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Kauauko-mopdosiornuyeckoe 000CHOBaAaHHUE UCIIOJIb30BaAHUSA
AO00yTaMUHA IIPU 02KOTOBOM LIOKE

E.N. Bepemaruu!, 1.10. Camartos* 2, H.T'. Omenkosa’, /[.H. Boctpukos?, B.U. [lynunz,
J.I1. KonoBasnogr?, P.1. Cenuepcton?, C.B. CaBueHKO'

@I'BOY BO «Hogocubupckuil 2ocydapcmeeHHblil meouyuHckuil ynusepcumem» Munadpasa Poccuu, Hosocubupck,
Poccus

2I'bY3 HCO «I'ocydapcmeenrnas Hosocubupckas obaacmuasn kaunuveckas 6oaviuya», Hogocubupck, Poccus

AHHOTAIIMA

BBemeHnue. DPbeKTUBHBIM CIIOCOOOM CHUBHUTH 00beM MHGY3UHU (PECTPUKTUBHAS CTPATETHs) IPU TUIIOBOJIEMUYe-
CKOM, B YaCTHOCTU IPU OKOTOBOM, IIIOKE SIBJISIIOTCS WHBA3UBHBIA MOHHUTOPUHT IIEHTPAJIBHOU T€MOJUHAMUKU U BBHIOOD
ONTHMAJIBHON CXeMbI HCIOJIb30BAHUS WHOTPOIHBIX areHTOB C YYETOM IIOJIyYeHHBIX JaHHBIX. OJIHAKO HCIOJIb30BAHHE
MHOTPOITHBIX IIPENapaToB IIPU TUIIOBOJIEMIYECKOM IIIOKE ITO-IIPEKHEMY BBI3bIBAET AUCKyccHIo. Hanbosee ocTpbIM ABIIS-
eTcsl BOIPoc BbIOopa 3¢ HeKTUBHBIX 103 HHOTPOITHBIX IIPEIapaToB.

IT e 1 5. OBocHOBaHKE HEOOXOAUMOCTY Ha3HAUeHNA MHOTPOIIHBIX IIPENapaToB U olleHKa 6e30macHOCTH U 3 PEKTUBHO-
CTH UCTIOJIb30BaHUS OOYTAMITHA ITPH 0KOTOBOM IIIOKeE.

MaTepuanab M MeTO/Bbl. BOWIOTHOE KIMHHYECKOE UCCIIEIOBAaHUE, TPOBO/IUBIIIEECS B 2021—2022 IT., OBLIO
BKJIIOUEHO Q TMAIIUEHTOB B BO3pAcCTe 15—70 JIET, TOCIUTAIN3UPOBAHHBIX B OT/I€JIEHNE PeaHUMAIU 1 HHTEHCUBHOH Tepa-
nuu (OPUT) oxorosoii TpaBmel I'BY3 HCO «T'ocymaperBenHas HoBocubupckas obiacTHasA KIMHUYECKas OOJIBHULA» C
001I1el TIOMIA/IBI0 03KOTOB > 40 % (II-III cT.), B OOJIBIIMHCTBE CIyIaeB — TEDMOUHTAJIAIIUOHHAS TPAaBMa, HAXOAUBIIIUXCS
B OPUT Gosee 3 cyT. IHTeHCHUBHAA TepaIys 02KOTOBOM TPaBMBI B OCTDPBIH [T€PHOJ, IPOBOJUIACH COIVIACHO IPUHATHIM KJIH-
HUYECKUM PEKOMEHIAIHSIM.

O6pasupl MUOKap/a AJ1s1 MOPGOJIOTHUECKOTO U UMMYHOTHCTOXUMUYECKOTO UCCIIeIOBAaHUS OBLIIN TOJIYIEHbI OT 34 IMallu-
€HTOB, YMEPIIUX OT 0KOTOBOTO IIOKA (27 MYKYHH H 7 )KEHIINH, BO3PACT — OT 21 JI0 51 rOZia) B IEPHOJ, C 2015 0 2019 T.
3a60p 06pa3noB OCYIIECTBIIAIN POSst mortem Ipu MUHUMAIBHBIX aT€POCKIEPOTHIECKIX U3MEHEHUAX BEHEUHbIX apTe-
puii (creHO3UpOBaHUE He Oosiee 20—25 %). KOHTPOJIBHYIO TPYIIITY A1 MOPGOJIOTHYECKOTO U UMMYHOTHCTOXHMUYECKOTO
HCCIIeIOBAHUA COCTABUIIM 00Pa3Iibl, IIOJIyYeHHbIE OT 25 JIUII, yMePIINX BC/IeJICTBYE BHE3AITHON OCTAHOBKH KPOBooOpalle-
Hus (19 My>K4YHH, 6 JKEHIITUH).

