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nevictBus F (hH) or TiyOuHBI Torpyskenust 3ouaa h (Hm) — F (h). CTpowJii TUCTOTPaMMBI TIJIOTHOCTH
OTHOCHTEJIbHBIX 4acTOT MoayJiA IOHra E.

Pesyasrarel. Monyis E mensncsa or 9,3+3,2 klla — nj1a 3 cyTok xpanenusd, 1o 22,7+8,7 klla — njsa 32
cytok. KoaddumuenTt acummerpun 1y1s1 3 cyTok coctaBu 0,52+0,04, a 1151 32 cyrok — 0,82+0,09. Bemmunna
hy, IpY 9TOM OCTaBaIACh IOCTOSHHOM.

3ak/rouenue. [1o Mepe XpaHEeHHsI 9PUTPOIUTAPHON B3BECH MEMOPAHBI 9PUTPOIUTOB 0 TTIyOMH 700 HM
MIPOrubIIICH OMHOPOIHO, HECMOTPS Ha TO, YTO MOoxysih FOHTa Bo3pacTan B 2.4 pasa.

Krtoueswle crosa: 3pumpoyumal; Hcecmrocs membparsl; 0ehopmayusi; XxpaneHue Kposu; amoMHO-CU-
J108asL CNEKMPOCKONUSL

Purpose of the study — to evaluate biomechanical regularities of deep deformation of native erythrocytes’
membranes during long-term (up to 32 days) storage of erythrocyte suspension.

Materials and methods. The method for addressing the said problem was atomic-force spectroscopy. The
measured value was hy, comprizing the depth to which the probe immersion process was described by inter-
action with a homogeneous medium. Empirical and theoretical dependence of the interaction force F (nN)
on the probe immersion depth / (nm) — F (h) were obtained. Bar charts of relative frequency density of Young’s
modulus E were built.

Results. Modulus E changed from 9.3+3.2 kPa — for 3 days of storage, to 22.7+8.7 kPa — for 32 days. Co-
efficients of skewness were 0.52+0.04 (for day 3) and 0.82+0.09 (for day 32 d), &, value remaining constant.

Conclusion. Progressively as erythrocyte suspension was stored, erythrocyte membranes to the depth of
700 nm deflected homogeneously in spite of 2.4-fold increase of Young’s modulus.

Key words: erythrocytes; membrane stiffness; deformation; blood storage; atomic-force spectroscopy
DOI:10.15360/1813-9779-2019-5-4-10

BBenenue Introduction

[Ipu navTeIbHOM XpaHEHUU 3PUTPOLIUTOB B In case of long-term (up to 32 days) storage of
reMOKOHCepPBaHTe (110 32 cyTOK) MeHsitoTcst Ouoxu- | erythrocytes in blood preservative, biochemical
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KanuHuueckue HCCJ/EeNOBAHUA U NIPAKTHUKA

MHYECKHe U OMOMeXaHNYEeCKIE CBOMCTBA 9THX KJle-
TOK KpoBH [1]. Kakum o6pa3om MeHsieTcs1 OroMe-
XaHUKA M KaK IPU 9TOM MEHSIeTCS 39JTaCTUYHOCTD
MeMOpaH — 9TO0 Ba’kHas1, HO MaJIOM3y4YeHHAs TeMa.
Oco0bIi MHTEPEC MTPEICTABISAET [IYOOKUH IPOTH0
MeMOpaH, COM3MEePUMBIH C TepopMaIusiMU ITUX
KJIETOK B KallWJVIAPHOM pycCJIe.

DYHKIMOHAIBHOE COCTOSTHAE 3PUTPOLUTOB
BO MHOTOM OIIpejiesisieT OMoMeXaHn4YeCKHe CBO-
CTBa UX MeMOpaH U KJIETKU B I1eJIOM. IaMeHeHUsT
MeXaHUYeCKUX XapaKTepPUCTUK KJIETOK, HaIllpU-
Mep, CHU)KeHUE UX Te(OopMUpPyeMOCTH, TO eCTh
yBeJIMYEHUE SKECTKOCTH, MOKET IPUBOAUTH K
HapylIeHUAM KaluJJIAPHOI0 KPpOBOTOKA [2-5]. B
psine pabot Mmoaysb FOHTa ompefessiioT Ha TTyou-
Hax IOTPysKeHusA 30Haa Ha 10-50 HM [6]. OgHAKO
HauOOJIBIIINI WHTEPEC TIPEICTABIsIET U3yIeHNE
3aKOHOMEPHOCTEN MPOrnboB MeMOpaH BHYTPH
KJIETOK Ha rayomssl 0,5-1,8 MukpoH. MIMeHHO
Takue TJIyOWHBI COM3MEPUMBI C (PU3UOTOTHYE-
CKUMU JedopManusiMu apuTporuToB [7]. Ode-
BHUJIHO, YTO M3MepeHue gedopmaruil SpuTpoIm-
TOB HEOOXOUMO TPOBOAUTH TOJTHKO Ha HATUBHBIX
KJIeTKax [7, 8], U MOJTHOCTHIO UCKJII0Yasi IpUMeHe-
Hue ¢urcaropos [9, 10]. Eciu B akcriepuMeHTe
HCII0JIb30BATh CyXUe 9PUTPOLUTHI, TO pe3YJIbTaThl
TaKWX I3MEPEHUH OyyT «CMeIleHbI», TaK KaK IpU
BBICBIXaHUY MEMOPAHBI CyIIECTBEHHO MEHSIOTCS
ee MexaHu4vecKkue csoucrna [11].

Panee nokasaHo, 4TO IpH AJIUTEJIHHOM XpaHe-
HUU 3pUTPOLUTAPHON B3Becu (10 32 CyTOK HpHU
Temriepatype 4°C) mMeMOpaHbl (PUIBETPOBAHHBIX
3PUTPOLIUTOB TEPSIOT JIACTUYHBIE CBOMCTBA, a UX
JKEeCTKOCTBh Bo3pacraer [1, 5, 6, 12, 13]. He acHo,
MEHSIETCSI JIX B 3TOM CJTy4ae CIOCOOHOCTh MeMOpaH
nporudarbcsi Ha 60JIbIITNE TTYyOMHBI 1 MEHSIOTCS
JU TIPA 3TOM 3aKOHOMEPHOCTH MeXaHUYeCKOTO
B3amMojiericTBusd MeMOpad. [losToMy m3y4yeHme
CITOCOOHOCTH MeMOpaH HATUBHBIX 3PUTPOIMTOB
porubarbcsi Ha 60JIbIINE IYOMHBI TPEACTABIISIET
€000 BaKHYIO HAyYHYIO IIPOOJIEMY.

HauboJiee mTepCIeKTUBHLIM METOJIOM €€
pelieHus ABJIAETCS aTOMHO-CUJIOBAsi COEKTPO-
cronusa (ACC) [8-11, 14].

IHess paboThl — M3ydyeHHE OHOMEXaHuYe-
CKUX 3aKOHOMEPHOCTEN TIyOOKO# medopmarumn
MeMOpaH HaTUBHBIX 9PUTPOITUTOB TIPH JIJTUTEITh-
HOM (10 32 CyTOK) XpaHEeHUH 3pUTPOIUTAPHON
B3BECH.

MarepuaJ 1 MeTobI

Jl11 mpoBeeHnA UCCae0BaHnusA UCII0/b30BaN
9PUTPOLUATAPHYIO B3BECh (OB) ¢ pasHbIMU IpynIIaMu
KpPOBHY, F€pMETUYHO 3allaKOBAHHYIO C aHTUKOATYJIAH-
ToM CPD (uurpar, docdar, gekcTposa) U pecycrueH -
pytomuM pactBopoM SAGM (dusuosiorunueckuil pac-
TBOp, aJi€HUH, [JII0OK03d, MaHHUT). JIOHOPCKYIO KPOBb
IIOJIyYaJIu Ha CTAHIIAY IIepeJINBaHnA KPOBU. B Teuenne
32 pHell 9pUTPOLUTAPHYIO B3BeCh XpaHuu 1npu 4°C B

and biomechanical properties of blood cells un-
dergo changes [1]. How biomechanics changes and
how membrane elasticity changes in this instance
is an important but poorly studied topic. Deep de-
flection of membranes commensurate with defor-
mations of these cells in the capillary bed is of par-
ticular interest.

The functional condition of erythrocytes
largely determines the biomechanical properties of
their membranes and cell on the whole. Changes of
mechanical patterns of cells, for example, lessening
of their deformability, i.e. increase of stiffness,
might lead to capillary blood flow disturbances
[2-5]. In a number of papers, Young’'s modulus is
determined at a probe immersion depth of 10-50
nm [6]. However, investigation of the regularities of
membranes’ deflection into cells to the depth of
0.5-1.8 microns is particularly interesting. These
are the depths that are commensurate with physi-
ological deformations of erythrocytes [7]. Measure-
ment of erythrocytes’ deformations should be evi-
dently carried out on native cells only [7, 8], and
completely excluding the employment of fixatives
[9, 10]. If only dry erythrocytes are used in an ex-
periment, the results of such measurements would
be ‘shifted’ because when a membrane dries its me-
chanical properties alter cardinally [11].

It has been earlier shown that in case of long-
term storage of erythrocyte suspension (up to 32
days at 4°C), membranes of filtered erythrocytes
lose their elastic properties and their stiffness grows
[1, 5, 6, 12, 13]. It is unclear whether the mem-
brane’s ability to deflect to greater depths changes
and whether the regularities of mechanical interac-
tion of membranes changes in such case. Therefore,
determining the ability of native erythrocytes’
membranes to deflect to greater depths is an urgent
scientific problem. Atomic-force spectroscopy
(AFS) is the most promising method to address this
problem [8-11, 14].

Purpose: to study biomechanical regularities
of deep deformation of native erythrocytes’ mem-
branes during a long-term (up to 32 days) storage
of erythrocyte suspension.

Materials and Methods

To perform the study, erythrocyte suspensions (ES)
of different blood specimens, which were tightly packed
with anticoagulant CPD (citrate, phosphate, dextrose)
and resuspending solution SAGM (saline, adenine, glu-
cose, mannitol), were used. Donated blood samples were
received at a blood transfusion center. The erythrocyte
suspension was stored at 4°Cpursuant to WHO guidelines
[15] for 32 days.

On the day of experiment, a 200 pl specimen was
sampled from each container without compromising its
tightness. At first, 100 pl of blood was three times washed
in phosphate-salt buffer, pH 7.4 (PBS Tablets, MP Bio-
medicals, USA) by centrifugation at 1500 rpm for 5 min-
utes to remove residual preservative solution. Thereafter,
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COOTBETCTBUH C pekoMeHganusAaM BO3 [15].

B neHb NpoBefeHUs ONbITa U3 KAKAOT0 KOHTeH-
Hepa oToupasu mpoby 200 MKJI, TPU 3TOM €0 TepMeTHY -
HOCTb He Hapymaiack. CHagas1a 100 MKJI KPOBU TPHYKIBI
npoMeIBaIu B pocdarHo-coseBom Gydepe pH 7,4 (PBS
Tablets MP Biomedicals, USA), ieatpudyrupys npu 1500
00. 5 MHHYT, 9YTOOBI yIQIATH OCTaTKNA KOHCEPBHUPYIOIIETO
pacTBopa. 3aTeM IIPUTOTABJIMBAIM CYyCIIEH3UIO 9pUTPO-
uuToB. [l aTOTO B 6 MJT (hocarHoro Oydepa q06aB-
A5 30 MKJT 9pUTPOIUTOB. 200 MKJI TTOJIy9€HHOU CyC-
IIeH3UW HAaHOCUJIU Ha CTeKJIO, IIpelBapUTeIbHO
IIOKpbITOE pacTBopoM nosunausuHa (MP Biomedicals,
France) [16]. Bpemsa anre3auy apuTpOITOB HA CTEKJIO C
MOJIMJINBUHOBBIM ITOKPBITUEM COCTaBJIANIO 30 MUHYT.
INosryueHHBIN 0O6paser mpoMbIBasIH B O6ydepe pH 7,4 B
Teyenue 10 CeKyH 1 U3MEPAJIU CUJIOBbIe KPUBBIE.

OneHKy AedopManuy HAaTUBHBIX 9PUTPOLUTOB
IIPOBOAUJIU C IIOMOIIBI0 ATOMHOT'O CUJIOBOTO MUKPO-
ckora (ACM) NTEGRA Prima, (NT-MDT, Russian Feder-
ation). Ilpu paboTe B 'KHUIKOCTH HEOOXOZWMMO IIpa-
BHUJILHO ITOI00paTh MapaMeTpsl KAaHTHJIEBEPa C YIeTOM
O6rIOMeXaHNYeCKUX XapaKTepPHCTHK UCCTIeTyeMOTo 00b-
eKTa [7, 17-20]. JI;1a n3MepeHnsa HaTUBHBIX 9PUTPOLIH-
TOB UCIIOJIb30BaJIX KaHTUIeBepbl SD-R150-T3L450B-10
(Nanosencor, Switzeland) c paguycom 3oHaa R= 150 HM,
pe3oHaHCcHOU yacToToii 21 KI'l1, ko9 HUIEeHTOM yIIpy-
roctu kanTuaeBepa K=1H/m.

B nporiecce IOATOTOBKY K U3MEPEHUSM [IJIs1 KaK-
JIoro 06pasna MPOBOAMIN KAIHOPOBKY KaHTUIEBEepa Ha
crekJie (8, 17, 18]. [l mosryuyeHus1 SMIUPUIECKOU CU-
JoBOM KpuBO# [ (Z) 3ajgaBaju MaKCUMaJIbHYIO Be-
JIMYWHY IToJIbeMa Mbe3oCcKaHepa Z,,,, = 4000 HM u Be-
JUYUHY TOKa ¢oToauona I= 0,5 HA. Bpems norpy xeHust
30HJA COCTaBJIAJIO ¢ = 5 CEKyHJI, Tak Kak Ipu OoJsiee
OBICTPBIX N3MEPEHUSIX CMEIAETCS OI[eHKA YKeCTKOCTH
MeMOpa#nsl [20].

JU11 KasKA0ro makeTa IPOBOAU/INA CKAHUPOBAHUE
IIOBEPXHOCTU MeMOPaH IPUTPOIUTOB B IoJIe 50X50 MKM?
¢ nomoibio ACM. 3areM B pesKrMe aTOMHO-CUJIOBOM
CIIEKTPOCKOIUU JeHCTBOBA/IN Ha KJIETKU C 33aJaHHOU
cusoi F u mostyuasnu cuitoBble KpuBble. Ha KaXKaoM 06-
pasue uamepsiiu o 100 HAaTUBHBIX KJIETOK. JIJIs KasK 101
AMITMPUYECKOU KpUBOH I (Z) TPOM3BOIMIIHU ITEPEXO]T K 3a-
Bucumoctd F (h) st pacdera momynst FOHra MmemoOpaH
apuTponuToB [7, 9]. Bcero B ncciaenoBaHuu OBLIO MPO-
a”Ha/M3upoBaHo 4400 HAaTUBHBIX KJIeTOK. CTarucruye-
CKas1 00paboTKa OJTyYeHHBIX Pe3yJIBTaToB ObljIa BBITIOJI-
HeHa ¢ oMouipio nporpamMmsl Origin Pro (Origin Lab
Corporation, Northampton, Massachusetts, USA). Bce
JlaHHbIE IIpeJ/ICTaBJIeHbl B BUJE: CpeJHee+CTaHjapTHOe
OTKJIOHEHUE.

Pe3ysbraThl ¥ 00CYyK/IeHHE

HedopMHUPyeMOCTE SPUTPOITUTOB OITPEIEIIS-
JIN TI0 CIIOCOOHOCTU MX MeMOpaH MPOTrudaThCs
BHYTPb KJIETKU IOJ AeWCTBUEM IPUJIOKEHHOU
cuibl. Cujia B 9KCIIEpUMEHTE OIeHWBAJIach MO
KPUBBIM:

F=fth), (1)

rae F (1H) — cuna, peficTBylomiasi Ha MeM-
OpaHy 9pUTPOIATA CO CTOPOHBI 30HAa; I (HM) —
nrybmHa mporubda Mmembpanbl. PyHKINH (1) TOJTY-
YeHbI II0CJIe MPeoOpa30BaHUsI HAYA/IbHBIX IMITU-
puyecKkux 3aBucumocTeit Buaa I (7); I (HA) — TOK

erythrocyte suspension was prepared. To this end, 30 ul
of erythrocytes were added to 6 ml of phosphate buffer.
200 pl of the resultant suspension was applied onto a
glass preliminarily coated with polylysine solution (MP
Biomedicals, France) [16]. Adhesion of erythrocytes on
the polylysine coated glass lasted for 30 minutes. The re-
sultant sample was washed in buffer, pH 7.4, for 10 sec-
onds, then force curves were measures.

Deformation of native erythrocytes was evaluated
with the help of atomic-force microscope (AFM) NTE-
GRA Prima, (NT-MDT, Russian Federation). Handling a
liquid, one should choose correctly the cantilever’s pa-
rameters taking into account the biomechanical proper-
ties of the object under study [7, 17-20]. To measure na-
tive erythrocytes, cantilevers SD-R150-T3L450B-10
(Nanosencor, Switzeland) with probe radius R= 150 nm,
resonance frequency 21 kHz, and cantilever’s elastic co-
efficient K=1 N/m were used.

As a part of preparation to measurements, can-
tilever calibration on glass was performed for every sam-
ple [8, 17, 18]. To obtain an empirical force curve 1(Z),
maximal piezoscanner rise Z,,,,= 4000 nm and photodi-
ode current I = 0.5 nA were set. The probe immersion
time was ¢ = 5 seconds, because in case of faster meas-
urements, the membrane stiffness estimation shifts [20].

For each bag, erythrocyte membranes’ surface was
scanned over the field of 5050 pm? using AFM. There-
after, an action was rendered on cells with preset force F
in the atomic-force spectroscopy mode to obtain force
curves. In each sample, the parameters of 100 native cells
were determined. For each empirical curve I (Z), transi-
tion to dependence F (h) was carried out to calculate ery-
throcyte membranes’ Young’s modulus [7, 9]. Total of
4400 native cells were analyzed in the study. Statistical
processing of findings was carried out with the help of
Origin Pro software (Origin Lab Corporation, Northamp-
ton, Massachusetts, USA). All data are shown as the
means + standard deviation.

Results and Discussion

Erythrocyte deformability was determined
based on the ability of their membranes to deflect
into the cell under the effect of applied force. The
force in the experiment was estimated based on
curves:

F=f(h), (1)

where F (nN) is the force acting on the ery-
throcyte membrane from the side of the probe; h
(nm) is the membrane deflection depth. Functions
(1) were obtained after transformation of initial em-
pirical correlations of type I (Z); I (nA) is the AFM
mismatch current, Z (nm) is the cantilever move-
ment. The methodology of transformation was de-
scribed in detail in our previous paper [18]. Ery-
throcyte membranes’ stiffness was estimated based
on Young'’s modulus E (N/m?). To this end, the Hertz
model was used [21]:

F = 4/3ER"°h'°, (2)

where Eis the Young’s modulus of material, R
is the indentor's radius, h is the membrane deflec-
tion depth. In this model, the power at & and R is
determined by non-linear interaction of the probe’s
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paccornacoBanusa ACM; Z (HM) — niepeMelreHne
KaHTuIeBepa. MeTonmka mpeoopasoBaHus MOT-
poOHO omnmcaHa B Hamle# mpenplayiieid padore
[18]. JKecTkoCcTh MEMOpAH 9PUTPOITUTOB OIEHU-
Banu 1o mopynao lOnra E (H/m2). Iaa aroro
HCII0JIb30BaJIX MOJlesib [epma [21]:
F = 4/3ER%°h"%, (2)

rne E — wmopnyns IOHra marepmana; R —
panuyc ugAeHTopa; h — miybmHa nmporuba Mem-
O6pansbl. B aToil Mmonenu crenenu ripu h u R omnpe-
JIeJISTIOTCST HeJTMHENHBIM B3anMOoielicTBreM cde-
pUYecKOll TOBEPXHOCTHA 30HAA C MeMOpaHOM.
HavaspHbIM yCjiOBHEM Mojenan (2) ABJIAETCA
MIPEIIOI0KEeHNE O B3aWMOMEUCTBUU 30HIA C
OTHOPOIHBIM MaTEPHUAJIOM, B HAIlleM CJy4ae C
MeMOpaHo#l apurporuTa. OTCIofa CJaeayeT, YTo
eCcJIv CTelleHb Ipu h owinyHa oT 1,5, To B3auMo-
JIeCTBYE IPOUCXOIUT C HEOJHOPOIHBIM MaTepra-
JgoM. [TosTomy, Ui OIEHKH 3aKOHOMEPHOCTEH
nporuba MemOpaH I9pUTPONUTOB B pabore
HCII0JIF30BATN ANIIIPOKCUMAITAIO SMITUPUIECKUX
KpUBBIX BUA (1) cTeneHHOH (PyHKIHEH:

F=Ikh"(3)

Crerienb n u ko3 punment k B (3) mombupa-
JIV C TIOMOIIHI0 METOa HEeJIMHEHHON alIPOKCHU-
Malnuu 3KCIiepuMeHTaJbHBIX KPUBbBIX. CreneHb n
BbIYMCJIAJIN, HAYWHAA C BEJINYNHBI hmux U Cc 11arom
5 HM, OYCKAJIMCh K MEHBITUM 3Ha4YeHUusIM h. Oue-
BUJHO, YTO IIpU 1 # 1,5 alllIPOKCUMUPYIOIAA KPU-
Bas He yJIOBJETBOPAA MoJesu (2). Beranciaenue
1 TIOIIArOBO IMPOMOJIKAIA 0 TAYOWHBI h, IS
KOTOPOW BBIMOJTHSJIOCH YCJIOBUE 1 = 1,5. ITa TIy-
OuHa Ha3bIBaeTcs hy,,.

Uro Takoe hy,? ITo Ta HAMOOJIBITIAS TTyOMHA
TIOTPY?KEHMUST 30HIa B MEMOpaHy 9pUTPOITUTA < hyy,
IO KOTOPOU aMITipryeckasi Kpusasi F(h) momauHsieT-
cs1 mopesu Tepria. CireqoBaTesTbHO, 3TO Ta TIyOUHA,
IO KOTOPOH TIPOIIECC TIOTPYIKEHUST 30Ha OITUCHIBA-
€TCsI B3aMOJIENCTBUEM C OTHOPOITHOM cpemoit. Ha
puc. 1 npeacTaBUIv SMIMPUYECKYIO U TEOpeTruye-
CKYTO 3aBUCHMOCTH CHJTBI B3auMmojercTeus F (HH) ot
[IyOMHBI TOTPY>KeHNs 30H1a /1 (HM).

KpwuBas h,, pacroJiaraeTcsi BbIIie KPUBOH /1,
Tak kak ee moxynb IOura E B 2,4 pasa 6osbire. To
€CTb TI0 Mepe XpaHEeHWsI SKECTKOCTb MeMOpaHbI
Bo3pacraet. [loaTomMy, Ipy OHOH M TOH jKe crie
F, = const 30HI Ha 3 CYTKH MOTPYyKAJICSA TIyOKe,
geMm Ha 32 (puc. 1 a, b). 1o 3Toi1 ke mMpUINHE CUJTHI,
MIPU KOTOPBIX 30H] MOTPYSKAJICS 0 Hyy,, TAK SKE
Pa3JIMYHBL: HA 3 CyTKY XpaHeHUs CuJjia ObLIa CyIie-
CTBEHHO MeHbIIIE, ueM Ha 32 cyTku. Ha puc. 1, boba
30H/Ia ellle He TOCTUIIU hy,, Tak Kak F; njs aToro
He mocrarovyHa. [myOouHb! h,, Kak Ha 3 CYTKH Xpa-
HeHusA JB, Tak ¥ Ha 32 CyTKU CTaTUCTAYECKU He
pasnnyanuce Ha yposHe p>0,05. Ha puc. 1, anpen-
craBJieHa BemmduHa A hy,, KOTOPasi OTIpeesIsiaach
CTAaTUCTUYECKUM pa30dpoOCOM U3MEPEHHOU /iy,

ITo ¢pyurnmam F (h) (mo 100 m3amMepeHHBIM
KPUBBIM) C y4€TOM (2) BBIUMCJIAIU MOAyAb IOHTa E,

-=Exper 3 day —e— Exper 32 day — Theory

F, nN

ni

F,-const

h, nm

Indenter

Puc. 1. OMnupuyeckass U TeopeTHYecKast 3aBHCHMOCTHU
cuabl B3aumojeiicteusa F (HH) or riiyOMHBI MOTPYKeHU s
3oHaa h (um).

Fig. 1. Empirical and theoretic dependences of the force of in-
teraction F (nN) on the depth of probe immersion i (nm).
Note. a — hy3; and hj, are probe immersion depths at preset
force F, on ES storage day 3 and 32. Uhyy, is the range of statis-
tical dispersion of value hyy,; b— is probe immersion depending
on stiffness (E) of membranes (M) on ES storage day 3 and 32
at interaction force F;.

ITpumeuanue. a— hy; 1 h3, NIYOUHBI HOTPY’KEHUA 30H1a IPH
3amanHol custe Fy Ha 3 u 32 cyTku xpaneHus 9B. Uhy, unTep-
BaJI CTaTUCTHYECKOro pa3dbpoca BeTnuuHbI hyy,; b— norpyske-
HUs 30H/I0B B 3aBUCUMOCTH OT sKecTKocTH (E) MeMOpan (M) Ha
3 u 32 cyTku XpaHeHUs IB npu cuite B3aumopeictus F.

spherical surface with the membrane. The initial
condition of model (2) is the assumption that the
probe interacts with a homogeneous material, in
our case — erythrocyte's membrane. It follows
thence that if the power at h differs from 1.5, then
the interaction continues with a heterogeneous
material. Therefore, to assess regularities of ery-
throcyte membrane deflection, approximation of
empirical curves of type (1) by power function was
used in the study:
F=kh"(3)

Power n and coefficient kin (3) were selected
by non-linear approximation of experimental
curves. Power n was calculated starting with h,,,,
going down in 5-nm steps to lower values of /. Ob-
viously, at # 1.5 the approximating curve did not
comply with model (2). Stepwise calculation of n
was continued to depth h, for which the condition
n=1.5was fulfilled. This depth is referred to as h,,,.
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Puc. 2. TucrorpaMMsI IVIOTHOCTH OTHOCHTETbHOH YaCTOTHI
monyaieit FOura E s 3 u 32 cyrok xpanenust 3B.

Fig. 2. Bar charts of density of relative frequency of Young’s
modulus E for ES storage day 3 and 32.

Note. Bar charts were approximated according to Gaussian nor-
mal distribution law. Distribution for ES storage day 3 and 32
was statistically different at P<0.01.

IIpumeyanue. [ICTOrpaMMBI AlIIIPOKCUMUPOBAIH HOPMAJIb-
HBIM 3aKOHOM pacnpeneneHnus laycca. Pacripegesienue niis 3
1 32 CyTOK XpaHeHHs1 IB CTaTuCTHYeCKU pa3In4YHO Ha ypOBHE
p<0,01.

KOTOPBII SBJISIETCS OCHOBHOUM GMOMeXxaHUYeCKOn
XapaKTepUCTUKON MeMOpaH 3pUTPOLUTOB. ITHU
JAQHHbIE UCIOJIb30BaJU JAJIA IIOCTPOEHUS TUCTO-
rpaMM IVIOTHOCTH OTHOCUTEILHOU YaCTOTHI, TIPeI-
CTaBJIeHHBIe Ha PUC. 2. 3aTeM KayKIyI0 TUCTOrpaM-
MYy allIpOKCUMUPOBAJN HOPMaJIbHBIM 3aKOHOM
laycca. 114 3 cyrok xpanenus 3B E,, = 9,3+3,2 kl1a,
a 1uia 32 cyToK yske 22,7+8,7 klla, yro Ha puc. 2
MOKa3aHo caBurom ¢yHknuu laycca B CTOPOHY
pocta E. KoadpuiineHT acuMMeTpUu /151 TPETHUX
cyrok cocrasun 0,52+0,04, a gjas 32 CyTOK —
0,82+0,09. IHBIMHU CJIOBaMH, €CJIN HA TPEThU CYTKHU
KpuBas [aycca cuMMeTpUYHa, TO 10 MEpPeE XpaHe-
HUsI BO3HUKAET ACUMMETPUsI, XBOCT KOTOPOU
HallpaBJIeH B CTOPOHY pocTa Moay/is E. 3To npo-
HUCXOAUJIO IIOTOMY, YTO IMOSABJIAJIMCH KJIETKUA C
HOBBIM 3HaUYE€HUEM MOAYJIA E, a cpeiHee 3HaUYeHue
MOIyJIs elle He MEHAJOCh Ha JOCTaTOYHYIO
BEJINYMHY.

Ananmu3 m3MeHEeHHU >KeCTKOCTH MeMOpaH
npu xpaseHuu IB no 32 CyTOK HpOBOJUJIM IIO
¢yuknum pacupenenenus F, (E):

F, (E) = %o fLE)AE (4)

[Ipu aToM cumTa I, YTO TUCTOrPAMMBbI OTHO-
CUTEJIbHBIX YacCTOT (pUC. 2) allllpOKCUMUPYIOTCH
HOpMaJIbHBIM 3aKOHOM paclpeneaenusa laycca.
J1J1A1 OLlEHKY 10JIU 9pUTPOLIUTOB, Ha KOTOPBIX YBe-
Jnunscs Moayiab IOura E (Ha 32 cyTku), Ha rpadu-
Kax QyHKIUH (4) OTKIAIbIBAIN YPOBeHD 0,98 1 Ha
9TOM YPOBHE OIIpeJesIANN, KaKasd 4aCTh KJIETOK,
nMmeromux E,,= 22,7 klla (32 cytkn), coxpanuia E,,
TpeTbux cyTok — 9,3 klla. 13 rpadukos cienyer,

What the /;;, means? It is the greatest depth of
probe immersion into the erythrocyte membrane
h < hy,,, up to which empirical curve F (h) complies
with the Hertz model. Hence, it is the depth up to
which the probe immersion process is described by
interaction with homogeneous medium. Fig. 1
shows the empirical and theoretical dependencies
of the force of interaction F (nN) on the depth of
probe immersion & (nm).

Curve hy, is located higher than curve hy; be-
cause its Young’s modulus E is 2.4 times greater.
That is membrane stiffness grows as storage period
increases. Hence, at the same force F, = const, the
probe immersed deeper on day 3 than on day 32
(fig. 1 a, b). For the same reason, the forces at which
the probe immersed to h,, are also different: the
force was significantly less on storage day 3 than on
day 32. On fig. 1, b, both probes have not yet
reached h,,, because F, is insufficient for this. There
was no statistical difference in depths h;, on ES
storage day 3 vs. day 32 at p> 0.05. Fig. 1a shows
value Ahy, that was determined by statistical dis-
persion of measured h,,, values.

From functions F (h) (as determined from 100
measured curves) subject to (2), Young’s modulus E,
which is the basic biomechanical characteristic of
erythrocytes’ membranes, was calculated. The data
were used to build the relative frequency density bar
charts given on fig. 2. Thereafter, each bar chart was
approximated following Gaussian normal distribu-
tion law. For ES storage day 3, E,, =9.3+3.2 kPa, while
for day 32 it is already equal to 22.7+8.7 kPa, which
is shown on fig. 2 by Gauss function shift towards
growth of E. The coefficient of skewness amounted
to 0.52+0.04 for day 3 and to 0.82+0.09 for day 32. In
other words, if on day 3 the Gauss curve is symmet-
rical, with storage the coefficient of skewness ap-
pears, the tail of which is directed towards growth of
modulus E. That happened because cells with a new
value of modulus E appeared while the mean mod-
ulus value had not yet changed sufficiently.

Changes in membranes’ stiffness during ES
storage up to 32 days were analyzed based of the
function of distribution F, (E):

F, (E) = {foo fLE)dE (4)

It was assumed that bar charts of relative fre-
quences (fig. 2) are approximated according to
Gaussian normal distribution law. To estimate the
fraction of erythrocytes with increased Young'’s
modulus E (on day 32), on diagrams of functions (4),
level 0.98 was singled out and at that level it was de-
termined what fraction of cells having E,, = 22.7 kPa
(day 32) retained day three E,, — 9.3 kPa. It follows
from the diagrams that this value is equal to 0.28. So,
on day 32 there were only 28% of cells, which
Young’s modulus remained the same as on the first
three days.

It has been demonstrated that erythrocytes’
stiffness grows with the time of storage (fig. 1-3). It
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Fig. 3. Distribution functions F,; (E) for ES storage day 3 and 32.

49TO 9TO 3HaUYeHUe cocTasisier 0,28. TakuMm obpa-
30M, Ha 32-€ CyTKU OCTaBaJI0Ch JIUIIb 28% KJIETOK,
Monysb IOHra KOTOpPBIX COXPAHAJICA TaKUM JKe,
KakK U B [IepBbIE TPOE CYTOK.

ITokasamnu, 4TO YKECTKOCTb 9PUTPOLUTOB I10
Mepe UX XpaHeHusA Bo3pacTaer (puc. 1-3). beuio
OBl JIOTUYHBIM npenmnoJiaraTb, 4YTO U BEJIMYNHA
hy.,, TaksKe TOJI;KHA BO3pACTaTh UM MEHATHCSA 110
KaKoMy-JI00 3akoHy. OJHaKo, HW3MepeHHbIe
BEJIMYUHBI Ny, Mg 3-X U 32-X CYTOK XpaHeHUsI
9PUTPOLMTAPHON B3BECH ITOKA3AJIH, YTO 9T KPU-
TUYecKas ITyOMHa U IS TeX, U JJIsI IPYTUX CYTOK

XpaHeHUs OCTAeTCs ITOYTH OMHAKOBOM. Benun-
Ha h,;, Haxoauaach B muanasoHe 730+106 HM 1 3TU
[JTyOMHBI KaK Ha 3 CyTKU XpaHeHuA IB, Tak 1 Ha 32
CYTKM CTaTUCTUYECKU He pa3J/IM4a/iCh HAa YDOBHE
p>0,05. Bce mosryueHHble cuioBble KpuBbie F (h)
aJleKBaTHO alllPOKCUMHUPOBAJINCEH (PYHKITHEH (2)
U CcTeleHHON (pyHKIMeN (3) CO CTemeHbIo 71 =
1,50+0,02 rHa ypoBHe KoadUIleHTa JeTepMUuHa-
muun R?>0,95.

OTcrofa ciaenyeT BasKHbBIN BBIBOM O TOM, UTO
1o Mepe xpanenus 3B npu 4°C MmeMOpaHbI IpUT-
poruToB o rayowH 700 HM MPOTUOATUCEH OHO-
POAHO, HECMOTPS Ha TO, 4TO MoayJib IOHra Bo3pac-
TaJsa B 2,4 pasa.

3akJgoueHue

IIpn xpanenun 9B (32 cyrok) momyias E,
MeHsIcs oT 9,3+3,2 klla — 1 3 CyTOK XpaHeHwus,

Jlureparypa
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A comparison of biochemical and functional alterations of rat and
human erythrocytes stored in CPDA-1 for 29 days: implications for
animal models of transfusion. Transfus. Med. 2000; 10(4): 291-303.
DOI: 10.1046/j.1365-3148.2000.00267.x. PMID: 11123813

2.  Wang C.H., Popel A.S. Effect of red blood cell shape on oxygen trans-
portin capillaries. Math. Biosci. 1993; 116 (1): 89-110. PMID: 8343620

would be logical to suppose that the value hy,
should also increase or alter following some law.
However, values &, as determined on day 3 and
day 32 of erythrocyte suspension storage exhibited
almost the same critical depth for both periods of
storage. Value h;;, was within the range of 730+106
nm, and there was no statistical difference in the
depth either on ES storage day 3 or day 32 at the
level of P>0.05. All force curves F (h) obtained were
adequately approximated by function (2) and
power function (3) with power n = 1.50+0.02 at the
level of determination coefficient R > 0.95.

Thence, an important conclusion follows that
with ES storage at 4°C erythrocyte membranes de-
flected homogeneously up to the depths of 700 nm
in spite of 2.4-fold increase of Young’s modulus.

Conclusion

During ES storage (32 days), modulus E,,
changed from 9.3+3.2 kPa for 3 days of storage to
22.7+8.7 kPa for 32 days of storage. However, value
hy, remained constant. During erythrocyte suspen-
sion storage, erythrocyte membranes deflected ho-
mogeneously to the depths of 700 nm in spite of the
fact that Young’s modulus increased 2.4 times.

The results demonstrate the processes of in-
teraction of the surfaces of native erythrocyte
membranes with the walls of small vessels and
might be useful for future studies.
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no 22,7+8,7 klla — s 32 cyrok. Ho BesimumHa hy;,
IIpM 9TOM OCTaBaJiach IOCTOsIHHOM. [1o Mepe xpa-
HEHWS 9PUTPOIUTAPHON B3BECU MEMOPaHBI 9PUT-
ponuToB 1o wIyowH 700 HM MPOTUOAJIICH OTHO-
pOIHO, HECMOTPsA Ha TO, 4To Monyab lOHra
BO3pacTaJi B 2,4 paasa.

ITonyuyeHHBIE pe3YAbTaThl CIIOCOOCTBYIOT
H6osee IyOOKOMY TOHMMAHUIO TTPOI[ECCOB B3au-
MOJIENICTBUS TOBEPXHOCTEN MeMOpPaH HaTUBHBIX
9PUTPOLYTOB CO CTEHKAMU MEJIKAX COCYLOB U
MOTYT OBITH ITOJIESHBIM B IPAKTUYECKOA peaHu-
MaTOJIOTHU ¥ MEIUIIMHE B [1€JIOM.
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Ileqb — OLIEHUTH KJIMHUYECKYIO 3HAYMMOCTh OroJiorundeckux Mmapkepos [THC npu uilrteMru4eckoM HUH-
CyJIbTE.

MarepuaJj ¥ MeToabl. MeTo10M UMMYHO(MEPMEHTHOTO aHAJIN3a IIPOBEJIN KOJINIECTBEHHYIO OI[EeHKY
conepskaHusi 6momapkepoB LIHC B CHIBOPOTKE KPOBH MAIlMEHTOB C HAPYIIEHUsIMU MO3TOBOT'0 KPOBOOO-
palleHus 10 ulleMuyeckomy Tuily. MccinegoBanu HelipoHcnennduueckylo eHos1a3y, HeHpoTpopudecKuit
¢akrop rosioBHoro Mmo3ra (BDNF), rmuanbHbIil HelpoTpoduyeckuii pakrop (GDNF), 6esmok S-100 oO1mia
(aB—Bp), cuanmupoBaHHbIl yryieBoaHbIN aHTUTeH (KL-6), BACKY/I09HA0TENIHANBHBIN (haKTOP pocTa, cylep-
OKCUJIMCMYyTasy. Bce uccienoBanus NPOBOAWIN Ha aBTOMaTHYeCKOM MUKPOIJIAHIIIETHOM UMMYyHOdep-
MeHTHOM aHanudarope Immunomat TM. YucJ/io namueHToB ¢ HapylIIeHUsIMU MO3TOBOTI0 KpoBoobOpalie-
HUs1 — 43 B Bo3pacrTe oT 50 10 80 jseT. 113 HUX skeHITUH — 24, My»kuuH — 19. Copepskanue 61oMapKepoB
ITHC B ChIBOPOTKE KPOBHU UCCJIEN0BAJIM B IIEpBbIe 3—6 4acoB, yepes 2, 3 u 4 HeJleJIn OT Havasta 3aboJieBa-
Hus1. KOHTpOJIBHYIO TPyIITy cocTaBUIIH 20 T0OPOBOJIBIIEB (IPAKTUYECKH 3J0POBBIX TOHOPOB). CTaTUCTH-
YeCKUU aHaJ/IN3 IIPOBeJIM HellapaMeTpU4YecKUM MeTooM MaHHa—-YUTHU. CTaTHCTUYEeCKU 3HAaUYUMBble pe-
3yJbTaThl yUUTHEIBAIU IpU p<0,05.

PeaynbraThl. B TOHEKpOTHYECKU IEpHO U Hayaa0 (POPMUPOBAHUS HEKPO3a OTMedasiy [T0BBIIIeHNe
coliepskaHus HelipoHcnenuduieckoi eHoJ1asbl, 0eska S-100, cyepoKCUIIMCMYTa3bl, CHUYKEHUE CoflepsKa-
HUs HEHpoTpodUUecKoro (pakTopa roJIOBHOTO MO3Ta, IJIMAJIbHOr0 HelpoTpoduyeckoro akTopa, orpa-
SKAIOIIUX IIPOIIECCHI aJIBTEPAIIUU CTPYKTYP FOJIOBHOTO MO3Tra B pe3ysIsraTe HapylleHHu KpOBOOOpaIeHuUsI.
B nocsieyromyie Cpoky HaOJII0JeHUS BO3PACTAJIO COAepIKaHus HeHpoTpodruueckoro pakTopa roJJOBHOIO
M03ra, NINaJbHOT0 HelipoTpodudeckoro ¢hakTopa, pakTopa pocTa 9HJ0TeNHs COCYA0B, CHATUPOBAaHHOIO
YIJIEBOZHOTO @HTUTEHA, YTO CBUJIETEIHLCTBOBAJIO 00 aKTUBU3AIMY IIPOIIECCOB pereHepanuy IeHTpaabHON
HEPBHOU CUCTEMBL.

3akmarouyenue. ConepskaHre OMOIOTMYeCKUX MAPKEPOB B CBIBOPOTKE KPOBU MAI[MEHTOB C UIITEMUYECKUM
WHCYJIETOM OTpaskaeT aTarbl 3a00/1eBaHUSA U I03BOJIsSIET KOHTPOJIUPOBATh Ipolecchl pereHeparuu [THC.

Knrouesvte crosa: uuiemuueckutl UHCYAbm; MOJEKYAsApHble Mapkepbl
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The purpose of the study was to evaluate the clinical significance of CNS biological markers in an ischemic
stroke.

Materials and methods. Blood serum biomarkers of CNS were assayed by ELISA in patients suffering from
cerebrovascular disorders of ischemic origin. Neuron-specific enolase, brain-derived neutrophic factor (BDNF),
glial-derived neutrophic factor (GDNF), protein S-100 total (af—3), sialyl carbohydrate antigen (KL-6), vascular
endothelial growth factor, and superoxide dismutase were analyzed. All tests were carried out using automatic
microplate immunoassay analyzer Immunomat TM. The study included 43 patients of 50 to 80 years of age,
suffering from cerebrovascular disorders; among them there were 24 women and 19 men. Blood serum bio-
markers of CNS were assayed within the first 3-6 hours, and on week 2, 3, and 4 from onset of the disease. The
control group consisted of 20 volunteers (apparently healthy donors). Statistical analysis was carried out using
non-parametrical Mann-Whitney test. Results were considered as significant at P<0.05.

Results. During the pre-necrotic and early necrotic period, higher neuron-specific enolase, protein S-100,
superoxide dismutase, and lower brain-derived neutrophic factor and glial-derived neutrophic factor were ob-
served, reflecting structural brain alterations due to disturbed circulation. At later follow-up time-points, BDNE

GDNE VEGE and KL-6 increased evidencing activated CNS regeneration processes.
Conclusion. The content of biological markers in blood serum of ischemic stroke patients reflects the dis-
ease stages, which helps managing the CNS regeneration processes.

Key words: ischemic stroke; molecular markers
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BBenenue

EsxeromHo B MUpe OT HMHCYJIBTa yMHUPAET
OoJtee 5 MUJIJIMOHOB Y€JIOBEK, a Y KaYKJJ0T0 IIIECTO-
'O BBI;KUBIIIETO Pa3BUBAETCA HOBTOprIfI uimeMu-
YeCKuu UHCYJIBT B T€4YE€HUE MMOCHAENYIONUX ITATU
Jaet [1]. Psag ucciieqoBaresieid Tog4YepKUBAET BasK-
HYIO POJIb MOJIEKYJISIDHBIX OMOMapKepoB B Juar-
HOCTHKE ¥ TPOTHO3€ NIIIEMUYECKOT0 WHCYJIBTA. B
YACTHOCTH, MO3TOBOI HaTpUUypeTHUeCKU 1er-
tug (BNP) u 6e10k S-100(3 ABJISIOTCS TEPCIIEKTUB-
HBIMU 6I/IOMapKepaMI/I B IMAarHOCTUKE UIlleMu4e-
CKOTO WHCYJBTa W MOTYT WCIIOJb30BaThCA B
cJydasX OUAarHOCTHYECKON HeolpenesIeHHOCTH
[2]. Bindung Protein 4 (RBP4) 1 rmuanbHbIN Hrbd-
PUASAPHBIA KUCTOTHBIN 6e10k (GFAP) ob6agator
BBICOKOUM YYBCTBUTEJBHOCTHIO M crHenuduy-
HOCTBIO 11 TU(ppepeHIInpOBKY UIIIEMUYECKOTO
U1 reMOopparun4ecKoro NHCYALTOB [3].

Buosornueckne Mapkepbl 00€eClednBaloT
BaYKHYIO MH(MOPMAIHIO 0 KII0YEBBIX OMOJIOTHYe-
CKUX ITPOIIECCaX, POUCXOISAIINX BO BpeMsi 1iepeo-
paﬂbHOﬁ uimeMui. OHU II03BOJISIOT OLI€EHUTH
PUCK Pa3BUTHUA reMOpPparudecKkoi Tpancpopma-
IINY, BBIABUTD IMAIlMEHTOB C pPUCKOM HEBPOJIOTU-
YEeCKHUX OCJIOKHEHWH W pa3BUTHSA HeOJaromnpu-
ATHBIX NCXO0O0B NIIeMmn4eCcKoro UHCYJIbTAQ,
OTJIMYUTH UIIIEMUYECKUUA UHCYJIBT OT UMUTATOPOB
HWHCYJIbTA, YTOUYHUTHb 3TUOJIOTUI0 MHCYJIbTA, Olle-
HUTh PUCK PA3BUTHUS UHCYJIBTA B TOU UJIU NHOU
TIOTTYJIATINY Jifofei [4]. OOIenpusHano, YTO KOM-
mpIOTepHasi ToMorpadus sBJsgeTca HauboJiee
Ba’KHBIM METOOOM NTHMAIrHOCTUKHN NIIIEMUNYECKOTO
nHCysnbra. OMHAKO B ITepBbIe Yachkl 3a001€BaHUsA
OHa MO3BOJIsIeT 00HAPYKUTH 30HY UIIIEMUU TOJTh-
KO B OTHOU TpeTu HaOJIIomeHuii. B aToMm ciydae
TepaneBTUYeCKOe OKHO SABJISETCS HEIPOJOJIKY-
TE€JIbHBIM II0 BpeMEHH, YTO OKa3bIBa€T BJIUAHUE
Ha TOYHOCTH AOMATrHOCTUKMU. B cBasu ¢ stum
BBISIBJIEHVIE MOJIEKY/ISIPHBIX MaPKEPOB MTOBPEsK-

Introduction

Every year, more than 5 million people die
from a stroke while every sixth survived develops a
recurrent ischemic stroke within the next five years
[1]. A number of studies underline molecular bio-
markers’ importance in the ischemic stroke diag-
nosis and prognosis. In particular, brain natriuretic
peptide (BNP) and protein S-100p are promising di-
agnostic biomarkers in cases of diagnostic uncer-
tainty [2]. Binding Protein 4 (RBP4) and glial fibril-
lary acid protein (GFAP) feature high sensitivity and
specificity useful in distinguishing between is-
chemic and hemorrhagic strokes [3].

Biological markers supply important informa-
tion about essential biological processes taking place
in cerebral ischemia. They allow assessing the risk of
hemorrhagic transformation, identifying patients at
high risk of neurological complications and adverse
outcome of an ischemic stroke, differentiating be-
tween an ischemic stroke and stroke imitators, clari-
fying stroke etiology, estimating the risk of stroke in
some population or other [4]. Computer tomography
is generally recognized as the most important tool of
ischemic stroke diagnosis. However, during the first
hours of the disease, it allows detecting the ischemic
region in one third of cases only. In this instance, the
therapeutic window is very short, which makes it dif-
ficult to make an accurate diagnosis. So, detection of
molecular markers of CNS injury might be helpful in
identifying an ischemic stroke [5-7]. Lately, close at-
tention has been paid to the investigation of DNA
and micro-RNA as biomarkers of ischemic and hem-
orrhagic strokes [8, 9]. Nevertheless, in spite of a great
number of biological markers examined in cases of
cerebral circulation disorders, their clinical assess-
ment requires large-scale studies [10, 11].

Purpose of the study: to evaluate the clinical
significance of biological markers of CNS in the is-

chemic stroke.
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Knunudyeckue nccjaeqoBaHud U IMIpaKTUKa

meHus IIHC Mo)xeT OKasaTh CyILeCTBEHHYIO
IIOMOIIb B PACOO3HABAHUM UIIEMHUYECKOTO
HUHCYyAbTa [5-7]. B moc/iegHee BpeMA IpUCTajIbHOe
BHUMaHue ypejsderca ucciaenoanuno JIHK n
Mukpo-PHK B kauecTBe 6MOMapKepoOB HITTeMUYe-
CKOr0 M TeMOppParuvyecKoro HMHCYJLTOB [8, 9].
OpmHakKo, HECMOTPSI Ha 3HAYUTEJIFHOE YHUCJI0 OHO-
JIOTUYECKHUX MapKepoB, UCCJIeAYEeMBbIX [IPU Hapy-
IIIEHUSIX MO3TOBOT0 KPOBOOOPAIIIeHUsT, UX KJIMHU-
Yeckas oOIleHKa TpeOyeT OoJsiee MacIITaOHBIX
nccaegoBanui [10, 11].

Ilesb ucciieqoBaHUsI — OLEHUTH KJIMHUYE-
CKYI0 3HAYMMOCTh OWOJIOTUYECKUX MapKepoB
ITHC npu uieMmu4ecKoM UHCYJIETe.

MarepuaJ 1 MeToabI

MeTogoM HUMMYyHO(EpMEHTHOIO aHaAu3a IIpo-
BeJI KOJIMYECTBEHHYIO OIIEHKY COIep KaHUs OrnomMap-
kepoB IIHC B CBIBOPOTKE KpOBH ITAIIUEHTOB C HapyIIle-
HUSIMU MO3TOBOTO KpPOBOOOpAIeHNsI 1o
uieMuueckoMy Tuiy. O611ee 41cso MaueHToB B BO3-
pacte ot 50 10 80 JsieT cocTaBmIO 43. 113 HUX KeHIIINH —
24, my>kyrH — 19. [larieHTh HAXOOUJINCH HA JIEYeHUH
B OTJeJIeHUsIX peaHuMallud Hay4HO-UCCIeqoBaTesb-
CKOT0 MHCTUTYTa peabuymrosornu PenepasbHOTO Ha-
Y4YHO-KJMHHUYECKOI0 IIeHTpa peaHuMaToJIoTuu U pea-
OMJIUTOJIOTUM ¥ 3-  TOPOMACKONW KJIMHUYECKOU
6osbHUIBI UM. M. I1. KonyasioBckoro I. Mocksa. Mccite-
JloBaJId HeHpOHCIenu(pUIECKyI0 eHoJ1a3y, HeUpoTpo-
duueckuii paxrop rososuoro moara (BDNF), ruanb-
HbBIN HelipoTrpodudeckuil pakrop (GDNF), 6es10k S-100
06muii (af-BP), cnasmpoBaHHBIHN YIIEBOTHBIN aHTUT€H
(KL-6), BacKy/109HI0Te/IMAIbHBINA (haKTOP POCTA, CyIep-
okcugaucMyTaay. s onpeneseHUss KOHIIEHTPallUu
CyOCTpaTOB WCIOIB30BATN PEAKTHUBBI CJIETYIOIINX
dupwm: HelipoHcnenududeckas eHosnasa — CanAg NSE
EIA «FUJIREBIO» (Il1Benus), HeMpoTpoduueckuii pak-
Top rosioBHOro Mo3ra (BDNF) — Human Free BDNF Im-
munoassay «R&D systems» (CIIIA), muaabHbIA HEHpO-
Tpocpuueckuii pakrop (GDNF) — Human GDNF ELISA
«ABfrontier» (Kopes), 6esok S-100 obmuit (af-pfp) —
CanAg S 100 EIA «FUJIREBIO» (IlIBenns), cuajmupoBaH-
HbIl yieBoaHbid anTureH (KL-6) — KL-6 KIT «Sekisui
Medical CO» (SInnoHus), BaCKy/109HJ0TeINaIbHBIN (pak-
Top poctra — Human VEGF-A Platinum ELISA «eBio-
science» (ABCTpUs), CyIIepOKCUAANCMYTa3a — SUperox-
ide Dismutase Assay Kit «Cayman chemical» (CILIA). Bce
HCCIeJOBaHMs IIPOBOJUJIA HA aBTOMAaTUYeCKOM MUKPO-
IJIAaHIIETHOM HMMYHO(MEpMEHTHOM aHaJ/Ju3arope
ImmunomatTM. Copgep>kanue 6uomapkepoB ITHC B
CBIBOPOTKE KPOBU HCCJIEIOBAJIM B IIepBbIe 3—6 4acoB,
yepes 2, 3 1 4 HeflesTN OT HavaJsa 3aboseBanusA. KoHT-
POJIBHYIO TPyHIy cocTaBUaN 20 106POBOJIBIIEB (TTPaK-
TUYECKHU 3J0POBBIX JOHOPOB). CTaTUCTUYECKUN aHAIN3
NIpoBeJid HellapaMeTpUYeCKUM MeTOoLoM MaHHa-
YurHu. CTaTUCTUYeCKU 3HaYUMble pe3yJIbTaThbl YIYUThI-
BaJu 11pu p<0,05.

Pe3ysnbrarhl U 00Cy:K/A€HHE

B KOHTpOJIBHOU Tpy1Ile cofepsKaHue Helpo-
Hcrenuuiecko eHoJsasbl coctaBugio 6,1 (5,8;
6,4) MKr/J1, HeHpoTpoduIecKkoro hakTopa roJioB-

Materials and Methods

Blood serum biomarkers of CNS were assayed by
ELISA in patients suffering from cerebrovascular disor-
ders of ischemic origin. The study included 43 patients
of 50 to 80 years of age, suffering from cerebrovascular
disorders; among them there were 24 women and 19
men. The patients received treatment in ICUs of the Re-
habilitation Research Institute of the Federal Research
and Clinical Center of Intensive Care Medicine and Re-
habilitation and M.P. Konchalovsky 3 City Clinical Hos-
pital, Moscow. Neuron-specific enolase (NSE), brain-de-
rived neutrophic factor (BDNF), glial-derived neutrophic
factor (GDNF), protein S-100 total (af3-ff), sialyl carbo-
hydrate antigen (KL-6), vascular endothelial growth fac-
tor (VEGF), and superoxide dismutase (SOD) were ana-
lyzed using reagents from the following companies:
neuron-specific enolase — CanAg NSE EIA, FUJIREBIO
(Sweden), BDNF- Human Free BDNF Immunoassay;,
R&D Systems (USA), GDNF — Human GDNF ELISA,
ABfrontier (Korea), protein S-100 total (af-Bp) — CanAg
S 100 EIA, FUJIREBIO (Sweden), KL-6 —KL-6 KIT, Sekisui
Medical CO (Japan), VEGF — Human VEGF-A Platinum
ELISA, eBioscience (Austria), SOD — Superoxide Dismu-
tase Assay Kit, Cayman Chemical (USA). All tests were
carried out with the help of automatic microplate im-
munoassay analyzer ImmunomatTM. Blood serum bio-
markers of CNS were assayed within the first 3-6 hours,
and on week 2, 3, and 4 from onset of the disease. The
control group consisted of 20 volunteers (apparently
healthy donors). Statistical analysis was carried out using
non-parametrical Mann-Whitney test. Results were con-
sidered significant at P<0.05.

Results and Discussion

In the control group, the content of NSE was
equal to 6.1 (5.8; 6.4) ng/l, BDNF — 1853.0 (1650.3;
2108.8) pg/ml, GDNF — 30.2 (26.7; 52.8) pg/ml,
protein S-100 —41.1 (38.8; 42.9) ng/1, KL-6 — 215.0
(198.0; 298.8) U/ml, VEGF-A — 318.0 (133.0; 406.0)
pg/ml, SOD — 0.6 (0.56; 0.75) U/ml.

Within the first 3-6 hours after cerebrovascu-
lar events, vs. the control group, NSE increased to
7.5 (6.8; 9.1) pg/l; BDNF decreased to 1439.0
(1213.0; 1729.0) pg/ml; while GDNF did not change:
31.7 (28.2; 41.8) pg/ml. During the first 3-6 hours of
ischemic stroke, blood serum protein S-100 in-
creased significantly to 125.4 (48.7; 219.6) ng/l,
while KL-6 did not change in a statistically signifi-
cant manner: 231.0 (182.0; 445.0) U/ml. VEGF fell
down to 269.0 (221.0; 467.0) pg/ml vs. the control
group. Superoxide dismutase grew to 0.92 (0.69;
1.13) U/ml

One week after a stroke, blood serum NSE did
not change vs. the control group: 5.9 (5.4; 6.4) png/1.
BDNF decreased vs. the control group in a statisti-
cally significant manner to 1480.0 (1134.8; 1797.0)
pg/ml. During that period, blood serum GDNF in-
creased considerably: 67.7 (47.9; 102.8) pg/ml. Pro-
tein S-100 (total) did not change compared to the
control group: 43.4 (39.5; 49.6) ng/1. Sialyl carbohy-
drate antigen (KL-6) did not differ from control

GENERAL REANIMATOLOGY, 2019, 15; 5
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Horo mosra — 1853,0 (1650,3; 2108,8) rir/mJ1, T/in-
aJbHOTO HelpoTpoduyeckoro gpakropa — 30,2
(26,7; 52,8) rir/mu1, 6eska S-100 — 41,1 (38,8; 42,9)
HT'/J1, CHaJINPOBAHHOIO YIVIEBOJHOTO aHTUTeHA —
215,0 (198,0; 298,8) E/1/mJ1, BACKY/JI09HIOTEIAAIIb-
Horo ¢akTtopa pocra (VEGF-A) — 318,0 (133,0;
406,0) ir/mJ1, cynepoxcunaucmyradsl — 0,6 (0,56;
0,75) EJl/mJ1.

B nnepBbIe 3-6 yacoB 1ocJie HapylleHu Mo3-
TOBOT'0 KPOBOOOPAIIEHUS 10 CPABHEHUIO C KOHT-
POJIBHOM IPYyIIoH cofepskaHue HelipoHcienudu-
4YecKoM eHoJa3bl Bo3pacrtasio o 7,5 (6,8; 9,1)
MKT/J1. Coiepskanme Heporpoduiyeckoro akTo-
ParoJ0BHOIO MO3ra CHUKaJIoCh A0 1439,0 (1213,0;
1729,0) ir/ma. ConepskaHue rIMaJibHOTO HEHUpo-
Tpoduveckoro hakTopa 110 CpaBHEHHUIO C KOHTPO-
JeM He usMmeHsJsochb: 31,7 (28,2; 41,8) nr/mJ.
Conepskanue 6eska S-100 B CBIBOPOTKE KPOBH B
nepBble 3—6 4YaCOB HIIEMHUYECKOIO WHCYJIBTa
3Ha4YUTeJIbHO Bo3dpacrajo go 125,4 (48,7; 219,6)
HT'/J1, @ CHaJIMPOBAHHOTIO YIVIEBOJHOI'O aHTUI'eHA
CTaTHUCTHUYECKU 3HAYMMO He MeHsJoch — 231,0
(182,0; 445,0) EII/ma1. ComepsraHue BaCKYJI03HAO-
TeJuaJbHOTO (paKTopa CHUKAJIOCh 10 269,0
(221,0; 467,0) ir/MJ1 MO CpaBHEHUIO C TPyHIION
KOHTpoJsA. CopepsKaHue CyllepOKCAAAMCMYTa3bl
Bo3pacraJio 1o 0,92 (0,69; 1,13) E/l/mut.

Uepes HeneJs1o 1ocJje pa3BUTUS UHCYJbTA
cojiepskaHe B CbIBOPOTKE KPOBU HEUPOHCIIEIN-
¢duyuecko eHoJ1a3bl 0 CPABHEHUIO C KOHTPOJIb-
HOMU rpynmnoil He MeHsJ0Ck: 5,9 (5,4; 6,4) MKT/JI.
Copepskanue He#porpoduueckoro ¢akropa
roJioBHOro Mosra (BDNF) 1o oTHOILIEHUIO K IpyII-
e KOHTPOJIS CTAaTUCTUYECKU 3HAYUMO CHUKA-
Jock 1o 1480,0 (1134,8; 1797,0) ir/mut. CyiiecTBeH-
HO B 9TOT IIEPHOJ; BO3PACTAJO CONEep’KaHHEe B
ChIBOPOTKE KPOBU IVIMAJBHOTO HelpoTrpoduye-
ckoro ¢dakropa— 67,7 (47,9; 102,8) ir/mJ. Conep-
skanue Oeska S-100 (oOmIUE) HEe MEHSJIOCH IIO
CpaBHEHUIO C KOHTPOJbHOU rpynmnoii: 43,4 (39,5;
49,6) ur/a. CuanupoBaHHBIHN yIJI€eBOAHBIN aHTU-
reg (KL-6) Takske He OTIMYAJICSI OT 3HAYEHUU
KOHTPOJIBHOU rpynnsbl: 216,5 (188,5; 445,3) EJl/Mut.
3HAYNUTEJbHO U CTATUCTUYECKU TOCTOBEPHO BO3-
pacTajo conepskaHre B CbIBOPOTKE KPOBH Ially-
€HTOB BACKYJIO9HAO0TEeJINA0THOIO (paKTopa pocTa
(VEGF-A) 655,0 (309,5; 842,5) nr/ma. Cogepskanue
CyIIEPOKCUIIMCMYTa3bl CHUYKAJIOCH II0 OTHOIIIe-
HUIO K IpyIIIe KOHTPOoJIsA U cocTasiisAio 0,43 (0,35;
0,58) EJI/mJ1.

Yepes nBe HegeIu MocJie TOCIUTAIN3aliu B
CBIBOPOTKE KPOBU MAIIMEHTOB COjiepsKaHue Hell-
poHcenn@UUECcKO €eHoJ1a3bl B CBIBOPOTKE
KpOBHU II0 CPABHEHMIO C IPYHIION KOHTPOJIS He
nameHssock: 6,1 (5,6; 6,7) mkr/J. ComepsxkaHue
HelpoTpoduueckoro pakTopa roJ0BHOr0 MO3Ta
(BDNF) B CbIBOpOTKE KPOBU IAIIMEHTOB CTaTUCTHU-
YeCKH 3HAaUYMMO He OTJIMYAJIOCh OT IToKasaresjen
KOHTPOJIbHOU I'PYIIBI, HO JOCTOBEPHO BO3pacTa-

group figures either: 216.5 (188.5; 445.3) U/ml. Pa-
tients’ blood serum VEGF-A increased considerably
and statistically reliably to 655.0 (309.5; 842.5)
pg/ml. SOD decreased vs. control group down to
0.43 (0.35; 0.58) U/ml.

Two weeks after admission to hospital, the pa-
tients’ serum NSE (6.1 (5.6; 6.7) ug/l) did not differ
from the control group. There was no statistically
significant difference in patients’ BDNF compared
to the control group either, but it increased within
first 24 hrs. of stroke. GDNF significantly increased
up to 67.0 (43.1; 99.5) pg/ml vs. the control group
and the first 24 hrs. of stroke. No significant differ-
ence in the serum protein S-100 (total) (46.7 (37.7;
49.5) ng/l) between the patients and control group
was noted. Similar findings were received in SCA
assay. High content in the patients’ blood serum
(vs. the control group) of VEGF persisted: 538.5
(384.8; 827.5) pg/ml. During that period, lower
blood serum SOD in patients vs. the control group
was observed: 0.42 (0.36; 0.58) U/ml.

30 days later, NSE in patients did not differ
from the control group figures: 6.1 (5.5; 6.8) pg/l.
BDNF in the patients’ blood serum increased rela-
tive to the control figures and the first 24-hrs of the
disease: 2245.0 (1333.5; 3583.0) pg/ml. Statistically
reliable increase of GDNF vs. the control group and
the first 24-hrs of the disease persisted: 60.9 (56.5;
42.6) pg/ml. The content of protein S-100 did not
differ from the control group figures: 41.8 (38.9;
49.2) ng/l. During that period, the patients’ blood
serum sialyl carbohydrate antigen increased both
vs. the control and vs. and the first 24-hrs of the dis-
ease: 332.0 (202.3; 461.0) U/ml. High blood serum
VEGF was observed both vs. the control group and
vs. and the first 24-hrs of the disease: 791.0 (413.3;
905.8) pg/ml. Decreased SOD vs. the control group
persisted: 0.4 (0.35; 0.48) U/ml.

The findings of the study are given in the table.

Neuron-specific enolase. Enzyme enolase
(phosphopyruvate hydrase) is involved in the final
stage of glycolysis rendering influence on the trans-
formation of 2-phospho-D-glyceric acids into
phosphoenolpyruvate. In blood serum, the physi-
ologically normal content of neuron-specific eno-
lase does not exceed 13.2 ng/ml. Neuron-specific
enolase (NSE) is contained in the cytoplasm of
brain neurons and peripheral neuroendocrine
cells. It is present in erythrocytes, hence, hemolysis
makes test results overestimated. NSE is one of bio-
markers forecasting stroke outcome. Determina-
tion of correlation between NSE content on the day
of admission to hospital, infarct volume, stroke
severity and functional indices on day 30 from
onset of the disease [12] revealed a positive corre-
lation between blood serum NSE and infarct vol-
ume. A strong negative correlation was found be-
tween the Glasgow coma scale and NSE on day 1 of

the disease. A positive correlation was established
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JIO II0 CPAaBHEHUIO C IIEPBBIMU CyTKAMU Pa3BUTUA
uHcyasra. CopepskaHue INIMAJIbHOTO HEMPOTPO-
¢uyeckoro (pakTopa CTaTUCTUUYECKU JOCTOBEPHO
BO3paCTaJio KaK M0 CPaBHEHUIO C KOHTPOJIbHOHU
TPYIIIOH, TaK M 10 CPABHEHUIO C IIE€PBBIMU CyTKa-
MU pa3BUTHA HHCyabsTa: 67,0 (43,1; 99,5) nr/mir.
CTaTuCTUYECKHU IOCTOBEPHBIX OTVIMUMHU COMlepsKa-
HUsI B CBIBOPOTKE KPOBU IAIMEeHTOB Oeska S-100
(oOmmit) OT KOHTPOJIBLHOU TPYIITHI HE OTMEYaJIH:
46,7 (37,7; 49,5) Hr//a. AHaOrM4YHbIE pe3yJILTaThl
OBITN TTOJTYYEHBI TTPU UCCJIEIOBAHIY COJIEPIKAHMS
CHAJINPOBAHHOIO YIVIEBOAHOrO aHTUreHa: 220,0
(194,0; 447,8) ENl/mn. CoxpaHAJIOCHh BBICOKOE
CoJlepsKaHue B CBIBOPOTKE KPOBU MAI[UEHTOB (110
CpPaBHEHUIO C KOHTPOJIbHOM I'PYIIIOi) BACKYI09H-
norenuanbHoro akTopa pocra: 538,5 (384,8;
827,5) nr/mia. OTMedanau B 9TOT MEPUO] CHUKEH-
HBII YPOBEHb COZIep>KaHUSA B CBIBOPOTKE KPOBU
MaIMeHTOB 110 CPABHEHUIO C TPYIIION KOHTPOJISA
cynepoxcuaaucmyrassl: 0,42 (0,36; 0,58) EII/mur.

Yepes 30 CyTOK B CBIBOPOTKE KPOBU ITallueH-
TOB cOJiepsKaHue HEHPOH-CcrieludruiecKoit eHoJsia-
3bI HE OTJIMYAJIOCh OT IMOKa3aTesjiell KOHTPOJIbHOMN
rpynnst: 6,1 (5,5; 6,8) Mkr/J. Cogepskanue Helpo-
TpodrUuecKoro pakTopa roJIOBHOr0 MO3Ta B ChIBO-
POTKe KpOBM MallMeHTOB BO3PACTAJIO IO OTHOIIIe-
HMIO K II0Ka3aTeJIsAM KOHTPOJISI U IIePBbIM CyTKaM
3aboJjieBanmuda: 2245,0 (1333,5; 3583,0) 1r/mui.
CoxpaHs1JICsS CTAaTUCTAYECKHU TOCTOBEPHOE TTOBBI-
IIIeHWe YPOBHS WIMAJbHOTO HEHPOTPO(PUYECKOrO
(pakTOpa 10 CPAaBHEHUIO C TPYIIION KOHTPOJIS U Iep-
BBIMU CyTKaMu 3aboJieBanyst: 60,9 (56,5; 42,6) ir/mut.
Copnepsranue 6eska S-100 He OTTMYaJIOCh OT ITOKa-
3areJieli rpynibl cpaBHeHUs: 41,8 (38,9; 49,2) Hr/ 1.
B aToT mepuon Bo3pacTaso cofiepskaHue B CbIBO-
POTKe KPOBU NAIIMEHTOB CAAJMPOBAHHOIO yIJIe-
BOJHOTO aHTUTeHA KaK 110 CPABHEHUIO C KOHTPO-
JeM, Tak II0 OTHOIICHMIO K IEepBBIM CyTKaM
3aboJsieBanust: 332,0 (202,3; 461,0) E/I/mi1. OTMeua-
JI BBICOKOE COJIepsKaHNe B CBIBOPOTKE KPOBU BacC-
KYJI09HI0TeIUAJIBHOIO (haKTOPA pOCTa 110 CPABHE-
HUI0O C KOHTPOJIBHOW TIpynmoil U IepBbIMU
cyTramu 3aboseBanus: 791,0 (413,3; 905,8) iir/mut.
CoxpaHAJIOCh CHUYKEHHBIM COZEpyKaHue Cylep-
OKCUJAYCMYTa3bl 10 CDABHEHUIO C IPYIIION KOHT-
poJis: 0,4 (0,35; 0,48) EIl/mut.

Pesynbrarhl rcciaenoBaHusA IPENCTaBJICHbI B
TabJuIle.

Heilipoucnenuguieckasa eHosasa. dep-
MEHT eHoJia3a (pocdonupyBarryjaparasa) yda-
CTBYeT B (pMHAJBHOM 3Tale [JINKOJN3a U BJAUSET
Ha mpespaiieHue 2-docdo-D-TInuiepuHOBBIX
KUCa0T B ¢ocdoeHogIupyBaT. B criBopoTke
KpOBH YPOBeHb HEUPOHCIeIU(pruIeCKol eHoJIa-
3bI B (PU3UOJOTUYECKUX YCJIOBUSIX HE ITPEBbIIIA-
et 13,2 ar/mJa. Hetiporcnenuduyueckasi eHoJia3a
COJIEPIKUTCSA B IIUTOINJIa3Me HEUPOHOB MO3Ta U
nepudepruieckux HeHPOIHTOKPUHHBIX KJIETKAX.
OHa OpPUCYTCTBYET B IPUTPOLUTAX, IIOITOMY

between NSE and functional tests for neurological
outcome according to the modified Rankin scale on
ischemic stroke day 30 [12].

Since NSE is a marker of the scale brain injury
during an ischemic stroke, an investigation was
carried out concerning appearance of the second
peak of showing NSE increase. It has been estab-
lished that the second peak of increased NSE is re-
lated to hemorrhagic manifestations and disturbed
permeability of the blood-brain barrier [13].

An investigation for establishing a relation be-
tween blood serum NSE and severity of an acute is-
chemic stroke after intravenous thrombolysis using
recombinant-type plasminogen activator (rtPA) has
shown that after intravenous administration of
rtPA, lower serum NSE correlated with favorable
outcome of a stroke [14].

Determination of blood serum NSE allows as-
sessing the degree of brain injury during an is-
chemic stroke, improves diagnostics and evalua-
tion of treatment success in ischemic and
hemorrhagic strokes [15].

An investigation for finding subclinical mani-
festations of brain injury during hypertensive dis-
ease based on blood serum NSE showed higher
isozyme content taking into account arterial blood
pressure of 140/90, disease duration over 10 years,
and blood serum NSE equal to 13 pg/l, sensitivity
being 80% and 94.4% specificity — 94.4%. The au-
thors have come to a conclusion that NSE might be
a useful biomarker of subclinical brain injuries and
possible cerebral circulation disorders during hy-
pertensive disease [16].

Analysis of induced somatosensory potentials
and the NSE content during an acute ischemic
stroke evidences expediency of combining func-
tional and biochemical parameters for forecasting
ischemic stroke outcome [17].

Brain-derived neutrophic factor. An impor-
tant role in brain recovery after a stroke belongs to
brain-derived neutrophic factor— BDNF [18]. It has
been demonstrated that large volumes of brain in-
farction are associated with lower BDNF at the time
of patients’ admission to hospital [19]. It was found
that increased cortisol had a negative correlation
with BDNF and neurological manifestations of the
disease. In the authors’ opinion, BDNF may be a
marker of adverse effect of cortisol on the region of
ischemia and penumbra, which potentiates cell
damage in the ischemia region [20].

Depression is a common complication after a
stroke. It has been shown that BDNF can be used
as a biomarker of depression development. Patients
with blood serum BDNF determined at an early
stage of a stroke had predisposition to development
of depression [21]. The risk of ischemic stroke de-
velopment depends on polymorphism of BDNF
genes. BDNF of genotype GG is associated with a
considerably lower risk of ischemic stroke [22]. Pa-
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MouiekyasipHble MapKepbl HIIEMHUY€ECKOT0 MHCYJIbTA B fMHamMuke, Me (LQ, HQ).
Dynamics of Ischemic Stroke Molecular Markers, Me (LQ, HQ).

Parameters Value of parameters on the study stages
Control 1-3 hrs. 7 Day 14 Day 30 Day
Neuron-specific enolase (NCE), pg/1 6,1 7,5%*% 5,9% 6,1* 6,1*
5,8; 6,4 6,8; 9,1 5,4; 6,4 5,6; 6,7 5,5; 6,8
Brain-derived neutrophic factor (BDNF), pg/ml 1853,0 1439** 1480,0** 1938,5* 2245,0%**##
1650,3; 2108,8 1213;1729  1134,8;1797,0 1340,5;3371,8 1933,5; 3583,0
Glial-derived neutrophic factor, pg/ml 30,2 31,7* 67,7%%* 59,9%** 60,9%**
26,7; 52,8 28,2;41,8 47,9;102,8 43,2; 98,1 56,5; 72,6
Protein S-100, total, (¢f+6f), ng/1 41,1 125,4%* 43,4*% 46,7* 41,8*%
38,8;42,9 108,7; 189,6 39,5; 49,6 37,7; 49,5 38,9; 49,2
Syalil carbohydrate antigen (KL-6), U/ml 215,0 231,0 216,5 220,0 332,0% %4
198,0; 298,8 182,0; 445,0 188,5; 245,3 194,0; 347,8 302,3; 361
Vascular endothelial growth factor (VEGF-A), pg/ml 318,0 269,0%* 655,0%** 538,5%** 791,0% A
133,0; 406,0 221,0; 297,0 309,5; 692,5 484,8; 727,5 783,3; 905,8
Superoxide Dismutase, U/ml 0,60 0,92%* 0,43%** 0,42%** 0,40%**
0,56; 0,75 0,89; 1,13 0,35; 0,51 0,36; 0,58 0,35; 0,48

Note. P<0,05: ** —Vs. the control group; * — Vs. the first 24 hrs.; # —Vs. day 7; * — Vs. day 14.

IIpumeuanue. Parameters — mapametpsr; Value of ... on the study stages — 3Ha4eHus ... Ha CTaAUSX UccaeqoBanust; Control —
KOHTPOJIb; hrs. — yacer; Day — cyrku; Neuron-specific enolase (NCE), ng/l — nelipon-cnenududeckas eHoJ1asa, MKr/J1; Brain-
derived neutrophic factor (BDNF), pg/ml — Heliporpodudeckuii (pakTop rosioBHOro moara, nr/mJ; Glial-derived neutrophic
factor, pg/ml — riuanbHbIN HelipoTpodudeckuii hakrop, nr/mi; Protein, total, ng/1 — 6estok o6mumii, Hr/1; Syalil carbohydrate
antigen (KL-6), U/ml — cuanupoBaHHbI yriieBoaHbINM anTureH, EJl/mit; Vascular endothelial growth factor (VEGF-A), pg/ml —
BaCKYJIO9HI0TETUAJIBHBIN (pakTOpa pocta, nr/mJi; Superoxide Dismutase, U/ml — cynepokcugaucmyrasa, EJ1/mi. p<0,05: ** —
10 OTHOIIEHUIO K TPYIIIle KOHTPOJIST; * — [0 OTHOLIEHHUIO K IIEPBBIM YacaM; *# — 110 OTHOIIIEHHUIO K 7 CYyTKaM;  — 10 OTHOIIEHUIO

K 14 cyTkam.

reMOJIN3 3aBBIIIAET Pe3yJIbTaThl UCCAeIOBAHUN.
Hetipoucnenuduueckass eHoJsia3da SBJSAETCA
OMHUM #3 OWMOMapKepoOB IPOTHO3MPOBAHUS
ncxoga mHcyaera. OnpenelsieHrue KOppessanuu
MEKIYy Coep KaHreM HelpoHcIenupuiecKon
€HoJIa3bl B JleHb IIOCTYIJIEHUS B CTallMOHAap,
o0bemMoM wWHGAPKTA, TAKECTHIO HWHCYIBTa H
(PyHKIIMOHA/JBHBIMMU IOKa3aresasiMu Ha 30-U
IeHb OT HavaJa 3aboJseBanus [12] BBIABUJIO
MIOJIOSKUTEJIBHYIO KOPPEJIAINIO MesKAY COfepsKa-
HUEeM HelpoHcnenuduyieckol eHoJ1a3bl B ChIBO-
poTKe KpoBU n 06 beMoM mHpapkTa. CuabHas
oTpullaTeJIbHASI KOPPEJIAIUS BhIsIBJI€HA MEKIY
IIKAJI0U KOMBI [J1a3K0 U cojlepsKaHueM HEUPOH-
crientnpUUeCKOll eHoJ1a3bI B 1-11 TeHb 3aboJieBa-
HUs. BeIsBJ/IeHA MOJIOKUTeIbHASI KOPPeJIanus
MEKIYy Coep KaHrMeM HelpoHcIenupruiecKon
€H0J1a3bl U (PYHKIIMOHAJIbHBIMU TECTAMU HEBPO-
JIOTUYECKOT0 MCXOAa MO0 MOAUPUIIMPOBAHHOU
mkaJjie PaapknHa Ha 30-8 JeHb UIIEeMUYECKOI0
nHCyJbsTa [12].

[TockoJibKy HelipoHcIennprueckas eHosasa
AIBJISIETCSI MapKepoM CTeleHU IIOBpeKIeHUs
FOJIOBHOTO MO3ra IIPU UIIeMUUYEeCKOM UHCYJIBTE,
OBLIO TTPOBEEHO WCCJeN0BaHMeE, Kacalolleecs
MIOSIBJIEHUSI BTOPOIO ITMKa IIOBBIIIIEHUsI €€ COHep-
SKaHUsS. YCTAHOBJIEHO, YTO BTOPOM IHK ITOBBIIIIE-
HUS COfiepsKaHusA HepoHcnenupruyeCcKou eHoJla-
3bI CBSI3AH C FeMOpparndyeCKUMU MPOsIBJIEHUSIMU
Y HapylLIeHUsIMU IIPOHUIIAeMOCTH reMaToaHIeda-
Jmyeckoro 6aprepa [13].

HccnenoBanue 1O yCTAaHOBJEHUIO CBSI3U
MEKy CcojepsKaHueM HelpoHcHenupuueckon
€HO0J1a3bl B CbIBOPOTKE KPOBU U TAKECTHIO OCTPO-

tients with allele C of locus rs7124442 were found
to have a lower risk of adverse prognosis of is-
chemic stroke compared to carriers of allele T. Pa-
tients with genotype CC or TC demonstrated a
lower risk of adverse prognosis compared to carri-
ers of genotype TT, too. Genotype AA in locus
156265 is probably a factor of ischemic stroke oc-
currence [23]. According to findings of studies, G-
allele carriers should have priority in rehabilitation
measures in order to reduce cognitive deficit [24].
During the recovery period, the content of neu-
trophic factor correlates with the findings of frac-
tional anisotropy characterizing structural changes
in the brain and motor functions recovery [25].

It has been shown that high BDNF on in-pa-
tient day three correlates with more than 12-fold in-
crease of the chance of successful outcome in is-
chemic stroke [26]. Blood serum BDNF in ischemic
stroke patients also correlates with clinical param-
eters and disease prognosis at the acute phase [27].
As arule, ischemic stroke patients have a lower vs.
control BDNF at the time of admission [28].

In neurology, neuroprotective strategies re-
lated to pharmacological treatment of ischemic
stroke look promising. Amplification of neu-
rotrophic transmission of signals after ischemia is
obstructed due to suppression of high-affinity re-
ceptor of BDNF — TrkB-FL. A peptide permeable
for the blood-brain barrier has been created, which
preserves receptors on the surface of neurons and
facilitates to reduce of the brain infarction size and
improve the neurological outcome [29].

Blood serum BDNF in patients on the first day
of admission to hospital correlates with the disease
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I'0 MIIEMUYECKOr0 MHCYJIETA [10CJIe BHYTPUBEHHO-
ro TPOMOOJIM3HCA C MCII0JIb30BaHUEM aKTHUBaToOpa
IJIa3MUHOTeHa peKOMOMHAHTHOTO Tuma (rtPA),
II0KAa3aJ10, YTO II0CJIe BHYTPUBEHHOI'O BBEICHUA
rtPA 6oJsiee HU3KOE CofiepsKaHMe ChIBOPOTOYHOMN
HelpoHcnenuuIeckon eHoJ1a3bl KoppeaupoBa-
JIO ¢ 6JIarONIPUATHBIM FCXOA0M MHCY/IbTa [14].

OnpenesieHre cofepskaHUs HelpOHCIenu-
(¢udeckoil eHo/a3bl B CIBOPOTKE KPOBU I1O3BO-
JISIeT OLIEHUTH CTEIIeHb IIOBPEYKICHUA FOJI0BHOIO
MO3ra IpH HUIIEeMUYECKOM HHCYJIbIe, yJy4iraerT
JUAarHOCTUKY U OLIEHKY Pe3yJIbraToB JICYeHUs IPU
HUIIEMUYECKOM U TeEMOpPPAarn4ecKoM UHCYJIBTe [15].

HVccnenoBaHue MO BBISABJIEHUIO CYOKRITMHAYE-
CKUX MpOSIBJIEHUN IIOBPEKIEHUS TOJIOBHOTO
MO03ra IIpY TUTIEPTOHNYECKOU 60JIE3HN Ha OCHOBE
cojepskaHus HeUpoHcIenu@uIecKou eHo1a3bl B
CHIBOPOTKE KPOBHU IIOKAa3a/J0 0o0Jiee BBICOKHE
YPOBHU cofepskaHusg u3odepMeHTa C yuyeToM
aprepuasbHOTO AaBjeHus 140/90, mpomossku-
TesibHOCTH 3abosieBaHus1 6oJstee 10 JIeT U corepska-
HHEeM HelpoHcnenuduiecKkol eHoJ1a3bl B ChIBO-
POTKe KpOBH 13 MKTI'/JI C 4yBCTBUTEIBbHOCTHIO 80%
U crnenu@UuIHOCTHI0 94,4%. ABTOPBHI NPUIILIHA K
BBIBONly, UTO HeHpoHcHenuuueckas eHoJia3a
MOSKET OBITh TI0JIE3HBIM OMOMapKEPOM CYORJIFHU -
YeCKUX IMOBPEKIEeHUN rOJIOBHOIO MO3ra U BO3-
MO’KHBIX HapyIIeHW MO3TOBOTO KpoBooOparie-
HU IPU TUIIEPTOHUYECKOU O0J1e3HY [16].

HcciiegoBanne 1o aHaauady BBI3BAHHBIX
COMAaTOCEHCOPHBIX ITIOTEHIIAAJIO0B U CONEepsKaHusA
HelpoHcnenuduIecKor eHoJia3bl IPU OCTPOM
AIIEMUYECKOM WHCYJIBTE CBUIETEJIbCTBYET O
11eJ1eCO00PA3HOCTH COUeTaHUs (PYHKITMOHAIBHBIX
1 OMOXMMUYECKUX IIOKasaTesjiedl Ny OIeHKH
KCXO[a UIIEMUYECKOT0 UHCYJIBTA [17].

Mo3ropoii HelpoTrpoduueckuii (pakTop.
Ba’xkHYyI0 pOJIb B BOCCTAaHOBJIEHMHU MO3ra I10cJje
WHCYJIBTa UTPpaeT MO3roBOU HellpoTpodudeckuit
¢axrop — BDNF [18]. [TokasaHo, 4YTO GOJIbIIIE
06 beMbI MH(apKTa MO3ra CBSI3aHbI ¢ H0Jiee HU3-
KUM COJiep KaHueM MO3TOBOro HeHpoTpoduye-
cKoro ¢akTopa IpHu IOCTYIJIEHUU [TallUeHTOB B
RJITHUKY [19]. OOHApY?KEeHO, YTO MOBBIIIEHHBIH
YPOBEHb KOPTH30J1a OTPULATEJIbHO KOPPeJIUpO-
BaJs1 ¢ ypoBHeM BDNF 1 HeBpOJIOTUYEeCKUMU IIPO-
sIBJIEHUSAMU 3a00JieBaHUsA. ABTOPBI CUATAIOT, YTO
cofiepsKaHue MO3rOBOT0 HeUpOoTpoduUecKoro
¢parTOpa MOKET OBITH MAPKEPOM OTPHUIIATETHHO-
ro BO3[IEMCTBUSA KOPTHU30J1a Ha 00J1aCTh UIIIEMUN
U IIOJIyTEHH, IIOTCHIMUPYIOIIETO IIOBPEeKICHUE
KJIETOK B oOJjractu uiremuu [20].

OnHMM U3 pacnpoCTPaHEHHbBIX OCTI0KHEHUN
II0CJIe MHCYJETA ABJIsAeTCs nenpeccus. [lokasano,
4TO MO3TOBOU HEUTpOUUECKUU (haKTOp MOKET
OBITH UCITOJIH30BAH B KauecTBe OroMapKepa pas-
BUTUA Aenpeccuu. IlanyeHTsl, y KOTOPBIX B paH-
HUE CPOKH HHCYJbTa OIpenessyioCh HU3KOe

conepskanre BDNF B chIBOpOTKE KPOBU, OBLIU

prognosis as well. Low BDNF is an adverse prog-
nostic sign in terms of functional condition of pa-
tients on day 90 from onset of the disease [30]. Re-
mote ischemic treatment of extremities renders
influence on lessening of the damaging effect of
reperfusion in brain ischemia, which is related to
neuroprotective action of BDNF thanks to intensi-
fication of its expression [31].

Protein S-100. Assay of blood serum protein S-
100 in ischemic stroke has a practical value in cor-
relation with clinical data and disease prognosis
[32]. The study performed has shown that in brain
infarction patients, in the middle cerebral artery cir-
culation, the content of protein S-100 reached its
peak on post-stroke day 2-3. Protein content was
significantly higher in patients with severe neuro-
logical deficiency, extensive infarctions and pro-
found ischemic brain edema. There was no correla-
tion between protein S-100 and functional
prognosis. Increased blood serum protein S-100
after a stroke might be caused by its leakage from
glial cells undergoing necrosis and penetration
through the damaged blood-brain barrier [33]. One
of protein variants — protein S-1003 — may be used
as a biomarker for differential diagnosis of ischemic
stroke and intracerebral hemorrhage. It was discov-
ered, that in the blood serum of patients suffering
from intracerebral hemorrhage, the content of pro-
tein S-1000 is significantly higher compared to pa-
tients with a diagnosed ischemic stroke. The protein
content was considerably higher in patients with a
negative functional outcome. ROC analysis has
shown 100% sensitivity and 76.2% specificity in pa-
tients with a negative functional outcome in case of
hemorrhagic stroke [34]. Protein S-1008 levels are
reliably related to the indices of modified Rankin
scale (mRS) after 12 weeks from onset of the disease.
Protein S-100 levels at the limit value of 140.5 ng/dl
reflect acute stroke severity and forecast the func-
tional result in 12 weeks of stroke development [35].

Glial-derived neutrophic factor. Glial-de-
rived neutrophic factor (GDNF) possesses trophic
activity in respect of dopaminergic neurons. This
neuroprotective effect is mediated by specific
GDNF-alphal receptor. It was found that this re-
ceptor is activated immediately after ischemia
onset, resulting in GDNF growth at early stages of
ischemia [36].

