03+1.2 1.75+0.95  0.0015 <0.0001  <0.0001
Pain/Discomfort 2.23+1.08 2.13%1.1 1.97+0.92 1.68+0.84  0.352 0.012 <0.0001
Anxiety/Depression 2.18+1.12 1.98+1.07 2.06+1.04 1.89+0.96  0.088 0.33 0.018
VAS Health Perception 52.03+23.88  57.36+23.03 62.7+23.15 70.57+17.94  0.032 <0.0001  <0.0001
Intensive treatment
Mobility (mean+SD) 3.39+1.53 2.57+1.41 2.08+1.36 1.75¢1.03  <0.001 <0.0001  <0.0001
Self-care 3.05+1.48 2.27+1.36 1.63+1.15 1.36+0.85  <0.001 <0.0001  <0.0001
Usual Activity 2.97+1.33 2.51+1.27 2.13+1.27 1.86+1.09  0.023 <0.0001  <0.0001
Pain/Discomfort 2.06%1.01 2.03+1.04 1.93+0.93 1.66+0.98  0.865 0.39 0.015
Anxiety/Depression 2.37+1.18 2.19+1.22 2.12+1.07 1.98+1.03  0.325 0.16 0.037
VAS Health Perception 48.23+23.04  54.57+24.35  60.67+24.98  69.76+17.91 0.081 <0.001 <0.0001
Intensive monitoring
Mobility (mean+SD) 2.78+1.4 2.06+1.19 1.72+0.97 1.48+0.65  0.285 0.91 0.45
Self-care 2.95+1.35 1.69+1.07 1.32+0.81 1.14+0.43  <0.01 0.66 0.6
Usual Activity 2.72+1.34 2.32+1.12 1.93+1.15 1.64+0.78 0.87 0.69 0.39
Pain/Discomfort 2.41+1.13 2.21+1.17 1.99+0.91 1.70+0.68 0.69 0.45 0.31
Anxiety/Depression 1.99+1.01 1.80+0.9 2.13+1.02 1.80+0.89 0.64 0.23 0.21
VAS Health Perception 55.83+24.21 59.78+21.7 64.72+21.46  71.37+18.09  0.29 <0.01 <0.0001

IIpumeuanue. Mobility — nepeaBuskenue B npocrpaHncTse; self-care — camoo0OcayskuBanue; usual activity — rnmoBcenneBHast
aKTUBHOCTH; pain/discomfort — 60516 1 uckoMdopT; anxiety/depression — TpeBora u genpeccusi; VAS health perception —

BHU3yaJ/IbHAasA aHAJ0roBasd IIKaJa.

180-My gHIO), B OTJIMYME OT OPYTUX IIapaMeTpOB,
KOTOpble 3HAaUYMMO IIOBBICWJIMCH ysKe uepe3d 90
JITHEN mocJje BeInucku us OPUT.

ITomo0HYI0 AMHAMUKY HAOJIIONAIN U TIPU
U30JIUPOBAHHOM aHa/Mu3e JaHHbIX [ UT: 3HaunMoe
yIIydIlleHre TToKka3aresel 6oau/quckoMdopTa u
TpeBOTH/Jenipeccun 3apUKCUpPOBaIN JIUIIb Ha
180-11 IeHb MOCJIe BBIMUCKH.

B I'MH BbIsSBUJIM JIUIITb CTATUCTAYECKN 3HAYU -
MoOe MTOBbIIIeHNe 0aJ/IJIOB IO BU3yaJIbHOM aHAJIOTO-
BOM ITTKaJIE BOCIIPUSTHS COCTOSTHUSA 3I0pOBbsI (EQ-
VAS) uepes 180 iHeH, B TO BpeMs KaKk pa3JIn4usi 110
JIPYTUM IyHKTaM ObLIA HETOCTOBEPHBL.

Pesysisrarh! uccaenoBanus no mkasne EQ-VAS
OTpa3unJiv Ha puc. 2.

KaroueBsbie noJioskeHus. B Hamiem rccjaeno-
BAHUM BIIEPBbIe MPOaHAIU3UPOBaHbI JaHHbIe KiK
BeInucaHHbIX 13 OPUT nanueHTOB, IIOJTyYeHHbIE
C IIOMOIIIBIO IBYX HIUPOKO UCHOJIb3yeMbIX 1 BaJIn-
JVPOBAHHBIX IIIKAJ HA MPOTSIYKEHUU 6 MecsIeB.
[TostyueHHBIE pe3y/braThl yKa3bIBAlOT HA TO, YTO
HOpMaJIN3alusd COMaTUYECKUX U TICUXOJI0THYe-
ckux acnekToB KK mocne Beimucku u3 OPUT
MOKET IPOJI0JKATHCS BILJIOTH 110 6 MecstieB. [1pu
3TOM KOJIMYeCTBO 06AJIJIOB IO ITYHKTAM OIPOCHUKA
Y TaKMX ITAIJMEHTOB (Jaske IPA COOTBETCTBUYU BCEM
CTAaH/IapTHBIM KPUTEPUSM BbI3[IOPOBJIEHN) BCE
paBHO OcTaeTcs MeHbIlle, YeM B 0OIIel IOIyJisi-
U OTHOCUTEJILHO 3[J0POBBIX JTIofieid. Tak, moka-

3ateau KJK, xapakrepusylolye ICUX0JIOTAYe-

tween the two groups. At 180 days, their mean value
of PCS and MCS are similar to our values. Our re-
sults are consistent with the hypothesis that physi-
cal training is not enough to improve overall phys-
ical and mental recovery after ICU discharge.

Ferrao et al., in 2015 [22], performed a retro-
spective study of very old (>79 years old) ICU pa-
tients. According to descriptive parameters (ICU
length of stay, need for mechanical ventilation), the
population enrolled in their study is comparable to
our «intensive treatment» group. They investigated
quality of life and disability state through modified
Rankin Scale and EQ-5D-3L respectively. Of these
two scales, we included in our study just the EQ-
5D-5L. During their follow-up, they compared this
«very old» population with «old» (6679 years old)
and «non-old» (<66 years old) patients and found
that about 10% of all patients reported extreme
problems with self-care and about 16% of all pa-
tients reported extreme problems with usual activ-
ities. Very old and old patients reported signifi-
cantly higher problems when compared to non-old
patients. In our study, about 3% of intensive treated
patients reported «severe or extreme problems» in
self-care, while about 5% reported same problems
with usual activities.

Hodgson et al. in 2017 [23] conducted a
prospective, multicenter cohort study to measure
disability following critical illness and ICU dis-
charge. They measured the disability state using
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Puc. 2. O1ieHKa coCTOAHMA 310p0oBbs 218 BeInmucaHHbIX 13 OPUT nanyeHToB, BRJIIOYEHHbIX B HCCJIeJOBaHUeE.

Fig. 2. Perceptions of Health State of the 218 ICU survivors included in the study.

IIpumeuanue. EQ-5D-5L VAS — nokasaresiv BU3ya/IbHOM aHa10roBoi mkassl (VAS) onpocuuka EQ-5D-5L; value — nokasaresin;
days — nuu; TOT — ob6mas rpynna; IT — rpynma uHTeHCUBHOM Tepanuu; IM — rpyrnina THTEHCUBHOTO HAOJTIOI€HUS.

CKOe 3[I0pOBbe, He YJIYUlIaloTCs Jajke depes3 6
MecsleB nocsie Beinucky. Cienyer TaksKke OTMe-
TUTh, YTO B JTAHHOM M CCJIeJOBAaHUY BIIepBbIE IIPU-
BelleHbl pe3y/asrarsl oneHKu KK y nrtanbaHckux
MMaIreHTOB PAa3HOTO MPOMWUIIA, BHIMMCAHHBIX U3
OPUT, B TeueHue 6 MeCsIIIEB I1OCJE BBIIIMCKU.

CpaBHeHHe C NpeAbIAYIIUMH HCCJIeX0Ba-
HUAMH. KauecTBO JKM3HU ITallUEHTOB IIOCJIEe
BeIIUCKHU 13 OPUT o1eHMBaoCh B HECKOJbKUX
CTaThsX, OMTyOJIMKOBAaHHBIX PaHee.

JJUINOTT ¥ cOoaBT. (2011) [21] B paHIOMU3UPO-
BAHHOM KJIMHUYECKOM HCCJIEJOBAHUU IIPOAHAJIU-
3upoBau 3P (PEeKTUBHOCTh NHAUBUIYAIU3UPO-
BAaHHOU NOpoOrpaMMbl CHUJIOBBIX TPEHHUPOBOK U
TIOBBIIIEHUSI BBIHOCIUBOCTH C I1€JIBIO YIy4IIIeHUSI
(pusmyeckoro BOCCTaHOBJIEHUS IIOCJIE JIEYEHHS B
OPUT. Bermu otrobpansl Haxogupinrecss B OPUT
He MeHee 48 yacoB B3pocJble nmanueHTsl OPUT,
KOTOPBIM IIPOBOAMIIN UCKYCCTBEHHYIO BEHTHUJISA-
IUIO JIETKUX B TedeHue 24 4yacoB u OoJjee. JTa
rpynna nanueHToB ananornyHa 'MT B Hamem
uccsenoBanuyu. OCHOBHBIM OIIPOCHUKOM HCCJIe-
JOBAaHUs TPymHIbl dJaanoTrTa 0611 SF-36, a kpuTe-
puem 3 HERTUBHOCTH BMEIIATETHCTBA CITYKUIIO
MOoBBINIIeHNe 4rciaa 0annoB Ha 10 u Oosee B
CPaBHEHUM C KOHTPOJBHOW TpyNmou dYepe3 8
Heneab mocisie Beinucku u3 OPUT. Ilporpamma
TPEHUPOBOK HE CMOTJIA YTYYIITUTH O0IIHe TOKa3a-
TeJIU, XapaKTepU3ylolliie COCTOsIHNEe (PU3UIECKO-
IO ¥ IICUXUYECKOI'0 3I0POBbsI, 3HAUNMBIX Pa3JIu-
YWH 10 pa3HBIM NYHKTAM OIPOCHUKA MERIY

World Health Organization’s Disability Assessment
Schedule 2.0 and Health-related Quality of Life by
EQ5D-5L. In this study they found that 6 months
after ICU admission, patients with moderate or se-
vere disability had significantly decreased health
status in all five domains. At 6 months we found
lower percentage of «<no problem» score. For exam-
ple, 72% of their patients had no problem with per-
sonal care while only 46% of our patients gave the
same answer. The reason for this difference is un-
clear but might be related to the fact that we
prospectively enrolled patients while still in ICU,
while Hogdson et al retrospectively enrolled pa-
tients after ICU discharge. Therefore, it is possible
that the most compromised patients refused to
participate in the study. Alternatively, this might be
explained by differences in post-ICU care. Unfor-
tunately, we have no information on post-ICU care
from the study by Hogdson et al [23]. Furthermore,
we did not assess health status per-ICU admission
which was not available in our patient cohort.

Few data are available on EQ-5D-5L use in
ICU survivors in Italian population. Most of the pa-
pers regarding this scale are about EQ-5D-3L ver-
sion. In our study we report for the first time some
data about this population using the new version
of this worldwide accepted scale.

Because of lack of data about normal values of
EQ-5D-5L in Italian population, we compared our
results with those reported by Apolone and
Mosconi in their survey [18].
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rpyIIIaMu BhISABJEHO He Ob110. Yepes 180 qHeit
cpeqHUe 3HaYEeHUs O0ITHX ITOKa3aTesel Icuxuye-
CKOTO ¥ (pU3MYECKOTO 30POBbS OBLIHM CXOTHBI C
IIOJTy4eHHBIMU HaMU. Pe3yJsisraThl HaIero uccie-
JOBaHUA IOATBEPKIAIOT THIIOTE3y O TOM, 4TO
dusnyeckux yrpaskHeHUN HemZ0CTATOYHO IJIs
MIOJTHOTO (pU3NYECKOT0 U IICUXUYECKOI0 BOCCTA-
HOBJIEHUS TTocJie BhIMCKU u3 OPUT.

®deppao u coTp. (2015) [22] mpoBean peTpo-
CIIEKTUBHOE UCCJeOBaHMe C y4acTueM IanueH-
toB OPUT cTapueckoro (>79 jet) Bo3pacrta. Ilo
HEKOTOPBIM XapaKTEepPUCTUKaM (IJIUTEJIbHOCTH
npedwsIBanusa B OPUT, He0OXOMUMOCTD B ITPOBETE-
Hnm VIBJI) naydaemasi rpymia 6s11a cxonuaa ¢ [T
HAIIIero uCcyeJ0BanuA. bbliy u3y4eHbl Ka4eCTBO
SKH3HU U CTelleHb HapylIeHusl (PyHKIIUI opranus-
Ma IpU MOMOIIU MOAM(PUIMPOBAHHOHN IIKaJbI
PankuHa n onpocHuka EQ-5D-3L cooTBeTCTBEH-
HO. MBI KCII0/Ib30BAJIN JIAIIb OAWH U3 3TUX OIIPOC-
HuKoB, EQ-5D-5L. Bo Bpems nepuoaa Hab 01€-
HusA Peppao U COTpP. CPAaBHUJU Pe3yJIbraThl,
IIOJIy4YEeHHBIE B I'PyIIIe AIMEeHTOB CTAPYEeCKOro
BO3pPacCTa, C JaHHBIMU ITOYKUJIBIX (66—79 J1eT) 1 JIUI1L
cpenHero Bo3pacra (<66 JieT) U BbIABUJIN, YTO
npubM3nTesbHO ¥ 10% Bcex manueHToB HaOJTIo-
JaJIMCh KpaliHe BbIpasKkeHHbIe 3aTPyqHEHUs IpU
yxofie 3a coboii, a y 16% — npu 3aHATHU MTOBCe-
JHEBHBIMU BUAAMU JEATEJbHOCTH. ¥ JIUL CTapye-
CKOTO ¥ MOYKUJIOr0 BO3pacTa JaHHbIe 3aTpyLHe-
HUsA HaO/II0faMuCh 3HAYATENbHO 4daime. I[lo
HaIllM JaHHBIM, y TIAlUEHTOB, BHIIMCAHHbBIX U3
OPUT, BbIpaskeHHble U KpaiiHe BbIpa’KeHHbBIE
3aTpyAHEHUs IPU yX0Jie 3a COO0# BCTPEYaIoTCs B
3% cJiy4aeB, a CTOJIb SKe TsYKeJIble 3aTPyAHEHUA
IIpY 3aHATHUM IIOBCEJHEBHBIMU BUAAMU JeATeJIb-
HOCTHA — B 5% CJIy4aes.

X0ompKCOoH U cotp. (2017) [23] npoBesu npo-
CIIEKTMBHOE MHOTOLIEHTPOBOE KOTOPTHOE UCCIIe-
JlOBaHUe J1JIs1 OI[eHKU CTelleHU (PYHKIIMOHAJIbHBIX
HapyuleHu! (MHBAJUAU3AlNN) M10CJIe TSYKeJIbIX
3aboseBannii u BbImucku w3 OPUT. CremeHb
WHBAJIUIA3AUUNA OIpenesdju C IIOMOIIbIO
[ITkanbl olleHKU UHBAJMIHOCTU 2.0 BcemupHoOi
OpraHu3anyy 30paBOOXPaHEHUA M OIPOCHUKA
EQ5D-5L. McciiemoBanue mokasaso, 4YTo yepes 6
MecsAIeB mocye rocnuranusanuu B OPUT cocTos-
HMe€ 3J0POBbA NAIMEHTOB C YMEPEHHBIMHU U TsKe-
JIBIMU (PYHKIIMOHATLHBIMU HAPYIIEHUSMU OBLIIO
3HAYMUTETHHO Xy>Ke BO BCeX 5 OIleHNBaeMbIX 00J1a-
CTAX. B Hamem wuccaegoBaHuuM A0JIA  JINL,
COOOMIMBIIINX 00 «OTCYTCTBUM 3aTPyJHEHU»,
TaksKe ObIJIa HIDKE Yepes3 6 MecsIIeB IOCJIe BBITHC-
ku u3 OPUT. Tak, B uccjaegoBanuu XomxcoHa 72%
MaIeHTOB He NCITBITHIBAIN TPOOJIEM C YXOJIOM 3a
€000, B TO BpeMsl KakK B HaIlleM UCCIeq0BaHUN
TaKye NarueHThbl COCTaBUIU NI 46%. [Iprunna
9TUX Pa3JIUYUU HesICHA, XOTA MOKHO IpeJIoa-
raTh BJIWsIHHE 0COOeHHOCTEeN Habopa B McCCJIeo-
BaHue: MbI IPOCIIEKTUBHO BKJIIOYAJIM B UCCIEN0-

Significance of study findings. We evaluated
the critically ill patients’ QoL and health perception
through a follow-up at 30, 90 and 180 days after ICU
discharge. At the time of discharge from ICU, pa-
tients present values of QoL lower than those of the
reference population [18, 20, 24, 25].

At the first follow-up patients present higher
values of physical condition, while mental health
perception items remained relatively stable. The
EQ-5D-5L item of «Anxiety and Depression» pres-
ents at 30 days follow-up values almost overlapping
with the values of the discharge without any im-
provement. This suggests that, despite some degree
of physical recovery, the return to daily-life and the
first approach to autonomy were experienced as
difficult moments.

At 90-days an improvement trend was ob-
served in all the areas investigated by both ques-
tionnaires. Although these values are numerically
lower than the in average standard population, they
likely reflect an adaptation of the patient's role to
his health condition. The only component without
any improvement in the EQ-5D-5L item remains
«anxiety and depression», whose score was equal to
the presence of «moderate anxiety and/or depres-
sion».

Finally, at 180 days, there is a trend of im-
provement in all areas. However, values remain
lower than the average of the reference population
[18, 20]. Moreover, the stability of the general health
(GH) item in SF-36 is equally discouraging. Notably,
the mental health index fails to improve even after
six months from discharge, contrary to the physical
health indexes.

Six months after discharge, we would expect,
on average, a good return to autonomy in daily life
and a subjective perception of health in line with
that present before the critical event. However, de-
spite the gradual increase in all the items we ob-
serve that our patients six months after discharge
still have a QoL compromised. Every item, in SF-36
and EQ-5D-5L, improve over time, except for the
«anxiety and depression» item. The improvement
was observed above all within the first three
months. Subsequently, while observing an im-
provement in the values, the difference compared
to the previous three months is less striking.

An interesting finding of our study is that, con-
trary to items related to physical health, those re-
lated to psychological areas of QoL generally do not
improve after six months.

These results underline the importance of a
continuous patient follow-up beyond three
months, in order to ensure support towards full re-
covery. In particular, supportive measures should
especially focus on the psychological issues, even
when physical recovery has been achieved. Inter-
estingly, this should also apply to patients requiring
only short-term ICU admission. Of note, in our
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BaHue 00JIbHBIX, elle HaxomuBiiuxcsa B OPUT, a
XOIYKCOH M COTP. IPOBOLUJIA 3Ty IIPOLIEAYPY PeT-
POCIEKTUBHO, TTocse BbIUCKH 13 OPUT. Boamosk-
HO, AI[eHThI B 00JIee TAKEJI0M COCTOSIHUM OTKa-
3aJIMCh OT y4acTUsA B HCClenoBaHuu. Jlpyrue
00bSICHEHNEM MOTYT CJYKUATH Pas3jddds Ipo-
rpaMM MOCTpeaHnMAaIMOHHON peabuauranuu. K
CO’KaJIeHHIO, Y HaC HeT JaHHBIX O TAaKOU Iporpam-
Me B MCCJieJoBaHUM XOJKCcOoHa [23]. boJiee Toro,
MBI He OIl€eHWBaJUd COCTOSTHHE 3I0POBbA Ha
MOMeHT nocrymienuss B OPUT.

B orHOIlIEeHUYU KCITOJIb30BaHUS MIKaabl EQ-
5D-5L y manmeHTOB, BbInucaHHbix u3 OPUT B MTa-
JINH, JaHHBIX MaJI0. B O0OJILIIMHCTBE UCCIe0BaHUI
10 9TOU MpobJieMe TPUMEHSIETCS ApyTras BepCcus
onpocHuka, EQ-5D-3L. B Hamem ucciaenoBaHuu
BIIEpPBBIE€ TIPUBOAUTCA UH(POPMAIUs 10 TAaHHOU
rpyIIle NaleHToB C UCII0JIb30BaHUEM HOBOU Bep-
CUM OIIPOCHUKA, IPUMEHSIEMOI BO BCEM MUDE.

B cBs3u ¢ oTcyTcTBUEM MH(MOPMAIUUA O HOP-
MaJIbHbIX 3Ha4YeHUsAX mapameTpoB EQ-5D-51L B Uta-
JIMA MBI CPaBHUBAJ/IYU IIOJIyYC€HHBIE Pe3yJIETaThl C
JaHHBIMU, ITOJIyYeHHBIMU ATI0JIOHE 1 MOCKOHU [18].

