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The «Absolute Futility» isn’t Absolute: Concerning the Necessity
of Reconsideration of Existing Time-Based Criterion
for Stopping Resuscitation Attempt (Editorial)

Alexei A. Birkun

S. I. Georgievsky Medical Academy, V. I. Vernadsky Crimean Federal University,
5/7 Lenin Blvd, 295006 Simferopol, Russia

Jna oputupoBanus: A. A. BupkyH. «AGCOJIIOTHAs 6ecrepCleKTUBHOCTb» He abCOJIIOTHA: O 11eJ1eco00pa3HOCTH Iepe-
CMOTPA CyIeCTBYIOIEro KpUTepus IpeKpalieHlsl peaHiMalliOHHbBIX MePOIIPUATUI 110 BpeMeHu. Obujas peanumamo-
zno02ust. 2020; 16 (5): 4-7. https://doi.org/10.15360/1813-9779-2020-5-4-7 [Ha pycck. 1 aHIIL.]

For citation: Alexei A. Birkun. The «Absolute Futility» isn't Absolute: Concerning the Necessity of Reconsideration of Ex-
isting Time-Based Criterion for Stopping Resuscitation Attempt (Editorial). Obshchaya Reanimatologiya = General Reanima-
tology. 2020; 16 (5): 4-7. https://doi.org/10.15360/1813-9779-2020-5-4-7 [In Russ. and Engl.]

Pe3rome

HecMmoTpsi Ha mporpecc COBpeMeHHON peaHNMAaTOJIOTUH, ONITUMaJ/TbHASI POI0JIKUTETbHOCTD TTOMBITKU
cepjieqHO-JerouHoi peanumanuu (CJIP) npu okasaHUM MeIUITMHCKOM ITOMOIITH 0 CUX ITOP HE OTIpe/iesIeHa.

[TpencrasiisieTcs 1ie/iecO00pa3HbIM MHUIIMUPOBATH OTKPBITYIO AUCKYCCUIO OTEYECTBEHHOTO HAYYHO-Me-
JTUIIMHCKOTO COO0O0IIecTBa 0 BOIPOCY padpaboTKU eINHbBIX 3aKOHOaTeJIbHO 3aKpeIlJIEHHbIX KPUTEPUEB
IIpeKpalieHus1 peaHUMallMOHHBIX MEPOIIPUATHI C Y4€TOM IIepeJOBOr0 HAayYHOI'O OIbITA U J1eHCTBYIOIIUX
MesKAyHAPOIHBIX peKOMEeH AN € TOCIeyIOIINM BHECEHEM COIVIACOBAaHHbBIX N3MEeHEeHUH B KJIIMHUYeCKue
pexomenganuu mo CJIP.

Karouesvle crosa: peanumayusi; 01UmenbHOCMb; 0CMAH08KA cepiua; AcUCOoNUsl; PeKOMeHOAYUU; 3aKOH
HHpopmanus o KOH(INKTE HHTEPECOB. ABTOD 3asIBJIsIET 00 OTCYTCTBUU KOH(PJIUKTOB UHTEPECOB.

Summary

Despite the progress in the modern resuscitation science, optimal duration of a cardiopulmonary resusci-
tation (CPR) attempt is not defined yet.
It seems appropriate to initiate an open discussion within the Russian medical research community, con-
cerning the development of uniform legislated criteria for stopping resuscitation, considering the best scientific
evidence and current international guidelines, with subsequent introduction of harmonized amendments to
the clinical practice guidelines for CPR.

Keywords: CPR; duration; cardiac arrest; asystole; guidelines; legislation

Conflict of interest. The author declares that there is no conflict of interest.
https://doi.org/10.15360/1813-9779-2020-5-4-7

HecMoTpst Ha Iporpecc CoOBpeMeHHOU pea- Despite the progress in the modern resuscita-
HUMAaTOJIOTUH, ONTHMaJ/IbHAas MPOAOJIDKUTENb- | tion science, optimal duration of a cardiopul-
HOCTbH TOMBITKUA CEPIEYHO-JIETOYHOU peaHWMa- | monary resuscitation (CPR) attempt is not defined

Anpec 1714 KOpPeCIOHJeHIIHH: Correspondence to:
Austexceit AsiekceeBud BUpkyH Alexei A. Birkun
E-mail: birkunalexei@gmail.com E-mail: birkunalexei@gmail.com

www.reanimatology.com GENERAL REANIMATOLOGY, 2020, 16; 5



https://doi.org/10.15360/1813-9779-2020-5-4-7

PegakIMOHHASA CTAThS

uuu (CJIP) mpu okasaHUU MeTUIIMHCKON TTOMOTITA
JIo cuX TIop He onpeneseHa [1]. Psaa ucciieqoBanuii
CBHUETEJIbCTBYET, YTO paClIMPEHHbIE peaHnuMa-
OMOHHBbIE MEPOIPUATHSA B HEKOTOPBIX CJydasx
MMO3BOJISIIOT COXPAHUTH JKU3HBb U 3[J0POBbE YeJsI0-
BeKa I10 NCTeYEHNH IToJTydaca u 60Jiee ocJie ocTa-
HOBKMU cep/lla U HavaJjla peaHuManuu [2-5].

B 2012 rony Goldberger v coaBT. ory0IKOBATN
pe3ynsTaThl aHau3a 6oJsiee 64 ThIC. CIyYaeB BHYT-
PUTOCIIUTAJIBHOU OCTAaHOBKM Cep/illa, COTJIACHO
KOTOPBIM B OOJIBHUTIAX C HOJTBIIIEH TPOIOJKUTETb-
HOCTBIO TTONBITOK CJIP BEpOATHOCTh BBIKUBAHUS
MAIlMeHTOB C OCTAHOBKOM cep/lla CyIIeCTBEHHO
BbILIE [3].

Shih u coast. (2007) ycTaHOBUJIH, YTO IIPU
JUINTEeJIbHOCTH BHyTpurocnuraibHo CJIP 30
MUHYT U 00Jiee 0JIsT CJIy9aeB BOCCTAHOBJIEHUS
CIIOHTAHHOTO KPOBOOOPAIIEHMUST MOKET COCTAB-
JATh 51%, a ypOBEHb BBI)KMBAEMOCTH A0 BBIIIUCKA
u3 cranuoHapa (survival to discharge) — 4,5% [2].
Cha u coasr. (2015) coobmiaroT, uto npu CJIP B
TeyeHwre MoJTyvaca 1 00Jjee ypoBeHb BbIKUBAEMO-
ctu nocruraert 5,6% [4]. Kpome Toro, moJss1 manu-
€HTOB C OJIAaTONIPUATHLIM HEBPOJIOTUYECKUM CTa-
TyCcOM, BBDKUBIIMX  IIOCJIE  peaHuMaluu
IJTATEeTFHOCTHIO 6oJiee 30 MUHYT, MOYKET ITPEBBI-
maTrh 78%, U 9TOT IIOKas3aresb He OTJIUYaeTcs
CyLIECTBEHHO OT JOJIM HEBPOJIOTUYECKU NHTAKT-
HBIX MAIUEHTOB MPU MeHee MPOAOJIKUTETHbHON
peanuMarnuu [3].

[To MHeHUIO 9KCIIepTOB EBponelickoro coBera
no peannmanuu (ECP), qyiMTeTbHOCTH TTOTIBITKA
CJIP moJikHA 3aBHCETh OT 00CTOATEJLCTB KOH-
KPEeTHOI'0 CJIy4asg OCTAaHOBKM cepjla U ompene-
JIATHCA KIVHAYECKUMHU CY)KICHUAMU CIIeuaJIn-
cra [6]. CoryiacHO JeUCTBYIOIIMM PEKOMEHIAMSIM
ECP [1, 6], ocHOBaHMEM [JI51 TPEeKPAIEeHUA OIbIT-
ku CJIP saBasieTcs HaJaU4YKMe aCUCTOJINU B TedeHne
bostee 20 MUHYT, HECMOTPS Ha TTPOOJIKAIOIITIECS
pacimupeHHble peaHUMAIlMOHHbIE MEPOTIPUATHS,
IIPY OTCYTCTBUU 00PATUMBIX IPUYUH OCTAHOBKH
cepaua. CiieqoBaTesIbHO, 40 TeX ITOp, IIOKa y [alu-
€HTa COXpaHsIeTCs MOTeHIINATLHO MTeUOpuLIn-
pyeMBlii ceplleuHbIN PUTM U (WJIM) €CTh IOTEHIIU-
aTbHO obpaTuMasi IpUYMHA OCTAaHOBKHU CePAIa,
KOTOPYIO MOSKHO IIONBITAaTHCS YCTPAHUTD B IIPO-
necce CJIP mombITKa peaHwWManuyd He OJKHA
UMeTh OTPaHUYeHU 110 BpeMeH! [6].

HeticTBytomiass B Pocculickoit ®Penepanuu
cucTeMa peaHMMAaIMOHHOW TTOMOIIU B 11eJI0M He
IpegycMarpuBaeT NPUHATHE PELIeHNs O IIPeKpa-
mennu nonbITkA CJIP, ncxonsa n3 qanHbIX Kapauo-
MOHHUTOPHWHTA U CYKIEHUH 0 HAJIUYNH 00paTu-
MBIX IIPUYUH OCTAaHOBKU CEPJIA.

B coorBercTBUM cO CT. 66 PenepaabHOTO
3akoHa Ne 323-®3 «O6 0CHOBaxX OXpaHbI 3[I0POBbS
rpakaad B Poccuiickoit @eneparum» [7] u [locra-
HoBJieHueM [IpaBurtenbcTBa Poccuiickoit Penepa-

mun Ne950 ot 20.09.2012 [8] peaHMManMOHHBbIE

yet [1]. Multiple studies suggest that advanced life
support (ALS) may sometimes save both life and
health of a patient after half an hour and more from
the moment of patient’s collapse and resuscitation
commencement [2-5].

In 2012, Goldberger et al. have published the
results of analysis of over 64 thousand cases of in-
hospital cardiac arrest, showing significantly higher
likelihood of survival at hospitals with longer median
duration of resuscitation attempts when compared
with hospitals where attempts were shorter [3].

Shih et al. (2007) showed the rate of return
of spontaneous circulation was 51% and the pro-
portion of survived to discharge patients was
4.5% when resuscitation continued for 30 min-
utes or more [2]. Cha et al. (2015) reported 5.6%
patients survived when resuscitation was at-
tempted for >30 minutes [4]. Furthermore, the
proportion of patients who survived to discharge
with favorable neurological status after resusci-
tation attempted for longer than 30 minutes may
exceed 78%, without significant difference com-
pared to the proportion of survivors with favor-
able neurological status in whom duration of re-
suscitation was shorter [3].

According to the opinion of experts of the Eu-
ropean Resuscitation Council (ERC), the duration
of CPR attempt depends on the circumstances of
each individual case of cardiac arrest, and the de-
cision should be based on a clinical judgement [6].
According to the effective ERC guidelines [1,6], an
asystole for more than 20 minutes in the absence of
potentially reversible cause of cardiac arrest and
despite ongoing ALS should be considered as an in-
dication to stop the CPR attempt. Accordingly,
there should be no time limitation to the CPR at-
tempt, as long as the patient has a shockable
rhythm or there is a potentially reversible cause of
cardiac arrest that can be managed during CPR [6].

So far, the system of resuscitation care in the
Russian Federation generally does not allow for mak-
ing a decision for ceasing an attempt of CPR based
on the cardiac rhythm assessment or perceptions of
potentially reversible causes of cardiac arrest.

According to the clause 66 of the Federal law
no. 323-FZ «On the fundamentals of health protec-
tion of citizen in the Russian Federation» [7] and
the Decree of the Government of the Russian Fed-
eration no. 950 dated 20.09.2012 [8], resuscitation
procedures should be stopped «in case of being
judged as absolutely futile», in particular, «<when re-
suscitation procedures, intended to restore vital
functions, are ineffective throughout the duration
of 30 minutes».

As a consequence, in some cases, an attempt
of CPR may be judged as futile and may be termi-
nated despite the probability of saving one's life.

While the effective Russian clinical practice
guidelines for CPR in children [9] and the draft of
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MEPONMPUATUS JOJKHBI OBITH IPEKpaIleHbl «B
cJlydae TpU3HaHUs UX abcoJoTHO Oecrnepcrek-
TUBHBIMU», B YaCTHOCTH, «IIpU Hea((PEKTUBHOCTHU
peaHnMalMOHHBIX MEPOTIPUATUHN, HAalIpaBJIEHHbBIX
Ha BOCCTAHOBJIEHUE YKM3HEHHO BAYKHBIX (PYHK-
nui, B TedeHue 30 MUHYT».

Kak caencrsue, B psage ciaydaes CJIP mosxet
OBITH TpU3HAHa OeCcIepCeKTUBHOU U ITpeKpariie-
HAa, HECMOTPSA HAa BEPOSITHOCTH CITACEHUsT YesI0Be-
YeCKOM YKU3HU.

Torma kKak JefCTBYIOIINe KJINHUYEeCKUe PEeKO-
MeHparmu 1o CJIP y nereii [9] 1 IpOEKT pekoMeHa-
wii o CJIP y B3pocbix [10] cepliatoTcss Hemocpes-
CTBEHHO Ha BBIIIEYIIOMAHYTO€ HOpPMAaTUBHOE
OJI0YKeHe, KIMHUYEeCKUEe PEKOMEeHIAlliu (IPOTo-
KOJT) TI0 OKa3aHUIO CKOPOU METUITMHCKON TTOMOIITA
TIpU BHE3AIMHOU cepjievHoM cMepTu [11] ripefiaraior
HUCIIOJIb30BaTh B KAuecTBE  IIOATBEPSKIEeHUs
Hea(pperTrBHOCTU peaHuMaIuu «30 MUHYT IIOJIHOTO
OTCYTCTBUS JIIOOOHM 9JIEKTPUYECKON aKTUBHOCTH
cepAua, II0JIHOIO OTCYTCTBUS CO3HAHUSA U CIIOHTaH-
HOTO JbIXaHusI» (0e3 yITOMIUHAHHSA O TIOTEHIINATHHO
00paTHMbIX MPUYMHAX OCTAHOBKHU cepAra). OTcyT-
CTBUE YHU(PUITMPOBAHHON (DOPMY/TMPOBKY ITPUBOIUT
K pasHoIIacusaM [12] 1 MOYKeT OKa3bIBaTb HEraTUBHOE
BJIMsSTHYE Ha KAYeCTBO METUITMHCKOM IIOMOIITH.

[IpencranJisieTcs 1e1eco00pasHbIM HHUITIHT-
pOBaTh OTKPBITYIO JUCKYCCHUIO OT€4E€CTBEHHOI'O
Hay4YHO-MEIUIIHCKOTO COODIIIecTBa Mo BOIPOCY
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8. [IlocranoBsnenue IIpaBurenbcTBa Poccuiickoit Pepepanuu 0T
20.09.2012 Ne950 «O6 yrBepsxaenun ITpaBui onpejaeseHuss MO-
MEHTa CMEePTH 4YeJI0BEeKa, B TOM YHCJIe KPUTEPHEB U IPOIeayphl
YCTaHOBJIEHUsI CMEPTH YesIoBeKa, [IpaBuJI IpeKkpaleHnst peaHu-
MAaIMOHHBIX MEPOTIPUATUN 1 (POPMBI IPOTOKOJIA YCTAHOBJIEHUS
CMepTH 4esoBeKa» [DJIEKTPOHHBIN pecypc]. — Peskum jocryna:

the guidelines for CPR in adults [10] are referring
directly to the above-mentioned statutory state-
ment, the clinical practice guidelines (protocol) for
emergency medical care in sudden cardiac ar-
rest [11] are proposing the following criterion for in-
efficiency of resuscitation: «30 minutes of complete
absence of any electrical activity of heart, complete
absence of consciousness and spontaneous breath-
ing» (not mentioning the potentially reversible
causes of cardiac arrest). The lack of a unified state-
ment results in disagreements [12], and may nega-
tively impact the quality of medical care.

It seems appropriate to initiate an open dis-
cussion within the Russian medical research com-
munity, concerning the development of uniform
legislated criteria for stopping resuscitation, con-
sidering the best scientific evidence and current in-
ternational guidelines, with subsequent introduc-
tion of harmonized amendments to the clinical
practice guidelines for CPR.

pa3paboTKU eqUHBIX 3aKOHOMATEJHHO 3aKper-
JIEHHBbIX KpUTEpHEB MpeKpallleHus peaHuMa-
[IMOHHBIX MEPONPUATUI C yUeTOM IIepe0BOTO
HAYYHOTO ONBITA U MEeNCTBYIOMINX MEKIYHAPOI-
HBIX peKOMEHIAIINH, C TOCIeTYIONINM BHECEHEM
COIVIaCOBAHHBIX I/IBMeHeHI/Iﬁ B KJIHHHUYECKUE
pexomenmanuu no CJIP.
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Pe3rome

BuesammHasd BHeOOJIbHUYHASA 0cTaHOBKA cepnia (BOC) — TpeThbs 10 yacToTe IPUYMHA CMEPTHU B Pa3BU-
TBIX CTPaHaX.

Oobyuenue ocHoBaM CJIP ju1l 6e3 MeIUIIMHCKOT0 06pa3oBaHus — HauboJiee BaskHasA CTpaTerus MoBblI-
IIeHUS BBDKUBAEMOCTH IIPU OCTaHOBKe cepAlia. [IporpaMMel, BKJIIOYAlOIe Takoe o0yueHue, BecbMa ad-
(pekTUBHBI, OJHAKO IOJTHOTO OXBaTa HaceJIeHHUs JOCTUYb OYeHb TPYJHO BCIEeACTBUE UX He00A3aTeIbHOTO
craTtyca. B cBA3H ¢ 3TUM, 0 MHEHUIO 3Kc1riepToB, CJIP HeoOXoAMMO BBECTH B IIKOJIbHYIO IPOTpaMMy B Ka-
yecTBe 00513aTe/IbHOT0 ITpeiMeTa. IMEHHO 3TOTO MBI KIeM OT IOJIUTUKOB, OTBETCTBEHHBIX 3a CUCTEMY 3]Ipa-
BOOXpaHeHHA 1 oOpa3oBaHUe, BO BceX cTpaHax. IToka Hallla ek He JOCTUTHYTa, MbI IPU3bIBaeM BCeX IMo-
MOYb HaM yOeIUTh OTBETCTBEHHBIX JIMI U IPUHATH y4acTHUe B TAKUX KamnaHusx, kak KIDS SAVE LIVES u
World Restart a Heart.

Karouesnte crosa: ocmarnoska cepdya; cep0euHo-ne2ounas pearnumauus; World Restart a Heart; pearu-
Mmayus auyamu 6es meduyuncrozo obpasosanusi; KIDS SAVE LIVES

Summary

Sudden out-of-hospital cardiac arrest (OHCA) is the third leading cause of death in industrialized nations.
While educating lay bystanders in CPR is clearly the most important way to increase survival in this third
leading cause of death and the community programs are helpful, it is less easy to reach the entire population
if programs are not obligatory. Therefore experts see the need for obligatory inclusion of CPR education in
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schools. And this is exactly our clear expectation to all politicians involved in health care and school politics
worldwide. Until this is reality in all countries, we invite everyone to help to convince the responsible politicians
and to take part in campaigns like KIDS SAVE LIVES and WRAH.

Keywords: cardiac arrest; cardiopulmonary resuscitation; World Restart a Heart; lay resuscitation; KIDS SAVE

LIVES
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BuesanmHasg BHEOOJBHUYHASA OCTAaHOBKA
cepaia (BOC) — Tperpsa mo 4yacToTe MpUYHWHA
CMepTHU B PA3BUTHIX CTpaHax [1]. CMepTeIbHBIX
MCXOOOB MOYKHO OBLIO OBI M30ekaTh, eCJIN OBl
MPOXOYKHE W CJIy9allHble CBHUAETEJH 00J/Iamain
HaBBIKAMU CepJeYHO-JIETOYHON peaHuMaluu
(CJIP) [2]. ITocie ocTaHOBKU cepAlia B OTCYTCTBHE
AKTHUBHOI'O KPOBOTOKA MO3I MOYKET CYILIECTBOBATh
0e3 BhIpa’KEHHBIX N3MEHEHUN JINIIb B T€UEHUE
3-5 muHyT. K cokanieHnio, B MOAaBJISIONIEM O0JTh-
IIAHCTBE TAaKUX CJIy9aeB COTPYIHUKU CIYKOBI
HEOTI0KHOU MeJUIIMHCKOU IOMOIIYA MOTYT IIPHU-
OBITH Ha MECTO 3HAYUTEJHHO Mo3ske. CayJaliHbIe
CBUJIETEIH, HE SBJISAIONINECS BpadyaMH, CITOCOOHBI
CTaTh TeM «CIacare/IbHbIM KpyTrOM», KOTOPBIH I103-
BOJIUT M30ekaTh cMepTH Mo3ra. MI3BecTHO, 4TO
OOJIBITMHCTBO CyYaeB OCTaHOBKH cepa (bosee
60% 13 KOTOPBIX CAy4YaeTCA JoMa) MPOUCXOIUT B
MPUCYTCTBUY IPYTUX JuUll [2, 3]. iMeloTcs yoenu-
TeJbHbIE JOKa3aTeJabCcTBa TOro, uro CJIP, koTopyro
OKa3bIBAIOT CJy4YaliHble CBUAETENH, IIOBBIIIAET
4acTOTy BBIKMBAHUA II0 MeHbIIell Mepe B 2-3
pasa. Takum o6pasom, CJIP, okasbiBaemasi ciaydai-
HBIMU CBUJIETE/ISIMU, sIBJIsIeTCsT HanOoJtee apdek-
TUBHBIM BMemaresibcTBoM nipu BOC. K coskade-
HUIO, yacToTa oka3anusa CJIP B pa3HbIX cTpaHax
3HAYUTETHBHO OTJINYAETCS U B OOJIBITMHCTBE CITY-
4yaeB He npesbiiaer 20% [4].

B cBA3U € 9TMM B ITOCJI€JHUE T'OBI IIPOBOIUT-
Cs1 MHOI'O KaMIIaHUH U COIMAJIbHO OPHUEHTHUPO-
BaHHBIX IPOTPAMM Ha MECTHOM U MEXKIyHApOL-
HOM YpOBHE, HallpaBJIEHHBIX Ha IIOBBIIICHUE
MHOOPMUPOBAHHOCTHU U 3 HEKTUBHOE 0OyIEeHE
MpaKTUYEeCKUM HaBBIKaM B JaHHOW oOJjacTh
IIMPOKUX CJIOEB HACEJICHUS.

OpHUM U3 IPOCTBIX, 9KOHOMUYHBIX U IIep-
CIIEKTHUBHBIX CIIOCOOOB MOBHITIIEHUS YaCTOTHI OKa-
3anuss CJIP sBisiercss oOy4yeHMEe NIKOJHHUKOB.
Hawnbosee KpymmHOM MesKIyHAPOTHON KaMITaHUEH,
JleliCTByIOIIIell B 9TOM HaIlpaBJIEHUU, SBJSIETCS
naunuaruBa KIDS SAVE LIVES ([letu cmacaiot
SKU3HM) [5, 6]. JIydmmii crmoco6 IMPOKOTo BHE-
peHus IPAaKTUYEeCKNAX HaBBIKOB CPeIy IIKOJIbHN-
KOB 3aKJII0YaeTcss B 00y4YeHUH ITKOJIbHBIX YIUTe-
Jieil ocHOBaMm TipoBejienus u npenogaBanus CJIP.
3HaHUs, IoJly4aeMble OT yUUTesIel, IepeaaloTcs
IIOTOM II0 IIETIOYKE OT OJHOr0 peGeHKa K Ipyro-
My [7], IpryeM Hauayylue pe3yabraTrbl JOCTU-
raloTcsi Mpu Havasie o0y4eHus1 B Bo3pacre 12 et
1 €T0 IPOIOJKEHNU B 00'bEME JIUIITH 2 YaCOB B IO

Ha NOPOTAKEHUU IocJjaeanyronmx JieT yqe6bl B

Sudden out-of-hospital cardiac arrest (OHCA)
is the third leading cause of death in industrialized
nations [1]. Many of these lives could very easily be
saved if bystander cardiopulmonary resuscitation
(CPR) rates were better [2]. Following cardiac arrest
with no blood flow, the brain can survive for only 3
to 5 minutes without any damage. However, emer-
gency medical service systems will likely take much
more time to arrive in most cases. Thus, laypeople
witnessing the cardiac arrest will have to help
bridge this time corridor and save the brain. It is
well known and scientifically proven that initiation
of CPR by lay bystanders increases survival rates at
least 2- to 3-fold, and the majority of cardiac arrests
are witnessed (and more than 60% occur at
home) [2, 3]. This means that lay bystander CPR is
much more effective than any other therapeutic
measure or intervention following OHCA. Despite
this, lay bystander CPR rates differ vastly between
countries and are still below 20% in many cases [4].

For this reason, in recent years there have been
a number of national and international campaigns
and community programs targeting lay people in
order to improve their awareness and their knowl-
edge, competence and practical skills on this topic.

One easy, very cost-effective and sustainable
way to increase lay CPR rates is to educate school-
children in CPR. This has therefore become a
worldwide campaign with the KIDS SAVE LIVES ini-
tiative [5, 6]. The best way to spread this into as
many schools as possible is education of school-
teachers of how to do and teach CPR. The children
that are then educated can serve as multipliers
themselves [7], and it is easiest to learn something
this important beginning at the age of 12 years —
for just two hours per year, ideally every year until
they leave school. The KIDS SAVE LIVES initiative
was endorsed by the World Health Organization
(WHO) in 2015.

This approach has shown impressive success
in some countries, e.g. in Denmark, where the rate
of lay bystander CPR more than doubled and sur-
vival rates following OHCA tripled after a few
years [2], and promoting it in other countries can
save hundred thousands of lives each year all over
the world [8].

Another globally important campaign is the
Word Restart A Heart (WRAH) initiative. Estab-
lished first in Europe as the European Restart A
Heart Day in 2013 by the European Resuscitation
Council (ERC), and transformed into a worldwide
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mkoJge. Mannmarusa KIDS SAVE LIVES nosyunia
nopnepsxky BO3 B 2015 rogy.

B HEKOTOPBIX CTpaHaxX JaHHBIN MTOIXO TPU-
BeJ1 K BIIEYAT/IAOIINM pedyiibraraM. Tak, B lanun
4epes3 HeCKOJIbKO JIeT yacTtoTa okasanus CJIP ciry-
YalHBIMH OYEBHUAIIAMHU ITOBBICUJIACh BABOE, a €€
apdexrTuBHOCTH — BTpOE [2]. MOKHO moJiararhb,
4YTO BHeJpeHUe JAaHHOU WHUIUATUBBI B JAPYTUX
CTpaHax MO3BOJIUT CIIACTU COTHU THICSY SKU3HEHN
110 BCceMy Mupy [8].

Eme ogHO BaskHOU MesKAYHApOIHOU KaM-
naHuen crajia maunmarusa World Restart a Heart
(ITepesamnryctu cepprie). CTapT KaMITaHUHU OBLIT JaH
B EBpone B 2013 rony, korga rog aruaoii EBponeii-
ckoro CoBera 1o Peanmmanuu ObLT IIPOBeIEH
eBportielickuil 1eHb Restart a Heart. [To3guee ato
cobOBITHE TIPOBOAUIOCH B 2018 rogy BO MHOTHX
crpanax nog srugod ILCOR (MeskayHapogHBIN
KOMHUTET T10 B3aNMOJIEHCTBUIO B 00J1aCTH peaHu-
Malluy) U cefiyac moJIy4nIIo esKerofqHbli cTaryc.
[maBHasgs wneap MepoONpUATHA MOBBICUTH
UHGOPMUPOBAHHOCTH HACeJE€HUS B OTHOIIIEHUH
OCTaHOBKH Cep/ilia IyTeM MPOBeIeHUsI 00yJaro-
mux TpeHrHToB 110 CJIP 1 kaMmaHuii B COIUAb-
HBIX CETSIX ITOJT JIO3YHTOM «JI1000#1 4eJI0BEK MOSKET
CIIaCTH KU3Hb. Bce, 4TO 1JIA 9TOro Hy»KHO, — 3TO
IBe pyku». K oBiamenunio npejraraeTcss METOIUuKa
«CHECK-CALL-COMPRESS» (ITPOBEPUTD noka-
3areaun skusHenesaTeJbHOCTH — IIO3BATH Ha
TIOMOIIIh CIIEITUAJINCTOB 10 HEOTVIOXKHOMN MeTUIIH -
He — [TPOBECTU HenpsiMO#l Maccask cepjiia B
peskuMe 100-120 HaskaTUi Ha IPYAHYIO KJIETKY B
MHHYTY C TIyOMHOH KOMIIpeccuil 5-6 cM Herpe-
PBIBHO 70 MPUOBLITHS Bpaya). [laHHOe MepOoTpusi-
THEe TIPOBOAUTCS €5KeromHo 16 oKTAOps (uau B
OJIMKAMIIIFE K 9TOU JaTe HeJleJIh) U IIOMeYaeTcs B
coIlMaJbHBIX ceTAX XamTerom #worldrestartaheart.
B 2018 romy c 1OMOIIIBIO COLIMAIBHBIX CETEH B HEM
y4acTBOBasu 12,7 MJTH 4eJIOBeK, a ooyuerue CJIP
npouutu 675000 wesoBek. B 2019 romy Hab00a-
JINICH e1rie 6oJiee BIEYaT/IIONIe pe3yabraTel: 206
MJIH Y4aCTHHUKOB, IIOCTaBUBIINX XJIIITET, U 5,4 MJIH
npomrenmux ooydenne CJIP [9].

CMBICJI BCeX MPOBEJeHHBIX KAMIIAHUU TTPOCT:
ycnemrao# CJIP jieTko 00y4YuTh, peaHuMaIuoH-
HbIE MEPOIPUATHA MOKHO C JIETKOCTBHIO IPETofa-
BaTh 1 9¢pHEeKTUBHO OKA3bIBATh. [Ipu aTOM €11H-
CTBEHHBIH Bpell, KOTOPBIA MOTYyT HaHECTHU
cJIly4aliHble 04eBUIIbI, — 3TO HUYEero He CllesIaTh.
Bce, 4TO HY)XKHO [JId CIIACEHUA KU3HH, 9TO JBE
pyku. CrracTy sKU3Hb — O04€Hb IIPOCTO, «KaK ABaK-
IIbI Ba», KaK JIJIs1 B3POCJBIX, TaK U JJIs JeTeu.
I[Ipocras wmeroguka  IIIIII (ITPOBEPUTHb-
[TIO3BATb-ITPOBECTH), koTOpYyIO IpOABUTAIN B
BBIIIEYIIOMAHYTHIX KAMITAHUAX 1 MHOTMX MHULMAA-
THBAaX Ha MECTHOM YPOBHE, MOKET CIIaCTH COTHU
TBICSY YKM3HEH 110 BceMy MUPY IIPH YCJIOBUU MaK-
CUMaJILHOTO TTOBBINIEeHUS UHGHOPMUPOBAHHOCTHU
Hacesenusa. OMUH U3 CIIOCOOOB TAKOTO ITOBBIIIIE-

event by the International Liaison Committee on
Resuscitation (ILCOR) in 2018, it is an annual event
to raise awareness for cardiac arrest by mass train-
ing in CPR and social media campaigns with the
motto «All citizens of the world can save a life — All
that is needed is two hands». The proposed meas-
ures are: «CHECK — CALL — COMPRESS»;
CHECK for signs of life, CALL the emergency med-
ical service system and COMPRESS the thorax with
100-120/min and 5-6 cm depth in adults without
interruptions until help arrives. It is celebrated on
16 October and/or in the weeks around each year
and is represented on social media by #worldrestar-
taheart. In 2018, 12.7 million people were reached
via social media and 675,000 were trained in CPR.
In 2019, up to 206 million people were reached via
social media and 5.4 million were trained in CPR
worldwide [9].

The message from all these campaigns is clear
and simple: Successful CPR is easy to learn, easy to
perform and straightforward to teach. Lay people
cannot do anything wrong — the only wrong thing
would be to do nothing. And all you need to save a
life is two hands. Saving a life is child’s play, for chil-
dren and for adults. The simple and unified global
message «CHECK — CALL — COMPRESS» used in
both campaigns and in many other community
programs can save hundreds of thousands of lives
worldwide by spreading awareness as widely as pos-
sible (e. g., schoolchildren are asked to teach their
families as homework after being trained in school).

While educating lay bystanders in CPR is
clearly the most important way to increase survival
in this third leading cause of death and the commu-
nity programs are helpful, it is less easy to reach the
entire population if programs are not obligatory.
Therefore experts see the need for obligatory inclu-
sion of CPR education in schools. And this is exactly
our clear expectation to all politicians involved in
health care and school politics worldwide. Until
this is reality in all countries, we invite everyone to
help to convince the responsible politicians and to
take part in campaigns like KIDS SAVE LIVES and
WRAH (please see and use the LINKs below).

Important LINKs:

* A breath-taking picnic at

https://bit.ly/ 2MY0X]Jd

* Denmark Case — everyone can save a life at

https://bit.ly/2UsHvoq

e European Resuscitation Council at

www.erc.edu

* German Anaesthesiologists at

www.einlebenretten.de

* German National Resuscitation Alliance at

www.wiederbelebung.de

* German Resuscitation Council at

www.grc-org.de

e Italian Resuscitation Council at

https://www.ircouncil.it/

www.reanimatology.com
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HUS — IPEAJIOKUTH HIKOJIBHUKAM, YKe IIPOIIeN -
IIAM TPEHWHT, OOYYUTh CBOMX POJCTBEHHUKOB
ocHoBam CJIP B kadyecTBe JOMAIIIHEro 3agaHusl.

O6yuenne ocaoBam CJIP i1t 6€3 MeauIvH-
CKOTO 00pa3oBaHUs — HanbOJIee BasKHAs CTpare-
TUs TTIOBBINIEHNA BBIP)KUBAEMOCTU IPU OCTAHOBKE
cepana. [lporpaMMbl, BR/TIOYATOIIME TAKOe 00y4e-
HUe, BecbMa 9 (pEKTUBHBI, OJTHAKO ITOJTHOTO OXBa-
Ta HAaCeJICHUs OCTAYb OYEHb TPYLHO BCJIEICTBHE
VX Heo0s13aTeTbHOTO cTaryca. B cBs3u ¢ aTuMm, 1o
MHeHUI0 sKkcrepToB, CJIP HeoOX0OMMMO BBECTU B
IITKOJIbHYIO IIPOrPaMMy B KauecTBe 00513aTesTbHO-
ro nnpenmeta. IMEHHO 3TOTO MBI 5KJIeM OT HOJINTH -
KOB, OTBETCTBEHHBIX 3a CUCTEMY 3JpaBOOXpaHe-
HUs 1 06pa3oBaHMe, BO Bcex cTpaHax. [Toka Hara
[ieJIb He JOCTUTHYTa, Mbl IIPU3bIBAEM BCEX [IOMOYb
HaM yOeIUTh OTBETCTBEHHBIX JIUI ¥ TPUHATH y4a-
cTHe B Takux KaMnanugax, kak KIDS SAVE LIVES u
World Restart a Heart (cM. cCbIJIKH, IPUBEIEHHBIE
HUKE).

BaskHble CChIIIKU:

¢ «JIMKHUK, 3aXBaTbIBAIOIIINH TbIXaHHE»

https://bit.ly/2MY0XJd

e TIpumep [lauumn: 11060 MOKET CIIACTH
sKH3Hb https://bit.ly/2UsHvoq

e EBpoImneicKkuil COBET 10 peaHUMaIuu
www.erc.edu

* Acconuanus aHecTe3noJIoroB lepmanuu
www.einlebenretten.de

e Hemenxuii HallMOHAJLHBIA aJIbIHC
1o peanuManuu www.wiederbelebung.de

* Hemenxkuii coBeT 110 peaHUMAIUN
www.grc-org.de

* lTasbsAHCKUU COBET I10 peaHUMaIuu
https://www.ircouncil.it/

e KIDS SAVE LIVES («JleTu cnacaioT
sku3Hm») https://kids-save-lives.net/

e KIDS SAVE LIVES («JleTu cnacaioT
SKU3HW»): CIIACTH SKU3HBb — TPOCTO KaK
IBaskabl nBa https://bit.ly/2eijhYV

* Cnacenue »ku3Hu www.lifesaver.org.uk

e (CnaceHue YKM3HU B BUPTYaJIbHOU
peasnbHOCTH www.lifesavervr.org.uk
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e KIDS SAVE LIVES at
https://kids-save-lives.net/

e KIDS SAVE LIVES — Saving a life is a child’s
play at https://bit.ly/2eijhYV

» Lifesaver at www.lifesaver.org.uk

e Lifesaver Virtual Reality VR at
www.lifesavervr.org.uk

e Live Long And Prosper at
https://youtu.be/iaDDZfa0sHO

* Polish world record at
http://www.wosp.org.pl/
uczymy-ratowac/rekord

* Resuscitation Council UK at
https://www.resus.org.uk

* Teacher training course of the German
Resuscitation Council (GRC) for modular
resuscitation lessons in schools, in English
language at https://bit.ly/33wCtfU

e Virtual Reality CPR at
https://bit.ly/2MeYta6

* World Restart a Heart at
www.ilcor.org/wrah

e JKuBuTe NOJro U CHaCTIUBO
https://youtu.be/iaDDZfa0sHO

e Muposoii pekop/ B I[ToJibIire
http://www.wosp.org.pl/
uczymy-ratowac/rekord

* BpuUTaHCKU COBET I10 peaHUMalluu
https://www.resus.org.uk

¢ Kypc Hemenkoro coBera no peaHUMaInuu
110 00y4eHUI0 TIperogaBaresiei
IPpOBEAEHUIO MOIYJIbHBIX 3aHATUN
o CJIP B m1koJiax (Ha aHTJIMHCKOM SI3BIKeE)
https://bit.ly/33wCtfU

e CJIP B peskuMe BUPTYaIbHOU peaibHOCTH
https://bit.ly/2MeYta6

e MexayHapoaHasa UHUIIMATUBA
Restart a Heart («Ilepesanyctu cepaue»)
www.ilcor.org/wrah
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Pe3rome

JIJIs1 OTIEHKH HYTPUIIMOHHOTO CTaTyca B IMOCJIEIHUE TO/IbI UCIOTb3YIOT YIBTPa3BYKOBOE UCC/IeIOBAaHHE
MBIIIII] ¥ ITOJIKOKHO-KUPOBOU KJIETYATKH, OJHAKO €IMHBIX ITOJIXO0B IIPY BEIOOPE MBIIIIIL JJIsI HETO ITOKa He
CYIIIECTBYET.

IeJsib padOTHI — YIIBTPA3BYKOBOE UCCJIEOBAaHKE BAPUaOeIbHOCTH TOJIIUHBI PA3JIMYHBIX MBIIIIIL 1 TTOJI-
KOYKHO-KAPOBOU KJIETUYATKU JJI51 BEISIBJIEHUS ONTUMAJIbHBIX KOYKHO-MBIIIIEYHBIX CTPYKTYP IIPH OLIEHKE HYT-
PHUIIMOHHOTO CTAaTYyCA.

Marepuanbl 1 MeTOABIL. [IpoCTIeKTUBHOE 00CEpPBAIMOHHOE HCCaeq0BaHue 14 manueHToB. BceM mamm-
€HTaM BBIIIOJIHUIN YJIBTPa3ByKOBOE HCCJleloBaHKe TOIIIMHBI MBIIIIL: M. rectus femoris; m. tibialis anterior;
m. biceps brachii; m. deltoideus u m. sternocleidomastoideus, a TaksKke TOJIIIMHBI KOYKU U TOJKOKHO->KIPOBOM
KJIETYATKU HaJ MBIIIIEeH. DTalbl UCCIeI0BaHUs: IPU nocTymieHun B OPUT, uepes 7, 14, 21, 28, 42 cyTok
rmocJie nocTyrieHus. Ha 7-, 14- 1 21-e CyTKHU BBITIOJIHUJINA TeCT C MH(PY3UOHHOH Harpy3kon 1000 ma 0,9%
pacTtBopa xsopuaa Harpusi. Ha 5- 1 10-e CyTKH BBITIOJTHUJIA TECT C TO3UIIMOHUPOBAHKUEM ITallieHTa Ha OOK.

Pe3syabraTsl. BeissBuiin, uto m. tibialis anterior uaMmeHsieT CBOM pa3Mephl IPHU IIOBOPOTE MAIEHTA HA
60k Ha 2%, m. deltoideus — Ha 6%, m. sternocleidomastoideus — ua 10%, m. rectus femoris — 20,5%, a m.
biceps brachii — na 26%. [Ipu undyauu 1000 M1 0,9% pacTBopa XJ0opujaa HaTpusi BapruabesbHOCTh pas-
Mepa m. tibialis anterior coctaBuna — 2%, m. deltoideus — 2%, m. sternocleidomastoideus — 6%, m. biceps
brachii— 8%. m. rectus femoris — 12%.

ToJrHA MMOAKOKHO-3KUPOBOU KIE€TYATKU HAL M. biceps brachiin m. rectus femoris n3MmeHsiiach B 60J1b-
11e¥ CTereHy, YeM IepeiHe-3aJHUN pasMep caMux Ml (p<0,05).

3akaroyeHue. ONTUMaIbHBIMU MBIIIIIAMU JJIs1 YIBTPA3BYKOBOU OLIEHKU HYTPUIIMOHHOTO CTATyca sIB-
Jasiorest m. deltoideus i m. tibialis anterior, TOCKOJIBKY Ha MX pa3aMepbl HO3UIIMOHUPOBaHUe [TalleHTa 1 Ipo-
BoAuMas UH(pY3NOHHAsI Tepalus BAUsIeT MeHbIlle. BHyTpUBEHHOE BBeJeHUE KUIKOCTY YBEJUUYNBAET Ba-
puadebHOCTD TOJIIIUHBI TOAKOKHO-3KUPOBOM KJI€TYATKU.

Knrouesvie caosa: Yibempa3eyrosoe uccnedosamue; MblULUbL; Hympuuum—n—tbtﬁ cmamyc; ampogﬁuﬂ
MblUYbl, MOAUWUHA MbLULYbL, UHMEHCUBHAS mepanus

KoH(}uIuKT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUY KOH(PIMKTOB NHTEPECOB.
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Summary

Ultrasound imaging of muscles and subcutaneous fat has been used in recent years to assess the nutritional
status, but there are no common approaches for selecting muscles for it.

The aim of the study was to examine the variability of thickness of different muscles and subcutaneous
fat using ultrasonography to identify optimal cutaneous and muscle landmarks for the assessment of nutri-
tional status.

Materials and methods. It was a prospective observational study with participation of 14 patients. All pa-
tients underwent ultrasound examination of thickness of the following muscles: m. rectus femoris; m. tibialis
anterior; m. biceps brachii; m. deltoideus and m. sternocleidomastoideus, as well as the thickness of skin and
subcutaneous fat over the muscles. The ultrasound assessment was done on admission to ICU, on days 7, 14,
21,28,42. On days 7, 14 and 21 the intravenous load test of 1000 ml of 0.9% sodium chloride solution was per-
formed. On days 5 and 10 the test with the patients in the lateral decubitus position was carried out.

Results. We found that m. tibialis anterior changed its size when patients were turned laterally by 2%, m.
deltoideusby 6%, m. sternocleidomastoideus by 10%, m. rectus femoris by 20.5%, and m. biceps brachiiby 26%.
After infusion of 1,000 ml of 0,9% sodium chloride solution, the variability of m. tibialis anterior size was 2%,

m. deltoideus 2%, m. sternocleidomastoideus 6%, m. biceps brachii 8%, m. rectus femoris 12%.
The thickness of subcutaneous fat over m. biceps brachii and m. rectus femoris changed more than the an-

teroposterior size of the muscles (P<0.05).

Conclusion. The m. deltoideus and m. tibialis anterior are optimal for ultrasound assessment of the nutri-
tional status because their size is less affected by the patient's positioning and infusion therapy. Intravenous
fluid infusion increases the variability of subcutaneous fat thickness.

Keywords: intensive care; thickness of muscle; ultrasound; nutritional status; muscle atrophy; muscle thickness
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BBenenue

HyTrpunuonHasa mnojjepskKa MaleHTOB B
OTHeJIEHUsIX peaHNMAallui U UHTeHCUBHON Tepa-
nuu (OPUT) siBiisieTcss caMOCTOSITE/IBHBIM U 0051-
3aTeJIbHBIM KOMIIOHEHTOM WHTEHCHUBHOM Tepa-
IUY, BJIUSIONIMM Ha HMCXOJ 3a00JIeBaHUS WU
TpaBMbl [1, 2]. HecMOTpA Ha IpoOBOAUMYIO Tepa-
10, TNalUeHTbl B KPUTHUUYECKOM COCTOSIHUU
TepAT maccy Tesaa. CHUKEHHe Macchl TeJia y
nanueHToB OPUT moskeT nocturarb 5-15% B Teye-
Hue nepBoit Hexenu [1, 3]. IToreps Macchl, UCTO-
IIleHre TPUBOMASAT K HapyIIIeHUsIM MeTabo/m3Ma u
MMMYHUTETA, KOTOPbIe B 3HAYNTEJIHLHOU CTEleH!
CHIKAIOT 3(p(PEKTUBHOCTD JI€YEHUsI MAI[UEHTOB B
KPUTUYECKOM COCTOSIHUM, YBEJIMUYUBAIOT YaCTOTY
Pa3BUTHS OCJIOKHEHUN, TPOIOLKUTETBHOCTD UX
npeobiBanuA B OPUT 1 cBA3aHHbBIE C 3TUM pacxo-
bl Ha Jjeuenue (1, 4].