Vascular endothelial growth factor. Vascular
endothelial growth factor (VEGF) features neuro-
protective properties and is involved in the angio-
genesis process. In patients with different variants
of ischemic stroke, its content was significantly
higher during 90 days compared to the control
group. There is a positive correlation between the
level of VEGF and neurological severity of ischemic
stroke patients. Its value varies in the functional
outcome during different variants of stroke [37].
Preliminary conditioning and increase of VEGF
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IIpeapacIioJIOKeHbl K pa3BUTHUIO Aenpeccuu [21].
Prck pasBuTHA NIIEeMUYECKOr0 MHCYJIBTA 3aBUCUT
OT moJimMop@ur3Ma reHoB HeUpoTpopUUIECKOTO
¢akTopa mosra. Tak renorunt GG MO3roBoro He-
porpodudeckoro akTopa CBI3aH CO 3HAUUTEIb-
HO 0ojlee HHU3KUM PHUCKOM MIIEMUYECKOTO
WHCYJEBTA [22]. [TareHTs], Y KOTOPBIX 0OHAPY KU-
BaJsii ansesb C Jokyca rs7124442 nmesn 6osiee
HU3KUH PUCK HEOJIarONPUATHOTO TPOTHO3A UIIle-
MMYECKOI'O MHCYJIBTa 10 CPAaBHEHUIO C HOCUTEJIS-
mu anuens T. ITanuenTsl ¢ renoturiom CC uiu TC
TaK>Ke JEMOHCTPUPOBAJIA MEHBIITNI PUCK HEOIa-
TOIIPUATHOIO IIPOrHO3a 110 CPABHEHUIO C HOCUTE-
aamu reqoruna TT. [lerorun AA B JIOKyCe 1S6265
SIBJISIETCS], BEPOSATHO, (PaKTOPOM BOSHUKHOBEHUS
HALIeMHAYeCKoro nHcysera [23]. CornacHo pesyiib-
TaraMm UCciaefoBaHuY, HocuTeau G-aJiiess JOJK-
HBI IMETh IPUOPUTET ITPU TPOBEIEHUH peaduiu-
TAIOHHBIX MEPONIPUATUIH C 1€JIbI0 YMEeHbIIIEHUS
KOTHUTUBHOTrO aedwurura [24]. B BoccTaHOBU-
TeJIbHOM IepUOJie COollepsKaHue HelipoTpoduue-
CKOro (pakTopa KoppeJsupyeT C pe3yiabTaTamu
(ppakIMOHHON aHU30TPOIINHU, XapaKTEePUIYIOIIeN
CTPYKTypHBbIE U3MEHEHHUs I'OJJOBHOI'O MO3ra, 1
BOCCTAaHOBJIEHUEM [IBUTATeIbHBIX (PYHKIUH [25].

[Tokasano, uyTo BeIcOKUI ypoBeHb BDNF Ha
TpeTUil eHb NOocJie TOCHUTANN3AIUHN, KOppeJsu-
pyet 6oJiee 4eM ¢ 12-KpaTHBIM yBeJInYeHneM OJ1a-
TOIIPUATHOIO UCXOa IIPU UIIEMUYECKOM HUHCYJIb-
Te [26]. Comepsxkanne BDNF B cbIBOPOTKe KpOBU
MMAlMEHTOB C WIIEMUYECKUM WHCYJIBTOM TaK>Ke
KOppeJIMpyeT 1 C KIMHUYEeCKUMU [IapaMeTpaMy 1
MIPOTHO30M 3a00JIeBaHMsI B OCTPoOii (pase [27]. Kak
IIPaBUJIO, Y TAIMEHTOB C HIIEMUYECKUM UHCYJIb-
TOM TIPU TIOCTYIJIEHUH PETUCTPUPYIOTCA OoJiee
HU3KOEe CoJlepyKaHre MO3roBOro Helporpoduue-
CKOro (pakTopa II0 CpaBHEHUIO C KOHTPOJIbHOU
rpymnmnoi [28].

B HeBpoJsiOrnu nepCcreKTUBHBIMU ABJIAIOT-
Cs1 HepOIIpOTEeKTUBHbIE CTpATeruu, CBsI3aHHbIe
¢ ¢papMaKoJOTMUYEeCKUM JIeUeHUeM HIlleMuye-
CKOT'0 MHCYJIbTA. YCUJeHue HelpoTpoduueckon
rnepesayy CUrHAJIOB IIOC/IE UIIEMUH 3aTPYLHEHO
13-3a NOoJaBJeHUsI BbICOKOA((PUHHOTO pelel-
topa BDNF — TrkB-FL. Co3gan npoHUIlaeMbii
IJIsI TeMaTo9HIleaanieckoro bapbepa NenTu/I,
COXpAaHAIIUNA peLenTopbl Ha IIOBEPXHOCTHU
HEWPOHOB, CIIOCOOCTBYIOIIWN YMEHBIIEHUIO
pasMepa uH(apKTa M0O3ra 1 yJIy4dllleHHuI0 HeBPO-
JIOTUYECKOTO ucxoaa [29].

Copepsxanue BDNF B CbIBOpOTKEe KpOBHU y
[IAalMEHTOB B IIepBble CYTKU IIOCTYIJIEHUS B CTa-
[IMOHAP KOPPEJIMPYET U C MPOTHO30M 3aboJjeBa-
Hus1. Huskuii ypoBeHb HepOTPO(UUECKOT0 MO3-
roBoro (pakropa sBJseTcs HeOJaronpUsTHBIM
IIPOTHOCTUYECKUM IIPU3HAKOM C TOYKU 3PEHUSA
(PYHKIIMOHAJIBHOT'O COCTOSIHUSI HAallMeHTOB Ha 90-
e CyTKH ITocJie HavyaJsia 3aboseBanus [30]. Ha cau-
sKeHMe ITOBPesKIaIolero nelicTsus penepgysnu

content after the acute phase of the disease render
a neuroprotective effect. At the same time, during
the acute phase, increased VEGF is associated with
injury of the blood-brain barrier resulting in in-
creased permeability of vessels, edema, and in-
creased intracranial pressure [38].

VEGF-A isoform, being a potent angiogenic
factor, rises the risk of brain microvasculature
destabilization. VEGF-B isoform stabilizes mi-
crovasculature in the lesion area facilitating inter-
action between endothelial cells and pericytes. The
effects of this isoform are mediated via its specific
receptor — VEGFR-1, which is expressed mostly in
brain pericytes [39]. There are data evidencing sup-
pressed expression of VEGF-A in acute ischemic
stroke patients [40].

Superoxide dismutase. Production of reactive
oxygen intermediates due to calcium dysregulation
entails damage of nervous cells. Activation of an-
tioxidant enzymes protects nervous cells abating
the damaging effect of oxygen radicals. One of such
enzymes — superoxide dismutase — degrades re-
active oxygen intermediates preventing damage of
DNA, proteins and lipids. Application of drugs in-
creasing SOD expression promotes protection of all
kind of neurons from the damaging effect of oxygen
radicals [41]. It has been recently supposed that hy-
perhomocysteinemia is a risk factor for the devel-
opment of vascular diseases of the brain. Increased
content of homocysteine leads to increased content
of superoxide and impaired vascular response to va-
sodilators in brain arteries. In arteries, the fraction
of non-striated muscles and elastin grows, leading
to vascular wall hypertrophy, which is one of mech-
anisms promoting ischemic stroke development
[42]. Manifestation of anxiety, which is a common
psycho-neurological affective disorder occurring 1
month after a stroke, is related to increase of SOD
activity, which allows surmising its involvement in
the qualm development mechanisms [43].

Sialyl carbohydrate antigen. All cells of the
body are covered with glycocalyx, which consists of
glycolipids, glycoproteins, and proteoglycans, and
protects cells from injuries of different ethology.
Many glycoproteins on the cell surface end with
sialic acids that regulate intercellular interactions
and are receptors for pathogens and toxins [44].
Sialic acid is part of lectins (siglecs), which are re-
ceptors of the cellular surface of microglia and
oligodendrocytes. Siglecs are divided into two
groups. Siglec-4-myelin-associated glycoprotein is
expressed on oligodendrocytes and Schwann’s cells
and protects neurons from acute toxicity by inter-
acting with sialic acids bound with neuronal gan-
gliosides. The second group of siglecs (CD33) is ex-
pressed on immune cells. Humans are
characterized by microglial expression of siglec-11
that prevents neurotoxicity by means of interaction

with sialic acid oligomers displayed on neuronal
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IIPY UILIEMUY MO3Trd OKa3blBaeT BJAUAHNUE JUCTAH-
[IMOHHASA UIleMuYecKast 00padoTKa KOHEYHOCTEN.
ITO CBSI3BIBAIOT C HEUPOIPOTEKTUBHBIM J1€HICTBU-
€M MO3TrOBOro Helporpoduueckoro ¢gakropa B
pesyasrare yCUJIeHUd ero akcupeccuu [31].
Beaok S-100. IIpakThyeckoe 3HadeHUe
nMeeT OLICHKA COlepyKaHuA B CbIBOPOTKE KPOBU
6enka S-100 y 60TbHBIX MIITEMUYECKUM UHCYJIETOM
B [IeJIAAX KOPPeJIALYY C KINHUYECKUMU TaHHBIMUA
¥ MPOTHO30M 3aboJieBanus [32]. Ha ocHOBe mIpo-
BEJEHHOTI'O MCCJIEeIOBAaHUA I0KAa3aHO, YTO Y [Talu-
€HTOB C MH(pAPKTOM TOJIOBHOTO M0O3Ta B bacceliHe
CpelHEN MO3TOBOM apTepHuu ColepsKaHue Oesrka
S-100 mocturasno nmuKa Ha 2-3-U CyTKH IIOCJe
nHcyabsra. Comepskanuve 6esika ObIJI0 3HAYUTETHHO
BBIIIE y MMAIIMEHTOB C TAKEJbIM HEBPOJIOrHAYe-
CKUM AedunuToM, OOIMPHBIMA WH(MAPKTAMU U
BBIDQ)KCHHBIM HIIEMHUYECKUM OTEKOM MO3ra.
3navenus Oenaka S-100 He KOppPeSTHMPOBATIO C
(pYHKLIMOHAJBHBIM IPOTrHO30M. IloBbINIEHUE
comepskanus 6eska S-100 B CBIBOPOTKE KPOBU
T0cJIe MHCYJIBTa MOKET OBITH 00YCJIOBJIEHO €ro
YTEYKOU U3 ININAJIbHBIX KJIETOK, II0/IBEPraloIIuXCs
HEKPO3Y U IPOXOsKIeHNEeM Yepes IOBPesKIeHHbIN
remaTosHIedanndeckuii 6aprep [33]. OguH u3
BapuaHTOB Oeiaka — 0Oemok S-100f Mosker
HCIOJb30BaThCs B KadecTBe OMoOMapkepa ajs
mnddepeHnaJbHON AUATrHOCTUKU HIlleMUYe-
CKOTO MHCYJETa U BHYTPUMO3TOBOIO KPOBOH3-

susiaus. O6HApY>KEHO, YTO B CHIBOPOTKE KPOBU
[IAlMEHTOB C BHYTPUMO3IrOBBIMU KPOBOU3JIUS-
HUAMU copiepskaHue 6enka S-100B sHaUYnTETHHO
BBIIIIE [10 CPAaBHEHUIO C NalJMeHTaMHU, Y KOTOPBIX
OBLJI TMAarHOCTHUPOBAH MIIEMUYECKUN WHCYJIET.
[TpuuewM, cofepskanre Oeska OBIJI0 3HAYUTETHHO
0oJslee BBICOKMM Yy TAIIMEHTOB C HETAaTUBHBIM
(PYHKLIMOHAJIBHBIM MCXOAOM. AHAIU3 KPUBOU
ROC noxkasais 100% 4yBCTBHATEJBHOCTb U 76,2%
Ccrienu(pUYHOCTh y MAallMeHTOB C HeraTWBHBIM
(PYHKLIMOHAJIBHBIM HMCXOA0M y IAIMEHTOB IIpU
reMopparu4eckoM UHCYybTe [34]. YpoBHHU Oestka
S-1003 mocToBEepHO CBsI3aHBI C IOKa3aTeJIsIMU
MonuUIIMPOBAHHON IIKadbl PankuHa (mRS)
4Jepes 12 HeqlesIb OT HavasIa 3a00J1eBaHUsA. Y POBHH
besika S-100p mpu npenesabHOM 3HaYeHWU 140,5
HI'/[IJ1 OTPayKaIOT TAMKECTh OCTPOTO WHCYJBTA U
NIPOTHO3UPYIOT (PYHKIMOHAJIBHBINA pe3yJbrar
yepes 12 HeneJIb 10CJIe pa3BUTUA UHCYJIbTA [35].

InnaapHbIIH HelipoTpoguueckuii (pakTop.
[nuanbHbIN HelipoTpoduueckuii parTop (GDNF)
ob6s1agaeT Tpo(pruecKol aKTUBHOCTHIO B OTHOIIIE-
HUM JopaMUHEPTUUYECKUX HEWPOHOB. JlaHHBIN
HEHWPOIPOTEKTUBHBIHN 3 (PeKT orocpeioBaH cre-
muduueckum GDNF-penentopom anbda,. Ob6Ha-
PY’KEHO, UTO NaHHBINA pelLenTop aKTUBUPYETCS
HEIOCPeICTBEHHO II0CJIe pa3BUTHUA UIIEMUH, B
pesyJsbrare 4ero conepskaHre INajabHOr0 Helpo-
Tpouyeckoro dpakTopa MOKeT BO3pacTarb Ha
PpaHHUX CTaguAX uileMuu [36].

glycocalyx [45]. Microglia recognizes damaged
cells, expressing a set of recognition receptors. Re-
ceptor TREM2 expressed on myeloid cells and re-
ceptor-compliment-3 initiates immunoreceptor ty-
rosine-based activation motif (ITAM) leading to
activation of microglia, migration and phagocyto-
sis. Sialic acid-binding lectins from immunoglobu-
lins superfamily (Siglecs) recognize the sialic acid
cap of healthy neurons. This starts transmission of
ITIM signals suppressing microglia immune re-
sponses and phagocytosis. On the contrary, desia-
lytation leads to microglia activation via the
adapter protein containing ITAM [46].

Conclusion

Changes in the content of biological markers
in blood serum reflect ischemic stroke stages. Dur-
ing the pre-necrotic and early necrotic period , in-
crease of NSE, protein S-100, and SOD and de-
crease of BDNF and GDNF reflect the processes of
structural alterations in the brain resulting from
disturbed cerebral circulation. At subsequent fol-
low-up time-points (days 7-30 from onset of the
disease), increased BDNE GDNE VEGE and sialyl
carbohydrate antigen evidence activation of the
processes of central nervous system regeneration.
Decreased SOD activity evidences insufficient effi-
ciency of the system related to neutralization of re-
active oxygen intermediates.

DaKTOp pOCTa IHAOTEJIUA COCYAOB. PaKTOP
pocTa 9HJIO0TEeNS COCYIOB 00J1aaeT HeHpoIpo-
TeKTUBHBIMU CBOMCTBaMU U Y4aCTBYET B ITPOIiecce
AHTHOreHe3a. Y NalMeHTOB C Pa3JINYHbIMU Bapu-
AHTAMU UIIEMHYEeCKOT0 UHCYJIbTA €ro ColepsKa-
Hue ObLJIO 3HAYUTEJILHO BhIIIE B TeueHnue 90 nHei
10 CPABHEHMIO C KOHTPOJIBHOM IPYIIIONA. Y POBEHb
(pakTOpa pocTa 3HIO0TENSA COCYJOB IOJIOKUATEb-
HO KOppeJIipyeT C HeBPOJIOTNUeCKOU TSAKECThIO Y
MallMeHTOB C WIIeMUYeCKUM WHCYJIBTOM. Ero
3HaueHWe HEOJUHAKOBO B (PYHKIIMOHAIBHOM
KCXOfe [IPU pa3/INYHBIX BApUaHTax nHCyJIbTa [37].
[IpenBapuTeibHOE KOHIUIIMOHUPOBAHUE U BO3-
pacranue copepskanusa VEGF nocsie octpoii (passl
3aboJsieBaHUSA OKA3bIBAIOT HEHPOIPOTEKTHUBHOE
JelictBue. B To jke BpeMs B 0CTpoH (pase MOBBI-
IIEHHBbI YpOBeHb (paKTOpa pocCTa 3IHIOTENUs
COCYZIOB CBSI3aH C IOBpeKJeHreM reMaroaHIeda-
JIMYECKOTOo Oapbepa, YTO IPUBOAUT K IOBBIIIIE-
HUIO IIPOHUIIAEMOCTH COCYJIOB, OTEKY U IIOBBIIIIe-
HUIO BHYTPUYEPEITHOIO JaBjeHusd [38].

N3odopma VEGF-A, #ABJIAACHE MOIIHBIM
AHTMOTeHHBIM (DAKTOPOM, yBEJUYUBAET PUCK
JIecTabMIn3anuy MUKPOIUPKYISTOPHOTO pycia
rosoBHOTO Mo3ra. Msogopma VEGF-B crabmmm-
3UPyET MUKPOIUPKYIATOPHOE PYCJIO B 067IaCTH
TTOBPESKIEHNS, CIIOCOOCTBYET B3aMMOIEHCTBUIO
MEeYKly 9HI0TeJNaJIbHbIMU KJIeTKaMU U Iepenu-
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TaMu. AP PeKThI aToM N30¢hOPMBbI ONIOCPETOBAHBI
yepes ero crnenupuieckuit perentop VEGFR-1,
KOTOPBIN NIPENMYIeCTBEHHO 3KCIIPECCUPYETCS B
nepuimuTax mosra [39]. iMmerorcs faHHbIe O I10/1aB-
Jgennn sxcnpeccun VEGF-A y manueHToB ¢ oCT-
PBIM HIIEMUYECKUM UHCYJIBTOM [40].

Cynepoxcupaucmyrasa. [Iponyknus akTus-
HbIX ()OPM KHCJIOPOAA B CBS3U C HapYyLIEeHUEM
peryjiiiui KaJblHs BeNeT K IIOBPEKICHUIO
HEpPBHBIX KJIETOK. AKTUBAIIAA aHTUOKCUTAHTHBIX
(epMeHTOB 3aIUIIAeT HEPBHBIE KJIETKU, YMEHb-
11asi MOBpEYK Aol a¢pHeKT paguKaioB KUCIO-
pozna. OauH 13 Takux (pepMeHTOB — CYIIepOKCUJ-
JUCMyTas3a pasJjiaraeT aKTUBHbIE  (OPMBI
KHUCJI0pOoAa, Ipenynpesknasa nospesxkgenne THK,
0eJIKOB U IMTTUIOB. MICIIOJTb30BaHUe ITpernaparos,
MOBBIIIAIOIINAX IKCIIPECCUIO CYIIEPOKCUAIUCMYTa-
3bI, CIIOCOOCTBYET 3aIIUTE PAa3/TUYHBIX BIIOB HEH -
POHOB OT MOBPESKIAIOIIETO JEeNUCTBUS PaIUKAIOB
Kucjaopona [41]. B mocaenHee BpeMs BbIABUHYTO
MpeJnooKeHNne, 4To (PpaKTOPOM PUCKa Pa3BUTHUS
COCYOUCTBIX 3ab0JIeBaHWUU TOJIOBHOTO MO3Ta
ABJIAETCA TUlNleproMonycrenHeMus. [loBwImeH-
HOe€ COollepyKaHue TOMOITUCTEeNHA BeJeT K MOBbI-
IIEHHOMY COIEpKaHMUIO CyIIepOKCHIA, Hapylle-
HUIO peakUHuy COCyJOB Ha Bas3onuJaTaTopbl B
aprepusax Mo3ara. B aprepusix Bo3pacTaeTr HoJs
VIAAKUX MBI W 3JaCTUHA, NPUBOIAININX K
runepTpodun COCYIUCTHIX CTEHOK, YTO SIBJISIETCS
OJTHUM M3 MEXaHN3MOB CIIOCOOCTBYIOIINX Pa3BU-
TUIO UIIEMUYECKOr0 UHCyabTa [42]. [IposaBieHne
TPEBOKHOCTH, SABJISIONIENCA pacCIpOCTPaHEHHBIM
IICUXOHEBPOJIOTUYECKUM aPPEeKTUBHBIM pac-
CTPOMCTBOM uepe3 1 MecsII I0Ccjie UHCYJIBTA, CBSI-
3bIBAIOT C BO3pacTaHWEM AaKTUBHOCTU Cylep-
OKCHIMICMYTa3bl, YTO II03BOJISAET IIPEAII0JIOKNATD
ee yJyacTue B MeXaHU3MaxX Pa3BUTUA TPEBOKHBIX
cocrosgHuu [43].

CuaMpoBaHHBIH YIVIEBOHBIH aHTHTEH. Bce
KJIEeTKH OpraHM3Ma ITOKPBITHl TVIMKOKAJIUKCOM,
KOTOPBIH COCTOUT U3 VIMKOJIUNHUIOB, NIMKOIIPO-
TEMHOB U MPOTEOIVINKAHOB 1 3aIINIIIAET KJIETKU OT
MOBPEXKJIeHUN pas3audHON aTHOJOrUuu. MHOTHE
WIMKONPOTEWHBI HA KJIETOYHOU ITOBEPXHOCTHU
3aKaH4YMBAIOTCS CUAJIOBBIMU KACJIOTAMU, PEryJIn-
PYIOIIMMH MeKKJIETOUHble B3aUMOJEUCTBUSA, U
ABJISIIOTCSI PElleNITOPaMU I TATOTE€HOB U TOKCH-
HOB [44]. CuaJioBasi KMCJIOTa BXOJIUT B COCTaB JIEK-
TUHOB (CUIVIECOB), ABJIAIOIIUXCA pelenTopaMu
KJIETOYHOI MOBEPXHOCTHU MHUKPOIVIUM U OJIUTO-
neaaporuToB. CUryiechl MOAPA3IeJIAI0T Ha JBe
rpynnbl.  Curiec-4-MHe/JUH-aCCOLMUPOBAaHHBIN
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IJIMKOIIPOTEMH — JKCIIPECCUPYETCs Ha OJIUIO-
JeHgpounuTax U kieTkax llIBanHa m 3amuiiaer
HEWPOHBI OT OCTPON TOKCUYHOCTHU OCPEICTBOM
B3aNMOJIeHICTBUSA C CUAJIOBBIMU KUCJIOTAMU, CBSI-
3aHHBIMU C HEHWPOHAJIBHBIMHU TAHIJIMO3WIAMU.
Bropas rpynmna curiecos (CD33) skcnpeccupyercs
Ha UMMYHHBIX KJIeTKax. /151 uesioBeka crierupud-
Ha MUKpPOLIMA/IbHASA 9KCIIPECCU cumieca-11, npen-
OTBpAIljaoIasi HePOTOKCUYHOCTD ITOCPEICTBOM
B3auMOZENCTBYS C OJINTOMEPAMU CUAJI0BOU KUCJIO-
TbI, 9KCIOHUPOBAHHBIMY Ha HEHPOHAIBHOM [VIUKO-
KaJIMKCe [45]. MUKpOIIMA pacio3HaeT IIOBPEyKIeH-
HbIE KJIETKH, 9KCIPECcCHUpysi HabOp pPerenTopoB
pacnosHaBanus. Perienitop TREM2, skcripeccupye-
MBI Ha MUeJOUAHBIX KJIeTKaX, U PelenTop-KOM-
IIJIEMEHT-3 3aIlyCKalOT CUTHAJ AKTUBAIIIA IMMYHO-
peuenropa Ha ocHoBe Tupo3uHa (ITAM),
TIPUBOISAIINHI K aKTUBALMN MUKPOIVINY, MUT DALl
U daroruTody. CBsA3bIBAIOIINE CUATIOBYIO KUCJIOTY
JIEKTUHBI CyIlepceMeicTBa HMMMYHOTOOYJIMHOB
(Siglecs) pacnosHaloT IIANKy CUAJI0BOU KUCJIOTBI
37I0POBBIX HEIPOHOB. JTO BKJIIOYAET ITepejady CUT-
HasnoB ITIM, nomasiAmIie UMMYHHBIE PeaKIIUU
MUKpoOIMH U (paroruros. HanpoTus, aecuanupo-
BaHWe BeleT K aKTUBAlMM MUKDOLJINU 4epes
bestok-amanTep, comepsraruii ITAM [46].

3akJrouenue

H3MmeHeHUEe CcoO/lepsKaHUSI OUOJIOTHYECKUX
MapKepoB B CHIBOPOTKE KPOBU OTPAKAET CTaAUHU
WIIIEMAYECKOTO MHCYIbTa. B MOHEKPOTHYECKUI
TepUOJ ¥ Ha4asi0 QOPMUPOBAHUS HEKPO3a IOBHI-
leHre cofepskaHus HelpoHcnenuduaeckon
eHoJ1a3bl, 6eska S-100, cynepoKCUIINCMYTa3Hhl,
CHIDKEHUE COMep)KaHusl HeWpoTpodUUecKoro
(pakTOpa rosI0OBHOTO MO3Ta, IVTMATLHOTO HEHPO-
Tpouueckoro (akTopa OTpaskaiOT IMPOIECCHI
aJIbTepaluy CTPYKTYP rOJIOBHOTO MO3Ta, pa3BU-
BaloOIIMecs B pe3y/IbTaTe HapylleHni KpoBoooOpa-
meHusi. B mocienyooiire Cpoku HaOJIOIEHUS
(7-30 mHeii oT Havyasia 3ab0JIeBaHUsI) BO3pAaCTaHUE
comepskaHusA  HeWpoTpoduyeckoro (akropa
TOJIOBHOTO M03ra, IMINajJbHOTr0 HeHpoTpoduye-
cKoro ¢akTopa, (hakTopa pocTa IHJOTEHS COCY-
JIOB, CHUAJMPOBAHHOIO YIVIEBOJHOI'O aHTUTEHA
CBU/IETEJILCTBYIOT 00 aKTHUBHU3AI[UU MPOIECCOB
pereHepanyu MeHTpaJbHO HEPBHOW CHUCTEMBL.
CHUsKEHHAsI aKTUBHOCTH CYIIEPOKCUIIUCMYTA3hI
CBUJETEJILCTBYET O HEAOCTATOYHOU 3(h(PEeKTUBHO-
CTH CHCTEMBI, CBSI3aHHOW C HeWTpam3aruen
AKTHUBHBIX (DOPM KUCJIOPOJIA.
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Hapacranue runepKanHU4ecKON JbIXaTebHON HeJJOCTaTOYHOCTH ABJISETCA MIPU3HAHHON IPUYNHON
CMEpPTHOCTH y MAIMeHTOB, CTPAJAOIINX XPOHUUYECKUMH HeclnenudUIecCKUMHU 3a00/IeBaHUAME JIeTKUX
(XH3JI). Oneparuu Ha cep/1ie U UX OCJI0KHEHUA IPeJICTaBJIAI0T CO00M 3HAUNTe IbHBIA PUCK JJIA TAKUX Ta-
LHUEHTOB.

Ilesb HccilefoBaHUA — OIEHKA 3(p(peKTUBHOCTU HellpepBIBHOM BCIIOMOraTe/IbHOM BEHTUJIAIUN JIETKUX
(HBBJI) mpu pa3BUTHU TUIIEePKATHIYECKOH IbIXaTe/IbHOU HeJOCTaTOYHOCTH Y 00/1bHBIX ¢ XH3JI, onepupye-
MBIX Ha cepJLe.

Marepuansl u MeToabl. HBBJI npumennn y 11 6osmpHbIx XH3JI (cTagust, B cpennem — 2,55+0,52), one-
pUpyeMBIX Ha cep/ilie, IT0c/Ie OTKJII0YeHUs OT «TPaJUIIMOHHOM» VIBJI ¢ KOHTpoJeM 1o fasseHuto (BKI) niu
NBJI c nopnepskkoi napiaenuieM (BIIM). ¥V Bcex MaMeHTOB B MOCJI€0NEPAlMOHHOM ITepUOie BOSHUKJIA TH-
MepKaIHUSA ¢ JbIXaTeJbHOU HeI0CTaTOYHOCThIO, IPOsIBUBIIAsACA Yeped 15+10 9acoB mOC/Ie OTKIIOUEeHUS OT
WBJI. HBBJI mpoBoau/Iu € IOMOIIBIO HA30TPaxeaabHOI0 Karerepa (IuaMeTpoM 5—6 MM) CO CpeIHUM UHCIIN-
paropHbIM TOTOKOM Qin = 26+2,3 j1/MuH npu ucnosnbzosanuu FiO, — 0,3-0,35.

PeaynbraThl. TOJIBKO Y O0HOrO U3 11 NaleHTOB rUIePKAlHUYECKYIO AbIXaTeIbHYI0 HeJOCTaTOYHOCTD
He KyIIUpoBa/u ¢ moMoIrsio HBBJI, 1 eMy npunuiocs UHTyOUpoBaTh Tpaxelo. Ilocie Havana HBBJI wacToTa
CIIOHTAaHHOU BEHTUJISIIUY OCTENIEHHO CHUKAIACh C 24,8+3,6 BIOX0B/MUH /10 1612 BooxoB/MuH (p<0,01).
Cpegnee snauenue PaO, 1o Hauana HBBJI cocraBisano 59+7,5 MM prT. cT. HermocpegcTBEHHO Iepej IIpeKpa-
meHueM HBBJI ono nmoBbicuiiocs 10 99,6+4,5 MM pr. cT. (p<0,01). PaCO, o HBBJI cocraBssmo 73,2+7,5 MM
PT. CT. ¥ CHU3MJIOCH TIepeJ ee IIpeKpaleHrneM 10 45,7+4,3 MM pT. cT. (p<0,01). CHmxerue PaCO, 661710 0co-
6eHHO OBICTPBHIM B IepBble 18 yacoB mpumMeHeHus HBBJI. CpegHsas NpoAo/IKUTETbHOCTh IPUMEHEeHU A
HBBJI cocTasua 3,09+0,9 qgHei.

3akiarouenue. HBBJI siBnAeTcs a¢ppeKTUBHBIM U MUHUMAIbHO HHBAa3UBHBIM PEKMMOM BCIIOMOTaTe Ib-
HOIT BEeHTUJIAIUY, KOTOPBIN MOXKeT IPUMEHATHCA IPU Pa3BUTUM F'HIIepKaITHUYeCKO! IbIXaTeIbHOHN Heo-
CTaTOYHOCTH AJ1s n30eranus HeoOXOOUMOCTU MHTYOAIINY TPAaxeu U TPOBeIeHHsI TPaTuInOHHOK BJL.

Karoueswste crosa: acnomozamenvhas BCHMUNAUUSA; OMKIIOUEeHUe Om Mexamu4ecroul 8eHMUJIAUUU; He-
npepuvleHast 6CNOMO2cANelbHAsl 6eHMUNAUUS JleeKUX

Our aim was to assess the effectivity of continuous flow ventilatory support (CFVS) in those COPD patients
undergoing cardiac surgery who developed hypercapnic respiratory failure.

Materials and methods. CFVS was applied in 11 COPD (Stage 2.55+0.52 on average) patients undergoing car-
diac surgery, after weaning from «conventional» pressure controlled (PCV) or pressure support ventilation (PSV)
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mode. All of these patients had hypercapnea with respiratory failure that has been manifested after 15+10 hours
after postoperative weaning from ventilator. CFVS was applied using nasotracheal catheter (diameter 5-6 mm)
with average inspiratory flow Qin = 26+2,3 1/min while using FiO, of 0.3-0.35.

Results. Only one out of 11 patients failed to recover from hypercapnic respiratory failure using CFVS
and had to be intubated instead. Spontaneous ventilation frequency was gradually decreasing from 24.8+3.6
breaths/min to 16+2 breaths/min after initiation of CFVS (P<0.01). Average value of PaO, before CFVS was
59+7.5 mmHg and rose to 99.6+4.5 mmHg just before CFVS was terminated (P<0.01). PaCO, before CFVS was
measured to be 73.2+7.5 mmHg and dropped to 45.7+4.3 mmHg (P<0.01). CO, drop was fast in the first 18

hours from CFVS application. Average time for application of CFVS was 3.09+0.9 day.
Conclusion. CFVS is an effective and minimally invasive mode of ventilation support that can be used in
patients suffering from hypercapnic respiratory failure to avoid the need to intubate trachea and connect the

patient to conventional ventilator.

Keywords: ventilatory support; weaning from mechanical ventilation; continuous flow ventilation support
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BBenenue

JpixaTesibHaA HemocTarovyHOCTh (JIH) onpene-
JISIETCST, KaK HECLIOCOOHOCTDb OPTaHOB JbIXaHUS TTO]I-
JepsKUBATh HOPpMAJIbHBIN ypoBeHb PaO, > 60 MM PT.
ct. 1 PaCO, > 50 MM PT. CT. Ha YypOBHE MOPHI.

l'unmokcemMuyeckass AbIXaTeJibHasgA HeIOCTa-
TOYHOCTH (THI 1) XapaKTepuayeTcd IajeHueM
Pa0, 6e3 MOBBIIIIeHNA UJIN C HEOOJBIIINM IIOBbI-
menuem PaCO,. [unepkanHuyeckas AbIxaTejibHasI
HEJIOCTATOYHOCTH (THUII 2) XapaKTepu3yeTcsi 60JIb-
M cHrpkeHreM PaO, 1 00JIBLIITNM IIOBBIIIIEHIEM
PaCoO, [1].

I'mnepkanHuyeckas AbIxaTeJbHas HEJOCTa-
TOYHOCTH MOKET OBITh PE3YJIBTaTOM MHOTHUX 3a00-
JIeBaHU, MOBPEKIAIOIINX HEPBHYIO, CKEJIETHO—
MBIIIEYHYIO UJIY JIETOYHYIO COCYOUCTYIO CUCTEMY.
Harmpumep: orpaBjieHus], BoCaauTe/IbHbIe 3a00J1e-
BaHWs JIETKUX, TpPaBMa, OpoHXHUaIbHAsI aCTMAa, XPO-
HUYecKye Hecltenupuieckrie 3a601eBaHusI JIETKUX
(XH3JI), obcTpyKIus 6pOHXHATBHOTO JepeBa Ipu
rUNEepCceKpenuy, OPOHXOITHEBMOHMH U T. 11. Cy1ie-
CTBYIOT O0IIIMie KIUHUYECKUe U KUCJIOTHO-OCHOB-
Hble TIPU3HAKU Pa3BUTHs THUIIEpKamHu4Yeckol JIH
BCJIEJICTBHE KaKOM-I100 MPUYUHGI [2, 3], Hampu-
Mmep: nagenue Pa0O,, magenne PaCO,, atinios. [1oBbI-
IIeHHbIH ypoBeHb PaCO, IpHUBOIUT K aKTUBALIU
CUMIIaTUY€CKOM CUCTEMBI, JIETOYHOU TUIIEPTEH3UH,
TUIIOBEHTUJISIIINY M, B KOHEYHOM CUETe, K TSIYKeJI01
TUIIOKCEMUH U «ITUPKYIATOPHOMY KOJIJIAIICY».

Hawub6oJiee 4acTol NPUYUHON TUIIEPKATTHU-
veckou JIH siBssierca XH3JI. YV MomoOHBIX IIaliu-
€HTOB Tak)Ke HaOJIOJaeTCsl COIyTCTBYIOIIAs
HEpPBHO-MbIIIIEYHAsI CJ1a00CTh, HAPYyIIIEHNE CO3HA-
HUS Y TIOBBIIIAETCSI PUCK BOSHUKHOBEHU S THEB-
MoHUH. OOBIYHO, Tepanuei epBoi JUHUU IJIA
9THUX MallMeHTOB SBJISETCS BCHOMOTaTeJabHasi
HenHBa3uBHas1 BeHTuaALus (HVMB) — ¢ moMoIibo
MacKU WJIM ApPyrux cpencts. OgHaKo, 3a4acTylo
HeoOXxoquMa UHTYyOAlMsI Tpaxeu U MpoBedeHue
TPAAUIIMOHHON MEXaHUYECKOU BEHTHJISAIUA [4].
HHTybanus Tpaxed 4acTO pacCMaTpPUBAETCS B
ciydasix, Korjga «He cpabarbiBaeT» HUIB [4-6].
HenpepsiBHasgs BcnoMmoraTejabHass BEHTUJAIUSA

Introduction

Respiratory failure (RF) is defined as inability
of respiratory system to maintain normal level of
Pa0, > 60 mmHg and PaCO, > 50 mmHg at sea level.

Hypoxemic respiratory failure (type 1) is char-
acterized by drop in PaO, without or with small in-
crease in PaCO,. Hypercapnic respiratory failure
(type 2) is characterized by large decrease in PaO,
and large increase in PaCO, [1].

Hypercapnic respiratory failure may result
from various diseases affecting neurologic, muscu-
loskeletal or pulmonary vasculature, for example:
inflammatory lung diseases, trauma, bronchial
asthma, chronic obstructive pulmonary diseases
(COPD), obstruction from secretions, bronchop-
neumonia, intoxication, etc. There are common
clinical signs and acid base parameters with devel-
oped hypercapnic RF from whatever the cause
[2,3], e.g. drop in Pa0,, drop in PaCO,, acidosis. In-
creased level of PaCO, results to sympathetic sys-
tem activation, pulmonary hypertension, hypoven-
tilation and eventually to severe hypoxemia and
circulatory collapse.

The most common cause of hypercapnic RF is
COPD. These patients also have concomitant neu-
romuscular weakness, impaired consciousness and
high chance of gaining pneumonia. Usual first-line
therapy in such patients is non-invasive ventilatory
support (NIV), with CPAP mask or other means.
However, intubation with conventional mechanical
ventilation is often necessary [4]. We often consider
intubation [4-6] when NIV fails. CFVS has proven
to be effective method of improving ventilation pa-
rameters in patients with hypercapnic RE There-
fore, we decided to apply CFVS to COPD patients
undergoing cardiosurgical operations.

Basic changes of gas exchange in hypercap-
nic respiratory failure. In patients with acute or
chronic hypercapnia even a small decrease in
minute ventilation (MV) may result in significant
increase of its severity.

Example: Even a small decrease in MV in
COPD patients with chronic hypercapnia with
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sgerkux (HBBJI) ommpaBgasia cebst kak apperTuB-
HBIH CIIO0CO0 Y/Ty4IIIeHNsI TapaMeTPOB IbIXaHUs Y
NnalueHToB C runepkanauueckoi /IH. IToaTomy
Mbl pemuau npumeHuTb HBBJI mamuentam c
XH3JI, KOTOpBIM NPOBOAAT KapIUOXUPypruye-
CKUe€ Olepaluu.

OCHOBHBIE HU3MEHEHHs ra3000MeHa INpH
THNEepKAITHUYeCKOH AbIXaTeJTbHOI HEeI0CTaTOY-
HOCTH. Y OOJIBHBIX C OCTPOU WU XPOHUIECKOHN
TUTNepKamHueil majke HeOOJIbIIOe CHUKEHUE
MUHYTHOH BeHTHJIsIUU (MB) MoskeT IpuBecTH K
3HAYUTEJIHbHOMY IIOBBIIIEHUIO €€ BBIPAKEHHOCTH.

ITpumep: He6omnbiioe camxennie MB y maru-
eHTOB, cTpaaatonux XH3JI 1 xpoHudeckol runep-
KarnHuel, ¢ BeauuynHamu pCO, — 60 MM pT. CT. U
BBIIIIE, MOYKET BBI3BATh CEPbE3HOE MOBBINIEHUE
aaayeHuit pCO,. ITO MOKET OBITH CBSI3AHO C aHAJI-
re3ve, cemanyuel U T. 4. AHAJIOTUYHO, ITOBBIIIIE-
HUE€ BEHTWJAIUWA MepPTBOTO MPOCTPAHCTBA
(MII/JI0) MOKeT IPUBECTH K OBICTPOMY ITOBBIIIIE-
Huio CO, [7]. 3aBUCUMOCTB MeKTy A1bBEOJIIPHON
BeanTwissnneit (AB) u pCO, He ABJIsI€TCA JIUHEH-
HOU, ¥ IpW HEOOJIBIIIOM CHUKEHUU AJTbBEOJISIP-
HOU BEHTUJISLINY CJIelyeT 3HaUMMOe IIOBBIIIIeHUe
3Havenus pCoO, (puc. 1).

Teoperuueckue u 6mMo(pu3nIECKUEe MPUH-
uunsl HBBJI. Mcnosisaya HBBJI, Mbl mocTyaupo-
BaJIu JUHAMUYECKOe YMEeHbIIEHe MEPTBOI0 IIPO-
crpancrBa (MII) BBICOKMM [OTOKOM Tra3oB B
Tpaxero [8]. JlJokadaHo, YTO MUHYTHAA BEHTUJIALINA
(MB) MOYKeT YMEHBIIUTHCA Y allUeHTOB C TUIIEeP-
KanHu4yeckoul /IH, y KOTOphIX nMeeTcs yBeJinde-
HHe aHaTOMUYECKOr0 U (DYHKIIMOHATIBHOTO MEPT-
BoOro npoctpancTsa (MIlan + MIId) [7].

YacTuuHoe BbIBeleHH e ra30B B aHaTOMUYe-
CKOM MEPTBOM MPOCTPAHCTBE U €r0 BJIUSAHUE Ha
rasoooMeH B JEerkoM. liMeercss BO3MOYKHOCTD
HCIIOJb30BaTh «(PU3NOJIOTUUECKU pe3epB» NPHU
JleYeHUY OTPAaHUYHON BEHTUJIAIIMOHHOM IbIXa-
TeJbHOU HEJIOCTAaTOYHOCTH. ITOT PE3EPB CO3TAET-
Ccd aHAaTOMHUYECKWM MEPTBBIM MPOCTPAHCTBOM
(MIIaHn), B 4aCTHOCTA — HOCO- U POTOIVIOTKOH,
Tpaxeey, BRJIIOYasd ee OWypKamuio, a TakKe
OpoHXaMHM TEPBOro Mopsaka. [Ipw BBemxeHUU
Ha30TpaxeaJIbHbIM KaTeTepa JuaMeTpoM 4—6 MM
(17151 BSPOCJIOTO) B TPAXEI0 HUKE TOJI0COBOM 111!
Y ofjave Hy>KHOT0 00'beMa ra3oBoro moroka, CO,
OymeT BBIMBIT 13 MePTBOTO mpocTpancTBa (MII),
T.e. IPOU30HIeT ero AUHAMHUYeCKOe YMeHbIIIeHHe.
B ominyne OT aHATOMWYECKOTO MepTBOTO IPO-
CTpaHCTBA (DyHKIIMOHAJIBHOE MEPTBOE IIPOCTPaH-
CTBO MOSKET OBITh YMEHBIIIEHO Jaske Ha 66%, Tak
KakK ras, cojiepskariuiicsi B MI1 B KOHIle BbIJI0Xa, HE
Oyzmer mpakThdecku coBceM comepykars CO,.
[Mocsteayromuii BMOX JOCTaBUT 00 bEM «OTMBITOTO»
MEepPTBOTO MPOCTPAHCTBA B AJIbBEOJIBI MPAKTHUYE-
CKH C HyJIeBBIM copepskanneM CO2 [8, 9].

AnbBeosisipHasa BeHTW A AB = (/[O—- MID X f.
AB = (450—150) X 15=4500 ma. Y MeHbilieHue MI1

|
Effect of changes of VA on PaCO2
=
£ |
= \
g
[
]
k] \
2 \
[ \
> N\
[ VeCO2= 400 ml/min
i ~—~—— o VeCO2= 200 mi/min
PaCO2 10 40 50 90 (mmHg)

Puc. 1. 3aBHCUMOCTB M€Ky aJbBeOJIAPHON BEeHTUIIAIIHEH
(AB) u pCO,.

Fig. 1. Dependence between alveolar ventilation (VA) and
pCO,.

IIpumeuanwue. Effect of VA changes on... — scheme — appext
n3Menenusi AB Ha — cxema; alveolar ventilation — aibpBeossip-
Hast BEHTUJIALNA.

pCO, level of 60 mmHg may cause a significant in-
crease in pCO,. This can be due even to analgesia,
sedation etc. Similarly, increase in dead space ven-
tilation to tidal volume (VD/VT) can lead to fast in-
crease in CO, [7]. Dependence between alveolar
ventilation (VA) and pCO, is not linear and with
small decrease in alveolar ventilation, rise in pCO,
follows (fig. 1).

Theoretical and biophysical principles of
CFVS. When creating CFVS we postulated dynamic
decrease of dead space (VD) with high flow of gases
into trachea [8]. It is proven that minute ventilation
(MV) can decrease in patients with hypercapnic RE
Moreover, there is an increase in anatomical and
functional dead space (VDaw + VDf). [7]

Partial elimination of gases in anatomical dead
space and its influence on gas exchange in lung.

There is a possibility to use «physiological re-
serve» when treating borderline ventilatory or res-
piratory failure. This reserve is created by anatom-
ical dead space (VDaw), e. g. naso-oral part of
upper respiratory system, larynx, trachea with tra-
cheal bifurcation and main bronchi. If we admin-
ister nasotracheal catheter with diameter of 4-6
mm (for adult) into the trachea below the glottis,
and right amount of gas flow will be delivered, CO,
will be washed out of dead space (VD). Dynamic
decrease in dead space will occur. In contrast to
anatomical dead space, the functional dead space
can even be decreased up to 66% because gas in VD
at the end of expiration will not contain almost any
CO,. The following inspirium will deliver «washed»
dead space volume into alveoli that contains al-
most no CO, [8, 9].

Alveolar ventilation VA = (VI'-VD) X f. VA =
(450 — 150) X 15 = 4500 ml. Decrease of VD in 100
ml will lead to increase in VA = 6000 ml, represent-
ing an increase up to 25% without any additional
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@ Continuous flow 26 I/min +
Spontaneous inspirium

A

Continuous flow 26 I/min+
Spontaneous expirium

Spontaneous inspirium

A A

Spontaneous expirium

1

@ High concentration of CO,

Start of expirium

End of spont.
inspirium

2

Difference

of CO, concentration

O Low concentration of CO, in airways

Puc. 2. KonnenTpanusa CO, B AbIXaTEeNbHBIX ITyTAX BO BPEMA
JbIXaTeJBbHOro NuKJIa. Cxema.

Fig. 2. Concentration of CO, in the respiratory tract during the
respiratory cycle. Scheme.

IIpumeuanmue. Continuous flow — HenpepbIBHBIN IOTOK; SPON-
taneous inspirium /expirium — crioHTaHHBIN BJIOX/BBIJOX; start
of/end of — navasno/konern; difference — pasaumna; high/low
concentranion ... in airways — BbICOKasi/HU3Kasl KOHI[EHTpa-
LU ... B IbIXaTeJbHbIX Iy TSX.

Ha 100 M1 IpuBeneT K yBesaudeHuio AB = 6000 mii,
YTO AABJISIETCSA ee yBeJnueHreM Ha 25% 6e3 KaKux-
Jub0 AOMOJHUTEJbHBIX YCUJIUN CO CTOPOHBI
MalKeHTa, T.e. IPOU30IAeT CylleCTBeHHOe YMeHb-
IIIeHne paboThl AbIXaHUA U YBeJUYeHle albBeo-
JsIpHOU BeHTU IsiIMu (AB) (8, 9] (puc. 2).

IToTok rasa B karerepe. [a3, moctynamomui
uepes Karerep (Qin), ABJIAETCS ONPeJeaouM
(pakTopoM razoobMeHa U CHUYKeHUA KOHILIeHTpa-
uuu CO, B MIlan. IloTok rasa uepes KareTep J0JI-
sKeH OBITh JOCTAaTOYHBIM JJId JOCTH)KEHUS
adpexTuBHOTO razoooMena u causkenus pCoO, B
MTIlaH B MEPTBOM IIPOCTPAHCTBE, 00 bEM KOTOPOTO
cocraBJjser npumepHo 100 mu. Ero snaueHue
3aBUCHUT OT JbIXaTesibHOro oobeMa (V,), 4aCTOThI
neixanuA (f), Bpemenu Boigoxa (Te), appexrunHo-
CTU CIIOHTAHHOU BEHTUJIAIIMY U BpEMEeHHOU KOH-
crauThl Jerkux (TAUe = R X C).

H3BecTHO, 4TO BpeMsI II0TOKA ra3a IIPU BBIIO-
Xe CHU’KaeTCsl B TeOMeTpHUYeCcKOo Iporpeccuu u
3aBUCUT OT BpPEMEHHOH KOHCTAHThI OpPraHOB
nbeixaHus (Tau). II0JIHBIM BBIAOX JOCTUTAETCS 3a
TPU BpeMeHHble KOHCTaHThI (Te = 3 X Tau). 95%
o6beMa rasa BblJIbIXaeTcs 3a IIepBYIO U3 TPeX Bpe-
MEHHBIX KOHCTaHT. Ha npyrue BpeMeHHbIe KOH-
CTAHTBI IPUXOAUTCSA JIUIIb OCTaBIINECs 5% rasa,
BBIIbIXaeMOI'0 U3 JIerKuX. Ecjii Mbl pacCUuTbIBa-
eM cHu3UuThb CO, B IATb — JECATH pa3 10 CpaBHe-
HUIO C IepBOHAYa/IbHOM KOHIeHTpalrell, IoToOK
II0/1aBaeMoro ra3a goJ/iKeH ObITh Kak MUHUMYM B
1,2-2 pasa 6oJblile cpegHero oobeMa rasa, BbIXo-

effort from the patient. There will be significant de-
crease in ventilatory work and increase in alveolar
ventilation (VA) [8, 9] (fig. 2).

Catheter gas flow. Gas flowing through the
catheter (Qin) is a determining factor for gas ex-
change and for lowering CO, concentration in
VDaw. In order to achieve effective gas exchange
and lowering pCO, in VDaw, there should be
enough gas flow through a catheter in a 100 ml
dead space. Its value is dependent on tidal volume
(V), respiratory frequency (f), expiratory time (7e),
effectivity of spontaneous ventilation and on time
constant of lungs (TAUe =R X C).

Theory of artificial lung ventilation dictates
that time of gas flow in expirium is exponentially
degressive and is dependent on time constant of
respiratory organs (Tau). Complete expirium is
achieved in three-time constants (Te = 3 X Tau).
95% or gas volume is expired during the first three-
time constants. Another three-time constants are
responsible for only remaining 5% of gas exhaled
from lungs. If we expect CO, to drop five to ten
times its original concentration, gas flow has to be
atleast 1.2-2 times of average volume of gas leaving
the lungs in one time constant (7e) [10].

For a 80 kg male with spontaneous ventilation
parameters of: V, = 0.4-0.6 I, f = 12-30 breaths/min,
Te of 1.0-2.5 sec, Qin has to be 20-27 liters/min in
order to wash CO, adequately from dead space. In
this way, we can remove negative impact of dead
space ventilation without the need to adjust venti-
lation parameters by any other means (change in
frequency and volume) [9].

Risks when using continuous flow ventila-
tion support (CFVS). One of the main risks when
using CFVS with catheter positioned below the
glottis is barotrauma. With acute obstruction of
upper airways (e.g. laryngospasm, cough, etc.), in-
sufflated gas though the catheter can cause over-
pressure and subsequently barotrauma. Safety pre-
caution is to implement automatic blocking system
which is turned on when gas driving pressure
reaches 5-8 kPa (no more than 10 kPa) and auto-
matically disconnects gas supply to the catheter
until the pressure drops.

Other impacts of CFVS on respiratory or-
gans. Dynamic overpressure is created when using
insufflation catheter with one terminal opening.
Actual results confirm that flow through such a
catheter creates static energy (pressure P) as well as
dynamic energy (flow Qin) that is directed towards
peripheral bronchi and to alveolar compartments.
This created overpressure is directly proportional
to gas flow, pressure at the end of catheter (open-
ing) and to the ratio of catheter-to-trachea diame-
ter. During expiration phase of spontaneous venti-
lation, dynamic positive end expiratory pressure
(PEEP) is created. Positive pressure at the end of ex-

piration is directly proportional to Qinand V..
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JAIIEro U3 JIErKrx 3a ONHY BpEeMEeHHYIO KOHCTaHTy
(Te) [10].

Hu1a MmysxkuuHbI BecoM 80 Kr ¢ mapameTpaMu
CIIOHTaHHOU BeHTUIsAIMuU: V, = 0,4-0,6 I, f= 12-30
eédoxos/mumn, Te — 1,0-2,5 c., Qin, HEOOXOTUMBIHI
151 aleKkBaTHOTO BbIMbIBaHUA CO, 13 MepTBOTO
IIPOCTPAHCTBA, AOJKEH COCTaBJIATh 20-27 JIUAT-
poB/MuH. TakuM CITOCOO0M MOKHO M30€eKaTh Hera-
TUBHOT'O BJIMSTHUST BEHTUJISIIIAM MEpPTBOTO IMPO-
CTpaHCTBA, 6€3 HeOOXOAUMOCTH KOPPEKTUPOBATH
rapamMeTpbl BEHTUJIAINNA KaKUMU-JIU00 TPYTUMA
cpencTBaMu (M3MEHEHNEM YacTOTHI M 00 bema) [9].

PucKku pH UCIIOB30BAHUN HENPEPHIBHOM
BCIIOMOraTeJbHOI BeHTuIanun gerkux (HBBJI).
OIHUM 13 OCHOBHBIX PUCKOB IIPU UCITOJIb30BAHUN
HBBJI, npu ycTaHOBKe KaTeTepa HUsKe T0JI0COBOH
e, sABJIsieTcss OaporpaBMa. B ciydae ocTtpoit
0OCTPYKIINH BEPXHUX JIbIXaTeIbHbBIX ITyTeH (Harmpu-
Mep, IIpHU JIapUHTOCIIa3Me, Kalllje U T. [.), THCY]-
uisIIMsA ra3a yepes KareTep MOKET BbI3BATh U30bI-
TOYHOE JaBJIeHNE U, BIIOCJIEICTBUN, — OAPOTPaBMY.
Mepoii IIpe1oCTOPOKHOCTH SIBJISIETCS peaTnu3alivs
CHUCTeMbI aBTOMaTUYeCKOU OJIOKMPOBKHY, KOTOPast
BRJIIOUAETCS, KOT/a JTaBJIEHNE 110/ BO3IelICTBUEM
rasza gocruraer 5-8 klla (ue Ooubire 10 klla), u
ABTOMAaTUYECKU OTKJ/IIOYAET I10Javy ra3a B Karerep
IO TeX I10p, IIOKA aBJIeHNe He yIauerT.

JApyrue Biausanua HBBJI na opransl abixa-
HusA. [Ipu ucnosab3oBaHuU NHCYPDIAINOHHOTO
KaTeTepa C OHUM OTBEPCTHUEM B €ro KOHIIE CO3/1a-
eTcs1 IMHAMHYeCKOe N30bITOUHOE JaBJieHne. Pak-
TUYECKUE pe3yJIbraThbl IOATBEPIKIAI0T, YTO IIOTOK
rasa yepes TakKOU KaTeTep CO3[aeT CTaTUuYeCKYIO
9Heprumo (gasjaeHue P), a Takke TUHAMUYECKYIO
3Heprum (MoTok Qin), KOTOpas HANPABJAETCS B
nepudepuvyeckre OPOHXH U aTbBEOJIBI. ITO CO3-
JmaBaemMoe U30BITOYHOE TaBJIEHUE ITPSIMO ITPOTIOP-
IMOHAJBHO IIOTOKY I'a3a, JaBJICHUIO B KOHIIE KaTe-
Tepa ¥ OTHOIIEHWIO JguaMeTpa KaTreTepa K
JuaMeTpy Tpaxeu. Bo Bpems (pasbl Begoxa Ipu
CIIOHTAHHOU BEHTUJISIUM, CO3IAeTCSI TMHAMUYe-
CKOe€ MOJIOKUTeJIbHOE TaBJIeHWe KOHIa BbIJOXa
(ITIKB). ITosoxkuTe/ibHOE JaBJIeHHE KOHIIA BBII0-
Xa MPsSAMO OTPONOPIUOHANBHO Qinu V,.

3HadeHue reHepupyeMoro BO BpeMsi BeHTH-
Jissiiam [TJJKB o6b1uHO He peBkImaeT 3-5 cm H,0.
CosnmaBaemoe B Tpaxee [IJJKB MokeT yMeHBIINTH
00'beM 3aKPBITUS AJTbBEOJI, a TAKIKE CTA0OUIU3U-
pyer ux reomerpuio [9].

e ucciaenoBanms — olieHKa a(pheKTUBHO-
CTU HETIPEPBIBHOM BCIIOMOTATE/IbHOM BEHTUJIAIINN
gaerkux (HBBJI) mpu pa3BuTUM runiepKanHuYeCKOn
IbIXaTeJTbHON HEJOCTAaTOYHOCTH Y OOJIBHBIX C
XH3JI, onnepupyeMBbIX Ha CepALe.

MarepuaJ 1 MeTobI

FI/IHepKaHHI/I‘IeCKaH JAbIXaTeJbHaAd HeJO0CTaTo4-
HOCTb, 00BIYHO CBsA3aHHAA C TUIIOKCEMIEN, YaCTO Tpe-

6yeT I/IHTy6aHI/II/I Tpaxen nu HCKYCCTBeHHOfI BEHTUJIAITNN

PEEP value during tidal ventilation usually
does not exceed 3-5 cm H,O. PEEP created in tra-
chea may decrease the closing volume se) as well
as stabilize alveoli geometry [9].

Purpose of the study. Our aim was to assess
the effectivity of continuous flow ventilatory sup-
port (CFVS) in those COPD patients undergoing
cardiac surgery who developed hypercapnic respi-
ratory failure.

Materials and Methods

Hypercapnic respiratory failure, usually connected
with hypoxemia, often requires intubation and mechan-
ical lung ventilation. Non-invasive ventilation is in many
cases ineffective, besides the fact that often lasts more
than 12 hours and is associated with many problems. Pa-
tients with COPD undergoing cardiac surgery may often
suffer from hypercapnic RE We decided to use CFVS for
cardiac surgical patients suffering from hypercapnic RF
because of our previous experiences with CFVS in COPD
patients with global respiratory failure. Patients in our
study has not been given any sedatives, opiates or any
other drugs affecting or suppressing ventilation. Using
nasotracheal catheter with diameter of 5-6 mm, we in-
troduced it with the use of Magill forceps into the trachea
about 8 cm below the vocal cords. We performed topical
anesthesia of oral cavity, hypopharynx, vocal cords and
upper trachea using lignocaine spray or 0.5% bupiva-
caine. We connected the catheter to the ventilation cir-
cuit of ventilator AURA-V (Chirana Medical s.r.o SK). This
ventilator is capable of delivering CFVS. We applied
humid 37°C warm gas using FiO, of 0.30-0.35 so we could
obtain SpO, of at least 92%. Patients were hemodynami-
cally stable with none or very small dose of norepineph-
rine < 0.1 ug/kg/min). On the first day, we applied 2 ml
of 0.5% Marcaine aerosol into the catheter using ultra-
sound nebulizer. Demographic parameters, cardiac sur-
gery data and CFVS data are all shown in table 1.

Results and Discussion

Average time of CFVS application was 3.09+0.9
days (2-4 days). Gas flow setting through the
catheter is pictured on the fig. 3. First gas flow set-
ting was 26+2.3 1/min. We completed CFVS by grad-
ually decreasing gas flow Qin up to 7+3 I/min.

Measured PaCO, values as a mean value de-
rived from four consecutive measurements is given
in fig. 4. Average PaCO, value before connecting the
patient to CFVS was 73.2+7.5 mmHg. When CFVS
has been successful, PaCO, dropped to 45.7+4.3
mmHg (P<0.01). Drop in PaCO, was usually fast in
the first 18 hours since the onset of CFVS applica-
tion. We noticed significant improvement in patient
cognitive function as well as rehabilitation soon
after the fall in PaCO,. This clinical improvement
has also been attributed to improved oxygenation.
Only one in 11 patients did not improve using
CFVS, and thus had to be intubated and ventilated
using conventional ventilation modes.

Changes in PaO, during CFVS are depicted in
fig. 5. Average PaO, value before instituting CFVS
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TaﬁJmua 1. Knuan4yeckas XapaKTEepUCTUKA ITAITMEHTOB.

Table 1. Clinical characteristics of patients.

Patients No Age, Height, Weight, M/F Surgery operation CHOPCH CFVS, Qin,
years cm kg Gold grade  days 1/min
1 75 168 74 M MVR/TVR 2 3 26.8
2 64 177 91 M AVR/ CABG 3 4 22.9
3 68 181 89 M AVR/ MVR/TVR 3 4 24.3
4 59 156 55 F AVR/ MVR 3 3 21.1
5 78 159 67 M CABG 2 3 27.9
6 81 161 62 M MVR/TVR 2 3 28.9
7 71 155 74 F AVR/ CABG 3 4 254
8 69 171 84 M AVR/CABG 2 4 24.6
9 76 157 79 F AVR/CABG 3 1 27.1
10 71 173 75 M AVR/ MVR/CABG 2 2 254
11 77 158 64 F AVR/ MVR/TVR 3 3 27.5
Average+SD  71.73+6.53 165.0949.25 74.0£11.38 2.55+0.52 3.09+0.92 25.62+2.3

Note. M/T/AVR — mitral/tricuspidal/aortal valve replacement; CABG — aortocoronarius bypass; Qin — gas flow during catheter.
IIpumeuanwue. [ly1s1 TabJ1. 1, puc. 3-6: Patients No — HoMep IanieHTOB; age, years — BO3pact, JieT; height — poct; weight —
Bec; M/F — most M/7K; surgery operation — xupyprudeckasi oneparnus; CHOPCH — XO3BJI; CFVS, days — HBBJI, nueii; aver-
age+SD — cpeHee 3HaueHUe+CcTaHJapTHOE OTKJI0OHeHue; M/T/AVR — 3aMeHa MUTPaIbHOTO/ TPEXCTBOPUYATOr0/a0pTaJbHOIO
kJana"a; CABG — aopTo-KopoHapHOe ITIyHTHpOoBaHue; Qin — IOTOK rasa yepes KaTeTep.

Jierkux. HemHBa3WBHAas BEHTHUJIAIS BO MHOTHX 1107100~
HBIX CJIy4dasx ObiBaeT HeaddekTuBHOU. Kpome TOrO,
OHa MOKET ITPOJI0JKAThCs 60siee 12 9acoB U aCCONHH-
pyeTcs ¢ MHOKeCTBOM IipobJieM. [lanmenTs! ¢ XH3JI,
KOTOPBIM JieJIaloT Ollepaluio Ha cephle, 3a4acTylo
CTpajaloT runiepkanHudeckoil popmoii JH. Vicnosis3o-
Barb HBBJI na KapJuOXupyprudyecKUX NanydeHTOB,
CTpaJaoIIuX runepraniudecko J1H, pemumiy ucxons
W3 HAIIETO MpebIayIero onbita npuMenenus HBBJI y
nanueHToB ¢ XH3JI B ciyyae JeKOMIIEHCHPOBAaHHOM
JbIXaTeJIbHOU HegocTaro4HOCTHU. IlanueHTam He Ha-
3HAYaIM KaKUX-JN00 CelaTUBHBIX CPEJICTB, OIHATOB
WJIN KaKUX-JIU00 APYTHX IIpernapaToB, BANAIONINX Ha
CIIOHTAHHYIO BeHTUJIANUIO. Vco/1b3ys1 Ha3oTpaxeasb-
HBIU KareTep JuaMeTpoM 5-6 MM, BBOAUJIU €T0 C [IOMO-
IBIO IMUIIIOB Marun/ia B Tpaxew MpUMEPHO Ha 8 cMm
HUKe T'0JIOCOBBIX CBSA30K. MeCTHYIO aHeCTe3UI0 POTO-
BOH II0JIOCTH, IUNO(MApPUHKCA, TOJIOCOBBIX CBA3OK U
BepxHell 4acTU Tpaxeu NPOBOAMWJIU JUIOKAUHOBBIM
cupeem unu 0,5% OynuBakamHoM. Katerep mon-
KJII04aJIM K BEHTA/IAIMOHHOMY KOHTYPY anmnapara MBJI
AURA-V (Chirana Medical s.r.o SK, CsioBakus1), KOTOPbIA
MoskeT obecreunBaTh HBBJIL. IIprMeHAIN BJIaXKHBIN
TelsIblid ras temuneparypou 37 °C, ucnossdysa FiO,
0,30-0,35 nyia moctrokeHus SpO, He HUKe 92%. [Tanu-
€HTHI OBIIN TeMOTHAMUYeCKY CTAaOMIBHEI 0€e3 IpruMe-
HEeHUA UJIU C IpUMeHeHUeM O4eHb MaJIeHbKOU [03bl
"HopanuHedpuHa (<0,1 MKr/Kr/mMuH). B nepBbIii 1eHb
BBOJMJIN B KaTeTep C IOMOIIHIO YIBTPa3BYKOBOTO HEOY-
narizepa 2 ma 0,5% Mapkanna B popme asposouis. Xa-
paKTepUCTHKA ITAIIEeHTOB IIpe/icTaBaeHa B Tabr. 1.

Pe3ynbTaThl U 00CYK/IEHHE

Cpennee Bpemsa npuMmenenuss HBBJI cocra-
Bujo 3,09+0,9 mHelr (2-4 gHS). YCTAaHOBOYHOE
3HaUeHMe MMOTOKAa rasa yepes KaTeTep MOKa3aHO
Ha puc. 3. BHavase ycTaHaB/IMBa/Il 3HAYCHUE
IoTOKa rasa — 26%2,3 Jj/MuH. 3akaH4YuBaJJIn
HBBJI, nmocTerieHHO MOHUKAasI OTOK rasa Qin 1o
7+3 J1/MUH.

WNsmepennbie 3Hauenus PaCO, B Bune cpen-
HeapudMeTUIeCKOTO, BEIBEIEHHOTO U3 YeThIpex

was 59+7.5 mmHg and 99.6+4.5 mmHg just before
termination of CFVS (P<0.01). The highest values
were measured at the end of the second and on the
third day of treatment with CFVS.

Average PaO,/FiO, values are in tab. 2. Tab. 2
also shows improved trend of these values. The
largest improvement was noticed between first and
second day of treatment. This correlated well also
with the clinical picture and patient improvement.

Spontaneous breathing frequency has gradu-
ally decreased from average value of 24.8+3.6
breaths/min before CFVS to 16+2 breaths/min after
weaning from CFVS (P<0.01), fig. 6. Decrease in
respiratory frequency was registered after 8 hours
of CFVS and respiratory frequency has stabilized on
the second day of treatment.

In the past years, there has been a trend to-
ward replacement of complete or partial forms of
mechanical ventilation in terms of their controlled
modes. There are at least four main reasons to jus-
tify this replacement:

1. Spontaneous respiratory activity usually
should be eliminated when using controlled modes
of mechanical ventilation. With the use of supported
ventilation modes, on the other hand, the function
of respiratory muscles remains the driving force al-
though the spontaneous ventilation is not sufficient.
Most of new generation ventilator modes allow spon-
taneous ventilation and optimization of synchronic-
ity with a spontaneous drive. These ventilation
modes also require less vigorous sedation [5, 11].

2. Long period of respiratory muscles inactiv-
ity / hypoactivity of respiratory muscles leads to a
certain degree of atrophy and maintaining a degree
of spontaneous activity may become a protective
factor [11].

3. Employment of ventilation regimes with
support mode is currently routine practice in those
patients, whose weaning poses a challenge [3].

www.reanimatology.com
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[0 Qin after connection on CFVS (I/min) [ Qin at the end of the second day (I/min)
M Qin before diconnection (I/min)
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CFVS failure — intubation, vent{lation

Patients No
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Puc. 3. CpeiHuii IOTOK ra3a yepe3 Ha30Tpaxea bHbIH KaTerep — Qin (y1/MuH).

Fig. 3. Average gas flow during nasotracheal catheter — Qin (I/min).

IIpumeuanwue. /]1s1 puc. 3-6: at the end of the first/second day — B konue nepsoro/roporo gus; CFVS failure — intubation, ven-
tilation — 6e3ycnemnocts HBBJI — unry6arnus, MBJI; after connection on CFVS — nociie noakioyenus kK HBBJI; before discon-

nection — nepej OTKJIIOUeHHEM.

1ocJjeoBaTe/IbHbIX U3MepeHUl, IpuBedeHbl Ha
puc. 4. Cpenuee 3aauenne PaCO, 10 TOAK/II09eHn s
namyenTty HBBJI cocraBuiio 73,2+7,5 MM PT. CT. B
cayyasx, korga HBBJI 6bl1a ycnenHo, 3HaYeHne
PaCO, magasno no 45,7+4,3 MM pt. cT. (p<0,01). CHH-
skearie PaCO, 00BIYHO OBLIO OBICTPBIM B IIEPBBIE
18 yacoB mnocjsie Havasa npumeHenus HBBJL
OTMeyanu CyleCTBEHHOE YIy4llleHrne KOTHUTHB-
HBIX (DYHKIMH NTAIIEeHTa, a TAKKe UX YCKOPEHHYIO
peabusnTanuio Bckope nocse Hemkrenns PaCo,.
ITO KJIIMHUYECKOE YIy4llleHre CBA3BIBAJIN C YIy4-
IIEHuEeM OKCHUI'eHaluyu KpoBU. TOJBKO y OOHOTO
nanueHTra U3 11 He OTMETH/JIM JOCTaTOYHOTO
a¢pderra HBBJI, moaToMy eMy MPUIILIOCH HHTYOU-
poBaTh Tpaxelo U UCIOJb30BaTh TPAAUIIMIOHHBIE
pexumel IBJI.

Namenenus PaCO, Bo Bpemst HBBJI oTpaske-
HbI Ha puUc. 5. CpenHee 3Havenue PaCO, no Havyasa
HBBJI cocraBuio 59+7,5 MM pT. CT, @ HEIOCpe-
CTBeHHO Tepes nmpekpariearnem HBBJI oHO OBLIO
paBHO 99,6+4,5 MM pT. cT. (p<0,01). Camble BEICOKHE
3nauyenre PaCO, ObL/TH ITOTy4eHBI B KOHIIE BTOPOTO
Y Ha TPETHUH JIeHb JieueHUs ¢ momoIibio HBBJI.

Cpennue 3navenusa PaCO, /FiO, mpuBeeHbI
B Tabus. 2. HamboJbIINi TPUPOCT BETUYNHBI
Pa0,/FiO, 3adukcupoBaiy B HEPUOT MEKIY IIEep-

4. Intensivists prefer less invasive methods of
ventilatory support (e.g. HFloNV, mask ventilation)
with aims to avoid intubation, ventilation, sedation
as well as other adverse effects associated with con-
trolled mechanical ventilation [3].

COPD patients undergoing cardiac surgery
represent a risk group of patients, where other fac-
tors like postoperative systemic inflammatory re-
sponse syndrome (SIRS), copious secretions, dam-
age to pulmonary circulation, cardiac failure as well
as inflammatory conditions of upper and lower res-
piratory tract can cause substantial mortality with
prolonged ICU stay. Weaning of these patients from
the ventilator might be difficult [6].

Patients with healthy lungs undergoing car-
diac surgery present with such problems rarely. The
result is that we tend to use the same ventilation
weaning modes to treat healthy or previously dis-
eased lungs affected with different etiological fac-
tors during cardiac surgery.

Use of non-invasive ventilation (NIV) for de-
compensated COPD was already described in liter-
ature. It is frequently used as a tool to alleviate the
work of breathing and to avoid endotracheal intu-
bation [3]. NIV is used in a form of tight face mask
with the use of pressure — support (PS) mode. Even
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Puc. 4. Cpegnee sanauenune PaCO, (MM pT. CT.)
Fig. 4. Average value of PaO, (mm Hg).

IIpumeuanue. 7151 puc. 4, 5: Before connection CFVS — nepen nogkiirouerueM k HBBJL after disconnection — rocJie OTK/II04eHUS

HBBJIL.

Tabsuna 2. Cpegnee 3nauenne Pa0,/FiO,.
Table 2. Average value of Pa0,/FiO,.

Parameters Average of the examinations during the reference day
Day 1 2 3 4 t-test
PaO,/FiO, 171£9.9 227+24.6 267+8.3 285+12.3 P<0.01

IIpumeuanue. Parameters — mapamerpsl; average of the examinations during the reference day — cpennee snHagenue obcite-

HOBaHI/Iﬁ B T€YE€HUE YKA3aHHOI'O OHSA.

BBIM ¥ BTOPBIM JTHEM JIEUEHUs1, YTO KOPpPeJIUpOoOBa-
JIO C KIVMHUYECKOW KapTUHOU W YJIydIIeHHeM
COCTOSIHUSI ITAIIEHTOB.

YacToTa CIIOHTAaHHOTO AbIXaHU S II0OCTEIIEHHO
IIOHMYKAJIAaCh CO CpeIHero 3HayeHus: 24,8+3,6 BI10-
x0B/MUH mnepen HadajaomM HBBJI pgo 1612
BJOXOB/MUH ocJjie nperparnenust HBBJI (p<0,01),
puc. 6. CHU)KeHre 4aCTOThI JbIXaHUS perUCTPUPO-
Ba/X 4yepes 8 yacos nocse Havana HBBJI, npu
9TOM CTAOMJIN3AIIHSI 9TOU BEJTUUNHBI TTPOUCXOIH-
Jia Ha BTOPOU JIeHb JIeYeHUs.

B mocsenHue rogbl HAMETHUJIACh TEHIEHITNS K
CHU’KEHUWIO YaCTOThI MMPUMEHEHUsI ITOJTHOU WU
YaCTUYHOU MCKYCCTBEHHOUW BEHTHUJISIIINU JIETKUX
C UCIIOJb30BAHUEM KOHTPOJIMPYEMBIX PEKUMOB.
Nmeercs, kak MUHUMYM, 4 OCHOBHbIE IPUYUHBI,
000CHOBBIBAIOIIYE 9Ty TEHIEHIIHIO:

1. [Ipy MCHOJB30BAHUM KOHTPOJIUPYEMBIX
PEKIMOB MCKYCCTBEHHOU BEHTUJISAIUM JIETKUX
OOBIYHO TPUXOAUTCS HCKJIOYATh CIIOHTAHHYIO

short-term use of NIV with face mask can have ad-
verse effects, e.g. failure to achieve appropriate seal
with face leading to patient-ventilator asynchrony,
bruising of the face skin, aerophagy, vomiting, con-
junctival irritation, dry mucous membranes, claus-
trophobia, inability to be fed by mouth, coughing,
problematic suctioning etc. Effectivity of NIV can,
therefore, be significantly decreased [2, 3, 11].

CFVS, on the other hand, is also associated
with a few side effects like the need of introducing
nasotracheal catheter by intensivists. Mechanical
trauma of the upper airways is possible although
not frequent. Because virtually all patients are hy-
percapnic, employment of any central hypnotic
agents should be avoided to allow, topical anes-
thetics to be used only prior to administration of
the catheter. In case of any rise of intrathoracic
pressure (cough, laryngospasm etc.), software of
the ventilator will block inflow of fresh gases, thus
protecting lungs from barotrauma.

www.reanimatology.com
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Puc. 5. Cpegnee snauenune PaO, (MM pr. cT.)
Fig. 5. Average value od PaCO, (mm Hg)

JbIXaTeJIbHYIO 1esITeJIbHOCTh. C IPyroil CTOPOHBI,
MPY UCIIOJb30BAHNUU PEKMUMOB BCIIOMOTaTeIbHOM
BEHTUJISAIMN (DYHKUUS JAbIXaTeJIbHBIX MBIIIII]
COXpAHSAETCs, XOTs CHOHTAaHHAS BEHTUJIAMA
SABJISIETCS HEJOCTATOYHOM. BOoIbIITMHCTBO amnmapa-
TOB VBJI HOBOTrO IOKOJIEHUS UMEIOT PEeKUMBI,
JOITyCKAaIOIIXe CIIOHTAaHHYIO BEHTAJIALNIO U II03BO-
JISOIINEe ONTUMUA3UPOBATh CUHXPOHHOCTH PeCu-
paropa co CIOHTaHHbBIM JIbIxaHueM. [IppuMeHeHne
TaKUX PEKUMOB BEHTHUJAIUHA TpedyeT ropasno
MeHee IyOOKOM cejaliuyl aruenTos [5, 11].

2. JlnuTeabHasgs HEAKTUBHOCTD/TUIIOAKTHUB-
HOCTb AbIXaTeJIbHBIX MBIIIII BEJET K OIpeIeseH-
HOM cTerneHu ux aTpoduu, U NofaepsKaHne Kakok-
JuOO0 CIIOHTAHHOW MBIINIEYHOW aKTUBHOCTU
MOSKET SIBJIAATHCS 3aIUTHBIM pakTopom [11].

3. Hcnoap3oBaHue CXeM BEHTHJIAIUHU C
BKJIIOUEHHEM PEKMMOB BCIIOMOTaTe/IbHOM BEHTH-
JIALIAYM B HACTOsIIIee BPeMsI SIBJISICTCS YCTaHOBUB-
meficsi NMPAKTUKONW B OTHOIIEHUM TIAllMEHTOB,
OTKJIIOYEHVE KOTOPBIX OT BEHTUJIALIMY HEIIPOCTO [3].

4. PeaHnMMaTOJIOTH BCE Yallle NPeaI0YnTAIOT
HauMeHee MHBAa3WBHbIE METOObl BCIOMOTATE b-
HOU BEHTUJIAIIMY (HAalIpuMeDP, Ha3daabHasi BLICOKO-
IMOTOYHAsI OKCUTEHAINsI, BEHTUJISIIIUS MacKoOM), C
1eJs1bI0 n30eranust nHTyOanyu Tpaxeu, MIBJI, cena-
[IUH, a TAKKE IPYIUX HeyKeslaTeJIbHbIX MOMEHTOB,
CBSI3aHHBIX C KOHTPOJIMPYEeMON HCKYCCTBEHHON
BEHTUJIANNEHN JIeTKUX [3].

Regarding CFVS, we did not find its use in any
literature for hypercapnic respiratory failure. How-
ever, we recorded similar results with CFVS as other
authors with NIV regarding improved gas exchange
after 60 minutes of CFVS [12].

CFVSlacks all the disadvantages that non-inva-
sive ventilation mode associate with using either face
mask or nasal mask presented by Conti (1997). We no-
ticed a decrease in tidal volume necessary for dead
space ventilation (VDaw/VT) as a key factor for im-
provement when using CFVS. Decrease in breathing
efforts during inspiration is also a benefit. This implies
that CFVS mode may be as effective as ventilation
modes operating using a different principle [8, 9].

An important factor when weaning the patient
from the ventilator is the number of days on venti-
lator [11]. The need to continue mechanical lung
ventilation commonly appears in about 10-50% of
postoperative patients [6]. In our group of patients
ventilated with CFVS, weaning of 1 patient out of
11 was not successful.

Conclusion

CFVS is an effective and minimally invasive
mode of ventilator support that can be used in hy-
percapnic respiratory failure to avoid the need in
intubation and conventional ALV.
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Boapubie ¢ XH3JI, KOTOPBIM BBITIOJIHAETCS
oIeparivsi Ha cepile, IpeCTaBJISTIOT COOOH Imartu-
€HTOB I'PyNIIbl pucKa. MHOTrue COIyTCTBYIOIIHE
¢akTOphI, TaKME KAK MOCJE0NEePAITMOHHBIN CUH-
JIpOM CHCTEMHON BOCHAJUTEJbHON pearIuu
(CCBP), obuyibHBIE TaTOJIOTHYECKHE TIOTEPH,
HapyIIeHUs JIETOYHOT0 Ta3000MeHa, cepaevHas
HeJO0CTAaTOYHOCTh, a TaK)Ke BOCIIAJIUTeJAbHbIE
3a00JIeBaHUsI BEPXHUX U HUYKHUX JTbIXaTeTbHbBIX
IIyTel, MOTyT HOBBIIIATh JIETATBHOCTh B CJIydae UxX
muTeabHOro mpebwiBanuss B OPUT. Ilpm
OTKJIIOUEHUH TAaKUX [TallMEeHTOB OT anmnapara FBJI
MOT'YT BO3HUKHYTh CYILIECTBEHHbIE TPYAHOCTH [6].

Y IanueHToB CO 3J0POBBIMU JIETKUMH, KOTO-
PBIM [IeJIal0TCA ONepalivii Ha Cep/ilie, peKo BO3HU-
KaloT T0I00HbBIe TPOOJIEMBL. B peaysbsrare 3a4acTyio
HCIOJIb3YIOTCA ONUHAKOBbIE PEKUMBbI OTKJIIOYCHUS
or VMBJI y GOJIBHBIX CO 3I0POBBIMU HWJIU paHEe
MMOBPEYKIeHHBIMHU JIETKUMHM, Ha KOTOPbI€ TOTIOJTHU-
TeJIbHO BO3[IeHCTBYIOT Pa3/IMUHble 3TUOJIOTUYECKIe
¢hakTOpBI BO BpeMs oliepalivi Ha ceplle.

[IpuMeHeHre HEMHBA3UBHOU BEHTUJAIUU
(HMB) B cayvyae nexommneHcupoBaHHOU XH3JI
ysKe oIrcaHo B auTeparype. OHa 4aCcTO UCII0JIb-
3yeTcsi KaK CPEeNCTBO YMEHBIIEHUs paboThl
IBIXaHUsI, a TaKKe AJ11 n3beranus sHAoTpaxe-

anmpHOU mHTyOamuu [3]. HVB uncmoab3yeTcs ¢
IIOMOIIBIO IIJIOTHOH JIUI[€eBOU MacKU U IpUMeHe-
HUA pekuma InoajepXku pasjeHueM (I1]1).
HJaske KkpaTKOBpeMeHHOe HcIoab3oBanue HIB
MOKeT UMeTh HesKeJsareJbHble 3(QeKTHl,
HallpuMep, HeaJleKBaTHOe IIpuJjeranue JJuIeBon
MAacCKHU K JIA1y, Beyllee K aCHHXPOHHOCTH CIIOH-
TAHHOTO IbIXaHWA U BEHTUJIALAY, [IOBPEKICHUA
KOJKU JIMIa, aspodarus, pBoTa, pasnpakeHue
KOH'BIOHKTUBBI, CyXOCTh CJAU3UCTHIX, KJIAyCTPO-
(pobus1, HEBO3MOKHOCTh KOPMJIEHH S Yepe3 POoT,
Kaiiesb, MpobJjemMbl ¢ caHarued u T. 1. Tem
cambIM, ad@dexktuBHocTs HMB MoskeT cyie-
CTBEHHO CHU3UThCH [2, 3, 11].

HBBJI, ¢ npyro# CTOpOHBI, TAK)KE aCCOIMU-
pyeTcsi ¢ HECKOJIbKUMHY TOO0YHBIME 3 heKTaMHy,
HampuMep, He0OXOAMMOCTHIO BBEJ€HUS Ha30Tpa-
XeasJbHOTIO KareTepa. Bo3aMo)KHa TakKe MeXaHu-
yecKasi TpaBMa BePXHUX JbIXaTesJIbHBIX IyTeH,
XOTSI 9TO CJIy4aeTcs HedacTo. Y IalUueHTOB C
TUTIEpKAIHell MPUXoauTcs m30erath JIIOOBIX
LIEHTPaJIbHBIX CHOTBOPHBIX CPELCTB U UCIIOJIb30-
BaTh Ilepe] BBeJeHueM KareTepa TOJIbKO MECTHBIEe
AHEeCTETHKU. B cy4yae kakoro-an00 MOBBITIIEHUS
MHTPATOPAKaJIBbHOIO NaBJICHUA (KalleJb, JIJApUH-
rocnasM W T. J.), IpOrpaMMHOe o0ecrieueHne
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armapara 3a0JIOKMPYET 0Jjavy CBESKETO rada, TeM
CaMBbIM 3alUIAs JIETKUE OT 0apOTPaBMHbI.

MBI He HaIIIU B JIUTeparype YIIOMUHAHUH O
npumenennun HBBJI npu runepkanHuveckoun
JbIxaTeJIbHON HEAOCTATOUHOCTU. OJHAKO pe3yJib-
Tarel npuMeHeHusa HBBJI — yiydineHue raso-
oOMeHa nocsie Havyasia HBBJI, oka3ajanuch CXOKU-
MH C peayjbraraMy, II0JIy4eHHBIMU APYyTUMU
aBTopamu npu ucnoJsab3osanuu HVB [12].

HBBJI He uMeeT BceX TeX HeIOCTaTKOB PeyKu-
Ma HEMHBA3WBHON BEHTHUJISIINU C UCIIOJIH30BaHM-
€M KakK JINIeBOU, Tak 1 HOCOBOU MacKH, KOTOpPhIe
opuTn mpenacTtaBiaensl Conti (1997). CHuskeHUe
IbIXaTeJIbHOro 00beMa, HeoOX0auMoe /IS BEHTH-
JAIUA MepTBOTO TpocTpaHcTBa (MIlan/J10), cuu-
TaeM KJII04eBbIM (DaKTOPOM YJIy4dIlleHUsl raso-
obMeHa npu UCII0JIb30BAHUU HBBJI.
YMeHbIlleHre PaboThI IbIXaHUSI BO BpeMs BIIOXa
TaK’Ke ABJISETCA ee [IPEeuMYIeCTBOM. JTO IIofApa-
3ymeBaer, 4yTo peskuM HBBJI MO)KkeT OBITh Tak 5Ke
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Iocrynuna 26.05.19

a3 deKTUBEH, KaK U PEKUMBI BEHTHJISIINU, pa0o-
Talllye Ha ApyroM npunnumne [8, 9].

BaskHbIM (haKTOpPOM MPU OTKJIIOUEHUHU MallU-
euta ot VIBJI, sBasercsa uuciao WMBJI-guei [11].
Heo0xomuMOCTh TPOAOJIPKEHUST MeEXaHUYEeCKOU
BEHTWJIALIUM JIETKUX BO3HHUKAET IIPUMEPHO Y
10-50% mnocseonepanyoHHBIX MaleHTOB [6]. B
HAIlleM UCCJIeJOBaHUH, CPEIU ITAlIEHTOB, KOTOPhIE
nosrygasu HBBJI, mpo6s1eMbl ¢ OTKRIIOYEHUEM OT
pecnuparopa BOSHUKJIM TOJIBKO Y 1 rtarimenTa ua 11.

3akJaouenue

HBBJI siBisietcss a(peKTUBHBIM U MUHU-
MaJbHO WHBAa3WUBHBIM PEKUMOM BCIOMOTaTesb-
HOM BEHTWJISAILNU JIETKUX, KOTOPBIA MOSKET IPU-
MEHSIThCA TIPU PA3BUTUU THUNEPKATTHUYECKOU
IbIXaTeJIbHOW HEeI0CTAaTOYHOCTH JJI1 M30eranust
HeoOXOIUMOCTU UHTYOAIlUM Tpaxeu U MpoBeje-
HUs TpagunuoHHoi UBJI.
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3amecTuTeIbHAs Tepanus npenapaTraMy aHTUTPOMOUHA
B KOMILJIEKCHOM JIe4eHHH cercuca

. B. Pegkun!, A. ®. Jlonarun!, A. I. fiIBopoBckuif?, B. B. Jluxsaniien'?
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2 TIepBbIit MOCKOBCKUI roCcyapCTBEHHBIN MeIUIIMHCKUN yHUBepcuTeT uM. V1. M. CeuenoBa Munaapasa Poccun,
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Supplementation therapy with Antithrombin Drugs
in the Combined Treatment of Sepsis
Ivan V. Redkin', Andrey E Lopatin!, Andrey G. Yavorovskiy?, Valery V. Likhvantsev'?

! M. E Vladimirsky Moscow Regional Research Clinical Institute,
61/2 Shchepkin Str., Moscow 129110, Russia
21. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia,
8 Trubetskaya Str., Bldg. 2, 119991 Moscow, Russia

ITesis paboThI — OLIEHUTH 3 (PEeKTUBHOCTh IPUMEHEHUA 3aMeCTUTeIbHON Tepalui HeI0CTaTOYHOCTU
AQHTUTPOMOMHA ITPU KOMIIJIEKCHOM JIEUeHUH CeIICHca.

Marepuan u MeToAsbl. [IpoBe/ii MPOCIEKTUBHO — PETPOCIEKTUBHOE UCCIeI0BaHUA 3 PeKTUBHOCTU
3aMeCTUTeIbHON Tepalnn HeJJOCTaTOYHOCTY aHTUTPOMONMHA IPH celcuce; obcIenoBaHbl 90 manueHToB. B
3aBHCHUMOCTH OT TOTO, TPOBOAMJIN JIX KOPPEKITUIO HeIOCTaTOYHOCTH AaHTUTPOMOMHA, TAIleHTOB Pa3ae/InIn
Ha JBe rpynnsl. [lepBUYHON TOYKOU UCC/IeJOBAHUA BIOPAIN KOMIIO3UTHBIM UCXOJ] — YaCTOTy Pa3BUTHUSA
OCJIO}KHEHHI CO CTOPOHBI CepIeYHO-COCYIUCTOHN CUCTeMBI Yepe3 28 fHel moc/ie Hadasla JedeHus. Bropuy-
Hble TOYKU UCCJIeOBaHNA — YacTOTa Pa3BUTHUA HEOJIArOMIPUATHBIX COOBITHI Ha 28 IeHb OT HavyaJla JIeueHUs
u 180 nHeBHAsI JIETAJBHOCTD.

PesysbraThl. [pynnsl He pa3andaanch Meskay cobol HU 1o 28-THeBHOM JIeTaTbHOCTHU, HU 10 KOMIIO-
3UTHOMY ucxofy. [Ipu aHaMM3e BTOPUYHBIX TOUEK BBIABUIIH, YTO B TPYIIIe MAI[UeHTOB IO/Iy4aBIINX 3aMe-
CTUTEJIbHYIO Tepaluio aHTUTPOMOMHOM, PUCK PAa3BUTHA OCTPOTO ITOUYEYHOTO MOBPEsKIeHNUs ObLT CylIle-
CTBEHHO HUsKe Ha 28 1 180 cyTku oT Havasa jieueHus: OR 3,5 [95% CI 1,05-11,66] ipu p=0,04 u OR 2,92 [95%
CI 1,02-8,31] npu p=0,045, COOTBETCTBEHHO.

