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Pe3rome

Ilensb Mcciaeg0BaHMA: U3YYUTh U3MEHEHU 3JIEKTPOXUMUYECKHUX [TapaMeTPOB IJ1a3Mbl KDOBU ITAIlUEHTOB
C TSHKeJION COYeTaHHOU TpaBMOH 110 U ocjie TpaHcy3uil cBeske3aMopokeHHOH 11a3mbl (C3I1).

MarepuaJjbl 4 MeTOBbI. ViccaenoBanu NOTeHIMaa Ipu padoMKHyToH enu (ITPL]) myiaTUHOBOTO
9JIEKTPOJIa M AaHTUOKCUJAHTHYIO aKTUBHOCTD MJ1a3Mbl KPOBU 35-U MAIlMEHTOB C TSAKEJION couyeTaHHOMN
TpaBmMoi u 35-u 06pa3ioB C3II cpokoM XpaHeHUsI He MeHee 6 MecsineB. ViccieioBaHUE 3JIEKTPOXUMU-
YeCKUX [IapaMeTPOB IJIa3Mbl KPOBU NAIIMEHTOB IPOBOAMIIN A0 TpaHcdy3uu, yepes 1 yac u 24 yaca mocjie
TpaHcdysuu.

Peayabrarbl. O6HApY:KUIU, yTO BessnduHbl [TPI] B C3I1 ObL/IM ITOJI0YKUTETbHEE 110 CPABHEHUIO BeJINYU-
Hamu [IP1], usMepeHHBIMH B IlJIa3Me KPOBU PeIUNUeHTOB B 34 u3 35 ciiy4yaes (97%). [Tokasasnu, 4To y mamu-
€HTOB C TSPKEJION COYeTaHHOUW TpaBMOW mpoucxoauT nosbimenue [TPIT ¢ 5,047 [-7,553; 12,976] MB mo
12,827 [-1,372; 24,764] MB, a Takke CHUKEHHE aHTUOKCUTAHTHOW aKTUBHOCTH Yyepes 24 yaca 1mocJje TpaHc-
¢ysuu C3I1 ¢ 16,979 [11,302; 20,946] MmxKu 1o 13,551 [9,288; 18,405] MkKJ1. BEISIBUJIN OTCYTCTBUE 3HAUUMBbIX
M3MeHeHUH KINHNYeCKUX IIoKa3aTesel KpoBu 1nocie Tpancgysuu C3I1.

3aksarodeHue. C TOMOIIBI0 U3MEPEHUH 3JIEKTPOXUMUYECKUX ITAPAMETPOB T1J1a3Mbl KPOBU MAIIMEHTOB C
TSHKeJION coueTaHHOH TpaBMoU 10 U ntocsie Tpancdysuu C3I1, BBIABUIMN, YTO, HECMOTPSI HA OTCYTCTBUE U3-
MeHEeHU B IapaMeTpax KPOBH, ONpeesisieMbIX pyTUHHBIMU MeTO/IaMH, IPOUCXO/ISIT U3MEHEHUsI B COCTOsI-
HUU aHTUOKCUJIAHTHOU CHCTEMBI OPraHU3Ma, BhIPpAKAIIINECS B CMellleHnU BesimduHbl [1PI] B r1asme
KPOBH MAIIMEHTOB B 00J1aCTh H0Jiee TTOJI0KUTETHHBIX 3HAYEHUW Y CHUYKEHUH aHTHUOKCHUIAHTHON aKTUBHO-
ctu. Hapy1ieHue OKUC/IUTEIbHO-BOCCTAHOBUTEJIHLHOT0 Oa/laHca OpraHu3Ma MOKeT ObITh IPUYNHOMN pa3BU-
THUSI OKUCJIUTEIbHOIO CTpecca.

Kntoueevtle cnosa: nomenyuan npu pasomkEHymor yenu; naAamuHo8blil I1eKmpoo; mpaHc@hy3us; aHmu-
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Summary

Purpose: to study the dynamics of blood plasma electrochemical parameters in patients with severe com-
bined trauma before and after fresh frozen plasma (FFP) transfusions.

Materials and methods. The open circuit potential (OCP) of platinum electrode and antioxidant activity
of blood plasma were studied in 35 patients with severe combined trauma and 35 post-FFP samples with at
least 6-month shelflife. The electrochemical parameters of patients’ blood plasma were analyzed before trans-
fusion, and 1 hr. and 24 hrs. after transfusion.

Results. OCP measured in FFP was found to be more positive vs. OCP measured in recipients' blood plasma
in 34 out of 35 cases (97%). It has been shown that in patients with severe combined trauma, OCP increased
from 5.047 [-7.553; 12.976] mV to 12.827 [-1.372; 24.764] mV and antioxidant activity decreased 24 hours after
FFP transfusion from 16.979 [11.302; 20.946] uC to 13.551 [9.288; 18.405] pnC. After FFP transfusion, there were
no significant changes in clinical blood parameters.

Conclusion. By measuring electrochemical parameters of blood plasma in patients with severe combined
trauma before and after FFP transfusions, it was discovered that in spite of absence of changes in blood pa-
rameters by routine methods, there are changes in the condition of the antioxidant system of the body, which
manifest in the bias of patients’ blood plasma OCP towards higher positive values and decreased antioxidant

activity. Redox imbalance in the body might cause the oxidative stress development.

Keywords: open circuit potential; platinum electrode; transfusion; antioxidant activity; severe combined

trauma; blood plasma

DOI:10.15360/1813-9779-2020-4-4-13

BBenenue

Tpaucdy3un KOMIIOHEHTOB KPOBU SIBJISTIOTCS
BaXHbIM KOMIIOHEHTOM Ji€e4€HUA IIallMeHTOB B
KPUTHUUECKOM COCTOSTHUM. [lepesinBaHue KPOBU U
ee KOMIIOHEHTOB IITUPOKO PACIIPOCTPAHEHO B KJIU-
HUYECKOU MPaKTUKe JJIS JIEUeHN s TAI[UEHTOB C
HapYyUIEHUsIMU B CUCTEMe TeMocTasa. B yacTHo-
CTHU, 3HAYUTEJIbHAs 0JI TPaHCPy3Uil MPUXOIUT-
Csl HA OTJeJIEHUSI pEaHUMAIIUU U UHTEHCUBHOMN
Tepanuy, Ije OKOJI0 TPETH MAITEHTOB HYKIAIOTCS
B JIEUEHUM aHEeMUHU U Koarynonarud [1-3]. OgHoi
13 TPYIII TallMeHTOB, JIJIs1 KOTOPBIX TeMOoTpaHcdy-
31U KpaliHe HE0OXOANMBI, SIBJISTIOTCS TTAI[EHTHI C
TAKEJION coYeTaHHOW TPaBMOM, BBICOKUN Ypo-
BEHB JIETAJILHOCTHU KOTOPBIX CBSI3aH C MACCUBHOM
KpOBOTIOTEpEi [4, 5].

PasBuTne anemMun y naliieHTOB B KDUTUYECKOM
COCTOSTHUH CBSI3aHO C KPOBOIIOTepeli, 00yCJIOBJIEH-
HOU TPaBMOM, TeMOIUITIONIEH 1 YaCThIM OTOOPOM
po6 kposu. [Tocste 7 cyTok mpebbIBaHUS B CTAINO-
Hape aHeMUsI TaK)Ke MOKET ObITh CBsI3aHa CO CHU-
JKEeHHbIM O6pa30BaHI/IeM IPUTPOIIUTOB BCJIEACTBUE
BOCIIAJIMTEJIBHOTIO IIpoliecca [2, 6, 7]. Pagsutue koa-
TYJIONIATUY TaKyKe CBSI3AHO C KPOBOIIOTEPEU, TUTIO-
nepdyaueit TkaHel BC/IeJCTBHUE TPaBMBI, a TAKKe C
BOCIIaJIEHHeM U OCTpPOH aKTHUBaIuel Helporymo-
paJIbHOM CUCTEMHEI (8, 9].

[TokasanneM K MepesuBAHUIO0 IPUTPOIUTOB
SIBJISIETCSI CHUKEHME YPOBHSI TeMOIo0mHa 10 90 T/71
(mubepanbHas TakTUKA) U 10 70 T/J (orpaHuyu-
TeJIbHAsI TAKTHUKA) (2, 10] 11 Ipu KpoBomoTepe OoJsiee
30% obbemMa IUPKYIUpYIoIIeil kKposu [11]. CBeske-
3amoposykeHHas nasMa (C3I1) nepesmBaeTcs 1Ipu
OCTPOM CHHJIPOME TUCCEMUHUPOBAHHOTO BHYTPH-
COCYIHCTOTO CBEPTBHIBAHUS, OCTPONM MaCCHUBHOU
KPOBOIIOTEPE, TEPETO3NPOBKE AaHTUKOATYJISTHTOB

HENpPsSIMOTO JIENCTBUs, KOATYJIOMATUsX, 00YCIOB-

Introduction

Transfusions of blood components are an im-
portant element of care for critically ill patients.
Transfusion of blood and its components is a com-
mon clinical practice for patients with disturbed he-
mostasis. A substantial proportion of transfusions
is made in ICU where a third of patients approxi-
mately require anemia and coagulopathy manage-
ment [1-3]. Blood transfusions are vital for patients
with a severe combined trauma, in which massive
blood loss associates with high mortality [4, 5].

The development of anemia in critically ill pa-
tients is linked to blood loss due to a trauma, he-
modilution and frequent blood sampling. After
7-day stay in hospital, anemia might be also linked
to reduced production of red blood cells due to an
inflammatory process [2, 6, 7]. The development of
coagulopathy is commonly associated with blood
loss, trauma-related hypoperfusion of tissues, as
well as inflammation and acute activation of the
neurohumoral system [8, 9].

The indications for transfusion of red blood
cells include decrease of hemoglobin down to 90 g/L
(the liberal approach) and to 70 g/L (the restrictive
approach) [2, 10], and blood loss over 30% of the cir-
culating blood volume [11]. Fresh frozen plasma
(FFP) transfusion is performed in patients with acute
disseminated intravascular coagulation syndrome,
acute massive blood loss, overdose of indirect anti-
coagulants, coagulopathies caused by deficiency of
physiological plasma anticoagulants, and to correct
deficiency of one coagulation factor in the absence
of a specific concentrate [2, 12]. The minimal recom-
mended dose of FFP for transfusion is 12-15
ml/kg [2, 13]. Transfusion of platelet-containing
media is indicated during thrombocytopenia (low
platelet count down to 50X10° PLT/L), disturbed
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JIEHHBIX JIe(PUITATOM MJIa3MEeHHBIX (PU3U0JI0THYE-
CKUX aHTUKOATYJISIHTOB, U IJIs1 KOPPEeKLIUU Jeduiiy-
Ta ONHOTrO (paKTOpPA CBEPTHIBAEMOCTHU IIPU OTCYT-
CTBUM cHenu@uIeckoro KoHIleHTpara [2, 12].
MunuMasbHasa pexkoMmeHgyemas nosa C3I1 s
nepenuBaHus — 12-15 mir/kr [2, 13]. [lepesiBanue
TPOMOOIUTCOMEPIKAIIIIX CPE] ITOKA3aHO ITPU TPOM-
OoIUTONIEHNH (CHUSKEHUN KOJTIMTYECTBA TPOMOOITH-
TOB 10 KOHIeHTpauu 50X10° kJ1/J1), HapyLIeHnAX
(pyHKITMOHAIBHOTO COCTOSTHUS TPOMOOITMTOB, a
TakKsKe B MPOMUIAKTUYECKUX IIEJISX IIPU PHCKE BO3-
HUKHOBEHUS KPOBOTeUeHUH [2, 14].

KoMmmoHeHTBI KPOBU, 3aroTOBJIEHHBIE IS
KJIMHAYECKOr'0 IIPUMEHEHUsI, MOTyT XPaHUTHCA B
TeueHue JauTeJbHOro Bpemenu. Tak, C3II xpa-
HUTCA He MeHee 120 CyTOK IIpu TeMIlepaType HIsKe
—25°C B paMKax Iponenypbl KapaHTAHU3ALUNU
(paHee MAaHHBIM CPOK COCTaBJsAI He MeHee 180
cyTok [15]), a 0oOIMIA CpPOK XpaHEHUS MOSKET
Jocturarb 36 Mecsines [16-18]. IpAUTPOIUTHI Xpa-
HATCA 0 42 AHEW B 3aBUCUMOCTHU OT KOHCEPBU-
pyro1uero pactsopa [19-23], nim no 10 Jier [19, 24,
25] B yCJI0BHAAAX KDUOKOHCEPBUPOBAHUSA.

B ocHOBHOM, Ka4eCTBO I10JTy4aeMBbIX KOMIIO-
HEHTOB KPOBH OLIEHUBAETCA II0 pea3yJbraraM
TECTOB Ha MapKepbl cuduirca, renatutos B u C,
BIY, 114 nj1a3Mbl KpOBU KOHTPOJIUPYETCH TaKKe
Kosn4ecTBO (pakTopa cBepthiBanus VIII, comep-
sKaHMe KOTOPOTO MOJIKHO OBITH He MeHee 70% u
OCTaTOYHOE KOJUYEeCTBO KJIETOK; KPUTepueM
Ka4vyecTBa 3PUTPOIUTOB SABJISETCA KOHIIEHTPAIUs
reMorJIOOWHA, TeMAaTOKPUT U CTeleHb TeMOJIU-
3a[16, 26-28]. CiremyeT OTMETUTh, YTO [IEpUOaNYe-
CKOMY KOHTPOJIIO B IIPOIIeCCe XpaHeHUs II0ABepP-
raloTcsi He BCe 3aroToOBJIEHHbIEe eqUHMIIbI
KOMIIOHEHTOB KpoBH. Kpome ToOro, cymecrsyio-
e MeTOoIbl KOHTPOJISI Ka4yeCTBa He MMO3BOJISIOT
OLIeHUTh 3(P(PeKTUBHOCTh TPAHCPY3UU KOMIIO-
HEHTOB KPOBU PEIUNUEHTY [28] ¥ UCKIIIOYUTH BO3-
HUKHOBEHUeE OCJI0KHEHUH ocje TpaHCPy3nH.

WN3BecTHO, 4TO TpaHC(y3UH KOMIIOHEHTOB
KpoBY, B ToM uncje C3I1, MoryT craTb IpUIMHON
TaKUX OCJOKHEHUN, KaK HeTreMOJIMTUYEeCKHe
peakIuu, Cerncuc BCJAENCTBUE HellpeIHaMepeH-
HOU OakTepwaJbHONU KOHTAMUHAIIUH, OCTpast
MIOCTTPAHC(Y3NOHHAS bIXaTeJbHasI HeJ0CTaTOu-
HOCTH, WHTOKCHUKAIIMM HESICHOW STHOJIOTHUHU U
Ip. [13, 17], npyyrHA KOTOPBIX OCTAETCS HESICHOMU.

OpHo¥t U3 BO3MOSKHBIX MPUYUH Pa3BUTHS
OCJIO;KHEeHUU NP IIPOBeJIeHUU reMoTpaHcdy3nun
MOZKeT OBITH yXyIIIIeHNe KauyeCcTBa KOMIIOHEHTOB
KPOBH ITIPU UX XpaHeHUU. MI3BeCTHO, 4TO TPH Xpa-
HEHUM dPUTPOLUTOB IIPOUCXOOUT YXyAIICHNAE UX
CBOMCTB, B TOM 4ncJie 1eOpMUPYEMOCTb 9PUTPO-
IIUTOB, SIBJIAIOMIASICA WCKJIIOYUTEHHO BasKHOU
JJIS1 BBIIIOJIHEHUSI Fa30TPAHCIIOPTHON (DYHKITUH.
Tak, e opMUpyeMOCTb 9pUTPOLIUTOB IIpeTepIie-
BAeT 3HAYUTEJIbHbIE U3MEHEeHHUs C BO3PACTOM U IO
BBIPQYKEHHOCTH €€ U3MEHEHUA MOYKHO CYIUTH O

platelet functionality, also as a preventive measure
in the presence of a risk of hemorrhage [2, 14].

Blood components banked for clinical use
have a long shelflife. FFP can be kept for at least 120
days at a temperature below -25°C under quaran-
tine procedure. Earlier, authors deminstrated that
the storage period was at least 180 days [15], while
the total shelf life might reach 36 months [16-18].
Red blood cells can be kept for up to 42 days de-
pending on the storage solution [19-23], or up to 10
years [19, 24, 25] if cryopreserved.

The quality of bank blood components is eval-
uated mostly based on tests for the markers of
syphilis, hepatitis B and C, and HIV; the controlled
parameters for blood plasma include also the coag-
ulation factor VIII content that must be at least 70%
and the residual cell count; the criteria of red blood
cell quality include hemoglobin concentration,
hematocrit and degree of hemolysis [16, 26-28]. It
should be noted that not all units of bank blood
components are subjected to periodic control. Be-
sides, current quality control methods do not allow
assessing the efficacy of blood component transfu-
sion to a recipient [28] or eliminate post-transfu-
sion complications.

It is known that transfusions of blood compo-
nents including FFP might cause such complica-
tions as nonhemolytic reactions and sepsis due to
accidental bacterial contamination, acute post-
transfusion respiratory failure, intoxication of un-
known etiology, etc. [13, 17].

One of probable reasons of blood transfusion
complications might be impairment of the quality
of blood components during storage. Storage in-
duces impairment of the properties of red blood
cells including their deformability that is essential
for performance of the gas-transport function. De-
formability of red blood cells largely changes with
age; based on severity of changes, destructive
processes of ‘ageing’ of erythrocyte-containing
media can be assessed [29-32].

As for FFP, papers dedicated to changes of
plasma properties during storage investigated
mostly the content of coagulation factors [33],
which allowed the researchers to conclude that no
significant changes occur during plasma storage
and that necessary plasma components remain sta-
ble during the whole shelf life. However, we have
earlier discovered [34] that when FFP is kept for 6
months at —40°C, the platinum electrode open cir-
cuit potential (OCP) shifts towards higher positive
values, which evidences the behavior of oxidative
processes going in the stored plasma. Model in vitro
experiments of mixing quarantine FFP with blood
plasma of apparently healthy subjects showed that
OCP in the mixture shifted towards higher positive
values, too. It was hypothesized that transfusion of
plasma featuring high positive values of OCP might

lead to a bias in blood plasma OCP of a recipient.
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JEeCTPYKTUBHBIX IIPOLECCAX «CTAPEHU» IPUTPO-
LUTCOAepKaIux cpen [29-32].

Yo kacaercss C3I1, To B paboTax, OCBSIIIEH-
HbIX U3MEHEHMIM CBOMCTB I1JIa3MblI, B ITPOIIECCE Xpa-
HEHUsI HUCCJIeJOBAIN, KAK MPABUJIO, COIep KaHMe
(hakTOpOB CBEPTHIBAHUS [33], UTO TO3BOJIUIIO UCCJIE-
JIOBaTeJsIsIM CAEJIAaTh BBIBOJ, O TOM, UTO ITPU XpaHEHUH
IJ1a3Mbl He TTPOUCXOIUT 3HAYUMBIX U3MEHEHUH, a
Heo0X0oIuMbIe KOMIIOHEHTHI I1J1a3MbI OCTAIOTCA CTa-
OMJILHBIMU B TE€YEHHE BCETO CPOKa XpaHeHus1. OmHa-
KO, paHee HaMH ObI7I0 00HApY>KeHO [34], uTo pu Xpa-
Henuu C3I1 B TeyeHne 6 MecALeB IIpy TemIreparype
—40°C mponCXOIUT CMellleHre BeJIMYNHbBI [IOTeHITHAA-
Ja npu pasdoMkHyToi Ienu (ITPLI) msaTruHOBOTO
3JIeKTpoma B 00JIacTh 0o0Jiee TTOJIOKUTETHHBIX
3HAQUEeHUI, 4YTO CBUJETEJbCTBYeT O IIPOTeKAHUU
OKUCJIUTEJIHLHBIX IPOIIECCOB B XPAHSAIIEHCS TIJIa3Me.
MopenbHbIe 9KCIIEPUMEHTHI 11 VilTo TI0 CMeIInBa-
HMIO KapaHTuHU30BaHHOU C3II1 ¢ nmasmMoil KpoBHU
MPaKTAYECKU 3JA0POBBIX JIIOJEH MOKa3aad, 4YTO
BeqnunHa [IPIl B cMecu Takske cmelajach B
006J1acTh 00JIee BHICOKMX IOJIOMKUATEIbHBIX 3HAYe-
HU. Bb1710 PENIoJI0KeHO, YTO Tiepe/IMBAHME T171a3-
MbI C BBICOKUMM MOJIOMKUTEJIbHBIMA 3HAa4YeHUSIMU
BesimunHbl [IPL] moyket mpruBecTu K cMeltienuio 1 TP
IJ1a3Mbl KPOBU PEIANNEHTA.

YKa3aHHbIe MMPOIECChl OKUCJEHUs, TPoTe-
Kalolliye B XpaHsAIIeNcs Iy1asMe, MOTyT IPUBO-
JIUTh K U3MEHEHUIO COAepsKaHNsd aHTUOKCHUIAH-
TOB. Ha HacTOAIMI MOMEHT CYILIECTBYIOT JIUIIb
eIVMHUYHbIE UCCJIeJ0OBAaHNS, B KOTOPBIX ITPOU3BO-
IUJIach OIleHKAa aHTHUOKCHIAHTHOM aKTHBHOCTU
C3II [35, 36]. B pabote [35] 6110 OTMEYEHO CHU-
JKeHHe aHTHOKCHUIAHTHOM akTuBHOCTH C3II B
Mporiecce JIUTeTbHOTO0 XpaHeHMsI, YTO ObLIO CBSI-
3aHO ABTOPAMU C HAKOIIJIEHUEM B IlJIa3Me MUKPO-
YaCTUL, TPOLYIUPYIOIIUXCSA OCTaTKaMu (hopMeH-
HBIX 9JIEMEHTOB, IpucyTcTByomux B C3I1.

OnHOWl W3 rpynn MeTONOB OIpedeseHust
conepsKaHusT aHTHOKCUIAHTOB B OHOJIOTHYECKUX
cpenax IBJISAIOTCS 9JIEKTPOXUMUYECKHE MeTOMbI [37,
38|, yske 11okasasime cBoio 3(phHeKTUBHOCTD 1151
MOHUTOPWHIA AHTUOKCUIAHTHOU aKTHUBHOCTHU
IJIa3Mbl KPOBH Yy IHAIMEHTOB B KPUTHUYECKUX
cocTossHUSAX [39] 1 0bJ1amaroIe psiIOM IIPENMY-
IIIECTB I10 CPAaBHEHUIO C TPAIUIMOHHO UCII0JIb3Ye-
MbIMU CIIEKTPO(OTOMETPUYECKUMHU METOIAMHU.

Takum 00pa3oMm, 3JIEKTPOXUMHUYECKIUE TTapa-
MeTpPHI XPaHSIIENCsI IIJIa3MbI MOTYT OBITH MCTIOJTh-
30BaHBI B KAUYECTBE JIOMIOJHUTEBHOTO KPUTEPUS
OIleHKU KayeCcTBa TPaHC(Py3MOHHOU Cpeibl.

lenb ncciienoBaHus — U3YYUTh NU3MEHECHUS
3JIEKTPOXUMHUYECKUX TAPAMETPOB IJIa3Mbl KDOBU
MaIlMeHTOB C TAKeJ0N COueTaHHOU TpaBMOH /10 U
nocsie TpaHcdysuit C3I1.

MarepuaJ 1 MeTObI

O6caemoBasu 35 MalMEHTOB C TSYKEJION CoYeTaH-

Hoii TpaBmoii B HYU CII um. H. B. CkaudocoBckoro (r.

The said oxidation processes taking place in
stored plasma might result in alteration of the con-
tent of antioxidants. At present, there are few inves-
tigations evaluating the antioxidant activity of
FFP [35, 36]. In paper [35], a decrease of antioxidant
activity of FFP in the course of long-term storage
was noted, which, according to the authors, was as-
sociated with accumulation in plasma of micropar-
ticles produced by residues of formed elements that
are present in FFP.

Among methods of determining the content
of antioxidants in biological media there are elec-
trochemical methods [37, 38], which have already
proved their efficacy for monitoring blood plasma
antioxidant activity in critically ill patients [39] and
possess a number of advantages over conventional
spectrophotometry.

Electrochemical parameters of bank plasma
can be used as an additional criterion for assessing
the transfusion medium quality.

The purpose of this study is to investigate
changes in blood plasma electrochemical parame-
ters in patients with severe combined trauma be-
fore and after FFP transfusions.

Materials and Methods

35 patients with severe combined trauma treated in
N. V. Sklifosovsky Research Institute for Emergency Medi-
cine (Moscow, Russia) and 35 FFP samples with a shelf life
of notless than 6 months have been examined. The indica-
tion for FFP transfusion was compensation of coagulation
factors. FFP was thawed according to specifications [12, 27].

The investigation of electrochemical parameters
was performed in patients’ blood plasma before transfu-
sion (n=35), one hour after transfusion (n=10), 24 hours
after transfusion (n=35), and in FFP samples (n=35).

The open circuit potential was measured in blood
plasma using an IPC Compact potentiostat (ZAO Chronas,
Russia), a platinum electrode of 3.3X10 cm? in area was used
as working electrode, a silver chloride electrode was used as
areference electrode. The platinum electrode received pre-
liminary treatment prior to each measurement [40].

The total antioxidant activity of blood plasma was de-
termined according to methodology [39] using an IPC-Pro L
potentiostat (ZAO Chronas, Russia) in the mode of cyclic
potential sweep in a three-electrode electrochemical cell
with a platinum working electrode of 1.6X102 cm? in area,
asaturated silver chloride electrode as reference electrode,
and platinized titanium mesh as auxiliary electrode.

Blood samples for laboratory tests (complete blood
count, blood gases, blood biochemistry, and coagulation
panel) were collected before transfusion and 24 hours
after. The complete blood count was determined using
analyzer MEK-8222K (Nihon Kohden, Japan); blood
gases — analyzer AQT90 FLEX (Radiometer Medical
ApS, Denmark), blood biochemistry — analyzer AU
2700 (Olympus, Japan), coagulation panel — coagula-
tion analyzer CA 1500 (Sysmex, Japan), and aggregation
behavior of platelets was assessed using aggregometer
490 (Chrono-log, USA).

Statistical processing of raw data was performed by
Wilcoxon test and Mann—Whitney U-test; pair correla-
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MockBa, Poccus) u 35 o6pasios C3I1 cpokoM XpaHeHH
He MeHee 6 MecsneB. [TokazanueM k Tpancdysuu C3I1
OBL7I0 BOCITOJTHEHME (PaKTOPOB cBepThiBaeMocTh. C3I1
pasMopaskruBaJi COIVIACHO periaMenTy [12, 27].

HccnenoBaHue 3J1eKTPOXMMUYECKUX ITapaMeTpoB
MPOBOAMJ/IY B IIJIa3Me KPOBU IMAIMEHTOB 10 TPaHCHy3UHn
(n=35), yepes 1 yac nocJie Tpancgysuu (n=10), yepes 24 ya-
caocsie Tpancdysnu (n=35) u B oopasmax C3I1 (n=35).

VaMmepeHue noTeH1ana Ipy pasoOMKHYTOH Lielu
B IIJIa3Me KPOBU IIPOBOJIUJIY C UCII0JIb30BaHUEM I10TeH-
nuocrara [PC Compact (3AO «Kponac», Poccus) Ha nia-
TUHOBOM 3JIEKTPOJie IJIoImanpko 3,3X102 cM?, HaChIIEeH-
HBIH XJI0pUcepeOPAHBIN 9JI€KTPO UCII0JIH30BAIH B
KauecTBe 3J1eKTpojia cpaBHeHus1. [lepe KayKIpIM U3Me-
peHueM IJIaTUHOBBIN 3JIeKTPOJ IIOABEprajics NpeaBa-
puTesbHOM 06padoTke [40].

Omnpenesnenne 001Iel AHTUOKCUTAHTHOM aKTUB-
HOCTH IIJIa3MbI KPOBHU IIPOBOAMJIMA IT0 MeTonuKe [39] ¢
ucrnosab3oBanueM norennuocrara IPC-Pro L (3A0 «Kpo-
Hac», Poccus) B peskuMe IUKINYECKOU pa3BepTKU I10-
TeHIIMaja B TPEX3JIEKTPOJHON 3JIEKTPOXUMHUYECKOUN
sTYelike C IVIAaTHHOBBIM PAO0YMM 9JIEKTPOIOM ILJIOIIA-
b0 1,6X102 cM?, HaCHIIIEHHBIM XJIOPHACEPeOPTHBIM
3JIEKTPOJIOM CpaBHEHU: U CeTKOU U3 IJIATUHUPOBAH-
HOI'O TUTaHa B KA4eCTBe BCIIOMOI'aTe/IbHOI'0 3J1eKTPOAa.

O6pasIbl KPOBH JJIsI IPOBEEHIA AaHATN30B (KJTH-
HHUYECKOT0, Ta30B KPOBH, OMOXIMMIYECKOTO U KOATYJI0-
JIOTYeCKOr0) 3a6Hpasin 0 TpoBeAeHH TPAaHChY3nH 1
uepes 24 yaca rocJjie Hee. KilnHU4YecKuil aHa/Iu3 KpoBU
nposonuau Ha aHagusarope MEK-8222K (Nihon Ko-
hden, flnonus), ana/m3 ra30B KPOBU — HA aHAIM3ATOPE
AQT90 FLEX (Radiometer Medical ApS, /lanust), 6roxu-
MHUYeCKUH aHa/Iu3 KpoBU — Ha aHasnuadarope AU 2700
(Olympus, fAinonus), KOaryJ0J0IM4eCKUi aHaaIu3 — Ha
roarysnomerpe CA 1500 (Sysmex, Annonus), arperaiiioH-
HYIO CITOCOOHOCTH TPOMOOIIMTOB OIIEHWBAJIN C IIOMO-
mbio arperomeTrpa 490 (Chrono-log, CITIA).

CTaTHCTHYeCKyI0 00pabOoTKY JAaHHBIX IIPOBOIIIN
C pacdyeToM KpuTtepus BusikokcoHa m U-Kpurtepus
MaHHa—YUTHH, U OlIpeJieJIeHieM ITapHbIX KOppeJIAui
C UCIIOIb30BaHNEM IIPOrpaMMHOr0 obecniedeHus Sta-
tistica 10.0 (StatSoft). OnmcareIbHYIO CTaTHCTUKY KOJIH-
YECTBEHHBIX ITPU3HAKOB IIPEACTAaBUIN Me€IUaHaMU 1
kBaptuisaAMu B popmare Me (LQ; UQ).

Pe3ynbTaThl ¥ 00CYK/IEHHE

Kak y>ke 66110 oTMeYeHO paHee [34], XxpaHe-
Hue C3I1 npuBOAUT K cCMeleHUI0 BeJTnUYnHbI [1PL]
K 00J1ee BBICOKUM I10JIOKUTEILHBIM 3HAYEHUSIM.
B manaOM uccaenoBanuu BesinunHa [1PL miatm-
HOBOTO aJekTpoma B C3II  cocraBuia
60,219 [35,815; 73,851] MB, B TO BpeMs Kak
BesinynHa [1PI] B 1y1asmMe KpoBU penuiiiesTa —
5,047 [-7,553; 12,976] MB. IIpakTnuecku BO BCex
cayvasax (n=34) BesmumnHa [IPI] B C3II ObuLia
IoJI0KUTeIbHEee, ueM BesinynHa [1P1], namepen-
Hasg B IJIa3Me KPOBU penumnueHTa. ToJbKO B
opHoM ciay4ae BeanunHa [IPI] B C3II okasanace
HUYKe, BCJIeJCTBUE BbICOKOTO 3HaveHus [IPI] B
mia3Me KpoBu nanuenra (ITPILl., = 69,299 mMB
npoTUB TP, ¢/pmyenra = 100,760 MB).

[Tpu uccinenoBanum Bausiausa C3I1 Ha [TPL]
B TIJIa3Me penuIrenTa 00HAPYKUIIH, YTO Yepes

tions were determined using the software Statistica 10.0
(StatSoft). The descriptive statistics of quantitative indi-
cators was presented as medians and quartiles in Me (LQ;
UQ) format. P<0.05 values revealed the significant differ-
ences between groups.

Results and Discussion

As discussed earlier [34], FFP storage results in
OCP tending towards higher positive values. In this
study, OCP value of the platinum electrode in FFP
was equal to 60.219 [35.815; 73.851] mV, and OCP
value in the recipient’s blood plasma was equal to —
5.047 [-7.553; 12.976] mV. Almost in all cases (n=34),
the OCP in FFP was more positive than the OCP
measured in the recipient’s blood plasma. Only in one
case, the OCP in FFP was lower because of high OCP
in the patient’s blood plasma (OCPpp =69.299 mV vs.
OCPegipient = 100.760 mV).

Analysis of the FFP influence on the recipient
plasma OCP discovered that 24 hours after transfu-
sion, the latter amounted 12.827 [-1.372; 24.764] mV,
i. e. it shifted to the region of higher positive values
(P=0.0469, fig. 1, table).

A strong correlation (7=0.748, P<0.0001) was
observed between the difference of recipient’s
blood plasma OCP before transfusion and FFP OCP,
and the bias of recipient's blood plasma OCP 24
hours after transfusion (fig. 2).

Besides, the FFP influence on the value of OCP
in the recipients’ blood plasma (7=10) 1 hour after
transfusion was analyzed. In that case, a somewhat
unusual change of OCP in the recipient’s blood
plasma was established (fig. 3). In spite of much
higher OCP in FFP, one hour after the transfusion
recipients' blood plasma OCP shifted to the region
of lower negative values in 9 cases out of 10. Never-
theless, 24 hours after transfusion only 4 values out
of 10 remained lower than the baseline recipient
plasma OCP. This phenomenon is yet to be ex-
plained.

Since the OCP value is an integral reflection of
the balance of pro- and antioxidants [41], the an-
tioxidant activity of recipients’ blood plasma was
studied before and after the transfusion, and that
of the transfused FFP, too.

Statistically significant correlations were dis-
covered between the OCP values and antioxidant
activity of the recipients’ blood plasma before
transfusion (-0.5729, P<0.05), and between the
OCP values and antioxidant activity of FFP
(-0.4323, P<0.05).

In FFP lower antioxidant activity was pre-
dictably observed at higher OCP. The maximal an-
tioxidant activity of FFP was equal to 18.709 nC and
that of the recipient’s plasma — 28.597 puC. Before
transfusion, the mean antioxidant activity for FFP
and recipients’ plasma was equal to 16.280 [12.408;
17.174] puC and 16.979 [11.302; 20.946] uC, respec-

tively. 24 hours after transfusion the antioxidant ac-
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JMHaMUKa KIMHUYECKUX, OHOXHMMHYECKHUX ITIOKa3areseil KPOBH, ra30B KPOBH, IapAMETPOB CBEPTHIBAIOIIEH
CHCTEMBI U JJICKTPOXUMHYECCKHUX MapaMeTPOB IJIa3Mbl KPOBH.
Dynamics of clinical and biochemical blood indicators, blood gases, coagulation system parameters and electro-

chemical parameters of blood plasma.

Indicators FFP Transfusion P
Before 24 hrs after

OCPB, mV 5.047 [-7.553; 12.976] 12.827 [-1.372; 24.764] 0.0469
AOA, nC 16.979 [11.302; 20.946] 13.551 [9.288; 18.405] 0.0130
pH 7.354 [7.327; 7.434] 7.463 [7.446; 7.471] 0.0382
Hemoglobin, g/L 88.00 [82.50; 94.25] 88.00 [77.00; 95.75] 0.1394
Erythrocytes, X10'2/L 2.82[2.64; 3.02] 2.82[2.45; 3.01] 0.2411
Hematocrit, % 26.05 [23.63; 29.15] 26.10 [24.05; 28.83] 0.2604
Leukocytes, X10°/L 10.60 [8.00; 15.65] 10.30 [8.95; 13.60] 0.0858
Platelets, X10°/L 214 [145; 420] 209 [133; 429] 0.1394
Total protein, g/L 55.81 [50.30; 60.00] 56.58 [51.50; 60.90] 0.2845
Osmolarity, mOsm/L 288.00 [282.10; 291.75] 289.80 [270.50; 292.55] 0.1141
Lactate, mmol/L 1.65 [1.00; 3.00] 0.9 [0.73; 2.15] 0.0367
Actual base excess, mmol/L 1.40 [-1.10; 4.95] 1.80 [-1.00; 4.30] 0.8785
Quick prothrombin, % 49.00 [46.88; 60.73] 48.40 [46.90; 58.10] 0.3329
INR 1.53 [1.34; 1.65] 1.52[1.47; 1.58] 0.2411
aPTT, sec 30.15 [26.35; 43.08] 33.10 [27.08; 37.13] 0.2604

IIpumeuanmne. Indicators — napamerpsl; FFP Transfusion — tpauncdysus C3I1; qo/uepes 24 yaca nocsae; OCP — ITPIL; AOA,
nC — AOA, mkKur; platelets — Tpom6GonuTsl; actual base excess — akTyaJbHbINA U30BITOK 0OCHOBaHMH; quick prothrombin —
nporpom6uH (1o KBuky); INR — MesxayHapogHoe HopmaiudoBanHoe orHoulenne (MHO); aPTT — akTHBHpOBaHHOE YaCTHY-

Hoe TpoMbonaacTuHoOBOe BpeMs (AUTB).

24 gaca mocJie nepeJuBaHUA BeJIUYNHA TTOCJIE]T -
Hero cocraBuJja 12,827 [-1,372; 24,764] MB, T. e.
MMeJI0O MeCTO ee CMeIleHre B 00JacTh OoJiee
BBICOKUX TOJIOKUTETbHBIX 3HaueHUu# (p=0,0469,
puc. 1, Tabaura).

IIpu aTom HAGJIIONATN CUJIBHYIO KOpPPEJIsi-
IIMOHHYIO cBA3b (1=0,748, p<0,0001) MexK 1y pasHU-
neii [1PL] B m1a3Me KpoBU peluIeHTa 10 TpaHc-
¢ysum u [1P1] B C3I1 u ciBurom BestmauHbI [1P1] B
IJ1a3Me KPOBU PelMIIMEHTa Yepes 24 yaca nocJe
TpaHcdysuu (CM. puc. 2).

JlonmoJTHUTEeIbHO TIPOBEJIN aHAINU3 BJIMSAHUSA
C3II na Besmnmuuny [1P1] B 1y1adMe KPOBU peLUIIn-
eHToB (n=10) yepes 1 yac nocsae Tpa"Hcdysuu. B
JaHHOM cJjy4yae 3a(UKCUPOBAIU HECKOJBKO
HeoObIYHOe u3MeHeHume [IPI] B miiasMe KpOBU
penunuenTa (cM. puc. 3). Hecmorpa Ha 3HaYUTEIb-
Ho 6oJtee Beicokue BenmunHbI [TP1] B C3T1, uepes
4ac mocJjie Tpancdysun BesmauHb! [TP1] B miasme
KPOBU penunueHTa B 9 ciay4dasax ud 10 cMecTu/mchb
B obOJiacTh 0OoJiee OTPUIIATETbHBIX 3HAYEHUU.
OnHako yepes 24 yaca nocse TpaHCcpy3uu TOJIbKO
4 BesiudMHBI N3 10 ocTaJnCh HUKE MCXOITHOIO
a3uavenus [1PI] B minasme perunuenTa. O0bsicHe-
HUsA JaHHOMY (heHOMEeHY ITI0Ka He HalIeHo.

ITocrouibRry BemuuHa IIPI] aBiigeTca uarer-
paJIbHBIM OTpa’keHmeM OaJjilaHca Mpo- W aHTHU-
OKCHUJIAaHTOB [41], IpoBean ucciaegoBaHue aHTU-
OKCHJIQHTHOW aKTUBHOCTU T1JIa3Mbl KPOBU
PEeLUIINeHTOB 10 U IIocje TpaHCchy3nu U caMoil
nepesinBaeMoi C3I1.

O6Hapy>KW/IN CTATUCTUYECKV 3HAYUMbIe
Koppeadanuu Mexay seauuunHamu I1PI] 1 aHTH-
OKCHUJAHTHON aKTUBHOCTH I1J1a3Mbl KPOBHU pely-

IUeHTOB 10 TpaHcdysuu (-0,5729, p<0,05) u

160 P=0.0496
™ P<0.005 '

140 —
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100 *
> 80 . o
= —-
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Q
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-60

Plasma before FFP Plasma 24 hrs after

Puc. 1. luarpamMa pa3maxa BesauduH I1PI1 B ni1a3me penu-
IHEHTOB 10 1 nnocJe Tpancdysuu C3II u B C3I1.

Fig. 1. The magnitude of OCP values in the recipients’ plasma
before and after FFP transfusion and in FFP.

Note. O and * are outliers and extreme values.

IIpumeuanwue. /I puc. 1-4: Plasma before/24 hrs after —
masma g0/ yepes 24 yaca; FFP — C3I1; nuis puc. 1-3: OCP —
ITPII. O u * — BBIOPOCHI ¥ KPAWHUE TOUKHU.

tivity of the recipients’ blood plasma decreased to
13.551 [9.288; 18.405] pC (fig. 4).

Given the influence of FFP transfusion on the
electrochemical parameters of the recipient’s blood
plasma, one might expect changes in other indica-
tors, too. However, the dynamic analysis of com-
plete blood count, blood chemistry, blood gases,
and coagulation panel found statistically significant
differences only for pH and lactate content (table).
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Puc. 2. 3aBucumocTts casura BeauuuHbl [IPI] B niasme
KPOBH PELMIIMEHTA 10 U IocJie TPaHC(y3uH OT pa3HUIBI
Mme:xay ITPII B nyia3Me KpOBH pelfMIIHeHTa A0 TpaHcdy3uu u
ITPII B C3II.

Fig. 2. Dependence of the shift in OCP in the recipient’s blood
plasma before and after transfusion on the difference between
OCP in the recipient’s blood plasma before transfusion and
OCP in FFP.

Medxny BesuuuHamu [1PI] 1 aHTHOKCHUIAHTHON
aktuBHocTH C3I1 (-0,4323, p<0,05).
3akoHoMepHO, 4To 17151 C3I1 Ha done Gosee
BBICOKUX ITOKa3saresieii [1PL] HaO ronam 6oJiee HI3-
KY€ 3HaYeHUsI aHTUOKCUIAHTHOM aKTUBHOCTH. Tak,
MaKCHMaJIbHasl BeJIMYMHA aHTUOKCHIAHTHOI aKTHB-
"Hoctu C3II cocrasisamaa 18,709 mMxKJ1, a miasmbl
perunmienTa — 28,597 MkKJ1. /1o mpoBeieHns TpaHc-
ysuu cpeHsIsa BeJTUINHA AHTUOKCUTAHTHOM aKTHB-
HocTu 17151 C311 1 1Ty1a3MbI pEIIMITUEHTOB COCTAaBUJIA
16,280 [12,408; 17,174] mxKa u 16,979 [11,302;
20,946] mMkKu, cooTBeTCcTBEHHO. B TO ske Bpewms,
yepes CyTKU MOCJIe TpaHC()y3nun aHTUOKCUAAHTHAS
AKTUBHOCTD TLJIa3Mbl KPOBU PEIUNNEHTOB CHU3U-
Jack 1 cocraBuia 13,551 [9,288; 18,405] MxKu (puc. 4).

Ha ¢one Bausuus tpanchysuu C3I1 Ha
3JIEKTPOXMMUYECKUE TTapaMeTpPhl IJIa3Mbl KDOBU
penuIenTa CTOMJIO OKUAaTh NU3MEHEHUs B Jpy-
rux mokasaareseil. OHako, Mpy aHaJIn3€e TUHAMU-
KM KJIMHUYEeCKHUX, OMOXUMHYECKUX II0Ka3aTesel
KPOBH, TAa30B KPOBU U MaPAMETPOB CBEPTHIBAIO-
IIIeH CUCTEMBI CTATUCTUYECKU 3HAUYUMBbIE PA3JIH-
4usl BBISIBUJIU TOJIBKO /17151 BeJIMUYUHbBI pH U conep-
JKaHUs JIJaKTaTa (TabJauIia).

Taxkske ormeruMm, uyTo TpaHchysuu C3II
HaIlpaBJeHbl Ha KOPPEKLMIO IIJ1a3MEHHO-Koary-
JISIIIMOHHOT'0 TEMOCTa3a, OAHAKO UCXOJIsI U3 JaH-
HBIX, TPEJICTAaBJIEHHbBIX B TA0OJIUITE, MOSKHO BUJIETD,
YTO y MAIlMEeHTOB II0cJIe TpaHC(hy3UU MToKa3aTeIn
CBEPTBHIBAHUS KPOBU NPAKTUUYECKU HE MEHSIJIUCE.
HccaenoBanua nokasbsiBaior [1, 42-46], yTo niepe-
auBaHue C3I1 manueHTaMm NpU HE3HAYUTETbHBIX
OTKJIOHEHUSIX OT HOPMBI TTIOKa3areJsiell CBepThIBa-
HusA KpoBu (MHO<1,7) He OKa3bIBaeT CylleCTBEH-
HoTO 3(pekrTa.

P=0.0284 P=0.0069
T " 1
e P=0.0075
1
100
80 T
= i T
g 60
ar
Q
C w —|' .
20 o
o .—L
o L
20
Plasma FFP Plasma Plasma
before 1 h after 24 hrs after

Puc. 3. Jluarpamma pa3maxa cMenieHusa Beanuus [1PI] B
JIa3Me KPOBH PEIUIIHEHTOB 10, yepes 1 yac u 24 yaca rocJie
TpaHcgy3uu C3I1 u B C3I1.

Fig. 3. Magnitude of the bias in OCP values in the recipients’
blood plasma before, 1 hour and 24 hours after transfusion of
and in FFP.

% P=0.0130

30

L

1

Plasma before FFP Plasma 24 hrs after

Puc. 4. JluarpaMMa pa3Maxa BeJJMYIH aHTHOKCHIAHTHOMH aK-
THBHOCTH B IIa3Me PEeLMIIHEeHTOB J0 H Yepe3 24 yaca 1ocJje
TpaHcgysuu C3I1 u B C3I1.

Fig. 4. The magnitude of antioxidant activity in the recipients’
plasma before and 24 hours after FFP transfusion, and in FFP.

FFP transfusions were aimed at plasma coag-
ulation hemostasis correction, however our data
demonstrated that blood coagulation parameters
almost did not change after the transfusion (table).
Studies showed that FFP transfusion to patients
with minor deviations in the blood coagulation in-
dicators (INR < 1.7) did not render a substantial ef-
fect [1, 42-46].

Conclusion

In spite of the fact that FFP transfusions prac-
tically have no effect on the routinely identified

clinical and biochemical indicators of the blood in
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3akJjaouenue

Takum 06pasom, HECMOTPSI Ha TO, UTO TPAHC-
¢ysusa C3I1 mpakTUyeCcKu He BJUSET HA OCHOB-
Hble KJIMHUYECKHEe U OMOXUMUYECKIE TIOKa3aTe-
JI1 KPOBU TAIIUEHTOB C TSHKEJION COYeTaHHOU

TpaBMOIL/‘I, onpenesdaemMble pyTUHHBIMU METOJaMU,
Ha0JTI0J]AI0TCA CYyIeCTBeHHbIe H3MeHeHH Iapa-
METPOB  OKUCJIUTEJIbHO-BOCCTAHOBUTEJIHHOIO
COCTOSIHUA IJTa3Mbl KpoBU. CMellleHHe BeJIUYu-
Hbl [TP1] B niy1a3mMe KpoBU B 00J1aCTh 60J1ee BBICO-
KUX IIOJIOMKHUTEJBHBIX 3HAUYEHUN U CHIUKEHUE
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Pe3rome

OcTpeIii pecipaTropHsIil guctpecc-cuaapoM (OPIIC) AB/seTcA cepbe3HoH IpobJieMoil COBpeMeHHOU
peaHuMaToJIOTHH, YTO CBSI3AHO C YaCTOTOU €ro Pa3BUTHsI, MHOTOIPAHHOCTHIO MEXaHM3MOB [1aTOTeHE3a,
HEN3MEHHO BBICOKOU JIETAIbHOCTHI0. BaskHBIM MaTO()U3UOJTOTUYECKUM TPUTTEPOM OCTPOTO TTOBPEIKIE-
HUSI JIETKUX SIBJISIETCSI PA3BUTHE HEKOHTPOJIMPYEMOTO KacKala peakIiii CHCTEMHOTO BOCIIAJIEHHUS, «IU-
TOKHHOBOTO IITOPMa» C MOCJERYIOMNM (hopMUpOBaHueM nojanopranHon nucdyakunu ([IOH). Kpome
TOrO, y 6OJII)HLIX, HaxXogAIMUXCsA B KPUTUYECKUX COCTOAHUAX, CYHIeCTBYeT OTHOCUTEeJ/JIbHAsA NIIeMud K1-
[IEYHUKA, IPY KOTOPOI COTJIACHO KOHIIETIUU «OCh KUIIEYHUK-JIETKO€e», KOT/Ia IMUTETUN KUIIKA U JIeT-
KOT0 PacCMaTPUBAIOTCS KaK HelpepPhIBHAS IOBEPXHOCTh, MOJKET MIPOU30UTH TPAHCIOKAIUS OAKTEPU
¥/ 9HIOTOKCHHA HEMIOCPEICTBEHHO B KPOBOTOK. OTHUM 13 BO3MOSKHBIX ITOIXO/I0B JIEUEHUsI ITOM Ka-
TEropuu OOJILHBIX MOYKET ObITh 9KCTPAKOPIIOPATHHOE yIaJeHe U3 CHCTEMHOTO KPOBOTOKA U30BITOYHO
MPOAYIUPYEMbBIX MEIUATOPOB BOCIAJUTEIHHOTO OTBETA U 9HIOTOKCHHA METOIOM F€éMOCOPOIINH C UCIIOb-
30BaHUEM CEeJIEKTUBHBIX COPOEHTOB.

Iess ucciaenoBanus. O1eHUTH 3((HEKTUBHOCTD CEJIEKTUBHOUN COPOIINY B KOMILJIEKCHOM JIEYEHUH OCT-
pOTro OBPESKIEHUS JIETKUX, CBSI3aHHOTO C XUPYPIUYECKOM TPABMOI, ITOCJIE OITEPAaTUBHOIO BMEIIaTeIbCTBA
T10 TIOBOJIY paKa JIErKoro.

Pe3ysbTaThl. MPOBEEeHNE OTHOKPATHON 4-9aCOBO MPOIIeIyphI CETEKTUBHON COPOIIUH B COCTAaBE KOM-
IJIEKCHOTO JIEYEHUsI TIAI[UEHTA C TSYKeJIbIM [TOCT-0IEePAIMOHHBIM COCTOSTHUEM IIPUBEJIO K OBICTPHIM (B Teue-
HHE CYTOK) 9(ppeKrTam: CHIIKEHHIO JIEWKOIIUTO3a (YMCIa JIEMKOIUTOB ¢ 32X10° mo 13X10°, ;1'') 1 akTUBHOCTH
agporokcuHa (EAA ¢ 0,67 1o 0,32, y. e.), yMEHBIICHUIO COEPsKAHUSA IIPOBOCHAJINTEbHOro nurTokuHa (IL-6 ¢
1860 mo 62, ir/mu1) 1 npokasabuuToHnHA (PCT ¢ 46 o 0,32, Hr/Mu1) B Iy1a3Me KpOBH, BOCCTAaHOBJICHUIO IIOKA-
3arejiell ra3000MeHa, OTMeHEe HEOOXOIUMOCTHU B TeMOJUHAMUYECKOU OIePsKKe TPECCOPHBIMUA aMUHAMU
(ysxe yepes 2 gyaca mocJje copomum).

3akiroueHue. KInHUYeCKUi IpUMep YCIEeITHOM Tepalluy ¢ BKJII0OYeHUEeM CeJIeKTUBHOM copOIlny, Oc-
HOBAaHHOU HA UCIIOJIb30BAHUU CBEPXCIIUTOTO CTUPOJI-TUBUHUOEH30/IbHOTO COMOJIMMEPa C UMMOOUTU3H-
poBauHbIM JITIC-cejIeKTUBHBIM JIUTAH0M, 000CHOBBIBAET HEOOXOAMMOCTH TATLHEHIIIET0 N3YUEHUsI e€e IPH-

Anpec 1151 KOPPECTIOHIEHIMU: Correspondence to:
Haranpsa [ImurpueBHa YiIakoBa Natalia D. Ushakova
E-mail: ndu2000@rambler.ru E-mail: ndu2000@rambler.ru
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MeHeHHs KaK CPeACTBA OBICTPON KOPPEKINH PEeCIIIPATOPHBIX II0C/Ie0NePAIIOHHBIX OCJIOKHEHHH, B TOM
YHCJIe — Yy OHKOJIOTHYECKHX O0JIBHBIX ITOCTIE PATUKAIbHBIX TOPAKOIIJIACTIYECKIIX OTIePaIHii.

Kntoueswle croea: pak sezkux; ocmpoe nospesiclerue ie2kux; padukaibHble Mopakoniacmuyeckue one-
payuu; cenekmusHas copoyust; cmupon-0usuHubeH3onbHoLii conoaumep; JIIC-cerexmuenblil auzand; Ig-
depon JITIC

Summary

Acute respiratory distress syndrome (ARDS) is a serious challenge in the contemporary reanimatology due
to its prevalence, versatility of pathogenesis mechanisms, and continuously high mortality. The development
of an uncontrolled cascade of systemic inflammation reactions, ‘cytokine storm’, followed by multiple organ
failure (MOF) is an essential pathophysiological trigger of acute lung injury. Besides, critically ill patients are
characterized by a relative intestinal ischemia, wherein, according to the ‘intestine-lung axis’ concept that
treats intestinal and pulmonary epithelium as a continuous surface, translocation of bacteria and/or endotoxin
directly into blood flow might occur. Extracorporeal removal of excessively produced inflammatory response
mediators and endotoxin (bacterial lipopolysaccharide, LPS) from systemic circulation by selective hemosorp-
tion might represent a life-saving approach in sepsis.

Purpose: to evaluate the efficacy of selective sorption in a combined therapy for acute lung injury related
to postoperative injury after lung cancer surgery.

Results. A single 4-hour selective sorption procedure in the combined therapy of a critically ill postoperative
patient produced fast (within 24 hrs.) effects: decreased leukocytosis (the leukocyte count fell down from
32X10° to 13X109% L) and endotoxin activity (EAA — from 0.67 to 0.32, units), reduced blood plasma anti-in-
flammatory cytokine (IL-6 — from 1860 to 62, pg/ml) and procalcitonin (PCT — from 46 to 0.32, ng/ml), re-
covery of gas exchange, discontinuation of hemodynamic support with pressor amines as no longer needed
(as early as 2 hours after sorption).

Conclusion. The clinical case of a successful therapy including selective sorption based on hyper-cross-
linked styrene-divinylbenzene copolymer with immobilized LPS-selective ligand warrants further clinical stud-
ies on the efficiency of a novel selective hemosorption column use to correct post-radical respiratory compli-

cations in oncological patients.

Keywords: lung cancer; acute lung injury; radical thoracoplasty; selective sorption; styrene-divinylbenzene

copolymer; LPS-selective ligand; Efferon LPS
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BBenenue

OcTpaIil pecnupaTopHbIi TUCTPECC-CUHAPOM
(OPIIC) siBsieTCsI cEphe3HOM ITPODJIEMO COBpEMEH-
HOH peaHNMAaTOJIOTHH, YTO CBSI3aHO C YaCTOTOH ero
Pa3BUTHSA, MHOTOTPaHHOCTBIO MEXaHU3MOB I1aTore-
He3a, HEM3MEHHO BBICOKOH JieTaJIbHOCTHIO [1]. B
HacTosIIIee BpeMsi onucaHo OoJsiee 20 MPSIMBIX U
HEIPSIMBIX ITOBPEYKIAIONINX (DAKTOPOB PUCKA PA3BU-
tus1 OPJIC. BeaycsioBHO, MHOrooOpasue aTrornarore-
ue3a OPJIC Tpebyet mpuMeHeHN S Pa3INIHbIX JIeued-
HBIX TEXHOJIOTUH HA Pa3HBIX CTAIUSIX 3a00/IeBaHNS,
YTO MOJKET YIYYIINTh Pe3yJIbTarhl JIeueHus [2-5].

M3BecTHO, YTO Ba’KHBIM MAaTO(QU3NOJIOTHYE-
CKMM TPUITEPOM OCTPOTrO MOBPEKIEHUS JeTKUX
ABJISIETCA Pa3BUTHE HEKOHTPOJIMPYEMOI'o KacKa-
Jla peakIIUil CHCTEMHOI'0 BOCIIaJIeHUs, «IIUTOKH-
HOBOTO HITOpMa» C IOCJIeyIoNuM (popMHupoBa-
HHUEeM ToJinopranHou nuchyurmnuu, [I0H [6-8].

OpHUM U3 BO3MOYKHBIX IOJIXOA0B K JIEYEHHUIO
3TOM KaTeropuu OGOJBHBIX MOKET OBITH 3KCTpa-
KOpIIOpaJIbHOE yJaJleHue U3 CUCTEMHOI'0 KPOBO-
TOKa M30BITOYHO MPOAYIUPYEMBIX MEIUATOPOB
BOCHAJIUTEJBHOTO OTBETA M 9HIOTOKCUHA MeTO-
JIOM reMOoCOPOINH C UCII0JIL30BAHNEM CeJIEKTUB-
HBIX COpOEHTOoB [7, 9-15].

Introduction

Acute respiratory distress syndrome (ARDS) is
a serious challenge in the contemporary reanima-
tology due to its prevalence, versatility of pathogen-
esis mechanisms, and continuously high mortal-
ity [1]. Today, over 20 direct and indirect damaging
risk factors of ARDS have been described. Versatility
of ARDS etiopathogenesis requires different thera-
peutic technologies at different stages of the dis-
ease that might improve the outcome [2-5].

It is known that the development of an uncon-
trolled cascade of systemic inflammation reactions,
‘cytokine storm’, followed by multiple organ failure
(MOF) is an essential pathophysiological trigger of
acute lung injury [6-8].

Extracorporeal removal of excessively pro-
duced inflammatory response mediators and en-
dotoxin from systemic circulation by selective he-
mosorption might be a possible approach to the
management of patients with severe infection com-
plications(7, 9-15].

Currently, extracorporeal blood purification
devices Efferon CT and Efferon LPS are authorized
to be marketed in Russia. They contain a hemosor-
bent based on hyper-cross-linked styrene-divinyl-
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B nHacrosee BpeMs B Poccuu 3apeructpu-
POBAaHBI yCTPOUCTBA IJIs1 9KCTPAKOPIOPATIBEHOIO
ounienus kposu Apdepon LT u Ipdepon JITIC,
cofiepsKale reMoCOpOEeHT Ha OCHOBE CBEPXCIITH-
TOTO CTUPOJI-TUBUHUOEH30JbHOTO COTIOJIIMEpPA C
3asIBJIEHHON M30UpaTeIbHOU COpOIMed MaJIbIX U
CpeqHUX OEJTKOBBIX MOJIEKYJT (HAlIpUMeED, ITUTOKU -
HOB) JJ1s1 ycTpoiicTtBa Ad¢epon LT u munonosnu-
caxapyja IrpaMoTpHUIlaTeIbHbIX MUKPOOPTaHU3-
MOB Ajs  ycrpoiictBa Jd¢depon JIIC. B
CTEHJOBBIX UCIIBITAHUSIX TOKA3aH BHICOKU COpO-
IIMOHHbBIN KJIMPEHC U3 KPUCTAJJIIOUTHOIO pacTBO-
pa B OTHOLIIEHUU BEIIEeCTB CPpeIHEMOJIEKYISPHON
MaccChl ¥ 9HAO0TOKCHHA FPAaMOTPHULIATeIbHBIX MUK-
poopranmuaMos [16, 17]. OgHaKko JAaHHBIX IO €T0
KJIMHAYECKOMY TPUMEHEHUT0, HEOOXOIUMBIX JJTsI
IIMPOKOT0 BHENPEHUsl JAaHHOTO YCTPOMCTBAa B
KJIMHUYECKYIO IIPAKTUKY, B HACTOsIIIIee BpeMsI HeT.

Ilesns uccaenoBaHusg — LEHUTh 3(ppheKTHuB-
HOCTh CEJIEKTUBHOHW COpPOIUHM B KOMILJIEKCHOM
JIeYeHUU OCTPOTrO MOBPEKIEeHUS JIETKUX, CBS3aH-
HOTO0 C XMPYPTUYECKOU TPaBMO, IOCJIe OIlepaTuB-
HOT'0 BMeIIaTeIbCTBA 110 ITI0BOY paKa JIETKOTro.

KJuauHnyeckoe HaldII0jeHHe

BoapHoil I., 67 jet, nmoctynui B PIBY
«Harrona/ibHbIN MeIUITUHCKUAH HCCIef0BaTeNb-
CKUI TIeHTp oHKoJioru» M3 PD B HOosi6pe 2019
rofa C IMAarHo30M ILIEHTPaJbHbIH pak HUKHEN
JIOJIV JIEBOTO JIETKOTO C PACIIa/ioM, adCIieInpyIo-
1jad napakaskposaHast nHeBMoHusdA, CT3NxXMO crT.
II, coctosinue nocJjie 3 KypcoB HEOABIOBAHTHON
MOJIMXUMHUOTEpaIlny, IPOrpecCupoBanue, KINHU-
4JecKas rpyla 2 11 IpoBeJeHU s XU PYPTrudecKo-
r'o JIEYCHUS.

Mano mobpoBosbHOE WH(OPMHUPOBAHHOE
comlacue Ha JiedyeHue, IpOBeJleHHue 9KCTPaKOPIIO-
paJIbHON JETOKCHUKAIMM, a TaKKe ydacThue B
HayYHOM HCCJIEJOBAaHUY U TyOJIMKAITUIO ITOJTyYeH -
HBIX Pe3yJIBTaTOB.

BrImostHEHa onieparyisi B 00beMe: paciIipeH-
Hasi KOMOMHMPOBaHHAsI THEBMOHIKTOMUSI CJIEBA,
pe3eKnysa JIeBOIo Ipefcepinsi, pe3eKuus epu-
Kapja, 4YacTu4yHasg IJIEBPIOKTOMHUs, IJIACTUKA
IepuKapja IoJIMIPONNJIEHOBOU ceTKoN. IHTpa-
OTlepalliOHHO BO BpeMsi MOOWJ/IM3AIUH JIEBOTO
JIETKOTO IIPOU3O0IIJIO BCKPBITHE OJHOIO U3 y4Ya-
CTKOB abCIeMPOBAHUSA C IOCTYIIJIEHNEM THOSI B
IIJIEBPaJbHYIO II0OJIOCTh U IIOJIOCTH IepUKapha.
Ilocne ypmaneHnua npenapara IJIeBpajbHas
MTOJIOCTH ObL1a 4-KpaTHO mpombITa 0,15% BOTHBIM
pacTBOPOM XJIOPTreKCUINHA.

IMocsie oneparuy 60JIHHOM MTOCTYITHAJ B OT/IE-
JIeHHE aHeCTe3WOoJIoTMH U peaHuManuu. llpu
MTOCTYIIJIEHUH COCTOSTHUE DOJTFHOTO KpaliHe TsKe-
Joe. O1ieHKa BepOATHOCTH JIETAJIbHOI'O MCX0Aa 110
mkane MPM II — 75,3%. YpoBeHb CO3HAHUA —
OCTaTO4YHAasA MeJUKaMeHTO3Has cefauus (OneHKa

benzene copolymer with the claimed selective
sorption of small and mid-size protein molecules
(for example, cytokines) for Efferon CT, and LPS of
gram-negative microorganisms for Efferon LPS col-
umn. Bench tests have shown high sorption clear-
ance from a crystalloid solution of molecules with
a medium molecular weight including endotoxin of
gram-negative microorganisms [16, 17]. However,
as of today, there are no data related to its clinical
application, which are required for large-scale de-
ployment of this device in clinical practice.

The purpose of the study is to evaluate the ef-
ficacy of selective sorption in a combined therapy
for acute lung impairment related to postoperative
injury after lung cancer surgery.

Case Study

Patient G., 67 years of age, was admitted to
Federal State Budgetary Institution, The National
Medical Research Center for Oncology, in Novem-
ber 2019 with the diagnosis of central lung cancer
of inferior lobe of left lung with cavitation, abscess-
forming paracancerous pneumonia, cT3NxMO0
stage I, condition after 3 courses of neoadjuvant
multiagent chemotherapy, progression, clinical
group 2 to undergo surgery.

Voluntary informed consent to the treatment,
extracorporeal detoxification, participation in re-
search and publication of anonymous data gener-
ated from the research was received.

The following surgery was performed: ex-
tended combined pneumonectomy on the left, left
atrium resection, pericardium resection, partial
pleurectomy, pericardium polypropylene mesh-
plasty. Intraoperatively, during left lung mobiliza-
tion, one of abscessed areas ruptured with pus en-
tering the pleural cavity and pericardium cavity.
After the drug was removed, the pleural cavity was
washed with 0.15% chlorhexidine in water 4 times.

After the surgery, the patient was admitted to
ICU. The patient was severely critically ill at admis-
sion. The MPM II mortality prediction score was
75.3%. The state of consciousness was residual
pharmacological sedation (the Ramsay score 4).
The skin was pale, pasty, cold, watery. The temper-
ature of the body was 35.3°. The patient received
mechanical lung ventilation (MLV) by Hamilton G5
machine in P-CMV mode. The ventilation parame-
ters were: RR 16 per min.; PCV 10 cmH,O; PEEP 5
cmH,0; FiO, 80 %; VT 330 ml; VE 5.5 L/min. At that,
SpO, was 90%. By auscultation, to the right above
the lung, there was harsh mechanical respiration
without rale. Pleural drainage was functioning. In
the drainage there was a small amount of serohe-
morrhagic discharge, escaped air was not recorded.
ABP was 110/60 mm Hg against microstream infu-
sion of norepinephrine at 1-1.5 pg/kg/min.
HR=PS=107 per minute. Laboratory tests showed:
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KinHuKo-71a00paTopHbIe IOKa3aTeJ H.
Clinical and laboratory parameters.