[IpoBonyMasa HYTpULMOHHAs  Tepamnus
JOJI;KHA KOHTPOJIMpoBarbes. HegocrarouHnasa HyT-
pUTHUBHASA MOAJEP KK, TaK Ke, KaKk U M30BITOU-
Hasi, BeJyT K yXYAIIEHUIO pe3yJIbTaTOB Jede-
HuA [5]. [TosBuaKCh JaHHBIE, YTO MOIILITKU BBECTU
nanuedTaMm B OPUT u30LITOYHOE KOJMYECTBO
KaJOpUi OMAaCHBI, MOCKOJbKY BEIYT K YBeJINYe-
HMIO YaCTOThI Pa3BUTHUA CEITUYECKUX OCJIOKHE-
HUU U JeTaabHOCTH [1, 2, 5, 6]. [I7151 OIleHKU HYT-
PULMOHHOIO CcTaTyca IlaluMeHTa IPUHATO
HCII0JIb30BaTh KOMILJIEKC COMaTOMETPUYECKUX U
KJIMHUKO-/1ab0paTopHbIX HapaMeTpoB. Hanbosee
4acTO IPOBOIAT MOHUTOPUHT JUHAMUKHU MaCChI
Tesa, oOiiero Oeska, aabOyMHUHA CBIBOPOTKH
KpoBH, JauM@ounuTtoB B mnepudepuuecKkont
KpoBH [1, 7]. KpoMe pocTo-BeCOBBIX ITOKa3aTeel,

Introduction

Nutritional support of patients in intensive
care units (ICU) is an independent and essential
component of intensive care that affects the out-
come of illness or injury [1, 2]. Despite the treat-
ment, the critically ill patients have been losing
weight. Weight loss in ICU patients can be as high
as 5-15% during the first week of stay [1, 3]. Weight
loss and muscle wasting lead to metabolic and im-
mune disorders, which significantly reduce the ef-
fectiveness of treatment of critically ill patients, in-
crease morbidity, the length of ICU stay and
associated treatment costs [1, 4].

Nutritional therapy should be monitored. In-
sufficient nutrient support, as well as excessive one,
worsens treatment results [5]. There are reports sug-
gesting that attempts to provide ICU patients with
excess calories can be harmful because they lead to
increased rate of septic complications and mortal-
ity [1, 2, 5, 6]. A set of anthropometric, clinical and
laboratory parameters is used to assess the patient's
nutritional status. Changes of body mass, total pro-
tein, serum albumin, lymphocyte count in periph-
eral blood are most often monitored for this pur-
pose [1, 7]. In addition to growth and weight,
anthropometric estimation of nutritional status re-
quires skinfold thickness (at the level of III rib, pa-
raumbilical region, above triceps) and shoulder cir-
cumference measurement. The additional
laboratory parameters include blood transferrin,
lactate, triglycerides, magnesium, calcium, phos-
phorus, iron, and creatinine height index [1]. Most
likely, the use of any single anthropometric or labo-
ratory parameter will not provide a comprehensive
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JJI1 aHTPOIIOMEeTPUUECKOM OLleHKU HYTPUILIMOH-
HOTO CTaTyca MOSKET OBITHh MCII0JIb30BAaH METO]
ompejiesiIeHUs1 TOJIIUHBI KOMKHOW CKJIAIKU (HA
yposHe III pebpa, mapayMOMIMKaJIBHON 001aCTH,
HaJ TPHULEIICOM) W H3MEpEeHHe OKPYKHOCTHU
rieva. J[ormoTHUTEeTLHO OIleHIBaeMbIMU J1abopa-
TOPHBIMU TTapaMeTpaMu SIBJSIOTCS: TpaHcdep-
p¥H, JAaKTaT, TPUIVIMIEPHU]IbI KPOBU, MarHUy,
KanbIui, dpocdop, skejie30 KpoBU, KpeaTUHUHO-
poctoBoii uHiaekc [1]. Tlo Bceil BeposTHOCTH,
HCII0JIb30BAaHNE KAKOT0-JIMO0 OJHOTO aHTPOIIO-
METPUYECKOT0 WU J1ab0paTOPHOTO IMOKa3aTeJIsI
He OyJeT ABJATHCA 00bEKTUBHBIM OTPa’KeHEM
HYTPHUIIMOHHOTIO CcTaryca nanueHra. Kpome toro,
B OPUT nipu TuMuTE BpeMeH! HeOOXOTMMbBI METO-
JWKH, BBIIIOJHAEMbIE HEIIOCPEICTBEHHO Y I10CTe-
JIM TIalMeHTa IJITI BO3MOYKHOCTH OBICTPOU H
sKeJIaTeJIbHO ITPOCTOH OIeHKU HYTPUIIMOHHOIO
craryca.

B KIMHNYECKO! NTpaKTUKe MOSIBUJINCH YJIBT-
Pa3BYKOBBIE METONUKU OLIEHKHA HyTPUIIMOHHOI'O
craryca [8-12]. OHu OCHOBaHBI Ha OIIEHKE COCTOSI-
HUS MOJKOKHO-KUPOBON KJETYATKU U MBIIIIL.
EnVHBIX TOJXON0B K OIleHKE B HACTOsIee BpeMs
IIOKa He CyllecTByeT. Yalle BCero Ijsi OLlEHKU
HYTPUIIMOHHOTO CTaTyCa UCII0JIb3YIOT UCCeN0Ba-
HHeE TOJIIIVHBL, IIJI0IIALA CEYEHUs UJIN CTPYKTY-
pel m. quadriceps femoris (rectus femoris), m. tib-
ialis anterior, m.extensor digitorum longus, m.
biceps brachii, m. deltoideus, m. sternocleidomas-
toideus [13-16]. FiamepeHre MBIIIIEYHON MACCHI C
IIOMOIIBIO YIETPa3ByKa IOOBEPIKEHO TeXHUYe-
CKVM OIHNOKaM, BBI3BAHHBIM YIIPYTOCTHIO U C3KU-
MaeMOCTBIO MBIIIII, BLIDOPOM MeCcTa U3MepeHUs,
IMOJIOSKEHHNEeM HaT4dHhKa, CIIOCOOHOCThIO obOecIie-
YUTH [IOJIHYIO peJIaKCallUIO UJIA COCTOSTHHAE COKpa-
IIeHUsA MBIIII, a TaK:Ke — COCTOsIHHE ITOKOS
MalnureHTa ¥ COCTOSIHUE TUIpaTaluy TKaHeu [14].

[estb paboThI — yIBETPAa3BYKOBOE UCCJIETOBA-
HUEe BapuabeJIbHOCTA TOJIIUHBI Pas3JTAIHBIX
MBIIII] ¥ TOJKOKHO-KUPOBOU KJIETUATKU JIJIs
BBISABJIEHUS ONTHUMAJbHBIX KOYKHO-MbIIIEYHbBIX
CTPYKTYP IIPH OLIEeHKE HYTPUIIMOHHOIO CTaTyca.

MarepuaJ 1 MeTObI

IIpocnekTUBHOE 0O6CEpBANIMOHHOE UCCIEJOBAHTE
0I0OpPEHO ITMYECKUM KOMUTETOM IpU BoeHHO-Menu-
nuHCKOM akagemuu uMm. C. M. Kupoa MO P®, BbimoJi-
HeHo Ha 6ase OPUT kauHWK BOoeHHO-MeIUITMHCKOMN
akanemMuu. KpurteprsamMu BKJIIOYEHUS B UCCJIeJOBaHUE
OBLTH: BO3PACT MAIMEHTOB 18-75 JIeT; TOCIIUTATU3 AT
B OPUT; npoBeneHune aHTEpaIbHOrO nuranud. Kpure-
p¥H UCKJIIOYEHUST: TIOBPEsKAEHNEe KOSKHBIX IOKPOBOB B
00J1aCTH YIIBTPAa3BYKOBOTO MCCJIETOBAHMS.

Bcero B ucc/ieoBaHNMM BRJIIOYWIIN 14 TAIIMEHTOB.
OO61IyI0 XapaKTEPUCTUKY MAlMEHTOB IO BO3pPACTY,
PpOCTYy, BECY IIPH MOCTYIJEHUN, OCHOBHOU MaTOJIOTUH
NpeACcTaBU/IU B Ta0JI. 1.

JTanbl UCCJIET0BAaHUA: IPU nocTynyieHnu B OPUT,
uepes 7, 14, 21, 28, 42 cyTOK 110CJIe IIOCTYIJIEHUA (pUC. 1).

assessment of patient's nutritional status. In addi-
tion, the time-limited environment of ICU requires
using bedside techniques for a rapid and preferably
simple assessment of the nutritional status.

Ultrasound imaging for the nutritional status
assessment has been used in clinical practice [8-12].
These techniques are based on the measurement of
subcutaneous fat and muscles. At present, there are
no unified approaches to such assessment. Most
often, thickness, cross-sectional area or structure of
m. quadriceps femoris (rectus femoris), m. tibialis an-
terior, m. extensor digitorum longus, m. biceps
brachii, m. deltoideus, m. sternocleidomastoideus are
used for estimation of nutritional status [13—-16]. The
ultrasound muscle mass measurement is subject to
technical errors caused by muscle elasticity and
compressibility, measurement site selection, posi-
tion of the sensor, ability to achieve complete mus-
cular relaxation or contraction, as well as the pa-
tient's rest and adequate tissue hydration [14].

The aim of the study was the examination of
the variability of thickness of different muscles and
subcutaneous fatty tissue by ultrasonography to
identify the optimal cutaneous and muscular land-
marks for the accurate assessment of the nutri-
tional status.

Materials and Methods

The prospective observational study was approved
by the Institutional Review Board of the Military Medical
Academy named after S. M. Kirov. This study was con-
ducted in the ICUs of clinical hospitals of the Military
Medical Academy. The criteria for inclusion were the age
of patients 18-75 years old, hospitalization to the ICU,
and enteral feeding. The criterion for exclusion was skin
damage in the area of ultrasound imaging.

A total of 14 patients were included into the study.
The general characterization of patients by age, height,
weight on admission, main condition is presented in
Table 1.

The study measurements were done on admission to
ICU and on Days 7, 14, 21, 28, 42 after admission (Fig. 1).

The thickness of m. rectus femoris, m. tibialis ante-
rior, m. biceps brachii, m. deltoideus and m. sternocleido-
mastoideus, as well as the thickness of skin and subcuta-
neous fatty tissue over the respective muscles was
measured in all patients using the M7 (Shenzhen Min-
dray Bio-Medical Electronics Co., Ltd.) ultrasound ma-
chine (Fig. 2).

On Days 7, 14 and 21 we performed the intravenous
saline load test. After the ultrasound examination of mus-
cles 1,000 ml of 0.9% sodium chloride solution was in-
jected intravenously; repeated ultrasound examination of
muscles was done 3 hours after the injection. Variability
of results associated with the saline load was estimated.

On Days 5 and 10 we performed the lateral decubi-
tus test. After the ultrasound examination of the muscles,
the patient turned to the lateral decubitus position and
repeated ultrasound examination of the muscles was car-
ried out immediately after the changing position. We
evaluated the variability of results associated with the po-
sitioning of the patient.

GENERAL REANIMATOLOGY, 2020, 16; 5
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Tabsauia 1. XapakTepuCcTHKHY 00C/Ie0BaHHbIX IMallIeHTOB.

Table 1. Characteristics of the patients.

Characteristics

Value

Age, years, Me (Q1; Q3)

62 (51.75; 76.75)*

Height, cm, Me (QI; Q3)

173.5 (168; 175)*

Weight on the day of admission, kg, Me (Q1; Q3)

78.5 (69.25; 81.25)*

Condition

pneumonia, 7 (%) 5 (35.7)**
cerebrovascular accident, n (%) 4 (28.6)**
traumatic brain injury, n (%) 1(7.1)**
acute myocardial infarction, n (%) 2 (14.3)**
post-resuscitation disease, 1 (%) 2 (14.3)**

Note. * — data are presented as Me (QI; Q3). ** — data are presented as number of cases and percentage of total cases.
IIpumeuanue. Characteristics — nokasareJib; value — 3HaueHus; age, year — Bo3apact, JeT; height — poct; weight on the day of
admission — Bec npu nocryniesny; pathology — ocHOBHas IaToJIOTHsl; pneumonia — ITHEBMOHUS; cerebrovascular accident —
HapyIIeHre MO3rOBOr0 KPoBooOpalleHus; traumatic brain injury — uepenno-mo3sroBasi TpaBma; acute myocardial infarction —
OCTpBIN MH(MaPKT MUOKap/a; post-resuscitation disease — mocrpeannManuronnas 6oJsiesub. ¥ — data are presented as Me (QI;
Q3), nanHble peAcTaBeHbl Kak Me (Q1; Q3). ** — data are presented by simple indication of quantity and fraction (in percentage),
JaHHbIE Hpe;[CTaBJIeHLI HpOCTI)IM yKaSaHI/IeM KOJIM4YeCTBa 1 JOJIU (B HpOI_IeHTaX).

BceM narnueHTaMm C IIOMOIIBIO YIBTPa3By-
KoBoro anmnapara Munapeit M7 (Shenzhen Min-
dray Bio-Medical Electronics Co., Ltd.) BbImIOI-

14 patients included

HSAJIA UCCJIEJOBAHKE TOJIIMHEI MBIIIIL] 771, Fectus
femoris, m. tibialis anterior, m. biceps brachii, m.
deltoideuswu m. sternocleidomastoideus, a Taksxe

1 patient excluded

1 patient excluded

€ 3 (death)

(recovery)

TOJILIUHBI KOKU U ITOIKOYKHO-KUPOBOU KJIeT-
YaTKM HaJ| MbIIILEH (puc. 2).
Ha 7-, 14- 1 21-e CyTKHU BBIIOJTHUJIA TECT

Day 7 — 12 patients

¢ uH(QY3UOHHOU Harpyskoi. ITocse nposene-
HUS YJIBTPA3BYKOBOI'O MCC/IEOBAHUS MblIIey-

2 patients excluded

1 patient excluded

€ 3 (death)

(recovery)

HOH CHUCTeMBbI BHYTPUBEHHO BBOAWX 1000 M
0,9% pacTBOpa xJI0puJa HATPUs, TOBTOPHOE
VIBTPAa3ByKOBOE HCCJIEAOBAHME MBIIIL OCY-

Day 14 — 9 patients

IIeCTBJIAJIN 4Yepe3 3 daca Iocje BBeIeHHUs.
OuenuBajsin BapuabeJbHOCTb pPe3YJIBTaToB,

2 patients excluded

2 patients excluded

€ ) (death)

(recovery)

CBsI3aHHYIO C MH(PY3MOHHOU HArpy3KO.
Ha 5- 1 10-e CyTKH BBIIIOJIHAJIXA TECT C ITO3U-
[IMOHMPOBAHMEM ITalfieHTa Ha 60K. [Tocste mpoBe-

Day 21 — 5 patients

JIeHUsT YIIBTPa3ByKOBOT'O MCC/IEI0BAHUS MbIIIIEY-
HOM CHUCTEMbI BBIIIOJIHSIIN TIOBOPOT NarfeHTa Ha
OOK, TOBTOPHOE YJIETPa3ByKOBOE UCCJIEJOBaHIe

1 patient excluded

1 patient excluded

€ 3 (death)

(recovery)

MBIIIII OCYIIECTBJIA/INA CPa3dy Iocje MOBOPOTA.
OneHnBaM BapradeTbHOCTh Pe3y/IBTaToB, CBs-

Day 28 — 3 patients

3aHHYIO C [TO3UIIIOHNPOBAHNEM IIAIFIEHTA.
CTaTuCTUYEeCcKyI0 00pabOTKY IOJTyIeHHBIX
PEe3Y/IBIaTOB OCYIIECTB/IAIN C IIOMOMIBIO IIPO-

1 patient excluded

(recovery) €

rpammbl IBM SPSS Statistics 25.0. [{nis mpoBepku
XapakTepa paclpefeseHdsl JaHHBIX UCII0JIb30-
Bamu Kpurepuil Illanupo-Yuika. ITocKobKy

Day 42 — 2 patients

6osee 80% MPU3HAKOB He MOYHHSAJINCH 3aKOHY
HOPMaJIbHOI'O paclpefiesieHus], KOJIMYeCTBeHHbIe
JlaHHBIe NIPeACTAaBU/IN MeJUaHOU C UHTepKBap-
TUJIBHBIM nHTepBasoM Me (Q1;Q3). KauecTBeH-
HbI€ JJaHHbIE IPEeaCTaBUJ/IN B BUAE KOJIMYECTBA 1
J1oJiv (B mporeHTax). /Iy onapHoro CpaBHeHUs
B CBSI3aHHBIX BEIOOPKAX MCITO/TE30BAIA KPUTEPHAN
3HAKOBbIX PAHIOB YUJIKOKCOHA. Pa3muust canraim crartu-
CTAYECKU 3HAYMMBbIMHU 1Y YPOBHE 3HaUYNMOoCTH p<0,05.

Pe3ynbTaThl ¥ 00CYK/IEHHE

OO0mass XapaKTepHCTHKAa HCCJIeXyeMbIX
MBI, YJIBTPa3BYKOBOE MCCJIE0OBAHNE MbIIICY-
HOU cucteMmbl nmanueHToB B OPUT umeso cBou

Puc. 1. Pacnipeesienye naieHTOB 110 3TallaM HCCJIeJOBaHUA.

Fig. 1. Patient distribution during the study.

IIpumeuanmue. Included/excluded — BkI0O9eHBI/ ICK/TIOYEHBI; recOvery —
BBI3OpOBJIeHKe; death — JjieTabHbBINA UCXO].

The statistical analysis of the results was perfomed
using the IBM SPSS Statistics 25.0 software. Shapiro-
Wilks' criterion was used to check the normality of data
distribution. As distribution of more than 80 % of the data
was not normal, quantitative data were presented as a
median with interquartile interval Me (Q1; Q3). Qualita-
tive data were presented as number and percentages.
Wilcoxon's signed-rank criterion was used for paired
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Puc. 2. Ilonoskenue 3oH1a 1 VIBTPpa3ByKOBO€ n306pame1-me.

a— sternocleidomastoid muscle; b— deltoid muscle; c— biceps muscle; d — rectus femoris muscle; e— tibialis anterior muscle.

Fig. 2. The position of probe and ultrasound images.

a— sternocleidomastoid muscle; b — deltoid muscle; c— biceps muscle; d — rectus femoris muscle; e— tibialis anterior muscle.

ocobeHHOCTH. BceM mareHTaM MMpPOBOIUJIN aTlTia-
PaTHYIO peCIMpPaTOPHYIO MOAIEPIKKY: 3 marueH-
TaM BEHTUJIAWIO JIETKUX IIPOBOUJIN Yepe3 HUHTY-
panmonHyl0 TpyOKy, 11 mamueHnTamM — dYepes
TPaxeoCTOMHUYECKYI0 KaHIOJII0. TpaxeocTomMa u
MOBSI3KA BOKPYT Hee CO3/IaBaii TPYIHOCTH IIPU
YCTaHOBKE JIaTYMKA B TPATUIIMOHHOM JIJISI MCCJTe-
JIOBaHUsI MeCTe W MPOBeJIeHUN U3MepeHuu. M.
sternocleidomastoideus HaXOOUTCs B OKPY’KEHUU
MATKHUX TKaHeld U He IIpuJsieraeT K KOCTHOU OCHO-
Be, YTO JleJIaeT 3Ty MBIIIIy IOABUKHOU, JIETKO
cMeIllaeMOM UM CJIaBJMBAaeMOM IaTYUKOM. IJTO
BeJleT K MCKAKEHUIO Pe3yJIbTaTOB M OOJBINON
BapnabeJIbHOCTH JTaHHBIX. [[0BOPOT TOJIOBHI B
MIPOTUBOITIOJIO}KHYIO OT WCCJIEJOBAHUSA CTOPOHY
IIPUBOAUT K HATYKEHUIO m. sternocleidomas-
toideus v ee pa3aMep yMEHBIIIAETCH.

M. biceps brachii — Tak)ke TOABUKHASA
MBIIIIIA, 3aBUCAINIAs OT MHOTUX (pakTopoB. Ee
HCCJIeIOBaHWEe TIPOBOAWJIM B CpedHEed TpeTu
mnJjaedva, 0 pasjiesieHus JAJIUHHOU U KOPOTKOU
TOJIOBKHW MBIIIIIBI. CTpEMI/IJ'II/ICL IMO3UITNOHUPO-
BaTh JaTYUK TaK, YTOOBI IJeUeBasi KOCTh Jieskasia
rmos3agu HauOOJIbIIEH TOJIIUHBI BYIVIAaBOU

comparisons in related samples. Differences were con-
sidered significant at P<0.05.

Results and Discussion

General characteristics of the muscles under
study. The ultrasound investigation of the patients'
muscles in ICU was not an ordinary task. All pa-
tients were on respiratory support: 3 patients were
intubated, while 11 patients had tracheostomy
tubes. The tracheostoma and its dressing made it
difficult to properly position the probe. The M. ster-
nocleidomastoideus is located amid soft tissues and
does not adjoin the bone, which makes this muscle
mobile, easily displaceable and compressible by the
probe. This leads to skewed results and high vari-
ability of data. Turning the head to the opposite
side causes a tension of m. sternocleidomastoideus
and reduction of its size.

M. biceps brachii is also a mobile muscle de-
pending on many factors. Its examination was per-
formed in the middle third of the shoulder, until the
division of the long and short head of the muscle.
The aim was to position the probe so that the
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TaGuuia 2. OreHKa BO3MOKHOCTH IIPOBEIEHH S YIBTPa3BYKOBOTO HCCJIEJOBAHM S HCCI€AYEMbIX MBIIIIII.
Table 2. Evaluation of feasibility of ultrasound examination of muscles.

Muscle Measurements, n Feasibility of measurement, n (%)*
m. sternocleidomastoideus 90 64 (71%)
m. deltoideus 90 90 (100%)
m. biceps brachii 90 72 (80%)
m. rectus femoris 90 73 (81%)
m. tibialis anterior 90 90 (100%)

Note. * — data are presented as number of successful measurements and percentage of total attempts.

IIpumeyanwue. [ly1s1 Tabu1. 2-4: muscle — MpIIIIa; measurements — KoJinuecTBo u3Mepenui; feasibility of measurement — Bo3-
MO>KHOCTh n3MepeHus. * — data are presented by simple indication of quantity and fraction (in percentage), ;aHHBIE ITpeiCTaB-
JIEHBI POCTHIM YKa3aHMEM KOJUIECTBA U TOJH (B MPOIEHTAX).

MBIIIIIBI. HpI/I IMOJIMIIO3UITUOHUPOBAHNY JaTYUKa
BBIABUJIA BBICOKYIO BapI/Ia6e.)'IbHOCTb TOJIITNHBI
JBYIVIaBOU MBIIIIIbI, 3aBUCSIIYIO OT ee pacIioJio-
SKEHWSI TI0 OTHOIIIEHUIO K I1JIe€YeBOY KOCTH, CTelle-
HH CIaBJIeHUS JaTYNKOM. Ha pe3ysisraTsl namepe-
HUSI CHUJbHOE BJIMsIHNE OKa3bIBajla TaKKe
MaHJ)KeTa armapara n3MepeHusI HEMHBa3UBHOTO
aBJIeHUST — W3-3a MMEPUOINIECKUX CTaBJICHUN
IIPOMCXOJUJIA IOCTelleHHasi aTpo(gus MBIIIII,
9TO, B CBOIO OYepe/ib, CKa3bIBAJIOCH Ha ITOKa3are-
JISIX ccaenoBanus. [Ipu pasBuTun guctpodude-
CKUX W3MEHEHUH MBIIIIIBI MMYJILCOBAsi BOJIHA
TJIeYeBOY apTEPUY IPUBOIIA €€ K KoJIebaHusM,
YTO MOIJIO BJIUATH HA PE3YJIBTAThI.

[Ipu TpoBeeHNN MCCAETOBAHUSA CTOJKHY-
JIFICH €I1le OTHOH C MPoBJIEMOI — TUIIEPTOHYCOM
BEPXHUX KOHEYHOCTEH, 00yCIOBJIEHHOM HEBPOJIO-
TYeCKUMU paccTpoiicTBaMu. MbIllledHble BOJIOK-
Ha m. biceps brachii ipu cOKpallleHnuy BJIUSJIN HA
TOJILIIVHY MBIIIIIBI U [1eJIaJIU [I0Ka3aTe b TOJIIIIH-
HbI }Z[Byr‘ﬂaBOI'/)I MbIIINbI HEO6’I)eKTI/IBHI)IM, II03TO-
My IIPY Pa3BUTHH THIIEPTOHYCA YIBTPa3ByKOBOE
WCCJIeTOBaHMe He TPOBOIAMIIH (Ta0JI. 2).

HccnenoBanue m. deltoideus mpoBoauin Ha
YPOBHE XUPYPTrUYECKOH IIelKH IJIe4eBO KOCTH.
JlocTyn 1J1A yABTpa3ByKOBOM OLleHKU M. deltoideus
OBIJT BOBMOSKEH BO BCEX CTyYasiX NCCAETOBAHUA.

st onieHKU M. quadriceps femoris BbIOpan
HamOoJIee 9acTo BCTPEYAIOIIYIOCA B JIUTEPAType
IJIsT TIOMOOHBIX UCCTIEOBAHUN M. rectus femorsis.
[TpoBenieHmE YIBTPA3BYKOBOTO MCCIEIOBAHUS M.
rectus femoris B TpaIiuIIMOHHOM MecCTe OBIJIO BO3-
MO>KHO He Bcerna. [IpyumHO# 3aTpygHeHus: Ipu
MIPOBEIEHNN UCCIENOBAHS ABU/IACh HAKJIEHKa Ha
TiepeIHel TOBEPXHOCTH Oefipa y maIrfieHToB, KOTO-
PBIM IIPOBOAMIIN 9KCTPAKOPIIOPAIHHYIO TEMOKOP-
peKIuIo ¢ 6eIpeHHBIM COCYAVCTHIM JOCTYIIOM.

YaBTpa3ByKoBOe uccaenoBaHue m. tibialis
anterior IPOBOAMJIN IIPU MTOTIEPETHOM CKAaHUPO-
BaHUMU MBIIIIBI B o0JlacT MaKCHUMaJIbHOTO
repegHe-3aqHETO pasMepa. YJIBTPa3BYKOBas
onieHka m. tibialis anterior ObLIa BO3MOHA BO
BCEX CJTy4Yasix NCCAeqOBaHUA.

BapuaOeapHOCTh pa3mepa MBI HPH
MO3UIMIOHUPOBAHUM TAlHEHTAa. I[IOCKOJIBKY
MmarueHTaM, JJIUTeJTbHO HaXOMUBITUMCS Ha Jiede-
HuU B OPUT, BBINOIHSIN NPOIeAYPHI 110 Tpodu-

humerus was located behind the thickest part of
the biceps brachii. Multiple probe positioning re-
vealed a high variability in the thickness of the bi-
ceps muscle, as determined by its location relative
to the humerus and the compression by the probe.
The measurement results were also strongly influ-
enced by the cuff of the non-invasive pressure
measuring device: due to repeated compressions,
a gradual muscle atrophy occurred, which affected
the obtained data. The pulse wave of the brachial
artery led to fluctuations of the dystrophic muscle,
which also could affect the results.

Another issue encountered in the study was
the hypertonicity of the upper limbs due to neuro-
logical disorders. The muscle fibers of m. biceps
brachii during contraction affected the thickness of
the muscle and made the measurement results in-
correct, therefore, no ultrasound examination was
performed in case of hypertonicity (Table 2).

The m. deltoideus measurement was per-
formed at the level of the surgical neck of the
humerus. M. deltoideuswas easily accessible for the
ultrasound evaluation in all cases.

The quadriceps femoris muscle was asssesed
using the m. rectus femoris which is the commonest
landmark used for this purpose according to the
available literature. It was not always possible to
perform an ultrasound examination of m. rectus
femorisin a conventional site.

The reason for this limitation was the sticker
on the anterior thigh surface in patients who were
undergoing extracorporeal hemocorrection with
femoral vascular access.

The m. tibialis anterior ultrasound was per-
formed by transverse scanning of the muscle in the
area of maximum antero-posterior size. Ultrasound
evaluation of m. tibialis anterior was feasible in all
cases.

Variability of muscle size on changing the pa-
tient’s position. Since patients with prolonged stay
in ICU received procedures to prevent pressure sores
in the sacral area (regular turning the patient side-
ways), the muscle size variation when changing pa-
tient’s position was assessed. M. tibialis anterior was
found to have remained practically unchanged on
turning the patient sideways, while some changes

were revealed in m. deltoideus, m. sternocleidomas-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 5



https://doi.org/10.15360/1813-9779-2020-5-13-21

Knuuudeckue uccjaeqoBaHud U IIPpaKTUKaA

Ta6smna 3. OneHKa BapruadeJJbHOCTH pa3MePOB MBIIIIL IIPH TO3UIHOHUPOBAHHUH NMAalleHTa Ha O0OK.
Table 3. Assessment of muscle size variability with the patient turned to the decubitus position.

Muscle Before turning, After turning, Change after prxx
mm, Me (Q1; Q3)* mm, Me (Q1; Q3)* turning, %**

m. sternocleidomastoideus, n=48 6.7 (5.4;9.0) 7.3 (5.9;9.9) 10 0.065

m. deltoideus, n=52 8.0 (6.0; 10.6) 8.5(6.4;11.2) 6 0.226

m. biceps brachii, n=47 18.1 (16.1; 22.0) 22.8(20.3; 27.7) 26 0.001

m. rectus femoris, n=44 14.0 (12.0; 18.9) 16.9 (14.5; 22.8) 20 0.000

m. tibialis anterior, n=52 20.3 (18.6; 22.0) 20.7 (19.0; 22.4) 2 0.734

Note. * — data are presented as Me (Q1; Q3). ** — data are presented as percentage of change. *** — Wilcoxon signed-rank test

ITpumeuanmue. Before/after turning — nqo/mocse moBopora; change after turning — cTenens U3MeHeHUs ITOC/Ie TIOBOPOTA Ha HOK.
* — data are presented as Me (Q1; Q3), nanHble npeacTaBaeHbl kak Me (Q1;Q3). ** — data are presented by simple indication of
fraction (in percentage), 1aHHbIE IPEACTaBJIEHbI IPOCTBIM YKAa3aHUEM J0JIH (B IporeHTax). *** — Wilcoxon signed-rank test —

KPUTepPU 3HAKOBBIX PAHIOB YHJIKOKCOHA.

JIAKTUKE MTPOJIesKHeH B 00J1aCTH KPeCTIia C TT0BO-
pOTOM TarreHTa Ha 60K, OIIEHUIU CTENIeHb N3Me-
HEHUA pa3MepPOB MBIIIIIT ITPU ITO3UITUOHUPOBAHNUN
namyeHTa Ha 00k. BerssBuiu, uro m. tibialis ante-
rior IIpakTAU4YeCKA He HM3MEHseT pa3Mepbl IIpU
IIOBOPOTE MaIreHTa Ha 00K, 3a Hell, 110 CTelleHU
U3MEeHUYUBOCTH, CJIeAyIoT m. deltoideus, m. stern-
ocleidomastoideus, m. rectus femoris m HanOoJee
usMeHsiemass — m. biceps brachii (TabJ. 3). Cta-
OUIBHOCTL pas3MepoB m. tibialis anterior mpu
IMO3MITVUOHUPOBAHUU ITallUEHTA MOYKHO 00b-
ACHUTDB T€M, YTO Y MBIIIIIBI €CTh CBO€ q)aCIII/IaJ'II)-
HOe JIOKe, (PUKCUPOBAHHOE K KOCTHOH CTPYKTYPE,
KOTOpPOE MPaKTUYECKU TTOJTHOCTBIO OKPY>KaeT M.
tibialis anterior. iameHeHue pa3aMepoB m. biceps
brachii 661111 00yCJI0BIEHBI HE TOJTHKO IIOBOPOTOM
Ha 6OK, HO U 3aTPYOAHEHUAMMU IIPU BLIIIOJTHEHUN
rccaenoBaHus. MBIIIIA CABUTAIACh B CTOPOHY OT
TJIeYeBOI KOCTH U MIPOBeIeHNe U3MEPEHUs Tpe-
OoBaJIo CMeIlleHus1 ¥ ciaBjeHusi m. biceps brachii
JATINKOM — BCE 3TO MCKA’KaJIO Pe3y/IbTaThl.

BapuabeabHOCTH TMOKOKHO-KUPOBO
KJIeTYaTKHU ¥ pa3Mepa MbIIII] HocJie UH(PY3HOH-
HOM Harpy3KHu. BeIABWIIN, UTO TOJIITMHA TTOTKOSK -
HO-’KUPOBOU KJIETUYATKU HaJ[ MBIIIIAMU HU3Me-
HSIeTCSI B OOJIBITIEH CTETIeHH, YeM TepeTHe-3aTHUN
pasMmep camux MbIIl. CTaTUYeCKre 3HauYMMble
pa3jminsa BbIABUJIU IIPU CPaBHEHUU N3MeHEeHU!
pasMepoB MbIIL m. biceps brachii u m. rectus
femoris m TOJIIIMHBI TOAKOKHO-KUPOBOH KJIET-
YaTK# Ha HUMHA (TadJ. 4). Cpeay ucciieryeMbIx
MBI 1. biceps brachiiv m. rectus femoris Makcu-
MaJIbHO YBEJTMYMBAJICh B pa3Mepax nocjie nHQy-
3MOHHOU HArpy3KkHu (Ha 8% 1 12% COOTBETCBEHHO).
MpliamMmu, Ha pa3Mepbl KOTOPbHIX MH(PY3UOHHAs
Harpyska BJIMsJIa B MeHblllel Mepe, Ol m. del-
toideusn m. tibialis anterior.

VJIETpa3ByKOBOE HCCJIENOBaHUE MBI U
MTOKOKHO-3KUPOBOHA KJIETYATKU Y’Ke IMOKa3aso
ce0s1 KaKk XOPOIITNY MHCTPYMEHT JIJ1s1 OTIEHKU HYT-
PUIIMOHHOTO CTaTyca Kak 3JJ0POBOTO YeJ0BEKA,
tak u nanuenta OPUT [9-13]. HauboJiee yacTo ¢
9TOW ILIeJIbI0 UCCAENYIOT m. rectus femoris, m.
quadriceps femoris, m. biceps brachii, m. tibialis
anterior [13-16], XoTs1 mMerOTCA PabOTHI, B KOTO-

peIX U3y4arwT m. temporalis, m. adductor pollicis u

toideus, m. rectus femoris with the most variable
being m. biceps brachii (Table 3). The stability of the
size of the m. tibialis anterior when repositioning the
patient can be explained by the fact that the muscle
has its own fascial bed, fixed to the bone, which al-
most completely encloses the m. tibialis anterior.
The size change of m.biceps brachii was not only
caused by different patient position, but also by diffi-
culties in measurement performance. The muscle
was pushed away from the humerus and the meas-
urement required the m. biceps brachii to be shifted
and squeezed by the probe which skewed the results.

The variability of subcutaneous fat and mus-
cle size after the saline load. The thickness of subcu-
taneous fat over the muscles was found to change
more significantly than the anteroposterior size of
the muscles themselves. Significant static differences
were revealed by comparing the changes in the size
of m. biceps brachii and m. rectus femoris muscles
and the thickness of associated subcutaneous fat
(Table 4). Among the investigated muscles, m. biceps
brachii and m. rectus femoris had maximal increase
in size after the saline load (by 8% and 12% respec-
tively). The sizes of m. deltoideus and m. tibialis an-
teriorwere less affected by the saline infusion.

Ultrasound examination of muscles and sub-
cutaneous fat has already proved to be a good tool
to assess the nutritional status of both healthy hu-
mans and ICU patients [9-13]. The most frequently
investigated for this purpose are m. rectus femoris,
m. quadriceps femoris, m. biceps brachii, m. tibialis
anterior [13-16], although there are publications
examining m. temporalis, m. adductor pollicis and
other muscles [17, 18]. There are no definite guide-
lines for ultrasound evaluation of the patient's nu-
tritional status due to the high variability of results.
Several studies and reviews recommend accumu-
lating data for single technique selection [14, 19,
20]. We found no comparative performance studies
of ultrasound evaluation of different muscles.

The obtained data show that m. deltoideus
and m. tibialis anterior are the most accessible
muscles for examination in ICU patients while m.
sternocleidomastoideus is the most difficult to ac-
cess. Difficulties in access were due to tra-
cheostoma, its dressing and fixation tape.
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Tabmuia 4. OreHKa BapuadeTbHOCTH HCCIeAYEMBIX CTPYKTYP nocJie HH(y3noHHO#H Harpy3sku 1000 mu 0,9%

pacTBOpa XJIOPUAA HATPH.

Table 4. Assessment of the variability of the studied structures after the infusion of 1000 ml of 0.9% sodium chlo-

ride solution.

Muscle

Change

in muscle size, mm

in the thickness of subcutaneous fat over muscle, %

Before infusion*  After infusion* P** Before infusion*  After infusion* P**

m. sternocleidomastoideus, n=44 6.6 7.1 0.207 2.2 2.4 0.127
(5.4;0.9) (5.7;9.5) (1.8;3.0) (2.0; 3.3)

m. deltoideus, n=50 8.2 8.4 0.553 3.2 3.3 0.746
(6.0; 10.6) (6.1; 10.8) (2.4;4.2) (2.4;4.3)

m. biceps brachii, n=44 18.4 19.9 0.001 7.2 8.1 0.002
(16.1; 22.0) (17.4; 23.8) (6.4; 8.8) (7.2;9.9)

m. rectus femoris, n=48 13.2 15.7 0.000 7.0 8.3 0.000
(12.0; 18.9) (13.4; 21.2) (6.0; 9.5) (7.1; 11.2)

m. tibialis anterior, n=50 20.5 20.9 0.485 6.8 7.0 0.446
(18.6; 22.0) (19.0; 22.4) (6.2;7.3) (6.4;7.6)

Note. * — data are presented as Me (Q1;Q3). ** — Wilcoxon signed-rank test.

IIpumeuanue. Change — naMeHeHue; in muscle size — paamep

a Mo in the thickness of subcutaneous fat on muscle — toJ-

LIMHBI [TOJKOKHO-KUPOBOH KJIeTYaTKU Hal Mblieit; before/after infusion — no/mocse nungysun. * — data are presented as Me
(Q1;Q3), mannsble npeacraseHbl kak Me (Q1;Q3). ** — Wilcoxon signed-rank test — kpuTepuii 3HaKOBbIX PAHI'OB YUJIKOKCOHA.

JIpyrue Mbinsl [17, 18]. OTHO3HAYHBIX pEKOMEH-
Jauii o yIbTPa3BYKOBOM OlleHKe HyTPUIIMOH-
HOTO CTaTyca IalieHTa He CYIIleCTBYeT, TOCKOJIb-
Ky BapuabeJbHOCTh MOJYYEHHBIX Pe3yJbTaToB
JIOBOJIBHO BBICOKA. B paAme ucciaemoBaHuil u
0030pOB PEKOMEHIYIOT HaKallJIMBaTh JIaHHBIE,
BbIOMpaTh enuHble MeToguku [14, 19, 20].
CpaBHUTEJIBHBIX UCCJIEIOBAHN, COTIOCTABJIAIO-
mux 3 PERTUBHOCTH YABTPA3BYKOBOU OI[€HKH
Pa3JIMYHBIX MBIIII], HAMU HAaHJeHO He ObLIIO.

[TosrydyeHHbIE MaHHBIE BBISIBUJIN, YTO HAaubO-
Jiee TOCTYITHBIMU MBIIIIIAMU JJI51 UCCIeJOBAaHUS Y
naruenToB B OPUT sasjsiiorcss m. deltoideus u m.
tibialis anterior, caMOli TPYOTHOZOCTYITHOU — M.
sternocleidomastoideus. TpynHOCTH JOCTYTIa OBITN
06ycJI0BJIEeHB] HATMYMEM TPAXeoCTOMBI, IIOBSI30K
BOKpYT Hee U JIEeHTHI (DUKCaIH.

Basxknble (pakTOpbI MPOBOAUMOI UHTEHCUB-
Hol Tepanuu B OPUT, koTopble okasaau BIUsSHIE
Ha Bapuabe/IbHOCTh pas3MepoB MBIIII — 3TO
IIOBOPOT MalMeHTa M MH(PY3NOHHAs Harpyska.
Jl1s mpoUIaKTUKY IpoJIeskHeN maIfieHThl AJI1-
TeJIJbHOEe BpeMs HaXOJWJINCh B IOJIOKEHUH Ha
OOKY, ITI03TOMY ONTHUMAJIbHBIMHU JJIs UCCJIEeJ0Ba-
HUA ABJIAIOTCA Te MBIIIeYHble CTPYKTYpPBI, Ha
KOTOpble TO3WIIMOHMPOBAaHUE He OKa3bIBaeT
CBOETO BJIUAHMSA U1K OKa3bIBaeT B MUHUMAaJIbHOHU
crerieHd. TaKUMHU MBIIIIAMA CcTadud m. tibialis
anterioru m. deltoideus. Beicokas cTeneHb Bapua-

Important factors of ICU treatment which af-
fected the variability of muscle size were the pa-
tient's rotation and the intravenous load. In order
to prevent bedsores, the patients were placed in a
decubitus position, so the optimal muscle land-
marks for examination are those those which are
minimally affected by changing the patient posi-
tion. These include m. tibialis anterior and m. del-
toideus. High variability in m. biceps brachiiand m.
rectus femoris size was caused by the «slipping» of
muscles from the underlying bone, especially when
musclular dystrophy was present. The intravenous
load also altered the size of muscles, particularly m.
rectus femoris. In this muscle, in addition to
changes in size, a decrease in echogenicity was vi-
sualized, which indicated the accumulation of fluid
in muscle tissue.

Conclusion

The study results showed that m. deltoideus
and m. tibialis anterior are optimal for ultrasound
assessment of the nutritional status in long-stay
ICU patients. These muscles were almost always
available for visualisation and less affected by pa-
tient positioning and infusion therapy. Intravenous
fluid infusion increased the variability of subcuta-
neous fat thickness, therefore, it is reasonable to
limit the assessment of the patient's nutritional sta-
tus to the examination of muscles only.

OesibHOCTH pa3MepoB m. biceps brachiiu m. rectus
femoris 6b171a 00yC/IOB/IEHA «COCKATB3bIBAHUEM»
MBIIIII ¢ KOCTHO! OCHOBBI, 0COOEHHO Ha (poHe
pasBuTusa gucrpodun MbimI. VHy3noHHas
HarpysKka Takske IPUBOINIIA K U3SMEHEHUIO Pa3Me-
pa MBIIIII, 0COOEHHO IIPH UCCIIEJOBAHUH 1. TeCtus
femoris. B aToii MblIIe KpoMe N3MEHEHN pa3Me-
pa BU3YaIM3WpPOBAIN CHU)KEHHUE 9XOT€HHOCTH,
YTO CBUJETEJILCTBOBAJIO O HAKOIJIEHUH KUIKO-
CTU B MBIIIIEYHOU TKAHMU.

3akJrouenue

PeaysibraThel nccaenoBaHuA I0Ka3aau, YTO
m. deltoideus n m. tibialis anterior ABJSIOTCA
ONTUMAJIbHBIMUA MBIIIIAMU JJIS YJIBTPa3ByKO-
BOH OIlEHKY HyTPUIIMOHHOTO CTaTyca y MalyeH-
TOB, HAXOIAIIUXCA HA OJUTEJbHOM JIEUeHUU B
OPUT. 3Tu MBIIIIBI TPAKTUYECKU BCETIa OBLIN
JOCTYIHBI 1Jis BU3yajau3aluy, Ha HUX B MeHb-
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el CTelmeHn OKa3bIBAIOT BJAUSHUE IIO3UITMOHMU -
POBaHUE NAallUEHTA 1 IPOBOAMMAs I/IHq)YSI/IOH-
Had Tepanus. BHYTpI/IBEHHOG BBE€OEHHUE KUIKO-
CTHU yBE€JIMNYUBAJO BapI/Ia6eJ'II)HOCTI) TOJIITWUHBI
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Pe3rome

ITesb HcciiefOBaHUA: IOBBICUTD KINHUYECKYIO 9(hpeKTUBHOCTS (paciraabHOM 6JI0KaAbI MBI, BbI-
npsimitstioneit cimey (MBC), mpu 06e360/TMBaHIH TAIIMEHTOB CO MHOKECTBEHHBIMH ITEpeIoMaMu pedep.

Marepuansl 1 MeToabl. Habsrroamy 4-X mariieHTOB C MHOKEeCTBEHHBIMHY IIepeJiIoMaMu pebep, KOTOPbIM
¢ meapio 06e3boBanus KareTepuaupoBaau MBC B (haciiuanbHON IJIOCKOCTH C TTOCJIENYIOIINM IJTUTEhb-
HBIM BBeJIleHHEM MEeCTHOI'0 aHecTeTHKa. [[jis1 oneHKH a9 erTuBHOCTU haciuanbHol 610Kkansl MBC uc-
T0JTb30BAJTH BU3YaJIbHYIO aHAJIOTOBYIO IIKasy (BAIII) oreHKH 6011, TOKa3aTes I IPOAYKTHUBHOCTH KalllJIst
U (popcupoBaHHON KM3HEHHOM eMKOCTHU Jerkux (PHKEJI), MogupuIIMpoBaHHYIO 3-KOMIIOHEHTHYIO IITKAJTY.
PactipocTtpanenue MmectHoro anecreTuka (10% pacTBop JIMJJOKanHA) U KOHTpacTa (pacTBOP IOHUTEKCOJIA,
350 Mr ioga/MJ1) oIpeiesisiiii MeTOI0M KOMITbIOTEPHOH ToMOTrpaduu U CONOCTABJISA/IHN C JAHHBIMU PETUCT-
panuy CHUsKeHUs1 00J1eBOM YyBCTBUTEILHOCTH 10 YPOBHSIM I'PYAHBIX I03BOHKOB.

Pesynbrarsl. [Tocse BeIosTHeHH (pacrmaabHOI 6ytokaasl MBC y mariieHTOB ¢ MHOSKeCTBEHHBIMH ITepe-
JioMaMu pebep OTMEeTH/IN yMeHbITeHne 6oJ1u 1o BAIII B mokoe — Ha 3—-4 6aJ1a 1 IpH Kariie — Ha 3-6 6as11oB,
yBeJIMUeHue IToKa3aTesell IPOAYKTUBHOCTU Kaluisi — Ha 1 6a/mt u MoguUIMpOBaHHON 3-KOMIIOHEHTHOMU
1IKaJbl — Ha 1-3 0asia. OTMeTU M pacnpocTpaHeHre pacTBOpa MeCTHOI'O aHeCTeTHKA [IPEUMYIIeCTBEHHO
B KpaHMAJIbHO-KaygaIbHOM U B IIepeIHeM HallpaBIeHNH K IPOCTPAHCTBY MEsK/Ty II0TTePEeYHBIMUA OTPOCTKAMHU
6e3 BeIpayKeHHOT0 pacTeKaHUA B JIaTepaIbHOM U MeJUaJIbHOM HallpaBJIeHUsIX. Bo Bcex 4 HabJTIONeHNUAX pac-
TBOP MECTHOI'0 aHEeCTeTHKA M KOHTPACTa PACIPOCTPAHUIICS OT KOHYMKA KareTepa B KpaHUAJIbHOM Hallpas-
JIEHU! Ha HECKOJIbKO YPOBHe I'PyJHBIX I03BOHKOB JJaJIbIIle, YeM B KayaJJbHOM HallpaBJIeHUN.