3akarouenue. KoppeKiys ypoBHA aHTUTPOMOMHA 10 YPOBHA aKTUBHOCTHU «boJ1ee 61%» accoluupoBaHa
CO CHIDKEHHEM YaCTOThI Pa3BUTHUS OCTPO nodyeuHoil HepoctarouyHoctu 111 ct. (KDIGO).

Karoueswle crosa: cencuc; 3amecmumeibHas mepanus; cmmumpomﬁuu; ocmpas nodevHas Hedocma-
NMO4YHOCMb

Purpose — to assess the efficacy of supplementation therapy for antithrombin deficiency in the combined
treatment of sepsis.

Materials and methods. A prospective-retrospective study of the efficacy of supplementation therapy for
antithrombin deficiency during sepsis was carried out; 90 patients were examined. The patients were split
into two groups whether antithrombin deficiency correction was or was not undertaken. The composite out-
come — the incidence of cardiovascular complications as of day 28 from the therapy commencement — was
chosen as the primary endpoint of the study. The secondary endpoints of the study were prevalence of adverse
events as of day 28 from the therapy commencement and 180-day mortality.

Results. There was no difference between the groups either in respect of 28-day mortality or composite
outcome. Analysis of secondary endpoints revealed that in the group of patients who received antithrombin
supplementation therapy, the risk of development of an acute renal injury was significantly lower on day 28
and 180 from therapy commencement: OR 3.5 [95% CI 1.05-11.66] at P=0.04 and OR 2.92 [95% CI 1.02-8.31]
at P=0.045, respectively.

Conclusion. Correction of antithrombin level to activity level ‘over 61%’ is associated with decreased inci-
dence degree I1I acute kidney failure (KDIGO).

Keywords: sepsis; antithrombin supplementation therapy; acute kidney failure
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BBenenune

SEPSIS III (Surviving Sepsis Campaign III)
TpeJyIaraeT paccMaTPUBaTh CETICUC, KaK OMACHYIO
JUTST SKU3HU AUC(YHKIIUIO OPTaHOB, BHI3BAHHYIO
JVCpery/siiell OTBeTHOM peaKIuy opraHn3Ma Ha
nHpeKkuo [1]. JleTaTbHOCTH TAIIMEHTOB C CETICU-
coM cocTaBJisieT 25-30%, a Y 60JTbHBIX C CenTuye-
CKHM IIIOKOM MOKeT nocturarb 35-40% u 6oJiee [2].

HermocpeicTBeHHOM TPUYNHON CMEpPTH IPU
cericuce B OOJBIITUHCTBE CJIy9aeB SIBJSIETCS
MOJTMOpTraHHasi HEeAOCTATOYHOCThL. Uale Bcero
IOpaskaeTCsI CepAevHo — cocynucTas (1o 80% ciry-
4YaeB) cucrema, mouku (mo 70%) u cucremMma Jbixa-
HUA (60-65%), peske, HepBHaA cucreMa (1o 50%) n
neyenb (35% ciaydaen) [3-5]. CseprhiBaolas
crucTeMa KpOBU CTpanaeT 6oJiee 4eM Y TOJIOBUHBI
60/IbHBIX (10 55-60%), 3aHMMasA, TaKUM 00pa3oM,
TIOJIOKEHUE «TJIe-TO B CEPEINHE CIIHCKA.

Hapy1ieHns KoaryJsiiiii 9acTo MPOSIBJISIIOT-
Cs1 B BUJIe CUHIPOMA TUCCEMIUHUPOBAHHOTO BHYT-
pucocygucrtoro csepreiBaHusa Kposu (JIBC) [6].
[Ipu sTomM HaOJIIOMAETCSI CHUKEHUE YPOBHS
$U3NOJTOTUIECKNX AaHTUKOATYJISIHTOB B TJIa3Me,
BKJIIOUast aHTUTPOMOUH (AT), 4TO sIBJIsIETCS Map-
KepaMU aKTUBAIIUY CUCTEMHOM Koarymsuu [7, 8].
B uacTtHOCTH, CHUKeHUE akTUBHOCTU AT siBJIsIeTCst
CJIeJICTBHEM Ype3MepHOro o0pa3oBaHus TPOMOU-
Ha [9], TOBBIIEHHON MMPOHUIIAEMOCTU COCYI0B
[10], ycropeHnHoi#1 gerpamarun AT, pa3BUBAIOIINX-
cs1 B pamkax [IBC [11] u B 3HAUYUTETHHON CTEIIEHU
BJIMAIONINX HA JIETAJILHOCTB IIpU cercuce [12].

9b(PeKRTUBHOCTH 3aMeCTUTETLHON Tepanuu
AHTUTPOMOMHOM B COCTaBe KOMIIJIEKCHOTO Jieue-
HUs Cellcuca M3ydajiach, 10 KpailHell mepe, B
IIECTH PAHIOMU3UPOBAHHBIX KOHTPOJHPYEMBIX
uccjiefoBanusx [13-18]. beiy 11osy4eHsl IpoTH-
BOpeumBbIe pe3yabraThl. Tak, B WCCJIETOBAHUU
«KyberSept» (2001) He Ob1/10 0OHAPY;KEHO KAKOTO-
Ju00 TOJIOKUTETBHOTO 3(pdeKrTa OT BBeIeHUS
BbICOKUX 103 AT [18]. OgHako, aHa/IN3 B HOATPYII-
ax MoKa3aJl JY4IIyIo BEIP)KMBAEMOCTb ITAIlUEHTOB
¢ cenicuc-accorumpoBanabiM JIBC [17]. Hayakawa
et al. (2018) npogeMOHCTPUPOBAIH, UTO TEPATIUA
npenaparamu AT B Hu3kux nosax (1500 ME/cyT B
TedeHUe 3 JHEH) YIydIaeT pe3yabraThl JIeUeHUsT;
JIETAJILHOCTB MAI[EHTOB TPYIINE «C O9Y€Hb HU3KOU
AHTUTPOMOMHOBON aKTUBHOCTHIO» OBbIJIa 3aMETHO
HUPKE CpeJIA TeX MAIMeHTOB, KOTOPhIe MOJIyJaan
Tepamnuio aHTUTpoMOuHOM [19].

O mnonokuTenbHBIX 3deKTax Tepanuu
AHTUTPOMOMHOM COOOIIATOCH U B HECKOJIBKUX
MeHee MOIIHBIX MccjieloBaHusAX [13, 14, 16, 20, 21].

Tem He MeHee, B TmOCJ/IefHENW pegaKkIuU
SEPSIS III pekomeHpmanya o Br/AO4YeHUIo AT B
COCTaB KOMILIEKCHOTO JIEYEHUSI CETCHCa OTCYT-
CTBYIOT BBUy HeJJOKa3aHHOH a(ppeKTUBHOCTH[22].

Ecyti UMEHHO 9TO SABJISIETCS MPUYUHON caep-
SKQHHOTO OTHOIIIEHUSI K TEPATTUA aHTUTPOMOMHOM

Introduction

SEPSIS-3 (Surviving Sepsis Campaign 3) sug-
gests considering sepsis as a life-threatening dys-
function of organs that is caused by dysregulation
of the body’s response to infection [1]. Mortality of
sepsis patients amounts to 25-30% and might reach
35-40% and more in septic shock patients [2].

In most cases, the immediate cause of death
during sepsis is multiple organ failure. Most fre-
quently affected are cardiovascular system (up to
80% of cases), kidneys (up to 70%) and respiratory
system (60-65%); nervous system (up to 50%) and
liver (35% of cases) are affected rarer [3-5]. Blood
coagulation system suffers in more than half of pa-
tients (up to 55-60%), thus, being somewhere «in
the middle of the list».

Coagulation disorders often manifest as dis-
seminated intravascular coagulation (DIC) syn-
drome (DIC) [6]. In this instance, decrease of
plasma physiological anticoagulants including an-
tithrombin (AT), which are markers of system co-
agulation activation, is observed [7,8]. In particular,
reduced AT activity is a consequence of excessive
formation of thrombin [9], increased permeability
of vessels [10], and accelerated degradation of AT,
which develop as part of DIC [11] and largely affect
mortality during sepsis [12].

The efficacy of antithrombin supplementa-
tion therapy as part of combined treatment of sep-
sis was studied at least in six randomized controlled
studies [13-18]. Contradictory results were re-
ceived. For example, the KyberSept study (2001) did
not find any positive effect from administration of
high doses of AT [18]. However, analysis in sub-
groups showed better survivability of patients with
sepsis-associated DIC [17]. Hayakawa et al. (2018)
demonstrated that AT therapy at low doses (1500
IU/day for 3 days) improves the treatment out-
come; mortality of patients in the ‘very low an-
tithrombin activity’ group was noticeably lower in
patients who received antithrombin therapy [19].

Positive effects of antithrombin therapy were also
reported in a few smaller studies [13, 14, 16, 20, 21].

Nevertheless, the latest version of SEPSIS-3
does not include a recommendation to include AT
into combined treatment of sepsis due to unproven
efficacy [22].

If this is the reason for reserved attitude to an-
tithrombin therapy during sepsis, this study has
been undertaken to obtain additional data in this
field. Its purpose was to assess the efficacy of sup-
plementation therapy for antithrombin deficiency
in combined treatment of sepsis.

Materials and Methods

Characterization of patients. A cohort prospec-
tive-retrospective study of 137 sepsis patients was carried
out. The control group (no antithrombin therapy) was
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Ipu Ccercuce, To uCCjaeqgoBaHne MMpearnpuruHAIn C
[HeJbIO ITOJIY4Y€HUA NOIIOJTHUTEJIbHBIX JAHHBIX B
9TOM HaIlpaBJIEHWUU.

MarepuaJua u MeToabI

O011asA XapaKTePUCTUKA OOTBHBIX U METO/IbI HC-
caenoBaHus. [I[poBeeHo IPOCIEKTUBHO-PETPOCIIEKTHB-
HOE KOrOPTHOE MccJeloBaHye 137 manueHToB C CeINch-
coM. KoHTpoJIbHas rpyIa (Tepanuist aHTUTPOMOMHOM He
MIPOBOIMIACE) ObLTa COPMUPOBAaHA PETPOCIEKTHUBHO Ha
OCHOBaHMH aHAJIM3a UCTOPHH 60J/Ie3HN 83 MaleHToB C
cericucowm, nnpoxoausunx jieuenue B 'bY3 MO MOHUKN
uM. M. ®. Biranumupckoro u @I'KY I'KBI' 1. [osmmibiao B
nepuop ¢ 11.2017 r. mo 04.2019 r. 33 maueHTa 3TOU
TPYIIIBI HE COOTBETCTBOBAJIA KPUTEPUAM BKJIIOUYECHNA BO
BTOPOU 3Tall UCCJIeJOBaHUs (YDOBEHb AKTUBHOCTH aHTHU-
TpoMOuHA >61%). TakuM 06pasom, 50 MaIMEHTOB IPHU-
HSJIU y4acTHe B UCCJIeJOBAaHUH B KaueCTBe KOHTPOJIbHON
TPYIIIBI, COITIacCHO oobpeHuio HesaBrcmmoro koMureTa
110 3THKeE, TPOTOKOJI Ne 9 OT «12» OKTAOps1 2017 T

Wccnenyemas rpynna (54 manueHTa ¢ CeIcucoM ¢
YPOBHEM aHTUTPOMOUMHA «MeHee 60%» BBOIUIN aHTH-
TpoMOUH) HabupaJsach npocnekTUBHO ¢ 01.2016 T. 1Mo
12.2018 r. 4 manueHTa 9TOH I'PyNIIbI BCTPETUIU KPUTe-
puu HUCKIIOYeHus W 10 manueHTOB KPUTEPUM He
BRJTIOUeHUs1. TakuM 06pasoM, ncciieayemas IpyIa co-
craBuiia 40 TalMeHToB, OTBeYaBIINX TPeOOBaHUAM Ha-
CTOAIIET0 uccaenoBannsA. Cxema uccae0BaHUsA IIOKa-
3aHa Ha PUCYHKe.

VccnenyemMasi M KOHTPOJIbHAsI TPYHIBI OBIIN
CPaBHUMBI 10 TEHIEPHOMY X BO3PACTHOMY IIPA3HAKAM,
110 aKTUBHOCTH aHTUTPOMOWMHA, a TaK)Ke HAJUYUIO B
aHamMHe3e 3a00JIeBaHWI: HapyIIeHNe pUTMa CEPAIA,
unleMuyeckass 60/1e3Hb CepAlla, cepaedyHass HeJoCTa-
TOYHOCTH ¥ XpOHUYECKasi 60JIe3Hb Movyek (TadJ. 1).

Takum 06pa3oM, IPoBeieHHOe CPaBHEHUE, II03BO-
JIA€T CYMTATh BbIJI€JICHHbIE I'PYIIIIbI CDABHUMBIMY, a pe-
3yJIBTaThl IPOBEIEHHOIO UCCIEL0BAHNA KOPPEKTHBIMMU.

Kpurepun BRIIOYECHUA:

1. YcTaHOBJIEHHBIN CEICUC XUPYPIUUECKOro U
HeXUPYyprudecKkoro Ipoduiisi ¢ BbIABJIEHHbIM HCTOYHU-
KOM MH(}EeKInH.

2. Bpemsa or MOMeHTa yCTaHOBKHU nuarHoaa «Cerr-
CHC» 10 BRJIIOYEHHS B HCC/IeoBaHue — He GoJiee 48
4acoB.

3. Bospacr 18-75 ser.

4. AKTHBHOCTH aHTUTpOMOUHA <61%.

5. OTCyTCTBHAE XPOHUYECKUX BOCITAIUTE/IBHBIX 3a-
OoJieBaHUII B aHAMHE3E.

TaGuuia 1. XapakTepuCTHKA MAHEHTOB B IPyIIax.
Table 1. Characterization of patients in groups.

Number of sepsis patients
n=137

Patients who made up
the study group according
to inclusion criteria

/Patients who made up
the control group

(retrospectively) (prospectively)
\_ n=83 n=54
Not included
in the study Excluded from Met
due to absence the study non-inclusion
of inclusion according criteria
criteria to exclusion n=10
n=33 criteria
n=4
Control group Study group
n=50 n=40
Cxema uccJ/Ie10BaHUs.
Study design.

IIpumeuanwue. /[ puc. 1, Ta6a. 1: Number of...patients —
yprcIIo nanyeHToB; the control/study group — KOHTpoJIbHAsI/ MC-
ciaenyeMas IpyIIa. ... Sepsis ... — ¢ Cencucoy; ... who made
up ... — COCTaBHBIIIHE; retrospectively/prospectively — perpo-
CIIEKTUBHO/IPOCIIEKTUBHO; according to inclusion criteria — B
COOTBETCTBUU C KpUTepusiM BrJIoyeHus; not included in the
study due to absence of inclusion criteria — He BoIM B uccie-
JOBAaHUE 10 IPUYNHE OTCYTCTBUA KPUTEPUEB BKIIIOUEHHST; €X-
cluded from the study according to exclusion criteria — nckso-
YeHbl M3 WCCJIEIOBAHUSA B COOTBETCTBUHM C KPUTEPHUSIMH
HCKJIIOYEHNs; met non-inclusion criteria — BcTpeTuau Kpure-
PUH HEBKJIIOUEHHUSL.

formed retrospectively based on the analysis of case
records of 83 sepsis patients who were treated in Moscow
Region State Budgetary Healthcare Institution, M. E
Vladimirsky Moscoe Region Clinical and Reseach Insti-
tute («MONIKI»), and Golitsino Federal State Major Clin-
ical Military Hospital, during the period of 11.2017 to
04.2019. 33 patients of that group did not meet the crite-
ria of inclusion into the second stage of the study (an-
tithrombin activity >61%). So, 50 patients were included
in the study as the control group, as endorsed by the In-
dependent Ethics Committee, Minutes No. 9 dated 12
October 2017.

The study group (54 sepsis patients having an-
tithrombin activity level ‘less than 60%', to whom an-
tithrombin was administered) was selected prospectively
from 01.2016 to 12.2018. In 4 patients of that group, ex-
clusion criteria were found, and in 10 patients — non-in-
clusion criteria. Thus, the study group consisted of 40 pa-

Parameters Values of parameters in groups P
Control Study

Number of patients, n 50 40

Men/women, 7 (%) 33/17 (66/34) 23/17 (57.5/42.5) 0.9
Age of patients, years mean + SD 49+15 51+15 0.8
AT activity % [IQR] 51 [38-60.8] 44 [32-60.9] 0.7
Arrhythmias, n (%) 12 (23) 7(17.5) 0.62
IHD, n (%) 8 (12) 4 (10) 0.6
CI, n (%) 10 (20) 6 (15) 0.77
CKD (w/o reference to a stage), n (%) 3(1.5) 1(2.5) 0.43

IIpumeuanwue. /{51 TabJ1. 1, 2: parameters — napameTpsl; values of ... in groups — 3HaYeHus B rpymmnax; men/women — MysK-
YUH/)KEHIIVH; age, years, mean — BO3pacT, JieT, cpeaHee; activity [[QR] — akruBHocTh [MKU]; arrhythmias — apurmuy; IHD —
VBC; CI — CH; CKD (w/o reference to a stage) — XBII (6e3 yka3aHUsI CTIAHH).
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Kpurepun He BRIIOYECHUA:

1. Hasmdrie OHKOJIOTHYECKUX 3a00/IeBaHUM.

2. Hamuune BY-undexruu.

3. bepeMeHHOCTb.

Kpurepun UCKI0OYEHUSA:

1. CepbesHble XUpyprAdeCKHUe OCI0KHEHUS, CBA-
3aHHBIE C OIlePAaTUBHBIM BMeIIATe/IbCTBOM (MaCCUBHOE
KpOBOTeUYeHNe, TeMOpparndecKuil oK).

JIMarHoCTUKY U Tepamuio celcruca NPOBOAUJIU B
coorBeTcTBNU ¢ pekoMeHpanuamu SEPSIS I1I [22]. Crap-
TOBasi aHTHOAKTepHaIbHasI Tepanys BKJI0Yasa Iperna-
parbl HIIMPOKOTO CIIEKTPpa AelCTBUS; [10c/Ie Bepudukra-
[IUY IIaTOreHa U yCTAHOBJIEHUS YYBCTBUTEIbHOCTY, IIpU
HeOoOXOIMMOCTH, IPOBOIUJIM KOPPEKIINIO Ha3HAYEHHUH.
VH}Y3MOHHYIO Tepaluio TaKk)Ke IPOBOJUJINA B COOTBET-
crBuu ¢ peromenganusamu SEPSIS 111 [22].

Crpareruss U TaKTUKa HMHTEHCUBHOH Tepanuu
OBlIa OFTHAKOBA JIJIsI BCeX NMAIeHTOB. CyTOYHBIN MO-
HUTOPWHT IIPOBOJWJICSI B COOTBETCTBHU C TpeboBa-
HuAME «[apBapackoro craggapra» [23].

EnVHCTBEHHBIM OTIMYKEM HCCJIeayeMOM IPyIIIbI
SIBUJIACh KOPPEKITNS YPOBHS aHTUTPOMONHA ITyTeM B/B
BBeneHuA npenapata AHTUTPOMBUWH III gesioBeue-
ckuii «BAXTER, AG» CIIIA. IIpuHuMas Bo BHUMaHUe pe-
3yJIBTaThI IPOBEEHHOI0 paHee UccjiefoBanus [24], ma-
MeHTaM, Y KOTOPHIX YPOBEHb aHTUTPOMOMHA Ha 5-€
CYyTKU COCTaBJIAJ MeHee 61% aKTUBHOCTH, IPOBOIWIIA
3aMEeCTHATEJIbHYIO Tepanuio AT 10 TOCTH)KEeHUA LeJie-
BOTO ypOBHS «060Jjee 61% aKTHBHOCTH». JlaHHBIN ypo-
BeHb AT IofIIepsKUBaJIN BCe BpeMs IpeObIBaHSA ITalfi-
enTta B OPUT, myTeM, mpy HeOOXOAMMOCTH, IPOBEIEHUS
TIOBTOPHBIX TPaHCQy3Uil.

J103y 1 4acTOTy BBEICHUA BCEra yCTaHABJIUBAIN
Ha OCHOBAHUH KJIMHUYECKOU 9(p(PEeKTUBHOCTU U pe-
3yJIBTaTOB J1a00PATOPHBIX HCCJIEOBAHUNA B KaKIOM
KOHKPETHOM CJIy4ae, UHIUBUTYAIbHO.

HavasnbpHy10 103y pacCUYUTHIBAINA COIVIACHO WH-
CTPYKLIMH 10 IPUMEHEHUIO IIperapara:

Dd = Mt X ((Lt-Li)/2)

I'ne, Lt— uesieBoii ypoBeHb akTUBHOCTH AT (%); Li—
HUCXOOHBIN ypoBeHb akTuBHOCTU AT (%); Mt — Macca
Tesa (Kr); Dd — Heobxomumas qo3a npenapara (ME).

HcciienoBanus nokasaTesieil remMocTasa BbIIIOJI-
HAMMCh Ha anasmaaTope ACL TOP 700 («Instrumentation
Laboratory», CIIIA).

KoHeuHble TOYKH HcciaegoBaHuA. [lepBruuHas
KOHEeYHas1 TOYKAa — KOMITO3UTHBIN UCXO U 28 THeBHAsT
JIETaJIbHOCTb, BTOPUYHAsI KOMIIO3UTHBIA ncxon u 180
JTHEBHAas JIeTaJIbHOCTb.

He6JraronpusaTHIMY KJIMHIYECKIMHI COOBITHSMU
(OCIOKHEHUAMM) CUUTAJIN:

e OPJIC B cooTBeTcTBUY ¢ bepanHCKUM onpefe-
JieHneM [25].

e OCH (ocTpas cepaedyHass HeJOCTaTOYHOCTB).
JTnarao3 OCH cTraBm/M Ha OCHOBAHHUM CTOMKOTO CHH-
sKkeHusA cpeanero AJl HUKe 65 MM PT. CT., C ACKJIIOYe-
HHUEeM JPYTUX BO3MOYKHBIX IPUYUH apTepUaJbHON I'i-
TIOTEH3WH U NOTPEOHOCTh B MHOTPOITHOH ITOJIIEPIKKE B
BUJIe IOCTOSIHHOU MH(Y3UHU Ba30IIPECCOPOB C MOACYe-
TOM 00111€e# 036l Vasopressor Score (Ba3oIpecCOPHBIH
wHeKC) [mobyTamuH X 1] + [HOpanpeHaauH X 100] [26].

e OIIH B cooTBeTcTBUHU € KpuTepusamu KDIGO,
20121 [27];

OHCIIO — ocHOBHbIe HebGJIATONMPUSTHBIE Cep-
JIEIHO-COCYIUCThIE U IlepebpabHbIe OCTIOKHEHU:

tients meeting the study requirements. The study design
is presented on fig. 1.

The study and control groups were comparable as
regards gender and age, antithrombin activity, and past
history of: cardiac rhythm disorders, ischemic heart dis-
ease, cardiac insufficiency, and chronic kidney disease
(table 1).

Thus, the comparison between groups revealed no
differences in parameters shown (table 1).

Inclusion criteria

1. established ‘sepsis’ of surgical and non-surgical
profile with an identified source of infection,

2. time from ‘sepsis’ establishment to inclusion
into the study is no longer than 48 hours,

3. Age of 18 to 75 years,

4. Antithrombin activity <61%,

5. Absence of past history of chronic inflammatory
diseases.

Non-inclusion criteria

1. Presence of oncological diseases,

2. Presence of HIV infection,

3. Pregnancy.

Exclusion criteria

1. Severe surgical complications related to opera-
tive intervention (massive hemorrhage, hemorrhagic
shock).

Sepsis diagnosis and therapy followed SEPSIS III
guidelines [22]. The starting antibacterial therapy in-
cluded drugs of a wide range of action; after pathogen ver-
ification and establishment of sensitivity, if necessary, the
prescribed therapy was adjusted. The infusion therapy
was also carried out pursuant to SEPSIS III guidelines [22].

The intensive care strategy and tactics was the same
for all patients. Daily monitoring was carried out in com-
pliance with the Harvard Standard requirements [23].

The only difference of the study group consisted in
antithrombin correction by intravenous administration
of the drug ANTITHROMBIN IIl human (BAXTER, USA).
Taking into account the results of earlier study [24], pa-
tients whose antithrombin on day 5 was less than 61% of
activity, received supplementation AT therapy until the
target value of ‘over 61% of activity’ was reached. The said
level of AT activity was maintained during the whole pe-
riod of patient’s stay in ICU, as necessary, by repeated
transfusions.

The dose and regularity of administration was al-
ways set based on clinical efficacy and laboratory find-
ings individually in each particular case.

The starting dose was calculated according to prod-
uct’s instructions for use:

Dd = Mt X ((Lt-Li)/2)

where Ltis the target AT activity (%); Liis the initial
AT activity (%); Mt is the body weight (kg); Dd is the re-
quired dose of the drug (IU).

Homeostasis was examined using analyzer ACL
TOP 700 (Instrumentation Laboratory, USA).

Endpoints of the study. The primary endpoint of
the study was the composite outcome: the prevalence of
cardiovascular complications on day 28 from treatment
commencement. The secondary endpoints were the in-
cidence of adverse events as of day 28 from treatment
commencement and 180 day mortality.

The following was considered an adverse clinical
event (complication):

¢ ARDS according to the Berlin definition [25].
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¢ CobbITHe OcTpOTo HH(papKTa MUOKap/a [28].

e XpoHHUecKas cepjAedyHas HeNO0CTaTOYHOCTb
BIIEpBbIe TMOSIBUBIIHECS, BHYTPUOOJIHHUYHEIE, TTPHU-
3HAKM WJIM CUMITOMBI CTEHOKApAWUM (OABIIIKA WA
YCTaJIOCTh, OPTOIIHO3, IIApOKCH3MaJibHAs HOYHAsA
OJIBIIIIKA, YBeJIUYEHHe «JIerOYHOI0 1aBJIeHUs», J1erod-
HbI€ XPUIIBI IIPU AYCKYJIbTAllNHU, KapAuOMeTaus).

¢ HOC (se¢daranbHass ocTaHOBKA Cep/AIa) — OT-
CyTCTBUE CEPJAEYHOTO PUTMA UJU HaJWYME XaoTHU4e-
CKOTO pUTMa, TPeOYIOIIero JIIOO0ro KOMIOHeHTa 6a3o0-
BOM WJIM pPACHIMPEHHOH TOAJEPKKH CepaevyHOu
nesATeJIbHOCTHU [29].

e BBA (BnepBble BbISIBJIEHHOE WJI BHOBb BO3-
HUKIIIee HapylleHne putMa cepana): IKI ceugeresnb-
CTBYeT O TpereTaHnuu, GuOPUIIAINN peCepauii UIu
0J10Ka/ie aTPHOBEHTPHUKY/ISIPHON ITPOBOAMNMOCTH BTO-
PO Uu TpeThel CTeneH .

e MHcynsr, KoTopbli cortacHo ACS-NSQIP onpe-
JieJIsieTcsi Kak aMO0JIIIecKoe, TPOMOOTHYEeCKOe HJTH Te-
Mopparmdeckoe IepedpaabHoe 3aboJsieBaHNe (0CJIOK-
HEHUEe) C YCTOWYMBOW OCTATOYHOU [BUTATEJIHHOM,
CEHCOPHOU WM KOTHUTUBHOU nucdyHkimei [30].

e OIluH — puarHocTuka IUCHYHKIUU IeYeHu
comnacHo pykoBogsamym npunHiunam SEPSIS 111, ocHo-
BaHa Ha yBeJIMYEHUH KOHIIEHTPAITUY OMJTUPYOUHA B ChI-
BOpOTKe > 2 Mr/ 11 (34,2 MKMOJIb/J1) U BOSBHUKHOBEHUH
roarynonaruu (MHO > 1,5) [22].

®  KOMIIO3UTHBIHN UCXO[ JIEYEHUS — PACCUUTHIBAIN
KaK CyMMa BBIIIIe TePeYCIIEHHBIX OCJIOKHEHMH [31].

JlaHHbBIe COOMpaNM MO IBYM (PUKCHPOBAHHBIM
TOYKaM, OIIPEJEeJIEHHBbIM B HCCJIEJOBAaHUU: 28 CyTKU
aevyenusa B OPUT u 180 ot Havyasa sedeHus.

CraTucTH4ecKuii aHaIu3. [laHHbIe, T0JTydYeHHbIe
B XOfIe MICCJIeIOBaHMs, 00pabaTeIBaIy C IOMOIIHIO
IpOrpaMM CTaTUCTUYECKOro aHa/maa Statistica 10 (Stat
Soft, Inc. 2011) u MedCalc 12.5.0. (MedCalc Software,
CIIA) [32].

Bce nepemeHHble, IOJIyYeHHBIE B X0Jle UCCIef0Ba-
HUs, IOIBEPIVIA CTAHAAPTU3ANY U UCCAEeJOBAHUIO HA
HOPMAJIBHOCTh pacupefeneHusa 1o kpurepuio Illa-
nupo-YuJska [33].

IlepemenHbIe, IOJIyYUBIIIFIEe HOPMaJIbHOE pacipee-
JleHre — IIPeJICTaBUJIU KaK CpelHue apudMeTryecKue Be-
JUYUHBI (M) CO CpeTHUM KBaJIpaTUYHBIM OTKJIOHEHUEM
(s). 1151 onipesiesieHUs CTaTUCTUYECKOM 3HAYUMOCTH OT/IH-
YU HOPMAJIBHO pacrpeeéHHbIX IepeMeHHbBIX, IIpuMe-
HAJIY TapHBIH #-KpuTepuil CThIONEHTA.

IlepeMeHHBIE, HE TOJTYYUBIIIFE HOPMATBHOTO pac-
TIpeJiesIeHus, TIPeICTaBUIN B paboTe MeIaHOH 1 MeXK-
KBapTUJIBHBIM HHTEepBasoM (Me [25; 75]), moBepUTe/Ib-
HBIM HHTEPBAJIOM cuuTa u 3Ha4yeHue B 95% (AU 95%).
OnpenesieHre 3HAYUMOCTH OTJIMYUI OIeHUBAJIH, UC-
N0JIB3Ys CJlefylolue HellapaMeTpudecKrue KpUTepuu:
U-kputepuii MaHHa-YUTHU — [JII HE3aBUCHUMBIX
rpyni. JIyist cpaBHeHUsI 4aCTOT Ka4eCTBEHHbIX IlepeMeH-
HBIX — XW-KBapaT U IBYyCTOPOHHUI TOUHBII KpUTEPUH
duiepa, onpejesieHre OTHOLIEHNUs IIAHCOB.

CTaTuCTUYECKYI0 3HAYUMOCTD Pa3/JIMIUU IPUHU-
manu npu p<0,05.

Pe3ybTaThl ¥ 00CYK/IEHHE

Hcrosib30BaHre aHTUTPOMOWHA He ITOBBICHU-
JIO IITAHCOB Ha OJIaTONIPUATHBIN UCXO ITPU CETICHCE
OR 1,20 [95% CI 0,49-2,94] npu p=0,84; 1 He BJIMUJIO

e Acute heart failure (AHF). AHF was diagnosed
based on persistent decrease of mean ABP beneath 65
mm Hg with the exception of other possible reasons for
arterial hypotension and requirement for inotropic sup-
port in the form of continuous infusion of vasopressors
with estimation of the total dose (Vasopressor Score)
[Dobutaminum x 1] + [Noradrenaline x 100] [26].

¢ ARF according to KDIGO, 2012 [27];

MACCE — major adverse cardiac and cerebral
events:

¢ Acute myocardial infarction [28].

e Chronic cardiac failure, occurred for the first
time nosocomial signs or symptoms of angina pectoris
(dyspnea or fatigue, orthopnea, paroxysmal nocturnal
dyspnea, increased ‘pulmonary pressure’, auscultated
pulmonary rale, cardiomegaly).

e NCA (non-fatal cardiac arrest) — absence of
hearth rhythm or presence of a chaotic rhythm, which re-
quires any component of basic or extended cardiopul-
monary resuscitation [29].

e FDA (first detected or first occurred arrhyth-
mia): ECG signs of flutter, atrial fibrillation, or atrioven-
tricular block of the second or third degree.

e Stroke, which, according to ACS-NSQIP is de-
fined as an embolic, thrombus, or hemorrhagic cerebral
disease (complication) with persistent residual motor,
sensory, or cognitive dysfunction [30].

e ALF — liver dysfunction according to SEPSIS III
guidelines, (increased serum bilirubin > 2 mg/dl (34.2 umol/l)
and occurrence of coagulopathy (IHR> 1.5)) [22].

¢ Composite outcome of treatment — was calcu-
lated as a sum of the above complications [31].

Data were acquired at two timepoints determined
in the study: day 28 in ICU and day 180 from the treat-
ment commencement.

Statistical analysis. Data obtained in the course of
the study were processed using software for statistical
analysis: Statistica 10 (Stat Soft, Inc. 2011) and MedCalc
12.5.0. (MedCalc Software, USA) [32].

All variables received in the course of the study
were subjected to standardization and analysis for nor-
mality of distribution using the Shapiro-Wilk test [33].

Variables featuring normal distribution were pre-
sented as arithmetic means (M) and root-mean-square
deviation values. To determine the significance of differ-
ences of normally distributed variable, paired Student -
test was used.

Variables that did not follow normal distribution
were presented as a median and interquartile interval
(Me [25; 75]), the confidence interval was regarded equal
t0 95% (CI 95%). Significance of differences was assessed
with the help of the following non-parametric criteria:
Mann-Whitney U-test for independent groups; frequen-
cies of qualitative variables were compared using two-
tailed Fisher’s exact test and odds ratio.

Differences were considered significant at P<0.05.

Results and Discussion

Antithrombin usage did not rise the chances
for favorable outcome during sepsis: OR 1.20 [95%
CI 0.49-2.94] at P=0.84; neither did it affected the
composite outcome of treatment in the study
group. Mann-Whitney U-test did not show statisti-
cally significant difference in the composite out-
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Tabsauia 2. YacToTa pa3BUTHSA HEOJIAroNMPUATHBIX COOBITHI U 28 THEBHAsI J1€TaIbHOCTbD.
Table 2. Prevalence of adverse events and 28 day mortality.

Parameters Values of parameters in groups P
Control, n=50 Study, n=40
Hospital (28-day) mortality, n (%) 17 (34) 12 (30) 0.69
NCA, n (%) 3 (6) 2 (5) 0.84
FDA, n (%) 25 (50) 18 (45) 0.47
Angina pectoris, n (%) 5(10) 3(7.5) 0.41
AHE n (%) 35 (70) 22 (55) 0.16
Myocardial infarction, 7 (%) 2 (4) 1(2.5) 0.39
ACVE, n (%) 3 (6) 2 (5) 0.84
ARDS, n (%) 30 (60) 22(55) 0.47
Stage III ARE n (%) 14 (28) 4 (10) 0.04
ALE n (%) 14(36) 12(30) 0.21
MACCE + ARDS + ARF + ALE score per 1 patient 148 (2.96) 98 (2.45) 0.22
Me [interquartile interval] 3.0 [1.0-5.0] 2.0 [1.0-4.0]

Note. For the meanings of abbreviations refer to material and metods.

ITpumeuanwue. Hospital (-day) mortality — rocnuTansHas (-gHeBHasA) JeTaabHOCTh; NCA — HOC; FDA — BBA; angina pectoris
— crenokapaust; AHF — OCH; myocardial infarction — undapkt muokapaa; ACVE — OHMK; ARDS — OPJIC; stage III ARF —
OITH III craguu; ALF — OnruH; MACCE — OHCILIO; score per 1 patient — 6amsbl n3 pacuera Ha 1 manmenTa; Me [interquartile in-
terval] — Me [MeKKBapTUJIBHBIN HHTEpBaJI]. PacimudpoBka abbpeBuaryp — B MaTepraIax i METOHAx.

Ha KOMIIO3UTHBIN MCXO] JIeueHUsI B UCCIeayeMON
rpynmne. U-kputepruii MaHHa—YUTHU He ITOKa3aJl
CTAaTUCTAYECKU 3HAUMMOU Pa3HUIIbI 10 KOMITO3UT-
HOMY UCXOJly MEYKTY MCCJIelyeMOU U KOHTPOJIbHON
rpynmnamu 2,0 [1,0-4,0] 1 3,0 [1,0-5,0], p=0,22.

[IpumMeHeHne 3aMeCTUTEJILHOU Tepanuu
AHTUTPOMOMHOM He CHU3WJIO PUCKU PAa3BUTHS U
JIPYTUX HeOJIarONPUSITHBIX COOBITAH Y TAITEHTOB
Ha 28-e cyTkH JiedeHus (Taba. 2): OHMK: OR 1,21
[95% CI 0,19-7,63] ipu p=0,84, OPIIC: OR 1,23 [95%
CI 0,53-2,85] mpu p=0,63, OITaH: OR 0,91 [95% CI
0,36-2,27] npu p=0,84, a Takxe Ha PUCK PA3BUTUA
BIlepBbIe BbIsABJIeHHOU aputMum OR 1,22 [95% CI
0,53-2,81] npu p=0,64, a1M3040B UILIEMUU MUO-
Kapga OR 1,37 [95% CI 0,32-6,12] npu p=0,68; ocT-
poii cepaeunoii HegocTarouHocTr OR 1,91 [95% CI
0,80-4,55] mpu p=0,14; undapkra muokapga OR
1,63 [95% CI 0,14-18,6] ipu p=0,69 u «Hedarab-
HOM ocTaHoBKM cepna» OR 1,21 [95% CI10,19-7,63]
pu p=0,84.

OpHako B HccieayeMol Ipyle oTMedyeHO
3HAYMMOe CHUKeHne prucka pa3dsutus OITH III cT.
OR 0,29 [95% CI 0,09-0,95] ipu p=0,04.

Yepes moJiroga mocJie BbIIMUCKA U3 CTAIIUO0-
Hapa, BbIsIBJIEHHbIE TeHIEHIINN He N3MEHUJINCH
(radJ. 2).

180-Tu mHEBHasA JIETAJIBHOCTH COCTaBUJIA B
uccjiegyemoii rpymie 47,5%, B KOHTPOJIbHON — 52%
(p=0,83), TakuM 06pa3oM, ucrob3oBanue AT He
TIOBBIIIIAET ITAHCHI Ha OJIarOMPUATHBIA UCXOM ITPU
cernicuce: OR1,20 [95% CI 0,52-2,75] pu p=0,67.

KonnyecTBO mamueHTOB, MPOAOJIKAIOIIUX
JgedeHue 1o nosoxpy OITH 3 ct. yepes moJroga
MOCJIe BBINIMCKYU U3 CTAllMOHApa cocTaBuiio 15% B
uccjaenyeMoil u 36% KOHTPOJIBHOM TIpyImax
(p=0,03), Takum obpa3oMm, Tepanus AT mpen-
yIpeskaaeT pucK pa3BuTus xpoHudeckoil ITH c
OR 2,92 [95% CI 1,02-8,31] ipu p=0,045.

B pesysnbsrare npoBegeHHOI0 UCCIEN0BaHUSA
OBIJIO YCTAaHOBJIEHO, YTO KOPPEKIIHS HEIOCTATOY -

come between the study group and control group:
2.0 [1.0-4.0] and 3.0 [1.0-5.0], respectively, P=0.22.

The antithrombin supplementation therapy
did not lower the risk of development of adverse
events in patients on therapy day 28 (table 2):
ACVE: OR — 1.21 [95% CI 0.19 — 7.63] at P=0.84;
ARDS: OR — 1.23 [95% CI 0.53 — 2.85] at P=0.63;
ALF: OR — 0.91 [95% CI 0.36 — 2.27] at P=0.84, or
risk of development of first diagnosed arrhythmia:
OR —1.22 [95% CI 0.53-2.81] at P=0.64; myocardial
ischemia episodes: OR — 1.37 [95% CI 0.32-6.12] at
P=0.68; acute heart failure: OR — 1.91 [95% CI
0.80-4.55] at P=0.14; myocardial infarction: OR —
1.63 [95% CI 0.14-18.6] at P=0.69; and ‘non-fatal
cardiac arrest’: OR — 1.21 [95% CI 0.19-7.63] at
P=0.84.

However, significant decrease of the risk of de-
velopment of degree III ARF III was found in the
study group: OR — 0.29 [95% CI 0.09-0.95] at
P=0.04.

Half a year after discharge from the hospital,
the revealed trends were not changed.

The 180-day mortality was equal in the study
group to 47.5% and in the control group — 52%
(P=0.83). The results demonstrates that the AT does
not rise the chances of favorable outcome during
sepsis( OR 1.20 (95% CI 0.52-2.75), P=0.67).

The number of patients who continued treat-
ment for stage III ARF half a year after discharge
from hospital amounted to 15% in the study and
36% in the control groups (P=0.03); hence, AT ther-
apy prevented the risk of developing chronic renal
insufficiency (OR = 2.92 (95% CI 1.02-8.31),
P=0.045).

Thereby, antithrombin deficiency correction
is associated with reduced risk of developing renal
insufficiency both on therapy day 28 and on day
180 after discharge from the hospital.

Similar results were obtained earlier by
Inthorn D et al. [16]. The authors selected 40 pa-
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HOCTHA aHTUTPOMOWHA acCOIMMpPOBAHA CO CHU-
SKEHHBIM PUCKOM pa3BUTH ITOYEYHOU HeJl0CTa-
TOYHOCTH, KaK Ha 28 CyTKU JieueHUs, TaKk U Ha 180
CyTKH IIOCJI€ BBIIIMCKY U3 CTAallAOHApa.

CxonHbIe pe3y/IbTaThl ObIIN MOJTyYeHbI paHee
Inthorn D et al. (1997). ABTopbI oToOpasu 40 rmaru-
€HTOB C TsKeJIbIM CEICHCOM U CeNTUYEeCKUM
mokoM [16]. [IBamiarhk IAllMEeHTOB COCTABUJINA
KOHTPOJIBHYIO I'PYIIY U ABaAUATh UCCIEAyeMYIO,
B IIOCJIeHEeN HelIpephIBHO B TEYEHUU ABYX HeJlesIb
MMPOBOAUJIN Tepanuio npenaparamu AT 10 1OCTH-
SKeHUs 11eJieBOM KoHIeHTpamuu AT B mjiasme
>120%. YTBep»KOaI0Ch, 4YTO «I0JArOCPOYHaA Tepa-
s AT MOKeT CHUSUTD YaCTOTY Pa3BUTHUA I104YeY-
HOU HEJOCTAaTOUHOCTH Y NAIMEHTOB C TSAKeJIbIM
CeTICHCOM», a TAKKe PUCK PA3BUTUS TUCHYHKIINU
JIETKUX U MIPEJIOTBPATUTH PAa3BUTHUE CENITUUYECKON
MMeYeHOYHON HeJoCTaTOYHOCTH. KOoHeYHOo, K
pesysibraraM 3Told pPabOoThI CJIEAYET OTHECTHCH
KPUTUYECKU: BHI3BIBAET COMHEHUE 11eJIeco000pas-
HOCTB TOJTOOHOM TUTIEPKOPPEKIINY YPOBHS aHTH -
TpoMOWHA, a ¥ MAJIOYHUCJIEHHOCTh CPaBHUBae-
MBIX TIpyHOIl 3acTaBjiieT COMHeBarbCid B
MMpeACTAaBJEHHBIX BBIBOMAX. leM He MeHee, U
CcoBCeM 00OITH BHUMaHUEM TPUBEIEHHOE UCCJIe-
JIOBaHUE, TO-BUANMOMY, OBIJI0 ObI HEITPaBUJIBHO.

NMerTcss 1 HEKOTOPbIe 9KCIIEPUMEHTANb-
HbI€e JaHHbIE, CBUJIETEILCTBYIONTNE 00 3 HeKTUB-
HocTu AT B mJiaHe NPOQUIAKTUKUA U JI€UEHUs
OIIII. Tak B HavaJsie 2000-X TOJOB TPOBOJUINUCH
paboThI, KOTOPBIE MTOKA3aJ/IH, YTO TEPAITHS ITperia-
paramu AT, npuMeHsieMasi B MOJIeJIN 3KCITIepUMEH-
TAJbHOTO CeIcuca y MPUMAaToB, CIIOCOOCTBYET
YMEHBIIEeHUIO JIerOYHOU U ITI04eYHOI He10CTaTOY -
HOCTH. ABTOpPBHI OOBACHAJN OOHApPYKEHHBIH
¢deHOMEH TeM 00CTOATETHLCTBOM, UTO AT UHTHOU-
pyeT omioskeHue (prOpuHA, yMEHbBIIIaeT BOCIase-
HUE U CUHJPOM IIOJIMOPTaHHOMN TUChYHKINY [34].
B 2004 romy 6n171a ommybsmkoBaHa paboTa, B KOTO-
po¥i aBTOPHI MOKA3aJ/I1, HA TPUMEPE KPOJIUKOB C
HedpuToM Masyry, 4ro na3ma, oboramerHas AT,
BBOAMMAsl B IOYEYHYIO apTEPUI0, WHTUOUPYET
obpasoBaHMe MPOTPOMOMHA3BI U YYaCTBYET B
¢dudbpuHoIU3E [35].

B xayecTBe BO3MOYKHOIO OOBACHEHUS
pe3y/bTaroB, MOJYYEeHHBIX B XOJe NpPOBeIeHus
HACTOAIIEr0 UCCJIeJOBAaHUS, MOYKHO MPEI00-
SKUTH, YTO BOCCTAHOBJICHUE YPOBHS aKTUBHOCTHU
AHTUTPOMOMHA ITPEePhIBAET IaTOJIOTUYECKHH ITPO-
[1eCC, 3BEHbSIMU KOTOPOTO ABJSIOTCA: CUCTEMHOE
BOCIIaJieHUe, 9HJOTeJHaNdbHAsA AUCHYHKIUSA,
reMOAVHAMHAYeCKHAe U3MEHEeHHNs, a TaK)Ke Hapy-
IIeHNe TTOYeYHOW MUKPOIUPKYIIAINH, CIIOCOO-
CTBYIOIIIMe TOBPESKIEHNIO HE(PPOHOB, JIOKAIU30-
BaHHOMY 3aCTOI0 KPOBU B MUKPOLIMPKY/IATOPHOM
pycJie Mo4YeK, BEICBOOOYKIEHHIIO BOCTIATUTEIHHBIX
OUTOKWHOB U aKTUBALlUU CUCTEMBbI KOAryJAIUN
[36, 37]. BoccTraHOBJIEHME AKTUBHOCTH aHTUTPOM-
Ou1Ha, 10 BCe BUIMMOCTH, TIOBJIMSJIO Ha ITPOIIECC,

tients with sepsis and septic shock. Twenty patients
comprised the control group and twenty were in-
cluded in the study group; the latter received AT
therapy continuously for two weeks until the target
plasma AT >120% was reached. It was emphesized
that «a long-term AT therapy may reduce the inci-
dence of renal insufficiency in severe sepsis pa-
tients» as well as the risk of pulmonary dysfunction
and prevent development of septic liver failure.

There are experimental data that demonstrate
AT efficacy in terms of prophylaxis and treatment
of acute renal injury. Early in the 2000s, investiga-
tions were performed to show that a therapy with
AT drugs employed using the model of experimen-
tal sepsis in primates resulted in lessening of pul-
monary and renal insufficiency. The authors sug-
gested that AT inhibited deposition of fibrin,
decreased inflammation and multiple organ dys-
function syndrome [34]. In another study, using a
rabbit model of Masugi nephritis the AT-enriched
plasma administered into the renal artery inhibited
production of prothrombinase and participated in
fibrinolysis [35].

Discussing the results, we hypothesize that in-
creasing the antithrombin activity level interrupts
the pathological process that includes systemic in-
flammation, endothelial dysfunction, hemody-
namic changes, as well as renal microcirculation al-
teration that promotes injury of nephrons, localized
blood congestion in the renal microcirculatory
pathway, release of inflammatory cytokines, and co-
agulation system activation [36, 37]. Restoration of
antithrombin activity affected the process that ini-
tiated cell apoptosis in different tissues associated
with the multiple organ dysfunction [38-40].

In our study, the antithrombin therapy did not
reduce mortality presumably due to lowtherapeutic
effect or insufficient numbers of patients in a study
cohort. In any case, however, our data confirm the
findings of earlier studies that have demonstrated
no influence of AT therapy on survival of sepsis pa-
tients [13-15]. Multi-center randomized controlled
clinical study is needed to clarify whether the sup-
plementation antithrombin therapy would be ther-
apeutically effective in sepsis patients.

Conclusion

Therapy for antithrombin deficiency by ex-
ogenously administrated drug prevents develop-
ment of stage II acute renal failure in patients with
sepsis.

WHUIMUPOBABIINN (heHOMEH KJIETOYHOTO aIlOlI-
TO3a, TMpUBOOAMINN BmocaeactBun k OIIH u
opra"Hoi nucdyHkimu [38-40].

B Harrem mcciieoBaHUY TePAMHs AHTUTPOM-
OMHOM He MPUBOINJIA K CHUKEHUIO JIETATbHOCTH,
YTO MOSKET OBITH CJIEJICTBHEM OTCYTCTBUS Tepa-
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MEBTUYECKOTO a(pheKTa, KaKk TAKOBOT'O, HO MOSKET
OBITh U CJIEICTBUEM HEOCTAaTOYHOU BEIOOPKU. B
JI000M cJTydae, Hallll JaHHbIE MOATBEPSKAAIOT
pesy/bTaThl paHee IPOBeJeHHbIX NCCIeq0BaHNH,
TaK)Ke I[POJEeMOHCTPUPOBABUINX OTCYTCTBUE
BJIMsTHUE Tepanuu AT Ha BBIKMBAE€MOCTD IallueH-
TOB Ipu cericuce [13-15].

MHoroo6eraoriye pe3yasraTbl B TpoHIaK-
Tuke U Tepanuu OI1I1 BHyIIIAI0T OCTOPOSKHBIHN ONITU-
mu3M. [IpeacraBiisieTcs, 4To TOJTbKO MHOTOIIEHTPO-
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JeiicTBHE 30JIITHAEeMa IPH JJIATETHHOM HAPYIIEHHH CO3HAHUS
(RIIMHUYECcKoe HaldJII0{eHue)

E. A. Koggparsesa!, M. B. Cuukun?, E. B. [llaposa3, C. Jloypenc?, A. H. Koggparbes!

! PoccuiiCKUi HAyYHO-UCC/Ie0BaTe/IbCKUM HEHPOXUPYPIUUEeCKUN HHCTUTYT
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Zolpidem Action During Prolonged Disorders of Consciousness
(Case Report)
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B crarpe onuca/nu 2 NayeHToB C JJINTeIbHBIM Hapyenuem cosdnanusa (JIHC) npu HeTpaBMaTn4ecKkoM
TOBpPEXKICHUN MO3ra, Y KOTOPBIX OTMETUJIN OTYET/INBYIO HBﬁpOIIHHElMH‘IBCKyIO pearuuio Ha IpUMEHEeHue
3o/ eMa.

C 1eJThI0 UJLTIOCTPALIY CHCTEMHBIX IlepebpasibHBIX PeaKIIii Ha BBeIEHe 9TOT0 IIperapara y marieHToB
¢ THC nnpoBesin aHaI1M3 KJIMHUYECKUX U 9JIEKTPO(PU3NO0JOTNUECKUX U3MEHEHU.

ITokasasu, 4TO pe3ysbrar IpUMeHeHUsI 30/ ieMa y IaleHTOB C JJINTe/IbHBIM HapyllleHueM CO3HAaHUA
(AHC) caenyer oneHnBaTh He TOJIBKO IO JUHAMHUKE CO3HAHUS, HO U C HIOMOIIbI0 MOHATOpUHTA JII. BBI-
SIBUJIM PA3JIMYHYIO PEAaKLMIO Ha IpUMeHeHue 30JIIKieMa B pa3Hble I1eprOoibl BOCCTAHOBJIEHUS Y OGHOTO U
TOTO jKe NaljueHTa.

30/muIeM MOKeT OKa3bIBaTh PAa3HO0OPA3HBIHN 9(h(EKT y NAIIeHTOB B BET€TaTUBHOM COCTOSTHHY / CHH-
IpoMe apeKTuBHOTO OoapcTBoBanus (BC/CAB) u B cocTossHUM MUHUMaTbHOTO co3Hauust (CMC). Y omHOTO
ranyieHTa HabJTIoga Iy ceJainio ¢ akTuBanyei 31, 4To ABUJIOCH TPOTHOCTHYECKH XOPOIITNM ITPU3HAKOM.
VY npyroi nanyeHTKYU I0CJe IPUMeHeHHsI 30/II1ieMa HEOJHOKPATHO pa3BUBAJINCh IIaplaIbHbIE CYl10-
POsKHBIE IPUIIAJKYU C paClIMpeHrneM KOHTaKTa Ha CIedyOIui JeHb.

MexaHN3M e CTBYs, HEOOXOUMBIE T03bI IIPerapaToB 1 MapKepsbl TPOTHO3WPOBAHUS OJIaTrOIIPUSTHOTO
addexrra JanHOTO Mpernapara TPpeOYIOT JaTbHENUIIIETO U3y IEHUST.

Knroueewte crosa: diumenvHoe HapyuweHue CoO3HAHUs, COCMOosAHUe MUHUMAJIbHO20 CO3SHAHUS; cum?pom
apearmueHozo 600pcmeoeamm; 3oanudem; npoZHo3uposarue s0CCnaroslerHusl CO3HaAHUA

The paper describes two patients with prolonged disorders of consciousness (PDC) because of non-trau-
matic brain injury, in whom a clear neurodynamic response to Zolpidem was observed.

In order to illustrate systemic cerebral responses to administration of this drug in LIC patients, an analysis
of clinical and electrophysiological changes has been undertaken.

It has been shown that the result of Zolpidem applications in patients with prolonged disorders of consciousness
(PDC) should be assessed not only by consciousness dynamics, but with the help of electroencephalogram (EEG)
monitoring, too. Distinct response to Zolpidem during different periods of recovery in one patients was found.

Zolpidem can render various effects in patients in vegetative state/with unresponsive wakefulness syn-
drome (VS/UWS) and in minimally conscious state (MCS). In one patient, sedation with EEG activation was
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observed, which was a sign of favorable prognosis. The other patient developed more than once local convul-
sions after Zolpidem administration followed by contact augmentation on the next day.
The mechanism of action, necessary doses of drugs, and markers of forecasting the successful effect of that

drug are yet to be further studied.

Keywords: prolonged disorders of consciousness; minimally conscious state; unresponsive wakefulness syn-
drome; Zolpidem; consciousness recovery prognosis; vegetative state
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BBenenue

B Hacrosiee BpeMsi 0CTaeTcsi akTyaabHOU
pa3paboTKa MeTOIOB IIPOTHO3UPOBAHMUS BOCCTA-
HOBJIEHUs CO3HAHUA y ITIAlIMEHTOB C IOCTTUIOK-
cuyeckou aHIedasonaruen [1]. 3oamuaem —
nperapar u3 IrpyIbl UMHUJA30IUPUIUHOB, CeIeK-
TUBHBIM arOHKCT OMeTa IOoATUIIa 0eH30I1a3€enn-
HOBBIX pelenTopoB  MaKpPOMOJIEKYISPHOIO
TAMKA-penenTopHoro komijekca [2]. ITo maH-
HBIM JIUTEeparypbl WM3BECTHO, 4YTO 30JIIHJEM
MOSKeT BBI3BIBATH «IIPOOYKAAIOIIUN» a(pheKT y
HEKOTOPBIX MAllMEHTOB B BETeTaTUBHOM COCTOSI-
HUM/CUHJIPOME apeKTUBHOTO OOIPCTBOBAHUS
(BC/CAB) 1 B cOCTOSHUY MUHUMAaJIbLHOI'O CO3Ha-
Husi (CMC) [2-5]. BnepBbie mapagoKkcaabHbIN a¢-
dexT 3oanuaemMa onucat B 2000 r'y 60JbHOT0, KO-
Tophii 3 roma Haxomuscs B BC, a uepes 20 MuH
rocJje nmpuMeHeHus: 10 Mr 30JImuaeMa CTaa 00-
IIAThCsA ¢ OKpyskaomumu [3]. JanbHeiive uc-
cJae0oBaHusA MMOKa3aJ/y, YTO 30JIIUIEM CII0CO00-
CTByeT IIOBBIIIEHUIO YyPOBHA CO3HAHUA Y
HeboJIbIIoro yncsa mamueaToB ¢ JHC — okoJio
5%, IpenuMyIlleCTBEHHO HETPAaBMAaTHUYeCKOM 9THO-
JIOTMM U OTCYTCTBHEM IIPU3HAKOB IIOBPEYKIEHUA
CTBOJIOBBIX CTPYKTYp Moara [6, 7]. @aKkTopsl, KO-
TOpble ObLIM OBl HANEKHBIMU TPEIUKTOPaAMU
TOTO, YTO 30JIIUJIEM OKaKET «IIPOOYKIAIOIITUI»
3 eKT, ocTaTCs TOKa He u3ydyeHHbIMH [8, 9]. C
1IeJIBI0 UJLJTIOCTPAIIUY CUCTEMHBIX IIepeOpabHBIX
peakIiuii Ha BBeleHUEe 9TOro Iperapara y rnaryeH-
ToB ¢ JIHC, npuBeJin onrucaHue AByX NallieHTOB C
HeTpaBMaTU4eCKUM IOBPEKIEHU M03ra, y KOTO-
PBIX IpHUeM 30JIHIeMa COTPOBOKAAJICS OTUETIIU-
BOH HEHWpPOIUHAMUYECKOU peakrIThuen.

Pe3yabTaThl ¥ 00Cy:KA€HIE

[TanuenT K. 18 jieT, nepeHec 0CTaHOBKY cep-
JIeYHOU MesATeJIbHOCTU BO BpeMs CIHOPTUBHOU
TpeHUupoBKU. [locsae nepuoga Komsel (10 CyTOK) —
BbIxof B BC/CAB. [Toctynnii B oTiesieHUe aHecTe-
3uoJjiorunu-peanumanuu PHXU nwm. A. JI. ITosieno-
Ba uepe3 3 MecsIlia IocJjie 0CTaHOBKHU KPOBOOOpa-
meHuss. HeBpoJiormyeckuii ocMOTp HanueHTa
IIPOBeEJIU C IPUMEHEeHNWeM IIKaJIbl BOCCTaHOBJIe-
HuA nocJjie koMbl (CRS-R) [10], cymmapHO noJryve-
Ho 4 6assa, yTo cooTBeTcTBYeT Auaruno3y BC/CAB:
ciryxoBast pyHKIUS — 1 6as, 3puTessbHast QPyHK-
uusi — 0 6ass1oB, MOTOpHAasA QyHKIUSA — 1 6aJsL,
opoMoTopHasi/BepbanbHas GyHKIUA — 1 6asw,

Introduction

Currently, development of methods for fore-
casting consciousness recovery in post-hypoxia en-
cephalopathy patients is still relevant [1]. Zolpidem
is a drug of the group of imidazopyridines, a selective
omega-subtype agonist of benzodiazepine receptors
of macromolecular GABAA-receptor complex [2]. Tt
is known that Zolpidem might cause a ‘waking’ effect
in some patients in vegetative state/unresponsive
wakefulness syndrome (VS/UWS) and in minimally
conscious state (MCS) [2-5]. The paradoxical effect
of Zolpidem was first described in a patient who had
been in vegetative state for 3 years, and who in 20
minutes after administration of 10 mg of Zolpidem
began communicating with people around [3]. Fur-
ther investigations have shown that Zolpidem pro-
motes increased consciousness in a small number
of PDC patients — about 5 %, mostly of non-trau-
matic etiology and in the absence of signs of brain
stem structural damage [6, 7]. Factors that could be
reliable predictors that Zolpidem will render a ‘wak-
ing’ effect are yet unknown [8, 9]. In order to illus-
trate systemic cerebral response to administration
of this drug in PDC patients, two patients with a non-
traumatic brain injury are described, in whom ad-
ministration of Zolpidem was accompanied with a
clear neurodynamic response.

Results and Discussion

Patient K., 18 years of age, experienced cardiac
arrest during athletic training. After a period of
coma (10 days), the patient was in VS/UWS. The pa-
tient was admitted to the ICU of A. L. Polenov Russ-
ian Neurosurgery Research Institute 3 months after
blood circulation arrest. Neurological examination
of the patient was carried out using the revised
coma recovery scale (CRS-R) [10], the cumulative
score was equal to 4, which corresponds to the
VS/UWS diagnosis: hearing function — 1, visual
function — 0, motor function — 1, oromotor/ver-
bal function — 1, communication — 0, wakening
reaction — 1. Breathing was spontaneous via a tra-
cheostomy tube, feeding — via nasogastral tube.
The patient’s pathological posture drew attention:
the arms were raised, bent in elbow joints, the left
leg was constantly extended, and the right leg con-
tinued spontaneous chaotic motions. From time to
time, a generalized increase of muscle tone with
body rotation and squeezing of eyelids was ob-
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Puc. 1. MPT royioBHOro Mo3ra (akcuaJibHas IJIOCKOCTh) mamueHTa K. 18 Jier.

Fig. 1. Brain MRT (axial plane) of patient K., 18 years of age.

Note.T2-VI (a, b), FLAIRIP (c, d). Arrows point to symmetrical pathological increase of the intensity of signal from caudate nucleus,
putamen, globus pallidus (a, b), and brain cortex (c, d) with predominant lesion of frontal lobes.

IIpumeuanue. T2-BU (a, b), FLAIR UII (c, d). CTpeJsiky yKa3bIBAIOT HA CAMMETPUYHOE IIaTOJI0THUYECKOe MTOBBIIIIEHNe NHTEHCHB-
HOCTH CHUT'HaJIa OT XBOCTATOTO SIIpa, CKOPJIYIIbI, OJIeTHOTO I1apa (4, b) ¥ KOpbI TOJIOBHOTO MO3ra (¢, d) C IPeUMYyIIeCTBEHHBIM I10-

paskeHuEeM JIOOHBIX JOJIEH.

KOMMYHUKaIus — 0 6a71710B, peakIys mpooyxIe-
HUs — 1 6as. J[pIxaHne yepe3 TpaxeoCTOMUYe-
CKYIO KaHIOJIIO, CIIOHTaHHOE, INTaHle Yepe3 Ha30-
racTpaidbHblii  30HA. O6pamasa Ha cebs
BHUMaHMe [1aTOJIOTUYeCKasi 103a: pyKU NOTHATHI,
COTHYTBI B JIOKTEBBIX CyCTaBax, JieBas HOra B
IIOCTOSIHHOM pa30rHyTOM IIOJIOYKeHNH, TPaBON —
COBepIllaJ CIIOHTAaHHbIE HelleJieHallpaBJIeHHbIE
nBuKeHUs. [leprogumyeckn HaOJIOMaIN reHepa-
JIN30BAHHOE TIOBBILIEHNE MBIIIEYHOTO TOHYyCA C
IIOBOPOTOM TYJIOBUIIA U 3a’KMypUBAHUEM BEK.
OTMedaJii TpU3HAKKU BeTeTaTUBHON HECTAOMIIh-
HOCTH C TpeobagaHreM TOHyCca CUMIIaTHYeCKON
HEPBHOU CHUCTEMBI (TaxuKap/iusi, TUTIePEMUS KOXK-
HBIX [IOKPOBOB, ITOBBIIIIEHNE MBIIIIEYHOT'0 TOHYCA).
151 KOppeKIUY POSBJIEHNU CUMIIATUKOTOHUH
OBLT Ha3HAYEeH KJI0(eTNH, MUKPOCTPYHHO MeI-
JeHHo (0,3-1 Mmkr/kr/4ac). Ha MPT roJsioBHOTO
Mo3ra ObLIM OOHApY’KEHbI XapaKTepHBIE s
MOCJIE/ICTBUU TUTIOKCUU N3MEHEHU I KOPBI T'0JIOB-
HOTO MO3ra U IOJKOPKOBBIX CTPYKTYp B BHe
nuddysHo aTpopun U CUMMETPUYHBIM ITOBBI-
IIeHNeM MHTEHCUBHOCTU CUTHAJIa OT XBOCTATOTO
SITpa, CKOPJIYTIBI, 6JI€THOTO I1apa ¥ KOPhI TOJIOB-
HOro mo3ara (puc. 1). I[To naaabiM [19T ¢ BF-D/IT,
3TUM uU3MeHeHusiM MP-cursasa conyTCTBOBAJIO
CHIKeHNe MeTa00JIM3Ma TIIOK03bI B KOPE TOJI0B-
HOr'o Moara (puc. 2).

[IpoBesn peruncrpanuio I3 BO Bpemsd
BBITIOJTHEHUSI TPOOBI C BBEIEeHWEM THraserama.
[Tosryunsim OTYETIUBYIO NIEPECTPOUKY MaTTepHa
I3l Ha BBeJeHNE 5 MT' fras3enaMa C II0IBJIeHHEM
YacTOM aKTUBHOCTU Oera-auanasoHa, YTo, IIO
HAIIIUM JJAaHHBIM [4], ABJISEeTCS MPOTHOCTUYECKHU
OJIAaTONPUATHLIM TPU3HAKOM. BBLIO TPHUHSATO
pellieHre 0 TPOBeIeHUN MPOOBI C 30/IITHUIEMOM.
JII' peructpupoBa/ii HA UGPPOBOM 3JIEKTPO-

served. Signs of vegetative instability wherein sym-
pathetic nervous system tone was predominant
(tachycardia, skin hyperemia, muscle tone rise)
were noted. For correction of sympathicotonia
manifestions, Clophelin by microstream infusion,
slowly (0.3-1 pg/kg/hr.) was prescribed. Brain MRT
detected typical for hypoxia changes in the brain
cortex and subcortical structures in the form of dif-
fuse atrophy and symmetrical increase of the inten-
sity of signal from caudate nucleus, putamen,
globus pallidus, and brain cortex (fig. 1). According
to F-FDG PET, those changes of MR signal were
accompanied with decreased glucose metabolism
in the brain cortex (fig. 2).

EEG recording during a diazepam test was
performed. A clear restructuring of EEG pattern in
response to administration of 5 mg of diazepam
with appearance of frequent beta-range activity
was received, which, according to our data [4], is a
favorable prognostic sign. It was decided to do a
test with Zolpidem. EEG was recorded with the help
of digital electroencephalograph (Mitsar LLC) from
19 electrodes according to 10-20% regimen, using
an assembly with average potential reference, also
a longitudinal bipolar electrode. The pass-band
range was 0.5-70 Hz, amplification — 30-50-70 pV,
the scan velocity — 30 mm/sec. Visual assessment
of the structure and dynamics of changes of the
brain bioelectrical activity was carried out pursuant
to the guidelines of the Clinical Neurophysiology
Expert Council of the Russian Antiepileptic League.

The initial recording of EEG was carried out
for 20 minutes to assess the baseline EEG pattern
of the background bioelectrical activity and detec-
tion of spontaneous reconstructions. Photo stimu-
lation (PS) was used according to the established
procedure (solitary flashes of light of 1 to 18 Hz fre-
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Puc. 2. TI3T ¢ 18F-® /AT’ maumeHT K. 18 ser (peBpasns 2017 1).

Fig. 2. 18F-FDG PET, patient K., 18 years of age (February 2017).

Note. Analysis of PET images by 3D-SSP technique (the left figure) revealed the total hypometabolism of glucose in the cortex of
cerebral hemi-spheres and tentorium. Within the sensorimotor cortex of both hemi-spheres (the arrow) the glucose metabolism
was reduced to a lesser degree. Metabolism of glucose in basal nuclei and optic thalami (the right figure) was not altered (the arrow).
ITpumeuanwue. [Tpu ananuse I19T uzobpaskeHui ¢ momorsio Meroga 3D-SSP (pucyHok cieea) oTMedeH TOTaIbHBIM runoMeTabo-
JIM3M IIIOKO3BI B KOPe OOJIBIIINX ITOJTyIIAPHi TOJIOBHOTO MO3Ta M MO3KeuKa. MeTab0/113M III0KO03bI B MEHBIIIEH CTENIEHN CHUKEH
B CEHCOMOTOPHOM KOpe 000X IOJIyIIapHUi FOJIOBHOTO MO3Ta (cmpeska). MeTabo/M3M ITIOKO3bI B 6a3a/IbHBIX APAX ¥ 3pUTETh-

HBIX Oyrpax (pUcyHok cnpaea) COXpaHeH (cmpeika,).

auredanorpade (000 «Muriap») ot 19 ajIeKTpo-
noB 1o cxeme 10-20%, MCHOJIB3YysT MOHTaX C
YCpeIHEeHHBIM 3JIEKTPOLOM, a TaKKe — IIPOA0JIb-
HBII OUTOJISIpHBIH. [ToJ10Cca MPOITyCKaHMs COCTaB-
asana 0,5-70 I'm, ycunenue 30-50-70 MkB, cko-
pocTb pasBepTku 30 MM/cC. BusyaJibHYIO OLIEHKY
CTPYKTYPBI ¥ IMTHAMUKY U3MEHEHW OU03JIEKTPU -
YeCKOU aKTUBHOCTH F'OJIOBHOT'O MO3Ta TPOBOIUIA
B COOTBETCTBUHU C PpEKOMEHJAIUSIMU 9KCIIEPTHOTO
coBeTa 110 KIUHUYeCKoU Helipoduauogorum Poc-
CUHCKOY TPOTUBOSNUJIENITUYECKON JIUTH.
[lepBonavanbHyto perucrpanuio 331 mposo-
WA B TedeHne 20 MUHYT JJIs1 OIleHKHA 6230BOTO
JI9I' marrepHa (OHOBOU OUO3ITEKTPUUECKOU
AKTUBHOCTU W BBISBJIEHUS CHOHTAHHBIX IEpe-
cTpoek. B kauecTBe mpob UCITO/IBE30BaIHN (POTOCTHU-
myssinmio (PC) o 06IIENTPUHATON METOTUKE (0T -
HOYHBIE BCIBIIIIKY CBETa 4acToToi oT 1 g0 18 I'm).
3areM B 30H/I TAIMEHTY BBEJIM PACTOTYEHHYIO Ta0-
JIeTKy 3oqnuaemMa 10 Mr ¢ HeO0JIBIIUM 00'bEMOM
KUOKocTU. Yepes3 60 MUH BHOBB PErUCTPUPOBAIA
93l Taxyke B Teuenue 20 MUHYT JJIA OLIEHKH U3Me-
HEHWH, BBI3BAaHHBIX TPEeNapaToM 30J/ITHUIEM.
donoas Il (puc. 3) nanuenTa K. xapakre-
pHu30Baiach CHUKEHUEM YPOBHSI OMOTIOTEHIIHAA-
JIOB U IeCUHXpOHU3aIrell ¢ ycunenueM nud gys-
HBIX YaCThIX COCTABJSAIOIIUX (Mopsaka 20/cex) —
KaK aCUHXPOHHBIX, TAK 1 BpeMeHaMM CUHXPOHU-
3UPOBAHHBIX, MPeobIaTAIONINX B OTBEIEHUSIX

quency). Thereafter, a crushed tablet of Zolpidem
10 mg was injected into the patient’s tube together
with a small amount of liquid. 60 min. Later, EEG
was recorded again, also for 20 minutes, to evaluate
changes caused by Zolpidem.

The background EEG (fig. 3) of patient K. was
characterized by decreased level of biopotentials
and desynchronization with amplification of diffuse
frequent components (of the order of 20/sec.) —
both asynchronous and from time to time — syn-
chronized, mostly, in right hemisphere leads, zonal
differences being smoothen. The tendency towards
pattern flattening along with high-frequency irritant
signs manifested more clearly on the left. In parieto-
occipital cortical regions, groups of alpha-like activ-
ity (7-8/sec.) were detected, which had a greater sta-
bility and amplitude on the left. So, at the
background of a clear general tendency towards
suppression of cortex’s functional activity, unstable
inter-hemisphere asymmetry of EEG was noted,
which presented as unclear predominance of those
changes in the right hemisphere, there being frag-
mental alpha-activity on the left.

During EEG recording 60 min. after Zolpidem
intake (fig. 4), the patient’s eyes remained closed
during the whole period of recording; according to
the modified Ramsay scale, sedation corresponded
to level 3 (the patient opened eyes only in response
to a voice). According to CRS-R scale, the cumula-
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Puc. 3. ®onosas IIT manuenTa K. 18 ser, npedniBaroniero B cocrosinnu BC/CBB 1yMTe IbHOCTBIO 3 Mec. HocJIe epeHeceHHOH

THIIOKCHH, 10 MpHeMa 3oJanujaemMa.

Fig. 3. Background EEG of patient K., 18 years of age, staying in VS/UWS condition for 3 months after hypoxia, before intake of

Zolpidem.
Note. The patient squeezes his eyes during recording.

IIpumeuanme. Bo Bpemsa 3anucy nanyeHT 3a’KMypHABaeT I1asa.

[IpaBOro IOJyIIapus, 30HAJbHbIE PA3JIUYUA
ObLIM crTaskeHbl. TeHJOeHIUs K YIUIOIIEHUIO
pUCYHKa HapsAAy ¢ BBICOKOYaCTOTHBIMU UpPUTa-
TUBHBIMH 3HaKaMu ObLJIH O0JIee OTYETINBO BhIpa-
SKeHBI cjleBa. B 3aTbliI0UHO-TEMEeHHBIX KOPKOBBIX
00J71acTAX BBISIBWJIM TPYNIBI aidbga-momo0HoI
akTUBHOCTU (7-8/cek) — c OOJIBIIIEH YCTOWYH-
BOCTBIO M aMIINTYOH cyieBa. Takum ob6pas3om, Ha
¢oHe oTUeTNINBOI 00IIEel TEHAEHIINN K yTHETE-
HUI0O (PYHKIMOHAJIBbHOU AKTHUBHOCTU KODBI,
OTMeYaJli HEYCTOMYMUBYI0 MESKIIOJIyIIapHYIO
acumMeTpuio I B BUie Hepe3KOoTo Ipeobana-
HHUsl 9THUX HU3MEHeHUH B IPaBOM IOJyIIapuU
rOJI0BHOTO M03ra IIPU HAJIMYNU (PparMeHTapHON
anb(a-aKTUBHOCTH CJIeBa.

[Ipu peructpanun 331" yepes 60 MUH TTOCTE
npuema 3oJjmnuaema (puc. 4) iasa nanyveHTa Bechb
IIepUoJ, 3aIIMCH OCTABAIUCh 3AKPBITBIMHU, 110 MOJIU-
¢urmpoBaHHO IKase Pamcell ypoBeHb cefanuu
COOTBETCTBOBAJI 3-MY YPOBHIO (ITallUE€HT OTKPbIBAJI
IIas3a ToJIbKO Ha rosioc). Ilo mxasne CRS-R cymmap-
HBIA 6an cHusmics 1o 3-x. Habuonamu cyte-
CcTBeHHbIe n3MeHeHwus nmarrepHa 3. C omHOH cTO-
POHBI, IOABJCHUE PUTMUYECKUX rpynn 14-16/cek
(c 6osTBIIIE AMIITUTYION B JIEBOU TEMEHHOM 00J1a-
CTH), a TakKe ycujieHue nud@ysHoil MeqjIeHHON
TeTa- U 1eJIbTa2-akKTUBHOCTHU (AKLIIEeHTUPOBAHHOU B
TeMeHHO-1IeHTPaJIbHO-BUCOYHBIX PETMOHAX CIIpa-
Ba) XapaKTEePHBI 1151 TPEMOTHOT'O COCTOSTHUSA YeJio-
BeKa B HOPMeE, UTO COOTBETCTBOBAJIO KJIMHUYECKON
OIIeHKe CoCcTosiHuA nanyeHTa. Hapany ¢ atum B 99T
ObLTa BRIpa’KEeHA PUTMHIYECKAst aKTUBHOCTD abda-

tive score fell down to 3. Substantial changes of EEG
pattern were observed. On the one hand, an ap-
pearance of rhythmic groups 14-16/sec (with a
larger amplitude in the left occipital region), and in-
tensification of diffuse slow theta- and delta2-ac-
tivity (accentuated in occipital-central-temporal re-
gions on the right) are typical for the hypnoidal
state of a human in the normal condition, which
corresponded to the clinical assessment of patient’s
condition. Along with that, rhythmic activity of
alpha-range 10-11/sec. was present in EEG, which
was predominant in occipital-central-temporal
cortical regions of the left hemisphere and in
frontal and anterior-temporal regions of the right
hemisphere. So, in spite of the fact that after Zolpi-
dem application, the level of wakefulness and con-
sciousness decreased, substantial positive changes
vs. background were noted on EEG such as growing
stability, increasing frequency and amplitude of
alpha-activity, which indicated ‘functional engage-
ment’ of cortex and its certain compensatory capa-
bilities. The inter-hemisphere asymmetry and local
disturbances presented in this instance more
clearly had not only diagnostic significance, but re-
flected specificity of regional responses to patho-
logical and pharmacological effects, too. In case of
a severe cerebral pathology, this can be regarded as
a positive, prognostically meaningful factor. Zolpi-
dem was prescribed in a dose of 10 mg 2 times a
week in the evening for one month. In one month,
the patient was transferred to a rehabilitation hos-
pital for further rehabilitation treatment, where
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Puc. 4. Uamenenus narrepHa I3 nanuenra K. uepes 60 MuH nocJie BBeJeHHu:A 10 Mr 30JIuieMa yepes 30H/I.
Fig 4. Changes of EEG pattern of patient K. 60 min. after administration of 10 mg of Zolpidem via a tube.

Note. The patient lies with closed eyes during recording.

IIpumeuanue. Bo BpeMsl 3alMCH NAIUEHT JIESKUT C 3aKPBITbIMU IVIa3aMHu.

nuarnazona 10-11/cek, mpeo6Jramaroniast B TEMEH-
HO-T[EHTPAJIHbHO-BUCOYHBIX KOPKOBBIX 00JIaCTAX
JIEBOTO TIOJTYIIIAPHs], a TAKKE B JIOOHBIX U TIEpe/THe-
BHICOYHBIX ITpaBoro. TakuM 06pa3om, HecMOTpsI Ha
TO, 4TO IIOCJIe IIPUMEHEHUsA 30JIIueMa YPOBeHb
0OIpPCTBOBAHMS M CO3SHAHUS MTOHU3UINCH, HA DI
I10 CPaBHEHUIO ¢ (POHOM OTMETHJIU CYII[eCTBEHHbIE
IIO3UTUBHBIE WN3MEHEHWs1 B BHJAE HapacTaHUsA
YCTOYMBOCTH, TOBBIIIIEHNS YACTOThI ¥ aMILJIUTYIbI
a/b(pa-aKTUBHOCTH, UTO YKa3bIBAJIO Ha «(PyHKIIUO-
HaJIbHOE BRJIIOUEHHEe» KOPBI U ee ONpeaeseHHbIe
KOMIIEHCAaTOpPHbIE BO3MOKHOCTHU. boJiee oTu4eInBO
NIPOSIBUBIIMECS [IPX 3TOM MESKIIOJIyIIapHas aCUM-
METpPHs U JIOKAJIbHbIE HAPYILIEHU UMEJIU He TOJIb-
KO JUAarHOCTUYECKOe 3HadeHWe, HO U OTpasKaju
CIIenU(PUIHOCTb PerMOHAJIBHBIX PEAKIIUI Ha I1aTO-
JIOTUYECKOe U JIeKapCTBeHHOe Bo3eiicTeue. [Ipu
TSOKEJION I1epeOpaIbHOI MMATOJIOTUHM 9TO MOMKET
OBITH pacIieHeHO B Ka4eCTBe O3UTHBHOTO, TPOTHO-
CTUYECKU 3HAUUMOro akropa. 3oJmnujgeM
HazHayu/I4 B fo3e 10 Mr 2 pasa B HeJleJII0 B Beuep-
HHME 4Yacbl B TedeHHe Mmecana. Yepes mecsn Oy
JIbHEHNIIero BOCCTAHOBUTEJIBHOIO  JI€YeHUsI
TanyeHTa rmepeBesii B peabuINTaIlMOHHbBIA CTa-
OMOHAp, [Ne Tepanuio 30/IINIEMOM IIpepBaJu.
YpoBeHb CO3HAHUA Ha MOMEHT IIepeBoja ITalueHTa
n3 PHXI um. A. JI. [Tonenosa coorBercTBoBasi CMC.
O1eHKa 110 I1IKaJjie BOCCTaHOBJIEHHUS IT0CJIE KOMBI 10
OasmioB: ciayxoBas (PyHKOUSA — 2, 3pUTETbHAs
(pyHKIMA — 3, MOTOpHAs1 (PYHKIUS — 2, 0POMOTOP-
Has/BepOanbHast QyHKIMA — 1, KoMmMyHUKanysi— 0,
peakruss mpooy:xaenns — 2. [To maaabiM T19T ¢
BE-®JI' Takke HAOIIONANHN TIOJIOKUTETHHYIO

IVHAaMUKY B BUJIE B BU/Ie HOpMaJIA3anuy MeTabo-

Zolpidem therapy was interrupted. The level of
consciousness at the time of patient's transfer from
A. L. Polenov Russian Neurosurgery Research Insti-
tute corresponded to MCS. The score according to
the coma recovery scale was equal to 10: hearing
function — 2, visual function — 3, motor function
— 2, oromotor-verbal function — 1, communica-
tion — 0, wakening response — 2. According to °F-
FDG PET, positive dynamics was also observed
such as glucose metabolism recovery in the senso-
rimotor cortex, peristriate cortex, association cor-
tex of occipital, parietal and medial cortex of tem-
poral lobes of both hemispheres of the brain (fig. 5).

One of the subsequent stages of patient’s reha-
bilitation took place in Guttmann Institute (Spain).
In that hospital, the Zolpidem test was repeated (6
months after blood circulation arrest). Increase of
activity and improvement of mental alertness after
the drug was noted, so, Zolpidem was prescribed at
a dose of 10 mg every day during the day time.
Amantadinum therapy was also carried out starting
from 100 mg once a day per day to 200 mg per day.
In the process of rehabilitation treatment, signifi-
cant dynamics such as augmented consciousness
was achieved. 9 months after blood circulation ar-
rest, the patient walked and ran without assistance,
played with a ball, repeated simple poems.

Patient K., 26 years, has been taken care of by
physicians of A. L. Polenov Russian Neurosurgery
Research Institute for 11 years (since 2008). At the
age of 15 years, she experienced cerebral vasculitis
of unclear etiology accompanied with development
of diffuse ischemic stroke in the middle cerebral ar-
tery territory. Symptoms developed acutely with dis-
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Puc. 5.TI3T c '*F-®/IT" Toro ke naueHTa 4epes3 MeCAIl OT IpeabIAyIero uccaegopanus (mapr 2017 roga).

Fig. 5. '8F-FDG of the same patient one month after the previous examination (March 2017).

Note. Significant positive dynamics was presented during recovery of glucose metabolism in the sensorimotor cortex, peristriate
cortex, association cortex of occipital and parietal lobes of both hemispheres of the brain (the arrow). Glucose metabolism in basal

nuclei and thalami (the right figure) was intact (the arrow).

IIpumeuanue. OTMEYAETCS CYIIECTBEHHAS [TOJIOKUTEbHAS TUHAMUKA B BUJIe HOpMAIU3anuu MeTaboIm3Ma III0OKO3bI B CEH-
COMOTOPHOI1 KOpE€, IEPBUYHON 3PUTEIBHOM KOPE, aCCOIUATUBHON KOpe TEMEHHbIX M 3aThIIIOYHBIX J0JI€i 000X ITOJIyIIapuii ro-
JIOBHOTO MO3ra (cmpeaka). MeTabo/IM3M INTIOKO3BI B 6a3a/IbHBIX AOpax U 3pPUTEJbHBIX Oyrpax (PUCYHOK cnpaea) COXpaHeH

(cmpenka).

Jin3Ma TJTIOKO3bl B CEHCOMOTOPHOM KOpe, IepBUY-
HOU 3pUTEJbHON KOpe, acCOIMaTUBHOU KoOpe
TEMEHHBIX, 3aTbIJIOYHBIX W MeIUAJTBLHOU Kope
BHUCOYHBIX J0JIEH 000X MOJYIIApUi TOJIOBHOTO
Moara (puc. 5).

OnuH M3 OCEYIOMMX ITAOB peadbnInTa-
MY ITalMeHTa IPOXOIUJI B MHCTUTYTe I'yTT™MaHH
(Ucmmanus). B maHHON KJIMHHUKE BHOBHL ObLja
BBITIOJTHEHA TIpoba ¢ 30/ImuaeMoM (depe3 6 Mec.
T0CJIe OCTAHOBKU KpoBooOpamienus1). OTMeTnau
YBeJIMUCHNE aKTUBHOCTH U YJIy4llleHrue KOHIIeHT-
pany BHUMAaHWA [MOCJIe IPUMEeHeHUsI Ipenapara,
B CBSI3U C Y€M 30JIITHIEeM ObLI Ha3HAYEH eKeTHEB-
HO B 103e 10 MI' B JHeBHBIE Yachl. brlia nposee-
Ha TaKsKe Tepanus aMaHTaAWHOM, HAUYWHASA C
o3bel 100 mr 1 pas B cyTku 1o 200 Mr B CyTKU. B
poIlecce BOCCTAaHOBUTEJILHOTO JIEYUeHU I TOCTUT -
HyTa 3HA4YWTeJIbHAs JUHAMUKA B BUJle pacliupe-
HUS cO3HaHUs. Yepe3d 9 Mec mocjge OCTaHOBKU
KpOBOOOpallleHusI IMalleHT CaMOCTOSITETHLHO
XoauJ U 6eraJi, Urpaji ¢ Me4YoM, ITOBTOPSLIT IIPO-
CThI€ CTUXU.

[ManmenTra K. 26 sieT, HabJromaeTcss BpauaMu
PHXU um. A. JI. IlostenoBa B TedyeHue 11 Jet (c
2008 1). B Bo3pacre 15 jieT mepeHecsa repedpatb-
HbBIN BaCKYJIUT HESICHOU 9THUOJIOTUU C pa3BUTHEM
OOIIMPHOTO UIIIEMUYECKOTO MHCY/IbTa B DacceliHe
aeBoil CMA. CumMnToMaThKa pa3BUIach OCTPO C
HapylleHueM CO3HAaHUs JO COIIopa, IOSABJICHAEM

order of consciousness to the level of sopor, appear-
ance of right-side hemiplegia. After stabilization of
her condition, sensorimotor aphasia and right-side
hemiparesis up to score 3 were observed. On day 10,
the patient’s condition aggravated and included dis-
order of consciousness to the level of coma due to
formation of a hematoma in the right frontal-tem-
poral region. Osteoplastic craniotomy, excision of
hematoma in the right hemisphere were done. The
cause of hemorrhage was arteriovenous malforma-
tion of the right hemisphere of the brain. The patient
emerged from coma into VS/UWS. One month later,
skull defect plasty, VP shunting were done. The pa-
tient was thoroughly examined — no generic or au-
toimmune causes of early development of stroke
were found. Dyslipidemia of type 2 was diagnosed.
The patient was transferred to A. L. Polenov Russian
Neurosurgery Research Institute 2 months after
onset of the disease, in VS/UWS. The score of con-
sciousness according to CRS-R was equal 3. Brain
MRT found diffuse gliotic and post-ischemic
changes in the left hemisphere of the brain, also con-
sequences of hemorrhage to the right hemisphere of
the brain (fig. 6), with diffuse lesion of the tracts of
hemispheres and corpus callosum (fig. 7). *F-FDG
PET showed diffuse decrease of glucose metabolism
in cerebrum cortex and subcortical regions (fig. 8).
Focal neurological symptoms presented as bulbar

disorders, tetraparesis with formation of a patholog-
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[IPaBOCTOPOHHEN TreMuIljIe-
run. Ilocie crabuimaanuu
cocTossHUSA  HAOJI0JAIACh
ceHCOMOTOpHas adasus u
[IPaBOCTOPOHHUY reMuIiapes
no 3 6asmoB. Ha 10 cyTku —
YXyAIleHWe COCTOSIHUSA C
HapyIlleHWeM CO3HaHUSA [0
YPOBHS KOMBI, 00yCJIOBJIEH-
Hoe ()OpMUPOBAHUEM reMaTo-
MBI B [TPABOH JJIOOHOM-BUCOY-
HON ob6Jsact. BwImosiHEHA
KOCTHO-IIJIaCTAYeCcKas Tpe-
IaHalus 4yepera, yaajleHue
reMaToMbI IIPaBOro MOJIyIIIa-
pus. I[lpuumHOil KpoBOU3-
JIUSIHUSA SIBUJIACh apTepuo-
BEHO3Hasi MajabdopManus
[IpaBOrO IOJIyIIAPUsI TOJIOB-
HOT'0 M03ra. BbIxoa 13 KOMbI
B BC/CAB. UYepe3 wmecsl
ObLJIa BBITTOJTHEHA TIJTACTUKA
IedeKTa yepena, BEeHTPUKY-
JIONIepUTOHEATbHOE IIIYHTHU-
poBaHue. IlanneHTKa MOMI-
po6HO oOciegoBaHa @« —
reHeTUYeCKUX U QyTOUMMYH-
HBIX IPUYUH PAHHEro pa3BU-
THsI UHCYJIETA He BBISIBJIEHO.
ObHapy:keHa AUCJIHUTINJE-
musa 2 tuna. [lepeBenena B
PHXU um. A. JI. ITosieHoBa
yepes 2 MecsIla I10cJie Havya-
Jsa 3aboneBanus B BC/CAB.
O1eHKa CO3HaHUS MO IIKase
CRS-R — 3 6anma. Ha MPT
rOJIOBHOTO MO3Ta ObLIU
BBISIBJIEHBI 0oOIIMpHBIE
VIMO3HbIe U OCTUILIEMUYe-
CKHe H3MeHEeHHUsl B JIEBOM
noJyuapuu rOJIOBHOTO
MO3ra, a TaKKe M0CJAeqCTBUS
KPOBOU3JIMSIHUSL B IIpaBoe
noJyulapue rOJIOBHOTO
Mosra (puc. 6), ¢ nuddys-
HBIM IIOpa’skeHHeM TPaKTOB
MOJIyLIapUI U MO30JIMCTOTO
Tesia (puc. 7). Ha I13T ¢ 8F-
DT nudPysHoe cHUKEHUE
MeTaboM3Ma TJIIOKO3BI B
KOpe OOJIBIINX U TTOTKOPKO-

Puc. 6. MPT roJioBHOro M0o3ra B akCHaJJbHOM IJIOCKOCTH (2010 1.), Ha MOMEHT HCCJIEI0-
Banusa namueHnTke K. 13 jer, 3 mecsa B BC.