Parameters Postoperative Values

1h Day 1 (Before Sorption) Day 2 (After Sorption)
Leukocytes, L'! 22X10° 32x10° 13X10°
Neutrophils, % >70 >70 <70
PCT, ng/ml 20 46 0.32
IL-6, pg/ml 460 1860 62
EAA, 0.47 0.67 0.32
Noradrenaline, pg/kg/min 1.0-1.5 1.0-1.5 0

Note. RU are relative units.

ITIpumeuanue. Postoperative values — sHaueHus nocJie onepanuy; day — geHb; sorption — copouusi; before/after — no/mocue;

RU — yci0BHBIE €IUHUIIBI.

1o mmkaJie Ramsay — 4 6as1a). KoskHbIe TOKPOBBI
OJ1eHbIe, TACTO3HbBIE, XOJIOAHBIE, BIaKHBIE. TeM-
neparypa tesa — 35,3°. ICKycCTBeHHasA BEHTUJIA-
uusa jerkux (MBJI) anmaparom Hamilton G5 B
pesxume P-CMV. ITapamerps! BenTrsAmun: YJI —
16 B muH; P yrip. — 10 cMm Boz. cT.; PEEP —5 cMm Bog,.
cT.; Fi0,— 80%; 10 — 330 my1; MO/ — 5,5 1/ MuUH.
Ha atom ¢pone SpO, — 90%. AycKyJIBTaTUBHO HA/I
JIETKUM CIIpaBa ’KecTKOe allaparHoe JbIXaHUe,
XpUIIOB HeT. [lneBpasibHbIN fpeHask (PyHKIIMOHU-
poBaJl. Ilo gpeHasky — cepo3HO-reMopparnyeckoe
oTaesisieMoe B HeOOIBIIIOM KOJUYECTBE, cOpoca
BO3ayxa He peructpupoBasu. AJl 110/60 MM pT. CT.
Ha (poHE MUKPOCTPYHHOI0 BBeleH!sI HOpanuHed-
puna B nose 1-1,5 mMir/kr/mun. YCC=PS=107 B
MuHYTY. [Ipr TabopaTopHOM HCCTIEIOBAHNM: JIEKO-
umuTo3 22Xx10%/j1, Henitpodunes >70%, EAA — 0,47
(Respo-nse—0,97); ipokanbiyTronyH (PCT) —20Hr/ Mt
IL-6— 460 ir /M1 (Tabauria). KOC: PaO, 72 MM pT. CT.;
PaCO, 42,2 MM pr. ct; pH 7,31; BE -10,2 mmoss/J1; P/F
104 mm pT. cT.; HCO,4 32,4 MMoaib/ 71; FiO, 90%. Haua-
Ta KOHCEpPBATUBHAsI UH(Y3UOHHAsI, SMIIMPUYECcKasi
aaTubOaKTepuaabHas (medrasuauM + aBubaKTaM
2,5 T Kaskable 8 4acoB, JuHEe30J1u I 600 MI KasKkIbie
12 yacoB), HoCUHAPOMHAsA Tepanus.

Ha caenyroomue CyTKM TIocje oOllepanuu
cocTostHrEe O0JIFHOTO 0€3 3HAYNMOH MTOJI0KUTEh-
HOI JUHAMUKU. PecinpaTopHy1o U reMoiHaMuue-
CKYIO ITO/IIeP>KKY IIPOBOIUJIN B IPEYKHEM PEYKUME.
[To maHHBIM JTAOOPATOPHOTO 06C/IETOBAHUS: JIEH-
koumuTo3 32X10°%/ J1; HetiTpodues > 70%; EAA —
0,67 (Response — 0,92); PCT — 46 ur/mu; IL-6 —
1860 rir/ma1 (Tabsutia). [Tpu peHTreHOTOTTIeCcKOM
06cIe0BaHNM — BOCHAIWTEIbHAsT WH(PUIBTPaA-
WS B HIYKHE-OOKOBBIX OT/esIaxX CripaBa (puc. a).
YUuTBhIBas KIMHUKO-1ab0paTopHbIe JaHHbBIE, CBU-
JleTeJIbCTBYIOIIYE O Pa3BUTUH T'eHepaIn30BAHHOTO
BOCIHaJIeHus (POCT CBIBOPOTOYHON KOHIIEHTpAIUN
PCT, IL-6, oTpaskarmwIero BbIPaskeHHOCTb [IUTOKU-
Hemun, EAA > 0,6), a Takke HEZOCTAaTOYHYIO
3(pPeKTUBHOCTH TPOBOANMOT0 KOMILJIEKCa Jieued-
HBIX MEPONPUATUH, IPUHSAJIN PEellIeHHE O BKJII0Ue-
HUU B KOMIIJIEKC UHTEHCUBHOTO JIEYEHUSI TeMO-
CcoOpoIMY C MCIIOJIF30BaHNEM KOJOHKU dpdepoH
JITIC. TemocopOIMio TPOBONWJIM Ha ammapare

Mynsrudunasrpar (Ppesennyc, lepmanus). Cocy-

leukocytosis 22x10°/L, high neutrophil count >
70%, EAA — 0.47 (Response — 0.97); PCT — 20
ng/ml; IL-6 — 460 pg/ml (table). ABB: PaO, 72 mm
Hg; PaCO, 42.2 mm Hg; pH 7.31; BE-10.2 mmol/L;
P/F 104 mm Hg; HCO; 32.4 mmol/L; FiO, 90%.
Conservative infusion empirical antibacterial (Cef-
tazidime + avibactamum 2.5 g every 8 hrs., Line-
zolidum 600 mg every 12 hrs.), syndromic treat-
ment was started.

On the next postoperative day, the patient’s
condition displayed no significant positive dynam-
ics. The respiratory and hemodynamic support was
continued in the same mode. Laboratory tests
were: leukocytosis 32X10°/L; neutrophil count >
70%; EAA — 0.67 (Response — 0.92); PCT 46 —
ng/ml; IL-6 — 1860 pg/ml (table). X-ray showed in-
flammatory infiltration in the lower lateral seg-
ments on the right (fig. a). In view of the clinical and
laboratory data evidencing a generalized inflam-
mation (growth of serum PCT, IL-6, which reflects
severely high neutrophil count, EAA > 0.6), and in-
sufficient efficacy of the bundle of care applied, it
was decided to add hemosorption by Efferon LPS
column using multi-filtrate machine (Fresenius
Medical Care, Germany). The vascular access was
achieved by catheterization of v. femoralis dextra
with two-way perfusion catheter 16 F (Gambro,
Sweden). Blood velocity was 80 ml/min. The dura-
tion of hemosorption amounted to 4 hours. For an-
ticoagulation, unfractionated heparin at 500 U/hr.
under AST monitoring (160-200 sec) was used. No
adverse events were noted during hemosorption.
Two hours after hemosorption, hemodynamic sup-
port with pressor amines was discontinued. Re-
garding other parameters, no clinically significant
dynamics was observed.

On postoperative day 2, an improvement of
the patient’s general condition was noted. The state
of consciousness was pharmacological sedation
(Dexmedetomidinum 0.4 pg/kg/hr.). RASS (Rich-
mond Agitation Sedation Scale) score was 1. The
patient was alert, adequate, oriented to time and
place. The skin and exposed mucous membranes
were warm, moderately wet. The body temperature
was 36.9°C. MLV was performed by Hamilton G5
machine in P-SiMV mode. At RR 8 per min., PCV+6
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a

JMHaMHKa PEHTTeHOJIOTHYeCKHX H3MEeHEeHHH B JIETKUX: @ — 1-e CyTKH IT0CJIe0NepanOHHOr0 Iepuoaa; b— 3-U CyTKH mocJre-

OIlepaluoOHHOrO0 1rNepuoaa.

X-ray pattern dynamics of lungs: a— postoperative day 1; b— postoperative day 3.

IUCTBIN TOCTYIl — KaTeTepuaarusi v. femoralis dex-
tra IByXXOAOBBIM ITep(y3NOHHBIM KaTeTepoM 16 F
(Gambro, IIBenus). CropocTb KpoBoToka 80
M1/ MuH. [TpoIosIKUTEIBHOCTD TeMocopOny — 4
4Jaca. AHTUKOAry/sus — He(paKkIMOHNPOBaH-
HBIHN remapuH B f1o3e 500 Ex/4yac mom KoHTpoJsieM
ACT (160-200 cek.). Kakux-amn00 HesKkeJlaTe/IbHbIX
sIBJIGHUI BO BpeMsI IIPOBeAEHUsI FeMOoCcopOIuy He
orMeyvasu. Uepes 2 yaca rocJjie 3aBepIieHusi reMo-
copOuuu reMoguHaMIYecKass MOAJEPsKKa IIpec-
COpPHBIMUM aMUHaMHU Obl1a oTMeHeHa. CO CTOPOHBI
IpyTUX ToKasaresjell KIMHUYECKH 3HAYMMOU
JIUHAMUKH He HaOJ/I101aIum.

Ha 2-e cyTku mocjeonepaioHHOTO Iepuoia
PETUCTPUPOBAJIN YIyUIlIeHNE 0OIIer0 COCTOSTHUS
00JbHOTO. YPOBEHDb CO3HAHUS — MEINKAMEHTO3-
Has ceganusi (nekcMmegeroMmuauH 0,4 MK/ Kr/4ac).
Onenka mo mkane RASS (Richmond Agitation
Sedation Scale) — 1 6as71. BosibHOI ObLI TOCTYIIEH
KOHTAaKTY, aJleKBaTeH, B IPOCTPAHCTBE U BpeMeHU
opueHTHpPOBaH. KokHbIE TOKPOBBI U BUAVMBIE
CJIN3UCTHIE TEIJIble, yMEPEHHO BJIa)KHBIE. T Tesa
36,9°C. MBJI annaparom Hamilton G5 B pesxume
P-SiMV. Ilapamerpsr: Y/1 8 B muH, P y1ip. + 6 cM BOZ.
cT., PEEP — 3 c™m Bog. cT., Fi0, — 40%; 10 — 320
i1, MO/l — 4,5 j1/muH. Ha atom done SpO, — 99%.
AyCKyJIBTaTUBHO B IIPABOM JIETKOM YKECTKOE€ JbIXa-
HUe, XpUNoB HeT. [eMoguHaMuKka crabuiabHasi. AJl
135/85 mm pr. cT., HCC=PS=76 B Munyty. llpn
MOHHUTOPHOM HaOJII00eHUN — MPaBUJIbHBIN CUHY-
coBbIl puTM. [Tpu mabopaTopHOM 00C/IETOBAHNU:
JenkonuTos — 13x10%/j1, HelTpodunes < 70%;
EAA — 0,32 (Response — 0,98); IL6 — 62,1 nir/muJ1
(tadu.); PCT — 0,32 ur/mia. KOC: PaO, 114 MM pr.
cr.; PaCO, 36,5 mm prt. cr; pH 7,43; BE -0,2
MMoJib/J1, P/F 342 mMm pT. cT. HCO; 26,7 MMOJIB/JI.

c¢mH,0, PEEP — 3 cmH,0, FiO, — 40 %; VT — 320
ml, VE — 4.5 L/min., SpO, was 99%. By ausculta-
tion, in the right lung, there was harsh breathing
without rale. Hemodynamics was stable. ABP was
135/85 mmHg, HR=PS=76 per minute. On monitor-
ing, there was regular sinus rhythm. Laboratory
tests showed: leukocytosis 13xX10°/L; neutrophil
count < 70%; EAA —0.32 (Response — 0.98); IL6 —
62.1 pg/ml (table); PCT — 0.32 ng/ml. ABB: PaO,
114 mm Hg; PaCO, 36.5 mmHg; pH 7.43; BE -0.2
mmol/L, P/F 342 mmHg; HCO; 26.7 mmol/L. By X-
ray, positive dynamics was noted: inflammatory in-
filtration of lung tissue diminished (fig. b).

On postoperative day 3, after consciousness
and muscular tone were fully recovered, and the
tracheobronchial tree, mouth cavity and space
above the cuff received sanitation, tracheal extuba-
tion was performed followed by delivery of warmed
humidified oxygen with high-flow generator
AIRVO-2: O, flow rate was 25 L/min., FiO, — 43%,
t was 34°C. There was no adverse dynamics either
in hemodynamic or laboratory indicators. The
motor regime was extended.

On postoperative day 5, the patient in a satis-
factory condition was transferred to a specialized
unit for further care.

Conclusion

The findings of a clinical and laboratory exam-
ination of the patient evidence that a single 4-hour
selective sorption procedure using Efferon LPS col-
umn in the combined therapy of the critically ill
postoperative patient produced fast (within 24 hrs.)
effects: decreased leukocytosis and endotoxin ac-
tivity, reduced blood plasma procalcitonin and
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Knunudyeckue uccjaeqoBaHud U IIPpaKTUKaA

PeHTTeHOJI0TMYeCKU OTMETUIIH IT0JIOSKUTETBHYIO
JIUHAMUKY — YMeHbIIIeHHe BOCHAJIUTEJbHOU
UHQUJIBTPAIIAN JIETOYHOU TKaHU (pUc. b).

Ha 3-u cyTku nnocseonepanyioHHOro epuoia
1ocje IMOJHOTO BOCCTAHOBJIEHUSI CO3HAHUA U
MBIIIIEYHOTO TOHYCA, CAHAIIMH TPAXe0OPOHXUAITh-
HOT'O JlepeBa, pOTOBO MOJIOCTH, HAAMAHKETOUHO-
r'0 MPOCTPAHCTBA ObLJIa TPOU3BeIeHa IKCTyOaITHs
Tpaxeu C IoOcCJeAyoolled nmomadeil IomorpeToro
YBJIQKHEHHOI'0 KHUCJ0POAA BbICOKOIIOTOYHBIM
reHnepatopoMm AIRVO-2: motrok O, cocTaBjAl
25j1/muH, FiO, 43%, t 34°C. [eMoguHaMU4€eCKH,
JaboparopHO — 6e3 OTpUIATETHHON JUHAMUKH.
Bl paciivpeH ABUraTeIbHbIA pPesKUM.

Ha 5-e cyTku nocJjie onnepaTUBHOTO BMeIlla-
TeJbCTBA OOJBHOW B YIOBJETBOPUTETHHOM
COCTOSTHUM NepeBefieH AJIs faJIbHENIero Jjede-
HUS B IPO(UIIBHOE OT/AEeIeHHE.

3akJrouenue

Pe3ysbrarhl KITMHUKO-1a00paTOpHOTO KCCIIe-
JOBAaHUA ITAllMEHTa CBUIETEJIbCTBYIOT O TOM, YTO
IIpOBeJIeHNE OJHOKPATHOU 4-4aCOBOM IPOIeypPhl
CeJIEKTUBHOI COPOIINH C MCII0JIb30BaHNEM KOJIOH-
ku I depon JIIIC B cocTaBe KOMIIJIEKCHOTO Jieue-
HUA NalYeHTa C TAMKeJIbIM [10CTOIepaniOHHbIM
COCTOSTHMEM TIPUBEJIO K OBICTPHIM (B TeYeHUE
CyTOK) 3a(pdeKTaM: CHUKEHMIO JIEHKOLUTO3a U
AKTUBHOCTY 9HJOTOKCHHA, YMEHBUICHUIO COLepP-
SKaHUs NIPOBOCHAJUTEbHOIO UTOKWHA UHTEP-
JIeiK1Ha-6 ¥ IPOKaJIbIIUTOHUHA B I1J1a3Me KPOBH,
BOCCTaHOBJIEHHWIO TIOKasaTejell Tra3000MeHa,
OTMEeHe HEeOOXOIMMOCTH B TeMOIWHAMHYECKOHN
MOJIepPsKKe IPeCCOPHBIMUA aMUHaMu (y)Ke 4epes
2 yaca niocJie cop0O1n). Pe3ysbraThl IEMOHCTPH-
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anti-inflammatory cytokine interleukin-6, restored
gas exchange indicators, discontinuation of hemo-
dynamic support by pressor amines as no longer
needed (as early as 2 hours after sorption). The re-
sults demonstrate clinical efficacy of the selective
sorption procedure using Efferon LPS column as a
part of combined therapy of a patient with severe
post-surgery lung injury.

Itis assumed that clinical studies that include
the use of novel hemosorbent-based columns
would facilitate their proper use as a clinically ef-
fective aid for fast correction of postoperative res-
piratory complications occurring in oncological pa-
tients after radical thoracoplasty.
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PYIOT RIMHUYECKYIO 9(P(PEKTUBHOCTD ITPOIIETyPHI
CeJIEKTUBHOU COPOITUY C UCIIOJIb30BaHIEM KOJIOH-
ku I depon JIIIC, BKIIOUEHHON B COCTAaB KOM-
IJIEKCHOTO JIEYEHUsI TMallMeHTa C TSKeJIbIM
TOBPEKIEHUEM JIETKOTO, CBSI3aHHOTO C XUPYPIU-
YeCKOU TPaBMOU JIETKUX.

MOZKHO T0J1ararh, YTO pacliupeHue KINHU-
YECKUX MCCIIEJOBAHUH C UCIIOJIb30BAaHMEM KOJIO-
HOK OyayT cmocoOCTBOBATh [ajibHEHIIEMY
000CHOBaHUIO WX MPUMEHEHUsI KaK CpPeJICTBa
OBICTPOI KOPPEKIINY PecINPaTOPHBIX IIOCIEO0IIe-
pAIMOHHBIX OCJIOKHEHUI, B TOM YHCJIE — Y OHKO-
JIOTUYECKUX O0JIBHBIX ITOCJIE PAJUKAJIbHBIX TOPa-
KOITAaCTUYECKUX OTIepaITUi.

KoH}uIHKT HHTEepecoB. ABTOPbI 3asBJIAIOT
00 OTCYTCTBUU KOH(JIUKTA HHTEPECOB.

References

1. Kain T, Lindsay PJ., Adhikari N.K]., Arabi Y.M., Van Kerkhove M.D.,
Fowler R.A. Pharmacologic Treatments and Supportive Care for Mid-
dle East Respiratory Syndrome. Emerg Infect Dis. 2020; 26 (6). DOIL:
10.3201/eid2606.200037.

2. Moroz V.V, Golubev A.M. Classification of Acute Respiratory Distress
Syndrome. General Reanimatology=Obshchaya Reanimatologiya.
2007; 3 (6): 7-9. [In Russ.]. DOI: 10.15360/1813-9779-2007-6-7-9

3. Moroz V.V, Vlasenko A.V,, Golubev A.M., Yakovlev V.N., Alekseyev V.G.,
Bulatov N.N., Smelaya T.V. The Pathogenesis and Differential Diag-
nosis of Acute Respiratory Distress Syndrome Induced by Direct and
Indirect Etiological Factors. General Reanimatology=0Obshchaya Re-
animatologiya. 2011; 7 (3): 5. [In Russ.]. DOI: 10.15360/1813-9779-
2011-3-5.

4. Cutts S., Talboys R., Paspula C., Prempeh E.M., Fanous R., Ail D. Adult
respiratory distress sendrome. Ann R Coll Surg Engl. 2017; 99 (1):
12-16. DOI: 10.1308/rcsann.2016.0238.

5. Huang C.,WangY, LiX., Ren L., Zhao J., HuY., Zhang L., Fan G., Xu J.,
GuX., Cheng Z.,Yu T, Xia J., Wei Y., WuW,, Xie X., Yin W,, Li H., Liu M.,
Xiao J., Gao H., Guo L., Xie]., Wang G., Jiang R., Gao Z., Jin Q., Wang .,
Cao B.. Clinical features of patients infected with 2019 novel coron-
avirus in Wuhan, China. Lancet. 2020 Feb; 395 (10223): 497-506. DOI:
10.1016/5S0140-6736 (20)30183-5.

6. Kopitsyna M.N., Morozov A.S., Bessonov L.V,, Pisarev V.M., Lobakova
E.S., Bukharin O.V. Ligands for selective removal of lipopolysaccha-
rides from gram negative bacteria. Journal of microbiology, epidemi-
ology and immunobiology=Zhurnal mikrobiologii, epidemiologii i
immunobiologii. 2017; (3): 115-126. [In Russ.]. DOI: 10.36233/0372-
9311-2017-3-115-126.

7.  Ronco C., Reis T., De Rosa S. Coronavirus Epidemic and Extracorpo-
real Therapies in Intensive Care: si vis pacem para bellum. Blood
perif. March 9, 2020. DOI: 10.1159/000507039.

8. Albertine K.H., Soulier M.F, Wang Z., Ishizaka A., Hashimoto S., Zim-
merman G.A., Matthay M.A., Ware L.B. Fas and Fas Ligand Are Up-

GENERAL REANIMATOLOGY, 2020, 16; 4

www.reanimatology.com



20

DOI:10.15360/1813-9779-2020-4-14-20

Clinical Studies and Practice

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

with Acute Lung Injury and the Acute Respiratory Distress Syndrome.
Am. J. Pathol. 2002; 161 (5): 1783-1796. DOI: 10.1016/s0002-9440
(10)64455-0.

Doughty L.A., Nguyen K.B., Durbin J.E., Biron C.A. A Role for IFN- f§
in Virus Infection-Induced Sensitization to Endotoxin. J Immunol.
2001; 166: 2658-2664. DOI: 10.4049/jimmunol. 166.4.2658.

Kobosz T. COVID-19 moze rozpoczynaé si¢ od braku apetytu i
biegunki. Co to oznacza dla dalszego przebiegu choroby? https:
/ljournals.lww.com/ajg/ Documents/COVID_Digestive_Symptoms_
AJG_Preproof.pdf.

Kumagai T, Takeyama N., Yabuki T., Harada M., Miki Y., Kanou H.,
Inoue S., Nakagawa T., Noguchi H. Apheresis of activated leukocytes
with an immobilized polymyxin B filter in patients with septic shock.
Shock. 2010; 34 (5): 461-466. DOI: 10.1097/SHK.0b013e3181el4ca0.
Kushi H., Miki T., Okamaoto K., Nakahara J., Saito T., Tanjoh K. Early
hemoperfusion with an immobilized polymyxin B fiber column elim-
inates humoral mediators and improves pulmonary oxygenation.
Critical Care. 2005: 9 (6): 653-661. DOI: 10.1186/cc3815.

Lee C.T, Tu Y.K, Yeh Y.C.,, Shih RY., Chao A., Huang H.H., Cheng YJ.,
Yeh Y.C. Behalf of the NTUH Center of Microcirculation Medical Re-
search (NCMMR). Effects of polymyxin B hemoperfusion on hemo-
dynamics and prognosis in septic shock patients. J. Crit. Care. 2018;
43:202-206. DOI: 10.1016/j.jcrc.2017.04.035.

Nishibori M., Takahashi H.K., Katayama H., Nishibori M., Mori S.,
Saito S., lwagaki H., Tanaka N., Morita K., Ohtsuka A. Specific removal
of monocytes from peripheral blood of septic patients by polymyxin
B-immobilized filter column. Acta Medica Okayama.2009; 63 (1):
65-69. DOI: 10.18926/ amo/31855.

Ono S., Kimura A., Hiraki S., Takahata R, Tsujimoto H, Kinoshita M,
Miyazaki H., Yamamoto J., Hase K., Saitoh D. Removal of increased cir-
culating CD4+CD25+Foxp3+ regulatory T cells in patients with septic
shock using hemoperfusion with polymyxin B-immobilized fibers.
Surgery. 2013; 153 (2): 262-271. DOI: 10.1016/j.surg.2012.06.023.
Cutts S., Talboys R., Paspula C., Prempeh E.M., Fanous R., Ail D. Adult
respiratory distress sendrome. Ann R Coll Surg Engl. 2017; 99 (1):
12-16. DOI: 10.1308/rcsann.2016.0238.

Ywaxosa H./I., Kum O.H., Macnoé A.A., Menvuiernuna A.I1. JkcTpa-
KOpIiopa/bHasd JeTOKCUKAIWA IPU abJOMUHATBHOM CEIICHCe Y OH-
KOJIOTHYECKUX 00JIbHBIX. Obwas pearumamonozus. 2018; 14 (2):
25-34. DOI: 10.15360/1813-9779-2018-2-25-34.

Moposos A.C., Konuybina M.H., becconos H.B., Kapeauna H.B., Hyoxc-
duna A.B., Capkucoe H.IO., ITasnosa JI.A., Lliopyna M.IL., Baunnu-
koea 3.K., /lasanroe B.A. CeJIleKTUBHBII COPOEHT /JIs1 yIaeHHsI U3
KpOBH 6aKTepHaIbHBIX 9HJOTOKCUHOB. JKypHan gus. xumuu. 2016;
90 (12): 1876-1882. DOI: 10.7868/50044453716120165.

Xopowunos C.E., Hukyaun A.B., becconos H.B., Mopo3os A.C., Apema
H.B. 3¢ dexTrBHOCTS 1 6€30IIaCHOCTH HOBOTO U3esust 4151 JITIC-
CeJIEKTUBHOM reMocopO1uy (9KCIIepUMeHTaIbHOE UCCIIe/IOBAHME).
Obwas pearnumamonozusi. 2018; 14 (6): 51-60. DOI: 10.15360/1813-
9779-2018-6-51-60.

INocrynuna 11.04.20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Regulated in Pulmonary Edema Fluid and Lung Tissue of Patients
with Acute Lung Injury and the Acute Respiratory Distress Syndrome.
Am. J. Pathol. 2002; 161 (5): 1783-1796. DOI: 10.1016/s0002-9440
(10)64455-0.

Doughty L.A., Nguyen K.B., Durbin J.E., Biron C.A. A Role for IFN-
in Virus Infection-Induced Sensitization to Endotoxin. J Immunol.
2001; 166: 2658-2664. DOI: 10.4049/jimmunol. 166.4.2658.

Kobosz T. COVID-19 moze rozpoczyna¢ si¢ od braku apetytu i
biegunki. Co to oznacza dla dalszego przebiegu choroby? https:
/ljournals.lww.com/ajg/Documents/COVID_ Digestive_Symptoms_
AJG_Preproof.pdf.

Kumagai T, Takeyama N., Yabuki T., Harada M., Miki Y., Kanou H.,
Inoue S., Nakagawa T., Noguchi H. Apheresis of activated leukocytes
with an immobilized polymyxin B filter in patients with septic shock.
Shock. 2010; 34 (5): 461-466. DOI: 10.1097/SHK.0b013e3181el4ca0.
Kushi H., Miki T., Okamaoto K., Nakahara J, Saito T, Tanjoh K. Early
hemoperfusion with an immobilized polymyxin B fiber column elim-
inates humoral mediators and improves pulmonary oxygenation.
Critical Care. 2005: 9 (6): 653—-661. DOI: 10.1186/cc3815.

Lee C.T,, Tu Y.K, Yeh Y.C., Shih RY., Chao A., Huang H.H., Cheng Y].,
Yeh Y.C. Behalf of the NTUH Center of Microcirculation Medical Re-
search (NCMMR). Effects of polymyxin B hemoperfusion on hemo-
dynamics and prognosis in septic shock patients. J. Crit. Care. 2018;
43:202-206. DOI: 10.1016/j.jcrc.2017.04.035.

Nishibori M., Takahashi H.K., Katayama H., Nishibori M., Mori S.,
Saito S., lwagaki H., Tanaka N., Morita K., Ohtsuka A. Specific removal
of monocytes from peripheral blood of septic patients by polymyxin
B-immobilized filter column. Acta Medica Okayama.2009; 63 (1):
65-69. DOI: 10.18926/ amo/31855.

Ono S., Kimura A., Hiraki S., Takahata R, Tsujimoto H, Kinoshita M,
Miyazaki H., Yamamoto J., Hase K., Saitoh D. Removal of increased cir-
culating CD4+CD25+Foxp3+ regulatory T cells in patients with septic
shock using hemoperfusion with polymyxin B-immobilized fibers.
Surgery. 2013; 153 (2): 262-271. DOI: 10.1016/j.surg.2012.06.023.
Cutts S., Talboys R., Paspula C., Prempeh E.M., Fanous R., Ail D. Adult
respiratory distress sendrome. Ann R Coll Surg Engl. 2017; 99 (1):
12-16. DOI: 10.1308/rcsann.2016.0238.

Ushakova N.D., Kit O.I., Maslov A.A., Men'shenina A.P Extracorporeal
Detoxification in Abdominal Sepsis in Cancer Patients. General Re-
animatology=Obshchaya Reanimatologiya. 2018; 14 (2): 25-34. [In
Russ.]. DOI: 10.15360/1813-9779-2018-2-25-34.

Morozov A.S., Kopitsyna M.N., Bessonov 1.V, Karelina N.V., Nuzhdina
A.V, Sarkisov I.Yu., Pavlova L.A., Tsyurupa M.R, Blinnikova Z.K., Da-
vankov VA. CeleKTUBHBIN COPOEHT JIJIA yaleHus U3 KpOBU OaKTe-
PUAJIBHBIX 9HJIOTOKCUHOB. Zhurnal fiz. khimii. 2016; 90 (12):
1876-1882 [In Russ.]. DOI: 10.7868/S0044453716120165.
Khoroshilov S.E., Nikulin A.V,, Bessonov 1.V,, Morozov A.S., Yarema 1.V.
Efficacy and Safety of a Novel Adsorber for LPS-Selective Hemosorp-
tion (Experimental Study). General Reanimatology=Obshchaya Re-
animatologiya. 2018; 14 (6): 51-60. [In Russ.]. DOI: 10.15360/1813-
9779-2018-6-51-60.

Received 11.04.20

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 4



DOI:10.15360/1813-9779-2020-4-21-31

Knuuudyeckue nccjaeqoBaHud U IIPpaKTUKaA

KOrHuTuBHBIN cTATyC M (PAKTOPHI PUCKA KOTHUTUBHBIX HAPYHIEHU
Y AMaJIN3HbIX NAIIUEHTOB

A. E. Xpysnies!, /1. /1. Ton6ysosa!, E. A. TLnoxenko!, I1. A. EropoBa?,
C. H. Coporoymosga?, O. B. CyBoposa*, /1. C. iukeBuy®

! TIpUBOJIPKCKUI K CCIIeJOBATE/IbCKUI MEAUIIMHCKUI YHUBEPCUTET,
Poccus, 603950, r. H. HoBropogn, 1. MunuHa u Ioskapckoro, a. 10/1
2 PoccuiicKasi akaieMysi HapOJHOTO X035IHCTBA M FOCYAapCTBEHHOMH c1y»kObI pu [Tpesusente P,
Poccus, 119571, 1. MockBa, IpocneKT BepHaackoro, a. 82, cTp. 1
3 Poccuiickuil rocyapCTBeHHBIN COIIMA/IbHBIN YHUBEPCUTET,
Poccus, 129226, r. Mocksa, yi1. Bunbrensma Iluka, x. 4, cTp. 1
4 HiykeropoJICKUH rocyiapCTBeHHBIN ITeJarornyeckuii ynusepcurer uM. KospMbl MUHUHA,
Poccus, 603950, r. H. HoBropogn, yi1. YibsaH0Ba, 1. 1
5 denepabHBIA HAYYHO-KJIUHUYECKHUH [IEHTP PeaHUMAaTOJI0TUU U PEAOUIUTOJIOTHH,
Poccusi, 141534, MockoBckasi 00s1acTh, COJTHEYHOTOPCKUA paiioH, 1. JIBITKUHO, A. 777

Cognitive Status and Risk Factors for Cognitive Impairment
in Dialysis Patients

Alexey E. Khrulev!, Dariya D. Tolbuzova!, Elena A. Plokhenko!,
Polina A. Egorova?, Svetlana N. Sorokoumova?, Olga V. Suvorova*, Dmitry S. Yankevich®

! Privolzhsky Research Medical University,
10/1 Minin and Pozharsky Square, N. Novgorod 603950, Russia
2 Russian Academy for National Economy and Public Administration under the President of the Russian Federation,
82 Vernadsky prospect, Bldg.1, 119571 Moscow, Russia
3 Russian State Social University,
4 Wilhelm Pieck Str., Bldg. 1, 129226 Moscow, Russia
4 Kozma Minin Nizhny Novgorod State Pedagogical University,
1 Ulyanov street, 603950 Nizhny Novgorod, Russia
5 Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
777 Lytkino 141534, Solnechnogorsk district, Moscow region, Russia

Just untupoBanus: A. E. Xpyaes, /. /I. Toa6ysosa, E. A. [lnoxerko, I1. A. Ezoposa,C. H. Coporoymosa, O. B. Cysopoaa,
. C. Ankesuy. KOTHUTHUBBIN CcTATyC U (paKTOPBI PICKA KOTHUTUBHBIX HAPYIIEHWH y AUATU3HBIX MalueHToB. Odwas
pearumamonozus. 2020; 16 (4): 21-31. DOI: 10.15360/1813-9779-2020-4-21-31 [Ha pyccK. u aHIL.]

For citation: Alexey E. Khrulev, Dariya D. Tolbuzova, Elena A. Plokhenko, Polina A. Egorova, Svetlana N. Sorokoumova, Olga
V. Suvorova, Dmitry S. Yankevich. Cognitive Status and Risk Factors for Cognitive Impairment in Dialysis Patients. Obshchaya
Reanimatologiya = General Reanimatology.2020; 16 (4): 21-31. DOI: 10.15360/1813-9779-2020-4-21-31 [In Russ. and Engl.]

Pe3rome

Uncsio [Uau3HbIX TAIEHTOB esKer0lHO YBeJIMYMBAETCS U COCTaBJIsIeT 0oJiee 2 MJIH. YeJI0BEK, IIPU 9TOM
JIOJIA €5KerofHOT0 IPUPOCTa JUATU3HBIX IPOTPaMM UCYUCIAETCA 6-12%. OTMedaeTcs BbICOKas KOPPesIAAsa
MeSKTy HaJTMIMeM KOTHUTHBHBIX HAPYIIIEHUH U JIETATbHOCTHIO THATM3HBIX TAIIIEHTOB, YTO 00YC/IaB/INBaET
AKTYaJbHOCTb CKPUHUHTA KOTHUTHUBHBIX (DYHKITUH Y TUAJIU3HBIX 00JIBHBIX C UCIIOJIb30BAHUEM Pa3INIHBIX
HeHpOoInCUX0J0TMYeCKUX KA.

Ileas ucciaenoBaHus: N3yyeHre KOTHUTUBHOT'O CTAaTyca U BbIsIBJIeHUE KOTHUTUBHBIX HApylLlIeHUH y a-
I[EeHTOB C TEPMIHAIBHOH CTaquel XpOHNYECKOH 00/Ie3HN IT0Y€EK, KOPPUTHUPYEMOI METOIOM IIPOTPAMMHOTO
reMoJuaIn3a, a TakKe oljeHKa (haKTOPOB PUCKa Pa3BUTHA KOTHUTUBHBIX HApYIIeHUH Y JaHHOU KaTeropuu
OOJIBHBIX.

MarepuaJsbl 1 MeToabl. OOcenoBaau 83 YejoBeKka B Bo3pacTe OT 28 10 78 JieT (CpegHU BO3pacT
56,7+13,7 jier). OCHOBHYIO I'PYyIIIly COCTAaBUJIU 53 YesjioBeKa, [Io/Iy4daBlire IPOrpaMMHBIN reMoauanua: 23
My>kunHBI 1 30 skeHITH. CpeJHUI BO3pacT O0JIBHBIX B 9TOH Ipymie cocTaBua 58,3+13,3 jteT. ['pymiry KOHT-
poJis cocraBuin 30 YeJIoBeK 6e3 ImaToIoruy movek: 13 MyskunH 1 17 skeHInmuH. CpeJHUI BO3PacT B TPyIIIIe
KOHTPOJIsI coCcTaBuiI 53,6+14,9 jeT. [l71 BbIsIBJI€HNs1 KOTHUTUBHBIX HApyIIeHUH U OLleHKU HeUPOIICUX0JI0-
TUYECKOTO cTaryca BeIoOpasu mkaabl MoCA u SLUMS. Vcosib30BaIi METOIBI MaTeEMATHYeCKOH 00paboTKI
JAHHBIX UCCJIelOBAaHUS: UHAYKTUBHAsI CTATUCTUKA, KOPPEJISINMOHHBIN aHA/IN3.

PeaysbraThl. BEIABHA/IN, YTO Y AUAIN3HBIX AIIMEHTOB KOTHUTUBHBIE HAPYILLIECHNAA BCTPEYAIOTCA 3HAYHU-
TesabHO vauie (75,5-81,1% cayvaes, p=0,05) 110 CpaBHEHHUIO C JIMIJAMH, He UMEIOIIAMU I1aTOJIOTUH IT04eK. [To-
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Ka3aJIy 00JIBIIYIO YyBCTBUTEIBHOCTD Kbl SLUMS o orHotmenmio k MoCA (p=0,05, 1oBepHuTeTbHBIH UH-
TepBaJ / 11 — 95,0%). @akTopaMu pucKa pa3BUTHsI KOTHUTUBHBIX HApYILIeHUH Y IUaIU3HbBIX [TAII1eHTOB
SIBJISIJTACH YBEJTMUEHHE CTa’ka JINaJIn3a U Bo3pacTa 00JbHBIX (rs=—0,298%, HU3KUI pacyeTHBIA HHIEKC aJIeK-
BaTHOCTHU quanuia no moueBuHe (Kt/V menee 1,2).

3akJrodyeHue. Y 1MaJU3HBIX IAIJUEHTOB OIIpe/leJs1eTCsl BBICOKUM PUCK Pa3BUTHUsI KOTHUTUBHBIX HApY-
ILIeHUH, [IJIs1 CBOeBPEMEHHOT'0 BbISIBJIEHNU I KOTOPBIX IPAKTUKYIOIINM BpayaM peKOMeH/1yeTCsI UCII0Ib30BaTh
CKPHUHHUHIOBblEe HEPOIICUXO0JI0TUYeCKHe uccaeqoBanus. Hajnune KOTHUTUBHBIX HapyIIeHU, [10 pe3ysib-
TaTaMm TeCTUPOBAHUS, ABJISIETCS I0KAa3aHUeM K KOHCYJIBTAllUK CIIelIuaJIiCTa.

Karoueebvle cnosa: xporuueckas 60ae3Hb nouer; NpopammHbLiL 2eMo0UANIUS; KOZHUMUBHbLE HAPYULeHUSL;
Hetiponcuxono2uteckoe uccredosarue; MoCA; SLUMS

Summary

The number of dialysis patients is increasing every year and is estimated to be more than 2 million, with
an annual increase of 6-12% in dialysis programs. There is a high correlation between cognitive impairment
and mortality in dialysis patients, which suggests the relevance of screening cognitive functions in dialysis pa-
tients using different neuropsychological scales.

Aim of the study was to test the cognitive status and identify cognitive impairment in patients with terminal
stage of chronic kidney disease treated using program hemodialysis, as well as to evaluate risk factors for cog-
nitive impairment in this category of patients.

Material and methods. 83 patients aged 28 to 78 years (mean age 56.7+13.7 years) were examined. The
main group included 53 people who received program hemodialysis, of them 23 men and 30 women. The
mean age of patients in this group was 58.3+13.3 years. The control group composed of 30 individuals without
kidney diseases, including 13 men and 17 women. The mean age in the control group was 53.6+14.9 years. The
MoCA and SLUMS scales were chosen for detecting cognitive impairment and assessment of neuropsycho-
logical status. We used mathematical methods of research data processing such as inductive statistics and cor-
relation analysis.

Results. Cognitive impairment was found to be significantly more frequent in dialysis patients (75.5-81.1%
of cases, P=0.05) compared to those without kidney pathology. The SLUMS scale was shown to be more sen-
sitive than MoCA (P=0.05, CI 95.0%). The risk factors of cognitive impairment in dialysis patients included in-
creased dialysis duration, age (rs=—0.298) and low estimated urea dialysis adequacy index (Kt/V less than 1.2).

Conclusion. A high risk of cognitive impairment is common in dialysis patients. For its timely detection,
the screening neuropsychological test are recommended to be used by clinicians. Cognitive impairment, di-

agnosed by the tests, is an indication for a specialist consultation.

Keywords: chronic kidney disease; program hemodialysis; cognitive impairment; neuropsychological study;

MoCA; SLUMS
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BBenenue

C pa3BUTHEM TEXHOJIOTUN KOPPEKIINU TEP-
MUHAJBHON nmouyeuyHoi Hegoctarodynoctu (TITH)
BO3HHUKJIa HEOOXOAMMOCTh IlepeBojia NallieHTOB
Ha 3aMeCTUTEJbHYIO IToYeuHyo Tepanuto (3117T), a
MMEHHO: POTPAaMMHBIN TeMOINaJIN3, IEPUTOHE-
aJIBHBIN TUaIN3 WU QYHKIIMOHUPYIOIINH Touey-
HBIHM TpaHCIIaHTAT. UNCJI0 MarueHToB, T0JIyYaio-
mux 31T, esKerogHo yBeJInunBaeTCsI U COCTaBJIAET
BO BCeM Mupe OoJiee 2 MJIH. 4eJIOBEK, IIPU 3TOM
JOJIA €KEerOAHOr0 MpUpPOCTa JUAJIU3HBIX IIPO-
rpaMm ucuucisercs 6-12% [1]. Ilo mauabiM Poc-
CHUICKOr0 AMaau3HOro obiiectsa Ha 31 mexabps
2018 r. B Hameit crpane 3IIT mosyuanu 54953
6osbpHBIX ¢ TITH. B 00111€#1 CTPYKType IanueHToB,
nosryyatomuyx 3117, mpocseskuBaeTcsa oTyevinBas
TeHJIEHI[UA K YBEJIMUEHUIO JOJIU IPOrPaMMHOTI0
reMouaJinia, yaejabHbIIl BeCc KOoToporo B 2018
rony JOCTur 77,6%.

B xofe amu1eMruoI0TUYECKUX UCCAeN0BAHNN
OblJ1a BbIsIBJIEHA OTUYETINBAsI 3aBUCUMOCTD MEKTY
CHI’KEHHEM CKOPOCTH KJIYOOYKOBON (hUIBTpalii

Introduction

The technological advances in the manage-
ment of terminal renal failure (TRF) made it neces-
sary to switch patients to renal replacement ther-
apy (RRT) including program hemodialysis,
peritoneal dialysis or a functioning kidney trans-
plant. The number of patients receiving RRT is in-
creasing annually, with more than 2 million people
worldwide, and the annual rate of increase in dial-
ysis programs ranges from 6 to 12% [1]. According
to the Russian Dialysis Society as of December 31,
2018, 54953 patients with TRF were receiving RRT
in Russia. The proportion of patients on program
hemodialysis in the overall structure of patients re-
ceiving RRT shows a distinct tendency to increase
reaching 77.6% in 2018.

The epidemiological studies revealed a definite
relationship between the reduced glomerular filtra-
tion rate and high cardiovascular mortality in dial-
ysis patients [2, 3], which is extremely strong in pa-
tients on RRT [4]. In TRF vascular remodeling
progresses, new vascular risk factors directly related
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1 BBICOKOU CepAeYHO-COCYIUCTOH JIeTATbHOCTHIO
IUaJIN3HBIX AIIMEHTOB [2, 3], T0JIs1 KOTOPOH Kpari-
He BBICOKA CpeM ITallMeHTOB, HaXOOSAIIUXCS Ha
3IIT [4]. ITpu pasButuu TTIH B opranuame npomoJ-
JKAETCS peMOAeJIMpPOBaHue COCYIHUCTOrO PycJa,
YCYTYOJISAIOTCS ¥ T0OABJISIIOTCS HOBBIE COCYIVICThIE
¢aKkTOpbI pHUCKa, HETIOCPEJICTBEHHO CBSI3aHHBIE C
caMoll Tpolenypoll [OHaaM3a, IPOrpecCUpYIOT
1epeOpOBaCKyIsIpHBIE HapyIIeHus [5]. FI3BecTHO,
4YTO Y OMAJIN3HBIX IalMEHTOB MHOTOKPATHO yBe-
JIMYMBAETCSI PUCK KAK OCTPBIX, TAK ¥ XPOHUYECKUX
HapyIIeHnH MO3TOBOTO KPOBOOOPAIIEHHS, U, KaK
CJIeJICTBUE, YCYTYOJAETCSA PUCK PA3BUTHS KOTHU-
TUBHBIX HapymeHuil (KH), cHuskaeTcs1 Ka4ecTBO
JKU3HU [6, 7]. [Io maHHBIM MeTa-aHa/au3a, [IpoBe-
nennoro Etgen T. B 2012 1., XxpoHHU4YecKasi 60JIe3Hb
MOYEK SIBJISIETCSI CTaTUCTUYECKN 3HAYMMbIM He3a-
BUCHUMBIM COMaTH4eCKUM (paKTOpOM pHCKa pa3Bu-
tusa KH [8]. B gocTynHO#l aHa/iuay Juteparype
OTMeYaeTCs BBICOKasi KOPpPeIAnUs MesKay HaJlu-
gyueM KH u seranpHOCTBIO ITaneHToB ¢ TITH.
ComtacHO MeXIyHAapOIHBIM KJINHUYECKUM
PEeKOMeHIausAM IIPU ITI0J03PEeHNN NN PA3BUTUHA
y nmanuenTta KH nmpaxkTukyomuM BpadaM peKo-
MEHJI0BaHa peryjsgpHas OLeHKa U MOHUTOPUHT
KOTHUTHUBHOTI'O CTaTyca C UCIOJIb30BaHUEM Hell-
POIICUX0JI0TUYECKUX KA. [lepess BpauoM BCTaeT
npobJieMa ONTUMaILHOTO BhIOOPA TOUM WJIN MHOMU
CKPUHUHTOBOU IITKAJIbI [IJ151 OIIEHKU BBICIIUX IICU-
XU4YeCKUX (PyHKIMH y nanueHTa. B cooTBeTcTBUU
C MesKIYHapOOHBIMU U HAlMOHAJbHBIMY KJIMHU-
YeCKUMHM PEeKOMEHIAIUAMM [JIs1 BBISIBJIEHUA U
OIIEHKU BBIPAYKEHHOCTHU JIEMEHTHBIX PACCTPONCTB
HCI0JIB3YIOTCSI Pa3/INYHble HeHpPOIICUX0JI0THYe-
CKHE TeCThI, HalIlpUMep: KpaTKasl IIKaJia OI[eHK!
IICUXUYeCKoro craryca (axes. Mini-mental State
Examination, MMSE) u tect Munu-Kor (awnex.
Mini-Cog), ymoO6HbIe IO BpEMEHHBIM 3aTparaM Ha
X TIpOBelleHre, OJHAKO oOJjamaroniue HU3KOU
YyBCTBUTEJBbHOCTBI0 M CHENU(PUUHOCTHIO B
BBIABJEeHUN aodeMeHTHBIXx KH. B HacTosmiee
BpeEMsI OTHUM M3 MIMPOKO MCIOJIb3YEMBbIX, 00J1a-
MAIOMIUKA XOpoIled ToKa3aTreJbHOW 6a30i, u
OTHMM M3 HanboJee YYBCTBUTEJIHHBIX U CIEIH-
(pUYHBIX CKPUHUHTOBBIX TECTOB JIJIsI BBISIBJIEHU S
Jerkux u ymepeHnsbix KH, cuntaercsa Monpeass-
CKas IIKajda OIleHKU KOTHUTHUBHBIX (PYHKIUN
(aHgr. Montreal Cognitive Assessment,
MoCA) [9-11]. 3Tu [maHHBIE NOATBEPIKIAIOTCS
pes3yabraraMyu MeTa-aHaau3a, IIPOBENeHHOIO B
Kuraiickom yHusepcutere lonkoHra B 2015
rony [12]. OpgHako no3nHee, B uccaenosannu Car-
son N., i 1p., 2018, 6BLTa TPOBEIeHa TOBTOPHAS
OIleHKa KPpUTEpUEB MpuMeHeHus mKaabl MoCA.
[TokasaHo, YTO W3HAYAJBHO MIPEJIOKEHHBIE OTCe-
Kalolre TOYKA B 26/30 IPUBOAAT K TUTIEPIUATHO-
CTUKE U II0SIBJIEHUIO OO0JILIIIOr0 KOJINYECTBA JI0K-
HOIIOJIO’KUTETbHBIX ~ PEe3YJIBTaTOB, O0COOEHHO

Ccpenu JinuIi IMOoKNJI0ro Bo3pacTa nJin 'y Jiuii C Hu3-

to the dialysis procedure appear and become more
prominent contributing to advanced cerebrovascu-
lar disease [5]. Dialysis patients are known to have
considerably higher risk of both acute and chronic
cerebrovascular disorders, and as a result, cognitive
impairment (CI) and low life quality are increasingly
seen [6, 7]. According to meta-analysis by T. Etgen
(2012), chronic kidney disease is a significant inde-
pendent risk factor for cognitive impairment [8]. We
found a high correlation of CI and mortality in pa-
tients with TRF in the available literature.

According to the international clinical guide-
lines, when CI is suspected or already present, a
regular assessment and monitoring of the cogni-
tive status using neuropsychological scales is rec-
ommended. The clinician faces the challenge of
choosing the optimal screening scale for evaluat-
ing the patient's higher mental functions. In accor-
dance with international and national clinical
guidelines, various neuropsychological tests are
used to detect and assess the severity of dementia,
such as the Mini-Mental State Examination
(MMSE) and the Mini-Cog test, which are time-
saving but have low sensitivity and specificity in
detecting pre-dementia CI. The Montreal Cogni-
tive Assessment Scale (MoCA) is currently one of
the most widely used, well-established and most
sensitive and specific screening tests for mild and
moderate CI [9-11]. Its performance was proved by
a meta-analysis of Chinese University of Hong
Kongin 2015 [12]. However, later, in a study by Car-
son N., et al. (2018), the criteria for MoCA scale ap-
plication were reassessed. The initial cutoff points
0f 26/30 have been shown to result in overdiagno-
sis and a large number of false positives, especially
among the elderly or those with low education
level [13].In 2006, an alternative neuropsycholog-
ical assessment scale, the University of Saint Louis
Mental Status (SLUMS) was developed, which is
relatively little known to practitioners to date. Ev-
idence suggests that this scale could be used for
the timely diagnosis of pre-dementia CI [11, 14,
15]. In a recent analysis of CI assessment in clini-
cal studies (2018), this questionnaire, along with a
number of other neuropsychological tools, was
characterized as promising, with special mention-
ing of the fact that its effectiveness as a criterion
for evaluating cognitive functions was not as-
sessed in different populations [11].

All mentioned above determines the relevance
of screening of cognitive functions in patients on
program hemodialysis using various neuropsycho-
logical scales.

The objective of the present study is to exam-
ine the cognitive status and identify cognitive im-
pairment in patients with terminal chronic kidney
disease controlled by program hemodialysis, as
well as to assess risk factors for cognitive impair-
ment in this category of patients.
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KHNM ypoBHeM obOpasoBanus [13]. B 2006 . 6p11a
paspaboTaHa ajpTepHATHUBHAsS IIKaJIa OIEHKHU
HeWPOIICUX0JIOTUYECKOT0 CTaTyca M0 MeTOAUKe
Cent-Jlyucckoro yausepcurera (aHri. Saint Louis
University Mental Status, SLUMS), oTHOCHUTeIbHO
MaJIOM3BECTHASA JO HACTOAIILEr0 BpeMeHU Cpenu
MIPAaKTUKYIOMUX Bpadel. [IpuBonsATcs JaHHbIE O
BO3MOKHOM HCII0/Ib30BaHUU TAHHOM IMKAaJbl C
11eJIbI0 CBOEBPEMEHHOM JUarHOCTUKY JOIEMEHT-
Heix KH [11, 14, 15]. B HemaBHEM aHAJIUTUYECKOM
0630pe (2018 r.), mocBsimenHoMy orienke KH B
KJIUHUYECKUX MCCJIeJOBAHUSX, TaHHBIA OIMpPOC-
HUK, Hapsiy C psiioM JPYrUX HEHpPOIICUX0JI0ThYe-
CKUX HHCTPYMEHTOB, XapaKTepHU30BaJICA Kak
00J1aJAI0IIMI MHOTO00EMIAI0IM II0TEHIAIOM,
Opu 3TOM OTHeJIbHO Or0BapMBaJIOCh, YTO €TO
3 (PEeKTUBHOCTH B KAUYeCTBE KPUTEPHUEB OIIEHKU
KOTHUTHUBHBIX (DYHKITUH He Obl/Ia OIleHeHa B pas-
JIMYHBIX TONyIAnUAx [11].

Bce BrhIllIecka3aHHOEe O00YC/IaBINBAET aKTy-
QIBHOCTh CKPUHUHIA KOTHUTUBHBIX (DYHKIIUH Y
NalMeHTOB, HAXONANIUXCA Ha NPOrpaMMHOM
reMonaan3e, C WCIOJb30BAHUEM PA3TAYHBIX
HEeUPOICUXOJTOTUYECKHUX IITKAJT.

enb nccnenoBanus — U3y4eHUe KOTHUTHUB-
HOI'O CTaTyca U BBISIBJICHAE KOTHUTHUBHBIX HAPY-
LIEHUH y NalyeHTOB ¢ TepMUHAJIbHOU cTanuei
XpPOHUYECKOU OOJIE3HH MOYEK, KOPPUTHPYEMOI
MEeTOOM IIPOTPAMMHOI0 TeMOINaIN3a, a TaKKe
OlleHKa (paKTOPOB PHCKa Pa3BUTH I KOTHUTUBHBIX
HapYyIIEeHUH Yy TAaHHOH KaTerOpuM OOJTbHBIX.

MarepuaJ 1 MeTObI

O6cienyeMble TAIMEHThI HAXOIWJINCH Ha TIJIaHO-
BOM aMOYJTaTOPHOM JIEYEHUH B OT/I€JIEHUY IPABUTAIIOH-
HOU XUPYpruu KpoBU U remoguanusa Huskeropoackoi
00/1aCTHOI KJIMHUYECKOU 00JIbHUIIBI M. H. A. Cemariiko
B 2018-20191T.

BkJ/roueHre manyeHToB B JAaHHOE PaHI0MU3UPO-
BaHHOE KOHTPOJIMPyeMOe KJIMHINYECKOe MCCIIeJOBaHNe
apasijiesIbHbIX TPYIIT IPOBOJUIN METO/IOM CILJIOIITHOM
BbIOOPKU. KpuTepusiMmm BKJIIOYEHUS OBIJINA: BO3PACT
o118 1o 85 JsieT; HaIM4YMe qUaTU3HON CTaIuy XPOHUYe-
CKOM 60JIE3HU TIOYEK, CTa’K MPOTPAMMHOIO TreMOJIAa-
sm3a 6oJiee 1 roaa; aleKBaTHOCTh MMPOBOUMOTO MPO-
rpaMMHOI0 TreMoiuanuia (He MeHee 3 CeaHCOB B
HeJeJII0, He MeHee 4 4acoB/CeaHC, pacueTHbIN WH/IEKC
aIeKBaTHOCTU auaansa 1mo moueBuHe (Kt/V) He MeHee
1,2, paccumThIBaEMbII Ha OCHOBAHUU JOJU CHUYKEHU S
MOY€BHUHBI, TIOTEPU Beca BO BpeMsI ITPOIeyPhI JUAIN3a,
BpeMs Tran3a U Beca 00JILHOT0); CIOCOOHOCTD TTOHU-
MaTh WHCTPYKIHMHU Bpada-uccjeaoBaTesisi, OTCyTCTBUE
pueMa ICUXOTPOIHBIX IIPernaparos, MOIMCAHHOE UH-
¢opMupoBaHHOE comtacye nanueHTa. Kpurepusmu He-
BRJTIOYEHU T/ UCKJTIOUYEeHUS B/ U3 MCCI€IOBAHUSI CUNTAIH
HaJTU4Yre TPeMOPOUIHON COMaTUIECKOU NI TICUXUYe-
CKOU ITaTOJIOTUH B CTaTUX IEKOMITEHCAIINH, TPEOYIOTIen
CPOYHOU KOHCYJIBTAIIUN CMEKHBIX CIIEIAATUCTOB NN
9KCTPEHHOU rOCIUTAIU3AIMH B CTAIlMOHAD; HAJIUYHe Y
00CcIeyeMoro KIMHUYECKHA BhIPAKEHHOU JIeNPeCcCHu
(oTIeHKa IO TepUaTPUYECKOH IITKaJIe Iepeccuu 6oJiee 6

Materials and Methods

The studied patients were undergoing elective out-
patient treatment at the Department of Gravitational
Blood Surgery and Hemodialysis of the Semashko Nizhny
Novgorod Regional Clinical Hospital in 2018-2019.

The patients were included into randomized con-
trolled clinical trial with parallel groups using the contin-
uous sampling method. The inclusion criteria were age
from 18 to 85 years; dialysis stage of chronic kidney dis-
ease, duration of program hemodialysis more than 1
year; adequate program hemodialysis (3 and more ses-
sions per week, 4 and more hours/session, urea he-
modialysis adequacy index (Kt/V) not less than 1,2, cal-
culated using the percentage of urea reduction, weight
loss during dialysis procedure, duration of dialysis and
patient’s weight); the ability to understand the physi-
cian's instructions, no current use of psychotropic drugs,
informed consent signed by the patient. The criteria of
non-inclusion/exclusion were pre-existent decompen-
sated somatic or mental disease requiring an urgent spe-
cialist consultation or emergency hospital admission;
clinically significant depression (more than 6 points on
the geriatric depression scale); significant CI preventing
understanding the researcher’s instructions; current use
of medications with a likely risk of cognitive impairment
(sedatives, neuroleptics, and other drugs with possible
sedative effect).

A total of 83 people were studied, of whom 36
(43.4%) were men and 47 (56.6%) were women aged 28
to 78 (mean age 56.7+13.7 years). Patients were divided
into main and control groups. The main group composed
of 53 subjects with terminal CKD receiving program dial-
ysis. The control group included 30 participants without
kidney disease.

The patients were allocated to the main and control
groups using the stratified selection method, which in-
creased generalizability of the study findings. For this pur-
pose, the parameters, which could influence the variabil-
ity of the studied cognitive status (sex, age and education
level, presence/absence of kidney disease in the patients
of the department), were registered. We determined the
percentage ratio of the differing groups/strata in the gen-
eral population and recreated the percentage ratio of cor-
responding subgroups in the experimental samples.

Choice in the sub-sample was made based on ran-
dom selection by strata from the clinic database. After
that, the equivalence of the experimental and control
groups for the main socio-demographic parameters was
tested using inductive statistics. Detailed description of
the studied groups and assessment of statistical signifi-
cance of differences in socio-demographic parameters
are presented in table 1.

The results of testing demonstrate similarity of
studied socio-demographic parameters in the main and
control groups (table 1, P>0.05).

The following criteria were used for the interpreta-
tion of results. The maximal number of points in both
scales that could be scored was 30. In the MOSA scale, 26
points and more were considered as normal values, the
number of points <26 indicated CI [9]. On the SLUMS
scale, normal cognitive status corresponded to 27-30
points for people with higher or vocational secondary ed-
ucation, and 25-30 points for people with secondary gen-
eral education. Mild cognitive impairment (MCI) was
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Tabsmna 1. XapakTepHCTHKA HCCIeAYeMbIX FPYIII II0 BO3PACTY, IOy X YPOBHIO 00pa3oBaHHUsI.
Table 1. Characteristics of the studied groups by age, sex and level of education.

Parameters Values in groups P
Main, n=53 Control, n=30
Gender
Male 43.4% 43.3% P>0.05
Female 56.6% 56.7%
Age
<55 years old 40.2% 43.3% P>0.05
55-64 years old 32.1% 28.35%
>65 years old 27.7% 28.35%
Mean age, years 58.3+x13.3 53.6+14.9
Education level
Higher education 38.3% 36.7% P>0.05
Vocational secondary education 36.6% 36.7%
Secondary general education 25.1% 26.7%

Note. For percentage data, the differences by gender, age and education level were estimated using non-parametric methods. For
each parameter and category, the chi-square Pearson criterion with Yates continuity correction was applied to the 2X2 contingency
tables with independent samples. For comparison of data (mean age in the main and control groups) the parametric method,
Student’s t-test was applied. The double composite Kolmogorov-Smirnov test showed normality of metric age data (P>0.05).
ITpumeuanwue. Values in groups — 3HaueHus B rpynnax. [y ta6:1. 1-4: gender — 1moJ1; main — ocHOBHasI; control — KOHTPOJTb-
Hast; male — my»kunHbl; female — skeHIUHBL; years old — jieT; mean age, years — cpeHMi Bo3pacr, Jjiet; education — o6paso-
BaHue; level — kareropus; higher — Briciee; vocational secondary — cpesnHee crnernuasnbHoe; secondary general — cpengnee
obmiee. [Iy1s MPOIEHTHBIX JAHHBIX OI[EHKY Pas/IMYUH 110 IT0JIy, BO3PACTy U KaTeropusaM 00pa3oBaHus IPOBOIUIIN C IIOMOIIBIO
HellapaMeTpUYeCKUX MeToI0B. I/ KasKJoro IoKa3aresis U KaTeTOPUY IPUMeHIICS KpUTepUU XU-KBagpar Kpurepuii ITupcoxa
C TIOTIPaBKOil Ha HEMPEPBIBHOCTH MeTca /151 TaBJIuIT COMPSKEHHOCTH 2X2 C He3aBUCUMBIMK BLIGOPKaMU. JIJisi COTIOCTAB/EHHST
JAHHBIX (CpeJHUI BO3PACT B OCHOBHOU M KOHTPOJILHOI I'pyIax) IpUMeHsIN IapaMeTpUIecKUi MeTox — f-Kpurtepuil CTbio-
JIeHTa JJIs PaBHBIX qucnepcuii (mo JiuBuHio). [I[poBepKka Ha HOPMAJIBHOCTD PACIIpee/IeHHUsI METPUYECKUX JAHHBIX BO3pacTa
II0Ka3aJ/ia JOCTaTOYHOe COOTBETCTBUE 110 KpuTepuio KosiMoroposa-CMUpPHOBA, IBOMHOMY COCTaBHOMY KpuTepuio, (P>0,05).

0asI0B); HaIMYKe BhIpaskeHHbIX KH, mesrarorux HeBO3-
MOKHBIM IIOHUMAaHHE I/IHCprKIlI/Iﬁ nangyeHToM; IprueM
JIEKapCTBEHHBIX IIPENapATOB C BEPOSITHBIM PUCKOM CHU-
SKeHUsI KOTHUTHUBHBIX (PYHKIMH (TpaHKBUJIN3ATOPHI,
HEeHpOJIENITUKYU U Jp. JIEKAaPCTBEHHbIE CPELCTBA C BO3-
MO>KHBIM CEJIaTUBHBIM JIEHCTBUEM).

Bcero B xoje Hab 10meHus 00c/Ie0BaIu 83 Uesio-
BEKa, 13 HUX 36 My»KuuH (43,4%) u 47 :xenmuH (56,6%)
B BOo3pacTe 0T 28 1o 78 jieT (cpeaHuii Bo3pacr 56,7+13,7
Jer). [lantmeHTOB pa3ne/ i Ha OCHOBHYIO I KOHTPOJIb-
HYIO rpynnbl. OCHOBHYIO I'PYIILY COCTaBUAJIU 53 4eJ10-
BeKa C TepMUHAJIbHOU craaumeii XBII, mosydamomue
ITI'/T. KoHTpOJIBHYIO rpymry cocTaBHIH 30 yesoBek 6es
11aTOJIOI'UU II0YEK.

BBIOOPKY MCHBITYEMBIX B OCHOBHYIO ¥ KOHTPOJIb-
HYIO TpymIry ¢opMHUpOBaIN METOOM CTPATH(MHUIIIPO-
BaHHOTO O0TOOpPA, YTO MTO3BOJIMJIO IIOBBICUTH BO3MOK-
HOCTb eHepaJIu3allui BBIBOJOB UCCJaeJ0oBaHusA. [lia
9TOTr0 OIlpejiesis/Id KauyecTBa, KOTOpble MOTYT BJIUATH
Ha UBMEHYNBOCTH N3y4aeMOro Nnpru3Haka — KOTHUTUB-
HOTO cTaryca (1I1oJ1, BO3pacT ¥ YpOBeHb 00pa3oBaHus,
Ha/Imare/ OTCYyTCTBHE 3a00JI€BAHNA ITOYEK Y AI[IEHTOB
otgesenust). Onpenessian IPOLeHTHOEe COOTHOLIEHNEe
YHUCJAEHHOCTU Pa3/IMYaOIIUXCs 10 3TUM KadecTBaM
TpyIII/CcTpaT B reHepaJbHOW COBOKYITHOCTH M BOCCO3-
JlaBaJId IPOLIEHTHOE COOTHOIIIEHUEe COOTBETCTBYIOIINX
TIO/ITPYIIII B 9KCIIEPUMEHTAJIBHBIX BEHIOOPKAX.

OT6op B MOABBIOOPKE OCYIIECTBJISIIA HA OCHOBE
cJIydaifHOTO OTOOpa MO CcTpaTaM u3 0as3bl KJIWHUKU.
ITocste 4ero, 9KBUBAIEHTHOCTH OIIBITHOM ¥ KOHTPOJIEHON
TPYIIII [10 OCHOBHBIM COLIMAIBbHO-1eMOIpaUUeCKUM I10-
Ka3aTeJIsIM IPOBEPSIIN MEeTOAaMU NHAYKTUBHOMN CTaTH-
cTuKU. IlogpoOGHYI0 XapaKTEPHUCTHKY WCCIETyeMbIX
TPYIII ¥ OIIEHKY CTaTHCTUYECKON 3HAYMMOCTH PA3JITIIH
B COLUQ/IbHO-IeMOrpadu4eCcKUx IIoKas3are isIX IpeicTa-
BUWJIA B TA0JI. 1.

documented with a score of 21 to 26 in patients with
higher or vocational secondary education and 20 to 24 in
participants with secondary general education. The
number of points <20 corresponded to severe CI (de-
mentia) in subjects with higher or vocational secondary
education, and <19 points was diagnostic for dementia
in those with secondary general education) [15].

The study was conducted in compliance with the
Helsinki Declaration and approved by the Privolzhsky
Medical Research University ethics committee. Informed
consent was obtained from each patient.

Statistical data analysis was done retrospectively
using the Microsoft Excel, STATGRAPHICS Centurion,
Statistica, SPSS software.