3HadyeHHe [OJy4YeHHBIX pe3yJbTaroB. Mbl
OLIEHMBAJIM Ka4eCTBO JKU3HU U OLIEHKY CBOEro
COCTOSIHUSA 30POBbA y ITIAIIMEHTOB, HAXOAVBIIINX-
Cs1 B KPUTUYECKOM COCTOSIHMH, B TUHAMUKE, Yepe3
30, 90 u 180 mueit mocae Beinucku 3 OPUT. Ha
MOMEHT BBIIUCKU ITOoKaadareau KK y Hammx namu-
€HTOB OBLIM HUKE, YeM B KOHTPOJILHOU T'pyIIe
HacejgeHusd [18, 20, 24, 25].

B nepBoii BpeMeHHOU TOUKE IOCaenylolle-
ro nHaoJsonenus (30 gHell) OTMETHUJIN MOBBIIIIe-
HUe II0Ka3aTeJsel 1o pasaesaM, XxapaKTepu3ylo-
muM GHU3NYECKOe COCTOSTHUE, B TO BpEMsI KaK
BbIpa’KEHHBIX U3MEHEHUN MTapaMeTPOB MCUXU-
4eCKOTO 3J0POBbS HE NPOUCXOAUT. KondecTBO
b6astoB paspgesa «TpeBora u Iernpeccusi» Ompoc-
Huka EQ-5D-5L yepes 30 nqHel mocje BBITUCKU
He yJIy4IIaeTcs U IPAaKTUYEeCKU COOTBETCTBYET
TOMY, KOTOpoe ObLIO 3a)UKCHPOBAHO IIPHU
BBIMTKMCKE. MOYKHO NPENII0JIOKUATH, YTO, HECMOT-
ps Ha HEKOTOpoe (pusnveckoe BOCCTAaHOBJIEHUE,
BO3pallleHHe K TOBCeJHEBHOU KM3HU U IIEPBbIE
IIONBITKM CaMOCTOSATEJbHOIO CYIIeCTBOBaHUSA
JlaBAJIMCh MTAIUEHTaM C OOJIBIITNM TPYIOM.

Uepes 90 gHell TEHIEHUMIO K YIY4YIIEHUIO
HaOJTIOa I BO BCeX 00JIACTSAX, OTPa’KeHHBIX B
060mX OTTpOCHUKAX. XOTsI TOJTy4YeHHbIE TOKa3are-
Jiv OBLJIA HU)KE, YeM B OOBIYHOM TTOMYJIAIIAN, OHU
OTPa3uUIHU MPUCITOCOOIEHYE POJIU ITAITUEHTOB K UX
peasbHOMY COCTOSHMIO 310POBbs. ENMHCTBEH-
HBIM KOMIIOHEeHTOM IIKaJibl EQ-5D-5L, He nipone-
MOHCTPHPOBABIIUM HOJIOKUTETHHOU TUHAMUKY,
ocTaJcs paszes «peBora u genpeccusi». Koanyde-
CTBO 0AJIJIOB IT0 HEMY COOTBETCTBOBAJIO HATTUYUIO
«yMepeHHOU TpeBOTU 1/ WUJIu IePeCcCu».

Hakoner, yepe3 180 gHeil TEHIEHIUIO K
VAYUIIIEeHUI0 OTMETUJIA BO BCexX obutacTax. Tem He

study, this cohort comprised mainly post-operative
patients, and it is hence difficult to separate the
long-term effects of the primary condition leading
to surgery from those of ICU stay.

Implication for future studies. Our study pro-
vides a time pattern of QoL recovery after ICU ad-
mission in a tertiary care hospital in Italy. We were
able to investigate progress in recovery from ICU
discharge to 180-days in different items of QoL re-
lated to both physical and mental health. Our study
provides baseline data for future studies aimed at
improving long-term recovery from critical illness.
In particular, our findings underline that future in-
terventional trials should focus on primary inter-
ventions affecting mental health, that should con-
tinue beyond three months after discharge. In
addition, future investigations should also focus on
who and where should deliver these interventions
[26-30]. Notably, intensive care follow-up clinics
are still under-represented in Western countries
[31]. Our study suggests that implementation of fol-
low-up clinics, with specific focus on specific needs
of patients with PICS, may have a positive impact
on QoL recovery after critical illness [32].

Limitations of the study. In our study, we ex-
cluded suspected or documented brain injury to
avoid potential confounders. However, long-term
recovery after primary brain injury is already a
widely investigated area. Furthermore, 30% of pa-
tients discharged alive from the ICU were not as-
sessed at 6 months, due to either study withdrawal
or loss to follow-up. As these patients are more likely
to be those with a poor recovery, the degree of long-
term QoL compromise identified by our study
might be underestimated. We did not assess the pre-
ICU admission health status, so we cannot verify if
poor quality of life post-ICU discharge could be due
to a pre-ICU poor state. Finally, we acknowledge
that our study did not assess potential predictors of
post-ICU outcome, including comorbidities, family
support, and need for re-hospitalization.

Conclusion

Patients discharged from ICU present physical,
cognitive and psychological sequelae which all af-
fected the QoL in the long-term. Although there is a
continuous, albeit slow, recovery over time, patients
still do not achieve a QoL comparable to before ICU
admission. The items related to mental health are
the most severely affected. Patients should be in-
formed of these potential problems and supported
during the rehabilitative clinical path especially
after three months. Future studies should be aimed
at developing and testing interventions to improve
long-term QoL after critical illness.
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MeHee, TokasaTesn KK Ob11H HU3Ke, YeM CpeiHIe
IUsT 00br9HOY momyssAnuu [18, 20]. Kpome Toro,
CTOJIb 3Ke TeYaJibHasg KapTUHA HaOJI0faach
TVHAMUKOH ITOKa3aTeJist 00IIIero COCTOSTHUS 3110~
poBbs onpocHuKa SF-36. HTepecHO, 4TO MoKa3a-
TeJIb IICUXWUYECKOI'0 3J0POBbS HE YJIYYIIUJICA
JaKe yepes 6 MecALeB I10CJIe BbIIIUCKU B OTINYHNE
OT ITOKa3aTeJsieil Gu3U4ecKoro 3J0pPOBbAI.

Uepes 6 mecAneB II0CJI€ BBIIACKU MOKHO
O0YKUAATh CTOMKOI'0 BO3BPaTa K CaMOCTOSITEJIbHO-
CTU B IOBCETHEBHOU [1eIT€JIbHOCTUA ¥ BOCCTAHOB-
JICHUS OLIEHKM COCTOSHUA 300POBbA 10 YPOBHH,
KOTOPBIH OBIT Mepen rociuTanusanued B OPUT.
TeMm He MeHee, HECMOTPsI Ha IIOCTEIIEHHOE II0BBI-
LIeHUe BCeX IapaMeTpOB yepes 6 MecALeB Mocse
BBINMCKHY, 3adukcupoBanu cHuskeHnue KiK. Bee
nokaaaresu mkas SF-36 u EQ-5D-5L yuryuimuiance
B IMHAMMKe, KpoMe paszesia «I'peBora u mernpec-
cusi». OcOOEHHO BhIpaskeHHOE YiTydIleHre HabJto-
Jajiu B IlepBble 3 MecsAna, BIIOCJAEACTBUUA POCT
nokasaresiert KJK samenniics.

WuTepecHO, 4TO uyepes 6 MecALeB IICUX0J10-
rudeckre acnekThl KK B O0/IbIIMHCTBE CTy4YaeB
He YIy4YIIWJINCh, B OTJIMYMWE OT IMOKasaTeJsel
(pU3NIECKOT0 310POBHI.

[TostyuyenHbIe pe3yabraTbl CBUAETEIbCTBYIOT
0 BaKHOCTU IIPOAOJIDKEHUS JUHAMHUYECKOIO
HabJTI0[TeHN A 3a TaleHTaMHU U TI0CJIe 3 MECSIIEB
CO IHS BBIMIUCKYU [IJISI TOTO, YTOOBI 00€CTIeYnTh

0oJ1ee IOJTHOE WX BOCCTAHOBJIEHUE. B wacTHOCTH,
cyenyeT ocoboe BHUMaHHUE YIeATh ICUX0JI0THYe-
CKHM aCIIeKTaM, Jayke [IPA BUAYMOM JOCTUKEHUN
COMaTH4YeCKOr'0 BOCCTAaHOBJIEHU. JTO KacaeTcsa u
MalEeHTOB, KOTOPBHIM TPeOOBAIOCH JTUIITH KPaTKO-
BpemeHHOe npebsiBanue B OPUT. Cienyer oTme-
TUTb, YTO B HAIlIEM MCCJIE€JOBAHNM JaHHAas IPyIa
IIAIlMEeHTOB BKJIIOYA/Ia B OCHOBHOM TeX, KOMY IIPO-
BeJIY XMPYypPrA4eCcKoe BMellIaTe/IbCTBO, B CBSA3U C
4yeM OBIJIO TPYOHO OIpENevTh, BBI3BAHBI JIU
Ha0JTI0/JaeMbIe TTOCJIeICTBUSA TAKeJIbIM 3ab0J1eBa-
HHEeM, TOTPeOOBABIIINM OIlE€paIfH, UJIU TpeObIBa-
HueMm B OPUT.

IlepcekTHBBI JAaTbHEUIIINX WCCIEI0Ba-
HUI1. B Hamem ncciiefoBaHuy MOKa3aHa JuHAMU-
Ka BOCCTaHOBJIeHUs NToKkasaresieit KK nmociie roc-
nutanusanmuu B OPUT cnemnuasmn3vpoBaHHOU
6oapHUIEI B VITanu. MBI IPOCIEAUIN POCT pas-
JIMUHBIX NoKasaresaeid KIK, xapakrepusaymomnux
dusnueckoe 1 ICUXUUECKOe 3J0POBbE, C MOMEHTA
Beinucku n3 OPUT mo 180-ro gHS mocje Hee.
Hamy nanHble MOTYT IOCHYKUTh OCHOBOH IJIs
TaJIbHEUININX HCcaeoBaHUU 3P PeKTUBHOCTHU
BMeIlaTe/JbCTB, HAllpaBJIEHHbIX Ha YJIy4llIeHHUE
pe3y/abTaroB NOJTOCPOYHOIO BOCCTAHOBJIEHUA
1ocJie KpUTHYECKUX 3aboeBanuii. [TogyueHHBIE
pe3y/abTarbl CBUIETEJIbCTBYIOT O TOM, YTO TaKHUe
BMelIaTeIbCTBa JOJLKHBI IIPEKe BCero KacarbCs
ACIIEKTOB IICUXWYECKOIO 3J0POBbA M IIPOINOJI-
sKaTbCsA 0oJiee 3 MecCsIeB II0CJIe BBIMTUCKU M3
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OPUT. Kpome Toro, Oyaymime WCCIeT0BaHUSA
JOJKHBI TIPOSICHATH BOIIPOC O TOM, TIe U KeM
OyIyT TPOBOAUTHCS YKAa3aHHbIE BMEIIaTeTbCTBA
[26-30]. Heo6xonuMo MOA4YepKHYTH, YTO B 3amal-
HBIX CTPaHax JI0 CUX IIOP UMeeTCsI HeJOCTATOYHO
KJIMHUK, 3aHUMAIOIIINXCsI HabJTIoieHreM 1 peadbu-
JuTanyen 00JbHBIX ITocse Jedenuss B OPUT [31].
MBI TIoJ1araeM, 4TO OpraHu3anus TAKUX KIWHUK,
VIeJISIONINX 0c000€e BHUMaHMe HyRIaM IareH-
TOB ¢ [IMT-cuHAPOMOM, MOKET I10JI0KUTEJIBHO
MOBJIMATH HA BOCCTAHOBJIEHHE KauyeCcTBa YKU3HU
rocsie ipeOwvIBanusi B OPUT [32].

OrpanndyeHusa mcciaenoBaHusA. Jlasa Toro,
4TOOBI UCKJIIOUUTDH (PAKTOPHI, KOTOPhIE MOTJIN OBI
BHECTH HESICHOCTD B OLICHKY KauyeCTBa KU3HHU, MbI
He BKJIIOYaJIU B MCCJIeJOBaHMeE ITallMeHTOB C IOJ0-
3peBaeMbIM WJIM MOTBEPSKIEHHBIM TOBPEYKIEHU -
€M r0JIOBHOI'O MO3ra. B aToii CBSI3U HYKHO OTMe-
TUTB, YTO JOJITOCPOYHOE BOCCTAHOBJIEHUE MOCTE
MMOBPEKIEHNA TOJIOBHOTO MO3Tra JOCTAaTOYHO
Xopomo u3ydeHo. Kpome aToro, u3BecTHo, 4TO
InHaMu4deckyo oneHky KK depes 6 mecanes
nocsie Beinmucku u3d OPUT ve nposopar y 30%
MMalleHTOB BCJIEACTBHE JIMOO ITIpeKpaleHust
HCCaeq0BaHusA, INOO IMOTEPH UX AJIsI MOCIeTyIo-
1ero HaooaeHus1. [I0OCKObKY y TAKUX HaleH-
TOB MM€eeTCs BePOATHOCTb HEJOCTATOYHOTO BOC-
CTaHOBJIEHHUS, cTerneHb JOJITOCPOYHOTO
cHwrenusa KK, koropyo nmokasaJjio Hale uccimie-
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JIOBaHMe, MOKeT OBITh Iaske HeJooIlleHeHa. MbI He
OIIEHUBAJIN COCTOSTHUE 3IOPOBBHS MAIUEHTOB 10
nx nocrymiennsa B OPUT, mostomy He MOKeM
TOYHO OIIpefesnThb, UMeJIOCh JI Y HUX HU3KOe
Ka4yeCcTBO SKM3HU eIlle 0 TOCIUTAJIN3alldd B
OPUT. HakoHer, B CHEKTp HAIINX 3aa4 He BXOIN-
JIO HM3y4YeHHEe IpPeJUKTOPOB IIPOrHo3a II0Cje
BbIUCKHU 13 OPUT, K KOTOPBIM OTHOCATCSA COIIYT-
CTByIOIIME 3a00JI€BaHNs, CEMeIHasI TOIePsKKA 1
HeoOXOIMMOCTh IIOBTOPHOM TOCITUTAIU3AIAH.

3akJrouenue

V manueHToB, BbinucanHbIx u3 OPUT, Habu1io0-
JIAIOTCSI COMaTUYeCKHUe, KOTHUTUBHBIE U TICUX0JIO-
TUYeCKHe TMOCIeICTBUs, KOTOPbIe OKAa3bIBAIOT
BJIMSTHME Ha JOJITOCPOYHOE KavyeCTBO >KU3HMU.
HecMoTpst Ha MeJIeHHOE, HO CTaOMJIBHOE BBI3/I0-
pOBJIEHHE C TeYeHHWEeM BpPEMEeHHU, TOr0 KadyeCTBa
SKU3HH, KOTOpPOE OBIJIO Y IMaIleHTOB JI0 TOCIINTa-
smaaruu B OPUT, noctuub He yaaercs. OcobeHHO
XapaKTEPHO 3TO JIJIsI TOKa3aTreJsei, KacarouInxcs
TICUXIYECKOTO 3I0POBbsI. [1alreHTOB HE0OX0TUMO
UHGOPMHUPOBATH O BO3MOKHBIX ITPOOJIEMaxX TaAKO-
r'0 POJa U OJIJIEP>KUBATh B TeUEHM e Teprojia KJIN-
HUYECKOW peabumimTau, ocobeHHO dYepe3 3
MecsIIIa MOCJIe BBITTUCKY U TI033Ke. )11 pa3paboTKu
U OIeHKU 3I(PEPEeKTUBHOCTH BMENIATEJbCTB,
HaIlPaBJICHHBIX Ha YJIy4llIeHHEe IOJITOCPOYHOIO
KadyeCcTBa KU3HU IIOCJIE TSMKeJIbIX 3a00IeBaHUI,
HEeOoOXOAUMBI TaJIbHEHNIIEe NCCAeOBaHUSI.
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JIyka /leyya: pa3dpaboTka KOHIIETITUH, METO-
JTOJIOTHS, ICCJIeTOBaHMe, OTOOP TaHHBIX, HAITHCA-
HUe CTaTbu (0030p, peJaKTUPOBAHUE).

Bernedemma Onmoaunu: pa3padoTKa KOHIIEIT-
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Supplementary Appendix

Medical Outcome Study 36-Item Short Form Health Survey (SF-36). SF-36 is a 36-item question-

naire described for the first time in 1992 [1]. It was firstly conceived for use in clinical practice and research.
It includes one multi-item scale that investigate eight health concepts: limitations in physical activities,
limitation in social activities, limitations in usual role activities because of physical and emotional prob-
lems, bodily pain, general mental health, vitality, and general health perceptions. The survey can be self-
administrated or administrated by a trained interviewer in person or by phone. Patients have to choose
the answer that better describes their situation. Results are indicated as percentage, where 100% is the
best situation. SF-36 has been validated in Italian population by Apolone analyzing data from seven studies
in which Italian version of SF-36 was administered to more than 7000 patients [2]. Time to complete the
questionnaire was less than 20 minutes in more than 90% of the patients, 50% of patients needed no help
to complete questionnaire, 25% of patients needed full explanations of the questions. Descriptive statistics
and score distribution in the Italian sample are shown in the table below.

Supplementary Table 1. Statistics and score distribution in the Italian normative sample using SF-36.

Parameters PF RP BP GH VT SF RE MH
Mean (%) 84.46 78.21 73.67 65.22 61.89 77.43 76.16 66.59
SD 23.18 35.93 27.65 22.18 20.69 23.34 37.25 20.89

Note. Data are show as mean of Italian sample and Standard deviation. PF — physical functioning; RP — role physical; BP —
bodily pain; GH — general health; VT — vitality; SF — social functioning; RE — role-emotional; MH — mental health.

Euro Quality of Life 5 Dimensions - 5 Levels (EQ-5D-5L). EQ-5D-5L is a generic Health Related
Quality of Life instrument for the valuation of health that provides a generic measure of health for clinical
and economical evaluation. It can be self-administered or administered by a trained physician. It is com-
posed by two parts. First part is the descriptive system which comprises five domains (mobility, self-care,
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usual activities, pain/discomfort, anxiety/depression), each domain has five possible levels (no problems,
slight problems, moderate problems, severe problems and unable to do), these levels are also converted
in numeric values with 1 used to indicate best situation, 5 the worst. By combining every characteristic
level, a total of 3125 health-states can be obtained. Second part of EQ-5D-5L questionnaire is the Visual
Analogue Scale, which is used to rate current health on a scale from 0 (worst) to 100 (best). EQ-5D-5L
norm values in Italian population were collected by Scalone et al. who conducted a large-scale telephone
survey interviewing 6800 people [3]. Descriptive statistics and score frequencies are shown in table below.

Supplementary Table 2. EQ-5D-5L frequencies in Italian normative sample.

Levels Frequency (%)
Mobility Self-Care Usual Activities Pain Discomfort Anxiety Depression
1 84.2 94.2 84.9 52.8 61.7
2 9 3.1 9.2 30.1 25.7
3 5.2 1.9 4.6 15 11.1
4 1.3 0.5 1 1.8 0.8
5 0.3 0.3 0.4 0.3 0.6

Note. EQ-VAS: Mean = 78.22; SD = 18.39

Supplementary Table 3: p-value of SF-36 parameters at the different study time, in all patients, intensive treatment
patients and intensive monitoring patients.

Parameters SF-36, SF-36, intensive SF-36, intensive
all patients treatment patients monitoring patients
Physical Functioning 30days 90days 180days  30days 90days 180days 30 days 90 days 180 days
ICU discharge <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001  <0.0001 <0.0001 <0.0001
30 days <0.0001 <0.0001 <0.0001 <0.001 0.004 <0.0001
90 days <0.0001 0.042 <0.002
Limitations to the physical role
ICU discharge 0.0062 0.17 <0.0001 0.07 0.23 0.0018 0.026 0.26 0.004
30 days <0.001 <0.0001 <0.01 <0.0001 <0.01 <0.0001
90 days <0.001 0.014 0.011
Bodily Pain
ICU discharge 0.078 <0.0001 <0.0001 0.10 <0.001 <0.0001 0.25 0.004 <0.0001
30 days <0.001 <0.0001 0.03 0.00024 0.006 <0.0001
90 days <0.0001 0.01 0.0011
General Health perceptions
ICU discharge 0.02 0.006 0.015 0.046 0.015 0.08 0.10 0.12 0.09
30 days 0.06 0.49 0.09 0.28 0.22 0.34
90 days 0.10 0.06 0.46
Vitality
ICU discharge 0.348 0.0073 <0.0001 0.28 <0.01 <0.0001 0.15 0.16 0.03
30 days <0.001 <0.0001 <0.01 <0.001 0.008 0.007
90 days 0.005 0.04 0.028
Social Functioning
ICU discharge 0.11 0.04 <0.0001 0.17 0.099 <0.0001 0.19 0.14 <0.00021
30 days <0.001 <0.0001 0.011 <0.001 0.0089 <0.0001
90 days 0.001 0.046 0.0072
Emotional role limitations
ICU discharge 0.30 0.15 <0.0001 0.24 0.21 <0.002 0.48 0.23 0.0017
30 days <0.005 <0.0001 0.047 <0.001 0.025 0.0014
90 days 0.0016 0.06 0.0052
Mental Health
ICU discharge 0.17 0.029 <0.001 0.16 0.026 <0.0001 0.4 0.29 0.032
30 days 0.014 0.0019 0.037 0.0055 0.10 0.063
90 days 0.01 0.033 0.077
Synthetic index linked to physical health
ICU discharge <0.0001 <0.0001 <0.0001 <0.005 <0.0001 <0.0001 0.01 <0.0001 <0.0001
30 days <0.0001 <0.0001 <0.001 <0.00033 0.0048 <0.0001
90 days <0.0001 0.007 0.00034
Synthetic index linked to mental health
ICU discharge 0.023 0.068 0.082 0.12 0.17 0.07 0.045 0.092 0.39
30 days 0.0062 0.0001 0.086 0.0019 0.015 0.01
90 days 0.01 0.062 0.048
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Supplementary Table 4. p-value of EQ-5D-5L parameters at the different study time, in all patients, intensive treat-
ment patients and intensive monitoring patients.