Fig. 6. Brain MRT in the axial plane (2010), at the time of examination patient K. was 13
years of age, she had been in VS for 3 months.

Note. MRT (FLAIR-IP) shows post-ischemic and post-hemorrhagic changes in both cerebral
hemispheres, vicarious internal hydrocephalus (a). On the color map of diffusion tensors
(b), frontally located axons remained intact only in genu of corpus callosum.
IIpumeuanue. Ha MPT (FLAIR-WII) — nocTumeMuyeckue 1 OCTTeMOpparundeckue us-
MEeHEeHHsI B 000MX OOJIBIIINX ITOIYIIaPHUX, 3aMECTUTeIbHAsI BHYTPEHH s rupouedanus
(a). Ha uBeToBo#i KapTe TeH30pOB Auddy3nuu (b) TOIBKO B KOJIEHE MO30JIMCTOTO TeJIa CO-
XPaHWINCH (DPOHTAIHHO PACIIOJIOKEHHbIEe aKCOHBI.

Puc. 7. MPT B nud¢dy3Ho TeH30pHOM pe;kuMe TOH ke manueHTKH 2010 r.

Fig. 7. MRT in the diffuse-tensor mode of the same patient, 2010.

Note. Tracts are relatively intact only in the genu and splenium of corpus callosum. In the
body of corpus callosum, axons of nerve cells are grossly damaged, their number is drasti-
cally reduced, and in some areas there are no conductors at all.

ITpumeuanue. TpaKTbl OTHOCUTEJIBHO COXPAHHBI TOJIBKO B KOJIeHe U BaJIHKe MO30JIU-
CTOro TeJsia. B cTBOJIe MO30JIMCTOTO TeJla AKCOHBI HEPBHBIX KJIETOK IPy0O0 IIOBPEsKIEHBI,
YHCJIO UX PE3KO YMEHBIIIEHO, @ HA HEKOTOPBIX YIaCTKaX IIPOBOTHUKHU ITOJTHOCTBIO OTCYT-
CTBYIOT.

BBIX OTAeJax (puc. 8). OuaroBass HeBpOJOrUYeCcKasi
CHUMITTOMaTHKa OblJ1a TpeicTaBIeHa Oy Ib0apHBIMU
HapyIIeHUsIMH, TeTparnape3os ¢ (OpPMUPOBAHNEM
MaTOJIOTUYECKON TI03bI — JellepedpanrnoHHON
PUTHIHOCTH, MBITIIEYHBIN TOHYC COCTaBWII 3 Oasiia
1o mkaJse Amsopga. B teuenne nocienyomux 11
JIeT arreHTKa rocrurajansuposanack B PHXI nm.
A. JI. TlosieHOBa 11 JAJIbHEHIIEro Habi01eHus U

ical posture: decerebrate rigidity; the muscle tone
scored 3 according to Ashworth scale. During the
subsequent 11 years, the patient was hospitalized to
A. L. Polenov Russian Neurosurgery Research Insti-
tute for follow-up and examination. During all peri-
ods of hospitalization till year 2015, the patient met
the criteria of VS/UWS diagnosis, her consciousness
according to CRS-R scored 3.
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Puc. 8. 13T ¢ F-®/II" naimenTku K. (2010 1).
Fig. 8. 8F-FDG PET of patient K. (2010).

Note. Prominent glucose hypometabolism in the right hemisphere of cerebellum, occipital and parietal, and basal nuclei of both

hemispheres of the brain. Ventricular system dilation is noted.

HpPlMe‘laHI/Ie. BLIpa)KeHHBII‘/'I TUIIOMETa00JIN3M ITIOKO3bI B IIpaBOM IIOJIYIIapUX MO3KEUKa, B TEMEHHBIX 1 3aTbIJIOYHBIX 10 U B
0asaabHBIX AApax oboux HOJIy'IHaprI roJIOBHOTO Mo3ra. OTmMedaeTcs pacmupenne QKC.HY,ILO‘IKOBOI;‘I CUCTEMBI.

o0csenoBanus1. Bo Bce mepropl rocCIUTAIN3ANNAN
mo 2015 1. 6o/IbHAsT COOTBETCTBOBAJIA KPUTEPUSAM
nurarnosa BC/CADB, yposenb cosHanus 1o CRS-R —
3 6ana.

Bo Bpemsa nocsennero ocmorpa B 2019 1. y
NanyueHTKU BbIABUAM npusdHaku CMC mMunyc-
nanveHTKa GUKCIPOBaJIa B30OP HA CBOEM OTpasKe-
HHE B 3epKaJle, ApKOM MsA4e, 3a[JaHus He BBIIOJI-
Ha/a. CymMmmapHas oneHka 1o mkasne CRS-R cocra-

Bmia 9 0Oa/wioB ciayxoBasd QyHKIUS — 2,
3pureabHasa — 3, nBUrarejJbHas —1, OpoMOTOP-
Hasi/BepbanbHasgs — 1, KomMMyHukanmus — O,

b6onpcrBoBanue — 2. Ha MPT ro/ioBHOTO M0O3ra B
IuHaMuKe (puc. 9) BBIABUINA OOIUPHBIE 30HBI
KHCTO3HO-TVINO3HBIX N3MEHEHUH B 000X ITOJTy-
IIapusix OOJIBIIIOTO MO3Ta, 3aMECTUTETHHYIO BHYT-
peHHIOI ruapoledanio, HCTOHYeHNe MO30JIU-
CTOI0 TeJjia ¥ CTBOJIA TOJIOBHOI'O MO3ra.

Ha ucxognoit 330 (puc. 10) — HOHOBBINI
PUTM 3aMmenJjieH N0 ajab(a-TeTa AuamnasoHa U
Je30PraHN30BaH, 3aThIJIOYHBIN anbda pUTM HE
perucTpupoBay, Jo00HO-3aThIIOYHBIA I'pagu-
eHT OTCyTcTBOBaJj. Ha (poHe ymMepeHHO BbIpa-
SKEHHOI'0 PeruOHaJbHOI0 3aMeIJICHUA B JIEBBIX

Tracts are relatively intact only in the genu and
splenium of corpus callosum.

In the body of corpus callosum, axons of nerve
cells are grossly damaged, their number is drasti-
cally reduced, and in some areas there are no con-
ductors at all.

During the latest examination in 2019, MCS
minus signs were identified in the patient: the gaze
was fixed on her reflection in a mirror, on a bright
ball, she did not fulfill tasks. The cumulative score
according to CRS-R was 9: hearing function — 2, vi-
sual — 3, motor — 1, oromotor/verbal — 1, com-
munication — 0, wakefulness — 2. Dynamic brain
MRT (fig. 9) detected vast zones of cystic-gliotic
changes in both hemispheres of the brain, vicarious
internal hydrocephalus, thinning of corpus callo-
sum and brain stem.

On the baseline EEG (fig. 10), the background
rhythm is slowed down to the alpha-theta range and
de-organized; parietal alpha-rhythm was not
recorded, frontal-parietal gradient was absent. At the
background of moderate regional slowing down in left
frontal-temporal regions, reduced sharp waves with
a frequency of 1-2 per 20 seconds were recorded.
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Puc. 9. MPT rosioBHOro mo3ra naiueHTKu K. B tunamuke, 2019 .

Fig. 9. Dynamic brain MRT of patient K., 2019.

Note. Axial plane, FLAIR IP (a, b); sagittal plane, T1-VI (c, d). Cystic-gliotic changes in both hemispheres of cerebrum.
IIpumeuanue. AkcuasnbHast INIOCKOCTh, FLAIR UTI (g, b), carurranbHasi iockocts, T1-BU (¢, d). KucTo3HO-IMO3HbIE H3MEHEHHUsT

B 000HUX noJsrymiapuax 00JIBIIIOr0 MO3Ta.

G
1
V)
Ay
M/ ooy

SRS

Puc. 10. ®oxHoBasa Il nanuenTku K. 26 aet. Ucxoanasa AT no npucrymna.

Fig. 10. Background EEG of patient K., 26 years of age. Baseline EEG before seizure.
Note. Reference layout with average potential reference. The description is in the text.
ITpumeuanue. PecdhepeHTHBIN MOHTAK C YCPeIHEHHBIM 3JIeKTpogoM. OIucaHue B TEKCTe.

JIOOHO-BUCOYHBIX OT/eJIaX PEeTUCTPUPOBAIU
peayLupoBaHHbIE OCTPhIe BOJIHBI C YACTOTON 1-2
B 20 cexyHJ,.

ITpoBesn mpoOy € 30JAMUIEMOM — TIOCTE
TOTO KaK B raCTpoCTOMY BBeJix 10 Mr 3oJ1mugema,
y DanreHTKy yepes 20 MUH BO3HUKJIA A)KUTALUA,
OecriopsoYHbIe ABIKEHUSA, IPOKb, HAPOCTAHNE
MBIIIEYHOI'O TOHYCA, & 3aTeM BO3HHUK ITaplyaJlib-
HBIM 3NUJENTUYEeCKUN IPUCTYI C IIOBOPOTOM
B30pa BJIEBO, pPUTMUYHBIM COKpAIlleHueM MUMU-
YeCKON MYyCKYJIaTypbl IPaBOX MOJIOBUHBI JIMLIA.
JInTebHOCTh IIPUCTyIIA COCTAaBHAJIA OKOJIO 5
ceryHn. [eHepann3oBaHHOE NOBBILICHUE MBIIIICY-
HOI'0 TOHyCa COXpPAaHAJOCH B TedeHHe 10 MUHYT
nocJie nnpucryna. Kauecrsennyro sanuce 391" BO
BpeMs 3MUJICNITUYECKOr0 IIPUCTYIIa BBIIIOJHUTH

HE y1aJ/J10Ch, BBULY OOJIBIIIOr0 KOJINYECTBA MBIIIIEY-

Zolpidem test was performed: after 10 mg of
Zolpidem were injected into gastrostome, 20 min.
later the patient developed agitation, chaotic mo-
tions, shivering, muscle tone growth, thereafter, a
partial epileptic seizure including gaze turn to the
left, hemifacial rhythmic contraction of mimic
muscles on the right. The seizure lasted approxi-
mately for 5 seconds. The generalized increase of
muscle tone persisted during 10 minutes after the
seizure. It was impossible to obtain a good-quality
record of EEG during the epileptic seizure due to
multiple muscular interference (fig. 11). On the
next day, examination using the CRS-R scale was
performed again (the score was equal to 10: hearing
function — 3, visual function — 3, motor function
assessment — 1, oromotor/verbal function — 1,
communication — 0, wakefullness — 2). The pa-
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Puc. 11. Uamenenus I nanueHTKHU K. yepe3 30 MuH nocjie BBeJJeHUA B IcTpocToMy 10 Mr 3oJimuaema.
Fig. 11. Changes of EEG of patient K. 30 min. after injection of 10 mg of Zolpidem into gastrostoma.
Note. Increased presentation of myographic artifact evidencing motor excitation and increased index of epileptiform activity in the

projection of frontal-temporal region on the left were noted.

HpnMeqaline. Ormerniu yBeJIMYeHNE IPENCTaBJIEHHOCTH MI/IOI‘pa(I)I/I‘IeCKOFO apTe(baKTa, CBUETEJIbCTBYIOLIETO O ABUT'aTeJ/Ib-
HOM B036y7K,HeHI/II/I, a TaKJKe yBEJIMYEHUE NHIEKCA SHI/IJIeHTI/I(i)OpMHOI';I AKTUBHOCTU B IIPOEKI NN JI00HO-BUCOYHON 00J1aCTH

CJieBa.

HBIX HaBOAOK (puc. 11). Ha cuenymoinue CyTku
BHOBbB IIPOBEJIX OCMOTpP C IPUMEHEHUEM IITKaJIbI
CRS-R (10 6as1oB: cayxoBasi GyHKIUS — 3, 3pU-
TesibHasg (YHKIMA — 3, OIleHKa [BUraTe/bHOM
¢yurmmu — 1, opoMoTopHasi/BepOanbHasA PyHK-
1usi — 1, kommyHUKaIms — 0, 6ompcTBoBaHmEe — 2).
Marsb naryeHTKH, KOTopasi IOCTOSTHHO HaXOAN/Iach
PAIOM C 104epbIo BCe 3TH I'Ofibl, 3aMeTHJIa, YTO OHa
0oJiee akTUBHA B JAHHBIN IeHb — O0JIbIIIe OOIPCT-
BYeT, OTYEINBEE U JOJIbIIe (PUKCHPYeT B30Op HA
npenMerax. Jlyis MOATBepsKAeHUs B3aMMOCBS3U
MEKIy JefiCTBHEM 30K ieMa i BOSHUKHOBEHHEM
9MMUJIETITUYECKOT0 IIPUCTYIIA Yepe3 CYTKU PelIniIiv
MIOBTOPUTH Ipo0y. McxonHasa oreHka Io MIKase
CRS-R cocraBuiia — 9 6asuioB. Micxognast 99T ObL1a
IpeskHel, a uepes 20 MUH 110C/Ie ITpreMa 30JIIu/Ie-
Ma BHOBb Pa3BUJICS UIEHTUYHBIN IEPBOMY ITapITU-
aJIBHBIH CYJOPOKHBIN IIPUCTYII.

IMocJie IepBOTO OMUCAHUS «IIPOOYKIAIOIIETO
apderrar 3onnuaema Clauss et al. HabI0gAIN
nonoOHbIN ap ekt y 4 marmenToB B BC/CAB kak
TPaBMaTU4YeCKOTI'0, TAK ¥ TUIIOKCUYECKOT0 reHe3a.
[Tpono/KUTeIbHOCTh HapyIIeHUsl CO3HAaHUA Yy
9THX IIAlIMEHTOB cOCTaBMJIa OT 3 mo 5 Jier [4].
HaHI/IeHTLI CMOIVIN CaMOCTOATEJIBHO OTBE€YaTh Ha
BOIIPOCHI ¥ MPUHUMATh NIy B KOPOTKUM ITepuo
BpEMEHH IocJje IpuMeHeHnus 10 Mr 3oJmnugeMa.
Pacminpenue co3dHaHus O6bIJI0 OllEHEHO C IIOMO-
IIbI0 IIKaJbl UCXOHOB Iya3ro u mkaJbl Rancho
Los Amigos [11]. IHTepecHO, 4TO YPOBEHb CO3Ha-
HUA BO3Bpallajcsad K UCXOJHOMY uepe3 4 yaca
rocJsie IpyuemMa Ipernapara, Ho «I1po0y»KIaioIii»
addert HAOMIOOANCST BHOBb HPU CJEIYIOIIEM

tient’s mother who had stayed continuously near
her daughter all those years noticed that that her
daughter was more active on that day: she was
awaken longer, fixed her gaze on objects clearer
and longer. To confirm relation between Zolpidem
action and epileptic seizure occurrence, it was de-
cided to repeat the test. The baseline score accord-
ing to CRS-R was equal to 9. The baseline EEG was
same as before, but 20 min. after administration of
Zolpidem, a partial convulsive seizure identical to
the first one developed again.

After the first description of the ‘wakening ef-
fect’ of Zolpidem, Clauss et al. observed a similar
effect in 4 patients in VS/UWS condition of both
traumatic and hypoxic origin. The length of disor-
der of consciousness in those patients was equal to
3 to 5 years [4]. The patients were able to answer
questions without assistance and take meals
shortly after administration of 10 mg of Zolpidem.
Augmentation of consciousness was evaluated
using the Glasgow Outcome Scale and Rancho Los
Amigos Scale [11]. Interestingly, consciousness re-
turned to the baseline level after 4 from drug ad-
ministration, but the ‘wakening’ effect was ob-
served again during the next administration of the
drug. Similar effect of ‘transitory’ recovery of con-
sciousness after usage of Zolpidem was also ob-
tained in hypoxia or encephalitis-resultant MSC
patients [6, 7]. Some investigations underline no
improvement after Zolpidem application in pa-
tients suffering from consequences of hypoxic
brain damage and severe craniocerebral trauma [8].
The results of Zolpidem usage have been recently
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npueMe npenapara. I1omo06HbIH 3 PEeKT «TpaH3U-
TOPHOT0» BOCCTAHOBJIEHU I CO3HAHUS TTOCJIE TIPU-
MeHEeHUsI 30JIHIIeMa TaKk)Ke ObIJI TIOJTy4eH Y Imalu-
€HTOB C TIIOCJEACTBUEM TUIOKCUU HUJIHU
aH1edanura, Haxogusmiuxcs B CMC [6, 7]. Heko-
TOpBIE UCC/IeJ0BAaHNA IONYEPKUBAIOT OTCYTCTBHUE
VIy4YIleHHUs IIOCJIe IIPUMEHEHHsA 30JnujeMa y
MalMeHTOB C MOCJEACTBUSAMU TUIIOKCUYECKOTO
MopajkeHusi TOJIOBHOTO MO3Ta U Tsokesion UMT
[8]. PeaysbraThl MpUMeEHEHUS 30JIHAEMA OBLIIN
HeJaBHO M3y4YeHbl Y 15 nanueHToB, Cpefu KOTo-
PBIX TOJBKO Yy 1 MalieHTa OTMeYeH OTUYEeTVIMBBIN
adp ekt B Bue nepexoga us BC B CMC, y ocTanb-
HBIX 14 NTMHAMUKU He BBIABJEHO [9]. B mociaenyro-
IIUX T171a11e060 KOHTPOJIMPYEMbIX UCCJIeI0BAHUSIX,
cpenu 84 manuenTtos ¢ JIHC, npomo/skaBmnMcs
He MeHee 4 MecALeB, TOJIbKO Y 4 TallueHTOB OTMe-
YeH OTYETJIMBBIA ITOJIOJKUTEJIbHBIA OTBET Ha
MpuieM 30JIMTHEMA B BUJIe YBeJUYEHUs oO0beMa
JIBUTATEeJIbHOW aKTUBHOCTHU, BBITTOJTHEHUA 3aj1a-
HUI, BO3MOKHOCTH HCIIOJIb30BATh HECKOJBKO
IpeaMeToB 10 HadHaveHuto [12]. [Ipu ucciiegosa-
HuU 3¢ pexTuBHOCTU 30/nHUAeMa y 60 ITaI[ieHToB
¢ IHC, Tosnbko y ogHOro nmanuestra B CMC ormeve-
HO paclHIiupeHue MOBeJIeHUYECKUX PEeaKIUil — C
pacmupeHreM CO3HaHUA A0 YPOBHA «BbIXO[A U3
CMC» [15]. CneyeT OTMETUTB, YTO B JaJIbHeHIIIeM
9TOT Ke MaNHeHT ObIT BKJIIOYEH B JIPYTO€E IBOMHOE
cJIeTioe WCCJeJ0BaHNe U y HEro He ObLI 3aperu-
CTPUPOBAH HAOJIIOABIITUICS PAHEe TTOJIOKUTEh-
HBIM OTBeT Ha mpueM 3oJnujema. Haoporus, y
JIPYTUX 4 MaIeHToB, Y KOTOPHIX paHee He Ha0JTio-
J1aJIOCh PEAKIINU Ha 9TOT IIpenapar, B 3TOM UcCIe-
JIoBaHUe ObIIa MOJTyYeHa MOJIOKUTETbHAS TMHA-
MuKa o mrkase CRS-R nmocse mpuema 3oamnugema.
ABTOpBI cliesiajiv BBIBOJ, YTO 3P eKT nercTBUs
30JIMUAEMAa Yy OJHOTO W TOTO 3Ke OOJIbHOTO
HeycToluuB. 127 marnueHToB B BC HeOOBIION
MIPOIOJIPKUTETLHOCTU OBLIIN 00CJIeIOBAHBI TTOCTTE
1 Heme/ U eKeqHEBHOIO JIeUeHUs 30JIIMAIEMOM.
[TarmeHTHI OBLTN pa3/iesIeHbl Ha HECKOJIBKO FPYIII
B 3aBUCHMOCTH OT HAJIMYW A UJIUA OTCYTCTBUSA IIPU-
3HAKOB MOBPEKIEHUS CTBOJIA TOJIOBHOTO MO3Ta.
Jly4dnie pe3yJibrarbl BOCCTAaHOBJICHUS ITOJIYYEHBI
MarreHToB 0e3 MPU3HAKOB ITOPAKEHUsI CTBOJIO-
BBIX CTPYKTYP. [lociie npuMeHenus soanuigema 1o
JAaHHBIM CIIMHTUTPAadUU TOJOBHOTO MO3Ta
OTMEYeHO YyBesiMueHUe I1epdy3uu B 30HAX
MTOBPEKIEHNS OOJBIINX MOJYIIAPUN TOJOBHOTO
MO03ra y marnueHToB 60e3 MopaskeHusI CTBOJIOBBIX
CTPYKTYp, a Y IalUEHTOB C M3Ha4YaJIbHBIM I10pa-
sKEHHEeM CTBOJIAa TOJIOBHOTO MO3ra TMHAMUKU KaK
HEBPOJIOTUYECKOU, TaK U T10 JAaHHBIM HEHPOBU-
3ya/in3aluy He BbIABJICHO. bbLIO coesaHo npem-
IIOJIOJKEHHE O JIy4dllleM OTBeTe Ha IpUMeHeHUe
30JIMUIeEMa Cpeay TAIMeHTOB 0e3 MPU3HAKOB
IIOPaKeHUA CTBOJIOBBIX CTPYKTYP [16].
«IIpoOyskmatonuii»  adgderT 3oamumemMa

00BIYHO IIUTCA 1-2 Yaca, T.e B IepUoj MaKCH-

studied in 15 patients, among which a clear effect
in the form of transition from VS to MCS was noted
in 1 patient only while no dynamics was found in
the other 14 patients [9]. In later placebo-controlled
studies, among 84 patients with PDC that contin-
ued at least for 4 months, only in 4 patients a clear
positive response to Zolpidem administration was
noted, which manifested in the increased volume
of motor activity, fulfillment of tasks, ability to use
several items for their intended purpose [12]. In the
investigation of Zolpidem efficacy in 60 PDC pa-
tients, only in one MCS patient improved behav-
ioral responses including augmentation of con-
sciousness to the level of ‘emerging from MCS’ was
noted [15]. Itis worth mentioning that in future the
same patient was enlisted in another double-blind
study, wherein the positive response to Zolpidem
which had been observed previously was not
recorded in that patient. On the contrary, in other
4 patients who had not responded to the drug ear-
lier, a positive CRS-R dynamics was observed in
that study after Zolpidem administration. The au-
thors concluded that the effect of Zolpidem action
varies in one and the same patient. 127 patients in
VS condition that had lasted for a short period were
examined after 1 week of daily treatment with
Zolpidem. The patients were dived into several
groups depending on whether there were symp-
toms of brain stem damage or not. The most suc-
cessful recovery was achieved in patients who did
not have symptoms of structural stem damage. Ac-
cording to brain scintigraphy, after Zolpidem ther-
apy increased perfusion was noted in the damaged
regions of cerebral hemispheres in patients with
undamaged stem structures while in patients with
initial brain stem damage there was no dynamics
either neurological or according to brain imaging.
A better response to Zolpidem among patients
without symptoms of structural stem damage was
supposed [16].

The ‘wakening’ effect of Zolpidem lasts usually
for 1-2 hrs. i.e. when the drug concentration in blood
is the highest [7, 8, 15, 18]. In some patients, minor
side effects were noted: shivering or chaotic motions
[19]. Additional neuroimaging and neurophysiolog-
ical methods were utilized to assess Zolpidem effi-
cacy in few studies only. For instance, in the course
of EEG in one chronic VS/UWS post-ischemic stroke
patient, activation of rhythms was detected, though
there was no augmentation of consciousness: the
patient stayed awake longer, yawned [16]. Several
studies were aimed at understanding the mecha-
nism of Zolpidem action with the help of neu-
roimaging techniques. Radioisotope imaging
demonstrated improvement of metabolism in brain
regions characterized by initially low metabolism in
patients, suffering from traumatic or post-hypoxic
brain damage, after administration of Zolpidem [21,
23-25]. A MCS patient was described wherein clear
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MaJIbHOU KOHIIEHTPAIlMY Tpernapara B KpoBH [7, 8,
15, 18]. ¥V HeKOoTOpBIX IalMEeHTOB OTMEYEeHbI
He3HavYUTeIbHbIE T000YHbIE 3(h(HEKTHI — MOSIBJIE-
HUE IPOKU WU OeCIIOPSATOYHbIX IBMKeHUI [19].
JonosHUTeJbHBIEe HeUpBU3yaJM3allUOHHbIE U
HeWpodU3N0JIOTUIECKE METOAbl J[JIs1 OIlEeHKU
adderTUBHOCTU 30JMHUIEMA HCIOJIb30BaAHBI
TOJIBKO B HECKOJIbKUX HCCJIeN0BaHMAX. Hanmpumep,
npu perucrpanuu 331 y 0IHOTO anueHTa 1ocJje
AIIEeMUAYECKOr0 NHCYJIBTA, HAXOOUBIIIEMCS B XpO-
HuyeckoM BC/CAB, Obl1a BbIsIBJIeHA aKTHUBALUs
puTMOB. PacmiupeHus CO3HAaHUA TPUA ITOM He
HabJII0Ma0Ch — IIalleHT OoJiee NJUTeJILHbBIN
nepuopn 6oapcTBOBas, 3eBasl [16]. Heckosbko
HCCJIeJOBaHUU ¢ TIpUMEHEeHeM METO/IUK HEeUpo-
BU3yau3aruu ObLIM HAIIpaBJIeHBI HA TO, YTOOBI
MMOHATH MEXaHU3M JelicTBUs 3oanuaema. C momo-
IIBbI0 PAIUOU30TONHBIX METOLOB BU3yaaIU3alun
OBIJIO TPOJIEMOHCTPUPOBAHO YJIyUIlleHre 0OMeH-
HBIX IPOIIECCOB B 30HAX MO3Ta, C ©3HAYAJIbHO HU3-
KM MeTa00JIM3MOM, Y MaIMeHTOB C TpaBMaTuye-
CKMM U MMOCTTUIIOKCAUYECKUM TTOpasKeHreM M03Ta
nocJje nmpuema 3onanuaema [21, 23-25]. Onucan
nauuesT B CMC, y KOTOpOro nnocJjie npuema 30JI1u1-
JeMa 1oJiy4eHa oT4eTInBas JUHaMUKa B pacIlu-
peHnn KOHTaKTa, a o maHHbIM [I9T c BF-OJT
HabJTI0IaI0Ch YBeJIMYeHre MeTaboIm3Ma B Kope
JIOOHBIX TOJIEH, TOCTPOJIAHIUYECKON N3BUIUHE,
repeHeN IUHTYIAPHON N3BUIIMHE, OpOUTODPOH-
TaJIbHOM KOpe — 30HaX, KOTOPbIe KaK U3BECTHO,
IIPUHUMAIOT yyacThe B QOPMUPOBAHUU MOTHUBA-
nuii [4]. [Tpu BeinosiHeHUN (pyHKIMOHAIbHOU MPT
COCTOSTHUS TTIOKOS [10 U TI0CJIe IPUMEeHEeHU 3011 -
nemay nanuenrta B BC/CBD, c nociiencreueM uitie-
MHYECKOI'0 MHCYJIbTa OTMEYeHa aKTUBalysa CeTU
MTacCUBHOM paboThI Mo3Ta [13], a y 3opoBoro 106-
POBOJIBI]a — YMEHbBIIIEeHHEe aKTUBHOCTH B JIOOHOH,
BHCOYHOM, TEMEHHOU Kope MocJe 30JuieMa. ITU
HCCJIeTOBAHUS ITONTBEPAUIN CIIOCOOHOCTE 30JIITH-
JleMa MOBBIIIAaTh aKTUBHOCTD TAJIaMO-KOPTUKAJIb-
HBIX CEeTeM, YTO COMPOBOKIAIOCH TTOBBIIIIEHUEM
MeTab0M3Ma B KOpe OOJIBIITNX TOJTyIIIapuii MO3ra
y IalMEeHTOB C HapylleHueM co3HaHuda [18].
Hanpumep y Tpex nanuentoB B CMC runokcuye-
CKOro TeHe3a Iocje MpueMa 30JImuaeMa Oblaa
ToJTydeHa aKTUBaIus Merabomama B opouTod-
POHTAJILHOU KOpe — TaK Ha3bIBAEMOI JIMMOMYe-
ckoti 3oHe [19]. YV Bcex Tpex MarreHToB HabJ/TIoaa-
JIOCB CYIIECTBEHHOE pacllipeHne KOHTaKTa I10CjIe
Ha3HA4YeHUs IIpenapara. BelpaskeHHBIX CTPYKTYP-
HBIX MOPa’KeHUH B 00JIaCTSIX MO3Ta, Iie MOoCse
Ha3Ha4Y€eHUs 30JIH/IEMA YBEJTNIUIICS METa00TI3M
MO03ra, OTMeYeHO He ObIJ10. BO3MOKHO HEKOTOPBIM
ranyeHTaM Hy>KHa 0oJiee BBICOKAs 103a 30JIH/Ie-
Ma JIJIs1 peain3aliy ero akTUBUpYIOIIero apdera.
OmmcaH cy4yail yBeJTUdeHUs1 CYMMapHOTo 0aJjia 1mo
mkase CRS-R mocae mpuema 3oJsmugema, 4TO
CONPOBOKIANIOCH yBEJIMYECHUEM aMILIUTYIbl U
BOJIETa)Ka C IOSIBJIEHWEM TeTa-0eTa PUTMOB C

dynamics of contact augmentation after Zolpidem
administration was achieved and, according to '®F-
FDG PET, increased metabolism in frontal lobes’
cortex, post-rolandic gyrus, anterior cingulate gyrus,
orbitofrontal cortex — regions known to be involved
in motivation formation — was observed [4]. During
functional MRT at rest before and after Zolpidem in-
take in VS/UWS post-ischemic stroke patient, acti-
vation of task-negative network of the brain was
noted [13], while a healthy volunteer displayed re-
duced activity in the frontal, temporal, and occipital
cortex after Zolpidem. Those studies proved Zolpi-
dem’s capability to rise the activity of thalamic-cor-
tical networks accompanied with increased metab-
olism in the cortex of cerebral hemispheres in
patients with disorder of consciousness [18]. For ex-
ample, in three patients with MCS of hypoxic origin,
activation of metabolism in orbitofrontal cortex —
the so-called limbic region — was achieved after
Zolpidem administration [19]. In all three patients,
substantial augmentation of contact after the drug
was observed. The brain regions where brain metab-
olism increased after Zolpidem were free of obvious
structural damage. Some patients might, probably,
need a higher dose of Zolpidem to have its activating
effect implemented. A case of increased cumulative
CRS-R score after Zolpidem administration, accom-
panied with increased amplitude and voltage and
appearance of theta-beta rhythms from temporal
leads, in a long-standing VS/UWS patient after a
bolus administration of 30 mg of Zolpidem was
described [21].

Neurophysiological processes underlying the
stimulating effect of Zolpidem in PDC patients are
yet unclear. Several hypotheses have been sug-
gested. For example, there is a hypothesis of ‘cell
dormancy’ in areas adjacent or located further from
the primary brain lesion (in ipsi- or contralateral
cerebral hemispheres, tentorium). According to this
theory, some part of neuronal mass in inhibitory
state recovers its activity after application of Zolpi-
dem, which is also accompanied by augmentation
of contact with a patient or consciousness recovery
[23]. That theory was supported by magnetoen-
cephalography that showed lessening of the quan-
tity of pathological slow waves after Zolpidem ad-
ministration in a post-ischemic stroke patient [18,
19, 22]. There is also another hypothesis of alter-
ation of the level of glutamate and GABA neuro-
transmitters in areas adjacent to structurally de-
stroyed regions of the brain. During the acute
period, glutamate causes excitotoxicity accompa-
nied by excessive inhibiting influence of GABA neu-
rotransmitters; hypersensitivity of GABAA recep-
tors develops [15]. Inhibitory neurotransmitters
bind with receptors’ ion channels resulting in lower
metabolism and blood flow in certain brain zones
and ‘cell dormancy’. Zolpidem binds with GABAA

receptors of ‘dormant’ cells causing cell state inver-
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BUCOYHBIX OTBEJEHUI y MaldeHTa JJIUTEeJbHO
Haxopsmierocsi B BC/CAB, mocjie o0THOMOMEHTHOTO
npueMa 30 mr 3oJmugeMa [21].

Heiipoduanosnornyeckue npoueccsl, geska-
II1ie B OCHOBE CTUMYJIUPYIOLero apderra 3o/1mu-
Jemay nanuenTos ¢ JIHC, ocraroTcs oo KOHIA He
MOHATHBIMU. IIpenJiosKeHo HeCKOIbKO T'UIIOTe3.
Hampumep, cymecTtByeT MNOpeAlloNoKeHnue o
cocrostHUU «cell dormancy» — «CHa» UIN «CIIOKOM-
CTBUsI» KJIETOK, IPUJIETAIOINAX UJIN PACIIOJIOMEH-
HbIe 00JIee OTJJaJIEHHO OT 30H IEPBUYHOTO TIOpa-
SKeHHs MO3ra (B UIICU- UJIA KOHTpJAaTepaJlbHOM
MOJIYIIApHUAX OOJIBIIOTO MO3Ta, MO3JKedKe).
CorjacHo TaHHOU TeopUM 4YacTh HEHPOHAJTbHOU
MacChl, HaXOAIIAAACA B COCTOSTHUY TOPMOSKEHUS,
BOCCTaHABJIMBAET CBOIO aKTUBHOCTH IIOCJIE IIPU-
MEHEHHUs 30JIIUIEeMa, YTO TaKKe COIIPOBOYKIAeT-
CA pacllMpeHueM KOHTAaKTa C NalWeHTOM WU
BOCCTaHOBJIEHHEM CO3HaHus [23]. B moaTBepxae-
HYe TaHHOH TeopuH OblyIa TPOBeeHa MarHUTOIH -
nedaJsorpadus, Nokasaslias yMeHblIIeHNe KOJIU-
4eCcTBa [1aTOJIOTMYeCKUX MeIJICHHBIX BOJIH IIOCJIe
npreMa 30J/1IIuAeMa, y alueHTa ¢ I0C/IeCTBUEM
HAIIeMHAYeCKOro uHcyasra [18, 19, 22]. CymecrByer
Jpyrasi THoTe3a 00 U3MeHEeHNH YPOBHS IIyTaMa-
Tau TAMK-HellpoTpaHCcMUTTEPOB B 30HAX, IpHUJIe-
raloyX K CTPYKTYPHO pa3pylIeHHbIM 00J1aCTAM
Mo3ara. B octpom nepuone miyramar BhI3BIBAeT
9KCAUTOTOKCUYHOCTh, UTO COIPOBOYKIAETCS
M30BITOYHBIM UHTUOUPYOMNM BiaussareM TAMK
HEeHpOTPaCMUTTEPOB, Pa3BUBAETCS THUIIEPUYYB-
ctBuTebHOCTE TAMKA penenitopos [15]. UHTH-
OUTOpHBIE HEHPOTPAHCMUTTEPHI CBA3BIBAIOTCS C
MOHHBIMM KaHaJIaMU PeLelTOPOB, YTO IIPUBOSUT
K CHMJKEeHUIO MeTaboJim3Ma M KPOBOTOKA B OTIpe-
JleJIEHHBIX 30HAX MO3Ta U «CHY KJIETOK». 30JITAIEM
cBsaA3bIBaeTcsa ¢ TAMKA penentopamMu «CIAIINX»
KJIETOK U BBI3BIBA€T MHBEPCUIO COCTOSHUS KJIET-
KY, yBeJIM4YeHNe ee aKTUBHOCTH U, COOTBETCTBEH-
HO, yBenaundeHue wmerabosmama. IlpemsoskeHa
TaksKe «Teopus moppesxnenus TAMK-eprudeckoi
CHCTEMbI», KOTOPasi 00'bSACHSET MOJIOKATETbHBIN
addekT 3osmuaeMa ero CrtoCOOHOCTHIO BOCCTa-
HaBJuBaTh (QyHKIUOHHpoBaHue [AMKepruue-
CKOI CMCTeMBI ITyTeM BOCCTAaHOBJIEHMsI HOPMaJIb-
HOI'O COOTHOUICHUS MeKJy CHUHaITUYeCKUM
B0O30yskmeHueM 1 TopmoskeHreM [24]. N. D. Schiff
MpeJiJosKeHa TEOPUsl «Me30CXeMbI»: 30JITHIEM
BO3JIEHICTBYeT Ha JIMMOWYECKUe MyTH MO3Tra, U
MOAYJIMPYeT aKTUBHOCTD IIOJJKOPKOBBIX CBsA3€H, B
YaCTHOCTH CBSI3aHBIX ¢ Os1eHBIM 11apoM (globus
pallidus), 4To IpUBOIUT K HOPMAIUIAIIUU Tasa-
MOKOPTHKAJbHON aKTUBHOCTH M BOCCTAaHOBJIE-
HUIO coO3HaHud [27-29].

[lepBoHava/ibHAA peaKnysa HA 30JIIAAEM Y
nanuenTa K. 18 jret 3axJ/royasnach B ITMCCOLUUPO-
BaHHOM OTBeTe — yCKopeHue narrepHa 331 1 Bo3-
HUKHOBeHME ceJlaTuBHOTro 3¢ dekra. [lepectpoii-

Ky IIaTTEPHA 93l mocye 30JIMmyuJaeMa paCueHuJan

sion, intensifying its activity and, hence, increasing
metabolism. A ‘theory of GABA-system damage’
has also been suggested that explains the positive
effect of Zolpidem by its ability to restore GABA-
system functioning by restoring normal correla-
tion between synaptic excitation and inhibition
[24]. N. D. Schiff suggested the theory of ‘mesocir-
cuit’: Zolpidem acts on limbic pathways of the
brain and modulates the activity of subcortical
links, in particular, related to globus pallidus, which
leads to normalization of thalamocortical activity
and recovery of consciousness [27-29].

The first response of patient K., 18 years of age,
to Zolpidem was the dissociate: accelerated EEG
pattern and sedative effect. EEG pattern restructur-
ing after Zolpidem was considered favorable in
terms of prognosis that was proven during patient
follow-up and successful outcome [15, 28, 30].
Based on follow-up of that patient, a few conclu-
sions were drawn.

Firstly, Zolpidem test results in PDC patients
should be evaluated not only based on neuropsy-
chological scales, but with the help of EEG moni-
toring as well because the sedative effect of the
drug might be accompanied with EEG pattern ac-
celeration.

Secondly, during different periods of recovery
in the same patient with disorder of consciousness,
the response to Zolpidem might vary. In patient K.,
18 years of age, the drug prescribed on month 3 of
VS/UWS condition caused sedation combined with
EEG activation and on month 6 — activation of be-
havior and improvement of attention.

Patient K., 26 years of age, responded paradox-
ically to Zolpidem by developing a convulsive
seizure. The relation between the seizure and ad-
ministration of Zolpidem was confirmed by re-
peated administration of the drug. The mechanism
of seizure development in that patient is still un-
clear. According to N. D. Schiff’s concept, Zolpidem
is capable of ‘switching off’ the inhibitory influence
of globus pallidus on thalamocortical links and in-
directly cause activation of forebrain cortex. It can
be supposed that due to severe brain damage in pa-
tient K., 26 years of age, implementation of this re-
action of activation was accompanied by hyperac-
tivation with development of a pathological
condition — seizure. Augmentation of conscious-
ness by 1 point according to CRS-R scale on the fol-
lowing day after Zolpidem administration seems to
evidence activation of thalamocortical links after
drug administration.

Conclusion

Zolpidem provides varying effects in VS/UWS
and MCS patients. In one patient, sedation com-
bined with EEG activation was observed, which was
a good prognostic sign. The other patient devel-
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KaK IMPOTHOCTUYECKHU OJIAaTONIPUATHYIO, YTO MO -
TBEPAMJIOCH B TIPOIecCe JTaabHeNIero HabJoe-
HHsA 32 O0JIBHBIM U pPeain30BajioCh B XOPOIIIeM
ucxope [15, 28, 30]. Ha ocHoBaHMM HAOJIIOIEHNS 3a
JaHHBIM ITAlMEHTOM MbI CHeJaJd HEeCKOJIBKO
BBIBOJIOB.

Bo-T1epBbIX, peayJsisraT 1pob ¢ 30JMHUIEMOM Y
nanuenTos ¢ IHC ciienyer omeHUBaTh He TOJIBKO
C IpUMeHeHNeM HelpOIICUX0JI0TUYeKCKUX IIIKaJI,
HO U C IOMOUIBIO ¢ MOHUTOpUHra JII, Tak Kak
celaTUBHBIN 9 deKT mpermapaTa MOKET COIMPO-
BOYKJIAaThCA yCKOpeHueM narrepaa J9I.

Bo-BTOpBIX, B pa3Hble IEPUOIBLI BOCCTAHOB-
JIEHU 1y OOHOT'0 U TOTO Ke ITalleHTa C HapyllIeHN!-
eM CO3HaHWS MOYKHO HabJIIoaTh pPasyImYHYIo
peaxKunIo Ha IpUMEeHeHre 30JuaeMa. ¥ nanrueH-
ta K. 18 sieT nipemnapar, Ha3Ha4YeHHbIN Ha 3-11 Mec.
BC/CAB, BBI3BIBAJI COHJIMBOCTH C aKTHBaluen
93l auepes 6 MecsLeB — aKTUBALUIO IOBEACHUA
U yJIy4IllleHVe BHUMaHUsA.

Y nanueHTkA K. 26 JjieT oTMeTHIn ITapagok-
CaJIbHYIO PEaKIINIO Ha 30JIII1JIEM B BUJIE BOSHUKHO-
BEHUA CyJOPOKHOIO MpUIlagKa. B3amMocCBs3b
CYJOPO’KHOIO IIPUIIAJIKA C IPUMEHEeHNeM 30J1I1e-
Ma OblJIa TOATBepsKAeHa IOBTOPHBIM Ha3HAUEHNEM
npenapara. MexaHn3M BO3HUKHOBEHUS CYLOPOXK-
HOTO IIPUITaJIKa Y JAaHHOHM O0J/IBHOM OCcTaeTcs He 110
KoHIIa sicHbIM. CommacHo KoHutenmuu N. D. Schiff,
30JIMMUAEM CIIOCOOEH «BBIKJIIOYATh» TOPMO3HOE
BJIMsIHME OJIeJHOTO Iapa Ha TaJIaMO-KOPTUKAIb-
Hble CBA3U U OIIOCPEJOBAaHHO BHI3bIBATh aKTUBa-
LIMIO KOPBI lepegHero Moara. MosKHO IIpenoJio-
SKUTB, 4TO y nanueHTKu K. 26 jeT B Bugy rpydooro
TIOpa’KeHMsI MO3Ta peaan3arnysi JaHHON peakIuu
AKTUBAIINY COTIPOBOKIAIACH TUTIEPAKTUBAIIIEH C
pasBUTHEM [1aTOJIOTUYECKOTO COCTOSHUA — CYII0-
pOsKHOTO IIpunagka. Pacimupenue co3HaHUsA Ha
1 6ann mo mkane CRS-R Ha ciexmylomniye CyTKu
rnocjae NMPUMEHEHUs 30JIIUJIEMA, MO-BUIUMOMY,
CBUJIETE/THCTBOBAJIO 00 aKTUBAITUU TAJTAMOKOPTH-
KaJIbHBIX CBSI3€H ITOCIe MpUMeHEeHUsI ITperapara.

3akJaouenue

301 aeM MOJKeT OKas3bIBaTh Pa3HO0OOpas-
HbIN 3 ekt y maruentoB ¢ BC/CAB u CMC. ¥V
OJJHOTO MaIyeHTa Ha0JII01a/Id CeJAIHI0 C aKTUBA-
el 31, 4TO SIBUJIOCH IPOTHOCTUYECKH XOPO-
MM NPU3HAKOM. Y JPYrodl ManydeHTKH I0CJIe
IIpUMEHEHUS 30JITUAeMa HEOMHOKPATHO Pa3BU-
BaJIMCh NTapuyajbHble CyJOPOsKHBIE IPUIIATKY C
pacmmpeHreM KOHTAKTa Ha CJIEAYIONIUN [1eHb.
MexaHn3M AeicTBYs, HE0OXOAUMbIE O3Bl ITpera-
paroB ¥ MapKephl IPOrHO3UPOBAHUSA 0JIaroNnpH-
ATHOTO 3 derra MaHHOrO Npemapara TpedyioT
JaJbHEHIIEero N3yJeHusl.

BiarogapHOCTh. ABTOPBI BBIPAYKAIOT UCKPEH-
HIOIO 0JIarOIapHOCTH COTPYAHUKAM Poccuiickoro
Hay4YHO-HUCCJIeI0BATeIbCKOTO HENpOXupyprude-

oped partial seizures after Zolpidem administra-
tion, following by contact augmentation on the
next day. The mechanism of action, necessary
doses of drugs, and markers forecasting beneficial
drug effect require further investigations.
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JuccepTanyiy Ha COMCKaHUE Y4YEHOH CTEeNeHH JOKTOpa HayK 0e3 ONyOJHMKOBaHHS OCHOBHBIX
Hay4YHBIX pe3yJIETaTOB B BeIYIIHX KypHaJIaX U H3JaHUAX, IepedyeHb KOTOPIX yTBep:kJeH Bricieii aTTe-
CTAallMOHHOI KOMHCCHEH, OyyT OTKJIOHEHBI B CBSI3H ¢ HapylieHHeM 1. 10 ITos1okeHHs 0 OpsAAKe NPH-

CYy;KAC€HHUA YIEHBIX CTeleHei.

ITepeuens sxypHanoB BAK, nsnaBaembix B Poccuiickoit @eneparum 1o cnenuanbHocTy 14.01.20 «AHe-
CTe3MOJIOTHUA U PeaHNMAaTOJIOTHA», B KOTOPBIX PEKOMEHIyeTcCs IMyOIMKayA OCHOBHBIX PE3Y/IBTaTOB JIHC-
cepranuii Ha COMCKaHNe YIeHOH CTeleH! JOKTOpa U KaHAUAaTa MeJUIINHCKUX HAYK:

*  AHecme3uosozus U peanumMamonous;
*  Obwas peaHuMamonozusi.
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1IYBCTBI/ITEEJII:;HOCTI) 6ap0peuem?op013 M COCTOSTHHE aBTOHOMHOM HepBHOﬁ
CHUCTEMBbI Yy NIAIIMECHTOB C XPOHUYCCKUMH HAPYIICHHUAMMU CO3HAHU A

B. H. loporosues!, /1. C. flukeBud!, A. JI. [Tapcpenon’, A. E. CkBop1ioB!, A. B. KoresibHUKOBa?

! ®enrepasbHBIN HAYYHO-KJIMHUYECKUM IIEHTP PEAHUMATOJIOIMH U peabu/IuTOI0T N,
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Sensitivity of the Baroreceptors and the State
of the Autonomic Nervous System in Patients with Chronic Impairment
of Consciousness Due to Severe Brain Damage

Viktor N. Dorogovtsev!, Dmitriy S. Yankevich!, Alexander L. Parfenov’,
Artem E. Skvortsov?!, A. V. Kotelnikova?

! Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
777 Lytkino 141534, Solnechnogorsk district, Moscow region, Russia
2 Department of medical rehabilitation Moscow Research Centre for Medical Rehabilitation and Sports Medicine,
53 Zemlyanoi val, 105120 Moscow, Russia

Ilens uccaegoBaHMA: U3YYUTh YYBCTBUTEIBHOCTh 0APOPELeNITOPOB U aBTOHOMHOM HEPBHOU CHCTEMBI
IIPY ITACCUBHOU OPTOCTATHYECKOH IIpoOe y MaIieHTOB C XPOHMYEeCKNMHU HapyIIeHUsIMA COSHAHUS BCJIE -
CTBHE TsKeJIbIX IIOBPEKAEHN TOJIOBHOTO MO3Ta U OIIPeJeJIUTh UX POJIb B peabu/INTAIlMOHHOM IIpoIiecce.

MarepuaJibl 1 METObI. B ncciienoBanre BKIOYNIA 30 TAUEHTOB C JJINTEJIbHBIMA HAPYILIEHUSAMMU CO-
3HAHNs, BEI3BAHHBIMH TsKEIBIMA TIOBPEKIEHIAMY T'OJIOBHOTO Mo3ra (rpymma 1), 10 13 KOTOpbIX OBIIH B Be-
reraruBHOM cocTossHuu (BC) u 20 — ¢ cunapomom Majioro codHanus (CMC). OCHOBHOM IPUYMHOM TSAMKEJIbIX
MTOBPERIEHNH OBbLIa YeperrHO-M0o3roBasi TpaBMa (53% MaIFieHToB TOU IPYIIIEI). B rpyIiTy cpaBHEHVS BOIILIH
24 manyeHTa C 04aroBOi HEBPOJIOTUYECKOU CUMIITOMATHKOM, OCHOBHOUM IPUYMHOU KOTOPOU B 79,2% ciryuaeB
OB HapyIIIEHNsI MO3TOBOT0 KpoBoobpareHus (rpymma 2). KorTposbHyTo Tpynmy (rpymnmna 3) cocTaBuIn 22
3J0POBBIX TOOPOBOJIBITA COITOCTABIMOTO BO3pacTa. Bce M3MepeHwust MpoBOIU/IN € TOMOIIbI0 MoHKTOpa Task
Force Monitor 1030i (CNSystem, ABCTpus1) B IpoIjecce MacCUBHON OPTOCTAaTHYECKOU TpoObI 0°—-30°-60°—0°.
ITpoBeJsiu aHa/I1M3 U3MEHEHU IT0Kasare/ieid MOIHOCTH Hu3Ko4acToTHOro (HUC) 1 BBICOKOUACTOTHOIO CIIEK-
TpoB (BUC) BapmabesbHOCTH CEPIETHOT0 PUTMAa M YyBCTBUTEIbHOCTH 6apoperentopos (UEP). Cratucruye-
CKUI aHAJIM3 IPOBEJIM C IOMOIIIBIO IIaKeTa CTAaTUCTUYeCKUX Iporpamm «Statistica-10». 3HaYMMOCTb MESKIPYII-
ITOBBIX Pa3JIMYMI HECBSI3aHHBIX BEIOOPOK ONIpeesIAIr pacieToM KpuTeprus Manna Yutau (Mann-Whitney
U-test). loCTOBEPHBIMH CYUTAIN PA3JTAYUSA IIPU TOCTU)KEHUN YPOBHS CTaTUCTUYECKON 3HaUYnMocTu p<0,05.

Pesyserarsl. MakcuMaibHble pOHOBBIE 3HaYeHus1 UBP BbISABU/IN B KOHTPOJIBHOU IpyIIe. Y IalleHToB 1
1 2 TPy OTMeYaJId 3HAYUTeIbHOe CHIYKEHNe 9TOr0 IToKasareJis, IPOIOPIUOHAJIbHOE TSHKECTH IIOBPEsKIeHUN
TOJIOBHOI'O MO3ra. AHAJIOTMYHYIO JUHAMUKY UMeJIN [TI0Ka3are/Ii YyBCTBUTEIbHOCTH aBTOHOMHOUM HEpBHOMU CHU-
crembl (HYC 1 BUC). OcHoBHOI TpeH opTocTarnyeckux nuamenennii YbP HUC, BUC xapakTepu3oBasics mpo-
I'PECCUBHBIM CHHKEHMEM 9THX [TI0Ka3areJsiell Ipy yBeJIM4YUBaloIeMCcs yIvle HAaKJIOHA IIal[eHTOB U C BOCCTAHOB-
JIEHEM HX J]0 UCXOJHOT0 YPOBHA ITOC/IE€ BO3BPATa NAlIMEHTOB B TOPU30HTAIBHOE MOJIOKEHNE. VY 4 ITal[ieHTOB
rpynnbl 1 (14%) npu BBIOJIHEHMY HaK/I0HA Ha 30° HOABMJIMCH TPU3HAKU OPTOCTATUYECKUX HAPYIIEHUN: B 3
CJIyJasix HabJIIoja Il OPTOCTATHYECKYIO THIIOTEH3HIO U B OTHOM — CHHIPOM IIOCTYPATBHOH OPTOCTaTHYECKOH
taxukapaun (CI10T). OTamaneM aTHX MareHToB ObLTH Oostee HU3Kast UBP 1 60s1ee BRICOKME ITOKA3aTe! aK-
TUBHOCTH cuMnaTru4eckoi cucrembl (HUC) 1o cpaBHEHMIO € TOKA3aTesIsIMU APYTHX HAIlEeHTOB JAHHOU IPYIIIIHI.

3akJroueHue. Y IIalMeHTOB C XPOHUYECKUMHU HAPYIICHUAMH CO3HAHUA B IOCTKOMATO3HOM IIEPUOJE
IIOCJIE TSKEJTBIX IIOBPEsKIeHNH TOJIOBHOTO MO3Ta Ha0J/TIOIaI0TCS 3HAYNTETbHOE CHIKEHNE YYBCTBUTEIBHO-
cTy 6apopPenenTopoB U HAPYIIeHN I aBTOHOMHOM HEPBHOM CUCTEMBI, BEIPAKAIOIIFECS B 3HAYNTEIHHOM CHH-
SKeHUU aKTUBHOCTU CUMIIATUYECKOH U ITapacuMIlaTu4ecKoi cucteM. CTelleHb 9TUX HapylleHUH accoluu-
PpOBaHa C TSKECThIO NIOBPEsKIEHUN FOJIOBHOIO M03ra. PUCK pasBUTUA OPTOCTATUUECKON TMIIOTEeH3UU IIPU
BEPTHKAIM3AIMH BBIIIE Y TAIIEHTOB C 60/iee HI3KOH YyBCTBUTEIBLHOCTHIO 6apOPEIEeNTOPOB, YTO HEOOXO-
JHAMO yYUTBIBATH B Ha4YaJIe IPoIecca UX BePTUKAIA3aAIUH.

Knaroueswle crosa: sezemamusHoe cOCmosnue; CLLHOPOM MAJl020 CO3HAHUA; ndacCusHas opmocmamuue-
CKas I’lp06d,’ AB8IMOHOMHAS Hep8HAas cucniemda; 4yscnieuniejibHocms 6apopez4enmopoe
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Purpose of the study: to examine sensibility of baroreceptors and the autonomic nervous in the passive
orthostatic test in patients with chronic impairment of consciousness due to severe brain damage and deter-
mine their role in the rehabilitation process.

Materials and methods. The study included 30 patients with long-term impairment of consciousness due to
severe brain damage (group 1), 10 of them being in the vegetative state (VS) and 20 being in the minimally con-
scious state (MCS). Craniocerebral trauma was the main cause of severe damage in that group (53% of patients).
The comparison group included 24 patients with focal neurological symptoms caused predominantly — 79.2%
of cases — by cerebrovascular disorders (group 2). The control group (group 3) consisted of 22 healthy volunteers
of a comparable age. All measurements were done with the help of a Task Force Monitor 1030i (CNSystem, Austria)
in the course of passive orthostatic test at 0°-30°-60°-0°. Changes in the power of low-frequency (LFS) and high-
frequency spectrum (HFS) of heart rate variability and baroreceptors sensibility (BRS) were analyzed. Statistical
analysis was carried out using Statistica- 10 software. Significance of inter-group differences on unrelated samples
was determined by the Mann-Whitney U-test. Differences between groups were considered significant at P<0.05.

Results. Maximal background values of BRS were found in the control group. In group 1 and 2 patients,
considerable decrease of that index was noted, which was proportional to the brain damage severity. Similar
dynamics was observed for the indices of autonomic nervous system sensibility (LFS and HFS). The main trend
of orthostatic changes of BRS, LES, and HFS was characterized by progressive decrease of the indices with in-
crease of the patients’ angle of tilting and their return to the baseline level after the patients were put back into
the horizontal position. 4 patients of group 1 (14%) displayed signs of orthostatic disorders upon tilting to 30°:
in 3 cases, orthostatic hypotension was observed, and in one case the postural orthostatic tachycardia syn-
drome (POTS) was diagnosed. Those patients differed by lower BRS and higher sympathetic system activity
(LES) vs. the same indices of other patients in that group.

Conclusion. Patients with chronic impairment of consciousness during the post-comatose period after a
severe brain damage display a significant decrease of baroreceptors sensibility and autonomic nervous system
disorders manifesting in significantly lower activity of the sympathetic and parasympathetic systems. The
prominence of such disorders is associated with brain damage severity. Their risk of developing orthostatic
hypotension during tilting towards a vertical position is higher in patients who have lower baroreceptors sen-

sibility, and this should be taken into account beginning the process of their verticalization.

Keywords: vegetative state; minimally conscious state; passive orthostatic test; autonomic nervous system;

baroreceptors sensibility
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BBenenue

Hayuyenue oOpTOCTAaTUYECKUX WN3MEHEHUU
ABTOHOMHOU HEPBHOM CHUCTEMBI U YYBCTBUTEJIb-
HOCTH 6apOPENENTOPOB Y MAIUEHTOB C TSMKEJbI-
MU TIOBPEKIEHUSAMHN TOJIOBHOTO MO3Ta HMEET
00JIBITIOE TIPAKTUYECKOE U TEOPETUYECKOE 3HAUe-
Hue. OCHOBHOU IPUUYMHON TaKUX MOBPEKIEHUN
ABJIIETCSI YEPENMHO-MO03TroBast TPaBMa, 4acTOTa
KOTOPOU cocTaBJisieT B rof 4,5 Ha 1 ThIC. HaceJe-
HUA U Bo3pacTaeT Ha 2% eskerogHo. Tsoxkenas
yepernnHo-Mo3rosad Tpasma (TUMT) cocraBiaser
20-25% ot ob1rero yrcaa UMT, mpu 9TOM JIeTaThb-
HOCTb gocturaet 41-85% [1]. Ipyroit npuyuHOn
TSI3KEJIBIX TIOBPEKIEHUN TOJIOBHOTO MO3Ta C pas-
BUTHEM XPOHUYECKUX HapyIIeHWU CO3HAHUA
SIBJISTIOTCST HAPYIIIEHUsI MO3TOBOTO KpOBOOOparie-
HUSI, B CTPYKTYype KOTOPbIX IPe0odJ/1aatoT NlleMu-
yeckue UHCYIETHI (70-80%). BoJiee TpeTu 60JIb-
HBIX (35%) MOTHOAIOT B IepPBbIe 3—4 HeIe U I0C/Ie
UHCYJAbTa [2]. YV OOJIPIIMHCTBA MAlEeHTOB,
BBIKUMBIIIMX B OCTPOM EePHUO]Ie, pA3BUBAETCS CUH-
JIPOM MYJIETUOPTaHHOH [TaTOJIOTUHU, YTO IPUBOIUT
K MMOBBIMIEHUIO IIUTEJTbHOCTU JIeUeHUsI B peaHu-
MaIlMOHHBIX OTAEeJEeHUSX U CMEPTHOCTU OoJiee
4eM B [IBa pasa [3-7]. B Takux ciaydasx BOZHUKAET
HeO00XOIUMOCTh JAJUTEJHHOTO MPOTE3UPOBAHUS
SKU3HEHHO Ba)KHBIX (DYHKIIUM: HMCKYCCTBEHHOU

Introduction

Investigation of orthostatic changes of the au-
tonomic nervous system and baroreceptors sensi-
tivity in patients with severe brain damage has a
great practical and theoretical relevance. The main
cause of such damage is a craniocerebral trauma,
which annual incidence equals to 4.5 per 1 thou-
sand people and grows by 2% every year. A severe
craniocerebral trauma (SCCT) accounts for 20-25%
of the total number of CCT, its mortality reaching
41-85% [1]. Another cause of severe brain damage
followed by development of chronic impairment of
consciousness is cerebrovascular disorders, among
which ischemic strokes are predominant (70-80%).
Over a third of patients (35%) die within the first
3-4 weeks after a stroke [2]. Most patients who sur-
vived the acute period develop the syndrome of
multiple organ pathology resulting in a longer
treatment in ICUs and more than two-fold mortal-
ity [3-7]. In such cases, long-term replacement of
vital functions becomes necessary: artificial lung
ventilation, hemodynamic support, intracranial
pressure monitoring, etc. The in-patient treatment
of such patients might last from a few months to a
few years, which makes their mobilization and ver-
ticalization much more difficult. In a situation of a
long-term immobilization, muscular atrophies,
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BEHTUJIALNN JIETKUX, TOIEP>KaHNUsI FTeMOIUHAMM--
KH{, KOHTPOJIsI BHYTPUYEPEIIHOI'O JaBJICHUA U T. 1.
[TpomoJIKUTETEHOCTD JIEYeHU I TAKUX ITAllNeHTOB
B YCJIOBUAX CTAallMOHApPa MOYKET COCTABJIATH OT
HECKOJIbKHX MECsIIeB 0 HECKOJIbKHUX JIEeT, YTO
3HAYUTEJILHO 3aTPyAHsSET WX MOOWIN3AnHI0 U
BepTUKAAU3AIMI0. B yclIo0BUAX [JINTEeIbHOU
MMMOOUTU3AIINY PA3BUBAIOTCS MBIITIIEYHBIE aTPO-
¢un, KOHTPAKTYphl, MPOJIEXKHU, THUIIOCTATHYe-
CKasi THEBMOHUS U aTeJIeKTasbl, (py1e6oTpoMO03bI
HIDKHIUX KOHEYHOCTEH 1 MaJIOT0 Tasa, YTO MOKET
BBI3BIBATH TPOMO0IMOOJIHIO JIETOYHOI apTEPUU U
T. 1., @ HapylLIeHus, CBA3aHHbIE C JJUTEJbHbIM
MTOCTETLHBIM PESKUMOM, CIIOCOOCTBYIOT PAa3BUTHIO
«CUHJIpOMa MocJie MHTEHCUBHOU Tepanuu» (ITT-
cunapom) [8]. IpderTUBHBIM METOIOM TIPOGU-
aaxktuku [INT-curapomMa ABJIsAeTCA BepTUKaIU3a-
nua nangueHToB [9]. Ho cama 1mpounenypa
OPTOCTaTU4Y€ECKOH MPOOKI HECET TOMOJTHUTEIFHbBIE
PHUCKH B CBAA3M C IlepepacnpeieieHueM KPOBU U
ee JelOHUPOBAaHWEM B HUYKHUX OTJeJIaX COCyIu-
CTOU cucTeMbl. B pesysnbraTe sToro cHU)KaeTcs
BEHO3HBII IPUTOK K CEPAIYy U CO31aI0TCs YCJI0-
BUSI NIJI1 CHUYKEHWsI apTepUaJbHOrO NTaBJIEHUS
(AJl). BoBjieueHre B MaTOJIOTUYECKUM TIPOIIECC
CTPYKTYP COCYHONBUIaTEJIbHOIO IIEHTPA, a TaKKe
pacnpocTpaHeHHble TapaJIndy MBIIIIII, «BBIKJIIO-
Yarolre» U3 alallTUBHBIX TPOIIECCOB MbIIIEYHBIN
BEHO3HBINA HACOC, 00JerYaiil BEeHO3HbBIA BO3-
Bpar KPOBH K CepILy, 00yCJIaBINBAIOT yTPO3Y pas-
BUTHs runonep@ysuu rojoBHoro mosra. Opro-
crarmyeckas runorersuss (OI') wHabsromaercs y
boJiee, YeM IMOJIOBUHBI MTAIIMEHTOB, ITIEPEHECIITUX
nHCYAET [10] nym UMT [11].

BajkHEHIIINM KOMIIOHEHTOM aJdalTUBHBIX
MPOIIECCOB, 00eCNeYnBaIONIUX MOCTOSHCTBO
OpPTraHHOT'0 KPOBOTOKA NP N3MEHEHNM MOJIOKEe-
HUS TeJjla SIBJSIETCS CUMIIaTUYeCKUU Gapoped-
JIEKC, aKTUBAIMSA KOTOPOTO IMTPOUCXOAUT IPU CHU-
SKEHUY BEHO3HOTI'0 BO3Bpara K CepAIy BCJIEACTBUE
JEeIIOHMPOBAHUS YaCTU KPOBU B COCYLaX HAYKHUX
KOHEYHOCTEN. YMeEHbBIIIEHNE PACTIKEHUS TPe-
cepauii U JIETOUHBIX apTEPUI CIIOCOOCTBYET CTHU-
MYJISIIIIY KapAuOoITyJIbMOHAIBHBIX OapOpeIenTo-
pos [12, 13]. BapopelenTopsl BBICOKOIO JaBJIEHUS
B CHHOKApOTHUIHOH 30He, B AyTre a0OPTHI U IP. IpU
noBblilieHnn AJl ITOAaBJISIIOT aKTUBHOCTh CUMIIA-
Tuyeckol HepBHOU cucteMbl (CHC). [Tpu cHU Ke-
HuM AJl KapAauonyJbMOHAaJbHBIE PELENTOPHI
BBI3BIBAIOT ee aKTUBanuio [14, 15], 4To croco6-
CTBYeT CTUMYJIALIAY PEHUH-aHTHOTCH3UH-AJIbI0-
CTEpPOHOBOU cUCTeMBI [16], yBeTUUEHHIO CEKpe-
UM  aHTUOUYpeTU4Yeckoro ropmMoHa [17].
OcHOBHasi 1leJJb TAKOTO HEWPOTOPMOHAIHLHOTO
CIIBUTA 3aKJII0YaeTCs B BO3JEeUCTBUU Ha cepjiey-
HO-COCYAUCTYI0 CHUCTEMY C IIeJIbI0 MOBBIIIEHUS
nepudepruueckoro COMPOTUBJIEHNsI, HEOOXOIU-
MOTO JJIS TOJ/Iep>KaHU A IOCTOSTHCTBA OPTaHHOTO
KPOBOTOKA, IIPEK/IE BCETrO B TOJIOBHOM MO3Te, IIpU

contractures, pressure injuries, hypostatic pneu-
monia and atelectasis, phlebothrombosis of lower
extremities and lower pelvis, which might cause
pulmonary artery thromboembolia, etc., while dis-
orders connected with prolonged complete bedrest
promote development of the post intensive care
unit syndrome (PICS) [8]. Verticalization of patients
is efficient prophylaxis of PICS [9]. However, the
procedure of passive orthostatic test itself bears ad-
ditional risks related to blood redistribution and
deposition in the lower vascular system. As a result,
venous inflow to the heart decreases creating con-
ditions for decrease of arterial blood pressure
(ABP). Engagement in the pathological process of
vasomotor center structure and diffused muscular
paralysis ‘cutting off’ the muscular venous pump,
which facilitates blood return to the heart, from the
adaptive processes cause the risk of brain hypop-
erfusion development. Orthostatic hypotension
(OH) is observed in more than a half of patients
who experienced a stroke [10] or CCT [11].
Sympathetic baroreflex, which is activated
upon decrease of venous return to the heart because
some blood is deposited in the lower extremities’
vessels, is a most important component of adaptive
processes maintaining stable organ blood flow upon
alteration of body’s position. Lessening of extension
of atria and pulmonary arteries assists stimulation
of cardiopulmonary baroreceptors [12, 13]. High-
pressure baroreceptors in the carotid sinus region,
aortic arch etc. at increased ABP suppress activity of
the sympathetic nervous system (SNS). Upon ABP
decrease, cardiopulmonary receptors initiate its ac-
tivation [14, 15], promoting stimulation of the renin-
angiotensin-aldosterone system [16], enlargement
of antidiuretic hormone secretion [17]. This neuro-
hormonal shift is aimed at acting on the cardiovas-
cular system to enhance its peripheral resistance
that is necessary to maintain stable organ blood
flow, first of all, in the brain, when one’s position
changes from horizontal to inclined or vertical. The
function of sympathetic baroreflex is well studied in
the normal setting. However, the ANS state and BRS
sensibility during severe brain damage with chronic
impairment of consciousness have been studied in-
sufficiently. Practical relevance of such information
consists in assessing the risk of possible orthostatic
disorders during the initial period of verticalization.
The theoretical importance consists in finding out
the sympathetic baroreflex function in the setting of
severe diffuse brain damage. It has been shown that
ANS dysfunction during severe CCT correlates with
the disease progression severity and mortality [18,
19] and precedes brain death development [20, 21].
The functional status of ANS allows forecasting dis-
ease progression in patients with impairment of
consciousness after severe brain damage [22]. BRS
during severe brain damage is less well understood.
It has been shown that its significant decrease wors-
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Iepexojie U3 FTOPU30HTAJIBHOIO B HAKJIOHHOE 1IN
BE€PTUKAJIbHOE IOJIOKEeHNE. PYHKIMA CUMITAaTU-
yeckoro OapopedJekca J0CTaTOYHO XOPOIIIO
n3ydeHa B HopMme. OnHako, coctossnue AHC n ayB-
CcTBUTEJBHOCTU UBP Ipu TAMKEJBIX MOBpEXKIe-
HMSIX TOJIOBHOTO MO3ra C XpOHMYECKMMU HapyIe-
HUSMU CO3HAHUA U3Y4YeHbl HEJO0CTaTO4YHO.
[IpakTuyeckoe 3HaYeHUe TaKOW HH(POpMaLUU
COCTOUT B OIlEHKE PUCKAa BO3MOKHBIX OPTOCTATH-
YeCKUX HapyllIeHN B Ha4aJIbHOM IIeprojie BepTU-
Kajnusauuu. Teoperudeckoe 3HaYECHUE 3aKJ/II09a-
eTcsl B BbISICHEHUUM (PYHKIUU CHUMIIATUUECKOTO
bapopedJiekca B yCIOBUSX TSKETbIX TP DY3HBIX
MIOBpEKIeHUI TOJ0BHOTO Mo3ra. [TokasaHo, 4To
nuchynriusa AHC npu Tsiskesnsix YUMT koppesnu-
PYeT C TAYKeCThI0 TeuyeHnsI 3a00J1eBaHUs U CMEPT-
HOCTBIO [18,19] 1 mpeAlIecTByeT pa3BUTUIO CMEP-
™! Mo3ra [20, 21]. dyHKROUOHAIBHOE COCTOSTHUE
AHC 1103B0JIA€T CTPOUTH IIPOTHO3 TeUeHUs 3a00-
JIeBaHUs Y DOJbHBIX C HAPYIIEHUSIMU CO3HAHUS
TIOCJIE TSKEJIBIX TIOBPEsKIEeHUI TOJIOBHOTO MO3Ta
[22]. Menee uayuennoi ocraercs YbP npu Tske-
JIBIX TOBPEKIEHUAX TOJIOBHOTO Mo3ra. [TokasaHo,
4YTO 3HAYUTEJIbHOE ee CHUYKEHUe yXyIllaeT YKU3-
HEHHBII IIPOTHO3 y TAKO! KaTeropuu IaryeHToB
[23]. TloguepKkUBaeTCs, YTO (PYHKITHSI CUMIIATAYe-
ckoro bapopedJekca 3HaAYUTETbHO U3MEHSIETCS
NP IIOBPEKIEHUIX TOJIOBHOIO MO3ra [24].

ABTOHOMHasA HepBHasg cucrema u YLGP B
3HAYUTEJIbHOU Mepe BJIMAIOT Ha aJalTUBHbBIE
IIPOIECCHI IPU U3MEHEHUAX IIOJI0KEHUA TeJla, a
BepTUKAJIU3AlNUs SABJIAETCA BYKHBIM KOMIIOHEH-
TOM peabUINTAalMOHHBIX MEPOIIPUATHH NalleH-
TOB. B cBsI3U C HEJOCTATOYHOCTHIO HH(pOPMAITUUN
0 COCTOSTHWY CUMITAaTUUeCcKoTo 6apopederca y
MallMeHTOB C [JIUTeJbHBIMU HapylleHUsIMU
CO3HAHUS T0CJI€e TSYKeJbIX IOBPEKAEHUN TOI0B-
HOT'0 MO3ra, U3y4eHNe OPTOCTaTUYECKUX N3MEHE-
Huit AHC u UBP y nanuentos B BC u CMC npen-
CTaBJISIETCS aKTyaJIbHBIM.

Lesip uccienoBaHusg — U3YYUTh YYBCTBU-
TeJTLHOCTH 0ApOpPeIeNnTOPOB M ABTOHOMHOI HEPB-
HOU CHCTeMBbI IIPU ITaCCUBHOM OPTOCTATUYECKOH
pobe y MaIMeHToB C XPOHUYECKUMHY HapYIIEHUSI -
MU CO3HaHWsI, BCJIEACTBUE TAMKEBIX IIOBPEXKIE-
HHUU TOJIOBHOTO MO3ra U ONpeeIUTh UX POJIb B
peadbuIuTarOHHOM ITPOIIECCE.

MarepuaJ 1 MeTObI

B uccienoBanue Brounian 30 nanueHTOB C AJIA-
TeJIbHbIMU HapyIIeHUsIMUA CO3HAHV S, BBI3BAHHBIMH Ts1-
SKeJIBIMU ITOBPEsKIeHUsIMU F'OJIOBHOTO Mo3ra (rpynma 1),
10 u3 kotopsix Ob1TH B BC 11 20 — ¢ CMC. [lanueHdTsI ¢
04aroBbIMU OBPEKIEHUAMU I'OJJOBHOTO MO3ra (n=24)
(rpynma 2) OBITH B ICHOM CO3HAHUH, B KJIWHHMYECKOH
KapTUHe — IMpeobsagaii JoKaJIbHbIe HEBPOJIOTUYE-
ckre cuMnToMbL. OOC/IeI0BAIN TAKKeE 22 TTPAKTUIECKU
3JI0POBBIX JOOPOBOJIBIIA COMOCTABMMOTO BO3pacTa
(53,4+6,6 Jtet) (rpymnma 3). CocTostHUE MTAIIEHTOB U 100-
POBOJIBIIEB OIIEHUBAJIA KJIMTHUYECKUMU U OMOXUMUYe-

ens life prognosis in this category of patients [23]. It
is pointed out that the function of sympathetic
baroreflex greatly changes during brain damage [24].

The autonomic nervous system and BRS
largely affect adaptive processes when the body po-
sition changes; at the same time, verticalization is
an important component of patient rehabilitation
measures. Due to shortage of information about
the state of sympathetic baroreflex in patients with
long-term impairment of consciousness after se-
vere brain damage, investigation of orthostatic
changes of ANS and BRS in VS and MCS patients
appears relevant.

Purpose of the study: to evaluate the sensitiv-
ity of baroreceptors and the autonomic nervous
system during passive orthostatic test in patients
with chronic impairment of consciousness due to
severe brain damage and determine their role in re-
habilitation.

Materials and Methods

The study included 30 patients with long-term im-
pairment of consciousness caused by severe brain dam-
age (group 1), 10 of which being in VS and 20 — in MCS.
Patients with focal brain damage (n=24) (group 2) were
fully conscious with local neurological symptoms being
predominant in their clinical presentation. Twenty two
apparently healthy volunteers of comparable age
(53.4+6.6 years) were also examined (group 3). The con-
dition of patients and volunteers was evaluated clinically
and by biochemical tests. Clinical characteristics of the
groups are described in table 1.

In both groups of patients, there were more men
(21/9 and 14/10, respectively); there was no significant
difference in the mean age of subjects (45.0+16.2 and
51.4+18.5 years, respectively). The main causes of brain
damage were craniocerebral trauma (CCT) (53.3% of
cases) and cerebrovascular disorders (CVD) (23.3%) in-
cluding subarachnoid hemorrhage (SAH) due to
aneurism rupture and its complications: artery spasm,
increased intracranial pressure, etc. Rarer causes of se-
vere brain damage included global brain ischemia
(10.0%) and condition after excision of large brain tumors
(13.3%). In vast majority of cases, the causes oflocal brain
damage were consequences of CVD and SAH due to
aneurism rupture (79.2 and 8.3% of patients, respec-
tively). The study was carried out at different intervals of
time from onset of the disease: in group 1 — on day
124.0£101.0, in group 2 — on day 137.0+130.0. All pa-
tients of group 1 had comorbidity: arterial hypertension,
pneumonia, anemia, pyoinflammatory complications of
urinary organs, meningoencephalitis, otitis, sinusitis,
ulcer disease or critical condition (sepsis, multiple organ
failure, protein-energy deficiency). The combination of
long-term impairment of consciousness after severe
brain damage and comorbid diseases that required re-
placement of vital functions and intensive care deter-
mined the necessity of long-term treatment of patients
in ICU environment. Examination of group 1 patients
was performed after successful treatment prior to pa-
tients’ transfer from ICU to rehabilitation units of the
Federal Research and Clinical Center of Intensive Care

Medicine and Rehabilitology. Earlier, during the first
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TaﬁJmua 1. Knuan4deckas XapaKTepHUCTHKA UCCJIENYyEeMbIX I'PDYIIII.

Table 1. Clinical characteristics of study groups.

Parameters Value of parameters in groups
Group 1, n=30 Group 2, n=24 Group 3, n=22

M/F 21/9 14/10 9/13
Age, years 45.0£16.2 51.4+18.5 53.4+6.6
Height (cm) 169.0+8.8 172.4+9.6 166.0+8.9
Weight (kg) 61.6+£10.9 79.81£14.1 78.6£13.2
BWI (kg/m?) 21.5+4.6 27.0+4.6 28.6+4.8

Diagnosis in post-comatose period
TBI (%) 16 (53.3%) 1 (4.2%)
SAH consequences due to rupture of aneurysm 3 (10.0%) 2 (8.3%)
Consequences of CVD in the ICA basin 3 (10.0% 16 (66.7%)
Consequences of CVD in the VBA basin 1 (3.3%) 3 (12.5%)
Post-hypoxic brain damage 3(10.0%) 0 (0%)
Consequences of surgical treatment of brain tumor 4 (13.3%) 2(8.3%)

Note. BWI — body weight index; TBI — traumatic brain injury; CVD — cerebrovascular disease; SAH — subarachnoid hemor-
rhage; ICA — internal carotid artery; VBA — vertebrobasilar artery. M+SD.

IIpumeuanue. /Ins tabs. 1-3: parameters — mapamerpsl; value of ...

in groups — 3HaudeHuA ... B rpynmnax; M/F —

MY>KYMHBI/>KeHIIIUHBI; age, years — Bo3pacT, JeT; height — poct; weight — Bec; BWI— unnexc maccel! Tesa; TBI — uepenno-
Mo3aroBas TpaBMa; SAH consequences due to rupture of aneurysms — mocJieICTBUsI Cy0apaxHOUAAIbHOTO KPOBOU3IUAHUA
(CAK) BcaencTBue pas3pbiBa aHeBpuaM; consequences of CVD in the ICA basin — nmocsiecTBrs HapyllIeHUs1 MO3TOBOTO KPO-
BooOpamienusi (HMK), 6acceiin BHyTpeHHel cOHHOU apTepun; consequences of CVD in the VBA basin — mocsiectust Hapy-
LIEHUSI MO3TOBOI'0 KPOBOOOpaleHus1, 6acceitH BepreOpobasuiIsipHbIX apTepuii; post-hypoxic brain damage — noctrunoxcu-
yecKue OBpesKeHNUs T0JIOBHOT0 M0o3ra; consequences of surgical treatment of brain tumors — nmocsencTBUsA XUPYPrUueCKOro

JIeUYeHUsI TOJIOBHOTO Mo3ra. M+SD.

CKHUMU HCCJIeJoBaHUsAMU. KIIMHUYEeCKylo XapakTepu-
CTHUKY T'PYIII OIIHCAJIH B Ta0JI. 1.

B ob6enx rpynmnax nmanpeHTOB IIpeodsIagaan MyoK-
unHbI (21/9 1 14/10, COOTBETCTBEHHO), CPEIHUN BO3-
pacT ucciegyeMblX JOCTOBEPHO He pasJnydalics
(45,0+16,2 n 51,4+18,5 Jiet, cooTBeTCTBEHHO). OCHOB-
HBIMU NPUYMHAMU IIOBPEKAEHUI IOJJOBHOTO MO3ra
ObLIN YepenmHO-Mo3TroBass Tpaema (UMT) (53,3% cay-
YaeB) W HapyIIeHWsS MO3TOBOTO KPOBOOOpAIIeHUs
(HMK) (23,3%), BkJIIO4Yass cybapaxHOUaIbHBIE KPO-
BousnusanuA (CAK) BciencTsue paspblBOB aHEBPU3M U
HX OCJIOSKHEHUS: ClIa3M apTepuii, IOBbIIIIeHNe BHYTPHU-
4yepelnHoro JaBJjieHus u T. 1. bosiee pegkuMu npudu-
HaMU TAMKEJIbIX HOBpeH(HeHHﬁ FOJIOBHOI'O MO3ra ObLIN
wiobasbHasI UIIeMHs ToJIoBHOro Mo3ra (10,0%) u co-
CTOSTHUE TIOCJIE YIaTIeHNsI OOIBIINX ONYX0Jel roJI0B-
Horo moara (13,3%). B momaBJisiioriieM OOJIBIIIMHCTBE
CJIy4aeB IpUYNHAMU JIOKAJIbHBIX HOBpG?K,HeHI/Iﬁ TOJIOB-
Horo moara 6eLnu nociencrsusa HMK u CAK Bcien-
CTBHE pa3pbiBa aHeBpu3M (79,2 u 8,3% nanuenTos, co-
OTBETCTBEHHO). MccienoBanue MpoBOAUIN B Pa3HbIE
WHTepBaJbl BpeMeH! OT HavaJa 60J1e3Hu: B IpyIie 1 —
Ha 124,0+101,0 cyrku, B rpymnme 2 — Ha 137,0+130,0
CyTKU. Bce manueHTsI rpynms! 1 ©Mes I KOMOPOUIHbBIE
3ab0JIeBaHUs: apTepHaNbHYIO THIIEPTOHUIO, ITHEBMO-
HUIO, aHeMUIO, THOHHO-BOCHAIUTe/IbHbIE OCJIOKHEHU
OpraHoB MO4Y€BbIIEJICHUA, MBHI/IHI‘OSHHeq)aJII/IT, CeIlr-
CHIC, TIOJINOPTaHHYIO HEJIOCTaTOYHOCTh, OEJTKOBO-9HED-
reTUYecKyIo HeIoCTaTOYHOCTb, OTUT, FAMOPUT, I3BEH-
HyI0 60Jsie3Hb. CoueTaHWe AJIUTETBHBIX HAPYIIEHUH
CO3HAHUA I10CJIe TKeJbIX IOBPEeKIeHUN FOJI0BHOTO
MO03ra ¢ KOMOPOUIHBIMH 3a00/IeBaHUAMMU, TPEOOBAB-
IIMMU IPOBeJleHUs] IPOTe3UPOBAHUSA KU3HEHHO BayK-
HBIX QYHKIUN U MHTEHCUBHOM Tepalluy, Olpesesisyio
HeoOXOIMMOCTD JJIUTETHHOTO JIEeUeHHsI MAI[IeHTOB B
YCJIOBUSX peaHUMAaIMOHHBIX OoTAesieHnil. O0caemoBa-
HYe MalyeHTOB I'PYIIbLI 1 MPOBOAUIN IIOCJIE YCIIeI-
HOT0 JIeYeHHUs lepe] [IepeBOIOM ITallUeHTOB U3 peaHu-
MaIlMOHHBIX B peabuiurannoHHble oTaeaenuss PHKI

stage, systemic hemodynamics changes were studied in
the course of verticalization of patients with long-term
impairment of consciousness using the 0°-30°-60°-0°
passive orthostatic test protocol [25]. Satisfactory ortho-
static stability of hemodynamics was found in 26 patients
of group 1 (86.6%); 4 patients (13.3%) developed ortho-
static hypotension and postural orthostatic tachycardia
syndrome at 30° tilt [25]. This paper describes the study
protocol and methodical aspects of measuring hemody-
namics with the help of Task Force Monitor 1030i, pres-
ents findings of clinical examinations and biochemical
tests of the patients and healthy volunteers. At the second
stage of the study, an additional examination of appar-
ently healthy volunteers (group 3), which were compara-
ble in age with the patients, was carried out. This is con-
nected with significant influence of the age factor on the
status of ANS and BRS, which should be taken into ac-
count in the comparative analysis of findings of patients
and apparently healthy volunteers. BRS was determined
by computer processing of ABP figures and R-R intervals
using the sequential method that included determining
changes of three R-R intervals (msec.) following ABP
changes[26]. BRS was calculated in msec/mm Hg. Upon
increase of ABP by 1 mm Hg, increase of R-R interval was
noted and vice versa it decreased upon decrease of ABP.
It is believed that the greater are the changes of R-R in-
tervals upon ABP changes by 1 mm Hg., the higher is the
sensitivity of baroreceptors [26].

Activity of the autonomic nervous system was as-
sessed by spectrum power of heart rate variability on the
basis of real-time measurements of R-R interval lengths.
Computer analysis of that index is performed with the
help of the fast Fourier transform technique (FFT) or
using the algorithm of adaptive autoregression parame-
ter (AAR) [28]. The latter was applied in our study. Out of
the whole frequency spectrum of R-R interval fluctua-
tions, the low-frequency component of heart rate vari-
ability (LFS 0.04-0.15 Hz) reflecting the sympathetic
nervous system activity, and high-frequency component
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PP. Panee, Ha mepBOM JTarne, U3y4n/ad U3MEHEHUs CU-
CTeMHOU reMOJUHAMUKU B IIPOIlecce BepTUKAIU3ALNI
MAlWeHTOB C IJIUTEJIbHbIMA HAPYIIEHUAMA CO3HAHUA C
IIOMOIIBI0 IIPOTOKOJIA ITACCUBHOM OpPTOCTaTU4YECKON
mpo0ObI 0°-30°-60°—0° [25]. BBISABHUIN YIOBJIETBOPUTEb-
HYI0 OPTOCTaTUYECKYIO CTAa0MIBHOCTD TeMOUHAMIKH
y 26 manueHTOB rpynnsl 1 (86,6%), y 4 manueHTOB
(13,3%) npu HakJI0HE HA 30° OTMEYATI0Ch pa3BUTHE OpP-
TOCTAaTU4YeCKOM TMIIOTEH3UU U CUHAPOMA IIOCTYpaJib-
HOUM OpTOCTaTU4YeCKON Taxukapauu [25]. B nanHo pa-
6oTe oIrcaH IIPOTOKOJI MICCJIeIOBaHMS 1 METOUYECKIE
ACIIeKThl U3MepeHNii TapaMeTpOB reMOIUHAMUKMU C I10-
Mo1bio MoHuTopa Task Force Monitor 1030i, npexncras-
JIEHBI TaHHbIE KJINHUYECKUX 1 OFMOXNMHUYECKIUX UCCIe-
JIOBAaHWH MAIlMEeHTOB, U 3JI0POBBIX TOOPOBOJILIEB. Ha
BTOPOM 3Tare UCCJIEeIOBAHUA IIPOBEJU JOIIOJTHUATEb-
HOe 00cjegoBaHMe IPaKTHYECKN 3OPOBBIX J00pO-
BOJIBIIEB (rpynna 3), COIOCTaBUMBIX II0 BO3PacTy C Ia-
IUEHTaM. JTO CBA3aHO CO 3HAYUTEJIbHBIM BJIMAHUEM
Bo3pacTtHOro ¢akropa Ha cocrossHue AHC u UBP, uto
He0oOXOIMMO YYNUTHIBATh IPU CPAaBHUTEIFHOM aHAIN3E
JTAHHBIX NAI[EeHTOB U MPAaKTUYECKH 3JOPOBBIX J0OPO-
BoJiblleB. Onpenesienne UBP npoBoguan ¢ HOMOIIBIO
KOMITBIOTEPHOT 00paboTKu mokasaresei A/l u R-R uH-
TepBaJIOB C IPUMEHEHNEeM I10CJIeI0BaTeIbHOTO METOAa
[26]. CyTb MeTO#a COCTOUT B OIIpefie/IeHU U3MeHeHU !
Tpex R-R nHTEpBanoB (MCEK), C/IeIyIOIINX ITOCJIE U3Me-
"ennit AJl. Pacuetr YBP npousBogu/u B MCEK/MM PT. CT.
ITpu noBbiieHnu A/l Ha 1 MM pT. CT. OTMeYaJId yBeJuye-
HHue R-R mHTepBasa u HA000OPOT, TP CHILKEHUH AJ]
MPOUCXOIUJIO €r0 yMeHbIneHne. CYuTaercs, 4To 4em
3HauynTebHee n3aMeHeHus R—R naTepBanos npu usme-
HeHUAX AJl Ha 1 MM PT. CT., TeM BBbIllle YYBCTBUTEJIb-
HOCTh OapopernenTopos [26].