In order to test statistical hypotheses of differences
(HO/H1) between the variables, we used non-parametric
statistics such as Pearson's Chi-square criterion (adjusted
by Yates correction) for 2X2 continuity tables for inde-
pendent samples to estimate the binary differences (sex,
age, education); Mann-Whitney U-criterion for data in the
MoCA and SLUMS rank scales for cognitive status assess-
ment; the Student’s #-test for independent samples when
comparing metric data after the Kolmogorov-Smirnov test
for normality, and the Spearman rank correlation test.

Results and Discussion

The cognitive impairment (MoCA<26 scores)
was found in 40 patients (75.5%) from the main
group, of whom 18 were women (45%) and 22 were
men (55%). In the control group, CI was diagnosed
in only 8 patients (26.7%), of whom 6 women (75%)
and 2 men (25%).

There were no statistically significant differ-
ences in cognitive status between the main and
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PesysibraThl IPOBEPKU CTATUCTAYECKUX TUIIOTE3 O
CXOJICTBE BCEX CPAaBHMBAEMBIX COIIATIBLHO-IeMorpadu-
YeCKUX IT0Ka3aresieil T03BOJISIOT UCIO0/Ih30BaTh JaH-
Hble BEIOOPKH B Ka4eCTBe OCHOBHOM W KOHTPOJIBHOM
rpynms (p>0,05, Tabi.1).

VHTepIipeTanuio pe3yIsTaToB IPOBOIUIN 110 CJIe-
JYIOIIUM KpUTEPHUsIM. MaKkCcHMaIbHO€e KOJTMYEeCcTBO OaJi-
JIOB B 00€euX IIKajaX, KOTOpoe MOKHO OBbIJI0 Habpars,
pasHsTock 30. B mxate MoCA 26 6ans10B u 60J1ee cuu-
TaJI HOPMAITBHBIM Pe3yJIETaToOM, KOJNYIECTBO OaslIoB
<26 yraspiBasio Ha Hasmare KH [9]. B mkase SLUMS Hop-
MaJIbHbIY KOTHUTUBHBIN CTaTyC COOTBETCTBOBAJ 27-30
GaJsiIaM y JIIofieH C BBICIIIAM WUJIA CPETHIM CIIENHATbHBIM
obpasoBanuem u 25-30 6a/1aM — y JIIOJIed CO CPpeTHUM
obmiM o6pasoBanyeM. O HaIMYNH JIETKAX M YMEPEHHBIX
KOTHUTHUBHBIX HapylieHul (axes. mild cognitive impair-
ment, MCI) cBHUIeTe/TLCTBOBAJI pe3y/Ibrar ot 21 10 26 6aJi-
JIOB TP BBICITIEM HJIV CPETHEM CITeI[aIbHOM 00pa3oBa-
HUU ¥ OT 20 10 24 Ga/UIOB — TPH CPeTHeM OO0IeM
obpasoBannu. KosmmaecTBo 6a1710B <20 COOTBETCTBO-
BaJIO BBIPasKEHHBIM (neMeHTHbIM) KH nipu BeICIIEM nitn
cpemqHeM crienaJbHOM oOpa3oBaHuu (<19 6anIoB —
TIpY HAJTUIUH CPeTHEro o011ero oopasoBanusi) [15].

JlaHHOE MCCiIeJOBaHME IIPOBEJIA B COOTBETCTBUH C
TIOJIOKEHNSIMU XeJTbCHHKCKOH IeKJIapaliii ¥ 000peHo
9TUYECKNM KOMUTETOM [ IPIBOJISKCKOT0 CCIIE0BATETh-
CKOT0 MEeTUITMHCKOTO YHUBepcHTeTa. OT KayKI0T0 Tali-
€HTAa [10JIyYrJId THPOPMUPOBAHHOE COLTIacue.

CTaTUCTHYEeCKYI0 00pabOTKY JaHHBIX ITPOBOIUIN
PeTPOCIEKTUBHO METOIOM BapHaOHHOMN CTaTHUCTHKI
C TIOMOIIBI0 KOMITBIOTEPHEIX IporpamMm «Microsoft
Excel», «STATGRAPHICS Centurion», «Statistica», «SPSS».

B 1e/1X MpoBepKY CTaTHCTUYECKIIX TUIIOTe3 O pas-
JnunAax (Hysnesad HO / ansrepnatuBHasa H1) B mokasare-
JISIX 9KCIIepUMeEeHTAIbHBIX IPYIII MeTOAAMU UHIYKTUBHON
CTaTHCTHKH MCITOJIH30BAJIN HelTapaMeTPHUIeCKIe METOIbL:
Xu-kBanpar kpurepuii [Inpcona (c monpaBKoi Ha Helpe-
PBIBHOCTH I71eTca) IIJTs1 TaBJTATL COTIPSTPKEHHOCTH 2X2 C He-
3aBUCUMBIMU BBIOOPKAM [IJIsT OIEHKU PA3JIMYHH MPO-
IEHTHBIX NAHHBIX B IUXOTOMHUYECKOU (opme (r1od,
BO3pacT, obpasoBanune); U — kputepnii ManHa—YUTHH
IJIA MJaHHBIX B PAHTOBBIX HIKAJIaX IIPU COIIOCTaBJIEHUA
JaHHBbIX o61uero KOTHUTHUBHOT'O CTaryCa B paHI'OBBIX IITKA-
Jiax 10 OCHOBHBIM MeTonukamM MoCA, u SLUMS; -kpure-
putii CThIofieHTa JIs1 He3aBHCHMBIX BEIDOPOK IIPH CpaBHe-
HUU METPUYECKUX TAaHHBIX ITPXW YCJIOBUU ITPOBEPKU HaA
HOPMAaJIbHOCTh KpuTtepreM Konmoroposa—CMupHOBa U
HBOﬁHbIM COCTaBHBIM KpUTEepUEM (CpaBHeHI/Ie JAaHHBIX O
BO3pacTe B METPUUYECKIX IITKAIAX), PAHTOBBIM KOppeJIsi-
IMOHHBIN aHau3 110 CIMpMEHY.

Pe3ynbTaThl ¥ 00CYK/IEHHE

IIpu ncciienoBaHNMM KOTHUTUBHOIO CTaTyca ¢
nomo1pio mkajisl MoCA B ocHoBHOM rpynne KH
(MoCA<26 6annoB) BeIABMJIHA Yy 40 TamMeHTOB
(75,5%), 3 HUX 18 skeHIUH (45%) U 22 My>KUYNHBI
(55%). B rpymnmne KOHTpOJIA IIPU UCIIOJIB30BAHUU
nmanHoro Tecta KH o6Hapy k1M TOTBKO y 8 yeJsto-
BeK (26,7%), 13 KOTOPBIX — 6 sKeHIIUH (75%) u 2
MY>KUUHBI (25%).

IIpu cpaBHeHUHU pPe3yJIbTaToOB, II0JIY4YE€HHbIX
o mkaJjie MoCA, cTaTUCTUYECKN 3HAYUMBbIX Pa3-
JIMYNH 10 KOTHUTUBHOMY CTaTyCy Y UCIBITYEeMbIX

control groups (Mann-Whitney U-criterion) when
comparing the MoCA results (P>0.05).

A detailed characterization of patients with CI
according to MoCA scale is presented in table 2.

When studying the cognitive functions using
the SLUMS scale, cognitive dysfunction was found in
43 patients (81.1%) of main group, of whom 19 were
men (44.2%) and 24 women (55.8%). Of these, mild
and moderate CI was identified in 23 patients (53.5%)
and dementia was diagnosed in 20 patients (46.5%).

In the control group, CI was found in 12 pa-
tients (40%), of them 5 men (41.7%) and 7 women
(58.3%), who had mild and moderate CI (9 patients,
75%) and dementia (3 patients, 25%).

A comparison of the results of cognitive func-
tion measurements in the main and control groups
using the SLUMS scale showed statistically signifi-
cant differences in the Mann-Whitney U-criterion
(P<0.04). A detailed characterization of patients
with CI using the SLUMS scale is shown in table 3.

When analyzing the structure of Cl in patients
on program hemodialysis using both the MoSA and
the SLUMS test, we noted impaired memory and
learning skills, visuospatial abilities, executive
skills, verbal skills, particularly fluency of speech.
Such skills as naming, attention and orientation
were relatively preserved.

Thus, the study found that in TRF patients on
program hemodialysis, CI was significantly more
common than in those without kidney disease,
which was confirmed by the results of both scales.
The SLUMS scale showed a higher CI detection rate
in the main group, which was 81.1%. When using
the MoCA test in the same group, CI was found in
75.5% of participants.

This fact can probably be explained by the fact
that the SLUMS scale allows to diagnose mild and
moderate CI due to grading of CI severity based on
the score, as well as it takes into account the edu-
cation level of patients. Whereas the MoCA scale
identifies CI without any further grading.

In the second stage of the study, the sensitivity
of SLUMS and MoCA scales was compared by as-
sessing the overall cognitive status of both scales in
patients with CI in the main and control groups.
Cognitive impairment of patients in both groups was
confirmed by a neuropsychologist's conclusion.

The parametric Student's t-test for equal dis-
persions was used to compare the data of mean age
and dialysis duration in the main and control
groups of patients with CI diagnosed by MoCA and
SLUMS. A pairwise comparison of age values in
sub-samples revealed no statistical significance of
differences. Comparative characteristics of the age
values of patients with CI diagnosed by MoCA and
SLUMS is demonstrated in table 4.

During the quantile analysis of the final scores
on the compared scales we found statistically signifi-

cant differences in the Student's t-test between the
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Tabsmna 2. XapakTepHucTHKa nanueHToB ¢ HaamuueM KH o Boapacry, moJy ¥ ypoBHIO 00pa3oBaHu:A (IIPH HC-

MoJIb30BaHUH IIKaJabl MoCA).

Table 2. Characterization of patients with cognitive impairment by age, gender and educational level (using the

MoCA scale).
Parameters Values in groups (MoCA<26)
Main, n=40 Control, n=8
Gender
Male 55% 25%
Female 45% 75%
Age
<55 years old 22.5% 12.5%
55-64 years old 32.5% 25%
>65 years 45% 62.5%
Mean age, years 64.0+7.5 60.1+12.3
Education level
Higher education 15% 12.5%
Vocational secondary education 67.5% 25%
Secondary general education 17.5% 62.5%
Results and significance
Mean score on
MoCA scale 20.7+2.96 21.3+1.3
P-value P>0.05

IIpumeuanwue. /151 Tab1. 2, 3: values in groups — 3HaueHus B rpymnmax; Mean score on scale — cpegHuii 6aJu1 1o mkale; results

and significance — PEe3yJbTaThl U CTATUCTUYECKAA 3HAYUMOCTb.

13 OCHOBHOM M KOHTPOJIbHOH rpyti (U-Kpurepuii
ManHa-YUTHU) He BbIABUIU (p>0,05).

[Tonpo6HYyI0 XapaKTEPUCTUKY MAIIUEHTOB C
HanuuneM KH no manubiM mikanbl MoCA npef-
CTaBUJIN B TA0JI. 2.

[Ipu ncciaeq0BaHUM KOTHUTUBHBIX (QYHKIINN
OCHOBHO¥ TPYIIIBI ¢ TOMOIIBIO ITKaAbl SLUMS
KH BbIsABUIIN y 43 nanueHToB (81,1%), n3 Hux 19
MY>KUMH (44,2 %) 1 24 skeHIIUHEI (55,8 %). 113 HUX
Jerkue u ymepeHnsble KH BbiABMIIN y 23 nanjueH-
TOB (53,5%), temMeHn 0 —y 20 4esioBek (46,5%).

B rpynne konTposia KH BeiaBuin y 12 yeso-
BeK (40%): 5 my»xkuuH (41,7%) u 7 skeHinuH (58,3%),
cpeay KOTOPBIX JJerkue u ymepeHHble KH otmeyda-
aua y 9 nanueHTos (75%), y 3 nauueHToB (25%)
BBIABUJIU I€MEHIIUIO.

CpaBHeHUe pe3yJIbraTOB U3MepeHNsA KOTHU-
TUBHBIX (DYHKIIMH Y PECIOHJIEHTOB M3 OCHOBHON U
KOHTPOJILHOU I'PyHIl ¢ TOMOIIBIO MKajabl SLUMS
MMOKa3aJI0 CTATUCTUYECKU 3HAUYUMbIe PA3JIMUUS 110
U-kpureputo ManHa—YutHu (p<0,04). TTonpo6HYyt0
XapaKTepUCTUKY ITallneHToB ¢ HaanuueM KH o
JMaHHBIM ITKaIbl SLUMS nipeicTaBu/iv B Ta0JI. 3.

Heo6xoquM0 OTMETUTH, YTO, IIPU aHAJIHM3e
cTpykTypbl KH y nanueHToB, HaXoOAIMUXCA Ha
IIpOrpaMMHOM TIeMojuaan3e, M0 pea3yJbraraM
ucnoJsab3oBanusa U tecta MoCA, u Tecta SLUMS B
MIepBYIO ouepeb, CTpagaau (GPyHKIUU IaMsITH U
00yueHUs1, 3pUTETbHO-KOHCTPYKTUBHBIE (DyHK-
[IUY, UCIIOJHUTEeJbHbIe (PYHKIIMU, BepOasbHas
(¢yHKIUs, a UMEHHO — 6eryocTh pevyu. Takue
(pYHKIIUM KaK Ha3bIBaHNe, BHUMaHUe U OPUEeHTa-
11 OBLTM OTHOCHUTEIBHO COXPAaHHBI.

TakuM 06pasom, B pe3ysbraTe IpOBeIeHHOI0
HCCJIe0BAHNA BBIABUIIY, UTO Y IanueHTos ¢ TTTH,
HaxXo[ANIUXCSA HAa MPOTPAaMMHOM TeMOJuaJin3e,

KH BCTpPEYAIOTCA 3HAYUTEJIbHO Yallie 110 CpaBHE-

distributions of the MoCA and SLUMS test results
(P=0.05). The normality of data was established
through confirmed null hypothesis using Kol-
mogorov-Smirnov criterion and a double composite
criterion (P>0.05), which allowed to apply the Stu-
dent’s r-test for equal dispersions using Levene’s test.
The quantile analysis results showing statisti-
cally significant differences between the results of
cognitive function measurement by MoCA and
SLUMS scales in the main group can be seen in fig. 1.
As a result of the quantile analysis, we can
conclude the feasibility of both scales for screening
of Clin dialysis patients, however, the SLUMS scale
appears to be more sensitive than MoCA in the cog-
nitive functions assessment in patients with TRF
which was illustrated in fig. 1. Both scales evaluate
the same cognitive domains: time and space orien-
tation, calculation, speech, delayed recall, atten-
tion, executive function, visuospatial ability, mem-
ory. According to our study, the use of SLUMS scale
has been more appropriate due to the higher sen-
sitivity in detection of mild and moderate CI, as
well as the shorter time required for the test.
Multiple regression modelling was performed
next in order to determine the factors influencing CI
development in patients on program hemodialysis.
The scatterplot showing a statistically signifi-
cant correlation (P=0.04) between the patient's
dialysis duration in years and cognitive decline (ac-
cording to SLUMS scale) is demonstrated in fig. 2.
The correlation revealed shows that cognitive
decline (in particular, according to the SLUMS
scale) in patients on program hemodialysis in-
creases with an increase in the dialysis duration.
According to the Spearman correlation analy-
sis, there was a significant inverse relationship be-
tween CI and the age of the patients (rs=—0.297,
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TaGsmna 3. XapakTepucTrka nanueHTos ¢ HaamuueM KH o Boapacry, moJsry ¥ ypoBHIO 00pa3oBaHu:A (IIPH HC-

MoJIb30BaHUU IIKaJabI SLUMS).

Table 3. Characterization of patients with cognitive impairment by age, gender and educational level (using the

SLUMS scale).
Parameters Values in groups
Main, n=43 Control, n=12
Mild to moderate cognitive impairment 23 9
Gender
Male 47.8% 33.3%
Female 52.2% 66.7%
Age
<55 years old 39.1% 55.6%
55-64 years old 30.4% 22.2%
>65 years 30.4% 22.2%
Mean age, years 58.1+12.9 49.6+14.5
Education level
Higher education 21.7% 22.2%
Vocational secondary education 69.6% 44.5%
Secondary general education 8.7% 33.3%
Severe cognitive impairment (dementia) 20 3
Gender
Male 40% 33.3%
Female 60% 66.7%
Age
<55 years old 10% 0
55-64 years old 35% 0
>65 years 55% 100%
Mean age, years 62.4+10.5 65+1.6
Education level
Higher education 15% 33.3%
Vocational secondary education 60% 33.3%
Secondary general education 25% 33.3%
Results and significance
Mean score on
SLUMS scale 16.3+2.7 21+1.2
P-value P=0.04

IIpumeuanue. Mild to moderate cognitive impairment — jsierkue u ymepennbsle KH; severe ... (dementia) — BbIpaskeHHbIE

(memeHITHA).

HMUIO C JIUI[aMH, He UMEIOIIMMHU I1aTOJIOTMH II0YEK,
YTO OATBEP>KIATIOCH PEe3YIBTaTaMU 00erX IITKAJT.
[MTkama SLUMS mokasasa 6oJiee BEBICOKUHA IIPO-
neHT BbIgBJeHuUsA KH B ocHOBHOU rpynme —
81,1%. I1pu ucnoap3doBanuu trecta MoCA B aTOH
sxe rpynne KH BeisaBuan y 75,5% pecrioHgeHTOB.

IaHHBIN (aKT, TO-BUANMOMY, MOYKET OBITH
o6bsicHeH TeM, uTo mKana SLUMS mosBosisieT
JUarHOCTUPOBATh JieTkue U ymMmepeHHble KH 3a
cueT HaJIN4Us rpafalyy 1o creneHy Tsiskect KH
B 3aBUCHUMOCTH OT HaOpaHHOTO 0asijia, a TakKe
ydeTa ypoOBHs 00pa3oBaHus manuieHToB. Torma kak
mkana MoCA onpenesnsger Hannure KH, He pa3ze-
JISISL UX 10 CTEeIIeHU TSPKECTH.

Ha BTOpOM arame paboTHI C IeJIbI0 CpaBHE-
HUA 49yBCTBUTeJIbHOCTH IKan SLUMS u MoCA
OBLJIO TIPOBEIEHO COIOCTABJIEHHWE PE3YJIBTATOB
M3MepEeHUsI 00IIero KOTHUTUBHOTO CTaTyca 00enx
mIKaJ AJs jaul ¢ HanuuuemM KH B ocHOBHOU n
KOHTpOJIbHOU rpynnax. ®Pakt Hamuuusa KH y
MareHToB O00enxX TPyHIl OBLI TOATBEPSKIAEH
3aKJI0YEeHNEeM HelpoIIcuxoJiora.

7151 conocTaB/ieHUsI JAaHHBIX CPEIHEro BO3-
pacra ¥ crajka Juajinia B OCHOBHOM X KOHTPOJILHOM
rpyImnax namueHToB ¢ HanmuueM KH 1o maHHbIM

P=0.05). Therefore, increased age had a significant
adverse effect on cognitive functions in the dialysis
patients (P=0.05). There was also a weak but signifi-
cant correlation between cognitive status values
and the adequacy of dialysis frequency (P=0.05).

Hence, the practitioners should be aware of
the following risk factors for cognitive impairment
in dialysis patients: dialysis duration in years, age,
and efficiency of dialysis (estimated urea Kt/V dial-
ysis adequacy index).

Conclusion

The results of the study show that in patients
on program hemodialysis, cognitive impairment
occurs much more frequently (in 75.5-81.1% of
cases, P=0.05) compared to those without kidney
disease. Terminal renal failure and program he-
modialysis, regardless of gender and education
level, can directly affect the development of cogni-
tive impairment.

Screening assessment of the neuropsycholog-
ical status of dialysis patients requires the use of
various neuropsychological scales, particularly
SLUMS and MoCA. As a result of the analysis, the
higher sensitivity of SLUMS scale vs MoCA in the
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Tabsmna 4. CpaBHHTEIbHASI XapaKTePUCTHKA MarueHToB ¢ HanmuueM KH B 0CHOBHOI Ipy1iiie 1 rpyIie KOHT-

poJia (mo ganubIM mikaa MoCA u SLUMS).

Table 4. Comparative characteristics of patients with cognitive impairment in the main and control groups (ac-

cording to the MoCA and SLUMS scales).

Parameters Main group Control group

MoCA SLUMS MoCA SLUMS
Mean age, years 64.0£7.5 60.1x12 60.1+12.3 53.4+14.3
P-value P=0.08 P=0.07
Dialysis duration (years) 7.4+4.8 7.5+4.7 0 0
P-value P>0.05 NA

Note. NA — non-applicable.

IIpumeuanue. NA — He npuMenumo; dialysis duration (years) — crask quasnuaa (rojbl).

MoCA u SLUMS nprMeHs/IM HellapaMeTpudecKun
MeTof I-KpuTeprii CThIOfeHTa [J1s1 paBHBIX IUCIIep-
cuii o JIlueuHio. [lonapHoe cpaBHEHUe ITOKa3are-
Jiell BO3pacTa B ITOIBBIOOPKAX ITO3BOJIUJIO BHISIBUTH
OTCYTCTBUE CTAaTUCTUYECKON 3HAYMMOCTH pasJjiv-
ynii. CpaBHUTEJIBHYIO XapaKTEePUCTUKY ITI0Ka3are-
Jieil Bo3pacTa nanueHToB ¢ HammuueM KH 1o nas-
HbIM MoCA n SLUMS nipeficTaBuu B Ta6JI. 4.

[Ipu mpoBegeHNU KBAaHTUJIBHOTO aHAJIM3a
WTOTOBBIX 0aJIJI0B TIO CPaBHUBAEMBIM IITKaJIaM
00HAPYKUJIM CTAaTUCTUYECKU 3HAYMMBbIE Pa3JIu-
4y 10 -Kputeputo CTbIOeHTa MesK 1y paciipesie-
JleHUuAMHU peaynasraramu trectoB MoCA n SLUMS
(p=0,05). [IpoBepra Ha HOPMAJIBLHOCTH paclipeze-
JieHus1 6aJIJIOB IO 00enM ITKajiaM MOATBepIuIa
HO ¢ nomompio kpurepusa Konmoroposa-Cmup-
HOBa U IBOMHOMY COCTaBHOMY KpuTepuio (p>0,05),
YTO [I03BOJIUJIO IPUMEHATH -KpuTepuii CThIO/IeH-
Ta /11 paBHBIX JUCIIEPCU 10 KpUTEPUIO JINBUHS.

KBaHTUJIBHBIN aHAIN3, OTPAYKAIOIIMKI CTaTh-
CTUYECKU 3HAUYMMBbIE Pa3/INunsA MKy pe3yJIsTaraMu
M3MepeHNs1 KOTHUTUBHBIX (DyHKIH mikaaamu MoCA
1 SLUMS B 0CHOBHOM I'pyIiIie IpeJICTaBU/IN Ha PHC. 1.

B pesysnbrare npoBeleHHOIO KBAaHTUJIBHOI'O
aHaJIM3a MOYKHO CJieJs1aTh BbIBO/IBI O IPUMEHNMO-
ctu o0eux mKan A ckpuauHra KH y irmanmsHbx
MMalFeHTOB, OTHAKO MOSKHO YTBEPYKIATh O OOJIb-
IIeld 9yBCTBUTEJBHOCTH MKaibl SLUMS 1o oTHO-
meHno K MoCA B OlleHKe KOTHUTHUBHBIX (DYHKIIWI
rarueHToB ¢ TITH, 4To 6bLI0 HANISTHO MPeICTaB-
JieHo BeIlre (puc. 1). Heo6X0muMo OTMETUTEH, YTO
o0e TITKaJTBI OIIEHNBAIOT OIMHAKOBBIE KOTHUTHBHBIE
JIOMEHBI: OPUEHTAIMIO BO BpeMEeHU U IPOCTPaH-
CTBe, BBIUNCJIEHE, pedb, OTCPOYEHHOE BOCIIPOU3-
BefleHWe MH(pOpMaluy, BHUMaHHUEe, 3PUTEIbHO-
KOHCTPYKTUBHBIE U HCIIOJIHUTEJIbHbIE HABBIKU,
namATh. [To peaysnsraram IaHHOIO UCCIeJOBAHUSA
HCII0JIb30BaHue MKaabl SLUMS siBasiimocs Oostee
11es1ecoo0pas3HbIM BBULY 00Jiee BBICOKOM YyBCTBU-
TeJIbHOCTH BbISIBJIEHU JIETKUX 1 yMepeHHbIX KH, a
Tak)Ke MEeHbIIIero KOJIM4ecTBa BpeMeHH, KOTOpoe
TpeOOoBaIOCh /IJIsI TPOBEEHNS TECTA.

C neJipio onpefesieHus: (PakTOpPOB, BJIUAIO-
mux Ha pasputre KH y nanueHToB, HAXOAANINUXCA
Ha IpOorpaMMHOM reMoAuaan3e, Ha CaeayoleM
aTarne pabOThI MPOBEJIM MHOKECTBEHHOE perpec-
CHOHHOE MOJleJIMpOBAHUeE.

Quantile Plot

MoCA
— SLUMS

Proportion
o
S

T
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24 25 26 27 30

1920 21
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Puc. 1. KBaHTHJIBHBIHA aHAJIN3, OTPAKAIOIIMI CTaTHCTHYe-
CKM 3HAYMMBbIE Pa3JIMYMs B IIOKA3aTe IsIX 00IIero KOrHu-
THBHOIO CTaTyca, U3MepeHHbIX mKkajsaMmu MoCA u SLUMS B
OCHOBHOH rpymre.

Fig. 1. Quantile analysis reflecting the statistically significant
difference between the results of the MoCA and SLUMS scales
in the main group.

IIpumeuanue. Proportion — n0J1s1 eIUHUIIBL; POints — UTOTO-
BbIe OaJuIbl 110 1IkasiaaM (30-max); quantile plot — npocroit
KBaHTUWJILHBIHN rpad UK.
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Puc. 2. luarpaMmMa pacCeMBaHHUsA, OTPAXKAIOLIasi CTATUCTH-
YeCKH 3HAYMMYI0 KOPPeJIALUIO MeKy CTasKeM JUAIN3a Ia-
IIMEeHTa U yXyJALIeHHeM ero KOTHUTHUBHBIX (DyHKIMH (110
mkajge SLUMS).

Fig. 2. The scatter chart reflecting a statistically significant
correlation between the dialysis experience of the patient
and the deterioration of his cognitive functions (on the
SLUMS scale.

IIpumeuanue. HD duration (years) — cra)k remopuanuaa
(;1et); number of points (SLUMS) — 6abl.
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[JuarpaMmy paccerBaHUs, OTPaKAIOLIYIO
CTaTUCTUYECKYU 3HAYUMYIO Koppesauuio (p=0,04)
MEKIy CTa’KeM Iuaan3a ManyeHTa (IpOoJoJIKu-
TeJIbHOCTh HaXOKIeHU s ITallieHTa Ha IIPOrpaMM-
HOM reMOJHa/n3e, B rofax) U yxXyIUIeHueM ero
KOTHUTUBHBIX PyHKIUH (110 mKkaae SLUMS) npen-
CTaBUJIM Ha pUC. 2.

BrIsABIIEHHAA 3aBUCAMOCTD OTpaykaeT YXYA-
IIeHre KOTHUTUBHBIX ITOKa3aTeJjiel (B YaCTHOCTH,
o mkajge SLUMS) nmarnueHToB, HaXOOANINXCS Ha
NIpOrpaMMHOM TeMOfHadu3e, C yBeJIW4YeHUEM
cTaska IMaJIUu3HOro naireHTa.

Ilo pesynbraram KOppesIANUOHHOIO aHaanu3a
no CnupMeHy NOJIYYUJIM CTaTUCTUYECKU 3HAYU-
MyI0 00paTHYIO 3aBUCHMOCTH MEXKy ITOKasaTe-
aem KH u Bo3pactom manumeHTOB (rs=—0,297%,
p=0,05). CiemoBaTesbHO, yBeJIUYEHUE BO3pacTa
JlaBaJIO CTATUCTAYECKHU 3HAUMMOE OTpUIlaTeIbHOE
BJIMSTHUE HA KOTHUTUBHBIE (DYHKIINU TUAJIU3HOTO
marrerTa (p=0,05). Takske oTMeTHIU CJ1abyI0, HO
CTaTUCTUYECKU 3HAYMMYIO KOPPeJALHOHHYIO
CBSI3b MEKIy 10Ka3aTessIMU KOTHUTUBHOTIO CTa-
Tyca 4 aJeKBaTHOCTBIO A03bI nuajausa (p=0,05).

[IpakTukyloleMy Bpaudy B KauecTBe (pakTo-
poB pucka passutusa KH y nuannsHbIX DayieHTOB
B JIOTMKE BBISIBJIEHHBIX HaMU IIPUOPUTETOB
HeoOXoAmMO 00paIars BHIMaHYe Ha CJIeIyIoIe
MOKasareJiy: CTak muaJjins3a 00JILHOTO0, ero BO3-
pact 1 3¢ (PeKTUBHOCTH IPOBOAUMON Y HETO Aua-
JIN3HOU Tepanum (pacyeTHBIN MHIEKC aJIeKBaTHO-
CTH guaJinaa 1mo MmoueBuHe Kt/V).

3akJrouenue

[TosnyuyeHHBbIe pe3ybraTbl MCCJAELOBAHUA
CBUJIETEJILCTBYIOT O TOM, YTO y IAIlMEHTOB, HAXO-
IAIMXCSA HA OporpaMMHOM remonmuasnmse, KH
BCTpeyYalwTca 3HauuTeabHo vame (75,5-81,1%
caydaes, p=0,05) o cpaBHEHUIO C JIMIlAMU, He
UMeIONIMMHU I1aTtoJiornu nodek. Hannuue TIIH u
Haxo’KJeHHe NaleHTa Ha IporpaMMHOM reMo-
Juanni3e, BHe 3aBUCUMOCTH OT I10JIa U YPOBHSA
006pa3oBaHMsi, HEMIOCPEJICTBEHHO MOTYT BJIMSTH
Ha pa3suTuu y Hero KH.

JlJisi CKDpUHUHTOBOM OIIEHKU HEUPOTICUXO-
JIOTUYECKOI'0 CTaTyca OWaJU3HbIX NAlUeHTOB
He0OXOIUMO UCIIOJIb30BaHWE PA3JIUYHbBIX HEli-
POTICUXOJOTUYECKUX IITKAJ: B YaCTHOCTH, BO3-
MO>KHO ITpuMeHeHue mkaa SLUMS u MoCA. B
pesy/abrare IpoBeJeHHOI0 aHa/Jan3a II0Ka3aHa
OoJsbIlIasi YyBCTBUTEABHOCTh MmIKajabl SLUMS
no oTHomeHUO K MOCA B OlleHKEe KOTHUTHUB-
HBIX QyHKIUN nanueHToB ¢ TITH.

daxkTtopamu pucka passurusa KH y jun,
MOJIYYAIOIUX HOPOTrpPaMMHBIA TeMOIuaJan3,

Jlureparypa

1. IIlymoe A.M. XpoHuueckass 607e3Hb MoYeKk — IobanbHas Ipo-
6nema XXI Beka. Kaunuueckas meduyuna. 2014; 92 (5): 5-10.

2. GoA.S., Chertow G.M., Fan D. et al. Chronic kidney disease and the
risks of death, cardiovascularevents, and hospitalization. N. Engl. J.
Med. 2004; 351 (13): 1296-1305. DOI: 10.1056/NEJMo0a041031.

cognitive function assessment of patients with TRF
has been shown.

Greater dialysis duration and age of patients,
as well as low estimated urea dialysis adequacy
index (Kt/Vless than 1.2) can be considered as risk
factors for CI in program hemodialysis.

The findings indicate the need to inform prac-
titioners about the high risk of CI development in
dialysis patients and the importance of timely di-
agnosis of cognitive disorders using various neu-
ropsychological scales. Detection of CI using the
available scales should prompt a specialist consul-
tation. Specific therapeutic strategies for CI correc-
tion in patients on program hemodialysis have not
yet been developed and include common guide-
lines on management of moderate CI in general
population. International and national clinical
guidelines emphasize withdrawal of concomitant
drug treatment with potential risk of cognitive de-
cline, revision and correction of modifiable cogni-
tive and vascular risk factors, regular physical exer-
cise and cognitive training, and medication therapy
of cognitive impairment.

MOSKHO CYUTATh YBeJIMUEHNe CTa)Ka NuaJansa u
Bo3pacTa O0OJILHBIX, a TaK)Ke HU3KUU pacyeT-
HBIIA MHOEKC aJeKBAaTHOCTHU IUaJJn3a II0 MoUe-
Bune (Kt/V meHnee 1,2).

HOJ’Iy‘{eHHI)Ie JaHHbIE CBI/I,IIeTeJ'IbCTBYIOT (0]
HeoOX0AUMOCTH MH(POPMUPOBAHUSA MPAKTHU-
KYIOIIMX Bpayel 0 BLICOKOM PUCKE Pa3BUTHUS
KH y nmanu3HbIX MAalieHTOB U HE0OXOIMMOCTHU
CBOBBpeMeHHOfI AOIUATHOCTHU KU KOT'HUTUBHBIX
paccTpOMCTB C UCMOJb30BAHUEM Pa3JIUUYHBIX
HeWpoIcuxojgorudeckux mrasa. Hanuuue KH,
110 pe3yJbTaTaM HCIOJb30BAaHUS MOCJIETHUX,
SIBJIAETCS MOKa3aHWeM K KOHCYJbTallUU CIle-
nuanucra. Cnenqududyeckue TepaneBTUYECKUE
crpareruu koppernuu KH y nanuenTos, moJry-
YapIliuX OpPOrpaMMHBIA TreMoAuanus, B
HACTOAIINA MOMEHT He pa3paboTaHbl, U BKJIIO-
4JamT B ceOs o0Ire peKkoMeHIaIuu 110 Beje-
HUI0 yMepeHHBIXx KH B o0melr momynsanuw.
MBPK,IIYHapO)IHI)Ie 1 HAIIMOHAJIbBHbIE KJIMHUYE-
CKUe peKOMeHJalluy HallpaBJIeHbl HA OTMEHY
COIIYTCTBYIOIIeld JeKapCTBEHHOU Tepanuu C
IIOTEHIINMAJIbHBIM pI/ICKOM KOTHUTHUBHOI'O CHHU-
SKEeHUsI, IepecMOTpe U KOPPeKIIUU MOAUPUIIH -
pYEMLIX (I)aKTOpOB KOTHUTUBHOIO " COCY)II/I-
CTOTO PHUCKOB Yy KOHKPETHOTO MallMeHTa,
peryasipHble (pusndeckue yIpaskHeHUs U KOT-
HUTUBHEIE TpEHI/IPOBKI/I, a TaKXe HeO6XO)II/I-
MOCTh MCHOJIb30BaHUA (PapMaKOJOTUYECKUX
METOJI0OB KOPPEKIIUU.
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Pe3rome

Ki1roueBbIM KOMIIOHEHTOM IIPaBUJIBHOTO JICYEHUA NAMeHTOB C pa3/IMThIM BTOPUYHBIM IIEPUTOHUTOM
(PBII) siBJisieTcst HYyTPUTUBHASA NOAepsKKa. [I0MCK IPOCTOTO U JOCTYIIHOI'O METO[a OLEHKU CyTOYHOH I10-
TpeOHOCTH B 9HEPTUH Y ITUX OOJIBHBIX SIBJISIETCS aKTYaIbHOMN IPOOJIEMOIA.

Ile1b HccIeqOBAHUA: OTIEHUTH TOYHOCTD OIIPeieIeHH s 9HepreTrudeckoil morpedHocTu nokosi (REE) pac-
YEeTHBIMU YPABHEHUAMU Yy nTariueHTos ¢ PBIL.

MaTrepuaJjibl 1 METObI. XapaKTepUCTHUKA UCCIeJ0BaHNUA — IPOCIEKTUBHOE, OJHOLIEHTpOBOe. Kpurepun
Br/IoueHus1 — PBII B oTaesenuu nuTeHcuBHOH Tepanuu. Cpopmupoasu 3 rpymnmnsl. B 1-10 Boiiu Bee na-
IUEHTHI (1=61), BO 2-10 — OOJIbHBIE TOJBKO Ha CAMOCTOSTEILHOM AbIXaHUHU (11=29), B 3-10 — IallMeHThbI Ha
HUCKyCCTBeHHOU BeHTUIANMM Jerkux (MBJI) (n=32). dTajmoHHOe ollpeiesieHre dHepreTuyecKoy NoTpebHoCTU
noxos (REE) npoBoguiu ¢ moMonIbio MeToa HenpsiMoit kajopuMerpuu (HK) anmaparom VIBJI ¢ Mopysiiem
MOHUTOpUHTra MeTabosnaMma. [ls1 mporaosa REE ncrop30Baiu 6 pacyeTHBIX ypaBHEHUI: YMHOKEHE He-
aJILHOM Macchl TeJia Ha 25 (MT,,X25); yMHOKEHKE ¢axkTHUECKOU Macchl Tes1a Ha 25 (MTQ)XZS) ;J. A. Harris, E
Benedict (HB); HB c monpaBounbiM koadduruentom 1,25 (HBX1,25); C. Ireton-Jones, 1992 (IJ); moguduka-
uus Penn State, 2003 (PS). Cratuctrueckyio o0paboTKy MaTepuasia IpoBeJIH C IOMOIIBIO TaKeTa IIPOrpaMMm
SPSS. Hynesyto runoresy orsepranu npu p<0,05.

Peayarsrarbl. REE y OosbHbIX ¢ PBII, onpenesnennas ¢ momouibio HK, cocraBusna 25,78+1,37
KKaJs1/Kr/cyT. [IporuocTudeckasi TOUHOCTh pacyeTHbIX ypaBHeHuU Ipu cpaBHeHuu ¢ HK y manuenTos 2-i
U 3-¥i rpyIn, COTBETCTBEHHO, ObLIA: JIs MT,,, %25 —30% u 0%; nist HB — 36,7 1 9,9%; myist HBX1,25 — 49,9
u 45,5%; njis 1] — 51,8 u 53,2%; nus MT¢><25 — 63,4 u 60,6%, 15 PS — 42,4% TOJIBKO /151 TAaIlTUEHTOB Ha
WBJI.

3akarouenue. HK ocraercss equHCTBEHHO TOUYHBIM criocobom onpenesenusi REE y 6osbHbIX ¢ PBIT.
Camast BBICOKas MPOTHOCTUYECKASI TOYHOCTh OblLyIa XapakTepHa ijist popmysn MTy,x25 u IJ. Camoii HUBKO#
IPOrHOCTUYECKOM TOYHOCTBIO 00/Iafanu ypasHenus: MT, X25 u HB.

Knroueswle crosa: nepumodum, ab00MUHALLHBLIL cencuc; OCHOBHOTL 0OMeH; IHepecemuuecras nompe6—
HOCMb NOKOA; pasnumoﬁ emopulmbtﬁ nepumoxrum

Summary

Nutritional support is central to prompt treatment of patients with generalized secondary peritonitis (GSP).
These patients desperately need a simple and affordable solution to evaluate their daily energy need.

Anpec JJI KOpPeCTOHAeHIHH: Correspondence to:

Ouser lennagbeBud CUBKOB Oleg G. Sivkov
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Objective: to determine accuracy of estimating the Resting Energy Expenditure (REE) in GSP patients.

Materials and methods. Study design: a prospective, single center study. The inclusion criteria: diagnosed
GSP and stay at the Intensive Care Unit (ICU). Three treatment arms were formed. The first arm included all
patients (n=61), the second arm included patients capable to breath spontaneously and adequately (n=29),
and the third arm included patients on artificial ventilation (n=32). Reference values of REE were calculated
by Indirect Calorimetry (IC) method using Engstrom Carestation Lung Ventilator and Metabolic (General Elec-
tric, USA). Six equations were used to predict REE values: Ideal Body Weight multiplied by 25 (IBWx25); Actual
Body Weight multiplied by 25 (ABWX25); J. A. Harris, E Benedict (HB); HB with corrective ratio 1.25 (HBX1.25);
C.Ireton-Jones, 1992 (I]); Penn State, 2003 equation, in modification (PS). SPSS Software Package was used for
statistical analysis of the results. The zero hypothesis was rejected at P<0.05.

Results. In patients with GSP, the REE value determined by means of Indirect Calorimetry method was
equal to 25.78+1.37 kcal/kg/day. If compared with Indirect Calorimetry results, predictive accuracy of calcu-
lation equations in the second and third arm, respectively, were as follows: IBWx25: 30 and 0%, HB: 36.7 and
9.9%, HBX1.25:49.9 and 45.5%, 1J: 51.8 and 53.2%, ABWX25: 63.4 and 60.6%, PS (as determined in patients on
mechanical ventilation only): 42.4%.

Conclusion. Indirect Calorimetry method is the only accurate way of REE evaluation in GSP patients.
ABWX25 and IJ showed the highest predictive accuracy. IBWX25 and HB had the lowest predictive accuracy.

Keywords: peritonitis; abdominal sepsis; resting metabolism; resting energy expenditure; generalized sec-

ondary peritonitis
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BBenenue

[TpakTuyecku J11000e KPUTUIECKOE COCTOS-
HHE COIIPOBOKIAETCA IOBBIIICHUEM OCHOBHOIO
obmena (00), moBbIIIasI PUCK Hemoenauus [1], a
3TO B CBOIO OU€pelb, yBEJIMYNBAET YaCTOTy MH(EK-
[IMOHHBIX OCJIOYKHEHUH, TOJMOPTraHHON HeoCcTa-
TOYHOCTH, CPOKU NTpeObIBaHMsA 00JBHBIX B CTAIIUO-
Hape U puck cMeprtu [2]. [lepekapMiinBaHue TaKKe
CBA3aHO C pa3/IMYHbIMU OCJIOKHEHUAMHU: TUIIeP-
IMKeMUEN, THIIePTPUTHIIepUIEMIEl, CTEaTO30M
TevYeHy, a30TeMUEN, TUTIepKATHIEN U TIOBBIIIEH-
HOU JIeTAaTbHOCTBIO CPEIU ITHUX MAIUEeHTOB (3, 4].

Takum o6paszom, U3OBITOK U HETOCTATOK
MUTAaHUA Y IIAaMUEHTOB B KPUTUYIECKOM COCTOSTHUN
CyILII€CTBEHHO BJIVAET Ha PE3YJIbTaThl JIeYeHUs [4].

B 3TOM KOHTEKCTE€ TOYHOE OlpejesieHue
9HepreTUYeCKO MOTPeOHOCTH IAleHTa, B COOT-
BETCTBUHU C UMEIOIINMMCA Y HEro Ha ,HaHHBIfI
MoMeHT OO, uMeeT IIepBOCTEIIEHHOEe 3HaYeHue,
TaK Kak MOJJIePsKKa MUTAaHUEM JJIA JOCTUKEHUA
ONTUMAJIbHOTO 9HEPTOCHAOKEHU SABJISAETCS BajK-
HBIM KOMIIOHEHTOM ITOJIOKUTEJIBHOT'O KJIIMHNUYe-
CKOro pesyabrara [5]. OTaJOHHBIM CHOCOOOM
oIpenieJleHUsI 9HEPreTUYecKol mOoTpedHOCTH
nokos (REE) siBsisgeTcs HenpsAAMas KaJopuMeTpus
(HK), HO He BO BCeX peaHMMAalMOHHBIX OTJeJie-
HUSAX AMEETCS BO3MOYKHOCTD €€ BbIIIOJTHEHUS.

[ITupokroe pasHooOpasme pacuyeTHHIX MPO-
THOCTUYECKUX YpaBHEHUH CBHUJIETEJbLCTBYET 00
OTCYTCTBUU YHUBEPCAJIHHON (DOPMYJIBI OTIpeesie-
HuA REE y manueHToB B KPUTUYECKOM COCTOSI-
HuU [6]. BeposaTHee BCero, 3T0 CBA3aHO C IeTepo-
FeHHOCTHI0 3a00J/IeBaHUM, MPUBOISMIUX K €r0
Pa3BUTHIO.

Takum 06pa3om, MOUCK TOUHBIX YpaBHEHNH,
nporxosupymomux REE 1151 KOHKpeTHO HO30J10-
IrU4ecKoi pOpMBbI, MaKCUMaIbHO IPUOJIHKEeHHBIX

k HK, aBasierca akryasbHOU mpobJsiemoit [7]. B

Introduction

Almost any critical condition is accompanied
by increasing resting metabolism (RM), raising the
risk of undernutrition [1], which, in turn, enhances
the incidence of infectious complications, multiple
organ failure, in-patient period, and the risk of
death [2]. Over-nutrition is also associated with var-
ious complications: hyperglycemia, hypertriclyc-
eridemia, hepatic steatosis, azotemia, hypercapnia,
and increased lethality [3, 4].

Therefore, both over- and undernutrition in
critically ill patients largely affect the outcome [4].

In this context, precise determination of pa-
tient’s energy requirement according to the pa-
tient’s RM at that time is essential because nutri-
tional support aimed at achieving the optimal
energy supply is an important component of the
positive clinical result [5]. The reference method of
determining the resting energy expenditure (REE)
is indirect calorimetry (IC), but far from every ICU
cando it.

The high diversity of calculated predicting
equations evidences an absence of a universal
formula for determining REE in critically ill pa-
tients [6], which most probably relates to het-
erogeneity of diseases leading to the critical
condition.

Therefore, finding precise equations predict-
ing REE for a particular nosology, which would be
as close to IC as possible, is a relevant issue [7].
The contemporary literature lacks data evaluating
the efficacy of most frequently used predictive
equations determining RM in patients with ab-
dominal sepsis caused by generalized secondary
peritonitis (GSP).

Purpose of the study: to determine accuracy
of predictive equations used for estimating Resting
Energy Expenditure (REE) in GSP patients.
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COBpPEMEHHOU JOCTYIHOU JuTeparype HeT NaH-
HBIX, OIIEHUBAOINX 3 (PEeKTUBHOCTh HanboJee
YacTO HCHOJIb3yeMbIX PAaCUeTHBIX YpaBHEHUH,
omnpenensomux OO y 60JIbHBIX C abJOMUHAIIB-
HBIM CETICHCOM, IPUUYUHOUN KOTOPOTO CTaJl pa3Jju-
TOU BTOpUYHBbIN nepuToHuT (PBII).

Ilesqb uccaemoBaHusi — OLIEHUTH TOYHOCThH
ornpeiesieHus 9HePTeTUYeCKOW IOTPeOHOCTH
nokoA (REE) pacueTHBIMU ypaBHEHUAMH Y IaALU-
eHTOoB C PBII.

MarepuaJ 1 MeTObI

XapakTep UCCIeNOBaHUA — MPOCIEKTUBHOE OJI-
Ho1eHTpoBOe. Kputepnuu Briaouyenus — PBII B ornesne-
HUU UHTEHCUBHOU Tepanuu. Kpurepuil UCK/IIOUeHUs —
Bo3pacT >80sieT, caxapHbIA AmabeT, JTI0ObIe COmyT-
CTBYIOIIVIE XPOHUYECKIE 3a001€BaHNS B TEPMHUHAJIb-
HOU cTaguu. Bcero B ncciieqoBanvie BRIIIOYHAIH 61 Tma-
ueHTa — 24 sKeHIUHB] U 37 My)K4YUH B BOo3pacre or 28
1o 76 qet. [lpumunaamu PBII 6611w ocTpasi KUIIeYHasS
HEINPOXOOUMOCTh (1=15), MaHKPEOHEKPO3 B CTaguH
THOUHBIX OCJIO;KHEHUH (71=8), OCTPBIN raHIPEHO3HBIN
anmneHJuInT (n=16), raHrpeHa KUIIeYHNKa B Pe3y/b-
TaTe cerMeHTapHOTo Tpombo3a (n=16), mepdopanus
KHUIIIeYHUKA (n=4), mpobonHas s3Ba Keayaka (n=1) u
OCTpPBIN TaHI'PEHO3HBbIN X0/IeUCTUT (n=1).

ITockosbKy (pusmosioruueckass LUpKagHas Ba-
puabenbHOCTh REE y mMareHToB B KPUTUYECKOM CO-
CTOSHUU OTCYTCTBYET, €€ JOCTOBEPHYIO OLIEHKY MOYKHO
npoBOIUTH B TedeHue 20-30 MuHyT ¢ nomombo HK B
JI060€e BpeMs CyToK [8]. ITasioHHOe onpenesieHne REE
nposoauau MetonoM HK ¢ ToMoIepo MoIysis MOHUTO-
puHra Metabosmama prupmsl «General Electric» amma-
paTa UCKyCcCTBEHHOU BeHTH isAIuM jerkux (MBJI) En-
gstrom Carestation, crtpana npoussonurenab USA. ¥V
nanueHToB He Ha MIBJI namepenne HK nposonwiu ¢ uc-
110JIb30BaHUEM JIULIEBOM MACKH, B PEsKUMe CaAMOCTOsI-
TeJIHOTO JIbIXaHUS C yTeUKoi He Oosee 10%, IBAKIBI B
JIeHb, IPOAOJIKUTENbHOCTBIO 30-50 MUH. [[y11 IpOTHO-
suposanusA REE ncnonb3oBany pacyeTHbIC yDaBHEHUS,
TIpeJicCTaBJIeHHBIE B Ta0JI. 1.

TA)KeCTh COCTOSTHUSA OIeHHBAIM B 0OaJjjgax IIo
mkasnaMm SOFA (Sequential Organ Failure assessment) u
APACHEII (Acute Physiology and Chronic Health Evalu-

Materials and Methods

The study design is a prospective single-center
study. The inclusion criteria were: diagnosed GSP and
stay at the Intensive Therapy Unit. The exclusion criteria
were: age >80 years, diabetes mellitus, a terminal stage
of any concomitant chronic disease. In total, 61 patients
were included in the study: 24 women and 37 men of 28
to 76 years of age. The causes of GSP were: acute intes-
tinal obstruction (n=15), necrotizing pancreatitis at a
stage of suppurative complications (n=8), acute gan-
grenous appendicitis (n=16), bowel gangrene due to seg-
mental thrombosis (1n=16), intervening bowel (n=4), per-
forated gastric ulcer (n=1), and acute gangrenous
cholecystitis (n=1).

Since there are no physiological circadian variations
of REE in critically ill patients, a reliable estimation of REE
can be done within 20-30 minutes by IC at any time of the
day [8]. The reference determination of REE was carried
out using the IC technique with the help of General Elec-
tric metabolism monitoring module of the mechanical
lung ventilator (MLV) from Engstrom Carestation (USA).
In spontaneously breathing patients, the IC measurement
was performed using a face mask in the spontaneous
breathing mode with a leakage not exceeding 10%, twice
a day, every time for 30-50 min. To predict REE, the cal-
culation equations shown in table 1 were used.

Severity was assessed based on SOFA (Sequential
Organ Failure assessment) and APACHE II (Acute Phys-
iology and Chronic Health Evaluation) scores. Three
arms were formed. The 1st included all patients (n=61),
the 27d — spontaneously breathing patients only (n=29),
and the 3¢ — the patients on MLV (n=32).

Characteristics of the arms are given in table 2 and,
as one can see from the table, they are comparable in
every indicator with the exception of mean APACHE II
score. The statistically significantly higher score in the 3rd
arm is related to respiratory failure requiring MLV in
those patients.

The statistical processing of raw data was carried
out with the aid of SPSS software. Normality of distribu-
tion of variables was determined by Shapiro-Wilk test.
The results were presented as the mean (M) with 95%
confidence interval (95% CI), or the median and quar-
tiles: Me, (Q25; Q75) depending on distribution of vari-
ables. The zero hypothesis was rejected at P<0.05.

TaGsmna 1. Y paBHeHus 1A nporHosupoBanusi REE y nanyeHToB ¢ pa3/iuThIM BTOPUYHBIM IEPUTOHHTOM.
Table 1. Equations for REE prediction in generalized secondary peritonitis patients.

Source

REE Calculation Formula, kcal/day

J. A. Harris, E Benedict (HB) [9]

Men: 13.75XBW, + 5XH - 6.8XA + 66
Women: 9.6XBW,. + 1.8XH - 4.7XA + 655

J. A. Harris, E Benedict with the correction factor (HBX1.25) [8] HBX1.25*%
Actual body weight X 25 (BW,.%X25) [10] BW,.X25
Ideal body weight X 25 (BW,4X25) BW,4x25

C. Ireton-Jones, 1992 (IJ) [11]

5XBW,. —10XA + 281,, + 292inj + 851b

Modified Penn State equation, 2003 (PS), for patients on MLV only [12]

0.85XHB + 175X T 0 + 33XMPV — 6433

Note. BW — body weight (kg); ac — actual; id - ideal; H — height (cm); A — age (years); m — for men; inj — injury; b — burn;
T max — maximal body temperature during 24 hrs.; MLV — mechanical lung ventilation; MPV — minute pulmonary ventilation
(L/min). * — increase of REE in a critical condition from 1.1 to 1.3 [8], we have chosen factor 1.25.

IIpumeuanue. Source — ucrounuk; REE Calculation Formula, kcal/day — ¢opmysna pacuera REE, kkas/cyT; men — My>KYUHBI;
women — »keHIIUHbI; with the correction factor — ¢ nonpaBouynbsIM koadduiuentom; body weight (BW) — macca Tedna, Kr;
actual (ac) — ¢axrugeckas; ideal (id) — uneansHas; modified ... equation, for patients on MLV only — mogudukarus ypas-
HEeHUs TOJbKO /151 nanuentos Ha VIBJI; H — pocTt (cM); A — Bo3pacT (1eT); m — [JIsl My»K4YUH; inj — 1pu Tpase; b — npu
oxore; T, — MakcuMaJ/bHasA TeMIeparypa Tesaa 3a CyTki; MPV — MuHyTHasA BEHTUIANNUA JIETKUX (J1/ MUH). * — IIOBBIIIEHUE
REE B kputnieckoM coctossuuu ot 1,1 mo 1,3 [8], Hamu BeIOpan koadpduruent 1,25.
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Tabsmna 2. XapaKkTepHCTHKA IPYII TAIHEHTOB C Pa3JIMTHIM BTOPHYHBIM IEPUTOHUTOM.
Table 2. Group-wise characterization of generalized secondary peritonitis patients.

Indicators Value in the groups P
1, n=61 2, n=28 3, n=32
AHACHE II Me (Q»5; Q75) 7 (5;13) 6 (4; 6) 12 (7; 14) 0.01*
Shapiro-Wilk, p 0.002 0.001 0.016 —
SOFA Me (Q,5 Q75 2(1;3) 2(1;4) 2(1;3) 0.287
Shapiro-Wilk, p 0.001 0.001 0.001 —
Age, years Me (Q,5 Q75 52 (37; 63) 43 (37, 52) 52 (46; 63) 0.83*
Shapiro-Wilk, p 0.045 0.005 0.043 —
Leukocytosis, X10°/L M, [CI] 10.14 [8.27-12.00] 10.93 [9.14-12.71] 9.45 [7.61-11.28] 0.312%*
Shapiro-Wilk, p 0.06 0.075 0.066 —
CRP, mg/L M, [CI] 174 [156-192] 159 [140-178] 185 [170-201] 0.064**
Shapiro-Wilk, p 0.253 0.149 0.103 —

Note. * — Friedman test; ** — ANOVA — cross-arm comparison between arms 1, 2, and 3.
IIpumeuanwue. /1151 Taba1. 2, 3: value in the groups — 3HaueHus B rpynmnax; age, years — Boapact, jieT; CRP — CPB. * — kpurepuit
dpunmana; * ANOVA — cpaBHeHUe MeK1y co0oii 1, 2, 3 rpyn.

ation). CopMupoBasu Tpu rpymmsl. B 1-1o Bouiu Bce
MmarueHThI (71=61), BO 2-10 — TOJIBKO O0JILHBIE Ha CAMO-
CTOSITeJIbHOM AbIXaHuu (11=29), B 3-10 — IalleHThI, KO-
TOpbIM IpoBoguu UBJI (n=32).

XapakTepuCcTUKy chOpMUPOBAHHBIX I'PYHI IIPU-
BeJid B Ta0JI. 2, U3 KOTOPOU BUAHO, YTO OHU COIIOCTA-
BHMBI ME3K/Ty COOOI IT0 BCEM ITapaMeTpam, KpoMe CpeJ-
Hero 6asia mo APACHE II. CrarucTuyecku 3Ha4MMO
OoJiee BEICOKHI Oas11 B 3-11 TPYIIIE CBSI3aH C TEM, YTO Y
9TUX 0O0JIBHBIX ObljIa IbIxaTesbHasl HEJOCTATOYHOCTD,
TpeObyomas nposeaenust 1BJI.

CrarucTuyeckyo 00paboTKy JaHHBIX ITPOBEJIU C
HCI0JIb30BaHueM nakera nporpamm SPSS. IIposepky
HOPMaJIbHOCTHU paclpeieseHus IPOBeJu C IpUMeHe-
HueMm kpurepusa [lanupo-Yuika. Pesyssrar npejcra-
BUWJIY B BUJIE CpeIHEero 3Ha4eHus ¢ 95% J0BepUTEIbHbIM
uHTepBasioM M, [Cl] uinu MeauaHsl ¢ KBapTUiIsAMUA Me,
(Q25; Q75). Hysesyto runoresy orsepraJu npu p<0,05.

Pe3yabTaThI ¥ 00Cy:KI€HUE

Cpennue 3uauenus REE, onpeneneHHbie ¢
nomomiplo HEK, craructhnyeckn 3HA4YUMO He
OTJINYAJINCh MEXKAY co00it B cpopMUPOBAHHBIX
Hamu rpynmnax (tab. 3). IIpu nepecdyere Ha MT,,
ObLIM TIOJTyYEeHBI CJIeNyIOIIUe Pe3yJIBTaThI:
25,78+1,37 xkaja/Kr/cyr B 1-ii rpynrme;
25,23+1,45 kkaJsa/kr/cyT — Bo 2-i1 u 26,98+1,16
KKaJs/Kr/cyT — B 3-11, KOTOpbIe TaKKe CTaTUCTHU-
YeCcKd 3HAYUMO He OTINYaJINCh MEXAy co0oi
(p=0,362). CorytacHO NpenbIOyLIIUM HCCJIef0oBa-
HUSIM, CyTOYHasI IOTPeOHOCTh B 9HEPTUH, B IIEpe-
pacuere Ha KujorpamMm MT, y manyeHTOB B Kpu-
THYECKOM  COCTOSIHUM  ObLIa  IPUMEPHO
aHajsiornuHo# [13]. BHe 3aBUCUMOCTH OT criocoda
omnpenesienusi REE, B rpynne 6o/1bHbIX Ha VIBJI oHa
ObLTa GOJIbIIIEe, YeM y TAIMEHTOB Ha CaMOCTOSI-
TEJIbHOM JIbIXaHWU, XOTS 3TU OTJIUYHS OBLIN CTa-
TUCTUYECKU He 3HAUYUMbIMHU (Ta0J1. 3).

M3BecTHO, YTO CUCTEMHO-BOCIIAJIUTEIbHASA
peaknus sIBJIsieTCsl KII0YeBbIM (DAKTOPOM B ITyC-
KOBOM MexaHu3Me (hOpMUPOBAHUS HEKAPIUOTEH-
HOT'0 OT€Ka JIETKNX, pa3BUTHE KOTOPOI'O IPUBOAUT
K HapyHmIeHUI0 (PYHKIIUU BHEIIHEro bIXaHUs,
TUNOKCUM U TpebyeT nmpoBenenue VBJI, ator ke

Results and Discussion

There was no statistically significant differ-
ence in REE determined by IC in the arms formed
(table 3). The following findings were obtained on
conversion to BW,: 25.78+1.37 kcal/kg/day — in
the 1st arm; 25.23+1.45 kcal/kg/day — in the 2nd
arm, and 26.98+1.16 kcal/kg/day — in the 3 arm.
No statistically significant differences between
groups were found (P=0.362). According to earlier
studies, the daily energy expenditure converted to
BW kg in critically ill patients was approximately
the same [13]. Regardless on the method of deter-
mining REE, it was higher in patients on MLV vs.
spontaneously breathing patients, though that dif-
ference was not statistically significant (table 3).

It is known that the systemic inflammatory re-
sponse is the key factor in the mechanism triggering
non-cardiogenic pulmonary edema resulting in ex-
ternal respiration dysfunction and hypoxia and re-
quiring MLV; a pathological process of the same type
modifies REE. It can be assumed that high REE val-
ues in the patients on MLV are associated with a sig-
nificant inflammation. This is supported by a trend
to higher CRP concentration in the patients on MLV
compared to spontaneously breathing patients:
185+15 mg/Lvs. 159+19 mg/L, though the difference
was not statistically significant either (table 2).
Therefore, in GSP patients, daily REE does not de-
pend on their breathing — spontaneous or MLV.

To identify the formulas, the results of which
are maximally close to the reference’ method of de-
termining REE, we compared mean figures ob-
tained by IC against the results of predictive equa-
tions (table 4). It turned out that in the 1t arm,
BX1.25 with the correction factor and BW,, 25 were
the closest to the ‘reference’ method. The result ob-
tained by those formulas in the 1%t arm was not sta-
tistically different from the reference IC method.
Further analysis showed that the regularity discov-
ered was due to the 2"d arm only, i. e. due to spon-
taneously breathing patients. In the patients on
MLYV, there was no statistically significant differ-
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TaGumiza 3. REE y 60/TbHBIX € pa3IUTHIM BTOPHYHBIM IIEPUTOHUTOM, OIIPeieIeHHAsI HEMPSMOM KaJIOpUMeTpHeH

H pacyeTHbIMH ypaBHEHUAMMU.

Table 3. REE determined by indirect calorimetry and calculation equations in patients with generalized secondary

peritonitis.
REE Determination Method Value in the groups P
1, n=61 2, n=28 3, n=32

IC M, [CI] 2017 [1808-2226] 1912 [1688-2135] 2124 [1959-2288] 0.344**
Shapiro-Wilk, p 0.163 0.145 0.062 —

HB Me (Q,5; Q75) 1578 (1382;1785) 1552 (1279; 1852) 1578 (1434; 1664) 0.476*
Shapiro-Wilk, p 0.016 0.001 0.043 —

HBX1.25 Me (Qz5; Q75) 1972 (1727;2231) 1940 (1625; 2315) 1972 (1792; 2080) 0.476*
Shapiro-Wilk, p 0.016 0.001 0.043 —

BW, <25 Me (Qa5; Q75) 1950 (1750; 2100) 1875 (1625; 2200) 2000 (1875; 2075) 0.260*
Shapiro-Wilk, p 0.047 0.005 0.041 —

BW,4X25 Me (Q,5; Q75) 1601 (1425;1764) 1560 (1312;1560) 1601 (1470; 1651) 0.389*
Shapiro-Wilk, p 0.001 0.001 0.011 —

I Me (Q,5; Q75) 2429 (1883; 2544) 2429 (1883; 2544) 2349 (1882; 2499) 0.733*
Shapiro-Wilk, p 0.008 0.001 0.041 —

PS Me (Qu5; Q75 — — 1909 (1710; 2070) -
Shapiro-Wilk, p — — 0.005 —

Note. * — Friedman test; ** — ANOVA — cross-arm comparison between arms 1, 2, and 3.
IMpumeuanwue. /{51 Tad.1. 3, 5: REE Determination Method — crioco6 onpenesienusi REE. *— kpurepuit @punmana; ** — ANOVA —

CpaBHEHHe Me)XIy co0o 1, 2, 3 rpym.

Ta6samma 4. CpaBHeHHe MeToAOB onpeaesieHns1 REE pacueTHRIMH ypaBHEHH MY U HENIPSIMO# KaJlopuMeTpHuei

(T-xpurepuii BuIKokcoHa).

Table 4. Comparison of REE determination by calculation equations versus indirect calorimetry (Wilcoxon rank

sum test).
Groups ICvs

HB HBX1.25 BW, X25 BW;4%<25 I PS
1 <0.001 0.057* 0.068* <0.001 0.01 —
2 <0.001 0.991* 0.567* 0.001 0.07 —
3 <0.001 0.008 0.020 <0.001 0.254* 0.01

Note. * — there is no statistically significant difference from IC.

Hpnme‘{aﬂne. * — HeT CTaTUCTUYECKHU 3HAYNMOI pasHuIlbl C METOJOM HK.

TUIIOBOU MATOJIOTHYECKUH TTPOIECC MOTUMPUITU-
pyet REE. MOXHO Ipen0/I0KUTh, YTO BBICOKUE
3navyenuda REE y nanuenTos Ha BJI cBA3aHbl €
BBIpQ)KEHHBIM BocIiasieHneM. [ToareepskaeHneM
3TOTO CYKUT OoJsiee BhICOKas KoHreHTparusi CPb
y 60osbHBIX HA IBJTI — 18515 Mr/J1, UeM y marueH-
TOB HA CAMOCTOSITEJIbHOM IbIXaHUM — 159+19
MT/JI, XOTSI 9TU OTVIMYMS TaK sKe He HOCUJIU CTaTH-
CTUYECKY 3HAYMMOU pas3HuIlpl (tTadu. 2). Takum
oOpasoM, y 6osabHBIX ¢ PBII cyrounas REE me
3aBHMCUT OT TOTO KaK OHU JBIIIAT, CAMOCTOSTEJIHHO
nj uM nposopurcsa UBJIL.

Jlns1 BbIsIBIIEeHUS (POPMYJI, PE3yabTaThl KOTO-
PBIX MaKCUMaJIBHO TPUOJIMIKEHHBI K «dTaJIOHHO-
My» criocoby ompenenenus REE, Mbl cpaBHWIN
cpenuue 3Hadenusa HK ¢ pesyabraramu, 0oJIy4eH-
HBIMH C IOMOIIIHI0 TPOTHOCTUYECKUX YPaBHEHUH
(tabJ1. 4). Okasaaock, YTO y HAlMEHTOB 1-i1 rpym-
I1bI, CAMBIMH OJIU3KHUM K «3TaJI0OHY», OBLJIN YpaB-
Henust HBX1,25 c monpaBouHbIM K03 puUIineH-
ToM U MT,X25. Pesynbrar, IoJy4eHHBIH NpU
HUCIOJb30BAHUY 9TUX (hOpMYJI, B 1-1i rpymiie cTa-
TUCTUYECKU 3HAYMMO He OTIMYaJICs OT «dTaJI0H-
Horo» MeTona HK. JlaibHEUIITNI aHAIU3 TTOKa3aJl,
YTO BBIsIBJIEHHAs 3aKOHOMEPHOCTH IIOJIy4eHa
TOJIBKO 32 CYET 2-¥ TPYIIbI, TO eCTh OOJBHBIX Ha

ences between the IC readings and calculated val-
ued if the latter were calculated using the C. Ireton-
Jones equation (1992) (table 4).