3aksrouenne. PacryanbHag 610kaga MBC y maeHTOB ¢ MHOKECTBEHHBIMU IlepeioMaMu pedep sIB-
JISIETCSI JOCTAaTOYHO 3(h(PEeKTUBHBIM METOAOM 00€300/IMBaHMs1. BBITO/IHEHNE KaTeTepU3anuu (pacuraabHON
miockocti MBC Heo0X0quMO IPOBOIUTE HA YPOBHE ITI03BOHKA, COOTBETCTBYIOIIETO HUSKEJIEKAIIEMY CJIO0-
MaHHOMY pe0Opy. [TosrydyeHHbIe JaHHBIE MOTYT CJIY?KUTh OCHOBAaHHEM JJIsI IIPOBEIeHUST TAJIbHEHIITNX UCCIIe-
JIOBAHWH C BKJIIOYEHNEM OOJIBIIIETO KOJIMYeCTBA TAI[EeHTOB.

Kntoueevte crosa: gacyuanvhas 610kada; MblUYa, 8bINPAMASLIOWAS CNUHY; 00e300ausaHUe; MHOJiCe-
cmeeHHble neperomul pebep

Summary

The aim of the study: to improve the efficacy of erector spinae plane (ESP) fascial block for pain manage-
ment in patients with multiple rib fractures.
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Materials and methods. We observed 4 patients with multiple rib fractures who were treated with ESP
fascial block with subsequent prolonged administration of local anesthetic for pain relief. To evaluate the
efficacy of the ESP block, the visual analogue scale (VAS) for pain intensity, cough performance index and
forced vital capacity (FVC), as well as a modified 3-item scale were used. The distribution of local anesthetic
(10% lidocaine solution) and contrast (iohexol solution, 350 mg iodine/ml) media was analyzed by com-
puted tomography and correlated with the data on reduced pain perception according to the thoracic ver-
tebrae (Th) levels.

Results. After the ESP block in patients with multiple rib fractures, we found a decrease in VAS pain
intensity at rest by 3—4 points and on coughing by 3-6 points, an increase in cough performance by 1
point and in the modified 3-item scale by 1-3 points. The distribution of the local anesthetic solution
was registered mainly in the cranial-caudal and anterior direction to the intertransversal space without
significant leakage in lateral and medial directions. In all 4 cases the local anesthetic and contrast
media spread from the catheter tip cranially several levels of thoracic vertebrae farther than in caudal
direction.

Conclusion. ESP block in patients with multiple rib fractures is a reasonably effective method of pain relief.
Catheterization of the fascial plane of erector spinae muscle should be performed at the level of vertebra cor-
responding to the underlying fractured rib. The data obtained may serve as a basis for further studies with

more patients included.

Keywords: fascial block; erector spinae muscle; analgesia; multiple rib fractures
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BBenenue

B 2016 . @opepo M. c coaBT. BIlepBbIe OI1y0-
JINKOBAJIU JJaHHbIE O IPUMEHEHUY HOBOU METO/ ! -
KU aHAJITe3NHU I'PYIHON KJIEeTKH, JaB el Ha3BaHuUe
«Erector Spine Plane block» [1]. MbI ipeaosxuIu
HCTIO0Jb30BaTh IePEBOJ TAHHOTO TEPMUHA C HEKO-
TOPBIMU JIOTIOJTHEHUSIMH, KOTOPBIA 3BYYUT KaK
«pacuuanabHas 0JI0Kaga MBIIIIBI, BHITIPSIMJISIO-
et ciuay (MBC)». Ha cerogusinmiamii neHb dac-
nuasibHas osokamga MBC mpumeHsieTcst Kak MeTO[
06e360/1MBaHNA He TOJIBKO IPYITHON KJIETKH, HO U
BCETO TYJIOBHUIIIA [2-5]. 9Ta METOIMKA ITOKa3aHa He
TOJIBKO JIJIsI JOCTATO4YHO 3P eKTuBHOr0 00e360-
JINBAHMUSI MAIIUEHTOB CO MHOYKECTBEHHBIMU TIE€pe-
Jomamu pebep [6], HO U Kak aJbTepHATUBA ITUTY-
panbHOH U mapaBepTedbpasbHOM OJI0Kane [7, 8.

B smreparype omucaHbl [IBa OCHOBHBIX
HampaBJeHUs U3y4eHUsI 3TOT0 MeTo/ia 06e300J11-
BaHUs1. Bo-mepBhIX, McCaeayeTcs1 paclpocTpaHe-
HUe KPACHUTEJIsI TT0CJIe BBIOJHEHUS (paciualib-
HO# Osokansl MBC mpu ceKIMu ¥ IO TaHHBIM
MarHUTHO-pe30HaHCcHOU ToMorpaduu (MPT) u
kommbioTepHOl ToMmorpaduu (KT) ¢ konTpacTu-
poBanueM. /laHHbIE TMOJOOHBIX KCCJIETOBAHUN
MIPOTUBOPEYNBLI. OTHU UCCIEN0BATEN OTMEUYAIOT
MIPOXOYKIEHNE PACTBOPA KPACUTEJISI MJIN KOHTpPA-
CTa K BEHTPAJbHBIM BETBSM U KOPEIIKAM CITH-
HaJIbHBIX HEPBOB [1, 9], Torma Kak VBaHyCUK C
COAaBT. TTOKA3BIBAIOT, YTO PACIIPOCTPAHEHUS Kpa-
CUTEJIsI K BEHTPAJbHBIM BETBSAM CIHHAJIbHBIX
HEpPBOB He npoucxonur [10].

Bo-BTOpBIX, OmeHNBAIOT 3(pdeKThI pacu-
anpHOU OJiokansl MBC c BBemeHueM pacTBopa
MECTHOTO aHECTETUKA U KOHTPACTA, BHIIOJTHEH-
HOU 10 PA3JINYHBIM MMOKA3aHUSIM, C ITOCJIEIYIO-
myM usdydenuem naoubix MPT nom KT [11-13].

MpsI He OOHAPYSKMJIN KaK OMUCAHUHN OIlEHKU

apdertuBHOCTH (hacruanmbHOU 6710KaARI MBC 1m0

Introduction

In 2016, Forero M. et al. first published data on
using a new chest analgesia technique, erector
spinae plane block [1]. We prefer using slightly mod-
ified name for it, which is «erector spinae ESP fascial
block». Currently, the ESP fascial block is used not
only for chest, but also for the other body parts anal-
gesia [2-5]. This technique is indicated for effective
analgesia in multiple rib fractures and as an alterna-
tive to the epidural and paravertebral blocks [7, 8].

Researchers investigating this technique mainly
focus on two aspects. Firstly, the dye distribution
after ES muscle fascial block during dissection and
based on contrast-enhanced MRI and CT has been
studied. The results of research are controversial. Ac-
cording to several reports, the dye or contrast could
spread involving ventral rami and spinal nerve
roots [1, 9], while Ivanusic et al. showed no spread of
dye to the ventral rami of spinal nerves [10].

Secondly, the effects of ESP fascial block with
local anesthetic or contrast injection and subse-
quent study of MRI or CT data have been as-
sessed [11-13].

We could not identify any efficacy assessment
of ESP fascial block using VAS, spirometry parame-
ters and cough performance as well as attempts to
compare the pain intensity and tomographic data
visualizing the spreading of local anesthetic and
contrast after their injection through the prein-
stalled catheter rather than through needle.

Aim of the study: to improve the clinical effi-
cacy of the ESP fascial block for analgesia in pa-
tients with multiple rib fractures.

Materials and Methods

The study was performed in the surgical and CT de-
partments of the Republican scientific center for emer-
gency medical care (Tashkent, Uzbekistan). Four patients
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BU3YaJIbHOH aHaI0roBOH 1ikaJsie (BAIL), mokasare-
JISIM (DyHKIIMU BHEIIHETO AbIXaHUSA U IPOTYKTUB-
HOCTH Kalljisl, TaK U IOIMBITOK COIOCTABJIEHUS
BBIPAKEHHOCTH 00JIH C TOMOTrpadryecKuMHU JaH-
HBIMU BU3YaJIU3al[iU pacCIpPOCTPaHEHNsI MECTHOTO
aHeCTeTHKAa U KOHTPACTA [10CJIe UX BBEJIeHUs uepes
paHee yCTaHOBJIEHHBIH KaTeTep, a He yepes Uny.

[lesp uccie0BaHMUs — MOBBICUTD KIIMHUYE-
CKy1I0 3((HEeKTUBHOCTD (pacimasbHON OJIOKATBI
MBC npu 06e360/1MBaHUY MTAI[IEHTOB C MHOKE-
CTBEHHBIMHU TIepesioMaMu pedep.

MarepuaJ 1 MeTObI

VccnenoBaHue ITpoBesu Ha Oa3e PecrybsmkaH-
CKOT'0 HayYHOI'O LIeHTPa 9KCTPeHHOU MeIUIIMHCKOH I10-
MOIIIY B OIIEPAallMOHHO-aHECTE3NOJI0TUIECKOM OTJeJIe-
HUU ¥ OTJEeJeHUU KOMIILIOTEPHON Tomorpaduu (r.
TarkeHT, Y30eKucTaH). B Hero BRJIIOUHUJIN 4-X Tal[ieH-
TOB (3 My>KUYHHBI, 1 JKEHII[NHA) C OCHOBHBIM JUAarHO30M:
3aKpBITas TpaBMa IPYAHON KJIETKU, MHOKECTBEHHbIEe
TiepeJsIoMbI pebep. Bce marueHThI ObLIH B ICHOM CO3Ha-
HUWU ¥ IaJI1 COIIacue Ha IIPOBeJIeHre TPOJJIEHHOH (ac-
muagbHou 6/o0kansl MBC ¢ mesibio 06e300uBalus u
nocqaenymwoiiee BbinojgHeHue KT rpyniHOH KJeTKU C
KOHTpacTupoBaHueM. O6C/Ie[0BaNN: SKEHIITUHY 53 JIeT
¢ nepesiomamu V-VI-VII pebep ceBa 1o cpegHen mo-
MBIIIIEYHOH JIMHUH CO CMEIeHNEM KOCTHBIX OTIOMKOB
(IT1); mysxkuuny 42 JieT ¢ nepessomamu [I-11I-IV-V pebep
cJieBa 1o TiepeHel MOAMBIIIEYHOW JTUHUU U JIEBOU JI0-
natku ([12); mysxunny 48 ner ¢ nepesomamu II-1V-V
pebep 10 3agHeN TOaAMBIIIeYHON JIMHIH U VI-VII pedep
10 JIOTIATOYHOM JIMHUHU CIIPaBa Co CMEIeHNeM KOCTHBIX
omioMkoB (II3); mykumHy 66 JIeT ¢ mepejgoMamMu
VIII-IX-X pebep cnpaBa Mo CpeaHel MOIMBIIIIEYHOR
JIVHUM CO CMellleHrneM KOCTHBIX OTJIOMKOB (I14).

[Tocsie mocTyn/IeHWA MAallMEHTOB B KJIWHUKY Ha-
3HAYaIM CTaHAApTHOE CHUCTeMHoe o006e3boJsiBaHmeE,
BRJIIOYawInee nHbeKInoHHble HIIBC ¢ KpaTHOCTBIO
npuema oT 2 10 3 pa3 B CyTKHA U HADKOTUYECKUE aHaJl-
TeTUKU TpH 60JISAX CUJIBHONU MHTEHCUBHOCTH. Bo Bcex
cJlydassXx HapKOTUYeCKUU aHAIreTUK He BBOLUJIU 3a 6
YacoB JI0 UJIU B TeUYEHVE BBIITOJTHEHUST OJIOKA/IBL.

VY KaKk[Ioro nanyveHTa B [IepBbIe CYyTKU IIOCTYILIe-
HUSA B YCJIOBUSX ITAJIaThl IPOOYKIEHNs IO CTaH1apT-
HbIM MoHUTOpUHTOM (A]l, Ps, SpO,) B mos10ykeHnU cCuas
BBIIIOJIHSAJINA KaTeTepu3aluio hacuuajibHOU IIJIOCKOCTH
MBC nop yiIsTpa3ByKOBBIM KOHTpoOJIeM. B acentuue-
CKUX YCJIOBUSAX IIOf] MECTHOH aHecTe3uel ¢ YJIBTpas3By-
KOBOH HaBUTanuen KOHYUK Ukl Tyoxu 18G nmonBoauim
K [I0IIepe4HOMY OTPOCTKY, II0CJIe onpeesieHus daciu-
aJIBHOM IJIocKoCcTU Meskay BMC u nonepeyHbIMU OT-
POCTKaMM OTHOBPEMEHHO C BBejieHueM 1-2 M1 Pusuno-
JIOTUYECKOIr0 pactBopa BBopuiau kKarerep 20 G B
KpaHWaJIbHOM HapaBJeHUM Ha 4-5 cM. B kask1oM city-
4Jae KaTeTepru3alnio Ha CTOPOHE ITOBPEKAEHNUA IIPOBO-
WY Ha 3 CM JlaTepaJibHed OT CPeJUHHOM JIMHNY, Ha 1
ToNepeyYHbIi OTPOCTOK BBIIIE UJIM HIDKE, a TaKKe Ha
YpOBHE KpaiHero HIKHEro CJIoMaHHoro pebpa: 11 —
VTh 6; 112 —VTh 5; [13—VTh 8; I14 — VTh 10. Yepes ka-
TeTep BBOIWUJIA PACTBOP B 00beMe 20 MJI, KOTOPBIH CO-
CTOS1JI U3 MECTHOTO aHeCTeTHUKa JimjgokanHa 10% — 2
MJ1, nekcameTra3oHa 0,4% — 1 MJI, KOHTPAaCTHOIO IIperna-
para roHurekcoJa (350 mr ioga/mit) — 3 ma u 0,9% NaCl

(3 males and 1 female) diagnosed with blunt chest
trauma and multiple rib fractures were enrolled. All pa-
tients were fully conscious and gave their consent for a
prolonged ESP fascial block for analgesia and subsequent
contrast-enhanced chest CT. The study participants were
a 53-year-old woman with V-VI-VII rib fractures along
the left midaxillary line with displacement of bone frag-
ments (Ptl); a 42-year-old man with II-ITII-IV-V rib frac-
tures along the left anterior axillary line and left scapular
line (Pt2); a 48-year-old man with III-IV-V rib fractures
along the posterior axillary line and VI-VII rib fractures
along the right scapular line with bone fragments dis-
placement (Pt3); a 66-year-old man with VIII-IX-X rib
fractures along the right midaxillary line with bone frag-
ments displacement (Pt4).

After admission to the clinic, patients were pre-
scribed standard systemic analgesia, including injections
of NSAIDs 2-3 times per day and narcotic analgesics for
severe pain. In all cases, no narcotic analgesics were in-
jected 6 hours before or during the block.

On the first day of admission, each patient in the
post anesthesia care unit with conventional monitoring
(BP, pulse, Sp0O,) underwent catheterization of the fascial
plane of the ES muscle under ultrasonic control in the sit-
ting position. In aseptic conditions, under local anesthe-
sia with ultrasonic guidance, the Tuohy 18G needle tip
was advanced to the transverse process; after the fascial
plane between the ES muscle and transverse process was
determined, a 20 G catheter was introduced for 4-5 cm
cranially simultaneously with the injection of 1-2 ml of
normal saline. In each case, the catheterization on the af-
fected side was performed 3 cm laterally from the mid-
line, 1 transverse process above or below, as well as at the
level of the lowest broken rib: in Pt1 — Th6; Pt2 — Thb5;
Pt3 —Th8; Pt4 — Th10. Twenty ml of mixture containing
local anesthetic lidocaine 10% (2 ml), dexamethasone
0.4% (1 ml), Iohexol contrast media (350 mg iodine/ml,
3ml), and 0.9% NaCl (normal saline) (14 ml) was injected
through the catheter. After completion of all stages of the
study, an elastomeric pump was connected to the
catheter to administer a solution of local lidocaine anes-
thetic 1% (250 ml) at a rate of 5 ml/h for 2 days to ensure
a prolonged anesthesia.

Before and an hour after the block, the subjective
level of pain at rest and on coughing using the VAS, re-
duction of cutaneous pain perception along the scapular
line in the caudal and cranial direction along the respec-
tive vertebrae using pin prick test were assessed.

To study the respiratory parameters before and an
hour after the block, each patient underwent spirometry
with registration of forced vital capacity (FVC) reported
as percentage of predicted values based on patient’s gen-
der, age, height, and weight. FVC was measured using the
CONTEC Spirometer SP10BT portable device in a sitting
position. The changes in modified PIC Score were also
evaluated. The PIC Score integrates VAS scores at rest,
cough performance and maximal inspiratory volume
during incentive spirometry. The PIC Score was first in-
troduced into clinical practice at Welspan Clinic, Erk,
Pennsylvania, USA in 2014. Our modified 3-item scale
also included VAS assessment of pain intensity at rest and
cough performance, but the maximal inspiratory volume
was replaced by FVC, which better represents the lung
biomechanical properties. The patients' condition was
assessed over time using the total score combining the
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Knuuudyeckue uccjaeqoBaHud U IMIPpaKTUKaA

Tabsauia 1. Moau@uIupoBaHHasa 3-KOMIIOHEHTHAs IIKaJIa.

Table 1. Modified 3-item score.

Pain VAS, points

Spirometry FVC, points (% of predicted)

Cough performance, points

3* mild 4 (>80) 3 heavy

2** moderate 3 (60-80) 2 mild

1*** strong 2 (40-59) 1 absent
1 (<40)

Note. * — corresponds to VAS 1-4; ** — corresponds to VAS 5-7; *** — corresponds to VAS 8-10.

IIpumeuanwue. /{51 TabJ1. 1, 2: VAS — BAIIL FVC — DIKEJT; points — 6aib; cough — karess; performance — IpogyKTHBHOCTD
Kanuist; pain — 60J1b; of predicted — ot nospxHOr0; Mild — cmabas; moderate — cpeguss; strong/heavy — cusibHasi/ -blif; absent —
orcyTcTBYeT. * — coorBercTByeT BAIII 1-4; ** — coorercrByeT BAIII 5-7; *** — coorBercTyer BAIII 8-10.

(¢pusuosnoruyeckoro pacrsopa) — 14 mit. [Tociie 3aBep-
LIeHUs BCeX 9TAIllOB UCCJIeJOBAaHUSA U1l IPOJJIEHHOIO
00e300TMBAHMS K KaTeTePy MOIKJIIOYATN 3JTACTOMED-
HYIO [IOMIIYy JJIs1 BBEJIeHUsI pACTBOPA MECTHOI'O aHeCTe-
THKa JIMAoKanHa 1% — 250 MJI CO CKOPOCTBIO 5 MJ1/4 B
TeYEeHUE 2-X CyTOK.

J1lo BBINIOJIHEHU I U Yepe3 Yac I10CJIe BBIOJIHEHU
6JI0KaJBI y TAIMEHTOB OI[eHUBAJIN CyObEKTUBHBIHA ypPO-
BeHb 600sn 1o BAIIl B moKoe ¥ IIpH KaIljie, ¥ CTeNeHb
CHIKEHUS KOSKHOHM 60JIEBOH YyBCTBUTETBHOCTH T10 JIO-
HaTOYHOM JIUHUU B KayJla/JIJbHOM U KpaHUAJIbHOM Ha-
npaBJ/JI€HUHU BOOJb COOTBETCTBYIOINUX ITIO3BOHKOB, I10-
CcpeacTBOM OyJIaBOYHOTO YKOJIA.

Jl1s1 m3y4eHus1 OMOMEXaHUKY BHETITHETO JIbIXaHU ST
JI0 ¥ 4epes 4yac IocJjIe IPOoBeieHN OJI0KAIbI KasKIOMY
60JIbHOMY BBITIOJTHSAJIV CIIIPOMETPHIO C perucTparen
dopcupoBaHHOI 5KU3HEHHOU eMKOCTH JieTKuX (PIKEJ)
B IIPOIIEHTHOM OTHOIIIEHHH OT TOJLKHOMH JIJIs IT0J1a, BO3-
pacra, pocra 1 Beca nanuenra. liamepenne ®KEJI npo-
BOJWJIM HAa NOpTaTuBHOM anmnapare ¢pupmsl «CONTEC»
Spirometer SP10BT B cuassuem nosioskeHnu. OrieHUBaIN
Tak’Ke TUHAMUKY IOKasaTesell Moau(pUIIPOBaHHOHN
"amu mkasbel PIC Score. IlIkana — PIC Score — nnTer-
pupyet nokasaresu 6a17108 BAII B TOKO€, TPOIYKTHB-
HOCTB KaIjIAd ¥ 00'beM MaKCHMaJILHOTO BJI0Xa C IpHMe-
HeHHEM arnmnapara JjIs Ho0yIUTeJbHONH CIHPOMETPHH.
Bnepsroie PIC Score 6pL1a BHeIpeHAa B KIUHUYECKYIO
NPaKTUKY B KJIWHUKe Besicnan, Epk, [lencunbBanus,
CHIA B 2014 r. MoguduupoBaHHasA HaMU 3-KOMIIO-
HeHTHas IIKaJjla TaKKe BKJIIOYAaeT B ce0A OI[eHKY 00/IH
1o BAIII B mokoe ¥ NpOAYKTUBHOCTH KallljIA, HO BMECTO
0o6beMa MaKCHMaIBLHOTO BJ0Xa, B HeH IIpeJcTaBIeHa
®IFKEJ], Tak Kak 3TOT IOKa3aTesb IIOJIHEE OTpakaeT
6momexaHHKY JierTkuX. COCTOsIHHE TaIfieHTa B JUHa-
MHKe OIIeHUBAJIU IT0 CyMMe 0aJIITOB 3-X OJIOKOB ITOKa3a-
TeJieil. Pa3MepHOCTD ITKaJIbI BapbupyeT oT 3 10 10 6ast-
JIOB, iprdeM 10 OaJIJTOB SIBJISIETCS IIeJIeBbIM 3HAUEHEM
U1 maruenTa (taoJr. 1).

11 u3y4eHus pacnpocTpaHeHusI MECTHOTO aHe-
creTka B (acnmanabHON mitockoctu MBC uepes 30
MHHYT IIOCJIe BBEJ€HHUsI PAaCTBOpa KOHTPACTa U MeCT-
HOTO aHecTeTHKa O0JILHOMY BBITIOJTHAIN MYJIBTHCTAN-
cuyo KT rpygHO# KjIeTKM Ha ammapare Siemens So-
matom Perspective B cnpaIbHOM peKUMe C ITUPUHON
cpesa 2 MM U NOC/IeqyIome MyJIbTUIIIaHapHOU B 3D
PEKOHCTPYKIMEH. AHATIN3 PACIIPOCTPaHeHUs pacTBOpa
KOHTpacTa ¥ MECTHOT'O aHeCTeTUuKa nnposoaus Bpad KT
C MHOTOJIETHHUM CTa’keM paboTel. Ha mony4ueHHbIX KT
CKaHaX perUCTPUPOBAIN MAKCUMAIbHOE KayJaJIbHOE U
KpaHUa/bHOE pPacClIpOCTPaHEHUEe PEeHTIreHKOHTPAcCT-
HOT'O pacTBOpa 10 OTHOLIEHUIO K IIO3BOHKAaM BJOJIb
MBC, ormeudasu NpeuMylIeCTBEHHOE HalpaBJICHUE
pacpocTpaHeHusI KOHTPACTHOI'O pacTBOpa. AHAIN3U-

three above-mentioned ones. The score range varied
from 3 to 10 points, with 10 points being the target value
for the patient (Table 1).

To study the spread of local anesthetic in the fascial
plane of the ES muscle 30 minutes after the injection of
contrast media and local anesthetic, the patients under-
went a multislice chest CT scan on Siemens Somatom
Perspective in a spiral mode (slice width 2 mm) and sub-
sequent multiplanar and 3D reconstruction. The analysis
of contrast media and local anesthetic distribution was
performed by an experienced CT specialist. Maximum
caudal and cranial spread of X-ray contrast solution in
relation to vertebrae was registered on the obtained CT
scans along the ES muscle, and the prevailing direction
of contrast media distribution was noted. The distribu-
tion of contrast media and local anesthetic to the space
between transverse processes was also analyzed.

Results and Discussion

In all cases, we noted a decrease in pain inten-
sity by VAS both at rest and on coughing in an hour
after the ESP fascial block (Table 2). None of the pa-
tients required additional narcotics after the block.

Reduction of pain intensity at rest and in
cough after the ESP fascial block was found in other
studies as well. Thus, in one of the first descriptions
of the block made by Hamilton et al. [6], a patient
with multiple rib fractures and numerical rating
score (NRS) of pain 6 out of 10 at rest and 10 out 10
on movements, had these scores reduced to 0 and
1, respectively, after the procedure. Another paper
presented 3 patients with rib fractures who under-
went the ESP fascial block resulting into significant
reduction of pain intensity in the area of fractured
ribs at rest and on movements in all 3 patients [14].
A retrospective cohort study by Adhikari et al. cor-
responding to these data reported 79 patients with
multiple rib fractures who exhibited ESP fascial
block[15]. The authors showed that in the first 3
hours after the block the pain intensity on NRS de-
creased by 39%.

Cough performance improved in all 4 patients
(Table 2). FVC slightly improved only in the first two
cases, in the third case it remained unchanged and
in Pt4 it even slightly decreased. The ambiguous
FVC changes were probably related not only to the
pain impact but also to the altered respiration me-
chanics in general [16, 17]. This suggestion was
confirmed by Adhikari et al., who noted an increase
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TaGsmna 2. /JTuHaMUKa KIMHHYECKUX JaHHBIX Y MAIlHEHTOB C MHOKECTBEHHBIMH IlepeJIoMaMH pedep.
Table 2. Clinical parameters changes in patients with multiple rib fractures.

Parameter Values before and after the ESP fascial block
Pt1 Pt2 Pt3 Pt4
before after1h before afterl1h  before afterlh  before after 1 h

VAS at rest, points 5 1 4 1 3 0 5 2
VAS on coughing, points 10 4 10 6 10 6 8 5
Cough performance, points 1 2 2 3 2 3 2 3
FVC (%) 34 41 40 47 60 60 48 45
3-item score, points 4 7 7 8 8 9 6 8

IIpumeuyanue. Parameter — napamerp; at rest — B 11okoe; on coughing — npu kamine; values before and after the ESP fascial
block — 3Hauenwus 1o u mocsie 6y10KaBI (pacruanbHOM mIockoctu MBC; Pt — maruenT.

pOBaJIU TaK;Ke PaclpocTpaHeHHe PACTBOPa KOHTPACTa
Y MECTHOTO aHEeCTeTHKa B IPOCTPAHCTBO MEXKIY I10-
MepPeYHbIMU OTPOCTKAMIL.

Pe3ynbTaThl M 00CYK/IEHHE

Bo Bcex cay4asx oTMedaau CHUKeHue 6oJte-
BOU MHTeHcUBHOCTHU I10 BAIIl Kak B IIOKOe, Tak U
MIPH KalllJIe Yepe3 yac MocJie BhITOJIHEHUS (aciy-
asnpHON 6s10Kamel MBC (Taba. 2). Hu ogHOMY M3
MTAIFEHTOB ITOCJIe BBITOJTHEHUS OJI0KAIbI HE IIOTPe-
060BaJIOCH BBEIEHMsT HAPKOTUIECKOTO aHAJITETHKA.

YMeHbIlIeHe MHTEHCUBHOM 00JIH B IIOKOE U
MpU Kaliie mocse 6JI0Kambl hacriuaabHOMN MJI0C-
koctu MBC oTM€E4YeHO U B JPYTAX UCCIeJ0BaHUAX.
Tak, B 0JHOM 13 MEPBBIX ONMMCAHUU [aMUJITOHOM C
COaBT. [6] BBIMTOTHEHUs OJIOKAABI haciiuaaIbHON
mrockocti MBC 60JIbHOMY C MHOYKECTBEHHBIMU
nmepesioMaMul pedep U ITOKasaTesIMH OOJIM TI0
11 poBOY PEUTHHTOBOM ITTKaJsIe B TOKoe — 6 13 10
U npu aBuskeHun — 10 u3 10, 0oTMEYEHO CHUYKEHUEe
9TUX IIOKa3aresiel 10 0 1 1, COOTBETCTBEHHO. B npy-
rof cTaThe OMUCAHBI 3 MaleHTa ¢ IepejioMaMu
pebep, KOTOPBIM BBITIOJIHEHA (pacIirabHasT OJI0Ka-
na MBC, nocie KoTopoil y Bcex 3-X MalUeHTOB
OTMETUJIOCh 3HAYUTEJIbHOE CHHKeHHEe 00JIeBOI
WHTEHCUBHOCTH B 00J1acTU TepeoMoB pebep B
NOKOoe U npu nBuskeHUM [14]. C aTUMM TaHHBIMU
COIVIaCyeTcsI pETPOCIEKTUBHOE KOTOPTHOE UCCJIe-
JloBaHMe AIXMKapU U COaBT. [15], I1ie ONMMChIBalOTCA
79 ManyeHTOB C MHOKECTBEHHBIMU TIepejioMaMu
pebep, KOTOPBIM BBITIOJIHAIACE (paciirabHast 0J10-
kanga MBC. ABTopbI NOKasaJiu, 4YTo B IepBbIe 3 yaca
rmocJie 6JI0KaIbl THTEHCUBHOCTD 0O0JIU TT0 1T PO-
BOM peUTUHTOBOH ITKaJIe CHUKaeTcs Ha 39%.

[Tokasaresay MPOLYKTUBHOCTU KallJIs YIyd-
[IaJTNCh Y BCeX 4-X manueHToB (tabdu. 2). ®KEJI
HE3HAYUTEJbHO YJIy4YIllagach TOJIBKO B IIePBBIX
JIBYX CJIy4asiX, B TPeThEM CiIydae — OCTaBajIach Ha
IIpesKHeM YPOBHE, a B UeTBEPTOM — JIayke He3HAUU-
TeJIbHO CHIDKaJJach. HeodeBupHasi OWHAMUKA
®KEJI 6nl71a, BEPOSITHO, CBsI3aHA HE TOJBKO C
60J1€eBHIM KOMIIOHEHTOM, HO ¥ C U3MEHEHHEM MeXa-
HMKH JbIXaHUS B 1leJioM [16, 17]. ITO MHEHHUe oA~
TBEPIKIAETCS UCCaeOBaHueM AIXMKApPHU C COABT.,
KOTOpBI€e y NTal[ieHTOB C MHO>KEeCTBEHHBIMU Ilepe-
JoMamMu pebep OTMedYalOT yBeJW4YeHHE OObeMma
BJIOXa MPY MOOYIUTETHHON CITUPOMETPUH B CPEI-

in inspiration volume by an average of 545 ml (95%
CI, 319, 770 ml) during incentive spirometry in pa-
tients with multiple rib fractures, however, only
after 24 hours and later [15].

The use of scales such as PIC Score or a mod-
ified 3-item scale in practice allows tracking the
changes of patient condition and getting unbiased
treatment results [16-18].

The modified 3-item score of the general pa-
tient assessment, presented in Table 1, indicate
positive clinical changes evident in the first hour
after the ESP fascial block.

In all cases, the chest CT scans showed that the
contrast media and local anesthetic spread not only
in one fascial plane related to the ES muscle. Con-
trast media and local anesthetic were predominantly
deposited in the thickness of ES muscle spreading
alongin cranial and caudal direction without notice-
able lateral and medial leakage (Fig. a). The local
anesthetic also spread anteriorly to the transverse
processes and deposited mainly near the tip of the
catheter, covering from 2 to 5 segments (Fig. b).

There was a trend in association of pattern of
the contrast media and local anesthetic solution
distribution as determined by chest CT with a pain
perception at various vertebral levels (Table 3).

All patients noted a wider range of reduction
in pain perception (yellow zone in Table 3), which
is essential when multiple rib fractures at different
levels are present.

Reduced pin prick pain perception in all four
patients was 2 levels farther than the distribution
area of contrast media and local anesthetic anteri-
orly between transverse processes (comparison of
yellow and green zones in Table 3).

The greater coverage of levels of pain percep-
tion reduction may be due to the time difference
between the two study stages. The CT scan was per-
formed 30 minutes after the contrast media and
local anesthetic injection, and the pain perception
study was done an hour after the solution was in-
troduced. Thus, the spread of local anesthetic in
cranial and caudal directions took an hour.

In the first patient (Pt1), according to the rec-
ommendations of Forero M. et al. [1], we performed
a fascial plane puncture at the level of the thoracic
vertebrae corresponding to the middle of the dam-
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KomneiorepHasa ToMorpadus ¢ KOHTpaCTHPOBaHUEM.
Contrast-enhanced computed tomography.

Note. a— 3D model, yellow arrows show distribution of contrast media and local anesthetic; b— Yellow arrows show distribution
of contrast media and local anesthetic anteriorly into the intertransversal space.
Ipumeuanue. a — 3D MOJe/IMPOBAHUE, YKEJITHIMU CTPEJIKAMH IIOKa3aHO pacipoCcTpaHeHrne pacTBOpa KOHTpPAcTa U MECTHOTO
AHECTeTUKA; b — JKeJIThIMH CTPeJIKaMH ITOKa3aHO PacipoCTpaHeHre pacCTBOpa KOHTPACTA K MECTHOTO aHECTETHKA B IlepeTHEM
HaIPaBJIEHUH K IIPOCTPAHCTBY MESK/Ty ITIOIIEPEYHBIMU OTPOCTKAMU ITO3BOHKOB.

HeM Ha 545 mut ([I1 95%: 319, 770 MJ1), HO TOJIBKO B
0oJ1ee MO3THIE CPOKY, HAYMHAsI C 24 yacos [15].

[IpuMeHeHVEe B JIe4eOHOI TPAKTUKE TaKUX
mkaJ, kak PIC Score nnn mogupuiinpoBaHHON
3-KOMIIOHEHTHOM IIKaJIbl MO3BOJISIET MpPOCe-
IUTHb ,III/IHaMI/IKy COCTOAHUSA IMAaTWUEHTOB 1 06'1)-
€KTUBU3UPOBATH Pe3yJbTaThl JeueHud [16-18].

JdaHHble MOAU(MUIIMPOBAHHOU 3-KoMIIO-
HEHTHOM 0OaJIbHOM IIIKaJIbl OIEHKHM COCTOSHUS
00JILHOTO, TpeICTaBAeHHbIE B Ta0J. 1, YKa3bI-
BAIOT Ha MOJIOKUTEJIbHYIO KJIMHUYECKYIO TUHA-
MHUKY y>Ke B IePBBIN Yac mocJje 6J10Kanb! acou-
aJIbHOM mrockoctu MBC.

Ha KT rpygHoii KjiIeTKu pacTBOp KOHTpacTa
1 MeCTHOT'O aHeCTeTHKA BO BCEX CJIy4asiX pacIipo-
CTpaHsAJICA He TOJBKO B OJHOU (acumanibHOU
IJIOCKOCTU 10 oTHomeHuo kK MBC. boJbmias
4acTh PacTBOpPa KOHTPaACcTa U MECTHOTO aHECTETH-
Ka JIOKaJmm30BaJsack B Toqaie MBC ¢ npeumyie-
CTBEHHBIM pAacCIpOCTPAaHEHUWEM BJO0JIbL JTOHU
MBbININHBI B KpaHI/IaJIbHOM nu Kay,ZIaJ'IBHOM HanpaB-
JieHny, 6e3 BBIPA’KEHHOTO pacTeKaHUs B Jiare-
pajlbHOM U MeIuaJIbHOM HallpaBJIEHUU (PUC. a).
MecTHBIN aHEeCTETUK PaCIPOCTPAHAJCA TaKKe B
nepenHeM HaHpaB.}'IeHI/II/I K nonepequM 0Tp0CT-
KaM U JIOKQJIM30BaJICA IPEUMYIIeCTBEHHO OKOJIO
KOHYMKA KaTeTepa, 3axXxBaTbIBasi IPU 9TOM OT 2 110
5 cerMeHTOB (puc. b).

XapaKTepUCTUKY PaclpoCTPaHeHUsI pacTBO-
pa KOHTpAcTa U MECTHOTO aHECTETHKA I10 TAHHBIM
KT rpygHo# KJIETKU COTIOCTAaBUJ/IU C €T0 BJIUSIHU-

aged ribs and observed predominantly cranial
spread of local anesthetic. Based on these data, we
have decided to place the catheter at the level of the
underlying damaged rib and below in the future.

We noticed that in all 4 cases, the contrast
media of local anesthetic predominantly spread in
the cranial direction from the tip of the catheter
1-2 levels farther than in the caudal direction,
which should be taken into account when per-
forming the catheterization.

The limitation of our case series was the small
sample volume and limited time for the assessment
of clinical efficacy of the ESP fascial block (1 hour).
The short duration of the study might have pre-
vented the identification of significant changes in
respiratory function. To eliminate these limitations,
itis necessary to increase the sample size and mod-
ify the study structure.

Conclusion

The ESP fascial block for the anesthesia of pa-
tients with multiple rib fractures reduces the sever-
ity of pain assessed by VAS at rest and on coughing
by more than 50% and increases the cough per-
formance one hour after the performance, which is
accompanied by an increase in score on a modified
three-item scale despite the lack of FVC changes.

The results of the case series confirm the clin-
ical efficacy of this technique and support further
study of the efficacy of the ESP fascial block in pa-
tients with multiple rib fractures.
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Tabsuna 3. ConocraBiieHHe Pe3yJIbTaTOB AeHCTBHA MECTHOTO aHECTETHKA U KOMIIBIOTEPHOI ToMorpacduu c
KOHTPaCTUPOBAHHEM.

Table 3. Linking between the local anesthetic efficacy and contrast-enhanced CT scan findings.

Level Ptl Pt2 Pt3 Pt4 Level
C6 C6
C7 (o1
Thl Thl
Th2 Th2
Th3 Th3
Th4 Th4
Th5 Th5
Thé Thé
Th7 Th7
Th8 Th8
Th9 Th9
Th10 Th10
Thl1l Thl1l
Th12 Th12

Note. Grey — fractured rib; yellow — reduced pain perception; light blue — distribution of local anesthetic solution in cranial and
caudal direction along the ES muscle; green — distribution of the local anesthetic solution anteriorly between the transverse
processes. x — the level of fascial plane catheterization of the ES muscle; * — placement of the catheter tip.

IIpumeuanue. Level — ypoBeHb; cepblil — IepesioMbl pedep; KeIThIi — yMeHbIIIeHHe 00J1€BOH YyBCTBUTEIHLHOCTH; FOJTy00H —
pacrpocTpaHeHre pacTBOPa MECTHOTO aHECTETHKA B KPAHNATBHOM M KayJaJbHOM HalpaBJieHnH BoJib MBC; 3esieHbIit — pac-
TIPOCTpaHeHre PACTBOPAa MECTHOTO AaHECTeTHKA KIepen MesK Iy IoIepedHbIMI OTPOCTKAMU. X — YPOBEHb KaTeTepHuaarun gac-
nuaabHOH mockocT MBC; * — ypoBeHb pacIoJIosKeHHsI KOHUMKA KaTeTepa.

€M Ha YPOBEHb O0JIEBOI YYBCTBUTEJIHHOCTH TI0
OTHOIIIEHUIO K TO3BOHKaM (TadJ1. 3).

Y Bcex MalMeHTOB OTMETUJU MIUPOKUU
OXBaT CHUKEHHUsI 0O0JIEBOM UyBCTBUTEJIbHOCTHU
(>kesrtasi 30Ha B TA0JI. 3), UTO IMEET CYIIIECTBEHHOE
3HaYeHue TPy O0JTBIIIOM KOJTUYECTBE ITEPETOMOB
pebep Ha pa3/IMYHbBIX YPOBHSIX.

CHuskeHre 60JIEBON YYBCTBUTEJIBHOCTUA K
Oy/1TaBOYHOMY YKOJTY Y BCEX YEThIPEX MallEHTOB Ha
2 yPOBH# IIPEBBIIIAJIO0 YPOBEHDb PaCIPOCTPaHeHUA
KOHTPACTHOTO pacTBOpa MECTHOTO aHECTEeTHUKA B
repegHeM HallpaBJIE€HUU MEJKAY IIOIepevyHbIMU
OTPOCTKaMM (CpaBHEHHUE KEJITOU U 3eJIEHOU 30H B
TaoJI. 3).

Bosbmiuii oxBar ypoBHeW CHUKeHUsI OoJie-
BOI YyBCTBUTEIbHOCTH, BO3MOSKHO, CBsI3aH C Pas-
HHUIIEHl 110 BpeMeHU IPOBeJeHMsl ABYX ITAIOB
ucciaegoBanusa. KT npoBoauin yepe3 30 MUHYT
MOCJIe BBEJIEHUsI pACTBOPA KOHTPACTa U MECTHOTO
aHEeCTEeTUKa, a KOHTPOJIb 00JIEBON YYBCTBUTEJIb-
HOCTU — Yepe3 yac Nocje BBeJleHUsI pacTBopa.
TakuM 00pa3oM, pacIpoOCTpPaHEHHE MEeCTHOIO
aHeCTeTHKa B KpaHWAJbHOM U KayJaJbHOM
HampaBJIEHUSIX MPOAOJIKAIOCH B TeUEHNE Yaca.

Y nepsoro nanuenTa (I11), cormacHo peko-
MeHpgauuAaM Forero M. ¢ coasr. [1], MBI IpoBeJIn
NYHKIUIO (pacuuaabHOU IJIOCKOCTU Ha ypPOBHeE
IPYAHOI0 II03BOHKA COOTBETCTBYIOIIIEIO CeperHe
MIOBPEXKIEHHBIX pedep U MOJAYUYUIU NIpeuMyIe-
CTBEHHOE pacnpoCTpaHeHne MECTHOTO aHECTETH -
Ka B KpaHUAJIbHOM HAllPaBJIE€HUU. YUUTHIBAA 9TU
JaHHbIE, B [OCAENYIONINX CJIy4YasX Mbl pelInIn
yCTaHaBJIMBaTh KaTeTep Ha YPOBHE HU KeJlesKallle-
r'0 ITIOBPESKIEHHOTO pedpa 1 HIKeE.

OTMeTHJIN, YTO BO BCEX 4-X CITyYasiX KOHTPACT-
HBII PacTBOpP MECTHOTO aHECTETHKA MpeuMyIlle-
CTBEHHO PaCIpOCTPAHSJICSI B KpPaHUAIBHOM
HaIlpaBJIEHWH OT KOHYMKA KaTeTepa Ha 1-2 ypoBHSA
JAJIbIIIE, YeM B KayIaIbHOM HalpaBJIEHUH, YTO CJIe-
JIyeT YYUTHIBATh IIPU BBITOJTHEHNY KaTeTepU3allUU.

OrpaHu4eHUEeM BBIIOJHEHHOTO KJIMHHUYE-
CKOTO HaOJIIOJieHusI SBWJINCh MaJiblii 00beM
BBIOOPKHM M OTPaHUYEHNE BPEMEHU OIEHKH KJIH-
Hu4Yeckou apderTrBHOCTU 6710Ka 11 MBC 0THUM
yacoMm. Henmpomo/KUTETbHOCTD MCCJIEI0BAHUS,
BO3MO’KHO, HE TTO3BOJIWJIA BBISIBUTH CYIIIECTBEH-
HBIX U3MEHEHUH (PYHKIIUYM BHEIITHETO JbIXaHUSI.
it ycTpaHeHUWsI TPUBEAEHHBIX OTPaHUYEHUN
HeoOXOIMMO yBeJuYeHue oO0beMa BBIOOPKH U
M3MeHEHNE CTPYKTYPbI UCCIET0BaAHUS.

3akJrouenue

dacnuantbHas 6J1o0kaga MBC ipu 06e360.1u-
BaHUU NAIMEHTOB C MHOYKECTBEHHBIMU TEPEJIO-
Mamu pebep yMeHbIIIAeT BIPA’KEeHHOCTD O0JIH 10
BAIII B mokoe u Ipu Kaiiiie 6oJiee, ueM Ha 50%, u
yBeJIMUNBaeT MPOAYKTUBHOCTD KalllJisl Yepes uyac
TI0CJIe ee BBITIOJTHEHMSI, YTO COIIPOBOKAETCS YBe-
JIMYEHNEM CyMMBbI DAJIJIOB 110 MOAU(UITUPOBAH-
HOUM TPEXKOMIIOHEHTHOU IIIKajie, HeCMOTpPsI Ha
OTCYTCTBUE TUHAMUKU noka3daresneit PIKEJL.

Pe3ynbraThl KJIWHUYECKOTO HaAOJIIOIEHUS
MIOATBEPSKIAIOT KIUHUYECKYIO 3(p(PEeKTUBHOCTH
JaHHOTO MeTOAA U SIBJISAIOTCSI OCHOBAHUEM [JIs
JasbHelIero ndydenusi ahHeKTUBHOCTU (aCIU-
anpHON 6J0Kaabl MBC y manueHTOB ¢ MHOKe-
CTBEHHBIMHU IIepesioMaMu pebep.
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Pe3rome

Bb160p pemnapaTa CTapTOBOM MH(Y3MOHHOH Tepalnuy B paHHeM I0CJIe0NepalliOHHOM ITepuojie aKTya-
JIeH C TIO3UINYU KINHUYEeCKOH 3 (HeKTUBHOCTH, OIpeiesIAoliel TakKe 1 9KOHOMHYECKYIO Iiejiecooopas-
HOCTb KOMILJIeKCa JIe4eOHbIX MepOIPUATHI.

Iess nccaenoBanusA. CpaBHUTEIbHASA OIleHKa CYKIIMHATCOepsKallero pacTsopa u pactsopa 0,9% NaCl
B KauecTBe ITperniapara cTapToBol HH(Y3NOHHOMN Tepaliil B paHHEeM I0C/IeoIepalliOHHOM IIepHuojie y AeTel.