AKTUBHOCTb aBTOHOMHOU HEPBHOU CHCTEMEI Ol1e-
HUBAJIA 110 MOIITHOCTH CIIEKTPa BapHaOMIBHOCTH Cep-
JIeYHOr'0 PUTMa Ha OCHOBE M3MeEPEHUH JJINTebHOCTU
R-R nHTEpBaJIOB B peajJbHOM MaciiTabe BpeMeHu. Kom-
NIBIOTEPHBIH aHAIN3 9TOrO IIOKa3aTeJIsi IPOBOLUTCS Me-
ToOM OBIcTporo npeodpasoanus dyprwe (FFT) miu ¢
TIOMOIIBIO AJITOPUTMA aJAITUBHOIO ayTOPErpeCCUBHOTO
rmapamerpa (AAR) [28]. TTocsienHu aJIropuT™ OBLII TIPH-
MEHEH B HallleM HUCcaenoBanuu. V13 Bcero 4acTOTHOrO
crekTpa kosjebanuii R-R nHTepBasioB aHA/IM3UPOBAIN
HU3KOYACTOTHBIM KOMIIOHEHT BapHaOMJIbHOCTU CepAeY-
"oro putma (HUC 0,04-0,15 Hz), oTpaskatommii akTUB-
HOCTb CUMIIaTU4YeCKON HEPBHOM CUCTEMBI U BBICOKOYA-
croTHbIi KoMmoneHT (BUC 0,15-0,5 Hz), saBucsammii or
AKTUBHOCTH MTAPACUMITATIYECKOA HEPBHOM CUCTEMBI [29].
OO6cJte1oBaHMSA MAIEHTOB TPYI 1 U 2, a TakKe IPaKTH-
YECKU 3I0POBBIX I0OPOBOJIBIIEB (IPyTIIa 3), IPOBEJIU 10
€JMHOMY IIPOTOKOJIY: U3MePEeHUs [IPOBOIU/IN B TeYeHNE
10 MUHYT B TOPHM30HTAJILHOM ITOJIOXKEHIH, 3aTEM B TeYe-
Hue 10 MUHYT npu yIie HakJoHa 30°, gaJsee yroJa Ha-
KJIOHA YBEJTMIUBAIH 110 60° ¢ IOC/IeIYIOIIeN perucrpa-
et napametrpoB AHC u UBP B Teuenue 10 MuH., mocje
4ero UCIbITYeMOI0 BO3Bpallja/ld B TOPU30HTAIBHOE 10~
JIO3KEHNUE U IIPOBOAWJIA PErUCTPALUIO UCCIeyeMBbIX I1a-
paMeTpoB B TedeHue 10 MUHYT. ¥ 4-X MallUeHTOB IPYIIIbI
1 mpu oprocTarmdeckoii mpode 30° HabJrIomaI OpTOCTa-
TUYECKHE HapyllleH!s FeMOOUHAMMKHU: B TPEX CJIydasx —
OPTOCTaTUYECKYIO TUIIOTEH3UIO (CHUYKEHNE CUCTOJINYe-
CKOI'0 apTepHaJIbHOTO JaBjeHus Ha 20 MM PT. CT. U
0oJiee), B OTHOM CJIy4ae — IMOCTYPaIbHYI0 OpTOCTaTHye-
CKyIo Taxukapauio (mosbienre YCC Ha 30 1 6oJ1ee ya-

(HFS 0.15-0.5 Hz) depending on the parasympathetic
nervous system activity were analyzed [29]. Patients of
groups 1 and 2 and apparently healthy volunteers (group 3)
were examined following the same protocol: measure-
ments were taken for 10 minutes in the horizontal posi-
tion, then for 10 minutes at 30° tilt; thereafter, the angle
of tilting was raised to 60° and ANS and BRS were
recorded for 10 min.; after that, the subject was returned
to the horizontal position and parameters under analysis
were recorded for 10 minutes. In 4 patients of group 1 or-
thostatic hemodynamic disturbances were observed dur-
ing the 30° passive orthostatic test: in three cases — or-
thostatic hypotension (decrease of systolic arterial
pressure by 20 mm Hg and more), in one case — postural
orthostatic tachycardia (heart rate increase by 30 bpm
and over). After all those disturbances were recorded, the
test was immediately terminated and the patient was re-
turned to the horizontal position. Since hemodynamic
parameters were measured in real time, timely diagnosis
of the disturbances described allowed avoiding develop-
ment of brain hypoperfusion and aggravation of patients’
condition in all cases.

Statistical analysis of data obtained was carried out
using Statistica-10 software package. The analysis in-
cluded a check for distribution normality using the Kol-
mogorov-Smirnov d-test, which revealed far from nor-
mal distribution of BRS and ANS. To determine
significance of intergroup differences, non-parametric
analysis of unrelated samples using the Mann-Whitney
U-test was carried out. Differences were considered sig-
nificant at P<0.05. The descriptive statistics was pre-
sented as means (M) and standard deviations (SD) (table
1), also as median (Med) and quartile (25%; 75%) values
of parameters (tables 2-4).

Results and Discussion

The study demonstrated significant differ-
ences in BRS between groups of patients after se-
vere or focal brain damage and apparently healthy
volunteers (table 2).

Analysis of background BRS values in horizon-
tal position revealed a direct link between brain
damage severity and the degree of a BRS decrease.
Maximal BRS values were observed in group 3 that
included healthy volunteers (BRS up Med = 9.8
msec./mm Hg); in patients of groups 1 and 2 BRS
values were lower (Med = 6.22 and 9.07, respec-
tively, P>0.05, cm, table 2). Comparison of BRS re-
sponse to ABP decrease (BRS down) in patients of
different groups showed significance of differences
between groups 1-3 and 2-3. During passive ortho-
static test with tilt angles of 30° and 60°, progressive
decrease of BRS was observed in all three groups of
subjects, but the correlations of those indices in the
subjects of three groups remained the same: maxi-
mal values were typical for the subjects of group 3,
minimal values remained for group 1, and interme-
diate values of BRS were observed in subjects of
group 2. At all stages of the passive orthostatic test
procedure, significance of differences was evident
only between groups 1 and 3 (see table 2). There
was a significant difference in the index values be-
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Tabsmna 2. [loka3aTes M YyBCTBUTEIHHOCTH 0apOPENenTOPOB y NAIEHTOB C TSKeJIBIMHU HJIM 04aroBbIMH IO-
BPEKJEHHUSIMH TOJIOBHOTO MO3Tra U y 3JOPOBBIX JOOPOBOJIBIIEB MPU MACCHBHONH OPTOCTAaTHYECKOM Mpode
0°-30°-60°-0°.

Table 2. Parameters of baroreceptor sensibility in patients with severe or focal brain damage and in healthy vol-
unteers during 0°-30°-60°-0° passive orthostatic test.

Parameters Values of parameters in groups Significance of inter-
ms/mm Hg Group 1 Group 2 Group 3 group differences
Med quartile Med quartile Med quartile (Mann-Whitney
1 (25%) 3 (75%) 1 (25%) 3 (75%) 1(25%) 3 (75%) U-test) P-level
Pi-2 P1-3 P23
horizontal position 1
BRS up 6.22 2.980 16.520 9.07 6.080 11.460 9.8 7.1 15.2 0.26 0.19 0.28
BRS down 6.1 3.850 7.320 7.14 5.350 9.400 9.5 7.7 15.2 0.32  0.006 0.03
tilt up 30°
BRS up 5.07 4.040 5.650 6.65 5.640 9.470 8.35 6.8 10.2 0.41 0.001 0.074
BRSdown  4.32 2.860 8.440 7.67 5.330 10.220 9.85 7.9 12 0.174 0.011 0.055
tilt up 60°
BRS up 3.83 3.360 4.100 5.79 4.720 7.620 6.8 5.4 8.1 0.008 0.003 0.515
BRSdown  3.63 2.540 3.930 5.56 4.340 7.860 7.3 6.1 8.7 0.002 0.0002 0.27
horizontal position 2
BRS up 6.1 1.790 8.220 9.51 5.850 10.790 8.5 6.3 12 0.027 0.016 0.73
BRSdown  4.46 1.690 9.850 7.01 4.460 10.200 8.05 6.2 11.7 0.14  0.006 0.089

Note. For tables 2, 3: BRS up — sensitivity of baroreceptors to ABP increase, BRS down — sensitivity of baroreceptors to ABP
decrease; Med — median; horizontal position 1, 2 — horizontal position before and after the passive orthostatic test; tilt up
30°,60° — passive head tilt upwards by 30°, 60°. Significance of intergroup differences was recognized at P<0.05.

ITpumeuanwme. ] Tabu1. 2, 3: BRS up — 4yBCTBUTEIBHOCTE OapopelenTopoB Ha nopeimenne AJl; BRS down — 4yBCcTBUTENb-
HOCTb OapopenentopoB Ha nonukenue AJl; Med — menuana; horizontal position 1, 2 — ropusoHTasbHOE MTOJ0KEHUE 10 U
II0CJIe OPTOCTATHYECKOU MPOoO6BI; tilt up 30°,60° — maccUBHBIM HAKJIOH TOJI0BOM BBepX Ha 30°, 60°. Significance of intergroup

differences — qOCTOBEPHOCTH MEKTPYIIIOBBIX pa3anyuii npuaHaBamu npu p<0,05.

poB B MuHyTY). [locse perucrpanuu aTUX HapylIeHUuH
HccaeJoBaHUe HeMe/JIeHHO IpeKpalaiy, U HauueHTa
BO3BpalllaJii B TOPU30HTAIBHOE MOJIOKeHMe. Tak Kak
M3MEpPEeHUs ITapaMeTpOB reMOIMHAMUKHU OCYIIECTBJIAIN
B peaJIbHOM MacIITabe BpeMeHH, CBOEBpEMEHHAsI Thar-
HOCTHKA ONMCaHbIX HapyIlIeHU I BO BCeX CIy4asix I03BO-
Jsi1a n3beskarb pa3BUTHUS TUINONEPPY3UN FOJOBHOTO
MO3Ta U yXYAIIEHUSI COCTOSTHUSA MAIEeHTOB.

CrarucTuyecKuil aHa/M3 MOJYYEHHBIX JaHHBIX
TIPOBOJUJIY C TIOMOIIBIO ITaKeTa CTATUCTUYECKUX MTPO-
rpamMm «Craructura-10». AHa/IN3 BKJIIOYAJ IPOBEPKY
Ha HOPMaJbHOCTH pacIpeiesieHusi C TOMOIIbI0 d-Kpu-
Tepus KosimoropoBa-CMUpPHOBA, KOTOPAs HE ITOATBEP-
[IWJIa HOpMaJIbHOE paclipeiesieHre UCCIIeqyeMbIX II0Ka-
3areseit UYBP u AHC, B cBs3U C 4eM JJIs1 OnpefesieHUusI
CTaTUCTUYECKON 3HAYMMOCTHU MEKTPYIIIOBBIX PA3JIU-
YUl IPOBEJIM HENapaMeTPUUeCKU aHaIn3 HeCBsI3aH-
HBIX BEIOOPOK C pacyeToM KpuTepus MaHHa-YHUTHH
(Mann-Whitney U-test). JlocTOBEpHBIMU CYUTAJIA Pa3-
JIUYMS TPUA JIOCTUYKEHUM YPOBHS CTAaTUCTUYECKOU
3HaunMocTH p<0,05. OnrcareabHyIO CTATUCTUKY IIpe-
CTaBUJIA CPeJHUMHU 3Ha4eHUsAMHU (M) 1 CTaHIapTHBIMU
OTKJIOHEeHUsIMU (SD) (TabJ1. 1), a TakyKe MeTUaHHBIMU
(Med) u kBapTUJIBHBIMU (quartile) (25%; 75%) 3Hade-
HUSIMY UCCJIeTyeMbIX ITOKa3aresier (TadJ. 2—4).

Pe3ynbrarhl U 00Cy:K/I€HHE

[IpoBenenHOEe wucCcAenOBaHUE MO3BOJIAIIO
BbIABUTH 3HAUUTEJbHBIE padjinyus B UBP nanu-
€HTOB II0CJIE TSYKEJIbIX NI 0YaroBBIX TIOBPEKIe-
HUU TOJIOBHOT'O MO3ra M NMPaKTUYEeCKU 3I0POBBIX
IoOpPOBOJIBIEB (TAOJI. 2).

Ananu3 poHOoBbIX 3HaUueHUe UBP B ropusoH-
TAJIbHOM IIOJIOKE€HUU BbISIBUAJI IIPAMYIO 3aBUCH-

MOCTb MEKAY TAKECTHIO ITIOBPEKIECHNA T'OJIOBHOI'O

tween groups 1 and 2 only in case of 60° tilt. Upon
return to the horizontal position (horizontal posi-
tion 2), the trend towards increase of measured pa-
rameters and return to the baseline was noted in all
three groups, previous intergroup differences being
maintained.

Significant intergroup differences were found
during the analysis of heart rate variability (table 3).

The findings revealed significant disturbances
of the autonomic nervous system in patients with
severe brain damage (group 1) and local brain dam-
age (group 2) in horizontal position 1, which man-
ifested in significant reduction of the power of low-
frequency (LFS) and high-frequency (HFS) spectra.
The highest activity of the sympathetic system
(LES) and parasympathetic system (HFS) was ob-
served in the control group of apparently healthy
volunteers (LF Med = 137.05, HF Med = 162.4); in
group 2, those indices were reliably lower both in
the horizontal position and at all stages of the pas-
sive orthostatic test with the exception of HES at 60°
up tilt (P=0.37) (table 3). The lowest LFS and HFS
were recorded in patients with consequences of se-
vere brain damage (group 1). The difference be-
tween those indices and findings of group 2 pa-
tients was reliable at all stages of the passive
orthostatic test procedure with the exception of one
index — HFS in horizontal position 2, P=0.06. The
pattern of intergroup differences almost did not
change at different angles of up tilt of the head. The
main trend of orthostatic changes in the autonomic
nervous system indices of patients was character-
ized by even more prominent decrease of the power
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Tabsuia 3. [lokasaTej M MOITHOCTH MOJIOCHI BRICOKHX YacTOT (BUC) 1 Hu3kux uyactot (HUC) P-P unrepBaioB
Y HAI[HEHTOB C TSKEJIBIMH HJTH JIOKAJIbHBIMH ITOBPEKAEHHIMH I'OJIOBHOTO MO3ra M y NPaKTHYECKHU 3J0POBBIX
JI0OPOBOJIBIIEB IIPY IACCHBHOM OPTOCTATHYECKOI mMpooe 0°-30°-60°- 0°.

Table 3. Parameters of low-frequency spectrum of R-R intervals and high frequency spectrum of R-R intervals
in patients with severe or local brain damage and in healthy volunteers during the 0°-30°-60°-0° passive ortho-
static test.

Parameters Values of parameters in groups (msec?) Significance of inter-
ms/mm Hg Group 1 Group 2 Group 3 group differences
Med quartile Med quartile Med quartile (Mann-Whitney
1 (25%) 3 (75%) 1(25%) 3 (75%) 1(25%) 3 (75%) U-test) P-level
Pi-2 Pi-3 P23
horizontal position 1
LF 8.50 4.18 19.00 39.73 10.49 98.82 137.05 78.10 277.80 0.035 0.001 0.001
HF 5.38 3.05 11.45 24.15 3.35 33.49 162.40 68.00 241.90 0.060 0.001 0.001
tilt up 30°
LF 7.45 3.47 12.35 42.89 13.22 95.89 102.25 68.00 247.80 0.004 0.001 0.001
HF 11.95 2.69 19.85 32.29 17.90 89.37 94.35 41.70 181.00 0.007 0.001 0.034
tilt up 60°
LF 8.36 5.89 13.47 50.30 24.77 70.55 100.0 60.40 207.10 0.003 0.001 0.020
HF 3.62 2.77 7.220 34.59 15.99 53.23 43.40 18.00 83.10 0.001 0.001 0.370
horizontal position 2
LF 11.15 5.78 17.81 72.40 29.30 82.03 169.70 110.00 297.20 0.016 0.001 0.001
HF 6.70 3.50 12.53 50.18 22.98 72.37 12495 82.70 221.80 0.030 0.001 0.008

Note. LF — low-frequency spectrum of R-R intervals; HF — high frequency spectrum of R-R intervals. Significance of intergroup
differences was recognized at P<0.05.

IIpumeuanwe. [I14 Tabu. 3, 4: LF — HU3KOYaCTOTHBIN CIeKTp u3MeHeHU R-R nHTepBanos muiutuceryna? (HUC); HF — BbI-
COKOYACTOTHBIN cruekTp nuamenenunii R-R nurepsasnos (BUC), Significance of intergroup differences — nocroBepHocTs Mex-

TPYIIOBBIX pas3anyuil npuaHasaau npu p<0.05.

MO3ra U cTeneHbro cHyxkeHuda YbP. Makcumalb-
Hble 3HaueHns1 YBP HabJtomau B rpynne 3 370po-
BBIX 106poBoJibIleB (BRS up Med = 9,8 msec/mm
Hg), y mariueHTOB 1 1 2 rpyIn 9TOT TOKA3aTe b ObIT
Hke (Med = 6,22 u 9,07 cooTBeTCTBEHHO, p>0,05,
cM. Tab. 2). CpaBHeHME peakITuy mokasareseid Y6P
Ha cHuskeHue A/l (BRS down) y maniieHTOB pasHbIX
TPyl BBISIBUJIO JOCTOBEPHOCTh pPa3JjIMyUil aH-
HBIX MeKy 1-3 u 2-3 rpynnamu. [Tpu naccuBHON
OpTOCTaTHYeCKOU Tpo0be ¢ yriiaMu HakJI0HOB 30° 1
60° BO BCEX TPEX IPYIIIAX UCIBITYEMBIX HA0JTIOIATHI
IporpeccuBHoe cHkeHnue YbP HO cooTHOIIeHUA
3TUX TOKa3aTesjeil y HCHOBITyeMbIX TpeX IpyIIl
0CTaBaJIOCh IPEYKHUM: MaKCUMaJIbHbIe 3HAYCHUA
HMMeJIU UCIBITyeMble TPyIIbl 3, MUHUMAaJIbHbIE —
rpynnbl 1 ¥ OpoMeXyTOYHBbIE BeanyuHbl YbBP
OBLIM Y UCIIBITYeMBIX Tpymmb! 2. Ha Bcex aramax
BBITIOJTHEHUST OPTOCTATUYECKOM ITPOOBI IOCTOBED-
HOCTb Pa3/IMuUi BBIABUIIN TOJIBKO MEYK Ty FpyIIIa-
Ma 1 u 3 (cMm. Tab. 2). JlocToBepHOE pas3auvue
MesKIy IIOKa3are/IAMUA UCIBbITyeMbIX 1 U 2 rpynn
HabJTIOIa ! TOJTBLKO ITpU HaKJIOHe Ha 60°. [1pu BO3-
Bpare B rOpU30HTAIbHOE noJjoskeHue (horizontal
position 2) oTMevYanayu TeHIEHIUIO K YBEeJIUYEHUIO
“3MepsieMbIX IOKa3aTesel U BO3BpaTy K UCXOIHO-
My YPOBHIO BO BCeX TpeX I'PyIlIlax C COXpaHeHneM
MIPEeKHUX MEYKTPYIIIIOBBIX Pa3/InIuil.

3HauuTeJIbHbIE MEKIPYNIIOBbIe Pa3J/INYusA
BBISABUAJIM ITPU aHAJIN3€ BApUAOMIIBHOCTH cepiey-
HOro puTMa (TadJI. 3).

[TostyuenHbIe faHHbIE BBIABUJINA 3HAYUTEJIb-
Hble HapyIleHUsI aBTOHOMHON HEPBHOM CUCTEMBI
y IIAIMEHTOB C TAYKEJbIMH IOBPEKIEHUAMU

of LFS and HFS; at that, if in group 2 patients, that
trend was traced to increase of the angle of tilt to
60°, in group 1 patients it was observed to 30° angle
only. In healthy volunteers (group 3), that trend
manifested insignificantly. Within 10 minutes of re-
turn of patients to the horizontal position (2), all in-
dices of the autonomic nervous system of subjects
of all groups reached the baseline values. Reaching
of arelative stability of hemodynamics at the back-
ground of quite decreased BRS up and considerable
(almost two-fold) decrease of BRS, and significant
reduction of sympathetic nervous system activity
(LES) in patients with chronic impairment of con-
sciousness after severe brain damage compared to
healthy volunteers is a surprising fact.

It was particularly interesting to determine pe-
culiarities of orthostatic changes of parameters under
study in patients with orthostatic circulatory disor-
ders detected in the course of this study (table 4).

In patients with orthostatic disorders of he-
modynamics in the horizontal position, extremely
low BRS (3.11 msec./mm Hg) was found, which was
lower than in other patients of group 1 (6.9+3.2
msec./mm Hg). Due to a small size of the sample of
patients with orthostatic disorders (n=4), it was not
possible to check the significance of differences in
the indices of BRS and autonomic nervous system
activity between patients who had such disorders
vs. patients who did not have them. The same rea-
son made it necessary to pool BRS up and BRS
down data to calculate BRS mean values. The sym-
pathetic nervous system activity (LFS) in patients
with orthostatic disorders was higher, based on me-
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roJI0OBHOro Moara (1 rpymnma) u JIOKaJbHBIMU
IIOBPEXIEHUAMU (2 rpyIa) B FOpU30HTAJIbHOM
MMOJIOYKEeHUHU 1, KOTOpbIe BhIPAYKAJINUCH B 3HAUU-
TeJIbHOM CHHUYKEHUU MOIITHOCTH HU3KO4YaCTOTHOI'O
(HYC) n BpIcOKOUYacTOTHBIX cieKTpoB (BUC). Hau-
0oJiee BBICOKHE OKa3aTe/ I aKTUBHOCTH CAMIIA-
tuyeckoi cucrembl (HUC) 1 mapacumnaTAueckon
cucrembl (BUC) Hab/I012)T B KOHTPOJIBHOM TPYII-
Ie MPaKTUYEeCKHU 3[T0POBBIX H0O6POBOJbIlEB (LF
Med = 137,05, HF Med = 162,4), B 2-ii rpynne atu
TOKa3aTe i ObIJTU TOCTOBEPHO HUKE, KaK B TOPU-
30HTAJbHOM II0JIOKEHUHU, TaK M Ha BCeX aTalax
OpPTOCTAaTUYECKOW IPOOBLI, KpOMe IoKa3aTesIs
BUC (HF) mpu HarsoHe Ha 60° (p=0,37) (Tabd. 3).
Cawmbre Hu3kue nokasaresn HYC u BUC ObuH y
MMAIEeHTOB C MTOCJEACTBUAMH TAKEIbIX TOBPEK-
JleHU! roJI0BHOTO Mo3ra (rpymmna 1). Pagauna sTux
IoKa3aresjieil ¢ TaHHBIMU MAllMeHTOB TPYIIbI 2
ObLTa TOCTOBEPHOI Ha BCEX 9TAIlaX BHIMOJHEHUS
OPTOCTaTUY€ECKOH IMPOOHI, 32 UCKIIOYEHUEM OTHO-
ro mokasareass BUC (HF) B ropusaoHTaJabHOM
noJioxkeHuu 2, p=0,06. Xapaxkrep MeXIPYIIIOBBIX
pasauuuii TpaKTUYeCKU He MEHSJICS IIPU Pa3HbIX
yIJIax HAKJIOHOB T'0JI0BOH BBepX. OCHOBHOM TpeH[,
OpPTOCTaTUYECKUX U3MEHEHUN TOKa3aTeJ el aBTO-
HOMHOI HEPBHOH CUCTEMBI y TAIIUEHTOB XapaKTe-
pu3oBaJics elrie 60Jiee BEIpasKEHHBIM CHIPKEHEM
MmowmtHocty HYUC n BUC, npuyeM eciu y nanyeH-
TOB I'PYIIIBI 2 9Ta TEHAEHIIUA [IPOCJIeKUBAIACh [0
yBeJIMYeHUd yIvia HaKJIOHA 40 60°, TO y HalieHTOB
rpynms! 1 — TobKO 10 30°. Y 300pOBBIX 1006pO-
BOJIBIIEB (rpyIma 3) aTa TeHJeHIUs OblIa BbIpa-
JKeHa He3HAYUTeJbHO. B TedeHue 10 MUHYT Iocsie
BO3Bpara MaleHTOB B TOPU30HTAJIbHOE ITOJI0Ke-
HUe (2) BCce MOKa3aTeJ /i aBTOHOMHOUW HEPBHOU
CHCTEMBI BCEX IPYII HCIBITyEeMBIX JOCTUTAJIU
WCXOAHBIX 3HAYEHUH. YIUBUTEJbHBIM (DAKTOM
ABJISIETCA JOCTHYKEHIE OTHOCUTEJILHOM CTa0UJIh-
HOCTU TeMOJIMHAMUKU Ha (pOHEe BeCbMa CHUYKEH-
Holt BRS up u 3HauuTeIbHOTO (IOYTH B /IBA pa3a)
cHrUokeHnsA YBP M 3HAaYMTEJIBbHOTO CHUKEHHUS
MoKa3areJsisi aKTUBHOCTU CUMITaTU4Y€CKON HEPB-
Hoii cucteMbl (HUC) y maniueHToB ¢ XxpOHUYECKU-
MU HapylICHHUAMU CO3HAHUS IIOCJIE TAMKEJBIX
MOBPEKIEHNU IOJIOBHOTO MO3Ta M0 CPAaBHEHUIO
CO 3JIOPOBBIMU TOOPOBOJIBITAMH.

Oco0bIii MHTEpEeC TPEICTABIISATIO OIpeIese-
HHe 0COOEHHOCTEH OPTOCTATUYECKUX N3MEeHEeHU
HM3y4aeMbIX IIapaMeTPOB y AIIEHTOB C BBISABJICH-
HBIMH B XOJIe HACTOSIIIEeTO NUCCJIeJOBAHUS OPTO-
CTaTUYeCKUMU HapyIIeHUsAMU (TabdJ. 4).

VY IIauueHToB C OPTOCTATUYECKUMU Hapylle-
HUSAMU T€MOJIMHAMWKHN B TOPU30HTAJIBHOM I10JIO-
JKEHU!U BbIABJIEHA 3KCTpeMaJibHO Hu3kad YUbBP
(3,11 MCek/MM PT. CT.), KOTOpasi ObLJIa HUPKE, YEM Y
OCTaJIbHBIX ITAIIMEHTOB rpymmns! 1 (6,9+3,2 Mcek/MM
PT. cT.). BBUIy Mas10# BEIOOPKYU TPyl HAlKEH-
TOB C OPTOCTaTH4YECKUMU HapymeHuAMHu (Ne 4)

IIPOBEPUTH CTATUCTUYECKYIO JOCTOBEPHOCTD pa3-

dian values, than in patients who did not have such
disorders (Med = 20.52 vs. 8.5 msec.?). Upon 30° tilt,
in patients with orthostatic disorders, BRS values
remained extremely low while LFS power increased
two-fold in the absence of significant changes of
HFS. Prior to syncope development, LFS increase
takes place due to a briefrise of sympathetic system
activity followed by its decrease, bradycardia devel-
opment, and ABP downfall [30]. Findings of severe
patients with multiple injuries evidence significant
decrease of activity of the sympathetic nervous sys-
tem (LFS) and BRS. It has been shown that BRS de-
crease down to 4.4+1.5 msec./mm Hg was reliably
associated with adverse outcome of the disease in
contrast to the value of that index equal to 8.7+2.2
msec./mm Hg in patients with favorable prognosis
[31]. Importantly, BRS figures in group 1 patients
were similar to the figures of newborns on weeks
2—4 after the birth. In newborns, this index in-
creased 2-3-fold by the sixth month of life [32].
Such similarity can be explained by ‘immaturity’ of
sympathetic baroreflex mechanism in newborns
that gradually adjusts its function (‘matures’) in
newborns in the course of ontogenesis. In patients,
low BRS figures are related to sympathetic barore-
flex dysfunction due to severe brain damage. It can
be assumed that in patients with severe diffuse
brain damage involving stem structures, regulation
of blood circulation returns to a phylogenetically
more ancient level, which, in ontogenesis, corre-
sponds to the perinatal level. Further investigations
are necessary to verify the hypothesis.

If in patients with severe brain damage the
evolution of these indices might take a long time
making their dynamic assessment difficult in pa-
tients with non-severe traumas it can be observed
within a short period of time. In patients with non-
severe traumas, BRS decrease occurs as early as 3
hours after a trauma, intensifying during the first 3
days; on days 3 to 15, its partial recovery begins;
however, the full recovery is observed by month 5
after a trauma [33]. These data show a need in mon-
itoring of this index to evaluate the efficacy of reha-
bilitation of patients with chronic impairment of
consciousness after severe brain damage. In cases
of severe brain damage, the trend towards increase
of BRS might be considered as a criterion of favor-
able progression of the disease. Information about
dynamics of these indices in patients with severe
brain damage before and after brain death devel-
opment presents a particular interest. The transi-
tion to the brain death state is accompanied with a
drop of power of all frequencies of heart rate vari-
ability and BRS fall from 11.2+8.5 to 0. Investiga-
tions have demonstrated the importance of moni-
toring ANS and BRS in the brain death diagnostics
[34-36]. Thus, the findings of this study and data
from literature evidence that ANS and BRS figures
allow estimating the rehabilitation potential, fore-
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Taﬁ.Jmua 4.Iloka3aTe/ i1 HU3KOYaCTOTHOIO CIIEKTpa u3MeHeHuii R-R HHTEPBAJIOB, BLICOKOYACTOTHOIO CIICKTPa
usmenenni R-R HHTEPBAJOB U YYBCTBUTECJIbHOCTH GapopeuenTopOB YDAl eHTOB C OPTOCTAaTHYE€CKNMH HApPY-

ILIEeHUsIMH FreMOJUHAMMKH (n=4).

Table 4. Parameters of low-frequency spectrum of R-R intervals, high frequency spectrum of R-R intervals and
baroreceptor sensibility in patients with orthostatic circulatory disorders (n=4).

Parameters Position
Horizontal Tilt up 30°
Med  quartile 25.0% quartile 75.0% Med  quartile25.0% quartile 75.0%
BRS Mean, ms/mm Hg 3.11 2.32 4.27 3.88 1.62 4.10
LE msec? 20.52 7.06 43.28 36.22 23.22 63.2
HE msec? 13.77 5.20 29.07 6.02 4.56 25.79

Note. BRS Mean — mean baroreceptor sensibility to increasing of blood pressure between BRS up and BRS down.
IIpumeuanue. BRS Mean — cpeiHue 3Ha4eHUs YYBCTBUTEIHLHOCTU O6apopernenTopoB Meskay BRS up u BRS down.

anunii nokasatesielt YbP 1 ak THBHOCTHU aBTOHOM-
HOU CHCTeMbI Y IAIIMeHTOB C TAKUMU HapyllIeHUsI-
MU 1 6e3 HUX He MPeICTaBIISAI0CH BO3MOKHBIM.
JTa ’Ke MPUYMHA OTIpeJesuaa HeOOXOAUMOCTh
o0benuHeHne Tokasaresielr BRS up u BRS down
s pacuera cpeguux (BRS mean) 3HaueHuil.
AKTHUBHOCTb CHMIIATUYE€CKOU HEPBHOU CUCTEMBI
(HYC) y nanimeHTOB C OpTOCTaTUYEeCKUMU Hapylle-
HUSMH, 110 TaHHBIM MeIUaHHbIX 3HAUYeHUH ObIIa
BBIIIIE, YEM Y MAIIMEHTOB 0€3 TaKWX HapyIIeHUH
(Med = 20,52 npoTus 8,5 Mmcek?). [Ipu Hak/I0He HA
30° y mauueHToOB C OPTOCTAaTUYECKUMU Hapylle-
HUAMU Nokasarean UBP ocTaBanuch Ha KpaliHe
HU3KOM YPOBHE, B TO BpeMs Kak Momuocts HUC
YBeJIMYMBAJIACh B 2 pa3a, IpXA OTCYTCTBUY 3HAYU-
MbIX n3MeHenui BUC. [lepen pasBuTrieM 0OMOpO-
Ka npoucxonut yseaudenue HUC, cBasanHoe C
KPaTKOBPEMEHHBIM IIOBBIIIEHUEM AaKTUBHOCTHU
CUMIIaTUYEeCKOU CUCTEMBI, KOTOPOE CMEHSIETCS ee
CHI’KEHMEM, Pa3BUTHEM OpaguKapAny, TaieHueM
AJI [30]. laHHBI€, IOJIYYEHHBIE HaA TAMKEJIBIX [alu-
€HTax C MHOYKECTBEHHBIMU TPABMaMHU, CBUETEIIb-
CTBYIOT O 3HAaUYUTEJIbHOM CHUJKEHNHU ITI0Ka3aTesen
AKTUBHOCTH CUMIIATUYECKOU HEPBHOU CHUCTEMBbI
(HYC) u YBbP Ilokasano, uto cumkenue YBP no
4,4+1,5 MCeK/MM PT. CT. JTOCTOBEPHO OBIJIO CBSI3AHO
¢ HeOJIATONPUATHBIM HMCXOAOM 3a00JeBaHUsA, B
OT/INYMe OT 3HAaYEHUA 9TOrO IoKasdaress 8,7+2,2
MCEK/MM PT. CT. Y IAIIUEHTOB C O6/IarOPUSATHBIM
IIPOrHO30M [31]. BayKHO OTMETUTH, YTO ITIOKa3aTe-
jau YbP y nmanueHToB rpynmnsl 1 oKa3aauch CXO.-
HBIMHU C IIOKa3aTeJIAMU HOBOPOJKICHHBIX Ha BTO-
poil — yeTBepTOU HeJessAX MOCJIe POKIAEHUA. Y
HOBOPO’KIECHHBIX 3TOT II0KA3aTeJsIb YBeJININBaJICA
B 2-3 pasa K 1IecToMy MecALy Kku3Hu [32]. Takoe
CXOJICTBO MOSKHO OOBSICHUTH «HE3PEJOCTHIO»
MEeXaHM3MOB CHUMITaTHYecKoro Oapopedekca y
HOBOPOKJIEHHBIX, KOTOPBII B OHTOT€He3e I10CTe-
IIEHHO HaJIa’KUBAET CBOIO (PYHKIIUIO («CO3pEBaeT»).
VY mnanueHToB HU3KMe 3HaueHus1 YUbP cBsi3aHbI C
HapyuieHrneM (YHKIWH CUMIIATHYecKoro 6apo-
peduiekca BcieCTBUE TSYKeJbIX ITOBPEKIeHUN
TrOJIOBHOTO MO3ra. MOYKHO IIPEJIIOI0KUTE, YTO Y
MAIMEeHTOB C TsPKeIbIMU, TU(h(PYy3HBIMU IIOBPEK-
JEHUsAMHU TOJIOBHOIO MO3rd, BOBJICKAIOIIUMU
CTBOJIOBBIE CTPYKTYPBHI, PETYIAIUs KPoBOoOpa-

casting development of orthostatic hypotension in
the course of verticalization, stating favorable or
adverse progression of diseases. Sympathetic
baroreflex is one of the key mechanisms maintain-
ing homeostasis stability. Impulses from barore-
ceptors of low and high ABP enter caudal brain
stem regions in nucleus tractus solitarius [37]. A
conclusion can be drawn that caudal brain stem re-
gions are the key structure of sympathetic barore-
flex [38, 39]; any severe supratentorial brain dam-
age accompanied with intracranial hypertension
and tentorial herniation, or even a minor damage
in the posterior cranial fossa causing disturbance
of blood flow in the brain stem or its compression
causes sympathetic baroreflex dysfunction. All
these disorders are described in this paper includ-
ing cases of irreversible damage of stem vasomotor
centers.

Conclusion

The data deminstrate that patients with
chronic impairment of consciousness during the
post-comatose period after severe brain damage
display a significant decrease of baroreceptors sen-
sitivity and autonomic nervous system disorders
manifesting in considerably lesser activity of the
sympathetic and parasympathetic systems. The de-
gree of such alterations correlates with a brain
damage severity. The risk of developing orthostatic
hypotension during verticalization is higher in pa-
tients with lower baroreceptors sensitivity, which is
necessary to consider from the very beginning of
the process of verticalization patients.

mIeHrA BO3BpaAlId€TCA Ha q)HJIOFeHeTI/I‘IeCKI/I
boJtee ,I[peBHI/Iﬁ, B OHTOIeHe3e COOTBeTCTBYIOH_II/Iﬁ
II€pUHATAaJIbHOMY, YDOBEHbD. I[.J'IH IIOATBEPKIACHUA
IIPEAIIOJIOMKEHUA HBO6XO,III/IMI>I JOITOJTHUTEJIbHbIE
HccjaenoBaHusd.

Eciu Yy IaE€HTOB C TAKEJIBIMU IIOBPEXKIE-
HHUAMHA I'OJIOBHOT'O MO3TI'a 3BOJIIOIIMA 3TUX ITOKa3a-
TeJIe MOJKeT OJINTBCA OOJITO, YTO 3aTPYAHAET NX
OII€HKY B TMHAMUKE, TO Y ITIAIITUEHTOB C HETAMKEJIbI-
MM TpaBMaMHU 3TO MOKHO Ha6J'IIO,I[aTb B T€deHue
KOPOTKOT'0O CpOKa. % IIalMMEHTOB C HETAKEJIbIMHN
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TpaBMaMu CHUKeHre YbBP mpoucxogur y)xe yepes
3 yaca nocJjie TpaBMbl, OHA yCUJINBAETCS B T€YCHUE
nepBbIX 3 AHEH, ¢ 3 Mo 15 JTeHb HAaYMHAETCA ee
4YaCTUYHOE BOCCTAHOBJIEHHE, a OJHOE BOCCTA-
HOBJIEHHE Ha0JI0gaeTcs K 5 MecsITy 1ocse TpaBs-
MbI [33]. OTH JaHHBbIE O3BOJISIOT 00OCHOBATH
IpUMeHeHNe MOHUTOPUHTa 3TOr0 ITOKa3aTeJss
Uit omneHKU 3G @OEeKTUBHOCTA peaduaIuTarum
MIAalUEHTOB C XPOHUYECKUMM HapylIeHUsMU
CO3HAHUS T0CJIE TSXKEJbIX TOBPEKIEHUN I0JIOB-
HOTO MO3Ta. [IpH TssKeabIX TOBPEKAEHUAX TOJIOB-
HOro0 MO3ra TeHJeHIUsA K IoBbImieHHi0 YbBP
MOKET pacCMaTpPUBATHCS KaK MPU3HAK OJIarompu-
SITHOTO TeueHUs 3abosieBanusi. OcoOBIN MHTEpPeC
npejcTaBjsieT UHPOpMaIUs O NUHAMUKE ITUX
IOKasaTeJiell y MalueHTOB C TSKeJIbIMU IIopaske-
HUSIMU TOJIOBHOTO MO3ra A0 U II0CJie pa3BUTHUSA
cMepTtu Moa3ra. I[lepexom B COCTOSTHHME CMepTH
MO3Ta CONPOBOMKIAETCA IaJeHUEM MOIIHOCTHU
BCEX YaCTOT BapUaOMJILHOCTHU CEPAEYHOTO PUTMA
u cHmykeHueM YBP c¢ 11,2+48,5 no 0. MccienoBa-
HUSAMHA IIPOIEMOHCTPUPOBAHA BasKHOCTh MOHUTO-
punra nokasaresieit AHC u UBP B nuarHoctuke
cMeptH Mo3ra [34-36]. Takum 06pa3om, pe3ysibra-
Thbl HACTOAIET0 UCCJIeN0BaHUsA U JIUTepaTypHbIe
JaHHbIE CBUAETEIbCTBYIOT O TOM, YTO II0Ka3aresn
AHC u YBP nosBoJIAOT OlleHUBaTh peabuaInTa-
[IMOHHBINU TTOTEHITMAJ, TPOTHO3UPOBAThH PAa3BUTHE
OpPTOCTaTAYECKOM TMIIOTEH3UU B IPOIIECCe BEPTH-
KaJu3alyy, KOHCTaTUPOBATh 6JIarONMpUsATHOE U
HeOJIaronpusATHOe TeueHue 3aboseBannil. CuM-
nmaTudeckuii bapopedJiekc ABISIETCS OJHUM U3
KJII0YEeBBIX MEXaHMW3MOB MNOANepsKaHUS MOCTO-
STHCTBa ToMeocTa3a. iMmysibcarus ot bapoperen-
TOPOB HU3KOI'O U BBICOKOro AJl mocTymaer B Kay-
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JaJibHbIe OTIeJibl CTBOJIa T'OJOBHOTO MO3ra B
nucleus tractus solitarius [37]. MoskHO caeJiaThb
BBIBOJ, O TOM, YTO KayJaJjbHble OTAEJIbl CTBOJIA
FOJIOBHOTO MO3Ta SBJISIOTCSI KJIIOUEBOU CTPYKTY-
po#t cummatudeckoro Oapopederca [38, 39],
Jr000€e TSKeI0e CyITpaTeHTOPHUaTbHOE TIOBPesKIe-
HMe I'0JIOBHOI'O MO3ra, COIIPOBOKAAIONIEECs BHYT-
pUYepenHol TurepTeH3uel U TeHTOPUAIbHBIM
BKJIMHEHUEM, UJIU Ja'ke HeOOJIbIIIOe TTOBPEsKIe-
HUE B 3aJiHEU UepenHON sIMKe, BbI3bIBaIOIIlEe
HapyllleHue KPOBOTOKAa B CTBOJI€ TOJIOBHOTO
MO3ra WJIM ero KOMIIPECCHIO, BBI3BIBAIOT HapyIle-
HHe (PYHKIONW CHMIIATHYecKoro 6apopediekca.
Bce aTu HapyIIeHYsT ONTMCAHbI B HACTOSAIIEH pabo-
Te, BRJIIOYAS ¥ CJIy9al HE0OpaTUMOT0 TOBPEsK/Ie-
HM CTBOJIOBBIX COCYIOJBUraTe/IbHBIX [IEHTPOB.

3akJrouenue

HOJIy‘{eHHbIe pe3yJibraThbl YKAa3bIBAIOT HA TO,
YTO Yy IaITMEHTOB C XPOHNYECKUMU HAPYIIEHUAMUN
CO3HAaHHUA B ITOCTKOMATO3HOM II€EpHUOJE II0CJIE
TAMEJIbIX HOBPEQK,IIEHI/Iﬁ TOJIOBHOI'0O MO3ra
Ha6J'IIOJlaIOTCFI 3HAYNUTEJIbHOE CHUYKEHNE TYBCTBI-
TE€JIBbHOCTHU 6ap0peuenTop0B 1 HapylnieHud aBTO-
HOMHOM HepBHOﬁ CHUCTEMBI, BbIpasKarouiuecsa B
3HAYUTEJIbHOM CHUXEHNU aKTUBHOCTHU CUMITATHU -
YeCcKOU u HapaCI/IMHaTI/I‘{eCKOﬁ cucteM. CteneHb
9TUX HapymeHI/Iﬁ KOppeJsupyer C TAMKECTbIO
HOBpe)K,I[eHI/Iﬁ rOJIOBHOTO MO3ra. Puck pa3BUTUA
OpTOCTaTI/I‘{eCKOﬁ TUIIOTEH3WU IIPU BEPTUKAJIN3A-
1Y BBIIIE y ITIAIIMEHTOB C 0oJiee HUBKOM JyBCTBU-
TE€JIbHOCTBIO 6apopeuenTop0B, qTo HeO6XO,ILI/IMO
Y4UTBIBATh B Ha4aJI€ IIPOIECCA BEPTURAJNI AT
TAKUX ITIAI[MEeHTOB.
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Liver Diseases and the Hemostasis (Rewiew)
Part 1. Non-Cholestatic Diseases of the Liver and Hemostasis
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[Tpu 3a60JieBaHUSAX IEYeHN, 0COOEHHO B TEPMUHAIBHON CTAINH I€YEHOYHOU HEJOCTATOYHOCTH, PA3BHU-
BAIOTCSI pa3HOOOpa3HbIe reMOCTaTHYeCKUE Te(PEKThI, KOTOPBhIE 3aTPAruBaI0T IIPAKTUYECKU BCE 3BEHbSI CBEP-
TLIBaIOIIIteI CHUCTEMBI KPOBHU. Jrto OpUBOOUT K TOMY, YTO IMMalTUEHTHI C 3360JIeBaHI/IHMI/I nevYeHu NMeroT Y3KYIO
TI0JIOCY TOIEPYKAHMSI TEMOCTATUYECKOTO OaTanca.

TsoKeCcTh HAPYIIEHUH TeMOoCTasa 3aBUCUT OT HO30JOTUUYECKON (DOPMBI U CTETIEHU MOBPEKIEHUS
nevyeHu. B 3aBucuMocTH OoT nucHasaHca CUCTEMBI TeMOCTas3a, 0COO0eHHOCTEN KIUMHUKO-T1a00paTOPHBIX
JaHHBIX, IAIMEHTOB C 3360.HeBaHI/IHMI/I ne4YeHn YCJAOBHO MOYKHO pa3Jie/JIMTh Ha TPU I'PYNIIbIL: 1. HexouJie-
CTaTUYeCKre MOBPEKIEHUs TIeuyeHy; 2. X0oJiecTaTu4eCKue MOBPeXIeHusI medenu u 3. [loBpeskaeHus
TeYeH COCYAUCTOrO reHe3a.

B mepBoii yacTu 0630pa 06Cy>KIAF0TCsI BOIIPOCHI U3MEHEHUSI B CUCTEME T€éMOCTa3a y MalfieHTOB C HEX0-
JIECTaTUYECKUMHU 3a00JIeBaHUsIMU TTIeYeHH, KOTOPBIE KaK ITPABUJIO, COMTPOBOSKIAIOTCS TUIIOKOATYISIIIAEH.

Karouesvtle crosa: cucmema 2emocmasa; ceepmoledroulas cucnema kposu,; Hexojecmamuuecrue 3abo.e-
8dHUs neyeHu

In liver diseases, most commonly in the terminal stage of liver failure, a variety of hemostatic defects affect-
ing almost all parts of the blood coagulation system are developing. This leads to diminishing the capabilities
of patients with liver diseases to correctly maintain the hemostatic balance.

The severity of hemostatic disorders depends on the nosological form and degree of a liver damage. De-
pending on the imbalance of the hemostasis system and accumulated clinical/laboratory data, patients with
liver diseases can be subdivided into three groups as exhibiting: 1. non-cholestatic liver damage; 2. cholestatic
liver damage and 3. liver damage of vascular origin.

The first part of the review discusses multiple alterations in the hemostasis system in patients with non-
cholestatic liver diseases, which are commonly accompanied by hypocoagulation.

Keywords: hemostatic system; coagulation system; noncholestatic liver diseases
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V3aMeHeHMs B cicTeMe reMoCcTa3a alfieHTOB
C XpoHUYeCKUMH 1P Py3HBIMEU 3a00I€eBaHUAMU
IeYeHH 3a4acTyIO IPeACTaBIIAIOT 3HAYUTETbHBIN
PUCK pa3BUTHA KaK KPOBOTEYEHUSA, TaK U TPOM-
603a B IIpoliecce pa3BUTHA U IPOTPECCUPOBAHUSA
3abosieBanusA [1-5]. 3aMeueHO, UTO y MAI[eHTOB C
Hex0JIeCTaTHYeCKUMHU 3ab0JIeBaHUSIMU ITI€YeHH B
mpoltiecce pa3BUTHsA 3aboJjieBaHUA TOSABJISAETCA
CKJIOHHOCTb K KPOBOTEUYEHUIO (3, 4], B TO Bpems,
KaK IIPU X0JIeCTaTUYeCKUX 3a00J1eBaHUAX ITeYeHN
B IIpoIiecce IporpeccupoBaHusl 60/Ie3HN OTMeYa-
€TCsI CKJIOHHOCTBb K PA3BUTHIO TPOMOO30B [5-7].
[IpUYUHBI CTOJb CYIIECTBEHHBIX PA3JTUUYAN 10
HAaCTOSIIIer0 BpeMeH! He U3BEeCTHBI, KaK U MeXa-
HU3MBI, IPUBOJISAIINE K Pa3BUTHIO TPOMO03a NIIH
KpPOBOTeYeHUsI NPU XPOHUUYECKHUX IUPPy3HBIX
3aboJsieBaHMAX MeYeHN. B 1Byx yacTax o63opa aHa-
JIN3UPYIOTCA COOCTBEHHBIE U JTUTEepaTyHble 1aH-
HbIe II0 9TOMY BOIIPOCY.

IleyeHns M cBepTHIBaIOIIAsA CHCTEMA KPOBH.
TemocTas (ot rpeueckoro ayooraon: aiuc — blood,
KpOBB + otdlon — stasis, halting, ocranoBka) ompe-
JleJisieTcs Kak OCTaHOBKA KPOBOTEUEHMU S, IIPe/IIo-
Jiararoiiasi ObICTpOe B3aMMOJIENCTBHE Psifia TECHO
CBSI3aHHBIX U perVIaMEHTUPOBAHHBIX MEKTY COO0H
nporueccos [8]. [ledeHb sIBJIAETCA OJJHUM U3 II€HT-
paIbHBIX OPraHOB B TOMEOCTa3e CBePTHIBAOIIEH
crcreMbl KpoBU. [leueHb cCHHTE3UPYET OOJIBIIIH-
CTBO 0€JIKOB IJIa3Mbl, Y4aCTBYIOIIIUX B TEMOCTA3e,
BKJIIOYAsi NIPO- U aHTUKOATYJISHTHBIE (PaKTOPHI,
npo- W aHTUPUOPUHOIUTHUYECKUE (HAKTOPBHI,
TpoMOo109THH [8-10]. VicK/II04eHNe COCTaBJIAIOT
daxropst I, IV u VIII [8]. OCHOBHBIM MECTOM CUH-
Te3a OEJIKOB CBepTHIBAIOIEH CHCTEMBI KPOBU
SIBJISIETCS II€POXOBATBIN 9HAONIa3MaTUIeCKUI
peTuryayM renaronuToB. CHHTE3 TPOTPOMOMHA U
¢arropos VII, IX 1 X 3aBUCUT OT HAJIMYHSI BUTAMU-
Ha K, skmpopacTBOpUMOro BUTaMHHA, BbIpadaThI-
BaeMOro MPEeuMYIIeCTBEHHO KUIIIeYHOH MHUKpPO-
ouotoii. Comepsranne BuTamMuHa K conpsiskeHo ¢
BCAaCbIBaHWEM SKMPOB B KUIIIEYHUKE [9].

ITpu HOpMaILHOM KPOBOTOKE KOMITIOHEHTHI
KPOBH 6eCITPeIsITCTBEHHO MTPOXOSAT Yepes 000
Y4aCTOK COCYIMCTOTO pycJjia CUCTEMBI KPOBOOOpa-
meHns. Bce KpoBeHOCHBIE COCY[bI BBICTJIAHBI
OJTHUM CJIOEM 9H/I0TETNAJIBHBIX KJIETOK, KOTOPhIE
HaxoJATCA B IOCTOSTHHOM KOHTaKTe C KOMIIOHEH-
TaMH KPOBH, ITPOTEKAIOIIIeH uepes IIPOCBET COocya
[11]. ITpr ”HTAKTHOM KPOBOTOKE 3HI0TeINA/IbHBIE
KJIETKH TIOCTOSHHO CEKPEeTUPYIOT MHTUOUTOPHI
CBepPTHIBAHUA U (pUOPUHOIN3A; MHTUOUTOPBI I
IIpeloTBpAIlleHus] aKTUBAIlUM TPOMOOIIMTOB;
AKTHUBATOPBHI, IPEIATCTBYIOIINE 3AIYCKY ITepBUY-
HOT'0 ¥ BTOPUYHOTO 'eMOCTa3a; U 00ecrieunBaioT
TeM CaMbIM aTPOMOOT€HHOCTE IIOBEPXHOCTH COCY-
noB (8, 11]. HampoTus, cy69HI0TEINAIBHBIA CJION
COCYJMICTOU CTEHKH SIBJISIETCSA BBICOKO TPOMOOTEH-

Introduction

Alterations of the hemostasis system of pa-
tients with chronic diffuse liver diseases commonly
represent a significant risk of both bleeding and
thrombosis during the development and progres-
sion of the disease [1-5]. It has been observed that
patients with non-cholestatic liver diseases possess
a tendency to bleeding during the development of
the disease [3, 4], whereas the patients with
cholestatic liver diseases exhibit a trend to devel-
oping thrombosis when the diseases progresses
[5-7]. The reasons for these significant differences
are still unknown, as well as the mechanisms that
lead to the development of thrombosis or bleeding
in chronic diffuse liver diseases. The two parts of
the review represent the analysis of available data
on these issues.

Liver and the blood coagulation system. He-
mostasis (from the Greek aiucoraon: aiua — blood,
otdon — stasis, halting) is defined as the arrest of
bleeding and requires the rapid interaction of a
number of closely regulated processes [8]. The liver
is a central organ in the homeostasis of the hemo-
static system. The liver synthesizes the majority of
plasma proteins involved in hemostasis including
pro- and anticoagulant factors, pro-and antifibri-
nolytic factors, and thrombopoietin [8-10]. The ex-
ception constitutes factors III, IV and VIII [8]. The
rough endoplasmic reticulum of hepatocytes is the
main site of synthesis of proteins related to the co-
agulation system. The synthesis of prothrombin and
factors VII, IX and X depends on the presence of vi-
tamin K, a fat-soluble vitamin produced by intes-
tinal microbiota. The content of vitamin K is asso-
ciated with the absorption of fats in the intestine [9].

Under normal circumstances blood compo-
nents pass unhindered through the circulatory sys-
tem. All blood vessels have a single layer of en-
dothelial cells (ECs) that are in constant contact
with blood flowing through the vessel lumen [11].
In the intact circulation ECs constitutively secrete
platelet inhibitors, coagulation inhibitors and fib-
rinolysis activators preventing the initiation of pri-
mary and secondary Hemostasis and also to pro-
vide a non-thrombogenic vascular surface [8, 11].
In contrast, the subendothelial layer is highly
thrombogenic and contains collagen, von Wille-
brand factor (VWF) and other proteins such as
laminin, thrombospondin and vitronectin that are
involved in platelet adhesion [12,13]. When the vas-
cular endothelial layer is interrupted, VWF is re-
leased, collagen is exposed and tissue factor (TF) is
expressed on the surface of endothelial cells [12].

Platelets play a pivotal role in primary Hemo-
stasis and alongside the vessel wall and adhesive
proteins, lead to the formation of an initial «platelet
plug» [8]. At the site of vessel injury, platelets recog-
nize disruption of endothelial cells lining the blood
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HBIM U COIEPIKUT KoJIareH, hakTop Busiiedbpan-
na (VWF) u npyrue 06eJikd, Takve Kak JIJaMUHUH,
TPOMOOCIIOHINH ¥ BUTPOHEKTHUH, KOTOPhIE y4a-
CTBYIOT B afre3uu TpombonuToB [12, 13]. Korma
COCYIMCTBIN 9HI0TETNAIBHBIHN CJI01 TIOBPEYKIAET-
cs1, To BEICBOOOKTaeTcst VWE TkaHeBOH (haKTop
(TF) akcrpeccupyerca Ha TIOBEPXHOCTb 9HA0TEJIH-
aJIbHBIX KJIETOK, KOJIJIareH CTAaHOBUTCA NOCTYII-
HBIM JJI1 KOMIIOHEHTOB KpoBHU [12].

[Ipu HapyeHnu 1eJIOCTHOCTH COCyia TPOM-
OOIUTHI UTPAIOT KJIIOYEBYIO POJIb B IEPBUYHOM
reMocrase, 1 Hapsay ¢ COCyIUCTBIM 9HIO0TeIneM
U aire3aNBHLIMU OeJTKaMU TPUBOIAT K 00pa3oBa-
HUIO TIEPBUYHON «TPOMOOITUTAPHON TPOOKM» [8].
B MecTe MOBpeXKIEHUS COCYIOB TPOMOOITUTHI pac-
MMO3HAKOT Je3WHTerpamnuio 9HAO0TEeJUOIUTOB,
BBICTHJIAIOIIAX KPOBEHOCHBIE COCY/IbI M OOHAKEH -
HBIU MO HUMH (pUOPO3HBIN MaTpuKC. ITpoucxo-
AT aKTUBAIIMsI TPOMOOIIMTOB, UX aITe3UsI U arpe-
rauuss Ha TOBEPXHOCTH MOBPEXKAEHHOTO
aHmoTe usA ¢ (GopMUpoBaHHEM siapa Tpomba
[14-16]. Kpome TOro, akTUBHUPOBaHHbIE TPOMOO-
IUTHl 9KCIPECcCUpyoT Gochoaunuabl TaKUM
006pa3oM, YTO OHU CITOCOOCTBYIOT IPOIIECCY KOary-
JIAIINY C oOpasoBaHueM TpoMbuHa u pubpuHa [8].

lemocTa3s cymiecTBeHHO 3aBUCHUT OT pocdo-
JINTIU/IOB KJIETOYHBIX MEMOpaH, B3aUMO/IECTBYIO-
mux ¢ pakTopaMu CBePThIBAHUS KpoBU [17-19].
Basknasa ¢yskuusa pocdoaunugos B CBepThIBA-
HUU KPOBHU CTajla U3BECTHOHU IIOCJE TOTO, KakK
OBLIO TIOKa3aHO, 4YTO cMeCh (QochogunumIoB
MOKET WMUTUPOBATH NPOPUIbL TMMOBEPXHOCTHU
TPOMOOIIMTOB TPU AaKTUBAIIUM CBEPTHIBAHUS
KPOBH in vitro [20-22]. UHumanus cBepThIBAHUS
KpOBU TpeOyeT BEICOKOCTEIM(PUIHBIX B3aUMOJIEH -
CTBUU MesKly (haKTOpaMU CBEPTHIBAHUS 1 KOMIIO-
HEHTaMU KJIEeTOYHOU MeMOpaHbI [22-27]. BbLIO
II0KA3aHOo, YTO Y KasKI0ro (hakTopa CBepThIBAHUS
KPOBU B CTPYKTYype UMEETCA y4aCTOK, ComepyKa-
AN Y-KapOOKCUIUIyTAMUHOBYIO KHUCJIOTY —
gamma-carboxyglutamic acidrich (GLA) domain,
B3aUMOJEHCTBYIOIIUNA CO  clelnupuiIecKkumMu
JIUTIAIaMU KJIETOYHOUW MeMOpaHbl, MHUIIMUPYS
XUMUYEeCKHUE TMPOIEeCCh], OTBeYaoIle 3a CBePThI-
BaHUe KpoBH [23, 26]. K atuMm crnenuduieckum
JIMNHUAAM OTHOCSITCS MOJIEKYJBI pocdaTuauice-
puHa (PS) kieTouyHoi MeMOpaHbI [17-19].

TraneBoi akrop, parrop Vau dakrop VIlla
UMEIOT IIEHTPHI CBA3bIBAHUS C (pochoIUnIUIaAMU
MeMOpaH 7151 00pa3oBaHUsA COOTBETCTBYIOIINX
¢depmenTHbIXx KOMILTEKCOB: TF/VIla, VIlla/IXa u
Va/Xa [28]. IIpu cBsAI3bIBaHUU C OeJIKaMU-aKTHUBa-
TOpaMU B pe3y/bTaTe KOH(MOPMAIMOHHBIX U3Me-
HEHUI aKTUBHOCTD 9TUX (PEPMEHTOB MTOBBINIIAETCS
[28]. BsaumopeiicTBUsI epMEHTHBIX KOMILJIEKCOB
C KJIETOYHBIMU MeMOpaHaMH TPOUCXOIAT IO
nmercTBreM KaTuoHOB Ca?*.

depMeHTHbIE MeMOpaHHbIe KOMILJIEKCHI ITPO-
KOAryJIsTHTHOTO MyTH 00pPas3yloTCs TOJIBKO TP

vessels and the exposed underlying fibrous matrix.
They subsequently form a core of thrombi through
a process of adhesion, activation, secretion of the
contents of intracellular storage organelles, and ag-
gregation [14-16]. In addition, activated platelets ex-
press phospholipids, which promote localized co-
agulation and generation of thrombin and fibrin [8].

Hemostasis significantly depends on the cell
membrane phospholipids interacting with blood
clotting factors [17-19]. Studies have demonstrated
that a mixture of phospholipids can mimic the pro-
file of platelets and endothelial cell surfaces in ex-
perimental conditions, so that hemostasis can be
activated in vitro [20-22]. Initiation of clotting re-
quires highly specific interactions of domains of co-
agulation factors with the cell membrane compo-
nents [22-27]. Each blood coagulation factor
possesses a gamma-carboxyglutamic acid-rich
(GLA) domain that interacts with specific lipids in
the cell membrane to initiate the biochemical cas-
cade of blood clotting [23, 26]. These specific lipids
include the phosphatidylserine (PS) molecules of
the cellular membrane [17-19].

Tissue factor, factor Va and factor VIIIa have
binding centers for membrane phospholipids and
the enzymes TF/VIla, VIlla/IXa, and Va/Xa, respec-
tively [28]. Upon binding to the activator proteins,
conformational changes are induced to increase
the activity of the enzymes [28]. The interactions of
enzyme complexes with cell membranes occur
under the action of Ca?* cations.

Enzyme membrane complexes of the proco-
agulant pathway are preferentially formed in the
presence of both tissue factor and negatively-
charged phospholipids on the outer surface of the
cell membrane. Specifically, the transverse asym-
metry of cell membranes is determined by the pre-
dominance of neutral phospholipids (phos-
phatidylcholine and sphingomyelin) within the
outer layer and by negatively-charged phospho-
lipids (phosphatidylcholine and sphingomyelin) in
the internal layer [17-19]. A special enzyme system
facilitates the transmembrane transfer and medi-
ates the distribution of phospholipids in the cell
membranes, with the outer surface of the plasma
cell membranes being uncharged, usually.

Negatively-charged phospholipids, PS and
phosphatidylethanolamine (PE) provide the major-
ity of procoagulant activity [19]. The GLA domain
interacts with PS as a part of the cell membrane [23,
27]. The weak binding of PS to the clotting factor
becomes much stronger in the presence of another
phospholipid — PE. Both phospholipids, PS and
PE, are localized to the inner petal of the cytoplas-
mic membrane’s lipid bilayer, at high concentra-
tions in the resting cell [17-19]. This location pre-
vents contact with the clotting factors; however,
when the cell membrane becomes damaged, PS
and PE interact with coagulation factors, initiating
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HaJW4YUM TKaHeBOro (pakTopa M OTpPUIATE]BHO
3apsibKeHHbIX  (PocdOUNUIOB HA BHEITHEHN
MTOBEPXHOCTH TIa3MaTUYeCKON MeMOpaHbI KJe-
ToK. [lonepeyHas acuMMeTpHs IJIa3MaTUdeCKUX
MeMOpaH, B YaCTHOCTH, OTIpeiesisieTcsI mpeobJraaa-
HUEM B Hapy>KHOM CJIOe HeUTpaJibHbIX (pocosu-
0B (pocdaruauaxoarHa u cGUHTOMUENHA), a
BO BHYTpPEHHEM — OTPHUIIATEJIbHO 3aPSyKeHHBIX
(dpocharnammaranonamMuaa u pocdaruauacepu-
Ha) [17-19]. CnennanbHasg pepMeHTHAsA cCUCTeMaA
obecrieynBaeT TpaHCMeMOpPaHHBI ITEPEHOC U OTI0-
cpenyeT pacrpepesienrue ¢hocpoIUnuIoB B Kie-
TOYHBIX MeMOpaHax, IpU KOTOPOM B HOpMe BHEIII-
HsIsT TIOBEPXHOCTHh IJIa3MaTUYeCcKnX MeMOpaH
KJIETOK He 3apsi’KeHa.

Hanbosbiieli  KOAryJIsIMMOHHOW — aKTHB-
HOCTHIO 00JIa/IaI0T OTPUIIATETHHO 3apsyKEHHBIE
dochoaunuabl: pocharuauiceput, pocharumam-
aaranoaamuH (PE) [19]. GLA-goMeH B3auMopeli-
cTByeT ¢ PS, BXOIAIIMM B COCTaB MEMOPAHBI KJIET-
Ku [23, 27]. Camo 110 ceOe HETPOUYHOEe CBSI3ShIBAHUE
docharuguacepura ¢ GakToOpoM CBEPThIBAHUS
CTaHOBUTCSI ropa3no 00jiee TPOYHBIM B IIPUCYT-
ctBuM nipyroro ¢ocdosmmmma — PE. O6a docdo-
gunuaa — PS u PE B OOJBITUX KOHIIEHTPAITASX
MPUCYTCTBYIOT HAa BHYTPEHHEM JIEIIeCTKe I[UTO-
IJIA3MaTUYeCKON MeEMOPaHbI TOKOSIIIENCST KITETKI
[17-19]. U aTO 3aTpynHSET UX KOHTAKT C haKkTopa-
MU CBepThIBaHUsA. [Ipyu NOBpeskAeHNN KIETOUYHON
MeMOpansbI PS 1 PE B3anMopeicTByIOT ¢ hakTopa-
MU CBEPTHIBAEMOCTH, NHUIIUUPYS IPOLIECC KOary-
Januu. [IpeAnosioyKUTeJIbHO IIPU  aKTUBAIUU
TPOMOOITUTOB W 9H/IOTEJUOIHUTOB ITPOUCXOIUT
nepementienue PS u PE ¢ BHyTpeHHero Ha BHEIITHUN
JIETIECTOK €r0 IIUTOIJIa3MaTHYeCKO MeMOpaHbI U
IIPOUCXOUT IKCIIOHMPOBAaHHE OTPUIATEBHO
3apsKEeHHBIX (POCchOIUNUIOB HAPYIKY.

lemocrarnyeckas cucremMa HaX0JJUTCSI B TOH-
KOM PaBHOBECHUH MEYKTY TPOTPOMOOTUYECKUMHU 1
AHTUTPOMOOTHYECKMMM TIpOIleccaMu, Hampas-
JIEHHBIMU Ha [Ipe/IoTBpallleHle Ype3MeEPHOU KPO-
BOIIOTEPU M3 IOBPEKIEHHBIX COCYIOB U IIpe[-
OTBpAIlleHusI CIOHTAaHHOTO Tpombo3a [29].
Hapyiienue 11€JI0CTHOCTUA COCYAMCTOTO 9HJ0Te-
JIVS1 3allyCKaeT B3auMoielicTBUe (pr3noIornye-
CKUX ITPOIIECCOB, K KOTOPBIM OTHOCATCS 06pa3o-
BaHUE MEPBUYHOU «TPOMOOIIMTAPHOU MPOOKM»
(mepBUYHBIN reMoCTas), aKTUBAIMA KOATYJIAINN
c obpasoBaHueM (pUOPUHOBOU CETKY (BTOPUYHBIN
remocras), (UOPUHOIN3 U BOCCTAHOBJIEHUE
11eJIOCTHOCTH COCYIUCTOH cTeHKH [8, 11, 30].

Hapyimenusi remocra3a npu 3a0oJ/ieBaHH X
neuyeHH. [Iporpeccupyroiiue 3aboaeBaHUs eye-
HU ACCOIMUPYIOTCS CO CHIDKEHUEM B IIJIasMe
KPOBU YPOBHSI MHOTHUX, XOTsI U HE BCEX (HaIIpuMep,
¢akropa VIII), ¢pakTopoB koaryasamuu [31, 32].
TepMuHabHBIE CTAaguM 3a00J€BAaHUN TE€YEeHU
paccMaTpuBaloTCs Kak IPOTOTHI TPUOOPETEHHO-

'O Hapylni€eHud B CUCTEME IreM0oCTa3d, COIIPOBOK-

the coagulation process. Presumably, movement of
PS and PE from the inner to the outer leaflet of the
membrane occurs upon the activation of platelets
and endotheliocytes, so that negatively-charged PS
and PE become exposed to the outside surface of
the cells.

The hemostatic system is in a delicate balance
between prothrombotic and antithrombotic
processes, aiming to prevent excessive blood loss
from injured vessels and to prevent spontaneous
thrombosis [29]. Disruption of the vascular endothe-
lium triggers this interplay of physiological
processes, which include (a) formation of an initial
platelet plug (primary Hemostasis), (b) activation of
coagulation to form a fibrin mesh (secondary Hemo-
stasis), (c) fibrinolysis and (d) vessel repair [8, 11, 30].

Hemostatic disorders in liver diseases. Ad-
vanced liver diseases are associated with reduced
plasma levels of most, though not all (e.g. factor
VIII), coagulation factors [31, 32]. Advanced liver
diseases are considered as a prototype of an ac-
quired bleeding disorder, and especially gastroin-
testinal bleeding events contribute significantly to
the mortality of patients with liver cirrhosis. Yet,
there is increasing evidence that a decrease of nat-
ural anticoagulants such as antithrombin or pro-
tein C in parallel to coagulation factors may result
in arebalanced coagulation system in liver cirrhosis
patients, and even an increased risk of thromboem-
bolic events has been reported in patients with ad-
vanced liver diseases [7, 33, 34].

Damage to the liver, which led to the state
when liver transplant became required, can include
various etiology forms of liver diseases. Based on
the severity of the condition and features of the pa-
tient’s clinical and laboratory data, liver damage
can, conditionally, be divided into three groups. For
the first, the damage predominantly involves the
hepatocytes, such as liver cirrhosis of various eti-
ologies and fulminant toxic liver damage, among
others; this is noncholestatic liver damage. For the
second, the disease shows the endothelial cells of
the intrahepatic bile ducts being primarily dam-
aged, with hepatocyte damage being secondary (i.e.
PBC or PSC); this is cholestatic liver damage. For
the third, the damage to the liver is due to either
thrombosis of hepatic artery, portal vein or hepatic
veins (i. e. APS with BCS); this is liver damage of
vascular genesis. Damage to the liver in the latter
case is not the cause, rather it is the consequence
of alterations of hemostasis (thrombosis). The ter-
minal stage of these diseases leads to the need for
liver transplantation.

Manifestations of the terminal stage of a he-
patic failure are very diverse. They include signifi-
cant changes in central and peripheral hemody-
namics, disorders of external respiration and
disruption of gas exchange, development of renal
insufficiency, altered water and electrolyte balance,
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Jlalolerocss KpoBOTedeHUsiMU. B uacTHOCTH,
SKeJTyJJOYHO-KUIlIeYHble KPOBOTE€YEHUSI IPUBOAAT
K yBeJIMUEeHUIO IT0Ka3aTeJisi CMEPTHOCTH IallleH-
TOB C IIUPPO30M ITedeHu. TeM He MeHee, BCe 60JTb-
IlIe TaHHBIX CBUJETEeIbCTBYET O TOM, UYTO CHUKE-
HHe eCTeCTBEHHBIX AaHTUKOATYJISTHTOB, TAKUX KaK
aHTUTPOMOWH MK poTenH C, C OMHOBPEMEHHBIM
yMeHbIIleHeM (PaKTOPOB KOAryasiliud MOYKeT
MIPUBECTU K OTHOCUTETbHON cOaTaHCUPOBAHHO-
CTU CBePTHIBAIOIIIEH CUCTEMBI KPOBH y TAIIUEHTOB
C LUppO30M Ileuenu [7, 33, 34].

TepMUHaJ/IbHBIE CTAIUY TIOBPEKAEHUSA IIeUe-
HH, KOTOpble NPHUBOIAT K HEOOXOJUMOCTU ee
TPaHCIJIAHTANINY, BKJIIOYAIOT B ce05 pa3/ImaHbIe
HO30JI0TUYeCKHe (pOopMBblI, KOTOpPhIe, UCXOAs U3
TSYKECTU COCTOSIHUS U 0COOEHHOCTeH KINHUKO-
JTabOpaTOPHBIX IaHHBIX, YCJIOBHO MOYKHO pasje-
JINTh Ha TPU PYIIIBL:

1. 3abosieBaHMs IEYEHH, IPU KOTOPHIX ITpe-
HMMYILECTBEHHO CTPAal0T relaToUThI (IUPPO3bI
Ie4yeH! BUPYCHOU U AJIKOTOJbHOU 39THOJIOTHH,
TOKCUYeCKUe IOBPEKAeHUsI IIe4eHu ¢ (pyabpmu-
HaHTHOW (popMOU TeueHUsI) — HeXoJecTaTu4de-
CKUeE [TOBPesKeHNsI IeYeHY;

2. 3aboneBaHUs TNE€YEeHU, NIPU KOTOPHIX, B
IIepBYIO OYepeb, TIOBPEKIAIOTCS KJIETKU BHYTPU-
IeYeHOYHBIX SKeJTYHBIX IPOTOKOB, a IOBPEsKAeHNe
renaTonUTOB BTOPUYHO (TepBUYHBINA OMIMAPHBII
XOJIQHTUT, IePBUYHBIH CKJIEpPO3UPYIOIIUHI X0JIaH-
TUT) — X0JlecTaTu4decKue MOBPesKIeHNUs [IeYeHH;

3. IloBpeskaeHus neyeHu, KOTOpble Pa3BuU-
BAIOTCS BCJIEJCTBHE HAPYIIEHUSI TPOXOIUMOCTHU
(TpoM003a) cOCyHoB IeYeHn: IIeYeHOYHON apTe-
puu, NOPTAJBHOUN 1 IEYeHOUHBIX BeH (aHTUdOC-
doMunuIHBIA CUHAPOM C CUHApPOMOM baapa-
Kuapu) — moBpeskieHUs IeYeHU COCYAUCTOTO
reHe3a. [loBpeskeHue Ne4yeHU B ITOM cCJjydae
SIBJISIETCSI HE IPUYUHOM, a CJIe/ICTBUEM Hapyllle-
HUI TeMocTasa (TpoMOO30B).

TepMuHa/bHAsA CTaAus ITHX 3ab00JI€BaHUN
MPUBOAUT K HEOOXOAMMOCTH TPAHCILIAHTAIIUN
Ie4YeH!.

[IposiBaIeHUs1 TepMUHAJIBHOU CTaqUM Ieve-
HOYHO-KJIETOYHOU HEeJJOCTAaTOYHOCTH BeCbMa pas-
HOOOpasHbI U BKJIOYAIOT B ce0si: BhIpa’KeHHbBIE
U3MeHeHUsI IeHTPAaJbHOU U mepudeprudecroi
reMOJUHAMUKH; PACCTPOMCTBA BHEIIHETO JIbIXa-
HUS ¥ HapyIIeHUsI Ta3000MeHa; pa3BUTHE TI0Yey-
HOU HeJJ0CTaTOYHOCTH; HAPYIIEeHUsI BOJHO-3JIeK-
TPOJIMTHOTO OajlaHca; pas3BUTHE IeYeHOYHOH
(mopTo-cucTeMHOM) aHIle(danonaTuy; HapyIIeHus
CO CTOPOHBI KPOBM U CUCTeMbI reMocTasa. Hapy-
IIIeHN s MeTab0IMIeCKOr (PYHKITUU TeraToIUTOB
IIpU I1e4eHOYHO-KJEeTOUHON HeJ0CTaTOYHOCTU
NIPUBOJAT K PAa3BUTHUIO CJIOKHBIX U3MEHEHUU B
CHUCTEMe CBEPTHIBAHNUS KPOBH.

Tak Kak MexaHU3Mbl Pa3BUTUS IIeUEHOYHO-
KJIETOUHOU HEJJOCTaTOYHOCTH B TPeX BBIIIIE YKa-
3aHHBIX IpylNIlax pasjWdyYHbl, TO U IPOSBJIEHUS

development of hepatic (portosystemic) en-
cephalopathy, and disturbances of blood parame-
ters and hemostasis. Disorders of the metabolic
function of hepatocytes in hepatic failure lead to
the development of complex changes in the blood
coagulation system.

Since the mechanisms underlying the devel-
opment of hepatic failure in all three of the groups
mentioned above are different, the manifestations
of disorders in the hemostatic system show distinc-
tive profiles for each group. As a rule, in the course
of the development of the disease a balance be-
tween the coagulation and anti-coagulation sys-
tems remains, but at a reduced extent [6, 35]. In the
terminal stage of hepatic failure, the balance is eas-
ily destabilized, which can lead to both bleeding
and thrombosis [29].

Table presents changes in the blood coagula-
tion system that promotes bleeding or thrombosis
associated with liver damage in various etiologies
of liver diseases. When the terminal stage of hepatic
failure is developing, liver transplantation becomes
the only option for treatment and to restore the he-
mostatic system, even in the presence of genetic
defects involving the blood clotting system.

Hemostatic changes in liver diseases are man-
ifested by:

* thrombocytopenia and functional platelet
defects [36, 37];

* low content of coagulation proteins and
coagulation inhibitors [10, 32, 38, 39];

* low level of fibrinolytic proteins [10, 40]

* high content of von Willebrand factor, fac-
tor VIII, tissue plasminogen activator (tPA) and plas-
minogen activator inhibitor type-1 (PAI-1) [10, 35].

One of the formidable signs of terminal-stage
hepatic failure is portal hypertension, which leads
to formation of varices of the esophagus and
stomach [41]. The most common complication of
portal hypertension is bleeding from varices. As
such, bleeding is not a consequence of a disorder
in the hemostatic system.

Orthotopic liver transplantation is the only
cure for a wide range of end-stage liver diseases,
such as liver cirrhosis of viral etiology, liver cirrhosis
of alcoholic etiology, primary biliary cholangitis,
primary sclerosing cholangitis, fulminant liver fail-
ure, malignant liver tumors, Badd—Chiari syndrome
and a number of diseases manifested by metabolic
disorders of the liver [42—49].

Based on altered functions of the blood coag-
ulation system, patients with liver damage that
need transplantation can be conditionally divided
into two groups: those and those.

* Patients with a tendency to bleed.

e Patients who are prone to thrombosis.

The overall profile of clinical and laboratory
manifestations of hemostatic system disorders, show-
ing patterns of manifestations and degrees of severity,
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HN3MeHeHHUs B cUCTEMeE reMocTa3a npu 3a00J/IeBaHUAX II€4YCHHU, Cl'lOCOﬁCTByIOI].lI/Ie Pa3BHUTHIO KpOBOTe‘leHHﬁ

HJTH TPOMOO030B [29].

Changes in the system of hemostasis in liver diseases that promote the development of bleeding or thrombosis [29].

HN3meHeHus, CHOCOﬁCTByIOII.lPIe PasBUTHUIO KPOBOTE€YECHUA

H3MeHeHHs1, CIIOCOOCTBYIOIINE Pa3BUTHIO TPOMO030B

1. TpombonuToneHust

2. Hapymenue pyHKIMM TPOMOOIIUTOB
Y B3aUMOJIeICTBHSI TPOMOOIIUT-COCYJUCTAsI CTEHKA

3. TloBrIIIeHNE MHTUOMPOBAHUS TPOMOOIIUTOB
okcuoM azora (NO) ¥ IpoCTalUKINHOM

4. Huskuil ypoBeHb (paKTOPOB CBEPTHIBAHUS
kposu (11, V, VII, IX, X, XI)

5. KauecTBeHHbIE U KOJINYECTBEHHbIE
aHOPMaJILHOCTH (hUOPHHOTeHa

6. Huskuii ypoBeHb 2-aHTUILJIA3MUHA, THTHOUTOpA
TPOMOUH-UHAYIHPYyeMoro pubdpuHoIM3a

1. TloBbIlIeHHBIH YpoBeHD (akTopa VIII
u pakTopa Busiedbpanga
2. Husknii yposeHs nporensa C, nporensa S,
anturpombuHa 11, ¢2-makpormobyirnHa
3. CHIKeHHBIN YPOBEHb I1JTa3MUHOTeHa
4. IloBeIIeHHBIH ypoBeHb KodakTopa Il remapuna
5. AHTHd OChONMUIIIHBIE AHTUTEIA

Changes that contribute to the development of bleeding

Changes that promote thrombosis

1. Thrombocytopenia

2. Impaired platelet function and platelet-vessel
wall interaction

3. Enhanced platelet inhibition by nitric oxide (NO)
and prostacyclin III, ¢2-antiplasmin

4. Decreased level of coagulation factors I, V, VII,
IX, X and XI

5. Quantitative and qualitative abnormalities
of fibrinogen

6. Low level of ¢2-antiplasmin, the thrombin-inducible
fibrinolysis inhibitor, histidine-rich-glycoprotein levels
of tPA, with small increase of PAI-1 levels

1. Elevated levels of factor VIII and von Willebrand factor
2. Low level of protein C, protein S, antithrombin ITI
and a2-macroglobulin
3. Decreased levels of plasminogen
4. Heparin cofactor II elevated
5. Antiphospholipid antibodies

HapylIIeHu B CHUCTeMe reMOCTa3a UMeT CBOU
0COOEHHOCTH [IJIST KasKA0H rpynmbl. B mporecce
pa3BuTUsA 3ab0JieBaHUs, KaK MIPaBUJIO, COXpa-
HsIETCS1 paBHOBeCHe Me)KIy CBepThIBAlOIIEN U
MMPOTUBOCBEPTHIBAIOIIEN CHCTEMAaMM, HO CO CHU-
sKEHHBIM OaJtaHcoM [6, 35]. B TepMuHaIBHOM CTa-
IUN TEeYeHOYHO-KJETOYHOH HeI0CTaTOYHOCTH,
OaJstaHC JIETKO HApYIIAeTCs B TY, TIUOO APYTYIO CTO-
POHY, YTO MOKET IIPUBOJUTH KaK K KpOBOTEYe-
HUAM, TaK U K pa3BUTHIO TPOMO030B [29].

B Tabisminie mpencTaB/ieHbl M3MEHEHUs B
CBEPTHIBAOIIEH CHCTEME KPOBH, CIIOCOOCTBYIO-
IIyie pa3BUTUIO KPOBOTEYEHUN MU TPOMOO30B,
CBSI3AHHBIX C NOBPEKIEHUAMU [IeYeHU IIPU pPa3-
JIMYHBIX HO30JIOTHYECKUX (popMax 3aboIeBaHUI
neveHu. [Ipu pa3BUTHUU TepMUHAJIBHOU CTaquuU
Me4YeHOYHO-KJIETOUHON HEJIOCTaTOYHOCTH, TPaHC-
IJIaHTAllMs IIedeHU SBJSAETCS eIUHCTBEHHBIM
METOJIOM JieueHUsI, KOTOPbII IPUBOIUT K BOCCTA-
HOBJIEHUIO CUCTEeMbI TeMOCTa3a, B TOM YHCJIe TIPU
HaJINYUY TeHeTUYeCKUX JIe(peKTOB CBEPThIBAHUS.

lemMocTarnyeckue n3MeHeHUs mpu 3aboJe-
BAHUSIX IIEYEeHU NPOABJIAIOTCA:

* Tpombornuronenueii 1 GyHKIIMOHAIHHBI-
Mu nedeKTaMu TPoMOOITUTOB [36, 37];

* HuskuM conmepskaHueM KOary/IsiUuOHHBIX
0eJTKOB 1 MHTHOUTOPOB CBepThIBaHYs [10, 32, 38, 39];

* HwuskuM ypoBHEM (pUOPUHOIUTHYECKUX
o0esakos [10, 40];

* Bricokum copepskanueM ¢aktopa (oH
Busutebpanma (VWF), ¢pakropa VIII, TATI, uHTHOU-
TOpa aKTUBAlMU IlJ1adMuHoreHa-1 [10, 35].

are due to the etiology form of the liver disease and
the operation stage of the liver transplantation.

In the first part of the review, the alterations of
the hemostatic system in non-cholestatic liver dis-
eases will be presented.

Non-cholestatic liver damage and hemosta-
sis. In patients with liver cirrhosis of viral, alcoholic
or toxic etiology, the compounding effects of the
viruses, the alcohol toxicity and other toxic sub-
stances induce the death of hepatocytes [50-52].
Immune cytolysis of hepatocytes in viral chronic
liver diseases is due to immune responses to viral
antigens and development of autoantibodies to
liver autoantigens. In the terminal stage of the dis-
ease, this leads to the appearance of multiple de-
fects in the hemostatic system, resulting ultimately
in hypocoagulation [7, 53, 54]. The latter is due to:

* decreased protein-synthetic function of
hepatocytes, leading to a decrease in the level of co-
agulation factors;

e formation of abnormal inferior proteins of
the coagulation system, some of which have anti-
coagulant activity;

* increased fibrinolytic activity;

* decreased synthesis of normal inhibitors of
fibrinolysis;

* decreased excretion of fibrinolysis activa-
tors; and

e impaired absorption of vitamin K.

In parallel to the progression of liver diseases,
procoagulation and anticoagulation elements syn-
thesized by the liver become reduced. In contrast,
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OnHUM 13 TPO3HBIX IPU3HAKOB TEPMUHAb-
HOM CTaguy IMeYeHOYHO-KJIETOYHON HeJ0CTaTou-
HOCTHU SIBJIAE€TCS TOPTAbHAA TUTIEPTEH3US, IPU-
BOAAIAasg K BAPUKO3HOMY paclIMPEHUIO BEH
nuIeBoaa u skesynaka [41]. Haubosiee pacmopo-
CTpPaHEeHHBIM OCJIO’KHEHNEM TOPTATbHOU TUIIED-
TEH3UH SIBJSIETCA KPOBOTeUeHNE N3 BAPUKO3HO
pacimpeHHbIX BeH. KpoBoTeueHne He ABJIAETCS
cJIeCTBUEM HapylIeHUs B CUCTeMe I'eMOCTasa.

OpToTonnyeckasi TpaHCIJIAHTAIWS TeYeHN
ABJISIETCSA eJUHCTBEHHBIM 3((PEKTUBHBIM CIIOCO-
O0M JieueHUsI B TEpMUHAJIBHOM cTaguu 3a00J1eBa-
HUU IleYeHHU, TAKUX KaK: [[UPPO3 IeYeH! BUPYC-
HOW M QJKOTOJIbHOM 3THUOJIOTHU, TEPBUYHBIN
OUIMApPHBIA XOJIAHTUT, TMEPBUYHBIA CKJIEPO3U-
PYIOIINI XOJIAHTUT, (PYIIbMUHAHTHAS IIeYeHOYHas
HEeJOCTAaTOYHOCTh, 3JI0KaYeCTBEHHBIE OIIyXOJId
revyeHu, cuHapoMm bann-Kuapu u psin 3abosieBa-
HUH, TPOSBJISIONINXCS MeTab0JIMIecCKUMU Hapy-
IIIEHUAMU Ha YPOBHe IleyeHu [42-49].

Hcxonsa u3 HapymeHUil (yHKIUU CBEpPThI-
BaOIIlEN CUCTEMBI KPOBH, MAllMEHTOB C MOBPEXK-
JeHreM IIeYeHH, Hy KIaIOIUXCs B ee TPaHCILJIaH-
Talliy, YCJIOBHO MOKHO pasfejnTb Ha JBe
TpYIIIBL:

e [lanmeHTHI, UMeEIOIINE CKIOHHOCTD K KPO-
BOTEYEHUSIM.

e JlamueHTsl,
TpoMbO3aM.

COBOKYITHOCTh ~ KJIWHUKO-J1aO0paTOPHBIX
NpOSIBJIEHNH HapylIeHUsl CUCTeMbl reMOCTas3a,
0COOEHHOCTHU MPOSIBJIEHUN U UX CTEINeHb BbIpa-
SKEHHOCTH 00YyCJIOBJIEHBI HO30JIOTHYECKOH (pop-
MOIi 3a00J/IeBaHUA.

B mepBoii vactu 0630pa pacCMOTPUM Hapy-
IIIEHVS B CUCTeMe TeMOCTa3a IIPY HeXoJiecTaTh4de-
CKUX 3a00J/IeBaHUSAX [IEYEHU.

HexosecTaTudeckue MoBpeskAeHUA NeIeH!
M remocTtaa. [Ipu nupposax neueHU BHUPYCHOH,
AJIKOTOJIBHOM U TOKCHUYECKOU 3TUOJIOTUU TIPO-
HUCXOIUT TOBPEKIeHNEe U TMOeJib TermaToIUuTOB
Jrb0 3a cUeT pa3MHOKEHUs] BUPYCOB, ubO 3a
CYyeT TOKCUYECKOT0 BO3IeICTBUSA aJIKOT0JIS U IPY-
I'UX FenaTOTOKCUYHBIX BemlecTs [50-52]. IMMyH-
HBIU ITATOJIN3 TEeNaTOIUTOB MPU XPOHUUYECKUX
3a00J1eBaHUSIX IeYeHN BUPYCHOM 9THOJIOTUH CBSI-
3aH KaK C HaJIMYMeM B HUX BUPYCHbBIX aHTUT'CHOB,
Tak U C BO3/IeliICTBHEM IeYEeHOUHbBIX ayTOAHTUTe-
HOB M ayTOAHTUTeJ. B TepMUHAJBHON CTanuu
3aboJsieBaHUSI 3TO TMPUBOJUT K TOMY, YTO
MOSIBJISIIOTCSI MHOSKECTBEHHBIE Je(DEeKThI B CUCTE-
Me reMOoCTa3a, KOHEYHbIM Pe3yJIETaTOM Pa3BUTUA
KOTOPBIX ABJAETCA TUIOK0AryIAnua [7, 53, 54].
[Mocnenusiss obycaoBieHa:

e CHU)KEHHEM 0eJIKOBO-CUHTEeTUYEeCKOM
(pYHKIIMY renaToTOB, YTO IPUBOAUT K CHUKE-
HUIO YPOBHsI (DaKTOPOB CBEPTHIBAHUS;

e obOpasoBaHWeM aHOMAJbHBIX HEIIOJHO-
IIeHHBIX 0€JTKOB CBEPTHIBAIOIIEH CCTEMBI, YaCTh

nMeIme CRJIOHHOCTh K

fibrinolysis activity becomes enhanced, which is
expected to lead to an imbalance between blood
clotting and anticlotting factors [7, 53].