It is known that the patient’s energy expendi-
ture can vary within 24 hrs. depending on patient’s
activity: wakefulness, sleep, agitation, wound heal-
ing, pain management technique, sedation, venti-
lation modes, and concomitant pathologies. The ef-
ficacy of predictive equations was evaluated based
on the percent of exact calculations falling within
the 95% confidence interval of the reference IC
method of determining REE (table 5).

None of the tested equations have shown an
‘ideal’ result. The HB equation that was developed
based on healthy volunteers and originally pub-
lished almost 100 years ago is criticized nearly by
all researchers as ill-defined for critically ill pa-
tients. Costa et al. [14] compared REE predicted
with the help of HB versus IC in 85 critically ill pa-
tients and the accuracy of the equation was not
higher than 32%. In our study it was equal to 36.7%
(table 5) and only in the arm of spontaneously
breathing patients. The underestimation of energy
expenditure when that formula was applied for pa-
tients on MLV amounted to 546 kcal/day on aver-
age, or 25.7% of the proper figure measured by IC.
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TaGumiia 5. Tounocts Beruuciienns REE pacueTHbIMH ypaBHEHHUSIMY B CDaBHEHUH C HETIPSIMOH KaJIOpHMeTpHeii.
Table 5. Accuracy of REE calculation by equations compared to indirect calorimetry.

REE Determination Method

% of calculations matching [CI],¢ results, by groups

1, n=61 2, n=28 3, n=32
0B 4.9 (95.1;0) 36.7 (63.3; 0) 9.9 (90.1; 0)
HBX1.25 40.4 (33.8; 25.8) 19.9 (33.3; 16.6) 155 (36.3; 18.2)
BW,.<25 50.0 (32.2; 17.7) 63.4 (26.6; 10.0) 60.6 (36.4; 3.0)
BW,, %25 0 (100; 0) 30 (70; 0) 0 (100; 0)

] 51.4 (27.2; 21.4) 51.8 (24.1; 24.1) 53.2 (25; 21.8)
PS - — 424 (48.5;9.1)

Note. % of calculations matching [CI];¢ results is the percent of exact calculations falling within the 95% confidence interval of

the reference IC method of determining REE.

IIpumeuanwue. % of calculations matching [Cl];¢ results, by groups — % Bbruncienuii, copnagaioniux ¢ [Cl] g — IpoIeHT Tou-
HBIX BBIYNCJIEHUH, BOIIeAIINX B 95% JOBEPUTEIbHBIN HHTEPBAJI «dTaJOHHOTrO» onipenesenns REE metonom HK.

CaMOCTOSITeJIbHOM JAbIXaHUHU. Y NAIUEHTOB Ha
VIBJI BBIYMCJ/IEHHBIE 3HAYE€HUA CTAaTUCTUYECKU
3HAUYMMO He OTJINYaJIMCh OT Pe3yJbTaToB, MOJY-
4yeHHBIX ¢ nomobio HK, eciiu 66111 paccunTaHbl
ypaBHenneM C. Ireton-Jones (1992), (Tab. 4).

WN3BecTHO, YTO 39HepreTHYecKas IMmoTpeod-
HOCTH OOJIBHOTO MOSKET M3MEHSATHCS B TEUEHUE
CYTOK M 3aBUCHUT OT €70 aKTUBHOCTHU: OO PCTBOBA-
HUsI, CHA, KUTALUY, CTETIEHU 3a’KUBJIEHUS PaH,
MeTOIOB 006e300JIMBaHUs, CeNalliuu, PEeRUMOB
BEHTUJIAIMY, a TAKXKe COIyTCTBYIOIIEl MaToJI0-
ruu. 3P PeKTUBHOCTh IPOrHOCTUYECKUX pacyeT-
HBIX YPaBHEHUU OI[eHUBAaJIU 110 IIPOLIEHTY TOYHBIX
BBIUMCJIEHUH, BOIIEAINX B 95% TIOBEPUTETbHBIN
UHTEepBaJI «3TaJIOHHOTO» olpenesienrusa REE meto-
oM HK (TabJ. 5).

Hu ogHO u3 TecTUpyeMbIX ypaBHEHUI He
TOKa3aJso0 «HeaabHbIN» pe3yabrar. Paapadboran-
HOE Ha 37J0pPOBBIX OOPOBOJIBIIAX U BITIEPBBIE OITy0-
JukoBanHoe o4ty 100 sier Hazan ypasHeHre HB
KPUTHUKYETCsI IPaKTUYECKU BCeMU HUCCJIeloBare-
JIIMU, KaK HEKOPPEKTHOE JIsT 00TbHBIX B KPUTH-
yeckoM coctosiHuM. Costa et al. [14] cpaBHUIN
REE, npenckasannymo ypasaenueMm HB ¢ HK y 85
0OJBHBIX B KPUTUYECKOM COCTOSTHUH, TOYHOCTD
ero He npessbliana 32%. B Halem ucciaeqoBaHUN
oHa 6p171a 36,7% (TabJ1. 5) U TO, TOJIBKO B TPYIIIIE
0OJBHBIX HA CAMOCTOATETLHOM JIbIxaHUH. Hemo-
OIleHKa OTPEOHOCTH B 9HEPTHUU IIPH MCITOJIH30-
BaHUU 3TOH (opmynsl y manueHToB Ha VBJI
COCTaBUJIA B CpeHeM 546 KKaJl/cyT, unu 25,7% or
JnoJiskHOU, mdaMepenHoi HK. ITpumepHo Takue sxe
Ppes3yJIBTaThl OBLIIN TTOJTYYeHbI B MCCJIefoBaHNA de
Goes C. R. etal [15], B koTopoMm HepoorieHKa REE y
6ospHBIX Ha VIBJI Ipu uCIIO/Ib30BAHUY ypaBHe-
HusA HB cocrasuina 27%. BeisiBJIeHHAasA HAMU HU3-
Kasi IPOrHOCTUYECKAasi TOYHOCTEL YpaBHeHusA HB y
nanueHToB ¢ PBII 3HauuTeIbHO OrpaHUYUBAET
€ro MCIoJb30BaHUE B IOBCEJHEBHON KJIMHUYE-
CKOMU IMpaKTHUKe.

Y OGOJBIIMHCTBA TMAIMEHTOB C CETICHCOM,
TpaBMOH MJIM NTOCJe KpynHbIX onepanuii OO yBe-
JIMYMBAETCS B TeUeHVE TNEePBBIX THeH 00Je3Hw,
JocThTas MHUKa OOBIYHO MeXay 4 u 10 mHAMHU
3aboJieBaHMs, a 3aTeM IMOCTETIEHHO CHIKAETCS B

TeuyeHue HeJeJb WX Jajke MecsieB. IIukoBoe

Similar results were obtained in the study by de
Goes C. R. et al [15], where the underestimation of
REE determined by HB in patients on MLV
amounted to 27%. The discovered herein poor
prognostic accuracy of HB in GSP patients largely
limits its application in everyday clinical practice.

In most patients with sepsis, trauma, or after
major surgery, RM is growing during the first few
days of a disease usually reaching a peak on day 4
and 10 of the disease and gradually decreasing af-
terwards for weeks and even months. The peak
value, peak time, and total duration of metabolic al-
terations depend on disease severity and peculiar-
ities of its course. During this period, REE increases
approximately by 20-80% over the norm [13]. Given
that in immobilized critically ill patients REE rises
1.1-1.2-fold and in case of exhaustion the increase
might be 1.3-fold, we chose 1.25 as the correction
factor for the HB formula [8]. The accuracy of HB
with the correction factor significantly improved
and became just over 40% in all arms. REE was un-
derestimated in a third of patients (table 5), but the
shortage was minor and in arm 2 it was equal to 42
kcal/day only. The result obtained does not contra-
dict the fact that there was no statistically signifi-
cant difference in that arm between the values re-
ceived by IC and the said calculation equation
(P=0.991) (table 4).

The simplest equation predicting REE was
multiplying the actual weight of a patient by 25. In
our study, the mean daily energy expenditure of a
GSP patient amounted to 25.78 kcal/kg/day. Ac-
cording to the modern science, to make up energy
expenditure in full, a patient receiving intensive
care requires 25 kcal/kg/day [10, 13]. The percent
of exact measurements in application of this for-
mula to the patients of arms 2 and 3 was just over
60% (table 5). In a third of patients, the underesti-
mation was minor: in arm 2 — 37 kcal/day and in
arm 3 — 124 kcal/day on average. Taking into ac-
count that in our study the body weight index var-
ied between 19 kg/m? and 32.3 kg/m?, we decided
to determine whether the REE can be assessed if we
multiply BW,4 by 25 rather than BW,. mentioned in
the current guidelines [10]. Analysis has shown that
the results were exact only in one third of the pa-
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3HaueHUe, BpeMs JOCTU)KEeHUS TMUKa U o0Ias
MIPOIO/IPKUTETLHOCTh META00TMYECKUX N3MEHe-
HUM 3aBUCAT OT TSYKECTU M 0COOEHHOCTU TeYEHU ST
3aboseBanus. B aror mepuon REE moBwIlTaeTcst
npuMepHO Ha 20-80% oT HOpMEI [13]. YunThIBaA,
4YTO Y HEIIOABUIKHBIX [TAIIEHTOB B KDUTUYECKOM
COCTOAHUU ITpoucxonut yseanyenue REEB 1,1-1,2
pasa, a Ipyu UCTOIIEHNH OHO MOSKeT TOCTUTATh 1,3,
B KauecTBe IMOPaBOYHOro Koadduiinenrta kK ¢op-
mysie HB BeiOpasnm 3navenue 1,25 [8]. TouHOCTH
ypaBHeHus1 HB c nonpaBo4YHbIM K03 punenTOM
3HAYMTEJIHHO BO3POCJIA U CTasia 9y Th OoJtbIte 40%
BO Bcex rpynmax. ¥ tpertu nanueHToB REE 6bL1a
HepooreHeHa (TabJI. 5), Ho 1epurnuT 6611 HEOO0JIb-
UM, BO 2-i rpynne — Bcero 42 kkaJi/cyT. [logy-
YeHHBIU pe3yJbTaT He IIPOTUBOPEYUT TOMY, UTO B
9TOM Trpylme OTCYTCTBOBAJIO CTAaTUCTUYECKU
3HAYMMOE OTJIMYME MEKAY 3HAYCHUSMU, I10JIY-
4yeHHbIMM nocpenicTBoM HK n manHOrO pacyetrHo-
ro ypaBHenus (p=0,991) (TadJr. 4).

CaMBIM NIPOCTBIM ypaBHEHWEM, IIPOTHO3U-
pytommmM REE, 6b1710 yMHOKeHUE (haKTHUIECKON
Macchl 00JIBHOTO Ha 25. B HallleM uccieqoBaHuU
CpeIHecyTOYHasi MOTPeOHOCTD B 9HEPTUH OOJTLHOTO
¢ PBII cocraBunia 25,78 kkas/kr/cyr. ConiacHO
COBPEMEHHBIM JAaHHBIM JIJIs1 IOJTHOLIEHHOTO BOC-
TTOJTHEHUST 9HEPTeTUYECKUX MTOTPeOHOCTeH 0O0JIb-
HBIM IIPY NIPOBEJIEHNY NHTEHCUBHOM TepaIiuu Tpe-
oyercs 25 kkas/kr/cyt [10, 13]. TIpomeHT TOYHBIX
U3MepeHUi IPYU UCII0JIb30BAHUY 3TON (DOPMYJIBL Y
MMaIeHToB 2-i U 3-1 rpynn ObLT 9yTh BbIle 60%
(tabJs1. 5). YV TpeTu manueHToOB HEJOOIeHKA ObLIa
He3HauuTeJIbHOM, BO 2-i1 rpymime — B cpenHeM 37
KKaJI/CyT, a B 3-i — 124 KKaJ1/CyT. YUUTBIBAs, YTO B
HaIlleM UCCJIeJOBAHUU MHAEKC MAaCChl TesIa Baphb-
uposaJ ot 19 kr/m? 1o 32,3 Kr/m? permmim npose-
pUTh, HACKOJIBKO OOBEKTUBHO MOSKHO OITEHUTH
REE, ucnosibaysi He MT,, Kak B CyIIeCTBYIOIIHMX
pexomenganuax [10], a MT,, 60JIBHOTO, YMHOKEH-
HYIO Ha 25. AHaJI13 IOKa3aJsl, YTO TOJBKO Y TPEeTH
MalMeHToB 2-i TPyNIbl pe3y/abrarbl OKa3aInCh
TOYHBI. B IByX Ipyrux rpynnax OTMETHJIA Hexo-
OTIEHKY CYTOYHOH 9HEpPreTHYeCKON MOTPEOHOCTH B
100% cisygaes. B 1-ii rpynne geUIUT COCTABUII B
cpenHeM 416 kkaj/cyt unam 20,6% OT TOJIKHON
9HEPTeTHYeCKON MOTPEOHOCTH, a BO 3-1 (Y OOTBHBIX
Ha IBJI) — 523 kkas/cyTt u 25,9%, COOTBETCTBEHHO.

Paccuurannas REE ¢opmysoit C. Ireton-
Jones (1992) moka3aja TOYHOCTH YyTh OOJIbIIIE
50% (tabsa. 5). IIpoleHT HemxOOIleHEeHHBIX WUJIU
TepeoIleHEHHBIX PEe3YJABTaTOB ObLI MPUMEPHO
OTMHAKOBBIM, 4yTh O60Jiee 20% B KasKI0H TpYIIIIE.
Harmmu pe3yssTaThl COIACYIOTCS C OITyOJTMKOBaH-
HBIMU UCCJIEJOBAHUAMU [14], B KOTOPBIX CTEIIEHb
TOYHOCTH YpaBHeHUs ObLia 60%.

Tounocts pacuera REE monudguiimpoBanHoi
¢opmysioii Penn State (2003) y naruenToB Ha VIBJI
cocraBuJia 42,4%, 94TO He IIPOTUBOPEYUT PE3yJIb-
TaTaM CyIIeCTBYIOIIUX UCCJIeI0BAHNMI, TOUHOCTb

tients of arm 2. In the other two arms, underestima-
tion of the daily energy expenditure was noted in
100% of cases. In arm 1, the deficit averaged to 416
kcal/day or 20.6% of the proper energy requirement
and in arm 3 (patients on MLV) — 523 kcal/day and
25.9%, respectively.

REE calculated following the C. Ireton-Jones
formula (1992) demonstrated accuracy just above
50% (table 5). The percent of underestimated and
overestimated results was approximately the same
—just over 20% in each arm. Our findings are con-
sistent with published studies [14], where the equa-
tion accuracy was equal to 60%.

The efficiency of REE calculation by the Penn
State formula (2003) in the patients on MLV was
equal to 42.4%, which is consistent with existent
studies reporting accuracy of 43% [16]. In our study,
in 48% of patients REE calculated using this for-
mula was underestimated by 177 kcal/day approx-
imately. The drawback of the formula is that the
minute ventilation might vary during 24 hours, es-
pecially in patients on assisted MLV modes.

Conclusion

The most accurate equation predicting REE in
GSP patients was multiplying BW, by 25. Its accu-
racy was 63.4% in spontaneously breathing patients
and 60.6% in patients on MLV. The C. Ireton-Jones
formula (1992) was slightly less accurate: 51.8% and
53.2%, correspondingly. The modified Penn State
formula (2003) was accurate in 42.4% of patients on
MLV only. The most ill-defined equation was mul-
tiplying BW,, by 25.

The difficulty of determining REE using pre-
dictive equations is related not only to heterogene-
ity of causes leading to GSP, but multiple clinical
symptoms accompanying it, too. The influence of
a surgical trauma and/or postoperative complica-
tions on patient’s energy expenditure is unpre-
dictable. In view of the aforesaid, IC remains the
sole accurate method of determining REE in GSP
patients and in our study it amounted to 25.78+1.37
kcal/kg/day. Further search for new equations to
raise the accuracy of REE prediction in critically ill
patients, including during GSP, is warranted.

B KOTOpBIX coctaBuja 43% [16]. B Haiem ucciie-
JIOBAHWH IIPH €€ UCI0JIb30BaHUHU Y 48% O0JIbHBIX
REE ObL1a HemoolleHeHa NIpUMepHO Ha 177
KkaJi/cyT. Hemoctarok ¢opMyJibl B TOM, YTO B
TeYyeHHe CyTOK MUHYTHAsA BEHTUJIALUA JIETKUX
MOSKET 3HAYUTEJIbHO BapbUPOBAaTh, OCOOEHHO Y
IarMeHTOB Ha BCIIOMOraTe/IbHbIX peskumax MBJI.

3akJrouenue

HauboJsiee TOUHBIM ypaBHEHHEM, IPOTHO3U-
pytomm REE y manmenTos ¢ PBIT, 66110 yMHOKE-
HUe MTq) Ha 25. TouHOCTE ero coctaBuia 63,4% y
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NalyeHTOB Ha CaMOCTOSITEJbHOM [ObIXaHUU U
60,6% — Ha MBJI. UyTh MeHbIIEll TOYHOCTHIO
obsaamana ¢gopmyna C. Ireton-Jones (1992) — 51,8
u 53,2% cooTBeTCTBEHHO. MoauduiimpoBaHHas
¢opmyna Penn State (2003) 6p1s1a TOYHA TOJTBKO Y
42,4% 60npHBIX HA VIBJI. CaMbIM HETOYHBIM ypaB-
HEHMEM OKasaJIoCh yMHOkeHne MT,, Ha 25.
TpynHocTs onipenenenus REE mporaocruye-
CKMMU ypPaBHEHUSMHU CBsI3aHa HE TOJIBKO C reTe-
POTeHHOCThIO MPUYMH, IPUBEAIINX K Pa3BUTHIO
PBII, HO 1 ¢ MHOXECTBOM KJIMHUYECKUX CUHIPO-
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MOB, COIpoBOXKIaomux ero. He npenckasyeMo
BJIUSTHUE XUPYPrU4eCcKOU TpaBMbl U/UJIN OCJIOK-
HEHUH ITOCJIe0TepaiOHHOT0 IePHoa Ha IToTpeo-
HOCTB ITAIJEHTOB B 9HEPIUH. YYUTHIBAS BBIILICU3-
JokenHoe, HK ocraerca eqMHCTBEHHBIM TOYHBIM
criocobom onpenesierns REE y 6osbHBIX ¢ PBIT 1
B HauleM MCCJAeJOBaHWM, OHA COCTaBUJA
25,78+1,37 kras/Kr/ cyT. Heobxogmm maabHEAIIII
TIOVCK HOBBIX ypaBHEHUH /17151 OBBIIIEHUS] TOYHO-
ctu nporHo3a REE myig manueHToOB B KpUTHUYe-
CKOM COCTOSIHUY, B TOM yucJie ripu PBII.
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Pe3rome

B mocnenHee mecsaTrsieTHie CHI3M/IACHh TOCTUTAIbHAS JIETATBHOCTD OOJIBHBIX B KDUTHYECKIX COCTOSI-
HUAX. OIIHOBpeMeHHO YBEJINYNJIOCH YHUCJIO ITAallTUEeHTOB, Y KOTOPBIX ObLI JAUarHoCTUPOBAH CHHIPOM «[Tocse
NurencusHoil Tepanuu» (ITUT-cungpom), popMupoBaHHe KOTOPOIO IPUBOAUT K CHUKEHUIO KayecTBa
SKU3HU 60JILHLIX, BBINTMNCAHHBIX U3 CTAllOHAapa. OIIHI/IM 13 HanboJIee BayKHbBIX KOMIIOHEHTOB, ITPENATCTBYIO-
mux pa3sutuio [INT-cuaapoMa, ABJIsAeTCA HyTPUTUBHAA OAIEPIKKA.

Ilesis 0030pa: TOKa3aTh HEOOXOANMOCTE TH(depeHIIPOBAHHOTO MOAX0Ia K HYyTPUTUBHOH IO IepsKKe
OOJIBHBIX B KDUTUYECKUX COCTOSHUAX Ha dTallax JedeHns U peadnInTaIm.

N3 6os1ee 200 mepBUYHO OTOOPAHHBIX ICTOYHUKOB JIUTEPATYPHI U3 PA3JIMYHBIX 0a3 TaHHBIX (Scopus, Web
of science, PUHII u 1p.) I/is1 aHA/IM3a OCTAaBUJIX 82 UCTOYHUKA, B OCHOBHOM 3a ITocjiequue 5 jieT. boJsiee paH-
HHE Hy6JII/IKaIlI/II/I HICIIOJIb30BAJIA ITPU COXPAHEHUHU UX aKTyaJIbHOCTHU NJIA KJIMHUIIUCTOB.

B 0630pe mpesicTaBIeHbl JaHHBIE O peaTbHOM MPaKTUKE IPOBEIeHN I HyTPUTUBHOM IOAIEPIKKHU Y 60JIb-
HBIX B KDUTHYECKUX COCTOSTHUAX. [IomuepKrBaeTCs, 9YTO B OOJIBIITMHCTBE CJIydaeB 10 Hadasa JedeHus He
OIIEHMBAETCS PUCK HyTPUTUBHOM HEJJOCTaTOYHOCTH, a IOTPEOHOCTH B O€JIKe ¥ 9HEPTUH YAOBIETBOPSIOTCSA
He I0JIHOCThI0. Ha ocCHOBaHUU CTaIUIHOCTY TeUYeHUsI KPUTUYECKOT'O0 COCTOSIHUA MIPeCcTaBJIeH alTOPUTM
NIpOBeJeHUs] HyTPUTUBHOU NOAIEPKKU.

3akrrouenne. CoBpeMeHHbI€e II0IX0bI K 00eciedeHnIo 00TbHBIX B KPUTHYECKOM COCTOSTHUH HYTPHEH-
TaMH1 1 aHeprI/Ieﬁ npegycMaTpuBaloOT rpaganyio Ha3Ha4YeHus HyTpHTHBHOfI IoaaepsKKU B 3aBUCUMOCTH OT
crangny 3abosieBaHuA. AKIIEHT JelaeTcsl Ha TOCTENEHHOM JOCTHKeHUH IIeJIeBbIX 3HaYeHNH Oeska 1 9Hep-
Ty, IPpEeMylIeCTBEHHOM HCII0JIb30OBAHNHN O9HTEPAJIbHOI'O crocoba QOCTAaBKU MUIIIEBLIX KOMIIOHEHTOB, I1pe-
€MCTBEHHOCTH B IIPOBEOECHUN HyTpI/ITPIBHOfI OO PKKU MEX Iy OTOCJIEHUAMH, a TAKKe TOCIUTAJIbHBIM U
aMOyIaTOPHEIM dTaraMu JedeHus. Tako# moaxo T03BOJIAET He TOJBKO ONITUMHU3NPOBATh PE3YJIBTaThl OKa-
3aHUA IIOMOIITU aTou KpaﬁHe TSOKEJION KaTeropuu NalveHTOB, HO 1 CHU3UTHb BBIPAKEHHOCTDb U NJIUTEJIb-
HOCTB nIpossJienusa [ TN T-cungpoma.

Knrouesvte crosa: Kkpumuyeckoe coCmosiHue; HympumusHas noddepaicka; ITUT-cundpom

Summary

Hospital mortality in critical illness has decreased over the last decade. At the same time, there has been
an increase in the number of patients diagnosed with post-intensive care syndrome (PIT-syndrome) which re-
duces the life quality after discharge. One of the most important components preventing the development of
PIT syndrome is nutritional support.

The aim of the review is to highlight the need for a differentiated approach to nutritional support of criti-
cally ill patients during their treatment and rehabilitation.

Among more than 200 primary sources of literature from various databases (Scopus, Web of science, RINC,
etc.), 82 sources mainly published in the last 5 years were selected for review. Earlier publications maintaining
clinical relevance were also included into the analysis.
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The review presents data on real practice of nutritional support in critically ill patients. In most cases, the
risk of nutritional deficiencies is not assessed before treatment, and protein and energy requirements are not
fully met. The algorithm of nutritional support is provided based on the phases of critical illness.

Conclusion. Contemporary approaches to the nutrient and energy provision to critically ill patients suggest
the differentiated nutritive support prescription depending on the disease stage. The emphasis is made on
gradual achievement of target values of protein and energy provision, priority of enteral administration of nu-
trients, continuity in nutritional support between departments, as well as hospital and outpatient treatment
periods. This approach allows both optimization of medical care for this extremely challenging category of pa-
tients and a reduction in the severity and duration of the PIT syndrome.

Keywords: critical illness; nutritional support; PIT syndrome
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BBenenue

3a mocJieqHee NecATUeThe OTMeYeH Mpo-
rpecc B JieYeHUU OOJbHBIX B KPUTHUUYECKUX
cocrosiHusax (KC). HauboJsiee meMOHCTPaTUBHBIM
MOATBEPIKIAEHUEM 9TOTO YTBEPYKIEHUs SABJIAETCA
CHUMJKEHNE T'OCITUTAIbLHON JIeTaJIbHOCTHU ITareH-
TOB C CETICUCOM. B peTpoCneKTUBHOM HCCJIeJ0Ba-
Huu ¢ 2000 1m0 2012 robl 6IIH TPOAHATU3UPOBA-
HBI ucTopum 60se3HU 101064 manmeHToB U3 171
OT/eJIEHUSI peaHUMAIU 1 THTEHCUBHOU Teparnuu
(OPUT) [1]. [ToxasaHO, YTO JIeTAaJILHOCTH CHU3U-
Jack ¢ 35% (95% CI, 33,2-36,8) no 18,4% (95% CI,
17,8-19,0, p<0,001), TOgOBOI TeMIl CHUYKEHUS
coctaBua 1,3%. Takasgs quHaMHKa HE MOYKET He
pazoBaTh.

OpHako, mpu OJIMKAUIIIEM PacCMOTPEHUU
KapTHUHA HE CTOJIb ONTUMUCTUYHA. BOJIBIIIUHCTBO
[MallMEeHTOB I10CJIe BBIIIMCKYU U3 CTalliOHapa HY K-
MaloOTCsS B JJIUTEJLHON peaduIuTalluiid U UMEIOT
cTolikue (pyHKIMOHaIbHbIe HapylleHus [2]. [oBo-
pUTH 00 UX MOJIHOM BBI3JOPOBJEHUN HE IIPUXO-
nutcs. Tak, B cucTreMaTiieckoM 0030pe, ony0Jiu-
koBanHOM Hopkins R. u coaBt. B 2017 T,
MIPUBOJATCA JaHHbIe, YTO 7-85% BBIKUBIIUX
nanueaToB OPUT uMeroT TPyLHOCTH C BBIIIOJIHE-
HHUEM TaK Ha3bIBAEMbIX HHCTPYMEHTAIbHBIX Jeii-
CTBUM, KOTOPbIE SIBJISIOTCS YaCThIO TIOBCETHERB-
HON JesTeJbHOCTH [3]. B aHIIOA3BIYHON
JuTepaTrype HMeeTCsl CIellUaJbHbIA TepMUH
Instrumental Activities of Daily Living (IADL).

K IADL otHOCsiTCSL paboTa 1o 10My, paciopsi-
sKeHMe JIMYHBbIMU CpeJICTBAMM, COBEpPILIEHUE ITIOKY-
MOK B MarasnHax, HPUTOTOBJIEHUE TTUIIH, TOJIb30-
BaHue Tejge)OHOM; B HMX OCHOBe JiesKar
KOTHUTUBHBIE U (prsnueckue HapylieHus (3, 4]. Y
4JacTu nnanueHToB IDAL co BpeMeHeM perpeccupyor.

B kauecTBe mpuMepa npuBejieM O0JBHBIX C
OCTPBIM PECIMPATOPHBIM JUCTPECC-CUHAPOMOM
(OPIC) [5]. [Tocse BBINKUCKY M3 CTalMOHApa y HAX
JUarHOCTUPYIOT HapyllleHue (hU3NYeCKUX U Hell-
POKOTHUTUBHBIX (PYHKIIUI ropasfo yalile, 4yeMm
JIbIXaTe/IbHble HapylleHus. B TeyeHne nnTesib-
HOT'0 BpeMeHU HaOJII0IAI0TCs SIBJIEHUST MUOTIATHH,
MOJIMHEeUpOoIaTuy, caabocTb U yTOMJIIEMOCTb.
[Ipruem HepeIKO 3TU U3MEHEHUsI peruCTpUPYIOT-

Cs ¥ 4epes 5 JIeT.

Introduction

Over the last decade, there has been progress
in the treatment of critically ill patients demon-
stratable by reduction of hospital mortality in sep-
sis patients.

In a retrospective study from 2000 to 2012, the
case records of 101,064 patients from 171 intensive
care units (ICU) were analyzed [1]. The mortality
rate was shown to decrease from 35% (95% CI,
33.2-36.8) to 18.4% (95% CI, 17.8-19.0, P<0.001),
the annual rate of decrease was 1.3%. This trend is
quite encouraging.

However, the situation is not so optimistic at
a closer look. Most patients need long-term reha-
bilitation after discharge from hospital and have
persistent functional disorders [2]. Needless to say,
complete recovery remains out of question. Thus,
a systematic review published by R. Hopkins et al.
in 2017 indicates that 7-85% of survived ICU pa-
tients have difficulties in performing the instru-
mental activities of daily living (IADL) [3].

Instrumental activities of daily living include
household chores, financial management, shop-
ping, cooking, using the phone and can be impaired
due to cognitive and physical disorders [3, 4]. In
some patients, impaired IADL subside over time.

Patients with acute respiratory distress syn-
drome (ARDS) can serve as an example [5]. After dis-
charge from hospital they are diagnosed with im-
paired physical and neurocognitive functions much
more often than respiratory disorders. Myopathy,
polyneuropathy, weakness and fatigue are observed
for along time and often persisted after 5 years.

Thus, in patients who have suffered from
ARDS, cognitive impairment is seen in 70-100% of
cases at the time of discharge, in 46-80% after 1
year, and in more than 20% of cases after 5 years. A
rhetorical question arises: «Do we create sur-
Vivors... or victims»?

In 2012, the term post-intensive care syn-
drome (PICS) was approved to characterize disor-
ders occurring in patients who survived critical ill-
ness and were discharged from hospital [6].

The PICS encompasses somatic, neurological
and socio-psychological consequences of ICU stay
affecting patient's daily life [7, 8].
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Tak y 6osabsBIX, nepenecmmx OPJIC, Ha
MOMEHT BBIIHACKA KOTHUTWUBHBIE HapyllIeHU:
BBIABJIAIOT B 70-100% cay4aes, yepes 1 rog — B
46-80%, uepes 5 et > 20%. Bo3HUKaeT puTopu-
YEeCKHUU BOIIPOC: «...CO3J]a€M MbI BBIKUBIIUX ...
WJIN YKEPTB»?

B 2012 r. ny1s1 0003HAYEHU ST HAPYIIIEHU, BO3-
HUKAIOIMNX Y 00JbHBIX, TepeHecux KC v BeImu-
CaHHBIX U3 CTAIlOHAapa, ObLJI COTJITACOBAH TEPMUH
Post-Intensive Care Syndrome (PICS) [6]. B pyccko-
SI3PIYHOUN JIMTepaType OH IIOJy4YMWJl Ha3BaHUE
[MUT-cunnpom — cuaapom «Ilocae MHTeHCUBHOM
Tepanmu». [INT-cuHAPOM 00bEAMHSIET COBOKYII-
HOCTbH OTPaHUYNBAIOIINX I0BCEIHEBHYIO KU3Hb
HaneHTa COMAaTU4YeCKUX, HEBPOJIOTUYECKUX U
COIIMAIbHO-IICUX0JIOTUYECKUX MOCJIEICTBUM TTpe-
owpIBanuA B ycsoBusx OPUT [7, 8].

CytiecTByeT 60JIBIIIOE KOJTUYECTBO MyOTHKA-
YK, KacawIuxcsa NpoUIAKTUKA U JeUYeHUs
[MNT-cuagpoma. OmHako, omHON W3 HauboJiee
Ba)KHBIX M MAJIO3aTPATHBIX CTPaTErnii MpeioTBpa-
1IeHVs U YyCTPAHEeHUs IOCIeACTBUI 3TOT0 COCTOSI-
HUsA ABJIAETCA HYTPUTHUBHaA noppepskka (HII)
oonpaBIX B KC Ha Bcex gramax Kypanmuu — OT
MoMeHTa rocnuTaausanuu B OPUT 1o okoHYaHUsI
peabuuTtarum [9].

BMmecte ¢ TeMm, pe3ysabTarbl NIPOBENEHHBIX
HCCJIEIOBAaHUI CBUAETETbCTBYIOT, YTO OOJIBHBIE B
KC He noJsty4aoT JOJIKHOIO KOJIM4YeCTBAa 9HEPTUU
u 6esTKa 1, Kak CJIe[ICTBYE, YBETUYNBAIOTCS TTOKa-
3areJsiu JjetajabHocTH [10-12]. Zusman O. 1 coaBT.
B PETPOCIIEKTUBHOM KOTOPTHOM HCCJIEJOBAHUU
COTIOCTABMJIM KOJTTYECTBO 9HEPTUHU, HEOOXOIUMOE
naiyeHTaM COIaCHO HeNpPsIMOW KaJIOpUMETPUH,
7 (haKTUUECKH MMOTyIeHHOE O0JbHBIMH, a TAKIKeE
Ha3HaueHne O6enka y 1171 6oaprOTO B KC [13].
YCTaHOBUJIH, YTO HEAOCTATOYHOE IIOCTYILJICHHUE
OeJika 1 9HEPTUH B IIpOIlecce JieueHUsI 00JIbHBIX B
KC acconumpoBaHO C YyBeJUWYEHHUEM pHCKa
JeTaJbHOr0 HMcxonma. Kpome TOro, mo MHEHUIO
aBTOPOB B OOJIBIITMHCTBE UCCJIEJOBAHUH MCIIOJTh-
30BaAJINCh pacyeTHbIE IIOKa3aTesH, YTO B YCJIO-
BUSIX Te(pUINTA TaHHBIX 00 UCTUHHBIX ITOTPEeOHO-
CTAX B 9HEPTUM YaCTO COMNPOBOKIAETCH
HeNpaBUJIbHBIM rTogoopom HIT.

B cBA3M C 9THMM, MHTEpPECHBI pe3yJIbTaThl
ONHOJHEBHOI'O ayAuTa, IPOBOOUBIIErOCS pa3 B
rog B riepuon ¢ 2007 o 2013 rogbl 1oy Ha3BaHUEM
«HYTPULIMOHHBIN neHb B OPUT» [14]. B uccueno-
BaHMe ObLJIO BKJIOYEHO 9777 manueHToB u3 46
crpaH. ComiacHO IIPOBEIEHHOMY aHKETUPOBAHUIO
YCTAHOBJIEHO, YTO OOJBIIMHCTBO MAIlEHTOB HE
110JIy4aoT AOJIKHOIO KOJIMYeCTBa 9HEePTUH, pac-
JeT HeoOXOIMMOTO YKCJIa KaJOPUH IIPOBOIUIICS
0e3 yueTa maeaabHOro Beca nanuenTa. Okosio 40%
0OJTbHBIX HE KOPMUJIH B 1-€ CYyTKU MPeObIBAaHMS B
OPUT. ABTOpPBHI JesialoT BHIBO/I, YTO Ha3HA4YEHUE
HIT He ocHOBBIBaeTCs Ha AEHCTBYIOIINX KJIUHUYE-
cKkux pekoMmeHaanysx. HI1 B 60JIbITMHCTBE Cy4a-

Many publications are available concerning
prevention and treatment of PICS. However, one of
the most important and cost-effective strategies to
prevent and control the consequences of this condi-
tion is the nutritional support (NS) of critically ill pa-
tients at all stages of care, from the moment of hos-
pitalization in ICU to the end of rehabilitation [9].

At the same time, the results of the research
show that critically ill patients do not have proper
energy and protein provision and, as a result, mor-
tality rate increases [10-12]. O. Zusman et al. in a
retrospective cohort study compared the required
(according to indirect calorimetry) and actually ob-
tained energy, as well as protein intake, in 1171 crit-
ically ill patients [13]. Insufficient protein and en-
ergy intake in critically ill patients were found to
associate with increased risk of death. Besides, ac-
cording to the authors, most studies used calcu-
lated indicators, which are often misleading and
can result in inappropriate selection of NS.

In this regard, the results of a one-day audit
conducted once a year in the period from 2007 to
2013 and entitled «Nutritional day in ICU» are quite
relevant [14]. The research included 9777 patients
from 46 countries. According to the survey, the ma-
jority of patients were found not to receive the re-
quired energy provision, the calculation of the re-
quired calories was performed without taking into
account the ideal weight of the patient. About 40%
of patients were not fed on the first day of ICU stay.
The authors conclude that NS prescription is not
based on current clinical guidelines. In most cases,
the NS remains pro forma prescribed not affected
by the patient's body weight and the nature of dis-
ease, and is commonly reduced to a certain con-
stant calorie level.

There are few studies that assess the quality
of NS after transfer from ICU. Particularly inter-
esting is the paper by E. Ridley et al. analyzing the
protein and energy consumption in patients
transferred from ICU to the relevant depart-
ments [15]. Patients were found to be prescribed
1238 [869-1813] kcal and 60 [35-89.5] g protein.
However, according to indirect calorimetry re-
sults, 1982 [1843-2345] kcal were required. Oral
delivery of nutrients was predominant. The nutri-
tion received by the patients was clearly insuffi-
cient for complete rehabilitation.

Therefore, most publications indicate that crit-
ically ill patients often do not receive adequate NS
at all stages of treatment [16, 17]. In 2019, the Euro-
pean Society of Clinical Nutrition and Metabolism
(ESPEN) guidelines were published, attempting to
fill knowledge gaps and focus clinicians' attention
on key issues of protein-energy deficiency [18].

Purpose of this review is to highlight the need
in a differentiated approach to nutritional support
for critical illness patients at the treatment and re-

habilitation stages.
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eB (popMaIM3MpOBaHa, He 3aBUCUT OT Beca TeJjia
ManyeHTa v xapakTepa 3aboJieBaHus U OTpaHude-
Ha olIpefieJIeHHbIM, 4acTO (DMKCUPOBAHHBIM YPOB-
HEM KaJlopuil.

HccnemoBaHuii, orleHUBaONINX KayecTBo HIT
nocyie nepesoga u3 OPUT, nemuoro. Tem naTEpEC-
Hee niyosimkarus Ridley EJ v coBT., B KOTOpO#i aHa-
Ju3upyeTcs morpebsieHre Oesika W IHEPTHU Y
MaIueHTOoB, nepeeieHHbIX 13 OPUT B mpoduiib-
Hoe oTnesieHue [15]. BbLIo MoKa3aHo, YTo 00JIbHBIM
Ha3HadaJsu 1238 [869-1813] kkaJua u 60 [35-89, 5] r
Oeska. ITpu 9TOM COTVIAaCHO pe3ysIbraTaM HEmpsiMOi
KaJIOpuMeTpuH TpeboBasioch 1982 [1843-2345] KkaJl.
[TpeobiragatouM ObLT TEPOPATBLHBIA CIIOCOO
JOCTaBKM IIATaTeJbHBIX BemecTB. I[losrygaemoe
ManreHTaMu TUTaHue OBIIO0 TBHO HEOCTATOYHBIM
IIJTs1 TIOJTHOTIEHHOH peaduInTaIim.

Takmm 06pa3oM, 6OJTBIIMHCTBO MTyOTUKATIAI
CBUJETEJILCTBYIOT, UTO 3a4acTyio 6obHBIE B KC
He IoJsyvyaroT anexkBaTHou HII Ha Bcex aramax
KypaIyu 3TOH KpalHe TAKeI0H KaTeropun 60J1b-
HBIX [16, 17]. B 2019 roay 66111 OyOJIMKOBAHBI
peroMeHanuy EBponerckoro ooIecTsa KINHT-
yeckoro nuranusa u Mmeradosmuama (ESPEN), B
KOTOPBIX IPEAIIPUHATA IIOIIbITKA YCTPAHUTD I1PO-
0eJibl B 3HAHUAX U aKIEHTHPOBATh BHUMAaHUE
KJIMHUNFICTOB Ha KJIIOYEBBIX BOIIPOCax HeJIKOBO-
9HEpreTUYEeCKOM HeJ0CTAaTOUYHOCTH [18].

ITests 0030pa — TMOKa3aTh HEOOXOJUMOCTH
Iu(depeHInpoBAHHOTO NTOAX0AA K HyTPUTUBHOMN
MTONIIEPIKKH OOJTBHBIX B KPUTHYECKIX COCTOSTHUSX
Ha 9Tarnax JIeueHus U peaduInTaIum.

MeToabI O1leHKH HYyTPUTUBHOU
HEJO0CTAaTOYHOCTH

O6cyxmas HITy 6opHBIX B KC, HE0OX0mMUMO
VYHUTBIBATh, YTO B OOJIBIITMHCTBE CIy4aeB Bpayu
AHEeCTe3NO0JI0TH-PEaHNMAaTOJIOT Y BIIEPBbIE CTAJIKU-
BaIOTCA C IAalMEHTOM Ha JTarle ero II0CTyIJICeHUs B
OPUT. IlosToMy, B OT/IMYHE OT ITAIIIEHTOB B IJIAHO-
BOU XUPYpTrUM, Mbl HE MOJKEM IIOBJIUATH Ha IIpe-
MopbumHoe coctosinue 0osbHOTO. B OPUT, Kak
MMPAaBWJIO, NAIMEHT MOIMagaeT IIPA pPa3BUTUU
MOJIMOPTAaHHOM HEJIOCTATOYHOCTU Ha (pOHE OCTPOTO
3a00J1eBaHUsI MJTH 000CTPEHUS XPOHUIECKOTO [19].
Ha asTom arame mpeacTraB/isieTcsi HEOOXOIUMBIM
MTPOBECTY CKPUHUHT MHIIIEBOTO CTaTyca 00JBHOTO,
T. K. 3TO II03BOJIAET OOBEKTUBU3UPOBATH €r0
COCTOsIHME M aKIEeHTHpyeT BHHMaHWe Bpada Ha
HeobOxomuMocTu npoBeneHusi HII. YcraHoBJeHO,
YTO CKPUHUHT II0O3UTUBHO CKA3bIBACTCS HA PE3YJIb-
Tarax JIeUeH!sI peaHNMaIlOHHBIX O0JIBHBIX [20].

JJ11 OLleHKY HYTPUTHUBHOI'O PUCKA HUCIIOJIb-
3yeTCsI HeCKOJIBKO IIKaJI, Yallle BCero ylloOMUHAIOT
NRS-2002 (Nutritional Risk Screening), npenJio-
skeHHy10 ESPEN, n mkany NUTRIC [21-23]. Onn
MPUHIONIAAIBHO PAa3INYaIOTC MEKRIY COOOM: B
MEePBOU MIKaJe aKIeHT JeJIaeTcs Ha TT0Ka3aresu,

Assessment of Nutritional Deficiency

When discussing NS in critically ill patients,
one must take into account that most ICU doctors
first encounter a patient on admission to ICU.
Therefore, unlike with the elective surgery patients,
we cannot intervene in the preexistent condition of
the patient. As a rule, a patient is admitted to ICU
due to multiorgan failure caused by acute disorder
or exacerbated chronic one [19]. At this stage, it
seems necessary to perform a screening of the pa-
tient's nutritional status, as it allows to objectively
assess the patient's condition and focus the doc-
tor's attention on the need for NS. Screening has
been found to have a positive effect on the treat-
ment results in intensive care patients [20].

Several scales are used to assess the nutritional
risk, most common of them being NRS-2002 (Nutri-
tional Risk Screening), proposed by ESPEN, and
NUTRIC [21-23]. They are fundamentally different
from each other: the first scale focuses on indicators
characterizing nutrition, while the second relies on
assessment of patient's condition severity. There is
no single opinion on which scale is optimal.

A paper dealing with the nutritional status as-
sessment of 120 critically ill patients showed that
NRS-2002 is more sensitive and specific for the de-
tection of nutritional risk [23]. However, another
paper, after having studied 312 patients, reports the
advantages of the NUTRIC scale [21]. Thus, further
studies on the choice of a scale to assess the risk of
nutritional deficiency in intensive care patients are
required [22].

In critically ill patients, several vulnerable pe-
riods associated with metabolic disorders/abnor-
malities requiring different approaches to nutrient
and energy supply, can be identified [9, 18]. These
include stay in ICU, comprising acute (1-4 days)
and subacute (> 5 days) phases, period after trans-
fer to the relevant department (post-ICU), and
post-discharge and rehabilitation period (outpa-
tient period).

The new approaches to assessing the effective-
ness of NS should also be noted: now its adequacy is
also linked to the rehabilitation results [24, 25]. In-
deed, earlier the emphasis was placed on the mor-
tality rate (ICU, inpatient, 30, 60, 90 days after the
disease onset), the duration of the patient's mechan-
ical ventilation period, rate of infectious complica-
tions. Now new criteria have been added including
functional outcomes, muscle weakness, etc. [9].

Principles of Nutritional Support
in Critically I1l Patients

The modern strategy of NS in critically ill pa-
tients suggests:

1. early start of enteral feeding (EF), if there
are no limitations;
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XapakTepuaylolliye NUTAHUE, a BO BTOPOU — Ha
METOMbI OLIEHKH TSMKECTH COCTOSIHUS 00JIbHOIO.
EnnHOM TOYKM 3peHus, Kakas MIKaja sIBJseTCs
ONITUMATLHOM, He BHIpaboTaHo.

B ogHO¥ 13 yOIMKAaMii Ha OCHOBE aHA/IN3a
HyTpUTUBHOTO cTaryca 120 6osbHBIX B KC OB1710
rokasano, 4To NRS-2002 o6stamaeT 60J1bITIEH YyB-
CTBUTEIBHOCTHIO U CIIEITU(PUIHOCTHIO B OTHOIIIE-
HUHY BBISABJICHUS HYyTPUTUBHOIO pUcKa [23]. OnHa-
KO B JPYro¥ MyOJIMKAIIAY ITOCJe 00C/IeT0BaHNSs
312 manmeHTOB COOOIAETCSA O MPENMYIIECTBaX
mkansl NUTRIC [21]. Takum 06pas3om, TpebyroTest
IanbHeHIe WCCIeqOBaHUs BbIOOpaA IIKAJIbI,
MMO3BOJIAONIEeN Haubojiee TOYHO ONpPeNeUTh
PUCK BOSHUKHOBEHUSI HYTPUTUBHOU HEJJOCTATOY-
HOCTH Y peaHUMAIMOHHBIX O0JIBHBIX [22].

VY 6oapubix B KC, mpuMmennTeasruo k HII,
BBIJIEJIAIOT HECKOJIBKO MEPUOI0B, CBA3aHHBIX C
MeTaboIMYecCKUMI HapyIIeHUs MU/ I3MeHEeHU I -
MM ¥ TPeOYIOIMMY pa3IMYHBIX TTOJXO00B K obec-
Ie4eHUI0 HyTpueHTaMu U aHeprueii [9, 18]. K Haum
otHOCAT: mpebbBanne B OPUT — octpas (1-4
IIHs1) 41 TIogocTpas (> 5) guelt (pasbl, BpeMs rocje
nepeBoga B TNpoduMIbHOE OTjAeeHue (moce-
OPHT) u mepuon nocJe BEINUCKA U3 CTAIlMOHapa
¥ TIPOBENIEHUsT PeadUIUTAIIMOHHBIX MEPOIIPUSI-
TUH (IIoCcJ/Ie-cTaloHapa).

Tak:ke He0OXOMMMO 0OPATUTHL BHUMAaHUE Ha
HOBBIE TOJX0/IbI K o1leHKe adderTruBHOCTH HIT:
Ternepb €e aJeKBATHOCTb CBSA3BIBAIOT €Ile U C
pesysibraramMu peabunauranuu [24, 25]. [leficTBU-
TeJIbHO, paHee JesJaii aKI[eHT Ha MOKa3aTesasIx
geraabHoctu (OPUT, crammonap, 30, 60, 90 qHei
mocje Hadaja 3aboJseBaHHsA), OJIUTEJIbHOCTHU
HaXOKJIeHUsI 00JTbHOTO HAa ICKYCCTBEHHOH BEHTH -
asuuu Jjierkux (MBJI), kosimuecTBe WHQPEKITUOH-
HBIX OCJIO)KHeHUU. Tereph MOGABUJINCH HOBBIE
KpuTepuu: PyHKIIMOHAIbHbIE NCXObI, HAJINYNE
MBIIIIEYHON c1a00CTh U T. 1. [9].

I pUHIUIBI TPOBEAEHU HYyTPUTHBHOM
nmoAAep:kKH y 00a16HbIX B KC

CoBpemeHHasa Taktuka nposegenus HII y
6oabHBIX B KC mpeycmarpuBaer:

1. paHHee HaYaJI0 3HTEPAJBHOTO NMUTAHUS
(9I1), ecsin HET OTPAaHUYEHUH;

2. OILIEHKY IOTPeOHOCTEN B 9HEPTUH C IIOMO-
b0 HETIPSIMOU KaJIOPUMETPHUH;

3. OpU HEBO3MOKHOCTH IIPOBEIEHUS HETIPsI-
MO¥ KaJIOpUMETPUU TOJKHBIM cuuTalT 70% oT
pacyeTHOU BeJTUYMHBI 9HEPTUU;

4. IOCTEIIEHHOE yBeJIMYEHHe KOJNYecTBa
OeJsika U 9HEePTUH B TeYEHUE MePBBIX 4-X THEH C
mrarom 25% B JIE€Hb;

5. B KOHIIE OCTPOH (Da3bl 11e/IbI0 Ha3HAUYEHUST
Oesika M 9HEPTUU SIBJIIOTCSI, COOTBETCTBEHHO,
nokasaresu 1,3 r/kr/cyt u 100% (70%) xkxan B
3aBHCHMOCTHU OT MeTO/a OlleHKU;

2. assessment of energy needs using indirect
calorimetry;

3. ifindirect calorimetry is not available, 70%
of the estimated energy value is considered appro-
priate;

4. gradual increase of protein and energy intake
during the first 4 days with a 25% increase per day;

5. at the end of the acute phase, the target
protein and energy values are 1.3 g/kg/day and
100% (70%) kcal, respectively, depending on the as-
sessment method;

6. later, as the patient recovers, the energy
provision should increase from 20-25 kcal/kg/day
(125% of measured or estimated values post-ICU)
to 25-35 kcal/kg/day (150% of measured or esti-
mated values post-ICU), while protein supply
should increase to 1.5-2.0 and 2.0-2.5 g/kg/day re-
spectively in some diseases [9, 18].

Enteral Nutrition
in Critically I1l Patients

According to ESPEN guidelines, the NS should
be started with early enteral nutrition (EEN), which
has advantages compared to delayed enteral nutri-
tion and early parenteral nutrition (EPN) [18], for
ICU patients. It is reasonable to start EEN in criti-
cally ill patients within the first 48 hours of admis-
sion to ICU (preferably within 24 hours). Early en-
teral nutrition is associated with fewer infectious
complications, faster recovery of gastrointestinal
functions and immune status. However, early en-
teral nutrition can be delayed by several factors.

Early enteral nutrition cannot be initiated if
signs of intestinal obstruction are present. It should
be postponed in abnormal splanchnic circulation
due to intestinal ischemia, shock, compartment
syndrome. Absorption of nutrients in the intestines
increases oxygen and energy consumption and can
promote progression of intestinal wall ischemia.
Also, EEN is avoided in gastrointestinal bleeding,
because it hampers endoscopic visualization of le-
sions. If increased residual gastric volume (> 500 ml
per 6 h) is present, EEN is not provided. At the same
time, to resolve this issue one can try using proki-
netics and postpyloric feeding.

Early enteral nutrition is also controversial in
patients with shock. It is suggested that EEN can be
started after initial stabilization of hemodynamic
parameters prior to the withdrawal of vasopres-
sors [26, 27]. In the NUTRIREA-II study the patients
with shock were noted to have increased risk of
splanchnic ischemia and gastrointestinal obstruc-
tion caused by premature EN [28]. However, the
subsequent post hoc analysis revealed that on Day
3 citrulline levels were higher in patients receiving
EEN than in those on parenteral nutrition [29]. Cit-
rulline level is regarded as a marker of enterocyte
condition, therefore the authors conclude about
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6. B IaJibHENIIIEM, 10 Mepe BOCCTAHOBJIEHUS
IMalyeHTa, JOCTaBKa 9HEePIUM YBEJMYUBACTCA C
20-25 krana/kr/cyr (125% OT m3MepeHHBIX WU
pacueTHbIx 3HaueHuu mocae OPUT) mo 25-35
KKaJI/Kr/cyT (150% OT n3MepeHHbIX U/ pacdeT-
HBIX 3HAYEHU IMoCjIe-CTalmoHapa), a 6esrka cooT-
BeTCTBeHHO 1o 1,5-2,0 m 2,0-2,5 r/Kr/cyr npu
HEKOTOPBIX HO30J10TUAX [9, 18].

JHTepaJIbHOE IUTaHue
y 60sbHBIX B KC

Comnacuo pekomenpamnussMm ESPEN 60/IbHBIM,
HaxogsmuMcs B OPUT, HIT ieecoobpa3Ho HaYU-
HaThb ¢ panHero JII (PAII), koTopoe nuMmeeT npe-
AMYyIeCTBa B CPAaBHEHUU C OTCpOYeHHBIM Il n
paHHuM napeHTepanbHbIM nutanueM (I1I1) [18].
PIT1y 60ospHBIX B KC 11e1€C000pa3HO HAYMHATH B
nepsble 48 4 oT MOMeHTa nocrymieHusa B OPUT
(mpepmouyTuTesbHee B TeueHue 24 4). [Iposenenue
PIIl accommupoBaHO CO CHUKEHHEM 4YHCJIa
MHQEKITNOHHBIX OCJIOKHEHUH, 00Jiee OBLICTPHIM
BOCCTAaHOBJIEHUEM (PYHKIIUH YKeTyAOUHO-KUIIIeu-
Horo Tpakra (KKT) n uMmyHHOrO craryca. Bme-
CTe C TeM, pPsifi 00CTOATETHCTB MOTYT MPUBECTHU K
3aJlepsKKe Havasia panHero Jl1.

[TpoBenenue PIII HeBO3MOYKHO TIPU HAJIU -
YUY MIPU3HAKOB KUITEYHOU HETIPOXOJUMOCTH.
[TpuxonuTcsa OTKJIAABIBATH €r0 HAa4YaJjao U MpHU
HapyIIeHWH CIIAHXHUYEeCKOTo KpoBooOparlie-
HUS BCJAEACTBUE MIIEMUM KHIIEeYHUKA, II0Ka,
pPa3BUTHSA KOMIAPTMEHT-CUHApPOMA. BcackiBa-
HHe MHuTaTeJIbHbIX BeIleCTB B KHUIIeYHUKE
MOBHINIAET MOTpebaeHre KUCJI0POaa U PacXol
9HEPTHUHU U MOKET CITOCOOCTBOBATH MPOTPECCHU-
POBAHUIO UIIEMUYECKUX U3MEHEHUU B KUIIIEY-
HOU cTeHKe. Tak sxe or PIIl oTKas3hIBAIOTCA B
ycaoBusax KposoredeHus ui JKKT, T. k. npu
9TOM 3HAUYUTEJIbHO YyXYIIIAITCA YCJAOBUA
BU3yaJM3alMKU NAaTOJOTUYEeCKUX M3MeHEeHUH.
[Tpu 60JBIIOM OCTATOYHOM OO0BEME SKEJTyIKa
(> 500 mu1 3a 6 ) PIIT He npoBoauTcsa. OqHAKO,
IJIsT pellleHusI 3TOU MPOoOJIeMBbl 11eJ1ecCO00pasHo
HWCIOJb30BaTh Ha3HAYEHUE NPOKUHETUKOB U
MOCTIUJIOPUYECKOE KOPMJIEHHE.

MHOro BOmpoCOB BO3HUKAET O NIPOBeIeHUN
PIII y 60nbHBIX ¢ mOKOM. Cumnraercsi, yto PIIT
MOYKHO HaYMHATh IOCJIE HavyaJIbHOU cTabuIn3a-
MM TeMOJWHAMHMKHU [0 OTMEHbI Ba30MPECCO-
poB [26, 27]. B uccinenoanun NUTRIREA-II 661710
OTMEYEHO, YTO Y OOJBHBIX C ITOKOM HAOJIOAaeTCs
TOBBIIIIEHHBIA PUCK CIIJIAHXHUYECKOW UIITEMUU U
HenpoxogumocTtu KKT, BbI3BaHHBIU (opcupo-
BaHHbIM JII [28]. OnHako, npu nocjenyoomeM Post
Hoc ananuse BBIABJICHO, YTO YPOBEHb IUTPYJLIIN-
Ha Ha 3-U CyTKY OB BBIIIE Y OOJIBHBIX, ITOJTyYaB-
mmx PIII, B cpaBuenuu c 111 [29]. YunTeIBas, 4ToO
cozepsKaHue NUTPYJIMHA PAaClleHuBaeTCs KaK Map-
Kep COCTOSIHUS 9HTEPOIIUTOB, aBTOPHI MI€JIAI0T

the beneficial effect of REP on intestinal mucosa
even in patients with shock.

Nutritional Support
and Energy Delivery

According to the current guidelines, in the first
few days of critically ill patients should not receive
the full energy supply based on data obtained by in-
direct calorimetry or calculated by the equations.
The calculation methods are rather subjective, they
should not be taken into consideration. At first
glance, it seems ambiguous to refuse to introduce
100% calories of the required value measured by in-
direct calorimetry. However, this approach is based
on several factors. The hypermetabolic and hyper-
catabolic syndrome is known to develop under
stress-response conditions in intensive care pa-
tients [30]. With the underlying inflammatory re-
sponse, the excess energy is produced due to pro-
tein, fat and glycogen breakdown [31, 32]. Insulin
resistance associated with hyperglycemia develops.
Meanwhile, the NS cannot reduce the endogenous
energy production [33]. In addition, the risk of death
in the acute period of critical condition is known to
be minimal with the supply of 70-80% of energy of
the value calculated by indirect calorimetry [13].

In one of the first large-scale studies aimed at
finding the optimal timing of starting the PN in crit-
ically ill patients, hypercaloric feeding initiated
from the first day of ICU stay was demonstrated to
associate with increased rate of complications [34].
The authors included 4640 critically ill patients in
the study. All patients received EN, and in the 1st
group (n=2312) PN was administered from the 1st
day, and in the 2nd group (n=2328) it was initiated
from the 8th day of staying in ICU. Late initiation
of PN was associated with less infectious complica-
tions, duration of mechanical ventilation and renal
replacement therapy, and cost of treatment. Other
studies showed that episodes of hyperglycemia re-
quiring high doses of insulin were more often reg-
istered in patients with hypercaloric feeding (35,
36]. Thus, a step-by-step increase in energy delivery
by 25% per day until the target values are reached
is recommended.

Particular attention should be given to the
refeeding syndrome (RS), which develops after the
reintroduction of nutrition in patients previously
deprived of caloric intake. The pathogenesis of RS
has not been fully studied; there are many defini-
tions of this state [37]. Potentially life-threatening
electrolyte disturbances are considered to be its se-
rious manifestations. The serum phosphate level
has been proposed as the main diagnostic criterion
of RS. Hypophosphatemia (below 0.65 mmol/]) de-
veloping within 72 hours after feeding rereintro-
duction of feeding is diagnostic for RS [38]. Several
studies have shown that limiting caloric intake to
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BBIBOJI O TI0JIb3e POII [AJ1s1 CIM3UCTOM 000JIOUKU
KUIIIEYHNKA Taske Y O0JIBHBIX C IIIOKOM.

HyTpuTHBHAA OAJEPKKA
M JOCTaBKa dHEPruu

CoriacHO JeiICTBYIOIIUM PEKOMEeHIallsM, B
TepBbie HECKOJIBKO HeN pa3Butusa KC naimeHTbl
He JTOJIKHBI II0JTyYaTh 9HEPTHIO B IIOJJTHOM 00 beMe
COIVIaCHO JAHHBIM, IOJyYEHHBIM IIPU HENIPAMOH
KaJI0pUMEeTPUHN WU PACCUYUTAHHBIM 10 (popmy-
JaM. B OTHOIIIEHNH pacyeTHBIX METOIOB BOIIPOCOB
He BO3HHUKAET, OHU JOCTATOYHO CYOHEKTHUBHEL.
HeonHO3HAYHBIM, HA MEPBBINA B3WIS, ABJSETCSA
oTka3 oT BBefieHusi 100% Kajaopuil OT u3MepeH-
HOM BeJIMYMHBI IPU HENPSAMOU KAJTOPUMETPUH.
OJHaKO TaKOW TOJXOM CBSI3AH C IEJIBIM PSJA0M
¢axkTopoB. V3BECTHO, UTO B YCJIOBUSX CTPECC-
OTBeTa Y peaHUMAaIlMOHHBIX OOJTbHBIX Pa3BHUBaET-
CsI COCTOsTHHME THITepMeTabo/m3Ma-rumnepkarabo-
auaMma [30]. Ha (poHe BocmamuTesbHOU peakiiuu
MIPOUCXOIUT BhIPAOOTKA M3OBLITOYHOTO KOJIMYE-
CTBa 9HEPTHU 3a CUET pacmnanga 6eJKOB, SKUPOB,
mukoreHa (31, 32]. PasButue WHCYJIUHOPE3U-
CTEHTHOCTH aCCOIIMUPOBAHO C TUIIEPTIIMKEMUEN.
IIpu sToMm ¢ nomoiusio HII He ynaeTrca CHU3UTH
NPONYKIUIO 9HIOreHHON aHepruu [33]. Kpome
TOTO TTOKA3aHO, YTO PUCK CMEPTeJbHOTO UCXO/A B
OCTPOM TIepuOoJile KPUTUYECKOTO COCTOSTHUSA
MUHUMaJIeH npu nocraBke 70-80% sHeprum or
M3MEPEHHOU C MOMOIIbI0 METOJ0B HENPSIMOU
KajopuMmerpuu [13].

B omHO# W3 mepBBIX MacHITaOHBIX PaboT,
MTOCBAIIEHHON cpokaM HavaJsia [1I1 y 60JbHBIX B
KC, nponeMOHCTpUPOBAHO, YTO BBEeJeHNE 3HAUM -
TEeJIbHOI'0 KOJIN4YeCTBa 9HEPIUuHU C IIePBBIX CYTOK
npebbiBannsa B OPUT acconmmpoBaHo C yBesaude-
HUEM KOJIMYEeCTBa OCJOKHEeHUU [34]. ABTOPHI
BKJIIOUYMJIN B HccjiegoBanue 4640 6oabpHbIX B KC.
Bce 6osbHBIE TTOTyuanu I11, kpome Toro, B 1-id
rpynmne (n=2312) nadnadasu I1I1 ¢ 1-X cyTOK, a BO
2-11 (n=2328) — c 8-x cyTok HaxoxkaeHus B OPUT.
YcraHoBUIM, 4YTO m03aHAA wuHunuanusa [I11
CONPOBO’KJAJ/IaCh YMEHBIIIEHWEM KOJIM4YeCcTBa
UHQMEKITMOHHBIX OCJOKHEHUH, JIUTEJIbHOCTHU
NBJI u 3aMecTUTEJIbHOW TIOYEYHOU Tepamnuu,
CTOMMOCTH Jie4eHUsA. B Apyrux ucciieqoBaHUsaxX
OB1710 OTMEeUYeHO, uyTo y 00/1bHBIX B KC 1pH MOBHI-
IIIEHHOM BBEJ€HWUH dHEPTUH Yallle peTUCTPUPOBa-
JINCh 9TU30[bl TUIEPIIUKEMHUU, TPebOoBaBIIIHE
HasHauyeHNWe BBICOKUX A03 HUHCyauHa (35, 36].
TakuM 00pa3oM, B HACTOAIIINA MOMEHT PEKOMEH-
JIyeTCsI CTyIleH4aToe yBeJInYeHre JOCTAaBKY dHep-
ruy Ha 25% B CYTKH 0O OOCTUKEHUs IeJIeBBIX
3HAUYEHU.

OTnebHOTO BHUMAHUS 3aC/Iy;KUBAET pedu-
nuHT-cuHIpoM (PDC) — cocTosiHMe, pa3BUBaIO-
Ieecs 1ocJie BO30OHOBJIEHUS] TUTAHUS Y 00JIb-
HBIX, He IIOy4aBIIMX €ro KaKoe-TO BpeMs.

500 kcal/day or less than 50% of the required value
within 2-3 days after resuming feeding can prevent
adverse outcomes [39, 40].

Nutritional Support
and Protein Delivery

Critically ill patients should receive sufficient
protein as a source of amino acids to meet their
synthetic needs. Initial low lean muscle mass in pa-
tients admitted to ICU (evaluated during the first
four days) is arisk factor for adverse outcomes [41].
This, to a certain extent, is associated with the use
of endogenous proteins as amino acid donators in
critical illness. In 63 critically ill patients the rectus
femoris muscle state was assessed by ultrasound.
In addition, the protein synthesis and breakdown
rate were studied [42]. A significant reduction in the
size of the rectus femoris muscle during the first 7
days of disease was found; the reduction in muscle
mass reached 1 kg/day, while protein synthesis was
also decreased, and the severity of protein loss cor-
related with the organ failure progression.

Improved prognosis was reported in critically
ill patients when they were prescribed increased
doses of protein [43-45]. The paper by M. Nicolo et
al. showed an increase in survival of critically ill pa-
tients who received more than 80% of calculated
protein doses on the 4™ and 12" days of ICU stay
compared to patients who received 60.5% (51 g)
and 66.7% (57 g) of the calculated value (OR 0.68;
95% CI, 0.50-0.91 and OR 0.60; 95% CI, 039-0.93,
respectively) [46].