EQ-5D, EQ-5D, intensive EQ-5D, intensive
all patients treatment patients monitoring patients
Mobility 30days 90days 180days 30 days 90days 180days 30 days 90 days 180 days
ICU discharge <0.0001 <0.0001 <0.0001 <0.001 <0.0001 <0.0001 0.2847 0.9091 0.451
30 days <0.005 <0.0001 0.0380 <0.001 0.6813 0.4285
90 days 0.04 0.133 0.1041
Self-care
ICU discharge <0.0001  <0.0001  <0.0001 <0.001 <0.0001  <0.0001  0.01009 0.661 0.5973
30 days 0.0002 <0.0001 <0.005 <0.0001 0.6949 0.4219
90 days 0.04 0.1396 0.1099
Usual Activity
ICU discharge 0.0015 <0.0001 <0.0001 0.0233 <0.0001 <0.0001 0.8687 0.6936 0.3905
30 days <0.007 <0.0001 0.082 <0.005 0.7071 0.4483
90 days <0.05 0.205 0.1024
Pain/Discomfort
ICU discharge 0.35145 0.015 <0.0001 0.8654 0.394 0.0155 0.688 0.449 0.3082
30 days 0.178 <0.0003 0.54 0.0412 0.6078 0.4122
90 days <0.01 0.1215 0.043
Anxiety/Depression
0 0.0883 0.325 0.018 0.3245 0.1638 0.0372 0.6377 0.231 0.2096
30 0.501 0.474 0.7357 0.3142 0.3886 0.3103
90 0.167 0.4673 0.2286
VAS Health Perception
ICU discharge 0.0329 <0.0001 <0.0001 0.081 <0.001 <0.0001 0.2915 0.0086 <0.0001
30 days 0.0488 <0.0001 0.15 <0.0001 0.1055 0.0004
90 days 0.0028 0.022 0.0592
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Pe3rome

CHHIpOM IOPTAJILHON TUIIEPTEH3UH OTHOCHUTCS K OHOH M3 HanboJlee TsKEeIbIX IaTOJI0THH JeTCKOTO
BO3PACTa, TAK KaK sIBJISIETCS IPUYNHOM MAIIEBOJHO-KEJTYI0YHbIX KDOBOTEYEHHH, HEPEIKO IPUBOIAIINX K
JietajabHOMY rcxony. OCHOBHOH 33/1auell B JIeYeHUH TOPTAIbHON FHUIIePTEH3UH OCTAETCsI IIPeJOTBpalieHIe
KPOBOTEUEHU U3 COCYJOB CUCTEMbI BOPOTHOM BEHBI, JOCTUTaeMOoe TOCPEICTBOM COCYAUCTBIX OTeparuii —
IMOPTOCUCTEMHOI'O INYHTUPOBAHUA. HeCMOTpH Ha ImpenMmyIgecTBa SHHIIypaJILHoﬁ aHeCTe3nu Hald OIIMOM/I-
HOW, y JeTell C BHeIle4eHOYHOU (hopMOIi IOPTaJbHOU rUIlepTeH31HU JaJIeKO He BCerna yAaeTcsl BOCII0JIb30-
BaThCA JaHHBIM BUJOM aHECTe3UH, YTO, Ha HAII B3WIsAJ, sIBJISIETCS ONHOH U3 BAyKHEUIIINX U 10 CHX IO He
PpelIeHHbIX 331a4 B aHECTE3NOJIOT HH.

Ileb 0030pa: OLIEHUTD CIEKTP OrpaHHYEeHN 00IIell aHeCTe3NH IIPU IIYHTHPYIOLIUX OIlepalusiX BHe-
IeYeHOYHOH MOPTaJbHON TUIIePTeH3UHN Y AeTel C TPOMOOIUTOIeHUEeH.

[TouCK MCTOYHUKOB OCYIIIECTBJISLIN B 6a3ax maHHbIXx PubMed, Medline, e-library u np., ©cosib3oBain
coOCTBeHHBIE KITMHNYECKIEe HaOI0/IeHNS IPY BHITTOJTHEHNY aHECTE3NO0JIOTTIECKOT0 0becIieueH s XUpyp-
TMYeCKON KOPPEKIINY BHETIEYeHOUYHOH IIOPTATbHOM THUIIEPTEH3NUH! Y JIeTeH.

BbIABU/IN, YTO 17151 IPOBEEHMs 00IIel aHeCTe3UH IIPH OIlepanUsiX IOPTOCUCTEMHOrO IIYHTUPOBAHUS
y eTeil ¢ TpoMbonuTONIEHNEN HeoOXoqMa padpaboTka aHECTE3UOJIOTUYECKOr0 o0ecrieueHus1, He BKJIIO-
Jarouiero annaypajbHyI0 aHECTE3UIO U BBeI€eHE€ BLICOKUX 103 OITMOUI0B.

PemrenneM JaHHOM MPOOJIEMBI MOSKET OBITH BKJIIOUEHHE B CXeMY aHECTe3MOJIOTTIECKOT0 00ecredeHnsI
[IEHTPATBFHOTO CEJIEKTHUBHOTO a/b(a-2-aJpeH0aroHNCTa JeKCMeIeTOMUIIHA — IIperrapara, COYeTaloIero
B CBOEM JIeHICTBUY, KaK aHAIbI€THYECKIH, TaK ¥ TUITHOTHYECKUEH KOMIIOHEHTHI, II03BOJISIONIETO0 3a CYET CY-
IIpaaJINTUBHOTO 3(pheKTa 3HAYNTETLHO CHUSUTD TOTPEOHOCTD B TUITHOTUKAX U OIIMOUIHBIX aHAJIbI€TUKAX,
COXpaHsisi BBICOKUY YPOBEHDb HEUPOBETeTaTUBHOM 3aIINTHI.

3akiaroueHue. ONTUMHU3aIMs AaHECTe3N0JIOTUYeCKOro obecrieueHns y feTell ¢ TpoMOOoIUToIIeHrel mpu
IIYHTAPYIOIINX OIlepaIiisiX BHEIIeYeHOYHOH TOPTaJbHOMN I'UIIepTEeH3MH, Ha Halll B3I, IBJIsAEeTCs HeobXo-
JTUMOM 17151 MUHUMHU3AIIUH XUPYPrUIECKOTO CTpecca U MOOOYHBIX 9(P(PEKTOB JJeKapCTBEHHBIX ITPENapaToB.

Knrouesvle croea: anecmesusiy demeti; NOpmMaibHAas 2UNEPMeH3ust, mpomoouumoneHust; 0excme0emomudun

KonduukTt nHTepecoB. KOH(IUKT UHTEPeCOB OTCYTCTBYET.

Summary

Portal hypertension syndrome is one of the most severe pediatric conditions causing gastroesophageal
bleeding which can be fatal. The main challenge in the management of portal hypertension is prevention of
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bleeding from the portal vein system, which is achieved by vascular surgery, particularly portosystemic shunt-
ing. Epidural anesthesia, despite its advantages over the opioid one, is not always performed in children with
extrahepatic portal hypertension, and still remains unsolved issue in pediatric anesthesiology.

Aim of the review: to evaluate the scope of limitations of general anesthesia in bypass surgery for extra-
hepatic portal hypertension in children with thrombocytopenia. We searched PubMed, Medline, Elibrary.ru
and other databases and used original clinical observations while performing anesthesiologic support of sur-
gical correction of extrahepatic portal hypertension in children.

We found that general anesthesia for portosystemic bypass surgery in children with thrombocytopenia re-
quires the anesthetic support that does not include epidural anesthesia and high-dose opioid administration.
This issue can be resolved by including the central selective alpha-2-adrenergic agonist dexmedetomidine
with both analgesic and hypnotic effects in the anesthesia support. Due to its additive effects, this drug sig-
nificantly reduces the need for hypnotics and opioid analgesics while maintaining a high level of neurovege-

tative protection.

Conclusion. In our opinion, optimizing anesthesia in children with thrombocytopenia during bypass
surgery for extrahepatic portal hypertension is essential to minimize surgical stress and side effects of drugs.

Keywords: pediatric anesthesia; portal hypertension; thrombocytopenia; dexmedetomidine
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BBenenue

OTtedecTBeHHBIE U 3apy0OesKHbBIE CIEINAJIH-
CTBI B 00J1aCTH JETCKON COCYAHMICTON XUPYPTUAHN
OIpeiesIAI0T  BHENEeYeHOYHYI0 IOPTaJIbHYIO
TUIIEPTEH3MI0, KaK CEPhE3H0E COCYIHUCTOE 3a00-
JIeBaHUe TeYeHH, IPUBO/IsIIee K OOCTPYKITUA U
KaBepHO3HOU TpaHc(opMaluu BOPOTHOMN BEHBI.
10 3abosIeBaHMe BRIII0OYAET KOMIIJIEKC TTaTOJIOTH -
YeCKHUX M3MEHEeHUH, BbI3BaHHBIX BPOSKIEHHBIMU
IIOPOKaMU pa3BUTHS COCYL0B CUCTEMBI BOPOTHOU
BeHBbI (CTEHO3, TUIIOIJIa3uUsl, KaBepHO3Hasl TPaHC-
¢opmarnusa cTBoJa BOPOTHOM BEHBI, <KHCTOYKO-
BBIN» BUJ JIeJIEHUsI ee BETBEN) U MPUoOpeTeHHbI-
Mu 3a00JIeBaHUSIMU (TPOMOO03 CTBOJIA UJTH BETBEN
BOPOTHOU BEeHBI U PyOIIOBBIN CTEHO3), PUBOIS-
IIUX K YMEHBIIEHUI0 CKOPOCTH KPOBOTOKA IIO
OCHOBHOMY CTBOJIY BOPOTHOU BEHBI U TIOBBIIIIE-
HUIO JaBJIEHUSA B MOPTaJIbHOU cucteMe. [locsen-
Hee, B CBOIO OYepeib, CIOCOOCTBYET PAa3BUTHIO
KOJIJIaTepa/IbHOTO KPOBOTOKA B MeCTaX ecTe-
CTBEHHBIX IIOPTOKABAJIbHBIX aHACTOMO30B, Bapu-
KO3HOMY PACIIMPEHUIO BEH NUIIEBO/A U SKeJTYIKA,
XpPOHUYECKOW THUIIOKCUM OPTraHOB OpIONIHOMN
IIOJIOCTH, BOCIIAJIUTEIbHBIM U3MEHEHUSIM CJIU3U-
CTO¥ 000JIOUKH MUIIEBOAA U SKEJTyIKA, IPOBOIH-
PYIOIIUM KPOBOTEYEHMsI U3 BAPMKO3HO PACIIU-
PEHHBIX BE€H MHWINEBOJA, pPa3BUTHE AaCIHTa,
CIUIEHOMETAINH W TAHIUTONEHUN B TAKEJBIX
cayvasx [1, 2].

CyHIpOM TTOPTATbHON TMIEPTEH3UH OTHO-
CUTCS K OTHOH 13 HanboJiee TAKeTbIX TaTOJTOT U
JIeTCKOI'0 BO3PACTa, TAK KAK SIBJIsIeTCS IPUYNHOU
MUIEeBOIHO-KeJTyJOYHbIX KPOBOTeUeHNH, Hepel-
KO IIPUBOAAIINX K JeTaJIbHOMY Ucxony [3]. boJib-
Hble C MOPTAaJbHOU rUIepTeH3Uell IOCTOSTHHO
HaXOJATCS TIOf YTPO30H «BHE3AIMHOTO» KPOBO-
TeYeHWsI N3 BAPUKO3HO PaCIINPEHHBIX BEH MUIIe-
Bozma. ¥ 60-80% OOJIBHBIX 3Ta yrpo3a BbI3BaHA
BHETIEYeHOYHOU OJIOKAI0N TOPTATBHOTO KPOBO-

Introduction

Pediatric vascular surgeons worldwide agree
that extrahepatic portal hypertension is a serious
vascular hepatic disease leading to obstruction and
cavernous transformation of the portal vein. The
syndrome includes abnormalities caused by con-
genital vascular malformations of the portal vein
system (such as stenosis, hypoplasia, cavernous
transformation of the portal vein trunk, specific
branching pattern) and acquired diseases (such as
trunk or branch thrombosis and stricture), leading
to reduced blood flow through the main portal vein
and increased pressure in the portal system. This
induces collateral blood flow in the natural porto-
caval anastomoses locations, esophageal and gas-
tric varices, chronic splanchnic hypoxia, inflamma-
tion of esophageal and gastric mucosa, which can
provoke varicose bleeding, ascites, splenomegaly
and pancytopenia in severe cases [1, 2].

Portal hypertension syndrome is one of the most
severe pediatric conditions, which can cause fatal gas-
troesophageal bleeding [3]. Patients with portal hy-
pertension are at constant risk of «<sudden» bleeding
from esophageal varices. In 60-80% of patients this is
due to an extrahepatic portal circulation obstruction
and requires urgent surgical intervention, which is
usually successful owing to normal liver architecture
and sinusoid resistance, unlike in cirrhosis associated
with intrahepatic portal hypertension [4].

Prevention of portal system bleeding achieved
through vascular surgery (portosystemic shunt-
ing [5]), which also restores normal anatomical and
physiological interactions in the portal vein system,
has been the main challenge in portal hypertension
treatment [6].

The aim of the review is to discuss the scope
of general anesthesia in bypass surgery for extra-
hepatic portal hypertension in children with
thrombocytopenia.
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obpamenuss u TpebyeT ypreHTHOTO XUpypTruyie-
CKOr0 BMeIIaTesJbCTBA, KOTOPOE, KaK MPaBUJIO,
JaeT IOJIOKUTEJIbHbIEe Pe3y/abTaTbl BBUIY HOP-
MaJIbHOM CTPYKTYPbI IEY€HU ¥ CUHYCOU1aIbHOTO
COIIPOTUBJIEHMS], B OWIMYKE OT IUPpO3a IleueH!,
NIPUBOASAIIET0 K BHyTPUIIEYeHOYHON NOPTAJIbHON
TUNlepTeH3uu [4].

OCHOBHOU 3ajiauell jedyeHUs MOPTATbHOU
TUINIEPTEH3UU OCTAETCS IpeJOTBpallleHre KPOBO-
Te4eHUN U3 COCYIOB CUCTeMbl BOPOTHOU BEHBI,
JIOCTUTaeMOe IIOCPEeACTBOM COCYAUCTBIX OIlepa-
U TOPTOCUCTEMHOTO IIIYHTUPOBaHUA [5], KOTO-
pble He TOJBKO NPeJOTBPAIAl0T KPOBOTEUEeHUSI
13 BAPMKO3HbBIX BEH, HO ¥ BOCCTAHABJIUBAIOT HOP-
MaJibHble aHATOMO-(U3N0JIOTUYECKUEe OTHOIIIe-
HUs B 6acceliHe CCTEMBI BOPDOTHOU BEHHI [6].

ITesib 0630pa — OILIEHUTH CIIEKTP OTpaHUYe-
HUH 00IIIel aHeCTe3NH MPHU ITYHTUPYIOIIUX OTIe-
pauusax BHeNe4YeHOUYHOU opTaJlbHOU TUIIepTeH-
3UM Yy JIeTel C TPOMOOIUTOTIEHUEH.

Anecre3us B XMPYpPruu le4eHH

M3BecTHO, yTO HamboJee TpaBMaTUYHBIMU
XUPYypPru4eCKMMHU BMellareJbCTBAMU ABJIAIOTCA
OTKPBIThIE a0IOMUHAJIFHBIE OTIepaIliA Ha BEPX-
HeM aTa’ke OPIONIHON MOJIOCTH [7], K KAKOBBIM U
OTHOCATCA WIYHTHUPYIOIIME OIllepalluy IIPpA BHE-
nevyeHoYHou popMe MOPTATbHOU TUIEePTEH3UH.
VIMeHHO IpM TakWX OIlepaTUBHBIX BMellare/ib-
CTBax OrpaHUYeHNe BbIPAYKEHHOCTHU XUpypruyie-
CKOTO CTpecc-0TBeTa CTAHOBUTCS OTHON U3 Beqy-
IIYX 3a7a4 Bpava a”Hecre3uoJiora [8]. [Io MHeHUIO
OTeueCTBEeHHBIX KOJLJIET, IPX BBICOKON TpaBMaTU4-
HOCTHU OIlePAaTUBHBIX BMeEIIATEJbCTB KOMILIEKC
M3MEeHEeHUN HEeWPOIHJTOKPUHHOTO0, MeTabosmye-
CKOr0 M BOCHAJIWUTEJBHOIO Xapakrepa (cTpecc-
OTBET Ha XMPYPIUYECKYIO TpaBMy) BHa4aJie HOCUT
KOMIIEHCATOPHO-IIPUCIIOCOOUTETbHBIN XapaKTep,
HO TIOCTEIIEHHO CTAHOBSICh M30BITOYHBIM, MPU-
obpeTaeT TeM caMbIM YETKO OYEPUEHHYIO TIaTOJIO-
THYECKYI0 HalpaBJEeHHOCTb. JTO CTaHOBUTCA
OCHOBHOM NPUYMHOUN TEPUOIIEPAITMOHHON TUC-
(pyHKIIMY pa3TUYHBIX OPTaHOB M CUCTEM (OOJIb,
KaTaboJIM3M, HapyIllleHe IMMYHUTETa U TeMOCTa-
33, TUC(PYHKIMS JIETKUX, SKeTYA0YHO- KUIIIEYHOTO
TpaKTa, CepAeYHO-COCYIUCTOM CHUCTEeMBI), YTO
ompejiesisieT HE0OOXOMMMOCTD TTOMCKA ITOAXOH0B K
KOPpEeKILIUH BbIsIBJIEHHBIX HapyLIeHui [9].

Ilnsgs obecreyeHUs] BBICOKOKAYeCTBEHHOU
aJleKBaTHOUM aHa/JIbre3nu B KOMILJIEKCE O0Iei
MYJIBTUMOZA/IBHON aHeCcTe3Uuu NpU XUpyprude-
CKUX oOIlepauusax Ha Ie4YeHW TPpaJUuLMOHHO
HCII0JIb3YeTCA IPyLHas i aypalbHasa aHeCTe3us
Ha ypoBHe Th 7-8 [10-12]. l;11 HagesKHOCTU U
YIIPaBJIAEMOCTH aHTUHOIULEIITUBHBIX MEXaHU3-
MOB IIPHY BBINIOJIHEHUY TPAaBMaTUYHbBIX Ollepanui
B OPIOIITHO ITOJIOCTH 3apy0OesKHbIe KOJIJIETH ITPe/T-
JlararoT MCI0JIb30BaTh aHECTEe3UI0, COCTOAILYIO U3

Anesthesia in Hepatic Surgery

Open upper abdominal surgeries including
bypass surgery for extrahepatic portal hypertension
are known to be the most traumatic surgical inter-
ventions [7]. Limiting the surgical stress response
in such interventions is one of the leading chal-
lenges for anesthesiologists [8]. According to our
Russian colleagues, in a highly traumatic surgical
intervention, an integrated set of neuroendocrine,
metabolic and inflammatory changes (stress re-
sponse to surgical trauma) initially has a compen-
satory and adaptive nature, but later becomes re-
dundant and clearly abnormal. It can cause
perioperative organ and system dysfunction (man-
ifested as pain, catabolic response, immune and
hemostatic disorders, respiratory, gastrointestinal
and cardiovascular disturbances), which necessi-
tates the search for approaches to its correction [9].

In liver surgery, during general multimodal
anesthesia, thoracic epidural anesthesia at Th 7-8
level has been traditionally used to provide high-
quality adequate analgesia [10-12]. To ensure reli-
able and controllable antinociception when per-
forming traumatic abdominal surgery, surgeons
suggest using approach combining light and flexible
general anesthesia with thoracic epidural analge-
sia [13]. Some authors believe that it is a general
anesthesia combined with thoracic epidural anal-
gesia that meets the main requirements of trau-
matic liver surgery, providing consistent, controlled,
reliable and safe intraoperative period and creating
favorable conditions for the patient’s treatment [14].