Alterations of protein synthesis in patients
with noncholestatic liver cirrhosis lead to an inad-
equate synthesis of fibrinogen and factors II, V, VII,
IX, X, XI and XII. Deficiency of vitamin-K-depen-
dent coagulation factors (factors II, VII, IX and X)
occur commonly as a result of reduced synthesis.
Usually insufficiency of all four of these factors si-
multaneously develops. However, the most com-
mon deficiency is factor VII deficiency since it has
the shortest half-life (3-5 hours) compared to other
factors [7].

Mild and moderate thrombocytopenia (platelet
count 50-150%109/1) occurs in both chronic and
acute liver failure [7]. Low platelet levels are mainly
associated with clinical manifestations of portal hy-
pertension, including ascites and splenomegaly, as
well as with a reduced liver thrombopoietin synthe-
sis. Isolated reduction of platelet count to 50-70
thousand/mm? is usually well tolerated by patients
and does notlead to hemorrhagic manifestations in
the absence of concomitant qualitative pathology of
platelets [7]. In patients with cirrhosis of the liver, the
main cause of thrombocytopenia is increased se-
questration of platelets in the spleen. In patients
with hepatitis C or under treatment with antiviral or
anticancer drugs, the decrease in platelet levels is fa-
cilitated by an increased rate of platelet consump-
tion and suppression of platelet generation in the
bone marrow. The number of platelets due to their
consumption during the disease is one of the most
demonstrative parameters, which reflects not only
the cellular link of hemostasis, but also actively par-
ticipates in all its phases [55].

Due to splenomegaly and diminished produc-
tion of thrombopoietin and hematopoietic growth
factor in the liver, thrombocytopenia begins to de-
velop in patients with hepatic insufficiency [7, 56,
57]. In patients with alcoholic cirrhosis thrombocy-
topenia develops due to direct toxic effects of
ethanol on megakaryocytopoiesis, as well as be-
cause of a deficiency of folic acid and vitamin B12
[7]. Another mechanism of reduced numbers of
platelets in liver pathology is the development of
autoimmune processes. Antiplatelet antibodies are
also frequently found in the plasma of these pa-
tients [58].

Along with these changes, a decrease in the
number and functional activity of platelets leads to
alterations in primary hemostasis. The aggregation
capacity of platelets decreases, caused by impaired
signal transduction mechanisms [59]. Thrombocy-
topenia grows along with the disease progression
and development of splenomegaly. By itself, throm-
bocytopenia does not increase the risk of bleeding,
including bleeding from varices; rather, it correlates

with the amount of blood loss during surgery [60].
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KOTOpBIX 00J1aJJaeT aHTUKOATYJIsTHTHON aKTHB-
HOCTBIO;

* IIOBBLIIIEHHEM
AKTUBHOCTY;

* YyMeHbUIEHWEM CHHTe3a HOPMaJIbHBIX
WHTUOUTOPOB (PUOPUHOJIHN3A;

* YyMeHbIICHHEM BbIBEICHUs aKTUBATOPOB
dubpuHOIU3a;

* HapylleHueM BcacblBaHUA BUTaMuHa K.

[TapaJuiesIbHO C IpoTrpeccupoBanreM 3a60-
JIeBAHUsI IeYeHH, TPOUCXOIUT CHUYKEHNE CUHTE3a
IIPO- ¥ aHTUKOATYJITHTHBIX COeJUHEeHNH, a TaKKe
Bo3pacTtanve GUOPUHOIUTUIECKON aKTUBHOCTH.
Bce aTo mpuBOANT K qrCOATAaHCY MEKTYy CBEPTHI-
BAIOIIMMU U aHTUCBEPTHIBAOIINMU (pakTOpamMu
CHCTEeMBI reMocTaaa [7, 53].

Hapy1ieHne 6eTKOBO-CUHTETHYECKOH (DYyHK-
MU OPU [TUPPO3aX NMeYeHU HeX0IeCTaTuIeCKOn
NIPUAPOABI IPUBOAUT K HEJOCTAaTOYHOMY CHUHTE3Y
¢ubpunorena u ¢arxropos II, V, VII, IX, X, XI u XII.
Yacro BcTpedaercsi 1euIuT BUTaMuH-K-3aBucu-
MbIX (pakTOPOB cBepThIBaHus (parTopos II, VII, IX
n X) B pe3yJisrare yMeHbIIIeHUsI MX ciHTe3a. O0bI4-
HO OTHOBPEMEHHO PAa3BUBAETCA HEJOCTATOUHOCTD
BCeX YeThIPeX aTUX (PaKTOPOB, OJHAKO HanboJIee
4acTo BbIsABJsieTcsA neduiut pakropa VII, Tak Kak
OH MMeeT HauMeHbIIUU epruof NoJayKU3Hu (3-5
YaCcoB) 10 CPABHEHUIO € IPYyruMu pakTopamu [7].

Jlerkass 1 yMepeHHasi TPOMOOIIUTOIIEHUS
(koTuecTBO TPOMOOIUTOB 50-150X10°/ 1) MOKET
BCTpPEYaAThCsI KaK IIPU XPOHUUYECKOH, TaK U OCTPOH
Ie4YeHOYHOU HeJlocTaTOuYHOCTH [7]. Hu3koe copep-
sKaHue TPOMOOIIMTOB, KaK IPaBUJIO, CBSI3aHO C
KJIMHUYECKOU MaHudecTanueid TMopTaJbHOU
TUTIePTEeH3WH, BKJII0Yasi aCIIUT U CIIJIEHOMEeTaJINIo,
a Tak)Ke CO CHUIKEHNEM CUHTe3a TPOMOOIIOITHHA
MeveHblo. M1301MpoBaHHOE CHUYKEHN e YUCJIEHHO-
ctu TpomM6OonuTOB A0 50-70 TBIC./MM? OOBIYHO
XOPOIIO MTEPEHOCUTCA MallueHTaM1 U He TIPUBO-
JUT K FTeMOpparu4ecKuM IIPOsABJICHUAM IIPU yCJI0-
BUM OTCYTCTBHUS COITyTCTBYIOIEeH KaueCTBEHHON
MTaTOJIOTUH TPOMOOITUTOR [7]. Y MaIlueHTOB C IUP-
pO30M TeYeHU OCHOBHOM MPUYUHOUN TPOMOOITH-
TOIIEHUM SIBJIIETCSI MOBBIIIIEHNE CEKBECTpaIin
KPOBSHBIX IIJTACTUHOK B cesjie3eHKe. CHUYKEHUIO
cofiepskaHusi TPOMOOITUTOB CITOCOOCTBYET (haKTOP
nmoTpedJieHnsT TPOMOOIIMTOB U IIOJaBJIEHUE WX
CHMHTe3a B KOCTHOM Mo03re mipu remarute C,
HCIIOJb30BAaHNUHU HEKOTOPBIX IIPOTUBOBUPYCHBIX
WJIM TPOTUBOPAKOBBIX NpenaparoB. CHUKeHUe
YKCJIa TPOMOOITUTOB IEMOHCTPATUBHO OTPa’KaeT
UX aKTUBHOE y4acTHe BO Bcex (pazax remocTrasa B
X0/ pa3BUTHUSA I1aTOJOTUH [55].

CrumeHOMerasivsi ¥ CHUSKeHUE CUHTe3a TPOM-
060M03THHA, FeMaTOIIO3THIECKOT0 (haKTOpa pOCTa B
TleYeHH, BHOCUTCSI CBOH BKJIAJl B pa3BUTHE TPOMOO-
LIUTONEHUN Y TAllMEeHTOB C Ie4YeHOYHOU HeloCcTa-
TOYHOCTBIO [7, 56, 57]. Y O0JILHBIX C AJIKOTOJIbHBIM

pubpuHOIIMTIYECKON

oOuppo3oM TpOM6OI_II/ITOl'IeHI/IH Pa3BUBAETCsA BCJIE -

In liver cirrhosis of noncholestatic nature, dis-
orders in the fibrinolysis system are common. The
plasma concentrations of plasminogen, a2-an-
tiplasmin, factor XIII and the thrombin-inducible
fibrinolysis inhibitor also become decreased. The
level of tPA becomes increased in liver diseases due
to a decrease in its clearance, whereas the level of
PAI-1 stays nearly normal or rises only slightly above
the normal range. Thus, PAI-1 concentration is not
a sufficient feature for neutralization of tPA, which
leads to increased fibrinolysis [61]. It is assumed
thatin increased fibrinolysis, the abnormal fibrino-
gen, which binds to the platelet membrane, disrupts
platelets reactivity. In patients with liver diseases,
dysfibrinogenemia (characterized by reduced
amount of sialic acid in fibrinogen) occurs and con-
tributes to the development of bleeding [62].

Plasma concentrations of factors VIII and von
Willebrand are not decreased in noncholestatic
liver diseases, and may even be increased [63]. An
increased plasma concentration of factor VIII and
von Willebrand factor in concert with reduced lev-
els of ADAMTS-13, the von Willebrand factor-cleav-
ing protease, may compensate the thrombocytope-
nia [64-66].

Hyperfibrinolysis in liver pathology is not ac-
companied by bleeding syndrome. However, dur-
ing surgical interventions, patients with liver dis-
ease may develop increased bleeding in surgeon
manipulation areas of the body, especially in liver
transplantation [10, 35]. Premature lysis of fibrin
clot may cause delayed bleeding in the early post-
operative period. All this ensures the requirement
for the perioperative hemostatic monitoring of the
blood coagulation system in patients with non-
cholestatic liver diseases undergoing surgery [67].

Platelet dysfunction, as a manifestation of
hematological disturbances, is a common phe-
nomenon in patients with chronic viral liver dam-
age [55, 68]. Liver cirrhosis of viral etiology is the
main form of liver disease, which in the terminal
stage requires orthotopic liver transplantation
(OLT). Operations in this group of patients are most
difficultin technical terms, due to severe portal hy-
pertension and blood coagulation disorders. Re-
portedly, 30-60% of OLT operations are performed
in patients with viral liver cirrhosis [67, 68], and
these patients exhibit improved long-term progno-
sis following the transplant.

Prevention of recurrence of the viral hepatitis
posttransplantation remains an important clinical
focus [69]. Prophylaxis of viral hepatitis B has proven
highly effective [70-72], and drugs with greater effi-
cacy for treatment of viral hepatitis C were devel-
oped and successfully is used [73-76]. Recurrence of
viral hepatitis in the transplanted patient can cause
severe liver dysfunction, leading to abnormalities in
the hemostatic system and other complications, up
to the need for retransplantation [69].
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CTBHE IMPSIMOT0 TOKCUYECKOTO BO3/IEHUCTBYS 9TaHO-
Jjla Ha MEerakapuoIMTOII033, a Takke AedunuTa
¢oJieBo KUCIO0THI ¥ BUTaMuHa B, [7]. Eliie omauM
MeXaHN3MOM YMEHbBIIIEHNS KOJIMIECTBA TPOMOOITH -
TOB IIpU NATOJIOTMM IIEYEHU CJIY;KUAT pa3BUTHE
ayTOMMMYHHBIX IIPO1eCcCOB. Hepenko BBIABIIAIOTCA
aHTUTpPOMOOIIUTapPHbIE aHTUTE A [58].

Hapsany co cHuM)XKeHHeM KOJIM4YecTBa, IIpo-
HCXOAUT HapyllleHue (PyHKIIMOHAJIbHOU aKTUBHO-
CTU TPOMOOIIMTOB, YTO BeJEeT K HAPYIIIEHHIO TIepP-
BUYHOTO reMocTa3a. CHUYKaeTCs arperaliioHHast
CITOCOOHOCTH TPOMOOITUTOB, YTO OOYCJIOBJIEHO
HapylleHueM MeXaHu3MOB TPaHCAYKIIMY CUTHaJIa
[59]. TpoMOGOIIMTOIIEHUST HApaCTaeT MapaJiieJbHO
C IIporpeccupoBaHreM 3a00JIeBaHUSA U PA3BUTHU-
eM cruteHoMeraJsimu. Cama 1o cebe TpoMOOITUTO-
TeHVs He MOBBIIIaeT PUCK Pa3BUTHUS KPOBOTeUe-
HVs, B TOM YHCJIE U N3 BAPUKO3HO PACIINPEHHBIX
BEH, HO KOPPEJUPYET C 00'bEMOM KPOBOIIOTEPH BO
Bpems onepauuu [60].

[Ipu nuppo3ax nevyeHu HexXoJJeCcTaTUUEeCKOU
MIPUPOABI OTMEYEHBI HAPYIIEeHUsI B cucteMe (prod-
puHon3a. CHUKeHA KOHIIeHTpaIus B ILJa3Me
MJIa3MUHOTeHA, a2-aHTUIIa3MuHa, pakropa XIII
Y MTHTUOUTOPA TPOMOWH-MHAYIIUPyeMOro puopu-
Hosim3a. ConepskaHWe TKAHEBOIO aKTHUBAaToOpa
rtadamuHorena (TAIT) moBbwIIIeHO Mpu 3ab0JeBa-
HUX [I€YEeHHU BCJICICTBUE YMEHBIICHUSA €r0 K-
peHca, B TO BpeMs Kak coliepyKaHre MHTMOUTOpa
axktuBanuu mrasamuHoreHa 1 (MAIT-1) HopmasibHOe
WUJIU CJIETKA BbIIIe HOPMBI. TakUM 06pa3oM, KOH-
nentpanuu MAII-1 HeqoCcTaTOYHO JJIs1 HEUTPAJIH-
3aruu TATI, 4TO BeleT K OBBIIIIEHUI0 (DUOPUHO-
auaa [61]. IIpeamnonararT, 4TO IIPY NOBBIIIIEHHOM
¢ubprHOIM3Ee aHOMAJbHBIN (PUOPUHOTEH, KOTO-
pBIN CBSISBIBAeTCSI ¢ MEMOpPAHOU TPOMOOITUTOB,
HapyulaeT MX PeaKTUBHOCTb. llpu marosoruun
TeYeH! BO3HUKaeT TuchubpuHoreHeMusl (IIOHU-
sKEHHOEe CojlepsKaHre CHAJIOBON KUCJIOThI B (pub-
PUHOTEHE), YTO TaK’Ke CIIOCOOCTBYET PAa3BUTHIO
KpOBOTeYeHUs [62].

[lnasamenHast koHleHTpanusa gaxkropon VIII
u ¢oH BusiebpaHaa He CHUYKAETCsI TP HeX0J1e-
CTaTUYEeCKUX 3a00JIeBaHUSIX MEYEHH, a MOMKET
OBITH Jaske IIOBLINIEeHA [63]. YBeauyeHHe KOH-
neHTpanuu B nja3me ¢akropa VIII u ¢akropa
BunnebpaHmia, a TakyKe CHUKEHUE CONlePsKaHUS
ADAMTS-13 MO>KkeT KOMITIEHCUPOBATh TPOMOOIIU-
TONEeHUIO [64-66].

TumepuOPUHOJINS TIPU MTATOJIOTUY TTeUeH!
He CONPOBOKIAETCSA CUHIPOMOM KPOBOTOYUBO-
cru. OIHAKO NpU XUPYPrUYECKUX BMellareib-
CTBax y TaKUX MAIMEHTOB MOKET Pa3BUTHCA
MOBBIIIIEHHAsA KPOBOTOUMBOCTh B MeCTax HeNo-
CpeJCTBEHHBIX MAHUTTYJIAINN XUPYPTa, 0COOEHHO
IIpY IPOBEIEeHUU TPaHCIJIaHTaluu IedeHu [10,
35]. TIpeskneBpeMeHHbIN JIM3UC (PUOPUHOBOIO
CT'YCTKAa MOSKET OBITh NPUYMHONW OTCPOYEHHBIX
KPOBOTEUYEHUU B PaHHEM I10CJIEe0NeparioHHOM

Liver cirrhosis of alcoholic etiology is usually
not isolated, and is commonly associated with
damage to the lungs, heart and brain. In this re-
gard, it is necessary to carefully select candidates
for OLT. For these cases, the mental and social sta-
tus of the candidate recipient must be assessed, es-
pecially in terms of the risk of resumption of alco-
hol abuse after surgery and noncompliance with
medical recommendations [77]. Fortunately, the
reported long-term results of the operation are
quite satisfactory [43, 49, 78].

In acute liver failure, concentrations of factors
with a short half-life (factors V and VII, followed by
factors II and X) are reduced first [63, 79]. With ful-
minant hepatic insufficiency, platelet aggregation
often increases; this is due to an increase in the
level of von Willebrand factor, synthesized by the
endotheliocytes, and a reduced concentration of its
inactivator, the metalloproteinase ADAMTS13 that
is synthesized in the liver [64, 80].

The level of factor VIII, like that of von Wille-
brand factor, is usually elevated in fulminant he-
patic failure. At the same time, a high level of cy-
tokines leads to an increase in the level of tissue
factor and in the activation of factors II, V, VII and
X, and to a decrease in the concentration of the lat-
ter. The resulting thrombin is rapidly inactivated by
antithrombin III, which prevents the activation and
consumption of factors VIII, XI and IX, so that their
plasma concentrations remain unchanged [63].

In acute liver failure, a high level of PAI-1 has
been found, and the balance shifts toward hypofib-
rinolysis [81]. In fulminant hepatic insufficiency,
the level of factor V along with other indicators can
be used to determine indications for liver trans-
plantation [82].

The progression of fulminant hepatic failure
can quickly lead to development of severe en-
cephalopathy (up to coma) and uncontrolled coag-
ulopathy. In such cases, OLT should be performed
as soon as possible, before the onset of irreversible
changes in the central nervous system. The possi-
bility of monitoring and correcting disorders of the
hemostatic system should also be considered. An
extension of the waiting time for the liver donor
might result from the intensive use of cell-free
detoxification systems, including the molecular ad-
sorbents recirculation system or fractionated
plasma separation and absorption (known as
Prometheus) [83].

Conclusion

T. Lisman et al. expressed the concept of com-
pensatory balance of hemostasis system in liver le-
sions of different etiologies [84]. Despite the fre-
quently detected changes of liver function by
routine coagulation tests in patients with hepatic
cell insufficiency, there is a compensated balance
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nepuoje. Bce aTo TpebyeT nepronepanmunoHHOTO
reMOCTa3Mu0JI0TUYEeCKOTO0 MOHUTOPUHTA CBEPTHI-
BaloIel CUCTeMbl KPOBH Y ITAI[EHTOB C HEX0JIe-
cTaTmyecKuMU 3a60JIeBaHUSAMU TTeYeHH, TIOIBEP-
rarouxcs olnepaTuBHOMY BMeIIaTeabCTBY [67].
TpombonuTapHble AUCHYHKIINM, KaK MPO-
sABJIEHWE TeMaToJIOTUYeCKUX MaHudecTanui,
SIBJISIIOTCST YAaCThIM (p€HOMEHOM Yy IAIlUEHTOB C
XPOHUYECKUMHU BHUPYCHBIMHU IOBPEXKIEHUAMU
neuenu (55, 68]. Lluppos neuyeHn BUPYCHOU 3THO-
JOTUU SBJIAETCS OCHOBHOW HO30JIOTUYECKOU
dopmoii 3aboeBaHU IeYeHU, KOTOPBIN B TEP-
MUHaIBLHOU ctagun Tpebyer OTII. Onepanuu B
9TOM rpyIIIie MareHTOB HanboJiee CI0KHBI B TEX-
HUYECKOM OTHOIIIEHUY BCJIE/ICTBUE BIPAYKEHHON
MOPTaIbHOU IUIlepTeH3NH U HapyIIeHUl CBePThI-
BaHusA KpoBu. Hecmorpsa Ha aTo, 30-60% onepa-
umii OTII mpoBogUTCS MaIleHTaM C IIUPPO30M

Ie4yeHu BUPYCHOU aTtmoJioruu [67, 68], u oHuU
UMEIOT XOPOIIINH OT/IaJIeHHBIM MPOTrHO3. BaskHOM
KJIMHUYECKOU Mp0o06JIeMoli ocTaeTcss IpoduIaK-
THUKa peliAnBa BUpycHoro remnarurta [69]. [Ipodu-
JIJaKTHKa BUPYCHOIO renatuta B BeicOKO aPek-
TuBHA [70-72]. B HacTosiee BpeMs paspadoTaHbI
U 3¢ (peKTUBHO NPUMEHSIOTCSA Hpenaparbl IJis
JedyeHus BupycHoro renarura C [73-76]. Penyunus
BUPYCHOTI'O Telarura B TPAHCIIAHTAaTe MOSKeT
BBI3BATh TSXKEJIYIO TUC(YHKINIO, TPUBOISIIYIO K
HapylUIeHUusIM B CHUCTEME IeMoCTa3a U JIPyruM
OCJIO’KHEHHSM, BIJIOTH [JI0 HEOOXOAMMOCTH
BBIIIOJIHEHVA peTpaHCIlIaHTanuu [69].

[Huppo3 medyeHU AJTKOTOJIBHOU 3THOJIOTHU
00BIYHO He OBIBAET N30JIMPOBAHHBIM, a COYETAET-
Cs1 C IOBpPEYKIEHUEM JIETKUX, Cepilia, TOJI0BHOTO
Mo3ra. B cBs3u ¢ aTMM HEOOXOUMO OCYIIECTB-
JIITH TIIATeJIbHBIA O0TOOP KaHaumaToB Ha OTII.
Heo6x01rMo TPOBOIUTH OIEHKY IICUXUYECKOTO 1
COIMAJIBHOTO CTaTyca PeNUnreHTa, 0COOEHHO C
TOYKM 3PEHUs] PHUCKa BO30OHOBJIEHUS 3JIOYIIO-
TpebJIeHUsT aJTKOTOJIEM TTOCJIE OTIepaIliy U HEBBI-
MOJTHEHUsI MEeJUIIMHCKUX peKoMeHjanuil [77].
HenocpencrBeHHble OTOajieHHblE pPe3YJIbTaThl
oleparyy OKa3bIBAIOTCSI BIIOJIHE Y OBJETBOPU-
TeJbHBIMU [43, 49, 78].

[Ipu ocTpoiil meueHOUYHO! HeL0CTaTOUHOCTU
B IIEPBYIO O4Yepelb CHUYKAETCS KOHIIEHTpalus
(¢akTOpOB € MajJbIM IepUOAOM MHoJypacmaga
(dparropoB V u VII, a 3atem dakropos Il u X) [63,
79]. Ilpu pyIbMUHAHTHON MEY€HOYHOU HeJJ0CTa-
TOYHOCTH YaCTO TOBBIIIIAETCS arperarysi TpoMoo-
IIUTOB. ITO 0OYCJIOBJIEHO ITOBBIIIIEHNEM KOHIIEHT-
pamuu darTopa don Bunnebpanna,
CUHTE3MPYEMOT0 3HAOTEJUEM, U CHUKEHHBIM
collepsKaHueM ero UHaKTUBATOPa — METAJIJIONPO-
TenHa3bl ADAMTS-13, cuHTe3upyeMoii B IIe4eHN
(64, 80]. Comepskanue ¢aktopa VIII, kak u ¢poH
Bunnebpanna, npu QpyIbMUHAHTHOH IT€YeHOYHOMN
HEeJIOCTAaTOYHOCTU OOBIYHO MOBBIIIEHO. [Ipy aToM
BBICOKOE COJlepyKaHNe IIUTOKUHOB BeJIeT K POCTY

in the hemostasis system. Skewing the imbalance
toward the hypocoagulation may occur under cer-
tain clinical circumstances, especially in the later
stages of hepatic failure [85]. In non-cholestatic
liver damage, decompensation of the non-bal-
anced hemostasis system may result in bleeding.

The possibility of decompensation of hemo-
static balance with reduced reserve and its conse-
quences should be considered when preparing pa-
tients for a surgery. Before surgery, no absence of
damage to the vascular wall contributes to com-
pensation of the non-balanced blood coagulation
system. Alterations of the integrity of the vascular
wall during surgery can quickly disrupt the fragile
compensated balance of the hemostasis system.
Therefore, at various stages of surgery, it is neces-
sary to carefully consider the hemostasis system
disorders of the patient [9].

cojiepsKaHUsI TKAHEBOTO (paKTOpa, aKTUBAITAN UM
daxropos 11, V, VI, X 1 CHUsKEHUIO KOHIIEHTPaIluU
mocjenHuX. B TO ke Bpems, obOpasyroomiuiics
TPOMOWH OBICTPO NMHAKTUBUPYETCS aHTUTPOMOU -
HoMm III, 4TO mpemoTBpalliaeT aKTUBALAIO U
norpedsenne paxropos VIII, X, IX, u ux mrasmeH-
Hasi KOHIIEHTPAIMs 0CTaeTCsl HEU3MeHHOH [63].

[Ipu ocTpoii TIe4YeHOUHOU HEIOCTATOYHOCTU
oTMeudaeTcs BBICOKoe copepsykanue HWAII-1, u
HaslaHC cMeIIaeTcsI B CTOPOHY ruogroprHOIM3a
[81]. IIpu y1bMHUHAHTHOI IEYEHOYHOU HelocTa-
TOYHOCTHU cofiepskaHue pakTopa V, Hapsay ¢ Ipy-
TAMU [10KA3aTeJIAMU, MOYKET CJIyKUTh AJI OIlpe-
JleJIeHUs TIOKa3aHUU K TPaHCIJIaHTAIIUU TIeYeHn
[82]. IIporpeccupoBaHue GpyIbMUHAHTHOU Ieue-
HOYHO-KJIETOYHOH HEJOCTAaTOYHOCTU MOSKET
OBICTPO MPUBOAUTH K PA3BUTHIO BHIPA’KEHHOU
aHIledasonaTum (BIJIOTH JO KOMbI) 1 HEKOHTPO-
JupyeMoH Koarysnonatuu. B rakux caydasx OTII
TIOJI’KHA OBITH BBITIOJTHEHA B KPaTYaKUIIe CPOKH,
IO HACTYIIeHUsT HeoOpaTuMbIx ndaMeHenunii [THC
U yTpaThl BO3SMOKHOCTU KOHTPOJIA U KOPPEKINU
HapylleHud CcUucTeMbl remocrasa. IlpopauTts
CPOKM OYKUIAHMSI TOHOPCKOM IeYeHr MOSKET IPU-
MeHeHHe 9KCTPAKOPIIOPAJTbHBIX METOIOB JEeTOK-
CHUKAIUM — aJIbO0YMUHOBOTO AWaIN3a, BRJIIOYAs
cucteMbl MARS (molecular adsorbents recircula-
tion system) uiau Prometeus (fractionated plasma
separation and absorption) [83].

3akJrouenue

Lisman T. et al. BbICKasajau KOHIIEOIIUIO O
KOMITEHCATOPHOM cOATaHCUPOBAHHOCTU CCTEMBI
reMoCTa3a npu MOBPEXKAECHUSIX NTeUeHN Pa3anyd-
HOU aTrosioruu [84]. HecMoTpsi Ha 4acTo BhIsSIBJIsie-
Mbl€ M3MEHEHHUA B PyTUHHBIX KOATryJIAIAOHHBIX
TecTax y IalMeHTOB C I1€4YeHOUYHO-KJIEeTOYHOU
HEJIOCTaTOYHOCThI0O MMeeT MEeCTO KOMIEeHCHUPO-
BaHHBIH OaJjiaHC B cucTeMe reMocTasa. Jucbaanc
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B CTOPOHY T'MIIOKOAry/JIAAN MOKET BOSHUKHYTh
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JleueHne 60U AABJISIETCS MPUOPUTETHOH 3a1aueil Bpauell MHOTHX crielraibHocTeln. Ocoboe BHUMaHUe
yaeJsseTcs BOIpocaM paHHeH KOMIVIEKCHON peab I INTaIlIH Tal[IeHTOB, TIePEeHEeCIITNX HHCYJIBT, a TAKSKe ITPO-
(puIaKTUKY BO3MOSKHBIX OT[IaJI€eHHBIX OCJIOKHEHUH, CBSI3aHHBIX C IIOBPEsKIeHUEeM Pa3/IMYHbIX CTPYKTYP
TOJIOBHOTO MO3Ta.

ITOCTUHCYJIBTHBIN TAJIAMIYECKUI CUHPOM SIBJISIETCS HAan0OO0JIee YaCThIM IMTOJTUMOP(HBIM OCTIOKHEHHUEM,
TPeOYIOIINM YYaCTHA CMEKHBIX CIEIUaINCTOB. [IoHNMaHne maTo(u3noI0TiH H0IEBOTO TATaMIYECKOTO
CHHAPOMA SIBJISIOTCS 3aJI0TOM YCIIEIITHOTO JIEYEHH s, YTO ITOBHIIIIAeT Ka4eCTBO KU3HH ITallMeHTOoB. B HacTosA-
11iee BpeMsi ITPOU3O0IILIN KapIUHATbHBIE IepeMeHbBI B MPO(PUITaKTHKE, JUATHOCTHKE, TI€Y€HUH TTOCTHHCYJTBT -
HOT'O TAJIAMHYECKOTO CHHIPOMA.

B aTom 0630pe BBIzIesIeHBI HanboJIee pacIpoCTPaHeHHbIe TUIBI O0JIH, KOTOpbIe BO3HUKAIOT y ITAIlEeHTOB,
IIepeHeCIImnx TaJaMIYeCKU WHCYJIET, IIPE€ICTaBJICHbI HaToq)I/ISI/IOJIOFI/I‘{eCKI/Ie MEeXaHU3Mbl PA3BUTUSA 6OJII/I, B
3aBHCHMOCTH OT JIOKQIM3AINH UIIEMITIECKOT0 TIOBPEKIEHI TOJIOBHOTO MO3T4a, a TAKKE PACCMOTPEHBI BO-
IIPOCBI COBPEMEHHOT'O JIEYeHUA 1 peaGI/IJII/ITaIlI/II/I OOJILHBIX C MMOCTUHCYJIBETHBIM Ta/IaAMUY€CKUM CUHJIPOMOM.

Knrouesvte cnoea: maiamuueckuli CUHOPOM; UHCYIbIM; UEHMPANLbHAS NOCMUHCYIbMHAs 060.1b; Hellpona-
muueckas 6076, pamHss HellpopeaduIUmayus; NOCMUHCYIbmHbsle 60IbHbLe

Pain management is a foreground task of physicians specializing in various disciplines. Special attention
is paid to the issues of early comprehensive rehabilitation of post-stroke patients and prophylaxis of probable
long-term complications related to injuries of different brain structures.

Post-stroke thalamic syndrome is the most frequent multiform complication that requires multidisciplinary
efforts. Understanding of the morbid physiology of pain thalamic syndrome is the cornerstone of successful
management providing higher quality of patients’ life. Currently, profound changes have taken place in the
prophylaxis, diagnosis, and management of post-stroke thalamic syndrome.

This review highlights the most common types of pain experienced by patients after thalamic stroke, presents
morbid physiological mechanisms of pain development depending on the location of ischemic brain injury, and
discusses the issues of up-to-date management and rehabilitation of post-stroke thalamic syndrome patients.

Keywords: thalamic syndrome; stroke; central post-stroke pain; neuropathic pain; early neurorehabilitation;
post-stroke patients
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BBenenue

3aboJieBaHUs COCY0B TOJIOBHOTO MO3Ta U
OCTpbIe HapYyIIEeHUsI MO3TOBOTO KpoBooOpare-
HUSA, SABJAIOTCS aKTyaJbHOW MpobJsieMoll B
HEeOTJIOXKHOM MenuinHe. [1o qanubiM BceMupHoOi

Introduction

Cerebrovascular diseases and acute cere-
brovascular accidents represent an urgent problem
in emergency medicine. According to the World
Health Organization, 10 million cases of stroke are
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OpraHW3anyi 3IPAaBOOXPAHEHUS €KerogHo B
MHUpe AUArHoCTUpyeTcsA OKO0JIO 10 MMJIJIMOHOB
ciygaeB uHCyJBTA [1]. B Poccutickoil ®enepanuu
B 2016 romy 3abos1€BaeMOCTh 11epeOpOoBaCKYIsAp-
HbIMU 3a0o0seBanussMH (IIB3) 6b11a 3aperucTpu-
poBaHay 3% cpenu Bcex 3aboseBmux [2]. B cTpyk-
Type MHCYJIETOB IPe00JIalaloT BHYTPUMO3TOBBIE
KPOBOU3JIUAHNSA, HAa JOJII0 KOTOPBIX TPUXOAUATCS
20-25% ot 006111€T0 YrCIa MHCYJIBTOB [3], TpH 9TOM
B 11% cJsy4yaeB UIlleMHUYECKUM o4ar HaXOJUTCA B
tasamyce [4]. Cpegy NmanmyeHTOB, NEpPEHECIINX
WHCYJIBT JII000H JIOKQIU3aluy, K TPYI0BOH Aes-
TeJIbHOCTU BO3BpAI[aloTCA JIMIIb 10% I1aliieHTOoB,
85% TpebyoT MOCTOTHHON MeIMKO-COIUaTbHON
MOAJEPKKU [5, 6].

IMocTuHCYMBTHAsE 00JIb SBJSIETCS PacCIpo-
CTpaHeHHBIM cUMIITOMOM. OHa MOKeT OBITh IIPO-
IyIieHa Win HeJoolleHeHa U3-3a IoJUMOp(hHON
KJIMHUYEeCKOU KapTUHBI, HAJTUYUsI COMYTCTBYIO-
mux 3aboJieBaHni, HeJOCTATOYHOTIO KOHTAKTa C
nmanreHToM. CoxpaHsiomniasicsi 00JIb OKa3bIBaeT
HeraTMBHOeE BJIMsIHNE Ha BOCCTAHOBJIEHUE ITAllH-
€HTOB II0CJIe MHCYJIBTa, MOKET NPensaTCTBOBATh
ycrexam Bo BpeMsi peabunuranui. [IoCTUHCYIBT-
Hasg 00J1b, KaK U APyrue XpoHUUYecKue 60JIieBbie
CUHJIPOMBI, MOSKET He TTOAJaBaThCs JIEYeHUIO, NN
He MOJTHOCTBIO MCYe3aTh IIPU Ha3HAUYeHUH Tepa-
nuu. boseBoil cuHIpPOM, BO3HUKAIOIIMKN TTOCTE
WHCYJIETa, MOYKET ObITh WHINBUTYATbHBIM Y KasK-
JOr0 IalyeHTa, ¥ 4acTO HeJOCTAaTOYHO YIIPaB-
asieM. Ero jiedeHune sABJIAE€TCS CJIOKHOM 3aavei,
KakK JIJIs1 Bpaya, TaKk U JJI1 MHOTHUX [TallueHTOB.

[lepen METUITTHCKUM COOOITIECTBOM ITOSIBJISI-
IOTCSI HOBBIE 3aJ1a4¥, HallpaBJeHHbIE He TOJIBKO Ha
CHIKeHNE CMEPTHOCTHU OT I1epebpOBaCKy/ISIPHBIX
3aboJsieBaHMH, HO 1 pa3paboOTKy METOIOB pPaHHEH
peabusuTanu U TPOQPUIAKTUKHA OTIaJIE€HHBIX
HETaTUBHBIX TOCAEICTBUU MPH BO3SHUKHOBEHUU
IIOCTUHCYJIBTHOT'O TaJIAMUYECKOI0 CUHAPOMa.

Kaaccuduranusa NOCTUHCYJIBTHOTO TaJia-
MHUYECKOTO cUHApoma. IlocTuHCcyabTHAsA 00JIh
SIBJISIETCSI MHOTO(DYHKIIMOHAJIBHBIM COCTOSIHUEM
M BKJIIOYAaeT B ce0S HECKOJIbKO KJAMHUYECKUX
cocrostHUE. Kaskmoe paccTpoiicTBO HeceT B cebe
TOHKOCTH JUArHOCTUKH, 3a KOTOPBIMU CJIENYIOT
onpeesieHHbIe NOAX0IbI K HIOHNMAHUIO MEXaHU3-
MOB PAa3BUTHSI COCTOSIHUM U JIeUeHUIO (PUC.):

* IeHTpajbHasl MOCTHUHCYJIBTHAsA 00Jb —
central post-stroke pain (CPSP) [7];

* KOMILIEKCHBIA pPernoHaJbHbBIN 00JIeBOH
cuHgpom — complex regional pain syndrome
(CRPS) [8, 9], BK/IIO9aeT 04aroBylo JeMueJInHNA3a-
IIUI0 HEPBHBIX BOJIOKOH, OTEK, 00yCIOBJIEHHBIE
W3MEHEHUAMHU B TaJlaMyCe B COYETaHUU C KOPTHU-
KaJIbHbIMU CEHCOPHBIMHU HAPYyIICHUAMU.

e (00JIb, BbI3BaHHASI MBINIEYHBIMHU CIIa3Ma-
mu [10];

e CKeJIeTHO-MbIIIeYHass 00Jb — OO0JIb B

CyCTaBax IMapeTUu4YHbIX KOHEYHOCTe! («CI/IH,Z[pOM

diagnosed every year in the world [1]. In the Russian
Federation, in 2016, the recorded morbidity of pop-
ulation with cerebrovascular diseases (CVD) was 3%
[2]. Predominant morbidity is an intracerebral hem-
orrhage accounting for 20-25% of the total number
of stroke cases [3]. In 11% of ischemic stroke pa-
tients the focus is located in thalamus [4]. Among
patients who experienced a stroke of any location,
only 10% of patients return to work while 85% need
continuous medical and social support [5, 6].

Post-stroke pain is a common symptom. It
might be missed or underestimated due to the mul-
tiform clinical pattern, concomitant diseases, in-
sufficient contact with the patient. Persistent pain
adversely affects rehabilitation of patients after a
stroke, might prevent success during rehabilitation.
Post-stroke pain like other chronic pain syndromes
might be irresponsive to treatment or disappear in-
completely upon prescription of a therapy. Pain
syndrome occurring after a stroke might be individ-
ual in each patient and often controlled insuffi-
ciently. Management is a complex target both for
the physician and for many patients.

The medical community is facing new goals
aimed not only on abatement of mortality from
cerebrovascular diseases but also on the develop-
ment of methods for early rehabilitation and pro-
phylaxis of long-term adverse consequences in
cases of post-stroke thalamic syndrome.

Classification of post-stroke thalamic syn-
drome. Post-stroke pain is a multifunctional con-
dition comprising several clinical conditions. Every
disorder is fraught with subtleties of diagnosis en-
tailing specific approaches to the understanding of
condition development mechanisms and treat-
ment (fig.):

e central post-stroke pain (CPSP) [7];

e complexregional pain syndrome (CRPS) [8,
9], includes focal demyelination of nerve fibers,
edema, which are related to changes in thalamus
combined with cortical sensory impairments.

* pain caused by muscle spasms [10];

e musculoskeletal pain — pain in articula-
tions of paretic extremities («shoulder pain syn-
drome», arthropathy of articulations), low back
pain [11];

The reasons for musculoskeletal pain and
pain caused by muscle spasm include changed
muscle structure, atrophy, center-of-gravity shift,
changed posture type, and other changes occurring
after a stroke. Pain is caused by local acidosis and
hypoxia in muscles due to reduced capillary oxy-
genation.

e post-stroke headache [12]. In the patho-
genesis of post-stroke headache, attention is paid
to trigeminovascular system in combination with
post-stroke depression.

Every sixth patient suffering from vascular in-
jury in thalamus experiences CPSP within the first
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LlenTpajabHast CeHCHTH3ALMS. Central sensitization.
n He Kp sl TAJIaMYyca. Changed blood supply to thalamus.
ITopazkenune nepeanero sApa NOAYIIKH Tajamyca Injury of pulvinar anterior nucleus

HenTpanbHas
MOCTHHCY/JIbTHAA

Central
post-stroke

OcHoBHBIE MexaHN3MbI (hoOpMHUPOBaHUsI OO/ IIPH TATAMUYECKOM CHHAPOME
Basic mechanisms of pain formation during thalamic syndrome.

OoJs1eBOTO JIeYa», APTPOTATHS CyCTaBOB), 00JIb B
HU)KHEH YacTy COUHEI [11];

K mpuunHaMm CKeJIeTHO-MBITIIEYHON 00N U
00JI1 BBI3BAHHOI MBIIIIEYHLIMU CIIa3MaMM OTHO-
CUTCsI U3MEHEeHMe CTPYKTYPhI MBIIII, aTpopus,
CMellleHre [eHTpPa TSYKEeCTH, W3MeHeHHe THUIla
OCaHKU M Jpyrue M3MEHEHHUs, KOTOpble BO3HU-
KaIoT TIocJie MHCYIbTa. otk 00yc/IoB/IeHa HATH-
4yyeM JIOKAJIbHOTO allu103a U TUIIOKCUU B MBbIIII-
[1ax IpU CHUYKEHHOU KaMUJIJISIPHON OKCUTeHAIINH.

° TIOCTHHCYJIBTHasA ToJsioBHasA 60sb [12]. B
raTroreHe3e MOCTUHCYJIBTHOH TOJIOBHOU 60JH ye-
JISTIOT BHUMAaHMe TPUTreMUHO-BACKYJISIPHOU CHCTe-
Me B COUYEeTaHUH C IOCTUHCYJIBTHOU Jerpeccrel.

Y KayKI0ro mecToro namnyuenTa ¢ COCyIUCTBIM
IIOpa’KeHNEM B TajlaMyce, B TeYeHUe IIePBBIX 3—6
MeCAIEeB II0CJIe NHCYIETa, nosasJsgercsa CPSP [13,
14]. OgHako, UMeIoTCA JaHHble, 4To y 50% nanu-
eHTOB 00JIb BO3HMKAET B TeueHue 1-ro Mecsiia
I1I0CJI€ MHCYJBTa, ¥ 37% — B IIEPUON OT 1-ro Mecslia
JIO 2-X JIeT II0CJIe MHCYJIBTa, y 11% — nociie 2-X j1eT
[15]. TTostBJIEHVIE TOCTHUHCYJIBETHOTO H0JIEBOTO CHH-
JIpOMa 4acTo MOCTeIleHHOe, COBITAJAET C HapacTa-
HHEM YyBCTBUTEJIbHBIX PACCTPOUCTB U OSIBJIEHNU-
eMm nu3ecte3um [16-18]. boJsib YacTto HOCUT
WHTEHCUBHBIN 1 HeOCIabeBaonIuii xapakrep [16].

®dakTopsl pucka pa3sutus CPSP. ®akTopsl
pucka pa3Butus CPSP BKJIIOYAIOT: MOJIOJOM BO3-
pacT, NpealIecTBYIOIIAe TPaBMbl TOJOBHOIO
Moara u Kypenue [19]. Koropraoe ncciiegosanue
B XeJIbCUHKY [10KAa3aJI0, YTO Y ITAIlUEHTOB MOJIO-
JIOr0 BO3pacTa, nepeHecmux nHCyasTr, CPSP Bo3-
HUKaeT B 2 pasda vaitrie [20]. [leHTpanbHadA IOCTUH-
cynpTHass OoJib  CBsI3aHa C TOpPaKeHUEM
BEHTPOIIOCTEPUOMENUATBHBIX U BEHTPOIIOCTE-
puoJiaTepaJIbHBIX Aep TajlaMyca, HO ee BO3HUK-
HOBEHHE BO3MOKHO U IIPU 9KCTPATATAMUYECKUX

3-6 months after the stroke [13, 14]. However, there
are data showing that in 50% of patients, pain occurs
within the 1st month after the stroke, in 37% — dur-
ing the period of the 1st month to 2 years after the
stroke, in 11% — after 2 years [15]. Post-stroke pain
syndrome commonly takes place gradually coincid-
ing with the increase of sensory disorders and ap-
pearance of dysesthesia [16-18]. Frequently, pain
might be intensive and unceasing [16].

Risk factors of CPSP development. Risk fac-
tors of CPSP development include: young age, pre-
vious brain traumas and smoking [19]. A cohort
study in Helsinki has shown that CPSP occurs twice
more frequently in young post-stroke patients [20].
Central post-stroke pain is connected with injury
of ventroposterior medial and ventroposterior lat-
eral nuclei of thalamus, but it may also occur in
case of extrathalamic injuries at any level, espe-
cially when spinothalamic path is involved [14].

Mechanisms of CPSP development. The
mechanisms of CPSP formation are yet to be clari-
fied. Nevertheless, most researchers consider two
main mechanisms of CPSP [21]:

1) excessive neuronal excitability in damaged
structures of lateral nociceptive system;

2) inadequate functioning of inhibition of
anti-nociceptive sensory pathways.

During neuropathic pain, a flow of pain im-
pulses enters spinal marrow; in response to these
stimuli, axon membrane depolarization takes
place, which is accompanied with opening of po-
tential-sensitive calcium channels. Concentration
of calcium that is a trigger for pain mediator release
rises in the membrane; glutamate is the main trans-
mitter of pain in spinal marrow acting via NMDA
(N-methyl-D-aspartate)-receptors [22]. During
neuropathic pain, serious activation of spinal
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MMOpa’KeHUsAX Ha JII0O0OM ypOBHE, 0COOEHHO TP
BOBJICYEHUU CIIMHOTAJIaMUYECKOr0o TpakTa [14].

Mexanu3msbl pa3putusa CPSP. MexaHnu3Mbl
¢dopmupoBanuss CPSP ocraiorcss He 10 KOHIIA
sacHbIMU. TeM He MeHee, 00JIbIINHCTBO HUCCJIEIO0-
Baresjiell MpPUIEPKUBAIOTCS MHEHHS, 4YTO B ee
OCHOBe JIesKar JBa BeaylLIux Mexanusma [21]:

1) moBbIIIIeHHAsI BO30YIUMOCTh HEHPOHOB B
MOBpEXKIeHHbBIX CTPYKTYpax JiaTepaabHOM 4YacTu
HOITUIIENITUBHOU CUCTEMBI;

2) HeaJeKBaTHOe (PYHKIIMOHUPOBAHUE NHTU-
OMpYIOIIUX AHTHHOUMIENITUBHBIX CEHCOPHBIX
nyTen.

[Tpu HelpomaTnieckoi 60/ TOTOK O0JIEBBIX
HMIIYJIbCOB IIOCTYIIA€T B CHIMHHOM MO3T, B OTBET HA
9TU CTHUMYJIbI IIPOUCXOOUT NEIOJIApUA3anus MeM-
OpaHbI aKCOHA, COTTPOBOSKIAIOIIASICS OTKPBITHEM
IIOTEHIIMAJIOYyBCTBUTEJIbHBIX KAJIbIIMEBbIX KaHa-
JIoB. B MeMOpaHe yBeTMurBaeTCs KOHIIEHTPAIHs
KaJIbITUS, KOTOPBIH SIBJISIETCS TPUTTEPOM JIJISI PEJTU-
3uHTa O60JIEBBIX MEANATOPOB, TIIyTaMaT SBJISIETCS
OCHOBHBIM TPACMUTTEPOM OOJTA B CITTHHOM MOS3TEe.
3areM mryramar aeiictByeT Ha NMDA-pernentopsl
(N-methyl-D-aspartate) [22]. IIpu Heiiponaruue-
CKOl 00T MMeeT MeCTO Cepbe3Hasl aKTHBAIUs
CIIMHAJIBHOT'O CHHAIICA, YTO CO3aeT YCA0BUS IJIA
pas3BUTHUSA IEHTPAJILHOY CEHCUTU3AIUHA [23].

KnuHunyeckuMu MapkepaMu IeHTPaTbHOU
CEHCUTHU3AINH SIBJISIOTCS AJIJIOUHN S, BTOPUYHAS
runepanre3usi, CHUKeHre 0O0JIEBBIX ITOPOrOB B
He0O0JIeBOli 30HEe, (DEHOMEH «B3BUHUYUBAHUSI»
(wind-up) — mpu ecsATH 0OBIYHBIX TPUKOCHOBE-
HUSIX Ha O0JIEBYIO 30HY KaK/IbIH CII€AYIOTAMI CTH-
MyJ1 BocnpuHUMaeTcs 6osbHee. PYHKISA HUCXO-
OAINUX CHUCTEM TMOJABJCHUS OO MOYKET
HapylaTbCs IO/ BO3/JEHCTBUEM COIMAJIBHBIX U
TICUX0JIOTUYECKUX (haKTOPOB [24]. ITOT MEXaHU3M
SIBJISIETCSI XapaKTEPHBIM JJTsI XPOHUYECKOU 00/ 1
TIPOSIBJISIETCS TeHepan3anuels 0011, coueTaHueM
60111 U enpeccuu, 00U ¥ THCOMHUUY, HAJTMIHUEM
MHO’KeCTBa OOJIEBBIX CUHAPOMOB U CYIIIECTBEH-
HBIM CHIDKEHHEM KadyecTBa *KU3HU marreHTa [23].

CunTaercs, 4TO NOBBILIEHHAA NPOLYKLIUA
okcya asora (NO) ciocoOCTByeT rubesin KJIeTOK
U IOBPEKJEHUIO TOJI0OBHOrO Mo3sra [25]. bejiok
PSD-95, BXOOAILIMI B COCTaB ceMelcTBa 0e/JIKOB,
conpepsyraiux PDZ-nomMeH B [IeHTpaJIbHBIX CUHAII-
cax, cBsi3bIBaercsi ¢ cyopeguaunamMu NMDA-
peuentopa (NR2A u NR2B) [26], OpuBOOUT K
MOBBIIIEHHOU MPOAyKIUU okcuga asora (NO).
BaaumogetictBre mesxay 6esikom PSD-95 1 Helipo-
HaJbHOHU CMHTEeTa30M okcuaa azora (nNOS), B Teo-
pyy, TPUBOAUT K BOBHUKHOBEHUIO TATAMUYECKON
001 y MBITIIEN.

JKCIIepUMeHTAJbHbIE JaHHbIe. B skcnepu-
MEeHTAJILHOU paboTe OBIJIO TPOU3BENEHO MOJIETH-
poBanue CPSP Ha MbImmax. Mogeab KpOBOU3JIHSI-
HHUSA coO3JaBajlaCh C IIOMOIIbIO BBeJeHHUsI B
OOHOCTOPOHHHWE BeHTpaJ/ibHble 3aJHeMequasb-

synapse takes place, creating conditions for central
sensitization development [23].

The clinical markers of central sensitization in-
clude allodynia, secondary hyperalgesia, lowering the
pain thresholds in a non-pain region and the ‘wind-
up’ phenomenon occuring in cases of ten usual
touches within the pain region, where every subse-
quent stimulus is felt more painful. The function of
descending pain suppression systems may be dis-
turbed under the influence of social and psychologi-
cal factors [24]. This mechanism is typical for chronic
pain and manifests in pain generalization, combina-
tion of pain and depression, pain and insomnia, pres-
ence of multiple pain syndromes, and significant
worsening of the quality of patient’s life [23].

Increased production of nitrogen oxide (NO)
is believed to assist cell death and brain injury [25].
Protein PSD-95 belonging to the family of proteins
containing PDZ-domain in central synapses binds
to subunits of NMDA-receptor (NR2A and NR2B)
[26], which results in increased production of nitro-
gen oxide (NO). Presumably, interaction between
protein PSD-95 and neuronal synthetase of nitro-
gen oxide (nNOS) leads to occurrence of thalamic
pain in mice.

Experimental data. The experiment included
CPSP modeling on mice. The hemorrhage model
was created by administration of type IV collage-
nase or 0.9% NaCl solution into unilateral ventral
posterior medial nuclei and ventral posterior lateral
nuclei of thalamus,. Additionally, small molecular
inhibitor of interaction of PSD-95 and nNOS
(ZL006) [27] or solvent (5% NaHCO,; + 2% Tween-
80) was administered intraperitoneally. Thus, there
were the following groups of in the experiment:

1) First group of mice receiving ZL006 or sol-
vent by intraperitoneal administration; , 30 minutes
later, type IV collagenase or 0.9% NaCl solution was
administered into thalamus nuclei. The groups are
marked as follows:

1.1) solvent + type IV collagenase;

1.2) ZL006 + type IV collagenase;

1.3) solvent + 0.9% NaCl solution;

1.4) Z1.006 + 0.9% NacCl solution;

2) The second group of mice received intra-
thalamus nuclei type IV collagenase or 0.9% NaCl
solution; then, 30 minutes later, ZL006 or solvent
was administered intraperitoneally.The groups
were marked as follows:

2.1) type IV collagenase + solvent;

2.2) type IV collagenase + ZL006;

2.3) 0.9% NaCl solution + solvent;

2.4) 0.9% NaCl solution + ZL006.

The study demonstrated mechanical allody-
nia, thermal hyperalgesia, and cold allodynia in
groups 1.1, 2.1, 2.2, on day 1, 3, and 5 of the exper-
iment. In groups 1.3, 1.4, 2.3, 2.4, no changes were
evident. Preliminary intraperitoneal administration
of ZL006 in group 1.2 significantly ablated features
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HbIE Apa U BeHTPaJbHbIE 3aHeO0KOBBIE SAApa
Tajslamyca — KoJiareHass! IV tuna nim 0,9% pac-
tBopa NaCl. JIonmo/THUTeIbHO BHYTPUOPIOMIMHHO
BBOAWJIM MAaJIbI MOJIEKYJISIPHBIA HWHTUOUTOP
B3anMogericTBrsA PSD-95 n nNOS (ZL006) [27] i
pactBopureJib (5% NaHCO, + 2% TBun-80). Takum
00pa3oM, B 9KCIIepUMEHTE OBIJIH IPEeICTABIEHbI
cJieiyIolye Tpynnbl MbIIIel:

1) TlepBas rpyrina MbIIIei: BHyTPUOPIOIINH-
Hoe BBegeHue ZL006 uiaum pacTBopuTesis, 3areM
gepes 30 MUHYT B AIpa TajlaMyca — KoJljlareHas3y
IV Tuna nim 0,9% pacteop NaCl.

1.1) pacTBOpUTEJIb + KOJLIareHasa [V tumna;

1.2) ZL006 + roJsiareHasa IV tumna;

1.3) pactBopuTesb + 0,9% pactBop NaCl;

1.4) Z1.006 + 0,9% pactBop NaCl;

2) Bropas rpynna MblIIe: B iipa Tajiamyca
CHavaJia BBOAMJIY KoJltareHasy IV tuna uiu 0,9%
pacrBop NaCl, 3arem yepe3 30 MUHYT BHyTpUOPIO-
meHHo — ZL006 niau pacTBOPUTEIb.

2.1) kosutarenasa IV Tuma + pacTBOpUTEJIb;

2.2) koJuiiarenasa IV tuna + ZL006;

2.3) 0,9% pactBop NaCl + pacTBopuUTEJIb;

2.4) 0,9% pactBop NaCl + ZL006.

B pesynbrare ncciienoBaHusa JOKa3aHO, YTO B
rpynmnax 1.1, 2.1, 2.2, Ha 1, 3, 5 IeHb 9KCIIEpUMEHTA
perucTpupoBagach MexaHW4ecKasl aJIJTOOUHUSA,
TepMHUYeCKasi TuIepare3us U X0JI000Bast AIJIONH-
HuA. Brpynnax 1.3, 1.4, 2.3, 2.4 naHHbIe U3BMEHEHUA
OoTCyTCTBOBaJIH. [IpeaBapuTeIhHOE BHYTPUOPIO-
IIMHHOE BBeJeHrne ZL006 B rpymiie 1.2 3HaYUTE Ib-
HO CHU KaJI0 TiposiBaeHusi CPSP 1o cpaBHEHMIO C
peayasraramu B rpynmnax 1.1, 2.1, 2.2. To ects, ZL006
Hapymaetr B3aumopneiictBue PSD-95 ¢ nNOS u
NpeJloTBpalliaeT BbI3BAaHHOE KoJijiareHasdou IV
THUIIA UHIYIIMPOBAHHOE TaJaMUUEeCKOU Iopaske-
Hue. [locnenyomiee 3a BBeleHUEM KOJlIareHasbl
IV tuna BBegenue ZL006, He BaMsIeT HA TaJaMHU-
YecKyl0o 0O0JIEBYI0 THUIIEPYYBCTBUTEJHHOCTD,
BBI3BAHHYI0 KPOBOU3JIMSAHUEM. JTO F'OBOPUT O
TOM, 4YTO y’Ke Jpyryue MeXxaHu3Mbl UI'PaloT POJIb B
nepenayu curHasoB Mexny NMDA-penentopa-
mu, 6estkoM PSD-95 1 nNOS, korya 60/1eBO Iy ThH
yKe akTUBUpPOBaH [28].

CylecTBy10T JBe THIIOTe3bl, IIOATBEpK1al0-
mue poJib NLRP3 [29] (uHdIamMMacoma — 1UTO-
30JIbHBIA  0esloK, Nod-momo6HBIA perenTop
cemerictBa NALP) B opmupoBanuu tajsamMuye-
ckoii 6ostu. AktuBarusi NLRP3, yepes kacmasa-1-
cuUrHasIbHBIN NyTh [30], a Tak sKe IOCPEeACTBOM
MMPONTO33d, BBI3BIBAET IIOBPEKIEHUE KOPHI
TrOJIOBHOTO MO3ra, IPUBOJA K YMEHBIICHUIO HUC-
XOOAIIUX IIPOEKIUOHHBIX BOJIOKOH K TajaaMycy.
Takoe coOCTOsHME IPUBOJUT K YMEHBIICHUIO
BhIOpOCA raMMa-aMHUHOMACJSTHON KHUCJIOTBI, YTO
YBeJIMYMBaET BO30YIMMOCTh HEMPOHOB BeTpoOa-
3aJILHOIO Axpa Tajamyca [31]. Ipyroe npearoso-
skeHue — aktuBanuda NLRP3 npuBogur K ycusie-
HUIO BOCIAJIMTEJIbHONW peaKIUU MHUKPOTJIUU.

of CPSP compared to the findings in groups 1.1, 2.1,
2.2. Thatis, ZL006 interfered with the interaction of
PSD-95 and nNOS preventing induced thalamic in-
jury caused by type IV collagenase. ZL.006 adminis-
tration following administration of type IV collage-
nase did not affect thalamic pain hypersensitivity
caused by hemorrhage. Data suggest that other
mechanisms play a role in transmitting signals be-
tween NMDA-receptors, protein PSD-95 and nNOS
when pain pathway is already activated [28].

There are two hypotheses confirming the role
of NLRP3 [29] (inflammasome — cytosolic protein,
a Nod-like receptor of the NALP family) in thalamic
pain. NLRP3 activation, via caspase-1-signal path-
way [30] and mechanism of pyroptosis, causes
brain cortex injury resulting in reduction of de-
scending projection fibers to thalamus. The latter
leads to lowering the release of gamma-aminobu-
tyric acid, which increases excitability of neurons
in ventrobasal nucleus of thalamus [31]. The other
suggestion is that NLRP3 activation leads to inten-
sification of the microglia’s inflammatory response.
Continuous inflammation causes changed release
of gamma-aminobutyric acid in reticular nucleus
of thalamus, which is followed by disturbed func-
tioning of interneurons in ventrobasal nucleus,
promoting CPSP development. Though CPSP treat-
ment is difficult and limited, targeting the NLRP3
to abrogate its activation might be a promising
therapeutic approach for CPSP [32].

Clinical data. Vartiainen et al. examined 42
patients with unilateral thalamic stroke. Patients
were divided into 2 groups: the first group included
31 patients with CPSP, the second one was com-
posed of 11 patients without CPSP. In both groups,
MRT confirmed injury of one or more vessels sup-
plying blood to thalamus. Other reasons of neuro-
pathic pain, such as shoulder ankylosis, os-
teoarthritis, spasticity and contractures, were
excluded [33]. Thalamus nuclei affected by a stroke
were determined by superimposition of MRT data
using the human thalamic atlas by Morel et al.
(1997) in all sections. After individual identification
of the affected region, the findings were pooled into
2 groups, with CPSP and without CPSP. The ap-
proach allowed delineation of thalamus regions de-
pending on the lesion location within specific nu-
clei, or the lesion with no clear margins. In parallel,
every thalamic nucleus was dichotomized (yes/no)
depending on whether it was or was not injured in
a particular patient. A nucleus was considered af-
fected when the lesion contour included a part of
the nucleus at least in one plane of the atlas. The in-
vestigation findings have shown that in CPSP pa-
tients, the maximal similarity of lesions was ob-
served in the pulvinar anterior nucleus in 58-64%
in one direction of section and in 97% when all sec-
tions were consolidated. In non-CPSP patients, the

maximal convergence of lesion was in ventral pos-
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ITocTostHHOE BOCIIaJIeHNE BbI3bIBAET U3MEHEHUE B
BBICBOOOKIEHUY raMMa-aMUHOMACJISTHOIM KM CJIO-
Thbl B PETUKYJIAPHOM fAApe Tajaamyca, 3a KOTOPbIM
cJieyeT HapylieHne paboThl HHTEPHEUPOHOB B
BEHTPO-0a3aJIbHOM sI/IPE, CIIOCOOCTBYIONINX pas-
Butuio CPSP. Xorsa neuenue CPSP 3aTpynHeHo u
OrpaHWYeHoO, HalleJMBaHNe HA MHTUOUPOBaHUeE
aktuBanyuu NLRP3 MoskeT ObITH ITepCIIeKTUBHBIM
TepareBTUuYeCKUM noaxonoM aiisg CPSP [32].

Kaunnyeckne gaHHbIe. Vartiainen et al.
obcyieqoBasi 42 TalMeHTa C OMHOCTOPOHHUM
TaJTaMUY€eCKUM MHCYJIBTOM. [TarineHThI Ob1TH pas-
JleJIeHbl Ha 2 FPyNIbL: B IepBOl — 31 manueHT ¢
CPSP, Bo BTOpoOii — 11 marnuentoB 6e3 CPSP. B
06ewnx rpymnmax ¢ nmomoibio MPT noaTBepskieHo
MOBPEsKIEeHYE ONHOIO MJIM HECKOJIBKUX COCYOB,
KPOBOCHAOKAIOIINX TaaaMycC. BbITA UCKITIOYEeHBI
JIpyrue MPUYUHBI HEUPOIIAaTHYeCKOU O0JIH, TaKkue
KaK I1JIe4eBOU aHKUJI03, OCTE0APTPUT, CHACTUY-
HOCTb U KOHTPAKTYpEI [33]. [IopaskeHHbIE NHCY/Ib-
TOM sifpa Tajiamyca OBLIM ONpeJeJsieHbl ITyTeM
HaJIO’KeHUsT TaHHbIX MPT Ha TaiTaMUdecKuil atiac
yesoBeka Morel et al. (1997) Bo Bcex cpesax. [Tocsie
WHIUBUAYAJIBHOIO OIIpefeJsIeHUsI MOpaskeHHOU
o6sacTu, pes3yabTaTbl OBIIN OOBEOWHEHBI B 2
rpynnbl, ¢ CPSP u 6e3 CPSP. Takoii moxo/; 103BO-
JINJT Pa3rpaHUYUTh 00J1aCTH TajaMyca B 3aBUCH-
MOCTH OT TOTO, T7Ie JJOKAJIN30BaJI0Ch ITIOPAKEHNE,
B I[IpeJie/IaX KOHKPETHBIX Aep WU IToPpasKeHne He
nMeJI0 YeTKHuX rpanun. [lapanenpHOo Kaskmoe
TaJIJaMU4Y€eCKOe PO I0JIy4aI0 JUXOTOMUYECKYIO
KJIacCU(UKAIUIO (1a/HEeT) B 3aBUCUMOCTH OT TOTO,
OBIJIO JTM OHO OBPEXKIEHO Y JAHHOTO TallueHTa.
Anpo cuurasoch 3aTPOHYTHIM, KOrAa KOHTYP
MopakeHUs1 BKJIIOYAJI YaCTh AApa, 0 MEeHbIIEN
Mepe, B OJHOM IJIOCKOCTU amiaca. Pe3ynbTaThl
HCCJIeJ0BaHMs IOKAa3aJIn, 4YTo y nnanuesTos ¢ CPSP
MaKCUMaJIbHAsI CXO’KeCTh MOpa’keHni HabIroa-
Jach B IlepefHeM sAape IMOAYILIKWA TajgaMyca B
58-64% npu OIHOM HalpasJeHUU cpe3a U B 97%
Mpu 00 beTMHEHUH BCEX CPE30B. Y MAIMEeHTOB 0e3
CPSP makcuMaJsibHasA KOHBEPTEHIUSA TOPAsKEeHU
ObLTa B BEHTPAJbHOM 3aHeIaTePATLHOM SITIPE, C
50-67% CXOOUMOCTH B €JVUHUYHBIX Cpe3dax ariaca 1
B 82% cJryuaeB pu 00'beATHEHNH BCeX cpe3oB. Ho
IOpaskKeHue ITOro sApa IPUCYTCTBOBAJIO U B I'PYII-
1ie ¢ 60JIEBBIM CHHIPOMOM B 68%. YV 4 TallEHTOB C
NOpakeHHueM IepeTHero Aapa IoAYLIIKY TajJaMyca
He 061710 CPSP, BO3MOYKHO, YTO OBbI BLI3BATh 3HAYH -
TeJbHOE yXy[IIeHNe IlepeJady 110 CIMHOTAIaMu-
YeCKOMY TPaKTy, HE0OX0IMMO OpasKeHHE TAHHOTO
sITpa B OllpeieieHHOM o0beMe [34].

Bomnpockl KOMILJIEKCHOH Tepamuu. TakTuKa
JIeYeHUsI 3aBUCUT OT XapaKTEPUCTHUKU OOJIH:
JIOKA/IM3allU, THTEHCUBHOCTH, 3(p(DEeKTUBHOCTHU
MIpebIAyInero gedeHus. [[iis mosydeHus Haubo-
Jiee KOHKPETHOU U JIOCTOBEPHON MHMOPMAIUU O
XapaKTepUCTUKe 60JIH, ee JIOKATU3aIIUH HCIT0JIh-

3YIOTCS IITKAJIBI ¥ OTIPOCHUKM (Tabsmiia). Hanbo-

terior lateral nucleus, converging reaching 50-67%
in single sections of the atlas and 82% upon consol-
idation of all sections. At the same time, lesion of
that nucleus was also present in the pain syndrome
group in 68% of patients. Four patients with af-
fected pulvinar anterior nucleus did not have CPSP;
probably, this nucleus was affected in a certain vol-
ume to cause significant worsening of transmission
via the spinal thalamic path [34].

Combined therapy issues. Management de-
pends on pain characteristics: its location, inten-
sity, efficacy of previous treatment. To obtain most
specific and reliable information about pain char-
acteristics and its location, scales and question-
naires are used (table). Among scales and question-
naires, the McGill Pain Questionnaire and visual
analog scale (VAS) are most commonly used in clin-
ical practice and studies [35].

CPSP management is combined including
pharmacological and non-pharmacological meth-
ods. Pursuant to the guidelines of the European
Federation of Neurological Societies (EFNS), the
drugs of choice for CPSP are Pregabalinum,
Gabapentinum, and Amitriptylinum. In case of low
efficacy of a prescribed therapy, it is possible to use
weak and potent opioids [36]. Pregabalinum and
Gabapentinum belong to the class of anticonvul-
sive drugs and have a structural similarity with
GABA. In response to a pain impulse, they block a2-
0-subunits of calcium channels, preventing release
of glutamate and P substance into synaptic cleft. In
this way, pain transmission from the peripheral to
the central neuron is stopped, as a result, sensitiza-
tion and pain intensity lessen [23].

A group of scientists from Iran published an
investigation of the analgesic action of
Gabapentinum, which involved 93 patients suffer-
ing from post-stroke thalamic pain. After adminis-
tration of Gabapentinum for a month, pain less-
ened in 60% of cases, and the suggested daily dose
of 600 mg led to significant clinical improvement
without side effects [37].

Also, in order to study Gabapentinum efficacy,
Yang E et al. carried out experiments on rats with ex-
perimental hemorrhagic stroke in the thalamic re-
gion. 2 weeks after administration of Gabapentinum,
rats developed tolerance thereto, which necessitated
rising of the drug dose [38]. Subsequent experiments
undertaken by that group of scientists have demon-
strated that tolerance to Gabapentinum appeared
due to decreased expression of calcium channels’
a20-1 subunit in thalamic neurons, which is ex-
plained by the fact that after hemorrhage into thala-
mus, the level of ¢2-d-subunit in rats increased and
on week 3 fall down, which coincided with appear-
ance of Gabapentinum tolerance [39].

The efficacy of Lamotriginum and Pregabal-
inum was examined in a placebo-controlled study
involving 45 CPSP patients. The study established
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PexomeHtyeMble HIKAJIbI M ONIPOCHUKH JJIsI OLIEHKH 00JIH.
Ha3Banmue OnucaHue METOTUKU IIpenmyniecrBa HepocraTku
BusyaJibHO- TlarmeHT OTMeYaeT TOUKY, COOTBETCTBYIO- 1. IIpocToTa 1 yno06cTBO 1. He maeT Ka4yeCTBEHHYIO
aHaJIoroBast 11yI0 BBIPAYKEHHOCTH 00JIM, HA HETPAJlyU- B UCIIOJb30BAHUY; XapaKTepPUCTUKY 60J1n
mkasa (BAIIl). posauHO# 10 cM stuHelike. C 06paTHOI 2. Ymo6CTBO JIJIs CTaTUCTUIECKOM 2. 3aBACUMOCTB OT IMO-
(Visual Analog TOpOHBI /1151 Bpaya HAaHECEHBI CAHTUMET-  00paboTKY; [IMOHAJIBHOM COCTABJISIIO-
Scale, VAS) cpoBble aesnenusi. Cirabast 6016 — 3. Yno06Ha 11 OIleHKHU JUHAMUKN 11eH, T.€ OT CyO'beKTUB-
1—4 6asta, ymepeHHast 60J1b u 3¢pperTUBHOCTHU JTedeHUs (T0JIOKHU- HOTO OIIyIIeHus 601,
(5—6 6aJ110B), cuJIbHAsI 00JIb TeJIbHAsA JUHAMUKA CYlLLeCTBEHHA, opora BOCHPUATHUA.
(7—10 6a/1oB). MogudunupoBaHHasi €CJIY pa3HUIla MesKay PeabIayIIuM
BAIII - ¢ 1BeTOBOM MapKUPOBKOM. 7 HAacTOAIMM 3HavyeHneM BAIIT
0oJibIe 13 MM).
BepbanbHass ~ MHTeHCHMBHOCTB 60/1M OnMChIBaeTcs onpe- IIpocToTa 1 ygo0CcTBO PaccumnTana ToJIbKO
peuTHHTrOBasA JieJIeHHBIMHU TEPMUHAMH B IMANIa30HE B UCITOJTb30BAHUH. Ha CJTyYan ¢ HapacTaHUeM
IIKaJja ot 0 (get 60J1u) 10 4 (cuIbHAsI 60JIB)/ CHJIBI OOJIN.
(Verbal Rating wsu 5 (HeBbIHOCUMAsI 60JIB).
Scale, VRS)
OnpocHuK OIpOCHUK cofepKUT 20 MO3UIUN OIpPOCHUK MOKHO CUUTATh KOMOUHK 1. CJIOKHOCTh TEPMUHOB,
Mak-T'uia CO CJI0BaMH, pasfie/IeHHbIX Ha 3 IIKaJIbI: POBaHHBIM CIIOCOOOM OLIEHKU 00JIH, He0O0X0IUMOCTh 00b-
(McGill Pain 1. CeHCcOpHasA MIKaJa JaeT KaYeCTBEHHYIO TaK Kak OTpaskaeT KauyeCTBEHHbIEe SICHATH MallieHTaM HEKO-
Questionnaire, oreHKy 60/ (PKry4asi, CTPEJISIONIAs U T.7). U KOJIMYeCTBEeHHbIE XapaKTePUCTUKY, TOpbIe CJIOBA.
MPQ) 2. ApderTuBHas 11KaIa OTPA’KAET OTHO- A TAK’KE OTHOIIIEHUeE NanueHTa K 6oy 2. COMHEHUsI B CTaOUJIb-
IIeHre manueHTa K 60Ju (60J1b 3JIUT, HOCTH U COfIEpPIKaHNN
BBI3bIBAET CTPAx U T.1I). THOJIKJIACCOB.
3. OBOJIIOATUBHAS IIKaJIa OTPAYKAET
MHTEHCUBHOCTEL 00Ji1 Kak VRS (5 crerneHeii:
cnabast, yMepeHHasi, CUJIbHasl,
CHUJIbHEMHIIIasi, HeBBIHOCHUMas ).
Kpatkuit OnpOCHUK MO3BOJISIET OIIEHUTD: 1. OmpoCHMK JjaeT He TOJIBKO Koande- He 1aeT KauyeCcTBEHHYIO
OIPOCHHUK 1. Jlokanuaauio 6014 (ManueHT oTMe- CTBEHHYIO OIIeHKY 00J11, HO ¥ OTpa- OIIEHKY 00JIH
60Jtm (Brief 4aeT MeCTO Ha PUCYHKe) JKaeT BJIMsIHHUE 00/ Ha Ka4eCTBO
Pain Inven- 2. IHT€HCUBHOCTD OOJIU 110 TPAlyMpoOBa-  SKU3HU.
tory, BPI) HHOH IIKaJIe 3a ocJaeHue 24 yaca 2.IIpocroTa B UCIIOJIL30BAHUY,

(oTmesbHAS IIKAJIA 1JIs1 C1ab0H, cpeqHen
¥ CaMO¥ CHJIBHOM 60J11)

3. OueHKy 3¢ (P eKTUBHOCTH JTeKapCTBe-
HHOU Tepanuu

4. Biinsiaue 60711 Ha cephl XKU3HU
(CIOCOOHOCTH IMOJTyYaTh YOBOJIBCTBUE,
OTHOILIEHUSI C JIIOAbMH, (PU3UIECKYIO
AKTUBHOCTB)

BO3MOYXHOCTb IPUMEHEHU S JaxKe
Y CaMBbIX TAKEJIbIX OOJIBHBIX.

Critical-Care
Pain Observa-
tion Tool
(CPOT)

OuenunBaer 4 HeBepOAIbHbIX TIOKA3ATEJIS:
1. Beipaskenue auna

2. IBU>KeHUs Tesia

3. MbleyHoe HanpspkeHue. OLieHKa na-
CCUBHOI'O crubaHus U pasrudaHus
BEpPXHUX KOHEYHOCTEH

4. CHHXpOHU3AIUs C PeXKUMOM BEHTHU-
JIAANUM (MHTYOAIMs UIIM TPAXeoCTOMa)
WJTH BOKAJIU3AUSA y 9KCTYOMPOBAHHBIX
TaIeHToB

Ka?}(ﬂblﬁ U3 NIepevYrcJaACHHbIX TokasareJjen

OIIEHWBAETCA B 3aBUCUMOCTH OT CTEIIEHN
BBIPasKeHHOCTH OT 0 10 2. MUHUMaJIbHOE
3HaYeHMUe UHTeHCUBHOCTH 60.11 0,
MaKChUMaIbHOEe — 8

I/ICHOJII)SYBTCH Y IalilM€HTOB B OTAEJIEHUN

MHTEHCUBHOU Tepalunu, B TOM 4ucCJjie

Ny nanueHToOB B KPUTUYECKUX COCTOSAHUSAX,

C HapyIIeHHeM CO3HAHMsI, @ TAK)Ke
Yy UHTYOUPOBAHHBIX OOJIBHBIX

Jlee MCIIOJIb3yeMble M3 IIKaJ U OINPOCHUKOB B
KJIMHUYECKOU MPAaKTUKe U UCCJIeJOBAHUIX — 3TO
onpocHUK Mak-I'nia 1 BU3yajabHO-aHAJI0roBast
mkaJia (BAII) [35].

Jleuenne CPSP saBJIsseTcs KOMILJIEKCHBIM, U
BRJTIOYAET B ce0s1 hapMaKoJoTHYeCKe U Hedap-
MaKOJIOTH4YeCKOe MeToAbl. B cooTBeTCTBUU C
pexkoMenganusaMu EBpomneiickoit penepariii HeB-
posorudeckux coobmectB (EFNS) nmpemaparamu
BBIOOpa A5 sieueHus:t CPSP saBjsioTcs nperaba-
JINH, TabanmeHTHH W aMUTPUNTAINH. B ciydae

that both drugs assist abatement of pain and allo-
dynia [41]. In respect of other drugs belonging to
the group of anticonvulsants, low efficacy of ther-
apy in that group of patients was shown [41, 42].
Amitriptyline was the first antidepressant that
turned out effective and safe in patients with cen-
tral post-stroke when dosed at 75 mg per day [41].
Selective serotonin reuptake inhibitors (SSRI):
Fluvoxaminum, Paroxetinum, and serotonin and
noradrenalin reuptake inhibitors (Venlafaxinum,
Duloxetinum) can also be used for patients with
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Recommended scales and questionnaires for evaluation of pain.
Name Method Description Advantages Disadvantages
Visual Analog A patient highlights the point correspon 1. Easy and convenient to use; 1. Does not provide quali-

Scale (VAS) ding to pain manifestation on a non-
graduated 10-cm ruler. The reverse side
is graduated at centimeter intervals for
the physician. Evaluation by scoreing:
mild pain -score 1—4, moderate

pain — score 5—®6, severe pain —

score 7—10.

Thee modified VAS has color markings.
2. Convenient for statistical processing;
3. Convenient to assess therapy dynamics
and efficacy (positive dynamics is signifi-
cant if the difference between the previous jective feeling of pain,
and current VAS score exceeds 13 mm).

xtative characterization

of pain

2. Depends on the emo-
tional component, i.e. sub-

threshold of perception.

Verbal Rating  Pain intensity is described in specific Easy and convenient to use. Is designed only for cases
Scale (VRS) terms within the range of 0 (no pain) of increasing pain.

to 4 (severe pain)/ or 5 (unbearable pain).
McGill Pain The questionnaire contains 20 items The questionnaire can be regarded 1. Complexity of termino-
Questionnaire, with words, which are divided into a combined pain assessment technique  logy, the necessity of ex-
(MPQ) 3 scales: as it reflects both qualitative plaining some words to pa-

1. The sensory scale give the qualitative and quantitative characteristics tients.

evaluation of pain (burning, as well as patient’s attitude to pain 2. Doubts as regards stabi-

lightning, etc.). lity and content of sub-

2. The affective scale reflects classes.

the patient’s attitude to pain

(pain makes angry, evokes fear, etc.).

3. The evolutive scale reflects pain

intensity as VRS (5 degrees: mild,

moderate, severe, severest, unbearable).
Brief Pain The inventory allows assessing: 1. The inventory not only provides Does not provide a qualita-
Inventory (BPI) 1. Pain location (a patient marks a quantitative assessment of pain tive assessment of pain

the point on a figure)

2. Pain intensity according to

a graduated scale for the last 24 hours
(separate scales for mild, moderate,
the severest pain)

3. Evaluation of drug therapy efficacy
4. Pain influence on spheres of life
(the ability to relish, relations

with people, physical activity)

but also reflects the influence of pain
on the quality of life.

2. Easy to use, can be applied even
for the severest patients.

Evaluated 4 nonverbal indices:

1. Expression on the face

2. Movements of the body

3. Muscle tension. Assessment of passive
bending and extension of upper extremities
4. Synchronization with the ventilation
mode (intubation or tracheostoma)

or vocalization in extubated patients.

Each of the above indices is evaluated
depending on the level of manifestation
within the range of 0 to 2. The minimal
pain intensity is 0, the maximal — 8

Critical-Care
Pain Observa-
tion Tool
(CPOT)

It is used in ICU patients including
critical patients, patients with impaired
consciousness, also in intubated patients.

HU3KOU 3(p(PEeKTUBHOCTU HA3HAYEHHOTO JIEYeHU I
BO3MOYKHO KCIIOJIb30BaHUE CJIA0BIX U CUJIBHBIX
orronaoB [36]. [IperabasuH 1 rabareHTHH OTHO-
CATCA K KJIACCYy aHTUKOHBYJIBCAHTOB WU HWMEIOT
cTpykTypHOe cxonctBo ¢ TAMK. B oTBet Ha 6oJe-
BOU IMIYJIBC OHU OJIOKUPYIOT ¢:2-0-Cy0beTMHUITHI
KaJbIIMEBBIX KAHAJIOB, YTO IIPEIIATCTBYET BBICBO-
00sKIeHuIO TTyTaMara v cyoctannyu P B ciHanTH-
YecKyIo mesb. TakuMm obpa3oM, mpeKpamaeTcs
nepemavya 6oy ¢ mepudgepuvIecKoro Ha IeHT-
paJIbHBIN HeUpOH, B pe3yJbraTe yMeHBIIAeTCs
CEeHCUTH3AIMA U MHTEHCUBHOCTE 00J1u [23].
I'pymma yuenbix m3 Mpana omyOJiMkoBasia
HCCJIefoBaHNe aHaJIbreTUYeCKOro AeicTBus rada-
IICHTHAHA, B KOTOPOM Yy4YaCcTBOBaJIO 93 manueHTa C
MTOCTUHCY/JIBTHON TaslaMudeckoir 6osbio. Tlocie

npuema rabaneHTHHAa B TeYeHUe MecAana 00J1b

central post-stroke pain. Shimodozono et al.
showed in a study that Fluvoxaminum significantly
lessens pain in CPSP patients during the first year
after a stroke [43]. The rest of the afore-mentioned
drugs are used in neuropathic pain therapy but
there are no data concerning treatment of CPSP pa-
tients [41].

An investigation of efficacy of weak opioids
has shown that Tramadolum, in the mean dose of
121+61.6 mg / day, decreases the intensity of cen-
tral post-stroke pain [44].

The efficacy of Methylprednisolonum was in-
vestigated in a retrospective study in patients with
central post-stroke pain. Methylprednisolonum was
prescribed in six-day courses, the starting dose being
24 mg and reduced by 4 mg a day, which led to a con-
siderable abatement of pain syndrome [41]. Re-
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yMeHbIINIACh B 60% ciay4aes, a IpemjaraemMas
cyTo4Has 1o3a 600 Mr jaBaJjia 3SHa4UTEeIbHOE KIIMHU-
Yyeckoe ymydreHue 6e3 moboyHbIx apderTos [37].

Tak sxe c 11eJ1b10 uccieqoBanus 3 PeKTuB-
HocTu rabanedaTruHa Yang E 1 ero coaBToOpHI IIpo-
BeJIM 9KCIIEPUMEHTHI Ha KPbICaxX C HCKYCCTBEHHO
CO3JaHHbIM FreMOpparn4ecKyuM NHCYJIBIOM B TaJjla-
MHUYecKoU obacTu. Uepes 2 Hee/ i TpUMeHeHU T
rabareHTHHA Y KPbIC Pa3BMUJIACH TOJIEPAHTHOCTD
K HEMY, 4TO ITOTPeO0BAJIO ITOBBIIIIEHHS 1035 IIpe-
napara [38]. Ilocaenyiomniye sKCIepuMeHThI 9TON
IPyNIIbI yY€HbIX [IOKA3aJIH, YTO II0IBJICHUE TOJIe-
PaHTHOCTH K TrabareHTUHY CBSI3aHO C YMeHbIIIe-
HHEM 3KCITpeccuu a20-1 cyObeTUHUITHI KabIue-
BbIX KAaHAJIOB B Ta/laMHUYECKHX HelpoHax. ITO
00'BSICHSIETCSI TEM, YTO TIOCJIE KPOBOUSIUSIHUSA B
TaIaMyC YPOBEHB (2-0-CyObeUHUIIBI Y KPBIC YBe-
JIMYMBAJICS, & HA TPeThel HeJlesle — YMeHbIIascs,
4TO U COBIIAJAET C MOSABJIEHNEM TOJIEPAHTHOCTH K
rabamneHTHHYy [39].

9dHEeKTUBHOCTH JTAMOTPHUIKIHA U TTperada-
JIMHA M3y4ajach B IJaneb0-KOHTPOJIUPYEMOM
uccjaeqoBanum Ha 45 namueHTax ¢ CPSP. B uccine-
JIOBAaHWM YCTAaHOBJIEHO, 4TO 00a Ipemnapara cro-
COOCTBYIOT CHUKEeHMIO 60JiH 1 ayutonuHuu [40]. B
OTHOILIIEHUHN JPYIrUX IIpenaparoB I'PYIIbl aHTHU-
KOHBYJIbCAHTOB IIOKa3aHa HHU3Kasg 3P QeKTuB-
HOCTB JIEUEHUSI B 9TOM rpyIIIe NalueHToB (41, 42].

AMUTPUNITUIVH OBLI ITEPBLIM aHTHUIETIPEC-
CaHTOM, KOTOPBIN OKa3aJsicsi 9(pPpeKTUBHBIM U O€e3-
OITaCHBIM y MAIlUEHTOB C IleHTPaJIbHOU IMOCTUH-
CYJIBTHOU OOJTBIO TIPH HUCIIOJIF30BAHUH €T0 B J103€
75 MTI' B CYyTKHU [41].

CeJleKTUBHbIE HWHTHUOUTOPHI 0OpaTHOrO
3axBaTa ceporoHuHa (CHO3C): ¢JyBOKCaMUH,
MMAapOKCETUH M MHTUOUTOPHI 0OPATHOTO 3axBaTa
CEpOTOHMHA W HOpaJpeHasnHa (BeHJaadakcuH,
JIYJIOKCETHH) TaKKe MOTYT MCII0JIb30BaTbCA I
JledeHUusl TalMeHTOB C I€HTPAJbHOW IOCTHUH-
cynsrHOU 607b10. B cciienoBanvu Shimodozono
M COaBT. OBLJIO IOKa3aHO, YTO (PJIYBOKCAMUH,
3HAYUTEJILHO YMeHbIIaeT 00Jb y MarueHToB C
CPSP B TeueHume mmepBOro roga Iocje UHCYJIbTa
[43]. OcTanpHBbIe BBIIIENIEpeYrCIIeHHbIE TTpenapa-
ThI UCIIOJIb3YIOTCS B Tepaluy HeUponaTudecKoi
00JI1, HO JaHHBIX M0 Je4YeHuIo anueaTosB ¢ CPSP
HeT [41].

HccnenoBanve 9(p¢peKTUBHOCTH CJIA0BIX
OMMMOUJIOB MOKa3aJio, YTO TPaMajioJl B CpeaHeln
nose 121+61,6 Mr/cyT. CHUYKaeT HUHTEHCUBHOCTD
IeHTaJIbHOU ITOCTUHCYJIETHOM O0stn [44].

9dHERTUBHOCTD METUIIITPETHU30/I0HA ObIIa
W3y4YeHa B PETPOCIEKTUBHOM MCCJIENOBAHUM Y
MalMeHTOB C I[eHTPAJbHOU MOCTUHCYJIBTHON
60J1b10. MeTUITIPETHN30/I0H Ha3HAYAJICSI IIIECTHU-
JTHEBHBIMU KypCaMU CO CTapTOBOU 1030M 24 MI' U
CHUYKEHNEM JI03bI HA 4 MT B JIeHb, UTO IPUBEJIO K
3HAYUTETHHOMY CHIKEHUIO D0JIEBOTO CHHAPOMA
[41]. HemaBHO OBIT OITyO/IMKOBAH KJIMHUYECKUAN

cently, a clinical case of successful use of Pred-
nisolonum at a background of Gabapentinum in a
comorbid patient with central post-stroke pain and
chronic kidney disease. As a result of combined ther-
apy, the dose of Gabapentinum was lessened [45].

Among non-pharmacological methods of
post-stroke pain treatment, the efficacy of transcra-
nial magnetic stimulation (TMS) and deep brain
stimulation (DBS) has been proven best of all.

Transcranial magnetic stimulation (TMS)
possesses a good neurorehabilitation potential for
post-stroke patients [46, 47]. The principle of action
of this method consists in generation of electro-
magnetic impulses causing depolarization of motor
cortex neurons’ membranes and subsequent cas-
cade of descending excitations on a-motoneurons
and peripheral nerves [48]. Rhythmic TMS (rTMS)
is multiple application of short magnetic impulses,
which manifests in formation of new synaptic con-
nections, activation of preserved neurons of pre-
central cortex, restoration of interhemispheric bal-
ance [49]. In an experiment on rats, in the
conditions of experimental ischemic stroke, a new
property of rTMS was discovered: it ability to stim-
ulate differentiation of transplanted human embry-
onic stem cells into neural stem cells [50]. Selection
of the optimal mode and frequency of stimulation
is still an open question. Kobayashi M. et al. carried
out an open-label single-arm study that has shown
that application of rTMS in M1 region once a week
in the mode of 10 sessions, 10 seconds each, with
5 Hz stimulation frequency is effective except for
the cases of severe dysesthesia. Regarding adverse
reactions, the method is safe because only a short-
term mild discomfort in the hairy part of the head
was observed [51]. In another case, rTMS applica-
tion in the same region but using the frequency of
10 Hz during 10 consecutive days led to consider-
able lessening of pain that was observed for 8 weeks
[52]. In a recent investigation of pTMS, the tech-
nique of robot-assisted neuronavigation was uti-
lized in patients with central post-stroke pain. As a
result, it was established that rTMS with a fre-
quency of 20 Hz is safe for the treatment of CPSP
patients, the analgesic effect is cumulated during
the first 4-5 sessions and maintained for 2 weeks
minimum and in some cases — after a year of treat-
ment. During 6 years, the participants conducted
over 1000 sessions of rTMS wherein no adverse
consequences were observed [53].