PesaynabTartThl. IIpoBeeHHbIE HCCIIENOBAHUS IMOKA3aJN CHIKEHHE COKDATUTEJIBHON CIIOCOOHOCTH MHOKapAa y
GOJIBHBIX € 03KOTOBBIM IIIOKOM. MOpGh0I0rnuecKoe NcciieJ0BaHNe BhIBIIIO PA3JIMIHON CTEITEHN KOHTPAKTYPHbIE TIOBPEXK-
JIEHUS OT/IeJIbHBIX KapIHOMHOIIUTOB, & TAKXKE OUard IEPBUYHOTO IVIBIOYATOr0 PACIIa/ia MBIIIEYHBIX BOJIOKOH M MUOIUTO-
ausuca. IIpy UMMyHOTHCTOXHUMHIYECKOM HCC/IeJJOBAHIYU CPE30B MHOKAap/a OTMeYasu CHIDKEHHe SKCIPECCHH aKTHHA B
2.4 paza (p < 0.05) 1 iecMHUHA B 2 paza (p < 0.05) B CPaBHEHHUH C IPYIIIONH KOHTPOJIA. Pe3yIbTaThl KIIMHUYECKOTO HCCIe-
JIOBaHUSA MOKA3aJH, YTO J0OYyTaMUH, Ha3HAYaeMblid CO CKOPOCTHIO 710 5.0 MKI/KT/MUH, HE BBI3BIBAET apUTMOTEHHOTO
addexra u/wau JTaKTOAIH03a.

3aknwueHUe. IlomyyeHHbIe JaHHBIE O CTPYKTYPHBIX U3MEHEHHUAX MHOKApZA IOATBEPKAAIOT HEOOXOJUMOCTh
HCI0JIb30BAHMUS IIPENapaToB HHOTPOITHOTO JEHCTBUS IIPU 02KOTOBOM IIIOKe. Jlo0yTaMUH, Ha3HAYaeMbIH CO CKOPOCTHIO 10
5.0 MKT/KI'/MUH, II03BOJISIET 00€CTIEYNTh PECTPUKTUBHYIO CTPATETHIO HH(PY3UOHHOH TEPAIIUU M YCKOPEHHOE BBIBE/IEHHE
13 0’KOTOBOTO IIIOKA.

Knaoueswble caoea: 03k0T0Bast TpaBMa, 03KOTOBBIN 10K, MHTEHCHBHASI Teparivsi, HHOTPOIHbIE IpenapaThl, J00yTaMUH,
nHQY3UOHHAA Tepamus.
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Konosanos /I.I1., CenusepcroB P.U., CaBuenko C.B. Kiuuuko-mopdosorniyeckoe 060CHOBaHME UCIIOIb30BAHUSA J10-
OGyTamuHa mpu oxkoroBoM 1oke // Journal of Siberian Medical Sciences. 2023;7(2):42-53. DOI: 10.31549/2542-1174-
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Clinical and morphological justification of dobutamine use
in burn shock

E.I. Vereshchagin', I.Yu. Samatov* 2, N.G. Oshchepkova?, D.N. Vostrikov?, V.I. Dudin?,
D.P. Konovalov?, R.I. Seliverstov?, S.V. Savchenko!

Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk State Regional Clinical Hospital, Novosibirsk, Russia

ABSTRACT

Introduction. An effective way to reduce the volume of infusion (restrictive strategy) in hypovolemic shock, in
particular in burn shock, is invasive hemodynamic monitoring and choosing the appropriate regimen for the use of inotro-
pic agents, considering the data obtained. However, the use of inotropic agents in hypovolemic shock is still controversial.
The most cutting issue is the choice of effective doses of inotropic agents.

A im . Justification of the need to use inotropic agents and assessment of the safety and effectiveness of dobutamine use
in burn shock.

Materials and methods. The pilot clinical study conducted in 2021-2022 included 9 patients aged
15—70 years who were admitted to the intensive care unit (ICU) of the Burn Center of the Novosibirsk State Regional
Clinical Hospital with a total body surface area burned > 40% (II-III degree), in most cases — thermal inhalation injury,
who were in the ICU for over 3 days. Intensive care of burn injury in the acute phase was performed according to conven-
tional clinical recommendations.