Interestingly, there are also publications prov-
ing the opposite. For example, a recent retrospec-
tive study of 455 critically ill patients on mechanical
ventilation studied the relationship between the
protein supply prescribed in the first seven days
and 6-month mortality [47]. Patients were ranked
in 3 groups by protein level, which they received:
<0.8 g/kg/day, 0.8-1.2 g/kg/day and >1.2 g/kg/day.
Mortality was found to be higher in those who re-
ceived the protein >1.2 g/1/day as compared to the
patients who received <0.8 g/kg/day of protein
until the third day of ICU stay and >0.8 g/kg/day
later. On the other hand, low protein intake (<0.8 g/
kg/day) was associated with the highest lethality
rates. Optimal, in terms of outcome, was a gradual
increase in protein intake from <0.8 g/kg/day dur-
ing 1-2 days to 0.8-1.2 g/kg/day during next 3-5
days and >1.2 g/kg/day after the 5% day of ICU stay.

Another study confirmed that early protein
prescription had a positive effect on survival of crit-
ically ill patients [48]. In a retrospective cohort
study with participation of critically ill patients re-
ceiving EN or PN, the relationship between timing
of protein prescription, its doses and 60-day sur-
vival rates was studied. Two groups were allocated:
the «early protein» group, where patients received
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[Tarorenes P®C 1o KoHIlA He M3y4eH, NMEeTCs
MHOTO OIlpefiesieHutt aToro coctostuus [37]. Cepb-
€3HBbIMU €r0 NPOSIBJIEHUSIMUA CUUTAIOTCA 3JIEKTPO-
JINTHBIE HAPYILIEHNU, IOTEHIIUAIbHO OIIaCHBIE JJIA
SKU3HU 00JILHOIO0. B KauecTBe 0CHOBHOI'O JUArHO-
CTUYECKOT0 KPUTEPUS PEJIaraeTcs ONpenesasiTh
ypoBeHb (pocdaToB B KpoBu. I'unodocdaremusa
(Hmske 0,65 MMOJIB/JT), pa3BUBAIOIIIASICS B TEUEHUE
72 4 1ocjie BO30OHOBJIEHUSI KOPMJIEHUsI, TI03BO-
JasieT nuarHoctupoBarb POC [38]. B HeckoJIbKUX
paboTax Imokas3aHo, YTO OrpaHuYeHNEe KaJTOPUHHO-
ctu mutanusa 10 500 kkas/cyT unau MmeHee 50% ot
MMOTPeOHOCTH B TedeHWe 2-3 IHEU ITOCJIE BO3-
0OHOBJIEHUST KOPMJIEHUS TI03BOJISIET TIPEIOTBPA-
TUTH JIETAJIbHbIE NUCXO0IbI [39, 40].

HyTpuTHBHaAA OAJEPKKA
M JOCTaBKa O0eJika

BoJspHbIEe B KC AOJIKHBI TOJTy4YaTh 1O0CTATOY-
HO€ KOJIMYECTBO DeJIKa, CJIy;RaIIero NICTOYHUKOM
aMHUHOKUCJIOT, 18 YOOBJIETBOPEHUSA IJIaCTHAYe-
CKUX ITOTpeOHOCTEN. YCTaHOBJIEHO, YTO UCXOTHAS
HU3Kasl MbIIIIEYHAasi Macca y 00JbHBIX, TOCTYIUB-
mux B OPUT (omeHka nmpoBogniach B mepBble
JeThIpe JHS), ABJIsIeTCS (haKTOPOM PHCKa HebJ1a-
TOTIPUSATHOIO Mcxoja [41]. 9To, B USBECTHOM Mepe,
CBSI3aHO C HCII0Jb30BaHNEM 9HIOreHHBIX OeJIKOB
B Ka4ueCTBe JOHATOPOB aMUHOKMCJOT IIPU Pa3BU-
T KC. V 63 60sibHBIX B KC € TOMOIIBIO YIBTpa-
3BYKOBOTO FICCJIEIOBAHUS ITPSIMOM MBIIIIIBI Oeapa
OlleHWBaJIN ee coCTosiHme. Kpome TOTO, OBLIU
M3y4eHbl CKOPOCTb CHHTe3a Oeslka W ero pac-
naz [42]. YCTaHOBJIEHO 3HAYUTEJILHOE YMEHbIIIe-
HHUe 00'beMa MPSMOU MBIIIIBI Oepa B IepBbie 7
IHeu 3a00Ji1eBaHUSA, CHUKEHE MBIIIIEYHOI MaCChI
JOCTUTAJIO 1 KI/CyT, IpU 9TOM CUHTE3 IIPOTEUHOB
OBLI CHH’KEH, a BBIPAKEHHOCTH IIOTEpPh Oeska
3aBHcCeJsa OT CTeIeHU NPOTPeCCUPOBAHMSA OPTraH-
HOM HeJOCTaTOYHOCTH.

Coo01iaercst Takyke 00 YIy4IIEHUH ITPOTHO-
3ay 60osibHBIX B KC Ipy Ha3HaY€HUH MTOBBIIIIEH-
HBIX 103 Oeska [43-45]. B pabore Nicolo M. u
CO0aBT. OBLJIO TOKA3aHO yBeJIMYeHNEe BBI)KUBAEMO-
ctu manuenToB B KC, mosy4aBmux 6osee 80%
pacdeTHOH 10361 OeJika Ha 4-e U 12-e CyTKH 1pe-
opiBanuss B OPUT B cpaBHeHUHM C OOJBbHBIMU,
KOTOpBIE IT0JIy4aayd COOTBETCTBEHHO 60,5% (51 1)
1 66,7% (57 1), OR 0,68; 95% CI, 0,50-0,91 1 OR 0,60;
95% (I, 0,39-0,93 [46].

CTouT 3aMeTHUTh, UTO UMEIOTCS U MyOJINKa-
WY, TOKa3bIBaIee oOparHoe. Tak, B HeTaBHEM
PETPOCIIEKTUBHOM MCCJIEJOBAHNH Y 455 OOJIBHBIX
B KC, Haxopamuxca va VBJI, n3dy4yuau B3aumo-
CBSI3b MEXKY KOJTMYECTBOM 0OeJiKa, Ha3Ha9aeMOM
B IIEpBbIE CEMb JTHEH, U TTOKA3aTeJIAIMU 6-Mecs4-
HOMU J1eTaJIbHOCTH [47]. BOJIbHBIX PAaHKUPOBAJIHU B
3 rpymIisI 110 YPOBHIO OeJIKa, KOTOPbIe OHU MOJTY-
vaym: <0,8r/kr/cyr, 0,8-1,2r/kr/cyru >1,2r/Kr/cyT.

protein at a dose of >0.7 g/kg/day during the first
three days of ICU stay, and the «late protein» group
receiving protein dosed <0.7 g/kg/day. Out of 2253
patients in the 1% group, 371 died (36%), while in
the 2" group there were 517 deaths (43%), P<0.001
between groups. In multifactorial Cox regression
analysis early protein administration was associ-
ated with increased survival rate in ICU patients
(HR 0.83, 95% CI 0.71-0.97, P=0.017).

Anatural question emerges: why is the survival
rate at the initial stages of critical illness develop-
ment higher at non-optimal levels of protein and en-
ergy delivery (as compared to the measured and cal-
culated values)? This question has no definite
answer. There are several assumptions. Indeed, in in-
flammation, many cytokines reduce appetite and
prevent the absorption of nutrients, which can be
considered as a protective reaction necessary for the
initiation of catabolic processes [49, 50]. In catabolic
response there occurs activation of autophagy, a
catabolic process by which intracellular content is
delivered to the lysosome via an intermediate or-
ganelle and undergo degradation there [51]. Au-
tophagy in critically ill patients can be considered as
a protective reaction [52]. Degradation of proteins
and intracellular structures occurs in inflammation
and oxidative stress. Mitochondrial dysfunction fre-
quently seen in oxidative stress is an important com-
ponent of impaired cellular function [53]. In view of
the above, the reduced delivery of protein and en-
ergy during the first days of critical condition is de-
signed to maintain the catabolic direction of metab-
olism and autophagy. During autophagy a
significant part of denatured proteins and damaged
mitochondria is utilized helping to normalize the
cell functioning [49]. However, this short period last
only 2-3 days, and is replaced by progressive hyper-
metabolic and hyperacatabolic responses with in-
creased mortality. Therefore, the timely delivery of
macronutrients and energy at this stage associates
with increased survival of critically ill patients.

Thus, the majority of researchers currently
recommend the early prescription of protein to
critically ill patients with a gradual increase in its
intake and energy delivery. The use of EN is a pri-
ority for achieving these goals [9, 18].

When prescribing NS, it is essential to take
into account the protein/energy ratio in the admin-
istered formulations. This is necessary to prevent
excessive energy delivery to critically ill patients, es-
pecially obese and overweight [54, 55]. They have
high protein but low caloric requirements [18].
When enteral feeding is not sufficient for meeting
the protein requirements or contraindicated, par-
enteral amino acid administration starting from
days 4-7 should be considered. Initially malnour-
ished patients may require this even earlier [18, 56].

Most clinics use sipping solutions and poly-
meric formulas for tube feeding. There is no evi-
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YCTaHOBUJIN, YTO IIOKA3aTe/ 1 JeTaJbHOCTH ObLIN
BBIIIIE B TpyIIe OOJbHBIX, MOJIYYaBIINX OEJIOK
>1,2 r/Ja/cyT, B CpaBHEHUH C ITalUEHTaMH, KOTO-
pbIM HagdHa4a M 0es10K <0,8 T/Kr/CcyT 10 TpETHETO
nHs npe6piBanust B OPUT, a nasee >0,8 r/Kr/cyT.
BmecTe ¢ TeM, HU3KOe morpebiienne Oeska (<0,8
I'/Kr/CyT) acCOUUPOBaJIO C CAMBIMY BbICOKMMU
noKasaTejJasiMU JeTaJIbHOCTU. ONTUMaJIbHBIM, C
TOYKU 3pPEHUsI UcXoma 3ab00JieBaHUsI, sIBJISIIOCH
IIOCTENIEHHOE YBeJNYeHe Ha3HaueHus Oesika: ¢
<0,8 r/kr/cyr na 1-2 nens go 0,8-1,2 r/Kr/cyT Ha
3-5 menb u >1,2 T/Kr/CcyT 110CJIE 5-TO JHS TpeOhI-
Banusa B OPUT.

E1mie B oTHOM McC/IefOBAHUY OBLIIO TIOTBEP-
SKIEHO0, UTO paHHee Ha3HaYeHne OeJIKka TO3UTHUB-
HO BJIMSIET Ha BEIKUBaeMoCThb 00abHBIX B KC [48].
B peTpoCnIeKTUBHOM KOIOPTHOM UCCJIENOBaHUN Y
oonpabix B KC, momyuaBmmx II1 wawm [T,
U3y4YUJIM B3aUMOCBA3b MEKIy CPOKaMU U J,03aMU
HasHaveHus OeJIka U IIoKasaTeasaMu 60-IHeBHON
BBDKMBAECMOCTU. BbIenuian naBe rpyninsl: «paH-
HIOIO OEJIKOBYIO», TAIMEHTHI KOTOPOU MOJIydaan
OeJiok B mo3e >0,7 T/Kr/CyT B epBble TPH JHSA
npe6biBanus B OPUT, 1 «ITO3THIOI0 OEJTKOBYIO» —
<0,7 r/xr/cyt. 13 2253 nanueHToB B 1-ii rpymnmne
ymepJio 371 60JsbHBIX (36%), BO 2-11 — 517 (43%),
p<0,001 meskny rpynnamu. [Ipu MEOroakTopHOM
perpeccnoHHOM aHa/M3e Kokca paHHee BBeJleHUe
0eJTka acCcOIMUPOBAJIO C YBEJTMYEHNEM BbIsKUBae-
moctu mnanuentoB OPUT (HR 0,83, 95% CI
0,71-0,97, p=0,017).

BosHuKaeT 3aKOHOMEpPHBIN BOIIPOC: IOYEMY
HA HavaJbHBIX gTarnax pa3sutusad KC BeIsKUBae-
MOCTH BBIII€ IIPA HEONTUMAaJbHBIX YPOBHSAX (B
CPaBHEHUM C WU3MEPEHHBIMU W PACUYETHBIMMN)
IoCTaBKM Oesika 1 9Hepruu? OJHO3HAYHO HA 9TOT
BOTIPOC OTBETUTH HeJIb3s1. BbICKa3bIBAETCA Psifl
NpeanojokeHuil. JlefiCTBUTeIbHO, B YCJIOBHUAX
BOCIIaJIeHUSI MHOTHE IIUTOKNHBI CHUYKAIOT amme-
TUT U IIPENATCTBYIOT YCBOCHMUIO IIUTATEJIBHBIX
BEIIeCTB, MPUYEM 3TO MOKHO PacCMaTpUBaTh Kak
3AIMUTHYIO PEAKITNI0, HE0OXOTUMYIO /1 MHUTIHA-
U KaTaboJsimyeckux IpoiteccoB [49, 50]. TTpu
KaraboM3Me MPOUCXONUT AaKTHBAIHA ayToaruu
— IIponecca, Ipu KOTOPOM BHYTPEHHHE KOMIIO-
HEHTBI KJIETKU JOCTABJIAIOTCA BHYTPD €€ JIN30COM
WUJIUA BaKyoJiel U IOABepraiTcs B HUX Jerpaja-
mm [51]. Ayrodaruio y 6ospHBIX B KC MOskHO pac-
CMaTpuBaTh KakK IPOTEKTUBHYIO peakluio [52].
W3BeCTHO, 4TO B yCJI0BUAX BOCIIAJICHUS U OKUCIIN-
TEJIbHOTO CTpecca IMPOUCXOAUT MOBPEKIEeHUE
0€eJIKOB M BHYTPUKJIETOYHBIX CTPYKTYp. Muro-
XOHApHUAJbHAS AUCHYHKIUA, KOTOpas YacTo
HabJIIomaeTcss IPU  OKUCJIUTEJHLHOM CTpecce,
ABJIAETCS BAYKHBIM KOMIIOHEHTOM JIe30pPraHn3a-
1y GyHKIMOHUPOBAHUA KJIeTKHU [53]. B cBsi3u ¢
BBIIIIEN3JI0KEHHBIM, CHIPKEeHHasI JoCTaBKa Oesika
Y 9HEepruu B riepBble cyTKku pa3sutusa KC npussa-
Ha COXPAHUTh KaTab0INYeCKYI0 HAalTPaBJIEHHOCTh

dence of better tolerability or greater efficacy of
semi-elemental formulas. Moreover, in some stud-
ies, the treatment results were worse with the use of
semi-elemental formulas compared to the poly-
meric ones [57, 58]. Currently polymeric formulas
remain the drugs of choice for carrying out EF in
critically ill patients [59]. To prove the advantages of
semi-elemental/elemental formulas, if any, further
studies are required in patients with shock, enteral
insufficiency and small intestinal malabsorption.

Another controversial question is the regimen
of enteral feeding: bolus or continuous? In real
practice, enteral formulas are introduced in a
mixed manner, as often even with continuous ad-
ministration, the feeding has to be stopped for var-
ious procedures. Recently, a paper has been pub-
lished which argues that bolus feeding is more
physiological [60]. It provides evidence that inter-
mittent feeding increases protein synthesis in
healthy volunteers. At the same time, no data on
the benefits of intermittent feeding in critically ill
patients have been obtained. In most publications
preference is given to continuous feeding. Accord-
ing to a systematic review and meta-analysis, diar-
rhea is less frequent in continuous feeding [18].
Thus, before new results are obtained, continuous
feeding seems most appropriate.

When choosing formulas for EF in critically ill
patients, the preference is usually given to prepara-
tions containing a large amount of protein in a
small volume; in addition, the amount of delivered
energy should be taken into account. As an exam-
ple, we will mention two preparations, Fresubin In-
tensive and Fresubin 2 kcal HP (Fresenius Kabi).
Fresenius Intensive contains 10 g of protein per 100
ml and 1.22 kcal per 1 ml, which allows to deliver
the required amount of proteins in the acute critical
condition without excessive calorie intake. When
prescribing one pack (500 ml), a 75 kg patient re-
ceives about 0.7 g/kg protein and 620 kcal/day,
which meets ESPEN recommendations for critically
ill patients [18]. Further protein and energy delivery
can be increased by administration of Fresubin
2 kcal HP (10 g protein per 100 ml and 2.0 kcal per
1 ml). The addition of phosphates to the formula
prevents the refeeding syndrome. The use of Fre-
subin 2 kcal HP reduces fluid overload, and its op-
timized fat/ carbohydrate ratio is well tolerated by
patients with respiratory failure.

Parenteral Feeding
in Critically I1l Patients

The preferable regimen of NS in critically ill
patients is enteral. Early PN is usually not recom-
mended during the first 3-7 days of ICU stay. There
may be exceptions to this rule in patients who are
unable to receive EN (usually, post-surgery) and in
patients with severe malnutrition [18, 59, 61]. Most
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00MeHHBIX Tpo1ieccoB u ayTodaruto. [Ipu ayroda-
T'Y yTUWIN3UPYeTCA 3HaYUTeJIbHAsI 4acTh JeHaTy-
PUPOBAHHBIX 0EJIKOB W TMOBPEKIEHHBIX MUTO-
XOHIPUHA ¥ TakUM 00pa3oM HOpPMAaJIU3yeTCs
pabota kyeTku [49]. OMHAKO 3TO HETPOIOJIKHU-
TeJIbHBIU Nlepuof, IIANUcs 2-3 CyTOK, B JaJjb-
HeUIlleM Npu MOPOTrPecCUPOBAHUU IIPOIECCOB
runepMeTabosim3Ma-rumnepKkarabonamMa HadJIro-
JlaeTcs yBeJIM4eHune JieTajabHoCTU. [loaTomy cBoe-
BpeMeHHasl NOCTAaBKa MJIACTUYECKUX BEIeCTB U
9HEPruU Ha 3TOM JTalle CONPOBOKIAETCS OBBI-
IIeHeM BbIKHIBaeMOoCTH 00JIbHBIX B KC.

Takum 06pasoMm, B HACTOsIIIlee BpeMs 60JTh-
IIMHCTBO UCCJIeloBaTesiell peKOMeHAYIOT paHHee
HasHauveHwue Oejika nmamuenTaMm B KC c mocreneH-
HBIM yBEJIMYCHHUEM €0 KOJINYeCTBa, ONHOBPEMEH-
HO II03TAIHO YBEJIMYNBACTCA NOCTABKA JHEPIUU.
Hcnonb3oBanme II1 ABJsgeTcA NPUOPUTETHBIM
IIJIST TOCTHKEHUsI 9THX 11eJieit [9, 18].

IIpn nposenenuu HII Ba’KHO y4uUTHIBATH
cooTHOIIeHNe Oejlka M 3HEPTUU BO BBOIUMBIX
mpermnaparax. ITo He0OX0IUMO JJTSI TPeoTBparlie-
HUsI U30BITOYHOU TOCTAaBKU 9HEPTUU OOJIBHBIM B
KC. OcobeHHO 3TO KacaeTcs MaIueHToB C OKUpe-
HUEM U U30BITOYHBIM BecoM [54, 55]. V Hux
MMOTPeOHOCTH B OesIKe BBICOKAs, a B KAJIOPUSIX —
Her [18]. ¥V manueHToB, KOTOPBLIM He yIaeTcs BBe-
CTHU OCTAaTOYHOE KOJIMYECTBO OeJsIKa C IIOMOIILIO
Il nmm mMerTcs NpPOoTUBONOKa3aHuAa niasa I,
HEe00XOIMMO PacCMOTPETh BO3MOYKHOCTh, HA4H-
Hasg C 4-7 CyTOK, IIapeHTepaJbHOI'O BBEIEHUA
aMHHOKHCJIOT. Y 00JIbHBIX C MCXOZHOM HeJoCTa-
TOYHOCTBIO TUTAHUS TaKast MOTPEOHOCTHb MOYKET
BO3HUKHYTH Ha O0Jiee paHHUX CpoKax [18, 56].

B 60JBIIUHCTBE KJIWHUK IIPU MIPOBEIEHUU
Il mcrosab3yloTCcA Ipenaparsl AJIA CAIAHTA U
MMOJIMMEpPHBbIE CMeCH JJIsI 30HIOBOTO INHUTAHUS.
JlokasaTeJbCTB JIyulllell IepeHOCUMOCTH WJIN
OoutbIIel 9(p(hpeKTHBHOCTH MTOJTy3SIEMEHTHBIX CMe-
ceii HeT. boJsiee TOTO, B HEKOTOPBIX MCCJIEIOBAHUSX
Ppe3yJIBTaThl JIeUeHUsI ObLIN XY3Ke IPU IPUMeHe-
HUU IIOJIy3JIEMEHTHBIX CMeCell B CpaBHEHUM C
nosnuMepHbIMu (57, 58]. Ha Texkymiuii MOMeHT
MMOJIMMEPHbIE CMECH OCTalTCA IpenaparaMu
BBIOOpA 17151 TpoBeenusi 1y 6oapHBIX B KC [59].
7151 TOKa3aTebCTB IIPEUMYILECTB I10Jy3JIeMEeHT-
HBIX/3JI€MEHTHBIX CMeCel, eCJI TaKOBbI€ MMEIOT-
cs1, TpebOylOTCA majbHEHIe WCCIeTOBaHUS Y
OOJIBHBIX C IITOKOM, 9HTEPAJHLHON HEeJO0CTaTOU-
HOCTBIO U HApyIIeHUSIMU BCACBIBAHUS B TOHKOH
KUIIIKE.

Emte omHUM CIOPHBIM BOIIPOCOM SIBJISIETCS
METO[T BBEJeHUSI 3HTEePAIbHBIX CMeCel: 00JIIoC-
HBIU WJIM TIOCTOSIHHBIN? B peasibHOU NMpaKTUKe
BBeJleHUe CMecel OCYIIeCTBJISAETCS 10 CMelllaH-
HOMY THILY, T. K. 4aCTO AaKe IIPX HeIllpepbIBHOM
BBeJ€HUU MMPUXOJIUTCS OCTAaHABJIUBATH KOPMJIE-
HUE Ha BBIIOJHEHHE pPAa3J/IMYHBIX IIPOLEnyp.

HemaBHo 6bL1a 01TyOJITKOBaHO paboTa, B KOTOPOH

often one of the reason for non-prescribing the
early PN is based on the meta-analysis data pub-
lished in 2016 by G.Elke et al [62]. The authors,
based on the analysis of 18 randomized clinical tri-
als involving 3347 patients, have shown that EN,
compared with PN, is associated with fewer infec-
tious complications (RR 0.64, 95% CI 0.48, 0.87,
P=0.004, I(2)=47%) and ICU length of stay. At the
same time, there were no differences in the dura-
tion of mechanical ventilation and mortality be-
tween groups. However, it should be noted that the
difference in infectious complications depended
not only on the type of NS, but also on the calorie
intake received by patients. Significant differences
were seen in groups where the calorie intake in PN
exceeded that in patients with EN and also when
the total calorie intake was not assessed. There
were no differences in infectious complications rate
with identical energy supply (RR 0.94, 95% CI 0.80,
1.10, P=0.44, 1(2)=0%). The authors conclude that
the advantages of EN are largely due to the lower
energy supply in this type of NS.

Thus, the question of an early additional PN re-
mains open. Opponents of the use of parenteral NS
preparations refer to their higher cost and complex-
ity of administration. On the other hand, it is clear
that PN is in high demand and widely used in the
surgical clinics, especially post GI surgery. Initial nu-
tritional deficiency or its high risk necessitates the
use of PN. Discussion of the wider use of PN has in-
tensified in the context of the coronavirus pandemic
(COVID-19) [63-65]. The efficacy of the prone-posi-
tion (abdominal position) during kung ventilation in
the treatment of respiratory failure in COVID-19 pa-
tients makes clinicians more likely to use PN.

A recent randomized pilot study compared
the efficacy of EN and a combination of EN with
early PN during the first seven days after transfer to
ICU in patients with body mass index (BMI) <25
kg/m? and >35 kg/m? [56]. The study was based on
the idea that increased energy/protein delivery to
patients through a combination of delivery regi-
mens would improve the 60-day survival and qual-
ity of life, as measured by the Barthel index (daily
activity index). Patients were found to receive more
protein and energy in combined EN and early PN
when compared with EN only (P<0.001). These dif-
ferences were more evident in surgical patients.
Meanwhile, there were no differences in the rate of
infectious complications between the groups. A
statistically insignificant trend to reduced hospital
mortality was also observed in patients with ini-
tially high risk of nutritional deficiency and with
BMI <25 kg/m? receiving a combination of EN and
early PN. There was also increased Barthel index in
patients receiving combined NS. The authors con-
clude that it is necessary to continue research and
focus primarily on surgical patients with a high risk
of nutritional deficiency.
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yTBEp>KIaeTcsl, YTo DOTI0CHOE KopMJyeHne boee
dusuosoruyHo [60]. B Hell npuBOAATCSA CBElEHUS,
YTO MPUA JPOOHOM KOPMJIEHUM YBEJTUYNBAETCS
crHTe3 0eJIKa y 3T0POBBIX JOOPOBOJIBIEB. BMecTe
C TeM, JAaHHBIX O IPEUMYIEeCTBaxX IIPEePbIBUCTOTO
nuTanus y 6oabHBIX B KC He mosyyeHo. B 6041b-
IIMHCTBE MyOJMKANN MPeAoYTeHNE OTAAeTCs
HelpepbIBHOMY KOpMJIeHNUIO. [10 JaHHbIM CHCTEM-
HOTO 0030pa M MeTa-aHaau3a IMPHU MOCTOSTHHOM
BBEJIEHNU CMecel pejke BO3HUKAET auapes [18].
TakuMm 06pas3oM, A0 TTOJTydYeHNsI HOBBIX Pe3YJIbTa-
TOB I1€JIECO00PA3HO TPUMEHSATH IIOCTOSTHHOE BBe-
JleHre 9HTePaTbHBIX CMecei.

ITpu BeI6OpE cmeceit miisa II1 y 60TbHBIX B
KC 00BIYHO OpHMEHTHUPYIOTCS Ha Mpemnaparhl,
cofepskaiiye OOJBIIIOE KOJUYECTBO Oejika B
HeOOoIbIIIOM 00 beMe, KPpOMe TOTO, HE0OXOIMMO
YUYUTBHIBATH U KOJINUECTBO JOCTABJIAEMON 9Hep-
rud. B kadecTBe mpuMepa NpuBeieM JBa npemna-
para: ®pe3yomn Nurencus u ®pe3yduH 2 kkas BIT
(Fresenius Kabi). B ®pe3ybun NHTEHCHB comep-
sxuTcd 10 r 6eska B 100 Mut 11 1,22 KkaJ1 B 1 MJI, UTO
MIO3BOJIAET JOCTABJIATH HY)KHOE KOJIWYECTBO
mpoTenHOB B ocTpoM nepuone KC 6e3 n3obITou-
HOTO BBeJleHUA SHepruu. lIpm HasHauyeHUU
omHo#l ymakoBku (500 Ma cmecu) OOJSBHOU
BecoM 75 KT moJry4daeT okoJio 0,7 T/Kr/cyT Oesrka
u 620 KKaJI/CyT, 4YTO COOTBETCTBYET PEKOMeHa-
musMm ESPEN g 6osabHBIXx B KC B ocTpom
nepuoe [18]. B masbHelIIeM qocTaBKa OeaKka u
9HEPTUU MOSKET OBITh yBeJIMYEeHAa 3a CYeT
Ha3HayeHUss Ppe3ydbmH 2 kkas BIT (10 r 6esika B
100 mJ1; 2,0 kkaJa B 1 mu1). BkJrodyeHHe B cOCTaB
npemnapara ¢gocdaroB 1M0O3BOJSAET TpPeNOTBpa-
TiTh pa3sutue POC. Haznauenne Ppesybun 2
kkas BIT camxaeT 06'5eM BOJIEMIYECKOH HAarpys-
KW, a ONTUMHU3UPOBAHHOE COOTHOIIIEHUE KUPOB
¥ YIVIEBOLOB XOPOIIO IIEPEHOCUTCS ITallueHTaMuU
C IbIXaTeJJbHOUN HeIO0CTaTOYHOCThIO.

ITapeHTepaJsbHOE NIUTAHHUE
y 60osbHBIX B KC

Mertonmom Beibopa HITy 60IbHBIX B KPUTHYE-
CKUX COCTOSTHUSIX SIBJISIETCSI 9HTEPAIbHBINA CIIOCO0
JIOCTaBKU NTUTATEJILHBIX BEIIECTB U 9Hepruu. PaH-
Hee [1IT 06BIYHO He PEKOMEH/IYETCS HAYMHATH B
nepBble 3—7 cyTok npedbiBanust B OPUT. Vcktio-
YeHWs U3 9TOTO MPaBUJIa MOTYT OBITH Y OOJIBHBIX,
KOTOPBIM HEBO3MOKHO mpoBeaeHue 1 (00bIYHO
9TO XMpPypruyeckre OOJbHBIE), M MAIEHTOB C
BBIPQ)KEHHOU HEJOCTATOYHOCTHIO MUTaHUsA [18,
59, 61]. Yarre Bcero oTkas ot panHero I1IT o6ocHO-
BBIBAIOT JAHHBIMU MeTa-aHaIn3a, ONyOJTUKOBaH-
Horo B 2016 roxy Elke G. u coaBr. [62]. ABTOpBI Ha
OCHOBaHMWU aHaiau3a 18 paHIOMU3UPOBAHHBIX
KJIMHUYECKUX UCCJIeTOBAHNH, BKIIOYABIINX 3347
MareHToB, Moka3anu, uto Il mo cpaBHEHUIO C
IITT acconuupoBaHO C YMEHBbIIEHHWEM 4YHCJIa

Whatever we say about the benefits of EN,
about 20% of ICU patients need PN. The recent
studies show that the majority of PN complications
are due to the wrong technique and include exces-
sive energy provision, technical errors in the ad-
ministration of individual preparations containing
amino acids, fats and carbohydrates.

At present, PN is considered to be the only
type of NS in patients with intolerance to EN,
high fistulas, gastrointestinal bleeding. Par-
enteral nutrition is also required as a component
of NS when the reference protein and energy in-
take is not achieved within 7 days (in malnour-
ished patients within 2-3 days) of EN [18]. The
most frequently used are the «three-in-one» («all-
in-one») preparations, their administration is as-
sociated with lower probability of technical er-
rors and infection [66-68].

The «three in one» SmofKabiven (Fresenius
Kabi) combines the advantages of PN products
containing all the necessary ingredients in one
package with the immunomodulatory properties of
w-3 fatty acids (eicosapentaenoic and docosa-
hexaenoic). The composition of SmofKabiven fats
is optimized according to the needs of critically ill
patients. Notably, ESPEN guidelines recommend
including only fat emulsions containing fish oil
with w-3 acids due to their anti-inflammatory effect
into the NS critically ill patients [18]. This statement
was confirmed by a systematic review and meta-
analysis published by L. Pradelli et al. in 2020.
Based on analysis of 49 randomized clinical trials
involving 3641 patients, the authors conclude that
use of w-3 fatty acids as part of PN leads to reduced
risk of infectious complications, as well as in the
length of ICU and inpatient stay [69].

Micronutrients such as microelements and
vitamins are essential components of a complete
PN. Their intravenous administration is consid-
ered optimal because of high bioavailability, ac-
curate dosing and the avoidance Gl-related side
effects from mucosal exposure [30]. Modern tech-
nologies have made it possible to overcome the
issue of vitamin incompatibility: parenteral forms
of multivitamins and mineral compositions con-
taining a daily dose of vitamins or minerals are
currently available. The Addamel H (Fresenius
Kabi) parenteral preparation contains 9 microele-
ments such as Se, Zn, Fe, Cr, I, E Mn, Mo.

Vitamins, along with microelements, are ac-
tively involved in the carbohydrate, protein and fat
metabolism. In PN, they are used as supplements,
such as a water-soluble Soluvit N vitamin complex
and fat-soluble Vitalipid N Adult (Fresenius Kabi)
vitamin complex.

Preparations for PN do not contain gluta-
mine amino acid, which is due to glutamine insta-
bility. This issue is resolved by prescription of

Dipeptiven (Fresenius Kabi), which contains
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nHPeKIMOHHbIX ocaokHeHu (RR 0,64, 95% CI
0,48, 0,87, p=0,004, 1(2)=47%) 1 OJAUTEJIbHOCTHU
npebbiBanuss 60abHBIX B OPUT. TIpu aToM mpo-
JoJpruTeIbHOCTD VIBJI 1 mokasaTre i jgeTajlbHO-
CTH IIO TPYIIIaM He pa3/indajuchk. Bmecre ¢ TeM
CTOUT 3aMeTUTh, YTO pas3judue B YUCJIe UHPEK-
LIIMOHHBIX OCJIOKHEHUU 3aBHCEJIO HE TOJBKO OT
Buja HII, HO u Ko/sMuecTBa KaJdopuii, nosayydae-
MBIX ITallMeHTaMU. J[OCTOBEpPHBIMH pa3J/IN4YMs
OBLIN B TPYNIIAX, ITle KOJTUYECTBO KAJTOPUH TIpH
[T mpeBwImano TakoBoe y O0oabHBIX ¢ I, a
TaK)Ke, KoTja o0Imee KOJWYECTBO KaJOpPUHA HE
OIleHMBAJIOCh. [Ipy MIEeHTUYHOM O0bOecriedeHun
9Hepruey pasjauduil 1m0 YUCTy UH(PEKINOHHBIX
ocsioxkuenni e owL10 (RR 0,94, 95% CI 0,80, 1,10,
p=0,44, 1(2)=0%). ABTOpBI [eJal0T BLIBOAbI, YTO
npeuMyiecrsa Il BoO MHOIrOM CBAA3aHbI C MEHb-
1Ieil TocTaBKOU sHepruu npu aTom Buje HII.

Takum 06pas3om, BOIIPOC 0 paHHEM JTOTIOJTHU-
TeabHOM [III ocTaeTcAa OTKPBITHIM. [IpOTUBHUKU
HCIIOJIb30BAaHUA IIapeHTepaJbHbIX IIpelraparos
nu1st HIT ceplnatoTest Ha X 60Jiee BBICOKYIO CTOM-
MOCTb U TpyAoeMKoCTb ItpoBeaenus HII. C npyroi
CTOPOHBI MOHATHO, 4TO 1T 0cCOOEHHO B XUPYypru-
YEeCKOW KJIWHUKE BOCTPeOOBAaHO © IIUPOKO
HCIIO/Tb3yeTCsI V OOJIBHBIX, ONEPUPOBAHHBIX Ha
opranax KKT. MicxonHasa HyTpUTABHAA HELOCTA-
TOYHOCTB UJIU BBICOKUM PUCK ee Pa3BUTUA JUK-
TYIOT HeoOxonuMocTh npuMeneHus [1I1. Jluckyc-
cusi o OoJiee MUPOKOMY HMCHOIb30BaHMIO I1I1
AKTUBU3UPOBAJIACH B CBSI3M C IaHJIeMHel KOpOHa-
BupycHo# nHdexuu (COVID-19) [63-65]. dpdex-
TUBHOCTB IIPOH-IIO3ULNH (II0JIOKEHUE Ha SKUBOTE)
BO Bpemsi MIBJI npu JieueHNU JIbIXaTeJIbHOU HEI0-
craroyHocTu y 60abpHBIX COVID-19 3acraBisieT
KJIMHUOMCTOB MIKpe UCI0Jb30Barh 111.

B HemaBHeM paHIOMH3WPOBAHHOM IIMJIOT-
HOM HCCJIeJOBAaHUM CPaBHUJIU 3(P(PHEKTUBHOCTH
IIT u xombuHaruu II1 ¢ panaum I1I1 B TeyeHue
IIepBBIX CeEMU JHeU mocie nepesoga B OPUT y
oosbHBIX B KC c nagexkcoM Maccel Tejia (MMT) <25
Kr/m? m >35 kr/m? [56]. B ocHOBe uccaegmoBaHus
Je)kajia unes, 4To yBeJIMUYeHue JOCTaBKU 9Hep-
run/0esika manyeHTaM 3a cC4eT KOMOMHAIIMH CIT0-
Cc00OO0B JI0CTaBKY MOBBICUT 60-THEBHYIO BbI)KUBae-
MOCTB ¥ KQ4€CTBO sKU3HHU, KOTOPOE OLleHUBaJIU 110
nHAeKcy bapTesa (MHIEKC TOBCeJHEBHON aKTUB-
HOCTH). YCTAaHOBWJIM, 4TO NpUA coueTtaHnuu Il u
panuero I1I1 nanueHTsI oJTyYatu 00JbIne 6eaka
u sHepruu B cpaBHeHuH ¢ 1 (p<0,001). It; pas-
Ju4usi O0JIbIlle BBIPA’KEHBI Y XUPYPrUYECKUX
oonpHBIX. [Ipum aTOoM UYHMCJIO WH(QEKITMOHHBIX
OCJIOYKHEHUU He pa3/inyasioch 10 rpymnmnam. Takke
Ha0JTIOATN CTaTUCTUYECKY HE3HAYNMYIO TEHIEH -
LIMI0 K CHUSKEHMIO IIOKa3areseill roCIUTaIbHON
JIETATHHOCTH Y O0JIBHBIX C ICXOTHO BHICOKUM PHIC-
KOM HYTPUTHBHOH HeOCTaTOYHOCTHU U ipu UMT
<25 kr/™M? Ipu UCI0JIb30BaHUU KoMbOuHaruu 11

u paufero III1. Takske Ha6/II07a/IU TTOBBIIIIEHIIE

L-alanine-L-glutamine. Use of the latter in PN has
a positive effect on gastrointestinal mucosa and
prevents bacterial translocation in critically ill pa-
tients with multiorgan failure.

According to a systematic review of 16 ran-
domized clinical trials (843 critically ill patients),
adding glutamine dipeptide to the standard PN led
to reduction of infectious complications, length of
ICU stay and mortality [70].

Most clinicians recognize the need for NS
monitoring in ICU patients. However, no studies of
the impact of NS monitoring on its results have
been reported [71]. At present it is generally ac-
cepted to create local protocols for NS results eval-
uation [30, 72]. Control of its effectiveness and side
effects (refeeding syndrome) is done based on signs
and symptoms, instrumental (indirect calorimetry,
bioimpedance measurement) and laboratory (level
of glucose, electrolytes, triglycerides, nitrogen bal-
ance, etc.) investigations.

Nutritional Support for Critically
I11 Patients After Transfer from ICU.

There are few publications on evaluation of
NS efficiency in critically ill patients after their
transfer to the relevant department. It would be
logical to assume that protein and energy needs are
increasing at this stage of treatment. This is caused
by activation of reparative processes and restora-
tion of the patients' muscle mass in the process
after their activation and rehabilitation. According
to clinical guidelines, protein requirements are es-
timated at 1.5 g/kg/day and energy requirements at
30 kcal/kg/day, or 125% of indirect calorimetry
measurements [18]. Patients at this stage are being
transferred under the care of a specialist (internal
medicine or surgery practitioner, etc.), who is usu-
ally less well informed about NS. Therefore, it is im-
portant to focus clinicians' attention on this stage
of the patient's treatment and adequate nutrients
and energy provision. Otherwise, with insufficient
muscle mass recovery, the rehabilitation will be im-
paired, and prognosis will worsen.

In reality, unfortunately, after the transfer from
ICU, the situation with patient’s care is far from
ideal. Thus, the studies published by J. L. Merri-
weather et al. evaluated NS in patients after their
transfer from ICU [73, 74]. The authors concluded
that NS did not comply with the basic provisions of
clinical guidelines: there were problems with nutri-
tion organization, not all patients were ready to be
fed due to cognitive impairment inability to adapt
to living conditions after critical illness.

In another cohort study, 32 patients were as-
sessed for metabolic status and food intake after
transfer from ICU (15). The patients were found to
receive only 65% of energy and 54% of protein from
the required values.
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nHaekca bapTesna y 60JbHBIX, TOJY4YaBIINX COYe-
tagHyo HII. ABTOpHI Aes1aioT BBIBOJ, O HEOOXOIM -
MOCTHU TIPOJIOJIKEHUS UCCJIeIOBAHUN U aKI[eHTHU-
POBaHWY BHUMAaHUS MIPesK/ie BCEro Ha MalyeHTax
XUPYPTUUECKOTO IPO(PUIA C BBICOKUM PUCKOM
HYTPUTHBHOU HEJOCTATOUHOCTH.

CKOJIBKO OBI MBI HY TOBOPHJIN O TIpEUMYyIIe-
crBax JI1, okos0 20% 6oapHBIX OPUT HYyRKHat0TCA
B I1II1. PaboTHI ITOCJIETHAUX JIET CBUJIETETHCTBYIOT,
4T0 OOJILIIMHCTBO ocjioykHeHnuii I1I1 cBsg3aHo ¢
HeIpaBUILHOU TEXHUKOI ero IIPOBeIeHUsT: U30bI-
TOYHOE BBeJIeHUe 9HEePIUy, TEXHUYeCKIe TTOTPell-
HOCTHU TIPU BBEJEHUM OTHeJbHBIX IPENnaparos,
cofepsKaluX aMUHOKUCJIOTHI, JKUPBI U YIJIEBOIBL.

B nacrosimuii moment I111 paccmaTpuBaeTtcst
Kak ennHCTBeHHBIN By HITy 60JIBHBIX € Hemepe-
HOCUMOCTBIO III, BBICOKMMM CBUIIAMHU, KPOBO-
teuenusiMu u3 JKKT. BoctpeboBano I1I1 u kak
koMmnoHeHT HII, korja B TeyeHue 7 THEH, a y UCTO-
IIIEeHHBIX 00THHBIX U paHee (2-3 CYyTKY), He yIaeTcs
MOOUTHCS TOCTaBKU pedepeHTHHIX 3IHAYeHUH
OeJika u 9Heprum ¢ momornbio JI1 [18]. Yare Bcero
HCIIOJIb3YIOTCS IIpenaparsl «TPU B OGHOM» («BCe B
OJHOM»), TPU Ha3HAYE€HUM KOTOPBIX CHUKAIOTCS
BEPOSITHOCTH TEXHUYECKUX OIMUOOK ITepcoHa a U
BEPOSTHOCTHh MH(PUITUPOBaHUs [66-68].

IIpenapar «tpu B omHOM» CMO®PKabuBeH
(Fresenius Kabi) coBmermaer B cebe mpeumyie-
cTBa cpencts A [II1, comepskarux Bce HEOOX0-
JUMble NHIPEAVEeHThI B OHOM IIaKeTe, C AMMYHO-
MOJYJUPYIOIIUMU CBOMCTBAMH -3 SKUPHBIX
KHUCJIOT (9MK03aIlleHTaeHOBOM M JOKO3arekcaeHo-
BOI) prIObeTO Kupa. Heobxoaumo 3aMeTuTh, 94To
cocras ;xkupoB CMOPKabuBeHa ONTUMU3UPOBAH
B COOTBETCTBHU C MOTPpeOHOCTAMU 60/IbHBIX B KC.
BaskHO nom4epKHyTh, yTO pekomenganuu ESPEN
mist 6osbHBIX B KC comepskaT TOJIOMKEHHE O
HEe0OXOIUMOCTH UCIT0JIb30BaTh TOJTBKO KUPOBBIE
9MYJIbCHH, B COCTaB KOTOPBIX BXOIUT PHIOUH YKUP
C -3 KUCJIOTAMU M3-3a UX IPOTUBOBOCITAJINTEb-
HOTO JIercTBUsA [18]. ITOT Te3uc HalIes CBOe II0-
TBep KIeHNe B CUCTEMaTUYeCKOM 0030pe 1 MeTa-
anasuse, onyosimkoBanHoM Pradelli L. u coaBT. B
2020 romy. ABTOpBI Ha OCHOBAaHUY aHanu3a 49 paH-
JIOMHU3WPOBAHHBIX KJIMHUYECKUX UCCJIeIOBAaHUH,
BKJIIOYABIINX 3641 malieHTa, 1eJIaloT BBIBO, YTO
BrJIIOYeHUe B cocTas Il w-3 sKUPHBIX KUCIOT
NIPUBOJUT K YMEHBILIEHHUIO B CDAaBHEHUU CO CTaH-
nmaptabiM [111, pucka pasBuTusa UHQPEKITUOHHBIX
OCJIO’KHEHWH, IJUTEJLHOCTH TpPeObIBaHUS B
OPUT u crarmonape [69].

CymecTBeHHBIM aJsieMeHTOM ItosiHoro IIIT
ABJIAIOTCA MUKPOHYTPHAEHTBI: MUKPOJJIEMEHTHI 1
BATaMUHBL. ONTUMAJIBbHBIM ABJISETCSA UX BHYTPHU-
BEHHOE BBelleHHEe, KOTOpoe MMeeT CJenyollue
MIPENMYIIIEeCTBA: BHICOKYIO OMOIOCTYITHOCTD, BO3-
MOSKHOCTb TOYHOTO JO3UPOBAHUS U UCKJIIOUYEHNE
MOO0YHBIX 3(P(DEKTOB CO CTOPOHBI JKEJIYIOIHO-
KHIIIEYHOTO TPAKTa, CBSI3aHHBIX C BO3/IEVICTBUEM

One of the reasons for inadequate nutrition of
patients transferred from ICU was the removal of a
feeding tube. Tube withdrawal resulted in the re-
duction of energy delivery by 22% and protein de-
livery by 27% [9].

Similar results were demonstrated by
L. S. Chapple et al. [75]. The authors emphasize
that, after transfer from ICU, patients who get only
oral support are at risk of malnutrition compared
with patients who have been prescribed tube feed-
ing. Itis noted, however, that dietitians did not pro-
vide due attention to post-ICU patients.

According to many clinicians, post-ICU pa-
tients get less intensive and invasive treatment. An
intention to withdraw the nasogastric tube is well
justified and is associated with increased patient
comfort, reduced discomfort and fewer challenges
in daily activity. However, the decision to remove
the tube should be made after assessing the feasi-
bility of adequate protein and energy delivery in a
particular patient [73, 75].

When performing NS in post-ICU patients, it
is necessary to consider the changes in digestion
due to loss of appetite, abnormal swallowing
caused by prolonged endotracheal intubation, dis-
turbed gastric and intestinal emptying. Treatment
of such patients often requires medication therapy
and multidisciplinary approach with the participa-
tion of dieticians, gastroenterologists, neurologists,
rehabilitation specialists [76, 77].

Nutritional Support
in the Rehabilitation period

After discharge from hospital, the nutritional
status of patients often deteriorates. This is due
both to the erroneous feeling that treatment is over
as well as to the specific outpatient issues. Inade-
quate rehabilitation service, especially for surgical
patients, has a negative impact on treatment re-
sults. It is optimal to transfer patients from the hos-
pital to a rehabilitation center, but it is rather a
wishful thinking than reality.

Most patients are discharged from hospital
with loss of lean muscle mass. Its recovery requires
a significant consumption of nutrients and energy.
Clinical guidelines recommend the optimal intake
of protein and energy for the post-ICU patients at
2.0-2.5 g/l and 35 kcal/kg, respectively [18]. The
focus on the patient's muscle mass is explained by
poor prognosis in case of initial lack of muscle tis-
sue, which can be detected in a special mode while
performing a CT scan. After discharge from hospi-
tal, increased delivery of protein and energy is re-
quired for muscle mass recovery along with physi-
cal exercise. This approach improves the quality of
life of patients who underwent rehabilitation [78].

After discharge from hospital, the optimal way
to achieve the required protein and calorie intake
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Ha CIU3UCTYIO 00051049Ky [30]. COBpeMeHHbBIE TeX-
HOJIOTUH IIO3BOJIMJIM IIPEONOJIETh TPYIHOCTHU
HECOBMECTUMOCTH BUTAMHHOB, Celidac MMeIOTCsI
napeHTepajbHblie (POPMbI TOJUBUTAMHUHOB U
HabOpOB MHWHEPAJIOB, COAEpIKAIfe CYTOYHYIO
03y BUTaMMHOB WJIM MUHEpPaJIoB. B cocras npe-
rmapara JJjisl TapeHTepaJbHOTO BBeIeHUs «AIa-
MeJsib H» (Fresenius Kabi) BxonsaT 9 MUKpOaJieMeH-
TOB: Se, Zn, Fe, Cu, Cr, I, E Mn, Mo.

ButamuHBl, HapAny C MHUKpPO3JIEeMEHTaMH,
AKTHBHO y4YaCTBYIOT B 0OOMEHE YIJIEBO/IOB, OETKOB
u skupoB. B I1I1 oHn ncnob3yoTest B BUAE 100a-
BOK, TAKHX KaK KOMIIJIEKC BOIOPACTBOPUMBIX BUTA-
MUHOB «CoJjryBuT H» 1 sKMpOpacTBOPUMBIX BUTA-
MuHOB «Butanunun H B3pocibiii» (Fresenius Kabi).

[Ipenaparsl auida [T He conepyxaT aMUHOKNC-
JIOTY INIYTaMHUH, YTO CBS3aHO C TEXHOJIOTUYECKU-
MU 0COOEHHOCTSIMU ITPOU3BOJICTBA 13-3a HECTA-
OMJIBHOCTH TTyTaMUHA. JTa IpodJieMa perraeTcs
3a CUeT Ha3HAUeHUs mpernapara «/{umnentuBeH»
(Fresenius Kabi), conepsxkamiero L-amanun-L-ry-
TaMWH. BRJTIoueHue rmocjieqaero B [111 mosuTuBHO
ckas3bIBaeTcst Ha cocTtogHuu cansuctoud KKT u
MT03BOJIsSIET TPEIOTBPATUTE TPAHCIOKAIUIO OaK-
Tepuil y OOJBHBIX C TOJUOPTaHHON HEI0CTaTOY-
HocThiO B KC.

ITo maHHBIM cHCTEMAaTU4YEeCKOTO aHaJau3a 16
PaHIOMU3UPOBAHHBIX KIMHUYECKUX UCCIeI0Ba-
Huii (843 601bHBIX B KC) OBIJIO yCTaHOBJIEHO, YTO
BRJIIoueHue B cocras Il gunmentuna riryraMuHa
COMPOBOKIAJIOCH CHUYKEHMEM 4YHucja HH@pEK-
IIUOHHBIX OCJOKHEHHH, nauTeabHocTu VBJI 1
TokasaTeJiell JeTaJbHOCTA B CDAaBHEHUM CO CTaH-
maptabM I1IT [70].

BoABMIMHCTBOM KJIMHUIMCTOB IIPU3HAETCS
HeoOxonuMocTh MoHUTOpUHTA HIT v 60/IBHBIX B
OPUT. BmecTe c TeM COOOIIIaeTcs, YTO UCCAeI0Ba-
HUU BJIMSTHUSA MOHUTOPUHTA Ha peadyasrarsl HII
He TpoBoawJioch [71]. B Hacrosmmii MOMEHT
OOTIENTPUHATHIM CUNTAETCSI CO3JaHNe JIOKATBHBIX
IIPOTOKOJIOB OLleHKU peadyiasraroB HII [30, 72].
KoHTpoJsib ee 3 HEeKTUBHOCTH ¥ HATUYUS TT000Y-
HbIX 3 (PeKTOB (pedUANHT-CUHIPOM) OCYIIEeCTB-
JISTIOT Ha OCHOBAaHWU KJIWHWYECKUX MPU3HAKOB,
WHCTPYMEHTAJbHbIX METOJ0B HCCJIeJOBAHUN
(HempsIMAass KaJIOPUMeETPUsI, OMOUMITeTaHCOMET-

pusi) 1 1abOPaATOPHBIX METOIOB (YPOBEHB IIIOKO-
3bl, 3JIEKTPOJIUTOB, TPUIIUIIEPUIOB, a30TUCTHIN
bastarc u mp.).

HyTputHBHas nmoaaep:kka 00JIbHBIX
B KC nmocJsie nepesoga us OPUT

[My6simkanmii, MOCBAIIEHHBIX  OIleHKE
addexrtuBroctn HII y 6oapaBIX B KC mOCITE
TepeBo/ia UX B TpO(UIIbHOE OTAeIeHEe, HEMHOTO.
BmecTte c TeM JIOTUYHO TPEIIOJIOKUTH, YTO
MOTPeOHOCTH B O€JIKEe M 9HEPTUH Ha 3TOM JTare
JIedeHUsI BO3PacCTaoT. ITO 00YCIOBIEHO aKTHUBA-

is to prescribe supplementary oral nutrition. The
sipping technique is usually used for this purpose.
Continuity in NS is important. Many studies have
shown the efficacy of oral supplementation in re-
ducing complications, the length of stay and the
mortality rate in hospital [79, 80]. Supplementary
oral nutrition in hospital has resulted in significant
economic effect. For every dollar spent on inpatient
supplementary oral nutrition, $52 were saved on
hospitalization costs [81]. In addition, oral supple-
mentation in elderly patients discharged from hos-
pital was shown to result in a 50% reduction in 90-
day mortality [82].

Most patients who sustained sepsis and were
discharged from hospital are believed not to receive
sufficient protein and energy with a standard diet.
This deficit period sometimes stretches over time
from 3 months to 2 years. Therefore, in this category
of patients it is advisable to use supplementary oral
nutrition [9].

Conclusion

Assessment of critical care efficacy cannot be
restricted to the length of ICU stay, inpatient care
and mortality. For an unbiased and comprehensive
evaluation not only the post-discharge life span but
also its quality should be taken into account. The
implementation of full-scale rehabilitation un-
doubtedly increases both life expectancy of pa-
tients who sustained critical illness and their ability
to adaptation after discharge. Important role is as-
signed to NS in the attenuation of the conse-
quences of PIT syndrome, which largely affects the
quality of life. Current approaches to the provision
of nutrients and energy to critically ill patients in-
clude gradual NS introduction depending on the
stage of the disease. The existing clinical guidelines
emphasize the gradual achievement of the target
values of protein and energy intake, predominantly
enteral feeding, continuity of NS between depart-
ments, inpatient and outpatient stages of treat-
ment. The use of supplementary oral nutrition is an
essential part of rehabilitation. This approach al-
lows to increase the efficacy of critical care and im-
prove the post-discharge life quality in this ex-
tremely challenging category of patients.

IMel penapaTuBHBIX IIPOLIECCOB B OpraHU3Me
0OJBHOTO ¥ BOCCTAaHOBJEHMEM MBIIIIEYHON
MacChl IIAIIMEHTOB B IIPOIIECCEe NX AaKTUBU3ALUU U
peabunuranuu. ComiacHO RJIMHUYECKUM PEKO-
MeHJAIMAM, TOTPEOHOCTH B OeJIKe OT[eHNBAIOTCS
Kak 1,5 r/Kr/cyt., a saeprun — 30 KKaJs1/Kr/CyT Wi
125% oT u3MepeHHbIX IPU HEeNPSIMOM KaJI0OpUMeT-
puu [18]. Y nanreHToB Ha 9TOM JTalle IIPOUCXOIUT
CMEHa Jieyallero Bpaya ¢ aHeCTe310J10Ta-peaHu-
MaroJiora Ha Ipo@uJIbHOrO CllelhaJucTa (Tepa-
IIeBT, Bpa4 XUPYPIUYECKOU cllennaJbHOCTH U 1IP.),
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KOTOpBbIe, KaK MPABUJIO, MeHee OPUEHTUPOBAHBI HA
HIT u He cToJsb XOpOII0 UH(POPMHUPOBAHEI O €e
ocobeHHOCTAX. [109TOMY TIpeaCTaBJIsIETCS BasK-
HBIM aKI[eHTUPOBATh BHUMaHNE KJINHUIMCTOB HA
3TOT 9TAIll JIEYeHHUsI O0JILHOTO B 00eCIIeYeHUs ero
HEeOoOXOAMMBIM KOJTMYECTBOM HYTPHUEHTOB U 9HEP-
ruy. B IpoTUBHOM ciydae IIpU HeIOCTaTOYHOM
BOCCTaHOBJIEHMHU MBIIIIEYHOM MacChI IIPOIIeCC pea-
ousuTanuy OyeT HapyIleH, a C HUM U YXYIIITUTCS
MPOTHO3 JIEYEeHUS.

K coskanenunto, Ha MpakTUKe OCJIe epeBosia
u3 OPUT cutyanus gajieka oT ugeajbHOU. Tak B
HCCJIeI0BAHUAX, ONTyOIMKOBaHHBIX Merriweather
J. L. u coasr., onenena HII y 60/1bHBIX TTOCIIE UX
nepesona u3 OPUT [73, 74]. ABTOpBI [eJsaioT
BBIBOJ, 4TO HII He cooTBeTCTBOBAjsia OCHOBHBIM
MOJIOKEHUSIM KJMHUYECKUX PeKOMeHIalnii:
BBISIBJISLJTICH TTPOOJIEMBI TP OPTaHU3AINY TTUTA-
HWsI, HE BCe TAIIMEHTHI ObLIN TOTOBBI K IIPHUEMY
TNUIIY B CBSI3U C KOTHUTUBHBIMUA U3MEHEHUSAMU U
HECIIOCOOHOCTHIO QIANITUPOBATHCS K YCIOBUAM
CyLieCcTBOBaHUs nocjie nepenecennoro KC.

B npyroM KOropTHOM HCCIeNOBaHUU y 32
00JIbHBIX TOCJIe TTepeBoaa n3 OPUT oreHuBaIu
MeTaboMMYecKnii craTyc ®W  moTpebjeHme
numy [15]. Okasajiock, 4YTO NAYEeHTh] I0JIyYain
Bcero 65% oHeprun u 54% OeJika OT JTOJIPKHBIX
3HAYEeHUH.

OpHoM 13 MPUYWH HealleKBaTHOCTY ITUTAHUS
0o0sbHBIX, TepeBeieHHbIX 13 OPUT, siBsieTcs yaa-
aenne n3 JKKT soHnma nyisa kopmiieHusi. OTMedeHo,
4TO OTKa3 OT 30HI0BOTO KOPMJIEHUSI IIPUBOIUII K
CHU’KEHUIO TOCTABKU MAIlMeHTaMWU SHEPTUM Ha
22%, a benka Ha 27% [9].

IToxokre pe3yabTaThl OBLIN MPEICTaBIEHbI
B pabore Chapple L. S. u coasr. [75]. ABTOpBI TTOJI-
4epKUBAIOT, 4TO nocJjie nepesona ud OPUT B rpym-
e prCKa HeJIOCTATOYHOCTH MUTAHN A OKA3bIBAIOT-
cs MalueHThI, IoJry4arouye TOJIBKO
TIepOpaTHHYIO TTOIEPIKKY B CPAaBHEHUH C 00JIb-
HBIMH, KOTOPBIM Ha3HA4YaJu 30HI0BOE TUTAHUE.
[Ipn sToM OTMeYeHO, YTO Bpauu AUETOJIOTHU He
VAeJAJIM OOJDKHOIO BHHUMAHUA IaleHTaM,
nocrynusmum u3 OPUT.

ITepeBog n3 OPUT y MHOIHX KJIMHULOUCTOB
TECHO aCCOLIMUPYeET C yMEHbIIIEHNEM NHTCHCABHO-
CTHU JIeYeHUs1 ¥ CHUKeHNEeM WHBA3UBHOCTH IIPO-
nenyp. Kesanue yganuTb 30HT, 411 KOPMJIEHUA
BIOJIHE OMPAaBIAaHO M CBA3AHO C ITOBBIIIEHUEM
komdopra JJisd MalueHTa, CHUKeHUeM HeIpu-
SAITHBIX OLIYIIEeHWH 1 TPyLHOCTeH ITOBCeHEBHOU
akTuBHOCTUA. OJHAKO, pemieHne 00 yHaJeHUN
30HIa HEOOXOMMMO MPUHUMATH ITOCJE OIeHKU
BO3MOKHOCTH aJeKBaTHON JOCTaBKU OeJiKa U
9HEeprUM Y KOHKPETHOTOo 60JIbHOTO [73, 75].

IIpu npoBenenun HII y 60/1bHBIX, IEpEBE-
nmenHbIx 13 OPUT, He00X0gMO0 HIOMHUTE 00 U3Me-
HEeHUAX [Ipoliecca NUIleBapeHns], KOTOPbIe CBs3a-
HBI C IOTepel anmneTuTa, HapylleHrueM IIpoecca

IOTAHUS M3-3a JJIUTEJTbHOTO CTOSTHUS MHTYOa-
[IMOHHOM WJIM TPAaXeOCTOMUYECKOU TPYOOK, HApy-
IIeHWEeM IIPOLEeCCOB OIIOPOKHEHUS SKesJdyJKa U
MOTOPHKY KUIIeYHNKA. Kyparus Takux 60JIbHBIX
Hepeako TpeOyeT MeIMKaMeHTO3HOH Tepanvuu 1
MYJABTUAACHUIIIMHAPHOIO IIOAX04Aa C y4acTueM
Bpavel JUeToJIOr0B, TaCTPOIHTEPOJIOTOB, HEBPO-
JIOTOB, PeabuInuTOJIOTOB [76, 77].

HyTpuTHBHAA IOAJEPKKA
Ha dTarne peaduaIuTaIluu

[Tocse BBIMMCKYU W3 CTAllMOHapa MUIIEBOU
CTaTyC IallMeHTOB HepPeJKO yXyIaeTcs. JTO CBs-
3aHO KaK C OIMUOOYHBIM OIyIIeHNEM, YTO Jede-
HHEe OKOHYEHO, TaK U C OIlpe/ieJIeHHBIMU TPo0JIe-
MaMU MTOJIUKJINHUYECKOTO0 3BeHa. Hepa3BUTOCTH
peadMIIMTAlIMOHHON CJIyKObI, OCOOEHHO MJIs
XUPYPTUYECKUX O0JIbHBIX, HETATUBHO CKa3bIBAET-
cA Ha pesyabrarax JedeHud. ONTUMaJabHBIM
SIBJISIETCSI TepeBO]] OOJIBHBIX U3 CTallOHapa B
peabuINTaIMOHHBIN ITEHTP, OJHAKO 3TO CKOpee
sKejlaeMoe JIeiCTBUE, a He peaJibHOE.

BoJbIIMHCTBO IMAallMeHTOB BHINMCHLIBAETCS U3
cTanoHapa c moTepeu MbIIIeYHOM Macchl. [lJis ee
BOCCTaHOBJIEHUS TPebyeTcs MoTpebieHne 3HAYM-
TeJbHOT'O KOJINYeCTBAa HYyTPUEHTOB U 9Hepruu. B
KJIMHAYECKUX PEKOMEeHAAIMAX COiepKaTCs M0JI0-
sKeHus 00 ONTHMAaJIbHOM KOJIMYecCTBe Oejika U
9HEepruu, HeoOXOIMMOE TTAIIMEHTY ITOCJIe BBITICKHA
W3 CTalliOHAapa, COOTBETCTBEeHHO 2,0-2,5 /1 u
35 kkais/kr [18]. IlpucrajibHOEe BHUMaHUE K
MBIIIIEYHOU Macce MalfeHTOB 00yCI0BJIEHO ILJIO-
XUM ITPOTHO30M ITPU UCXOTHOM JIe(DUIIUTE MbIIIIEY-
HOW TKaHU, KOTOPBIA MOMKET OBbITh BBISIBJIEH C
MOMOIIBIO CHEeNMaTbHOU MporpaMMbl IIPU KOM-
nbI0TepHOM ToMorpadun. [Tocse BBIMMCKY U3 CTa-
[MOHapa JIJIs BOCCTAHOBJIEHUSI MBIIIIEYHON MacChl
HapsAny ¢ GU3NYECKUMU YIIPasKHEHUAMU TpeOy-
eTcs yBeJIMYeHHasl JIOCTaBKa 0ejlka M 9HEPTHU.
[Tpu TakoM TTOAXOIE TOBBIIIAETCH KAYECTBO YKU3HU
MMaIEeHTOB, MMPOIIIEITNX peabuIuTaImio [78].

[TocJie BBINWCKY U3 CTAIITMOHAPA ONITUMAJIb-
HBIM CIIOCOOOM JOCTUKEHHS HEeOOXOIHUMOIO
YPOBHS TOTPeOIeHns OeTKka U KaJIOPUH SBJISIET-
CAd Ha3HAaYeHWe [anueHTaM I[IepopaibHOTO
JIOIIOJIHUTENIHbHOr0 NuTaHusi. OOBIYHO JJIsI 9TOTO
HCIIOJIb3YEeTCA METOJl CUIIMHIa. BasKHBIM sIBJIAET-
cdA IIpeeMCTBeHHOCTh B npoBenenuu HIIL. B mHO-
rOYMCJIEHHBIX UCCJIeNOBaHUAX ObljIa IIOKa3aHa
3¢ (PeKTUBHOCTH MEPOPATHHOTO JOMOJTHUTEIID-
HOIr0 MNHUTAaHUS [IJIsI CHUSKEHHSI KOJMYECTBa
OCJIOYKHEHUH, JJINTEeIbHOCTU FOCIUTAIN3ANN 1
YPOBHS CMepTHOCTHM B OosabHuIie [79, 80].
HasHavyeHue nepopajgbHOTO TOMOJHUTETHHOTO
NIMTaHUA B CTallMOHape IPUBOJUJIO K 3HAYNMO-
My 9KOHOMHUYeckomy aderTy. Ha KaskabIit moJ-
Jiap, MOTpavyeHHbIN HA TIepopaJTbHOE JOMOJTHU-
TeJbHOE THUTaHWE B CTamuoHape, OBLIO
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CO9KOHOMJIEHO 52 moJiiapa Ha pacxojax, CBA3aH-
HBIX ¢ TocuTanuaanuei [(81]. Kpome Toro 661710
MOKa3aHo, YTO Ha3HauYeHUe JOIIOJHUTEJILHOIO
MePOPaATbHOTO NUTAHUS MOKUJILIM 0OJbHBIM,
BBIIIMCAaHHBIM U3 CTAllMOHApa, IPUBOIMNIIO K 50%
cHMkeHnIo 90-1HeBHOM JieTaJIbHOCTH [82].

B HacTOAIMI MOMEHT CYMTAETCsI, YTO 00JIb-
IIMHCTBO MAIMEHTOB, MNEPEHECIINX CeIlCUc u
BBIIIMCAHHBIX U3 CTAllMOHapa, He MOoJIy4alT CO
CTaHIApPTHBIM IIMTAHUEM JOCTATOYHOTO KOJINYe-
cTBa OeJika M 9HEPTUHU. ITOT IIEPUO]] PACTSTHUBAET-
Cs1TI0 BpeMeHU OT 3 Mec 110 2 JieT. [IoaTomy y Takoi
KaTerOpwH MAIleHTOB 11eJIeCO00Pa3HO UCIIOTb30-
BaTh [IepopasbHOE NOIIOJIHUTEJIbHOE TUTaHue [9].