In addition to the positive effects of epidural
anesthesia in the postoperative period, such as pro-
longed pain-free period, low risk of bowel obstruc-
tion and cardiovascular and pulmonary complica-
tions [15-19], its intraoperative use helps
significantly reduce the dose of opioid analgesics,
thereby ensuring earlier tracheal extubation and
patient discharge from the intensive care unit [20].

Opioid Analgesia

When epidural block is contraindicated or not
possible due to anatomical reasons or patient's re-
fusal, the need for opioid analgesics increases sig-
nificantly [21]. Anesthesiological support in this sit-
uation essentially involves a systemic high-dose
opioid analgesia, which has a number of limitations
and side effects requiring additional management
associated with economic costs, and significantly
worsening the postoperative period. Such compli-
cations include gastrointestinal paresis [22], opioid
tolerance and opioid-induced hyperalgesia (making
their further use futile) [23], postoperative nausea
and vomiting syndrome [24], respiratory depression
that can lead to fatal cardiovascular dysfunction and
death [25], which requires prolonged mechanical

lung ventilation in the postoperative period.
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JIByX KOMITOHEHTOB: HETJTYOOKOM ¥ THOKOH 001IIeH
AHEeCTe3UM B COYETAHUU C TPYAHOM aNIUAYyPaJIbHON
aHasbresuveu [13]. Psjg aBTOPOB CUHUTAIOT, YTO
MIMEHHO 00111asi aHeCTe3UsI B COUETAHNH C TPYTHON
3NUAYPAJIbHOU aHA/Ibre3uell 0OTBeYaeT OCHOBHBIM
TpeOOBAHUAM MPU TPABMaTUYHBIX OMEPAIUIX Ha
revyeHu, obecreynBass IleJIeHANPaBJIeHHOCTD,
YIpaBJIsIEMOCTD, HAaJIEKHOCTh M 0e30TacHOCTH
WHTPAOIEePAIMOHHOTO ITepHo/Ia, Co31aBasi 6J1aro-
NIPUATHBIE YCI0BUA 1715 IOCJIEeAYIOIEro JICYeHU
namuyeHTa [14].

Hapsny c no3uTuBHbIMU 3(ppeKTamu OT a1u-
JIypaJibHON aHeCcTe3Uu B II0CJIEOIepaAIMOHHOM
repuoe, TAKUMHU KaK ITPOJIOHTHPOBAaHHOE 00e3-
OonvBaHMe, yIIpesKIeHne Pa3BUTUS KUIEYHON
HENpOXOAUMOCTH, CHUKEHUE PHUCKA CepIevdHO-
COCYIVICTBIX U JIETOYHBIX OCJI0KHEHUH [15-19], ee
WHTpPAONepallMOHHOE NpPUMEHEeHWe IT03BOJISET
3HAYUTEJIbHO YMEHBIIUTH [O03bl OINMOUIHBIX
aHAJIbTETUKOB, 00ECIIeYNB TEM CaMbIM O0JIee paH-
HIOIO 9KCTYOAIMIO TPAXeX U BBITMCKY NAIlEeHTa U3
OT/leJIeHN s UHTeHCUBHOM Tepanuu [20].

OnuongHas aHaJAbre3usl

W3BecTHO, UTO Ha (pOHE OTCYTCTBUS MUY
pasibHOM 0OJI0KaAbl (HEBO3SMOKHOCTDH BBITIOJIHE-
HHsI MaHUIIYJISAIUS BBUAY NPOTHBOIIOKA3aHUU,
aHaTOMHUYECKHX 0COOEHHOCTEH NJ/IM OTKa3a IIallk-
€HTa) ITOTPEOHOCTh B ONTMOUIHBIX aHAJIbIeTHKAX
3HAYUTEJLHO YBeJInYnBaeTcs [21]. AHecTe3n0J10-
rudeckoe obecrieyeHre B TaHHON CUTYyalluH, IO
CBOEM CyTH, CTAHOBUTCSI CUCTEMHOUN BBICOKOI03-
HOW ONMWOUIHOU aHa/JbTe3uel, UMeroIe psj
HEJIOCTaTKOB 1 TOOOYHBIX 3 (HEKTOB, TPEOYIOTITIX
JIOTIOJTHUTEJIbHON  Tepanuu, 3KOHOMUYECKUX
3aTparT M 3HAYUTEJIbHO YXYAIIAIOIINX TeYyeHHue
MMOCJeO0TNePpauOHHOT0 Tepuona. K TakoBbIM
OCJIOYKHEHMSIM MOKHO OTHECTH I1ape3 jKesIynod-
HO-KUIIEYHOTO0 TpaKTa [22], TOJIepaHTHOCTb K
ONMOWJAM U MHAYLMPOBAaHHAA UMM I'ulnepaJsibre-
3uda (meJsamomiasg 0ecIioJe3HoH JajabHeHnIIee BBe-
JeHue onmmounoB) [23], cMHAPOM IOcCJeolepa-
IIMOHHOW TOIITHOTHI M PBOTHI [24], Ienpeccuro
JIbIXaHWsI, CIIOCOOHYIO TPUBECTH K KaTacTpoduye-
CKOH TUC(MYHKIUU CEPIEUHO-COCYAUCTON CUCTe-
Mbl U cMmepTH [25], 4yTO TpebyeT NPOAIEHHON
HUCKYCCTBEHHOU BEHTUJIAIIUM JIETKUX B IIOCJIEO0IIe-
PaMoHHOM epHuoJIie.

HNHTpaonepanuoHHOe BBeJlEHHE OMNHWOUIOB
IIpU ONIpeJeJIeHHbIX YCIA0BUAX IPUBOIUT K TUAIIEP-
aJIbre3uu (MTOBBIIIIEHHOM O0JIEBOM YYBCTBUTEHHO-
CTH): 4eM O0JIee arpecCUBHON CTAHOBUTCS TEPATTHS
OIIMOUJIAMH, TeM OoJiee YBeJTNUNBaETCsI I0YaCcoBast
MoTpeOHOCThL B (PeHTaHWJIe, dYalle BO3HHKAEeT
TOBBINIIEHHAs1 00JIEBast YYBCTBUTETHLHOCTD U YCY-
rybJieHre paHee CyIlleCTBOBaBIIeH 60w [26]. Fime-
€TCs1 IOCTaTOYHOE KOJIUYeCTBO JaHHbIX, YTO OITUOU-
Obl TOPMO3AT IPOINOJIBHYIO II€PUCTAIBTUKY

Intraoperative opioid administration can some-
times cause hyperalgesia (increased pain sensitivity):
the more aggressive opioid therapy becomes, the
greater the hourly fentanyl requirement with in-
creased pain sensitivity and worsened pain [26]. Con-
siderable evidence suggests that opioids inhibit lon-
gitudinal intestinal peristalsis while spasmodically
increasing smooth muscle contraction, thereby caus-
ing intestinal atony and paresis [27].

A patient admitted for surgical treatment ex-
periences psycho-emotional stress, often related to
anxiety over the anticipated postoperative pain
syndrome. In addition, postoperative nausea and
vomiting syndrome appears to be a significant
anesthesia-associated concern causing discomfort
to patients and delaying their discharge from the
hospital [28]. Its frequency remains quite high after
the use of opioids [29]. Thus, according to the drug
information leaflet, fentanyl, being metabolized in
the liver, causes nausea and vomiting in the post-
operative period.

According to J. B. Boshkoyev, MD, DSci
(N. N. Blokhin Cancer Research Center, Russian
Academy of Medical Sciences, personal communi-
cation), delayed awakening and post-anesthetic
respiratory depression may be related to accumu-
lation of narcotic analgesics in the blood, which oc-
curs when fentanyl is used in the general anesthesia
protocols. In such cases, the patient is transferred
from the operating room to the intensive care unit
for prolonged mechanical lung ventilation, which
significantly delays his mobilization and return to
the surgical ward.

All of the above raises serious doubts about
the effectiveness of a high-dose fentanyl general
anesthesia regimen.

Epidural Anesthesia in Liver Surgery

Epidural anesthesia is an alternative to sys-
temic opioid analgesia. In addition to the men-
tioned benefits of epidural anesthesia, it reduces
the risk of myocardial infarction, duration of post-
operative tracheal intubation, risk of postopera-
tive respiratory failure, gastrointestinal bleeding,
severity of postoperative pain and length of pa-
tient stay in the intensive care unit. Epidural anes-
thesia also provides better pain control than sys-
temic opioids [30].

Currently, neuroaxial anesthesia is recom-
mended for major surgical thoracic and abdominal
interventions (strong recommendation, high level
of evidence) [31].

Despite the advantages of central blockade (in-
cluding the epidural anesthesia) over the high-dose
opioid analgesia, the pediatric patients with extra-
hepatic portal hypertension do not always receive
this anesthesia regimen which is, in our opinion,
one of the controversial issues in anesthesiology.
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KHUIIEYHUKA IPU OJHOBPEMEHHOM CHACTUYEeCKOM
YCUJIEHUH COKPAILIeHUH [IaJKOU MyCKYJIaTyphbl, TEM
CaMbIM BbI3bIBaA aTOHUIO U [Tapes KUIlIeYHUKa [27].

[TaneHT, mocTynawmIIUil Ha onepaTuBHOeE
JeuyeHne, MCIbIThIBAET IICUX03MOIIMOHAJIbHOE
HaIpssKeHMe, 3a4acTyI0 CBA3aHHOE C IIepe)KuBa-
HUSMHU B CBSA3U C O’KUAAEMbIM MOCJe0nepanuoH-
HBIM 60JIeBBIM cHAPOM. Kpome Toro, cpeau omac-
HOCTeH, CBA3aHHBIX C aHeCTe31eH, BbI3hIBAIOIIINX
IepesKUBaHus y MAllMeHTOB U 3aePyKUBAIOIINX UX
BBIIMCKY W3 CTaliOHapa CYIIEeCTBEHHYIO0 POJIb
UTPAET CUHIPOM IOCIE0NePAITMOHHON TOUTHOTHI
U PBOTHI [28], 4acTOTa KOTOPOTO I10CJIe UCII0JIB30-
BaHUSA OIIMOMJIOB OCTAeTCs AOCTAaTOYHO BBICO-
Ko [29]. Tak, COmIACHO MHCTPYKIIVH, META00 T3 U -
PYACh B ieyeHH, (DeHTAHUI, BBI3bIBAET TOLIHOTY U
PBOTY B IIOCJIEOIIEPAllIOHHOM IIepHOJeE.

Hmeercs HaOJIIOAEHUE TOIO, YTO 3aMeIJIeHHOe
npoOy)KJeHre TanueHTa W ITOCTHApKO3Has
JIeTIpeccrsi IbIXaHUsI MOTYT OBITH CJIEICTBHEM
HAKOIJIEHNSI HADKOTUYECKUX aHAJTbIE€TUKOB TIPHU
HCIIOJIb30BAHUU B CXeMe O0IIelt aHecTe3nH (peHTa-
HUJIA (TOKTOp MeguIMHCKUX HayK K. b. bomkoes,
OnkoJsiornueckuii Hay4Hsbli 1ieHTp uM. H. H. Bso-
xuHa PAMH, jimuHoe coobiieHue). B 1mogo0HbIX
cJIydasix MaldeHT 13 OllepalluOHHOM ITIepeBOIUTCS
B OTJIeJIEeHE MHTEHCUBHOM TepaAITNU JIJIsI TPOJIJIEH-
HOM HCKYCCTBEHHOW BEHTWJISAIIUU JIETKUX, 4YTO
3HAUYUTEJIbHO OTOIBUTAET CPOKH €r0 AKTUBU3AIIUN
U IlepeBoja B najaTry IpodUuIbHOIO XUpyprude-
CKOTI'0 OTJeJIeHUSI.

Bce BBINIEN3/10KeHHOE CTABUT M0, 00JILIIIOE
coMHeHUe 3 HEKTUBHOCTH CXeMBI 001IIelT aHecTe-
31U C TPUMEHEHHUEM BBICOKUX /103 peHTaHUJIa.

JdnuaypajbHas aHecTe3us
B XMPYpPIruM lIe4eHHU

AJBTepHaTUBOM  CUCTEMHOM  ONMUOUTHOMN
aHAJIbre3nu SIBJISIETCS SMUAypaibHAsi aHEeCTe3Usd.
[ToMuMO nepeyrCc/IeHHBIX BbIIIE ITOJI0YKUTETbHBIX
a(pexrToB anMaypaTEHON aHECTE3NH CTOUT J100a-
BUTH, UTO OHA CHUKAET PUCK Pa3BUTHsI UH(PAPKTA
MUOKap/a, MPOI0LKUTEIBHOCTD OCIe0epariioH-
HOM MHTYOAINH TPaxew, PHUCK IT0CIe0NePAIOHHON
JIbIXaTeJIbHOU  HEJOCTaTOYHOCTH, SKeJTyJIO4YHO-
KUIIEYHBIX KPOBOTEUEHUH, BBIPAYKEHHOCTD T10CJIe-
OTIeparOHHOM OOJTU 1 [ITTUTETbHOCTH IIPeOhIBAaHUS
NalyeHTa B OT/ieJIeHUY UTHTEHCUBHOM Tepariiy; 911u-
IypasibHasI aHECTe3UsI 00eCIIeYnBaeT JIydIee K-
poBaHue 60/, YeM CCTEMHBIE OITHObI [30].

B Hacrosimee BpeMsi peKOMeEHAyeTcs
HCI0JIb30BaTh HEWpOaKCUAJIbHble METOABI aHe-
CTe3WU TPU OOIIUPHBIX OMEPAaTUBHBIX BMeIIa-
TEeJbCTBAX B TOpPaKaJbHONW W abIOMHHATBHOMN
XUPYpPTruu (CUJibHasi peKoMeHJalus, BBICOKUU
YPOBEHB JOKa3aTeJabHOCTH) [31].

HecMmotps Ha siBHbIe NIpENMYIIIECTBA LEHT-
pabHBIX OJIOKAJ, @ UMEHHO aMUAypaTbHON aHe-

Concomitant Thrombocytopenia

Portal hypertension syndrome is defined as
increased portal vein pressure caused by high por-
tosystemic pressure gradient (difference between
the portal vein and inferior cava or hepatic vein
pressure) above 10 mm Hg and manifested as
esophageal and gastric varices with consecutive
bleeding [32, 33]. Hypersplenism which is charac-
terized by increased sequestration and destruction
of blood cells by enlarged spleen with the subse-
quent thrombocytopenia and, less frequently, pan-
cytopenia, can be seen in up to 70% of portal hy-
pertension cases [34].

Thrombocytopenia is a condition character-
ized by a decrease in peripheral blood platelet
count below 150x10°/1 and increased risk of bleed-
ing [35, 36]. Decreased platelet count is typical for
portal hypertension syndrome and, according to
some data, can be used as a prognostic factor of
bleeding from the gastroesophageal veins in extra-
hepatic portal hypertension, which can be cor-
rected by reducing the portosystemic gradient
through bypass surgery [37].

According to Russian anesthesiologists S. Os-
ipov and A. Ovechkin, the safety of regional anes-
thesia is based on the data obtained in large retro-
spective studies, as well as on individual reports on
complications resulting from a particular method
of regional anesthesia; epidural anesthesia is con-
sidered safe for a patient when platelet count is over
100x10°/1 [38]. Studies in liver surgery have shown
that epidural anesthesia remains safe for patients
providing that their platelet count in the peripheral
blood is normal [39].

Epidural puncture in concomitant thrombo-
cytopenia with subsequent catheterization carries
high risks of spinal bleeding with epidural
hematoma development in the puncture site [40],
which requires urgent surgical intervention and
can result in disability with neurological deficit. De-
spite the timely diagnosis of this complication and
its urgent surgical correction, there are no guaran-
tees of complete return of the patient to his or her
habitual way of life. Persistent neurological mani-
festations after the epidural hematoma develop-
ment are common and correlate with the initial
severity of neurological deficit. The prognosis of re-
covery is worsened by delaying surgical decom-
pression [41].

Thus, this anesthetic technique is not suitable
for patients with extrahepatic portal hypertension
and concomitant thrombocytopenia. The risks of
epidural catheterization exceed the expected ben-
efits of this technique, putting patients at risk of
further disability and significantly impairing their
quality of life.

The above mentioned shows that the issue of
analgesia in children with thrombocytopenia is
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CTe31H, HaJl BBICOKOJ03HOHW ONTMONIHON aHaIbre-
3uel, y JeTeli c BHEIIeYeHOUHOU (DOpMOii mopTasb-
HOH TUTIEPTEH3UH JAJIEKO He BCer/a yaaeTcsi BOC-
MTOJTb30BATHCS JAHHBIM BUIOM aHAJbIe3UH, 9TO Ha
HaIll B3IVIs AABJISIETCS OJHON U3 Ba’KHEUIIINX, 10
CHIX TIOP, HE PeIlleHHbIX 33/1a4 B AHECTE3NOIOTUH.

ComyTcTByIOIIAasA TPOMOOIIUTOTIEHH ST

CUHJIPpOMOM NOPTaAJILHON TUIIEPTEH3UH, 10
MHEHUIO OTeYeCTBEHHBIX U 3apyOesKHbBIX YUEHBIX,
CUHUTAeTCsA COCTOSAHUE YBEJIUYECHHOI'O JaBJICHUA B
CHCTeMe BOPOTHOH BeHBI, 00yCJIOBJIEHHOE TTOBBI-
IIeHeM MOPTOCUCTEMHOTO TPaiIneHTa JaBJIeHUN
(pasHuUIa MEXKly TaBJIeHUEM B BOPOTHOU BeHe U
JIaBJeHUEM B HUMKHEH IIOJION WJIU ITeYeHOYHOU
BeHe) Bblllle 10 MM pT. CT., COIIPOBOXKAAIONIEECs
CJIeyIOIIUMY KJIMHUYEeCKUMY CUMIITOMaMU: Bapu-
KO3HOe€ paclInpeHre BeH BepXHUX OT/IeJI0B MHIIe-
BapuUTeJbHOIO TpaKTa (sKesdygKa W MUINEeBOna) C
IIOCJIEAYIOIIUMU KPOBOTEYEHUAMU U3 HUX [32, 33].
CyacTtoToii 1o 70% ciiy4aeB, CAHIPOM HOPTAIbHON
TUTIEPTEH3UN COIMPOBOKIAETCA TUIEPCIJIEHU3-
MOM — IOBBIIIEHHOH CeKBecTpanuei u paspylie-
HHUeM (POpMEHHBIX 3JIEMEHTOB KPOBU YBeJUYEH-
HOU cejie3eHKOW, IIpU KOTOPOM HacCTyHaeT
TTAHITUTOTIEHU ST, HO HanboJiee 4acTo v 60Jiee BhIpa-
sKEHHO Ha0JTI0IaeTcss TpoMOoIuToIeHus [34].

TpoMOOIIUTOIIEHNST — 9TO IATOJIOTHYECKOe
COCTOsIHME, XapaKTepUaymollleecsd CHUKEHHEM
Ypcaa TPOMOOIIMTOB B mepudepudeckoil KpoBHU
MeHee 150x10°/J1 ¥ TIOBBIIIEHHOW KPOBOTOYM-
BOCTBIO [35, 36]. CHUKeHIE KOJTTYeCTBa TPOMOOIIH-
TOB — JJ0CTATOYHO YaCThIN CONYTCTBYIOIINI CHMII-
TOM, HaOJTIOAIOIITAICS ITPU CUHIPOME MOPTATIHHOMN
TUNEePTEeH3UH, KOTOPbIH, 0 HEKOTOPHIM JaHHBIM,
MOSKET MCIIOJIb30BaThCSl KaK MPOTHOCTHUYECKUH
¢haKTOp KPOBOTEUEHUI U3 BEH racTpoa3odareasb-
HOT'0 KOJIJIEKTOPa ITpY BHEIleYeHOYHOH (popme mop-
TaJbHOU TUNEPTEH3UH, JJIs1 KOPPEKITUU KOTOPOH
JIOCTaTOYHO HOPMAaJIN3aLUX MIOPTOCUCTEMHOTO I'Pa-
JMeHTa IMyTeM IIyHTHpYIolei oneparuu [37].

ITo muenwmto norenTa Ocumnona C. A. u mpodec-
copa OBeuknHa A. M., Cy»KJieHUsT 0 6€30TTaCHOCTH
pervoHapHOU aHeCcTe3Wr CKJIabIBAETCS HA OCHO-
BaHWY JAHHBIX, II0JIyYEHHbIX B X0O/I¢ KPYIIHBIX PeT-
POCIIEKTUBHBIX MCCJIEJOBAaHNH, a TaKsKe I10]] BIle-
YaTJIeHEeM OTIeJIbHbBIX COOOIEHUI O TeX NI MHBIX
OCJIOKHEHU X, IBUBIIIUXCA CJAE€ICTBUEM TOrO NN
WHOTO METOJ]a PETMOHAPHON aHeCTe3NH; U3BECTHO,
4TO O€30TaCHbBIM JIJISI MTAIFeHTa CYNTAETCS ITPOBe-
JleHNe 3MUAypaJIbHOU aHeCTe3nU IIPpU KOJINYeCTBe
TpoMOoI1TUTOB 60s1ee 100x10°/1 [38]. [TpoBemeHHBIE
o0cJte[oBaHYsI B XUPYPTHUH ITe€UY€HU TTOKA3aJIH, YTO
anuIypaabHas aHeCTe3UsA OCTACTCA 1151 TalleHTOB
0e30macHOM MPM YCIIOBUY HOPMAJIBHOTO KOJTUYe-
CTBa TPOMOOIIUTOB B TIepu(epruIecKoit KpoBH [39].