Marepuasbl ¥ MeTObI. [IpoBesi IPOCIeKTHBHOE PaHA0MU3UPOBAHHOE HCCIel0BaHIe METOIOM CJTydaii-
HOI BEIOOPKHU y 43 TAIIEHTOB C olieHKoI 1o ASA II-11I oc/ie MJIaHOBBIX XUPYPIUUeCKUX BMeIaTeIbCTB, JTU-
TeJIbHOCTBIO 1-3 yaca. B 1-1i rpynme «N», (n=23) 1eTu B paHHEM II0CJIe0NepallIOHHOM ITIepuoie (B TeueHue 3 4
TIocJie oTepaliy) MoJy4ain HempepbIBHYI0 nHby3uio pactBopa 0,9% NaCl, Bo 2-it rpymnme «R», (n=20) — uH-
¢dyswuto B peskume 2,3 (1,6; 2,8) CyKIIMHATCOAEPSKAIIUM PacTBOPOM. MeKTPYIIIIOBOE ¥ BHYTPUTPYIIIIOBOE pas-
JIMYMe Ha 3Tallax UCCJIeJOBaHNs OLleHUBAJIM 110 JUHAMUKE BOIHO-3JIEKTPOJIATHOI'O U KACJIO0THO-OCHOBHOIO CO-
crosauA (KOC), ocHOBHOTO oOMeHa 1 3HaueHu! (ha3oBOro yrjla — pacueTHOro HHTerpajlbHOro oKa3aress
COCTOSTHUA MeMOpaH KJIeTOUHBIX CTPYKTYP. JlaHHbIe pernCTPUPOBAJIN Ha 5 aTamax HuccjefloBaHusA: 1 — cpasy
npu nocrymiennd B OPUT (ucxonHble ganHble), 2 — yepes 60 MUHYT, 3 — depes 90 MUHYT, 4 — depes 120 MUHYT,
5 —uepes 180 MUHYT OT MOMeHTa IToCTyIuieHusa B OPUT.

Peaynbrarsl. KOHIIEHTpalys KaJIKA B IIJIa3Me KPOBU 3HAYMMO pasJjindasiach MesK 1y rpylnaMu yepes 60
(p=0,01) u 180 munyT (p=0,04) mocsie Hauata nHGY3U Ipemnaparos. B rpymnie N Ha 2-M aTarne oTMeyaJv CHU-
sKeHUe IoKasaTeJsisd Ha 7%, a B rpynne R yBesnduenue Ha 2,1%, I10 OTHOIIEHUIO K UCXOAHOMY 3Ha4YeHuIo. K
KOHITY UCCJI€JOBaHNU s KOHIIEHTPAIlUA KaJIus CHUKaJIack B rpymnmne N Ha 6,9% u B rpynne R — Ha 6,5%. Bayt-
pUTpynmnoBble pa3jinuns ObLIN 3HAYUMEI B Tpynie N Ha 2-M (p=0,02) u 5-M (p=0,01) aranax. B rpymnmne R Hu
Ha OTHOM 3Talle He BbIABUJIN 3HAYUMBIX PA3JIMUAH OT UCXOAHBIX 3HaUeHM. Bo Bcex ciIy4asx 3HauUeHUs 1o-
KasareJsid HaXOAUJINCH B IIpefiestax ped)epeHCHBIX 3HaueHu . B rpynmne N Ha 2-M sTarne cofepskaHue HaTpUs
JIOCTOBEPHO MOBBIIIAI0CH OT 3HaUeHu! 1-ro aramna Ha 2,1% (p=0,01). B rpynme R Ha 5-M aTamne HabJ/10qa/ 11
3HaUMMoe CHIKeHue conepskanus Cl-Ha 2,7% (p=0,01). lunamuka nokasateseit KOC xapakrepusoBaiach
TeHJeHI1el K CMellIaHHOMY alli{03y Ha 2-M aTalle B 00eHx rpyIiax, oTMevasTi OJUHAKoBOe 3HaUUMOe CHU-
skerne pH Ha 1,3% OT UCXOTHOTO 3HAaYeHUs, a K 5-y aTary — cHIKeHUe pH 661710 60J1ee BBIpasKeHO B TpyIIe
N —mna 1,2% ot ucxonHoro 3HayeHus, B rpymnne R — Ha 0,9%, coorBercTBeHHO (p=0,01). B rpynme N BeiaBuImn
CHIKeHMe 3HaueHUsA (a3oBOro yria Ha 8,6% Ha 2-M aTane U Ha 6% K 5-y aramy ucciaegosanus (p=0,01). B
rpymnne R 3HaUMMBIX pa3/IMuMui B IMHaAMUKe 3Ha4eHUi (ha3oBoro yriia He 0OHapy>KUJIU.
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3axrouenne. CyKIIMHATCOAePsKallii pacTBOP OJIarONpUATHEe BJIUSAET HA BOIHO-3JIeKTPOJIUTHBIN Oa-
Jsarc, KOC mra3aMbl KPOBH, COCTOSTHHE KJIETOYHBIX MeMOpaH B CpaBHeHHUH ¢ pacTBopoM 0,9% NaCl.

Kantoueevte cnoea: ungysuornnas mepanusi; 0,9% NaCl; anecmesusi; demu; cmapmosblii pacmeop; cykyu-
Ham; Peambepun

Kougummkt uarepecos. <000 «HTP D «IT10JIMICAH» He SIBIAIOCH MHAITUATOPOM ITPOBEIEHU S UCCIIET0-
BaHMs U He OKa3bIBAJIO BJAUSHUSA Ha ONIpeie/leHre CTPYKTYpPhbl UCCJ/IeIOBaHM s, aHA/IN3 IOJyYeHHOr0 Mare-
puasa, MHTepIpeTALHIO PE3Y/IBTaTOB U HAIIMCAHUE CTaThH. VcciieroBaHre MpoBeeHo 6e3 CTOpOHHETO (hU-
HAHCOBOTO y‘IaCTI/IH.

Summary

The choice of drug for initial fluid therapy in the early postoperative period is important in terms of clinical
efficacy and cost-effectiveness of the combination treatment.

The aim of the study was to compare the effects of a succinate-containing solution and 0.9% NaCl solution
when used as a drug of initial intravenous fluid therapy in early postoperative period in children.

Materials and methods. A prospective randomized trial was conducted with participation of 43 patients having
ASAII-II score after elective surgical interventions with a duration of 1-3 hours. In Group I («N») (7=23) the patients
received continuous infusion of 0.9% NaCl solution in the early postoperative period (within 3 hours after the oper-
ation), in Group 2 («R») (n=20) continuous infusion of a succinate-containing solution was administered in 2.3 (1.6;
2.8) mode. The inter- and intragroup differences during the study were estimated by the changes of water-electrolyte
and acid-base balance, basal metabolism, and phase angle (estimated integral index of cellular membranes condi-
tion) values. The data were recorded during the 5 stages of the study: 1 —immediately upon ICU admission (baseline),
2 — 60 minutes, 3 — 90 minutes, 4 — 120 minutes, 5 — 180 minutes after the ICU admission.

Results. Significant differences in plasma potassium level between the groups 60 minutes (P=0.01) and 180
minutes (P=0.04) after the initiation of drugs infusion were found. In group N, at the 2nd stage, a 7% decrease in
the potassium level was observed, while in group R, it increased by 2.1% as compared with the baseline. By the
end of the study, potassium level decreased by 6.9% in group N and by 6.5% in group R. The intragroup differences
were significant in Group N at the 27 (P=0.02) and 5" (P=0.01) stages. In group R, no significant differences vs the
baseline were found at any stage. In all cases, the values were within the reference values. In group N, at the 24
stage the sodium concentration increased compared with the 1%t stage by 2.1% (P=0.01). In group R, at the 5" stage,
a significant decrease of Cl- concentration by 2.7% (P=0.01) was observed. The acid-base status showed a trend
towards mixed acidosis at the 27 stage in both groups, with the similarly significant pH reduction by 1.3% vs the
baseline, whereas at 5™ stage the decrease of pH was more significant in Group N (by 1.2% vs the baseline) than
in Group R (by 0.9%) (P=0.01). In group N, the phase angle value was found to decrease by 8.6% at the 2d stage
and by 6% at the 5" stage (P=0.01). In group R no significant differences in the phase angle values were found.

Conclusion. The succinate-containing solution has more favorable effect on the water-electrolyte and
blood acid-base balance, as well as the state of cell membranes compared with the 0.9% NaCl solution.

Keywords: anesthesia; children; initial solution; succinate; 0.9% NaCl; fluid therapy; Reamberin
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BBenenue

V¥:ke 60s1ee 200 JIeT B KIMHUYECKOM TPaKTH-
Ke ucnoJib3yercst pactsop 0,9% NaCl, ucropuue-
CKU MEeHYyeMbIH «(pU310JI0OTUUYeCKIM», HO IO CYyTH
TaKOBBIM He ABJIAIOIINICA. 3HAaUNTe/IbHOE YHCJI0
padoT, MOCBAIIEHHBIX €ro IPUMEeHEeHHI0 U Xapak-
TepU3YIOIINUX er0 KauecTBa, CBUAETE/LCTBYIOT O
HEe)KeJIaTeJIbHOCTU MCII0Jb30BaHUsA IIpenapara
BBU/Iy €0 CIIOCOOHOCTHU BBI3bIBAaTh MeTaboJImye-
CKUH anua03 ¥ HapyllaTh reMoCcTa3 Ipu BJIMBa-
Huu 60sbmIX 00HeMoB [1-3]. Tem He MeHee, yTI0-
MUHaHUA O BO3MOKHOCTHU €T0 MCII0JIb30BAHUA B
MH(PY3NOHHOH Tepaluy He OCIIapUBAIOTCA B psifie
KJIMHUYECKUX peKOMeHJalui pas3InyHbIX Ipo-
(peccnoHaIBbHBIX HAIIMOHAJIBHBIX COOOIIECTB [4,
5]. IIpu aTOM CTOPOHHUKM IpUMeHeHUs B UHPY-
3MOHHOH Tepanmuu cOATAHCHPOBAHHBIX PACTBO-
POB IIPEJCTABJ/IAIOT UX IPENMYIIlecTBa Iepejt He
cOaslaHCUPOBAHHBIMH, K KAKOBBIM OTHOCHUTCS U

Introduction

The 0.9% NaCl solution has been used in clini-
cal practice for more than 200 years. Its historical
name (normal saline) suggests its physiological ac-
tion but in fact it is not true. Numerous studies of its
use and characteristics demonstrate such adverse
effects of normal saline such as metabolic acidosis
and impaired hemostasis when administering large
volumes of NaCl [1-3]. Nevertheless, normal saline
is still mentioned as a possible agent for fluid therapy
in several guidelines issued by professional soci-
eties [4, 5]. At the same time, supporters of the use
of balanced solutions in infusion therapy bring for-
ward their advantages over non-balanced ones, in-
cluding 0.9% NaCl, but do not specify which of them
is the drug of choice [2, 6-8]. In particular, there is
sufficient evidence that isotonic intravenous solu-
tions are preferable for maintenance therapy in chil-
dren, and hypotonic solutions can lead to hypona-
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0,9% NaCl, ogHako He Tal0T OJHO3HAYHOI'O OTBETA,
KaKO¥ U3 HUX SIBJISETCS IMperaparoM BeIbopa [2,
6-8]. B yacTHOCTH NMEIOTCA TOCTATOYHbIE JOKa3a-
TEJIbCTBA, YTO B NeINATPUM [IJIA MO IePKUBAIO-
ey Tepanuy npernouYTUTeTbHbI U30TOHUYECKHE
BHYTPHBEHHBIE PACTBOPBI, IOCKOJIBKY I'MIIOTOHU-
4eCKHe MOTYT IIPUBOOMUTH K T'MIIOHATPUEMUU C
COTNYTCTBYIOITMMH HEOJIaronpUsTHBIMU TTOCTIE-
CcTBUAMU [1, 6, 9]. BoJjiee TOro, COBpeMeHHbIE TEXHO-
Jgorum fast track xupypruu, B ToM 4ucse U B JIeT-
CKOMU IIpaKTHKe, [TpelyCMaTpHBaIOT 3HAYNTEJIbHYIO
POJIb AaHECTE3MOJIOTIECKOTO 0OeCTieueH s B PaH-
Hell aKTUBU3alliM M BOCCTAHOBJIEHUH MaIlieHTa
nocJe onepauuu v anecre3uu [10]. B atoM acriekre
CTAaHOBUTCsI 0c000 3HaAUYMMa mpobjaeMa mombopa
IpernaparoB aHeCTe3UU U COMYyTCTBYIOIIEN Tepa-
1Y, K KAKOBON OTHOCUTCSI BBeJleHNe NH(PY31OH-
HBIX PACTBOPOB, MHTPAOTIEPAIIMOHHO U B PAHHUH
TocJIeoTepanoHHbIN eprof. Heobxogumo yuu-
TBIBaTh UX CLIOCOOHOCTH OKa3bIBaTh MUHUMAJIbLHOE
yrHeTamwlllee BJIWAHNE Ha OpPraHbl U CHUCTEMBI,
AKTUBU3WPOBATh BOCCTAHOBJIEHWE YIHETCHHBIX
a"ecre3ueil U onepanueil GyHKIui. B cBasu c
3TUM BO3MOKHOCTb IPMMEHEHHUS B COCTaBe NHY-
3MOHHOH Tepanuu CyKI[MHATCOAEePsKaIIUX IIpena-
paroB, K KOTOPLIM OTHOCUTCSI PeamOepuH, CIToco6-
HBIY, 110 JaHHbIM Masunoi H. K. u coasrop. (2016),
B KaueCTBE 3HEPTrOIIPOTEKTOPA OKa3bIBATh MO3U-
TUBHOE BJWSAHME Ha KJIMHUYECKHH wmcxom [11],
MIPe/CTaBJsAETCA AKTyaIbHOU U 3HAaYUMOU. B apy-
roii paboTe aTH sKke aBTOPBI OTMEYAIOT, 4TO hapMa-
KOJIOTUY€eCKHe CBOMCTBA Mpenapara o3BOoJISIOT
TIOBBICUTH KJIMHUYECKYIO 3(p(PeKTUBHOCTE MeU-
I[IUHCKUX BMENIATeJbCTB W CHU3UTH 3aTPATHI
boJstee, yeM Ha 50%, 3a CYET COKpAIIEHUsI CPOKOB
TOCIUTANIN3AUN, CHUMKEHUSI YaCTOThI OCJIOMKHE-
HU, TOTPEOHOCTH B IOPOTOCTOSIIIINX MeTMKaMeH-
Tax [10]. [TosokuTeTbHOE BIUsTHUE PeambeprHa
Ha aHTUOKCHUIAHTHYIO CUCTEMY, JOCTAaBKYy KHUCJIO-
pojia, peoJioTUYeCKre CBOMCTBA KPOBH, JieTaJb-
HOCTB IIPU PA3JTAYHBIX KPUTUYECKUX COCTOSTHUSX
OTMeYaloT U Ipyrue uccjaenosaresau (13, 14].

Takum 06pasom, mpeCTaBIISIETCS aKTya hb-
HBIM PaCCMOTPETh BO3MOKHOCTh UCITOJIb30BAHU S
CYKIIMHATCO/EpsKaIero pacteopa PeambepuH B
KayecTBe MpenapaTra CTapTOBOW WH(QY3MOHHOU
Tepaluny B paHHEM NOCJIe0NepPaAInOHHOM.

llenp wuccaemoBaHusg — CpaBHUTEJIbHAsA
OLlEHKa CyKIMHATCOJepsKalllero pacTsopa u pac-
TBOpa 0,9% NaCl B kauecTBe mpernapara cCTapTo-
BOI MH(Y3UOHHOH Tepallii B paHHEM I10CJIeolle-
palMoHHOM IIepuoJie Y JeTei.

MarepuaJ 1 MeTObI

[IpoBesn NPpOCIEKTUBHOE PAaHIOMU3UPOBAHHOE
HCCJIeJOBAaHNEe METOJOM CIy4aiHOM BEIOOPKH Y 43 ma-
nueHTOoB (ASA II-1II) mocse NIaHOBBIX XUPYPTUUECKUX
BMeEIIaTe/IbCTB, HAXOAUBIINXCSA B OT/IEJIEHUU peaHnMa-
1y 1 nHTeHcuBHOM Tepanuu (OPUT) PIKB ®TAOY BO

tremia with associated negative consequences [1, 6,
9]. Moreover, current fast-track surgical techniques,
including those used in pediatric practice, envisage
a significant role of anesthesiologic support in early
mobilization and recovery of the patient after sur-
gery and anesthesia [10]. In this respect, the issue of
selection of drugs for anesthesia and related therapy
including fluid infusion during the perioperative pe-
riod becomes particularly important. These drugs
are required to have minimal inhibitory effect on or-
gans and systems, to accelerate the recovery of func-
tions depressed by anesthesia and surgical interven-
tion. According to Mazina N. et al. (2016),
succinate-containing drugs (such as Reamberin)
have energy saving properties, can positively affect
the outcome in clinical setting and may be used as
fluid therapy components [11]. In another paper the
same group of authors point out that the pharmaco-
logical properties of the drug allow to increase the
clinical efficiency of medical interventions and re-
duce costs by more than 50% by reducing the hospi-
tal stay duration, morbidity and the need for expen-
sive medications [10]. Positive effect of Reamberin
on the antioxidant system, oxygen delivery, blood
flow, mortality in various critical conditions was also
reported by other researchers [13, 14].

Therefore, it seems reasonable to consider
using the succinate-containing solution (Ream-
berin) for initial intravenous fluid therapy in early
postoperative period.

Aim of the study. Comparative assessment of
succinate-containing solution and 0.9% NaCl solu-
tion for initial fluid therapy in early postoperative
period in children.

Materials and Methods

Prospective randomized trial was conducted with
participation of 43 patients (ASA II-III) after elective sur-
gical interventions in the intensive care unit (ICU) of the
Republican Children’s Clinical Hospital of the N. I
Pirogov Russian Scientific Research Medical University
of the Russian Ministry of Health during the period of
10.2018 — 07.2019. The operations were performed
under the general combined endotracheal anesthesia.
The induction was carried out with 8-4 vol.% (3.6-1.8
MAC) sevoflurane in 100% oxygen with a flow 8 L/min, 2
ng/kg 0.05% fentanyl intravenously as bolus, rocuronium
0.6 mg/kg with subsequent intubation of the trachea. In
some cases, we performed catheterization of epidural
space at the level of ThX-ThXI with epidural analgesia of
0.5% bolus ropivacaine, 0.3 ml/kg. Anesthesia mainte-
nance during the operation was done with 2.5 vol.%
sevoflurane inhalation in the air-oxygen mixture with O,
content not more than 40%, analgesia was provided by
continuous 0.05% fentanyl intravenous infusion at a dose
of 3 ng/kg/h, or 0.2% ropivacaine, 0.2 ml/kg/h epidurally,
neuromuscular block was induced with intravenous 1%
rocuronium, 0.6 mg/kg/h. All the patients received peri-
operative fluid therapy with Sterofundin crystalloid so-
lution 10-15 ml/kg/h through infusion pump (Infuso-
mat, B. Braun Melsungen AG, Germany).
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PHVMY nwm. H. U. IIuporoBa Munsnpasa Poccum B 11e-
puog ¢ 10.2018 r. mo 07.2019 r. Onepanyy BBITOJIHAIA
1oj1 0011et KOMOMHUPOBAHHOM 9HOTpaxeaabHOU aHe-
CTe3ueil: MHIYKITUIO IPOBOIUIN HHCYDJIsIIe ceBod-
Jypara — 8-4 06.% (3,6-1,8 MAK) B moroke O, 100% 8
ga/muH, ¢erranmiiom 0,05% BHYTpUBEHHO (B/B) 60-
JIIOCHO 2 MKT'/ KT, pOKypoHHeM — 0,6 MI'/KT C TOCJIeyI0-
el MHTyOarel Tpaxen. B psije cayyaeB BBITOTHAIN
KaTreTepusaluio SMUIYPAIbHOTO IIPOCTPAHCTBA Ha
ypoBHe ThX-ThXI ¢ snuaypa/jbHO aHaIre3uel ponu-
BakamHoM — 0,5% 6oJtioc u3 pacuera 0,3 mu/kr. ITom-
JlepskaHue aHeCTe3UU BO BpeMs Ollepalliy: MHIaJIsans
ceBo(urypana — 2,5 00.% B BO3AYIITHO-KUCJIOPOTHOMN
cMmecu nipu O, He 6ostee 40%, aHAITE3WA TOCTOSTHHON
uHpysueil penranuina — 0,05% B peskruMe 3 MKI/KI/4
B/B nym ponnmBakanHa — 0,2% B pesxknme 0,2 MJI/Kr/4 B
aIUIypabHOE IPOCTPAHCTBO, MUOILJIETUsI B/B POKYpO-
HueM — 1% B pesxkuMe 0,6 Mr/Kr/4. Bcem nmanyueHTam
TIPOBOAMJIN ITEPUOIIEPANMOHHYI0 NH(PY3NOHHYIO Tepa-
MU0 KPUCTAJVIOUIHBIM pacTBopoM CTepodyHIUH C pe-
skMoM HHPy3nn 10-15 Mutr/Kr/4 anmapaToM Infusomat
(B. Braun fms English 230 V).

B 1-i1 rpynne «N», (n=23), B paHHeM I10cJeolepa-
I[IMOHHOM Ilepuofie (B TedeHHe 3 4 I10CJIe Oleparun)
JleTH II0Jy4da/iu HellpepblBHYI0 HHPy3umo 0,9% NaCl B
pesxknme 2,9 (2,3; 3,8) Mi1/Kr/4, Bo 2-i rpymnie «Ry», (n=20)
— CYKIIMHATCOfiepsKallero pacrsopa PeambepuH B pe-
skuMme 2,3 (1,6; 2,8) MJI/Kr/4 yepes LieHTpaabHbIA WU
nepudeprdeckuil BeHO3HbIN noctyn. ITo oneHuBae-
MBbIM ITIOKa3areJaM I'PDYIIIbI OBLIM COIIOCTABHUMBI MEXR Iy
co60¥i 1 He UMeJTH CTaTUCTUYEeCKN 3HAYMMBIX Pa3JIv-
YW 3 NCKJIIOYEHEeM 00'beMa U pesKiMa BBeIeHUs 1C-
ciaenyeMbix mpenaparoB B OPUT, uto 661710 06yC/I0B-
JIEHO OrPAHUYEHUSIMU COIVIACHO MHCTPYKLUAM 110 UX
puMeHeHuIo (Tabur. 1).

B ncciieoBaHAM OIEHUBAJIN: OOIIYIO BOJY Opra-
HuaMma (OBO), BHeKIeTOUHYIO KUIKOCTh (BHIK) opra-
HHU3Ma, BHYTPUKJIETOYHYIO sKUIKOCTD (B3K) oprannsma,
(asosslii yrosa (PY) — apKTaHIeHC OTHOLIEHUS peak-
TUBHOI'O U AKTUBHOI'O COIIPOTUBJIEHUA [IJIs1 OIIpeiesIeH-
HOM 4acTOThI TOKa. 3HaueHue PY xapaKkTepus3yeT eM-
KOCTHBIe  CBOHCTBA KJIETOYHBIX MeMOpaH H
SKM3HECIIOCOOHOCTh OMOJIOTMYEeCKUX TKaHel. CumTa-
eTcs, 9TO 4eM BbIlre DV, TeM «Iydlle» COCTOSTHHAE TKa-
Hel. 3HaueHus OV B nuanal3one 5,4-7,8° kiaaccuum-
pyloTCA Kak HOpMaJbHBIE, 4,4-5,4° — IOHUKEHHEIE,
MmeHee 4,49 — Huskue. OleHUBAJAU TaKke OCHOBHOM
o6MmeH (0O0), — ¢ MOMOIIBI0 6MOUMITEAHCHOTO aHAJIH-
3aTopa ABC-02 «MEJJIACC» (Poccus); 3J1€KTPOJIUTHI
kpoBu (K*, Na*, Cl-, Ca?*), KOC ranmijasipHOl KPOBU
(pH, pCO,, pO,, HCO;3, SBE, ABE). Jlanasie KOC kpoBu
AQHAJIN3UPOBAJIH B IKCIIPECC-Ia00PATOPUH, C IOMOIIHIO
razoananusaropos ABL 800 FLEX, GEM Premier 4000
GEM Premier 3500.

OueHnuBaeMble IOKa3aTe/y peruCcTpUpoOBaId Ha 5
aTallax UCCJIelOBaHUA: 1 — cpasy Ipu NOCTYIJIEHUU B
OPUT (ucxonmuble naHHbIE), 2 — Yeped 60 MUHYT, 3 —
yepes 90 MmuHyT, 4 — yepes 120 muHyT, 5 — 4yepes 180
MHHYT OT MOMeHTa nocrynyienus B OPUT.

CraTuCTUYECKYI0 00pabOTKY OCYIIIECTBJISIIIH C FIC-
MOJb30BAHUEM IIPOTPAMMHBIX CpejcTB nakera IBM
SPSS Statistics 23. JlaHHbIe, TOAYUHAIONIAECS 3AKOHY
HOPMAaJIbHOTO paclipejiesieHus], OlleHUBa/Ii Ha OCHOBA-
HuM Tecta lllannpo—Yuiika, mpencTaBuIv B BUJE Cpel-
Hero 3HadyeHus (M) U cTaHIapTHOI'O OTKJIOHEHUA (+0),

In group 1 («N») (n=23) in the early postoperative
period (within 3 hours after surgery) children received a
continuous infusion of 0.9% NacCl 2.9 (2.3; 3.8) ml/kg/h.
In group 2 («R») (n=20) succinate-containing solution
Reamberin was administered at a dose of 2.3 (1.6; 2.8)
ml/kg/h through central or peripheral venous access.
The groups were comparable in the studied parameters
and had no significant differences except for the volume
and mode of administration of the evaluated medica-
tions in ICU due to limitations specified in the instruc-
tions for medical use (Table 1).

The study assessed total body water (TBW), extra-
cellular fluid (EF) of the body, intracellular fluid (IF) of
the body, phase angle (PhA) equal to the arctangent of
the ratio of net reactive current to the resistive current.
The PhA characterizes the capacitive properties of cell
membranes and the viability of biological tissues. It is be-
lieved that the higher the PhA, the «better» the condition
of tissues. PhA values in the range of 5.4-7.8° are consid-
ered normal, 4.4-5.4° are classified as reduced, while
those lower than 4.4° are deemed low. The following pa-
rameters were also evaluated: basal metabolism (BM)
using the ABC-02 «MEDASS» bioimpedance analyzer
(Russia); blood electrolytes (K*, Na*, Cl-, Ca?*), capillary
blood acid-base balance (pH, pCO,, pO,, HCO3, SBE,
ABE). Blood acid-base data were analyzed in a rapid re-
sponse laboratory using ABL 800 FLEX, GEM Premier
4000 and GEM Premier 3500 gas analyzers.

The evaluated parameters were recorded at 5 stages
of the study: 1 — immediately upon ICU admission
(baseline), 2 — 60 minutes, 3 — 90 minutes, 4 — 120 min-
utes, 5— 180 minutes after the admission to ICU.

Statistical analysis was performed using the IBM SPSS
Statistics 23 software package. An assessment of the nor-
mality of data was evaluated using the Shapiro-Wilks’ test,
and at normal distribution of variables data were processed
and presented as averages (M) and standard deviations (+0),
with the assessment of statistical significance of intergroup
differences using Student's t test. If variables were not dis-
tributed normally, data were presented as medians (Me) and
1 and 3 quartiles (Q1; Q3), with subsequent analysis using
non-parametric Wilcoxon's criterion (W-test), or Mann—
Whitney criterion (U-test). The differences were considered
significant at P<0.05.

Results and Discussion

There were significant differences in plasma
potassium level between the groups at the 2nd
(P=0.01) and 5% (P=0.04) stages of the study;, i. e. 60
and 180 minutes after the start of initial solution in-
fusion (Table 2). At the same time, in group N, at
the 2 stage potassium level decreased by 7%, and
in group R it increased by 2.1% vs the baseline. By
the end of the study, though, potassium level de-
creased in group N by 6.9% and in group R by 6.5%.
In group N intragroup differences were significant
at the 2n (P=0.02) and 5" (P=0.01) stages, while in
group R no significant differences from the baseline
were found at any stage. In all cases, the potassium
levels were within the reference values. No signifi-
cant differences in the level of other electrolytes
(Nat, Cl-, Ca*) were registered between the groups.
Nevertheless, in group N at the 2"d stage the level of
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C OLIEHKOH CTAaTUCTUYeCKOH 3HaYMMOCTHU UX Pa3/IMuuil
no t-kpurepuio CrerogentTa (7-Tect). AHaIM3 Henapa-
METPUYECKHUX TaHHBIX, IPEICTaBJIE€HHbIX B BUJE Me-
nuanbl (Me), 1 n 3 kBapTuiieit (Q1; Q3), ocyiecTBasImn
no Kpurepuio Buiakokcona (W-tecT) M KpUTEpHUIO
Maunna-¥Yutau (U-Tect). Pagnuuna npuHUMa/u CTaTy-
CTAYECKU 3HaUYUMbIMU Ipu p<0,05.

Pe3ynbTaThl M 00CYK/IEHHE

KonneHTpanusa kamusa B IJla3Me KPOBU
“MeJia CTaTUCTUYeCKU 3HAYMMble OTVIMYUA MEKITY
rpynmnamu Ha 2-M (p=0,01) u 5-M (p=0,04) sTamax
HhccaenoBanus, T. €. ueped 60 u 180 MuHyT mocse
Hadasa nH(Qy3nH CTapTOBOTO pacTBopa (TadJr. 2).
IIpu saTom B rpymie N Ha 2-M aTare oTMe4YaIyd CHU-
JKeHHe IIoKa3areJss Ha 7%, a B rpynne R — yBe-
JauyeHue Ha 2,1% 110 OTHOILIEHUIO K MUCXOTHOMY
3Ha4eHU10. K KOHIy ucciieqoBaHus KOHIIEHTpa-
Ud KajauAa CHUKaJach B rpymnie N Ha 6,9% u B
rpynne R — Ha 6,5%. OrmeTnau, 4To B rpynne N
BHYTPUTPYIIIIOBBIE PA3JIN4¥sl ObLIM 3HAYUMbBI Ha
2-M (p=0,02) 1 5-M (p=0,01) sTamax, B TO BpeMs Kak
B rpymnne R Hu Ha ogHOM aTane He BBIABUJIYU CTa-
TUCTAYECKU 3HAYUMBbIX PA3JIUUYUU OT MCXOIHBIX
3HaYeHUH. Bo Bcex ciydasx 3HaueHus Iokasare-
JIsl HAaXO/TWJIMCh B IIpeJiesiax pedpepeHCHbIX 3Have-
HUM. KoHIleHTpaIus OCTaJbHBIX OIlEHUBAEMBIX
asiekTposintoB (Na*, Cl-, Ca®*) He ©UMeJia 3HAUUMBIX
pasJin4yuil Ha sTanax uccaeqoBaHUs MesK Iy TPYII-
namu. Tem He MeHee, B rpymre N Ha 2-M 9Tare KOH-
[eHTpalus HaTPUsS 3HAYMMO NOBBINIATIACH OT
3HavyeHu# 1-ro sramna Ha 2,1% (p=0,01), a K KOHITY
HCCJIeJOBAaHUS — yKe He UMeJia C HUM 3HaYUMBbIX
passimuuil. B rpynme R Ha Bcex aTanax ucciaenoBa-
HUS JAaHHBIN IOKA3aTeJ b He UMeJI 3HAaUYUMBbIX pa3-
JIMYUH ¢ ero UCXONHBIMM BeJIMYMHaMU. B rpymnme
R HaO/TI01A/TM 3BHAYMMOE CHUSKEHME COMlep KaHUs
Cl-Ha 2,7% (p<0,05) Ha 5-M aTarne uccjaeg0BaHUA.

OTMedyeHHble W3MEHEHUs KOHIeHTPAalluu
3JIEKTPOJIUTOB B IJIa3Me KPOBU CBUETEIbCTBO-
Ba/sim 0 OoJiee 6JIArONPUATHON AUHAMUKE Psiaa
rokasaresjieli TPU HCIOJb30BAaHUM pPaCTBOpa
PeambepwuHa B cpaBHeHUM ¢ pacTBopoMm 0,9% NaCl.

ITpu o1ieHKe BOTHOTO OajIaHCca 3HAYUMbIX Pas-
JIMYUI MeYKTy TPYIIIIaMy Ha dTalax UCCIe0BAHUS
BRIABIIM (Tabu1. 3). OqHAaKo K 5-y aTamy Ha poHe
nHpysuu pactsopa 0,9% NaCl B rpynnie N oTmeua-
JIY 3HAYMMOe yBeJINYeHNe OT UCXOAHBIX 3HAaUeHU I
OBO —wua3%, Bu/K—na3,4% uBX —na2,7%.B
rpymmne R Takyxe 3Ha4MMO [OBBINIAINCH 3HAYCHUS
OBO —mna 3,6%, BuK —na 3,2% u B’YK — ua 3,8%.

Nunamuka nmokasareseid KOC kpoBu B 00enx
rpyInnax Ha 2-M JTalle XapaKTepru30Bajlach 3HAYM-
MbIM cHUKeHreM pH Ha 1,3% OT UCXOIHBIX 3Ha4e-
Huii (TadJr. 4). K 5-y aramy camykenne pH ot ncxon-
HOT0 3Ha4YeHUsl ObLI0 O0JIee BEIPASKEHO B TPYIIIE
N, yem B rpynme R —na 1,2%, u Ha 0,9%, cooTBeT-
cTBeHHO (p<0,01). pCO, B rpynme N 3HaYNMO yBe-
JUYUBAJIOCH OT MCXOMTHBIX 3HAUEHUH Ha 2-M U 5-M

sodium significantly increased compared with the
values of the 1 stage, by 2.1% (P=0.01), whereas by
the end of the study there were no significant differ-
ences observed. In Group R, at all stages of the
study this parameter did not differ significantly
from the baseline. In Group R there was a signifi-
cant decrease of Cl- level by 2.7% (P<0.05) at the 5®
stage of the study.

The observed changes of electrolyte plasma
levels suggest more favorable changes in some pa-
rameters when using Reamberin solution in com-
parison with 0,9% NaCl solution.

When assessing the water balance, no signifi-
cant differences between the groups were revealed
(Table 3). However, by the 5% stage, a significant in-
crease of TBW by 3%, EF by 3.4%, and IF by 2.7%
from the baseline was observed in the group N. In
group R there was also a significant increase in TBW
by 3,6%, EF by 3,2% and IF by 3,8%.

The changes in acid-base parameters in both
groups at the 24 stage were characterized by a sig-
nificant reduction of pH by 1.3% from the baseline
(Table 4). By the 5" stage the pH reduction vs the
baseline was more prominent in Group N than in
Group R — by 1.2% and by 0.9%, respectively
(P<0.01). pCO, in group N significantly increased
compared with the baseline at the 27 and 5% stages
by 24.6% and 20.7%, respectively, and in group R by
24.4% and 22.4%, respectively, slightly exceeding
the upper limit of reference values. pO, in group N
significantly decreased by 42.4% at the 27 stage and
by 50.8% at the 5" stage. At the same stages, pO, in
group R decreased by 46.5% and 41.5%, respec-
tively. HCOj3, SBE and ABE significantly decreased
in group N vs the baseline: at the 2" stage by 9.3%,
37.8% and 56%, and at the 5" stage by 2.6%, 37.8%
and 26.6%, respectively. Meanwhile, significant
changes of HCOj;, SBE and ABE in R group took
place only at the 24 stage — 10.4%, 52.2% and 64%
respectively, while at the 5% stage the differences
were nonsignificant.

When assessing the state of cell structures in
group N, a significant decrease in PhA was noted
throughout entire study: by 8.6% at the 27 stage
and by 6% at the 5% stage (P=0.01) (Table 5). Al-
though this parameter was within the normal ref-
erence range in those who received 0.9% NaCl so-
lution, there was a significant trend towards lower
values indicating reduced cell membrane capaci-
tive properties and tissue viability. In group R no
significant changes of this parameter from the
baseline were found.

Throughout the entire study, the basal metab-
olism showed no significant inter- and intragroup
differences, P>0.05.

The study found that significant differences
between groups were only seen in plasma potas-
sium levels, which tended to greater decline in chil-
dren who received 0.9% NaCl solution. This can be
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ararax — Ha 24,6 1 Ha 20,7%, COOTBETCTBEHHO, a B
rpynmne R — Ha 24,4 u 22,4% COOTBETCTBEHHO,
HE3HAYUTEJIbHO IIPEBbIIIasi BEPXHIOI I'PAaHUIY
pedepencHbIix 3Hauenuii. pO, B rpynne N 3Hauu-
MO yMEHBIAJIO0Ch Ha 42,4% Ha 2 arane u Ha 50,8%
Ha 5 arane. Ha atux sxe sranax B rpymnne R npo-
ncxonuiao cHukenune pO, Ha 46,5% u Ha 41,5%.,
COOTBETCTBEHHO. B CpaBHEHUM C WCXOIHBIMHU
3HA4YeHUAMU B rpynne N 3HAUYMMO CHIYKAJIUCH
HCO;, SBE u ABE: Ha 2-M atane — Ha 9,3, 37,8 u
56% u Ha 5-M arane — Ha 2,6, 37,8 u 26,6% cooT-
BETCTBEHHO. B TO jke BpemMs 3HaAYNMbIe U3MeHe-
Hus nokasaresneir HCOj;, SBE u ABE B rpynne R
IIPOUCXOAWJIV JINIIb Ha 2-M gTane — 10,4, 52,2 u
64% COOTBETCTBEHHO, a HA 5-M JTalle pa3anyus
OBLJIM CTATUCTUYECKHU HE3HAYNMEI.

IIpu oneHKe COCTOAHUA KIETOYHBIX CTPYK-
Typ B rpynie N OTMeTU/Id 3Ha4UMO€e CHUKEHHE
3HavyeHuss OV Ha MPOTIKEHUU BCEro HabJTIofe-
HuA — Ha 8,6% Ha 2-M arane 1 Ha 6% K 5-y aTany
ucciaenopanus (p=0,01) (tabs. 5). M xoTs aToT
IOKa3aTeJib IIPU UC0JIb30BaHUU pactBopa 0,9%
NaCl HaxoguJcs B Iipefesiax, XapaKTepU3yeMblX,
KaK HOpMaJIbHbIE, OTMEeYeHHOe 3HaYnMoe CMe-
IIleHre ero 3HaYeHUH K 60Jiee HU3KUM ITudpam
YKa3bIBaJIO Ha TEHIEHIIAIO K CHUYKEHUIO eMKOCT-
HBIX CBOHCTB MeMOpPaH KJIETOK U 5KU3HECITOCO0-
HOCTH TKaHell. B rpynne R 3HaunMBbIX U3MeHEeHUN
9TOr0 MoKasaTeJisd OT MCXOIHBLIX 3HAUYeHWH He
00HAPYKRUAH.

IToka3aTeJab OCHOBHOrO OOMeHa Ha BCEM
NIPOTSAKEHUN UCCIENOBAHUA He UMeJ MEeKIPyIl-
IIOBBIX ¥ MEKITAHBIX BHYTPUTPYIIIOBBIX 3HAYM-
MbIX pasauunii, p>0,05.

B xopme umcciemoBaHus yCTAaHOBWJIM, YTO
3HAQYMMBble pas3JIMuYUA ME)KAy CpyIIlaMy IIpo-
ABJISAJNACH TOJABKO B NWHAMUKE KOHIIEHTPAUU
KaJIus B TlJ1a3Me KPOBU, UMEBIIEN TEHIEHITUIO K
CHUIKEHUIO B OOJIbIIEN CTEeTIeHN Y JeTel, KOTo-
pbIM TpuMeHsau pactsop 0,9% NaCl. 3To BrioJsiHe
00'BACHSIETCS OTCYTCTBHEM KaJIVsI B 9TOM Tepe-
JIMBAEMOM IIperapare U ero HaJIn4neM B COCTaBe
pactBopa PeamOepun. B CBSI3U C 9TUM BaskHO
OTMETUTH, YTO MCI0JIb30BAHHBIN pesKUM HUH Y-
37M MIPenaparoB B 00enX rpymnmnax He TPUBOIAI K
W3MEHEHUWI0 KOHIIEHTPAIluU KaJusl 3a MpeJesibl
pedepeHCHBIX 3HAYEeHUH, YTO HEe MOKET OBIThH
rapaHTHPOBAHHO, ecytu pacTBop 0,9% NaCl 6ymeT
BBOJIUTHCsI ObICTpee U B OoJsbIlleM oO0beMe. [1pu
ucnoJib3oBaHuu pactsopa 0,9% NaCl ormeruiu
TaKyKe 3HAUYMMOe NOBBINIeHNe COJlepyKaHUs HaT-
pHYsA B KPOBM Ha BCeX JTAIlaX UCCIeJOBAHUSA, YTO,
BO3MOYKHO, 00yCJIOBJIEHO OOJIBIITUM COEPsKaHU-
eM HaTpusA B JaHHOM IIpenapare 0 CpPaBHEHHUIO C
pactBopoMm Peambepun (154 MMoJab/a u 147,2
MMOJIb/JI, COOTBETCTBEHHO), a TaKsKe OOJIbIIel
CKOpOCTBHIO 1 06 bEMOM BBEIEHUS.

CamxeHne 3HaueHnd PV mociie BBeIeHUSA
pactBopa 0,9 % NaCl, MokeT OBITH CJI€ICTBUEM

easily explained by the absence of potassium in the
intravenous fluid and its presence in the Ream-
berin solution. In this respect, it is important to
note that the infusion regimen used in both groups
did not alter the potassium level beyond the refer-
ence values, which cannot be ensured if the 0.9%
NaCl solution is administered faster and in a larger
volume. In those who received 0.9% NacCl solution,
there was also a significant increase in blood
sodium level at all stages of the study, which may
be due to higher sodium content in this solution in
comparison with Reamberin (154 mmol/l vs 147.2
mmol/l, respectively), as well as to higher rate and
larger volume of infusion.

Reduced PhA after the infusion of 0.9% NacCl
can be caused both by its direct action due to the
disturbed water-electrolyte balance of the cell and
indirect effect due to changes in acidity of the in-
ternal environment.

Although changes in several parameters re-
vealed in patients receiving 0.9% NaCl solution in
comparison with the Reamberin solution do not
provide grounds to refuse from using this prepara-
tion as an initial solution for fluid therapy in the
early postoperative period, they still indicate the
necessity to use it with caution.

Conclusion

When choosing a drug for initial fluid therapy
in the early postoperative period in children, it is
necessary to take into account more favourable ef-
fect of Reamberin succinate-containing solution on
the water-electrolyte and blood acid-base balance,
as well as the state of cell membranes in compari-
son with 0.9% NaCl solution.

KaK ero mpsiMoro Je¥CTBUSA 3a CUET HAPYIIEHUS
BOJHO-3JIEKTPOJIUTHOTO HajaHca KJIETKH, TaK U
OTIOCPEJJOBAaHHOI'O — 3a CUET U3MEHEHHUSI KHUCJIOT-
HOCTY BHYTpPEHHEU CpeJbl.

V3MeHeHUs psifja MOKasareJieli, BbIsIBJIEH-
HBI€e IPY UCII0Ib30BaHuu pactBopa 0,9% NaCl o
CpaBHEHHUIO C pacTBOpoM PeambepuH, XOTh U He
JAIOT OCHOBAHMM OTKa3aTbCsl OT INPUMEHEHWUS
JAHHOTI'O IIperapara B Ka4yecTBe CTapTOBOTO pac-
TBOpa MH(PY3NOHHOH Tepanuy B paHHEM IIOCJIe-
OIEPAalIOHHOM IIepHOJe, BCE K& CBUAETENb-
CTBYIOT O HEOOXOIMMOCTH €TI0 HCII0JIb30BAHUSA C
OCTOPO>KHOCTBIO.

3akJaouenue

IIpu BBIOOpE TIpemapaTa cTapToBON HMHY-
3MOHHOU TEPAINX B pAaHHEM 10CJIE0TIEPAIITOHHOM
TIeproJie y IeTeH CJIeyeT YIECTh, YTO CYKIIMHATCO-
Iepsramiuii pactBop PeamOepun OsaronpusiTHee
BJIMsIET HA BOIHO-3JIEKTPOJIUTHBIN Oamanc, KOC
IUIa3MbI KPOBH, COCTOSTHHE KJIETOYHBIX MeMOpaH
B cpaBHeHUH ¢ pactBopoMm 0,9% NaCl.
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Pe3rome

MaccuBHas muMdopesi IPUBOAUT K TSPKEJIbIM HapyIIeHUsIM (PYHKITUN OPTaHOB U CHCTEM U, BCJIEJICTBUE
ynaJsieHus ¢ iuM@Oi U3 OpraHuaMa >KU3HEeHHO Ba’KHBIX MeTab0JIUTOB, MOKET 3aKOHYUTHCS JIETATBHBIM
HICXOJIOM.

ITesb. [Tokasars KIMHUYECKYIO HEa(P(HEKTUBHOCTH KOHCEPBATUBHON TEPATITHY U TIO3THETO JTUTUPOBAHMUS
JM(aTUYECKOro IPOTOKA IIPH TPOAOJIKUTETHFHON K MACCUBHOH MTOCJIE0NIepaliOHHON TuMdopee.

Peaynsrarhl. Habsionamm 6016HYIO IIOCTIE TUCTATBHON CYOTOTAIBHON PE3EKIINH JKETY/IKA C IJIOCKOCTHON
Ppe3eKIueli MOPKETYI0YHOH Kese3bl, TuMboarcceKnyu D2, npeHrnpoBaHus OPIOITHOH MTOJIOCTH 110 ITOBOIY
HU3KOIU (P (PepeHITNPOBAHHOIO paKka HUKHEH TpeTu kesryaka (T4aNoMo) U TOTaabHOM THCTEPIKTOMUU, Y
KOTOPOI1 uepes 3 JHs [OCJIe Ollepaniy pa3BUIach Hapy)KHasi TuMdopesi yepes qpeHaky B OPIOIITHOM 110J10-
ctu. Boraras skupamu queTa, aHIoIM(paTHYeCKoe BBeleHre TaM3U/IaTa HaTpysi, IPOIIUBaHueE JUMpaTH-
YECKOTO POTOKA He IPUBEJIU K IIPEKPAIIEeHHI0 NCTeYeHHsT TUM(pBI. HecMOTpsI Ha TPOBOAMIMYIO HHTEHCHUHYIO
TEpaNuIo, BKJIIOYasi METObI 9KCTPAKOPIIOPATILHOH I TOKCUKAIIHH, TPOTPECCUPOBAJIN ITPOSIBJIEHUST ITOJIHOP-
raHHOM HEIOCTAaTOYHOCTH U Ha 28-e CYTKU IT0CJIe OTlepauy KOHCTaTUPOBAJIA CMEPTH OOJIBLHOI.