3arJaoueHnue

db(PeKTUBHOCTL OKA3aHUS IMOMOIIU OOJIh-
vbIM B KC niepecTra/iv O1IeHUBATh TOJIBKO MO JJIH-
TeabHOCTH IpeObiBanus B OPUT, craruonape u
IoKasaTesssM JieTaabHOCTU. 11 00beKTUBHOI
XapaKTEPUCTUKN HEOOXOAMMO VYUTHIBATH HE
TOJIBKO NPOJIOJIKUTEJIbHOCTD SKU3HU MAllieHTOB
BHE CTallMOHAapa, HO U ee Ka4yecTBO. [IpoBeneHue
TTOJTHOIIEHHBIX pPeadUIUTAIIMOHHBIX MEPOIPUsI-
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TH#, 6€3yCIOBHO, TOBBIIIAET KaK MPOIOIKUTEIh-
HOCTbB SKU3HU 00JIbHBIX, nepeHecmnx KC, Tak u
CITOCOOHOCTh K aJanTalld¥l TO0CJe BBIINUCKUA U3
RJIMHUKY. B nemngupoBannu nocaeacteui [TAT-
CHHJIpOMA, KOTOPBI B 3HAYUTE/NHHONH Mepe U
oIpepeJisieT Ka4eCTBO KU3HY, BaYKHAsI pOJIb OTBO-
nutcsi HIT. CoBpemeHHbIe TTOAXObI K o0ecmeve-
HHio 6016HBIX B KC HyTpHeHTaM 1 9HeprHei mpe;i-
ycMaTpuBawT rpajanuio HasHadenuda HII B
3aBHCUMOCTHA OT CTaguu 3aboJieBaHus. B meit-
CTBYIOIINX KJIMHUYECKUX PEKOMEHIAUAX aKLEHT
JleJIaeTCs Ha MOCTENIEHHOE JOCTUKEHNE 1[eJIEBbIX
3HaYeHWH 6eJIKa ¥ 9HEPTUH, TPEUMYIIIECTBEHHOTO
HCIOJ/Ib30BAHUS 9HTEPATIBHOTO CIIOC06a 10CTaBKU
MUIIEeBbIX KOMIIOHEHTOB, IPEEeMCTBEHHOCTH B
nposenennn HII meskny oToeseHUAMH, a TaKKe
TOCIIUTAIHLHBIM U aMOYJIAaTOPHBIM 3TalaMu Jieue-
HuA. Vcnojsib3oBaHue NIepOpPasbHOro AOIIOJIHU-
TeJIbHOTO NMUTAHUS SIBJISIETCSI COCTAaBHOM YaCThIO
peaduIUTamOHHBIX MEPOTIPUATHH. TAKOH MOAXO
II03BOJIAET HE TOJIKO ONITUMU3UPOBaTh pe3yJikTa-
Thl OKAa3aHUsI MOMOIIU 3TOU KpalHe TIKeJI0n
KaTeropyuy NanyeHTOB, HO U IIOBBICUTH UX Kade-
CTBO KM3HH I10CJIE BBINUCKY U3 CTALIMOHAPA.
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Pe3rome

Barsiopen — MuopesiakcaHT, peCcTaBJIsIONnNA cO00i GeTa-p-X10p(heHUIBHOE TPOU3BOIHOE OHOIO
13 TOPMO3HBIX MequaTopoB — TAMK. IIpu mpuMeHeHnH 9TOro Mperapara BOSMOKHO Pa3BUTHE CEPbE3HbIX
10604HbBIX 3 deKTOB. Pa3BUTHE YIPOKAIONINX KU3HU COCTOSIHUM NpU puMeHeHnn bakiodeHa MoxkeT
OBITH CJIECTBAEM HEIIPEIHAMEPEHHOM [TePEI03UPOBKH IIperapara, Ha3Ha4eHHOI'0 BpauoM, UIUOCHHKPa-
31U, CyHIIUAIBHOTO TI0BEJEHUST, KPUMUHATBHBIX EHCTBUIL.

Ilesib 0030pa: PaCCMOTPETH MEXaHU3MbI TEPAIIEBTUYECKOI0 M TOKCUYECKOT0 IeiicTBYs Bakodena, ero
BO3/IeCTBUSI HA KJIETOYHBIE PELEITOPHI [JIs1 TPOSICHEHUSI [TaTOreHe3a YKU3HeyrPOKAIOIIUX COCTOSTHU, KO-
TOPBIE BBI3bIBAET OTPABJIEHHE 9THM IIPEIIapaToOM.

[Mouck npoBoau/u 1o 6asam gaHHbIXx PubMed 1 Scopus, 0KOHYATeIbHBIM 0TOOP 82-X UCTOYHUKOB OCY-
[ECTBU/IN B COOTBETCTBUU CO CJIEAYIONIMMU KPUTEPHUSIM: TIOJTHOTA COOTBETCTBUS TEME JAHHOr0 0030pa 1
XapakTep cTarby. B 0630p BKJIIOYA/IN KaK Pe3YJIbTaThl PAHJ0MU3MPOBAHHBIX MCCIIEJOBAaHUH, TaK U OT/IE/Ib-
HbIE COOOIIEeHNS.

B 0630pe KparKo IpeaCcTaBu/Id UCTOPHUIO crHTe3a bakyiodena 1 ero BBeeHNsI B KIMHUYECKYIO MTPaK-
THKY, TOKa3aHUsI K IPUMEHEHHUI0, MEXaHU3M JeHCTBUS U 0COOEHHOCTU MeTab0JIM3Ma 9TOTO Iperapara, ero
BJIMSTHUSI HA [IEHTPAIbHYIO HEPBHYIO CUCTEMY, 0COOEHHOCTH CHHIPOMa OTMEHbI, 0CHOBHBIE CUMIITOMBI IT€e-
PEeI03UPOBKY M OCTPOTO OTPABJIEHHUS], @ TAK)Ke B3aMO/IeicTBYsI BakaodeHa ¢ ApyriuMu IpernapaTamu.

3akJrouenue. MHOroYHCJIEHHbIE HCCIEe0BAHMA He IT03BOJISIOT CAe/I1aTh OJHO3HAYHBIX BLIBOIOB O Me-
XaHU3Max TOKCUYECKOro JeicTBust bakiodena. [1jist Toro, 9T06bl IIOJTHOCTHIO PACKPBITH [TATOreHE3 OMAaCHBIX
JJIS1 5KM3HU COCTOSTHUI TIPY ero MpUMeHEeHUH TPeOyeTcst faabHelIee H3yYeHre MOJIEKYIISIPHBIX U KJIETOY-
HbIX 9((PEKTOB JAaHHOTO MPerapara, B TOM YHCJIe C Y4eTOM T€eHeTHYeCKUX (DAKTOPOB, OIPEJIEIISIOIINX 0CO-
OGEHHOCTH ero MeTad0J/IM3Ma B OpraHu3Me.

Knrouesuoie crosa: bakiodeH; mekapcTBeHHasA 3aBUCUMOCTD; JIEKAPCTBEHHBIN MeTab0JIM3M; OCTphIe
OTpaBJIEHUST; HEUPOTOKCUYECKUH 9 (PEKT; CHHIPOM OTMEHBI

Summary

Baclofen is a muscle relaxant, which is a beta-p-chlorophenyl derivative of an inhibitory neurotrans-
mitter GABA. This drug may have serious side effects and cause life-threatening conditions which may re-
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sult from an unintentional overdose of the drug prescribed by a doctor, idiosyncrasy, suicidal behavior or

criminal acts.

The aim of the review is to examine the mechanisms of therapeutic and toxic effects of baclofen, its effects
on cellular receptors to clarify the pathogenesis of life-threatening conditions caused by poisoning with this

drug.

The search was done using the PubMed and Scopus databases, and the final selection of 82 sources was
made based on the relevance to the topic of this review and the type of article. The review included both the

results of randomized studies and individual reports.

The review briefly discusses the history of baclofen synthesis and its application in clinical practice, indi-
cations for prescription, mechanism of action and the specific features of its metabolism, its effect on the CNS,
signs and symptoms of withdrawal syndrome, overdose and acute poisoning, as well as the interaction of ba-

clofen with other drugs.

Conclusion. Multiple studies failed to make definite conclusions about mechanisms of baclofen toxicity.
To completely reveal the pathogenesis of life-threatening conditions occurring due to baclofen use, further
studies of molecular and cellular effects of this drug, as well as genetic factors controlling its metabolism, are

warranted.

Keywords: Baclofen; drug dependence; drug metabolism; acute poisoning; neurotoxic effect; withdrawal

syndrome
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BBenenue

OTpaBJieHUA 3aHUMAIOT OOHY M3 BEAYIIUX
MIO3ULIMHA B CTPYKType HACUJIbCTBEHHOU CMep-
T [1-7]. OTMEe4YarT 3HAYUTEJIbHOE YMCJIO OTPAB-
aennii bakaogenoM (ToproBbie Ha3BaHUS — JIUO-
pesaJ, 6arJyiocan). ITO BEIIEeCTBO TPUHAIIESKUT K
KJIACCy JIeKapCTB, HAa3bIBA€MBIX MBIIIECYHBIMU
penakcanTamMu. C XUMHU4YeCKOM TOUKHU 3peHUsI OHO
He UMeeT CXOJCTBA C IPYTUMUA MUOpeJIaKCaHTaMuU
U TIpeicTaBJsIeT co00ii 6eTa-p-xymopdeHnabHoe
IIPOM3BOAHOE OJHOTO U3 TOPMO3HBIX Helipome-
nuaropoB — [AMK (ramMMa-aMMHOMACJISTHOU KHUC-
J10THI) [8-11]. CBOIO NOIIYJIAPHOCTH Cpegy HapKO-
3aBUCHUMBIX Jul] bakioden mosayuusna 3a cyer
BBIpa’KEHHOT0 IICUX0aKTUBHOTO addekTa [10].

J171s1 moCTUsKeHM ST HAPKOTUYECKOTo adperTa
TepalleBTUYeCKue O3Bl 9TOr0 Iipenapara yBe-
JIMYMBAIOTCA B pasbl. 3aBUCUMOCTb Pa3BUBAETCH
moctaroyHo ObIicTpo. HapkosaBucumble JuIia
MOTYT ymoTpebJaTh 10 6-14 TabseToK OgHOBpE-
MEHHO YaCTO B COUYETAHUU CO CJIa00aTKOTOJIbHBI-
Mu Hanutkamu. Cnycra 30-40 MuH. HacTynaer
HAapKOTHYECKOe OIbHEHHEe, KOTOPOE MOKeT
COIIPOBOYKIAETCA TAKUMY CUMIITOMaMU KaK TOIII-
HOTAa ¥ PBOTA, CWJIbHAsI CyXOCTh BO PTY, IOIBJICHUE
3pUTEJILHBIX U CJIyXOBBIX FAJIIOIUHALNI, TPEMOP
PYK, COHJIMBOCTH, COCTOSIHME€ IIOJIHAsl alarusd,
MHUJpHa3, HEBHATHAsA pedb, IOJIOBOKPY)KEHUE,
HapylleHHas1 KOOPAUHAIWA ABWYKeHN [12-21].

[Tpu nepeno3upoBke bakaodeHa BO3MOKHO
BO3HMKHOBEHHE OCTPBIX OTpaBJIeHUH, KOTOpPhIe
3a4acTyI0 UMeIOT JIeTaIbHbIN ucxor [12-21]. Hau-
OoJIbIIIee YHUCIIO TAKUX MHTOKCHUKAIINN OTMEYaIOT
cpenu netelt U MOAPOCTKOB [22-25]. Hanpumep,
COTJIaCHO JaHHBIM 00JIACTHOTO TOKCHKOJIOTHYE-
CKOro IteHTpa 3a nepuog ¢ 2009 o 2013 roxg ux
JIOJIs1 OT OOIIIEero YKCJsIa JJeKapCTBEHHBIX OTpaBJe-
HHUU yCTOHUYMBO Bo3pacTaet (C 2,2 10 6,6% y Ju1l

BO3PACTHOM I'pynisl ¢ 15 1o 17 sieT) [24].

Introduction

Poisonings hold one of the leading positions
among causes of violent death [1-7]. A considerable
number of baclofen (trade names Lioresal and Bak-
losan) poisoning have been observed. This sub-
stance is a muscle relaxant. Baclofen has a unique
chemical structure totally different from the other
myorelaxants, being a beta-p-chlorophenyl deriv-
ative of GABA (gamma-aminobutyric acid), an in-
hibitory neurotransmitter [8-11]. The drug has
gained its popularity among drug addicts due to
strong psychoactive properties.

To achieve a narcotic effect, the dose of the
drug should be several times higher than the ther-
apeutic one. Addiction develops quite rapidly. Drug
addicts can take up to 6-14 tablets at the same time,
often in combination with low-alcohol drinks. After
30-40 minutes narcotic intoxication occurs, ac-
companied by nausea, vomiting, intense dry
mouth, visual and auditory hallucinations, hand
tremor, drowsiness, complete apathy, mydriasis,
slurred speech, dizziness, impaired movement co-
ordination [12-21].

In baclofen overdose, acute poisoning may
occur, which is often fatal [12-21]. The greatest num-
ber of such intoxications is registered among chil-
dren and adolescents [22-25]. For example, accord-
ing to a regional toxicology center, during the period
from 2009 to 2013 their share in the total number of
drug poisonings has steadily increased (from 2.2%
t0 6.6% in the 15-17 years age group) [24].

When a patient with suspected baclofen poi-
soning is admitted, a differential diagnosis should
be performed with the other poisonings for tar-
geted rehabilitation afterwards. Understanding the
processes occurring in different stages of poison-
ing helps to provide timely and adequate medical
care to the patients. In case of lethal outcome, the
exact cause of death should be confirmed by
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[Ipu nocTyn/aeHUy NalueHTOB ¢ I0f03pe-
HUEeM Ha oTpaBJyieHre Bakiodenom tpedyercs
npoBeaenue nuddepeHnaIbLHON JUATHOCTUKHA
C JpyTUMU OTPaBJEHUSIMHU [JIs1 MOCIEYIOIINX
peadbmIMTanMOHHBIX MeponpusaTuii. [ToHuMa-
HUE MeXaHN3MOB IIPOIeCCOB, IPOUCXOISANINX B
opraHu3Me Ha pa3HbIX 9TAax OTPaABJIEHUs, 103~
BOJISIET OKa3bIBAaTh CBOEBPEMEHHYIO IIOMOIIb
9TOU KaTeropuu IMnocTpagaBuIuX. B ciyuae
HACTYIJIeHUs JIETAJBHOTO HcXoma TpedyeTcs
000CHOBATh HETIOCPEICTBEHHYIO IPUYNHY CMEP-
TH IPU YCJIOBUU IPOBEAEeHUSA XUMUKO-TOKCHUKO-
JIOTUYECKOTO UccaenoBanus [14]. Yucsto pabor,
MOCBSIIIEHHBIX MOP(OJIOTUUYECKUM HCCIIe0Ba-
HUSM BHYTPEHHUX OPraHOB IIPU OTPAaBJIEHUU
OaksgopeHoM, OTPAaHWYEHO U MPEICTaABIECHO
eIMHUYHBIMY TyOmKanusamu [11].

baksoden — penentypHblii npenapar. OH
JOCTyIIeH KaK B IIepOpaIbHOM, TaK U B MHTpAare-
KaJIbHOH (hopMax (T. . 711 To000/I09eTHOTO BBe-
nenusi). baksmoden B nepopasibHON hopMe MOKa-
3aH MalMeHTaM C PACCesIHHBIM CKJIepO30M IIpHU
BBIPa’KEHHOU MBIIIIEYHOH CITACTUYHOCTH, 3aboJe-
BAHMAX CIIMHHOI'O MO3ra pa3JInuHOro reHesa (0OIy-
x0Ji, TH(QEKIMOHHbIE 3a00JIeBaHNsl, TPAaBMBI),
TIPY OCTPBIX HAPYIIIEHHUSIX MO3TOBOTO KPOBOOOpa-
1IeHUs1, MeHUHTUTe. B psijie nccienoBaHuii oka-
3aHa a(ppeKTUBHOCTH baknogdeHa y malieHToB C
asIkorosiaMom [27-43] u B ciayqae LT [44, 45].

Hampumep, B 01HOM U3 HCCJief0BaHUN [42]
OBLJIO ITOKA3aHO, YTO JINTEJbHOCTH YAEPSKaHUSA
MAIEHTOB C aJIKOTOJIbHBIM aHAMHE30M B pEMUC-
ciW B rpymnne, noJsydaBiied barisodeH, 6bL1a
JIOCTOBEPHO BBIIIE, YeM B I'PYIIIIe, ToJy4daBInei
mrare60. 3To, B CBOIO OYepeb, TO3BOJISIET TOBO-
puTh 0 60J€e BBICOKOH apeKTuBHOCTH Bakiio-
(¢eHa rpu aJIKOroJrU3Me 10 CPAaBHEHUIO C IJIale-
60. B ToM ke HcciiemoBaHUM OBLIIO IOKA3aHO, YTO
110 KOJTMYECTBY BBISIBJIEHHBIX TOOOYHBIX 3 Pek-
TOB U BJIUSTHUIO HA aKTUBHOCTH (DepMEHTOB Ileue-
HM bakjodeH 1ocToBepHO He OIMYAJICA OT IJIa-
meb6o ABTOpBHI CcHaeJadu BBIBOMN, YTO IJIs
nonTeepkaeHuss apdekruBHocTH bakgodena
MIPY JIEYeHNH aJTKOT0JIM3Ma HeoOXOAMMO TIpoBe-
JleHVe VCCe0BaHni Ha 00Jiee KPYITHBIX BBIOOD-
Kax ITaI[eHTOoB.

B cooTBeTcTBHH C comIallleHeM I10 3KCIIepu-
MEHTAJIbHOMY NPUMEHEHUI0 HOBBIX JIEKapCTB
(Treatment Investigational New Drug Application),
yrBepxaeHHoro FDA B mapre 1990 r. noka3aHuA-
MH 17151 T0j060J109e9HOTO BBeieHus bakiodena
CJIysKaT IMOBPESKJAEHUsI FOJIOBHOTO U CIUHHOTO
MO3ra, B TOM 4YHCJie ¥ TpaBMaTU4eCKOro reHesa,
Hea(HEeKTUBHOCTh U HEIlepeHOCUMOCTh MUOpe-
JIAKCAHTOB 15 IIepopajbHOro rpuemMa. [46]. Ilpnu
TaKOM IIyTHU BBeJEHUs BO3MOYKHO YTHeTeHUe
JIbIXaHWsI, COHJIMBOCTH 1 KoMa (8, 9, 46].

ITesrs 0630pa — paccMOTPETh MEXaHU3MBI
TeparneBTUUYEeCKOT0 U TOKCUYECKOTO HelCTBUSA

chemical toxicology tests [14]. Studies concerning
morphological examination of internal organs in
baclofen poisoning are limited and include only a
few publications [11].

Baclofen is a prescription drug. It is available
both in oral and intrathecal forms. Oral baclofen is
indicated for patients with multiple sclerosis in se-
vere muscle spasticity, spinal cord diseases of vari-
ous etiology (tumors, infectious diseases, injuries),
acute cerebrovascular diseases, and meningitis.
Several studies have shown the efficacy of baclofen
in patients with alcoholism [27-43] and cerebral
palsy [44, 45].

For example, a study [42] showed that dura-
tion of abstinence in patients with a history of al-
coholism receiving baclofen was significantly
longer than in patients receiving placebo. This sug-
gests a higher efficiency of baclofen in alcoholism
compared with placebo. In the same study the
number of adverse events and effect on liver en-
zyme activity in patients on baclofen did not differ
from those in placebo receiving patients. The au-
thors concluded that in order to confirm the effec-
tiveness of Baclofen in alcoholism treatment the ex-
tended studies with increased cohorts of patients
would be warranted.

According to the agreement on the experi-
mental use of new drugs (Treatment Investigative
New Drug Application), approved by the FDA in
March 1990, indications for intrathecal injection of
Baclofen are brain and spinal cord injuries, includ-
ing traumas, low efficacy or intolerance of oral
muscle relaxants [46]. Respiratory depression,
lethargy and coma can develop after intrathecal ad-
ministration [8, 9, 46].

The aim of the review is to discuss the mech-
anisms of therapeutic and toxic effects of baclofen
and its effect on cellular receptors to clarify the
pathogenesis of life-threatening conditions caused
by poisoning with this drug.

The History of the Synthesis
and Introduction of Baclofen
Into Clinical Practice

Baclofen was developed by Ciba-Geigy as an
antiepileptic medication, but its effectiveness in
this indication has not been proven. Nevertheless,
the drug improved condition of patients with acute
cerebrovascular accidents, traumatic brain injury,
and muscle spasms [8].

Baclofen was originally intended for oral ad-
ministration, but the intrathecal route allowed to
achieve higher efficacy without adverse reactions
that might occur in oral administration [41-44].

The FDA approved Baclofen in 1977 under the
trade name Lioresal, manufactured by Novartis.
The drug was approved under other trade names in
the 1980s [8].
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BaKJ'IO(I)eHa, €ero BOS,I[efICTBHH Ha KJIETOYHbIE
PEnEnTOPLbI AJA IPOACHEHHNSA IIaTOT€HE3a JKU3HE-
YrposKarnnimux COCTOHHHﬁ, KOTOpPbIE€ BbI3bIBAET
OTpaBJIEHUE 9THUM IIPEIIapaTOM.

HcTopus cHHTE3a M BBEIEHH S
O0akjo(eHa B KIMHUYECKYIO IPAKTHKY

Baksioden paspabarbiBajicd KOMITaHUEN
Ciba-Geigy kak cpeJCcTBO OT 3IUJIENICUU, OFHAKO
3((PEeKTUBHOCTh €ro MO 3TOMYy IIOKa3aHWUIO He
OpLTa MOoKa3aHa. Tem He MeHee, IIpenapar yayd-
II1aJI COCTOSAHME IAlIeHTOB C OCTPBIM HapyIlIeHu-
€M MO3T0BOTO KpOBOOOpAIIeHNsI, YePEemHO-MO03-
TOBOM TPaBMOM 1 MBIIIIEUHbIMY ClTa3MaMHu [8].

Baksoden wu3Hava/JbHO MpPEAIOJarajgoch
Ha3HA4aTh TOJBKO IIEPOPATbHO, HO UHTPATEKAIb-
HBIN METOT T03BOJISJ T0OUBAThCsI 6ostee apdekr-
THUBHOTO JieueHUs1 0e3 MoO0YHBIX PeaKIIuil, KOTO-
pble MOIIA BO3HUKHYTH IIpM [epOpaJbHOM
IpuMeHeHuu [41-44].

FDA ono6puio baknodgen B 1977 roay nop
TOProBBIM Ha3BaHMeM Lioresal, ©3roToBJeHHOM
kommaHuei «Novartis». [lon ApyruMu TOproBeIMu
Ha3BaHUAMU Bakjgoden 6b11 omobpeH B 1980-x
rojgax [8].

B rematuueckoM oTuere oT 2014 roga ObLI0
BBICKA3aHO TMPEAIOJIOKEHNE, UYTO 9TO BEIECTBO
MOKET OBITH 9(D(PEKTUBHO NIJIs JIeUeHUsT 3aBUCHU-
MOCTH OT MapHuXyaHbl, 0COOEHHO y TMaIieHTOB,
KOTOpBbIE YIIOTPeOIAIN ee 1oJroe BpeMs. Boiio
TaksKe TTOKa3aHo, 4yTo bakgodeH MosKeT TOMOYb
CHU3UTH BHIPAYKEHHOCTH CUMIITOMOB aOCTHHEH-
uuu [46] 1 mOMOYb MaIeHTaM ¢ HapKOMaHUeHn
n36ekaTh BO3MOKHBIX PEIIUIUBOB [48, 49].

MexaHH3M JeHCTBHUS

[lo xuMuyeckoil cTpykType bakmoden
SIBJISIETCSI IPOU3BOAHBIM TPOMO3HOTO Meuaropa
T'AMK. C aTuM cBsi3aHbl ero hapMaKoJOruyecKue
addexThl. Ha ceronns mexanuam gerictBus bakJjio-
¢deHna ocraercsi He /10 KOHIIA BbISICHEHHBIM [48-52].

BbakJiodeH yrueTaer MOHOCUHANITUYECKUE U
MOJIMCUHANTHYeCKUe pe(JIeKChl, TOAABJIsIeT BO3-
OyIMMOCTh raMMa-MOTOHEMPOHOB, YTO O00yCJIaB-
JIMBaeT ero MUOpeJIaKCupylolee AeliCTBUE.

JaHHbIi Ipenapar Takske yrHeTaeT pedJiek-
TOpHBIE KOJUIaTEPAH, KOTOpPble OOBHEAUHSIOT
abda-1-BosIokHa MUODUOPUILT U aTh(a-MOTOHEH-
poHbI 3¢ depeHTHOro OTHesa raMMa-NneTIn, YTo
00yCIOB/IMBAET MHAKTUBAIHIO MBIIIIEYHBIX BOJIOKOH.

Baknoden He 00s1a1aeT CIOCOOHOCTHIO OKa-
3bIBATh BJMSIHNE HA MeXaHU3Mbl HEHPO-MbIIIIey-
Hoil nepenaun. OH akTuBupyeT [AMKO-pernento-
PBI, 3a CUET Yero YMeHbIIAeTCs] UHTEHCUBHOCTD
BBICBOOOSKIEHUSI IUIyTaMara 1 acrapTara, OT el -
CTBUS KOTOPBIX 3aBUCUT BO3HUKHOBEHHUE CIIa3Ma.

Baksoden obsagaer MOIIHBIM 00€3060JTH-

BaIUM 9 deKToM. ITO CBSI3aHO C aKTUBAIUEN

A topical report (2014) suggested that this
drug could be effective in treating marijuana addic-
tion, especially in patients who had been using it
for along time. Baclofen was also shown to help re-
duce withdrawal symptoms [46] and prevent re-
lapses in drug addicts [48, 49].

Mechanism of action

Chemically, baclofen is a derivative of the
GABA inhibitory mediator, hence its pharmacolog-
ical effects are related to this substance. To date, the
mechanism of action of baclofen is not fully eluci-
dated [48-52].

Baclofen inhibits monosynaptic and polysy-
naptic reflexes and suppresses the gamma mo-
toneuron excitability, which determines its myore-
laxant action.

This drug also inhibits reflex collaterals con-
necting the myofibrillary a1 fibers and a-motoneu-
rons of the efferent gamma-loop section, which
causes inactivation of muscle fibers.

Baclofen is not capable of affecting the mech-
anisms of neuro-muscular transmission. It acti-
vates GABA receptors, reducing the intensity of
spasm-inducing glutamate and aspartate release.

Baclofen has a potent effect related to activa-
tion of potassium channels sensitive to tetraethy-
lammonium [50]. Suppression of pain sensitivity by
baclofen occurs by two principally different mech-
anisms, opiate and catecholaminergic. The former
involves stimulation of the endogenous opiate re-
lease in the striatum, while the latter involves
GABA-mediated activation of adreno- and
dopaminergic systems at subcortical and cortical
levels [54-56]. The analgesic effect of this drug is
complex and multifaceted. Baclofen indirectly af-
fects other mediator systems such as adrenergic,
dopaminergic, cholinergic. Its analgesic effect has
been described in many publications. For example,
apaper by C. S. Potes, E L. Neto, S. M. Castro-Lopes
(2006) showed that baclofen suppressed the noci-
ception in rats with experimental monoarthritis by
stimulating the GABA-B receptors of ventro-basal
complex [55].

Baclofen is almost completely absorbed in the
gastrointestinal tract with the bioavailability of
70-80%. The effect of taking a single oral dose of
40 mg starts after 30-45 minutes. The peak plasma
concentration of the drug is achieved in about 2-3 h
(0.3-0.6 pg/ml), while that of its metabolite pro-
duced during desamination and oxidation of beta-
[p-chlorophenyl])-gamma hydroxybutyric acid is
observed in 4 h (<0.2 pg/ml) [8-9].

The distribution time of baclofen is 1.29+0.7 h
(alpha half-life time is 0.54 h). The apparent volume
of distribution is approximately 0.8 1/kg. About 30%
of baclofen in humans binds to plasma proteins.
The content of baclofen in specific human organs
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KaJIMEBbIX KAHAJIOB YyBCTBUTEJIbHBIX K TETPAITHU-
sammonwio [50]. ITomaBienre 60JIeBOI YYBCTBU-
TeJILHOCTH 10J Bo3JelicTBueM bakiaodena npo-
UCXOOWUT II0 JBYM NPUHIUIIMAJIBHO Pas3HbIM
MexaHW3MaM: OIIMaTHOMY U KaTexoJlaMUuHeprude-
cromy. IIepBbIil BKIIOYAET B €05l CTUMYIISAIIUIO
BBIOpOCA 9HIOTEHHBIX ONMATOB B CTPHATyMe, a
BTOpOii — I'AMK-0nocpenoBaHHYI0 aKTHUBAIUIO
aJipeHo- U noamMUHepPruuYeCcKusi CUCTEM Ha IO/~
KOPKOBOM U KOPKOBOM YPOBHAX [54-56]. AHaJIBIE-
TUYeCKuU a(pdeKT aToro npemnapara CJIOKeH U
MHOTOTpaHeH. bakjgodeH onmocpenoBaHHO BO3-
JelicTByeT Ha Apyrue MeguaTOpPHbIE CHCTEMBI:
aJIpeH03PTUYECKYIO, 10 aMUHIPIUUECKYIO, XOJIU-
Hepruueckyio. Ero obesbosuBaoomuii apderT
OTIMCaH BO MHOTHUX 3apyOesKHBIX MTyOTUKAIUSIX.
Hampumep, B pabore 2006 roma (C. S. Potes,
E L. Neto, S. M. Castro-Lopes) moka3aHo, 4YTO CTH-
myssimusi  6akaodenom TAMK-B  penenrropoB
BEHTP00A3aTbHOTO KOMILIEKCA Y TOMOMBITHBIX
KPBIC C 9KCHEePUMEHTAJbHBIM MOHOApPTPUTOM
MO/IaBJIsIET HOJIEBYIO HOIUIIETITHIO [55].

BakJsioeH 1oYTH OJIHOCTHIO BCACHIBAETCS B
SKEJIYLOYHO-KALIEYHOM TPaKTe. buogoCcTynHOCTh
aToro mnpermnapara coctanJjisieT 70-80%. ddderT ot
preMa OJJHOKPaTHOU ITepopabHOM T03bI B 40 MT
HayuHaetrcd yepes 30-45 MuH. [TnkoBad KOHIIEHT-
panus mperapara B JIa3Me JOCTUTAETCS IPUMep-
HO 3a 2-3 4 (0,3-0,6 MKr/MJI), a ero merabdoJinra,
00pasyIoIerocs B XoJie 1e3aMUHUPOBAHUS 1 OKHC-
Jgenus (6era-[p-xaopdeHuns])-raMmMa-TuIpoOKCU-
MacCJSTHOM KUCJIOThI), — 3a 4 4 (<0,2 MKr/MJI) [8-9].

Baksoden pacrnpenesnserci B TedeHUE
1,29+0,7 u (anbda-mosynepuos mpedbIBaHUS B
opranuaMe cocrapJjser 0,54 4y). Kakymuiicsa
00beM pacnpeesieHus COCTaBJIsIeT mpuMepHo 0,8
J/Kr. OkoJio 30% baksodena y yejioBeKka CBsI3bl-
Baetcs c 6ekamu 1utadMbl. Comepskanme OakJIo-
¢deHa B OT/IeJIbHBIX OpraHax v TKaHsX YeJIOBeKa He
U3y4aJIoCh. B uccienoBanya Ha sKUBOTHBIX II0KA-
3aHO, YTO 3TO BEIIeCTBO JIETKO IPOHUKAET BO MHO-
rue u3 HUX (MedyeHb, IOYKN) U MedJIeHHO BBIBO-
JUTCA U3 FOJIOBHOTO MO3Ta U JPYIUX CTPYKTYP
HEpPBHOM cUCTEMBI [56].

85-90% baxrJsiodena mocsie nmepopasbHOTO
npueMa BBIBOJUTCS B HEM3MEHEHHOM BHIE C
mouoii [8, 9, 58-60], a 10 % — ¢ KaJioM, TIPU ITOM
3a IepBble 6 4 M3 OpraHuaMa ygansercsa 2/3
JerapcTBa, 3a 24 4— 80 %, a 3a 72 4 — BeCh OCTaB-
muiicsa npenapar [8]. Ilepen akckpenueit 15 %
baraodeHna monBepraeTcs 1e3aMUHUPOBAHUIO B
nevyeHHu, TJe IPOUCXOIAT TaKKe OKUCJIEHHE eTo
MeTaboJUTOB U UX BOBJeUueHHe B MUK Kpebca.
[Tlepuon nonyBeiBefeHus bakiaogena B cpenneM
paseH 3,6 4, HO MOYKEeT BapbUpOBarh OT 2 110 6 4.

[Ipu ocTpbix UHTOKCHUKAUAX bakiodenom
ero cojiepsKaHue B CBIBOPOTKE KPOBY JOCTUTAET
1,1-3,5 MKr/muJI (TOKCHYeCcKasi KOHI[eHTpaIys), a B
cJiy4ae jieTaJbHOro ucxona — 17 Mxr/mi. Conep-

and tissues has not been studied. Animal studies
have shown that this substance penetrates easily
into many of them (liver, kidneys) and is slowly
eliminated from brain and other structures of the
nervous system [56].

After oral administration, 85-90% of baclofen
are excreted in unchanged form with urine [8, 9,
58-60], 10% with stool, with 2/3 of the dose elimi-
nated within the first 6 hours, 80% by 24 hours, and
the rest within 72 hours [8]. Before excretion, 15%
of baclofen undergoes deamination in the liver,
where oxidation of its metabolites and their inclu-
sion in the Krebs cycle also occur. The average half-
life period of baclofen is 3.6 h, but may vary from 2
to 6 h.

In acute baclofen intoxication, its serum level
can reach 1.1-3.5 pg/ml (toxic concentration), and
in case of death it could be as high as 17 ug/ml. The
baclofen concentration in the urine of these pa-
tients was 760 ug/ml [10, 58].

Characteristics of Baclofen Metabolism

About 15% of the baclofen dose is biotrans-
formed in the liver by desamination [8, 9]. As a re-
sult, the basic metabolite, 3-(p-chlorophenyl)-4-
hydroxybutyric acid, is formed, which
demonstrates no pharmacological activity [9]. Only
baclofen's S-enantiomer has been shown to un-
dergo desamination [61].

Effect of Baclofen
on the Central Nervous System

Baclofen was shown to accumulate in brain
tissue and have a direct neurotoxic effect [62].

Encephalopathy may develop when baclofen
is used. In particular, baclofen-associated en-
cephalopathy was revealed in a study on rats that
employed the dose of baclofen of 116 mg/kg. En-
cephalopathy with the triphasic acute waves, status
epilepticus and isoelectric signals was diagnosed
using EEG [63].

In Ontario, a case record analysis of approxi-
mately 16,000 patients with kidney disease, who
started taking baclofen between 2007 and 2018, was
performed. Patients were divided into two groups
receiving high and low doses of the drug. Patients
from both groups were compared with almost
300,000 patients with kidney disease who had not
received the drug. Among patients who received
high doses of baclofen, 1.11% (108 out of 9707) were
hospitalized with signs of cognitive impairment.
This proportion was 0.42% (26 out of 6235) in the
group of low-dose baclofen patients [64].

A case of acute baclofen poisoning with a sui-
cidal purpose resulting in deep coma has been re-
ported. Interestingly, the «burst-suppression» EEG
pattern was noted on the 15t day, which can be con-

sidered as one of the signs of a dying brain. Later
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skaHue bakisogeHa B Moue y TaKUX IIOCTPaaB-
mmx — 760 mxr/ma (10, 58].

Oco0eHHOCTH MeTado/JIu3Ma
O0akogeHna

OxkoJio 15% mo3ssl bakiiodena nogsepraercs
broTpaHchopMaIiy B ITIeYeHH 3a CUET JIe3aMUHU-
poBanus [8, 9]. B peaysnbrare oOpasyeTcss OCHOB-
HOU MeTabosuT, 3-(p-XT0pdeHnI)-4-TUAPOKCH-
MacJIAHHasA KHUCJO0Ta, KOTOpas He NPOSIBJSET
dapmakrosioruueckoi akTuBHOCTH [9]. [TokasaHo,
4TO 1e3aMUHHUPOBAHUIO MOIBEPTAETCA TOJBKO
S- snanTmomep baksiodena [61].

BiussHue 6akaodeHa
Ha IEHTPAJTbHYI0 HEPBHYIO CHCTEMY

[Tokasano, uto bakiaogeH HakamJIMBaeTCs B
TKAaHU MO3Ta M OKa3bIBAET MPSIMON HEUPOTOKCH-
yeckult apdekr [62].

[Ipu npumenennu bakjsodeHa BO3MOKHO
pasBuTue sHIledasonaruu. B yacTHOCTH, BO3-
MOJKHOCTB Pa3BUTHsI ODaK/I0(eH-aCCOIMUPOBaH-
HOW 9HITedasionaruy ObLIa TOKa3aHa B UCCJIEN0-
BaHUU Ha Kpbicax (7o3a bakiodena 116 Mr/kr).
JuarHocTtuka aHIedasonaTuy MPOBOAUIACH C
npuMeHenueM III. Ha 93T Habrroganu Tpexdas-
Hble OCTpble BOJIHBI, dANUJIENTUYECKUU CTaTyC U
U303JIeKTPUYECKUE CUTHAJBI [63].

B OHTapmo OBLT MPOBeeH aHAJIN3 UCTOPUI
6o0s1e3H mpuMepHO 16000 yesIoBeK ¢ 3a001eBaHU-
eM I0YeK, HayaBIuX IpueM bak/odeHa B mepuo
Mesxay 2007 1 2018 romamu. ITpu aTOM ITaniieHToB
pasgesu/yd Ha JBe IPYHIbl, OfHA U3 KOTOPBIX
roJiy4aJia rpernapar B BBICOKOH 103€, a Apyras —
B HU3KOW. O6e Trpynmbl CpaBHHUBAIU C TOYTH
300000 mareHTOB C 3a00JIeBaHUAMU II0YEK, He
II0JIYYaBIINMU 3TOT IIpemnapar. 1,11% nanueHToB
(108 13 9707), moJIy4aBIIIUX BEICOKME 103bI bakJio-
¢eHa, OBLTU TOCTUTATU3UPOBAHBI C CHMIITOMAMH,
CBSI3aHHBIMU C KOTHUTUBHBIMHU PaCCTPOUCTBAMHU.
B rpynne nanueHToB, noJydyaBuiux bakiogeH B
HU3KOU J103e, 3TOT IT0Kasaresb coctaBua 0,42%
(26 u3 6235) [64].

B sureparype omnucaH ciaydail OCTPOTO
oTpaBjieHHsT 0ak/JI0(DEeHOM C CYAIUJATBHON
11eJIbI0, TPUBE/IIIETO K PA3BUTHUIO [NTYOOKOH KOMBL.
[Ipu aroMm Ha ajeKkTposHIledasorpamme B 1-e
CyTKHU OoTMevaau (peHOMeH «BCHbIIIKA-I0aBJe-
HHEe», KOTOPBIM MOKHO pacCMaTpuBaTh Kak OUH
U3 IPU3HAKOB yYMHpAHUA TOJOBHOIO MOS3ra.
[Toasxe HAbJIIOAAIACH TTOJIOKUTEIbHAS TUHAMUKA
ua3MeHeHui Ha A" u perpecc HEBPOJOTUUECKOHN
CUMIITOMATUKU. ABTOPBI CIeJlaJid BBIBOJ, YTO,
(heHOMEH «BCIIBIIIKA-TI0IaBJIEHIE», PETUCTPUpPYe-
MBI IIpU aJ1eKTpoaHIedanorpaduu, Ipu yruere-
HUY YPOBHsI OOIPCTBOBAHMUS IO COCTOSTHUS TJTy00-
KOU KOMBI, TIpU TIPOBEJEHUU aJIEKBATHOTO

JIeYeHUsI MOKET OBITH 0OpaTUMBIM [65].

positive EEG changes and regression of neurologi-
cal symptoms were observed. The authors con-
cluded that the «burst-suppression» pattern could
be reversible on adequate treatment even in low
consciousness with deep coma [65].

Withdrawal Syndrome

Even when used for therapeutic purposes,
drug discontinuation can cause withdrawal syn-
drome, hence baclofen cessation should not be
abrupt and follow a gradual dose reduction pattern.
The main symptoms of withdrawal syndrome are
increased anxiety and sleep disturbances. In mild
withdrawal syndrome insomnia, irritability, sudden
mood swings are registered, in moderate with-
drawal syndrome gastrointestinal disorders (ab-
dominal pain and discomfort, nausea), tachycar-
dia, excessive sweating, tremor of extremities, high
blood pressure, stool disorders, nausea, vomiting
can be seen.

In severe withdrawal syndrome, fever, overex-
citation, visual and tactile hallucinations, confu-
sion, delusions are observed. In some cases
seizures may occur. The signs and symptoms ap-
pear 4-24 hours after drug ingestion and reach their
peakin 1.5-2 days [66-74].

Signs and Symptoms of Overdose
and Acute Intoxication

In baclofen overdose the following signs and
symptoms can be observed: vomiting, lethargy,
confusion, impaired gait, dizziness, asthenia, dry
mouth. In some cases, there may be urine reten-
tion, constipation or diarrhea, collapse, euphoria,
fatigue, depression, paresthesia, myasthenia, myal-
gia, ataxia, tremor, nystagmus, accommodation
paresis, hallucinations, dysuria, enuresis, reduced
seizure threshold, seizures, mydriasis. Sometimes
baclofen treatment associates with an increase in
body weight. With prolonged use, this drug has he-
patotoxic effect [8-10].

Acute baclofen poisoning may be accompa-
nied by insomnia, as well as loss of consciousness,
coma [66] and respiratory problems. In addition,
dizziness, hallucinations and tachyarrhythmia [75],
accommodation disorders, loss of corneal reflex,
muscle hypotension and clonic seizures [76-77],
hyporeflexia, areflexia, bradycardia, peripheral va-
sodilatation, and anxiety may develop [78-79]. Hy-
pothermia, hypersalivation, nausea, vomiting, di-
arrhea, increase of LDH, ALT and AST levels are
possible. There is no specific antidote for acute ba-
clofen poisoning. Symptomatic and supportive
therapy (cardiovascular support and mechanical
ventilation) are recommended. Gastric lavage
should be performed with subsequent activated
charcoal administration. If necessary, saline laxa-
tives are used. Patients in coma require tracheal in-
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CPIH,Z[pOM OTMCHBbI

Jasxke Ipy IpUMEHEHNU! B TepalleBTUYECKUX
1IeJISIX OTMEHa Ipernapara MOYKeT BbI3BaTh aOCTH-
HEHTHBIU CHHIPOM, TIO3TOMY, OTKa3 oT bakaodena
JIOJIKEH TTPOXO/IUTH 110 YeTKOH CXeMeE C IIOCTENeH-
HBIM YMEHBLIIEHUEM JTO3UPOBKHU. OCHOBHBIMHU
IMpoABJIE€HUAMU a6CTI/IHeHTHOI'O CuHIpOMa
SIBJISIIOTCSI TIOBBIIIIEHHAST TPEBOYKHOCTD, HapyIIe-
Hue cHa. [Ipyu CHHIpOMeE OTMEHBI JIETKOU CTeTleH!
HabJTI0MAI0TCST 0ECCOHHUIIA, Pa3APaskUTETHbHOCTD,
peskue Iepenajbl HACTPOEHUs], yMEPEHHOU CTe-
IMEeHW — HapyHmIeHusd B KEJYOJOUYHO-KUIIIEYHOM
TpakTe (00J1b ¥ AUCKOMQOPT B JKUBOTE, TOIITHOTA),
TaxvKapusi, TOBBIIIEHHOE TIOTOOT/IeJIEHE, TPe-
MOp KOHEYHOCTEH, BBICOKOE apTepUaIbHOE JIaB-
JIEHUE, PACCTPOUCTBO CTYJIa, TOIITHOTA, PBOTA.

IIpu CUHIpPOME OTMEHBI TSIHKEJION CTENeHU
HaOJIIOTaeTCsT JIMXOPAAKa, IepeBo30yKIeHUE,
3PUTEJbHBIE U TAKTUJIbHBIE r'aJIJIIOIMUHAIINN, CITY-
TaHHOCTB CO3HaHWUsA, Opejl. B HEKOTOPBIX CIydasix
BO3MOYKHO TMOsIBJieHUE Cynopor. CUMIITOMBI
MMOSABJIAIOTCA Yepes 4—-24 yaca 11ocJjie mprema mnpe-
rmapara 4 JOCTUraloT CBOEro nmuka 4depes 1,5-2
CyTOK [66-74].

CHUMIITOMBI nepeao3npoBKrKUu
n OCTPOﬁ HHTOKCHURKAIINHN

ITpu nepenoauposke bakaodeHa BOSHUKAIOT
cJIeAyIoIIe CUMIITOMBI: PBOTA, COHJIMBOCTb, CITy-
TAaHHOCTb CO3HAHUSA, HapyllleHUe ITOXOAKHU, T0JIO-
BOKpY>KeHHe, aCTeHHUs, CyXOCThb BO PTYy. B HeKoTro-
PBIX C/Iy4Yasx BO3MOsKHA 3aJepsKKa MOYH, 3al0PbI
WUJIY uapesi, NajieHre apTepruaabHOro 1aBJjeHus,
atipopus, anarusi, Tenpeccusl, mapecTe3nu, Mua-
CTeHWs, MUAJITUs, aTaKCHUs, TPeMOp, HUCTArMm,
rnapes3 akKoOMOJAIM1, BOSHUKHOBEHUE TaJlJII0LM-
HAIW’, U3YpUsi, 9HypPe3, CHUKEHNE CYTOPOSKHOTO
1opora, cyoporu, Myuipras. lMiHorja npu repanuu
Bakmodenom oTMedaloT yBeTmdeHE MACChI TeJIa.
HpI/I AJIUTEJbHOM INPUMEHEHHUU I3TOT IIpenapar
OKasbIBaeT relaroToKCUYecKoe nercraue [8-10].

Octprle oTpaBiienuss bakigodeHOM MOTYT
COTIPOBOKIATHCSI OECCOHHUIIEH, a TAKIKE TTOTEPeE
CO3HaHUsA, KOMOH [66] 11 HapyIIeHNueM JbIXaHUs.
KpomMme Toro, MOryT pa3BUThCA FOJIOBOKPYsKEHUE,
raJuUIIOAHAIIMN U TAXUAPUTMUA [75], 0oTMEYaroTcsA
HapylIeHre aKKOMOJIAI[H, IOTEPsI KOPHEAJTbHOTO
pediiekca, MbITIIeyHasi TUTIOTOHUS W KJIOHWYE-
ckue cymoporu [76-77], runopedJiekcusi, aped-
Jexcusi, Opaaukapausi, mepudepudeckasi Ba3onu-
Jaramusi, TPEBOKHOCTb [78-79]. Bo03MOKHO
CHU’KeHNe TeMIlepaTyphl TeJsa, TurepcajuBalus,
TOIITHOTA, PBOTA, Auapes], MOBbIIIeHNEe YPOBHEN
JIIT, AnAT u AcAT. CientmprnaecKkuii aHTUIOT IPU
OCTPBIX OTpaBJIeHUSIX Bak/I0(PEeHOM OTCYTCTBYET.
[Tpu JeYeHn TAKUX OTPABJIEHUH pEKOMEHTOBaHA
CUMIITOMAaTuyecKasi U MojiepsKUBarolias Tepa-

tubation before gastric lavage. Cardiac and respira-
tory support should also be provided. In mild poi-
soning, adverse CNS effects (insomnia, respiratory
depression) can be corrected with intravenous
physostigmine administration. To accelerate ba-
clofen elimination, forced diuresis may be used
[80]. A slow intravenous administration of di-
azepam is indicated for seizures [8, 9].

The Interaction of Baclofen
with Other Drugs

Baclofen can be used as a single medication or
as part of combination treatment. In the latter case,
the drug interaction should be considered to avoid the
toxic effects [81]. In combination therapy with antihy-
pertensives of various groups, such as ACE inhibitors,
angiotensin Il receptor blockers, etc., baclofen can po-
tentiate their effects [8-10], which may prompt their
dose adjustment. If such combination is prescribed,
regular blood pressure control is required.

When ethanol and baclofen are taken to-
gether, a severe depression of CNS functions and
seizure development are possible [9-11].

Baclofen effect can be enhanced in interaction
with tricyclic antidepressants (amitriptyline), which
can cause significant reduction of muscle tone [10].

Simultaneous use of Baclofen with lithium
preparations may increase the patient’s motor ac-
tivity [8-10].

Drugs impairing the kidney function increase
the half-life of baclofen, which, in turn, may cause
toxic effects.

The depressant effect of benzodiazepines on
CNS may potentiate the effects of baclofen, causing
seizures [82].

In animal experiments, baclofen increased
dopamine metabolism, but in humans the concen-
tration of 5-hydroxyindol acetate or dopamine
metabolites in cerebrospinal fluid was not affected
by the drug. However, in patients with parkinson-
ism, simultaneous use of baclofen and levodopa,
may cause hallucinations, confusion, or excitation.

Baclofen prolongs the analgesia duration
when it is used together with fentanyl. Simultane-
ous administration of intrathecal baclofen and
anesthetics such as fentanyl and propofol may in-
crease the risk of cardiac dysfunction and seizures.

Conclusion

Baclofen is widely used in clinical practice, de-
spite serious, often life-threatening side effects.
Available studies failed to make definite conclu-
sions about the mechanisms of its toxic effect. In
order to completely understand the pathogenesis
of life-threatening conditions caused by baclofen,
further studies of molecular and cellular effects of
the drug, including genetic factors affecting its

metabolic transformations, are warranted.
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nus (mopjepskaHue ceplredHO-COCYAUCTOU aesi-
TesibHOCTH, VIBJI). [TalieHTy IPOMBIBAIOT KEJy-
JOK U Jal0T aKTUBUPOBAHHBIN yroJjb. B ciayuae
HEO0OXOIUMOCTH IIPUMEHSIIOT COJIEBbIE CJIa0u-
TesibHBIE. [locTpamaBIInM, HAXOAAIIMUMCS B KOMa-
TO3HOM COCTOSIHUH, I1epeJi IPOMBIBAHUEM SKeJIYI-
Ka TpeOyercsi wmHTyOanms Tpaxeu. IIpoBomAT
MepONPUATHUS IO NOAIep KaHUI0 (PYHKIIUH TbIXa-
TeJbHOU U CepAevHO-COCYIUCTON cucteM. ITpu
JIETKOM TE€YEeHWUMN OTpaBJeHUs IJisI KOPPEKIUU
HesKeJIaTeJIbHBIX sIBJIEHUH co cTtopoubl ITHC (6ec-
COHHUIIA, YTHETCHHUE IbIXaHUsI) PEKOMEHIYyeTCsA
BHYTPUBEHHOe BBejeHHe (PU30CTUTMUHA. [jia
YCKOpeHUs BeIBelleHus1 bakiogeHa u3 opranusma
BO3MO>KHO ITpUMeHeHne (hOpCUPOBAHHOTO AUYpe-
3a [80]. ITpu cymoporax mokKasaHO OCTOPOKHOE
BHYTpPUBEHHOE BBeJeHUe nuasernama [8, 9].

B3aumopeiicrBue 6akaogeHa
C IPyTUMH TpenapaTaMu

baksioeH MOKET HCIOIb30BaThCsI KaK
MOHOTIpeTnapaT U1 KaK 4acTh KOMOMHUPOBAHHOMN
Tepanuu. B TakoM ciy4yae TpebyeTcs OIleHUBaTh
Takoe B3anMMOJIEICTBHE BO N30eskaHNe Pa3BUTHUS
ToKcrm4eckux agdexron [81]. I[Tpu kKoMOUHUPO-
BaHHOM IIpyeMe C TMIIOTeH3UBHBIMH IIpernaparamu
pasaugHbIX rpymi (u-Al1®, 6;10KaTOpHI perenTo-
poB anruorenauHall u T. 1.) baknoden ycunusaet
ux apdekrt [8-10], B CBSI3U C ITUM MOKET BOSHUK-
HYTb HEOOXOIMMOCTh B KOPPEKIUH /103 TIOCTIEe]T-
Hux. [Ipy He0OXOAMMOCTH TpHEMa IMTOT0OHOH KOM-
buHarum 00s13aresieH KOHTPOJIb AJl.

IIpu coBMecTHOM nIpueMe aTaHoJsa u bakiio-
¢deHa BO3MOKHO pe3koe yrHeTeHUe (PyHKIUN
IIHC, ciiyyan pasdBuTtusa cygopor [9-11].

[Tpu B3anmopelictBuu bakiaogdeHa c TpUIUK-
JIMYECKUMHU aHTHUIelNpecCaHTaMUu (aMUTPUIITHU-
JIMH) BO3MOKHO ycuJsieHue ero addeKTa u 3Hauu-
TeJIbHOE CHUYKEHME MBIIIIeYHOro ToHyca [10].
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OpHoBpeMeHHOe npuMeHeHue bakaodeHa ¢
COJISIMM JIUTHUSI MOSKET IIOBBIIIATh IBUTATEIbHYIO
AKTUBHOCTB nanueHTa [8—10].

[Ipenaparsl, HapymaoIye GyHKIUO I0YeK,
YBeJIMUMUBAIOT IEPUOJ, IIOJTYBbIBeAeHNsA baknaoge-
Ha, YTO, B CBOIO 0Yepe/Ib, MOKET SIBJIAATHCS IPUYH-
HO¥ BOBHUKHOBEHMUSI TOKCUUYECKUX 3D (PEKTOB.

Vrueramwlee neicTBre 0eH301ua3ellnHOB
Ha lITHC moskeT ycunuath s exTs baknaodena,
BBI3bIBAaA Cyoporu [82].

B skcnepumeHTax Ha >KUBOTHBIX baksioden
YBeJIMYUBAI MeTabdo/m3M JodaMUHA, OIHAKO Y
JIofied moJ BJAUSHUEM IpernapaTa KOHIeHTpalus
amerata 5-TUIPOKCUWHIOJA WM MeTabOoJIMTOB
JIOTIaMHPHA B CITTHHOMOS3TOBOH KHUIKOCTU HE MEHSI-
Jtack. Tem He MeHee, Y 00JIHHBIX C TAPKUHCOHU3MOM,
IpY OHOBpPEMeHHOM NpuMeHeHnu baksiodena u
JIEBOJONBI, BO3SMOKHO BOSHUKHOBEHME T'aJITIOIM-
HaIWH, CIIyTAHHOCTb CO3HAHUsI, BO30OYKIeHNE.

Baksoden mnpojasieBaeT aHaIbre3Wi0 IMIPU
npuMeHeHum dpeHTanmIa. OMHOBpEMEHHOE MPH-
MeHeHue baksodena i MHTpaTreKkaabHOTO Beie-
HUS ¥ TAKWX aHECTETUKOB, KaK (peHTaHUJI, TPOIIO-

¢osr, MoOKeT TOBBIIATH PHUCK Pa3BUTHUA
cepliedHOM NTUC(YHKIMU U CYAOPOT.
3akarouenue

BarstoeH mmpoko mpuMeHseTCsI B KIIMHITYe-
CKOH IIPaKTHKe, HECMOTPSI Ha CEPhe3HbIe, 3a4aCTYIO
SKU3HEYTPOsKAOIIMe, T060YHbIe 3 eKThI. MHOTO-
YHCJIEHHBIE NCCTIEIOBAHNS HE TI03BOJISTIOT CIIEIaTh
OJTHO3HAYHBIX BHIBOJIOB O MEXAHM3MAaX €r0 TOKCH-
YecKoro AeicTBus. [ Toro, YToObI MOJTHOCTHIO
PAaCKpPBITh TATOTeHe3 OMACHBIX JIJIs1 )KU3HH COCTOSI-
HUI TpU NprMeHeHnn baksiodena Tpebyercs nasib-
Helilliee N3y4eHne MOJIEKYISPHBIX U KJIETOYHBIX
a(pdexrToB MaHHOTO ITpenapara, B TOM YHCJIE C y4e-
TOM reHeTUYECKUX (DAaKTOPOB, OTIPEIEJISTIONTIX 0CO-
OeHHOCTH ero MeTab0sIM3Ma B OpTraHU3Me.
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Pe3rome

JlocTrskeHrs ”HTEHCUBHOU Te€PAITNH IT03BOJISIOT IEPEKUTH OCTPOE KPUTHYECKOE COCTOSTHUE, B PE3YJIBTaTe
4ero CO3[aeTCsl pacTyIas MOIMyJIsANNUA HallUEHTOB B XPOHNYECKOM KPUTUYECKOM COCTOSTHUU C JJTATETbHOU
3aBUCUMOCTHIO OT METOJ]0OB UHTEHCUBHOU TepaIiuy. YKa3aHHbIE MTallieHThbl COCTaBJIAIOT 5—10% OT BCex maru-
€HTOB C OCTPOW JbIXaTeJIbHOU HEIOCTaTOYHOCTHIO, TPEOYIOT HEIPOIIOPIIMOHAIBHO BBICOKOM JIOJTH PECYPCOB
OTJeJIeHNH peaHMaIyi ¥ MHTEHCUBHOW Tepaliy TPy 001Ieli BBPKIBAEMOCTH B TeueHue rofa B 40-50%.

Ilesqtb 0030pa. BEIABUTH BIIUSTHIE KOMOPOUWITHBIX OCIO’KHEHHUH HA TeYEeHHE U UCXO/bI TallUeHTOB C Ts-
SKeJIBIMU TTOBPEKIEHUSIMHA F'OJIOBHOTO MO3Tra.

Kputepusmu ord6opa 96 ICTOYHUKOB SIBJISIIFICH CBEJIEHUS, XapaKTePUYIOIINe KIIMHUYECKYIO0 (CHHIPO-
MaJIbHYIO) MOJIeJIb ITAallieHTa, B KOTOPOU PacCMOTPEH CUHAPOM MNaIeHTa C HIOCTKOMAaTO3HBIMU HapYyIIIe-
HUSIMHU CO3HAHUA PA3JIUIHOM 9TUOJIOTUH. [laHHasI MOJIe/Ib YYUThIBAET CTaANHU U (pa3bl CHHIPOMA, a TAKKe
nepeyeHb KOMOPOUTHBIX 3a001€BaHUH, KOTOPBIE OTIPEEsISIOT TeYeHre U MCX0] 3a60JIeBaHuUS.

B mepedyeHb NCTOYHUKOB BOIILIN PAOOThI, TOCBSAIIEHHBIE POOJIeMe KOMOPOUIHOCTH, Y TAITUEHTOB C T10-
BpEKIEHUSIMU U 3a00JIEBAHUSIMU TOJIOBHOTO MO3Ta (MHCYJIBTHI, IIOCJIEICTBUS TSAKEI0N YeperTHO-MO3TOBOM
TpaBMBI U Ollepaluii Ha FTOJIOBHOM MO3Te).

PaccMOTpeHBI ICTOYHUKHY, OTPasKaIoIe HanboJjee 3HAYNMble MEXaHU3MBbI IT0CJIeI0BaTeTbHOTO (Dop-
MHUPOBAHUS KOMOPOUIHBIX 3a00eBaHui. K HUM OTHOCATCS: HapyIIeHus MeTab0M3Ma C MOC/IeAyIoNUM
pasBUTHEM OEJTKOBO-9HEPTETHYECKOHN HEJJOCTAaTOYHOCTH; KOMOPOUIHBIE 3a00JIEBAHUS SKETYIOTHO-KHIIIEY -
HOro TpakTa. OnpeeseHa pojab MUKpoO6roMa B (pOpMUPOBAHUT KOMOPOUTHOCTH Y ITAIIUEHTOB B XpOHUYE-
CKOM KPUTHYECKOM COCTOSTHUM.

3akaouenne. PopMupoBaHre KOMOPOUIHOCTA HAYMHAETCS C MOMEHTA MOBPEKIEHUSI TOJIOBHOTO
MO3Ta 1 IPOJIOJI?KAETCS IO CTOMKOIN CTaOMIN3AIMN COCTOSTHUS UJTU IO TTIOJTMOPTAHHON HEeJJOCTaTOYHOCTH 1
JieTaabHOTO ucxona. CBoeBpeMeHHOE BhISIBJIEHUE U KOPPEKITAST KOMOPOUIHBIX COCTOSTHUM TTO3BOJIUAT OIITH-
MH3UPOBATh JIeYeHUE U MIOBLICUTH 9(P(PEKTUBHOCTH PeabUTUTAIIMOHHBIX MEPOTIPUSATHH Y ITAIUEHTOB C TS -
SKeJIBIMU TTOBPEKIEHUSIMHA F'OJIOBHOTO MO3Tra.

Katouesbwte cnoea: KomopoUOHOCTb; XPOHUUECKOe KPUMUYeCcKoe COCMOsIHUE; 2UNepmemadoiu3m; eunep-
Kamaboaudm; Muxpoouom

Summary

Advances in intensive care have enabled patients to survive an acute critical condition, producing a growing
population of patients in a chronic critical condition with long-term dependence on intensive care. These pa-
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tients make up 5-10% of all patients with acute respiratory failure and require a disproportionate share of re-
sources in the intensive care units, with an overall yearly survival rate of 40-50%.
The aim of review is to identify the impact of comorbid complications on the course and outcome of pa-

tients with severe brain injury.

Ninety-six sources were selected according to the data characterizing the clinical (syndromic) model of the
patient with consciousness disorders after coma of different etiologies. This model takes into account the
stages and phases of the syndrome as well as a number of comorbid conditions that determine the course and

outcome of the disease.

The list of sources includes papers addressing the issues of comorbidity in patients with brain injury and
conditions such as strokes, consequences of severe brain injury and brain surgery.

The sources reflecting the most significant mechanisms of consistent development of comorbidities were
examined. These include metabolic disorders with subsequent protein and energy deficiency and comorbidi-
ties of the gastrointestinal tract. The role of microbiome in the development of comorbidity in patients in

chronic critical condition was also identified.

Conclusion. The comorbidity development starts from the moment of brain injury and extends until sus-
tained stabilization or multi-organ failure and death. Timely detection and correction of comorbidities allows
optimizing treatment and increasing efficiency of rehabilitation in patients with severe brain injury.

Keywords: comorbidity; chronic critical condition; hypermetabolism; hypercatabolism; microbiome
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BBenenune

KomnyecTBO XpPOHMYECKUX KPUTHUYECKUX
cocrosganii (XKC) 3a mocyemHue IeCATHIETHs
YIIBOMJIOCh ¥ MOSKET YIBOUTBCS B TEUEHUE CIIETYIO-
IIEro JEeCATUJIETHs, a o0Imasi BhI)KUBAEMOCTh B
TedeHUe roga nmanueHToB ¢ XKC HaxoguTcsA B mpe-
ngenax or 40 mo 50%. [1]. Kak npaBuso, ykasaHHbIE
ManeHThbl UMEIOT TSYKeJI0e TIOBPEesKIeHrEe T0JI0OB-
HOTO MO3ra (TpaBMa, WHCYJIBT, WHTOKCUKAIIWs,
TUTIOKCHSI), TIEPEKUIINA OCTPEHIITyio ¢asy 3aboJie-
BaHUA C UCXO00M B BereTaTuBHOE COCTOsIHME UJIU B
COCTOsIHME MAJIOTO CO3HAHMS U HYKJIAIOTCS B 0CO-
OBIX TOIXOAX K IMTPOIO/IKUTETLHOMY MHTEHCUBHO-
My U peabuIuTalmoHHOMY JIeYeHUO [2].

Tsaokesble TOBpEKIEHUsT TOJIOBHOTO MO3Ta
COITPOBOYKIAIOTCS KACKAIOM IaTOJIOTUYECKUX PeaK-
IIH He TOJIBKO B T'OJIOBHOM MO3Te [3] (OTek MOo3ra 1
€ro JVCJIOKAIH, HapyIIIeHus iepedpabHOM reMo-
IUHAMUKY, BOCITAJIUTEIbHBIE OCJIOKHEHUS U T. 11.).
B maroJsiornueckuil mpoiiecc nocjaegoBarebHo U
3aKOHOMEPHO BOBJIEKAETCA CEPAEYHOCOCYIUCTAS
CHUCTEMA, OpraHbl IbIXaHW s, IIUIIeBapeHn A, BOOHOI'O
obMeHa, TOpMOHATLHOH PETyIAIIY U T. 1. Hapytire-
HUS TPO(PUKY, MMMYHHUTETA, IPHCOeTNHEHEe THOH-
HO-BOCHAJIUTEIbHbBIX OCJIOYKHEHUHN 3aMbIKAIOT KPYT
MaTOJIOTUYECKUX PEeAKIMM, U 4acTO NMPUBOIAT K
JIeTaIbHOMY HCXOMy [4-6].

dopMupoBaHTEe KOMOPOUITHOTO CHHIPpOMA Y
MaIeHTOB B XPOHUYECKOM KPUTHUYECKOM COCTOSI-
HUU TECHO CBSI3aHO C OEJIKOBO-3HEPTETUYECKON
HegocrarouHocTslo (bOH), B coueranuu ¢ Hapy-
MMIEHUAMU OEeATEJIBHOCTH KEeJTYyJOYHO-KHUIIIEYHOT'O
tpakta (KKT), runoasmsbymMuHeMued, MpersT-
CTBYIOIIIEN aJIeKBaTHOM JIETOKCUKAIINY, a TAKKe C
TTyOOKMMU HApPYIIEHUsIMA MUKpPOOHoOMa.

[Tenb 0630pa — BBISABUTH BJIMSHUE KOMOP-
6I/I,ILHBIX OCJIOKHEHUN Ha TeueHue u NCXOabl
IMalfreHTOB C TAKEeJILIMU ITIOBPEKIECHUAMU I'OJIOB-
HOT'0 MO3Ta.