[IyHKIuA snmuAypaJbHOTO IPOCTPAHCTBA B
YCJIOBUSIX TPOMOOIIMTONIEHUH C IIOCJIETYIOIIEN

currently relevant, and the development of anes-
thesia support technique allowing to avoid epidural
anesthesia and high-dose opioids is essential for
patients with extrahepatic portal hypertension.

Alpha-2-adrenoreceptor Agonists

When epidural anesthesia is not feasible, the
concept of multimodal analgesia, which involves
the simultaneous use of two or more drugs affect-
ing different levels of acute pain syndrome forma-
tion, allows to avoid opioid analgesics or cut their
dosage to a minimum [42]. The concept of multi-
modal general anesthesia implies a combination
of antinociceptive agents chosen specifically to af-
fects different levels of nociceptive system. Contin-
uous control of analgesia and amnesia levels, as
well as the use of sedative effects of antinociceptive
drugs to reduce doses of intravenous hypnotics or
inhaled anesthetics are among other benefits of
this approach [43].

The use of alpha-2-adrenoceptor agonists in
various stages of anesthesia has attracted great in-
terest for decades. Clonidine, an imidazoline deriv-
ative (synthesized in the 1960s), has been used in
anesthesiology practice as the first pharmacologi-
cal agent of this drug group since the 1970s.

Initially, the drug was used to relieve hyperten-
sive urgency. Clinical and experimental studies of
clonidine revealed its strong antihypertensive effect
associated with specific stimulation of presynaptic
alpha-2-adrenoreceptors of brainstem reticular for-
mation, which resulted in decreased sympathetic
impulse to vessels and heart, leading to reduced car-
diac output, peripheral vascular resistance and
blood pressure [44]. The drug has been proven to
have exclusively antihypertensive, not hypotensive
effect, which consists in normalization of elevated
blood pressure [45]. Currently, due to its strong
sedative effect and possible withdrawal syndrome
after long-term use, as well as to emergence of novel
more hemodynamically efficient drugs, clonidine
has lost its relevance as an antihypertensive drug.

Further studies on the effect of clonidine on
the central nervous system allowed expanding the
scope of its use. Thus, after successful, effective, and
safe epidural administration of clonidine in 1984,
two patients with chronic pain syndrome began to
receive the drug as a component of regional anes-
thesia [46]. The presence of alpha-2-adrenoceptors
located in the primary afferent nerve endings (both
in peripheral and spinal nerves), in neurons of the
superficial lamina of the spinal cord, and several nu-
clei of the brain stem was found, which provided
scientific evidence for the use of clonidine as a com-
ponent of neuroaxial analgesia [47].

The growing interest to clonidine was due to its
successful use as a component of regional anesthe-
sia. Active research of parenteral drug administration
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KareTepu3alnueil IMOCJeJHEr0 HEeCET BBICOKHE
PUICKU Pa3BUTHUS KPOBOTeUeHUsI C POPMHUPOBAHU-
€M SIUIypasIbHBIX I'éMaroOM B MecTe IyHKIuu [40],
YTO, B CBOIO OYEPE/H, TPEOyeT 9KCTPEHHOTO XUPYP-
TAYECKOTO JIeYeHUsI U MOYKET IPUBOJUTH K UHBA-
JUIU3AIUN C HEBPOJIOTUYECKUM JeUIIUTOM.
HecMoTps1 Ha cBoeBpeMeHHYI0 JUAarHOCTUKY 3TOr0
OCJIO’KHEHUSI U ero YpreHTHYIO XUPYpPruuecKylo
KOPPEKIINIO, HET FapaHTUH ITOJTHOTO BO3BPallleHHU s
TManyeHTa K TPUBBIYHOMY [IJTs1 HETO 00pasy KU3HU.
Croiikvue HEeBpPOJIOTUYECKUE CHUMIITOMBI IOCJTe
00pa3oBaHUsA AMUAYPATHHON reMaTOMBI SIBJISIOTCS
OOBIYHBIMU TIPOSIBJIEHUSIMU, a TAKIKe KOPPEesH-
PYIOT C UCXOIHOU TSKECThI0O HEBPOJIOTUYECKOIO
nedurmra. IIporao3 BeI3OPOBIEHNS YCYTYOIISIET-
Cs1 BCJIEJICTBYE OTKJIAQIbIBAHUS JEKOMITPECCUOHHO-
r'0 XUPYPruvecKoro BMenareabCrna [41].

Takum 06pasom, maHHass MeToguKa 00e360-
JIUBAHUA He TIOAXOAUT MMarieHTaM C BHEIIeUYeHOY-
HOU (pOpMOU MOPTAJIBHOU FUIIEPTEH3UU U COIYT-
CTByIOIIEeN TpoMOonuTonieHned. Pucku OT
KaTreTepu3anuu sNUAYPAJIbHOIO MPOCTPAHCTBA
NIPEBBINIAIOT OKUAAEMYIO II0Jb3y OT JaHHOU
METOJIMKH, IIOABepras MmanueHTa PUCKY Iocye-
Jyiolllell MHBAJINU3alluU U CYIIIeCTBEHHO Hapy-
II1asi ero Ka4eCTBO KU3HH.

W3 BBINIEN3JIOKEHHOTO CJIeAyeT, YTO IIpo-
OJ1eMa aHaJIbIe3UHU Y IETEH C TPOMOOIINTOTIEHEH
Ha CerofHAIIHUI MOMEHT SIBJISIETCA aKTyaJIbHOU,
1 pa3paboTKa METOIUKU aHEeCTE3NOJIOTHIECKOTO
obecrnieyeHns1 C BO3MOKHOCTBIO OTKa3a OT MUY~
pa/sibHOM aHeCcTe3WW U BBEJIEHUS BBICOKHUX 103
OIMMOUI0B, KpaliHe HeoOXoamMa JiJ1sI TaIlfieHTOB C
TaKUM JIMAaTHO30M, KaK BHelledyeHOYHasi (popma
MOPTATbHOU TUTIEPTEH3UMN.

AroHucrsbIl
anb(a-2-agpeHopenenTopoB

B ycoBHuAX HEBO3MOYKHOCTY IPUMEHEHUS
3NUAYPATBHOUN aHeCTe3UU 0TKA3aThbCsl OT IpUMe-
HEeHUs ONMMOUIHBIX aHAJIbIeTUKOB UJIU COKPATUTD
HX JO3UPOBKHU JO MUHMMYMa [103BOJISIET KOHIIEII-
Iusi MYJIBTUMOLAJIBbHON aHajable3uH, KOTopasi
IpenycMaTrpuBaeT OJHOBPEMEHHOE Ha3HAYeHUe
IBYX WJiH O0J1ee peraparoB, BO3IeHCTBYIOIINX Ha
pasHble ypoBHU (POPMUPOBAHUSI OCTPOTO 00JIEBO-
ro cuggpowma [(42]. IToctpoeHne KOHIENIUU MYJIb-
THUMOJAJILHOH 001IIel aHeCTe3nH MoIpa3yMeBaeT
KOMOHMHAIIMIO aAHTUHOLUIIEIITUBHLIX areHTOB,
MoI00PaHHBIX TAKUM 00pa30M, UTOOBI KasK bl 13
HHUX BO3JeiCTBOBa/J Ha pasjdyYHble YYACTKU B
HOITUIIETITUBHOM CUCTEMbI; ITPU 9TOM BayKHOM 0CO-
OEHHOCTBHIO OCTAETCS OCYIIIECTBJIEHNE HETTPEPHIB-
HOTO KOHTPOJIA YPOBHSA aHa/IbIe3UU U aMHe31H, a
TaKk)Ke MCI0JIb30BaHUE CeJaTUBHBIX 3(pPeKToB
AHTUHOIUIENTUBHBIX ITPENapaToB AJIs1 CHUYKEHU
103 BHYTPUBEHHBIX T'MITHOTUKOB JIN0O WHTAJIS-
I[IMOHHBIX AHECTETUKOB [43].

has been conducted, from its use in premedication
to its administration as a part of general anesthesia.

Thus, the first multimodal anesthesia proto-
cols using intravenous central alpha-2-
adrenomimetics for premedication, induction, just
before the surgical incision, 2 hours intraopera-
tively, and intramuscularly after the surgical inter-
vention to provide prolonged postoperative anal-
gesia and neurovegetative stabilization emerged.
This technique was found to be less aggressive
compared to traditional opioid anesthesia proto-
cols (neuroleptanalgesia), thus allowing anesthesia
support in critically ill patients with reduced func-
tional reserves due to multiple organ failure [48].

The lack of negative hemodynamic effects of
clonidine at a dose of up to 4 mcg/kg was con-
firmed. Anesthesia protocols using clonidine were
developed for laboring women with preeclampsia
which resulted in stable blood pressure and other
hemodynamic parameters with improved anesthe-
sia control and safety both by achieving a high de-
gree of analgesia and reducing the doses of narcotic
analgesics, muscle relaxants, neuroleptics, anxi-
olytics, and hypnotics [49].

Later data on combining clonidine with fen-
tanyl and propofol in general anesthesia protocols
in patients with comorbidities requiring modifica-
tion of standard anesthesia regimens to avoid ag-
gressive effects of anesthetics while maintaining a
high level of neurovegetative protection were ob-
tained. Thus, clonidine proved to be a reliable com-
ponent of general multimodal anesthesia in pa-
tients with Grave’s disease. This regimen allowed to
achieve stable hemodynamic parameters and thy-
roid hormone levels during the surgery, as well as a
smooth postoperative period [50].

In the following years, the adrenergic agonist
clonidine was rather well-explored as a component
of general anesthesia. Postoperative anesthesia
protocols based on its combination with narcotic
analgesics were developed, which allowed to sub-
stantially reduce the use of the latter [51]. In 2004,
a total intravenous anesthesia regimen based on
midazolam and clonidine was suggested. It is eas-
ily controllable, has a minimal effect on hemody-
namics, reduces surgical stress, and promotes
rapid rehabilitation of patients, which is plays an
essential role in the current concept of accelerated
patient recovery after extensive and traumatic sur-
gical interventions [52].

Despite the above-mentioned positive effects
of clonidine, its use as a component for general
anesthesia in both adult and pediatric practice is
not included into the officially approved prescrib-
ing information in Russian Federation. However, its
favorable effects, taking into account its low con-
trollability and a half-life of 9-12 hours [53], have
made researchers start searching for new drugs of
the a,-adrenomimetic group [54].
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NIPUMEHAEMBIX Ha Pa3JIMYHBIX JTallaX aHeCTe310-
JIOTUYECKOT0 00ecrieueH s, BLI3bIBAET OTPOMHBIN
WHTEpeC Ha NPOTSIKEHUU IEeCATKOB JeT. [Ipo-
HM3BOJHOE MMHUIA30/I1MHA — KJIOHUIWUH, (CUHTE3H-
poBaH B 60 rojax XX Beka) Kak mepBbIii (papmMako-
JIOTUYECKUH NpencTaBUTeNb JAHHOU TIPYIIIbI
IIpenaparoB UCIOJIB3YEeTCS B aHECTe3U0JI0rnYe-
CKOU MmpakTukKe ¢ 1970-X roios.

[lepBoHayanbHO Npenapar NPUMEHSIN JJI
KyIIMPOBAHNS KPU30B apTepruaJbHOU rMIepTeH-
3un. [Ipy KIMHNYECKUX U 9KCIIEPUMEHTAaIbHBIX
HCCJIeJOBAaHUSAX KJIOHUINHA OBIJI0 0OHAPYKEHO
ero BbIpQ)KEHHOE AaHTUTUIIEPTeH3UBHOE [eil-
CTBUE, CBSI3aHHOE CO CIeIU(PUUeCcKUM CTUMYIHU-
pyoOIIMM BJMAHHWEM Ha [IpeCUHAlTU4YeCKHue
anbda-2-apeHoperenTopbl PETUKYJISIPHOHN dhop-
Malyy CTBOJIA FOJIOBHOIO MO3ra, CJaeACTBUEM
KOTOPOI'0 fABJIAETCS yMEHBbIIECHUE CHUMIaTu4e-
CKOU MMOY/IbCAllUU K COCYaM U Cep.Iy, IPUBO-
Js11ee, B CBOIO 04epelb, K CHUKEHUIO CEpeYHO-
ro BbIOpOCA, TMepUpEepUIecKOro COCYAUCTOTO
COIIPOTUBJICHUSA Y apTEPUAIbHOIO AaBJICHUA [44].
Br1710 TOKA3aHO, 4TO mpemnapar o6J/1agaeT UCKITIO-
4YUTEJbHO aHTUTUIIEPTCH3UBHBIM, a HE TUIIOTEH-
3UBHBIM JIe1ICTBUEM, CyTh KOTOPOTO 3aKJ/II0YaeTCsI
B HOpMaJIU3al ¥ [IOBBILIEHHOI'0 YPOBHSA apTepu-
aJIbHOTO naBjieHUuA [45]. B HacrosAmiee Bpems,
BBUJly CHUJIBHOI'O CelaTUBHOIO HeiCTBUsI, BO3-
MOYKHOTO pa3BUTHUA CUHIpPOMA OTMEHBI, I10CJe
JJIATEJIBHOIO IPUMEHEHUS U B CBA3U C IIOAABJIE-
HHEM HOBBIX, O0Jsiee reMoquHAMUYeCcKH 3 pek-
TUBHBIX [IperaparoB, KJIOHUIUH I10TePsJ CBOIO
AKTYyaJbHOCTb B KaueCTBE aHTUTUIIEPTEH3UBHOTO
JIEKapCTBEHHOI'O CPeACTBA.

JanbHeillre n3y4yeHusi BJAUSHUS KIOHUIU-
Ha Ha LEHTPa/JbHYI0 HEPBHYIO CUCTEMY II03BOJIN-
JIM pacHIuPUTHh 00J1acTh IPUMEHEHUsI JAaHHOTO
npenapara. Tak, mocJjie ycnemsoro, 3 (eKTUBHO-
ro v 6e301aCHOTO BBe/IeHN S KJIIOHUIMHA B ATIUY-
panbHOE TPOCTPAHCTBO B 1984 romy, 1ByM 60JIb-
HBIM C XPOHHUYECKUM OOJIEBBIM CHHJIPOMOM
npenapar CraJl IPUMEHATbCA, KaK KOMIIOHEHT
peruoHapHoii anecte3u [46]. Bb110 ycTaHOBJIEHO
Hajuuue ajbda-2-agpeHoperenTopoB, paciosio-
SKeHHBIX B IIepBUYHBIX adp(epeHTHBIX HEPBHBIX
OKOHYaHMsIX (Kak B nepudepuyeckux, Tak U B
CIIMHHOMO3TOBBIX HepBax), B HelipoHax MOBepX-
HOCTHOM NJIACTUHKY CIIMHHOTO MO3Ta U HECKOJIb-
KHX fJpax CTBOJIA T'OJIOBHOTO MO3Id, YTO HAy4YHO
IIOATBEPAUJIO BO3MOKHOCTh IPUMEHEHUs [Tpena-
paTa KJIOHHNHA, KaK KOMIIOHEHTa HellpoaKcu-
aJIbHBIX METOH0B 00e300uBanus [47].

ITocsie ycrieniHOTO IpUMeEHEHU I KJIOHUINHA
KaK KOMIIOHEHTa pernoHapHBIX METOI0B 00e300-
JIMBAaHUA MHTEPEC K HEMY TOJIBKO YBEJUYUJICA.
Hayasnoce akTHUBHOE HCCaeIOBaHUE BO3MOYKHO-
CTell IapeHTepaJbHOTO BBEIEHUS IIpernapara: oT

Dexmedetomidine is a drug from central
alpha-2-adrenoreceptor agonist group.

Higher alpha-2-adrenoreceptor selectivity (8
times higher than that of clonidine [55]) and
shorter half-life (estimated at 1.9-2.5 hours, in con-
trast to 12-16 hours for clonidine [56]) are indica-
tive of its effectiveness, controllability and safety. In
our opinion, its use may be an ideal solution for
general anesthesia in children with extrahepatic
portal hypertension with associated thrombocy-
topenia, when epidural anesthesia is not feasible.

Dexmedetomidine, synthesized in 1986 by re-
searchers from Finland, rapidly attracted attention
as a possible component of general anesthesia [57].
Almost immediately the drug was experimentally
found to reduce the minimum alveolar concentra-
tion of halothane by more than 5 times during si-
multaneous intraoperative use [58].

Dexmedetomidine is a complete central o,-
adrenoreceptor agonist with no selectivity for A-, B-
and C-subtypes; this adrenergic agonist has no
affinity for 8,- and B,-adrenergic, H,- and H,-hista-
mine, 5-HT, and 5-HT,-serotonin, muscarinic,
dopamine, tryptamine, GABAergic, opioid and ben-
zodiazepine receptors [59].

Dexmedetomidine has a wide range of phar-
macological effects, including sympatholytic one
due to reduction of noradrenaline release from
sympathetic nerve endings, sedative one due to re-
ducing activity in the locus coeruleus, and, which
is most important in anesthesiology practice, it also
has analgesic and analgesic-sparing effects [60].

Dexmedetomidine is synergistic with many
other drugs and has a strong supra-additive effect,
allowing to reduce the need for other drugs and,
thereby, the financial cost of the treatment, while
maintaining adequate sedation controllability.
Combination drugs with beneficial effects, such as
ketamine and dexmedetomidine, have been also
marketed recently [61-63].

From the anesthesiologist perspective, lack of
respiratory depression, despite powerful sedative
effect, is an important positive characteristic of
dexmedetomidine [64-66].

The prescribing information for dexmedetomi-
dine indicates that, according to placebo-controlled
studies, dexmedetomidine in the patients on me-
chanical ventilation in the postoperative ICU previ-
ously sedated with midazolam or propofol has sig-
nificantly reduced the need for additional sedation
(with midazolam or propofol) and opioids during 24
hours. Most patients who received dexmedetomi-
dine did not require additional sedation. Impor-
tantly, tracheal extubation in these patients could be
successfully performed without stopping the
dexmedetomidine infusion. Dexmedetomidine is
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ero MpUMeHEeHNA B IIpeMeIUKaIiN 10 UCI0JIb30-
BaHUSA B COCTaBe O0OIIEeN aHeCTe3UN.

TakuM 06pasoM, BOSHUKJIU IEPBBIE CXEMBI
MYJIETUMOAAJbHOM aHECTe3UH C UCI0JIb30BAHNEM
IIEHTPAJILHOTO ajibda-2-aJpeHOMUMETHUKA, BBO-
JUMOTO (a) BHYyTPUBEHHO IIpU IIpeMeIUKalvy, B
nepuoj, MHAYKIWH, HENOCPEICTBEHHO Iiepen
XUPYPrudeCcKUM pas3pes3oM, Yepes 2 yaca uHTpa-
OTIEPANIOHHOTO BpeMeHH U (0) BHYTPUMBIIIIEYHO,
IocJe 3aBePIIEeHNs ONepaTUBHOTO BMellaTesb-
CTBa, Jij1s1 0obecreueHusI MPOIJIEeHHOTO MT0CIeoIe-
parroHHOro 06e300IUBAHNS U HEHPOBEreTaTHB-
HOU crabmym3anuu. BBIJIO yCTaHOBJIEHO, YTO
TaKasi METO/TNKA SIBJIsSIeTCSI MEHee arpeCcCUBHOM 10
CpaBHEHWUIO C TPATUITMOHHBIMU CXeMaMH 00e360-
JIMBAHMS C MCIOJIb30OBAHUEM OTIMOUJIOB (Helpo-
JenTaHaJabre3us), TeM CaMbIM MO3BOJISASI TPOBO-
IUTh AHECTEe3NOJIOTUYEeCKOoe oOecrieyeHne y
MareHTOB B KPUTUYECKUX COCTOTHUAX C TIOHU-
SKEeHHbIMU (PYHKIIMOHAJIbHBIMU pe3epBaMU B
pesayJibrare IoJINOPTraHHON HeJOCTAaTOYHOCTH [48].

BBL10 ITOATBEPIKIEHO OTCYyTCTBHE OTpULA-
TeJIbHBIX TeMOTMHAMUYECKUX 9(P(PEeKTOB KIOHU-
IWHA B JT03€ J10 4 MKT/KT, pa3paboTaHbl CLIOCOOBI
aHeCTe3WU C ero IpUMEHEHUEM Yy POKEHHUI] C
reCTO30M, IPU KOTOPBIX apTeprUaJIbHOE JaBJIeHNe
U psAI IPYTUX TOKa3areseil KapAuoreMOoIuHaAMU-
KU CTaOUTU3UPOBAJINCH HA ONITUMAJIbHBIX 3HAYe-
HHUSAX CTPECC-HOPMBI, a YIPaBJIsIEMOCTh U Oe3-
OIIaCHOCTh aHEeCTe3WM MOBBIIIAJNCH, KaK 3a cUeT
JIOCTH)KEHUsI BLICOKOU CTEeIleH! aHaJIbI'e31H, TaK
W 3a CYeT yYMEHBbIIEHUA 103 HapKOTUYECKUX
aHaJIbreTUKOB, MUOPEJIAKCAHTOB, HEHUPOJIETITH-
KOB, aHKCUOJIMTUKOB U TUIIHOTUKOB [49].