3akrouenue. [loBpeskieHre TUM(aTIHYECKIX COCYIOB U JIMM(OY3JI0B MOKET OCJIOKHUTHCSI MACCUBHOU
JuMdopeel IPH BhISBJIEHUN HCTOYHIKA KOTOPOH HEOOX0UMO KaK CPOYHOE OTIEPATHBHOE BMEIIATEThCTBO,
HaIpaBJIeHHOE Ha OCTAHOBKY JIMM(OPAruy Tak ¥ KOPPEKITHsI TOMEOCTasa C IIeJIbI0 BOCIIOTHEH Y] IOTEPSTH-
HBIX OPTaHHU3MOM MeTabO0JIUTOB U IIPENYIPEsKIeHNUsI JIETATHHOTO UCXO/A.

Kntouesvte croea: ium@popes,; CUHOPOM KANUNLAPHOLU Ymeuku; AUMPBOUUMONEHUSL; 2UNONPOMeUHeMUsL;
aHOoUMPamueckas aum@pocmamuyecrkas mepanusi

Summary

Massive lymphorrhea can cause severe dysfunction of organs and systems and result in death due to loss
of vital metabolites from the body

Aim. To demonstrate low efficacy of conservative therapy and late lymph duct ligation in continuous mas-
sive postoperative lymphorrhea.

Results. We treated a patient with previous subtotal gastric resection with single-plane pancreatic resection,
D2 lymph node dissection, peritoneal draining due to poorly differentiated carcinoma in the lower third of stom-
ach and total hysterectomy who developed external lymphorrhea through peritoneal drainage tubes 3 days after
surgery. A fat-rich diet, endolymphatic sodium etamsylate administration, and lymphatic duct ligation were not
successful in terminating the lymph leakage. Despite the intensive care including extracorporeal detoxification,
the multi-organ failure progressed and on day 28 after the surgery the patient was pronounced dead.

Anpec 1151 KOPPECTIOHAEHIMU: Correspondence to:
ViBan Bacunnesuu fIpema Ivan V. Yarema
E-mail: i_yarema@mail.ru E-mail: i_yarema@mail.ru
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Conclusion. Damage to lymph ducts and lymph nodes can be complicated by massive lymphorrhea. If the
source of lymphorrhea can be identified, an urgent surgical intervention is warranted to stop the lymph leak-
age, as well as the restoration of homeostasis to replenish the lost metabolites and prevent death of the patient.

Keywords: lymphorrhea; capillary leakage syndrome; lymphocytopenia; hypoproteinemia; endolymphatic

therapy to control lymphorrhea

https://doi.org/10.15360/1813-9779-2020-5-37-44

BBenenue

OnepaTuBHOE BMEIIATEJHCTBO HEPEIKO
compoBoOsKIaeTcs auMdopeeii. Meskue KpoBe-
HOCHBIE U JUMpaTuuecKre CoCyabl 0OBIYHO He
JUTUPYIOT UHTPAOIEePalMOHHO, U HEKOTOphbIE
BpeMs IlJIa3dMa KPOBU U JiMM@a BBITEKaeT B
pany. O6'beM mocaeonepanuoHHON TuMpopen
B Pa3JIMYHBIX YCJIOBUAX BAPbUPYET OT HECKOJIb-
KX MUJ/IJIMJIUTPOB OO HECKOJIBKUX JIUTPOB B
CyTKMU. HpI/I CHUCTEMHOM ITOBBIIIEHUU ITPOHUITAE-
MOCTH KaNWJJISPOB B paHHEM IIOCJeollepa-
[IHOHHOM Ileprojie V OOJIbHBIX MOJKET TaKKe
pasBUTHCSA CUHAPOM KaNWJJISPHOHN yTeuKH [1,
2]. 9TOT CUHJAPOM NPOABJAETCA YBEJIUUYECHNAEM
TpaHCHIOpPTAa BHYTPHUCOCYJHUCTOH SKUJKOCTH
Yyepes3 TPAHCIHIOTENNANbHbIE KAHAJIBI KJIETOK
Y MEKIHAO0TeTNaTbHBIE [IIeJTU B TKaHEBBIE IIPO-
CTpaHCTBA, C mocjenyiolell peabcopbiimeit
SKUJIKOCTHU U3 TKaHel opraHuaMa, U 00yc/aaBIu-
BaeT MacCCUBHYIO JIUM¢Opeio — OgHO 13 Hanubo-
Jiee TSPKeJIbIX OCJI0KHEHUH XUPYypPrUYecKOro
BMeEIIIaTe/JIbCTBA B PAaHHEM IIOCJe0IepanuoH-
HOM nepuoje. [Tpu atoM B 6oJiblIelt Mepe cTpa-
JlaeT COCYOUCTBIN 00beM BHEKJIETOYHOTO KU -
KOCTHOTO CEKTOPA, YTO IPUBOJUT K CHI)KEHUIO
ob0bema wnupkyaupymomieir kposu (OLK) u
CONPOBOsKAAETCS NeUIIUTOM KaK IJIa3MaTnye-
CKOTO, Tak U ro0yisspHoro o6seMmoB. OT OLIK
3aBUCHUT CePIeYHBIN BELIOPOC U MUKPOLIUPKYJISI-
51, KOTOpbIe 00eCIeYnBaIOT JOCTABKY KUCJIO-
poaga B TRAaHU U yAaJ/JIEHWE U3 HUX IIPOAYKTOB
obMeHa. C yueToM 3aKOHOMepHOCTeH nepeme-
IeHUsI SKUJKOCTH MESKIY BOTHBIMH IIPOCTPaH-
CTBaMM MOKHO OCYIIECTBJIATH MAaTOT€HETUYEC-
CKyI0 U (papMakKOJOTUIEeCKN O0O0OCHOBAHHYIO
KOPPEKIUIO HApyIIeHu# rugpobananca [3—6].
OpHako, WMH(Y3WMOHHAsT Tepamus, yCTPAHUB
TUII0BOJIEMHUIO U 00€ECIIEYNB I0CTAaBKY KUCJIOPO-
Ia, BO MHOTHX CJy4YasX COIPOBOMKIAETCS
oTeKaM{ 3a CYeT HAKOIJIEHHs >KUIKOCTU B
WHTepPCTUIINH, UTO 3aTPyaHAET U dy3nIo Kuc-
JIOpPOJja U3 COCYIOB K KJIETKAM, a IIPO0JIKAI0-
masicst IuM@opess THAYIHPYeT HOJHOPTaHHYIO
HeJl0CTaTOYHOCTh BCJIE/ICTBHE HAPYIIEHUS IIep-
¢ysuu Tranei [7-10].

ens. Ilokasarh KIMHUYECKYIO Heddek-
THUBHOCTH KOHCepBaTHBHOfI T€palvun 1 MO3AHETO
JIMTUPOBaHUs JUM@aTHYeCcKoro IpoToKa INpHU
MIPOAOJIPKUTE/IBHOM U MacCHBHOM IocJjeolepa-
IMOHHOU UM opee.

Introduction

Surgical interventions are frequently accom-
panied by lymphorrhea. Small blood and lymphatic
vessels usually are not ligated during the surgery,
and often there is some plasma and lymph leakage
from them into the wound. The volume of postop-
erative lymphorrhea, according to various authors,
ranges from a few milliliters to several liters per day.
In systemic increase of capillary permeability dur-
ing early postoperative period, patients may de-
velop capillary leakage syndrome [1, 2]. This syn-
drome is caused by intensive intravascular fluid
transport through transendothelial cellular chan-
nels and interendothelial gaps into tissue spaces,
and then by fluid reabsorption from body tissues,
causing massive lymphorrhea as one of the most
severe surgical complications in early postoperative
period. In the extracellular area, the vascular vol-
ume suffers the most, resulting in a decrease in the
circulating blood volume (CBV) with depleted
plasma and cellular volumes. The cardiac output
and microcirculation ensuring the oxygen supply
to the tissues and the elimination of waste products
depend on the CBV. Understanding the regular pat-
terns of fluid transport between water spaces, one
can implement pathogenetically and pharmaco-
logically valid correction of water balance disorders
[3-6]. However, in many cases, infusion therapy,
which can compensate hypovolemia and ensure
oxygen supply, associate with edema due to excess
interstitial fluid, inhibiting the oxygen diffusion
from vessels to cells. Moreover, the ongoing lymph-
orrhea induces the multi-organ failure due to ab-
normal tissue perfusion [7-10].

Aim. To demonstrate the low clinical efficacy
of conservative therapy and late lymphatic duct lig-
ation in continuous and massive postoperative
lymphorrhea.

Case Report

The patient K., 68 years, was hospitalized on
17/09/2018. On admission, the patient complained
of fatigue and weight loss of 9 kg. In 2015, she un-
derwent a radical mastectomy for left breast cancer
with subsequent hormone treatment with tamox-
ifen. On upper endoscopy performed on
20/08/2018, an ulcerated saucer-shaped mass with
infiltration was found in the antral region; biopsy
confirmed poorly differentiated adenocarcinoma.

Abdominal and pelvic multispiral computed to-
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KanHn4yeckoe HaﬁJIIOI[eHI’Ie

bousbHaga K., 68 jieT, nocrynuiia B craniioHap
17.09.2018 r. ITpu noctynenuu 60/1bHas YKaaoBa-
JIach Ha cJIabOCTh M YMEHBIIIEHE MacChl TeJsia Ha
9 kr. B anamHe3e — pak JIeBOM MOJIOYHOM JKejIe3bl
(paguranbHaag MacTakTOMUA B 2015 roay) c rmocJe-
nyiolie ropMoHOTepanuei TaMoKcugeHoM. J30-
¢aroractpoayonenockonudecku 20.08.2018 r B
AHTPpAJIbBHOM OTOEJEe KeJyJKa BbIABUJ/IU HWH-
(priBTpaTUBHO-A3BEeHHBIE U3MEHEHUS OJIIO/IIE-
BUAHOH (popMBI; 6MOTICHA TOATBEPIMIIA HATUUNE
HU3KOIU(pepeHITNPOBaHHOM aJJleHOKapIIHOMBI.
[Tocpenctsom MCKT opranoB OpIOITHOM TOJIOCTH
" MaJIioro Ta3da C KOHTPpAaCTUPOBAaHUEM BbIABUJIN
KapTHHY y3JI0BOT0 00pa3oBaHUsI aHTPAIBLHOTO OT-
JleJia sKeJsTyJika, KMCTO3HO-COJIMAHOe 0O0pa3oBaHue
MPaBOTO AUYHHUKA U MUOMY MaTKd. JJoOPOBOJIb-
HOoe WH(pOpMHpOBaHHOE comlacue OOJIbHOU Ha
OTIEPAIUIO ITOJTYYHJIU.

OrepaTHBHOE JIeYeHNE TPOBEJIH O] KOMOU-
HUPOBaHHOH 9HAOTpaxeaabHON aHecTe3uel ¢ uc-
MOJIb30BAaHUEM CEBOPAHA, POKYPOHUS, (PeHTaHMIIA
U polMBaKanHa dNuAypajbHo — 16 Mr/4gac. I1pu pe-
BHU3WY OOHAPY>KUJIH OITyX0JIb B aHTPATLHOM OT/IETIE
JKeJIyIKa pa3dMepoM 6X7X8 cM, B MaJIOM Ta3y — yBe-
JIMYEHHYIO 32 CYeT MHOKECTBEHHBIX MUOMAITO3HBIX
y3JIOB Marky W WHTpaJUraMeHTapHO cJjeBa Ha
YPOBHe Iepeliieiika — MHOMAaTO3HbIN y3eJs pa3Me-
pamu 110 14 cM B TuaMeTpe, yXOAAINI TyOOKO B I1a-
paMeTpuil. BeIMOMHUIN JUCTAIBHYIO CyOTOTAJb-
HYIO Pe3EeKITHIO YKeJTYIKa C IVIOCKOCTHOU pe3eKITreit
TIOMIKETYIOYHON sKesie3nl, TuMdpoauccekieit D2;
TOTAIHHYIO TUCTEPIKTOMHUIO C IPUJATKAMH, TPEHH-
poBaHue O6pIoIIHO NoJsiocTH. B 6proiHoi osiocTu
OTHaJIEHHBIX ME€TAaCTAa30B 1 aCIUT HE BbIBAJINJIN.

12-mepcTHasA KUIIKY MOOMIM30BaIN Ha 2 CM
HIOKe TpUBparHUKa. ;Kesyqok — 1o 60JbIIoHi
KpPUBHU3HE J0 HIYKHETO II0JII0CA CeJIE3EHKY, a 110
MaJioli KpUBU3HE — HA 2 CM HUYKE THUIIEBOIA
JleBblIe JKeJTyIOYHbIE COCYbI IEPEBS3AIH B JKEY-
JTIOYHO-TIO/IKETYIOUYHOH CBA3KE IBAYKIBI, KEJTYIOK
OTCEKJIM Ha ypOBHE MOOMJIM3ALNHU U YIIUIN IIPU
noMotu anmnapara YO-90. Ilpu mobunusanuu
ONYXOJIM TPOU3BEJSU TJOCKOCTHYIO PEIEKIUI0
IO/ KEeJIYTOYHOH 5Kejie3bl B 00/1aCTH TOJIOBKU.

[TpoXoAMMOCTE  KEeJIYIO0YHO-KUILIEYHOTO
TpaKTa BOCCTAHOBHUJIX IIYyTEM BBIIIOJHEHUA Tr'a-
CTPOIHTEpPOAHACTOMO3a THIIA Py Mpy IMoMoIy ar-
napara MJKKA, ¢ cepocepOo3HbIMU IIIBAMU, MEXK-
KUIIEYHBIN aHACTOMO3 C(hOPMUPOBATH OOK B OOK
AHTUIICPUCTAJIBTUIECKU MEXaHUYECKUM IIBOM.
[TpoXoAMMOCTh aHACTOMO30B MIPOBEPUJIN HA30-
racTpajbHbIM 30H0M. Tak:ke Ipon3BesH JIUMQO-
TUCCEKIINIO. YIAIUIU TUMPOY3Jbl 12-, 9- 1 7-0i
rpynn. JIpeHask oT MecTa aHacTOMO3a BBIBEJIH B
paBoM nopapebepbe Yepes KOHTpAaIepTypy.

Ha kpyrible MaTOYHbIE 1 BOPOHKOTA30BEIE
CBSI3KHU C 00€UX CTOPOH HATIOKUIU 3KUMBL. O0-

mography (MCT) with contrast enhancement re-
vealed a nodal mass in the antrum, cystic-solid
mass of the right ovary, and uterine myoma. The
patient's informed consent to the operation was
obtained.

Surgical intervention was performed under
combined endotracheal anesthesia with sevoflu-
rane, rocuronium, fentanyl epidural ropivacaine 16
mg/hour. On surgical exploration, a tumor of
6X7x8 cm in the gastric antrum was found,
whereas an enlarged uterus with multiple fibroids
and intraligamental myomatous node up to 14 cm
in diameter located deeply in the parametrium at
the left isthmic level was revealed. The distal subto-
tal gastric resection with single-plane resection of
pancreas, D2 dissection of lymph nodes; total hys-
terectomy with salpingo-oophorectomy, peritoneal
drainage were performed. No fluid in peritoneum,
no evidence of remote metastases or ascites were
found.

The duodenum was mobilized 2 cm below the
pylorus. The stomach was mobilized along the
greater curvature to the lower pole of the spleen,
and along the lesser curvature at 2 cm below the
esophagus. The left gastric vessels were ligated
twice within the gastro-pancreatic ligament, the
stomach was cut off at the level of mobilization and
sutured using the UO-90 suturing apparatus. Dur-
ing the tumor mobilization, a single-plane pancre-
atic head resection was performed.

The gastrointestinal tract patency was re-
stored by constructing gastroenteroanastomosis on
isolated Roux loop using specialized instrument
with sero-serous sutures, side-to-side intestinal
anastomosis was performed with antiperistaltic
mechanical sutures. Anastomosis patency was
checked by a nasogastric tube. D2 lymph node dis-
section was also done. The lymph nodes of groups
12,9 and 7 were removed. The anastomosis site was
drained by a drainage tube exteriorized by a
counter-incision in the right hypochondrium.

The round ligaments of uterus and the in-
fundibulo-pelvic ligaments were clamped on both
sides. The masses were incised and clamped. Plica
ureterica vesicae urinariae was incised and the
bladder descended. The posterior peritoneal leaf
was incised. The sacro-uterine ligaments were
clamped, the masses were intersected, stitched and
ligated. Uterine vessels on both sides were gradu-
ally intersected, stitched and ligated up to the vagi-
nal fornices on both sides. The anterior vaginal
fornix was opened. The uterus with cervix was sep-
arated from the vaginal fornix. The vaginal cuff was
sutured with individual vicryl sutures, and the left-
sided myomatous nodule was enucleated. The in-
traoperative blood loss was 300 ml. The surgical
electrocoagulator was used during the operation.

The early postoperative period was unevent-
ful, the patient was stable, in full consciousness,
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pas3oBaHusA NepeceKIn, IPOILINUIN 1 IlepeBsA3aJIn.
Bckpwuu plica ureterica vesicae urinariae, Mmode-
BOU IIy3BIPh CIYCTUJIN KHU3Y. BCKpbLIN 3aqHUMI
JINCTOK OpromuHBIl. Ha KpecTIioBO-MaTOYHBbIE
CBSI3KM HAJIO)KWJIN 3a)KUMbI, 00pa3oBaHus mepe-
CeKJIY, IPOILINJIN U IlepeBsi3anu. MaTouHbIe CO-
CynbI c 00emX CTOPOH ITOITATHO Ha 3a’KMMax Iepe-
CEeKJIH, IPOIIINJIN U ITlepeBsI3a/Iu 10 BIaraJUIHbIX
CBOJIOB. BCKpBLIN IepenHUU CBOJ BJjarajauiia.
Marky c 11eiiKoi OTCEeKJIM OT CBOAOB BJIaraJjulia.
Kysibrio Baranuia yium/an oTAebHbIMU BUKPU-
JIOBBIMM IIIBAMH, IPOM3BEJIN BBLIYIIIMBAHUE MHUO-
MaTO3HOTO y3J1a cJjieBa. FIHTpaonepanonHas no-
TepA KpoBU coctaBuia 300 mut. [Ipu oriepaTuBHOM
BMeIIaTesIbCTBE UCII0Jb30BaIN XUPYPTUUECKUN
3JIEKTPOKOATYJIATOP.

CocrosiHre 60/IFHON B paHHEM ITOCJIE0TIEPa-
[IMOHHOM IepUOJe OIeHNBAJIU KaK CpeJiHe- TsKe-
Jioe — ObLJIa B CO3HAHUH, TOJIBUKHA, YaCTOTA JbI-
xaHusag — 16 mun’!l, nyabca — 98 MuH'!, A3BIK
BJIQYKHBIH, 'KUBOT He B3/yT, MATKHH, cjerka 6o-
JIe3HEeHHBIH BO BCeX OT/es1ax, CAMITOMOB pa3pa-
SKeHUsI OPIOIIMHBI HET, Ta3bl OTXOUIIH, TUYPE3 —
1,5 a1/cyT, aHaJIM3bl KPOBU U MOYM — B IIpefesiax
pedepeHCHBbIX 3HAaYEeHU .

Uepes 3 gHsA 1ocje ONepaTuBHOIO BMeIa-
TeJIbCTBA BO3HUKJIA HAPY KHAsI IUMQopes: yepes
JIpeHakW B OPIOIIHOH IMoJIoCcTH, 06beMOM 10 3
JI/CcyT, KOTOpasi eskeJHEBHO HapacTaJia v JOCTULVIA
yepes HeJesIo 7,8 J1/cyT. AHaIu3 JuM@sbl U3 npe-
Ha’ka: IIBET MOJIOYHBIH, yAesjibHasl MJOTHOCTH
1010, dopmeHHBIX 371eMeHTOB 8,1X10°/ 11 (mumdo-
uutoB 89,9%, HelitpodusioB 10,9%, MOHOITUTOB
0,2%), ob1mii 6esok 27,1 /g1, ans0ymus 11,1 1/,
npoba PuBasnbra cirabo mosokuresbHas. Ha-
3HAYU/IN UHCYPIIAINIO YBIAKHEHHOTO KUCJIO-
poza c ra3oTOKOM 5 J1/ MUH Yepes JIUIEBYIO MACKY,
4yTO noBeIcKI0 SpO, ¢ 94 no 98%, Havanu uHdpy-
3WOHHas Tepanuio. Ha aTom poHe oT™Medasnu mmo-
JIOSKUTEJIbHYI0 TUHAMUKY AJl: OHO BO3pOCJIO CO
AJ]100/55 MM pT. cT. 70 117/65 MM pT. cT. OgHAKO,
aumdopess Hapactajga 1 27.09.18 1. mocturiaa
obbema 6,5 51/ cyT. Ob11Ie€ coCcTOsTHHIE OOTBHOM IO
Mepe yBeJndeHus1 TUM@open yXyaIanoch.

B KoMIUTEKC JiedeOHBIX Mep Ha3HAYWIU
TIpYeM MUY O0TaTo! KupaMu (CTMBOYHOE MACJIO
50r/cyt, cmerana 150 mut/cyT, cauBku 200 MJI/ CyT,
CryleHHOe MOJIOKO 100 MJI B TeueHue CyTOK). Ha-
3Havasl 9HTEPAIbHBIA IPUEM SKUPOB, PACCUUTHI-
BaJIM Ha TO, YTO SKUPbI U3 KUIIIEYHNKA BCACHIBASICh
U CKaIJIUBASICh B TUM((PATUIECKUX COCYAAX MOTYT
006pas3oBBIBaTh WIOOYIIBI sKUPa B MeCTax JTuMo-
parum 1 TakuM 06pa3oM MPUOCTAHOBUTH JIUM-
¢oucredeHrne U3 MNOBPEKIAEHHBIX JUM@POCOCY-
JoB. OIHAKO KOJUYECTBO BBIJeJsABIIENCA 110
JpeHaKy TUM@bI IIPOJOJI3KATI0 BO3PaCcTaTh U J0-
cTurio 7,8 Ji/cyrt. [lyis moBbIIeHUs CBepThIBae-
MOCTB JIUM(QbI 1 00pa30BaHUS «JIMM(PATHIECKOTO
TpoMOa» B MecTe nedeKrTa CTeHKH Jumdarude-

mobile, respiratory rate 16 min!, pulse 98 min,
tongue wet, abdomen not distended, soft, slightly
tender in all areas, no peritoneal signs were found,
bowel sounds normal, urine output was 1.5 1/day.
Blood and urine tests were normal.

On Day 3 after the operation lymphorrhea from
the draining tube developed, the volume of fluid was
initially up to 3.01/day and later gradually rose to 7.8
l/day within a week’s time. Fluid analysis: milky
color, specific gravity 1010, cells 8.1x10°/1 (lympho-
cytes 89.9%, neutrophils 10.9%, monocytes 0.2%),
total protein 27.1 g/, albumin 11.1 g/, Rivalta test
slightly positive. Humidified oxygen insufflation at 5
l/min through the face mask was started, which in-
creased SpO, from 94% to 98%, infusion therapy was
initiated. Blood pressure improvement was regis-
tered: it increased from 100/55 mm Hg to 117/65
mm Hg. However, the volume of lymphatic leakage
increased, and on 27/09/2018 it was as high as 6.5
1/day. The patient’s condition deteriorated along
with the increase in lymphorrhea.

Food rich in fat (butter 50 g/day, sour cream
150 ml/day, liquid cream 200 ml/day, condensed
milk 100 ml per day) was prescribed. By prescribing
high-fat diet, we expected that fats from the intes-
tines after being absorbed into lymphatic vessels
would accumulate there and form fatty globules and
block the source of lymphorrhea and thus stop the
lymph leakage from damaged lymph vessels. How-
ever, the volume of drained lymph was continuously
increasing and reached 7.8 1/day. To increase lymph
clotting and produce a lymph clot at the site of the
damaged lymphatic vessel, we attempted enhancing
the monocytic-macrophagal pathway of lymph clot-
ting using endolymphatic sodium ethamsylate in-
jection [6, 11, 12].

On 02/10/2018, under local anesthesia with
0.25% novocaine, catheterization of a peripheral
lymphatic vessel was performed on the right foot at
the level of the first and second metatarsal heads.
Endolymphatic injection of 1 ml (125 mg) sodium
ethamsylate every 4 hours through the catheter was
performed for two days.

On 03/10/2018, lymphorrhea decreased to 5.5
l/day. The patient's condition began to improve,
heart rate decreased to 92 min-!, blood pressure in-
creased to 120/75 mm Hg, respiratory rate did not
exceed 16 min-'. Abdominal pain considerably de-
creased, urine output was 4.1 1/day, blood hemo-
globin was 98 g/l, WBC count was 4.4X10%/1,
platelet count was 106X10°/1. Endolymphatic drug
administration was stopped due to clotting of the
collector peripheral lymphatic vessel on the right
foot above the catheter placement site.

On 04/10/2018, lymphorrhea increased again
and reached 7.11/day. The general condition of the pa-
tient worsened: abdominal distension appeared, ten-
derness on palpation increased, bowel sounds were
almost inaudible. Heart rate increased to 112 min-!,
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CKOTO COCyJa, MPUOErT K CTUMYJISIIIUA MOHOIIH -
TapHO-MaKpo@arajbHOTr0 MexaHu3Ma CBepThIBA-
HUA JUMPBI C TOMOMIBIO 9HI0JUMPATUUECKOTO
BBeJeHUA dTamM3usaTa Harpus4 [6, 11, 12].

02.10.2018 1. mog MmecTHOU aHecTe3ueti 0,25%
PacTBOPOM HOBOKaWHAa BBIITOJIHUJIN KaTeTepru3a-
LUIO ITepru(epUIecKoro JJUM@Parudeckoro Cocyaa
Ha IpaBOU CToIle Ha YPOBHE T'OJIOBOK IIEPBOU U
BTOPOM IJIIOCHEBOU KOCTEH 1 yepes KareTep 0Cy-
IIECTBJISIJIN 9HI0IMM(aTHYECKOE BBEJIEHHE ITaM-
3uJjiara Harpud no 1 mir (125 Mr) yepes Kaskable
4 Jaca B Te4eHUe JABYX CYTOK.

03.10.2018 1. 06'beM TUMPOPEN YMEHBIITUIICS
no 5,5 s/cyt. CocrostHHE OOJIBHOHM CTaI0 YITyd-
IIaThCs, YaCTOTA ITyJIbCa COCTaBJIsAIa 92 MUH !, apTe-
pUaIbHOE JaBJieHre BO3pOocCyIo 1o 120/75 MM pT. CT.,
4acToTa JbIXaHUsA He IIpesBblmana 16 Mmunl. boau B
SKABOTE CTaJIA MEHee BhIPAyKeHHBIMU, MOYEBbBIesIe-
HHE COCTaBJsAIOo 4,1 J1/CyT, cogepsKanue reMoryo-
6uHa B KpoBU — 98 T/J1, JIeKoIUTOB — 4,4X10°/ 71,
TpoMbo1uToB — 106X10°/71. [lanbHelIIee BBeIe-
HUe TIperapara MpeKpaTuJiv n3-3a TPOMOMpOBa-
HMS KOJUIEKTOPHOTO nepudepuyeckoro sumMda-
TUYECKOTO cocyna Ha  OpaBOM  crome
MpOKCHUMaJsIbHeN KaTeTepa.

04.10.2018 r. tumdopesi BHOBb CTaJjia Hapac-
Tarh U pocturia obvema 7,1 a/cyr. Cocrosinme
0ONBHOM YXYAIIUIOCH: YBEJIUYHUJICS B 00BeMe
SKUBOT, YCWJINJUCH OO0JW, KUIIEYHbIE IIyMbI
noutu ucuedau. YCC Bo3pociaa go 112 mun?, AJl
cHU3UJIOCH A0 105/60 MM pr cT. [Ipu ¥V 3-ucciaeno-
BaHUU OPIOIITHOH IOJIOCTH B IIPABOM JlaTepPaJib-
HOM KaHaJjie 00Hapy>RuIu 50 MJ1 CBOOOTHOM SKUT -
KOCTH, B MaJIoM Tady — 150 MJI, a B OCTaJIbHBIX
oT/ies1ax OPIOITHOM MOJIOCTH — SKUIKOCTD B BUIIE
TOHKHX MMOJIOCOK. CojepskaHue JIEUKOIIUTOB B
KpPOBH COCTaBJIsLI0 4,1X10°/1, TPOMOOIIUTOB —
108,4X10%/ 1.

J1J151 BBISIBJIEHUSI IPUYMUHBI HAPACTAHUSA JIUM-
dopen u yxyauienus: cocrosiaus 05.10.2018 npo-
BeJIM AYIUIEKCHOE CKaHMPOBaHUe apTepUuasbHOIO
Y IOPTAJIbHOTO KPOBOTOKA IEYEHU: CeTMEHTAapPHbIE
BETBH COOCTBEHHOU MEYEHOYHON apTepuu OKa3a-
JIUCh MPOXOAWMBIMH, OKPAIIMBAJIUCh B PEKNMeE
[IBETHOTO NTOTIIJIEPOBCKOIO KapTUpOBaHus. Han
MapeHxnuMoU JIEBOU 1OJIM JIMHEWHAsA CKOPOCTH
kpoBoToka (JICK) coctaBuia 38 Mm/c, a Hass mapeH-
XUMOU TpaBo¥ moiu — 46 mm/c. CobcTBeHHAsz
Te4YeHO4YHas apTepusi, BODOTHASA BEHA U X CErMeH-
TapHbIe BETBU ObLIN MPOXOAUMBI. APTepPUaATbHBIA
Y HOPTAJILHBIA KPOBOTOK IeYeHN — COXpaHeH. Bo-
poTHaA BeHa uMeJia nuaMmerp 10,8 MM, mpoxoguma,
MMPOCBET TOJHOCTBIO OKPAIIMBAJICA B peKUMe
LIBETHOIO AYIJIEKCHOro KaprtuposaHus (LK),
KpoBOTOK (asubiit, JICK 18-20 cm/c. JlosieBble u
cerMeHTapHbIe BETBU B 00euX J0JIAX IeYeHN He
pactupensr, mpoxoguMebl, JICK mo 10 MM/ c. CobeT-
BEHHas1 ITIe4YeHOYHas1 apTepyus B IIPOEKIINUA BOPOT
MeYeHW MPOXOAXWMa, OKpAallIMBaaCh B peKNMe

blood pressure dropped to 105/60 mm Hg. Abdom-
inal ultrasound showed 50 ml of fluid in the right
flank, 150 ml of fluid in the small pelvis, and traces
of fluid in other regions forming «striped» pattern.
The blood leukocyte count was 4.1X10%/1, platelet
count was 108.4x10%/1.

On 05/10/2018, in order to identify the cause
of increased lymphorrhea and general deteriora-
tion, duplex scan of arterial and portal hepatic
blood flow was performed which showed normal
colour Doppler pattern of segmental branches of the
proper hepatic artery indicating their full patency.
The linear blood flow rate (BFR) was 38 mm/sec over
the left lobe parenchyma and 46 mm/sec over the
right lobe parenchyma. The passage of blood
through the proper hepatic artery, portal vein and
their segmental branches was not compromised. Ar-
terial and portal blood flow of the liver was not dis-
turbed. The portal vein had a diameter of 10.8 mm
and was patent, the color flow was normal by the
color duplex mapping (CDM), BFR was 18-20 cm/s.
The lobar and segmental branches in both liver
lobes were not dilated and patent, BFR up to 10 mm/s.
The proper hepatic artery in the portal area was
patent, its color flow image was normal, BFR was
91 mm/s, RI was 0.75. Segmental branches of the
proper hepatic artery were patent and had normal
color flow image, BFR over the parenchyma of the
left lobe was 38 mm/sec, RI 0.65, over the
parenchyma of the right lobe — 46 mm/sec, R10.57.

The source of lymphorrhea could not be de-
termined. Lymphorrhea continued to increase
through the hepatic drainage tube, reaching
9.2 1/day on 08/10/2018, which prompted the doc-
tors to arrange the magnetic resonance (MR) lym-
phography. Under the US control, 10 ml of Mag-
nevist contrast media was injected into the
superficial inguinal lymph nodes on each side. MR
study was done between the 15" and 45" minutes
after the injection. Damaged interstitial lymphatic
duct at the level of the gastro-hepatic ligament with
retrograde lymph leaking from the thoracic duct
cyst into the peritoneal cavity and fluid accumula-
tion in the subcutaneous tissue were revealed.

On 09/10/2018, the volume of lymph leakage
was 111/day. The multispecialist medical team rec-
ommended relaparotomy, exploration of the lymph
leakage area, radiological imaging, and lymphatic
tract contrast enhanced imaging with 500 ml of fat
emulsion with methylene blue. On 10/10/2018, re-
laparotomy, lymphatic duct ligation, peritoneal
drainage were performed. In the postoperative pe-
riod, the multiorgan failure progressed rapidly with
the signs of cardiovascular, acute renal and respi-
ratory failure.

Hemodiafiltration (CVVHDF) was performed
on 12/10/18.

On 13/10/2018, abdominal ultrasound revealed
free fluid, dilated bowel loops (up to 45-50 mm) with
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LK, JICK 91 mMm/c, RI 0,75. CermeHTapHBIE BETBU
COOCTBEHHOU MTeYEHOYHOH apTepUy MPOXOAUMEL,
OKpaluBaInCh B peskume LI/IK, Han napeHxuMoin
saesoi qosu JICK 38 mm/cek, RI 0,65, Haji mapeHxu-
Mol ripaBoit nosu — JICK 46 mm/cek, RI 0,57. Hc-
TOYHUK JIUM(Open yCTaHOBUTH He yIaJI0Ch.

HapysxHasa smM@opes 110 IpeHasKy, MojaBe-
JEHHOMY II0J IIeY€eHb, IPOAOJIKaIA YBEJIUINBaThCS
1 08.10.2018 r. moctumia 9,2 Ji/CyT, 4TO ABAJIOCH OC-
HOBaHUEM JJIs1 IPOBeIeHUsI MATHUTOPEe30HAHCHOU
(MP) nmumdorpaduu. [lon konTposem Y3U B 110-
BEpPXHOCTHBIE IIaxOBble JUM@paTUUEeCKUe y3JIbl C
Ka)KJ0I CTOPOHBI BBEJIU 110 10 MJI KOHTPACTHOTO
mpemnapara «MaraeBucT». MP-vcciienoBanme BbI-
TIOJTHUJIN B IIPOMEXKYTKE C 15-1 10 45-y10 MUHYTY
II0CJIe BBEeeHNs IIpenapara. BeIABr/IN IpU3HaKy
MIOBPEKIEHNUS NHTEePCTULIMAJIBHOIO JUMpaTnye-
CKOT0 IIPOTOKA HA YPOBHE 3KEJTYI0YHO-ITeYeHOUHON
CBSIBKU C PETPOrpagHbIM 3aTeKaHueM JIUM@bI 13
OUCTEPHBI TPYIHOTO TPOTOKA B OPIOIIHYIO IIO-
JIOCTB; OTMETHJIM CKOILJICHUE KUJKOCTHU B IIOIKOMK-
HOU KJIETYaTKe.

09.10.2018 1. 06'beM JUM(pOpPEN COCTABUI
11 si/cyT. Ex consilium 6p11a pekoMeHT0BaHa pe-
JallapOTOMHUs, PEBU3UA 30HBl HCTEYCHUA
JUMBI, TydyeBass BU3yaausanus, KOHTPacTUPO-
BaHUe JJUM((paTuuecKux yTei BBeleHUEM B 1yO-
JleHaJbHBINA 30HA 40 500 MJI 3KUPOBOY 9SMYJIbCUU
C METUJIEHOBOU CUHBIO.

10.10.2018 r. mpoBeJiv pesianapoTOMUIO, IIPO-
IMBaHUE JUM(PATUIECKOTO IPOTOKA, IPEHNPO-
BaHMe OPIONITHOM MOJIOCTH. B mocsieonepanuoH-
HOM TIlepuofie V OOJIbHOW OTMETHIU OBICTpOE
pasBUTHE U IPOTPECCUPOBAHNE MYJIBTUOPTaHHOU
JUC(HYHKINU: HapacTaHe CUMIITOMOB CeplledHO-
COCyMCTOH, OCTPOU NOYEeUHON U JbIXaTeJbHON
HEJIOCTAaTOYHOCTH.

12.10.18 1. mpoBesin remoguaUABTPAINIO
(CVVHDE).

13.10.2018 r. mpu Y3 opranoB OPIOITHOMN
TIOJIOCTY B HEH OOHAPYKUJIM CBOOOITHYIO KU
KOCTb, pacClllMpeHNe IeTe b KUIIeYHNUKA C YKUI-
KOCTHBIM COAEPKUMBIM 10 45-50 MM, OTCYTCTBUE
NIEPUCTAJBTUKA — IIPU3HAKU [1ape3a KUILIEeYHNKaA.

14.10.2018 r. Cocrosinue OOJILHOM OIlEHU-
BaJIY, KaK KpaiiHe TspKeJsI0€, C OTpUIaTe/IbHOM U -
HaMUKOU. BHyTpuBeHHO BBesn 2410 MJI pasind-
HBIX PacTBOPOB, guype3 cocraBua 350 Mii, IO
JpeHakaM CyMMapHO BbIIean10Cch 700 MJI aKCCy-
pmara IlocToAHHYI0O BEHO-BEHO3HYIO TIeMOJHa-
dunsrpanuuio (ITHBBIJI®) mpoBoaM/Iiz C TOTOKOM
5100 mJj1/9ac, oTpunaTeIbHBIN THAPOOATAHC CO-
CTaBJIAT 3240 MJ1, IIeHTpaJIbHOE BEHO3HOE [1aBJie-
HYEe — 8 CM BOJI. CT., BHYTPUOPIOITHOE TaBJIeHNE —
15 MM pT. CT.

TsoRecTh COCTOSTHHSA TMAaIMeHTKU Oblaa 00-
yCJIOBJIEHA OCHOBHBIM 3a00JIEBaHNEM, MACCUBHOM
aumdopeel, ToJUOPraHHON HEeJI0CTATOYHOCTHIO
(cepIeuyHO-COCYANCTOM, AbIXaTeIbHON, IOUeYHOH,

liquid content, and no peristalsis which indicated
paralytic ileus.

On 14/10/2018, the patient had a severe dete-
rioration despite the intensive care. During the day,
2,410 ml of fluid were infused, the urine output was
350 ml, the total volume of drained exudate was 700
ml. The rate of continuous veno-venous hemodi-
afiltration (CVVHDF) was 5,100 ml/h, the negative
water balance was 3,240 ml, the central venous
pressure was 8 cm H,0O and the intra-abdominal
pressure was 15 mm Hg.

The severity of patient’s condition was due to
the underlying neoplastic disease, massive lymph-
orrhea, multiorgan failure (cardiovascular, respira-
tory, renal, hepatic failure with protein-energy mal-
nutrition) associated with the increasing metabolic
and lactate acidosis, hyperbilirubinemia, hyperhy-
dration combined with hypoalbuminemia, intra-
abdominal hypertension, severe acid-base and
water-electrolyte balance disorders.

A comprehensive intensive treatment in the
surgical ICU was undertaken, including invasive
respiratory support using the Drager device in
SIMV+PS mode and vasopressor infusions, fluid
therapy, antibacterial and organoprotective drugs,
adequate pain relief, prevention of septic, throm-
boembolic complications and stress-induced gas-
trointestinal ulceration, correction of homeostasis
disorders, diuretic medications, intestinal stimula-
tion, clinical and laboratory monitoring, control of
vital functions, general care, as well as CVWHDE

On 14/10/18, at 9:00 p.m., the patient's condi-
tion further deteriorated when atrial fibrillation and
paroxysmal ventricular tachycardia were registered.
At 10:32 a.m., the patient had asystole despite the
continuous vasopressor support, with no palpable
pulse and detectable blood pressure, dilated fixed
pupils and coma. Cardiopulmonary resuscitation
according to the protocol approved by the Russian
Resuscitation Council was unsuccessful.

On 15/10/2018 at 11:05 a.m. the patient was
declared dead.

Discussion

In view of the abundance of abdominal
lymphatic vessels, it must be remembered that
D2 lymph node dissection in gastric resection
surgery may cause lymphorrhea in the early
postoperative period. This clinical example
demonstrates an uncommon case of severe lym-
phorrhea due to a defect in the interstitial lym-
phatic duct with a diameter of 1.8 mm draining
into the subhepatic space. Progression of lymph-
orrhea was also probably due to reduced hydro-
static pressure, while the venular colloidal-os-
motic pressure remained unchanged. The
colloidal-osmotic blood pressure exceeded the
hydrostatic pressure, the resulting vector of pres-

sure balance shifted from the interstitial to the
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TeYeHOYHOH, 6eJIKOBO-3HEPTeTUYECKOI) Ha (poHe
HapacTaHusAg MeTaboTMIeCKOro 1 JIAKTAT-aIia03a,
OMIMpyOMHEMUH, TUTIEPTUAPATAIIAN TUTIOATHOY-
MUHEMWH, UHTPaabgoOMUHATBHON TUTIEPTEH3NH,
BBIPQYKEHHBIX HAPYIIEHUH KUCJIOTHO-OCHOBHOTO
COCTOSTHUSI.

KommnexkcHass MHOIOKOMIIOHEHTHAsI MHTEH-
CHBHas1 TepaIus B yCJIOBUSIX OT/Ie/IeHNs XUpyprude-
CKOU peaHuMalliy BK/IIOYa/Ia UHBA3UBHYIO PeCIIn-
PpaTopHyI0 NOAJIEPIKKY anmaparoM Drager B peskume
SIMV+PS 1 BasonpeccopHyIO MOLJEPsKKY, NHDY-
3MOHHO-TPaHC(Y3NOHHYIO, aHTHOAKTEPHATHHYIO 1
OPTaHOMPOTEKTUBHYIO TEPATIHIO, afleKBaTHOE 00e3-
OosBaHMe, TPO(PUIAKTUKY THOMHO-CENTHIECKIX 1
TPOMO0IMOOJTMTIECKHX OCIOKHEHUH, CTPeCC-HTY-
IUPOBAHHOIO MOBPEXKIEHUN CIU3UCTOU BEPXHUX
OT[IEJIOB SKEJTYI0YHO-KUIIIEYHOT0 TPAKTA, KOPPEeK-
LIAI0 HapyIIeHW CUCTeMbl TOMe0CTa3a, CTUMYJIS-
LIUIO TUype3a, CTUMYJISIINIO KUIIIeYHNKA, KITMHUKO-
JIab0OpaTOPHBIN KOHTPOJIb, MEPOTIPUATHS OOIIETO
yX0#a, MOCTOSTHHYI0 HU3KOIIOTOYHYI0 BEHO-BEHO3-
HYI0 reMouapuIBTPaluio.

B 21 4ac 14.10.18 1. cocTosiHHEe 60JBHOM OCTa-
BaJIOCh KpaliHe TAKeJbIM C IPOoAoJIsKamllelics
OTpUIATeJIbHOU NUHAMUKON U HapyIIeHUsMU
OMO03JIEKTPUYECKON aKTUBHOCTH CeP/AIla B BHUIE
GubpUILIATIAY TPpeICEPIUH 1 TAPOKCU3MATBHOM
SKeJTyJJOYKOBOU Taxukapauu. B 10.32 koHcTaTupo-
BaJIM KJIUHUYECKYIO CMepTh: Ha (hOoHEe IPOHO0JI-
SKaBIIIEHCS BAa30OIPECCOPHON MOIIEPKKU Opaau-
Kapausi CMeHWUJACh AacUCTOJUeW, MOyabC Ha
MarucTpasjbHbIX apTepusix U Al He ompeneJsi-
JINCh, 3paYKX MaKCUMaJbHO paclIMpeHbl, KoMa.
HemenjieHHO Hauvaau pacliMpeHHble peaHuMa-
LIMOHHBbIE MEpPOIIPUATUSA B COOTBETCTBUU C IPOTO-
KOJIOM, YTBEPsKAEHHBIM POCCUIICKMM COBETOM I10
peaHuMaIuu.

15.10.2018 1. B 11.05 KOHCTaTUPOBAJIU CMEPTH
0OJBHOM.

OO6cy:kaeHue

YuuTbiBasg ob6uame muM@aTuIecKux COCyI0B
B OPIOIITHOM ITOJIOCTH, HEJIb35T 3a0BIBATH O TOM, YTO
gumdonucceknuss D2 mpu pes3eKkIny SKeayaKa
MOKET OBITh NMPUYMHOU JMM@Open B paHHEM
ITOCIe0NIEPAlMOHHOM Tepuofie. B manHoM HabJTI0-
JIeHUU IIpeJiCTaBJIeH peKuil caydail tumgopeu B
MTO/ITIEY€HOYHOE TTPOCTPAHCTBO OPIONTHOM MOJIO-
cTH, 00yCJIOBJIEHHOI 0Opa3oBaHueM jederTa qua-
MeTpoM 1,8 MM B MTHTEPCTHUITATBHOM JIMQaTuye-
CKOM mpoToke. IIporpeccupoBaHue JuMdoOpen

6bI.J'IO, BEPOATHO, TaKKE 06YC.J'IOBJIEHO YMEHbIIIE-
HUEM BEJIMYUHDBI THAPOCTATUYIECKOI'O JaBJIE€HUSA,
TOrga Kak BeJIMYMHA KOJIJIONIHO-OCMOTHUYECKOI'0
AaBJIEHNA Ha YPOBHE BEHYJIAPHOI'O OTAEJIa COCYyI-
CTOT'O CEKTOpPA OCTaBaJIaCb HEU3MEHHOM. CJ'Ie,ILOBa-
TE€JbHO, BE€JIHWYWHA KOJIJIOMJTHO-OCMOTHYECKOI'O
OaBJICHW S KPOBMU IIPpE€BbIIIAJAA THUAPOCTATUYIECCKOE

vascular sector, and in this vascular region reab-
sorption from interstitium prevailed over filtra-
tion. Part of the fluid not reabsorbed in the ve-
nous segment was returned to the vascular
system from the interstitial space by lymphatic
drainage from interstitium through peripheral
lymphatic vessels and reached cisterna chyli,
then in a backward manner through the dam-
aged lymphatic interstitial lymph duct entered
the peritoneal cavity and was drained through
the drainage tubes outside in large volumes,
which sometimes was as high as 11 1/day (!). We
could not find similar observations in available
literature.