Myocardial samples for morphological and immunohistochemical studies were taken from 34 patients who died from burn
shock (27 men and 7 women, aged from 21 to 51 years) from 2015 to 2019. The samples were taken post mortem, and with
minimal atherosclerotic changes of the coronary arteries (lesions no more than 20—25%). The control group for morpho-
logical and immunohistochemical studies comprised samples which were taken from 25 individuals who died because of
sudden circulatory arrest (19 men, 6 women).

Results. Studies have shown a decrease in myocardial contractility in patients with burn shock. Morphological
examination revealed contraction lesions of individual cardiomyocytes of varying degree, as well as foci of primary clump-
ing of myofibrils’ cytoplasm and myocytolysis. The immunohistochemical study of myocardial sections showed a decrease
in the actin expression by 2.4 times (p < 0.05) and desmin — by 2 times (p < 0.05) in comparison with the control group.
The results of the clinical study showed that dobutamine at a rate of up to 5.0 pg/kg/min does not cause an arrhythmogenic
effect and/or lactic acidosis.

Conclusion. Thedataobtained on structural changes of the myocardium confirm the need for the use of inotropic
agent in burn shock. Dobutamine at a rate of up to 5.0 ug/kg/min allows for a restrictive strategy of fluid resuscitation and
rapid recovery from burn shock.

Keywords: burn injury, burn shock, intensive care, inotropic agents, dobutamine, fluid resuscitation.
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BBEJAEHUE

Bompockl oTHOCHTENBPHO 00BEMA, TEMITA U Kade-
CTBEHHOTO COCTaBa perujpaTalyy IPU O0KOTOBOM
moke (OIII) ABAAIOTCA TPEIMETOM JIUCKYCCUU: MHO-
rouyucaeHHble (POPMYJIBI HE YIUTHIBAIOT UHANBUIY-
ajibHble OCOOEHHOCTH IallMeHTa, NPEeMOPOUIHBIN
(boH, KOMOWMHUPOBAHHOCTH TPABMBI, IPOIOJIKHU-
TeJIbHOCTh IMOKa. MHOTrMe WCCIeOBAaTENN OTMe-
YaIoT, YTO PeabHBIN 00'beM HH(PY3NOHHOU TEPATIIU
(T) y manueHToB C TSKEJIOW 0KOTOBOH TpaBMOU
IIPEBHIIIAET PACCUUTAHHBIHN 10 KJIacCHIecKou (op-
myste Parkland [1, 2]. Tepanusa OIIl tpeGyer 6071b-
X 06beMOB UH(Y3UH TAKXKe BCIIEACTBHUE HCIIOJb-

INTRODUCTION

Questions regarding the volume, rate and agents
used for rehydration in burn shock (BSh) are a mat-
ter of debate: numerous formulas do not consider
the individual characteristics of a patient, premor-
bidity, the combined nature of injury, and the dura-
tion of shock. Various researchers note that the
actual volume of resuscitation fluid in patients with
severe burn injury exceeds that calculated according
to the classic Parkland formula [1, 2]. Burn care
requires high volumes of resuscitation fluid, also
because of the use of narcotic analgesic drugs and
benzodiazepines [3].
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30BaHUs HADKOTHYECKHUX aHAJBIETHKOB U OEH30/1H-
asenuHOB [3].

BMmecTe ¢ TeM /iesaeTcsl akIeHT Ha HeTaTUBHBIX
adderTax 60JIBIIUX 00BEMOB JKUJKOCTHU: IIPOJIOH-
TUPOBAHHBIN MTEPHOJ] 3aBUCUMOCTH OT UCKYCCTBEH-
HOW BEHTWISAINU JIETKUX, IOBBIIIEHHBIE PUCKH
pas3BUTHUA ab/IOMUHAIBHOT'O KOMITapTMEHT-
CUHAPOMa, OCTPOrO PECHUPATOPHOIO IUCTPECC-
CUHpPOMa, THEBMOHUH, MOJMOPTAaHHON HeaocTa-
TOYHOCTH W VBEJUYEHHUE JIETAJIbHOCTH [4, 5].
OaHUM U3 CII0c000B cHU3UTH 00beM UT asisgercsa
WHBAa3UBHBIM MOHUTOPUHT I[€HTPAJIbHOU reMOJU-
HAMHWKHU U BHIOOP ONTHUMAJIbHON CXEMBI UCIIOJIH30-
BaHWsI WHOTPOMHBIX areHTOB C YYETOM IOJIy4YeH-
HBIX JJaHHBIX [6]. B skcnepuMeHTe MMOKa3aHO, YTO
coBMecTHOe wucronb3oBanne UT u mobyrammHa
006s1a71aeT TOCTOBEPHBIM ITO3UTHBHBIM 3(h(HEKTOM
pu OIII o cpaBHEHUIO C IIPOCTHIM BOCIIOJTHEHHEM
rumoBosieMur. OHAKO UCIIOJIb30BAHUE WHOTPOII-
HBIX MpEenapaToB MPHU THUIIOBOJEMHYECKOM HJIH
CENITUYECKOM IIIOKe IO-ITPEKHEMY BBI3BIBAET JIHIC-
KYCCHIO.