IMo3sxe OBITM TIOJTyY€eHbI JaHHBIE O COYETAaHUU
KJIOHUIUHA ¢ (heHTAHUIIOM U TIPonodoJioM B cxe-
Max 0011elt aHecTe3nH y 00JIbHBIX C COITYTCTBYIO-
el maTosoruel, Hy)KJAIOIIUXCA B U3MEHEeHU!U
TPAAUIMOHHBIX AHECTE3UOJIOTUYECKUX CXeM, C
1eJIbl0 MeHee arpecCMBHOTO  BO3JENCTBUS
JIEKapCTBEHHBIX CPEACTB /JIsI HAPKO3a IPU COXpa-
HEHUM BBICOKOTO YpPOBHsSI HeWpOBereTaTUBHON
3amuThl. Tak, KJIOHHUIMH XOPOITIO ce6sT 3apeKOMeH-
JIOBAJI B KQ4eCTBE KOMITOHEHTA OOIIEN MYJIBTHIMO-
JAIBbHOH aHeCcTe3UU Y MalieHToB ¢ Au(Hy3HbIM
TOKCUYECKUM 3000M. /ITaHHAsT METOIMKA TT0O3BOJIH-
Ja J0OUTHCA CTAaOMJILHOCTHA reMOJUHAMUYECKUX
ToKasaTeJiell ¥ KOHIEHTPaIMi TOPMOHOB IIIUTO-
BU/THOU ’KeJie3bl B XOfle Ollepalini, a TakKe Iajl-
KOT'0 TeYeHUs [10CJIeoneparioHHOoro nepuozaa [50].

B nocsiepyroomue rogpl aipeHONIO3UTUBHOE
JIeKapCTBEHHOE CPENCTBO KJIOHUINH, KAK KOMIIO-
HEHT 00111eli aHeCcTe3nH, OBLII TOCTAaTOYHO XOPOIIIO
n3y4yeHo. Bputn paspaboTaHbl METOIMKY TIOCIE-
oIeparoHHOro 00e300JMBaHUs HA OCHOBE €T0
COYeTaHUsI C HAPKOTUYECKUMHU aHAJIbreTUKAMMU,
4YTO [IO3BOJIMJIO 3HAYUTEJIbHO YMEHBIINUTH PACXO[
rocsiemaux [51]. B 2004 1. 6bL1a TpeIosKeHa MeTo-
JUKa TOTAJIbHOW BHYTPUBEHHOU aHeECTe3UM Ha

capable to «maintain» spontaneous breathing and
upper airway tone, creates optimal conditions for se-
rial assessment of airway function [67, 68].

The bulk of evidence accumulated in recent
years suggests that dexmedetomidine is a promising
component of both multimodal anesthesia and post-
operative analgesia regimens, which significantly ex-
pands the armamentarium of ICU doctors [69-71].

Dexmedetomidine was approved by the US
Food and Drug Administration in 1999 for sedation
of adult intubated patients in the intensive care
unit (ICU) and in 2008 for sedation during surgery
or medical procedures in adult «<non-intubated»
non-ICU patients. However, the implementation of
the use of dexmedetomidine in pediatric patients
has been slow and inconsistent (72).

To date, few studies on the use of dexmedeto-
midine in children have been published due to the
long-standing ban on its use in pediatric anesthe-
siology. Given the publications of Western col-
leagues on the successful use of dexmedetomidine
as a component of premedication and general
anesthesia, this adrenergic agonist can be used off-
label in the Russian Federation.

Thus, a study reported on effective and safe
use of dexmedetomidine as the primary agent for
sedation in pediatric patients during radiosurgical
treatment when the venous access could not be es-
tablished. Intranasal administration of the drug
was found to be quite effective, comfortable and
well tolerated by patients, causing no side effects,
and convenient for parents and medical staff [73].
The development of guidelines on the use of
dexmedetomidine for sedation in children with co-
morbid central nervous system diseases has
begun. These intranasal sedation regimens at a
dose of 4 pg/kg in children under one year of age
demonstrate such positive effects as adequate se-
dation, absence of agitation, and the possibility to
use this technique in patients predisposed to ma-
lignant hyperthermia [74, 75].

There is evidence of successful use of
dexmedetomidine due to its analgesic properties in
adult palliative care [76, 77]. Active studies that em-
ploy the drug as a component of analgesia in pal-
liative care in pediatric patients with incurable ma-
lignancies are under way [78].

Clearly, considering the successful use of
dexmedetomidine in adult anesthesia practice, the
drug has a great potential in pediatric anesthesia
practice, commonly as an off-label medicine.

On May 31, 2019 the Ministry of Health of the
Russian Federation approved changes in the pre-
scription information for dexmedetomidine [79].
The age limit of contraindications for the use of
dexmedetomidine solution for sedation during
anesthesia was reduced from 18 to 12 years of age.

These changes allow the active use of the drug
to optimize anesthesia support, especially in pedi-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 2



https://doi.org/10.15360/1813-9779-2021-2-88-102

O630pHI
||

OCHOBe MUJa30J1amMa 1 KJIOHUINHA, 00J1a1arras
BBICOKOH YIIpaBJIseMOCTbI0, MUHUMAaJIbHbIM BO3-
JleficTBMeM Ha TeMOJUHAMUKY, CHUKAIOIIAs IIPO-
SIBJICHUST OTEepPaIlMOHHOTO CTpecca W CIocob-
CTBYIOIIAs OBICTPOH peabuanTaIy 00JbHBIX, YTO
HEMaJIOBA;KHO B COBPEMEHHOU KOHIIETIUU YCKO-
PEHHOIO BBI3JIOPOBJICEHUA IallMeHTa IIocJje
OOIMMPHBIX W TPaBMAaTUYHBIX XAPYPTUYECKUX
BMeIareJabCTB [52].

HecMoTpsa Ha BbllIenepedrnc/IeHHbIe I10J10-
SKUTeJIbHbIE 9(P(PeKThI KIIOHUIVHA, THCTPYKIIUS K
€ro IpUMeHeHUI0, KaKk OCHOBHOM IPaBOBOU JIOKY-
MEHT PeryJupyloluil UCIOJIb30BAHUE TeX WUJIU
WHBIX JIEKapCTBEHHBIX CPEACTB B YCJIOBUAX CTa-
LMOHapa, Ha TeppuTopuu Poccutickoil @eneparuu
He IIpeJyCMaTpuBaeT ero IIpUMeHeHN s KaK KOMIIO-
HEHTa JIIs IPOBeIeHNsI 0011Iel aHeCcTe3nH, KakK BO
B3POCJIOH, TaK U B IeTCKOH ITpakTuKe. OQHAKO, ero
OmaronpusiTHble 3(P(EeKTh], C y4eToM HHU3KOU
YIIpaBJIsIEMOCTH U JIUTEJBbHOCTH IIEPUOIA I10JIY-
BBIBEIHUSA B TOpsiKe 9-12 wacoB [53], 00yc/ioBrIN
WHTEpec UccaefoBaresiel K IOMCKY HOBBIX ITpena-
paroB I'PYIIILI o,-aJPEHOMUMETUKOB [54].

JlekcMeeTOMHIIUH KaK aJTbTepHAaTHBA
aMHUAYypaJbHOU aHeCTe3uu

JlekcmeneToMuIuH — Ipenapar U3 rpymnbl
ArOHMCTOB IIEHTPATLHBIX alb(da-2-aapeHopernern-
TOPOBOB.

BoJiee BbICOKasI CeJIEKTUBHOCTD K ajibda-2-
penentopaM (B 8 pas, IpeBbIIIAIONIasd TAKOBYIO Y
KJIOHUWHA [55]) 11 60JIee KOPOTKUMA IEPUOT TTOJTY-
BbIBEJIEHUs (CpeJHee 3HaUeHUEe KOTOPOTO IMpU-
6JIm3uTEILHO paBHO 1,9-2,5 yaca, B OVIMYHUU OT
12-16 yacoB y kjioHUAUHA [56]), XapaKTepU3yIOT
ero Kak a(ppeKTHUBHOE, yIpaBjseMoe u 6e3omac-
HOe JIeKapCTBeHHOe cpeicTBO. Ha Hai B3I ero
IpUMeHEeHUE MOKET CTaTh UeaIbHbIM pellleHueEM
IIJIs1 IpOBeieHne 0011el aHeCcTe3Un y JIeTel C BHe-
Ne4yeHOYHOU (popmMoii MopTa/IbHON TUTIEPTEH3UHN

MIPY COTMYTCTBYIOMIEN TPOMOOIIUTOTIEHUH B YCJIO-
BUAX HEBO3MOYKHOCTH HCIIOJb30BAaHUA INUNLY-
pajbHOro 06€300TUBAHUS.
JlekcMeneTOMUANH, CUHTE3UPOBAHHBIN B
1986 rony pUHCKUMU UCCIE0BATEISIMU, OBICTPO
MIPUBJIEK MHTEPEC K ceOe B Ka4ueCTBE BO3MOKHOTO
KOMIIOHeHTa 0011eit anecte3uu [57]. [IpakTuye-
CKU Cpasy 9KCIIEPUMEHTAIHHO OBIJIO YCTaHOBJIE-
HO, 4TO IIpenapar CHU)KaeT MUHUMAJIbHYIO aJlb-
BEOJISIPHYIO KOHIIEHTPAIHIO rajioTaHa 6oJjiee, 4emMm
B 5 pas npu ero OJHOBPEMEHHOM HWHTpaoIlepa-
IMOHHOM MCIOJIb30BaHUU [58].
JlekcMeneTOMUIWH SABJSIETCS ITOJTHBIM aro-
HUCTOM IIEHTPAJbHBIX 0,-aJPEHOPENEeNnTOPOB, He
00J1a1AI0IIIM CeJIeKTUBHOCTBIO K A-, B- 1 C-11071-
TUNAM; JaHHOE aJIpeHOMN03UTUBHOE JIEKapCTBEH-
HOe CpeJICTBO He 00J1a7jaeT CPOJICTBOM K [3,- 1 [3,-
agpeHeprruueckuM, H,;- n H,-TucTaMUHOOBBIM,

atric liver surgery, where the epidural anesthesia has
remained the only «gold standard» of anesthesia.

Conclusion

Currently, portosystemic shunt surgery is the
main technique to treat pediatric patients with ex-
trahepatic portal hypertension. Despite the grow-
ing trends towards minimally invasive interven-
tions such as endoscopic and radiovascular
techniques, surgical portal vein decompression
prevents life-threatening gastrointestinal bleeding
in the outpatient pediatric patients and still re-
mains the treatment of choice in this group [80-82].

Surgical interventions for portal hypertension
are highly traumatic and require maximum anes-
thetic protection from surgical aggression.

However, many patients have concomitant
thrombocytopenia, which limits the anesthesiolo-
gist's options and precludes the use of neuroaxial
anesthesia.

On the other hand, high-dose opioids signifi-
cantly reduce the quality of anesthesia due to nu-
merous side effects and increased length of stay in
the ICU, which contradicts the principles of accel-
erated recovery in surgery.

This issue can be resolved by introduction of
the central selective alpha-2-adrenergic agonist
dexmedetomidine into the anesthesia regimens.
This drug combines both analgesic and hypnotic ef-
fects and due to the supra-additive effect signifi-
cantly reduces the need for hypnotics and opioid
analgesics [83], while providing a high level of neu-
rovegetative protection. Dexmedetomidine can re-
lieve psycho-emotional stress, stabilize hemody-
namics, and is one of the best anesthetics within the
accelerated postoperative recovery concept [84].

In our opinion, optimizing anesthesia in chil-
dren with thrombocytopenia during bypass surgery
for extrahepatic portal hypertension is essential to
minimize surgical stress and side effects of drugs.

5-HT, n 5-HT,-cepoTOHUHOBBIM, MyCKapUHOBBIM,
nogaMrHOBEIM, TpUnTaMuHOBEIM, TAMK-apruye-
CKUM, ONHWOUAHBIM U 0eH3041a3eTUHOBLIM
penenTopam [59].

JlekcMeTeTOMUINH — JIEKAPCTBEHHBIN TIpe-
rmapaT ¢ MIMPOKUM CIIEKTpOM (hapMaKoJoTHde-
CKHUX CBOMCTB, 00JiaJaeT CHUMIATOJUTHYECKUM
addpexTom, brarogapsi CHUKEHUIO BEICBOOOK -
HUsI HOpaApeHaInHa U3 OKOHYAHUN CUMITaTHye-
CKUX HEPBOB, CeIaTUBHBIM 3(pperToM, 06yCI0B-
JIEHHBIM CHUKEHUEM BO30YKIEHUs B roJybom
IISITHE CTBOJIA MO3ra, a TaK)Ke — UTO SABJISETCS
HanboJiee BaSKHBIM B IPAKTUKE Bpada aHECTe31O-
JIora-peaHnuMaroJiora — aHaJIblre3nupyoIuM U
aHAJIBreTUK-cHbeperaomumu s derramu [60].

JHexcMmeneToMuANH 00671a7jaeT CHHEPTU3MOM
KO MHOTHM JIPYTUM JIEKapCTBEHHBIM ITperapaTam
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1 00JIa/laeT SIpPKO BBIPA’KEHHBIM CyIpaaiiuTHB-
HBIM 9 (PEKTOM, TO3BOJISIONIUM B 3HAUUTETbHON
Mepe CHU3UTh NOTPeOHOCTH B IPYTUX ITperaparax
Y, 3a CUET 3TOT0, PMHAHCOBbIE 3aTPAThI HA IIPOBO-
JUMOe JIeYeHUe, COXpPaHsis IIPYU 9TOM aJIeKBaTHYIO
yIopaBJsieMOCTb cemauueil. Hauanu naske
MOSABJIATHCS KOMOWHHMPOBAHHBIE IIperaparskl,
HanpuMmep, «KeTomekc», yCIemHo codeTaroliue
MOJIOYKUTETbHbIE 3 (PEKThI KETAMUHA U IeKCMe-
ngeroMuarHa [61-63].

C nosuiuu Bpada aHeCcTe3n0Jora-peaHnnuma-
TOJIOTA, BA’KHBIM IIOJIOMKUTEIBHBIM CBOMCTBOM
JEeKCMeIeTOMUIYHA SABJISETCA OTCYyTCTBUE yrHEeTe-
HUA JbIXaHWsI, HECMOTPS HA €ro MOIIHBIN cefa-
TUBHBIN 3 PeKT [64—66].

W3 MHCTPYKUIMH K NIPUMEHEHUIO JIEKapCT-
BEHHOTO CpPeJCTBA IeKCMEeJeTOMUINH U3BECTHO,
YTO B I1J1a11e60-KOHTPOJIMPYEMbBIX HCCIIETOBAHUSX
y mauueHToB, nogay4dasuux MBJI B mocieonepa-
IIMOHHOM OTAeJeHUM WHTEHCUBHOW Tepamnuu,
paHee ceTaTUPOBAHHBIX C TOMOIIBIO0 MUIA301aMa
uau nponodgosia, JeKCMeIeTOMUINH 3HAYUTEIb-
HO CHU’KQJI TMOTPEOHOCTH B OMOJHUTEIbHOMN
ceganuu (MUA30/IaMOM WJIM TIporiodoJsioM) u
OonMoMuaax B TedyeHHe 24 4acoB. BOJBIIMHCTBO
MIAaleHTOB, I10JIy4YaBIINX JEeKCMEIeTOMUINH, He
HY’KJAJIUCh B JOIIOJIHUTEJbHOU ceqanuu. Hema-
JIOBA’KHO, YTO IKCTYOAIUS TPAXeH Y 9TUX NalFeH-
TOB MOIVIa OBITH YCIEIITHO TPOU3BeeHa 0e3 mpe-
KpalieHus uHQpy3uu neKkcMeaeTOMUIHA.
JlekcMeneToOMUIUH o00JiagaeT CII0COOHOCTHIO
«IIOAJepPsKUBaTh» CIIOHTAHHOE JbIXaHUE U TOHYC
BEPXHUX JIbIXaTeJIbHBIX ITyTel, CO31aeT ONTUMAJIb-
Hbl€e YCJIOBUSA [J1s1 BBIIOJIHEHUST JUHAMUYECKON
OlleHKU (DYHKIIMU AbIXaTeJIbHbIX IIyTell [67, 68].

HakomnieHHble Ha NIPOTSKEHNH MTOCJIETHUX
JIeT TaHHbIe NO3BOJISIOT pacCCMaTPUBATh JIEKCMe-
JETOMUJINH KaK TNepPCIeKTUBHbIA KOMIIOHEHT
CcXeM KaK MYJIBTUMOAAJIbHON aHecTe3uu, Tak U
[I0CJIe0NepallMOHHON aHaAbIe3nu, 4YTO CylIlle-
CTBEHHO pacIIupsieT apceHas Bpauel aHecTe3no-
JIOTOB-PEaHuMaroJIoroB [69-71].

IlekcMeneToMuIMH ObLT 0M0OpeH YpaBJIeH!-
€M I10 CAaHUTapHOMY HaA30py 3a Ka4eCTBOM IIHIIe-
BBIX IIDOYKTOB U JIEKapCTBEHHbIX ITperaparos CIIA
B 1999 roay K IprMEHEHUIO I CeJALU B3POC/IBIX
MHTYOMPOBAHHBIX MAIIIEHTOB B OT/I€JIEHUH NHTEH-
cuBHoM Tepanuu (OPUT), u B 2008 romy — K IpruMe-
HEHUIO JJIA Cellalliy IIpU XUPYyPIU4YeCKUX BMella-
TeJbCTBAX WJIW MEIUIMHCKUX Ipoleaypax y
B3POCTIbIX «<HEMHTYOMPOBAaHHBIX» TTAIEHTOB 3 ITpe-
nestamu OPUT. OgHako, paspaboTka MpuMeHeHHs
JEKCMEeJIETOMUIMHA Y AeTell OblIa MeayIeHHOU U
HelleJieHanpaBJIeHHOH [72].

B oTHOMIEHNN TpUMeEHEHUA JeKCMeleTOMMU-
IWHA y JeTel 10 HaCTOSIIero BpeMeH! OImy0OJIu-
KOBaHO He3Ha4YUTeJIbHOEe KOJIMUeCTBO MCCJIed0-
BaHUU B CBSI3U C MMPOJOJIKUTETbHBIM 3alIPETOM
Ha ero NIpuMeHeHWe B AaHECTe3NOJIOTUHN TTeIruaT-

pudeckoro npoduas. YIuTeiBas myOJIuKanIN
3amaHBIX KOJIJIer 00 YCIeNTHbIX TPUMEHEeHUIX
JeKCcMedeTOMUAMHAa B KadyeCcTBe KOMIIOHEHTa
npeMeauKaIuy 1 00I1el anecteanu, B Poccuii-
crolt ®enepaliiy aJJpeHONMO3UTUBHOE JIEKAPCT-
BEHHOE CPeJICTBO MOYKET UCII0JIb30BATHCA B KOH-
nennun off label.

Tak, 1OSIBMJIOCH KCCJIEIOBAHNE O BO3MOKHO-
¢t 9¢ppeKTUBHOrO U HE30ITaCHOTr0 MCIT0JIHL30Ba-
HUSA JeKCMeJeTOMHIHA B KaueCTBe OCHOBHOI'O
CcpeJlcTBa i MOANepKaHusA ceJalluy y Ilequar-
pUYEeCKUX MMAllMeHTOB BO BpeMs JIEYeHU s PAIU0-
XUPYPrudeCKUMHU MeTOLaMM B yCJIOBUAX, KOrua
BEHO3HBIN IOCTYI y IAlleHTa OTCYTCTBYET. BbLj10
YCTAaHOBJICHO, YTO WHTpaHa3aJbHOE BBElEHUE
npenapara BroJiHe 3 peKTuBHO, KOMPOPTHO U
JIETKO TIEPEHOCUTCS ITallieHTaMU, He BbI3bIBAET
M0O0YHBIX 3 (HEKTOB, a TAKKE YIOOHO [JIsT POIH-
Tesel 1 MeTUIIMHCKOTO TiepcoHasna [73]. Hauamach
pa3paboTka MeTOIUYECKUX PEeKOMEHIAIN I10
MIPUMEHEHUIO JeKCMeJeTOMHUINHA C IIeJIbIO cea-
LIUU y leTel ¢ COITyTCTBYIOIIE! [1aToJIoThel lieHT-
pasibHOM HepBHOU cucreMbl. [IpuBeneHHbIE
CXeMbl HTPaHa3aJIbHOU Celalluy B 103€ 4 MKT /KT
y leTeil B BO3PACTHOH I'pyIilie 10 rofa JeEMOHCTPU-
PYIOT Takue II0JIOKUTEeJIbHBIe 3((eKThl, Kak
JOCTUKEHHUe aJleKBaTHOU ceJaryu, OTCyTCTBUE
QKUTAIMU, BO3SMOKHOCTb IPUMEHEHUS JaHHOHU
METONVKM y Al eHTOB, IPEIPaCIOJIOKEHHBIX K
3JI0KAYEeCTBEHHOU rurieprepmuu (74, 75].