Hypoalbuminemia resulting from lymph leak-
age from the intraoperatively damaged lymph ves-
sel reduced colloidal-osmotic pressure of the inter-
stitial fluid and increased oncotic pressure gradient
in the «lymph vessel — interstitium» system. At the
same time, the increased capillary permeability
could facilitate the transition of the fluid back from
the interstitium, where the pressure is 9 mm Hg,
into the lymph vessel, where the pressure due to
low albumin level could drop to 5 mm Hg and
below, which would help fluid return from the in-
terstitium to the damaged lymph vessel and its fur-
ther drainage through the resulting defect in the
wall of the lymph vessel to the abdominal cavity
with subsequent loss through the drainage tube.
This direction of fluid flow coincided with the di-
rection of the resulting vector.

Retrospective analysis of our results has con-
clusively confirmed the high prognostic value of
total protein deficiency for progression of capillary
leakage syndrome coexisting with massive lymph-
orrhea even with the pathogenetic and appropriate
comprehensive therapy. Thus, intensive therapy of
cancer patients without lymphorrhea termination
by ligation of the damaged lymph duct is very un-
likely to be successful. Moreover, an adequate com-
pensation for the important substances lost with
lymph is also essential.

Conclusion

Damage to lymphatic vessels and lymph
nodes can be complicated by massive lymphor-
rhea. If the source of lymphatic leakage is identi-
fied, an urgent surgical intervention is warranted to
stop lymphorrhea as well as to restore the home-
ostasis to replenish the lost metabolites and pre-
vent death.

JlaBJIeHUE, PE3YIETUPYIOIINIA BEKTOp OaTaHca IaB-
JEeHUN ObLI HalpaBJ/I€eH U3 MHTEPCTUIINAJIbHOTO
CEKTOpAa B COCYIMCTBIH, & B 3TOM OTJIeJie COCYIU-
CTOTO pycJja IMpoIecchl peabcopOIUy U3 UHTEP-
cTUIYs IpeobJIaiaiy Hall MpoleccaMu (PuJibTpa-
mu. YacTh KUIKOCTH, He peabcopOUpOBaHHON B
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BEHO3HOM OT/JeJie, BO3BpaIlagach B COCYIUCTOE
pyc/a0 W3 HHTEPCTULHAIBHOTO IPOCTPAHCTBA
myTeM JUM@aTudecKoro gpeHaska U3 UHTepCTU-
nusi 4yepes nepudepuueckue JuM@aTruecKue
cocyIbl U ocTuradna cisterna chyli, 3aTeM peTpo-
TpajHO Yyepe3 MOBPEKAeHHbIN JIMMpaTuieckuit
WHTEePCTUIMAAbHBIN  JIUM@aTUUecKuil  cocyq
rocTynaia B OPIONTHYI0 TOJOCTh U B OOJIBIITOM
KoJsr4decTse (0o 11 nuTpoB B cyTKu!) yepes npe-
Ha)KHBbIE TPYOKM ymassiaachk HapysRy. Onvcanuit
Mof00HBIX HAOJIONEHNH B JIUTepaTrype HaM OOHa-
PY>KUTB HE YIAJIOCh.

CHmkeHre KOHIIEHTPAIH aTbOyMITHa, Tepsie-
MOro Ipu JIuM@opee U3 IIOBPEKIEHHOTO BO BpeMSI
onepanuu IUM@aTrIecKkoro cCocyna, IpuBOAUIO K
YMEHBIIIEHUIO KOJIJIONTHO-OCMOTUYECKOr0 JaBJie-
HUSA UTHTEPCTULAATBHON SKUIKOCTH U YBEJINYEHUIO
rpajueHTa OHKOTUYeCKOTO JaBJIeHUs Ha YPOBHE
«wmMdococys — HHTepcTUnuii». BMmecte ¢ TeM,
TIOBBIIIIEHHAsI IPOHUIIAEMOCTD KAMUJIIIPOB MOLJIO
CIIOCOOCTBOBATH MEPEXOY *KUIKOCTH 00paTHO M3
WHTepPCTULINS, TTle OHKOTUYECKOE JaBJIeHHE COCTaB-
JIsIET 0OBIYHO IPUMEPHO 9 MM PT. CT., B TUMaTmye-
CKUNU COCY[I, IIe KOJJIOUAHO-OCMOTHYECKOTO JaB-
JIEHVE M3-3a TTOTEPH AJTbOYMITHA MOIJIO CHUKAThCS
JI0 5 MM PT. CT. M HI)KE, TO €CTh CIOCOOCTBOBATH BO3-
BparTy SKUJKOCTH U3 NHTEPCTULIUA B IIOBPEYKIEH-
HBIN JUM@paTHYeCKU COCyl U ee IIOCTYIJIEHUIO
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INocrynuna 16.04.20

yepe3 06pasoBaBIIUICA MeeKT CTEHKH JTUM@POCO-
cy/a B OPIOITHYTO ITOJIOCTH C IOCTIEMYIOIIEH ToTepei
[IEHTPATHHON TMM()BI Yepe3 IPeHaKHYIO0 TPYOKY
Hapy:Ky. ITO HaNpaBJIeHHE TOKA SKUAKOCTH COBIIA-
JTAJIO C HAIIpaBJIEHNEM Pe3YIBETUPYIOIIET0 BEKTOPA.
PeTpOCIIEKTUBHBIN aHAMU3 TIOJYYEHHBIX
pEe3yJIBTaTOB YOEaUTETbHO TTOJTBEPAUI BHICOKOE
MIPOTHOCTHUYECKOEe 3HaUeHUe JeuIlnTa o0IIero
OeJsika J/1s1 IpOrpecCUpoBaHUsA CHHIpPOMA KaluJI-
JIIPHOU yTeYKU Ha (pOHE MACCUBHOU JImMpopen
Ja’ke MIPY TaTOTeHeTHYECKU 000CHOBAaHHOM KOM-
IUIEKCHON Tepanuu. TakuM o0Opas3oM, JiedeHue
OHKOJIOTUYECKHX OOJILHBIX 6€3 OCTAHOBKU JIM-
¢open myreM JTUTHPOBAHUS TOBPEMKIEHHOTO
JM(}pOTPOTOKA C BEICOKOH CTeeHbI0 BEPOSITHO-
CTH MMeeT MaJjio IIIaHCOB Ha yCIeX, a MoTeps C
JuM$Oi TEeHHBIX OWOJOTUYECKH aKTHUBHBIX
BeIeCTB TpeOyeT afJeKBaTHOM KOMIIEHCAIIHH.

3akJrouenue

INoBpeskneHue JuM@aTUIECKUX COCYLOB U
JIUM(OY3JI0B MOKET OCJIOKHUTHCS MAaCCUBHOU
JuMdopeeit, TpU BBIABJIEHUHN UCTOYHMKA KOTO-
poii Heo6X0JUMO KaK CPOYHOE OIlepAaTUBHOE BMe-
I1aTeJIbCTBO, HAIIpABJIEHHOE HA OCTAHOBKY JINM-
(hoparum Tak u KOppeKIYs TOMEOCTa3a C IEebI0
BOCIIOJTHEHUS IOTEPSIHHBIX OPTaHU3MOM MeTabo-
JINTOB U IIpeAyNpesKAeHNs JIeTaJIbHOIO UCX0a.
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BinsiHHe JIMTHA XJIOPH/IA HA aKTUBAILUIO HEUTPO(DHUIIOB
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Pe3rome

Ilens ucciieqoBaHUA — U3YUYUTh IPOTUBOBOCIIATIUTEIbHOE eMICTBYE XJI0pU/Ia JIUTHUSA ITyTeM BO3IEeH-
CTBUSI HAa HEUTPO(UJIbI 4eJI0BEKa CbIBOPOTKHU ITAIIMEHTOB C CEITUYECKUM LLIOKOM IR Vitro.

MarepuaJn u MeTobl. lccienoBanue IpOBOAU/IN HA BblIeJIEHHBIX 13 KPOBU 6 3[0POBBIX JOHOPOB Hell-
Tpoduiiax, KOTOpble aKTUBUPOBAJIX C IOMOIIBIO CBIBOPOTKY ITALIMEHTOB C CEIITUYECKUM IIIOKOM, I10CJIe Yero
OLIEHUBAJIU UX aKTUBHOCTBH C IMTOMOIIHIO (PJIyOpPECIeHTHBIX aHTUTEJI K MapKepaM nerpanyisainuu CD11b u
CD66b. YpoBeHb aronrosa u HeKpo3a HeUTPOo(HUI0B YeJ0BEKA OIEHNBAJIN Yepes 22 Jaca 1ocJje Bhljesie-
HUST; KOJTMYECTBEHHAS OIleHKa Oblya TpOoBeJieHa C MCII0Ib30BaHNeM aHHEKCHHA V 1 HOAMCTOTO PO
Ha IPOTOYHOM ITTO(IyoprMeTpe. IHTaKTHBIE M aKTUBHPOBaHHbIE HEUTPO(d MBI 06pabaThIBaIN pacTBO-
poM xsopua JuTusd B Konnentpanusx 0,3; 3,0 1 9 MMoJIb.

Pe3yabTaThl. YpoBeHb aKkcipeccuu CD11b Ha IOBEpXHOCTH MHTAKTHBIX HEHTPO(UIIOB (310POBLIE J0-
HOpBI) cocTtaBu 3434,50 [3311,0-3799,0] yC/IOBHBIX efuHUIL (pryopectieHuu (y.e.d.). MTHKyOanuss HeuTpo-
duI0B € CHIBOPOTKOU KPOBU MTAIMEHTOB C CEITUYECKUM IIIOKOM yBesuuuBasa skcupeccuio CD11b B 2,5
pasa—8589,0 [7279,0-11258,0] y.e.d. (p=0,005) B cpaBHEHUH C UHTAKTHBIMU JIEIKOIIUTAMH, U YBeJIU4YUBaJIA
akcrpeccuio CD66b B 2,7 pasa mo 27 600,0 [22 999,0-28 989,0] y.e.d. (p=0,005) B cpaBHEHUM C HUHTAKTHBIMU
HedTpoduaamu. JINTUA XJIIOPUJ JO303aBUCUMO B KOHIIeHTparusax — 0,3 MMouib, 3,0 1 9,0 MMOJIb CHUSRAJT
YPOBeHb aKcIpeccuu MoJsekysa1 CD11b u CD66b Ha TOBEpXHOCTH aKTUBHUPOBAHHBIX HeUTpoduaoB. CenTu-
4yecKasl CbIBOPOTKA YMeHbllIasla CIIOHTAaHHbBIHM allonTo3 HeUTpo(duIoB, a pacTBOp JIUTUA XJI0pHUAaA B 103€e 3
MMOJIb U BbIIIle HHAYIIMPOBaJ CIIOHTAHHBIN allOIITO3 HEUTPO(DUJIOB.

3akJarodyeHue. XJIOpUJ JUTHUSA CHUDKAET CTelleHb aKTUBALMY HeUTPo(hUI0B, IpegBapuTe/IbHO AKTUBU-
POBAHHBIX CBIBOPOTKOM MAIUEHTOB C CEITUYECKUM IIIOKOM, CHHKAET YPOBEHD aKcpeccuu MoJsiekya CD11b
1 CD66b Ha MOBepXHOCTH HEUTPO(DUIOB, MHIUOMPYS IMTPOIECC MX aKTUBAIINHY (TeTrpaHy/IAnun). JINTHA XJ10-
pY/a B KOHIIEHTPANHH 3 MMOJIb U BBIIIIE CIIOCOOEH MHAYIIPOBATh CIIOHTAHHBIN allONTO3 HEUTPO(DUIOB, aK-
TUBUPOBAHHBIX CBIBOPOTKAMU IMTalIMEHTOB C CEIITUYE€CKUM IIOKOM.

Knrouesvte cnoea: cenmuueckull Wok; anonmos Heiimpogunos; aumus xaopud; CD11b; CD66b; eauko-
2eHcuHmasa xunasa-3f; GSK-3p

Summary

The aim of the study: to examine the anti-inflammatory effect of lithium chloride by exposing the human
neutrophils to serum of patients with septic shock in vitro.
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Experimental Studies

Material and methods. The study was carried out on neutrophils extracted from the blood of 6 healthy
donors, which were activated with serum from patients with septic shock. The neutrophil activity was evaluated
with fluorescent antibodies to the CD11b and CD66b markers of degranulation. The level of human neutrophil
apoptosis and necrosis was assessed 22 hours after extraction; quantitative assessment was made using an-
nexin V and propidium iodide with flow cytofluorimetry. Intact and activated neutrophils were treated with
0.3, 3.0 and 9.0 mmol lithium chloride solution.

Results. The level of CD11b expression on the surface of intact neutrophils (healthy donors) was
3434.50 [3311.0-3799.0] arbitrary fluorescence units (AFU). Incubation of neutrophils with serum of patients
with septic shock increased CD11b expression 2.5 times to 8589.0 [7279.0-11258.0] AFU (P=0.005) vs intact
leukocytes, and increased CD66b expression 2.7 times up to 27 600.0 [22 999.0-28 989.0] AFU ((P=0.005) vs in-
tact neutrophils. Lithium chloride in concentrations of 0.3, 3.0 and 9.0 mmol in a dose-dependent manner re-
duced the level of expression of CD11b and CD66b molecules on the surface of activated neutrophils. Septic
serum reduced spontaneous neutrophil apoptosis, and 3.0 mmol and higher lithium chloride solution induced
spontaneous neutrophil apoptosis.

Conclusion. Lithium chloride reduces the activation of neutrophils preactivated by serum of patients with
septic shock, reduces expression of CD11b and CD66b molecules on the neutrophil surface, inhibiting the pro-
cess of their activation (degranulation). Lithium chloride in concentration of 3.0 mmol and higher is able to

46

induce spontaneous apoptosis of neutrophils activated by serum of patients with septic shock.

Keywords: CD11b; CD66b; lithium chloride; GSK-3B; glycogen synthase kinase 3(; septic shock; neutrophil

apoprosis
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BBenenue

CHUHJIpOM CHUCTEMHOIO BOCIAJINUTEJIBHOTO
orBera (CCBO) BO3HUKaeT NpPU MOBPEKIAEHUU,
BBI3BAaHHOM KaK BO3JelicTBueM O0aKkTepuaTbHBIX
WJIM BUPYCHBIX ar€HTOB, TaK U TsKeJIOH coueTaH-
HOH TpaBMOH, 0KoraMu, ollepaTUBHBIMU BMellla-
TeJbCTBaMU OoJiblIOTO oObema [1]. BeipaskeH-
HocTb CCBO  3aBuUCHUT OT  I[POAYKLIHUU
IIPOBOCHAJINTEIbHBIX U IPOTUBOBOCIAIUTEIHHBIX
IIUTOKUHOB, aKTUBAllMM HEUTPO(DUJIOB U MaKpO-
(haros, ¢ nocaeayomUM X NPOHUKHOBEHHEM
yepes rucroremMaruyeckye 0apbepbl U UH(PUIIBT-
paumeil TkaHell opraHoB-MuIleHei [2, 3], 4To
AIBJIAETCA MPUYNHOM [TOJIMOpraHHON He10CTaToy-
HOCTH, SIBJIAIOIIENCS Ha CErOAHAIIHUN IeHb
OCHOBHOH IPUUYNHON JIeTaTbHOCTH NAllUeHTOB B
peaHMMalMOHHBIX OTJAeJeHusX. B pasButuu u
paspelIeHny BoCHaJleH!s BayKHYIO POJIb UT'PAIOT
HelTpodu/bl. IMMyHHBIN OTBET Ha NH(EKIUIO U
IOBpesKAeHNe TKaHell HalpaB/ieH Ha yjajeHue
MIOBPEYKJAIOIIEero areHTa, BOCCTaHOBJIEHHE TroMe-
ocTasa u 6epeT cBOe HayaJo C BblesIeHUs Hell-
TpoduIamMu MpoBoCIaINTETbHBIX U IPOTUBOBOC-
HaJuTeJIbHBIX IUTOKUHOB [4].

BenkoBeie MoJiekysnsl CD1lb u CD66b
ABJIAIOTCA HauOoJiee M3yYeHHBIMU MapKepamu
CCBO, HaxogAMMMUCSI BO BHYTPUKJIETOYHBIX Ipa-
HyJ1ax HelTpoduios. BocnanureabHble CTUMYJIBI
CIIOCOOCTBYIOT CJIMSHUIO TPAHYJI C IIUTONIa3MaTH -
yecKoi MeMOpaHoH, B pe3y/IbTaTe 4ero MoJIeKyJ/Ibl
CD11b u CD66b akcrioHNpyIOTCA Ha TOBEPXHOCTHU
KJeToK (puc. 1). JlaHHBIA Tpollecc MOJYUUT
Has3BaHUe erpanyasanuu. MasectHo, uro CD11b
criocoOeH B3aMMOAENCTBOBATh C pellelTopaMu
ICAM-1 Ha 9HIOTEJINH, YTO 00ecHeYnBaeT ajare-
3110 HEUTpo(uUI0B K aHAO0TEIHATBHOMY Oapbepy
U JasbHelllllee UX IPOJBUsKEHNE K o4ary Boca-

Introduction

Systemic inflammatory response syndrome
(SIRS) occurs in response to the damage caused by
exposure to bacterial and viral agents, as well as se-
vere combined injuries, burns and major surgical
interventions [1]. Severity of SIRS depends on pro-
duction of proinflammatory and anti-inflamma-
tory cytokines, activation of neutrophils and
macrophages, their subsequent penetration
through the blood-tissue barriers and infiltration of
target organ tissue (2, 3], which can result in multi-
organ failure, being the leading cause of death in
patients in intensive care units. Neutrophils play an
important role in the development and resolution
of inflammation. The immune response to infec-
tion and tissue damage aims to remove the damag-
ing agent, restore homeostasis, and starts with the
release of pro-inflammatory and anti-inflamma-
tory cytokines by neutrophils [4].

The protein molecules CD11b and CD66b lo-
cated in intracellular neutrophil granules are the
most studied markers of SIRS. Inflammatory stim-
uli promote fusion of granules with cytoplasmic
membrane and cause exposition of CD11b and
CD66b molecules on the cell surface (Fig.). This
process is called degranulation. CD11b is known to
interact with endothelial ICAM-1 receptors ensur-
ing the adhesion of neutrophils to the endothelial
barrier and their further advancement to the in-
flammation zone [5]. The CD66b molecule is asso-
ciated with neutrophil aggregation [6].

Expression of CD11b and CD66b molecules is
consistently increased in patients with sepsis of
various causes, and their level assessment has long
been used in clinical diagnostics [7, 8].

Excessive immune response associates with
over-activation of neutrophils and other immune
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Intact neutrophil

stimuli

Pro-inflammatory

CD66b

Activated neutrophil

CD11b

I NTu ICAM_I-'

Endothelium

AKTHBaUMA HEUTPO(MHUIOB U IKCIIPECCHsI UMHU MoJieKyJ aare3un CD11b (kpacHslii TpeyroasHuk) u CD66b (3esensblii Tpe-

YTOJIBHHMK) MO/ JeHCTBHEM BOCHAJIHMTEIHHOI0 CTUMYJIA.

Activation of neutrophils and expression of the CD11b (red triangle) and CD66b (green triangle) adhesion molecules after ex-

posure to a pro-inflammatory stimulus.

Note. [CAM-1 — Inter-Cellular Adhesion Molecule, expressed on endothelium.
IIpumeuanue. [CAM-1 — anni. Inter-Cellular Adhesion Molecule, Mosieky/ia KJI€TOYHOM aiIre3Uu, KOTOPAst 9KCIPECCUPYETCS 9H-
noresueM; intact/activated neutrophil — nHTaKTHBIN/aKTHBUPOBaHHBIN HEHTPOodMI; pro-inflammatory stimuli — BocniasuTess-

HbI€ CTUMYJIBI.

JgeHus [5]. MoJjiekysia CD66b cBsizaHa ¢ arperaiu-
el HeUTpouUJIoB [6].

B KIMHWYECKOU NTUAarHOCTUKE JOCTATOYHO
JIaBHO IIPUMEHSETCS OIpejiejieHue 3KCIIPeCcCuu
Mostekyn CD11b u CD66b, ypoBeHb KOTOPBIX
JIOCTOBEPHO ITOBBIIIAETCS Y MAMEHTOB IIPH CE-
cuce pa3JIMYHOro resesa (7, 8].

VI30BITOYHBIN IMMYHHBIA OTBET COIIPOBOSK-
JlaeTcsl Ype3aMEePHON aKTUBAIMed HEUTPOPUIIOB,
a Tak)Ke PYTUX KJIeTOK MMMYHHOHW CHCTEMBI U
M30BITOYHBIM CHUHTE30M IIPOBOCIATUTETHHBIX
IIUTOKWHOB, TPUBOJAAIINX K Pa3BUTHIO TAKOTO
OTIAaCHOTO SIBJIEHUS, KaK «I[MTOKUHOBas Oypsi».
OHa HepeJgKO CONPOBOKIAETCS MOCJEIYIOIIUM
pasBUTHEM «MMMYHHOI'0 IIapajnyda», KOTOPBIH, B
CBOIO OUYepe/ib, sIBJISIEeTCS IPUYMHON yBeJInUeHnsI
YHCJIA OCJIOKHEHUH 1 JIeTaJIbHOCTHU y TALIUEHTOB,
HaXOZAIIMXCS Ha JIeYeHUH B ITajlaTe UHTEeHCUBHON
Tepanuu [9].

B aTo#i cBsA3M BaskHelIel 3amaveil coBpe-
MEHHOU peaHUuMAaToJIOTUHU SIBJISETCS IOUCK IIpe-
[1aparoB [Ji1 KYIMPOBaHMsI FUIIEPAKTUBUPOBAH-
HOT'O COCTOSTHUASI UMMYHHOH CHCTEMBI.

TabJieTnpoBaHHBIN ITperapar, OCHOBOM KOTO-
pOro ABJSAIOTCA COJU JUTHA (KapOOHAT JINTHS,
cellajiuT), OTPAHUYEHHO, HO AJIUTEJIbHOE BpeMs
HCI0JIb3YeTCs (B IICUXUATPUU), IIPEKIE BCETO -
JUIS1 JledeHUs1 MaHUaKaJIbHbIX U TUIIOMaHUAKAJIb-
HBIX (pa3 OUIOJISIPHOTO ap(PEeKTUBHOTO PACCTPOI-
crBa. OgHAaKo, B IIOC/eJHee BpeMs HaKOIIUJIOCh
JIOCTaTOYHO HOBBIX [AaHHBIX O €ro BBICOKOH
3 (PeKTUBHOCTHU MPU KPUTUUECKUX COCTOSHUSX,

cells with excessive production of pro-inflamma-
tory cytokines, leading to potentially lethal «cy-
tokine stormn. It is often followed by «immune
paralysis», which causes an increase in morbidity
and mortality in patients of intensive care units [9].

In this regard, the search for drugs to relieve
the immune hyperactivation is an important chal-
lenge of contemporary intensive care.

The tablet preparation based on lithium salts
(lithium carbonate) has been used for a long time
(with some limitations) in psychiatric practice pri-
marily to treat manic and hypomaniacal phases of
bipolar affective disorder. However, recently there
has been sufficient evidence of its high efficiency in
ischemia/reperfusion conditions. Lithium ions play
a major role in neutralizing the effects of oxidative
distress associated with a wide range of diseases
(e.g., myocardial infarction, stroke, severe com-
bined trauma). Lithium salts have distinct cytopro-
tective properties due to the ability to phosphory-
late glycogen synthase kinase-3 beta (GSK-3p)
causing its inactivation and preventing cell death
as a result of ischemia-reperfusion [10-12]. Recent
experimental studies have proven the real potential
of lithium chloride to protect the brain, my-
ocardium, and kidneys from ischemia-
reperfusion [13-15]. In previous studies lithium
salts were shown to prevent inflammatory damage
to cells and tissues in the in vivo models of inflam-
mation-associated diseases [16-18]. Lithium is
known to suppress neuroinflammation developing
after brain injury and prevent the blood-brain bar-
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00ycI0BJIEHHBIX UllieMuel/ penepdyaneii. OCHOB-
HYIO pOJIb MOHAM JIUTHUS OTBOJSAT B HeUTpaauaa-
MU MOCJIeICTBUI OKUCJIUTEJBHOTO JUCTPEcca,
COTNYTCTBYIOIIETO DOJBIIOMY PNy 3ab0/IeBaHUN
(HanmpuMep, NH(MAPKT, UHCYJIBT, TAKeJ1asi COYeTaH-
Has TpaBMma). Conu auTHsA 06J1a7af0T BBIpaKeH-
HBIMH ITUTOIIPOTEKTUBHBIMH CBOMCTBAMH OJ1aro-
JIapsi crmocobHoCcTH (pochopuarpoBaTh KMHAIY
3-6era rukorencuHTerass! (GSK-3), uTo mpuBo-
IIUT K ee MHAKTUBAIINY, U TIPEJOTBPAIIaeT r'udeThb
KJIETOK B pe3yJibTare uieMuu-pernepdysuu [10-12].
HepmaBaue oKclieprMeHTaJIbHbBIE HCCJIENOBaHUA
JIOKa3aJIi peajibHbIe BO3MOKHOCTH JIUTHA XJIOPHAA
JUIA 3allUTHI MO3ra, MUOKapJa, II049eK OT UILIEeMUN-
penepdysun [13-15]. B npenbinynux uccaenoBa-
HUSAX OBLJIO IIOKA3aHO, YTO COJIH JIUTHS B MOJIEJISAX
M1aTOJIOTHH, KOTOPhIE OBITN CBA3AHBI C BOCTIAJIE-
HUEM in Vivo, IpefoTBpamalu BOCIaJuTe IbHbIe
MOBPEKIEHUS KJIETOK U TKaHel [16-18]. 113BecT-
HO, YTO JIUTUH MHOAaBJisseT HelpoBOCIaJeHUe,
KOTOpO€ pasBUBAETCsA 10CJIE TPAaBMbI TOJIOBHOT'O
MO3ra, IpefoTBpalaeT HapylleHue reMaTo9HIe-
¢panuueckoro OGapbepa U HelpojereHepa-
o [19]. XpoHnYyecKoe BocCIiajieHue KUIIeYHUKa
Takke 3P (PeKTUBHO IOJABJSANIOCH XJIOPUIOM
Jgutusd [20].

Ha cerogusIHui JeHb MOJIEKYJIsIpDHBIE MeXa-
HU3MBl peajn3anydy IIPOTUBOBOCHATIUTEIBHBIX
CBOMCTB COJIel INTUS OCTAIOTCS HEN3y4YeHHbIMU U
BIIOJIHE ONIPAaBIaHHBIM IIPEACTABIACTCA IIPEeAIo-
JIOYKEHUE, YTO XJIOPHUJ JINTHS CIIOCOOEH MOIYJIUPO-
BaTh BOCHAJUTEJbHBIA OTBET OpPraHM3Ma uepes
docdopunuposanue GSK-3 B HeliTpoduiax.

lenp ncciaenoBanusa — U3y4eHUE IIPOTUBO-
BOCIHQJIUTEJIBHOTO IeUCTBUSI XJIOPUIA JIUTUS ITyTeM
BO3JIENCTBYS HA HEUTPOPUIIBI UeTIOBEKA CHIBOPOT-
KU IIAIIMEHTOB C CEITUYECKUM IIIOKOM i1 Vilro.

MarepuaJ 1 MeTObI

BoJibHBIX (71=6) C pa3BUBIIMMCHA CENITHYECKAM
IIIOKOM OTOOpas M B COOTBETCTBUU C KPUTEPUSIMH
«Cermcuc-3» [21].

BosibHOM 1: ®., 59 J1eT, nepgoparusi CMrMOBUIHOM
KUIIKA, GUOPUHO3HO-THONHBIN ITIEPUTOHUT, CENITHYe-
ckuii mok, OPIIC. Boabuou 2: I, 39 jieT, BHEOOJILHAY-
Hasl JIEBOCTOPOHHSISI THEBMOHMUSI, CENITUYECKUH IIIOK.
BosabHO1 3: A., 59 J1eT, HO30KOMHUAIbHASI IBYCTOPOHHSS
nueBmonusA, OPJIC, cenTudeckuii mok. boabHoi 4: B.,
45 jieT, JUBEPTUKYJIe3 TOJICTON KUIIKY, Tepdopanus
CUTMOBUIHOU KUIIKHU, PA3JIUTON THOMHBIN IEPUTOHUT,
cenTUYeCKUU MIOK. BosbHOU 5: B., 54 roma, Tymas
TpaBMa OPIOITHOH ITOJIOCTH, Pa3PhIB TOHKOTO KUIIIEY-
HHMKA, pasjuToi neputoHut. bonsHoi 6: H., 41 rona,
TIPOHUKAIOIIee paHeHNe OPIOITHOM ITOJIOCTH C IOBPEXK-
JleHueM TOHKOTO U TOJICTOTO KUIIIeYHUKA, Pas3IUTON
THOWHBIN IEPUTOHUT, CEITUYECKUI IIIOK.

B kauecTBe KOHTPOJIbHOU I'PYIIIIBI KCII0JIb30BAIN
OGmomarepuaJl, IIOJy4eHHBINA OT 6 IPaKTHYECKH 3/10PO-
BBIX IOHOPOB, cpegHuil Bo3pacr 35,6 [28,7; 45,0] jet. B
Ka)KI0U U3 TPy OBITIO 3 MyKUUH U 3 SKEHIIUHBL.

rier disruption and neurodegeneration [19].
Chronic bowel inflammation was also effectively
suppressed by lithium chloride [20].

To date, the molecular mechanisms of anti-in-
flammatory action of lithium salts remain unex-
plored and it is quite reasonable to assume that
lithium chloride can modulate the body inflamma-
tory response through GSK-3 phosphorylation in
neutrophils.

The aim of the study was to investigate the
anti-inflammatory effect of lithium chloride by ex-
posing human neutrophils to the serum of patients
with septic shock in vitro.

Materials and Methods

Patients (n=6) with septic shock were selected ac-
cording to «Sepsis-3» criteria [21].

Patient 1: E, 59 years old, perforation of the sigmoid
colon, fibrinopurulent peritonitis, septic shock, ARDS.
Patient 2: G., 39 years old, community acquired left-sided
pneumonia, septic shock. Patient 3: A., 59 years old,
nosocomial bilateral pneumonia, ARDS, septic shock. Pa-
tient 4: E., 45 years old, colonic diverticulosis, sigmoid
perforation, generalized purulent peritonitis, septic
shock. Patient 5:V,, 54 years old, blunt abdominal trauma,
rupture of the small intestine, generalized peritonitis. Pa-
tient 6: N., 41 years old, penetrating abdominal wound
with damage to small and large intestine, generalized pu-
rulent peritonitis, septic shock.

The material obtained from 6 apparently healthy
donors with an average age of 35.6 [28.7; 45.0] years was
used as the control. Each group included 3 men and 3
women.

Heparinized venous blood mixed with T-500 dex-
tran solution (Pharmacosmos, Denmark) to achieve the
1% final concentration of dextran and left at room tem-
perature for 30 minutes for erythrocyte sedimentation
was used for neutrophil isolation. The upper plasma layer
(enriched with white blood cells and devoid of red blood
cells) was placed onto ficoll (PanEco, Russia) with the
density of 1.077 g/ml and centrifuged at room tempera-
ture at 300g for 30 minutes in a centrifuge with the brake
off. Then the supernatant was removed and all further
procedures were carried out on ice and using cooled so-
lutions. The erythrocytes were removed by resuspending
the sediment in 2 ml of deionized sterile water for 45 sec-
onds, then 2 ml of 2-fold PBS were added to restore tonic-
ity and centrifuged at 200g, 4°C for 10 minutes. Precipi-
tated neutrophils were washed with PBS and
resuspended in a culture medium (RPMI-1640 by
PanEco, Russia, 10% FBS with low endotoxin content).

Activation (degranulation) of neutrophils was as-
sessed by increasing CD11b, CD66b molecules (mem-
brane components of secondary, or specific granules,
and tertiary, or gelatinase granules) on the cell surface
after their incubation with serum of 6 patients with septic
shock used as an inflammatory inductor. Measurements
were made with antibodies conjugated with fluorescent
dyes, CD11b-FITC and CD66b-AlexaFluor647 (BD Bio-
sciences, USA) according to the manufacturer's protocol.

In order to evaluate the effect of lithium salt on
neutrophil degradation, the patient serum and lithium
chloride in concentrations of 0.3, 3.0 and 9.0 mmol/l
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J17151 BBIZIe/IeHU ST HEUTPO(UIOB UCIIOJTb30BAJIH T'e-
NIapUHU3UPOBAHHYIO BEHO3HYIO KPOBb, KOTOPYIO CMe-
IKUBAJIU C pacTBOpoM Jekcrpana T-500 (Pharmacosmos,
MaHus1) 10 KOHEYHOU KOHIIEHTPauu neKkcTpaHa 1% u
OCTaBJIsAIN IIPU KOMHATHOU TeMIiepaTrype Ha 30 MUHYT
JJIST OCAKJIEHUS 9PUTPOIUTOB. BepXHU CJI0M 111a3MBbI
(oborareHHbIH JeHKOIUTaMH ¥ JINIIIeHHBIN 9PUTPOITH-
TOB) Hac/auBa/n Ha purosi (ITandko, Poccus) c miot-
HOCTBIO 1,077 r/MJ1 ¥ IeHTpUYTUpOBAIU IIPU KOMHAT-
HoM Temneparype npu 300g, 30 MUHYT B LIeHTpUdyre C
OTKJIIOYEHHBIM TOPMO30M. 3aTeM yAaJ/IsA/Iu CyllepHaTaHT
U BCe JaJibHelINe IpoLeaypbl IPOBOAU/IN HA JIbIY U
C UCII0JIb30BAaHUEM OXJIaKIeHHbIX PAaCTBOPOB. YiaJse-
HU€ 9PUTPOLIUTOB IIPOBOLUJIN C [IOMOIIBIO PeCyCIeH-
JUPOBAHUSA OCaZKa B 2 MJI JeMOHU30BAHHON CTEPUJIb-
HOIT BOJIBI B TeYeHUe 45 cek, a 3aTeM J00aBJIsI/IN 2 MJI
2-x kpaTHoro PBS myia BoccTaHOBJIEHNWSI TOHUYHOCTH
u nentpudyruposanu npu 200g, 4°C, Ha TPOTAKEHUN
10 MuHyT. OcaskJeHHble HeUTpoduUuIbl IpOMbIBAIN
PBS u pecycneHnupoBasau B KyJBTypajJbHOU cpeje
(RPMI-1640 (ITau9ko, Poccus), 10% FBS ¢ HuU3KUM co-
JlepsKaHneM 9HTOTOKCUHOB).

AKTHBaIUIO (IerpaHy/Isdi0) HeUTPOUIOB olLie-
HUBAJIY 110 YBEJIMUEHUIO HA IOBEPXHOCTHU KJIETOK MOJIe-
kys1 CD11b, CD66b (koMITOHEHTHI MeMOpaH crenuduye-
CKUX, KeJIATUHA3HBIX ¥ YeTBEPTUYHBIX T'PAHYJI) IIOCJIE UX
WHKYOAIWH C CBIBOPOTKOM 6 TAIINEHTOB C CENTHYECKIM
III0KOM, M CII0JIb30BAaHHOU B KaueCTBe MHIYKTOpa BOCIa-
JeHusl. VlaMepeHUs1 IPOBOAUJ/IMU C IIOMOIIIBIO aHTUTEJI,
KOHBIOTHPOBAHHBIX C (DJIyOpeCleHTHBIMU KPacUTeIsIMU
(CD11b-FITC u CD66b-AlexaFluor647 (BD Biosciences,
USA)) cornacHo MPOTOKOJIy IIPONU3BOIUTEIA.

C 1eJiblo onpeje/ieHusI BIUSAHUSA COJIA JIUTUSA Ha
JleTPaHyJIsAINIO HEUTPO(UIIOB K KOHIIEHTPATY KJIETOK 4
MJTH/MJI OT 3/I0POBBIX JOHOPOB J0OABJIATIN CEBIBOPOTKY
NAaUMeHTOB U XJIOPUI JIMTUA B KOHIleHTpauuu 0,3, 3,0 u
9,0 MMoJTb/ 1 1 UHKYyOHpoBasu 30 MuH ripu 37°C. 3aTtemM
n06aBJIsAIM aHTUTEIA M MHKYOMpoBanu 30 MUHYT BO
JIbAY, II0CJIe Yero u3Meps/u YpoBeHb (pJryopecreHnun
B YCJIOBHBIX eIMHUIAX (Y. €. .) Ha MPOTOYHOM IIUTO(D-
sayopumetpe Beckman-Coulter FC 500.

AmnronTo3 HeHTpo@duIoB. C Iesb OIpee/eHns
aronTo3a HeUTpPOo(UIOB OT 340POBBIX JOHOPOB UX UH-
KyOHMPOBAJIM C CHIBOPOTKAMH ITAI[IEHTOB C CENITHIECKIM
IIOKOM B TedyeHne 22 9acoB n1pu 37°C B yBJIaXKHEHHOM
CO,-unkybaTope. 3areM KJIeTKU LeHTpUdyTrupoBaIn
npu 400 g B TeYeHrEe 5 MUHYT U PECYCIIEHIMPOBAJIN OCa-
oK B 70 MkJ1 6ydepa (10 MM HEPES, 120 MM NaCl, 2,5
MM CaCl,, pH = 7,4). K kaxxmoi mpobe 106aBJsa 2,5
MKJI aHHEKCHHA V, KOHBIOTHPOBAHHOTO C (hJIyOpeCLeHT-
aeIM KpacutesieM FITC (ThermoFisher, CIIIA) u ocTas-
Jisty Ha 25 muHyT nipu 37°C. Jlasiee 1006aBJISAIN UOIHT
MPONUIUSA 10 KOHEYHOU KOHIIEHTPAIUU 5 MKT/MJI, UH-
KyOHMpPOBaJIH eIrje 5 MUHYT, TI0CJIe Yer0 aHAIM3NPOBAIH
He MeHee 50 ThICAY KJIETOK C IIOMOIILIO0 IIPOTOYHOTO IIH-
touryopumerpa Beckman Coulter CytoFLEX. AnmoriroTu-
YEeCKUMU CYNTAJIN aHHEKCUH V-TI0JIOKUTEILHBIE 1 Ipo-
MUIUN NOAU-0TPUIIATe/IbHBIE KJIETKU.

HNMMyHOGJIOTHHT. JJIeKTpOod ope3 HeJTKOB ITPOBO-
Inan B 12,5% MOMMaKpuIaMALHOM TeJjie B IeHaTypHu-
pyrormux yciaoBusx. O6pasisl pacTBOpsA B Oydepe,
conepskatem 0,125 M Tpuc-HCI (pH 6,8), 4% nomernui-
cynb@ara Hatpus (Sigma Chemical Co., CIIIA), 20% ryu-
nepuHa, 0,005% 6pomdenona cunero (Sigma Chemical
Co., CIIIA) n 10% 2B-mepranroatanosia (Merck, Tepma-

were added to the 4 million/ml cell concentrate from
healthy donors and incubated for 30 minutes at 37°C.
Then antibodies were added and incubated for 30 min-
utes in ice, after which the fluorescence level was meas-
ured in arbitrary fluorescence units (AFU) on the Beck-
man-Coulter FC 500 flow cytometer.

Apoptosis of neutrophils. In order to determine
apoptosis of neutrophils from healthy donors, the cells
were incubated with sera of patients with septic shock for
22 hours at 37°C in a humidified CO, incubator. The cells
were then centrifuged at 400 g for 5 minutes and the sed-
iment was resuspended in the 70 pl buffer (10 mmol
HEPES, 120 mmol NaCl, 2.5 mmol CaCl,, pH=7.4). 2.5 pl
of annexinV conjugated with FITC fluorescent dye (Ther-
moFisher, USA) was added to each sample and left for 25
minutes at 37°C. Then propidium iodide was added to
the final concentration of 5 ng/ml, incubated for another
5 minutes, and then at least 50 thousand cells were ana-
lyzed with a flow cytofluorimeter Beckman Coulter
CytoFLEX. Cells which were annexin V positive and pro-
pidium iodide negative were considered apoptotic.

Immunoblotting. Protein electrophoresis was per-
formed in 12.5% polyacrylamide gel under denaturing
conditions. The samples were dissolved in a buffer con-
taining 0.125 M Tris-HCI (pH 6.8), 4% sodium dodecyl
sulphate (Sigma Chemical Co., USA), 20% glycerin,
0.005% bromophenol blue (Sigma Chemical Co., USA)
and 10% 2B-mercaptoethanol (Merck, Germany). The
samples were heated for 2 minutes in a water bath and
introduced into gel wells. For preparation of the separat-
ing gel, a 30% mixture of acrylamide (Sigma Chemical
Co., USA) and bis-acrylamide (Sigma Chemical Co.,
USA) (37.5:1) was used, which was diluted to 12.5% by
1.5 M Tris-HCI buffer (pH=8.8) and water to the final
Tris-HCI concentration of 375 mmol. Sodium dodecyl
sulphate 0.1%, ammonium persulfate (Sigma Chemical
Co., USA) 0.1% and TEMED (tetramethylenediamine,
Acros, Belgium) 0.1% were also added to the mixture. For
preparation of the concentrating gel, 30% mixture of
acrylamide and bis-acrylamide was diluted to 5% 1 M
Tris-HCI buffer (pH=6.8) and water to the final Tris-HCI
concentration of 125 mmol. 0.1% sodium dodecyl sul-
phate, 0.1% ammonium persulphate and 0.1% TEMED
were also added to the mixture. Glasses 8x10 cm with 1
mm thick spacers was used. For electrophoresis we used
Tris-glycine electrode buffer containing 25 mmol Tris-
HCI, 192 mmol glycine, 0.1% sodium dodecyl sulphate,
pH=8.3. Electrophoresis was carried out at direct current
of 10 mA in concentration mode and 15 mA in separa-
tion mode. At the end of electrophoresis, proteins were
transferred to PVDF membrane (Amersham Pharmacia
Biotech, United Kingdom). The transfer was carried out
by the semi-dry method for 2 hours at 200 mA, 20 V.
Transfer quality was estimated by dying of a part of gel
and membrane with 2% Ponceau solution (Sigma Chem-
ical Co., USA). The membranes were blocked for 12
hours at +40°C in a tris-buffer medium (Sigma Chemical
Co., USA) containing 5% skimmed milk powder. Then
the membranes were washed with tris-buffer medium 3
times for 10 minutes and incubated for 2 hours at room
temperature with primary antibodies (against GSK-3f or
phosphorylated GSK-3f) in 1:1000 dilution in tris-buffer
medium containing 0.5% of bovine serum albumin
(«Calbiochem») and 0.01% of Tween-20 («Sigma Chemi-
cal Co.»). The membranes were washed three times dur-
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HUs1). O6pasnbl KUMIATHIA 2 MUH Ha BOISTHOW OaHe U
BHOCUJIU B JIYHKU JJIs1 TeJisl. [IjIs1 IPUTOTOBJIEHUSI pas-
JIeJIAIONIeTo reJist ucnoab3oBaau 30% cMech akpuJia-
muza (Sigma Chemical Co., CIIIA) 1 6uc-akpuiIamMuaa
(Sigma Chemical Co., CIIIA) (37,5:1), koTOpyIo pas3Bo-
nuy o 12,5% 1,5 M Tpuc-HCI 6ygepom (pH=8,8) u
BOJIOM 10 KOHeYHOU KoHueHTparuu Tpuc-HCl 375 MM.
B cMmech Takske 106aBIIATH TOIEIUICY/Ib(AT HAaTPHA 0
0,1%, nepcynbdar ammonus (Sigma Chemical Co., CIIIA)
1o 0,1% u TEME]] (TeTpameTniaTU/IeHAaMIH, ACTOS,
benbrusa) no 0,1%. [y OpUroToBJIEHNSI KOHIIEHTPHU-
pyrorrero resist 30% cMech akpuIaMuIa U OUC-aKpuIa-
Muja passoauia 10 5% 1 M Tpuc-HCI 6ydepom (pH =
6,8) 1 BOJ10¥1 10 KOHEYHOM KoHLeHTpanuu Tpuc-HCl 125
MM. B cmechk Takske mobaBsisiu 0,1% momenuiicyabgara
Harpus, 0,1% nepcynbdar ammonusa u 0,1% TEME/L. B
paboTe HCIOJIB30BaIH CTeKIa 8X10 cM co crieiicepamMu
ToJsmuHOoU 1 MM. [lJ1st mpoBeeHus asiekTpodopesa uc-
MOJIE30BaN TpHC-VIMITUHOBBIN 3JIEKTPOIHBIN Oydep,
copepsramuii 25 MM Tpuc-HCI, 192 MM mmmnuH, 0,1%
nopeumsicynbgara Harpus, pH = 8,3. duekrpodopes
NPOBOIWJIM IIPU NMOCTOAHHOM TOKe 10 MA B peskume
KOHIIEHTPUPOBaHUA U 15 MA B pesxknme pasaesnenus. [1o
OKOHYAaHHUH 3JIeKTpodope3a MepeHOCHIN OeKu Ha
PVDF mem6pany (Amersham Pharmacia Biotech, O65-
ennHeHHbIe KopoJsiescTBa). Ilepenoc npoBoguIu mosy-
CyXMM METOJOM B TedeHwue 2 9acos 1pu 200 MA, 20 V. Ka-
4eCcTBO IlepeHoca OLleHUBAJIM OKpalllMBaHHEM 4YacTu
reJjid ¥ OKpalIrBaHueM MeMOpaHbl 2% pactBopoM Pon-
ceau (Sigma Chemical Co., CIIIA). MeMOpaHbI 6JIOKAPO-
BasH 12 gacos mpu +4°C B Tpuc-0ydepHoii cpene (Sigma
Chemical Co., CIIIA), cogepskarieit 5% 00e35KUpEeHHOTO
CYyXOr0 MOJIOKa. 3aTeM MeMOpaHbI ITPOMBIBAJIH TPHC-0Y-
depHoIi cpenoii 3 pasa o 10 MUHYT 1 MTHKYOUPOBAJIH 2
yaca IpU KOMHATHOM TeMIleparype ¢ IepBUYHBIMU aH-
tutenamu (mpotuB GSK-3 nau pochopuarpoBaHHON
¢opmer GSK-3p) B pazsemgennu 1:1000 B Tpuc-Oydep-
HOU cpepe, comepskaimieM 0,5% ObIYBETO CBIBOPOTOY-
Horo anebymmHa («Calbiochem») m 0,01% Tween-20
(«Sigma Chemical Co.»). Mem0OpaHbI Tpu pasa mo 15
MUHYT IpoMbIiBaiu B TBS, conepskamem 0,01% Tween-
20 v MHKYOUpOBaJIK 1 Yac C BTOPUYHBIMH AHTUTEIAMH,
KOH'BIOIMPOBAHHBIMHU C IEPOKCUIA3011 XPEHa, B pas3Be-
nennu 1:10000 B Tpuc-6ydepHOU cpefe, comepsraiieM
0,01% Tween-20. ITocsie prHATBHOU OTMBIBKU OT He-
CBSI3aHHBIX aHTHUTEJI, [10JI0ChI JeTeKTUPOBaJIU C IIOMO-
IO XeMIJTIOMIHECIIEHTHOTO CyOCTpara MepoKCHIa3bI
xpeHa ECL (Enhanced chemiluminescence system,
Amersham Pharmacia Biotech, Besabrus). Xemuatomu-
HECIEHITNIO JleTeKTUpoBan Ha pororieHKy Kodak Pro-
fessional T-MAX P3200 TMZ 135-36 (Kodak, CIIIA).
N3o06paskenue onu@poBbIBaM Ha ckanepe Epson Per-
fection V750 Pro (Seiko Epson Corp., {lmonus) 1 anaau-
3UpPOBAJIU C TIOMOIIBIO ITpOrpamMMsl Image].