Introduction

Chronic critical illness (CCI) have doubled in
recent decades and could double over the next
decade, and the overall survival rate for patients
with CClIs ranges from 40 to 50% during the year [1].
Typically, these patients have severe brain damage
(trauma, stroke, intoxication, hypoxia), have expe-
rienced an acute phase of the disease resulting in
vegetative or low consciousness state and require
special approaches to long-term intensive and re-
habilitation treatment [2].

Severe brain damage is associated with a cas-
cade of pathological reactions in the brain (brain
swelling and dislocation, cerebral circulation disor-
ders, inflammatory complications, etc.) [3] as well
as elsewhere in the body. The pathological process
involves consistently the cardiovascular, respira-
tory, digestive systems, fluid and electrolyte bal-
ance, hormonal regulation, etc. Abnormal metab-
olism, immunity, purulent and inflammatory
complications complete the vicious circle of patho-
logical reactions and often lead to death [4-6].

Comorbidity in patients in chronic critical
condition is closely related to protein-energy defi-
ciency (PED) combined with gastrointestinal tract
(GIT) dysfunction, hypoalbuminemia, which pre-
vents adequate detoxication, and severe micro-
biome disorders.

The aim of our review is to investigate the im-
pact of comorbid complications on the course of
disease and outcome in patients with severe brain
damage.

Patient Model for Severe Brain Damage
Resulting in Chronic Critical Condition
The patient model is defined as «...a con-

structed description of an object (disease, syn-
drome, clinical situation), determining a set of
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Mo,ue.m, IManueHTa Ipyu TAKEJI0M
IMOBPEKACHUHN MO3ra C HCX0A0M
B XpPOHHYECCROE€ KPUTHYECCROE COCTOAHUE

ITox MofeJIbIo HalenTa ITIOHUMAIOT «. . .CKOH-
CTpyHpOBaHHOE ollicaHue obbeKTa (3aboJsieBa-
HUE, CHHJIPOM, KJIMHUYEeCKasi CUTyalus), peria-
MEHTHUPYIOIIee COBOKYITHOCTb KINHNYECKUX UJIN
CI/ITyaIH/IOHHI)IX XapaKTepI/ICTI/IK, BBIIIOJTHEHHOE
Ha OCHOBE ONTHMH3allMU BbIOOPA MepeMeHHbIX
(ocnoskuenue, ¢asa, cragusi 3a00JieBaHUs) C
y‘ieTOM HaI/I6OJII)IlIeFO X BJIUAHHUA HA UCXO0O U
3HAYUMBbIX HpI/I‘II/IHHO-CJIeJICTBeHHI)IX CBH3Eﬁ,
ompeJeisilollee BO3MOKHOCTh U HeEOOXOIu-
MOCTb OIMMCAHUSI TEXHOJOTUN OKa3aHus MeIu-
IIAHCKOM ITOMOIIN» [7].

Pa3yin4yaroT HO30JIOTUYECKYI0 CUHIPOMAJTh-
HYIO M CUTYaIlMOHHYIO MOJIEJIA TallueHToB. JIJis
MaIMEeHTOB C TSKEJIBIM MOBPEMKIEHUEM MO3Ta C
MIOCJIEYIOIIUM UCXOJIOM B XPOHUYECKOE KPUTHYE-
CKO€ COCTOsIHHME U TTIOCTKOMATO3HO€E HapyIIIeHUe
cosHanud (IIKHC) npenoskena cuHapoMasbHas
MOJIeJIb, BKJIIOYAIOIIasl IepeYeHb KOMOPOUTHBIX
3aboJsieBaHU, XapaKTEePHBIX /11 JAHHON MOJIETH
(TabJiuia).

YcranosjsieHo, uro ITKHC mnpepncraBiidioT
coboif cienyionie HENOCPEJACTBEHHO IIOCJTe
KOMBI M CMEHAIOIINE OpPyr Opyra CUHIAPOMBI,
HAYMHAIOIIUECS C TMEePBOr0 OTKPBIBAHWS IJIas
MmanyenTa ¥ 3aKaHYMBaIOI[AEeCs IOsSBJIEHUEM
KOHTAKTa C ITaI[eHTOM (Jallle BCETO B BUJIE OTUET-
JIMBOTO BbINOJHEHUsT MHCTpyKumii). K TTKHC
OTHOCHAT BeFeTaTHBHBIfI CTaTYC, MUHHUMAJIBHOE
COCTOSTHME CO3HAHUS U aKUHETHYECKU MyTU3M.
Ecsm cTolikoe (mepcUcTUpyIOlllee) BereTaTuBHOE
COCTOsIHWE OTHOCUTCSI B HACTOSIIIEe BpPeMs K
COCTOSTHUSAM, He MOAIAION[MMCS U3JIeUEeHUIO, TO
HpI/I MHUHUMAJIBHOM ypOBHe CO3HAHUA U AKUHETH -
YEeCKOM MYTH3M€ BO3MOMKEH IT0JIOKUTETbHBIN
UCXo/. B To)ke BpeMsi, OTCYTCTBHE TMPABUJIbHO
OpFaHI/I3OBaHHOFO JieueHUuAa HpI/IBO,D,'I/IT K I/ICXOILY B
CTOMKOE BEreTaTUBHOE COCTOSIHHE BCIO TPYIIILY
nanuenToB ¢ I[TKHC.

®opMUPOBAHKE MOJIEJIA IIPOUCXOIUT C TIEP-
BBIX MUHYT II0OCJIE TIOBPEKIEHMUSI MO3Ta B PE3YJ/IBTa-
T€ TPABMBI, UHCYJIBTA, TIOCJIE TIEpEHECEHHBIX OTTepa-
III/Iﬁ NJIn OT ,IprrI/IX, HOBpe)KJIaIOIHI/IX MO3r HpI/I‘H/IH.
Passanuaror HepBI/I‘-IHI)Ie nu BTOpI/I‘IHbIe HOBpe)KJIe-
HUs1 Mo3ra. [lepBUYHOE TOBPEKIeHNE BOSHUKAET B
pesyJibrare HEoCPEeICTBEHHOTO BO3/IEMCTBUS Ha
MO3I, 1 BTOpI/I‘IHoe, BCJIeCTBUE CJIO0KHBIX 1 MHOT'O-
00pa3HbIX MEXaHMU3MOB, 3aITyCKAaE€MbIX BIIOCJIE]-
cTBUU. BTOpUYHbIE TOBPEKIEHS MO3Ta ITOoIpas;ie-
JISTIOT Ha BHYTpUYEpeNHble (CAaBJieHUWE MOo3ra
BHYTpI/I‘{epengIMI/I reMmaromMmamMuy, HapymeHI/IH
reMo- U JIMKBOPOIMPKYJIAINY, HaOyXaHre Mo3ra
BCJIEJICTBHE OT€Ka, TUIIEPEMUU WJIU BEHO3HOTO
HOJIHOKpOBI/IH; ITIOBBIIIIEHUE BHYTpI/I‘{epeHHOFO
TaBJIEHUST; Pa3BUTHE NMH(MEKITUN MO3Ta, ET0 000JI0-

clinical or situational characteristics, performed
based on optimized choice of variables (complica-
tion, phase, stage of the disease) taking into ac-
count their greatest influence on the outcome and
significant causal relations, indicating the possibil-
ity and necessity to describe the technology of
medical care» [7].

A distinction is made between syndromal and
situational models of patients. For patients with se-
vere brain damage resulting in chronic critical con-
dition and post-comatose consciousness disorder
(PCCD), a syndromal model has been proposed,
which includes a list of comorbid diseases typical
for this model (table).

PCCD include syndromes that immediately
follow coma, in a sequence starting with the first
opening of the patient's eyes and ending with the
established patient contact (most often manifest-
ing as obeying of commands). PCCD comprise veg-
etative status, minimal state of consciousness and
akinetic mutism. While the persistent vegetative
state currently is considered incurable, a positive
outcome in minimal consciousness level and aki-
netic mutism is possible. At the same time, the in-
adequate treatment results in a stable vegetative
state for the whole group of patients with PCCD.

The model can de generated starting from the
first minutes after the brain trauma, stroke, surgery
or other events causing brain damage. Brain dam-
age is divided into primary and secondary. Primary
damage occurs as a result of direct impact on the
brain, and secondary damage is a result of complex
and diverse mechanisms initiated later. Secondary
brain damage is categorized into intracranial (com-
pression of brain by intracranial hematomas; blood
and liquor circulation disorders; brain swelling due
to edema, hyperemia or venous congestion; in-
crease in intracranial pressure; development of in-
fection of the brain and its membranes) and ex-
tracranial (hypoxemia and anemia; arterial
hypotension; hyper- or hypocapnia; hypo- or hy-
pernatremia; hypo- or hyperglycemia, hyperther-
mia, endogenous intoxication, etc.), which aggra-
vates the primary damage.

The severity of the patient's condition, adap-
tation and recovery capabilities (rehabilitation po-
tential) close depend not only on the primary brain
damage, but also on successful prevention and
treatment of secondary damage. Low conscious-
ness and prolonged lung ventilation represent the
acute and subacute phases of the disease, when the
primary damage sequelae have already appeared
and the secondary damage is under way.

The patient syndrome model is based on the
pathogenetic principle without taking into account
the etiology and includes different stages of the con-
tinuum of consciousness recovery after the coma.

Following severe brain damage, CCI can be

considered as a patient model characterized by var-
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CHH,I[pOMaJILHaH MOJ€JIb MalnueHTa ¢ TAMEJIbIM I10-
BPEKICHHUEM MO3ra 1 HCX0A0OM B XPOHHUYECROE€ KPUTH-
YE€CKOe COCTOsAHHE U ITIOCTKOMATO3HOE HApyIIIeHue Co-

3HaHHUA.

Syndromic model of a patient with severe brain damage
resulting in chronic critical condition and post-co-
matose consciousness disorders.

Syndrome Post-comatose consciousness disorder
Cungpom ITKHC pa3jim4HOMi 3THOJIOTHH Stage Vegetative state (VS)
Cragus BereraruBHOe coctossaue (BC) of syndrome Minimal consciousness state (MCS)
CUHIpOMA CocTrosiHre MUHUMAaIBHOTO codHanus (CMC) Akinetic mutism (AM)
AxuHeTH4YecKui MyTusm (AM) Mutism (M)
MyTuam (M) Deafferentation syndrome (DS)
Cunpapowm neapdepentaruu (CI) Persistent neurological deficit
CHHIPOM CTOUKOTO syndrome (PNDS)
HeBpoJiorndeckoro gedexra (CCHJI) Moderate neurological deficit
CHHJIpOM YMEpPEHHOTO syndrome (MNDS)
HeBpoJsiornyeckoro pedexra (CYH]) Minimal neurological deficit
CHUHIPOM MUHUMAJIBHOTO syndrome (MNDS)
HeBpoJIoruyeckoro pedexra (CMH]) Phase Stabilization
Dasbl Crabuiusanus mpoiecca of syndrome  Remission
CHUHpOMa Pemuccusa Recurrence
Pennnns Disease progression
[IporpeaneHTHOE TeYeHVEe Residual effects
OcTaTouHbIe SIBJIEHUS Comorbidities Name ICD-10 code
Komopougusie HaumeHoBaHue Kox MKB-10 Malnutrition E40-E46
3a0oJieBaHMs Unspecified severe protein- E43
HemoCTaTOYHOCTh MUTaHUA E40-E46 calorie malnutrition
Tsresast 6eJTKOBO-9HEPTETH - E43 Sequelae of malnutrition and E64
YyecKasi HeJJ0CTaTOYHOCTh other nutritional deficiencies
HEYTOYHEHHasi Other disorders of pancreatic El6
TTocJieCTBUS HEJOCTATOYHOCTH E64 internal secretion
[IATaHUsA U HeJ0CTaTKa JPYyTUX Other disorders of fluid, electrolyte  E87
IUTaTeIbHBIX BEIIECTB and acid-base balance
Jlpyr¥ie HapyLeHusI Pery/Isiun E16 Nutritional anemias D50-D53
[JIIOKO3BI ¥ BHYTPEHHEH CeKperun Diseases of esophagus, stomach  K20-K31
TIOJ)KeJTyIOYHOI JKese3bl and duodenum
Jlpyruie HapyIlIeHusI BOIHO-COJIEBOro E87 Other bacterial intestinal infections A04
00MeHa WJIM KMUCJIOTHO-IIEeJI0YHOr0 Other acute lower respiratory J20-]J22
paBHOBeCHUs infections
Anemuu, cBs3aHHbBIe ¢ nuTaHueM D50-D53 Chronic lower respiratory diseases J40-J47
BoJsieaHun nuineBosa, skeaynka  K20-K31 Suppurative and necrotic J85-J86
¥ IBEHAIIAaTUIIEPCTHOM KUK conditions of the lower respiratory
Jlpyrue bakTepuabHbIE KUIIIe- A04 tract
yHble nH(peKnun (A04) Other diseases of the pleura J90-J94
Hapy1ienvist BcacbIBaHUs Intraoperative and postprocedural  J95
B KUIIIEYHUKE complications and disorders
Jlpyrue ocTpble peciuparopabie  ]20-J22 of respiratory system, not elsewhere
WH(EKINN HIKHUX JbIXaTeJTbHBIX classified
nmyTen Respiratory failure, not elsewhere J96
Xpouuyeckue 60Jsie3Hu HUKHUX  J40-J47 classified
JIbIXaTeJIbHbIX Iy Tl Other diseases of the urinary N30-N39
l'HOVIHBIE 1 HEKPOTHUYECKUe J85-]86 system
COCTOSIHUSA HUKHUX [bIXaTeJIbHbIX Pulmonary embolism 126
nyTei Acute myocardial infarction 121
Jlpyrue 60J/1e3HH 1JIEBPbI J90-J94 Cerebral edema G93.6
PecniupaTopHble HapylIeHUs 195 Cerebrovascular diseases 160-169
OCJIe MEAUIIMHCKUX TIPOTIETYD, Personality and behavioural FO7
He Kj1accu(UIPOBaHHbIE disorders due to brain disease,
B IPyrux pyopuxax damage and dysfunction
JlpIxarebHasA HEJJ0OCTaTOYHOCTb, 196 Clinical entity Post severe traumatic brain injury condition,
He KyIaccuunupoBaHHas post brain tumour surgery or vascular disease
B IPYTUX PyOpHKax treatment condition, post hemorrhagic
Jlpyrue 60/1e3HU N30-N39 or ischemic stroke condition
MOYEBOU CUCTEMBI
Jlerounas aM60J1us 126 ious comorbidities and multimorbidity. Accompa-
8CTPHH MH}apKT MUOKap/a G121 nying diseases significantly delay the recovery, con-
Hz;igg) OSBr:C A YAADHDIE BONEaHH 168_31'& siderably increage treatment costs and, in most
PacCTpolicTBa INYHOCTH 1 I0Be-  F07 cases, are the main cause of death.
IleHus1, 00yCJIOB/IEHHBIE 60JIE3HBIO,
TOBpEsKIeHUeM WU AuchyHKImel Multimorbidity and Comorbidity:
TOJIOBHOTO MO3Ta oy
HosoJsioruyec- IlociiencTBUA TAMKEI0U YepeITHO-MO3TOBOK General Concepts and Definition
Kasg opMa  TpPaBMBI, COCTOSIHUE IIOCJIE OIIEPATHBHOTO

JledyeHNsI HOBOOOPa30BaHUI I'OJIOBHOTO
MO3Tra, COCYAHCTOH IIaTOJIOTUH, IOCIEICTBUS
reMOpparnyecKuXx U UIIIEMUYECKUX HHCYJIBTOB.

The combination of complications accompa-
nying the main disease is termed comorbidity. The
concept of «comorbidity» was suggested by an
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4YeK) ¥ BHeUePeHbIe (TUTTOKCEMUSI 1 aHEMUST; apTe-
pUaJIbHAST TUTIOTEH3UST; TUTIEP-, TUTIOKAITHUS; THTIO-,
TUTIEPHATPUEMUST; TUIIO-, TUTIEPTVIMKEMUSI, THUTIEP-
TepMUsl, 9HIOTeHHAsI MHTOKCUKAIIUSA U 1IP.), KOTO-
Ppble yCyTyOJISTIOT IEPBUYHOE TIOBPESKIEHHE.

TasKeCTh COCTOSTHUSA MTAallHEHTOB, BO3MOYKHO-
CTH aanTallii U BOCCTAHOBJIEHU (peabuanTa-
IIMOHHBIN MOTEHIAAJT) HaXOAATCS B TECHOM CBA3U
He TOJBKO C OCOOEHHOCTAMU I€PBUYHOIO
TIOBPESKIEHNsI MO3Ta, HO U C yCIIeXaMU 110 TIpey-
MIpesKIeHUI0 U JIEYeHUIO BTOPUYHBIX ITOBPEsK/IE-
HUH. VicXox B HU3KUH YPOBEHb CO3HAHUSA U JIJIH-
TEJTbHYIO0 MCKYCCTBEHHYIO BEHTUJIAIUIO JIETKUX
TIpesICTaBJIsIET COOOM OCTPYIO U MTOOCTPYIO a3y
3abo0JieBaHUs, KOTJA MOCJIEACTBUS ITEPBUYHOTO
TIOBpERIEHNs Y3Kke ChOPMUPOBAHBI, @ BTOPUYHBIE
MMOBPEKIeHNST HAaX0mATCA B (pase pa3BUTHS.

Brigesienre CHHIPOMAJBHONM MOJIEJTH TTalfy-
€HTOB OCHOBAHO Ha ITaTOreHEeTUYeCKOM IPUHITUIIE
0e3 y4yeTa aTHOJIOTHH MIPOoIiecca U BKIIOYAET pas-
HbBIE CTaINV KOHTUHYYMa BOCCTAHOBJIEHHUSI CO3HA-
HUs TIOCJIe TIepeHeCEeHHOM KOMBI.

Hcxonm mamyeHTa B XpOHUYECKOE KPUTHYE-
CKO€ COCTOSTHHE TIOCJI€e TSKEJIOT0 MTOBPEeKIeHUS
MO3ra SIBJISIETCS MOJeJIbI0 TMalpeHTa, KOTopast
XapaKTepuayeTcss OOJIBIINM TEepedYHeM COMyT-
CTBYIOIINX (KOMOPOWIHBIX U TOJUMOPOUTHBIX)
3aboJieBaHUM. YKasaHHbIe 3a00JIeBaHUSI 3HAYM -
TeJILHO ITPOJIIEBAIOT TeYeHNE BOCCTAHOBUTEILHO-
TO IIPOIIECCa, CYIIECTBEHHO YBEJTMYNBAIOT 3aTPaThI
Ha JIeYeHHeE U, B OOJBIITNHCTBE CAyYaeB, ABJISIOTCS
OCHOBHOU MPUYUHOH JIETAJTEHOTO UCXO/IA.

ITomuMOpOUIHOCTH 1 KOMOPOUTHOCTb.
IloHATHA ¥ onIpenesieHus

CoueTaHue OCJOKHEHUU, COMPOBOMKIAIO-
X OCHOBHYIO ITATOJIOTHI0, 0003HAYAIOT KaK
KOMOPOUIHOCTh. I[IOHATHE «KOMOPOUTHOCTDHY»
MpeIosKU aMmepuKkanckuil Bpay A. R. Feinstein
emte B 1970 rogy [8], omHAKO 10 HACTOAILIETO Bpe-
MEeHHM HeT [TO0CTAaTOYHO YeTKOT0 OIpeaesieHUs
MTOHATHS MOJIN- U KoMopoumHocTu. KoMmopou-
HOCTb ONIPEJIeJIAIOT KaK HaJIN4Yre OJJHOBPEMEHHO
HECKOJIbKHUX 3a00JIeBaHUM, CBSA3AHHBIX €IUHBIM
maToreHeTu4YeCKUM MexaHuamoM [9, 10], a moJu-
MOPOUIHOCTh — KaK HaJIMUYMe He CBSI3aHHBIX
MesRy coboii 3abosieBanuii [11, 12].

B kayecTBe CMHOHMMOB HCIIOJIB3YIOT CJIe-
QYIOIIIVIE OTIpeieSIeHUST: TOJTUMOPOUIHOCTD, MYJTh-
TUMOPOUTHOCTD, MyJIBTU(DAaKTOpHUaIbHbIE 3a00-
JIeBaHUs, MOJIUIIATHUS, €c000JIe3HEHHOCTb,
JIBOWHOM MUArHo3, maropumaroaorus. Takoe pas-
HOoOpasue TEpMUHOJIOTUU CBHUJIETETHCTBYET 00
OTCYTCTBHM €IMHOI'0 HAYYHOI'O II0AX0Aa K OIlpese-
JIEHUI0O TepMWHA KOMOPOWTHOCTH, 4YTO TpedyeT
JaJIbHENIIIero N3y4eHns 3TOTO sIBJIEHUS.

[Ipob6aeme MOJTUMOPOUTHOCTH ITOCBSIIEHO
00JIBIIIOE KOJIMYECTBO HCCJIEIOBaHUK. MHOTrHe

American physician A.R. Feinstein as early as in
1970 [8], however, the definition of multi- and co-
morbidity is not yet clear enough. Comorbidity is
defined as the presence of several diseases which
share the same pathogenetic mechanism [9, 10],
and multimorbidity is defined as the presence of
unrelated diseases [11, 12].

The following definitions are used as syn-
onyms: polymorbidity, multimorbidity, multifacto-
rial diseases, polypathy, double diagnosis, pluri-
pathology. This variety of terminology indicates
that there is no single scientific approach to the def-
inition of the term comorbidity, which requires fur-
ther study of this problem.

Numerous studies have been devoted to the
problem of multimorbidity. Many researchers be-
lieve that it cannot be caused by a random combi-
nation of observed disorders, but rather based on a
strict hierarchy of mechanisms determining the va-
riety and integrity of pathological manifestations.
Studies of multimorbidity in geriatrics, cardiovas-
cular, gastrointestinal, mental, neurological and
other diseases are most widely represented in the
scientific literature [13, 14].

Severe brain damage resulting in chronic crit-
ical illness can be considered a special clinical pa-
tient model. Changes in the brain after its damage
in injury or disease are associated with functional
and morphological abnormalities in internal or-
gans, which create a basis for the consistent devel-
opment of a number of comorbid diseases [15].
These changes form a vicious pathological circle
that prevents stabilization and restoration of cere-
bral functions [16].

Insufficient scientific knowledge in studying
comorbidity syndrome in brain damage does not
allow to fully identify the cause-and-effect relation-
ship and, later on, to break the vicious circle of
pathological changes. At the same time, specific
mechanisms of comorbidity formation are known,
which allows preventing comorbidity development
at early stages [16].

The multimorbidity is closely related to the
age of the patients. According to some au-
thors [16], there are an average of 2.8 concurrent
diseases per patient under 20 years of age, 3.2 dis-
eases between 21 and 40 years of age, 4.5 diseases
between 41 and 60, and 5.8 verified diagnoses be-
tween 60-75 years of age. Not only quantitative
but also qualitative changes in multimorbidity
occur with age. Atypical course of diseases is ob-
served, latent course of disease with minimal clin-
ical manifestations and slow evolution as well as
no acute onset are also characteristic [17].

Different systems are used to assess multi-
morbidity depending on the purpose. These in-
clude the Cumulative Illness Rating Scale (CIRS)
modified for the elderly (CIRS-G) [18], the Kaplan-

Feinstein system for assessing multimorbidity in
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HCCJIeIOBATe N IT0JIaraoT, YTO TTOJIMMOPOUTHBIN
CHHJPOM HE MOSKET OBITh 00YCJIOBJIEH CITyYaitHBIM
codyeTaHeM HaOJTI0TaeMbIX HAPYIIIEHWH, a B OCHO-
Be TTOJIMMOPOUTHOCTH JIEYKUT CTPOTAsT HepapXUsi
MEXaHM3MOB, OIpefessA0INuX MO3auKy U equH-
CTBO IIaTOJIOTMUYECKUX MTPOsiBJIeHUl. B HayuHOM
JuTeparype HanmboJjee IMHUPOKO IPeICTaBIEHbI
paboThI 110 TTOJTUMOPOUTHOCTU B TEPUATPUH, TIPU
CeplleYHO-COCYANCTHIX 3a00€BAHUAX YKETYI0Y-
HO-KHUIIIEYHOT'0 TPAKTA, ICUXNYECKUX, HEBPOJIO-
TUYECKUX U APYTHUX 3a0oseBanusx [13, 14].

Tsrskesible MOBPEsKIEHUsI MO3Ta C MCXOIOM B
XpOHUYECKOe KPUTUYECKOe COCTOsTHUE (POpMU-
PYIOT 0CO0YI0 KIWHUYECKYIO MOJIesIb MalieHTa.
V3MeHeHMs B MO3Te TTOCJIe eT0 TOBPEsKAeHU IIPU
TpaBMe WU 3a00JeBAaHUU COIPOBOKIAIOTCS
(PYHKIMOHAJBHBIMU U MOP(QOJIOTUUEeCKUMU
M3MEHECHUAMU BO BHYTPEHHUX OpraHax, KOTopble
CO3[aI0T OCHOBY JJIA IIOCJIEI0BATeJIbHOIO PA3BU-
THS psiga KOMOpOUIHBIX 3abosieBanuii [15]. Yka-
3aHHble M3MeHeHUsi (HPOPMUPYIOT ITOPOUYHBIN
MaTOJIOTUYECKUHN KPYT, MPEMSATCTBYIOMINI CTa0u-
JIN3aINU COCTOSTHUSI U BOCCTAHOBJIEHUS Ieped-
panbHbIX QyHKIUH [16].

HemocTaTo4HOCThL TEOpEeTUYEeCKOU 0Oasbl B
W3y4YeHUW KOMOPOWIHOTO CHHApOMa IIpH
MMOBPEYKAEHUAX FTOJIOBHOTO MO3Ta He TO3BOJISIET B
IIOJIHOU Mepe BBISIBUTh IPUUYNHHO-CJIe[ICTBEHHYIO
CBsI3b U, B JlajibHENIIIEeM, pa3opBaTh MOPOUYHBIN
KpYT IIaTOJIOTUYeCKUX U3MeHeHUH. B Toske BpeMms,
WMEIOTCA CBeIeHUsI 0 KOHKPETHBIX MeXaHu3Max
¢dopMupoBaHUS KOMOPOUTHOCTH, YTO ITO3BOJISIET
Ha paHHUX JTaNax MPeJOTBPATUTH NaJibHelliee
pas3BuTHe KoMopoumgHOCTH [16].

[ToTMMOpOUITHOCTL TECHO CBsI3aHA C BO3pac-
ToM 3abosieBIux. I10 TaHHBIM HEKOTOPBIX aBTO-
PpoB [16] Ha ogHOrO narrenTa MoJioske 20 JIeT cpef-
HEeCTaTUCTUYECKU MPUXOIUTCA 2,8 OMHOBPEMEHHO
MpoTeKalonux 3aboJeBaHus1, B Bo3pacTe OT 21
ropga no 40 jietr — 3,2 3aboJieBaHusA, B BO3pacTe OT
41 roga o 60 JjteT — 4,5 60J1e3HEH, a B BO3pacTe OT
60-75 jetT — 5,8 BepuUITMPOBAHHBIX IMATHO30B.
C BO3pacToOM NPOUCXOAUT HE TOJIBKO KOJIMYEe-
CTBEHHOE M3MeHeHUe IOJIMMOPOUIHOCTH, HO U
KauyecTBeHHOe. HabJriogaercss aTUIn4YHOe TeueHne
Oos1e3Hel, XapaKTepHO JIaTeHTHOE TeueHre 00J1e3-
HY C MUHUMAJbHBIMUA KJIWHUYECKUMHU TPOSBJIE-
HUAMHU 1 MeIJIEHHON KIIMHUYECKON TMHAMUKOM, a
TaK’Ke OTCYTCTBHE OCTPOTro aebrora [17].

7151 OTIeHKU MTOJTUMOPOUTHOCTH B 3aBUCHU-
MOCTH OT IOCTaBJICHHBIX 3aJa4 UCIIOJIb3YIOT pas-
JuyHble cucteMbl. Cpean HuX cucteMa Cumulative
illness rating scale (CIRS), koTopast 661712 MOIHDU-
nypoBaHa it nokuabix Jjiogeit (CIRS-G) [18].
Cucrema Kaplan-Feinstein /17151 O1leHKY TOJTAMOP-
OMIHOCTH y OHKOJIOTUYECKHX IMarreHToB [19].
JJ11 IPOrHO3a JIETaIbHOCTU UCIIOJb3YIOT LIKAJIY
Charlson [20]. Takske ucnosbsyercs Index of co-

existent disease (ICED), xotopwiii HauboJiee

cancer patients [19]. The Charlson scale is also used
to predict mortality (20). The Index of co-existent
disease (ICED) elaborated to estimate hospital
length of stay and likelihood of repeated hospital-
ization [21] is also utilized.

Comorbid Metabolic Disorders

Brain damage leads to significant changes in
metabolism presenting as a non-specific systemic
response. The most important cause of metabolic
disturbances besides changes in gastrointestinal
tract is the hypermetabolic and hypercatabolic state.

Malnutrition can be caused by either insuffi-
cient supply of nutrients to the body (simple star-
vation) or increased catabolism (stress starva-
tion) [22-24].

Damage results in both inflammation and
metabolic stress response [25]. To achieve proper
healing and functional recovery, a metabolic re-
sponse is required, which necessitates nutritional
therapy, especially when the patient is malnour-
ished and the stress-inflammatory response per-
sists. Recently, the negative effect of continuous
calorie and protein deficiency on the outcome of
patients with CCI has been shown again [26].

Any injury causes release of stress hormones
and inflammatory cytokine mediators. The cy-
tokine response to infection and trauma, so-called
«systemic inflammatory response syndrome», has
a significant effect on metabolism [27].

Catabolism of glycogen, fat and protein with
the release of glucose, free fatty acids and amino
acids will lead to the reduction of protein content
in the body (especially muscle mass), abnormal
healing and immune response [28].

Brain damage associates with increased levels
of cortisol, catecholamines, and pro-inflammatory
cytokines (IL-1, IL-6, IL-8, TNF-a) persisting for
several weeks [29].

In response to stress, glucose metabolism
abruptly changes along with its regulatory homeo-
static mechanisms [30].

Brain damage from injury or stroke leads to a
significant increase in endogenous glucose produc-
tion. A portion of glucose while being broken down
continues to produce energy without oxygen (glycol-
ysis) [31]. An increase in lactate level in brain tissue
and cerebrospinal fluid occurs. The severity of hyper-
glycemia has been noted to correlate with the extent
of brain damage, while the lactate concentration cor-
responds to the level of metabolism increase [30].

Due to the release of stress hormones, insulin
secretion is suppressed, endogenous glucose pro-
duction and insulin resistance increase. Abnormal
carbohydrate metabolism (hyperglycemia) is ac-
companied by persistent hyperlipidemia [32].

The evidence for the need to correct stress hy-
perglycemia has been obtained. Stress-induced hy-
perglycemia is considered as a factor intensifying
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Reviews

IIMPOKO MCIOJb3YeTCs IJIA pacdyeTa IJIATeIbHO-
cTu mpebObIBaHUs B CTAIMOHAPE W BEPOSTHOCTHU
MMOBTOPHOM rocriuTaau3amnuu [21].

KomopOuaHbIe HapyIIeHH s
MeTadoaIu3Ma

[ToBpeskaeHre roJIOBHOTO MO3Tra IPUBOJIUT K
BBIpQ)KEHHBIM U3MEHEHUSM MeTabo/m3Ma, KOTO-
pble OpOSIBJAIOTCA B BUJie Hecnenuduieckou
CUCTEMHOU peakIluy B OTBET Ha MOBPEXK]IEHUE.
Baskneiiasa npuunHa TpouYeCcKUX HapylleHu i,
kpoMe uamenenuii B JKKT — nsmeHnenust metabo-
JIm3Ma C pa3BUTHEM CHHIpPOMA IUIIepMeTad0In3-
Ma-TuIepkaTabou3Ma.

HemocTaToyHOCTL IHMTAHUSA MOYKET OBbITh
BBI3BaHA CJIEMYIONIMMI IPUYMHAMI: JTUOO0 HET0CTa-
TOYHBIM ITOCTYIIEHWEM IIMTaTe/IbHbIX BEIECTB B
OpraiuaM (IIpoOCTOe T'OJI0NAHYE), TUOO BHIPASKEHHBIM
KaTab0/IM3MOM (CTPeCcCcOBOe roJiofaHue) [22-24].

[ToBpeskneHre NPUBOIUT KaK B BOCITAJIEHUIO,
TakK U K MeTab0OJMYEeCKON CTPEecCOBOI peak-
1y [25]. 1711 TOCTUKEeHU A HAJIe KAl ero 3asK1uB-
JieHus1 U (PYHKIMOHAJBHOTO BOCCTAHOBJIEHUS
HeoOX0oIuM MeTabO0TUYEeCKUIl OTBET, JJIsTI KOTOPO-
ro TpebyeTcsi HyTPUIMOHHAs Teparsi, 0COOeHHO
KOTJa HallMeHT HeJoedaeT, a CTPecC-BOCHAJH-
TeJIbHAsI peakIusl MpoJoJsKaeTcsa. B mocaentee
BpeMsi ObIJIO BHOBBH IOKA3aHO OTPHUIlATeJbHOE
BJIMSIHUE [IJIUTEJBHOTO NeduiiuTa KaJopuii u
0eJIKOB Ha MICXO]I ITAI[MeHTOB B XPOHUYECKOM KPU-
THYECKOM COCTOSIHUHU [26].

JItob6ast TpaBMa BBISBIBAET BHICBOOOYKIEHIE
TOPMOHOB CTpecca U MeInaTOPOB BOCHAJIEHUS -
IUTOKUHOB. [IUTOKMHOBBIN OTBET HA MH(PEKITUIO
U TPaBMY, TaK Ha3bIBa€MbIl «CUHIPOM CHCTEMHO-
I'0 BOCIAJIUTEJIbHOI'O OTBeTa», OKa3bIBaeT CyIIie-
CTBEHHOE BJIMSITHNE Ha OOMEH BelecTs [27].

Karabo3M IIMKOTeHa, ’Kupa W Oesika C
BBICBOOOKIEHHEM IIOKO3bI, CBOOOTHBIX YK PHBIX
KHUCJIOT 1 aMUHOKMCJIOT, IPUBOJUT K YMEHbIIIe-
HUIO cofep:kaHus 6ejika (0COOEHHO MBITIIEYHOMN
Macchl), K TpobJieMaM 3a:KUBJIEHUSI 1 UMMYHHOTO
oTBeTa [28].

[ToBpeskieHre TOJIOBHOTO MO3Ta COMMPOBOSK-
JlaeTCs IOBbIIIEHNEM YPOBHS KOPTU30J1a, KaTeX0-
JAMWUHOB W NPOBOCHAJIMUTEJBHBIX ITUTOKAHOB
(NJI-1, JI-6, N1JI-8, PHO-a), KOTOpBIE OCTAIOTCA
Ha BBICOKOM YypOBHE B Te4YE€HHE HECKOJbKHUX
Henesb [29].

B oTBeT Ha cTpecc NPOUCXOIUT PE3KOE U3Me-
HeHUe MeTabO0JM3Ma IJTIOKO3bI BMECTe C peryJis-
TOPHBIMU MeXaHu3MaMU ee romeocrasa [30].

IToBpesxeHne roJ0BHOIO MO3ra B pe3yJib-
TaTe TPaBMBbI WJIX HAPYIIEHNUA MO3rOBOI0 KPOBO-
oOpareHus BeJeT K 3HAUYNTEJTbHOMY YBeJrude-
HUIO TPOU3BOJICTBA SHJOTEHHOU TJIIOKO3BI.
YacTh NIIOKO3BI, pa3pyllasach, IPOAOJIKAET IIPO-
W3BOJIUTH JHEPTUI0O 0e3 ydyacTus KHCJI0poja

damaging processes such as hemorrhagic transfor-
mation of brain infarction, blood-brain barrier im-
pairment, brain edema, intracellular acidosis [33].
There is evidence proving a link between the sever-
ity of hyperglycemia and the outcome of severe
traumatic brain injury (TBI). Hyperglycemia of 9.4
mmol/l has been found to correlate with 9-12
points on Glasgow Coma Scale, 11 mmol/l corre-
sponded to a score of under 8, and with values ex-
ceeding 13 mmol/], the chance of survival was ex-
tremely low [34].

Brain tissue damage develops both in hyper-
glycemia above 9 mmol/l and in a slight decrease
in glucose concentration below normal values [35].

The protein loss due to increased catabolism in
sepsis and severe trauma can reach 260 g per day.
This corresponds to daily losses of over 1 kg of muscle
tissue. In the absence of adequate nutrient support,
the loss of muscle mass in a short period of time will
make successful weaning and subsequent recovery
of patient impossible. Loss of muscle tissue is an im-
portant limitation for functional recovery [36].

In this situation, specific amino acids, such as
glutamine and branched amino acids, are the only
substrates that can be used in peripheral and dam-
aged tissue as an energy source. The amino acids
released from muscle tissue can be used for the
synthesis of acute phase proteins including albu-
min, fibrinogen, glycoproteins, complement fac-
tors, etc.

Fat stores play an important role in metabo-
lism. Increased lipolysis is part of the metabolic re-
sponse to a serious disease, regardless of its etiol-
ogy, the amount of fatty acids released can exceed
energy requirements.

Intense protein consumption, as a major
source of endogenous glucose production, and the
resulting protein-energy deficit lead to longer hos-
pital stays, lower wound healing rates, and an in-
creased risk of secondary infection [37].

Comparative clinical and biochemical studies
conducted in 237 patients in chronic critical condi-
tion after cerebral accident, of which 128 patients
were discharged with improvement and 109 died,
showed that in 85% of cases the main cause of mor-
tality was multiorgan failure, combined with protein-
energy deficit, suppurative and inflammatory com-
plications, and sepsis. Increasing protein-energy
deficit along with the suppurative and inflammatory
complications was found to play aleading role in the
adverse outcome occurrence. Further reduction of
albumin and total protein levels was associated with
anemia, renal failure, hepatic failure and multiorgan
insuffficiency resistant to intensive care [38].

Gastrointestinal Comorbidities

Gastrointestinal tract diseases can be ob-
served in patients with severe brain damage during
the entire period following a cerebral accident. The
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(rmukosus), [31]. IIpoucxoguT yBeJanYeHUe JIaK-
TaTra B TKAaHU MO3Tra ¥ CHHHHO-MO3TOBOH SKHIKO-
ctu. OTMEeYeHO, YTO BBIPAsKEHHOCTb TUIIEPIJIN-
KEMHUHM COOTBETCTBYET TAYKECTU IOBPEXKACHUA
MO3ra, a ypOBEHb JIaKTaTa — CTEIICHU ITOBBIIIIe-
Hudg MetaboJsimaMma [30].

Ha ¢one BEIOpOCa TOpMOHOB CTpecca Ipo-
HACXOJUT IIOaBJICHUE CEKPEeLMY NHCYJIMHA, Hapac-
TaHWe NPOAYKIIMU 3HIOTEeHHOU INIIOKO3BI U yBe-
JIMYeHVEe HEeBOCIPUHMYMBOCTA K WHCYJIHUHY.
Hapymenue yrieBogHOro oOMeHa (TUTIEpPIVINKe-
MUsI) COIPOBOYK/IAETCS Pa3BUTHUEM CTOWKOU
runepjunuaeMuei [32].

ITosy4yeHBI JOKA3aTETHCTBA B HEOOXOIUMO-
CTU KOPPEKIIMU CTPECCOPHOU TUIEPIVIMKEMUU.
Crpecc-uBoynpOBaHHAas THMIIEPIVIMKEMUS pac-
cMaTpUBaeTcsi Kak (akTop, YCUIUBAIOIIUN
MOBPEXKJAIONIYE IIPOLECChl: TeMOPParundecKylo
TpaHcopManuio WHGpapKTa M03ra, HapylleHue
reMarosHIeasmyeckoro 0Oapbepa, pa3BUTHE
OTeKa TOJIOBHOTO MO3ra, WHTPaleTI0JsPHBIN
ammao3 [33]. EcTh cBeleHUs, JOKa3bIBAIOIIHE
CBsI3b MEYK1y BBIPAYKEHHOCTBIO TMIIEPIVIMKEMUN 1
HUCXO/IOM TSYKEJIOU UepenHO-MO3TOBOU TpaBMbI
(TUMT). VcranoBJeHO, YTO rureprinkeMusa 9,4
MMOJIB/JI COOTBETCTBYET YPOBHIO CO3HAHUA IIO
IIIKT 9-12 6aJj110B, 11 MMOJIL/J1— MeHee 8 0aJ/1/I0B,
MIPU 3HAUYEHMsX, NPeBBIMAIUX 13 MMOJb/JI,
IITAHC Ha BBDKUBaHUE OBLT KpaliHe HU3KUM [34].

[ToBpeskieHre TOJIOBHOTO MO3Ta IIPU TATIEeP-
IJIMKEMUU HACTyIIaeT IIPY IIPEBbIIICHUY KOHIICHT-
panuu TIIOKO3bl BbINIE 9 MMOJIB/J U BeleT K
MOBPEKIEHNIO MO3TOBOU TKaHU, TaK)Ke Kak U
He3HAYNUTeJbHOE CHUKEHNE KOHIIEeHTPAIUH TJTI0-
KO3bl HMKe HOPMAJ/IbHBIX 3HaUeHUl [35].

Crerenb kaTaboJim3Ma OeJIka IMPY CeTcrce 1
TSPKEJION TpaBMe MOsKeT TOCTUraTh 260 I' B CYTKH.
ITO COOTBETCTBYET €KEeIHEBHBIM I10TEPSIM B pas-
Mepe 0oJjiee 1 KT MBIIEYHON TKaHU. [Ipu OTCyT-
CTBUU IIOJIHOLIEHHON HYTPUTUBHOU MONJIEPsKKU
MoTePsI MBINIEYHOW MacChl 3a KOPOTKOE BpeMms
cliesJjaeT HEeBO3MOYKHBIM IepeBOJl MallieHTa Ha
CaMOCTOSITeJIbHOE IbIXaHHEe M ero JajibHeHIee
BOCCTaHOBJIeHHE. [loTepss MBIIIIEYHOU TKaHU
SIBJISIETCSI BAYKHBIM NIPEISTCTBUEM JJIs1 DYHKIIHO-
HaJIbHOT'O BOCCTAaHOBJIeHHUH [36].

B aToll cuTyanum oTAesbHble aMUHOKHCJIO-
ThI, TAKWeE, KaK IVIIOTAMWH U Pa3BEeTBJIEHHbIE aMU-
HOKUCJIOTHI, ABJISIOTCS eINHCTBEHHBIM CyOCTpa-
TOM, KOTODBIA MOKeT OBITH WCIIOJIb30BAaH B
nepudepruueckux U TMOBPEKIEHHBIX TKAHSX B
KauyeCTBe UCTOYHMKA dHEPTruu. AMUHOKHUCJIIOTHI,
BBICBOOOK/TaeMbIe U3 MBIIIIEYHON TKAHU, MOTYT
OBITH MCITOJIE30BAHBI MJIsT CHHTE3a 6€TKOB OCTPOI
¢aspr — ansbOymuHa, GUOpUHOTEHA, TTTUKOIPO-
TEWHOB, (PaKTOPOB KOMILJIEMEHTA U T.II.

3anacel )KApa UrparoT BayKHyI0 pOJib B MeTa-
boam3Me. YCKOpeHYEe TEMIIOB JIMTTIOJIN3a SIBJISIETCS
YacThI0 MeTab0O0J/JMYECKOT0 OTBETa Ha TSYKeJIoe

gastrointestinal tract is affected by concomitant
gastroenterological diseases, hereditary predispo-
sition, impaired swallowing, poor diet, infectious
agents, lack of physical activity, horizontal position
of the patient, fluid and electrolyte disorders, meta-
bolic and neurological disturbances, presence of
gastric tube or stoma, treatment with antibiotics
and other drugs [39].

Mechanisms and sequence of pathological
processes in gastrointestinal tract in brain damage
have not been studied yet. However, there is data
that the biologically active substances involved in
the gastrointestinal disease development, such as
gastrin and gastrin-like peptides, may be produced
both in the brain and in the gut. In addition, the
gastrointestinal microbiome has a great impact on
the gastrointestinal tract [40].

Any brain damage can certainly be regarded
as stress. The outcome of stress depends on the bal-
ance of strength and duration of the stress factor
and the potential of body protective forces. There-
fore, at the stage of exhaustion both full restoration
of body functions and their failure (hypermetabo-
lism and hypercatabolism with impaired protein,
carbohydrate, lipid metabolism, increased con-
sumption of carbohydrate and lipid stores, break-
down of tissue proteins, development of intestinal
failure syndrome) are possible, especially on expo-
sure to other adverse stress factors.

Studies performed on patients with severe in-
juries hospitalized in the intensive care unit
(ICU) [41] showed that stress-induced gastric ero-
sions were observed in 91.4% of patients, gastric
and duodenal ulcers — in 36.2%, upper gastroin-
testinal bleeding — in 27.6%, intestinal motility
disorders and diarrhea — in 43.1% of patients. The
rate of GIT complications was even higher in pa-
tients on prolonged lung ventilation. Asympto-
matic stress-related gastrointestinal mucosal
damage was found in 74-100%, diarrhea — in
15-51%, reduced intestinal motility — in 50%, gas-
tric stasis — in 39%, constipation —in 15%, intes-
tinal obstruction — in 4-10% of cases [42].

Gastrointestinal erosions and ulcers in ICU
patients are caused by increased protein break-
down, reduced production of gastrointestinal mu-
cosal cells, inappropriate enteral nutrition, medica-
tions, autonomic nervous system stress response,
increased corticosteroid production in response to
the triggers [43, 44].

An important role in the muscle-gut interac-
tion is played by an increased secretion of gluta-
mine in skeletal muscle proteolysis, which is an en-
ergy source for intestinal mucosa cells [45].

In ICU patients, the disease evolution, gas-
trointestinal function and lung ventilation ade-
quacy are in constant dynamic interaction. Gen-
eral reduction in blood circulation of internal
organs and local hypoperfusion of digestive system
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3aboJieBaHMe, HE3aBHUCHMO OT €ro 3THOJIOTHH,
KOJIMYECTBO 0CBOOOKTAIOIIIIXCS YK PHBIX KIUCJIOT
MO3SKET MTPEBBINIATH MOTPEOHOCTH B 9HEPTHUU.

BripakenHoe moTpebseHUe Oeslka, Kak
OCHOBHOTO UCTOYHUKA JIJIsI TIPOU3BOJICTBA 9HO0-
TeHHOH IIOKO3BI U CJIEYIOIIAst 32 3TUM 0€JIKOBO-
9HepreTuvecKasi HeJOCTaTOYHOCTh, IPUBOJSAT K
YBEJIMYEHUIO TPOJOKUTETbHOCTH TPEOBIBAHUS
0OJILHOTO B CTallMOHApe, CHUKEHUI0 CKOPOCTHU
3)KUBJIEHUS PaH, a TAKKe K YBEJIUUEHUIO PUCKA
BTOpUYHOU nHpeKun [37].

CpaBHUTeTbHBIE KIUHUKO-ONOXUMUYECKIE
HCCJeJOBaHus, IPOBeJleHHble y 237 IallIeHTOB B
XPOHUYECKOM KPUTHYECKOM COCTOSTHUU TIOCJIE
1epebpaibHOM KaTtacTpodbl, U3 KOTOpPBIX 128
MalMeHTOB BBINMCAHbI C yay4lleHrueM u 109 —
yMepJid, MoKasaJsu, yTo B 85% cjiyuaeB OCHOBHOM
MPUYUHOU JieTaIbHOCTU siBUJIach [TOH, codeTato-
masica ¢ bBbOH, rHONHO-BOCIAJUTEIbLHBIMU
OCJIO}KHEHMSIMU U CEIICUCOM. BbLi10 yCcTaHOBJIEHO,
4YTO B (DOPMHUPOBAHNY HEOJIATOTIPUATHOTO FICXO/1A,
BeyIllasi poJb IPUHAAJIEKUT HapacTatomeir BOH
Ha (DOHE THOMHO-BOCHATUTEBHBIX OCJI0KHEHNH.
HNanbHeliee CHU)KeHUE aJLOYMUHA U OOIIETO
Oesika covyeTaJloCh C aHeMUel, MPOSBJIEHUAMU
mouevyHo-neueHowHo u [TIOH, pe3ucTeHTHON K
MMPOBOJIMMOU MHTEHCUBHOU Teparuu [38].

KomopoOuausie 3adosesannsa JKKT

3abosieBanusi JKKT compoBosKIaI0T maleH-
Ta C TAYKEJIbIM IIOBPEKIeHUEeM ITOJI0BHOIO MO3ra
B TeUeHHe BCEro Mmepuoja mocje nepedpaabHoi
karactpodsnl. Ha cocrossuue JKKT oxassiBaior
BJIMSIHHAE CONTYTCTBYIOIIIME TaCTPOIHTEPOJIOTHYE-
ckue 3a00JieBaHUs, HACJIeICTBEHHASI IIPEeIPACIIO-
JIO’KEHHOCTb, HapylLleHHOe IVIOTaHue, Helpa-
BUJBbHOE TIUTAaHWE, WH(PEKIVOHHBIE areHThI,
OTCYTCTBHE (PM3UUECKON aKTUBHOCTHU, FTOPU30H-
TaJbHOE TIOJIO’KEeHWe IMalydeHTa, HapylleHue
BOJIHO-9JIEKTPOJIUTHOIO OasaHca, 0OMeHa U Hel-
POHHBIX CBsI3€ll, HAJIUUYNE SKeTYA0UYHOT0 30H1a U
racTpOCTOMEBI, JIeueHre aHTUOMOTUKAMY U IPYTU-
MU npenaparamu [39].

Jlo cux mop 10 KOHIIAa He U3y4YeHbl MEXaHU3-
MbI Pa3BUTHA U [10CJ€10BaTEeJIbHOCTh BOSHUKHO-
BEHHUA ITaToJIornyeckux nponeccos B JRKT npu
MOBPEKIEeHUsX F'0JIOBHOIO Mo3ra. B yactHocTH,
€CTb CBEJIEHUA O TOM, YTO B TOJIOBHOM MO3Ie€, KaK
u B JKKT moryT BbIpabaTeIBaThCA OHU U Te 5Ke
OMOJIOTUYECKH aKTUBHBIE BEIECTBA, HAIIPUMED,
racTpUH U TaCTPUHOTIOA0O0HBIE TENTUIBI, POJIb
KOTOPBIX B maToreHese Hapyuienuii JKKT Heocro-
puma. Kpome Toro, Ha coctosinue KKT 6osbimoe
BJIASTHUE OKA3bIBAET MUKPOOUOM KUIIIEYHUKA [40].

BesyciioBHO, J000€ TTopaskeHre TOJIOBHOTO
MO03ra MOYKHO paccMaTpuBaTh Kak cTpecc. Mcxon
cTpecca 3aBUCUT OT COOTHOIIEHUA CUJIbI U JJIN-
TeJTbHOCTH JIENCTBUsI CTPeCccopa U MOTeHIINATb-
HBIX BO3MOSKHOCTEN 3aIIUTHBIX CUJI OpraHu3Ma.

appear to be the most significant mechanisms of
negative impact of lung ventilation on gastroin-
testinal functional state [46, 47].

The gastrointestinal mucosa appears to be
most vulnerable to microcirculation impairment
part of the gut [48]. The structure of the intestinal
mucosal vasculature allows bypassing of arterial
blood with the stealing phenomenon in the distal
part of intestinal villi even in stable hemodynamic
parameters [49]. Compensatory spasm of local ves-
sels persists for a long time even after hemody-
namic stabilization [50]. Oxygen concentration in
the vessels supplying the gastrointestinal mucosa
decreases significantly due to severe hemodilution
caused by absorption of the contents of the gut
lumen [51]. Hematocrit can drop to as low as 10%
in the intestinal capillary bed [42].

Reduced system and local hemodynamic pa-
rameters during lung ventilation with positive ex-
piratory end pressure and increased vascular resist-
ance lead to hypoxia and damage of gastric and
intestinal mucosa, as well as to a slower rate of gas-
tric emptying and a decrease in intestinal motil-
ity [52]. After 24 hours, erosive gastritis and gastric
stress ulcers can be detected in 74-100% of ICU pa-
tients who had an episode of acute hypoxia [53].
Bleeding from pyloric and duodenal ulcers is mas-
sive and difficult to treat conservatively [54]. Stud-
ies show that in patients requiring long-term respi-
ratory support, gastric bleeding occurs mostly
during the first two weeks of lung ventilation [55].

Vomiting in the intensive care unit may be
caused by infectious agents (S.aureus, B.cereus,
Cl.perfringens, etc.), poor diet, upper GI erosions
and ulcers, inflammatory GI diseases, drugs (cyto-
statics, narcotics, glycosides, euphylline), gastric
outlet obstruction due to mechanical (peptic ulcer,
etc.). and functional (medication-induced gastric
paresis, postoperative, post-infectious) factors,
small intestinal obstruction (mechanical and func-
tional), psychogenic factors, CNS disorders (direct
brain damage, stimulation of the «vomiting center»,
vestibular disorders, increased intracranial pres-
sure, infections), visceral pain (peritonitis, pancre-
atitis, cholecystitis, myocardial infarction), meta-
bolic and endocrine disturbances, bacterial
overgrowth syndrome, autonomic nervous system
disorders, psychotic reactions, hypokalemia.

Abnormal motility in ICU patients most often
manifest as constipation, but diarrhea is also pos-
sible [55]. Diarrhea in intensive care patients may
be caused by infectious agents, including CI. diffi-
cile, hypokalemia, pancreatic insufficiency, malnu-
trition, drugs (e. g., thiazide and thiazide-like di-
uretics, antibiotics), autonomic nervous system
disorders, and abnormal gastric emptying and
motility [56].

Diarrhea is observed in almost 50% of pa-

tients with prolonged ICU stay and is particularly
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[TosToMy Ha CTaAUU UCTOIIEHUS BO3MOKHO KaK
II0JIHOE BOCCTaHOBJIeHHe (PYHKIMII opraHuama,
TaK ¥ UX CPBIB (TrUnepMeTaboIn3M-rureprarabo-
JIM3M C HapyIiieHneM obmMeHna 6eJIKOB, YIJIEBOIOB,
JIUNUJO0B, YCUJIEHHBIM pacxoioM YIVIEBOJTHO-
JIMTIATHBIX PE3EPBOB, PacHa oM TKaHEBBIX OeJ-
KOB, Pa3BUTHEM CUHIPOMa KUIIEYHOU HeI0CTa-
TOYHOCTH), 0COOEHHO TIPU BO3JEUCTBUU JAPYTUX
HeOJIarONPUATHBIX CTPECCOPHBIX (DaKTOPOB.

HccitenoBaHus, IpoBeIeHHbIE HA TAIUEHTAX
C TSKEeJIBIMU TPaBMaMU, TOCIIUTAIN3UPOBAHHBIX
B OT/leJIeHNA peaHnMally 1 THTEeHCUBHOH Tepa-
i (OPUT) [41], mokasanu, 4TO CTpeCC-UHIYIIH -
pOBaHHbBIE 9PO3UBHBIE FACTPUTHI HAOJIIOAIOTCS Y
91,4% nanMeHTOoB, sI3BHI JKEIYIKa U IBEHAIIIaTh-
IIepPCTHOHN KUIIKU — Y 36,2%, A3BeHHbIe KPOBO-
TeyeHuss — y 27,6%, HapylleHWs MOTOPUKU
KUIIIEYHUKA, nuapess —y 43,1% IIpOLeHTOB [alu-
eHTOB. YacToTa ocyoskHeHUu# co ctopoHsbl JKKT
ObLTa erre 60Jiee BeIpaskeHa y MallMeHToB, HaX0-
TSIIITIXCS Ha JJIUTEJIHHOU NCKYCCTBEHHOU BEHTH -
JIAIIAY JIETKUX. ACHMIITOMHOE CTpecc-00yCJIOB-
JIECHHOEe noBpesxkaenue Myko3Horo cjiaosa KKT
BCcTpeuaercs B 74-100%, nuapeiHbIi CHHIPOM B
15-51%, ocnabJieHne TePUCTATBETUKYA KUIIIETHU-
Ka — B 50%, Hamnu4Yne 3acTos B sKeJayaKe — B 39%,
3anopsl — B 15%, KUIIeYHasA HEIIPOXOAUMOCTb —
B 4-10% cay4aes [42].

O6pasoBauuio apoa3uii u 13B ;KKT y nanmen-
TOB B oTAesieHussx OPUT criocobcTByeT MOBBIIIEH-
HBIM pacraj Oeska, CHUKEHUE CHHTe3a KJIEeTOK
causuctont obosoury JKKT, HempaBuabHOE 9HTeE-
pajibHOE IUTaHKe, IpUEeM IIpernaparos, peakusa
BereTaTUBHOI HepBHOU cucteMbl (BHC) Ha cTpecc,
MIOBBIIIIEHHBIN CUHTE3 NIIOKOKOPTUKOCTEPOUIOB
('KC) B KauecTBe OTBETa HA TPULTED (43, 44].

Bo B3amMopelCTBUM MYCKy/IaTypa-KHUIIed-
HUK Ba)KHOe 3HaYeHNe NMeeT IIOBBIIIIeHHOE Bbje-
JIeHUe TIPY IIPOTe0JIN3€e CKeJIETHON MyCKY/IaTyphl
[JIyTaMUHA, KOTOPBIA SABJISAETCH WCTOYHUKOM
9HEPTUHU AJIs1 KIETOK KUIIIeYHOU CAM3UCTOH [45].

Y manuentoB OPUT nuHaMuKa OCHOBHOTO
3abosieBanus, pyHKIMOHATLHOE cocTostHuEe JKKT
1 aJIeKBaTHOCTH NCKYCCTBEHHOW BEHTUJISIIINN JIeT -
kux (MBJI) HaxXogsATCS B MOCTOSIHHOM JMHaAMU4e-
CKOM B3anmojeiicTBuu. CHIKeHUEe TapaMeTpOB
KpOBOOOpalleHrsi BHyTPEHHUX OPraHOB B IIEJIOM
1 JIOKaJIbHas runonepdysus NUIeBapuTeIbHON
CHCTEMBI ITPeICTaBJIAIOTCA HanboJ/iee 3HaYNMbIMH
MexaHu3MaMu HeraruBHoro BaussHus VIBJI Ha
dyuarmmonanbHoe cocrostaue JKKT [46, 47].

Cpe aHaTOMUYECKUX CTPYKTYP SKeJIyIKa U
KUIIIeYHNKA HanboJiee YyBCTBUTE/IbHBIMU K Hapy-
HICHUAM MUKPOUUPKYJIANUNA SBJISETCI MYKO3-
HBIA cJIoM [48].

CTpoeHue COCyIUCTBHIX CIIJIETEHUH CAM3UCTON
o6ostourn JKKT momyckaeT mryHTHpOBaHUeE apTe-
puanbHOHN KpoBU ¢ hpopMHUpOBaHUEM (peHOMeHa

00KpaabIBaHUSI OUCTAJTHLHON YacTH BOPCUHOK

likely among patients requiring lung ventilation.
One of the most common causes of diarrhea in in-
tensive care patients is incorrect nasogastric tube
feeding (12-25% of all cases) [57]. A significant in-
crease in the likelihood of diarrhea has been found
if the rate of administration of a nutrient mixture
exceeded 50 ml/hour, as well as when using hyper-
osmolar mixtures [58].

Enteric feeding may cause such complications
as constipation, delayed gastric emptying, diarrhea,
vomiting, which may occur in 50% of patients on
lung ventilation [59]. The latter is considered a risk
factor for CI. difficile growth, can be very severe, and
may cause both longer hospital stay (3 weeks on av-
erage) and death [60, 61].

Patients in ICU may develop paradoxical di-
arrhea. When fecaloma develops, the patient’s in-
testines dilate and secretion increases proximal to
its location. The feces become loose and «bypass»
the fecaloma. Therefore, elderly patients with diar-
rhea require a thorough examination of the ab-
domen, rectum, and if necessary, abdominal X-ray.

Intestinal obstruction in ICU patients is often
due to infectious agents, inflammatory diseases of
abdomen and sepsis, hypokalemia, dehydration,
poor diet, mesenteric ischemia. Intestinal ob-
struction may be mechanical and functional (in-
testinal pseudoobstruction, brady- or akinetic
bowel). In addition, these conditions, as well as
pre-existent GI conditions may at any stage lead
to multiorgan failure.

Role of Microbiome
in the Development of Comorbidity

Interest in microbiome has increased dramati-
cally over the past decade as its role in the pathogen-
esis of many diseases has been identified. Physiolog-
ical effects of critical illness and clinical
interventions in intensive care significantly alter mi-
crobiome. In turn, the microbiome can predict the
susceptibility of patients to disease, whereas its
changes could prevent or even modify the critical ill-
ness in experimental models and clinical trials [62].

The largest number of studies were conducted
on intestinal microbiome. There are about 40 trillion
microorganisms living in the intestine [63]. Under
normal conditions, commensal (cohabiting) mi-
crobes help to support human health and play vari-
ousroles in its maintenance. In various diseases, mi-
crobiome is altered and transformed into
pathobiome (contributing to abnormal microbial
growth) [64]. These changes are most prominent in
the ICU patients, where the intestines have long been
considered a driving force of critical illness [65, 66].

The critical illness significantly alters the
physiology of the host, which in turn changes envi-
ronmental conditions and the structure of the res-
ident microbe community [67].
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KUIIIeYHNKA Ta)Ke B YCIOBUAX CTAOMIHHON TeMo-
JrHaMUKHU [49]. KomneHcaTopHBIN cla3M COCY/I0B,
pacmoJiarainnuxcsa B HeM, COXpaHsIeTCs TOJroe
BpeMsi JajKe I0CJIe HOPMaJJInu3alluy apaMeTpPOB
remonmHaMuKM [50]. KoHIleRTpanus kucjiopona B
cocynax, nuTamImx Myko3Hbii ciaoi JKKT, cymre-
CTBEHHO CHUIKAETCS 3a CUET BbIPAYKEHHOU reMOI -
JIIOTIvH, 06YCI0BIIEHHOH abcopOIineii comepKUMo-
ro W3 TpOCBeTa KUIIIeYHOH Tpyokm [51]. B
KallWJUIAPHOM pycCJe KUIIEeYHUKA II0Ka3areJsb
reMaTOKpPUTa MOYKET CHUKAThbCA 00 10% [42].
CHImKeHMe TIIOKasarejied CHCTeMHOU U
JIOKAJIbHOU reMOAMHAMUKHU B yciaoBusx MBJI c
MOJIOKUTEJIbHBIM JaBJeHHEM KOHIA BbIJOXa U
MOBBIIIEHHOI'0 COCYIUCTOTO COIPOTUBJIEHUS IPU-
BOJWT K TUITOKCUY CJIU3VCTON 0O0JIOUKY SKeTyIKa
¥ KUIIIEYHUKA U NOBPEKIECHUIO ee 1[eJIOCTHOCTH, a
TaK)Ke K 3aMeJlJIeHUI0 CKOPOCTUA OINOPOKHEHUS
SKeJTy[IKA ¥ CHUKEHUIO ITepUCTaIBTUYeCKON aKTUB-
HOCTHU KulllevyHuKa [52]. IIo ucreyeHun CyToK apo-
3UBHBIN TaCTPUT U CTPECCOPHBIE S3BBI SKEJIYIKA
BBIABJIAIOTCA yKe y 74-100% nanuentoB OPUT,
UMEBIINX 9TU30]T OCTPOU runokcum [53]. KpoBo-
Te4eHUsI U3 TNJIOPUYECKUX 513B U U3 sI3B IBEHAIIA-
TUIIEPCTHON KUIITKU OTJIMYAIOTCS MACCUBHOCTBIO U
TPYZHO TIOONAIOTCS KOHCEPBAaTHBHOMY Jiede-
HUlo [54]. IIpoBeneHHbIe UCCIeJOBAaHUA [IOKA3bI-
BAaIOT, YTO CPeAy ITAlIeHTOB, HY K IAIOIINXCSA B [JI1-
TeJIbHOU peCcITpaToOpHOI MoIepsKKe, HauOOJIbIIIee
YHCJIO0 YKeJTYyJIOYHbIX KPOBOTEYEHUHN HACTYIIaeT B
Te4yeHue NepBbIX ABYyX Heneasb IBJI [55].
[IpyyyHamMu pBOTHI y ITAIIEHTA B OTHEJICHUN
peaHnMaI MOTYT OBITh: HH(PEKIIMOHHBIE areHThI
(toxcunsl S.aureus, B.cereus, Cl.perfringens u np.),
HEeMpaBUJIbHOE MHWUTAaHWE, J9PO3UBHO-sI3BEHHbBIE
MOpasKeHMsT BEPXHUX OT/IeJI0B MUILEBAPUTETHHOTO
TpaKTa, BoCcraauTebHbIe 3a0oseBanus ;KKT, meti-
CTBUE JIEKaPCTBEHHBIX ITPENAPATOB (IIUTOCTATUKH,
HapKOTUKU, Cep/eyYHble NIMKO3Ubl, 3y(UIINH),
HEIIPOXOOUMOCTb BBIXOAHOI'O OTHEJIa sKesJaygKa —
MexaHn4decKas (13BeHHasi 60J1e3Hb U JIp.) U (PyHK-
[IMOHAJIbHAA (BCJIEICTBHE ITape3a sKeJIyIKa, BbI3BaH-
HOTO JIEKapCTBAMU, MOCJIeonepaliioHHas1, Iocyiae-
nH(}pEKIMOHHAsT), HETTPOXOAUMOCTb TOHKOUN KHUIITKU
(MexaHMYeCcKasi ¥ (PyHKIIMOHAIbHAS), ICUXOT'eHHbIE
¢axropsl, Hapymenus [HHC (menocpencrBeHHOe
MOBpPEKIECHUE TOJIOBHOIO MO3ra, CTAMYJIALUA
«PBOTHOTO IIEHTPa», BECTUOYJISIPHBIE PACCTPOMCTRA,
TIOBBIIIIEHNe BHYTPUUYEPEITHOIO 1aBJIeHNs], UH(EK-
1Y), BUCIIepaJIbHAsA 00JTh (TIEPUTOHUT, ITAHKPEATHT,
XOJIEITUCTHT, MH(PAPKT MUOKAP/Ia), METADOJTITIECKIIe
¥ SHIOKPUHHBIE (PAKTOPHI, CHHIPOM U30BITOYHOTO
OaKTepHaTHLHOTO POCTA, BETETaTUBHBIE HAPYITIEHIS,
TICUXAYECKUE PEAKINY, TUTIOKAJINEMUS.
Hapymenus Moropuku y nanueHToB B OPUT
MPOSIBJISTIOTCST HAaMOO0JIee YacTo B BUe aKUHE3UH,
HO BO3MOJKEH U TMapenHbIi cuaapoM [55]. [luapes
Yy peaHmManMoOHHBIX MAaIlUeHTOB MOSKET OBITh
BbI3BaHa MH(MEKITMOHHBIMU areHTaMH, B TOM YHCJIE

Hypoperfusion and reperfusion of the intestinal
wall lead to intense inflammation of the mucosa and
a series of environmental changes. The increased
concentration of nitrates [68] and the abnormal mu-
cosal oxygen gradient in [69] promote the growth of
microbes such as Proteobacteriaceae, which contain
many clinically important gram-negative bacilli such
as Pseudomonas aeruginosa and Escherichia coli, and
some Firmicutes such as Staphylococcus aureus and
Enterococcus spp. [70-72].