Deep brain stimulation (DBS) is used in pa-
tients experiencing pain resistant to conservative
treatment [54]. DBS is a neurosurgical intervention
consisting in insertion of a special device (electrode)
into the brain for transmission of electric impulse
generated by a neurostimulator [55]. Mechanisms
underlying DBS are likely to consist in modulation
oflocal neurons and simultaneous induction of ac-

tion potentials in neighboring axons, effect at the
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ciydail a¢p(peKTUBHOrO IpUMeHeHsI TPeJTHNU30-
JIoHa Ha (poHe MpreMa rabarneHTrHa y KOMOpOU/I-
HOM MaIMeHTKHU C [IEeHTPaJbHON IOCTUHCYJIETHON
00JIBI0 W XPOHUYECKOW 00J/Ie3HbI0 II0YeK. B
pesy/ibrare KOMOMHHUPOBAHHOM Tepanuu OblLia
CHIKeHa 103a rabamenTuna [(45].

Cpenu HedapMaKOJOTUYECKUX METO/I0B
JIedeHH I IOCTUHCYJIBTHBIX 00J1eil HanboJiee ToKa-
3aHa 3((PEeKTUBHOCTh TPAHCKPAHUAIBHOU Mar-
HuTHOU cTuMyIisinyd (TMC) 1 iryOOKOM CTUMYJTS -
muu moara (I'CM).

TpanckpaHuajbHasA MarHUTHasA CTUMYJIA-
must (TMC) o6J1aaeT XopoIruM Helpopeaduu-
TAMOHHBIM ITOTEHIIUAJIOM 111 IOCTUHCYJIBTHBIX
00JbHBIX [46, 47]. [IpUHITATI TEHCTBUSI 9TOTO METO-
Jla 3aKJII0YaeTCs B reHepaluy 3JIEKTPOMAarHuT-
HBIX UMITYJIbCOB, IIPUBONAILINX K JeI0JsApu3alun
MeMOpaH HEPOHOB MOTOPHOU KOPBI U JaTbHEM-
1eMy KacKaay HUCXOASIIUX BO30yKIeHUN Ha
-MOTOHEUPOHBI U TleprudepryiecKkre HepBhI [48].
Purmuueckass TMC (pTMC) mipeicTaBJisieT co00i
MHOTOKPAaTHOEe MPpUMeHeHNEe KOPOTKUX MAarHuT-
HBIX UMITYJILCOB, YTO NPOsIBJIsieTcsl B oOpa3oBa-
HUHW HOBBIX CUHAIITUYECKUX CBA3EU, aKTUBAIIUN
COXpaHEHHBIX HEMPOHOB TPEleHTPATLHON KOPHI,
BOCCTAaHOBJIEHUHY MESKIIOJTyTIIapHOTO Oasranca [49].
B skcnepuMeHnTe Ha KpbICax B YCJIOBUAX UCKYC-
CTBEHHO CO3JaHHOI'0 HMIIEeMHUYeCKOI'0 WHCYJIbTa
OTKpPBIJIOCH HOBOe cBo¥cTBO PTMC — cmoco6-
HOCTb CTUMYJIUPOBATh MU epeHIpoBKY TPaHC-
TJIAaHTUPOBAHHBIX 9MOPUOHAIBHBIX CTBOJIOBBIX
KJIETOK yesoBeka (human embryonic stem cells) B
HepBHBbIE CTBOJIOBBIE KJIETKH (neural stem cells)
[50]. BEIOOp ONTUMAIBLHOTO PEsKMMa M YaCTOThI
CTUMYJIALUNA OCTAETCA OTKPBITBIM BOIIPOCOM.
Kobayashi M. u coaBTOpbl IpOBeIN OTKPBITOE
HEKOHTPOJIMpyeMOe MCCJIefOBaHue, KOTopoe
TOKa3aJ1o, 4To ucroJb3oBanue pTMC B obJtacTu
M1 pas B Hegesro B peskume 10 ceancos mo 10
CEeKYH/JI C 4aCTOTOH cTUMyasaAnuu 501 sBisgercs
3 (PEeKTUBHBIM, KDOME CJIYYAEB TAKEJOU TU33-
cTe3uu. MeToj ABJIsIeTCsI 0e30MaCHbIM, TaK KaK U3
He)KeJIaTeJIbHBIX peaKIuil HabJIi0aaacs TOTbKO
KpaTKOBPEMEHHBIN CJIa0bIN TucKOoM@OpT B 00J1a-
CTU BOJIOCUCTOM YacTH ToJI0BHI [51]. B apyrom city-
yae npuMeHenre pTMC B aHaJIOTUYHOU 00J1aCTH,
HO ys3ke ¢ yactoTroil 10 ['1] B TeueHUe MocjenoBa-
TeJbHbIX 10 nHell NpuUBes0 K 3HAYUTEIbHOMY
YMEHbBIIIeHUI0 00JIM, KOTOpoe HabJII0a10ch Ha
NpoTsAYKeHUu 8 HeleJsib [52]. B HegjaBHeM ucciaeno-
Bauuu pPTMC HUCIT0JIb30BaAJI METO] POOOTU3UPO-
BAaHHOU HeWpOHABUTAIIUM Yy MAIlUEHTOB C I[eHT-
panbHOM IMMOCTUHCYJIBTHOR 60J1b10. B peaysbrare
ycranoBJsieHo, uTo pPTMC c wacrotoii 20 I'p 6e3-
omacHa AJisi JedeHus manueHToB ¢ CPSP, ananbre-
TUYECKOe IefICTBUE KYMYJIUPYeTCsI B TeueHue rep-
BbIX 4-5 ceaHCOB U TOAJep;KUBAaeTcs Ha
NPOTSYKEHNUU KaK MUHUMYM 2 HeZleJb, 4 B HEKOTO-

PBIX CJIydasXx U I10CJIE roga JIEYeHUud. B Teuenue 6

level of neuron connections [56]. A recent study has
demonstrated positive influence of DBS also on the
affective component of pain in post-stroke patients
[57]. DBS electrodes are implanted most frequently
into periaqueductal and periventricular grey matter,
medial and lateral ventrocaudal thalamus nuclei
and posterior limb of internal capsule [58]. Deep
stimulation of motor cortex lessens the intensity of
central post-stroke pain at least by 40% whatever
the type (hemorrhagic or ischemic) and location of
a stroke (thalamic or non-thalamic), and electrode
position (epidural or subdural). It was also observed
in the study that a positive result in preoperative
transcranial magnetic stimulation might be a crite-
rion for a selection of patients for DBS [59].

The method’s advantage is the possibility of
treating several post-stroke symptoms in a patient
concurrently. A clinical case has been published
when electrodes were implanted into two parts of
the brain during one surgery for central post-stroke
pains and dystonia. The treatment turned out more
effective because lessening of post-stroke pains ne-
cessitated frequent adjustment of the stimulation
program [60].

Compared to TMS, deep brain stimulation has
a number of disadvantages: invasiveness, high
price of the equipment, severe complications, pa-
tient’s attachment to the operating surgeon or spe-
cial center for adjustment of the stimulation pro-
gram, requirement for specialist care, patient’s
training. One of the ways to address the issues of
expanding practical application of DBS is to teach
neurologists to handle neurostimulators and man-
age such patients, establish specialist centers in re-
gions for patients to receive qualified help wherever
their operation has been carried out [61].

Acupuncture. A comparative investigation of
the efficacy of acupuncture versus Pregabalinum
has been carried out. Results were evaluated after
a4- and 8-week treatment; the efficacy of acupunc-
ture amounted to 50% approximately. In the same
investigation, blood substance P and -endorphin,
which significantly decreased after needle therapy,
were monitored [62]. Application of acupuncture
for thalamic pains turned out more effective than
Pregabalinum. Also, there are studies discussing the
efficacy of combined use of bee venom and
acupuncture. However, due to a small size of the
sample, larger investigations are required [63].

Stellate ganglion block is traditionally used
for upper extremity’s regional pain syndromes. A
clinical case has been recently published wherein
that method of analgesia was used for post-stroke
thalamic pain in the right upper extremity and right
side of the face in a 66-year woman. As a result, pain
abatement and reduction of the dose of analgesics
for a month after the block was noted [64].

Early neurorehabilitation. Comprehensive
early neurorehabilitation is a promising direction to
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JIET y4aCTHUKHU TpoBesin Gosiee 1000 ceaHCOB
pTMC u ipu 3TOM He HaOJIIOIAI0Ch KaKUX-JTN00
HeOJIaroPUATHBIX TTOCJIEICTBUI [53].

Iiry0okast cTUMYJISIIIUS TOJTOBHOTO MO3Ta
(I'CM) ucniosib3yeTcs AJs JedeHus1 6oJielt, ped-
PaKTepHBIX K KOHCEePBAaTUBHOMY JICYEHHUIO [54].
I'CM nipenicraBysieT OO0 HEHPOXUPYPTHUIECKOE
BMeIIATeJbCTBO, 3aKJAI0YAIOIIeecss BO BBeJeHUE
CIIenuaJbHOI0 YCTPOMCTBA B TOJIOBHOW MO3T
(a;mekTpoma) AJisl mepefadyu JIEKTPUUECKOTO
HUMITYJIbCA, TeHepUpPyeMOro HepoCTyMYJIATOPOM
[55]. Mexanusmbl, Jeskaimiue B ocHoBe ['CM,
BEPOATHO, 3aKJIIOYAIOTCS B MOAY/IALNAYN JIOKAJIb-
HBIX HEWPOHOB M OJHOBPEMEHHOU HHIYKINU
IMOTEHIINAJIOB JeHCTBUA B OJIM3JIEKAIINUX aKCO-
Hax, BO3/IeliCTBUU HA YPOBHEe HEHPOHHBIX CBsI3eN
[56]. B HeraBHEM HUCCJIeJOBAHUU IIPOIEMOHCTPU-
poBano, 4yTo 'CM BJIHsIET NOJOKUTETBHO U HA
apHEeKTUBHBIIA KOMIIOHEHT OOJTU Y TIOCTHUHCYJIBT-
HBIX OOJIBHBIX [57]. HanboJiee 4acTo 3JIeKTPOIbI
o1 'CM MMIUIaHTUPYIOT B IIepUAKBEeAyKTaJb-
HO€ U NepUBEHTPUKYJIAPHOE Cepoe BelleCTBO,
MeJHaJbHOe U JaTepajbHOe BEHTPOKayJaJbHbIe
sipa TajaMyca U 3aJHIOI0 HOKKY BHYTpeHHel
Karcyssl [58]. [mybokas CTUMYIAIAS MOTOPHOHI
KOpbI CHU’KAET UHTEHCUBHOCTH I€HTPaJbHOU
MTOCTUHCYJIBTHOM 6011 Kak MUHUMYM Ha 40% BHE
3aBUCUMOCTHU OT THUIIA (reMOpparuyeckuil miu
UIIeMUYeCcKuH), JoKaaAu3aluy NHCyIbTa (Tana-
MYyC UJIA HeTaJaMHu4ecKas JIOKaJanu3alnus) U pac-
TTOJIOKEHUE JJIEKTPO/IA (3AMUAYPaTbHOE NITH Cy0-
nypasibHOe). Tak sKe B HMCCJAETOBAaHUM OBIIO
OTMeUeHO, YTO I0JIO}KUTEIbHBIN pe3y/bTaT IIpei-
oIepalroHHON TpaHCKPaHUAJTbHON MarHUTHOM
CTUMYJISIIIAY MOMKET OBITh KpHUTepueM orbopa
nanueHToB a5 I'CM [59].

[IpermyiiecTBa MeTona — 3TO BO3MOYKHOCTD
JIEYCHU y NallMeHTOB HECKOJIbKUX IIOCTUHCYJIBT -
HBIX CHMIITOMOB OJHOMOMEHTHO. OmyO0JIMKOBaH
KJIMHAYECKUH CJTydail MMIIaHTAIU 3JIEKTPO0B
B JIByX yY4aCTKaxX FOJIOBHOTO MO3ra B Te4eHNe OTHON
onepanuu IJid JedeHUs IeHTPAJTbHBIX MOCTUH-
CYJIBTHBIX O0J1el ¥ IUCTOHWH. JIeueHre 0Ka3aaoch
bosiee a(pHEKTUBHBIM, TaK KaK /11 YMEHBIIIEHUS
MTOCTUHCYJIBTHBIX 00J1€W TPUXOAUIIOCH YacTO KOP-
PEeKTUPOBATh IPOrpamMMmy CTuMyJiAnuu [60].

[iry6okast CTUMYJIATIIAS MO3Ta, 10 CPAaBHEHUIO
¢ TMC, uMeeT psj HeJOCTaTKOB: NTHBA3UBHOCTD,
BBICOKAsi CTOMMOCTH OOOPYIOBaHUS, TAKEJbIE
OCJIOKHEHUSIMU, IPUBSA3AHHOCTH ITAIleHTa K O1e-
pUpYOLIEMYy XMPYPry U/ CIIeIHAJIN3UPOBAHHOMY
LIEHTPY [JJI1 KOPPEKLIUYU IPOrPaMMBbI CTUMYJIALINH,
HeOo0XOMMOCTBIO CITEINAJIN3NPOBAHHOTO YX0/1a,
TpeHuHra nanueHTta. OOUH W3 NyTel pelieHus
po0JieM, CBSI3aHHBIX C PACIITUPEHNUEM ITpaKTUye-
ckoro nnpumeHennss ICM — aTo o6y4yeHre HEBPO-
JIOTOB paboTe ¢ HEWPOCTUMYJISITOPOM U BEJIEHUIO
TaKWX NAI[MEHTOB, CO3/laHNe B PETHOHAX CIelha-
JIN3UPOBAHHBIX IIEHTPOB, T1Ie 60JIbHbIE MOTJIN ObI

prevent development of thalamic syndrome. Many
authors point out that the earlier rehabilitation is
commenced (within the first 2 post-stroke weeks),
the better is the prognosis [65-67]. This is explained
by the fact that during early recovery period, nerv-
ous system remodeling and replacement of func-
tions lost take place more intensively, which is di-
rectly related to neuroplasticity processes [68].

Mirror therapy (MT) is considered an efficient
method of early rehabilitation of patients. The
method is based on the principle that pain occurs
due to inconsistence between the efferent com-
mand of the brain (‘arm to rise’, for instance) and
afferent answer about performance (in the end, the
arm does not move and proprioceptive information
from muscles is not supplied). At the background
of no sensory response, thalamus and brain cortex
remodeling takes place. Therefore, if one ‘deceives’
the brain by supplying visual information instead
of tactile and proprioceptive information one can
render action on the reorganization of sensory
structures, counter-inhibiting intact but function-
ally inactive neurons during early post-stroke pe-
riod. The role of mirror neurons cannot be ruled
out, too [69, 70]. The advantages of MT are its easy
access and usage [71]. A clinical case has been pub-
lished when MT turned out effective for CPSP 5
years after a thalamic stroke. Larger investigations
are necessary to draw further conclusions [72].

A promising direction of CPSP management is
the virtual reality (VR) technique. VR allows utiliz-
ing many modern technological achievements: 3D
computer graphics, special headsets and gloves,
stereo headphones and inertia sensors, also VR
combined with brain-computer interface technol-
ogy [73]. The mechanism of action of the VR tech-
niques is that during ‘immersion’ into virtual real-
ity, the intensity of processing of incoming pain
impulses decreases thanks to distraction of atten-
tion from pain sensations, thus, the psychological
factor in pain pathogenesis is offset. At the cellular
level, this phenomenon manifests in decreased ac-
tivity of neurons in specific regions of the brain [74].
VR helps abating patient’s pain feeling by 30-50%,
which is comparable with the effect of potent anal-
gesics, moreover, the said method is free of side ef-
fects [75]. Today, VR is widely used in pediatric prac-
tice for phantom pains [76], also during the early
post-stroke period, together with physical exer-
cises, to restore the function of paretic extremities
[77, 78]. VR has not been studied for treatment of
central post-stroke pain, yet.

Thalamic syndrome in newborns. Neonatal
thalamic hemorrhagic stroke causes high preva-
lence of neurological complications [79, 80]. Mor-
bidity data vary greatly and comprise 1-12 cases
per 100,000 children by some sources [81]. Other
studies reported high incidence (46%) of thalamic

hemorrhage [82]. The findings of the International
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[10JTy4aTh KBaJU(UIIMPOBAHHYIO IIOMOIIb He3aBU-
CHMO OT TOTO, Te UX ollepupoBasu [61].

AxynyHKTypa. [IpoBOAnI0CE CpaBHUTEJIb-
Hoe ucciaegoBanue 3 HeKTUBHOCTU aAKYITyHKTY-
pbI 1 iperabanvaa. OIeHKa pe3ysIbraToB MPOBO-
auJack Iocje 4 U 8-HemeJIbHOTO JieueHUs,
3(p(PEKTUBHOCTDH AKYMYHKTYPhI COCTABMJIA OKOJIO
50%. B aTOM sKe nccaeqoBaHU BeJId MOHUTOPUHT
KOHIleHTpanuu cyocrannuu P u B-aunopduHa B
KPOBH, KOTOPBIE II0CJIe UIVIOYKaJIbIBAHUS CYIIe-
CTBEHHO CHUYKAJINCH [62]. [IpuMeHeHne aKyIIyHK-
Typbl TOpPU TaJTaMHYECKUX OOJAX OKa3aJI0Ch
addeKTUBHEee WCIOJL30BAHUS IIperadbaanHa.
TaryKke CyIIeCTBYIOT MCCJIEJOBaHUsI, B KOTOPBIX
paccmarpuBaeTcs 3(pHEeKTUBHOCTh COBMECTHOTO
NIPYMEHEeHU TYeINHOI0 s1a ¥ aKyyHKTyphL. Ho
Tak Kak BhIOOpKaA HeOOJIbIIIast, TO TpedyeTcs mpo-
BejeHue 00Jiee MacCOBbBIX MCCJIeq0BaHul [63].

Biokana 3Be314aToro raurivuA TPa UuIOH-
HO HCIIOJIb3YyeTCA AJIA JIeYeHUs pernoHapHBIX
00JIEBBIX CHUHIPOMOB BepXHEHd KOHEYHOCTH.
HenaBHo OB OTyOJTMKOBAH KIWMHUYECKHUH CITy-
4Yall, B KOTOPOM 3TOT MeToj 00e360IuBaHUS
HCI0JIb30BAJ/IH IIPU IIOCTUHCYJIBTHOU TasaMuye-
CKoOI1 60JTH B TIpaBO¥ BEpXHEH KOHEYHOCTH U ITpa-
BOU CTOpOHE JINIIA Y SKEHIUHBI 66 J1eT. B peaynb-
Tare 0TMEYaJIOCh CHUKeHNe 00JIM M YMEeHbIIIeHNe
J103bl AHAJIbTETUKOB B TeuyeHHe Mecsla IIocjie
OJ10KagbI [64].

PanHsa HelipopeabuiauTamusa. Komriekc-
Hasl paHHSSA HeUpopeadbuIUTaINS sIBJISIETCS TIep-
CIIEKTUBHBIM HallpaBJIeHUEM IJIA [Ipeaylpeskie-
HUS PasBUTHUs TaJaMHUYECKOTO CHHIpPOMA.
MHorue aBTOpPBI OTMEYAalOT, YTO YEM paHbIIe
Havara peabuynTanys (mepBble 2 HeJe /U TOCTUH-
CYJIBTHOTO IIEPUO/Ia), TeM JIy4llle IIPOrHo3 [65-67].
ITO 0O'BACHSIETCS TEM, YTO B pAHHUH BOCCTAHOBH-
TeJbHBIN Tepuop 6oJiee aKTUBHO ITPOUCXOIUT
repecTpoiika HEPBHOU CUCTEMbI U BOCIIOJTHEHHE
yTpaueHHbIX (PYHKIWHI, YTO HAIPSIMYIO CBSI3AHO C
MpoIleccamMy HEUPOTJIaCTUYHOCTH [68].

OnauM u3 3 (PEKTUBHBIX METO/IOB paHHEN
peabuauTanuy OOJBHBIX CYMTAETCS 3epKaJTbHAST
tepanus (3T). [TpuHIMI MeToaa: 6015 BOSHUKAET
13-3a HECOOTBETCTBUA a(pdhepepeHTHON KOMAH/IbI
Mo3ra («pyka ofHuMalcsi», HaripuMep) u apde-
PEHTHOI'O OTBETAa O BBIIIOJIHEHNUY (PyKa B UTOTe He
JIBUTAETCS ¥ TPOTIPUOIIENITUBHASA MH(OpMAIIUS OT
MBIIIIL He TocTynaet). Ha ¢poHe oTCyTCTBUSA CEH-
COPHOT0 OTBeTa BO3HUKAET IEpeCTPOiiKa TaJaMy-
ca W KOpBbI TOJOBHOrO Mo3ra. CjaenoBaTeabHO,
ecsil «0OMaHyTh» MO3T, MPEJOCTABUB €My 3pH-
TeJbHYI0 UH(pOPMAIIUI0 BMECTO TAKTUIBHONH U
MPOTIPUOIMIITUBHOMN, MOYKHO BO3/1€ICTBOBATh Ha
peopra’nusalnio CCHCOPHBIX CTPYKTYp, pacTopMa-
SKMBasi COXpaHHbIe, HO (PYHKI[MOHAIBbHO HEAKTUB-
Hble HEUpPOHBI B paHHEM BOCCTAaHOBUTEJHLHOM
nepuoge Iocjie MHCyJbra. He ncriaodaerca u

PpOJIb 3epKaJIbHBIX HEUPOHOB [69, 70]. [Tpenmy1ie-

Pediatric Stroke Study have shown that in the mor-
bidity structure, more than a half of all cases of
sinus thrombosis of the brain diagnosed during in-
fancy and childhood is due to newborns [83, 84].

In newborns, thalamic stroke is more often
unilateral, though various injuries of various struc-
tures of the brain rather than thalamus only are
possible, too. Typical clinical symptoms of injury
during the acute period include loss of conscious-
ness of varying degrees of manifestation, convul-
sive readiness or convulsions [79].

In a long term, 10-67% of children develop a
range of disturbances in nervous system develop-
ment: infantile cerebral paralysis, epilepsy, cognitive
dysfunctions [82]. After a past unilateral lesion, the
loss of thalamus volume reaches 19 to 94%. Irre-
versible changes take place mostly in medial and
dorsal nuclei. These injuries lead to white matter de-
struction and ventriculomegalia. A cortex thickness
assay did not find asymmetry in the hemisphere
[86]. Follow-up monitoring of children with unilat-
eral hemorrhagic thalamic stroke shows thalamus
atrophy without neurological symptoms while chil-
dren suffered from a gross lesion of thalamus de-
velop epilepsy. Long-term neurologic outcomes de-
pend on the hemorrhage size and location [79].

After a thalamic hemorrhagic stroke, epilepsy
is formed most frequently [79, 82, 85]. Newborns
with a thalamic hemorrhage without a diffuse cere-
bral injury feature a high risk of developing an
epileptic fit during slow wave sleep (35%) or focal
epilepsy (14%). The incidence of symptomatic
epilepsy in children with past history of neonatal
convulsions is 18 to 25% during the first year [86].

Electroencephalographic signs of an epileptic
fit during slow wave sleep are early symptoms pre-
ceding cognitive disturbances. Regular annual elec-
troencephalography during sleep in children with
past history of thalamus injury might improve
recognition of an epileptic fit during slow wave
sleep. Early diagnosis might help parents and care-
givers of a child while subsequent treatment might
improve the outcome of nervous system develop-
ment [80].

Considerations for teaching the specialist.
Management of central post-stroke pain is a topical
issue, so it is necessary to consider the possibility
of studying this type of pain syndrome within the
program of continuous professional education of
physicians specializing in different disciplines. Tak-
ing into account the importance of the nosology
under examination, we think it would be most ap-
propriate to include ‘Pain Management’ as a disci-
pline in the education program. In the course of
discipline study, the ‘simulated patient’ methodol-
ogy where the roles of the ‘patient’ and the ‘physi-
cian’ are played by the students themselves would
be used. This methodology enables students to sys-
tematize their knowledge of nervous system
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crBa 3T — 9TO JOCTYIIHOCTD U IPOCTOTA UCII0JIb-
3oBaHuA [71]. Ony6JIMKOBaH KIUHUYECKUHN CITy-
4yaii, B koropoM 3T okasanacek apderTuBHa A5
neuyenus CPSP yepes 5 jeT nocJie Ta;ilaMu4ecKoTo
WHCYJIBTA. [IJIs1 MaIbHEeHITNX BBIBOJJOB HEOOXOIM -
MbI 00JIee MACCOBBIE UCCJIeI0BaHuA [72].

[lepcrieKTUBHBIM HAlpaBJIEHUEM JeYeHUs
CPSP sBJjisieTcss MeTO, BUPTYaaIbHOI peaTbHOCTU
(BP). MeTon BP mo3BoJisseT uCIoabp30BaTh MHOTHUE
COBpPEMEHHBbIE TeXHHUUYeCKHue IOCTHsKeHus: 3D
KOMIIBIOTEPHYIO TPad UKy, CleliiajabHble IJIEMbI
U Ilep4YaTKH, CTepeOHayIIHUKNA 1 NUHEePLIUOHHbIE
IaTYNKH, a Tak:ke BP cOBMECTHO ¢ TEXHOJIOTHEN
MO3T — KOMIIbIOTep uHTepQeiica [73]. MexaHuam
IeiicTBusi MeTona BP B ToM, 4TO BO BpeMs «I10rpy-
SKeHHUs» B BUPTYyaJbHBIA MUD yMeHBIIAeTCs
WHTEHCUBHOCTh 00pabOTKU BXOIANINX 00JIE€BBIX
HMIIYJIbCOB 3a CYeT OTBJICYEHUs BHUMAHUSA OT
00JIEBBIX OIIYIIIEHUH, ¥, TAKUM 00pa3oM, HUBEJIH -
pyeTcsi ICUX0JIOTUYEeCKUH (paKkToOp B aroreHese
6os11. Ha kK71€TOYHOM YPOBHE 3TOT (DEHOMEH TIPO-
SIBJISIETCSI B YMEHBIIIEHUN aKTUBHOCTU HEMPOHOB
criermuuyecknx obsracrei mosra [74]. Ilpumene-
Hue MeTonoB BP mosBoJisger CHU3UTL 00JIeBbIE
omrymienuda nanyuenTa Ha 30-50%, 4TO COIIOCTaBU-
MO C e ICTBUEM CUJIbHBIX 00€300/IMBAIOIINX ITpe-
[1apaToB, IPU 9TOM YKa3aHHBII MeTO He BbI3bIBa-
eT mo6ovYHbIX 3P ekToB [75]. B HacTosIIEE BpeMs
MeTox BP akTHBHO HMCIIOJIB3yeTcA B Iieguarpude-
CKOI1 IPaKTHUKe, IJIsI JIeueHUsT (PaHTOMHBIX O0J1ei
[76], a Takke B paHHEM IIOCTUHCYJIBTHOM IIEpUOAe
JJII BOCCTAHOBJIEHUS (PYHKUIMU MapeTUYHbIX
KOHEYHOCTed B KOMOMHAIUM C (PU3UYECKUMU
yrpaskHeHusamu [77, 78]. Mcciaenosanus BP njia
JIeUeHUS IeHTPATbHBIX TOCTUHCYJIBTHBIX O0JIel
ellle He TPOBOJINJIUCE.

TanaMu4YecKUH CHHIPOM Y HOBOPOXKJEH-
HbIX. HeoHaTanbHbBIN TaTaMUYECKU reMopparu-
YeCKUH WHCYJIBT 00YCI0BJINBAET BHICOKYIO YaCTO-
Ty HEBPOJIOTMYECKUX nocsaeactsuii [79, 80].
IMauHabIE 0 320071€BAEMOCTH CUJIBHO Pa3HATCA. B
OJHUX MCTOYHUKAX YKa3bIBAIOTCA JaHHble 1-12
caydaeB Ha 100 000 nmeteit [81]. JIpyrue aBTOpPSHI
COO00IIAIOT 0 BBICOKOI YacToTe (46%) pas3BUTUSA
TaJlaMU4YeCKOTO0 KpOoBOU3AUAHUA [82]. JlaHHBIE
MesxkayHapOgHOTO ITefuaTpuYeCcKoro uccaegoBa-
HUSI MHCYJIBTa TOKa3aJIv, 4YT0 B CTPYKTYpe 3aboJe-
BAEMOCTH HA JI0JII0 HOBOPOYKIEHHBIX IPUXOIUTCS
0oJlee TIOJIOBMHBI BCEX CHHYCHBIX TPOMOO30B
TOJIOBHOTO MO3ra, JUarHOCTUPOBAHHBIX B MJIa-
JIeHYEeCKOM U 1eTCKOM Bo3pacre [83, 84].

TajlaMyruecKuil HHCYJIBT Y HOBOPOSKAEHHBIX
qare ObIBaeT OJHOCTOPOHHUM, XOTS BO3MOSKHBI
BapUaHThI IIOBPEKICHUs Pa3/JIMYHbIX CTPYKTYP
He TOJIbKO TajlaMyCd, HO W TI'OJIOBHOI'O MOS3ra.
XapaKTepHbIMA KJWHUYECKUMH [MpPU3HAKAMU
MMOBPEsKIEHUsI B OCTPOM ITepUO]Ie ABJISAIOTCA OTe-
ps CO3HAHUS Pa3JIMYHON CTENEHU BbhIPA’KEHHO-
CTH, CyJOPO’KHasA TOTOBHOCTh WJIU Cyoporu [79].

anatomy and physiology, identify the most signifi-
cant pain syndromes including post-stroke thala-
mic pain, carry out their differential diagnostics
and pain intensity assessment using different
scales, learn to word the clinical diagnosis and pre-
scribe treatment. All this would provide physicians
a full picture of the mechanisms of central post-
stroke pain development [87].

Conclusion

Post-stroke pain management is becoming a
priority direction of public healthcare; in this con-
nection, the attention of physicians specializing in
allied disciplines is focused on rehabilitation of
post-stroke patients. The most promising preven-
tive measure is neurorehabilitation, which is better
to commence within the first two post-stroke
weeks. Thalamic syndrome diagnosis and evalua-
tion of management efficacy should be carried out
using special scales and questionnaires. The avail-
able medications allow prescribing an individual
treatment regime taking into account patient’s pe-
culiarities. Combined CPSP therapy includes both
pharmacological and non-pharmacological meth-
ods including transcranial magnetic stimulation
and deep brain stimulation.

Post-stroke thalamic syndrome in newborns
has specific long-term outcomes. If adult patients
develop various pain syndromes, the most com-
mon complication in children is epilepsy. There-
fore, pediatricians, pediatric neurologists have to
address issues aimed at early diagnosis of this dis-
ease and develop a program of individual monitor-
ing of a child, which in the end will improve the
long-term outcomes of thalamic syndrome.

In view of the high relevance of the topic, there
is a requirement for teaching physicians specializ-
ing in different disciplines as part of the program of
continuous professional education.

B ornanennom nnepuogey 10-67% nereit pop-
MUpPYeTCsl CIIEKTP HapylleHUd B pa3BUTUU HEPB-
HO¥ CHCTEMBI: JeTCKUH 1epedpaabHbINA Tapaind,
3NMJIENICUsI, KOTHUTUBHBIE AUCHYHKIUU [82].
ITocJie mepeHeceHHOTr0 OGHOCTOPOHHETO ITI0paske-
HUs IOTepsi oObeMa TajaMyca cocTaBJseT oT 19
o 94%. HeobpaTrnMble N3MEHEHUsT TTPOUCXOISAT
NIpEeuMyLIeCTBEHHO B MEeINaJIbHOM U JOPCAIbHOM
Anpax. ITU NOBPEKICHUS IPUBOIAT K IECTPYK-
nuy 0eJIoro BemiecTBa M BEHTPHUKYIOMETAJIHN.
KosmuecTBeHHOE onpeneieHue TOMIUHBI KOPBI
He BbIABUJIO aCUMMETPHUU B oJiyiapud [85]. [Ipu
KaTaMHECTHYeCKOM HaOJTIOIEHNH y IeTeH C OTHO-
CTOPOHHUM IreMOpparudyeCcKuM MHCYJIETOM TaJla-
Myca HabJrofaeTcst arpodus Tamamyca 6e3 HeBpo-
JIOTUYECKUX CHMIITOMOB, TOTAA KakK y JeTel,
TepeHecIuX O0IMUpPHOe MOpaskeHNe TalaMyca,
¢dopmupyercs anuiiencusi. OTganeHHble HEBPO-
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JIOTUYeCKHe UCXOMIbI 3aBUCAT OT padMepa 1 JIOKa-
JU3aly KpOBOUBJIUAHUSA [79].

[locsie TanaMuuecKOro reMopparunv4ecKoro
WHCYJIBTa HanboJiee 9acTo G OpMUPYeETCsI AITHATIET -
cud [79, 82, 85]. ¥ HOBOPOKIAEHHBIX C TaJaMu4e-
CKUM KPOBOUBJIUSTHIEM, O€3 PacIpoCTPaHEeHHOTO
1epebpaJibHOTO TTOBPEXKIEHUSA, UMEETCS BBICO-
KU PUCK Pa3BUTHUSA AMMUJIETITUYECKOTO MPUTIaIKa
BO BpeMs MejyieHHOM ¢asbl cHa (35%) wuau
doranbHOM anuerncuu (14%). Yactora pa3BUTHUSA
CUMIITOMaTU4YeCKOM 3IIUJIETICUH Y IeTell ¢ HeOHa-
TaJILHBIMHU CyLOpPOraMH B aHaMHe3e, Ha IIepBOM
rofy YKU3HU COCTaBJidgeT oT 18 no 25% [86].

dJekTpoaHiedasorpapuieckre NIpusHaku
3MUJIENITUYECKOTO MMPUINAIKA BO BpeMs MeJJIeH-
HO¥ (hasbl CHA SBJISIOTCS PAHHUMU, U TIpeJIiie-
CTBYIOT KOTHUTHUBHBIM HapylleHusAM. Perynspasle
esKero/IHbIe 3aMMCH 3JIEKTPOaHIledaorpaduu BO
CHe y leTell C IOBpesKIeHreM TajlaMyca B aHaMHe-
3e MOI'yT YJIy4YLIUTh PACIIO3HABAHUE JIIUJICIITUYe-
CKOT0 IPUMAJIKka BO BpeMsi MeJlJIeHHOH a3kl CHA.
PaHHsIA MMarHocTUKa MOKeT MOMOYb POUTEIIAM
1 JINI]aM, OCYIIECTBJISIONIAM YX0J 3a pe0eHKOM, a
IocJjenyolee JieYeHrue MOYKeT YIIy4IIUTb Pe3yJib-
TaThl PAa3BUTHUs HEPBHOU cucTeMbI [80].

BompockI 00y4ueHHsI cCrienuaanucToB. Jleue-
HHE IeHTPaJbHBIX ITOCTUHCYJIBTHBIX OOJIell —
aKTyasibHasg IMpobJseMa, IMO3ITOMY HeOoOXOIUMO
paccMoTpeTb BO3MOKHOCTb U3Y4€HUA 3TOr0 BUIA
00JIeBOTO CHHIpOMAa B paMKaxX IPOTPaMMbI
HeIpepbIBHOTO MPO(eCcCHoOHAJILHOTO 00pa3oBa-
HUSI Bpauell MHOTUX CIelMaabHOCTEN. YUUThIBAs
3HAUYMMOCTh M3y4aeMOH HO30JIOTHH, Ha Halll
B3IIsA HauboJee Iejieco00pasHO BKJIOYUTH B
nporpamMmy oOydYeHUsl NHUCHUNINHY «JledeHue
6oJtr». Bo BpeMsi M3yueHusI TUCITATIIMHBI UCTIOJTh-
3yeTcsI MeTOIMKA «CUMYJINPOBAHHbBIM MAllUEHT», B
KOTOpPOH «IallMeHTa» M «Bpada» UrpalOT CaMu
oby4Jaromuecsi. ITa METOAMKA ITO3BOJISIET y4aCT-
HUKaM CUCTEMaTU3NUPOBATh 3HAHUA 110 aHATOMUU
U (pu3noorum HepBHOW CUCTEMBI, BBISIBUTH Hal-
boJiee 3HAaUYMMBble 0OOJIEBbIE CUHIPOMBI, B TOM
YHCJIe TOCTUHCYJIBTHYIO TaJIJaMAYECKYI0 OO0JIb,
MIPOBOJUTH UX AU depeHInalbHYI0 TUarHOCTUKY
U OLIEHKY MHTEHCUBHOCTH C IPUMEHEHUEeM pas-
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JIMYHBIX IIKAJI, HAyYUTbCA (POPMYIUPOBATH KJIU-
HUYECKUU JUarHo3 W Ha3Hayvarhb JieueHue. JTO B
COBOKYIIHOCTH JaeT BO3MOKHOCTh BpadaMm II0JIy-
4UTH MMOJIHOE ITPeCTaBJIEHNE O MeXaHU3Max pas-
BUTHS [IEHTPATHHON TOCTUHCYJIBTHOH 0011 [87].

3akJrouenue

JleueHre TOCTUHCYIBTHOH 60OJIV CTAHOBUTCS
NIPUOPUTETHBIM HaIlpaBJIEHUEM 3[IpaBOOXpaHe-
HUsI, B CBSI3U C YeM, BHUMaHUe Bpayell CMesKHbIX
CIIeNMaJIbHOCTEN aKIIEeHTUPYeTCsT Ha peaduinTa-
WY TAIMEHTOB C MHCYJIETOM. Hanbosiee mepcrek-
TUBHBIM NOPOQPUIAKTUYECKUM MepOIpUsITHEM
CUYWTaEeTCsI paHHsS HellpopeabumTamnusi, KOTO-
PpYIo Iiesiecoob6pa3Ho HAavaTh B ITEPBBIE IBE HEHETU
IIOCTUHCYJBTHOTO Ilepuofa. [ljisg NUarHOCTUKU
TaJaMUYeCKOT0 CHUHAPOMA, a TaKKe OIleHKU
3(ppeKTUBHOCTH TPOBOAMMOTO JIEUEHH I, HEOOXO-
JIUMO HCIIOJb30BaTh CIeNuaJu3UpPOBAHHbIE
IIKAJIbl U OIIPOCHUKU. VIMelolinecs: MeIuKaMeH-
TO3HbIE CPEAICTBA IO3BOJISIIOT HA3HAYUTD NHIUBU-
IYyaIbHYIO CXEMY JIEUYeHUsI, C Y4€TOM OCOOEHHO-
creii manumeHTta. KommiekcHass tepanuss CPSP
BKJIIOYaeT (papMaKOJOTUYECKUE U HE MeTUKaMeH-
TO3HbIE METOIUKH, B TOM YHCJIe TPAHCKPaHUAIb-
HYI0 MarHUTHYIO CTUMYJISIITAIO ¥ TUTyOOKYIO CTUMY-
JISIIIMIO TOJIOBHOTO MO3ra.

[ToCTUHCYIBTHBIN TaTaMUYEeCKUI CUHIIPOM Y
HOBOPOYKJIEHHBIX UM€eeT CBOU OTJaJleHHbIe UCXO-
Ibl. Ecu y B3poC/bIX NalieHTOB (hOpMUPYIOTCS
pasim4HbIe 60JIEBbIE CUHIPOMBI, TO y A€Tel Hau-
0oJ1ee YaCThIM OCJIOYKHEHVEM SIBJISIETCS JITUJIEN-
cusl. B cBs13U ¢ ueM, leuarpam, JETCKUM HEBPOJIO-
ram HeoOX0JMMO pelaTh 3a/ia4d, HalpaBJIEHHbIE
Ha paHHIOIO JMAarHOCTHKY 9TOTO 3a00JIeBaHMsl, pas-
pabarpiBaTh  TpOTpPaMMy  HHIWUBUAYAJIHHOTO
Ha0JTIoIeHNs 32 pe0EHKOM, YTO B KOHEYHOM UTOTE
VIYYIIAT OTJaJeHHBble HCXOMAbl TaJIaMHUYeCKOTO
CHUHJpOMA.

YuUTBhIBasA AKTYaJIbHOCTD IIPEICTABIEHHON
TEMBI, CYIIIECTBYeT HEOOXOIMMOCTb O0y4eHHUsI Bpa-
4yell pa3/IMYHBIX CHeNUaJbHOCTEN U BKIIOUEHUE
ee B IIpOrpaMMy HEIPePbIBHOTO PO eCCuOHAIb-
HOT0 00pa3oBaHMUsI.
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PoJ1b MPOTEOTUTHYECKHX CHCTEM CTPOMBI
B OITyX0JIEBOM mporpeccuu (0630p)

E. B. Kyraesckas, O. C. Tumoiuenko, T. A. I'ypeea, H. 1. CosmoBseBa

HUWU 6uomenuuuHckoil xumuu M. B. H. OpexoBuya,
Poccus, 119121, . Mocksa, ya1. IToroguHckas, 1.10

The Role of Stromal Proteolytic Systems in Cancer Progression (Review)
Elena V. Kugaevskaya, Olga S. Timoshenko, Tatiana A. Gureeva, Nina I. Solovieva

V. N. Orekhovich Research Institute of Biomedical Chemistry,
10 Pogodinskaya Str., 119121 Moscow, Russia

OukoJsiornueckre 3ab0oJieBaHUs SIBJISTIOTCS SKU3HEYTPOIKAIOIIEHN MMaToJIOrHel, 3aHUMAIoIeld BTOpoe
MeCTO CpeJyl IPUYHH 3a00J1€BaeMOCTH M1 CMEPTHOCTH IIOCJIE CEPAEYHO-COCYIUCTHIX 3abosieBanmii. BoisicHe-
HHe MeXaHU3MOB IIpoliecca KaHIleporeHe3a I103B0JIsIeT PACIIUPUTh apCeHaJl CPeJCTB [JIs IpeSyIIpesKIeHUs
Pas3BUTUsI KDUTUYECKUX COCTOSTHUN IIPU 9TOM 1aTOJIOIUU.

B HacToAmee BpemMsa NIpOTEOJIMTAYECKUE CUCTEMBI OITyX0JI€BOTO MUKPOOKpy:keHus (OM) paccmarpu-
BAIOTCS B KaYeCTBE KJIIOUEBBIX PETYIATOPOB IIPOIIECCOB OITyX0JIEBOI IMPOrPECCHH, 00eCIIeunBaIOIIIX OIIy -
XO0JIEBBIY POCT, UHBA3UIO U MeTacTa3upOBaHUe.

B 0630pe paccMOTpeHBI CTPYKTypa ¥ pob OM B mporpeccud ommyXoJtu. [IpuBOsITCA COBpEMEHHbIE TaH-
HbIE O POJIX IPOTEOIUTUYECKUX CUCTEM BO B3aUMOeHCTBIUU KJIETOK CTPOMBI C KJIETKaMU OIIyXOJIU IIpU pas-
JINMYHBIX TUIIAX PaKa YeJ0BEeKa.

Hawu6oJiee N3y4Y€HHBIMU IIPOTEOJIUTUYECCKUMU CUCTEMaMU, BOBJIECYUEHHBIMU B OITyXOJIEBYIO IIPOTrPECCUIO,
AIBJISIIOTCSA CUCTEeMa MaTPUKCHBIX MeTasionporenHasd (MMII), cucreMbl akTUBaTOpa IJIA3MUHOT€HA YPOKHU-
HasHoTOo THNA (UPA-crcTeMa), a TakKe pa3INYHbIe KaTeIICUHEI, TPAH3UMEI U 9J1acTa3a. VIHrnoupoBanme
BHEKJIETOUYHOI'O IIPOTe0/113a IIPU Pa3BUTUU OHKOJIOTHYECKOT0 IIpoIiecca pacCMaTprUBaeTcs B KauecTBe Jleii-
CTBEHHOI'0 II0JX0/Ja B Tepalluu paka.

Knaroueswte crosa: KAHUepozeHes;, onyxoJjieeoe MUkpookpydcerHue; Cmpoma; MampukcHsle memanionpo-
meunasvl; uPA-cucmema; npomeoJiua; onyxoJjesas npozpeccus; uHesa3us, menacmasuposaHue

Oncological diseases belong to life-threatening pathologies being the second most frequent cause of mor-
bidity and mortality after cardiovascular diseases. Clarification of carcinogenesis mechanisms makes it possible
to expand the stock of tools available for prevention of critical illness accompanying this pathological condi-
tion.

Nowadays, proteolytic systems of tumor microenvironment (TME) are regarded as key regulators of a tumor
progression including tumor growth, invasion and metastazing. The review discusses TME structure and role
in cancer progression.

Recent data decipher the role of proteolytic systems in the interaction stromal cells with tumor cells in dif-
ferent types of cancer in humans. The most known proteolytic systems contributed to cancer progression are
matrix metalloproteinase system (MMP), urokinase-type plasminogen activator system (uPA-system), various
cathepsins, granzymes, and elastase. Inhibition of extracellular proteolysis in the course of an oncological
process is considered an effective approach to cancer therapy.

Keywords: carcinogenesis, tumor microenvironment, stroma, matrix metalloproteinases, uPA-system; pro-
teolysis; cancer progression; invasion; metastasis
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BBenenue

B Hacrosiiee BpeMsi MpU JIEYEHUH paKa
OCHOBHBIMH TepalleBTUYeCKUMU MUIIIEeHAMU
SIBJISIIOTCST 3JIOKQ4Y€CTBEHHBIE KJIETKH, U TPAKTH-
YeCKW WTHOPUPYIOTCS He PaKOBbIE KJIETOYHBIE

Introduction

Malignant cells are traditionally considered as
the most popular therapeutic targets in cancer
treatment while non-cancer cell components from
tumor microenvironment (TME) are less known.
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KOMIIOHEHTBI, [IPUCYTCTBYIOILINE B OIIyX0JIEBOM
MUKPOOKpysxeHnu (OM). Kak n3aBecTHO, OIIyX0JIb
COCTOHUT U3 ABYX CTPYKTYPHBIX KOMIIOHEHTOB —
OIIYXOJIEBBIX KJIETOK M CTpPOMBI. OIyXoJieBble
KJIETKM BKJIOYAIOT KJIETKU, KOTOPbIE ABJISAIOTCS
pe3y/abTaToM 3JI0Ka4eCTBEHHOM TpaHCchopMaIu
Y KJIOHBI 9THUX KJIETOK, 00pa3yroImecs B IpoIecce
npoaudepanuu. CTpoMa ONyXoJd COCTOUT M3
TaKUX CTPYKTYPHBIX 3JIEMEHTOB, KaK KJIETKU U
BHEKJIETOUYHBLI COeIWHHUTEJbHOTKAHHBLINA MaT-
pukc (CTM), cocynsl u HepBHBIE OKOHYaHHUA [1].
IlokasaHO, 4YTO OIlyX0JieBasA CTPOMa BBIIIOJIHAET
He TOJIBKO TPO(PUYECKYIO, MOLYJIUPYIOLIYI0 U
OIOPHYIO (PYHKIIMHU, HO TAKKe yIACTBYET B IIPO-
neccax mnpoJsimdepanuu U audd@epeHInpoBKU
OITyXO0JIEBBIX KJIETOK, KOTOpPbI€ aCCOLIMMPOBAHBI C
WHBAa3UBHBIM POCTOM U MeTacTa3upoBaHueM [2].
OHAKO OMyX0JIb TaKKe CEKPETUPYET LeJIbIH P
peryJisiTOpHbIX (haKTOPOB, BIUSIONINX HA Pa3BU-
THe yKa3aHHBIX IPOIIeccoB. Takum 06pa3om, CTpo-
Ma BJIMsIET Ha pa3BUTHE OIYXOJIM U CaMa OITyX0JIb
BJIMAET Ha pa3BUTHE CTPOMBI [3].

CrpoMa siBJIsIeTCS Ba)KHEUIIIUM KOMITOHEH-
ToM OM. OM — 39TO YHUKaJIbHAA Cpefa, afalTu-
pymotasics K moTpeOHOCTAM PacTyIIel OmyXoJy,
MTO3BOJISAIONIAS OIyX0JU Pa3BUBAThHCS U CIIOCO0-
CTByIOIIIaA ee 3jI0KayecTBeHHOCTU. OM BRJIIOYaer
B ce0s1 Bce KJIETOYHbBIE 1 MOJIEKY/ISIPHbIE KOMIIO-
HEHTBI, OKpPy Kaloll}ie OIyX0JIb, B TOM YHCJIE KJIeT-
KU UMMYHHOU CHCTEMBI, KJIETKU KPOBH, 9HJIOTE-
JUaJbHbIE KJETKH, JSKAPOBBIE KJETKU WU
BHekJeTouHBIA CTM [4, 5]. Momean, OnuChIBAO-
me Baussaue OM Ha pa3BUTHE paka, JeMOHCTPU-
PYIOT CJIO5KHOCTB B3aUMOJeCTBUI MEYK Ty OITyXO-
JBIO U Pa3JIUYHBIMU KOMITIOHeHTaMu OM, MHOTHE
13 KOTOPBIX BOBJIEYEHBI B OIyXOJEBBIH POCT, a
TaK)Ke CIIOCOOCTBYIOT YCTOMYMBOCTH K TePaIuy,
HalleJIeHHOU Ha pakoBbIe KJieTKu [6-10]. Poab OM
B OITyXOJIEBOH MpOTpeccuu ObLIa MOATBEPIKIeHA
Ha pasJIMYHbIX 3KCIIEPUMEHTATbHBIX MOJEJISIX
paka. B Hacrosiee BpeMs CTOUT 337a4a MO CO3-
JIAHWUIO TepaleBTUYECKUX MPENnaparoB, HANpaB-
JieHHbIX Ha OM [11, 12].

CuuTaeTcsi, YTO B3aUMOJENCTBUE MEKIY
CTPOMOM M OIyXOJIEBBIMU KJE€TKAaMH HUTrpaer
pelIaIyo poJb B OIIyX0JIEBOU IIpOTrpeccuu u
TepareBTUYeCKON pe3ucTeHTHOCTH [1, 2, 4, 11].
JTO nelicTBHEe OOYCJIOBJIEHO KaK IIPUCYITUMH
CTpPOME CBOMCTBAMHU, TaK U aJAITUBHBIM OTBETOM
CTPOMBI Ha TepalieBTUYeCKOe BMEIATEeJIbCTBO.
[TokasaHo, 4TO coYeTaHWEe ABTOHOMHBIX PAKOBBIX
KJIETOUHBIX MYTallui C U3MEHEHUSIMU CTPOMBI
IIPOMOTHUPYET OIIYXOJIEBYI0 IIPOTPECCUI0 U
Hen30e)KHO MIPUBOIUT K 3a00JIEBAaHUIO C JI€TATh-
HBIM ucxonom [10].

AcconuHupOBaHHBIE C OIIyXO0JIbI0 CTPOMAJIb-
HbIE€ KJIETKU BBIIEJSIOT MHOKECTBO Pa3JIMUHbBIX
MeInaTopoB W (PaKTOPOB POCTA, CIOCOOCTBYIO-
IIIAX OITYX0JIEBOH IIPOTPECCHH, U, TAKUM 00pa30oM,

the tumor, however, contains at least two structural
components, malignant cells and stroma. Cancer
cells result from malignant transformation and
clones of those cells are produced through prolifer-
ation. Tumor stroma consists of structural elements
that include cells, matrix (ECM), vessels and nerve
terminals [1]. Tumor stroma performs not only
trophic, modulating, and supporting functions. It
is also contributes to proliferation of malignant
cells and differentiation processes that are associ-
ated with invasive growth and metastasis [2]. How-
ever, tumor also secretes a whole number of regu-
latory factors affecting development of the said
processes. Thus, stroma affects cancer develop-
ment and the cancer itself affects stroma develop-
ment [3].

Stroma is an essential component of TME.
TME represents a unique environment adapted to
the requirements of a tumor growth allowing tumor
to develop and promoting the malignancy. TME
comprises all cellular and molecular components
surrounding the tumor that include immune system
cells, blood cells, endothelial cells, adipocytes, and
ECM [4, 5]. Models describing TME influence on
tumor development demonstrate complexity of in-
teraction between a tumor and various TME com-
ponents, many of which are involved in tumor
growth and assist resistance to a therapy targeted at
cancer cells [6-10]. TME role in tumor progression
has been proven on various experimental cancer
models. The present-day challenge is to create phar-
maceutical drugs targeted at TME [11, 12].

Interaction between stroma and cancer cells
is considered to play a decisive role in tumor pro-
gression and therapeutic resistance [1, 2, 4, 11],
which is caused both by properties inherent in the
stroma and by stroma’s adaptive response to ther-
apeutic intervention. It has been shown that a com-
bination of autonomous cancer cell mutations and
stroma alterations promotes cancer progression
and leads inevitably to a lethal disease [10].

Stromal cells associated with a tumor release
various numerous mediators and growth factors fa-
cilitating cancer progression, thus, supporting can-
cer cell proliferation, invasion and formation of
metastases, as well as resistance to anti-cancer ther-
apy [2, 13]. Stromal cells also secrete various prote-
olytic enzymes leading to degradation and remod-
eling of ECM [13]. Two proteolytic systems are most
important in these processes: urokinase-type plas-
minogen activator system (uUPA-system) and matrix
metalloproteinase system (MMP), as well as their
regulators — endogenous inhibitors and activators.
The multi-functional uPA-system performs both
proteolytic and regulatory functions in normal
physiological conditions and during pathological
process development, it also plays a major role in
activating precursors of secreted MMP that are re-
sponsible for ECM destruction and remodeling in
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MOJIJIEP>KUBAIOT NpOJUdepanunio pakoBbIX KJe-
TOK, MHBA3WI0 W OOpa3oBaHUE MEeTacTasoB, a
Tak)Ke HEBOCIIPUUMYHUBOCTD K MPOTUBOPAKOBOM
Tepanud [2, 13]. CTpoMaibHbIe KJIETKN CEKPETH-
PYIOT Tak)Ke pa3HOOOpa3HbIe TPOTEOTUTHIECKIIE
¢dhepMeHTHI, IPUBOJSIINE K IeTPaJalliid U PEMO-
JIeJupoBaHuio BHekJieTouHOro CTM [13]. Bask-
HeliIllee 3HaYeHUE B 3TUX ITPOIeCcax UMEIOT JIBe
MMPOTEOJTUTUYECKHUE CUCTEMbI — CHCTEMA AKTUBA-
TOopa IJIa3MUHOI€Ha YpPOKUHA3HOro tuma (uPA-
cucTeMa) U CUCTeMa MaTPUKCHBIX METaJJIONPO-
TenHas (MMII), a Takke HUX PeEryaATOpPbl —
9HJIOTeHHbIe MHIUOUTOPHI U aKTUBATOPHEL. [Tosu-
¢dyHknmoHasbHass UPA-cucTemMa OCyIecTBJsSeT
KaK IIPOTEOJINTUYECKUE, TaK U PeryasaTOpHbIE
(PYHKIMU IPU HOPMAJIbHBIX (DU3UOJIOTUUECKUX
YCJIOBUAX U [IPU Pa3BUTHUM NIATOJIOTUYECKUX IIPO-
LIECCOB, a TAKKe UI'PAeT BeLylLIyI0 pOJb B aKTUBa-
[IUU [IpeAIIeCTBEHHUKOB cekpeTupyeMbix MMII,
KOTOpPBIE OTBEYAIOT 3a NECTPYKLIUIO U PeMOEIIN-
poBanue CTM B TeueHMEe OIyX0J1€BOU ITPOrpeccuu
[14, 15]. dectpykuus u pemogenuposanue CTM
BJIMsIET KAaK Ha KJIETOYHYIO [IUTOCKEJIETHYIO Opra-
HM3AaIUIo B IIeJIOM, TaK U Ha IyTU CUTHAJIbHOU
TPaHCAYKLIWH, UHAYLIHUPYIOLIKE IIPOLeCChl MUIPa-
I, UHBA3UU U MeTacTa3upOBaHUs KJIETOK [16].
OpHaKo Ha OIIyXO0JIeBYIO IIPOTPECCUI0 MOI'YT OKa-
3bIBATh BJIMAHNUE AaKTUBHOCTD U IPYTUX IIPOTE0JIN-
TUYeCKux (epMeHTOB KJeTok OM, Hampumep
KaTeTICUHOB, 9KCIPECCUSI KOTOPBIX B CBOIO OUe-
pellb 3aBUCUT OT CTaIUU U TUIA PaKa, T.e. OT KJe-
TOYHOTI'O «KOHTEKCTa» [13].

OueBUIHO, UTO IPU JIEYEHUHU paKa IOJI0KHU-
TeJIbHBIHN 3(p(PEKT TepaneBTUYeCKIX METOIUK OB
OBI CyIIIeCTBEHHO MTOBBIIIEH ITPY HHIUONPOBAHUH
OITyXOJIb-IIPOMOTHUPYIOIINX CBOUCTB OM, U B TOM
qucye CTpoMbl [12]. TakuM 06pasom, paciupeHme
3HAHUH 0 IaBHEUINX (haKTOpaX, y4aCTBYIOIIUX
B OIIyX0JIeBOM Iporpeccuu B pamkax OM, nmeer
pelaioiee 3Ha4YeHue JJIs1 pa3pabOTKU COBPEMEH-
HBIX TepaneBTUUYECKHUX ITOJX0N0B JJeYeHUH PaKa.

Pouib 011yX0/1€BOro MUKpPOOKPYKEHHA B OIy-
X0J1eBO# mporpeccun. OnyxoseBasi IPOrpeccust
3aBUCHUT OT JBYXCTOPOHHETO B3aUMOJENCTBUSA OITy-
xoJi1 1 OM. OnyxosieBast TpaHcopManys siBJisieT-
Cs1 MHOT'OCTYIIEHYAThbIM IIPOLIECCOM, B pe3yJsibTare
KOTOpOro TpaHcOpMHUpPOBAHHBbIE KJIETKU IIPU-
oOpeTaloT HOBbIe (HhEeHOTUNIMYECKUE CBOWCTBA,
JIaBHBIMH U3 KOTOPBIX ABJIAIOTCA: aBTOHOMHOCTD
pOCTa, HEYYyBCTBUTEJIbHOCTb K aHTUPOCTOBBIM CUT -
HaJlaM, HEOTPaHWYEHHBIH MpoJindepPaTUBHBIN
MTOTEHIINAJ, CIOCOOHOCTh K MTHBa3WUBHOMY POCTY 1
MeTacTa3UpPOBAHUIO, HECTAOMJILHOCTh TeHOMa,
YCTOHYMBOCTb K arlONTO3Y, N30eranre MMMYHHOTO
HaJ30pa 1 MeTadboJTIYeCKOe TIEPEITPOrpaMMUPOBa-
Hue [17]. B keTkax, IoBepraomxcs OIyx0aeBon
TpaHcdopMaluu, MPOUCXOJAT TeHEeTUUYeCKUe U
aNUIeHeTUYeCKYe HapyIIeHNs], KOTOpble IPUBOIAT
K AaKTUBAIIMU KJIETOYHBIX IPOTOOHKOTE€HOB, MHAK-

the course of cancer progression [14, 15]. ECM de-
struction and remodeling affects both cytoskeletal
organization on the whole and signal transduction
pathways inducing the processes of cell migration,
invasion, and metastasis [16]. However, cancer pro-
gression might also be influenced by the activity of
other proteolytic enzymes of TME cells, too, for in-
stance, cathepsines, expression of which, in turn,
depends on the cancer stage and type, i.e. on cell
‘context’ [13].

The positive effect of therapeutic methods
would be evidently higher in case of inhibition of
tumor-promoting features of TME including
stroma [12].Thereby, increasing the knowledge on
essential factors involved in tumor progression
within TME is crucial for development of up-to-
date therapeutic approaches in cancer treatment.

The role of tumor microenvironment in
tumor progression. Tumor progression depends on
bilateral interaction of tumor and TME. Tumor
transformation is a multi-stage process, as a result
of which transformed cells acquire new phenotypic
properties, the most important of which include
growth self-regulation, insusceptibility to anti-
growth signals, unlimited proliferative potential,
ability of invasive growth, metastasis, genome insta-
bility, resistance to apoptosis, avoidance of immune
surveillance, and metabolic reprogramming [17]. In
cells undergoing tumor transformation, genetic and
epigenetic disorders take place, resulting in activa-
tion of cellular proto-oncogenes, inactivation of sup-
pressor genes and genes controlling apoptosis and
DNA repair, which finally leads to formation of a
clone of cells capable of unregulated proliferation.
Transformed cells acquire capability of metabolic re-
programming characterized, first of all, by shift of
their energy supply from mitochondrial oxidative
phosphorylation to aerobic glycolysis, which in-
creases the speed of metabolic reactions and facili-
tates fast proliferation [4]. Metabolic adaptation is
an essential condition of cancer cells’ survival in dif-
ficult environments, which supports functioning of
their energy and biosynthesis pathways [18]. Though
the main oncogenic changes in cancer cells are ini-
tiated by tumors themselves, subsequent progres-
sion and therapeutic response depend on the inter-
action between cancer cells and TME.

Different types of tumors are associated with
heterogeneous and adaptive TME supporting their
survival and growth [3]. During tumor progression,
TME undergoes cardinal changes aimed at provid-
ing tumor development by creating a niche where
cancer cells not only survive but also get the capac-
ity for differentiation, proliferation and metastasis
is a situation of hypoxia, shortage of nutrients, and
necrosis [19]. Different cellular components of
TME, for example, tumor-associated fibroblasts,
adipocytes, pericytes, mesenchymal stem cells, en-
dothelial cells, lymphocytes, immune cells, etc.,
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TUBALlUY F'€HOB-CYIIPECCOPOB U I'€HOB, KOHTPOJIU-
pyomux anonrtod u penapanuio JHK, uyro, B
KOHEYHOM CYeTe, IPUBOAUT K 00pa30BaHUIO KJIOHA
KJIETOK CO CLIOCOOHOCTHIO K HEPETYJIMPyEeMO ITPo-
audeparnuu. [Ipu aTom TpaHchopMUPOBAHHBIE
KJIETKY TIPUOOPETAIOT CIIOCOOHOCTH K MeTab0 It -
4YEeCKOMY IIepelporpaMMHUpPOBAHUIO, XapaKTepu-
3yIOlIeMyCsi, B IIEPBYIO OuYepenb, COBUIOM MX
aHeprooOecneuyeHusT OT MHUTOXOHIPHUATHLHOTO
OKHCIUTENBbHOTO (hpochopuIupoBaHusi K aspo-
OHOMY INIMKOJIM3Y, YTO YBEJMYMNBAET CKOPOCTh
MeTaDOJNYECKUX pPeaKIMid ¥ CHOCOOCTBYET
orpIcTpoii mposmdeparuu [4]. MeTabosmueckas
amanTtanus fABJseTCS BAKHEUIINM YCJIOBUEM
BBIKUBAHUS PAKOBBIX KJIETOK B HebJaromnpu-
SAITHBIX YCJIOBUSAX, KOTOpasi o0ecrieynBaeT QyHK-
[IMOHUPOBAHNE UX SJHEPTETUYECKUX 1 OMOCHUHTE-
Tudeckux nytei [18]. M XoTd OCHOBHBIE
OHKOTE€HHbIE U3MEHEHUSI B PAKOBBIX KJI€TKaX NHU-
OUUPYIOT CAMU OITyXO0JIH, II0CJIeAyIoIas IIporpec-
CUsl U TepaleBTUYECKUN OTBET 3aBUCAT OT B3au-
MOZAENCTBUS MKy PAKOBBIMHU KJleTKaMu 1 OM.
PazsimuHbIe BUABI OITyX0Jel aCCOLMUPOBaHbI
C reTeporeHHbIM W amanTuBHbIM OM, KoTOpoe
obecrneynBaeT UX BbKUBaHUE U PocT [3]. Bo Bpems
omyxosieBoil mporpeccun OM mnperepreBaer
3HAUYUTeJbHbIEe M3MEHEHUs, HallpaBJeHHble Ha
obecrieueHre pa3BUTHSA OIYXOJIH ITYTEM CO3/TaHUS
HUIIIM, B KOTOPOU PAKOBbIE KJIETKU HE TOJBKO
BBDKHBAIOT, HO U I10JIy4alOT BO3MOKHOCTH HJIA
g depeHIIMpoBKY, TpoJindeparuu U MeTacTa-
3UPOBAHUA B YCJIOBUAX TUIIOKCUM, IedUIUTa
[MTaTe/JIbHbIX BEIleCTB U Hekpoaa [19]. PaznuyHbie
KJIETOYHBbIE KOMITOHEHTHI OM, HallpuMep accoIum-
pOBaHHBIE C OMYX0JbI0 PUOPOOTIACTHI, ATUIOIH-
ThI, NEPUIUTH], ME3eHXMWMAaJbHbIE CTBOJIOBbIE
KJIETKH, 9H/IOTEJINAIbHBIE KJIETKU, JIUMPOIIUTHI,
MMMYHHBbIE KJI€TKU U [Ip., HOAIEePKUBAIOT Pa3BU-
THE OIIYXOJIM IOCPEJCTBOM CeKpeluu (PaKTOpPOB
pocta, Monyssinuei BHekIeTouHoro CTM, meTabo-
JMYECKOH ajanTanyei, akTUBaIlell OHKOTeHOB, a
TaKsKe MproOpeTeHreM IMMYHHOH U JIEKapCTBEH-
HOM pe3ucTeHTHOCTH [3]. OM mo3BoJIsIeT MPOoJ0JI-
SKUTBH [10JTy4YeHVEe PAKOBBIMU KJIETKaMU 9HEPIUU U
Pa3IUYHBIX OMOJIOTUYECKA aKTUBHBIX MOJIEKYJI,
HeOoOXOIUMBIX JIJIST VX MIPOJIA(eparyu Kak oCpeI-
CTBOM TeHETHUYECKUX W3MEHEHUH B KJIETKaX,
HampaBJIEHHBIX HA 3KCIIPECCUI0 OIMpeesIeHHbIX
¢dhepMeHTOB, TaK U 3a CUET KOOPAUHAIIUYN PA3JTNY-
HBIX MeTaboJsimdeckux myted [20]. B HacTosIiee
BpeMmsI IIpoTeouTHYecKre cucrteMbl OM paccmar-
PUBAIOTCA B KQ4eCTBE KJII0YEBbIX PEryJIATOPOB IIPO-
IIECCOB OITYXOJIEBOH IPOTPECCUH, 00ECTIEYNBAIOIITIX
OITyXOJIEBBIN POCT, MHBA3UIO U MeTacTa3npoBaHue
(13]. OHM (DYHKIIMOHUPYIOT KaK KOMIIOHEHTHI
OOIIMPHOIT MHOTOHAITPABJIEHHOI CETH, BKJTIOYAIO-
1eli B cebsT pas/imuyHble KOMIIOHEHThI OM.
CTpyKTypa onmyxoseBoii crpoMsl. OnyxoJe-
Basi CTpoMa — BaskHeHIIni komrnoHeHT OM; B ee

support tumor development through secretion of
growth factors, modulation of ECM, metabolic
adaptation, activation of oncogenes, and acquisi-
tion of immune and drug resistance [3]. TME allows
cancer cells to continue receiving energy and vari-
ous biologically active molecules that are necessary
for their proliferation via genetic modifications to
alter expression of certain enzymes and through
coordination of various metabolic pathways [20].
Proteolytic systems of TME are currently consid-
ered as key regulators of tumor progression regula-
tors providing tumor growth, invasion and metas-
tasis [13]. They function as components of a vast
multi-directional network comprising various TME
components.

Tumor stroma structure. Tumor stroma is an
essential component of TME; it includes both cell
components, such as fibroblasts, mesenchymal
stromal cells, osteoblasts, chondrocytes, and ECM
[5, 11]. Stroma composition varies from tumor to
tumor because cells recruited by a tumor from sur-
rounding tissues differ depending on the tumor lo-
cation and type. Tissues that may comprise stromal
cell sources include bone marrow, connective tis-
sue, fatty tissue, blood vessels [21, 22]. The main
functions of stroma are trophic, modulatory, and
supporting functions. The process of tumor stroma
formation has much in common with the wound
healing process [23] that requires interaction of var-
ious macromolecules and cells and includes such
basic processes as neo-angiogenesis, infiltration of
fibroblasts and immune cells, and remodeling of
ECM, which is a critical element in cancer progres-
sion [16]. It has been currently established that
tumor stroma that is necessary for invasion and
metastasis has at least six cellular sources: fibrob-
lasts [24], pericytes [25], bone marrow mesenchy-
mal stromal cells [25], adipocytes [22], macrophages
[26], and immune cells [27]. Each cellular element
of the tumor stroma makes its contribution into
tumor progression. For example, endothelial cells
supply tumor with nutrients, provide pathways for
metastasis via angiogenesis, and assist resistance to
chemotherapy and radiation [28-30]. Pericytes also
facilitate angiogenesis and resistance to anti-angio-
genic therapy [31, 32]. Adipocytes support tumor
progression mostly through secretion of growth fac-
tors and cytokines; they also play an essential role
in resistance to chemotherapy, radiotherapy, hor-
monal therapy, and target-specific therapy [33].
Thanks to their versatile and complex mechanisms,
immune cells might facilitate transition both to pro-
tumorgenic cell phenotypes (epithelial-mesenchy-
mal transition, angiogenesis, and resistance to ther-
apy), and, on the contrary, support anti-tumor
phenotypes (immune surveillance) [31, 34-36].

Tumor ECM structure. ECM is a biologically
active three-dimensional frame for cancer and stro-
mal cells, supporting them in the space [37] and
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COCTaB BXOOAT KaK KJIETOYHbIe KOMIIOHEHTHI,
Takue Kak (puopob/IacTel, Me3eHXUMaIbHbIE
CTpoMaJIbHbIE KJIETKH, OCTE00JIaCThI, XOHIPOIIU-
TBI, Tak U BHeKJieTouHbIi CTM [5, 11]. CocTas
CTPOMBI BapbUpyeT MEX 1y OIYyXOJIAAMH, TaK KaK
KJIETKH, PEKPYTHUPYyeMbIe OIIyX0JIbI0 U3 OKPY;Kal0-
WX TKaHel, pas3jnvyaioTcsi B 3aBUCUMOCTHU OT
JIOKAJIN3aluy OIyX0Jd U ee Tuna. K yucmay Tka-
Hell, KOTOpble MOTYT SIBJATHCS UCTOYHUKAMU
CTPOMAaJIbHBIX KJIETOK, OTHOCATCA CJenyIollue:
KOCTHBIU MO3T; COeIMHUTEJIbHAs TKaHb; SKUPOBasi
TKaHb; KDOBEHOCHBIE cocynpl [21, 22]. K uucay ee
OCHOBHBIX (PYHKIUH OTHOCAT TPO(PUUECKYIO,
MOJIyJIMPYIOIIYIO U oropHyIo. [Iporecc o6pasoBa-
HUSI OITYX0JIEBOM CTPOMBI UMEET MHOTO ODIIETO C
MPOIIECCOM 3aKUBJIEHUSI paH [23], Tpebylomum
B3aMMOJIENCTBHA pa3HOOOPa3HBIX MAKPOMOJIEKYJT
U KJIETOK, U BKJIIOYaeT TaKNe OCHOBHBIE ITPOIECCHI
KakK HeoaHTHOTreHe3, MH(pUIbBTpamnuo ¢uopoodIa-
CTOB M UMMYHHBIX KJIETOK, a TAK)Ke PeMOJeJInPO-
BaHMe BHekJeToYHOro CTM, KOTOpOe AABJIsAeTCA
KPUTHUYECKUM 3JIEMEHTOM B MIPOTPECCUPOBAHUY
paka [16]. B HacToAlIlEe BpeMs YCTaHOBJIEHO, YTO
omyxoJsieBasi CTpoma, HeoOXogumasi [JIsI OCy-
[IECTBJIEHUS IPOI[eCCOB MHBA3UU U METACTA3UPO-
BaHUs, UMEET, 110 KpaliHell Mepe, 1IeCTb KJIeTo4-
HBIX ICTOYHUKOB: (puOpO0OJIacThI [24], TEPUITUTHI
[25], Me3eHXMMaJbHbIe CTPOMAJIbHBbIE KJIETKU
KOCTHOTO MO3Ta [25], aiunonuTsl [22], Makpodaru
[26] 1 UMMYyHHBIe KJeTKU [27]. Kaskaplil KiaeTod-
HBIH 3JIEMEHT OITyX0JIeBOM CTPOMBI BHOCUT CBOH
BKJIAJL B OIIyXO0JIEBYIO ITporpeccuo. Tak, Hanpumep
9HJOTETNAJIbHBIE KJIETKU 00€CIIeYnBaIOT OITyX0JTb
MMUATATEJbHBIMUA BeIeCTBAMHU, NPEeTOCTABISIOT
IIyTH JJI1 METACTa3UPOBAHUs 3a CYeT aHTMOreHe-
33, a TaK’Ke CIIOCOOCTBYIOT YCTOWYMBOCTH K
xumuoTepanuu U paguanuu [28-30]. [lepunyrel
TaK’Ke COeMCTBYIOT aHTMOreHe3y U yCTONUUBO-
CTH K aHTHAHTUOTeHHOM Tepanuu [31, 32]. Anqumo-
LUTHI IOIEP>KUBAIOT OIIYX0JIEBYIO IIPOTPECCUI0
IAaBHBIM 00pa3oM MTOCPENICTBOM CEKperun (PakK-
TOPOB POCTa ¥ UUTOKMHOB, & TAKKe UT'PAIOT Cyllle-
CTBEHHYIO POJIb B PE3UCTEHTHOCTHU K XUMUOTepa-
1Y, JIy4eBOU Tepanuy, TOpMOHAJbHOU Tepanuu
U 1esqeBol Tepanuu [33]. IMMyHHBIe KJIETKU 3a
CueT pa3HOOOPA3HBIX U CJIOKHBIX MEXaHH3MOB
MOTYT CIIOCOOCTBOBATh IIEPEXO/TY KaK K IIPOTYMO-
POTE€HHbBIM KJIETOYHBIM (peHOTHUIIaM (3MUTETHUATb-
HO-Me3€eHXMMAaJbHBIA TIepexoji, aHTUOTeHe3 U
YCTOWYHMBOCTH K Tepaluu), Tak U, HA000POT, MOJI-
Jlep’KUBaTh IPOTUBOOIIyX0JieBble (DEHOTUIIBI
(uMMYHHBIN Hagzop) [31, 34-36].

Crpykrypa omyxouaesoro CTM. BuexJieTou-
HbIl CTM mpeacTaBisieT cOO0M OMOJIOTUYECKU
AKTUBHBINA TPEeXMEPHbBIN KapKac /sl PaKOBBIX U
CTPOMAJIBHBIX KJIETOK, 00€CITIeYNBAIOIINIT X TTOT-
JEPKKY BO BHEKJIETOYHOM IIpOoCTpaHcTBe [37],
KOTOPBIM TaK)Ke CIOCOOCTBYeT MapakpUHHOMY
KJIETOYHOMY curHaiuHTy [38]. B oOpasoBanum

also facilitating paracrine cellular signaling [38].
Different (blast) cells are engaged in ECM forma-
tion: fibroblasts, chondroblasts, osteoblasts, odon-
toblasts, cementoblasts, etc., by section of ECM
components. ECM composition varies depending
on the type of tissue; about three hundred different
proteins have been identified therein [39]. Tumor
stroma ECM is structurally different from normal
— it is stiffer and denser [40], because, due to ma-
lignancy, fibroblasts express a large amount of pro-
teins making ECM stiffer. Besides, tumor ECM’s
stiffness is aggravated by LOX (lysyl oxidase)-medi-
ated cross-linking of collagen fibrils [41]. Altered
ECM facilitate growth survival and migration of
cancer cells, and induces angiogenesis [5]. It also
features the capability of suppressing the expres-
sion of tumor suppressor PTEN, which was demon-
strated in vivo in mouse cancer cells and human
breast cancer [42]. Another investigation showed
that breast cancer cell culture in the presence of
ECM formed by tumor-associated fibroblasts sig-
nificantly accelerated cell growth compared to
ECM formed by non-activated fibroblasts [43].
These results concur with earlier data showing that
fibroblasts associated with human prostate carci-
noma promoted proliferation in the culture of
SV40T-immortalized prostate epithelial cells and
induced tumor growth in vivo [44].

Tumor stroma’s proteolytic systems. One of
the most important mechanisms of tumor interac-
tion with stroma is engagement of proteolytic sys-
tems in the process. Based on their catalytic mech-
anism, five basic classes of proteinases were
identified in the human body: aspartic, cysteic, met-
alloproteinases (including various MMP), serine
and threonine proteinases. Different endogenous
inhibitors were found for each of them; cystatins in-
hibit predominantly cysteic proteases; serpins are
most effective against serine proteases; the target of
metalloproteinase tissue inhibitors (TPTI) is metal-
loproteinases. However, there is some flexibility in
these interactions as some serpins might also in-
hibit cathepsins (cysteic, serine, and aspartic pro-
teinases), while some cystatins can inhibit metallo-
proteinases [45, 46]. There is a similarity between
members of one family of proteinases; nevertheless,
each proteinase is characterized by its own level of
expression and activity that determines the specifics
of its interactions and targets.

In tumor tissues, proteolysis is performed by
different proteinases, the key of them being MMP,
uPA and cathepsins, many of which are used as
prognostic markers and targets for development of
anti-cancer medicines [47, 48]. uPA-system compo-
nents and various MMP are particularly important
in the development of invasion and metastases due
to their ability to break down almost any element of
the extracellular matrix and basal membranes

[49-52] (fig.). At present, they are assigned the cru-
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CTM npuwHHMAIT y4JacTyhe pasjaudHble (6Jract-
HbIE) KJIEeTKH — (puOpo6IacThl, XOHAPOOJIACTHI,
0cTe00/1aCcThI, OMOHTO0JIACTEI, IEMEHTO0JIaCThI 1
Ip., KOTOpbIe CEKpeTupyT KOMIOHeHTbl CTM.
CoctaB CTM passimyaeTcs B 3aBUCUMOCTH OT BHJIa
TKaHU; B HEM UJIEHTU(UIIMPOBAHO OKOJIO TPEXCOT
pasnauyHbIX 6eakoB [39]. CTM ormyxoJsieBoii cTpo-
MBI OTJIMYAETCSI I10 CBOEH CTPYKTYpe OT HOPMaJIb-
HOT'0 — OH 00JIee KeCTKUI U MJIOTHBIH [40]. dTO
CBsI3aHO C Te€M, UTO Ipu pake pubpobIacThI IKC-
MIPECCUPYIOT OY€Hb OOJIBIIIOE KOJTMYECTBO OEJTKOB,
4TO TOBBIMIAeT ;kecTkocTb CTM. Kpome Toro,
SKECTKOCTH orryxosieBoro CTM ycyrybuisiercst LOX
(JIM3UJIOKCH1a3a)-0TIOCPEIOBAHHON  CIITUBKOU
KOJLJIareHOBBIX (pUOPUJT 3a cueT 0Opa3oBaHUsA
ToTepevHbIX CBsA3el [41]. IaMeHeHHbIN BHEKJIEe-
TouHbINT CTM cITocOOCTBYIOT POCTY, BBIKUBAHUIO
Y MUT'DAllMU PAKOBBIX KJIETOK, a TAKKe MHIYLIU-
pytot aarHoreHes [5]. Takyke oH 06J1a/1a€T CIIOCO0-
HOCTBIO IMONABJIATH IKCIIPECCHUIO OIyXOJIeBOrO
cynpeccopa PTEN, 4To OB1710 IPOIEMOHCTPUPOBA-
HO in vivo Ha PaKOBBIX KJIETKAaX MBIIIH, a TAKKe
IpU pake MOJIOYHOH KeJie3bl desioBeKa [42]. B
JIPYTOM HMCCJIEI0BAaHUY OBLIO IIOKA3aHO, YTO KYJTh-
TUBHUPOBaHNE PAKOBBIX KJIETOK MOJIOYHOMU JKeJie-
3bI B mpucyTcTBuu CTM, 06pasdyemMoro acconum-
POBaHHBIMH C oOIyXoJbl0 (ubpobractamuy,
CyIIIeCTBEHHO YCKOPSJIO KJETOYHBIA POCT, IO
cpaBrenuio ¢ CTM, o6pa3dyeMbIM He aKTUBUPO-
BaHHBIMU (prbpodIacTamu [43]. ITH pe3yIBTaThI
COIVIACYIOTCA C JaHHBIMH, II0JIyY€HHBIMU paHee,
KOTOpBbIE ITOKa3aJsu, YTo (pubpobJracThbl, aCCOIMHU-
pOBaHHbIE C KAaPIMHOMOM MPOCTAThI YeJIOBEKA,
criocoO6cTBOBaM Mpoaudepanud B KYJIBType
SV4A0T-uMMOpPTaIN30BaHHBIX  JMUTEJHNATbHBIX
KJIETOK IIpe/ICTaTeJIbHOU sKeJle3bl, a TAKKe UHIY-
OMPOBAJIH POCT OIYXOJIN N Vivo [44].
IIporeomuTHYECKHE CHCTEMBI OITYX0JIE€BOH
crpombl. OJJHUM U3 Ba)KHEUIINX MeXaHW3MOB
B3aUMOJIeHCTBHUS OITyXOJIU CO CTPOMOM SIBJISIETCS
BOBJIeYEHHE B 9TOT MPOIECC TPOTEOJTUTUIECKUX
cucreM. B opranuame desioBeka ujeHTUPUITUPO-
BAHO MATHh OCHOBHBIX KJIACCOB IIPOTEMHA3 Ha
OCHOBe UX KaTaJIUTUYECKOro MexaHnu3Ma — aclia-
paruHOBBIE, IMCTENHOBBIE, METAJIJIOIIPOTENHA3HI
(B TOM yucje pasnuunasle MMII), cepuHOBBIE U
TPEOHWHOBBIE MPOTENHA3BL. J[JI1 KasKI0T0 N3 HUX
HaWeHbl Pa3JIUYHbIE 9HIOTeHHbIE UHTUOUTOPHI;
[UCTAaTUHBI TPENMYIIECTBEHHO WHTUOUPYIOT
[IMCTENHOBBIE IMPOTEasbl; CEPIUHBLI HauboJsee
3 (peKTUBHBI IPOTUB CEPUHOBBIX NIPOTEA3; JIJIs
TKAaHEBLIX HMHTHUOUTOPOB METAJJIONMPOTENHAS
(TUMII) MumIeHAMU ABJIAIOTCA METaJJIONPOTEN-
Hasbl. OJTHAKO CYIIeCTByeT HEKOTOPAasi THOKOCTH
3TUX B3aMMOJEHCTBUMN, MOCKOJIbBKY HEKOTOpHhIe
CEpITUHBI TAKKE MOTYT MHTMOUPOBATH KaTETICHBI
(IMCTEMHOBBIE, CEPUHOBBIE M acllaparnHOBbIE
IIPOTEUHAa3bl), & HEKOTOPbIe LUCTAaTAHbI MOTYT

WHTUOWPOBATh METAJIJIONPOTenHa3bl [45, 46].

cial role in the interaction between stromal and
tumor cells [53]. Cystein proteases, for example,
lysosomal cathepsins B and D, might also partici-
pate in ECM destruction; however, their activation
requires low lysosome pH and subsequent migra-
tion to the invasive area of a tumor [48, 54-56].

Stromal cells continuously interact with can-
cer cells and can either compete or ‘corroborate’
with them, resulting both to tumor growth suppres-
sion and tumor progression [11]. They express var-
ious proteases and, as cancer cells, contribute to
tumor progression. It has been shown that fibrob-
lasts, endothelial cells and infiltrating immune cells
are sources of cysteic cathepsins, some MMP and
uPA; wherein among infiltrating immune cells,
tumor-associated macrophages are principal ‘sup-
pliers’ of stromal proteinases (table). The tumor
growth and development processes same as tran-
sition to malignancy have been shown as fre-
quently related to deregulation of normal proteol-
ysis mechanisms that causes alterations in the
activity of numerous proteinases, though in cancer,
their increased activity is observed in most cases
[57]. That is why many proteases are regarded as
potential therapeutic targets.

uPA-system. uPA and MMP proteolytic sys-
tems are crucial for tumor development. uPA-sys-
tem is a multifunctional extracellular proteolytic
system playing a key role in fibrinolysis, destruction
of ECM and basal cellular membrane; it also per-
forms regulatory functions by activating universal
intracellular signal pathways in a non-proteolytic
way ([58,59]. uPA-system includes several compo-
nents: serine protease — uPA, its receptor — uPAR,
and two endogenous inhibitors — PAI-1 and PAI-2.
The effect of uPA-system is aimed at conversion of
inactive plasminogen into plasmin, serine pro-
teinase of a wide range of action engaged in many
pathophysiological processes that need ECM and
basal membrane remodeling [60]. In the plasmino-
gen molecule, uPA hydrolyzes the sole peptide
bond (Arg561-Val562), wherein plasminogen is
converted into plasmin [61]. Same as plasmin, uPA
is synthesized as a precursor — pro-uPA, which is
activated during binding with uPAR [62], mostly
under the influence of plasmin [63]. The latter un-
derlies the existence of a feedback between plasmin
and uPA, with the help of which these proteinases
can activate each other resulting in reactivation and
their accumulation in the pericellular space. Pro-
uPA activation might also take place under the in-
fluence of some other proteinases, such as cathep-
sins B and L, thermolysin, trypsin, and
kininogenases [64]. In addition to plasmin, MMP is
the other main target of uPA-system; uPA activates
precursors of secreted MMP — pro-MMP in aggre-
gate capable of hydrolyzing all main components
of ECM, releasing bioactive molecules and growth
factors. Increased expression of uPA-system’s com-
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IInazmMuHOreH

AxtuBauus MMP-3,
MMP-9, MMP-12
u MMP-13

Bueknerounsiiit CTM

MeMOpaHa KJIeTKH

Crpoma H KJIeTKH,
BXOJsLIHE
B cocraB OM

Pemonenupopanue CTM,
nerpaaauns 6a3ajabHoi
MeMOpaHbl, 0CBODOKIEHHE
M AKTHBALMUSI JIATEHTHBIX
¢pakTopos pocra,
LHTOKHHOB, HHTEPJIEHKHHOB,
CTUMYJISAILAS SMHTETHATBHO-
Me3eHXHMAaJILHOI0 Tepexoaa

BA3AJIbHASI MEMBPAHA
OIyXoJib

Mm"pauml, HHBa3HsA
U MeTacTasupoBaHue

Plasmin

Activation of MMP-3,
MMP-9, MMP-12,
MMP-13

Cells membrane

Extracellular matrix (ECM)

Tumor stroma
and cells included
in TME

Remodeling ECM,
degradation
of the basement membrane,
release and activation
of latent growth factors,
cytokines, interleukins,
stimulation of the epithelial-
mesenchymal transition

BASEMENT MEMBRANE
TUMOR

Migration, invasion, metastasis

YuacTHe NpoTeoIMTHYECKHX CHCTEM OITyX0JIeBOH CTPOMEI B OITyX0JIE€BOM MPOTPECCHH.
Participation of proteolytic systems of tumor stroma in tumor progression.

Cpeny 4JIEHOB OJJHOTO U TOTO $Ke CeMeNCTBa Ipo-
TeWHa3 CYILIECTBYeT CXOACTBO, OJHAKO KayKaas
IIpOTENHa3a XapaKTepU3yeTCsl CBOUM YPOBHEM
3KCIIPECCUM W aKTUBHOCTHU, OIPeNessIoNuMu
crieripuKy ee B3aUMOIEHCTBUIN U MUIIIEHEN.

BHekJIeTOUHBI IIPOTEO0JIN3 B OMYXOJEBBIX
TKaHAX OCYLLECTBJISAETCA Pa3JINYHbIMU IIPOTEUHA-
3aMU, KJIOYEeBbIMU U3 KOTOPBIX SABJSAIOTCS pas-
JquuyHble MMII, uPA u KarencuHbl, MHOTHUE U3
KOTOPBIX UCIIO/Ib3YIOTCA B Ka4yeCTBE IPOTHOCTH-
YeCKUX MapKepoB U MUIIEHEW NJis1 CO3[aHUs
JIeKapCTBEHHBIX IPENaparoB AJIs JIeUeHUs paka
[47, 48]. cKiounTeJIbHOE 3HAYCHUE [J1 PA3BU-
THS TPOILECCOB WHBA3WM U METACTA3UPOBAHUSA
UMEIOT KOMIOHEHThI UPA-CHUCTeMBbI U Pa3JINYHbIE
MMII 6Jtaromapst UX CIIOCOOHOCTHU PACIIETIATh
OCHOBHBIE KOMIIOHEHTBI BHEKJIETOYHOTO MAaTPUK-
ca u 6asabHBIX MeMOpaH [49-52] (puc.). B HacTos1-
1ee BpeMsi UMEeHHO M OTBOJIUTCSI OCHOBHAS POJIb
BO B3aUMOJAEUCTBUM MEKAY CTPOMAJIbHBIMU U
OITyXOJIeBBbIMHU KJjieTKaMmu [53]. [lucTenHOBEBIE IPO-
Teasbl, HAIIpUMeD, IN30COMaJIbHbIe KaTeIICUHbI B
n D, TakyKe MOIyT y4acTBOBAaTb B NECTPYKLHU
CTM, omHAKO 151 IX aKTUBHOCTHU TpebyeTcss HU3-
KUl ypoBeHb pH B TM30coMax, a Takske HeoOX0Iu -
MO JaJibHelIllee nepeMelleHre B WHBAa3UBHbBIN
y4acTOK omyxoJiu [48, 54-56].