Copepskanue ¢ochopunmpoBanHod (opmsel
GSK-3p BbIpaska/iv B YCJIOBHBIX eJUHUIIAX XeMUJIIO-
MUHECIeHIInH (y. e. J1.).

11 cTaTUCTUYECKOI0 aHaJIM3a UCII0/Ib30BaIU
nporpaMMmsI Statistica 10.0 (StatSoft, Inc.) © MedCalc
12.5.0.0 (MedCalc Software bvba). Cpennue 3Hadve-
HUA IIpeacTaBuJIn MeIIHaHOﬁ C MEXKBapTUJIbHBIM
MHTEepPBAJOM. MesKIpynnoBble pa3jinyus lIoKasare-
Jleil olleHuBaJIM IpU nomowmu U-Kputepus YUTHU—
ManHa u OpUHUMAJU CTATUCTUYECKN 3HAYNMBIMU
npu ypoBHe p<0,05.

ing 15 minutes in a TBS containing 0.01% Tween-20, and
incubated for 1 hour with secondary antibodies conju-
gated to horseradish peroxidase in a 1:10000 dilution in
a tris-buffer medium containing 0.01% Tween-20. After
the final washing of unbound antibodies, the signal
bands were detected with horseradish peroxidase
chemiluminescence substrate ECL (Enhanced chemilu-
minescence system, Ensham Pharmacia Biotech, Bel-
gium). Chemiluminescence was registered on Kodak
Professional T-MAX P3200 TMZ 135-36 film (Kodak,
USA). The image was digitized on an Epson Perfection
V750 Pro scanner (Seiko Epson Corp., Japan) and ana-
lyzed using the Image]J software.

The level of phosphorylated GSK-33 was expressed
in arbitrary luminescence units (ALU).

Statistica 10.0 (StatSoft, Inc.) and MedCalc 12.5.0.0
(MedCalc Software Ltd, Ostend, Belgium) software were
used for statistical analysis. The mean values were repre-
sented by the median with the interquartile interval. In-
tergroup differences were estimated using the Whitney
Mann U-criterion and considered significant at P<0.05.

Results and Discussion

The effect of sera of patients with septic
shock on the CD11b and CD 66b expression on the
neutrophil surface. Neutrophil activation is one of
the phases of inflammation where morphological
and physiological changes (flattening, degranula-
tion, migration, cytokine secretion, oxidative explo-
sion, etc.) are observed due to external signals. The
CD11b and CD66b molecules located in the intra-
cellular granules of neutrophils are sensitive mark-
ers of activation and degranulation.

As shown in Table 1, the CD11b expression on
the surface of intact neutrophils (healthy donors)
was 3434.50 [3311.0-3799.0] AFU. Incubation of
neutrophils with serum of patients with septic
shock increased the number of CD11b molecules
on the neutrophil surface by 2.5 times up to the
value of 8589.0 [7279.0-11258.0] AFU (P=0.005).

Addition of 9 mmol lithium chloride to intact
neutrophils did not reduce the expression of CD11b
molecules vs. control, it was 2703.9 [2514.0-3578.0]
AFU (P>0.05). Incubation of neutrophils with
serum of patients with septic shock and 0.3 mmol
lithium chloride did not affect the increased level
CD11b on the neutrophil surface (after septic
serum exposure) — 7998.0 [7527.0-10115.0] AFU
(P>0.05), while the addition of 3.0 mmol lithium
chloride virtually brought the expression back to
the control value (P>0.05), and the addition of 9.0
mmol lithium chloride significantly reduced (by
40%) the expression of CD11b molecules on the
neutrophil surface vs the control (P=0.04).

As seen from Table 2, the CD 66b expression
on the surface of intact neutrophils was
10125.0 [9887.0-10575.0] AFU. Incubation of neu-
trophils with serum of patients with septic shock
increased the expression of the above-mentioned

molecules by 2.7 times up to the value of
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Tabmuna 1. 3HauyeHuA akcnpeccun CD11b Ha MOBEpXHOCTH HEHTPO(UIIOB IPH BO3IEHCTBHH CHIBOPOTKH Ia-
IIMEHTOB C CeNITHYEeCKUM IIIOKOM H pacTBopa JuTus:A xJjgopuzaa (0,3 mM; 3 MM; 9 MM), Me [LQ-HQ].

Table 1. CD11b expression on the surface of neutrophils after exposure to the sera of patients with septic shock
lithium chloride solution (0.3 mmol; 3.0 mmol; 9.0 mmol), Me [LQ-HQ)].

Neutrophils CD11b expression, AFU Pvalue vs control
Intact (control) 3434.5[3311.0-3799.0]

+SS 8589.0 [7279.0-11258.0] 0.005

+ LiCl, 9 mmol 2703.9 [2514,0-3878.0] >0.05

+SS + LiCl, 0.3 mmol 7998.0 [7527.0-10115.0] 0.004

+SS + LiCl, 3.0 mmol 3571.5 [3299.0-3894.0] >0.05

+SS + LiCl, 9.0 mmol 2068.5 [1951.0-2394.0] 2222 0.04

Note. For tables 1-4: intact neutrophils — neutrophils obtained from apparently healthy donors (control); SS — septic serum

(serum of patients with septic shock); + — added to the control.

IIpumeuanwue. [y Tabs1. 1-4: intact — UHTAKTHBIE HEUTPO(DUIIBL, IIOJydeHHbIE OT IPAKTUYECKU 3T0POBBIX JOHOPOB (KOHT-
poJib); SS — cenTUYeCKas CBIBOPOTKA (CBIBOPOTKA KPOBU MTALIMEHTOB C CEITUYECKUM IIOKOM); + — J00aB/IeHue K KOHTPOJIIO;

AFU —vy. e. ¢.

Pe3ybTaThI ¥ 00CYKI€HNE

BausiHMe ChIBOPOTOK MALIMEHTOB C CEeNTH-
4eCKHUM IIIOKOM Ha ypoBeHb akcnpeccuu CD11b
u CD 66 b Ha mOBepXHOCTH HEUTPOPHUITOB. AKTH-
BaI¥s HEUTPOPUIIOB — OJIHA U3 CTAIUU PA3BUTHUS
BOCITaJIEHUS], TPU KOTOPOU 1OJ1 IEICTBUEM BHEIII-
HUX CUTHAJOB y HEUTPO(UJIOB HaOJIIONAIOTCSA
Moposiornyeckue u pU3NOJOTUUYECKUE U3MEHE-
HUA (YIJIOIIeHHe, eTPaHYIALs, MUTpalis, CeK-
pelysi TUTOKUHOB, OKUCJIUTEIbHBIN B3PBIB U IPY-
rue). UyBCTBUTEIbHBIMU MapKepaMy aKTUBALUN
U erpa”yasluy ABJAIOTCA MoJieKy/abl CD11b u
CD66b, koTOpBIE HAXOAATCS BO BHYTPUKJIETOYHBIX
rpaHy/i1ax HeUTpPO(UIIOB.

Kaxk BugHO 13 TabJI. 1, TOKa3areJib IKCIIpec-
cuu CD11b Ha NOBEPXHOCTU UHTAKTHBIX HEUTPO-
¢uson (3m10poBHIE JIOHOPBEI) COCTaBUJI
3434,50 [3311,0-3799,0] y. e. ¢. MakyOamus Hel-
TPO(HUIOB C CLIBOPOTKOU KPOBU MAIIUEHTOB C CeTI-
TUYECKUAM III0KOM IOBbIIIaga KOJINYeCTBO MoJIe-
KyJ CD11b Ha noBepxXHOCTH HEUTPOUJIOB B 2,5
pasa 10 3HaueHUs II0Ka3aress IKCIPecCuu —
8589,0 [7279,0-11258,0] y. e. ¢. (p=0,005).

NobaByieHVe K WHTAKTHBIM HeEUTpodumIaM
XJI0pUJa JUTUSA B KOHIEHTpaUuu 9 MMOJIb, He
YMEHBIIIAJIO0 aKcIpeccuio Mosiekys CD11b o oTHO-
IIEHUIO K KOHTpoJIt0 — 2 703,9 [2514,0-3578,0] y. €.
. (p>0,05). MuKyOanyss HEUTPO(UIOB C CBIBOPOT-
KON KpOBM MALIMEHTOB C CENNTUYECKUM IIOKOM U
XJIOPUIOM JINTUA B KOHIleHTpauuu 0,3 MMOJIb He
BJIMslJIa HA TIOBBIIIEHHOE CEIITUYECKON ChIBOPOT-
Ko cozepskanve CD11b Ha uX MOBEPXHOCTU —
7998,0 [7527,0-10115,0] y. e. ¢. (p>0,05), B TO BpeMs
Kak J00aBJIeHNE XJIOPH/IA JTUTUS B KOHIIEHTPAIH
3,0 MMOJIb IPAKTUYECKU BO3BPAIIlA/I0 ITIOKa3aTe b
3KCIIPECCUU K KOHTPOJIbHOMY 3Ha4eHuIo (p>0,05), a
nobaBJieHrEe XJIOpHUAa JUTHSI B KOHIIEHTpanu 9
MMOJIb 3HAYMMO YMEHBITANIO (Ha 40%) 9KCIIPEeCCHIo
MoJieKkys1 CD11b Ha moBepxHOCTH HERTPO(PMIIOB 11O
OTHOILIEHUIO K KOHTPOJIIO (p=0,04).

Kax BuHO 13 Ta0/1. 2, TOKa3aresIb 9KCIPEeCCHUN
CD 66b Ha TOBEpXHOCTH NHTAaKTHBIX HEUTPO(UIOB
cocraBui 10125,0 [9887,0-10575,0] y. e. ¢. MuKyba-

27688.0 [22999.0-28989.0] AFU (P=0.005) vs. the in-
tact leukocytes.

Addition of 9 mmol lithium chloride to intact
neutrophils significantly reduced the expression of
CD66b molecules vs the control down to 7050.0 [6
888.0-8 545.0] AFU (P=0.047).

Incubation of neutrophils with serum of pa-
tients with septic shock and 0.3 mmol lithium chlo-
ride did not affect the increased level of CD66b on
the neutrophil surface (after the serum exposure),
which was 21565.0 [20897.0-26933.0] AFU
(P=0.009), while the addition of 3.0 mmol lithium
chloride restored their expression to the value sim-
ilar to the controls at 11712.0 [10587.0-11985.0]
AFU (P>0.05), and the addition of 9 mM lithium
chloride did not reduce the CD11b expression on
neutrophil surface vs the control group reaching
8750.0 [6835.0-9745.0] AFU (P>0.05).

The effect of sera of patients with septic shock
on apoptosis and necrosis of human neutrophils
22 hours after extraction. The study results showed
that the proportion of human neutrophils with signs
of apoptosis and necrosis 22 hours after excretion is
57.1 [65.8-57.9] % (Table 3, control).

Incubation of neutrophils with serum of pa-
tients with septic shock reduces by 2.6 times the
number of spontaneously apoptotic neutrophils
down to 21.95 [19.50-23.90] % (P=0.004) (Table 3, +
SS). Addition 0f 9.0 mmol lithium chloride to intact
neutrophils significantly reduced the number of
neutrophils with preserved ability to spontaneous
apoptosis — down to 39.75 [38.50-42.70] %
(P=0.002) (by 30%).

Addition of 0.3 mmol lithium chloride to the
incubation medium of neutrophils with sera of pa-
tients with septic shock did not affect the number
of spontaneously apoptotic neutrophils which was
26.0 [21.5-27.2] % (P=0.7).

Notably, the addition of 3.0 lithium chloride to
the incubation medium of neutrophils with serum
of patients with septic shock significantly increased
the number of spontaneously apoptotic neu-
trophils by 1.8 times to as much as 39.5 [37.7-40.0]
% (P=0.03). The increase of lithium chloride con-
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Experimental Studies

Tabsmma 2. 3HaueHne axkcnpeccuu CD66b Ha MOBepXHOCTH HEHTPO(UIOB IPH BO3/A€HCTBUH CHIBOPOTKH Ia-
IIMEHTOB C CeNITHYEeCKUM IIIOKOM H pacTBOpa JuTHus:A xjaopuga (0,3mM; 3mM; 9 MM), Me [LQ-HQ)].

Table 2. CD66b expression on the surface of neutrophils after exposure to the sera of patients with septic shock
and lithium chloride solution (0.3 mmol; 3.0 mmol; 9.0 mmol), Me [LQ-HQ].

Neutrophils CD66b expression, AFU Pvalue vs control
Intact (control) 10125.0 [9887.0-10575.0]

+SS 27688.0 [22999.0-28989.0] 0.005

+ LiCl, 9.0 mmol 7050.0 [6888.0-8545.0] 0.047

+SS + LiCl, 0.3 mmol 21565.0 [20897.0-26933.0] 0.009

+ SS + LiCl, 3.0 mmol 11712.0 [10587.0-11985.0] >0.05

+SS + LiCl, 9.0 mmol 8150.0 [6835.0-9745.0] >0.05

TaGuniza 3. Iloka3areJib alroNTO3a H HEKPO3a aHEKCHH-TIOJIOKUTENBHBIX (an+) HEHTPO(MUIIOB IPH HMHKYOAITHH C
ChIBOPOTKAMH NALMEHTOB C CEITUYECKMM IIIOKOM U pacTBOpoM JiuTHsA xs1opuaa (0,3mMM; 3mMM; 9 MM), Me [ LQ-HQ).
Table 3. Percentage of apoptosis and necrosis of annexin-positive (an+) neutrophils after incubation with the sera
of patients with septic shock and lithium chloride solution (0.3 mmol; 3.0 mmol; 9.0 mmol), Me [LQ-HQI.

Neutrophils Percentage of apoptotic Pvalue

and necrotic cells, % vs control vs + SS
Intact (control) 57.1 [55.8-57.9]
+SS 21.95 [19.50-23.90] 0.004
+ LiCl, 9.0 mmol 39.75 [38.50-42.70] 0.002
+SS + LiCl, 0.3 mmol 26.0 [21.5-27.2] 0.002 0.7
+SS + LiCl, 3.0 mmol 39.5 [37.7-40.0] 0.004 0.03
+SS + LiCl, 9.0 mmol 40.2 [38.8-41.1] 0.002 0.007

IIpumeuanmne. Percentage of apoptotic and necrotic cells — 1015 KJIETOK ¢ MpU3HAKAMU allONITO3a ¥ HEKPO3a.

W1 HEUTPO(UIIOB C CBIBOPOTKOM KPOBH IAIieH-
TOB C CENITHYECKUM IITOKOM YBeJIMYNBaJsIa 9KCIIpec-
CHIO TeX sKe MOJIeRyJI B 2,7 pasda, 10 3Ha4eHUsd
27688,0 [22999,0-28989,0] y. €. ¢. (p=0,005), B cpaBHe-
HUH C TIOKa3aTeseM HHTAKTHBIX JIEHKOITUTOB.

JlobaBsieHrie XJI0pyAa JIUTHS B KOHIIEHTPAITIN
9 MMOJTb K MHTAKTHBIM HEATpO(HIaM 3HAYMMO YMEHb-
II1AJ10 SKCIIPecco MoJtekyst CD 66b 1o oTHOIIIeH IO K
koHTpOosI0 — 7 050,0 [6 888,0-8 545,0] y. €. . (p=0,047).

WNukybarusa HEUTPO(WIOB C CHIBOPOTKOMN
KPOBH TAI[MEHTOB C CEITTUYECKUM IITOKOM U XJIOPH-
JIOM JIMTHA B KOHLIeHTpanuu 0,3 MMOJIb He BJIMAJIa Ha
TIOBBIIIIEHHOE CENTHYECKON CHIBOPOTKOU ColepsKa-
aue CD 66b Ha mx moBepxHoctu 21565,0 [20897,0—
26933,0] . e. ¢. (p=0,009), B TO BpemsI Kak qoHaBJIe-
HUeE XJI0pUja JIUTUA B KOHLeHTpanuuu 3,0 MMOJIb
BO3BpAIa/I0 3HAYEHVE NX 9KCIIPECCHUH K TIOKA3aTeJTIo,
He OTIMYAIOIIEMYCS OT KOHTPOJIBHOTO 3HAYEHUS —
11712,0 [10587,0-11985,0] v. e. ¢. (p>0,05), a mobaBJe-
HYe XJIOpH/ia JINTHS B KOHIeHTparmu 9 MM He yMeHb-
IITaJI0 ToKasarestb sxcpeccuy CD11b Ha moBepxHo-
CTH HEUTPO(UJIOB IO OTHOIIEHUIO K KOHTPOJIIO —
8750,0 [6835,0-9745,0] y. e. . (p>0,05).

Bausaue CBIBOPOTOK ITAIITMECHTOB C CEIITH-
YeCcKHUM IOKOM Ha [TIOKa3aTeJIb afonTo3a M HeK-
po3a HeWTpo(UIOB UYeJOBeKa depe3 22 yaca
nocJie BeIeJIeHHs1. Pe3yabTaThl MCC/IeI0BaHUSA
MOKa3aJId, YTO J0JIsTI HEUTPO(UIIOB YeJ0BeEKA C
IIpU3HAaKaMM alloIITO3a U HEKpo3a yepes 22 Jyaca
ocJie BblgeJieHus cocrtaBjseT 57,1 [55,8-57,9] %
(TabJ1. 3, KOHTPOJIB);

Nakybanus HEATPO(PUIOB C CHIBOPOTKOU
IIallMEeHTOB C CEeNTUYEeCKUM IIOKOM B 2,6 pasa
YMEHBIIIAeT KOJMYECTBO HEUTPOPUTIOB, KOTOPHIE
TIOIBEPIVIFICH CIOHTAaHHOMY aIloITTO3Y — 10 3HAYEeHU S

centration up to 9 mmol similarly increased the
number of neutrophils capable of spontaneous
apoptosis to 40.2 [38.8-41.1] % (P=0.007).

In line with present-day ideas, neutrophils are
rather short-lived leukocytes: after leaving bone
marrow the average lifetime of neutrophils is 4-5
days [22]. During this time, neutrophils leave the
bone marrow, mature and age. Under normal phys-
iological conditions, the aging of neutrophils is ac-
companied by increased expression of CXCR4
chemokine receptor, which leads to neutrophils'
migration to bone marrow, liver and other organs
where they undergo apoptosis and are phagocytized
by macrophages. Apoptosis is an extremely impor-
tant and sophisticated stage in the neutrophil life
cycle, because accelerated massive neutrophil
death leads to neutropenia and increased suscepti-
bility to infections, while overly long lifespan, on the
contrary, may cause chronic inflammation [23].

The results show that septic serum drastically
reduces the ability of neutrophils to «escape» from
the inflammation site by apoptosis and thus con-
tributes to «nonresolving inflammation», whereas
the addition of lithium chloride in a concentration
of 3 mmol and above can induce spontaneous neu-
trophil apoptosis. At the same time, the 9.0 mmol
lithium chloride added to intact neutrophils reduces
the number of neutrophils capable of spontaneous
apoptosis, which from the whole body perspective
can be promising for the treatment of neutropenia,
as it has been shown in a clinical study [24].

The effect of sera of patients with septic shock
on GSK-3( phosphorylation in neutrophils and the
impact of lithium chloride. This study also examined

the effect of sera of patients with septic shock on the
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21,95 [19,50-23,90] % (p=0,004) (Tabur. 3, + CC). [JobaB-
JIeHUe XJIOPUJIA JINTHS B KOHLIEHTPALUH 9 MMOJIb K
WHTAKTHBIM HeUTpoduaaM 3HaAYMMO YMEHbIIIAJI0
KOJINYeCTBO HEeUTPO(UIIOB, COXPAHUBIINUX CIIO-
COOHOCTH K CHOHTAaHHOMY alloITo3y — 10 3HaYe-
Hus 39,75 [38,50-42,70] % (p=0,002) (Ha 30%).

HobaBJsieHre XJI0pU/Ia JIUTHASA B KOHIIEHTPA-
1un 0,3 MMOJTb B Cpely MHKyOanust HeUTpopuIios
C CBIBOPOTKAMU KPOBU MAI[MEHTOB C CEITUYECKUM
IIIOKOM He BJIMS1JIO Ha KOJIUYeCTBO HEUTPO(UIIOB,
KOTOpBIe MOABEPIVIMCH CIOHTAHHOMY allOITO3y -
26,0 [21,5-27,2] % (p=0,7).

Ba)xkHO OTMETUTH, YTO MOOABJIEHNE XJTOPHIA
JINTHSA B KOHIIEHTPAIMX 3 MMOJIb, B Cpely MHKyOa-
MY HEUTPOMUIIOB C CHIBOPOTKOM KPOBU MAI[AEH-
TOB C CEITUYECKUM IIIOKOM, 3HAYUMO, B 1,8 paza—
39,5 [37,7-40,0] % (p=0,03), yBermuuBaI0 KOJIU-
4eCcTBO HeUTpo(duIoB, MOABEPTIINXCS CIIOHTAH-
HOMY alloNTO3y. YBeJW4YeHHWe KOHIEHTpaluu
XJIOpHUJa JIUTHUSA 10 9 MMOJIb COIIOCTABUMO yBe-
JIMYMBAJIO KOJIMYECTBO HEUTPO(PUI0B, COXpAaHUB-
IIIAX CIIOCOOHOCTh K CIIOHTAaHHOMY aloNTO3y —
40,2 [38,8-41,1] % (p=0,007).

CornacHO COBpeMeHHBIM NIPeACTABJIEHUSIM,
HEUTPO(PUIbI — 3TO TOCTATOYHO KOPOTKOKUBY-
e JIeMKOUUTHI: II0Cje BbIXOJAa U3 KOCTHOTO
MO3ra cpejHee BpeMsl S>KM3HU HeUTpo(puioB
cocrasJisieT 4-5 nHew [22]. B TeueHne 3TOTO Bpeme-
HU HEeUTpOo(UJIbl BBIXOAAT U3 KOCTHOTO MO3ra,
C03peBaloT U cTapeloT. [Ipy HopMaTbHBIX PU3NO-
JIOTUYECKUX YCJOBUAX CTapeHne HeUTpoduson
CONPOBOKJAETCSI yBeJUYEeHUEeM JKCIIPecCuu
peuentopa xeMoKMHOB CXCR4, 4TO IPUBOIUT K
MUTpallii HEUTPOPUJIOB B KOCTHBIA MO3T,
Ile4eHb U Apyrue OpraHbl, Ie OHU I0JJBEPraioTCs
anonTo3dy M (paronuTUPYIOTCA Makpodaramu.
AnonTo3 — KpaliHe Ba)KHBIA U CJI0KHO perysiu-
PYeMBIii aTall B )KU3HEHHOM LIUKJIe HeUTpo(duIIos,
MTOCKOJIBKY CJIUIIKOM OBICTpasi W MaccoBas
CMepTh HEUTPO(PUIOB TPUBOJIUT K HEUTPOIIEHUHU
U MOJBEP>KeHHOCTH OpraHu3Ma HMH(MEKIUusaM, a
W3JIMIIHE JO0JTast SKU3Hb, HA000POT, MOSKET
BbI3BaTh XpOHUYECKOE BocHajgeHue [23].

[TosryueHHbIE pe3yIbTaThl CBUETEIbCTBYIOT
0 TOM, YTO CENITUYECKAsI CbBIBOPOTKA PE3KO CHUKA-
€T BO3MOSKHOCTH HeUTPO(UIOB «yUTHU» U3 oyara
BOCHAJIEHUS TIYTEM aIONTO3a W TAKUM 00pasom
crroco6CcTByeT (POPMUPOBAHUIO «HEPA3PEITAEMO-
r0 BOCITAJIEHUsI», @ 0OaBJIeHNE XJIOPH/Ia JINTHS B
KOHIIEHTPAIMX 3 MMOJIb U BBIIIIE CITOCOOHO MHAY-
[IMPOBATh CIIOHTAHHBIN alloNTO3 HEUTPO(pUIOB. B
TOKEe BPEMs, XJOPHUJ JIUTHsI, TO0aBJIEHHBIA K
WHTAKTHBIM HeWTpodujaM B KOHIEHTpanuu 9
MMOJIb, IPUBOJUT K YMEHBIIEHUIO KOJINYECTBA

HEUTPO(DUIIOB, CIIOCOOHBIX K CHOHTAHHOMY aIlol-
TO3y, YTO B YCJIOBHUSX LEJOCTHOIO OpraHu3ma
MO’KeT OBITH IEePCIIEKTUBHO B ILJIAaHE Teparuu
HEUTPOIIeHNH, KaK ObLJI0 OTMEYeHO B KJINMHUYE-
CKOM HCCJIeIOBaHUH [24].

phosphorylation of GSK-3 beta, a key enzyme pro-
tecting cell from ischemia reperfusion, a cascade that
is rapidly activated in response to pro-inflammatory
signals. The content of phosphorylated GSK-3 beta in
intact neutrophils was 899557 [821555-931223] ALU
(Table 4). Incubation of neutrophils with serum of pa-
tients with septic shock for 10-15 minutes resulted in
dephosphorylation (activation) of the enzyme, lead-
ing to a 2-fold reduction of the phosphorylated GSK-
3 beta (P<0.05) to the value 0f 412743 [400532-445331]
ALU (Table 4), without affecting the enzyme activity
in neutrophils. Addition of 9.0 mmol lithium chloride
to intact neutrophils significantly increased the level
of GSK-3 beta up to the value of
2407799 [2201343-2938373] ALU (P=0.002) (by 270%).
Addition of 0.3 mmol lithium chloride to the incuba-
tion medium of neutrophils with serum of patients
with septic shock did not significantly affect the level
of GSK-3 beta in neutrophils, which was
478755 [400532-445331] ALU (P=0.002), while the ad-
dition of 3.0 mmol lithium chloride increased the level
of phospho-GC-3 beta in neutrophils virtually to the
control values reaching 858454 [810535-955723]
(P=0.006) ALU. Increase of lithium chloride concen-
tration up to 9 mmol further (practically 2 times
higher than in the control) increased the level of phos-
phorylated GSK-3 beta in neutrophils up to
1759454 [1519555-1911121] (P=0.004) ALU.

Conclusion

The experimental results confirmed the effect
of lithium chloride on GSK-3 beta phosphorylation
in neutrophils which suggests that lithium chloride
is able to modulate the inflammatory activation of
neutrophils on exposure to serum of patients with
septic shock due to GSK-3 beta phosphorylation in
neutrophils.

This study demonstrated that one of the pos-
sible anti-inflammatory mechanisms of lithium
chloride could be phosphorylation of GSK-3 beta
in neutrophils, which in turn leads to reduced ex-
pression of CD11b and CD66b degranulation mark-
ers on neutrophil surface. The lithium chloride so-
lution was found to increase the capability of
neutrophils to spontaneous apoptosis and proba-
bly could contribute to the resolution of inflamma-
tion. The results of this study open the prospects for
the use of lithium chloride to treat «excess» inflam-
mation in bacterial sepsis, but these encouraging
datarequire confirmation on in vivo models, which
may allow initiating a clinical trial to study the pre-
sumed organoprotective and anti-inflammatory
properties of lithium chloride.

JleiicTBHE CHIBOPOTOK ITAIIIEHTOB C CENTH-
4eCcKHUM IIIOKOM Ha IoKa3areJib (pochopuimpo-
BaHus GSK-3f B HeliTpoduiax u BIHMSIHHSA Ha
Hero XJopujaa JuTHus. B HacTosIeM rccienoBa-
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TaG.auna 4. leHcuToMeTpuyeckuii ananus BecrepH-06/10TOB Ha coiepranme B HelTpoduiaax kuHa3bl ocdo-
I'CK-3 0era mpu BO3/IefiICTBHHU CHIBOPOTKH MAIlEHTOB C CENITHYECKUM IOKOM, Me [LQ-HQ).
Table 4.Western blot densitometry analysis for the neutrophil phospho-GSK-3 beta after exposure to sera of patients

with septic shock, Me [LQ-HQ).

Neutrophils Phosphorylated GSK-3(3, ALU % P value vs +SS
Intact (control) 899557 [821555-931223] 100

+SS 412743* [400532-445331] 51

+ LiCl, 9.0 mmol 2407799* [2201343-2938373] 270

+SS + LiCl, 0.3 mmol 428755* [400532-445331] 53 0.8

+SS + LiCl, 3.0 mmol 858454 [810535-955723] 95 0.006
+SS + LiCl, 9.0 mmol 1759454* [1519555-1911121] 195 0.004

Note. * — P<0.05 vs the control.

IIpumeuanue. ALU —y. e. J1.; * — p<0,05 OTHOCUTEJIBHO KOHTPOJIAL.

HUY TaK)Ke U3YYUJIU BJIMSTHUE CBIBOPOTOK ITaIlH-
€HTOB C CENTUYECKUM IIOKOM Ha pochopuampo-
Banue I'CK-3 6era, — kjooueBoro QepmenTa
3aIUTHI KJIETKH OT UIIEMUH-pernepdy3nn — Kac-
KaJia, KOTOPbIH OBICTPO aKTUBUPYETCA B OTBET Ha
MIpoBOCHANUTebHbIe CcHUTHAABL. CofepskaHue
¢ocho-I'CK-3 Oera B MHTAKTHBIX HelTpoduIax
cocTtaBmiio 899557 [821555-931223] y. e. /1. (Tab1. 4)
Mukybanys HeHTpoduIoB ¢ CBIBOPOTKOM MaryeH-
TOB C CEIITUYECKUM IIIOKOM B TeueHue 10-15 MUHyT
pUBOIMIIA K 1e(pocOpUINPOBAHUIO (AKTUBAIIIN)
depmenTa, cHIKAs cofepskanne gocdopuaupo-
BaHHOH (popmbl 'CK-3 6eta B 2 pasa (p<0,05) — 1o
3HaueHus 412743[400532-445331] y. e. 7. (Tabu. 4),
He OKa3blBasg BJIMAHUA Ha CofepyKaHue caMoro
¢epmenTa B HeliTpouiax. [JobaBaeHre xjiopuaa
JINTHST B KOHIEHTPAIMU 9 MMOJIb K MHTAKTHBIM
HelTpoduIaM 3HAYMMO YBEJINYNBAJIO B HUX COfIep-
skaame (Qocdo-I'CK-3 beta — mo 3HAYEHUSA
2407799 [2201343-2938373] y. e. . (p=0,002) (Ha
270%). JlobaBJieHne XJI0pUIa JUTUS B KOHIIEHTPA-
mmu 0,3 MMOJIb B Cpely MHKyOaIiuu HERTPOdMIoB
C CBIBOPOTKOHM KPOBH ITAIIHEHTOB C CENTUYECKUM
IIOKOM 3HAYMMO He BJIMAJIO Ha CojfepsKaHue
docdo-IT'CK-3 Oera B HeUTpodmIax
478755 [400532-445331] y. e. J1., B TO BpeMs Kak
nobaByieHre XJIOPH/IA JUTHS B KOHIEHTPAIuU 3
MMOJIb YBEJTUUUBAJO cofepsranue ¢ocgo-I'CK-3
Oera B HEHUTpOMIaX TPAKTUYECKH 0 3HAYEHUS
B KOHTpoJie — 858454 [810535-955723] (p=0,006)
y. e. J. YBeJnueHUe KOHIIEHTpalUU XJIOpHIa
Jgutus 10 9 MM etiie 60J1ee, TPAaKTUYECKU B 2 pa3a
OT IIOKa3areJisi B KOHTPOJIE, YBEJINUNBAJIO COEP-
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1759454 [1519555-1911121] (p=0,004) y. e. 1.

3akJaouenue

[TosryueHHBIE 9KCTIEPUMEHTATIbHbBIE PE3YJIh-
TaThbl IOATBEPANIN BIAUSHUE XJTOPUAA JIUTUA HA
docdopunuposanne 'CK-3 6eTa B HeUTpomIax,
Y B 9TOU CBSI3U NIPEACTABJISIETCS JIOTUYHBIM IIPeI-
TIOJIOKHUTD, YTO XJIOPUL JIUTHUSI CITOCOOEH MOTYIH -
poOBaTh BOCIAIUTETbHYIO aKTUBAIHIO HeUTpodu-
JIOB IOJ, JeHCTBUEM CBIBOPOTKH HAIMEHTOB C
CeNTUYeCKUM II0OKoM, OJtaromapsi pocopuampo-
Bauwuio 'CK-3 6era B HelTpoduIax.

JlaHHOe rccse[oBaHme MPOJEMOHCTPUPOBAIIO,
YTO OIUVH 13 BO3MOYKHBIX Iy Tel peaTn3aliiy MpoTu-
BOBOCTIQJINTETHHBIX CBOMCTB XJIOPHAA JIUTHUSA MOKET
ocy1iecTBJisieTcs yepes dochopunuponanue ['CK-
3 6era B HEUTpO(DUIAX, YTO, B CBOIO OYepEb, TPUBO-
JTUT K CHY;KEHHIO 9KCIIPEeCCUH Ha ITOBEPXHOCTU HeH -
TpoduiaoB MapkepoB aerpanyisitun CD11b u
CD66b. IIpy aTOM BaKHO OTMETHUTH, YTO PACTBOP
JINTUS XJIOPU[IA YBEJIUUUBAET CIOCOOHOCTH HEHTPO-
(pr10B K CITOHTAHHOMY a0 TO3Y 1, BEPOSITHO, OyIIeT
CI0COOCTBOBATH pa3pelleHnIo BociaaeHus. Peayns-
TaTbl NMPOBENEHHOIO WCCJEIOBAHUSI OTKPBIBAIOT
MepCIIeKTUBbI TPUMEHEeHUsI XJI0pUaa JIUTUS IS
JIe4eHUsI «M30bITOYHOTO» BOCIIAJIEHHSI TIPU OAKTEPH-
QJIbHOM CeTICHCe, OJHAKO 9TU O0HaIesKMBAIOIIHE
JTaHHbIe TPeOYIOT IOTBEPSKIEHIA B MOAIEJIAX in Vivo,
YTO, BO3MOYKHO, [I03BOJIUT UHUIIUMPOBATh KIMHIYe-
CKOe UCTIbITaHNe XJIOPU/IA JINTHUS JIJIS1 U3YUEHHs ero
IIpeJoJiaraeMbIX OPraHOIPOTEKTOPHBIX U IPOTHU-
BOBOCHAJINTEIbHBIX CBOUCTB.
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Pe3rome

ITeJb McCIeAOBAHUS: OLIEHUTE BJIMAHNE Cy0JIeTaaIbHOM 03Bl KI03alHa Ha CepIevHO0-COCYIUCTYIO CU-
cTeMy KpBIC Yepe3 24 yaca ITocJjIe BBeIeHUs Ipernapara.

MarepuaJbl 1 MeTOABI. DKCIIEPUMEHThI BBIIOJHUIN Ha 17 KpbIcax-camIiax JuHuUU Wistar Maccoi
220-270 r. TTox, ob111eit aHecTe3unelt ceBOGIIOPAHOM KUBOTHBIM I IPYIIIIBI 9HTEpPAJIbHO Yepe3 30H] BBOTUIN
pactBop NaCl 0,9%, II rpynnie — kJI03aIuH B 103e 150 MI/KT, pa3BeeHHbIH B 2,0 MJ1 pactBopa NaCl 0,9%, 111
rpymme — KJIO3aluH B f1o3e 150 Mr/Kr, pa3BeeHHbIN B 2,0 M1 40% ciupTa aTusioBoro. Yepes 24 4 rocse
BBeJIeHNUs IIperapara olleHUBa/IN apTepuaJbHoe AaBjaeHue (All), 9aCTOTy cepAedHbIX cokparienuit (UCC),
MHUKPOLUPKYISIUIO B KOKE METOAOM JIa3epHOH IonmaepoBckoit paoymerpuu (JIIP), ”HTEHCUBHOCTD
dayopecnennuu kodepmentos HAJTH, A/ . ITocsie aBTaHA3UM IPOBOAUIH ayTOIICHIO C 3a00pOM BHYTpeH-
HUX OPTaHOB KPBIC 151 MOPGOJIOTUYeCKOro UccaefoBaHus. Jlajiee U3roTaBINBAJIN ITapaUHOBBIE CPe3bl
cepjiel] ¢ mocJIeyomell OKpacKol reMaTOKCUJIMHOM U 903UMHOM, KOTOPBIe HCCIe0BaIU C IOMOIIBIO CBe-
ToBOrO MUKpockona Nikon Eclipse Ni-U.

Anpec 1149 KOPPeCIIOH JeHIIHH: Correspondence to:
Anron BanepbeBud Epiios Anton V. Ershov
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Peaynbrarsl. CleKTpa/IbHBIN aHAIN3 KOJIeOaHIH JJOKAIbHOT0 KOYKHOTO KPOBOTOKA IIOKA3aJI, YTO IpUeM
KJjI03alnyHa BbI3bIBaJI yMEHBIIEHUE AmMax u AMILJIUTYD BCEX YaCTOTHBIX TUAITa30HOB AKTHUBHOU perynanun
MUKPOIUPKYJISLNUY II0 CDaBHEHUIO C KOHTPoJieM. JKUBOTHBIe Bcex TPyl yepe3 24 yaca 11ocJje BBeJeHUs
IIperaparoB He pa3Indasarich MeXXIy coOO0I 10 OCHOBHBIM ITOKa3aTessAM ras3oBoro cocrasa u KOC aprepu-
JIBHOM KPOBH, HO B rpymmax kiaosanuHa (II u I1I) KoHIleHTpanys reMOoIOOMHA U IOKa3aTesIb FeMaTOKpHUTa
OBLT HUJKE, YeM B KOHTPOJIBHOM TPYIITIE.

IIpu nccnenoBaHuyM rUCTOIOTUYECKUX IIPENaparoB cepaer KpbIc B rpynmnax I u 111 BEIABHAIN IOTHOKPO-
BuUe BEeHYJI, [yane/le3Hble KPOBOU3JIUAHUA, HepI/IBaCKyJIHpHBIfI nu I/IHTepCTI/IL[I/IaJII)HI)II‘/)I orek. B IpocBeTe Co-
CY/I0B OTMETUJIU [IPU3HAKYU CTa3a KPOBY, a TAK)Ke KpaeBoe CTOsIHUe IPaHyJI0LUTOB. BeIABU/IN HepaBHOMeEp-
HYI0 OKpPacKy MHOKapja 3a CYeT KapAUOMHOLMTOB C TUNEPI03UHO(PUIBHON M MEeCTaMU TOMOTeHHOU
IUTOIJIa3MOM; yY4acTKHU (pparMeHTanuy 1 gedopManuy KapJUOMHUOIUTOB. SIipa KapMOMIONNTOB OBIIN
NOJIMMOP(HBIMY 1 HEPABHOMEPHO OKpALlIeHHbIMY, OTMeYaJIu IepUHYKJIeapHbIi OTeK.

3akJrodyeHue. Pe3ysibTaTbl IPOBEJEHHOI0 UCCAeJ0BAHMUS CBUIETE/IbCTBYIOT O TOKCUYECKOM JelCTBUN
KJIO3AINKHA, IPOSIBJIABIINMCS IPOrPECCUPOBAHNEM aJIBTEPAllii MUOKAP1a U HapyLIeHUsIMU [IeHTPaJIbHOTo
" nepudeprIecKoro KposoobpaieHus1. TeM He MeHee, KyITIPOBaHYe OpagrKapIiy, BOCCTAHOBJIEHIE KOXK-
HOW epy3nu 1 HUBeJIMpOBaHUe MeTaboImYecKuX Hapytenui (gpryopecuentust HAJTH, KOC aprepuaJib-
HOU KPOBH) Yepes 24 yaca MOTYT OBITh 00YCJIOBJIEHBI BKJIIOUEHHEM MEXaHN3MOB KOMIIEHCAITUH HAPYIIIEHHBIX
(pyHKIMI, B 4aCTHOCTH, 3a CYET U3MEeHEeHUsI HelipOTeHHOU U TyMOpaJIbHOU pery/isanuy romMmeocrasa.

Kntouesvte crosa: k103anut; Muokapo; 2eMOOUHAMUKA; MUKPOYUPKYISYUS
KoHdaukT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUH KOH(JIMKTOB HHTEPECOB.

Summary

Aim of the study: to evaluate the effect of sublethal dose of clozapine on the rat cardiovascular system 24
hours after administration of the drug.

Materials and methods. The experiments were carried out on 17 male Wistar rats weighing 220-270 g.
Under general anesthesia with sevoflurane, the animals of Group I were enterally given 0.9% NaCl solution,
Group II animals received clozapine in a dose of 150 mg/kg diluted in 2.0 ml of NaCl solution 0.9%, Group III
animals were given clozapine in a dose of 150 mg/kg diluted in 2.0 ml of 40% ethanol. Blood pressure (BP),
heart rate (HR), skin microcirculation using laser Doppler flowmetry (LDF), NADH and FAD+ fluorescence
were estimated 24 hours after the drug administration. After euthanasia, autopsy with sampling of internal
organs for morphological study was done. Then paraffin heart sections with subsequent H&E staining were
made, which were studied using the Nikon Eclipse Ni-U light microscope.

Results. Spectral analysis of local skin blood flow fluctuations showed that clozapine reduced Amax and
amplitude in all frequency ranges of active microcirculation regulatory system in comparison with the controls.
No differences in blood gases and acid-base status were seen between the groups of animals 24 hours after
administration of the drugs. However, the animals from clozapine groups (II and III) had lower hemoglobin
and hematocrit than in the control group.

Histological examination of rat hearts in groups Il and Il revealed congested venules, haemorrhages by dia-
pedeses, perivascular and interstitial edema. The signs of blood stasis and marginalization of granulocytes were
noted in the vascular lumen. Irregular staining of myocardium due to cardiomyocytes with hypereosinophilic
and occasionally homogeneous cytoplasm, fragmentation and deformations of cardiac cells were revealed. Car-
diomyocytic nuclei were polymorphic and irregularly stained, and perinuclear edema was observed.

Conclusions. The results of the study demonstrate the toxic effect of clozapine manifesting as progressive
myocardial alteration and disordered central and peripheral circulation. However, control of bradycardia, re-
stored skin perfusion and metabolic improvement (diagnosed by NADH fluorescence and blood acid-base
status) after 24 hours may be due to the activation of compensatory mechanisms, particularly through changes
in neurogenic and humoral regulation of homeostasis.

Keywords: clozapine; myocardium; hemodynamic parameters; microcirculation
Conflict of interests: the authors claim no conflict of interest.
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BBenenue

ITpu ocTpoM OTpaBJIEHUU HEHPOJENTUKAMU
TOKcHYecKure 9P GeKThI MPOSBJIAIOTCS HE TOJBKO
YIrHETEeHUEM CO3HaHUA U PA3BUTHUEM NPYIrX HEB-
pOJIOTHYECKUX HApPYIIeHUU, HO W HapyIleHueM
(YHKITHI cepIeTHO-COCYIUCTON CUCTEMBI, TIEUEHH,
Jerkux [1-6]. MuIlleHn TOKCUYEeCKOro HeHCTBUS
HEUPOJIETITIKOB OIIPEEJISTIOTCS He TOJBKO (papMa-

Introduction

In acute neuroleptic poisoning, toxic effects
manifest as decreased level of consciousness and
other neurological defects, as well as cardiovascu-
lar, hepatic and pulmonary dysfunction [1-6]. Tar-
gets of neuroleptic toxic effect depend not only on
pharmacological properties and dose of drugs, but
also on the initial condition of the patient [7]. In
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Experimental Studies

KOJIOTUYECKMMH CBONCTBAMU IIperaparoB, WX
JI030M, HO 1 UCXOJIHBIM COCTOSTHMEM OpraHusaMa [7].
[Ipn oCTPBIX OTPABJIEHUAX KJIO3AIIMHOM C JIETaJIb-
HBIM HCXOJ0M BO3MOKEH KaK MO3TOBOM, TaK U cep-
JleYHbII BapUaHT TaHATOTeHe3a. YUUTBIBASI BBICO-
KYIO BEPOATHOCTD JIETAJIbHOTO UCX0Na, U3y4eHue
MEeXaHM3MOB M 0COOEHHOCTEH OCTPOT0 OTPaBJIEHUS
KJIO3alMHOM [IPEJCTABJIAET MHTEPeC KaK I KJIU-
HUIMCTOB, TaK M IS CyIeOHbIX MenuKoB [8]. Tok-
cudeckue 3(ppeKThI KI03aMuHa U eT0 MeTaboIu-
TOB HeCTIeNM(PUYHBI ¥ BKITIOYAIOT B CEOST CHIKEHTE
YPOBHSAI CO3HAHWsA BIUJIOTH IO KOMBI, YTHETCHUE
IbIXaHUS U KpoBooOparenus [9]. Pesxke BosHU-
KalT TeMaToJIOTn4ecKre, TpoMO00IMOoIIIecKe
OCJIO’KHEHHU I U 3JI0KaUueCTBEHHbIN HelipoJsienTuye-
ckuil cuHapoM. OTesIbHYIO FPYIIITY OCJIOMKHEeHUN
COCTaBJIAIOT KJIO3ANMH-UHAYIIUPOBAHHbIE KAPIUO-
TOKCHYecKre 3((PeKThl: MUOKAPINT, IEPUKAPIUT,
KapJUOMHUOIIATHH, OCTPAsA CepIEeYHO-COCYAUCTas
HEeJO0CTaTOYHOCTh, CMHAPOM yanuHeHnHoro QT na
IKI' ¢ BBICOKMM PHCKOM pa3BUTHUSA KU3HEYI'PO-
SKAIOIIMX HapylleHuil putMa [10-12]. Panee npu
9KCIEPUMEHTAJIBHOM M3YYCHUU TOKCUYECKOTO
JefICTBUS KJI03alMHa Ha CepIevyHO-COCYIUCTYIO
CHCTEMY KPBICHI HAMH OBIJIO TIOKA3aHO, YTO Yepes
4 Jaca 1ocJsie 9HTepaJIbHOI0 BBEIECHUS IIperapara
BBIABJISJINCH IPU3HAKY HAPYIIEHNsT KPOBOOOpa-
IIeHUs], YTO IIPOSIBJISJIOCh apTepUaJbHON TUIIO-
TeH3uel, CHI;KeHHeM KPOBOTOKA B COCYaX KOYKU
¥ HapyIIeHUsIMHA OKUCJIUTETHHOTO MeTaboIn3Ma B
nepuepruvecKrx TKaHAX (M3MeHeHue Jyopec-
nennuu kodpepmenra HAJ/IH) [6]. [Ipu cpaBHeHUU
a(pperToB KI03aTTMHA ¥ €T0 KOMOMHAIIUY C AJTKO-
TOJIEM CYITIECTBEHHBIX PAa3JIMINi He ObLIIO BBISABJIE-
HO, 3a WCKJIIOYEHWeM OpaguKapaIudl B TpymIe
SKABOTHBIX, KOTOPBIM KJI03alIUH BBOIUJIA B U30TO-
HUYECKOM COJIEBOM pPacTBOpe.

ey uccaenoBanns — OLEHUTH BJIHWAHUE
cybJieTaIbHON O3Bl KJIO3alWHA Ha CepAevYHO-
COCYAYICTYIO CUCTEMY KPBIC Yepes 24 Jaca 1ocJe
BBEJICHUA IIpernapara.