The main route of microbial migration into
the gut is through the oropharynx. The catabolic
starving in critical diseases leads to reduced migra-
tion of food bacteria and undernutrition of com-
mensal (symbiotic) microbes [73]. In patients in
critical illness healthy microbiome of the oral cavity
is replaced by gram-negative aerobes, including
significant Proteobacteriaceae [74, 75].

The upper gastrointestinal tract becomes a
stagnating pool for potential pathogens, which her-
alds extra-abdominal infections and multiorgan
failure [76]. The lower gastrointestinal tract, which
in healthy individuals contains hundreds of differ-
ent bacterial species, loses its diversity and con-
tains only a few (in some cases single) bacterial
species [77-79].

Microbiome is not restricted to the intestines,
and several other body organs were also found to
shelter microbes involved in a critical disease de-
velopment. For example, a study comparing 15 pa-
tients requiring lung ventilation with healthy pa-
tients who had their lower respiratory tract
sampled by bronchoscopy showed that the diver-
sity of upper and lower respiratory tract microbio-
mes decreased during 24 hours after tracheal intu-
bation and further declined over time [80].

Unlike the intestines, the alveolar space of a
healthy person is an unfavorable environment for
most bacteria [81]. An important reason for their
low growth is the lack of nutrient substrate for bac-
terial metabolism. In pneumonia, the alveoli are
filled with a protein-rich fluid favorable for micro-
bial proliferation [82].

The etiology of microbiome changes in critical
illness varies. Probable causes may be related to
changes brought about by critical illness as well as
to side effects of the treatment (antimicrobial med-
ications, opiates, proton pump inhibitors, enteral
feeding, etc.) [83, 84].

Low consciousness and sedation are known to
blunt the coughing reflex, whereas endotracheal in-
tubation and acute condition impair the mucocil-
iary drainage [85].

Proton pump inhibitors reduce elimination of
gastric microbiome [86] and increase the immigra-
tion of bacteria into the lungs [87].

Raising the head of the patient’s bed reduces
immigration of gastric microbiome into the

lungs [88], but also inhibits expectoration [89].
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Cl. difficile, runokanneMueii, naHKpeaTH4eCKOU
HeJOCTaTOYHOCTBIO, HapyIIeHUEeM IIUTaHusl, BO3-
JleificTBUeM IIpenaparoB (HalpuMep, AUYPETUKU
THA3UTHOTO ¥ TUA3UIOIIOA00HOTO PSIIa, AHTUOMO-
TUKU), HETIPaBUJIBHOU (pyHKIMel BereTaTHBHOU
HepBHOU cucteMmbl (BHC), HapyllleHuEeM MOTOPHO-
aBakyaTopHoU pyHKIMU (MIP) sxesrynaka [56].

Hmnapest Habsogaercs nouty y 50% maryeH-
TOB, IJIUTEJbHO HAXOISAMNIMXCS Ha JIEYEeHUH B
OPUT, u oHa 0COOEHHO BEPOSITHA CPETU TTAITHEH-
TOB, Hy)kHamuxcs B UBJI. OnHoi n3 Hanbosee
paclIpoCTpaHEeHHBIX IPUYNH THapeu y IalieHTOB
B peaHUMaIM ABJISIIOTCSA IIOTPEITHOCTHU B IPOBE-
JeHUU 30HAO0BOIO 9HTEpaJbHOro nmuraHud (12-
25% ot Bcex caydaeB) [57]. Bpimo oOHapykeHO
JIOCTOBEPHOE MOBBINIIEHNE BEPOATHOCTA BO3SHUK-
HOBEHUsI TUapen IPU CKOPOCTHU BBeJIeHUS MMUTA-
TeJbHOM cMecH > 50 MJi/4ac, a TakKe ITPU UCTI0Jb-
30BaHUU TUIIEPOCMOJIIPHBIX cMece [58].

JHTepalbHOE NHUTAHWE MOYKET BbI3BIBATh
TaKue OCJIO’KHEHHUs KaK 3allop, 3aJepsKKy OIIO-
POYKHEHHUs JKeJlyIKa, nuapelo, pBOTy, KOTOpbIe
MOTYT BO3HUKATh y 50% nanuenTos ¢ IBJI [59].

I[IpoBenenuie MBJI paccmarpuBaercsa Kak
onuH u3 GaKkTopoB pucka ajs pocta Cl. difficile,
MO?KET IPOTeKaTh OYeHb TSIPKEJIO U CITOCOOHO ITPH-
BOJIUTH HE TOJBKO K YIJIMHEHUIO CDOKOB IT'OCIIATA-
Jaua3anyy (B cpegHeM Ha 3 HellesIn), HO U K CMepTU
0oJibHOTrO [60, 61].

Y namueHToB B OPUT BO3MOKHO pasBUTHE
napajokcaabHOU auapen. OHa 3aKJII0YAETCS B TOM,
4TO NMPU HAJIWYUU KAJIOBOTO KaMHs1, IPOKCUMAJIb-
Hee ero PacnoJIOsKeHUsT IPOUCXOIUT PACTAKEeHUe
KUIIIKY U TIOBBIIIIeHNe ceKperuu. Kaa cTaHoBUTCA
Heo(hOPMJIEHHBIM U «00XOIUT» TIPETSITCTBUE, CO3-
JaHHOE KaJIOBBIM KaMHeM. [109ToMy y MOKHUJIBIX
MAIMEHTOB C CHHAPOMOM Taper HeOOXOIUMO TIIa-
TeJIbHOE 00CJIeJOBaHUe SKUBOTA, IPSIMOU KHUIITKY, &
MIpY HEOOXOIMMOCTH CJIETYET TPOMU3BECTH PEHTTE-
HOTrpaduio OPraHOB OPIOIITHON TTOJIOCTH.

Kumreunasa HeNnpoxoguMOCTb Y IIAIlMEHTOB
OPUT 3auactyio o6ycioBiieHa WHQEKITMOHHBIMA
areHTaMH, BOCTIA/INTETLHBIME 3200 IeBaHISIMI Opra-
HOB OPIOIITHOI ITOJIOCTH U CETICCOM, TUITOKATMEMU-
elf, HeJIOCTAaTOYHON TupaTalyeii, HempaBUJIbHbIM
MMATAaHVEM MTAIEeHTa, UltleMuel 6pbrxreiku. Kued-
HasT HEITPOXOAVMOCTE MOYKET OBITh MEXAaHUYECKOH U
(pyHKIMOHATHEHOH (KUIIIEYHAST TICEBIO00CTPYKIHS,
Opamy- nIM aKMHE3WsT KUITIEYHNUKA).

Kpome Toro, manHble COCTOSIHWS, a TaKsKe
peMopOU[T B BUJE COMyTCTBYIOIIEN TaCTPOIHTE-
POJIOTYECKO¥ ITaTOJIOTUH MOKET Ha JTIOOOM aTare

NpUBOOUTD K HOJII/IopFaHHOI;'I HEeaOCTaTOYHOCTH.

Posib MUKpOOHOMa
B (hpopMHUPOBAHUH KOMOPOHUTHOCTH

HHTEepec kK MUKPOOMOMY PE3KO YCUIUIICS B
MOCJIeTHEE IECATUIIETHE B CBA3U C BhIABJIEHUEM

The enteral feeding, used to meet metabolic
needs, was developed without regard to its impact
on microbiome [90].

Nowadays there are many strategies for micro-
biome management in the intensive care unit.
These include probiotics, fecal microbial transplan-
tation (FMT) and selective digestive tract deconta-
mination (SDD). Each has shown both some prom-
ise and significant logistic and intellectual flaws.
Probiotics are selective exogenous bacteria in-
gested by the host. Meta-analyses and numerous
studies have shown their efficacy in reducing the
severity of pneumonia associated with lung venti-
lation without any positive effect on treatment du-
ration or mortality [91, 92].

Fecal microbial transplantation has been sur-
prisingly successful in recurrent colitis caused by
Clostridia difficile compared to oral vancomycin [93],
but still is rarely used in clinical practice.

The selective digestive tract decontamination
is performed with a combination of enteral and sys-
temic antibiotics. This method has been found to
be very effective: a meta-analysis of 30 studies
showed that the selective digestive tract decontam-
ination was associated with a significantly reduced
mortality [94].

Conclusion

Comorbidity plays a pivotal role in prognosis
in severe brain damage resulting in a chronic criti-
cal condition. The most common comorbidities in-
clude suppurative and inflammatory complica-
tions, gastrointestinal diseases, as well as
disturbances caused by the hypermetabolic and
hypercatabolic syndrome. In severe cases, comor-
bidities can transform into multiorgan failure, sep-
sis with subsequent death.

Identification of the cause-and-effect relation-
ship in the complicated comorbidities will help to
reveal the most significant causes of their occur-
rence. The latter include hypermetabolic and hy-
percatabolic syndrome with the development of
protein and energy deficit, gastrointestinal comor-
bidities hampering the metabolic normalization
even with adequate nutrition therapy, and micro-
biome modification affecting immunity, metabo-
lism, intestinal barrier and other major functions.

The timely detection and correction of the co-
morbid conditions (particularly by controlling their
key pathogenetic elements) will allow optimizing
treatment and increasing the efficiency of rehabil-
itation in patients with severe brain damage.

ero poJy B TMaToreHe3e MHOTUX 3a00JeBaHUH.
dusnosornyeckre 3PQPEKTHl KPUTUUECKOTO
3aboJieBaHUs U KJIWHUYECKHE BMeEIIATeIbCTBa
WHTEHCUBHOU Tepanuyl CyII[eCTBEHHO U3MEHSIOT
MHUKpPOOUOM. B cBOIO 04epess, MUKPOOUOM TIpeT-
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CKasbIBaeT MOJBEPSKEHHOCTD MAlMEHTORB K 3a60-
JIEBAHUIO, @ U3MEHEHU I MUKPOOToMa MpeaoTBpa-
A U U3MEHSAIN KPUTUYECKYI0 00JIe3Hb B
3KCIIEPUMEHTAJBbHBIX MOJIEJIAX U IPU KJINHUYE-
CKMX UCIIbITAHUSAX [62].

HauboJsblllee KOJIMYECTBO HCCJIEJOBaHUMI
OBLJIO TPOBEJIEHO MPU M3YYEHWU MHUKpoOHOoMa
KUIIIeYHUKa. B Kumieynuke oburaer okoJio 40
TPUJITMOHOB MUKPOOPTAaHU3MOB [63]. B 00BIYHBIX
YCJIOBUAX KOMMEHCAJIbHbIE (COBMECTHO >KUBY-
ye) MUKPOOBI CITOCOOCTBYIOT YKPETJIEHHIO 3110~
POBbBSI YeJIOBEKA U UTPAIOT pa3HOOOpasHbIe POJIN
B ero nomaepskanuu. [Ipu pasandHbIX 3a00JIeBa-
HUSX MUKPOOVOM N3MEHsIETCSI U peodpasdyeTcs
B CIIOCOOCTBYIOITHH 60/IE3HN MUKPOOMOM (T1aTo-
ouom) [64]. YrkasaHHble M3MeHeHUs HauboJee
CWJIBHO BBIPpAsKEHBI y MIAlMEHTOB B OTHEJICHUU
uHTeHcuBHOU Tepanuu (OWT), rme KUIIeYHUK
JIOJITOE BpeMsI CUMTAJICA «IBUTATeJIeM» KpUTHYe-
ckoro 3aboJjieBanud [65, 66].

Kputnyeckoe 3aboJsieBaHHE CYIIECTBEHHO
u3MeHsieT (PUIUOJIOTUIO XO35IMHA, KOTOpas B
CBOIO OYepelb U3MEHSIET YCJIOBUS OKPY KaIOIen
Cpenbl U CTPYKTYPBI COO0IIECTBA pe3UIeHTHBIX
MUKpPOOOB [67].

lunonepdysusa u penepdysus KUlIedHON
CTCHKHU IIPUBOJAAT K UHTCHCUBHOMY BOCITAJICHUIO
CITM3VICTOH 000JIOUKHY U KaCKaly U3MEHEHHH OKPY-
skatoniei cpefbl. [loBbIlIEHHAsA KOHIIEHTPAIUs
HUTPATOB [68] U U3MEHEHHBIU IPAIUEHT KUCJIO0PO-
a B CAM3UCTON 000j04YKe [69] CIOCOOCTBYIOT
pocTy MUKpOOOB THTIA Proteobacteriaceae, KOTOPBIT
COIEP>KUT MHOTO KJIMHUYECKU 3HAKOMBIX I'PAMOT-
pullaTeJIbHBIX MaJ0YeK, TAaKUX Kak Pseudomonas
aeruginosan Escherichia coli, » HEeKOTOPBIX YJIEHOB
tutna Firmicutes, TakKuX Kak 30JIOTUCTBIN cTapuIIio-
KOKK U Enterococcus spp. [70-72].

OCHOBHO¥Y ITyTh MUTPAIIA MUKPOOOB B MUK-
poOuOM KHIIEYHWKA — 4Yepe3 POTOLVIOTKY.
CocTosiHMEe KaTabOJIMYEeCKOTO TOJIONAHUS IIPU
KPUTUYECKUX 3a00JIeBAaHUSIX IPUBOIUT K CHIKE-
HUIO UMMUTPAIIAY MUIIEBBIX OAKTEPUU U CHIKE-
HUIO MTUTAaHUSA KOMMEHCA/IbHBIX (MUKPOOOB CHUM-
6rosa) Mumkpob6oB [73]. VY manmeHTOB B
KPUTUYECKOM COCTOSTHUU 3[J0POBBIN MUKPOOOM
MOJIOCTHU PTA BBITECHSIETCS TPAaMOTPULIATE/IbHBIMU
aspobamM, B TOM UYHCJIe BUTHBIMU ITPECTaBUTE-
JaaMu tuna Proteobacteriaceae [74, 75].

BepxHuili otTnmen sKeJyJOYHO-KUIIEUYHOTO
TpaKTa CTAaHOBHUTCS 3aCTOHHBIM pe3epByapoM
NOTEeHIINAJbHBIX MATOT€HOB, HAJUYHEe KOTOPBIX
ABJISIETCST MPOTHOCTUYECKUM NTPU3HAKOM 9KCTPa-
abJOMUHATBLHBIX WH(EKIWA W TOJUOPraHHON
HEeJ0CTAaTOYHOCTH [76]. MUKpPOOMOM HUYKHETO
oTzeJs1a sKeJTyJOYHO-KUIIIeYHOT0 TPAKTA, KOTOPBIN
Y 3JJ0POBBIX JIIOIEN COAEPSKUT COTHU PA3JIUUYHBIX
BUIIOB OaKTepuil, TepsieT pa3HooOpasue, 1 Mpe-
CTaBJICH HECKOJIbKAMHU (B HEKOTOPBIX Ciydasx
TOJIBKO OTHUM) OaKTepUaTLHBIMU BUAaMU [77-79].

MuKpoOrOM He OTpaHUYeH KUIIETHUKOM, U
HECKOJIbKO YYaCTKOB TeJia COfepsKaT MUKPOOHI,
KOTOpbIe OBLTH BOBJIEYEHBI B KPUTUUYECKOE 3a60-
JeBaHue. Hanmpumep, nucciaeqoBaHue, B KOTOPOM
CpaBHUBAJIM 15 DIAauMEHTOB, HYKJAIOIIUXCA B
HMCKYCCTBEHHOH BEHTUJISIIIUU JIETKUX, CO 30PO-
BBIMU IMAI[MEHTAMM, § KOTOPBIX Opasu mpoOBI
HI)KHUX JIBIXaTe/IbHBIX ITyTEN C MTOMOIIBI0 OPOH-
XOCKOITMH, IT0Ka3aJI0, YTO pasHooOpasme MUKPO-
O0roMa BEpXHUX W HUKHUX JIbIXaTeJbHBIX TyTeH
YMEHBIIIAIOCh B TeUeHHE 24 4acoB I0cJIe MHTy0a-
VM Tpaxeu W Jajiee YMEHbIIAJI0Ch C TeYEeHUEM
BpeMmeHu [80].

B ominyne OT KUIIIEYHUKA, AJIbBEOJISIPHOE
IIPOCTPAHCTBO Y 300POBOI0 YeJI0BeKa SABJISICTCA
9KOJIOTUYECKN HeOJarOnmpUsATHON Cpemoi IJjis
O6osbITHCTBA OakTepuii [81]. BaskHO MPUIMHOM
UX HU3KOT'0 Pa3MHOKEHUs AABJIAETCA OTCYTCTBHE
MMUTaTeJJFHOTO cyOcTpaTa ajiAd 6aKTepuaabHOTO
MeTabosm3Ma. [1py THEBMOHUY aJTbBEOJIBI 3aTT0JI-
HSIOTCSI O0TaTo# 0€JTKOM MKUIKOCTHIO, 6/1arompu-
SITHOY JJISA pa3MHOSKEHUsSI MUKPOOOB [82].

dTHoJIOTUS U3MEHeHUH MHUKpobmoMa Ipu
KpUTHYEeCKUX 3abojieBaHUAX pas3HOOOpasHa.
BeposATHBIE TPUYUHBI MOTYT OBITH, CBS3aHBI C
U3MEHEHUsIMUA, BBI3BAHHBIMUA KPUTHUUYECKUAM
COCTOsTHHEM, A TaK)Ke C TOOOYHBIMU 3 PeKTamMu
MMPOBOIUMO¥ Tepanuy (AHTUMUKPOOHAsI TepaIus,
OIaThl, THTUOUTOPHI POTOHHOU TTOMIIBI, 9HTE-
panbHOe nuTaHue u ap.) [83, 84].

W3BecTHO, YTO yTHETEHHOE CO3HAHME U cella-
M1 IPUTYILISIOT KallljeBol pedJiekc, a 9HA0Tpa-
XeasibHasA WHTYOAnusi M ocTpas O0Je3Hb YXyI-
IAI0T MYKOIIUJINAPHBIN JpeHask [85].

MHrN6UTOPHI TPOTOHHON ITOMITBI CHUKAIOT
9JINMUHAIINIO MUKPOOMOMa skesyaKa [86] u yBe-
JIMYUBAIOT UMMUTPAITHIO OaKTepUii B JieTKue [87].

[lombeM wM3roJioBbsI KpOBAaTH MaryeHTa
yMeHbIIIaeT IMMUTPALIHIO B JIETKHE MUKPOOMOMa
sKeJIyKa [88], HO Takske 3aTPyAHAET OTXOXKIECHUE
MOKPOTHI U3 JIETKUX [89].

JHTepaJbHOE IUTAHNUE, UCIIOJb3yeMoe I
VIOBJIETBOPEHUSI METAbO0JMYECKUX MOTpeOHO-
creli, 6p1T0 padpaboTaHo 6e3 yueTa ero BIUSHUSA
Ha MUKpoOuoMm [90].

B Hacrosmee Bpems CylecTByeT MHOYKECTBO
TepaneBTUYeCKUX CTpaTeruii sl MaHUITyJINPOBa-
HHUSI MUKPOOMOMOM B OTJeJI€HUU UHTEHCUBHOU
Tepanuu. K HUM OTHOCSATCS MPOOGUOTUKH, (heKasTb-
HBIIT MUKPOOHBIH TpaHciuiantaT (FMT) u cesek-
THUBHAs 1e3aKTUBAIM NUIeBAPUTEHLHOT0 TPAK-
ta (SDD). Kasaplii 13 HUX MOKa3aJl HEKOTOphIe
MePCIEKTUBHI, HO KAKJIBIA TaKKE UMEET 3HAYH-
TeJTbHBbIE TPOOJIEMBI KaK B JIOTUCTUYECKOM, TaK 1
B UHTEJIJIEKTYyaIbHOM T1aHe. [I[poOMoTHKY — 9T0
CeJIeKTUBHBIE 9K30TeHHbIE OaKTepuH, MmoaaBae-
MBble X035IMHY. MeTa-aHaIn3bl © MHOTOYUCJIEHHBIE
WCCJIeOBAaHUs IIOKa3ajad, YTO MNPOOUOTHUKHA
3(p(eKTUBHBI [JIs1 yMEHbIIIeHNsI BEIPA)KEHHOCTU
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IMTHEBMOHWH, CBSI3aHHON C BEHTUJIAIUEH JEeTKUX,
HO He U3MEHSIOT MPOIOKUTEIbHOCTD JeUeHU s
WJIN JIETAJIBHOCTD [91, 92].

®eKka/IbHBIE MUKPOOHBIA TpaHCIIAHTAT
(FMT) okasajica yguBUTEJIbHO YCIEIIHBIM IIpU
penuIMBUpYIOIeM KOJIuTe, BbI3aBaHHOM Clostridia
difficilenio cpaBHeHUIO C IepopaIbHbIM BAHKOMU-
IUHOM [93], 0IHAKO pPeIKO IPUMEHAEMBbIM B KJIM-
HUYECKOH ITpaKTUKe.

CesnekTBHAA JeKOHTAMWHAIYA MMUIIEBAPU-
TeJILHOTO TpakTa (SDD) ocyiiecTBIIsieTcst aHTUOHO-
TUKaMU, BBOITUMBIMH 9HTEPAJIbHO 1 B COUETAHUH C
CHCTEMHBIMU aHTHOMOTUKAMU. YCTAaHOBJIEHO, YTO
3TOT METO]I AABJISIETCS O4eHb 9(P(PEKTUBHBIM, U IPU
MeTa-aHaause B 30 uccjieIoBaHUsIX OTMEUYEHO, YTO
npuMeHenre SDD IIpUBOOUT K CyIIECTBEHHOMY
CHMYKEHHIO JIeTaJIbHOCTH [94].

3akJrouenue

KoMopOMIHOCTE WTpaeT ONpeaessIoniyio
pOJIb B TPOTHO3€ TPH TSOKEJBIX IMOPasKEHUSX
TOJIOBHOTO MO3Ta C ICXOZI0M B XPOHUYECKOE KPUTH-
yeckoe cocrosiHre. HanboJsiee pacripocTpaHeHHBI-
MU SIBJISIOTCS: THOHO-BOCHIATTUTEIbHBIE OCJIO)KHE-
HUs, 3a00JIeBaHUsA, CBSI3aHHBIE C JeATETbHOCTHIO
SKeJTyIOYHO-KHIIIEYHOTO TPAKTA, & TAKKe Tpodrye-
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CKUe HapylIleHus, 00yCJIOBJIEHHbIe CHHIPOMOM
runepMeTrabosim3mMa-rumnepkaradoauama. B Tsoke-
JIBIX CTTy9asix KOMOPOUIHbIE 3a00I€BAHUS TTEPEXO-
IAT B TIOJIMOPTAHHYIO HEOCTATOYHOCTD, CETICHC C
TTOCTIEAYIOMIVIM JIETATBHBIM HCXO0M.

BuIsgB/IEHE TPUYUHHO-CJIECTBEHHOM CBA3U
B BO3HUKHOBEHUU KOMOPOUIHBIX OCI0KHEHUHN
IMO3BOJIUT BBIAEJIUTH HanOoJiee 3HAYNMbIe ITPU-
YUHBI UX BOBHUKHOBeHUs. K mocieqnum cienyer
OTHECTHY CUHIPOM rurnepmeTabosmama-rumnepKa-
TabosM3Ma C pa3BUTHEM OEJTKOBO-IHEpreThYe-
CKO HEeJTOCTaTOYHOCTH, KOMOpPOUIHBIE 3ab0JIeBa-
Hus JKKT, mpenAarcrByolnyue HOpMaau3anuu
00MEeHHBIX HapyIIeHUH, Jaske IIPU YCJIOBUU aTeK-
BaTHOW HYTPUIIMOHHOM Tepanuu W U3MEHEHUs
MHKPOOMOMA, OT KOTOPOTO B OTPOMHOM CTeIleH!
3aBHICAT IMMYHUTET, 0OMEH BeIeCTB, bapbepHas
QYHKIUS KUIIEYHOTO 3MUTETUS U PN IPYTUX
Ba’KHENIINX (PyHKITUH.

CBoeBpeMeHHO€ BBISIBJIEHIE U KOPPEKILIUSI
KOMOPOUIHBIX COCTOSIHUI (0COOEHHO BJIMSHHE Ha
KJI0YeBble 3BEHbs MX HaToreHes3a) II03BOJIUT
ONTUMU3NPOBAThH JIeYeHUEe U TTOBLICUTD 3(pdeK-
TUBHOCTh PeabUINTAIMOHHBIX MEPONIPUATHH Y
MMAIUEHTOB C TSKEJTBIMU ITOBPESKIEHUSIMU T'OJIOB-
HOI'0 MO3Ta.
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ITpaBuJIa 1151 pyCCKOSI3BIYHBIX AaBTOPOB
sKypHaJia «0011ass peaHUMaToJI0THs»

C y4eTOM peKOMEeHJalNii POCCUICKO ACCOL[HallTi HAYYHBIX PeIaKTOpOB u usaaresaeii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) penakuus 21.04.2020

IIpaBOBbI€ U 3THYECKHUE ACTIEKTHI ITyOJIMKA-
IIUM PYKOIUCH

YcnoBus nyoJIMKAIUY PYKOITHCH

— Pyrkomnuicy ybJIMKYIOTCs TP 00513aTe/TbHOM
COOJTFOZIEHNH aBTOPOM 3THUKH Y TIPABUJT ITyOJTUKATIN
(mompoOHee Ha caiiTe sKypHaJsa: www.reanimatol-
ogy.com).

— Pykonvcu myOJIMKYIOTCS C COOJTIOIEeHUEM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEHINATbHOIO
OTHOIIIEHUsI K IePCOHATbHBIM TaHHBIM aBTOPOB.

— Pykonvcu ny0JIMKYOTCS OecIiaTHO.

— Pykonucu, 0puHsATHIE B KYpHaJ, IPOXO-
JSIT pelieH3upoBaHue Ha OPUTUHAIBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJJeKBAaTHOCThb CTAaTUCTHYe-
CkOll 00pabOTKM JAaHHBIX HA  YCJIOBHAX
KOH(UIEHIINAIbHOCTH 32 MCKJIOYEeHUEM BbI-
sABJIeHUs (pasbcudUKaIuy TaHHBIX.

— PenkoJuterusi octaBJisieT 3a cCo00# IpaBo
COKpAaIlaTh ¥ PeJJaKTUPOBATh PYKOIIUCH.

I[IpuYMHBI CHATHUSA C NIeYaTH U 3aJep5KKHU
MyOJTUKAIUH PYKOIIMCH

— Pykonucu, He COOTBETCTBYIOIINE IIPO-
dusio skypHasa, He IPUHUMAIOTCS.

— Pykomnucu, paHee oOmNyOJWKOBaHHBIE, a
TaKk’Ke HalpaBJ/ieHHble B APYrof >KypHaJ WJIN
CcOOpHUK, He IPUHUMAIOTCS. VICKTI09eHre COCTaB-
JISTIOT IIepeBO/Ibl Ha PYCCKUM/AHITIMHUCKUN SI3BIK
OT/AEJIbHBIX CTaTell, UMEIOIINX OOJbII0E TPAKTHU-
YecKoe 3HaueHue 1/WUJju NpeCcTaBJIsIoNIUX 0CO-
OBII HAYYHBIN UHTEPEC, OTIPE/IeISIEMbII aKTyaJIh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
LUTHUPOBAHMUS, 3AIPOCOM IO KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHoe o(popMJeHUe U HeO-
CTOBEPHOCTH IIPEICTABJIsIEMbBIX OnbIHorpaduye-
CKMX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTH J0 CHATHSI PyKOIUCH C [I€YaTH.

— Hapymenue npasua opopMIeHus: pyKo-
MICH, HECBOEBPEMEHHBIH, a TaKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUsI pelleH3eHTOB U HAayYHbIX pe-
JIAKTOPOB IPUBOJAT K 3aepsKKe MyOIuKay 10
HCIIpaBJIeHUs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUY 3aMeYyaHU pelleH3eHTOB U HayYHbIX
PelaKkTOpPOB PyKOIIMCh CHUMAETCS C AaJbHENIIero
paccMoTpeHus.

— Pykomnwcy OTKJIOHEHHBIX padoT penak-
nuel He BO3BPAIIAIOTCS.

HNHuTepecsl cropoH: ABTOp/Pegakuius

Penakiysi octaBJisieT 3a COO0# MPaBo CUNUTATh,
YTO:

— aBTOPBHI, IPEJOCTABUBIIINE PYKOIIUCH 15
nyOUKaIuu B sKypHaa «O011as peaHuMaroso-
TUsi», COIVIACHBI C YCIIOBUAMU ITyOTUKAIINN U OT-

KJIOHEHUSI PYKOIIMCH, a TaK)Ke C IpaBUJIaMU ee
o opmIieHHs.

— aBTOpP, OTBETCTBEHHBIN 3a IMEPEMUCKY C
pelakIrel, BhIpaskaeT MO3UIIHI0 BCETO aBTOP-
CKOTO KOJLJIEKTUBA.

Penaknus v M3aTeIbCTBO HE HECYT OTBET-
CTBEHHOCTY 32 MHEHUsI, U3JIO’KEHHBIE B ITyOJIHKA-
[UAX, a TAaKKe 3a CollepIKaHue PeKJIaMbI.

lFapanTum pegakumuu

JIroOble pyKOIUICH, TIOJTyYEHHbBIE pelaKIeit
IUIST pelleH3UpOBaHusl, OyAyT BOCHPUHUMATHCS
Kak KOH(UIeHIMaIbHbIe TOKYMeHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI JPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 32 NCKJIIOUEHNEM JIHI], YIIOJTHOMO-
YEeHHBIX peJaKIne.

Heony6yimkoBaHHBIE MaTepUaJsbl, HaXO[s-
Irecsi B IPeI0CTaBJIeHHON cTaTbe, He OymyT uc-
I10JIb30BaHbI B COOCTBEHHOM HCCJIeJOBAHUY Ha-
YYHOTO pefaKkTopa ¥  peleH3eHTOB 0e3
MICbMEHHOTO pa3pereHust aBTopa.

PerieH3eHT He OyIET IOMYIIeH K pacCCMOTpe-
HUIO PYKOIIUCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEpPECOB B €r0 KOHKYPEHTHBIX, [TAPTHEPCKUX JINOO
JIPYTHX OTHOIIIEHUSIX C KEM-JIN00 M3 aBTOPOB, KOM-
MMaHUH UM OPTaHU3aINi, CBSI3aHHBIX C MaTepua-
JIOM TYOJTUKAIIVH.

ABTOpBI IMEOT MPABO TOJIYYUTH TI0 3APOCY
MH(AOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMUChMa O MO~
TOTOBKe, 0(pOPMJIEHUH ¥ TIPOJBUKEHUN PYKOIIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 32 IEPENHCKY C PEIAKIIHEN, TTOTy-
YaeT I10 3JIEKTPOHHOI TIOYTE TEKCThI PEIleH3U; pe-
IIIEHNE PETKOJIIETUH O TIyOJTMKAIIHN WJIA OTKJIOHE-
HUU PYKOITUCHU C 000CHOBAaHMEM IPUYUHBI; BEPCTKY
OTPENAaKTUPOBAHHOTO BApUAHTA PYKOIIUCH [IJISI T10-
JIy4eHUsI aBTOPCKOT'O COTTIACHsT Ha ITyOJIMKAITHUIO.

Tl'apanTuu ABTOpa
IIpemocraBieHHass B pelaKIUI0 PYKOIHUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTepUAJIOB, 3AIUITIEHHBIX JTUIIEH3UEN OT
HECAaHKITMOHUPOBAHHOTO BOCIIPOU3BEIEHMUsI, 10-
ITyCKAEeTCs TOJBKO C TUChbMEHHOI'0 pPa3perieHust
npaBpoobOJiafaresisi(eif) W TpU 00s3aTeTbHOU
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIUII,
KOTOpbIE BHECJ/IW OIIYTUMBINA BKJIAJ B KOHIIEN-
U0, IPOEKT, UCIIOJTHEHNE U MHTEPIIPETAINIO
3asIBJIEHHOU pabOThI, TO €CTh TeX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPUSIM aBTOPCTBA.

PyKOIIICH HE COIEPIKUT MaTePUAJIOB, 3aIpe-
IIIEHHBIX B OTKPBITOH IT€YaTH EHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.
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KoH@uuKT nHTEpecoB cTopoH: ABTOp/Penak-
nys

KongukT naTepecoB cTopoH ABTOp/Penak-
[IMs1 pelIaeTcs IyTeM IIeperoBopoB CTOPOH, B CIIy-
4Jae HeyperyJupOBaHHbIX IIyTeM IIeperoBOpoB pas-
HOINIACUHl — B COOTBETCTBUU C HEUCTBYIOIIUM
3aKOHOJATEJIbCTBOM P® 1 MeyKlyHapOgHBIMU HOP-
MaTHBHO-IIPABOBBIMU aKTaMH, PeryJupylOlMMy
MyOJIMKANIAIO PYKOITICEH B HAYYHO-TTPAKTUYECKUX
MEUIMHCKUX YKypHaJIax.

Comracue Ha ImyOJIMKAIAIO OTPEJAKTUPOBaH-
HOI'0 MaTepuaJjia BbIpajkaeT aBTOp, OTBETCTBEH-
HBIH 3a IIepenucKy ¢ pegaknueil. [locsie o3HakoM-
JIEHUsI C BEPCTKON OH HAIlpaBJIsIET B peJaKINIO0
3JIEKTPOHHOE ITMCHMO I10 OJHOM U3 IIpe/iCTaBJIeH-
HBIX POpM:

1) ABTOpPBI* cOWTACHBI HA ITyOJIUKAIIIIO PYKO-
MUCU** B TIpeICTaBJIECHHOM BHJE.

2) ABTOpBI* COIVIACHBI HA MYOJIUKALIIIO PYKO-
nucu™* 1mocjie BHECEHUsI B BEPCTKY CJIEAYIOIIUX
IIPaBOK:... (IaJjiee caenyeT epedeHb C YyKadaHueM
HOMepa CTpaHUIIbI TPAHOK BEPCTKH, HOMepa a0-
3arra, HoMepa CTPOKH B ab3alie ¥ caMoil IIPaBKH).

*YKkasbpIBaeTcs BeCcb aBTOPCKHUU cocTaB. **
‘YKa3pIBaeTCs1 Ha3BaHNUE PYKOIIUCH.

Cpoxk omnoseleHus pefakuu O IPUHATOM
aBTOpaMu pelnleHnn — He 0oJjiee 3-X THEHN C Mo-
MEHTa OTIIPaBKU BEPCTKU aBTOPY, OTBETCTBECH-
HOMY 3a [IepeluCKY C peJaKiuei.

Buumanwme! Ha cTaguy BepCTKY TOIyCKAETCS
MpaBKa OMEYaTOK, OMMOO0YHBIX ITU(p U cJIoB. Pe-
JaKTApOBaHue MarepraJia (3aMeHa, UCKJII0YeHNe,
nmobaBsieHre IpeJIoYKeHNH, ab3arieB ¥ UILTIOCTPa-
TUBHBIX O/IOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEHEHUs BEPCTKU IIPUBOJAT K €€ YA0po-
SKAQHUI0O 1 3aJiepyKKe BBIIYCKA B CBA3U C
nepegopMarupoBaHreM M OOHOBJIEHHEM Iepe-
BOJIa TEKCTA HAa aHIVIMMCKUU A3BIK. B TakoM ciyuae
pefakuusa CHUMaeT MaTepradl C le4aTyu U IIepeHo-
CHUT ero MyOJIMKAINIO B IPYTroil HOMEP B OTpeaak-
TUPOBAHHOM aBTOPaMU BHUJE.

CpokH IpOABHIKEHHU S PyKOIIUCH

— JKCIepTHU3a Ha COOTBETCTBHE MPOUIIIO
’KypHaJsa v npaBuiaM odopmieHus — He DoJjee
3-X pabouux THEN C MOMEHTA MTOCTYIJIEHUST PYKO-
IIMCH B PEJAKIHAIO.

— PeniensupoBanme — He 6oJee 20-u pado-
YUX JHEH C MOMEHTA 3JIEKTPOHHOU OTIIPABKU pe-
[IEH3EHTY PyKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He HoJiee 7-1
pabounx THEH C MOMEHTA 3JIEKTPOHHOM OTIIPaBKU
aBTOPY PELIeH3UH.

— 3acefaHue peIKOJIJIErUU B OYHO-3a0UYHOU
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
nioJie, ceHTsIOpe 1 HosIOpe) He TTO3/IHEe, YeM 3a
1 MecAn Jo BBIIIYCKA TUPaska KypHaJa.

OTnpaBKa MaTepuaJIOB AJIs MyOJTHKAUT

MarepwuaJibl 1151 TyOJIUKAIMKA Ha PyCCKOM U
AHIVIMICKOM SI3BIKAX CJIelyeT HAllPaBJIsATh B BUJIE

1kl
011079015

TEKCT
1022015
3JIEKTPOHHBIX (paiijIoB HA CaliT sKypHaJIa: Www.re-
animatology.com, niu o agpecy peJakiiiu: jour-
nal_or@mail.ru. @opmar nognucu daitsios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAaUYeHWe MaTepuasia
(TEKCT, WIJIIOCTPALNU U Ip.), 1aTa (4MUCJI0, MeCcsL],
ron). ITpu oOHOBJIEHUM BEpPCHUI PYKOIUCH U ee
MIPUJIOKEHUH (TabJIUITbI, UJLTIOCTpaIum) B (op-
MaTe noanucy GpaiyioB MeHsIeTCs TOTBKO JaTa.

IIpumep:

Buumanme! [Io1HOCTBIO aBTOMaTU3MPOBAH-
HBIU IIEPEBOJ] C PYCCKOTO sI3bIKAa HAa aHIVIMUCKUM
WMeeT HU3KOe KayeCTBO M HE NPUHUMAETCS.
HKO donng «MengunmuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIEVICTBHE B TIEPEBOe MaTe-
pHaIOB s MyOJUKAIIAK C PYCCKOTO sS3bIKa Ha
AHIVIMMCKUU (COpaBKU IO aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crareil BKJIO4aeT: 1) TUTYIbHBIN
JIUCT 2) pe3ioMe U KJIoYeBble CJI0Ba; 3) MOJHBIN
TEKCT PYKOIIACH C IIOJIINCAMHY BCeX aBTOPOB Ha I10-
cJieiHe CTpaHuIle, TOITBEP KIAIOIIIUMHU UX aBTOP-
CTBO U COIJIacue C COonepsKaHheM PyKONHUCH (II0-
CJeMHsIA CTpPaHWIA NPEJOCTABJSETCA B BHUIE
CKkaHa); 4) TabJaUIbl U WITIOCTPanuu (rpaduky,
JIuarpaMmel, poTorpaduu, puCyHKHU U T. I1.) C HOMe-
poOM, Ha3BaHWEM U IpUMedaHueM; 5) 6ubdarorpa-
(uveckuii cCircok; 6) COMPOBOAUTETBHOE MHUCHMO.

TEKCT
01022018

LN

(I’OpMd conpoeoaumeﬂbHozo nucema:

[naBHOMY pefaxkTopy )KypHa/a

«Ob11as peaHuMaToJIOTHSI»
3acay;KeHHOMY AeAaTesro Hayku Poccun,
yjeH-KoppecnoHgeHTy PAH, npodeccopy
B. B. Mopoay

IIpocum Bac paccMmoTpeTb BO3MOYKHOCTH
myOJIMKauu (Bupy pykonucu; Pamuiuy,
Hmena, OT4yecTBa BCeX aBTOPOB; Ha3BaHUE PYKO-
nwcy) B sKypHase «O011ast peaHnMaToJIOTHsI».

ABTODPBI PYKOIIMICH O3HAKOMJIEHEI ¢ TH(pOP-
MaIruen 1Js aBTOpPOB KypHaJa «O01as peaHnu-
MAaroJIOTHsA» U COIJIACHBI C IIpaBUJIaMU IIOATO-
TOBKY, MIOJJa9¥ U MyOJTUKAINU PYKOTIHACH.

JlaHHas1 pyKONHCH He TyOJIMpyeT mpebIIy-
mue my0/TMKaIye, B Hell He 3aTparuBaloTCs WH-
Tepechbl TPETbUX CTOPOH U He HAPyLIAIOTCs 9THU-
YeCcKHre HOPMBI TyOJTUKAIAH.

OTBETCTBEHHBIN 3a IEPEeNUCKYy C pelak-
nueit: imsa, OtyectBo, PamMuIns OgJHOTO U3 aB-
TOpPOB pYKONucH, e-mail, TesedoH.

[Tognuce pyKOBOZUTEIS YIPEIKACHUA.
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ComnpoBonuTEeIbHOE MMIUCHMO JTOJISKHO OBITH
HaleyaTraHo Ha OJIaHKe yYpesKkIeHNs, B KOTOPOM
BBINTOJTHEHA paboTa.

TpeboBaHUA K MeYATH

Bud: opueHTanus KHUKHas, BBIpaBHUBaHUE
1o mupuHe, popMmar A4.

HIpugm: Times New Roman 12-ro pa3mepa
YepHOTO IIBETA.

Humepsanvl u omcmynol: MeKCTPOUYHBIN
WHTEPBaJ B TEKCTe — 1,5; MEKCTPOYHBIA MHTEP-
BaJ B MOJNMMUCAX K TaOJIMIIAM U WJLTIOCTPAIIUSM,
B MpUMEYaHUSAX — 1; MHTEpBaJI A0 U IocJjie ab-
3ala — HeT; OTCTyI NIepBO¥ CTPOKU — 1,25 cMm;
noJjg — 2,5 CM CO BCeX CTOPOH.

Hymepayus cmpanuy: B IpaBOM HUKHEM
VIITy.

Dopmam aiinos: TEKCT, TAOINIIBI, TTONIIICH
K TabJuIam u uismoctpamnusam — Word; rpadukmy,
nuarpaMmmbl — Exel, Power Point; pucysaku — jpeg;
cxembl — TOJIBKO B PEJAKTUPYEMOM ®OP-
MATE (Word; Power Point); ¢poTorpadum — BbI-
COKOT0 pasperieHusi, COXpaHeHHbIe B JIIOOOM
¢dopmare.

PexomMeHyemMoe paspellieHre IpYU CKaHUPOBA-
HUU: N300paskeHusI C UCTIOIb30BAHUEM JIMHUHN U
pucynku — 1200 dpi; ¢pororpacdumn, paguorpadpuu
— He meHee 300 dpi; ¢poTtorpadun, paguorpaduu c
TeKCTOM — He MeHee 600 dpi.

EnuHUIBI U3MepeHUs1 TOJIKHBI COOTBET-
CTBOBATh MeXIYHAapPOTHOU CHCTEME eIUHMUII
(CH), remneparypa — mkaJe Lleabcus.

DopmyabL FOTKHBI UMETH Y€TKYIO Pa3METKY
BCeX 3JIEMEHTOB: CTPOYHBLIX M IPOMUCHBIX, a
TaKKe JIJAaTUHCKUX U TPEeYECKUX OYKB; IOJCTPOY-
HBIX ¥ HAJCTPOYHBIX MHIEKCOB. B cirydae mudp u
OYKB, CXOIHBIX IT0 Hanmucauuio (0 — mudpa, O —
OyKBa), JOJKHBI OBITH ClleJTaHbI COOTBETCTBYIO-
II1e TIOMETKU.

Haszeanus

ITpw onrcaHWY anmaparypbl B CKOOKax yKa-
3BIBAIOTCS (DpPMaA U CTPaHA IPOU3BOIUTEb.

Ipumep: CBeTOBOM 30H] OJHOKAHAJBLHOTO
anmapara JIAKK-02 (HIIIT «JIASMA», Poccus).

ITpm ymoMrHaHWUY JIEKAPCTB ¥ TIPETIapaToB FC-
MMOJTB3YIOTCST MEYKTyHAPOIHbIe HellaTeHTOBAaHHbIE
HasBanud (INN). Toprosbie (mareHTOBaHHbIE) Ha3Ba-
HUSA, TTOJT KOTOPBIMHY ITPETIapaThl BHITYCKAIOTCS Pas-
JMYHBIMA (DUPMaMU, TPUBOIATCA C yKasaHUEM
(pUpPMBI-U3TOTOBUTENIST W WX MERIYHAPOTHOTO
HemaTeHTOBAaHHOTO (TeHEPUYeCKOro) Ha3BaHUsI.

Ipumep: tapuBuj (odJokcamuH, «XexcT
MoapuoH Pyccenb»).

JlaTuHCKUEe HasBaHUS MUKPOOPTAaHU3MOB
MMPUBOJAATCA B COOTBETCTBUU C COBPEMEHHOM
kjaccudpuranuell, KypcusoM. [Ipu nepsoM yno-
MUHAHUMA Ha3BaHWE MUKPOOPraHW3Ma IaeTCs
MMOJTHOCTBIO — POJ| ¥ BUJ, TIPU TOBTOPHOM YIIO-
MUHaHUU POJIOBOE HAa3BaHUE COKpAIlaeTcs 110
OJHOU OYKBBL.

Ilpumep: Escherichia coli, Staphylococcus au-
reus, Streptomyces lividans; E. coli, S. aureus, S.
lividans.

HasBanusa TeHEeTNU4YeCKUux 9JIEMEHTOB
JAIOTCS B TPEXOYKBEHHOM 0003HAYEeHUH JIaTUH-
CKOTO ajihaBUTA CTPOYHBIMU OYKBaMU, KypCH-
BOM (tet); KOGUpPYEeMBIMU COOTBETCTBYIOIIIUMU I'e-
HETHU4YEeCKNUMU dJIEMEeHTaMNn OPOOYKTBI
IIPOIYICHBIMU IIPAMBIMU 6yKBaMI/I (TET).

Buabpl U1 pekoMeHAyeMBIH 00BEM PYKO-
IIACH

O0630pHas cTaThs, MeTa-aHaaN3: He OoJiee
25-1 CTpaHUII BKJIIOYast He OoJiee 10-u Tabui u
WJUTIOCTPANUi B 0OIIEM KOJTUYECTBE; CITUCOK ITH-
THUPyeMOU IuTeparypsl — He MeHee 80-1 HauMe-
HOBaHUM.

3akasanHas uau nepesodHas cmamovs: no
dozosoperHOCMU.

OpueuHanvHas cmambs: He OoJsee 15-u
CTpaHWIl, BKJIOUYasgs He OoJiee 6-u TabauI u
UJUTIOCTPANUi B 0OIIEM KOJTUYECTBE; CITUCOK ITH-
THUPYyEMOU JIUTepaTypbl — He MeHee 25-1 HauMe-
HOBaHUM.

Kpamrkas cmamos: He 60Jee 10-u cTaHUII,
BKJIIOUasi He OoJiee 4-X TAOJIUI] U WIITIOCTPAITUI
B 00meM KOJIMYeCTBE; CIHUCOK ITUTUPYeMOU
JIUTEepaTypbl — He MeHeel5-1 HauMeHOBaHUM.

Auckyccuonnasa cmamosa (Brjaw4daer 1—2
BOIIpOCa AJisT 00CYy K IeHusI): He OoJiee 5-U cTpa-
HWUII, BKJTIOYasi He 6oJiee 2-X TaOJIUI] ¥ UIITIOCTPA-
Ui B 00IIeM KOJTUYECTBE; CIIMCOK IUTUPYEMOH
JuTepaTypbl — He 6osiee 20-1 HANMEHOBAHUH.

IMucvmo 8 pedaryuro: He 60see 600-a cJIOB.
IMucbMa, ampecoBaHHBIE COTPYAHUKAM peIak-
MY, He TyOJIMKYIOTCA.

Buumanwue! B 6ubsmorpaduu pekomMeHIy-
eTcda npuBoauTh He MeHee 30% MCTOYHUKOB 5-
JleTHeld aBHOCTH, BKJIIOYasi TeKYIIUH IO,

CTpyKTypHBIE pa3jesbl CTaTed U PeKo-
MEHJAIluH 110 UX HAITMCAHHU IO

Bce cTpyKTypHBIE pa3/esbl HAYMHAIOTCA C
HOBOTO ab3ara. lix Ha3BaHUs BBIIESIOTCS SKUP-
HBIM HIPUQTOM.

TUTYIBbHBIN JIUCT COIEPIKUT:

1) mosHOe Ha3dBaHWE CTarby, KOTOpOE
JIO;KHO: OBITH MH(OPMATUBHBIM, KPAaTKAM (OKOJIO
80 3HaKOB), He BKJIIOYATh aOOpeBUaTYyp (3a UCKJIIO-
YeHreM OOIIEeNTPUHATHIX B HAYYHOH JINTEpaType),
HalleyaTaHHBIM KaK MpejIoKeHre (C MPOIMMCHON
OYKBBI, Jjajiee CTPOYHBIMU OYyKBaMU), ITOCJIE Ha3Ba-
HUS B CKOOKaxX CoflepsKaTh MOsICHEHUE 0 hopMaTe
nuccaenoBadnuss (0630p, MeTa-aHAIU3, KIUHUYE-
CKOe Ha0JTIoTeHNe; 9KCIIEpUMEHTATbHOE UCCJIeI0-
BaHwue; 1pyroe);

2) UHUITAAJIbl UMEH, OTYECTB U (haMUTUU BCEX
aBTOPOB;

3) kparkyto nHpopMaIu 06 aBTopax (ImoJi-
HbI€ MMEHa, OT4YeCTBaA U q)aMI/IJII/II/I BCeX aBTOPOB
IOJIYKHOCTB, YY€HOe 3BaHUe);
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4) moJiHOe Ha3BaHMe U IIOYTOBBIM anpec
VUIpesKIeHNN, OTKyAa IpefcTaBjasieTcs pabora,
BKJIIOYasi UHIICKC;

5) agpec 9JIEKTPOHHON IIOYTHI, HOMeEp
TeqaedoHa, (amMuanio, UMsi, OTYECTBO aBTOPA,
OTBETCTBEHHOTO 3a IIePeINCKY C pelaKirei.

Baumanue! B aHmIMIICKOM BapuaHTe HMs
YKa3bIBaeTCA IIOJHOCTHIO, aJpeC YKa3blBaeTCs B
06paTHOM MOPSIKE, /ST HA3BAHWUH YJIUI] TPHUMe-
HAETCS TPaHCJIUTepalus.

CBsI3b aBTOPOB C MECTOM WX paboThl OCy-
IIECTBJISIETCS Yyepes I10C/Ie0BaTeIbHyI0 HyMepa-
[MI0, YKa3aHHYI0 B BEPXHEM pErucrpe B KOHIE
(paMmIUM KayKI0Tr0 aBTOpA U Ilepej] Ha3BaHUeM y4-
pesknenwusi, rae paboraer qaHHBIA aBTOp. [{UdpHI,
IIpOCTaBJIEHHbIE y (paMUIUU aBTOPA U YUPEsK-
JIEHUSI C €T0 MECTOM PadOTHI JOJKHBI COBITAIATh.
Ecnu aBTOp MMeEeT HECKOTBKO MECT padOoThI, TO MO
OTZeJIbHBIMY HOMEPAaMHU YKa3bIBAIOTCsI BCE YUPEK-
JEeHWs1, UMeloIe OTHOLIEHNE K BbIIIOJTHCHHOMY
HccenoBaHulo. ITocaenoBare/ IbHOCTb HyMepauuu
yUpesKIeHUN HaXOOUTCs B IPSIMOU 3aBUCUMOCTH
OT ITOPAAKA CJIELOBAHUS aBTOPOB.

[Tpumep oopmaenus . 1. 1, 2, 4:

I/TII0K030-UHCYJTMHOBAsA CMECH
KaK KapAHOIIPOTEKTOP
B KapIMOJIOTHHU
U KapauoxXupypruu (0063op)

H. A. KosJjios!?, T. B. Kiibma®
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PesioMe — HanbosIee YnTaeMasi 4acTh paboThI,
o0nweMoM He boJtee 260 ciioB. OHO He JOJIMKHO CO-
JlepsraTh ab0OpeBHUATYP ¥ COKPAIIIEHHH 32 UCKJITIOYe-
HUEM eJUWHUI] W3MepeHus, MaTeMaTUYeCKUX
BEJIMYMH U TEPMUHOB. Pe3ioMe BRJTIOUAeT 4 00513a-
TeJIbHBIX pa3feJia: 1) 1e/ib UcciieJOBaHus; 2) Mare-
puajgbl U METONbl;, 3) pe3yJbrarbl (U3JIOKEHUE
OCHOBHBIX IIOJIyYCHHBIX pe3yJIbTaTOB MU UX
CTATUCTUYECKON 3HAYUMOCTH); 4) 3akJIroueHue (BbI-
BOJIbI, OCHOBAaHHBIE Ha COOCTBEHHBIX pe3ysIbrarax
HCCJIefOBaHUs [ KJIMHNYECKOT0 HaOII0OeHUA).

KiroueBnble ciioBa (o 6), mpeiHa3HAYeHbI AJI
WHIEKCUPOBAHMS CTaThU B MH(OPMAIIMOHHO-TIOUC-
KOBBIX cucTemMax. OHM pasMeIaiTcs Ha CTPAHUIle
C pe3ioMe KypCHBOM, Yepe3 TOUKY C 3aIsiToi 1 0e3
TOYKH B KoHIIe. OT aieKBaTHOTO TO00pa KJItoUue-
BBIX CJIOB 3aBUCAT 9P (PEKTUBHOCTD ITOMCKA CTAaThU
U ee IIocJIeyloliee NUTUPoBanue. B CBA3H ¢ 9TUM
pekoMeHayeTcsi m30erarb  JIEKCHUKH, DPEIKO
yrnoTpebJisieMoli B HayYHOH JINTepaType, TIMHHBIX
CJIOBOCOYETaHU!, 3aTPyJHSAIONINX aBTOMAaTUUeCKUN
IIOUCK, IIOBTOPA CJIOB U3 Ha3BaHUs PYKOIIUCH.

BBenenue packpnIBaeT aKTyaJIbHOCTh
HCCJIeTOBAHUS U OCBEIIAET COCTOSTHIE BOTIPOCA CO
CChIJTKAaMHU Ha HanOoJiee 3HAaYNMble TTYOJTUKALIIH.
B koHIe BBeneHUsA (pOpMyJIMpyeTcs Liesb, OTpa-
sKaroIast He0OXOAUMOCTDb IIPOBEEeHM S UCCIIeNO-
BanuA. PopMysMpoBKa IIeJId B pe3loMe JOJDKHA
COBIIAAATh C (pOPMYINPOBKOM 11eJ11 BO BBEIEHUH.

MarepuaJjbl 1 METOABI CONEPsKAT KPUTEePUn
BKJIIOUEHMsT/ ICKJTIOYEHUsT MaTepraja 1 000CHOBA-
HHEe BhIOOpA METOMIOB MICCJIEIOBAHUS; BKJIIOYAIOT
uHdopmManuio o (pakTopax, OrpaHUUYNBAIOIINX HC-
caenoBanue. Ecim mccienoBaHvue TpOBOOUIHA B
paMKax onpezeseHHOU IporpaMMBbl, TO 3[1eCh YKa-
3bIBaeTCs ee Ha3BaHue. Ec/iu KJIMHUYecKas: U Ha-
y4Hasi 4acTh paboThl OBIIM BHIIOJHEHBI Ha Oase
Pa3HBIX YUpEKIEeHU, ToO B 3TOM pasjese yKa3bl-
BaIOT Ha3BaHWE YUYpeKIeHHs, Ha 0ase KOTOPOTO
OB ITOTy4eH MaTepuaJl [JIsl FiccJieoBaHusl. B aTom
pasnesie ONMMUCHIBAIOT KOJMUYECTBEHHbIE W Kade-
CTBEHHBIX XapaKTEPUCTUKAX BKIIOYEHHBIX B MCCJIe-
JOoBaHUe 00JILHBIX/ 00C/IeOBAHHBIX W
9KCIIEpUMEHTATbHBIX KUBOTHBIX; AU3alH HCCJTIe-
TIOBaHW S, MCITOJIb30BaHHbIE KITMHUYECKIE, Tabopa-
TOPHBIE, THCTPYMEHTAJIbHbBIE, 9KCIIepAMEHTa/IbHbIC
W TIpoYMe MEeTOOWKH, B TOM 4YHCJIE METOAbI
CTaTUCTUYECKO 00pabOTKY TaHHBIX.
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NonHoueHHoe

napeHTepanbHoe NUTaHue

[NapeHTepanbHOe NUTaHne CHMTaeTCa
MOMHOLIEHHBIM TOMBKO MpKY 06ecneyeHmnm
nauveHTa Bcemy HeOOXOgUMBIMUA':

* MaKpOHYTPUeHTaMu
(6K, XMPHI 1 YrIeBoghl)

* (DAPMAKOHYTPUEHTaM
(TMyTammH 1 OMera-3 XVpHble
KNCMOTBI)

* MVIKPOHYTPVEHTAMY
(BUTAMUHBI 1 MUKPO3MEMEHTHI)

CMO®KabuseH® ] . [loka3aHws grisi pUMeHeHVsT: NapeHTepanbHoe NUTaxne
B3POCMbLIX W geTedt C 2 neT, Korga NepopansHoe Wi SHTePanbHOe NUTaHUE HEBO3MOXHO, HEGOCTATOHHO MNK
NPOTUBONOKa3aHO. [POTUBOMNOKA3aHNS Grisl MDUMEHEHMS: N3BECTHAA TNePHYBCTBUTENBHOCTE K ANYHEIM MK
coeBbiM GernkaM, puiGbemy XWpy WK K MioGOMy BCMOMOraTenbHOMY KOMMOHEHTY Mpenapara; BupaxeHHas
TUNepPNUNNgemMUs;; BeIPaXeHHas MeYeHO4Has HegoCTaTO4HOCTL; BhIP Hapy ceep

KDOBY; BPOXQEHHHE HapyLUeHWs MeTabonuaMa aMMHOKUCMOT, TsXemas MouYeyHas HegoCTaTo4HOCTL
npy OTCYTCTBAM GOCTYNa K remMoguanuay Wni reMoqunbTpaLmuy; OCTPas (Pasa LLOKa; HEeKOHTPOnMpyemast
TUNePrNNKeMs;; NaToMorM4Yeck MOBBILUEHHAR KOHLEHTPaUWs B Nna3me Kposu Mi0GOro M3 BXOQALLMX
B COCTaB npenapara 3MeKTPONUTOB; O6LUME NPOTUBOMOKA3aHMS K MHY3WUOHHOM Tepaniu: OCTPHI OTek
nerknx, runeprugparaLvus, gekOMNEeHCVMPOBaHHas —CepgeyHas HegoCTalo4HOCTe W TUMOTOHUHECKas
gerugpaTaLvs; reMogaroLNTapHLii CMHGPOM/CMHGPOM aKTVBALMM MaKPOQRaros; HEeCTaburbHbie COCTOSHUS
(Hanp., NOCTTPaBMaTM4YECKOe COCTOSHIUE, HEKOMMEHCUPOBaHHLIA CaxapHui guaGeT, MHMAPKT MWUOKapga
B OCTPOl CTaguM, gekoMNeHCMPOBaHHLIM MeTaBonn4eckui aungos, CenTUHECKU LWOK M rnepocMonspHas
KOMa). [AunenTuBeH. [10Ka3aHWA Qs NPUMEHEHUS: NPUMEHSAETCA Yy B3POCMbIX U geTelt B pamkax MOMHOro
UMK CMELUGHHOTO MapeHTepanbHOro MUTaHWA QNs  BO3MELLEHWS [ryTaMvHa MpW  MOBBILLEHHOM ero
notpedneHn: rvnepMeTaconnuyeckoM WNK  TUNepKkatabonnyeckoM COCTOSHMSX OOMeHa BellecTs (Ha
OHE MHOXECTBEHHBIX TPaBM, OXOTOB, TSXKEMbX XWDYPIrUHYECKMX BMELLATENbCTB, Cencuca, TsXensiX
BOCManuTenbHbLX NPOLIECCOB, MMYHOQEMULIMTA, 3M0Ka4eCTBEeHHBIX HOBOOGPAa30BaHUM). [TPOTUBOMOKA3aHMS

Aug;28(4):387-400.

MO NPUMEHEHMIO.
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1. Singer P, Berger MM, Van den Berghe G, Biolo G, Calder P, Forbes A, Griffiths R, Kreyman G,
Leverve X, Pichard C, ESPEN. ESPEN Guidelines on Parenteral Nutrition: intensive care. Clin Nutr. 2009

MpegcTaBneHHLIn MaTepuan NpegHasHay4eH UCKNIoYMTeNnsHO gns CneunanicTos 3gpaBooXpaHeHNs,
HE MOXET MCTOMb30BATLCS UHBIMU NULIMM, B TOM YUCTIe gNAl 3aMeHbl KOHCYMbTaLIMK C BPaUoM 1 gnst
NPUHATUS PELUEHUs O MPUMEHEHUN yKa3aHHOM B Matepuane Mpogykumn KomnaHuu. Mpogykuns,
YyKa3aHHas B gaHHOM MaTepuane, SBNSeTCs NekapCTBeHHHM CPEgCTBOM, MMEET NPOTUBOMOKa3aH!s
K MPUMEHEHMIO 1 UCTIONb30BaHMIO. Mepeg yroTpeseHnem HEOGXOgUMO O3HAKOMITLCS! C UHCTPYKUMER

CMO®dKabuseH®

* AMUHOKICIOTHI

+ Jlvnngsl
+ Puibuin xup
- [Tiokosa

OunentuseH
- nytammH

Aggamenb H

* KOMMMEKC MYKpO3MeMeHTOB
Butanunug H sspocrin v gerckiit
* KOMIIEKC XVPOPACTBOPUMEIX BITAMVHOB

Conysut H
+ Komnnekc BoOgOpacTBopYiMbIX BUTAMHOB

.

L

QI MPUMEHEHMSA: TAKENan MOYeYHas HegoCTaTOMHOCTb (KMMPEHC KpeatvHUHa MeHee 25 MM/MuH), Tsxenas
neYeHOYHas HegoCTaToHHOCTb, TSKENbI MeTabonMHecKoi alMgos, a Takke HernepeHoCMMOCTb OgHOTo W3
KOMMOHEHTOB Npenapara. H Wng . Moka3saHus gns npumeHerus: Butanunug H
B3POCNbI MOKa3aH B3POCNLIM NaLMeHTaM 1 geTaM cTaplue 11 neT gns o6ecneyeHns CyToHHOM NoTpeGHOCTM
B XWPOPaCcTBOpPUMLIX BUTaMnHax A, D2, E, K1 npv napeHTepanbHOM nuTanuu. Butanunug H geTckuin ucnoneayercs
Yy HOBOPOXJEeHHLX W getern go 11 net gna o6ecneqeHus CyToHHON NOTPEGHOCTU B MUPOPACTBOPUMEIX BATAMUHAX
A, D2, E, K1 Npy1 napeHTepansHoM NUTaHM. [1pOTMBONOKa3aHMs grisi NpUMeHeHNS: NOBLILLEHHAN MHGUBIUGYarbHas
YyBCTBUTENLHOCTL K KOMMOHEHTaM Npenapata; 3a60neBaHms, NPOTeKaioLLVe C HapyLLeHeM 0GMeHa XKIPOB, Takue
Kak NoYe4Has HegoCTarto4HOCTb, JEKOMMNEHCUPOBAaHHBIN CaxapHLIM gUaleT, NaHKPeaTuT, HapyLIeHUe YHKUMK
neyeHy, runoTupeo3 (ecni OTMEYAeTCA rUNEepTPUIMMLIEPUJEMNS) U TAXENsIM Cencuc. ¥ Takix GombHbX
B CNy4ae WCronb30BaHMs BuTanunuga HeoGXOgVMO TLIATENBHO KOHTPONMPOBaTh YPOBEHb TPUIMMUEPUGOB
B CHIBOPOTKE KPOBU. MOBLILLEHHAR HYBCTBUTENLHOCTL K NPOTeMHaM Cou 1 suL. AggaMens H. [Toka3aHus gns
npuMeHeHus: 8 Ka4ecTse goOaBky, o6ecreunBaioLLeit 6a3ansHyio U YMepeHHO NOBHILLIEHHYIO MOTPeGHOCTL
B MMKPO3MEMeHTax y NaLMeHTOB NPY 4aCTUYHOM W MOMHOM MapeHTepanbHOM MUTaHWW. [IpOTUBOMNOKa3aHNs
QIS IPUMEHEHNS: NONHaA OBCTPYKLINS XeNnyHeX NyTeM, r1unepHyBCTBITENbHOCTL, geTn C Macco Tena Mexee
15 kr. ConysmT H. [Toka3aHus gns npyMeHeHMs: NPUMEHSETCS Kak COCTaBHas YacTb NONHOTO NapeHTepansHOro
NUTaHWUS gNst YJOBMETBOPEHUS CYTOYHOM MOTPEGHOCTV B BOJOPACTBOPMMBIX BUTaMUHAX Y geTeit 1 B3POCMX.
TpOTNBOMNOKa3aHMS G MPUMEHEHMS: TUNePYYBCTBUTENLHOCTL K MI0GOMY MHIpegueHTy Npenapara B aHamHese.
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