ITonyyeHbI JaHHBIE 00 YCIIEIITHOM TPUMEHE-
HUU JeKCMedeTOMUIMHA 3a CUeT ero aHaJbreTH-
YeCKHUX CBOMCTB B Ma/JJIMATUBHOU MenulHE Y
B3pOCJIBIX NAIMEHTOB [76, 77], Ha4a/JOCh ero
AKTUBHOE U3y4YC€HUE U IIPUMEHEHNE KaK KOMIIO-
HEeHTAa aHaJble3WU NPU OKAa3aHWUU IMaJIJIUATUB-
HOIl MOMOIIM y NeAuaTPpUUEeCKUX NaIUeHTOB C
HEW3JIeYNMbIMHU 3JI0KaYeCTBEHHBIMU HOBOOOPAa-
30BaHUAMU [78].

OuyeBHUIHO, YTO IIOCJIE YCIIEIHOIO IIPUMEHe-
HUS IEKCMeIETOMUIMHA BO B3POCJIOM aHECTe3M0-
JIOTHYECKOU ITpaKTUKe MperapaT UMeeT O0TbIIION
MIOTEHIIaJ B JETCKOM aHeCcTe3WOJIOTMYeCKOM
IIpaKTHKe, 3a4acTyio B (popMmare «off label».

31 mas 2019 roma MuHMCTEpPCTBOM 3IpPaBO-
oxpaHnenus Poccuiickoit ®eneparun 66111 0100-
PpEeHbI U3MEHEHM s B UHCTPYKLIUH I10 MEJULIIUHCKO-
My [PHUMEHEHMIO JIEKapCTBEHHOIO IIperapara
JIexcMmeneromMuan [79]. I'panuiia IpoTuBoIlIOKasa-
HUH [IJ11 K TPUMEHEHM s pacTBOpa IEKCMeIETOMM-
JINHA IIPU CeJallii BO BpeMs IIPOBENeHUs aHeCTe-
3MOJIOTMYECKOT0 TI0COOMSI TT0 BO3pACTy M3MEHeHa
c 18 1o 12 jier.

ITU N3MeHeHMs IT03BOJIAI0T aKTUBHO BHE/I -
PATH JIEKAPCTBEHHOE CPEJCTBO /15T ONTUMUIAIUN
aHeCTe3n0JIOrMYeCKoro odecrnevyennss, 0COOEHHO
B J€TCKOU XUPYpPruu neveHy, rje no-npeskHemMy
«30JIOTBIM CTaHIAPTOM» 00€300JIMBAaHUS OCTAET-
Csl MpUMeHeHNre ANUAYPAJTbHON aHeCTe3nu.
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Ha ceromuAmHMiA eHb MPOBEIeHYE OTIepaIuit
MOPTOCHCTEMHOTO0  IMYHTUPOBAHUsI  SIBJISIETCSI
OCHOBHBIM CIIOCOOOM JIeUeHUs [leTell ¢ BHemede-
HOYHOU (popMOHA TOPTATBbHOU THIEPTEH3UU.
HecMoTpst Ha aKTHBHO Pa3BUBAIOMIYIOCS B ITOCJIE-
Hee BpeMsI TEeHJIEHIUIO K MCII0Jb30BAHUIO MaJIo-
VHBa3WBHBIX BMEIIATEIbCTB B BUIE 9HIOCKOITYE-
CKHX W  PEHTTeHOBACKYJSPHBIX  METOIUK,
XUPYpPrUYecKast JEKOMITPECCHs IOPTATBLHOM CUCTe-
MBI IPEYTIPEsKIaeT )KUIHEYTPOsKATOIIIHE SKeJTyI0Y-
HO-KUIIIeYHbIe KPOBOTEYEHHSI HA IOTOCITUTATEHOM
ararie u, O-TIPeKHEMY, OCTaeTCs METOIOM BhIOOpa
y JaHHOH TPyIIIBI HaIeHToB [80-82].

OmnepaTuBHBIE BMEIIATeJIbCTBA O IOBOIY
MOPTATBLHOU TUIIEPTEH3UU — BBICOKOTPABMATH -
HBI ¥ TPEOYIOT MAKCUMAJIBHOU aHECTE3UOJIOTHYe-
CKOM 3aIUTHI OT XUPYPrUIECKOM arpeccum.

OnHako, 60JbIII0e YMCJIO0 TAIMeHTOB NMEIOT
COITYTCTBYIOIIYIO TPOMOOIIUTOTIEHUIO, OTPAHUYH-
BAIOIYI0 BOSMOKHOCTH aHECTE3NO0JIOTA M MCKJTIO-
YaIoNIyI0 BOSMOKHOCTH IPUMEHEHU I HEHPOAKCH -
aJILHBIX METOI0B 00€300/IUBaHNS.

C Ipyroit CTOpOHBI, IPUMEHEHNE BBICOKUX
JI03 OMMOUJIOB 3HAYUTETHHO YXY/IIAeT KaYeCTBO
aHeCTe3WH 3a CUET MHOKeCTBa ITOOOYHBIX 9P ekr-
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TOB ¥ YBEJIMYEHNSI CPOKOB MPeOBIBAHMS B peaHu-
MalMOHHOM OT[EJICHUY, YTO HapylulaeT IIPUHIN-
IIbl yCKOPEHHOT'0 BBI3JOPOBJICHUSI B XUPYPIUMN.

PertlteHueM MaHHOM MPOOJIEMBI MOYKET OBITH
BRJIIOUEHNE B CXEMY aHECTE3NOJIOTUIECKOT0 00ec-
TeYeHusI IEHTPAIbHOTO CEJIEKTUBHOTO ajib(a-2-
aJIpeHO0aroHNCTa IeKCMeIeTOMIUIHA — ITpenapara,
COYETAIOIIIEr0 B CBOEM JIEICTBUM KaK aHaJIbIeThde-
CKHUH, TAK ¥ TUITHOTUYECKU KOMIIOHEHT, 1 II03BO-
JISTIOITETO 3a CYET CympaagauTUBHOTO 3P derTa
3HAYUTEJIbHO CHU3UTH IMOTPEOGHOCTD B TUITHOTUKAX
1 OITMOMTHBIX aHA/IbTeTUKaX [83], obecrieunBas mpu
9TOM BBICOKHH YPOBEHb HEPOBEreTaTUBHOM 3aIIIN-
ThI. JleKcMeaeTOMUAUH 00J1a1aeT ClI0COOHOCThIO
CHUMATh IICUX09MOIIMOHAIbHOE HANPsIKEeHNne, CTa-
OMIM3UPOBATh TEMOIMHAMUKY U SIBJISIETCS Hanbo-
Jiee «IOCTOMHBIM MPEICTaBUTEIEM» AHECTE3UOJIO-
TAYECKUX IpenaparoB B paMKaX KOHIENIUU
XUPYPrUu YCKOPEHHOI'O BBI3JOPOBJICHUA [84].

OnruMu3aysa aHecTe3N0JI0ITUYeCcKoro obec-
TeYeHns y IeTel ¢ TPOMOOIMTOIEHUEH TP IITyH-
TUPYIOIIUX OllepallisX BHEIIeUeHOUYHOU ITopTab-
HOW TUIepTEeH3UHW, HA HaIll B3IJsA, SABJSIETCS
HeOoOXOAMMOH JJ1s1 MUHUMU3AIUH XUPYPTUIECKO-
r'o cTpecca v MOO0YHBIX 9(p(PeKTOB JeKapCTBEH-
HBIX IIPenaparoB.
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ITpaBuJIa 17151 pyCCKOSA3BIYHBIX ABTOPOB
sKypHaJa «0011ass peaHUMaTOoJIOTHsI»

C y4eTOM peKOMEeHJalNil POCCUIICKOI ACCOL[Halli HAYYHBIX PeIaKTOpoB u usaaresaeii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) pegakus 21.04.2020

IIpaBOBbI€ H 3THYECKHUE ACTIEKTHI ITyOJIMKA-
LAY pYKOIIMCH

YcnoBus ny0JIMKAIUY PYKOITHCH

— Pyrkomnuicu myOJIMKYIOTCs TP 00513aTeTbHOM
COOJTIOIEHNY aBTOPOM 3THKH U IIPABUII Iy OJTUKAIIN
(mompoOHee Ha caiiTe sKypHaJsia: www.reanimatol-
ogy.com).

— Pykonvcu myOJIMKYIOTCS C COOJTIOIeHUEM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEHINAIbHOIO
OTHOIIIEHMsI K IepCOHAJIbHBIM JTAHHBIM aBTOPOB.

— Pykonvcu ny0JIMKYIOTCS OecIiiaTHO.

— Pykonucu, OpuHATHIE B KypHaJ, IPOXO0-
JSIT pelieH3upoBaHue Ha OPUTUHATBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJJeKBAaTHOCTb CTAaTUCTHYe-
CKOMl 00paboOTKM MJaHHBIX Ha  YCJIOBUAX
KOH(UIEHIINAIbHOCTH 32 MCKJIOYEeHUEM BbI-
siBJIeHus panbcuUKaIUU JaHHBIX.

— PenkoJsuterusi ocraBJisieT 3a cCo00# IpaBo
COKpalllaTh ¥ peJaKTUPOBATh PYKOIIKCH.

IIpUYMHBI CHATHUS C NeYaTH U 3aJePKKU
MyOJTUKAIUH PYKOIIMCH

— Pykonucu, He COOTBETCTBYIOIIUE IIPO-
(putio sxypHaia, He IPUHUMAIOTCSL.

— Pykonucu, paHee OmNyOJVWKOBaHHBIE, a
TaKk’Ke HalpaBJ/eHHble B JPYrod SKypHaJ HJIN
cOOPHUK, He IPUHUMAIOTCS. VICK/II0ueHre coCcTaB-
JISTIOT IIepeBO/bl Ha PYCCKUM/aHITIMHUCKUN SI3BIK
OT[IeJIbHBIX CTaTel, UMEIIIUX O0JIbIII0Ee TPAKTH-
YyeCKoe 3HaYeHue U/UJIN NIPeJCTaBJSIONIUX 0CO-
OBII HAYYHBIN MHTEPEC, OTIPEIeIsIEMbII aKTyaJTh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
LUTHUPOBAHUS, 3AIIPOCOM IO KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHOoe o(popMJeHNEe U HeJO-
CTOBEPHOCTH IIPEJICTABJIsIEMbBIX OubJorpadpuye-
CKUX [TaHHBIX aBTOPBI HECYT OTBETCTBEHHOCTH
BILJIOTB JO CHATUSI PYyKOIIMCH C II€YaTHU.

— Hapymenue npasui opopMIeHus: pyKo-
MHCH, HeCBOEBPEMEHHBIH, a TAKsKe HeaeKBaTHbIN
OTBET Ha 3aMeYaHUsl pelleH3eHTOB U HayYHbIX pe-
JTAKTOPOB IIPUBOMSAT K 3aJePsKKe MyOTUKAINY 10
HCIIpaBJIeHNs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBAHUM 3aMeYaHUN peleH3eHTOB U Hay4YHbIX
PEeaKTOPOB PYKOIINCh CHUMAETCS C TaTbHEHIIIero
paccMOTpeHus.

— Pykomnucy OTKJIOHEHHBIX padoT penak-
nuel He BO3BPAIIAIOTCS.

HNHuTepecsl ctopoH: ABTOp/Pegakuus

Penakiysi octaBJisieT 3a COO0# MPaBo CUNUTATH,
YTO:

— aBTOPBHI, IPEJOCTABUBIIINE PYKOIIUCH AJI51
nyGuKauu B sKypHaa «O01ias peaHuMaroso-
TUsl», COVIACHBI C YCJIOBHUAMU ITyOTUKAIINN U OT-

KJIOHEHUSI PYKOIIMCH, a TaK)Ke C IPaBUJIaMU €€
odopmIieHHS.

— aBTOP, OTBETCTBEHHBIN 3a MEPEMUCKY C
penakiye, BbIpaskaeT MO3UITHI0 BCETO aBTOP-
CKOT'0 KOJLJIEKTUBA.

Penaknus v M31areibCTBO HE HECYT OTBET-
CTBEHHOCTY 32 MHEHUSI, U3JIO’KEHHBIE B ITyOJIMKA-
[UX, a TAaKKe 3a COllepsKaHue peKIaMbl.

TapaHTHH pexaKkIuu

JIroObIe pyKoIMCH, IOJTyYEHHbBIE pelaKIei
IUIST pelleH3upOBaHus, OYAyT BOCHPUHUMATHCS
Kak KOH(MUIeHIMaIbHbIe TOKYMEeHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI IPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 32 NUCKJIIOYEHUEM JIHI], YTIOJTHOMO-
YEeHHBIX PeJaKIIne.

Heomny6yimkoBaHHBIE MaTepUasbl, HaXO[s-
Irecst B IpeI0CTaBJIeHHON cTaTbe, He OyayT uc-
II0JIb30BAHbI B COOCTBEHHOM HCCJIeJOBAHUY Ha-
YYHOTO pefaKkTopa U  peleH3eHTOB 0e3
MUCbMEHHOTO Pa3pereHunst aBTopa.

PerieH3eHT He OyIET IOMYIIEH K pacCCMOTpe-
HUIO PYKOIIUCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEPECOB B €r0 KOHKYPEHTHBIX, TAPTHEPCKUX JIUOO
JIPYTHX OTHOIIIEHUSIX C KEM-JTN00 M3 aBTOPOB, KOM-
MMaHWH UM OPTaHU3aIlNi, CBSI3aHHBIX C MaTepua-
JIOM IIYOJTUKAIII Y.

ABTOpBI IMEIOT MPABO TIOJIYYUTH TI0 3APOCY
MHMOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O TOJI-
TOTOBKE, 0(pOPMJIEHUH U TIPOJBVKEHUN PYKOIIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 32 MEPENUCKY C PEIAKIIEMN, TTOTY-
YaeT I10 3JIEKTPOHHOI IIOYTE TEKCThI PEIleH3U; pe-
IIIEHVE PEKOJITIETUN O TyOJIMKAIN WJIA OTKJIOHE-
HUU PYKOITUCH C 000CHOBAaHMEM IPUYUHBI; BEPCTKY
OTPENAaKTUPOBAHHOTO BapUAHTA PYKOIIUCH [IJISI T10-
JIy4eHUsI aBTOPCKOT'0 COTTIACHST Ha ITyOJIMKAITHIO.

l'apanTuu ABTOpa
IIpemocraBieHHass B pelaKUI0 PYKOIUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JTIOOBIX MaTepUAJIOB, 3AIIUITIEHHBIX TUIIEH3NEN OT
HECAHKITMOHUPOBAHHOTO BOCIIPOU3BEIEHMUsI, 10-
ITyCKAaEeTCs TOJHKO C TUChbMEHHOTO pa3pelieHust
npaBooOJiagaressi(ei) W Tpu 00sA3aTeJTbHOMN
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIHUII,
KOTOpbIE BHECJIU OIIYTUMBIN BKJIAJ B KOHIIEN-
U0, IPOEKT, UCIIOJTHEHNE U MHTEPIIPETAIUIO
3asIBJIEHHOU pabOThI, TO €CTh TeX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPHUSIM aBTOPCTBA.

PyKOIIUCH HE COEPIKUT MaTEPUAJIOB, 3aTpe-
IIIEHHBIX B OTKPBITOM IT€YaTH AEHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.
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KoH@uuKkT nHTEpecoB cTopoH: ABTOp/Penak-
1y

KongaukT nuatepecoB cTopoH ABTOp/Penak-
LM pelraeTcs IyTeM IIeperoBoOpoB CTOPOH, B CIIy-
4Jae HeyperyJaupOBaHHbIX IIyTeM IIeperoBOpoB pas-
HOIVIACUHL — B COOTBETCTBUU C HEUCTBYIOIIUM
3aKOHOJATeJIbCTBOM PD 1 MeyKlyHapOgHBIMU HOP-
MaTHBHO-IIPABOBBIMU aKTaMU, PeryJupyloliMy
MyOJIMKAIMIO PYKOITUCEH B HAYYHO-TTPAKTUYECKUX
MEeUIMHCKUX YKypHaJIax.

Comracue Ha TyOJTMKAIAIO OTPEIaKTUPOBaH-
HOI'0O MaTrepuaJia BbIpaskaeT aBTOP, OTBETCTBEHHbIN
3a MMepeNnuCKy ¢ pegakiueil. [locse o3HakOMIeHUSA
C BEpPCTKOU OH HalpaBJIsieT B PeJaKINIO 3JIEKTPOH-
HO€ IIMCHhMO I10 OTHOM U3 IPeACTaBIeHHbIX (hOPM:

1) ABTOpPBI* cOWTACHBI HA ITyOJIUKAITIIO PYKO-
nucu™** B TIpeICTaBJIEHHOM BHUJIE.

2) ABTOpBI* COIVIACHBI HA MYOJTUKALINIO PYKO-
nuCcu™* MmocJjie BHECEHUsI B BEPCTKY CJIeAYIOLINX
IIPaBOK:... (IaJjee ciaenyeT llepedeHb C YyKadaHueM
HOMepa CTpaHUIIbI TPAHOK BEPCTKY, HOMepa a0-
3arra, HoMepa CTPOKH B ab3alie M caMoil ITPaBKH).

*YkasbpIBaeTcs BeCb aBTOPCKHUU cocTaB. **
‘YKa3bIBaeTCcs1 Ha3BaHUe PYKOIIUCH.

Cpoxk omnoselleHus pelaKyuu O IPUHATOM
aBTOpaMu penieHuu — He 6oJjee 3-X JHEH ¢ Mo-
MEHTa OTIIPaBKU BEPCTKU aBTOPY, OTBETCTBEH-
HOMY 3a [IepeNuCKY C peJaKiuei.

Buumanme! Ha cTaguy BepCTKY TOIyCKAeTCs
MpaBKa ONE€YaTOK, OMIMOOYHBIX TGP U cJoB. Pe-
JaKTHpOBaHue MarepraJia (3aMeHa, UCKJII0YeHNe,
nmob6aBJIeHYe TPeJIoYKeHNH, ab3alleB 1 WILTIOCTPa-
THUBHBIX OJIOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEHEHUs BEPCTKU IIPUBOIAT K €e YA0po-
JKAQaHUI0O U 3aJiepyKKe BBIIYCKAa B CBA3U C
nepedopMarupoBaHreM U OOHOBJIEHUEM Ilepe-
BOJIa TEKCTA HAa aHIVIMMCKUU A3BIK. B TakoM ciyuae
pefakuusa CHUMaeT MaTepuaJl ¢ le4aTy U IIepeHo-
CUT ero myoJUKAaIUIO B APYroil HoMep B OTpeaK-
TUPOBAHHOM aBTOPaMU BHUE.

CpokH IpOABHUIKEHHU PyKOIIUCH

— JKCIepTU3a Ha COOTBETCTBUE MPOQUIIIO
’KYpHaJsa v npaBuiaM odopmieHus — He DoJjee
3-Xx pabouux THEN C MOMEHTA MTOCTYIIEHUST PYKO-
IIMCU B PeJaKIUIO.

— PeniensupoBanue — He 0oJiee 20-u pado-
YUX THEH C MOMEHTA 3JIEKTPOHHOHN OTIPABKU pe-
LIEH3€HTY PYKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He boJiee 7-1
pabounx THEH ¢ MOMEHTA 3JIEKTPOHHOM OTIIPABKU
aBTOPY PELIeH3UH.

— 3acefaHue peIKOJIJIETUU B OYHO-3a0YHOMN
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
uioJie, cCeHTsIOpe 1 HosIOpe) He TIO3/THEE, YeM 3a
1 MecAI [0 BBIITYCKA TUPaska KypHaJa.

OTnpaBKa MaTepuaJIOB AJIs MyOJTHKAIUT

MarepwuaJibl 1151 TyOJIUKAIA Ha PyCCKOM U
AHIVIUIICKOM SI3BIKAX CJIelyeT HAIIPaBJIsATh B BUJIE
3JIEKTPOHHBIX (paiisioB Ha CAlT sKypHaJIa: Www.re-

| BEEGEE
TEKCT

OTN02E0TE 1022018
animatology.com, niu o agpecy peJakiiau: jour-
nal_or@mail.ru. @opmar nognucu daitsaios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAaUYeHHe MaTepuasia
(TEKCT, WIJIIOCTPALNU U Ip.), JaTa (4MUCJI0, MecsL],
ron). ITpu oOHOBJIEHUM BEpPCHUH PYKOMIUCH U €€
MPUJIOKEHUH (TabJIUITbI, HJLTIOCTpAIum) B (pop-
MaTe NoAnucH (pailjioB MeHsIeTCS TOTBKO JaTa.