MarepuaJ u MeTObI

JKCIepUMEeHTHI IIPOBeJiu Ha 17 KpbIcax-camIiax
anaun Wistar maccoit 220-270 1. 3a 12 4acoB JI0 aKCIIe-
p¥IMEeHTAa SKMBOTHBIE He M0JIy4aad KOPM, HO UMeJIH J0-
CTYII K BOJle. DKCIIEPUMEHThI IPOBOJUJIN B COOTBET-
ctBUM c TpeboBaHMAMH JlupekTuBbl 2010/63/EU
EBpomneiickoro mapJsiameHTa u coBetra EBpomneiickoro
CO103a TI0 OXpaHe SKUBOTHBIX, UCIOJIb3yeMbIX B Ha-
YYHBIX Iesax [13].

ITop 0611el MHTAJIATIMOHHOM aHecTe3nel (CeBO(-
JiropaH 4 06% ¢ MOTOKOM KUCJIOPOJia 2 JI/MUH B UHIYK-
IIMOHHOW KaMepe) 9HTepPaJbHO 4Yepe3 SKeTyJOYHbIN
30H]T BBOJIUJIA UCCJIelyeMble PacTBOPHI B 00beMe 10
MJI/KT MacChl 3KUBOTHOTO. B 3aBMCHMOCTH OT cocTaBa
BBOJVMOI0 PAacTBOpa BBIIEJIUIN CJIeAYIOIIe IPYIbL:
SKUBOTHBIM | rpynmibl (KOHTPOJIBHOU, n=4) 9HTEepaIbHO
Beoamsik 2,0 mu pactBopa NaCl 0,9%; skuBoTHbIM 11
Tpynnbl («KJIO3ANUH», 1=7) KJI03allNH BBOJUJIMN 9HTE-

acute clozapine poisoning death can be caused by
either cerebral or cardiac dysfunction. Taking into
account the high probability of fatal outcome, the
study of the mechanisms and specific features of
acute clozapine poisoning is relevant for both cli-
nicians and forensic physicians [8]. Toxic effects of
clozapine and its metabolites are nonspecific and
include a decreased level of consciousness (some-
times progressing to coma), depressed respiration
and blood circulation [9]. Hematological, throm-
boembolic complications and malignant neurolep-
tic syndrome are less frequent. Clozapine-induced
cardiotoxic effects represent a standalone group of
complications and include myocarditis, pericardi-
tis, cardiomyopathy, acute heart failure, long QT
syndrome on ECG with a high risk of life-threaten-
ing rhythm disturbances [10-12]. Previously, in the
experimental study of the toxic effect of clozapine
on the rat cardiovascular system, we showed that 4
hours after the enteric administration of the drug
the signs of circulatory disturbance appeared, such
as hypotension, reduced blood flow in the skin and
abnormal oxidative metabolism in peripheral tis-
sues (changes of NADH fluorescence) [6]. When
comparing the effects of clozapine and its combi-
nation with alcohol, no significant differences were
found, except for bradycardia in the group of ani-
mals who were given clozapine in normal saline.

The aim of the study was to evaluate the effect
of sublethal dose of clozapine on the rat cardiovas-
cular system 24 hours after administration.

Materials and Methods

The experiments were conducted on 17 male Wis-
tar rats weighing 220-270 g. The animals were not fed for
12 hours before the experiment, but had access to water.
The experiments were conducted in accordance with the
requirements of Directive 2010/63/EU of the European
Parliament and of the Council on the protection of ani-
mals used for scientific purposes [13].

Under general inhalation anesthesia (sevoflurane 4
vol.% with oxygen flow of 2 1/min in the induction cham-
ber) the studied solutions in the volume of 10 ml/kg body
weight were given enterally through the gastric tube. De-
pending on the specific solution, the animals were divided
into the following groups: Group I (control, n=4) were given
2.0 ml of NaCl 0.9% solution enterally; group II («clozap-
ine», n=7) were given clozapine enterally in dose of 150
mg/kg dissolved in 2.0 ml of NaCl 0.9%; group III rats
(«clozapine + alcohol», n=6) were given clozapine orally in
a dose of 150 mg/kg, dissolved in 2.0 ml of 40% ethanol.

After administration, animals were transferred to a
vivarium with ad libitum access to water and food (4
hours later). 24 hours later, anesthesia was carried out
(sevoflurane 4 vol.% with oxygen flow of 2 L/min in induc-
tion chamber). Anesthesia was maintained with sevoflu-
rane 1.5-2.5 vol.% via cone mask with oxygen flow of 1
L/min. In order to measure the mean blood pressure (BP)
and take arterial blood samples, the left femoral artery
was catheterized with a 23G polyethylene catheter. To
maintain patency, the catheter was flushed with 0.2 ml so-
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paJsibHO B 103e 150 Mr/Kr, pactBopeHHbI! B 2,0 M1 NaCl
0,9%; kpbicam Il rpynme! («KJI03aIUH+AJIKOTOJbY, 1=6)
KJIO3allMH BBOJWUJIA 9HTEPAJILHO B To3e 150 Mr/Kr, pac-
TBOPeHHBIH B 2,0 M1 40% 3TUJIOBOTO CIIAPTA.

ITocse BBeeHuUs NpenapaToB YKUBOTHBIX [IE€PEHO-
CUJIU B BUBApUU € JOCTYIIOM K BOfie U nullle (depes 4
4gaca). Yepes 24 yaca NpOBOAWIIN NHIYKIIUIO aHECTEe3NHN
(ceBopamopan 4 06% C MOTOKOM KHCJIOPO/IA 2 JI/MUH B
WHIYKIMOHHON Kamepe). IlognepskaHue aHecTe3UHn
OCYIIIeCTBJISIIA Tofadelt ceBoduiopana 1,5-2,5 06%
yepe3 KOHYCOBUJIHYIO MacCKy € IIOTOKOM KHcjopona 1
J1/MuH. C 11eJIbI0 U3MEePEeHUsA CPEeJHETO apTepUuaJTbHOTO
nasjeHus (Al) u sabopa mpob apTepuasbHON KPOBH
KaTeTepUa3NPOBAJIH JIEBYIO OeJpEeHHYIO apTEePHIO ITOJIH -
3TUJIEHOBBIM KareTepoM 23G. [ly1a nonpeps;xanus mnpo-
XOIMMOCTH KaTeTep mpoMbIBaiu 0,2 MJ1 pacTBopa Hed-
pakunoHupoBaHHoro remapuHa (50 EJI/mi) mocie
YCTaHOBKHY ¥ IOBTOPHO TP HEOOXOAMMOCTH.

Kpbic ¢ukcupoBanu Ha MojorpeBaeMoi Iijiar-
¢opme mouHuTopa MouseMonitor S (INDUS Instru-
ments, CIIIA). C nesbio KOHTPOJIS TEMIIepaTypsl Tesa
YCTaHABJIUBAJIU pPeKTaJIbHBIA TepMoMeTp. lleseBas
TeMIeparypa sKUBOTHOTO cocTasiiAana 36,5-37°C. [lepen
Ha4YaJIOM U3MepEeHN OB IIepHof CTa0M/TN3 AN SKHU-
BOTHOIO B TeueHue 20 MUuH.

AJl n3amepsisia ¢ IOMOIIIBIO TpaHcablocepa Deltran
DPT-100 (Utah Medical Products, CIIIA) mpu6opom BP-100
(CWE, Inc., CIIIA). YacToTy cepae4yHbIX COKpaleHui
(UCC) onpepessanm 1o KT c mpuMeHeHneM NOIKOKHBIX
WUI0JIbYATBIX 9JIEKTPOLOB MoHHMTOpa MouseMonitor S
(INDUS Instruments, CIIIA). 17151 O1leHKYA MUKPOLIUPKY-
JIAIAU TIPUMEHSIJIM METOJ, JIa3ePHOU JIOMIIepOBCKOM
duioymerpuu (JIIP), 1151 O1IeHKU COCTOSHUSA KOepMeH-
TOB OKHCJIMTEJIbHOTO MeTabosimama TkaHer (HAJIH u
DAl) — metop ja3epHO (JIyOpecIeHTHONH TUarHo-
cruku (JI®]]). larunk npudopa JIASMA MIT (OO0 HIIIT
«JJABMA», Poccust) ycTaHaBIMBaJ/IA HA BEHTPAJIbHOM I10-
BEPXHOCTH IIPOKCHMAJIBHOIO OTJeJIa XBOCTA C MUHU-
MaJIbHBIM 3a30poM. JIJI®P-rpaMmbl perucTpupoBad B
TeyeHUe 8 MUHYT. AHAJIU3UPOBAJIU CpefHee 3HaUeHUe
nepdys3uu KO3KU (UJIU II0Ka3aTe/Ib MUKPOLUPKYJ/IALNN —
M, nepdysnoHHbIe efUHUIEI (1. e[1.]), cpeHee KBaapa-
TUYHOE OTKJIOHEHNE aMIIUTYAbI KoJIeOaHNH KPOBOTOKA
(0, (. en.); koapPpurrent Bapuanmm repdysun (Kv, %).
B nocjieyionemM MeToA0M BelBJIeT-aHaInu3a UCCIIe0-
BaJgM KoJyiebaHMA MHKPOKPOBOTOKAa B [HAalla30HE
0,01-0,4 I'm. AMIUTATYIBI KOJTEOAHWI KPOBOTOKA B JIaH-
HOM 4aCTOTHOM JYalla3oHe y KpbIC HeCyT UH(OPMAIIUIO
0 MEXaHU3Max peryiIAluy MUKPOIUPKYJIALNN: 9HO0Te-
JUAJBHOM (A3), HeUpOreHHOM (AH) U MHUOI€HHOM
(Am) [14]. Takske cpenu aTHX aMIIWTYZ ONpenesIsiin
MaKCUMAaJIbHBI YPOBEHB KOJIe0aHN MUKPOKPOBOTOKA
(Amax, 1. ef1.) 1 COOTBETCTBYIOIIYIO eMy 4acTory (Fmax,
I'm). B aTOT sKe nmepuon BpeMeHH OLeHUBAI NHTCHCUB-
HOCTb uajydenus duryopecuennuu HAI-H (UV — nuinHa
BOJIHBI 30HIVPYIOILEro U3Jay4eHud 365 HM — «yJIbTpa-
duoser») u PAJI* (B — myimHa BOTHBI 30HUPYIOIIETO
naJrydyeHus 450 HM — «CHUHUN»), a TAaKKe «PeIOKC-0THO-
mregue» (PO=UV/B).

l'a3oBBIll cocTaB, MapaMeTpbl KUCJIOTHO-OCHOB-
Horo coctossHus (KOC) aprepua/ibHOM KpPOBU, KOH-
neHTpanuio remornoomHa (Hb) 1 mokasaresib reMaToK-
pura (Ht) onpenesnisinu Ha aHanuaarope i-STAT (3660TT
ITount od Kea MHK., CIIIA) c ucrnoJsb30BaHueM KapT-
pumska c pearenToM i-STAT CG8+ Cartridge.

lution of unfractionated heparin (50 BP/ml) after instal-
lation and then again if necessary.

The rats were fixed on the heated platform of the
MouseMonitor S (INDUS Instruments, USA) monitor.
Rectal thermometer was installed to control body tem-
perature. The target temperature of the animal was 36.5-
37°C. Before the beginning of measurements there was a
stabilization period lasting for 20 min.

Blood pressure was measured using the Deltran
DPT-100 transducer (Utah Medical Products, USA) with
the BP-100 device (CWE, Inc., USA). Heart rate (HR) was
determined by ECG using the MouseMonitor S monitor
subcutaneous needle electrodes (INDUS Instruments,
USA). Laser Doppler flowmetry (LDF) method was used
to evaluate microcirculation, laser fluorescence diagnos-
tics (LFD) method was used to evaluate tissue oxidative
metabolism coenzymes (NADH and FAD). The sensor of
the LAZMA MC device (LLC R&D enterprise LAZMA, Rus-
sia) was installed on the ventral surface of the proximal
tail section with minimum clearance gap. LDF graphs
were recorded during 8 minutes. We analyzed the average
value of skin perfusion (or microcirculation index, M, in
perfusion units [PU]), the average square deviation of the
blood flow oscillation amplitude (o, PU); perfusion vari-
ation coefficient (Kv, %). Subsequently, the wavelet analy-
sis method was used to investigate the oscillations of
micro blood flow in the range of 0.01-0.4 Hz. Amplitudes
of blood flow oscillations in this frequency range in rats
provide information on the mechanisms of endothelial
(Ae), neurogenic (An) and myogenic (Am) regulation of
microcirculation[14]. Also among these amplitudes, the
maximum microcirculatory oscillations (Amax, PU) and
its corresponding frequency (Fmax, Hz) were deter-
mined. During the same period of time, we estimated the
HAD-H fluorescence (wavelength of the probing radia-
tion of 365 nm, «ultraviolet» [UV]) and FAD+ (wavelength
of the probing radiation of 450 nm, «blue» [B]), as well as
the «redox ratio» (UV/B).

The blood gases, acid-base status, hemoglobin
(Hb) and hematocrit (Ht) levels were measured by an i-
STAT analyser (Abbott Point of Kea Inc., USA) using an i-
STAT CG8+ Cartridge.

After registration of the studied parameters, the an-
imals were subjected to euthanasia by cervical disloca-
tion under general anesthesia with sevoflurane. Internal
organs were taken for morphological study. The material
was fixed in 10% neutral formalin solution. After fixation
the heart was dissected in the frontal plane through all
sections into 2 parts, each of them containing both atria,
right and left ventricles, interventricular septum. After
the routine processing the heart was placed into paraffin.
Paraffin sections for morphological examination were
stained with hematoxylin and eosin. Histological prepa-
rations were examined using a Nikon Eclipse Ni-U mi-
croscope (Japan). Statistical data analysis was performed
using the Statistica 10.0 software package. Mann-Whit-
ney U-criterion was used to evaluate the significance of
differences between groups. The differences were con-
sidered significant at P<0.05. The analyzed parameters
are presented as Me (LQ; HQ).

Results and Discussion

Twenty-four hours after administration of the
drug, the studied animal groups did not differ in
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TaGsmmna 1. CHcTeMHas reMOJHHAMUKA U ITapaMeTpPbl MUKPOIHMPKYJISIMHU Yepe3 24 yaca ocje BHYTPUIKeJTy-

JIOYHOTO BBEJJEHUS PACTBOPOB KJo3anuHa uiu pacrtsopa NaCl 0,9%, Me (LQ; HQ).

Table 1. Central hemodynamic and microcirculation parameters 24 hours after gastric administration of clozapine

and 0,9% NaCl solution, Me (LQ; HQ).

Parameters

NacCl (control),
n=4

Clozapine

+NacCl, n=7

+ Ethanol, n=6

Heart rate, min!

346 318; 380)

353 (338; 361)

377 (338; 399)

Blood pressure, mm Hg

134.5 (127.0; 139.5)

109.5* (100.0; 110.0)

109.0* (106.0; 122.0)

Mean skin perfusion, PU

11.7 (8.6; 15.4)

12.6 (9.1;13.2)

13.4 (10.1; 14.6)

Mean square deviation of the blood flow
oscillations amplitude, PU

0.65 (0.60; 0.66)

0.68 (0.62; 0.71)

0.60 (0.58; 0.61)

Perfusion variation coefficient, PU

5.8 (4.2;7.6)

5.5(5.4;5.9)

5.2 (4.4;5.8)

Maximal amplitude of microvascular blood flow,
endothelial origin, PU

0.18 (0.15; 0.19)

0.11* (0.09; 0.13)

0.10* (0.07; 0.11)

Maximal amplitude of microvascular blood flow,
neurogenic origin, PU

0.17 (0.14; 0.21)

0.10* (0.10; 0.13)

0.10* (0.08; 0.11)

Maximal amplitude of microvascular blood flow,
muscular origin, PU

0.18 (0.14; 0.22)

0.11* (0.09; 0.14)

0.11* (0.09; 0.13)

Maximal amplitude of microvascular blood flow
ranging 0.01-0.4 Hz, PU

0.22 (0.20; 0.24)

0.14* (0.10; 0.14)

0.12* (0.10; 0.13)

Frequency corresponding to Amax, Hz

0.14 (0.05; 0.30)

0.07* (0.05; 0.17)

0.24* (0.05; 0.46)

NADH fluorescence

2.36 (1.27; 2.52)

1.22 (0.76; 1.66)

1.30 (1.18; 1.88)

FAD fluorescence*

1.86 (1.13; 2.85)

0.99 (0.96; 2.10)

1.27 (1.16; 1.40)

Redox ratio

0.76 (0.69; 0.88)

0.96 (0.76; 1.18)

1.12 (1.05; 1.47)

Note. * — P<0.05 vs the control group. NADH — reduced nicotinamide adenine dinucleotide; FAD — flavin adenine dinucleotide.
ITpumeuanme. Heart rate — yacrora cepJie4HbIX COKpaleHuii; blood pressure — AJl; vean skin perfusion, PU — cpennee 3Haue-
Hue nepdysun Kok, nd. ef.; square deviation of the blood flow oscillations amplitude — kBagpaTu4HOE OTKJIOHEHME aMILJIH-
TyJbI KoJIeOaHUI KPOBOTOKa; perfusion variation coefficient — koad dpunment Bapuanun nepdysuu; maximal amplitude of mi-
crovascular blood flow — makcumanbHas amnnTya Kosebanuit MUKpokpoBoToka; endothelial origin — anporenuansHoOro
MIPOXCXO>KAEHHS; neurogenic origin — HelporeHHOT0 MPOUCXOKAEHNs]; muscular origin — coOCTBEHHO MHOTEHHOTO IIPO-
HCXO’KJIeHUs; ranging — B quanasoHe; frequency corresponding to — dacToTa, COOTBEeTCTBYIOIIasA; redox ratio — peioKc-0T-
Hourenve. NADH — HUKOTMHaMUIaJeHUHANHYKIeoTH, FAD — daBuHajeHUHANHYKIe0THA.* — p<0,05 mIpu CpaBHEHUH C

KOHTPOJIBHOM I'PYNITOH.

INocJsie perucTpanum uccjaesyeMbix (GyHKIMOHAIb-
HBIX I1apaMeTPOB KUBOTHBIX II0/IBEprajii 9BTaHA3UU Me-
TOIOM IIEHHOM JUCIOKAIIIH 101 00IIel aHecTe3nen ce-
BodIopaHoM. 3abupasy BHYTPEHHHE OpraHbl i
MOP(OJIOrMUECKOT0 UCC/IeoBaHusl. Marepuast (purcupo-
Basi1 B 10% HelTpasbHOM pactBope opmasnuna. [Tocae
¢urcanum cepina paccekasv Bo GpoHTATILHON TIJIOCKO-
CTH Yepe3 BCe OT/IesIbl Ha 2 4YaCTH, B KOTOPBIX COIEPSKAINCh
00a npejicep/1uisi, IPaBbIi U JIEBBIH sKeJTyIOUKY, MeKIKe-
JIyII0YKOBas1 eperopoka. [locse craniapTHON IPOBOAKU
ceppa 3aiMBaiy B napadud. [TapaduHoBble cpesbl 1Jis1
MOpP(}OIOrTYecKOro UCC/IeJOBaHUsI OKpaIIUBaJIU reMa-
TOKCHUJIMHOM-303UHOM. VcciiefoBaHye TUCTOIOTTIeCKUX
TpernaparoB POBOAWIIN C ITOMOIIIBI0 MUKpocKora Nikon
Eclipse Ni-U (fnonwus1). CratrcTideckyio 00paboTKy JaHHBIX
OCYIIIECTBJIAJIN C IOMOLIBIO ITaKeTa IporpaMm Statistica 10.0.
JIJI51 OLIeHKY JOCTOBEPHOCTU PA3/IMUUil COOTBETCTBYIOIINX
TI0Ka3areJsiel MesKITy FpyIiiaMy UCII0/Ib30BaI Kputepuid U
Manza-YuTtHU. Pazimuuua cuuTany JOCTOBEPHBIMU IIPU
ypoBHe 3HaunMocTH p<0,05. AHATU3UPyeMble BeJIMYNHBI
npejcTaBJieHbl B Buje: Me (LQ; HQ).

Pe3ysbTaThl M 00CY:KI€HUE

Uepes 24 yaca niocjie BBeJeHUs IpenaparoB
HccjegyeMble FPYIIIbl JKUBOTHBIX He pa3/In4yaJiiCch
1o YCC, Ho B TO sxe BpeMA A/l B TpynIiax «KJa03amnm-
Ha» (Il u III) 610 HIKe HA 19%, UeM B KOHTpOJIE
(I). BMecTe ¢ TeM, HECMOTpPA Ha Pa3JIM4YUs 110 YPOB-
HIO AJl, KDOBOTOK B COCyIax KOKHM XBOCTa BCeEX
rpymI 6617 OqUHAKOB (Ta0J1. 1). Tak)ke He BBISIBUIIU
MEKTPYIIIOBBIX PA3JIMUUI 110 3HAYEeHUsIM 0 1 Kv.

HR, but at the same time, BP in clozapine (IT and
III) groups was 19% lower than in control (I). Mean-
while, despite the differences in BB, the blood flow
in the tail skin vessels of all groups was the same
(Table 1). Also, no intergroup differences in the val-
ues of 0 and Kv were found.

Spectral analysis of oscillations of local cuta-
neous blood flow showed that in the clozapine
groups (II and IIT) Amax and amplitudes in all fre-
quency ranges of active regulation of microcircula-
tion (Ae, An, Am) were lower compared to the con-
trol group. Evaluation of the oxidative metabolism
using NADH and FAD+ fluorescence did not reveal
any differences between the study groups (Table 1).
In comparison with the control, Fmax was lower in
Group II and higher in Group III, although interpre-
tation of this parameter is difficult due to its high
variability in all groups (large interquartile interval).

Twenty-four hours after the administration of
drugs there were no differences in blood gases and
acid-base status between groups, however in the
clozapine groups (II and III) hemoglobin and
hematocrit were lower than in the control group
(Table 2).

On histological examination of rat hearts in the
groups II and IIT we found congested venules, dia-
pedetic hemorrhages, perivascular and interstitial
edema (Fig. 1, 2). Vascular lumen showed signs of
blood stasis (loss of hemoglobin from red blood
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Ta6smmna 2. [Tapamerpsl KOC 1 ra30BoOro cocTaBa apTepruaIbHOI KPOBH Yepe3 24 yaca HocJie BHYTPHIKeTya0Y-
HOTO BBEJIeHUA PACTBOPOB KJ03anuHa uiu pactsopa NaCl 0,9%, Me (LQ; HQ).

Table 2. Blood gases and acid-base status 24 hours after gastric administration of clozapine or 0,9% NaCl solutions,
Me (LQ; HQ).

Parameters NacCl (control), Clozapine

n=4 + NaCl, n=7 + Ethanol, n=6
pH 7.42 (7.41;7.43) 7.41 (7.37;7.44) 7.44 (7.39; 7.44)
pCO,, mm Hg 45.0 (43.0; 48.5) 52.0 (46.0; 64.0) 51.0 (48.0; 53.0)
pO,, mm Hg 478 (472; 508) 490 (479; 528) 484 (349; 486)
SOy, % 100 (100; 100) 100 (100; 100) 100 (100; 100)
HCO3, mmol/l 30.0 (28.2; 31.9) 33.8 (31.2; 35.7) 32.0 (31.9; 32.8)
BE, mmol/l 5.0 (3.5; 6.5) 6.0 (6.0; 9.0) 6.0 (6.0; 8.0)
Na, mmol/l 141 (141; 142) 143 (141; 145) 143 (142; 144)
K, mmol/l 4.03 (4.0; 4.35) 4.0 (3.8;4.3) 3.9(3.8;4.1)
Ca, mmol/] 1.375 (1.36; 1.38) 1.39 (1.36; 1.42) 1.32 (1.26; 1.35)
Glucose, mmol/1 7.8(6.2;9.2) 7.4 (6.9;8.3) 7.8(7.2;8.2)

136.0 (134.5; 137.5)
40.0 (39.5; 40.5)

122.0* (119.0; 133.0)
36.0* (35.0; 39.0)

126.0* (126.0; 126)
37.0* (37.0; 37.0)

Hemoglobin, g/l
Hematocrit, %

Note. * — P<0.05 vs the control group.

IIpumeuanue. * — p<0,05 pu CpaBHEHUH C KOHTPOJIBHOU I'PYIIIION.

CrekTpanabHBIA aHanmns3 KosebaHui
JIOKAJIbHOTO KO3KHOT'O KPOBOTOKA IIOKa3aJl, 4To
B rpynnax «kjaosannHa» (II u III) AmMax n ammin-
TYZbI BO BCEX YaCTOTHBIX IMAlTa30HAX aKTUBHON
perynsauuu MUKpounupkynsanuua (As, AH, AM)
OBLIM MEHBIIIe TI0 CPABHEHUIO C TPYIION KOHT-
pouisi. OneHKa ypOBHSA OKMCJIUTETHHOT0 MeTabo-
Jm3Ma 1o BeananHaMm uryopecreniun HAT-H u
®AJl* He BBISIBUJIA PA3JIMYAN MERIY UCCIIemye-
MbIMH Tpynnamu (tabs. 1). [Io cpaBHEHHIO ¢
koHTposieM Fmax Onia Huske B rpynne II u
Boeile B rpynmne I, xora nHTEepniperanua aToro
ToKasaTeJis 3aTpyfHeHa BBUY €ro BBICOKOH
BapnabeJ/bHOCTH BO BCexX rpynmax (00Jbmroi
MEKKBAPTUIbHBIA HHTEPBAJ).

cells, plasma separation), as well as marginalization
of granulocytes. Irregular myocardial staining due to
cardiomyocytes with hypereosinophilic and occa-
sionally homogeneous cytoplasm, fragmentations
and deformations of cardiomyocytes were revealed.
Cardiomyocyte nuclei were polymorphic with irreg-
ular staining, and perinuclear edema was observed.

Comparing the effects of clozapine that oc-
curred 4 hours after its administration [6] with the re-
sults of this study (24 hours), we note the following:

1. Both in 4 hours and 24 hours after clozap-
ine administration in animals (groups II and III),
moderate hypotension was found. On Day 1 ani-
mals of group II had bradycardia, which resolved
on the second day.

Puc. 1. Tucrosiorn4eckue npenaparsi cepua KpbIChI Yepes 24 yaca IocJie BBeAeHH s KJI03alHHA C aIKOT0JIEM.
Fig. 1. Histological preparations of rat heart 24 hours after administration of clozapine with ethanol.

Note. Staining with hematoxylin and eosin. Magnification, X400. a— congested venules and capillaries, perivascular edema, per-
inuclear edema; b— eosinophilia and homogenization of cardiomyocytes cytoplasm, their fragmentation. Cellular response (clus-
ters of leukocytes around eosinophilic cardiomyocytes); c— marginalization of leukocytes in an arteriole. Magnification, X600.
ITpumeuyanue. OKpacka reMaTOKCUIMHOM H 903UHOM. YB. X400. a— IOJTHOKPOBHE BEHYJI ¥ KalUJIISIPOB, IEPUBACKYJ/ISHBIN OTEK,
TIepUHYKJIeAPHBIN 0TeK; b— 503MHOMUIINA ¥ TOMOT€HU3AIU s IUTOITa3Mbl KapJHOMHOINTOB, UX ¢pparMenTanus. Kierounas
peaknusi (HeGOIbIINEe CKOIJIEHUS JIEUKOIIUTOB BOKPYT 903UHO(MUIBHBIX KapIMOMHUOIUTOB); C— KPaeBOe CTOSTHUE JIEUKOIIUTOB
B aprepuoJie, yB. X600.
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sKuBoTHBIE BCcex rpymnn yepes 24 Jaca nocjie
BBeJIeHUs IIpenaparoB He pPasjnydaiiCh MEKIy
co00¥l 0 OCHOBHBIM IIOKAa3aTessiM Ta30BOTO
cocraBa 1 KOC apTepua/ibHON KPOBH, HO B TPy~
nax «gjao3anuHa» (II u III) koHIEHTpaMA remMo-
WIOOMHA M TTOKA3aTeJIb TeMaTOKPUTA OBLITN HITKE,
yeM B KOHTPOJIBHOH rpyrire (Tabur. 2).

[Ipu nccaenoBaHUM TUCTOJIOTUYECKUX IIpe-
naparos cepaen Kpbic B rpymnnax II u III Berasuin
TIOJTHOKPOBME BEHYJI, Auareie3Hble KPOBOU3JIUSA-
HUsl, TE€PUBACKYISAPHBIN, WHTEPCTUINATLHBIN
oTek (puc. 1, 2). B mpocBeTax CoOCyiOoB OTMeYaJaun
MIPU3HAKHU CTa3a KPOBU (IOTEPSI IpUTPOLUTAMU
reMomioOWHA, cemapanysl TNJa3Mbl), a TakKKe
KpaeBOe CTOsIHWE TpaHyJONUTOB. BbIABUIN
HEpPaBHOMEPHYIO OKPACKY MUOKap/a 3a CYeT Kap-
IMOMUOIINTOB C TUTIEPI03UHO(MUIBHONU 1 MecTa-
MM TOMOT€HHOH IUTOIJIA3MOW; YYacTKH ¢par-
MeHTanuu " naedopManuu KapIHOMHUOLHITOB.
flnpa kKapAMOMHUOIIMTOB OBIIN MOJIUMOP(MHBI U
HEpaBHOMEPHO OKpAIlleHbl, OTMeYaJsu IEPUHYK-
JIEAPHBI OTEK.

ComocraBiisist apeKThl KI03auHa, BO3HU-
KaBIIWe 4epe3 4 4aca IMocje ero BBeneHUs [6]
pesyJiBraraMu HaCTOSILETo UCCIeioBanuA (24 Jaca),
MOKHO OTMETHUTB CJIEYIOITHE 0COOEHHOCTH:

1. Kak 4yepes3 4 yaca, Tak u 4epes3 24 u y
sKUBOTHBIX, KOTOPBIM BBOAMIM Kiao3anuH (11 u 111
TPYIIIBI), BBIABJSAIN YMEPEHHYIO apTepUaTbHYIO
TUIIOTEH3UI0. B mepBble CYyTKU [Ji YKMBOTHBIX
rpynmsl II 6b11a XapakTepHa OpaguKapaIvsi, KOTo-
PYIO He peTUCTPUPOBAJIU Ha BTOPbIE CYTKHU.

2. UYepes 4 ygaca B rpynnax II u III ormevann
rurnornep@ysnio KOXKH, HO 4epe3 24 yaca KOXKHBIN
KPOBOTOK Y YKMBOTHBIX 3TUX I'PYHII y>Ke He OTJIU-
Yajicd OT 3HAYeHWH B KOHTPOJHLHOU TpYIIIE.
OHAKO K KOHILY IIEPBBIX CYyTOK B IPyIax Ka03a-
TIITHA ITPOMCXOIMJIO CHUKEHNE aMIITUTY L KoJteba-
HHUI KPOBOTOKA B MUKPOCOCYaX KOJKU (Amax, A3,
AH, AM), yero He HabJTIOIa/TH B TTIEpBbIE CYyTKU.

3. Uepes 4 yaca B KOKe OTMedaJIu yBeaude-
HYe MHTEHCUBHOCTH (pJTyopeciieHnnu KodepMeH-
ta HAIH B rpynmax ¢ BBeJeHHMEM KJ/O3alnHa.
Yepes 24 yaca 3HAYeHHUs ITOTO MOKa3aTessd He
OTJIMYAJIVICH OT KOHTPOJIbHBIX 3HAYEHUH.

4. Mopdonorndeckrie U3MEHEHUs B Cep/IIie
yepe3 24 yaca mocje BBEJEHHs CyOJeTaabHOHN
03Bl KJIO3ANMHA, TaKKe KaKk U uepes3 4 yaca,
3aKJIIOYAJINCH B IIOSIBJIEHUY IIPU3HAKOB HapylIle-
HHUsI KpOBooOpalieHus (ITOJTHOKPOBHE COCYIOB
MUKPOIUPKYJISATOPHOIO pycia, Ouaneje3Hble
KPOBOUW3JIASTHUSA, TIEPUBACKYIISIPHBIA 1 MHTEPCTH -
[MaJTbHBIN OTEK) U aJIBTepaIiii MUOKapANOIUTOB
(s03nHO(UINSA ¥ TOMOTEHU3ANHSA TUTOILIA3MBI
KapAMOMHUOIIMTOB, a TaKKe NX (pparMeHTaIus).
Oobparaer Ha ceOs1 BHUMaHUE TOT (haKT, YTO IPU
HUCCJIeJOBAHUN THUCTOJOTUUECKUX IIpenaparoB
ceppel KpbIC, BbIBEJEHHBIX U3 HKCIIEPUMEHTA
yepes 4 yaca 1ocJie BBeJleHUsI TOKCUKAHTOB, He

Puc. 2. Tucrosiornyeckue npenaparsl cep/ua KpbIchbl yepes
24 gaca 1ocJjie BBeJIeHH I KJI03aIiHa.

Fig. 2. Histological preparations of rat heart 24 hours after
clozapine administration.

Note. Staining with hematoxylin and eosin. Magnification,
X400. a— cardiomyocyte alteration with cellular response; b—
eosinophilia and homogenization of cardiomyocyte cytoplasm.
IIpumeuanue. OKpacKka reMaTOKCUJIMHOM M 903UHOM. YB.
X400. a — anprepanysi KapJUOMHOLUTOB C KJIETOYHOH peak-
nyeit; b— 203uHOQUINA ¥ TOMOTeHU3aI|sA IIUTOIIa3Mbl Kap-
JIVIOMUOIIUTOB.

2. After 4 hours in groups II and III hypoperfu-
sion of the skin was observed, but after 24 hours the
skin blood flow parameters in animals of these groups
did not differ from the values in the control group.
However, by the end of the first day in clozapine groups
there was a decrease in amplitudes of blood flow oscil-
lations in microvascular system of skin (Amax, Ae, An,
Am), which was not registered during the first day.

3. After 4 hours, an increase in the NADH flu-
orescence was seen in the clozapine groups. After
24 hours, the values of this parameter did not differ
from the control ones.
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BBISABUJIM TOMOTeHU3alM1 [UTOMNJJIa3Mbl U KJIe-
TOYHOU peaknuu. [losyuyeHHble pe3yJbTaThl CBU-
JIeTeJbCTBYIOT O IIPOIPECCUPOBAHUU IIPOLLECCOB
anBpTepanuyu MUOKap/Ia yepes 24 yaca IocJie TOK-
CHUYECKOI'0 BO3JIeHCTBUS.

CHM)KeHre aMIUIMTYIHBIX XapaKTEepUCTUK
KoJIe0aHUH KOSKHOTO KPOBOTOKA B IPYIIIAX «KJIO-
3allrHa» K KOHILY IePBbIX CyTOK CBHAIETEJIbCTBYET
0 CHM)KEHUM aKTUBHOCTH OCHOBHBIX (PAaKTOPOB
peryJjisiiui TOHyca MAKPOCOCYIOB U MUKPOLIUP-
Kyaanuu [15]. Takoe CHU)KeHNe aMIIATY KOJIe-
0aHuii KPOBOTOKA IIOCJIEe BBEIEHUsI KI03amnHa
IIpY OJWMHAKOBBIX 3HAUEHUAX KOYKHOH nlepysun
BO BCeX I'PynIiax, BO3MOKHO, CBA3aHO C OTCPO-
4YEeHHBIM YTHETAOIIUM BJIMSAHUEM KJIO3allnHa Ha
BasdoMornuu/ HJaKCMOINH, KaK 3TO OBIJIO OTMeue-
HO B paboTax ¢ OIEHKOH COCYAMCTHIX 3P (PeKToB
aHecTeTUKOB [16, 17]. CeBo(riopaH UCIIOIb30Ba-
JA B HAIlleM MCCJIeJOBAHUU KPATKOCPOYHO U B
OJWHAKOBBIX KOHIIEHTpAUAX BO BCeX IPyIIIax
SKUBOTHBIX. C y4€eTOM MUHHUMAJIbHOTO BJIMAHUSA
CTaHJAPTHBIX 03 9TOT0 aHECTEeTUKA Ha apaMeT-
phI EHTPAJIbHOU U PErMOHAPHOW TeMOJAUHaM-
Ku [18] MajoBepOsTHO, YTOOBI BBHISIBJIEHHBIE
HaMH TeMOJWHaMHUYeCKue H3MeHEeHUs ObLIN
obycnoByeHbI a(pperTamu ceBodiopana. Onu-
HAaKOBasg HAaNpPaBJIEHHOCTb W BBIPAYKEHHOCTH
M3MEeHEHUH B rpynmnax ;KMBOTHBIX C BBeJeHUEM
KJI03anrHa 1 KOMOMHAIMK KJI03alliHa C aJIKOr0-
JeM CBHIETeJbCTBYeT O TOM, 4YTO KJO3aluH
SAABJISIETCSI OCHOBHBIM 3THOJIOTUYECKUM (PAKTO-
POM pa3BUBAIOIINXCSA B OpraHU3Me NaATOJIOThYe-
CKHUX IPOIECCOB.

3akJrouenue

[IpuBeneHHble NaHHBIE YKa3bIBalOT Ha TO,
4yTO yepes 24 yaca TOKCUYeCcKoe JeliCTBUe KJ103a-
IIMHA IIPOABJIAETCA IIPOrPeCCUPOBAaHUEM aJIbTe-
panyu MUOKap/a 1 HapyllleHui HapaMeTpoB Kpo-
BooOparmieHusi (aprepuasbHasi TUIIOTEH3US,
yrHeTeHHe MeXaHU3MOB peryJisiiuu lepudepude-
CKOTO KpOBOTOKA, yMepeHHasA aHemus). Tem He
MeHee, HopMaJjm3anusa YCC, BOCCTaHOBJICHUE
KO>KHOH 1ep(y3nH 1 HUBEJIMPOBaHWE META00TH -
yecKUX HapymeHuul (duayopecuennus HAJH,
KOC aprepuanbHOil KpoBH) uepe3 24 yaca MOTYT
OBITH 00YCJIOBJIEHBI aKTHUBAIlMEedl MeXaHM3MOB
KOMIIEHCAIlMU HapylLIeHHbIX (PYHKIUH, B 4aCTHO-
CTH 3a CYEeT U3MEHEHUsI HeUPOreHHON U T'yMo-
paJIbHOU peryasiiuu napaMeTpoB TOMeocTasa,
yro noarBepykpaerca 100% BBIKUBAEMOCTBIO
SKABOTHBIX.

BaarogapHOCTh. ABTOPBI MCKpPEHHE IIpU-
3HATeJbHBI /1. M. H., Ipodeccopy A. M. ToybeBy
U 1. M. H., ipodeccopy B. T. Joarux (HUU obmeit
peanumarosiorum uM. B. A. Herosckoro ®HKI]
PP) 3a moMo1b B HAallUCAHUU CTaTbU U CHEJIaH-
Hbl€ [IEHHbIE 3aMeYaHusl.

4. Morphological changes in the myocardium
24 hours after the administration of a sublethal
dose of clozapine, as well as in 4 hours, included
signs of disturbed circulation (congestion of micro-
circulatory blood vessels, diapedetic hemorrhage,
perivascular and interstitial edema) and altered
cardiac myocytes (eosinophilia and homogeniza-
tion of cardiomyocyte cytoplasm and their frag-
mentation). Noteworthy is the fact that histological
examination of myocardial samples from rats with-
drawn from the experiment 4 hours after the ad-
ministration of toxicants did not reveal homoge-
nization of cytoplasm and cellular response. The
obtained results demonstrate the progression of
myocardial alteration 24 hours after toxic exposure.

Reduced amplitude of oscillations in skin blood
flow in the clozapine groups by the end of the first
day suggests a decrease in the activity of the main
regulatory factors of the microvascular tone and mi-
crocirculation [15]. Such a decrease in the amplitude
of blood flow oscillations after clozapine administra-
tion with similar values of skin perfusion in all
groups may be due to the delayed depressant effect
of clozapine on vasomotions/fluxmotions, as it was
pointed out in studies of vascular effects of anesthet-
ics [16, 17]. Sevoflurane was used in our study for a
short time and in equal concentrations in all animal
groups. Taking into account the minimal effect of
standard doses of this anesthetic on the central and
regional hemodynamic parameters [18], it is unlikely
that the hemodynamic changes we found were due
to sevoflurane effects. The same direction and sever-
ity of changes in groups of animals who were admin-
istered clozapine and combination of clozapine and
ethanol suggests that clozapine is the main etiolog-
ical factor of developing pathological processes.

Conclusion

Our data demonstrate that after 24 hours, the
toxic effect of clozapine manifests as progressive my-
ocardial alteration and circulatory disorders (hy-
potension, depressed peripheral blood flow regula-
tion, moderate anemia). However, the normalization
of HR, restoration of skin perfusion and control of
metabolic disorders (monitored by NADH fluores-
cence and blood acid-base status) after 24 hours may
be due to the activation of compensatory mecha-
nisms, in particular secondary to changes in neuro-
genic and humoral regulation of homeostasis param-
eters, which is confirmed by 100% animal survival.
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BCEPOCCUMNCKAA KOHPEPEHLUMA C MEXXAYHAPOAHbIM YYACTUEM

HKU3SHEOBECIMNEYEHUA NPU KPUTUHECKUX COCTOAHUAX

13-14 HoA6pa 2020 roaa, MocKkBa, Poccuiickum yHuBepcuteT ApyK6bl Hapoaos

B pamkax KoHdepeHuUMn nponayT naeHapHble 1 CeKLUMOHHbIe 3acefaHmna, MacTep-Kaacchl no
cneayrowmMm TeEMaTUKaM:

— MexaHW3Mbl Pa3BUTUA KPUTUYECKNX COCTOAHMIA.

— TpaBma, KpoBOMNoOTEPA, LLOK.

— OcTpan AblxaTe/ibHaA HeJoCTaTOHYHOCTb. MBJ1, skcTpakopnopasibHaa oKCUreHaumsa.

— OcCTpble paccTporcTBa reMoANHAMMKM, BCMOMOraTesibHoe KpoBoobpalleHme.

— CTpYKTYpHO-PYHKLMOHANbHbIE U MeTabonnyeckne nameHeHumsa LIHC npu Kputuyeckmx
COCTOAHMUAX.

— MHbEeKUMOoHHble 0CNOXKHEHMA B peaHnmaTtonorim. Cencuc.

— JKCTpaKopnopabHble MeTOAbl AETOKCUMKALLMM B PEaHMMATOIOMNN.

— AHecTe3nonorns-peaHMmMaToiorMa B cneumanm3mpoBaHHbix 06i1acTax (neamatpus,
aKyLepCcTBO M TMHEKON0MMA, Cepae4YHO-COCYAMNCTaa XMPYyprusa, HeMpoxXMpyprusa 1 ap.).

— lMNpobnema remocTasa B aHeCTe3MoN0rMm-peaHMMaToNornun.

— JKCNepuMeHTalbHble NCC/IeJ0BAHNA B aHECTE3MON0TMN-PEAHNMATONOTUN.

— O6paszoBaTeNbHble TEXHONOMMK B aHECTE3UONIOTMN-PeaHUMATONOTNN.

— OpraHM3auMOHHble M NPaBOBble BONPOChI aHECTe3MON0MMN-PEaHNMATONOTUN.

MnaHupyeTca npoBeaeHne caTeNIMTHbBIX CUMMNO3MYMOB M COBMECTHbIX 3acelaHuni ¢
MeANLUNHCKMMM HayYHbIMM 0DLLLECTBAMM:

— Ob6ulecTBOM No M3y4YeHuto LWoKa (Poccun)

— HaunoHanbHbiMm COBETOM MO peaHmmaumu,

a TaKXe npeacTaBieHne pesynbTaToB GyHAAMEHTA/IbHbLIX U MPUKAAAHbIX HAYYHbIX
nccnenoBaHuin, NPOBOANMBIX Ha 6asze PeaepasibHOro HayYHO-KIMHUYECKOrO LeHTpa
peaHnumaTosiorum u peabunutonormm (r. Mocksa, Poccus).

K y4acTuto npurnallaoTca aHecTesnoNorn-peaHumMaTonorm, UHGEeKLUMOHUCTbI, HEUPOXUPYPrN,
CNeLunanmcTbl CKOPOii MOMOLLYM, aKyLLep-TMHEKoNoru. Yyactune B KoHdepeHumn — becnnatHoe.
Meponpuatme NoAaHO Ha akKkpeauTaumto B cucteme HMO.
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