CTrpomaJibHbI€ KJIETKHA MOCTOSTHHO B3aNMO-
JEVCTBYIOT C PAKOBBIMU KJIETKAMH M MOTYT JINOO
KOHKYPHUPOBaTh, TU0O0 «COTPYAHUYATH» C HUMH,
4TO IPUBOOUT KaK K IIOJABJICHUIO OITyXOJIEBOIO
poOCTa, TaK U K oIyxoJieBoi mporpeccuu [11]. OHu
9KCIIPECCUPYIOT pas3JIMYHble IIpOTea3bl U Kak
pakoBble KJIETKU BHOCAT HApsIAy C HUMHU CBOU
BKJIaJ, B OIIyXOJIeBYIO Iporpecculo. [lokasano, 4to

ponents was discovered in different oncological
diseases [60, 65].

uPA-system components are expressed by can-
cer cells far more than by cells of normal tissues;
these molecules significantly contribute to cell pro-
liferation, apoptosis, chemotaxis, adhesion and mi-
gration, activation of pathways for epithelial-mes-
enchymal transition (EMT) and signal transduction
pathways that are directly associated with tumor
progression and therefore play an essential role in
invasion [53, 60, 66-75]. A relation between expres-
sion of uPA, uPAR, and PAI-1, on the one hand, and
clinical and pathological signs of high risk and most
adverse prognosis for cancer patients, on the other,
has been proven [60, 69, 76]. Overexpression of uPA
and uPAR on the cancer cell surface is associated
with the terminal stage of malignant cell transforma-
tion that is responsible for invasion and metastasis;
besides, uPA is involved in degradation of basal
membrane and interstitial protein, which facilitates
disease progression [47]. PAI-1 is an inhibitor of uPA
and should seemingly prevent invasion and metas-
tasis caused by uPA action. However, investigations
show that excessive expression of PAI-1 can both re-
duce formation of metastases and, on the contrary,
assist their formation [77-79]. Increased expression
of PAI-1 is a negative prognostic signs in different
types of human cancer, for example, in case of inva-
sive breast cancer [80]. In contrast to PAI-1, high level
of PAI-2 during cancer is always associated with de-
crease of tumor growth and metastasis [81].

The role of uPA in cancer was studied using (a)
the embryonal chicken fibroblast cell line upon
their transformation by viral oncogene Src of
Schmidt-Ruppin strain, (b) cell cultures of murine
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JkcnpeccHs NPOTEMHA3 Pa3JIMYHBIMHU THIIAMH CTPOMAJIBHBIX KJIETOK.
Expression of proteinases by different types of stromal cells.

Cells Proteinases

Macrophages cathepsins B, C, D, H, L, S; MMP-2, 9, 14; plasmin; tPA, uPA
Neutrophils cathepsins B, C, D, H; elastase; MMP-9

Lymphocytes cathepsins C, D, H; granzymes B; MMP-3, 9

Fibroblasts cathepsins B, C, D, L; MMP-2, 3,9, 11, 13, 14; uPA

Mast cells cathepsins C, D, G; elastase; granzymes B; MCP4; MMP-2, 9

Mesenchymal stem cells

cathepsins B, D; MMP-2

Tie2-expressing monocytes

cathepsin B; MMP-2

Endothelial cells

cathepsins B, D, L, S; MMP-2, 3, 14; uPA

Pericytes MMP-9

IIpumeuanwue. Cells — kieTky; macrophages — makpodaru; neutrophils — neiirpoduisr; lymphocytes — nmumdonursr; fi-
broblasts — ¢ubpobaacTsl; mastocytes — Ty4qHble KJIeTKY; mesenchymal stem cells — Me3eHxuMaIbHbIE CTBOJIOBbIE KIETKY;
expressing monocytes — akcipeccupyiomue MoHonuTsl; endothelial cells — sHmoTeTMaTBHBIE KIIETKY; pericytes — MepUINTEI;
proteinases — mporenHassl; cathepsins — kaTencunsl; plasmin — nIa3mMuH; elastase — asracrasa; granzymes — IPaH3UM.

¢ubpobacTel, 9HAOTENHATbHBIE KJIETKU U
UHPUJIBTPUpPYIOIIYEC  HUMMYHHBIe  KJIETKU
SABJISIOTCS UCTOYHUKAMHU [IUCTEMHOBBIX KaTEIICH-
HOB, HeKOTOpbIXx MMII 1 uPA, a cpegu nHPUIBT-
PUPYIOIIUXCA HWMMYHHBIX KJIETOK OOHUMH U3
OCHOBHBIX «IIOCTaBIIIUKOB» CTPOMAJIbHBIX TPOTEU-
Ha3 fABJIAIOTCA aCCOLMUPOBAHHBIE C OIIYXOJIbIO
Makpodaru (tabs.). [TokazaHo, 4TO MPOIECC OITy-
XO0JIEBOTO POCTA U PA3BUTHS, KaK U IEPEXO K 3J10-
Ka4eCTBEHHOCTH, 4YaCTO CBS3aHBbI C Neperyanpo-
BaHMEM HOPMAJIbHBIX MEXaHU3MOB IIPOTE0JIN3A,
4TO MIPUBOJIUT K U3MEHEHUSM B aKTUBHOCTHA MHO-
TOYHCJIEHHBIX TPOTENHA3, XOTS MMPU PaKe B O0JIb-
IITHCTBE CJyYaeB HAOJI0AaeTCs MMOBBIIIIEHNE UX
AKTUBHOCTH [57]. B cBA3U C 9TUM MHOTHE IIpOTea-
3bl PACCMATPUBAIOTCA B Ka4eCTBE MOTEHIAATb-
HBIX TEPANIeBTUYECKUX MUIIIEHEN.

Cucrema uPA. [IpoTeonutTrnyeckre CUCTEMBI
uPA 1 MMII siBastioTcst HanboJiee 3HAYMMBIMU B
pasBuTHHU onyxoJiu. UPA-cucrema npencraBiiseT
€c000# MYTBTU(PYHKIINOHATHLHYIO BHEKJIETOYHYIO
IIPOTEOJIUTHYECKYIO0 CHCTEMY, KOTOpas Hrpaer
KJIIOUYEBYIO POJIb B Iporecce (GpubpmHOIM3a, B
paspyuiernu BHekseTouHoro CTM u 6a3anbHON
KJIETOYHOU MeMOpaHBbI, a TaKKe OCYIIECTBJISIET
perysiTopHble (PYHKIMU aKTUBUPYsI YHUBEpPCaJlb-
Hbl€ BHYTPHUKJICTOYHbIEC CUTHAJIbHBIE ITyTH HEIIPO-
TEOJINTUYECKUM cIrtocoooM [58, 59]. uPA-cucrema
BKJII0YAaeT HECKOJIbKO KOMIIOHEHTOB — CEPUHO-
BYyIO ITpoTeasy uPA, ee penerrrop uPAR, u nBa sHI0-
reHHbIX MHTUOUTOPOB PAI-1 m PAI-2. JleticTBue
uPA-crucTeMbl HAIpaBJIEHO Ha IIpeBpallleHue
HEaKTUBHOTO MJIA3MUHOTEeHA B IIJIA3MUH, CEPUHO-
BYIO IIPOTeMHAa3y MIMPOKOIr0 CIeKTpa JAeNUCTBUS,
BOBJIEYEHHYIO B OOJIBIIIOE KOJMYECTBO IMaTopu-
3MOJIOTHYECKUX IIPOIIECCOB, TPEOYIOIIUX pemMo/ie-
smpoBanusi CTM u 6a3ansHO# MeMOpansbr [60]. B
MOJIeKyJIe IJIadMuHoreHa UPA ruiposusyer equH-
CTBEHHYIO NTENTUAHYIO CBsI3b (Arg561 — Val562) u
IIPYU 9TOM IJIA3MUHOTEH MpeBpaIaercs B MJjaas-
MuH [61]. Kak u ntasmus, uPA cuHTesupyercs B
¢dopMe TnipeiieCTBeHHNKA — Pro-uPA, KOTOPbIT
aKTUBUPYETCA IIpU cBA3bIBaHUA ¢ UPAR [62] mipe-

embryonal fibroblasts transformed by sarcoma
virus, and (¢) human melanoma and rhab-
domyosarcoma cell lines [82, 83]. Those studies
demonstrated that all cells subjected to cancer
transformation produced uPA, which was later con-
firmed in tumor transplantation experiments [84].
However, the investigation of human colorectal
cancer got opposite results: during colon adenocar-
cinoma, uPA expression was found in stromal cells
only whereas was not found in tumor tissue [85,
86]. Currently, it has been proven that stromal cells
produce the main components of uPA-system and
their expression varies depending on the type of
cancer [58]. In case of prostate cancer, uPA are syn-
thesized mostly by macrophages [87], and in case
of colon cancer and ductal breast cancer — by fi-
broblasts [88, 89]. As for uPAR, in case of prostate
cancer it is expressed not only by neutrophils but
by macrophages, too [89]; in case of colon cancer,
uPAR is synthesized by macrophages and tumor
cells [85, 90]; and in case of ductal breast cancer —
mostly by macrophages [90]. During squamous cell
skin cancer, uPA [91] and uPAR [92] are expressed
by cancer cells only.

It has been shown that expression of uPA and
uPAR by tumor-associated stromal cells intensifies
cancer cell migration and invasion and is an ad-
verse prognostic sign in many types of cancer. The
essential role of tumor-associated fibroblasts in
the progression of multiple myeloma has been
demonstrated in vivo and in vitro [93]. It has been
shown that clonal plasma cells in bone marrow re-
sults from close interaction between extracellular
matrix and fibroblasts responsible for increased
expression of uPA, uPAR and MMP. During ovarian
epithelial cancer, uPA and uPAR expression was
observed not only in tumor cells but also in the
stroma of most primary tumors and areas affected
by metastases [94]. In invasive breast carcinoma,
overexpression of uPA, uPAR and PAI-1 was found
both in the tumor tissue and in myoepithelial
cells, myofibroblasts and macrophages [95-98].
However, in the investigation of TME influence on
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UMYIIeCTBEHHO MOJ JeiicTBUEeM MJja3MuHa [63].
10 00yCIaBIMBAET CYIIIECTBOBAaHNE MESK Y T171a3-
MHUHOM U UPA 06paTHOII CBSI3U, C IOMOTIITHIO KOTO-
poil 9T MPOTENHA3bI MOTYT AKTUBUPOBATh IPYT
JIpyra, YTO IPUBOJUT K PEaKTUBALMY U UX HAKOII-
JeHUI0 B TMEepUIe/IIIJIPHOM IPOCTPAHCTBE.
[Ipouecc akTuBanuu pro-uPA MOKeT IIpouCxo-
JUTh TaKsKe IO0J JeiiCTBUEM HEKOTOPBIX APYTUX
MMPOTENHAa3, TAKUX KaK KaTelcuHbl B u L, Tepmo-
JIU3VH, TPUIICUH U KaJIJIMKpeuHsbl [64]. [ToMmumo
IJIa3MHHA, OMHUMH 13 OCHOBHBIX MHUIIIeHeH UPA-
cucreMsl aBJA0TCA MMIT; uPA akTusupyer npen-
IIECTBEHHUKU cekperupyeMbix MMII — mpo-
MMII, KoTOpble B COBOKYITHOCTH CIIOCOOHBI
TUJPOJIN30BaTh BCE€ OCHOBHBIE KOMIIOHEHTHI
CTM, BbICBOOOKIasi OMOAKTUBHBIE MOJIEKYJIBI 1
¢dakTopsl pocta. [ToBbIlIeHHAsA 9KCIIPECCUST KOM-
MOHEeHTOB UPA-cucTeMbl ObI7Ia OOHapYyKeHa TIPHU
pas3JIMYHBIX PaKOBBIX 3ab0JsieBaHUsX [60, 65].

KomnoneHTs! UPA-cHrCTEMBI 9KCIIPECCUAPYIOT-
Cs1 PAKOBBIMH KJIETKAMU B OOJIBIIIEN CTETIEHU, YeM
KJIETKaMU HOPMaJIbHBIX TKaHEl; OHU y4acTBYIOT B
npoJsndgepanum KJIeToK, alolTo3e, XeMOTAKCHCE,
a[are3Vy U MUTPAIVY, B AKTUBAILIMU ITyTel anuTe-
JWAJbHO-Me3eHXUMaJIbHOTO nepexoga (AMII) u
IyTel CUTHAJIBHOU TPAHCAYKIIUY, KOTOPbIe Hello-
CpeJICTBEHHO aCCOI[MUPOBAHBI C OIIYX0JIeBOH ITPO-
rpeccuei, 1 TeM CaMbIM UTPAIOT KJIIOUEBYIO POJIb
B pa3BUTUU HHBA3UBHBIX IIpoliieccoB [53, 60,
66-75]. JJokazaHa B3auMOCBA3b MEXKIY 9KCIIpEC-
cuel uPA, uPAR u PAI-1 ¥ KIUHUKO-IIATOJIOTHAYe-
CKMMM IIPA3HAKaMHU BbICOKOI'O PUCKA U XyALIEro
MMPOTHO3a JJIsI MAallUEHTOB C OHKOJOTUYEeCKUMU
3aboneBanusamu [60, 69, 76]. Tak, cBepXaKcIIpec-
cuA uPA 1 uPAR Ha MOBEpXHOCTU PaKOBBIX KJIETOK
accoIMMpPoOBaHa C KOHEYHOU cTauei Tpancdop-
MaIlly 3JI0KA4€CTBEHHBIX KJIETOK, KOTOPAs OTBET-
CTBEHHA 3a WHBA3WID U MeTAaCTa3WupOBaHHUE.
Kpowme Toro uPA y4acTByeT B ierpamamniuy 0a3astb-
HOII MEMOpPaHbBI M BHYTPUKJIETOYHBIX O€JIKOB, YTO
CIIOCOOCTBYET OIyX0J1eBOH nporpeccu [47]. PAI-1
sIBJIsAETCST MHrHOUTOpoM UPA, U, Ka3aaoch ObI,
JIOJI’KeH MMpeAoTBpallaTh THBA3UIO U METACTA3M-
poBaHue, BbI3BaHHbIE neiicTBueM UPA. OmHAKO
HCCJIeJOBaHUs IMOKa3bIBAIOT, YTO M30BLITOYHAS
akcripeccusi PAI-1 MOKeT Kak CHIPKATh 00pa3oBa-
HUEe MeTacTa30B, TaKk K HA00OPOT, CITOCOOCTBOBATH
1x 00pa3oBaHuIo [77-79]. IIOBBIIIIEHHBIA YPOBEHD
akcripeccuu PAI-1 aBJisgeTCA HeraTuBHBIM IIPOTHO-
CTUYECKUM IPU3HAKOM IIPU PA3JIUYHBIX BHUIAX
paka JyeJl0BeKa, HAMpUMEpP NPU NHBA3UBHOM paKe
MOJIOYHOU kese3bl [80]. B omimume ot PAI-1,
BBICOKNH ypoBeHb PAI-2 nipu pake Bceraa cBsi3aH
C yMeHBbIIIEHHEM OITyX0JIeBOI'0 POCTa U MeTacTa3u-
poBaHud [81].

Pouts UPA mipu pake 6blTa I3y4eHa Ha KJIeTO4-
HBIX JTUHUSAX 9MOPHOHAJBHBIX KYPUHBIX QUOpPO-
OsacToB TIpW WX TpaHC(HOpPMAIMM BUPYCHBIM
oHkoreHom Src mramma llImmpra-Pynnuza, B

breast carcinoma progression in situ (DCIS) and
its transition to invasive carcinoma (IDC), it
turned out that human breast myoepithelial cells
can slow down DCIS development thanks to inhi-
bition of proteolysis activated by uPA-uPAR inter-
action under the influence of PAI-1. In vivo exper-
iments have shown that this process takes place
thanks to inhibition of intracellular signal path-
ways of interleukin 6 (IL-6), which is one of essen-
tial cytokines involved in cancer development
[99]. The experiments on MDA-MB-231 cell cul-
tures have demonstrated that IL-6 produced by
tumor cells induces the expression and secretion
of MMP-2, MMP-9 and cathepsin-B in monocytes,
promotes tumor growth, invasion and metastasis
[100]. The investigation of the role of tumor-asso-
ciated fibroblasts in breast cancer development
carried out on MDA-MB-231 culture has shown
that interaction of fibroblasts with cancer cells
amplifies the expression of insulin-like growth fac-
tor 1 (IGF-1) in fibroblasts and PAI-1 in cancer
cells; overexpression of both IGF-1 and PAI-1 pro-
motes RhoA-signaling in cancer cells, which as-
sists cell migration and invasion [101]. As regards
the PAI-2 role in stromal cells, it is supposedly re-
lated to maintenance of stroma integrity and
preservation of its structure. In vitro experiments
have shown that in pancreas gland adenocarci-
noma, stromal cells need PAI-2 for normal remod-
eling of collagen regulating interaction of fibrob-
lasts and their binding with collagen inside ECM
[66]. In experiments carried out in vivo, PAI-2 ex-
pression in fibroblasts was associated with de-
creased metastasis and longer survival while PAI-
2 deficit caused tumor growth and local invasion
due to poorer stroma integrity [66].

Overexpression of uPA-system components is
currently regarded as a clinically meaningful
biomarker in different types of cancer and its com-
ponents are used as therapeutic targets for develop-
ment of new therapeutic approaches aimed at cre-
ation of drugs inhibiting uPA-system action [47, 102,
103]. One of the most potent uPA inhibitors is
Mesupron, a highly specific synthetic inhibitor
based on 2-naphthamidin, the effect of which is in-
tended to slow down tumor growth during pancreas
gland cancer and breast cancer [104]. Peptides or
peptidomimetics and antibodies have been sug-
gested as uPA inhibitors; low-molecular antagonists
of PAI-1 and antibodies have been suggested against
PAI-1; and against uPAR — low-molecular peptides
and monoclonal antibodies aimed at blocking the
interaction between uPAR and uPA, also antisense
RNA and target toxins [47, 53, 60, 105, 106].

Matrix metalloproteinases and their in-
hibitors. MMB the expression of which grows dras-
tically in tumors, play an essential role in the devel-
opment of destructive processes (invasion and

metastasis); they also perform regulatory functions
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KYJIBTYpe 9MOpHOHATBHBIX (pOP06JIaCTOB MBIIIIY,
TPaHC(POPMHUPOBAHHBIX BHUPYCOM CAapPKOMBI, a
TaK)Ke Ha KJIETOYHBIX IMTHUSX MeJIJaHOMBI 1 pabio-
MHOCApPKOMBI YesI0oBeKa [82, 83]. 3Tu uccyiemosa-
HUSA TI0KA3aJIv, YTO BCe KJIETKH, MMOJBEPTIINECs
OIlyX0JIeBOU TpaHchopMaIuy, NpoaynupoBaIn
UuPA, 4TO OBLIO Tajiee OATBEP KIEHO B 9KCITEPU-
MEeHTax I10 TPaHCIJIAHTAIlUU onyxoJei [84]. OgHa-
KO IIpY U3Y4YEHNH KOJIOPEKTAJIBHOI'0 PaKa 4eJIoBe-
Ka OB  TIOJIyYeHBI  MPOTHUBOIIOJIOKHBIE
pesyabTaTbl — MOpU aJeHOKApPIIMHOME TOJICTOU
KUIIIKY 9KcTIpeccrsi uPA Ob1s1a 0O0Hapy»KeHa JINIIb
B CTPOMaJTBHBIX KJIETKaX (1 He 0OOHApY KeHa B OITy-
xoJieBou TKaHu) [85, 86]. B Hacrosiee BpeMs
JOKa3aHo, YTO CTPOMaJIbHbIE KJIETKU IPOAYIIY-
PYIOT OCHOBHBIE€ KOMIIOHEHTBI UPA-CHACTEMBI, IPHU-
4eM UX 9KCIIPeCCHUs BapbUPyeTCs B 3aBUCUMOCTHU
oT BUja paka [58]. Tak mpu pake mpejacTarebHON
sKeJie3bl CuHTe3 UPA B OCHOBHOM OCYIIECTBJIAETCA
Makpodaramu [87], a Ipu pake TOJICTOU KUIIIKU U
IIPOTOKOBOM paKe MOJIOYHOI sKeJjie3bl — (PUOpo-
6actamu [88, 89]. Uto kacaercst uPAR, To Ipu pake
MIpeCTaTe/IbHOU 5KeJie3bl ero 9KCIIPeCCUpPYIOT He
TOJBKO HEUTPO(dUJIbI, HO TaKKe U Makpodaru
[89], mpu pake ToJicToi kuiku uPAR cuHTE3UpY-
eTcsi MakpodaraMu U OMYXOJIEBBIMU KJIETKAMU
[85, 90], a Tpu IPOTOKOBOM pake MOJIOYHOU sKeJie-
3bl — B OCHOBHOM Makpoaramu [90]. [Tpu maoc-
KOKJIETOYHOM pake Koxxu UPA [91] u uPAR [92] akc-
IIPECCUPYIOT TOJIBKO PAKOBbIE KJIECTKU.

ITokasano, uto arcupeccud uPA u uPAR cTpo-
MaJbHBIMHU KJIETKAMH, ACCOIMMPOBAHHBIMU C
OIIYyXOJIbIO, YCHJMBAeT WHBA3UI0 W MUIPAILHAIO
PAaKOBBIX KJIETOK U SIBJISIETCS MIJIOXUM IIPOTHOCTH-
YeCKUM NPU3HAKOM IIPU MHOTHUX THUIAX paka.
CymiecTBeHHas1 poJib ACCONUMUPOBAaHHBIX C OITYXO0-
JbI0 pubpPo6IACTOB B MPOrPECCUPOBAHUU MHO-
sKeCTBEHHOW MHUeJIOMbI Yesj0BeKa ObLjIa Mpoie-
MOHCTpPHUpOBAaHa in vivo u in vitro [93]. beLio
MMOKA3aHO, YTO pa3MHOKeHNE KJIOHAJIbHBIX I1J1a3-
MaTUYeCKUX KJI€TOK B KOCTHOM MO3Te MPOUCXOUT
B pe3yJibraTe TeCHOI0 B3aUMOJENCTBUS MeKIy
BHEKJIETOUYHLIM MaTPUKCOM W (pubpobdiacTamu,
KOTOPBIE OTBEYaIoT 3a [IOBBIIICHHYIO 9KCIIPECCHUIO
uPA, uPAR u MMII. Ilpu anure/inajbHOM pake
SIMYHUKOB aKcpeccust UPA i uPAR HabJTI01a/1aCh
He TOJIbKO B OIIYXOJI€BBIX KJIETKAaX, HO U B CTPOMe
OOJIBIIMHCTBA ITEPBUYHBIX OITyX0JIEH U YIACTKOB,
opakeHHbIX Metacradamu [94]. IIpu nHBa3uB-
HBIX KapIIMHOMAaX MOJIOYHOH KeJie3bl MOBbIIIEeH-
Has akcripeccusi UPA, uPAR u PAI-1 6b11a 06HapY-
’KeHa Kak B OIlyX0JIeBOM TKaHU, TaK U B
MHO3TIUTETHAIBHBIX KJIETKaX, MUOpuOpobdIacTax
u Makpogarax [95-98]. OpHaKo Ipu Uccaen0Ba-
HuM BaussHUA OM Ha nporpeccupoBaHue KapIiu-
HOMBI MOJIOYHOU skesie3bl in situ (DCIS) u ee tiepe-
X0J, B MHBa3UBHY10 KapuuHoMy (IDC), okasaJjocs,
YTO MHUOSMIUTEINAIbHBIE KJIETKU MOJOYHOU
sKeJsIe3bl 4esJ0BeKa MOI'yT TOPMO3UTh pa3BUTHE

by releasing regulatory factors from ECM. MMP are
endopeptidases, the enzymatic activity of which de-
pends on Ca?* and Zn?* [107]. MMP belong to in-
duced proteinases, vast majority of which is secreted
from the cell, while six MMP are membrane-bound
enzymes [108]. MMP were classified into several
groups based on their structure and substrate speci-
ficity: collagenases, gelatinases, stromelysins, ma-
trilysins, membrane-bound MMP (MT-MMP), and
other non-classified MMP [109]. In the body, MMP
are synthesized as inactive precursors (pro-MMP),
which structure contains a domain included in ‘cys-
teic switch’ that has a cysteine residue preventing
MMP binding with metal ions and thus keeping en-
zymes inactive [110-113]. This domain is removed
when MMP is activated [114]. The main activator of
secreted MMP is plasmin and membrane-bound
MMP — furin [59, 115-117]. Activation of pro-MMP
occurs in a stepwise manner: after activation by pro-
teinases, subsequent activation involves MMP, such
as MMP-3 and MMP-7 [109].

The action of MMP is aimed at destruction
and remodeling of ECM and basal cell mem-
branes; in aggregate, MMP are capable of hy-
drolyzing all essential components of ECM.
Gelatinases MMP-2 and MMP-9 hydrolyze specif-
ically type IV collagen — the basis of basal mem-
branes, which allows tumor cells to migrate; while
MT-MMP promotes ECM destruction in the peri-
cellular space [117-119]. Besides, MMP perform
also important regulatory functions by activating,
inactivating and modifying properties of a whole
number of biologically active molecules, such as
growth factors, cytokines, interleukins, etc., as a
result stimulating cell growth, proliferation and
migration and assisting invasion process develop-
ment [107, 120]. For example, MMP-2 (as well as
some other MMP) can activate transforming
growth factor B (TGF-beta), which promotes ep-
ithelial-mesenchymal transition — an important
stage of metastasis [118, 121].

MMP activity is regulated by endogenous met-
alloproteinase tissue inhibitors — TIMP [109].
There are four types of TIMP: TIMP-1, TIMP-2,
TIMP-3, and TIMP-4 [122]. They all can inhibit
MMP activity with different efficacy. TIMP-1 in-
hibits predominantly MMP-1 and MMP-7; TIMP-2
is an effective inhibitor of MMP-2; TIMP-3 can in-
hibit MMP-2 and MMP-9; and TIMP-4 inhibits
MMP-14 and MMP-2. It is worth mentioning that
TIMP-2 is the only member of the TIMP family that
specifically interacts on cell surface both with
MMP-14 and with pro-MMP-2, thus promoting
pro-MMP-2 activation; i.e. TIMP-2 can act simulta-
neously both as a MMP inhibitor and activator [14].
The balance between MMP and TIMP in a tissue
determines the actual activity of MMP, ECM degra-
dation, tissue remodeling, and tumor’s proteolytic
potential [123]. It has been shown that TME distur-
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DCIS, 4To cBSI3aHO C UHTHOMPOBAHUEM ITPOTEOJIH-
33, aKTUBHpyeMoro B3aumoeiicteuem uPA-uPAR,
o getictBueM PAI-1. QKCIIEpUMEHTHI in vivo
MMOKA3aJI, YTO TOT NPOIeCC MTPOUCXOAUT 3a CUET
TOPMOKEHHUsI BHYTPUKJIETOYHBIX CHUIHAJIBHBIX
nyTei nHTepJieiikuHa 6 (IL-6), KOTOphIii sABJIsIeTCA
OIHHM M3 OCHOBHBIX IUTOKMHOB, y4aCTBYIOIIIUX B
pas3BUTHHU paka [99]. DKcneprUMeHThI Ha KJIETOY-
HBIX KyJIBTYypax MDA-MB-231 nokasany, 4rto IL-6,
MIPOAYLIPYEeMbIN OIIYX0JIeBBIMU KJIETKAaMU, UH]TY-
LIUPYET dKCIIpeccuro u cekpenuo MMII-2, MMII-9
Y KaTelcHa B B MOHOIMTAX, YTO CIOCOOCTBYET
OIIyX0JIEBOMY POCTY, UHBAa3UU U METACTA3UPOBa-
Huto [100]. MI3yuyeHue poJix OIyX0JIb-aCCOLUUPO-
BaHHBIX (MOPOOJIACTOB B Pa3BUTUU PaKa MOJIOY-
HOU sKeJsie3bl, IIPOBelEHHOE Ha KYJIBType
MDA-MB-231, nmokasaJio, YTO B3aUMOJIelCTBUE
(pubpob1acTOB € paKOBBIMHU KJIETKAMU YBEJTIYH-
BaeT 9KCIPECCUI0 MHCYINHOIIOA00HOTO0 (hakTopa
pocta 1 (IGF-1) B ¢pubpobracTax v 9KCIIPECCUIO
PAI-1 B paKOBBIX KJI€TKaX; [IOBbIIIIEHHAA dKCIIPEC-
cusa Kak IGF-1, kak u PAI-1, npoMoTupyeT B pako-
BBIX KJIeTKax RhoA-CUTHAIUHT, KOTOPBIH CII0CO0-
CTBYET MUTpallMU KJIETOK U nHBaszuu [101]. Yrto
Kacaercsd uccjaenoBanuda poau PAI-2 B crpoMalib-
HBIX CTPYKTypax, TO IIpelrnoJiaraercs, 4To OHa
CBsI3aHa C MOJJiepyKaHUeM IIeJIOCTHOCTUA CTPOMBI
U COXpaHeHWeM ee CTPYKTYpEL. [Ipu aneHokapnu-
HOMe IOYKeTyI0YHOM sKejie3bl B 9KCIIepUMeHTax
in vitro, 6p1JI0 MOKa3aHo, uTo PAI-2 HeoOXogUM
CTPOMAJIBHBIM KJI€TKaM JIJII HOPMaJIbHOTO PEMO-
JeJJMPOBaHUA KOJIareHa, perynpyouniero B3au-
MojericTBre (puOpo6IaCTOB U UX CBSI3BIBAHUE C
KoJiiaresoM BHyTpu CTM [66]. B ncciienoBanusax
in vivo skcripeccusi PAI-2 B ¢pubpobsactax 6b11a
ACcCOMMMPOBAaHa CO CHUYKEHUEM METACTa3nupOBa-
HUs U OoJiee JINTEJTbHBIM IMEPUOIOM BBIXKHBA-
Hus, a fepunut PAI-2 BbI3bIBaJI OITYX0JIEBBINA POCT
¥ JIOKAJIbHYI0 WHBA3WIO, YTO OBIJIO CBA3AaHO CO
CHUSKEHMEM [1eJIOCTHOCTU CTPOMBI [66].
[ToBbI1IeHHAsA 9KCIIPECCUA KOMIIOHEHTOB UPA-
CUCTEeMBI PaCCMATPUBAETCS B HACTOsIIIee BPEMS B
KavyeCcTBe KJIWHUYECKH 3HAYMMOTO OMOMapKepa
MIpU Pa3JINYHBbIX BUJIAX PaKa, & €€ KOMIOHEHTHI
HCIOJIB3YIOTCSI B Ka4eCTBe TepalneBTUYeCKUX
MUIIIEHEH, KOTOpbIe CHy’KaT st pas3paboTku
HOBBIX TepaleBTUYeCKUX MOJIX0/I0B, HAIIPaBJIEHHBIX
Ha co3/aHue TperapaToB, TOPMOSSAIIUX JeUCTBUE
uPA-cucremsl [47, 102, 103]. OnauM 13 HauboJiee
MOIITHBIX HHIUOUTOPOB UPA sABJIsIeTCS Me3yIpoH
(Mesupron), BbICOKOCTENM(PUIHBINA CUHTETHYE-
CKUI UHTUOUTOP Ha OCHOBe 2-Ha(pTaMUIUHA, Teli-
CTBHE KOTOPOI'O HallpaBJIeHO Ha TOPMOYKEHUE OILy-
X0JIEBOT0 POCTA ITPU paKe MOHKeJTYI0YHOU sKesIe3bl
U1 MOJIOYHOM KeJie3bl [104]. Tak:ke B KaueCTBe UHI'H-
6uTopoB UPA OBLIU TPEIJIOMKEHBI TTENTUIBI WU
MIeNTUIOMUMETUKU U aHTuTes1a; IpoTuB PAI-1 —
HU3KOMOJIERYJIAPHBIEe aHTaroHucTel PAI-1 1 anTH-
TeJs1a; IpoTUB UPAR — HU3KOMOJIEKY/IsIpHBIE I1ell-

bance of MMP/TIMP correlation inside TME may
lead to metastasis [14].

In normal tissues, MMP expression is very low
or absent. MMP are induced by enzymes. During
cancer, MMP activity in tumor tissue grows drasti-
cally, which largely determines development of
tumor progression, invasion and metastasis of al-
most all types of cancers [124, 125]. That is why
many MMPs were at first cloned from tumor cells
(126, 127]. However, MMPs are synthesized not only
by tumor cells, but also by the cells of blood vessels
feeding the tumor and by various cells present in
TME (table) [128]. In vitro and in vivo invasive
melanoma and carcinoma investigations have
shown an important role of TME for MMP-2, MMP-
9, and MMP-14 induction in tumor cells [129, 130].
In melanoma specimens, the proteolytic activity of
MMP-2 and MMP-9 was concentrated in tissue
areas surrounding groups of melanoma cells, i.e.
where tumor and stromal cells interact, while in the
inner part of the tumor mass, no activity of those
proteases was revealed [131]. On the contrary, the
expression of MMP-14 during melanoma occurred
mostly in tumor cells and during human carcino-
mas — in peritumoral stroma [132, 133]. In case of
breast carcinomas, MMP-13 expression was ob-
served mostly in stromal fibroblasts; and in the case
of squamous cell cancer, on the contrary, MMP-13
was localized in tumor cells [134]. The investigation
of MMP role in glioma development has shown that
the main condition of tumor growth is MMP-2 ex-
pression by stromal cells [135]. One of the latest
studies concerning TME role in stimulating migra-
tion and invasion has analyzed the morphological
and molecular changes occurring during combined
culture of fibroblasts and MG-63 osteosarcoma cell
line [136]. The findings evidenced that the main
source of MMP in the tumor microenvironment are
fibroblasts, where the expression of MMP-9 was sig-
nificantly higher than in MG-63 cells. In the pres-
ence of fibroblasts, intensified migration of MG-63
cells, increased expression of IL-6 and YKL-40 (car-
tilage glycoprotein, which gene is highly expressed
in various human malignant neoplasms), and over-
expression of VEGE especially in MG-63, were ob-
served. Hence, TME fibroblasts can promote tumor
progression by expressing an increased amount of
MMP responsible for ECM destruction, cell migra-
tion, and tumor metastasis.

The expression and proteolytic activity of
MMP in tumor tissues depends on the tissue and
tumor type and stage. One of the studies carried
out on the metastatic prostate cancer model
demonstrated that the activity of MMP-2, MMP-7,
and MMP-9 increased upon transition to invasive
metastatic carcinoma, and that their expression
differed in different types of prostate cells (stromal
cells, macrophages, and epithelial luminal cells)
[137]. The authors also discovered substantial dif-
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TUJIbI I MOHOKJIOHAJIbHbIE AaHTUTEJIa, HallPaBJIEH-
Hble Ha OJIOKMpoBaHUe B3aumojercTre UPAR c
uPA, a Takske aHTHCMBICJIOBBIe PHK 1 11€71€BBIE TOK-
CUHBI [47, 53, 60, 105, 106].

MaTpHKCHbIE METAJJIONPOTENHA3bl M UX
HHruouTopsL. MMII, sKcripeccusi KOTOPHIX B OIY-
XOJISIX PE3KO YBEeJUYUBAETCS, UTPAlOT KJII0YEBYIO
poOJIb B PasBUTHUM [ECTPYKTHUBHBIX IIPOLIECCOB
(MHBa3Ws M METACTA3UPOBAHME), A TAKKE BBITIOJI-
HSIIOT PETyIATOPHbBIE (DYHKIINH, BEICBOOOKIAsT U3
CTM peryasaTopHsie ¢pakTopsl. MMII npencras-
JISTIOT co60# aHI0TeNnTHUIa3bl, (PepMeHTaTUBHAS
AKTUBHOCTH KOTOPBIX 3aBUCHUT OT MOHOB Ca’** u
Zn* [107]. MMII oTHOCATCA K MHIYLIHUPYEeMbIM
MpOTernHa3aM, OCHOBHAsI 4aCTh KOTOPBIX CEKPETH-
pyercda U3 KjaeTky, 1 mectb MMII ABIA10TCA MEM-
6panocBsizaHHbIME (pepmeHTamu [108]. Ha ocHO-
BE CTPYKTYPHI U CyOCTpaTHOH CreruUIHOCTH
MMII pasnesieHbl Ha HECKOJIBKO IPYIIIL: KoJLIare-
HAa3bl, jKeJIaTUHAa3bl, CTPOMEJIU3UHbI, MAaTPUJIN3U-
HbI, MeMOpaHocBsizaHHbie MMII (MT-MMII), u
Ipyrue HekjaaccuduuupoBanuele MMII [109]. B
opranuaMe MMII cuHTE3UpPYIOTCA B BHUIE
HEaKTUBHBIX IIpeIlIeCTBEHHUKOB (1po-MMII), B
CTPYKTYpe KOTOPBIX UMeeTCs JOMEH, BXOIAIINN B
COCTaB «IIMCTEMHOBOI'0 IepeKYaressa», COaep-
sKalllero 0CTATOK IUCTENHA, IIPeIOTBPAIIAIOIIETo
cBsA3bIiBaHME MMII c mvoHaMu MeTaJslJI0B, U, TAKUM
obpasoM, yaepskuBamwIero (epMeHTHI B
HeaKTUBHOU ¢dopMe [110-113]. ITOT NOMEH yAaa-
asierca npu aktuBanuu MMII [114]. OcHOBHBIM
aKTUBATOPOM cekperupyeMbix MMII asjdgercsa
TUTa3MHH, 2 MEMOPaHOCBSA3aHHBIX — (QypUH [59,
115-117]. AkTrBanuA npo-MMII mpouCXoouT CTy-
neH4yaTo. [locae akTWBamuu TpPOTeMHA3aMU B
JanbHelIlell aKTUBAIMU NPUHUMAIOT y4acTue
MMII, takue kak MMII-3 1 MMII-7 [109].

HetictBue MMII HanpaBJ/ieHO Ha AECTPYKIIMIO
u pemopesimpoBanue CTM, a Takke 6a3aaIbHBIX
KJIETOYHBIX MeMOpaH; B coBokymHocTH MMII crio-
COOHBI THIPOJTN30BaTh BCE OCHOBHBIE KOMITOHEH-
Tl CTM. Kenarunasbel MMII-2 1 MMII-9 cieru-
dudyecku ruaposu3yoT KoJjjiareH [V Tuma —
OCHOBY 6a3aJIbHbIX MEMOPaH, UTO TIO3BOJISIET OITY-
X0JIEBBIM KJIeTKaM MUTpUpoBars, a MT-MMII crio-
cob6cTyOT nectpykimu CTM B mepuresuosp-
HOM npocTtpaHcTse [117-119]. Kpome Toro, MMII
BBIIIOJIHSIOT TAKSKE BAYKHbIE PETYJISITOPHBIE (PYHK-
[IUY, aKTUBUPYS, UHAKTUBUPYS U MOTUPULIUPYS
CBOYICTBA IIeJIOTO Psifia OMOJOTHYECKU aKTUBHBIX
MOJIEKYJI, TAKUX KaK (PaKTOPbI pOCTa, IUTOKUHBI,
WHTEPJEUKUHBI U JIP., YTO TaKKe IIPUBOJIUT K CTHU-
MYJISIIAU POCTA, TpoJinepalivii U MUTPALNH KJle-
TOK, Pa3BUTHIO UHBA3MBHBIX IIpo1eccoB [107, 120].
Hanpumep, MMII-2 (1 HexoTopbIe apyrue MMII)
MOTYT aKTUBUPOBATh TPAaHCHOPMUPYIOIINH (pak-
Top pocra [ (TGF-beta), KOTOpBIHf cCHOCOOCTBYET
3NUTe/INAIbHO-ME3eHXUMaIbHOMY Iepexony,
Ba)KHOMY JTally MeTacTa3uposanud [118, 121].

ferences in the contribution of those proteases in
the prostate cancer development: MMP-2 assisted
neovascularization of immature blood vessels,
MMP-7 increased the size of blood vessels without
affecting the tumor, while MMP-9 not only in-
creased the vessel size but also reduced the inci-
dence of focal invasion of gland epithelium and fa-
cilitated infiltrative invasion independent on the
vascular system [137].

The investigation of the role of MMP and their
inhibitors in stromal fibroblasts and monocytes dur-
ing four different types of breast cancer (type A, type
B, HER-2-positive tumors, triple negative breast can-
cer) has shown that MMP-11 expression in mono-
cytes correlated with an adverse prognosis in all
cases. In type ‘A’ tumors, the expression of MMP-9,
MMP-11, and TIMP-2 in fibroblasts correlated with
adverse prognosis and in type ‘B’ tumors — the ex-
pression of MMP-14 in monocytes and TIMP-2 in fi-
broblasts. In case of HER-2-positive tumors, the ex-
pression of MMP-9 in monocytes correlated with
adverse prognosis and in case of triple negative
breast cancer — the expression of TIMP-1 in mono-
cytes [138]. These data indicate, firstly, the important
role of stromal cells in breast cancer development;
secondly, the role of particular MMP and their in-
hibitors in disease development; and, thirdly, that as-
sessment of their expression might be used as a prog-
nostic marker in breast cancers of different types.

Slowing down of MMP expression and/or ac-
tivity is considered capable of preventing effectively
cancer invasion and metastasis. There are many
methods to block MMP; nevertheless, none of them
has been introduced into clinical practice [136,
139]. MMP initiate a whole range of pathways that
themselves can both accelerate the tumor develop-
ment process and suppress it. These findings point
to the necessity of using different drugs to suppress
tumor progression. At present, strategies are being
brought to the forefront, which are aimed at creat-
ing drugs targeted at molecules produced in TME
under the influence of MMP. One of such drugs is
Bevacizumabum (Avastin), which represents mon-
oclonal antibodies to VEGF released under the in-
fluence of various MMPs, such as MMP-2, -10, -11,
-7, -9, -4 [140-143]. The effect of Bevacizumabum
is to prevent VEGF binding to its receptor (VEGFR)
found on the surface of endothelial cells and, thus,
suppressing tumor growth and metastasis [144].
Bevacizumabum is employed in clinical practice to
treat different cancers, such as segmented intes-
tine, breast, pancreatic and prostate cancers.

Conclusion

TME represents a unique system that includes
a heterogeneous population of cells secreting bio-
logically active molecules (growth factors, cytokines,
proteinases, etc.), and ECM [5]. The expression and
processing of proteinases in stromal and tumor cells
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AxtuBHoCcTh MMII perynupyercs sHIOTeH-
HBIMU TKaHEBLIMHU UHTUOUTOPAMU METAJIJIOIIPO-
TenHa3d — THIMII [109]. MI3BeCTHO 4YeThbIpe TUNA
TUMIT —TUMII-1, TUMII-2, TUMII-3 u TUMII-4
[122]. Bce oHM MOTYT MHTUOMPOBATh AKTUBHOCTH
MMP c pa3noii apdertuBHOCThIO. Tak, TUMII-1
MpenMyIIeCTBeHHO HHru6mpyer MMII-1, MMII-7;
TUMII-2 siBasieTcst 3 PEeKTUBHBIM HHTUOUTOPOM
MMII-2; TUMII-3 MokeT mHruOupoBarb MMIT-2
u MMII-9, a TUMII-4 uarubupyer MMII-14 n
MMII-2. Citenyer orMeTuTh, yTo TMIMII-2 gBssger-
Cca eIUHCTBEHHBLIM 4JjeHOM ceMmercTtBa THMII,
KOTOPBIH crnenuduyeckd B3aUMOJENCTBYET Ha
KJIETOYHOW TTOBEPXHOCTH Kak ¢ MMII-14 Tak u ¢
npo-MMII-2, 9To ciocobCTBYET aKTUBAIINY TTPO-
MMII-2, To ectb TUMII-2 MOKeT OGHOBPEMEHHO
NefiCTBOBATh KaK MHTUOUTOP U akTuBaTrop MMIIT
[14]. bBananc mexxay MMII u TMIMII B TKaHu onipe-
JeJideT peasibHYI0 akTuBHOCTHE MMII, nerpana-
nuto CTM, peMonennpoBaHWe TKAaHU, a TaKKe
NIPOTEOJUTHYECKUN NTOTeHIIHal onyXoJei [123].
IlokasaHo, uTo Hapymenue BHyTpu OM cOOTHO-
menuss MMIT/TUMII moskeT IpUBOIUTH K MeTa-
CTa3upoBaHUIO [14].

B HOpMaJIbHBIX TKaHAX 3Kcrpeccusa MMII
HaxOAWUTCs HA OYeHb HU3KOM YPOBHE WUJIU OTCYT-
ctByeT. MMII sIBJIAIOTCS MHAYLIUPYEeMBbIMH dep-
MeHTaMu. [Ipu pake aktusHOoCcTE MMII B omyxo-
JIeBOU TKaHW pPe3KO IIOBBINIAETCS, 4YTO B
3HAYUTEJILHOU CTEINeHU OmpejessieT pa3BUTHE
OITyX0JI€BOU MPOTPeCcCry, UHBA3UIO U MeTacTa3u-
poBaHVe IpaKTUYeCKU IIPU BCeX BUax paka [124,
125]. UMeHHO moaToMy BHepBble MHOrne MMII
OBITM KJIOHUPOBAHBI U3 OITyX0JIEBBIX KJIETOK [126,
127]. Oppako MMII cuHTe3upyeTcss He TOJIBKO
OITyXOJIEBBIMU KJIETKaMH, a TAK)Ke KJIeTKaMU KpPO-
BEHOCHBIX COCYA0B, IUTAIOIIUX OIIyX0JIb, ¥ pa3-
JUYHBIMM KJEeTKaMM, HaxogAammmucad B OM
(tra6s.) [128]. MccaemoBaHusi, IpOBeeHHbIE B
cucTeMax in vitrow in vivo Ipyu UHBa3WBHOU MeJla-
HOMeE ¥ KapIMHOMe, II0Ka3aJu BayKHY10 poJsib OM
A naayknuu MMII-2, MMII-9 u MMII-14 B omy-
XOJIEBBIX KJIeTKax [129, 130]. B o6pasiax meJiano-
MbI [IPOTEOJUTHUYECKad aKTUBHOCTbL MMII-2 u
MMII-9 6bL1a TOKAJIM30BaHA HA YYaCTKAaX TKaHMY,
OKPYSKaIOIIUX IPYNIIBI KJIETOK MeJaHOMEBI, T.e.
TaM, Te IPOUCXOAAT B3aWMOIENCTBUE MEXIy
OIIyXOJIEBBIMY U CTPOMAJIBHBIMHU KJIETKAMH, B TO
BpeMsi KaK BO BHYTpPeHHEH 4acTU OMyXO0JeBOH
MacChl aKTUBHOCTH 3THUX IIPOTea3 He HabJIIoma-
Jock [131]. Oxcapeccuss MMII-14, Hao60poT, Ipu
MeJIaHOMe B OCHOBHOM IIPOUCXOOMJIA B OIyXOJIe-
BBIX KJIETKAX, a TP KapIIMHOMAaxX 4YeJIOBeKa — B
IepuTyMoOpasbHOU cTpoMe [132, 133]. Acnipeccus
MMII-13 npu KapuuHOMax MOJIOYHOU >KeJjie3bl
HabJTI0ja/1ach B OCHOBHOM B CTPOMAJILHBIX (DUO-
pobJtacTax, a IpH IJI0OCKOKJIETOYHOM pake, Ha000-
POT, B OIIyX0JIEBBIX KjeTkax [134]. I[Ipu uccieno-
BaHMHU poJsii MMII B pa3BUTUHM WIMOM OBLIO

differ; hence, their contribution to tumor progres-
sion differs as well [145]. Contemporary studies
demonstrate that investigations of different types of
human cancer should take into account the whole
complex of proteolytic interactions that depends
not only on the contribution of tumor cells’ pro-
teinases but on the contribution of TM proteinases
including endothelial cells, fibroblasts, adipocytes,
pericytes, immune cells, and mesenchymal stem
cells [3, 57]. Novadays it is evident that a better de-
ciphering of mechanisms of invasion and metasta-
sis can be achieved only in experimental systems
combining tumor and stromal cells. However, TM
has its own characteristic features in different types
of cancer, and the experimental systems to be em-
ployed should simulate the natural near-tumor en-
vironment including stroma and tumor-associated
cells in each type of cancer. This may lead to appear-
ance of a new strategy for preventing critical condi-
tions in oncology.

Acknowledgment. The work has been done
within the frames of the Program of Fundamental
Scientific Research of State Academies of Sciences
for Years 2013-2020.

IIOKAa3aHOo, YTO OCHOBHBIM YCJIOBHEM OIIYX0JIEBOIO
pocra AaBJisgeTcs skcupeccuss MMII-2 ctpomads-
HBIMU KJieTKamMu [135]. B ogHOM 13 1ocJjegHux
nccaegoBaHu, Kacatomemcs posii OM B cTUMY-
JIIIIY TIPOIECCOB MUTPAIIUN U MHBA3UU, OBIIN
MMPOaHAJIM3UPOBaHbI MOP(OJOTUUYECKUE U MOJIe-
KyJIApHble HW3MEHEHHUsd, IPOUCXOAAINNE IIpU
COBMECTHOM KYJBTUBHUPOBaHUM PUOP0OIACTOB
4yeJIoBEKa U KJETOYHOU JUHUU OCTEO0CAPKOMBI
MG-63 [136]. IlosiyueHHBIe pe3yJbraTbl CBUJE-
TeJIbCTBOBAJINU, YTO OCHOBHBIM UCTOYHUKOM MMII
B MHUKPOOKPY>KEHUH OITyXOJIU ABJISAIOTCSA (prdpo-
0J1acThl, B KOTOPBIX aKcmpeccuss MMP-9 6biia
CyIIIeCTBeHHO 00JIee BBICOKOM, 4YeM B KeTkax MG-
63. B mpucyrcrBun ¢pubpobs1acToB HAOIIIOIAIOCH
yCUJIeHVe MUTI'Paliu Ki1eToKk MG-63, IToBbIIIeHre
akcnpeccud IL-6 u YKL-40 (xpsIieBoi IJIMKOIIPO-
TEWH, TeH KOTOPOTO SIBJISIETCSI BBICOKO 9KCIIPECCH-
POBAHHBIM MPU PA3JIUYHBIX 3JIOKAYECTBEHHBIX
HOBOOOpa30BaHUAX YeJIOBEKA), a TAKKE CBEPX-
akcmpeccusi VEGF ocobenno B MG-63. Takum
obpasom, pudpobdaacTer OM MOTyT CTOCOOCTBO-
BaTh OIYXOJE€BOU IPOrPecCUM JKCIPEeCCUpysi
IOBBILIIEHHOEe KoandecTBo MMII, koTophle oTBe-
4aloT 3a pasdpyurenne CTM, MUTrpanuio KJIETOK U
MeTacTa3UpPOBaHUeE OIIyXOJIN.

JKCcHpeccusi U MPOTEOJUTHYECKAsA aKTUB-
HOCTb MMII B OonyX0JI€BBIX TKAHAX 3aBUCUT OT
TKaHM, BUJA OIYXOJIY U CTEIIeHU ee pa3BUTHs. Tak
B OJHOM M3 HCCJIEJJOBAaHUMN, POBEJEHHOT0 Ha
MOJIeJIM METACTATUYECKOT0 PaKa IpeicTaTe TbHON
sKeJIe3bl, ObLIIO MPOAEMOHCTPUPOBAHO, YTO AKTUB-
Hoctyu MMII-2, MMII-7 u MMII-9 yBesinunBa uch
MpHU Mepexojie K MHBAa3UBHOU MeTacTaTU4eCKOu
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KapOUHOMeE, a TAK)Ke, YTO UX IKCIIPECCUs OTInYa-
J1aCh B Pa3/IMYHBIX TUIIAX KJIETOK IIPOCTATHI (CTPO-
MaJIbHbIX KJIeTKaX, Makpodarax u snuTesnab-
HBIX IPOCBETHBIX KJeTKax) [137]. ABTOpBI TaKKe
0OHAPY’KUJIU CYIIeCTBEHHBIE PA3JIMYMS BO BKJIa-
Jle 9THUX IIpOoTea3 B pas3BUTHE pakKa IIPOCTaThbl:
MMII-2 crocoGcTBOBa/Ia HEOBACKYISIPU3AITAN
He3peJIbIX KPOBEHOCHBIX cocynos, MMII-7 yBe-
JMYVBasia pa3aMep KPOBEHOCHBIX COCYIOB 0e3
BJIMAHUA HA OIYyX0Jib, a MMII-9 He TOJIBKO yBe-
JUYMBajia pasMep COCyla, HO TaK)Ke CHUKaJja
YaCTOTy 04aroBOY MHBA3UU KeJIE3UCTOTO JIIUTe-
JIVISI ¥ CIIOCOOCTBOBAJIA HE3AaBUCUMOMU OT COCYIM-
CTOM cucTeMbl THQUIBTPATUBHON MHBA3UM [137].

HccnenoBanue poau MMIT 1 UX HHTUOUTO-
POB B CTpOMaIbHBIX PUOPOHIACTAX U MOHOIIUTAX
[P YeThbIpex pa3/JNYHbIX TUIIAX paKa MOJOYHON
skesiednl (Tuml A, Tun B, HER-2-1103uTUBHLIE OILy-
XOJIY, TPOMHOU HETAaTUBHBIA pak MOJIOYHOM sKeJie-
3bl) II0OKa3aJo, 4To akcnpeccua MMII-11 B MoHO-
OUTax KOppeJimpoBasa C IJIOXAM IIPOTHO30M BO
Bcex ciydasax. [Ipu onyxosiax tuna A ¢ MJI0XUM
IIPOTHO30M KOoppeJupoBaJa akcrpeccusa MMII-9,
MMII-11 u TUMII-2 B pubpobsacrax, a mpu oIry-
x0J1AX TUna B — sxkcnpeccuss MMII-14 B MoHOLIU-
Tax u TUMII-2 B ¢ubpobsacrax. [Ipu HER-2-
IIO3UTHUBHBIX OIIyXOJIAX C IJIOXMM IIPOTHO30M
KoppeJimpoBaJa akcrnpeccusa MMII-9 B MoHO1IM-
Tax, a IpU TPOMHOM HeTraTUBHOM paKe MOJIOYHOU
sKese3bl — aKcnpeccusa THIMII-1 B MoHoOuTax
[138]. OT; maHHBIE YKa3bIBAlOT, BO-IIEPBBIX, Ha
Ba)KHYIO POJIb CTPOMAJIbHBIX KJIETOK B Pa3BUTHUU
paka MOJIOYHOH jKeJjie3bl, BO-BTOPBIX, HA POJb
oTebHbIXx MMII 1 UX MHTUOUTOPOB B Pa3BUTHUU
3aboJieBaHMsA, a B-TPETHUX, HA TO, YTO OI[EHKA WX
9KCIIPECCUU MOKET OBITh MCIIOJIb30BaHa B Kade-
CTBe IIPOTHOCTUYECKOTO MapKepa IIpU pasjnd-
HBIX TUIAX paka MOJIOYHOH yKeJsle3bl.

Cunraercs, 4TO TOPMOKEHHE 3KCIIPecCuu
u/mam aktuBHocTu MMII MoskeT aekTuBHO
IIpeAoTBpaIlaTh OIyX0JIeBYIO MHBA3UIO U MeTacTa-
3upoBanue. CyIecTByET MHOKECTBO CIOCOOOB
6s1okupoBanust MMIT, omHAKO HU OIMH M3 HUX He
OBIJT BBEJIEH B KIIMHUYECKYIO TTPAaKTURY [136, 139].
MMII 3anmyckaioT meJiblif psif OyTei, KOTOpble
camu 110 cebe MOTYT KaK YCKOPATH IIPOIIecC pa3Bu-
THUA ONYXO0JIY, TaK U II0JABJIATH €ro. ITU JaHHbIE
YKa3bIBAIOT Ha HEOOXOAMMOCTh MCIOJIb30BAHUS
Ppas3JIMYHBIX IIPEaparoB [Js IIO4aBJICHUAA OIIyXO-
JIeBOU mporpeccuu. B HacTosiiiee BpeMs Ha nep-
BBIH IIJIaH BBIJBUTAIOTCSI CTPATErnuy, HallpaBJIeH-
HbIE Ha CO3/JaHNe [IPEeNaparos, TeicTBUEe KOTOPbIX
HaIpaBJIeHO Ha MOJIEKYJIbI, 0Opasytomuecsi B OM
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nof, neticrBuem MMII. OqHUM K3 TaKUX Mperapa-
TOM SIBJIsIETCSI OeBarnuaymad (aBacTHH), KOTOPBIN
MIpeJiCTaBJIsIET COO0II MOHOKJIOHAJIbHBIE aHTUTE A
Kk VEGE 3a BbICBOOO KIeHIIE KOTOPOTO OTBEYAIOT
passinuabsie MMII, Takue kak MMII-2, -10, -11, -7,
-9, -4 [140-143]. eticTBue OGeBaruaymaba 3aKJIIO-
4JaeTcsl B MPensATCTBOBAaHUM CBA3bIBaHUA VEGF ¢
ero penentoM (VEGFR), Haxogsmumcs Ha TOBepX-
HOCTH 3HAOTEeJNATIbHBIX KJIETOK, YTO IPUBOJIUT K
YIHETEHHUIO OITyX0JIeBOI'0 POCTA U MeTacTa3nupoBa-
Hus [144]. BeBaruaymad IpuMeHsIeTCS B KJIIMHUKE
MIPU pa3JINYHbBIX BUJIAX paKa YeJIOBEKA, TAKUX KaK
pak 000TOYHOI KHUIITKY, MOJIOYHOH, TIOJKEJTy 04 -
HOU U NpeJicTaTe/IbHOM 5KeJies.

3akJrouenue

OM mpencraBjsieTr c000W YHHKAJIbHYIO
CUCTEMY CUCTEMY, BKJIIOYAIOIIYI0 reTepOTeHHYIO
TTOMYJISIIINIO KJIETOK, CEKPeTUpyeMble OroJsioruye-
CKU aKTHBHBIE MOJIEKYJIbI ((PaKTOPBI pOCTA, ITUTO-
KUHBI, IPOTEUHA3bI U JIp.) U BHEKJIETOUHbIN CTM
[5]. ArCcTIpeccus ¥ NPOIeCCUHT TPOTENHA3 B CTPO-
MaJIbHBIX ¥ OITyXOJI€BBIX KJIETKAaX pa3/In4aoTCs, U,
cJef0BaTeJabHO, UX BKJIATl B IPOTPECCUPOBaHUE
OIIYyXOJIX TakyKke pasdnandeH [145]. CoBpeMeHHbIe
HCCJIeJ0BAaHUA JEeMOHCTPUPYIOT, YTO IIPU UCCJIe-
JOBaHUAX Pa3HbIX TUIIOB PaKa 4YeJIOBeKa CJIeayeT
MIPUHUMAaTh BO BHUMaHNeE BeCh KOMILJIEKC IIPOTEO0-
JIUTUYECKUX B3aUMOIEVCTBUM, KOTOPbBIN 3aBUCUT
He TOJIBKO OT BKJIa[la IPOTEeNHa3 OIyXO0JIEBbIX KJIe-
TOK, HO TaKsKe OT BKJaja nporenHas OM, BKJIIO-
4Jas 9HAOTe UaJIbHbIE KJETKH, (PUOPOOJIACTHI,
aIUMOLNUTBI, I€PULUTb], UMMYyHHbIE KJIETKH U
Me3eHXMaJbHbIe CTBOJIOBBIE KJIETKH [3, 57]. Ha
CEeroOgHSANIHUNA JeHb CTaJ0 OYEBUIHO, UTO JOCTH-
SKeHMe JIy4lIero IOHNMaHNu s MeXaHU3MOB pa3BU-
THUA TAKUX IIPOIECCOB, KAK NHBA3USI U METACTA3 M-
poBaHue, MOKeT OBITh NOCTUTHYTO TOJBKO B
9KCITEPUMEHTAIbHBIX CUCTEMAX, 00beIMHSIOTITIX
OIlyXOJIeBble ¥ CTPOMaJIbHble KJjaeTKHU. OgHakKo
IpU pas3JInYHbIX BUAaXx paka OM wmMmeeT cBOU
XapaKTepHbIe 0COOEHHOCTH, TTI09TOMY UCIIOJTh3Ye-
Mbl€e CUCTEMBI TOJHKHBI MOAEJTNPOBATh eCTECTBEH-
HYIO OKOJIO-OIIyXOJIEBYIO Cpefy, BKJIIOYAIOLIYIO
CTPOMY U aCCOLIMMPOBAHHBIE C OITYXOJIBIO KJIETKU,
MIPU KAKI0M U3 BUI0B PAKA, YTO MOKET NPUBECTHU
K CO3/IaHUI0 HOBOM CcTpareruu mpeaoTBpalleHust
KPUTUYECKUX COCTOSTHAM TPU OHKOJIOTHM.

BaarogapHocTh. PaboTa BBITTOJTHEHA B paM-
kax [IporpamMmbl (pyHIAMEHTAJbHBIX HAy4YHBIX
HCcaeq0BaHUM rocyJapCTBEHHbBIX aKaleMUN HayK
Ha 2013-2020 roasl.
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IIpaBuJa aJjisga aBTOPOB

ITpaBuJIa 1151 pyCCKOSA3BIYHBIX ABTOPOB
sKypHaJia «0011ass peaHUMaToJOTHI»

C y4eTOM peKOMeHaluil poCCUiiCKoM Accollualiuy HayYHbIX peJaKkTopoB u usnareseii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) penaknus 25.09.2018

IIpaBOBbI€ U 3THYECKHE ACTIEKTHI Ty0JIMKA-
UM PYKOMUCH

YcnoBust ny0JIMKAIUY PYKOITHCH

— Pykomnuicu myOJIMKYIOTCs TP 00513aTeTbHOM
COOJTIOIEHNY aBTOPOM 3THKU Y IIPABUII Iy OJTUKAIAN
(mogpobGHee Ha caliTe sKypHaJia: www.reanimatol-
ogy.com).

— Pykonucu ny0JIMKYIOTCA € cOOJII0leHreM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEeHIINATIbHOIO
OTHOIIIEHMsI K IePCOHAJIBHBIM TAHHBIM aBTOPOB.

— Pykonucu nyOJIMKYIOTCST O€CIIaTHO.

— Pykonucu, OpuHsATHIE B KypHaJ, IIPOXO0-
ISIT pelieH3upoBaHue Ha OPUTUHATBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJeKBAaTHOCTb CTAaTUCTHYe-
CKOll 00paboOTKM MJAaHHBIX Ha  YCJIOBUSAX
KOH(MUIEHINAIbHOCTH 32 MCKJIIOYEeHUEM BbI-
siBJIeHUs paabcuUKAIUU JaHHBIX.

— PenkoJierust octaBJisieT 3a cCOO0OU IpaBo
COKpalllaTh ¥ peJaKTUPOBATh PYKOIIKCH.

I[IpuYMHBI CHATHUS C NeYaTH U 3aJAeP3KKU
MyOJTUKAIUH PYKOIIMCH

— Pykomnucu, He COOTBETCTBYIOIINE IPO-
(puio sxypHaia, He IPUHUMAIOTCSL.

— Pykomnucu, paHee ONyOJWKOBaHHBIE, a
TaKk’Ke HalpaBJ/ieHHble B APYrod SKypHaJ WJIN
cOOpPHUK, He IPUHUMAIOTCSI. VICK/II0ueHre coCTaB-
JISTIOT IIepeBO/Ibl Ha PYCCKUM/AHITIUHUCKUN SI3BIK
OT[IeJIbHBIX CTaTell, UMeIoIuX 60JbII0e IPAKTHU-
yeCKoe 3HaYeHMe U/UJIN MIPeJCTaBJsIONIUX 0CO-
OBII HAYYHBIN HHTEPEC, OTIPEIeIsIEMbII aKTyaJTh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
LUTHUPOBAHUS, 3AIIPOCOM IO KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHOoe opopMJyeHUEe U HeNO-
CTOBEPHOCTH IIPEJICTABJIsIEMbBIX OUbJorpadpuye-
CKUX [aHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTB JO CHATUSI PyKOIIMCH C IIeYaTHU.

— Hapymenue npasua opopMIeHus: pyKo-
MNCH, HeCBOEBPEMEHHBIH, a TaK:Ke HeaeKBaTHbIN
OTBET Ha 3aMeYaHUsl PelleH3eHTOB U HayYHbIX pe-
JIAKTOPOB IIPUBOJAT K 3a/ieprKKe MyOIuKauu 10
HCIIpaBJIeHNs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUU 3aMevyaHuil pelieH3eHTOB U HayUYHBIX
PENaKkTOpPOB PyKONIMCh CHUMAETCS C AaJbHENIIero
paccMoTpeHus.

— Pykomnwucy OTKJIOHEHHBIX padoT perak-
nuel He BO3BPAIIAIOTCS.

HNHTepecsl cTopoH: ABTOp/Pegakuius

Penakiysi ocTaBJisieT 3a COOO¥ MPaBO CUUTATH,
YTO:

— aBTOPBHI, IPeJOCTABUBIIINE PYKOIIUCH AJI51
ny6auKauu B skypHan «O01ias peaHuMaroso-
TUsl», COIVIACHBI C YCJIOBUSAMU ITyOTUKAIINN U OT-

KJIOHEHUSI PYKOIIMCH, & TaK)Ke C IPaBUJIaMU €€
odopmIIeHHS.

— aBTOP, OTBETCTBEHHBIN 3a MEPEMUCKY C
penakiire, BhIpaskaeT MO3UITHI0 BCETO aBTOP-
CKOT'0 KOJLJIEKTUBA.

Pefaknus v M37aresibCTBO He HECYT OTBET-
CTBEHHOCTY 32 MHEHUSI, U3JIO’KEHHBIE B ITyOJ/IHKA-
[UX, a TAaKJKe 3a COoJlepIKaHue PeKJIaMbI.

TapaHTHH peTaKkImu

JIroOble pyKOMCH, TIOJTyYEHHbBIE PelaKIei
IUIST pelleH3MpOBaHusl, OYAyT BOCHPUHUMATHCS
Kak KOH(MUIeHIMaIbHbIe TOKYMEHTHl. OHU He
MOTYT OBITh TTIOKA3aHbI IPYTUM JIUIIAM U 00CY3K-
JIEeHBI C HUMU, 33 UCKJIIOYEHUEM JIHI], YIIOJTHOMO-
YEeHHBIX PeJaKIne.

Heomy6yimkoBaHHBIE MaTepUasbl, HAXOMsI-
IIrecst B IPeI0CTaBJIeHHON cTaTbe, He OyayT uc-
I10JIb30BAHbI B COOCTBEHHOM HCCJI€IOBAHUN Ha-
YYHOTO pefakTopa U  peIeH3eHTOB 0e3
MMICbMEHHOTO pPa3pereHuns aBTopa.

PerieH3eHT He OyIET IOMYIIEH K pacCCMOTpe-
HUIO PYKOIIMCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEPECOB B €0 KOHKYPEHTHBIX, TAPTHEPCKUX JIUOO
JIPYTHX OTHOIIIEHUSIX C KEM-JIN00 U3 aBTOPOB, KOM-
MMaHUHN UM OPTaHU3aIlNii, CBSI3aHHBIX C MaTepua-
JIOM YOJTUK AT Y.

ABTOpBI UMEOT MPABO TOJIYYUTH TI0 3APOCY
WH(OPMAILIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O IO/~
TOTOBKE, 0(pOPMJIEHUH U TIPOJBUKEHUN PYKOIIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 32 MEPETUCKY C PEIAKIIHE, TTOTy-
YaeT I10 3JIEKTPOHHOI TIOYTe TEKCThI PEIleH3Ui; pe-
IIIEHVE PEKOJITIETUN O TyOJIMKAIIHN WJIA OTKJIOHE-
HUUY PYKOITUCHU C 000CHOBAaHMEM IIPUYUHBI; BEPCTKY
OTPENAKTUPOBAHHOTO BapUAHTA PYKOIIUCH JIJIsI T10-
JIy4€eHUsI aBTOPCKOT'O COTTIACHST Ha ITyOJIMKAITHUIO.

l'apanTuu ABTOpa
[IpemocraBieHHass B pelaKUI0 PYKOIUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTepPUAJIOB, 3AIIUIIIEHHBIX TUIIEH3UEN OT
HECAHKIINO- HUPOBAaHHOTO BOCIIPOU3BENEHUS, 10-
ITyCKAaEeTCs TOJBKO C TUChbMEHHOTO pa3perieHust
npaBpoobOJiagaressi(ei) W Tpu 00sg3aTeJTbHOMN
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIHUII,
KOTOpbIE BHECJIU OIIYTUMBIN BKJIAJ B KOHIIEN-
[UIO, IPOEKT, UCIIOJTHEHNE U MHTEPIIPETAINIO
3asIBJIEHHOM pabOThI, TO €CTh TeX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPHUSIM aBTOPCTBA.

PyKOIIUCH HE COIEPIKUT MaTEPUAJIOB, 3aTpe-
IIIEHHBIX B OTKPBITOM [T€YaTH AEHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.
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KonduaukT uarepecos cropoH: ABTOp/Penak-
nys

KongukT naTepecoB cTopoH ABTOp/Penak-
[IMs1 pelIaeTcs IyTeM IIeperoBopoB CTOPOH, B CIIy-
4Jae HeyperyJaupOBaHHbIX IIyTeM IIeperoBOpoB pas-
HOINIACUHl — B COOTBETCTBUU C HEUCTBYIOIIUM
3aKOHOJATEeJIbCTBOM PD 1 MeyKlyHapOgHBIMU HOP-
MaTHBHO-IIPABOBBIMU aKTaMH, PeryJupylOlMy
MyOJIMKALIAIO PYKOITMCEH B HAYYHO-TTPAKTUYECKUX
MEeIUIMHCKUX YKypHaJIax.

Comracue Ha myOJIMKAIAIO0 OTPEJAKTUPOBaH-
HOT'0 MaTepuaJjia BbIpa)KaeT aBTOp, OTBETCTBEH-
HBIH 3a IIepenucKy ¢ pegaknueil. [locsie o3HakoM-
JIEHUsI C BEPCTKON OH HAaIlpaBJIsIET B peJaKIUIO0
3JIEKTPOHHOE ITMCHMO I10 OJHOM U3 IIpe/iCTaBJIeH-
HBIX POpM:

1) ABTOpPBI* cOWTaCHBI HA ITyOJIUKAITIIO PYKO-
MUCU** B TIpeICTaBJIECHHOM BHUJE.

2) ABTOpBI* COIVIACHBI HA MYOJIUKAIIIIO PYKO-
nuCcK™* Mocjie BHECEHUsI B BEPCTKY CJIEAYIOIINX
IIPaBOK:... (IaJjee ciaenyeT epedeHb C YyKadaHueM
HOMepa CTPaHUIIbI TPAHOK BEPCTKY, HOMepa a0-
3arra, HoMepa CTPOKH B ab3alie M caMoil TPaBKH).

*YkasbpIBaeTcsd BeCchb aBTOPCKHUU cocTaB. **
YKa3pIBaeTCs1 Ha3BaHUE PYKOIIUCH.

Cpoxk omnoselieHus pefakuu O IPUHATOM
aBTOpaMu pelnreHnn — He 0oJjiee 3-X THEHN C Mo-
MEHTa OTIIPaBKU BEPCTKU aBTOPY, OTBETCTBECH-
HOMY 3a IIepeluCKYy C peJaKiuei.

Buumanwe! Ha cTaguy BepCTKY TOIyCKACTCS
MpaBKa ONE€YATOK, OMMOO0YHBIX TGP U cJIoB. Pe-
JaKTApOBaHue MarepraJia (3aMeHa, UCKJII0YeHHe,
nmobaBsieHre IpeJIoYKeHNH, ab3arieB 1 WJLTIOCTPa-
TUBHBIX O/IOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEHEHUs BEPCTKU IIPUBOIAT K €€ yA0po-
SKAQHUI0O W 3aJepyKKe BBIIYCKA B CBA3U C
nepedopMarupoBaHreM M OOHOBJIEHHEM Iepe-
BOJ]a TEKCTA HAa aHIVIMMCKUU A3BIK. B TakoM ciyuae
pefakuusa CHUMaeT MaTepradl C le4aTy U IIepeHo-
CHUT ero MyOJIMKAINIO B IPYTroil HOMEP B OTpeaak-
TUPOBAHHOM aBTOPaMU BHUJE.

CpokH IpOABHIKEHHU S PyKOIIUCH

— JKCIepTU3a Ha COOTBETCTBUE MPOQUIIIO
’KypHaJsa v npaBuiaM odopmieHus — He DoJjee
3-x pabouux THEN C MOMEHTA MTOCTYIJIEHUST PYKO-
IIMCH B PEJAKIHAIO.

— PeniensupoBanme — He 6oJee 20-u pado-
4YUX JHEH C MOMEHTA 3JIEKTPOHHOU OTIIPABKU pe-
LIEH3EHTY PyKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He boJiee 7-1
pabounx THEH ¢ MOMEHTA 3JIEKTPOHHOM OTIIPABKU
aBTOPY PELIeH3UH.

— 3acefaHue peIKOJIJIErUU B OYHO-3a0UYHOU
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
uioJie, ceHTsIOpe 1 HosIOpe) He TTO3/IHEe, YeM 3a
1 MecAI [0 BBIITYCKA TUPaska KypHaJa.

OTnpaBKa MaTepuaJIOB AJIs MyOJTHKAUT

MarepwuaJibl 1151 TyOJIUKAIKA Ha PyCCKOM U
AHIVIMICKOM SI3BIKAX CJIelyeT HAllPaBJIsATh B BUJIE

. - =
lIEGHOE
TEKCT
0180222018

IE3HOE pﬁc.
1=4
0025015

TR0 018

3JIEKTPOHHBIX (PaiijIOB HA CAliT sKypHaJIa: Www.re-
animatology.com, niu 1o agpecy peJakiiuu: jour-
nal_or@mail.ru. @opmar nognucu daitsaios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAaYeHWe MaTepuasia
(TEKCT, WIJIIOCTPALNU U Ip.), 1aTa (4UCJI0, MecsL],
ron). ITpu oOHOBJIEHUM BEpPCHUI PYKOIUCH U ee
MIPUIOKEHUH (TabJIUITbI, HJLTIOCTpaum) B (op-
MaTe noanucy paiiyioB MeHsieTCs TOTBKO JaTa.

IIpumep:

Buumanme! [I0THOCTBIO aBTOMaTU3UPOBAH-
HBIU IIEpEeBOJ] C PyCCKOTO sI3bIKAa HAa aHIVIMUCKUM
nWMeeT HU3KOe KadyeCTBO M He NPUHUMAETCS.
HKO donn «MengunuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIEVCTBHE B TIEPEBO/e MaTe-
pHaIOB s MyOJUKAIIAK C PYCCKOTO S3bIKa Ha
AHIVIMMCKUHM (COpaBKU IO aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crareil BKJIO4aeT: 1) TUTYIbHBIN
JIUCT 2) pe3ioMe U KJI0YeBble CJI0Ba; 3) MOJHBIN
TEKCT PYKOIIACH C IIOJIIUCIMHU BCeX aBTOPOB Ha I10-
cJieiHel CTpaHuIle, TONTBEP KIAIOIIIUMHU UX aBTOP-
CTBO U COIJIacue C COoNepsKaHheM PyKONHUCH (I10-
CJeNHsIA CTpPAaHWIA NPEJOCTABJSETCA B BHUIE
CKaHa); 4) TabJuIbl U WITIOCTPanuu (rpaduky,
JIuarpaMmel, poTorpaduu, puCyHKHU U T. I1.) C HOMe-
poOM, Ha3BaHUWEM U MpUMedaHueM; 5) 6ubarorpa-
¢uyeckuii cmcok; 6) COMPOBOAUTETBHOE MMHUCHMO.

Dopma conpoeodumerbH020 NUCLMA:
[lnaBHOMY pegaxkTopy )KypHaJ/a
«Ob11as peaHuMaToJIOTHSI»
3acJyy;KeHHOMY AeAaTeqIo Hayku Poccuy,
yjieH-KoppecnoHgeHTy PAH, npodeccopy
B. B. Mopoay

IIpocum Bac paccMmoTpeTb BO3MOYKHOCTH
myOJIMKauu (Bun pykonucuy; Pamuiuy,
HMmena, OT4ecTBa BCeX aBTOPOB; Ha3BaHUE PYKO-
nvcy) B sKkypHase «O01iast peaHnMaToIOTHSI».

ABTODPBI PYKOIIMCH O3HAKOMJIEHEI ¢ THpOP-
MaIruen IJs aBTOpPOB KypHaJa «O0mas peanu-
MAaToJIOTHsA» U COIJIACHBI C IIpaBUJIaMU IIOATO-
TOBKY, MIOJJa9¥ U MyOJTUKAIINU PYKOTIHACH.

laHHas1 pyKONHMCh He TyOJIMpyeT mpeabIIy-
mue myo/TMKaIyy, B Hell He 3aTparuBaloTCs HH-
Tepechbl TPETbUX CTOPOH U He HAPyLIAIOTCs 9THU-
YeCKHe HOPMBI TyOJIUKAI[AH.

OTBEeTCTBEHHBIN 3a IIEPENUCKYy C pelak-
nueit: imsa, OtyectBo, PamMuIns OgJHOTO U3 aB-
TOpPOB pyKoNucH, e-mail, TesedoH.

ITognuce pyKOBOZUTES YUPEIKACHUA.

www.reanimatology.com
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I[IpaBuJia nas aBTOpPOB

CompoBOIUTEIbHOE MMUCHMO JTOJISKHO OBITH
HaleyaTraHo Ha OJIaHKe yUYpesKJAeHNs], B KOTOPOM
BBINTOJIHEHA pabora.

TpeboBaHUA K mMeYaATH

Buo: opueHTanys KHUKHas1, BBIpaBHUBaHUE
o mupuHe, popmar A4.

HIpugm: Times New Roman 12-ro paamepa
YepHOTro IBETa.

Hnmepsanvt u omcmynsl: MeKCTPOUHBIN
WHTEpPBaJI B TeKCTe — 1,5; MEXKCTPOUHBINA UHTEP-
BaJI B IOAIMCSAX K TAOJHUIIAM U UJLTIOCTPAIIHUSIM,
B IpUMeYaHUsX — 1; MHTEpBaJI 10 U IocJje ab-
3ala — HeT; OTCTyI epBO cTpoKu — 1,25 cMm;
moJist — 2,5 ¢M Co BCeX CTOPOH.

Hymepayus cmpanuy: B IpaBOM HUYKHEM
YIIy.

Dopmam patinos: TEKCT, TAOINIIBI, TTONITNCH
K Tabsuam u witoctpanusasm — Word; rpadukm,
nuarpammbl — Exel, Power Point; pucynku — jpeg;
cxembl — TOJIBKO B PEJAKTUPYEMOM ®OP-
MATE (Word; Power Point); ¢poTorpadpum — BbI-
COKOTr0 pasperieHusi, COXpaHeHHbIe B JIIOOOM
dopmare.

PexomenyeMoe pa3spelienye py CKaHApPOBa-
HUU: U300Pa’KeHUsI C UCIOJIb30BaHUEM JIMHUUA U
pucynku — 1200 dpi; ororpacdun, paguorpadumn
— He meHee 300 dpi; ¢poTtorpacdumn, paguorpaduu c
TeKkcToM — He MeHee 600 dpi.

Enquannbel maMepeHUs MOJIKHBI COOTBET-
CTBOBAaTh MesKAYHAPOAHON CcHUCTEME eNUHUI]
(CH), remneparypa — mxkaJe Lleabcus.

Dopmybl fOJIKHBI UMEThb YETKYIO Pa3METKY
BCeX 3JIEMEHTOB: CTPOYHBIX M IPOIMCHBIX, a
TaK’Ke JIATUHCKUX U TPeYEeCKUX OYKB; IOJCTPOY-
HBIX U HaICTPOYHBIX UHJIEKCOB. B caayuae nudp u
OyKB, CXOmHBIX IO Hanmcanuo (0 — mudpa, O —
OyKBa), JOJKHBI OBITH ClIeJIaHbl COOTBETCTBYIO-
Ire MOMeTKH.

HassaHus

IIpu onrcaHUY anmaparypbl B CKOOKax yKa-
3bIBAIOTCS (PUpPMa U CTpaHaA IPOU3BOJUTEb.

ITpumep: CBeTOBOU 30H]I OHOKAHAJIbHOTO
anmmapara JIAKK-02 (HIIIT «JTASMA», Poccus).

[Ipu ynoMmrHaHUM JIEKAPCTB U IIperaparoB UC-
IOJIB3YIOTCS MesKAyHapOIHble HellaTeHTOBaHHBIE
Ha3BaHuA (INN). Toprossble (maTeHTOBaHHbIE) Ha3Ba-
HWS, 1107, KOTOPBIMU [Iperaparbl BBIITYCKAIOTCA pas-
JUYHBIMU (pUpMaMu, HPUBOIATCA C yKasaHUEM
(pUPMBI-U3TOTOBUTEJISI M UX MEKIYHAPOIHOIO
HEIAaTEHTOBAaHHOTO (FeHepUYeCKOro) Ha3BaHUSA.

Ilpumep: tapuBujg (oduaokcanut, «XexcT
MbspuoH Pyccenb»).

JlaTnHCKVe HasBaHUSA MHUKPOOPTAaHU3MOB
MIPUBOJATCA B COOTBETCTBUU C COBPEMEHHOU
kiaccudukanuei, kypcupoM. [Ipu nepsom ymo-
MUHAHUM Ha3BaHUE MUKPOOPraHU3Ma JAeTCs
MIOJIHOCTBIO — POJ ¥ BUJ, IPU IOBTOPHOM YIIO-
MHHAHUU POJOBOE Ha3BaHWE COKpalllaeTcCs 10
OJTHO# OYKBBI.

Ipumep: Escherichia coli, Staphylococcus au-
reus, Streptomyces lividans; E. coli, S. aureus, S. liv-
idans.

HasBaHuss  reHeTHYeCKUX  3JeMeHTOB
JTaloTCs B TPeXOYKBEHHOM 0003HAaYeHUH JIATHUH-
CKOr0 ajihaBUTA CTPOYHBIMU OYKBAMHU, KypCH-
BOM (tet); KOAUMPYeMBIMU COOTBETCTBYIOIIUMU
reHeTUYeCKUMU 3JIeMeHTaMU NPOAYKThI — IIPO-
nuCcHBIMU psiMbIMu OykBamu (TET).

Buapl U peKoMeHAyeMbIH 00bE€M PYKO-
nucH

O630pHas cTaTbs, MeTa-aHAIN3: He OoJiee
25-¥ CTpaHUII BKJII0Yast He OoJiee 10-u TabJIuIl
WJITIOCTPANHH B 00IIEM KOJIMYECTBE; CITUCOK ITU-
TUPYyeMOU iuTeparypbl — He MeHee 80-U HauMe-
HOBaHUU.

3akaszanHas uiUu nepesooHas cCMambvs: no
0ozosoperHOCMU.

OpueuHanvras cmambs: He OoJsiee 15-u
CTpaHUII, BKJIIOYasi He OoJsiee 6-u Tabaun ©u
WJITIOCTPANHH B 00IIEM KOJIMYECTBE; CITUCOK ITU-
THUPYeMOM JInTepaTrypbl — He MeHee 25-1 HauMe-
HOBaHUU.

Kpamrkas cmamuvs: He 6osee 10-u cTraHuI,
BKJIIOYasi He OoJiee 4-X TabJIWI] U UJLJTIOCTPAIUi
B 00IIeM KOJIMYeCTBE; CIHUCOK IUTUPYEMOU
JIUTEPATypbl — He MeHeel5-1 HauMeHOBaHUM.

Auckyccuonnas cmambuvsa (BRJIOYaeT 1—2
BOTIIpOcCa AJis1 00CyKIeHus): He DoJiee 5-U cTpa-
HWII, BKJIIOYasi He 6oJ1ee 2-X TaOJIUI ¥ UJLTI0CTPa-
Wi B 00IIIEM KOJIMYECTBE; CIIMCOK IUTUPYEMOH
JuTepaTypbl — He 6oJiee 20-1 HAMMEHOBAHUH.

Hucvmo 8 pedakyuio: He 6oJiee 600-a cI0B.
[lucema, agpecoBaHHbIe COTPYAHUKAM pelakK-
WY, He TyOJIMKYIOTCA.

Baumanue! B 6ubsmorpaguu pekomeHy-
eTcda npuBoguTh He MeHee 30% MCTOYHUKOB 5-
JeTHel aBHOCTH, BKJIIOYasi TEKYILIUN IO,

CTpyKTypHBIE pa3jesabl CTaTed U PeKo-
MeHJallu1 N0 UX HallCaHUIO

Bce cTpyKTypHBIE pa3neJibl HAUUHAIOTCA C
HOBOTO ab3ara. VIx Ha3BaHMs BBIJEJISIOTCS SKUP-
HBIM HIPUEPTOM.

Hanee cM. Ha caiiTe www.reanimatology.com.
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20 OKTSABPA

OkoHuaHKe
nprema Te3ncos

KJIIOHEBBIE TEMATUKUA

MHdDeKU,MOHHbIQ OCNNOXHeHUs B PeAHUMATONOIUMN. Cencuc
KnuHuyeckoe nutaHue B MHOI’O[‘IpO(‘bMﬂbHOM CTaunoHape

[eHeTUUecKHe U MONEKYNAPHbLIe MEXAHMU3MbI KPUTUUECKMX
COCTOSIHUMA

OCTDCIQ AObIXdaTeNbHAA HeAOCTATOUYHOCTb
M MeTO[bl ee KOppeKUunn

AKTYAsbHbIe BOMPOCH NPOPUIAKTUKM U NeUeHns BHe3AMHOM
ceppaeuHor cmeptu B Poccun

Tpasma, KpoBonoTeps, WOk
MexaHU3Mbl pa3BUTUS KPUTUUECKMX COCTOSHMIMA

9KCI’1@})MM€HTOﬂbeIe nccnefoBaHua
B AHeCTe3nONIOoTUN-PpedHUMATONOIMHU

Oprauusartopsl

BCEPOCCUMCKASY KOH®DEPEHLIAS
C MEXAYHAPO[HbBIM YHACTUEM

3HEOBECIMNEYEHUE NPU
PUTUYECKUX COCTOAHUAX

15 Hoa6psa 2019

Mocksa, PYQH,
yn. Muknyxo-Maknas, 6

@
@e / 1 HOSAEBPS

OkoHuaHKe
perucTpaumu

AHeCTe3nonorus-peaHnumMaTonorms
B CEpPAEYHO-COCYAUCTON XUPYPIHN

AHeCTe3MOﬂOFMﬂ-peOHMMOTOﬂOFM9 B aKyllepcTBe,
HeOHATOJIOTnMn U negnuaTpun

PeO6MﬂMTOLlMﬂ B OTAeNeHUIX peaHUMATONOIMu

TexHonoruu BLICLLIEro u OONOJIHUTEeNTbHOTIO
ﬂpO(beCCMOHOHbHOFO MeIUUUHCKOro O6pOBOBOHMﬂ

Mpobnema remMocTasa B AHECTE3UONOTUU-PEAHUMATONOTUM
NameHeHus LIHC npu kputMueckmux cocToaHUax

9KCTpOKOpﬂOpOﬂbeIe MeTO bl AeTOKCUKALUKUU
B pedHUMATOJIOTNNn

Mcnonb3oBaHWe COBPEMEHHBIX CUMYNALMOHHBIX TEXHONOTMM
B NePBUUYHON CNELUANU3UPOBAHHOM AKKPEeaUTALMM
OPAMHATOPOB

*  ®epepanbHoe rocyaapcTBeHHoe BIoAXeTHOe HayyHoe
yupexaeHue «PenepanbHelit HayYHO-KIMHUYECKMIA LEHTP
peaHumaTonorn u peabunuronormmy (PHKL, PP)

* HayuHo-uccnepoBatensckuii MHCTUTYT obLuedt
peaHumaTonoruu umenu B.A. Herosckoro PHKL| PP

*  Poccuiickas MeUUMHCKAs OKAAeM1s HenpepLIBHOTO
Npo$eCccMoHANLHOro 06PA30BAHMS

Kadpeppa aHecTeanonormm u peaHuMaTonorum ¢ Kypcom
MeauUMHCKOM peabunutaumn Poccuitckoro yHuBepcuTeTa
BPYX6bl HapogoB

Kadeppa aHecTeanonormm u peanmmaronorum Mockosckoro
rocyAapCTBEHHOTO MEAUKO-CTOMATONOMUYECKOTO
yHuBepcuteta um. A.U. Esgoknmosa

O6wecTso no M3YUYEeHUIO LLIOKa

HaunoHanbHbIM coBeT no peanHmumaumu (Poccus)

MNpu noaaepxke

4 G)enepoum AHeCTe3noNnoros U peaHMaTonoros

Mo BOMPOCAM Yy4acCTUsa: Mo Bonpocam HG)"-IHOI‘Z nporpammbi:

CynpyH Anekce#t

Ten.: +7 (495) 646-01-55, po6.113
E-mail: spasti_zhizn@ctogroup.ru

lTyceB IOpuit  Ten.: + 7 (495) 650-96-77

E-mail: or_org@mail.ru

Poccuitckuit yHuBepcuTeT Apyx6sl HAOPOROB