IIpumep:

Buumanwue! [Io1HOCTBIO aBTOMaTU3MPOBAH-
HBIU IEPEBOJ] C PYCCKOTO sI3bIKA Ha aHIVIMHCKUM
WMeeT HU3KOE Ka4eCTBO M He NPUHUMAETCH.
HKO donn «MengunmuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaEeT COJIEVICTBHE B TIEPEBOEe MaTe-
pHaIOB IJIs MyOJUKAIIUY C PYCCKOTO sI3bIKAa Ha
AHIVIMMCKUH (COpaBKU IO aApecy pemaKI[uu:
journal_or@mail.ru).

MarepuaJi crareil BK/Io4aeT: 1) TUTYJIbHBIN
JIUCT 2) pe3ioMe U KJI0UYeBble CJI0BA; 3) MOJHBIN
TEKCT PYKOIIACH C IIOJIIUCAMHU BCEX aBTOPOB Ha I10-
cJieIHel CTpaHuIle, TONTBEP K IAIOIITUMHA UX aBTOP-
CTBO U COIJIacHe C COolNepsKaHueM PyKONHUCH (I10-
CJeHsIA CTpPAaHWIA TPEIOCTABJSETCA B BHUIE
CKaHa); 4) TaObJUIbI U WIIIOCTPanuu (rpaduku,
JIuarpaMmel, poTorpaduu, puCyHKHU U T. I1.) C HOMe-
pOM, Ha3BaHWEM U NIPUMeYaHueM; 5) Oubdarorpa-
duveckuii cmcok; 6) COMPOBOAUTETBHOE MUCHMO.

|18anoE
TEKCT
0102018

(pOpMd conpoeoaumeﬂ bHO20 nucoema:

[lmaBHOMY pelaKkTOpy sKypHaJa

«Ob11as peaHuMaToJIOTHSI»
3acJyy;KeHHOMY AeATeJsI0 Hayku Poccun,
yjieH-KoppecnoHgeHnty PAH, npodeccopy
B. B. Mopoay

[Ipocum Bac paccMoTpeTb BO3MOYKHOCTH
myOJIMKaIuu (Bun pykonucuy; Pamuiuy,
Nmena, OT4yecTBa BCex aBTOPOB; Ha3BaHUE PYKO-
nucH) B skypHaJie «O0111asa peaHuMaToa0TusI».

ABTODPBI PYKOIIMCU O3HAKOMJIEHEI ¢ THpOP-
Maluel 1jd aBTOPOB sKypHaJa «O01mas peaHu-
MAaToJIOTHsA» U COIJIACHBI C IIpaBUJIaMU IIOATO-
TOBKH, IOJa4YU U IIyOJUKAIIUN PYKOIIUCH.

laHHasi pyKONHUCH He TyOJIMpyeT mpebIIy-
mue NyOJuKanuy, B Hel He 3aTparuBaloTCs UH-
Tepechbl TPETbUX CTOPOH U He HApyLIAalOTCs 9TU-
YeCKHe HOPMBI yOJTUKAIAH.

OTBETCTBEHHBIN 3a IEPEeNUCKYy C pelak-
nueit: ims, OtyectBo, PamMuans OgHOTO U3 aB-
TOPOB PYKONHUCH, e-mail, TesedoH.

[Tognuce pyKOBOOUTEIS YUPEKACHUA.

Hasee cM. Ha caiiTe www.reanimatology.com.

www.reanimatology.com
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HexpoJuor

CBETJIOM ITAMATH KOJIJIET

12 mapTa 2021 1. y1ies U3 »KU3HU NepBBIH 3aMeCTUTeb
nupekTopa — pykoBoxutesnb HUM Peabusurosoruu dene-
PaJIbHOTO HAayYHO-KJIMHAYECKOTO IIeHTPa PeaHUMAaTOJIOTUU 1
peadbunurosnoruu (PHKI] PP), npodeccop, TOKTOp MeIUIH-
ckux HayK [Ipsaukos rops BaseHTHHOBHY.

[Ipsaukos Urope BanentrnHosud (08.04.1959-12.03.2021) —
M3BECTHBIN yueHBIN-HEeBPOJIOT, peadu/InTOJIOr, ITepBbI 3aMe-
CTUTENb AUPEeKTopa — pykoBoautesib HUY Peabusurosoruu
®HKI] PP OcHOBHBIMH HaIlpaBJIEHUSIMHU TPOdECCHOHATBHOMN
nesirebHOCTH [IpsiHuKoBa V. B. ObLIN: MEIUIIMHCKAS peabuiIu-
TaIys Mal¥eHTOB C IIOCJIe/ICTBUAMU TSKeJIBIX 3a60J/IeBaHAN 1
TOBPEKIEHHSI IIEHTPAJIBHON HEPBHOW CHCTEMBI, OpPraHU3aIHsI
roCyJJapCTBEHHOW CHCTeMbl MEpONPUATHIA, HallpaBJIeHHBIX Ha
CHIKeHHe TI0Ka3aTeslell THBAJIUIU3ALUY U YPOBHA CMEPTHOCTU
HacesieHns B Poccuiickoit @eneparnyu.

Kak opraHusaTtop 3gpaBOOXpaHeHUA U y4eHbIH, [Ipaau-
KOB I1. B. cMOT yTOYHUTE OCHOBHBIE (PaKTOPBI, 00yCJIOBJIMBAIOIIE
3a00J/1eBaeMOCTb 11epeOPOBACKYISIPHBIMU OOJIE3HMU U BBISIBUJ
HauOoJIee BasKHbIe 3aKOHOMEPHOCTH (POPMUPOBAHUSA ITOKa3aTe-
Jiell MTHBAJIMTHOCTH BCJIE/ICTBYE 11epeOpOBACKY/ISIPHBIX 3a00s1e-
BaHuii B Poccuiickoii ®eneparyy, YTo MO3BOJIAJIO OIPEAEIUTh
MOTPEOHOCTh B MEIMKO-COIMAIBHOM ITOMOITY U pa3padoTarhb
HOBBIE OPIaHU3AlMOHHO-METOIUYeCKIe IPUHIUIBI MEIUIIH-
CKOH peabuuTanyy nanueHToB. [IpsHUKOBBIM V. B. BiepBbie
1T HaIllel CTpaHbI OblyIa pa3paboTaHa OpraHu3aluoHHAA MO-
JieJIb CAHAaTOPHO-KYPOPTHOTO 3Talla MeJHUKO-COLaIbHOI peabu-
JINTAIX [TAIMeHTOB, IepeHeCIInX Iiepe0paTbHbIN HHCYJIET.

[Ton HayuHbIM pykoBOACTBOM M. B. [IpsiHMKOBa ITOATOTOB-
JIEHO U 3allIUIIeHO 13 KaHAUJATCKUX U 1 TOKTOPCKas AuccepTa-
LY 110 PA3JIMYHBIM aclleKTaM HeBPOJIOTMM U MeTUIIUHCKOH
peabuurosioruu. [Ipsannkos 1. B. ABisercs asropom 6oJiee 100
Hay4YHBIX paboT, saypearoM [Ipemun «Mapuu MoCKBBI B 00J1a-
CTHU MeJUIINHbD, HarpaskaeHue [loueTunbiMu rpamoramMu PMBA
Poccun, Munsnpasa Poccun, IIpasurenscrBa MocKBsl; biiaro-
napHoctamu Komurera Coera ®efiepaiuy 1o conuaabHo 110-
gutuke u Komwurera TocygapcTBeHHOI JlyMBl IO TpPYAY,
COIMa/ILHOM IIOJIUTUKE U JieJlaM BeTepaHoB, IPUCBOEHHE II0YeT-
HOT0 3BaHUA «Berepad Tpyaar.

B KavecTBe [TaBHOI'0 BHELITATHOI'O CIIEIAAIACTA 110 MeJH-
nuHcKou peabunurany PMBA Poccuu ITpsinukos 1. B. yuactBo-
BaJl B OpraHU3aliy MEPONPUATHI MEAUITMHCKON peaOuInTallui
B KOMIIJIEKCHOH CHCTeMe MeJUKO-CaHUTAPHOI'0 0OeclieveH s pa-
GOTHMKOB OpPraHM3aINi OTPAC/IeH IPOMBIIIJIEHHOCTH C 0CO00
OIIACHBIMU U 3KCTPeMaIbHBIMU YCIOBUAMHE TPYZIA.

C 2016 . npodpeccop Ipsiaukos . B. paboran B PHKII PP
IJe IIpU ero HeTlloCpeICTBeHHOM Y4acTUU BIlepBble B Poccun cos-
JJaHO HOBOE HayYHO-KJIMHIYECKOe HallpaBJIeHIe — DaHHsA Hell-
popeabuIUTanUA IAlUEeHTOB C TAKeJIbIM IOBpesKIeHUEM
TOJIOBHOT'O MO3Ta, HY K/IAIOIIUXCS B IPOT€3UPOBAHUN YKU3HEHHO
Ba)KHBIX (DYHKIIMI, BBICTPOEHA YHUKAJIbHASI, CTPAHAIOIAsI pas-
PHBIB B 9TalIHOCTY IIPOBeIeHN s peaOuIUTallMOHHBIX MEPOIPHUs-
TUH, JTJOTUCTUKA TOCIUTATN3AUY [AI[IEHTOB, 103BOJIAIONIAS
TIPUHUMATD CaMBIX TSIPKEJIbIX ITALEeHTOB U3 JJe4eOHbIX yUpesk-
JIEHUI pa3JInYHOrO YPOBHsI, 000! BeJOMCTBEHHOM IPUHA/I-
JIe;KHOCTH 1 PACIIOJIO}KEHHBIX BO BCexX cyObekTax Poccuiickoit
denepanun.

VIHTeJUINTeHTHBIH, 9pyJUPOBAHHBINA, OCTPOYMHBIH,
Hrops BaneHTHHOBUY BCeria BJOXHOBJIAJ KOJIIer CBOUMU Ha-
YYHBIMU UJI€SIMU, HECTAHJAPTHBIMH PElIeHUAMH, TO3UTUB-
HBIM HACTPOeM U TPYAOCIOCOOHOCTBIO.

7 mapta 2021 r. ymuia u3 »Ku3Hu BanenTuna MiBaHoBHa
KapTaBeHKO — JOKTOp MeAUIIMHCKUX HayK, Ipodeccop, BbI-
JIAIOIIHIICS aHECTE3NO0JI0T-PEeaHUMAaTOo 0T, Oostee 30 JieT pyKo-
BOIMBIINN OTjeeHueM o01elr peannmanuu HUUW ckopoit
oMoty um. H. B. CkirocoBckoro.

BanenTtuna liBanona Kaprasenko (12.01.1937-07.03.2021)
ponuack B Bestopyccuu u, okoH4#B B 1961 1. CMOJIEHCKUI T'O-
CylapCTBEHHbBIN MEJUIIMHCKUN NHCTUTYT, HECKOJIBKO JIEeT IIpO-
paborasia BpauoM-aHecTe3n010roM B CMOJIEHCKOM 00J1aCTHOM
6osbHULE. B 1963 1. oHa nmpuIiia B IHCTUTYT ceplledyHO-COCy-
nucroi xupypriur AMH CCCP (cettuac— HMUIT CCXum. A. H. Ba-
KyJ1eBa), KOTOpoMy OHa oTaaja 06oJjee 15 jert, paboras u B
Ka4ecTBe MJIAJIIEro Hay4HOro COTpyaHuKa (1967-1969 rr.) n
cTapIIero Hay4YHoro corpygHuka (1969-1979 rr.). Ee HayuHble uH-
Tepechbl ObIIN OOIIMPHBI ¥ PA3HOCTOPOHHU: B 1966 I. Ha 6Gase
[leHTpaIbHOrO MHCTUTYTA YCOBEPIIIEHCTBOBAHYS Bpayel OHa yc-
MENIHO BBIOJHUIIA, a B 1967 I. 3alUTH/Ia JUCCEPTALUIO HA CO-
HMCKaHUe yYeHOH CTeleHM KaHIuJaTa MeJUIIMHCKUX HayK, a B
1977 r. ero 3amuineHa JOKTOpcKas quccepranust. B 1978 1. ona Ha-
yaJsia pabory B HUHM ckopoii nomoru nm. H. B. CrindgocoBckoro.

MHoOrosIeTHUH ONBIT Bpaya, He3aypsaHble OpraHu3aTop-
CKHe CIIOCOOHOCTH, HeyracaeMblil Hay4yHbIH roreHIran Baien-
TUHBI VIBaHOBHBI IO3BOJIMI CHeJaTh OTHEeJeHue oOIei
peaHuMaIyu OJHUM U3 KPyIHeHIux B ropoje, 6oJiee TOro, Ha-
upHas ¢ 1979 1. u Ha nporsmkeHny nodru 20 Jsiet, B. M. KapraBeHKo
3aHMMaJIa I0JPKHOCTD IVIABHOT'O aHEeCTe310JI0ra-peaHnMarosiora
MOCKBBL.

BasnenTtuna MBaHOBHA He TOJIBKO BO3IVIABJIsIIA OQHO U3
CaMbIX CJIOSKHBIX OT[eJIeHUI NHCTUTYTA, KyJa IOCTYIAJIU U II0-
CTynaioT 60JIbHbIE U IOCTPAZABIINE C PA3JIUYHBIMU KPUTHYE-
CKUMHU COCTOSIHUAMH, HO M IIpOfoJiKajda HaydyHylo U
IIperoaBarTesbCKyIO 1esITeIbHOCTb. UeCTHBIH, ICKPEHHUN ue-
JIOBEK, UMeBIIINH cOOCTBEHHOE MHEHHE 10 JII060My BOIIPOCY, U
YMEBIINN apryMeHTUPOBAHO ero OTCTauBaTh He TOJIBKO B Ha-
YYHBIX IUCKYCCHSIX, HO U IIepe]] PyKOBOICTBOM CAMOI'0 Pa3J/Iny-
HOI'O YpOBHs, OHa BCerjga CTOsijla Ha 3alllUTe HHTEPecoB
6ospHOTO. BastenTuHa liBaHOBHA — aBTOp O0J1ee 200 HAyYHBIX
paboT, 11oJ] ee HAyYHBIM PYKOBOJCTBOM 3aBepleHo 20 KaHu-
JIaTCKUX U JIOKTOPCKUX MUCCJIETOBAHMI. 3a CBOM MHOTOJIETHUI
MOJBUKHUYECKUH TPY]I OHA OblyIa yI0CTOEHA II0YEeTHBIX 3BaHUHI
«OINYHUK 30paBoOXpaHeHusd» (1973 I.) 1 «3ac/IyKeHHbII Bpayd
Poccum» (1999 r.), HarpaskgeHa MeaaJsbio 850-1etrss MOCKBBI U
OJJHA U3 MepBbIX OblIAa HarpakaeHa meaanbio um. C. C. lOquHa.

BasnenTrHbl VIBaHOBHBI HE CTAJIO IOCJIE TSHKeJ0H 6o-
JIe3HU, C KOTOPO OHA MY’KeCTBEHHO CPA’KaJIach HA IPOTsKe-
HUM HECKOJIBKUX JIET.

Pedaryus scyprana «Obw,as peanumamoio2us», KoJiiex-
mue HayuHo-uccie0oeamenbckozo UHCMumyma obuieti pearu-
mamonozuu um. B. A. Hezoeckozo PHKI] PP ewipasicaiom
UckpeHHue cob01e3H08aHU POOHbIM, DAUSKUM U KOJLLe2am
Heopsi Barenmunosuua u Barenmunvt HeanoeHbl U ckopbsim
emecme ¢ HUMU.
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CAHATOPHO-KYPOPTHOE AEMEHVE
Ba>XHbIM 3TAMOM HA MYTW K MOAHOLIEHHOW AKTUBHOM XU3HN
(BbIBAOPOBAEHMIO) IBALIOTCH AeYEBHO-NMPODUATKTIYECKE
MEepOonpPUdTHI NOA HOBAIOAEHVEM OTbITHBIX AOKTOPOB Y
3ABOTAVBOrO MEPCOHAAQ.

CAHATOPUI «AbITKUHO»

PacrnonoxeH Ha Tepprtopun HA Pecbanmonoriim, AeR. AbITKVHO,
MoCKOBCKOM OBACCTM
o BO3MOXHOCTb MPOXOXASHNS BEICOKOTEXHOAOT UUHBIX

MEAVLIMHCKNX MCCASAOBOHN,
* PeabUANTALIVIOHHbIE MO PAMMbI;
o KOHCYABTOLIVI BEAYLLMX CreLanmcTor HIA PecbramnTtonoriim
* baccerHbl 1 TeppeHKYP

CAHATOPUIN «Y3KOE»

3APCBHALIC PACTIOAOKEHA B HOrO-3anaAHOM OKpyre MockBb!,
B XVBOMUCHOM MECTE MAOLLAABIO 155 ra. YXoxeHHad 3eAeHaq
TEPPUTOPNY, OKPYXEHHAI BEKOBBIMIA COCHOMM 1 EAIMI, MOYAB.

VHKAIO3VBHbIV PEABUAUTALIMOHHDIN
KOMIMAEKC «[NMOPEYbE»
PAcCnoAOXeHHbIN Ha 44 rekTapax B 9KOAOTMYECKM YNCTOM

XBOVIHOM AECY MOA, 3BEHNTOPOAOM.

o KombopTabebHbIE XUAbIE KOPMYCa,

* CNoOpTMBHbBIE COOPYXEHMI HO OTKPLITOM BO3AYXE AAY
NPOBEAEHIS CMIORTYBHBIX MEPOMOUSTUN 11 O3A0OBUTEABHDIX
3AHIT;

* ToEeHAXEPHbIV 3AA;

* Kade, CTonoBAY, BAHKETHBIA 30A:

* AYAUTORUIN AAS 3CHITVIA, ASKTORUEB V1 ARYIX MELOMOUITUAN.

AOM YYEHDBIX B NMOC. MO3XNHKA

PacnonoxeH B LigHTpe «Pyackon LLBerLicpmy Bosae 3BEHTOROAC,
Ha Bepery pekmn MockBbl. AOM yYeHbIx BbIA TOCTPOEH B 1955 T
AN OOCAYXKMBAHMYG akaaemmkoB AH CCCP 1 nx cemMeincTs,
MOOKVBAKOLLX B OKOAEMUYECKIX MOCEAKOX MOSKMHKA M1 /AYLIVHO,
1 SBAIETCH MECTOM WX KYABTYPHOTO OTABIXC.
AOM YUEHBIX CEMOAHY — 3TO:

» brbAroTeka

o PO3BMBAIOLLIVE U MY3bIKOABHBIE 3AHITUS C ASTbMM

o CNEKTAKAV ANG ASTEN

o KOHLIEPTbI KAQCCUYECKOM MY3bIKIA

o XyAOKECTBEHHbIE 1 POTO BLICTOBKM

o CNOpPTUBHbIE CEKLM

o My3el nctopii MosxHKIA

« BACroyCTpOeHHas ASTCKAY NAOLLIAAKA

PHKL, PP

HAYYHO-UCCAEAOBATEABCKUA MHCTUTYT

PEABUATOAOT AN
MockoBckag 0BAACTb, COAHEYHOTORCK A PAVIOH,

c/n. CokoNOBCKOE, ASPEBHY AbITKUHO, A, 777
8 (495) 641-30-06 fnkcrr@fnkerrru

«HAYYHO-UCCAEAOBATEABCKUNA MHCTUTYT
OBLLEN PEAHUMATOAOT I UMEHM
B.A HETOBCKOIO»

r MockBa, yA. [eTpoBka, A. 25, CTP. 2
8 (495) 694-27-08 nicr@fnkerrru

NHCTUTYT BbICLLEIO U AOTNOAHUATEABHOTO
MNPOPECCUNOHAABHOIO OBPA3OBAHNA
r MockBa, yA. [eTpoBka, A. 25, CTP.2
8 (495) 650-96-77 edu@fnkerrru

CAHATOPUW «Y3KOE»
. MockBa, yA. [MpodcoosHag, A, 123 A, cTp. 14
8 (495) 427-94-33 san-uzkoe@fnkcrrru

AOM YYEHbBIX B MOC. MO3XMHKA

MOoCKOBCKOS OBAQCTb,
OAVHLOBCKMA PAVOH, M. MO3XIMHKA, AOM YYEHBIX

8 (495) 992-53-28 dom_uchenih@fnkerrru

VHKAKO3VIBHbBIM PEABUAUTALIMOHHDBI
KOMIMAEKC «MOPEYBE»
MOoCKOBCKOS OBACCTD,
OAVMHLIOBCK MY FOPOACKOM OKPVT,
AepeBHg COABKOBO
8 (495) 992-54-64 rk@fnkcrrru

www.fnkerr.ru

MWHWNCTEPCTBO HAYKW V1 BbICLLETO

OBPA3OBAHWSA POCCUNCKOW
OEQEPALIAN
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MHUCCHA OHKII PP — uepe3 ucmuny
MeOUYUHCKOU HAYKU — K 300p0Buto
u 6o3Bpawsenuro k kavecmbennoti
Ku3Hu 6 coyuyme.

AVpekTop
YneH-koppecnoHAeHT PAH
AB.[peuko