Uccnenosanue E. Rivers et al. [7] mokasaio, uto
HCIIOJIb30BaHUE TOOyTaMHUHA OJTHOBPEMEHHO C HOP-
aJIpeHaJIMHOM 3HAUHUTEJIBHO YIIYUIIaa0 Pe3yIbTaThl
Tepanuu y OOJBHBIX € CENTHYECKHM IIIOKOM.
CorstacHO TOJIYYEHHBIM pe3yJIibTaTaM, B TPYIIIE C
06J1arONIPHUATHBIM HCXOZIOM JIOOYyTaMHH HCIOJIb30-
BaJICA B 15 pas yallle, YeM B TPYIIIEe C HEraTUBHBIMH
pesysibTatamu JiedeHus [7]. OlHAKO MOMBITKH 00hb-
SICHUTD TTO3UTHBHbBIE 3G HEKTHI J0OyTaMUHA TOJTHKO
WHOTPOIIHBIM JIEHCTBHEM He Jalu yOeauTeIbHBIX
p€e3yJIbTaTOB, IIO3TOMY STH JITaHHBIE MOKHO CUUTATh
HEJIOOIleHEHHBIMU. bBosiee TOTO, TOAJIEpIKaHuE C
MIOMOIIbIO JTOOyTaMHHA CyIIPaHOPMAaJIbHOTO Cep-
neudoro wuHAexkca (CH) u ¢paknuu H3THAHUS
saesoro xkenynouka (PMJIK) B npenenax 35—-50 %
HE COMPOBOK/IATIOCH MTOBBIIIEHUEM BBIKUBAEMOCTH
IpH cenTu4yeckoMm Ioke [8]. B apyrom wucciemosa-
HUU HKCIOJIb30BaHUE JIOOyTaMHUHA IPU TSKEJIOHU
cepAeuHoi HemocratrouHoctd u Huskom CU (1.7-
2.5 J1/MUH/M?) TaK:Ke He CHUKAJIO0 JIETAIbHOCTh IIPU
CENITUYECKOM IIoKe [9].

Xots1 mobyramuH 3¢ dexTuBHO nosbimaer CU u
CIUITAaHXHUYECKUH KPOBOTOK [10], mOTpebieHne MUo-
Kap/JIoM KHCJIOPO/ia, PUCK TaXUAPUTMUH U HIIEMUH
MHOKapZla TaKKe J[OCTOBEPHO TMOBbIIaercs [11].
HawubGostee ormacHa GuUOPUILISAIUS IPeICEPAUH, YBe-
JIMYUBAIONIAs PUCK JIETATBHOTO MCXO[a IIPHU CETICHCE
[12]. Ha ocHOBe MOIy4eHHBIX TAHHBIX OBLIH C/I€JTAHbBI
cyienyroIe BeIBO/IbI. [To10kuTeIbHAS TUMHAMUKA CO
CTOPOHBI FeMOIMTHAMUYECKHX TTapaMeTPOB KOHTPaK-
tunbHOCTH (CU, ®UJIK) He Bcerga CBUIETETbCTBYET
O TIOJIO}KUTEJIPHBIX CJIBUTaX MAaKPOKINHUYECKHUX

At the same time, emphasis is placed on the
adverse effects of large fluid volumes: prolonged
period of dependence on mechanical ventilation,
increased risks of abdominal compartment syn-
drome, acute respiratory distress syndrome, pneu-
monia, multiple organ failure and increased mortal-
ity [4, 5]. One way to reduce the resuscitation fluid
volume is the invasive hemodynamic monitoring
and the choice of the optimal regimen for the use of
inotropic agents, considering the data obtained [6].
The experiment showed that the combined use of
infusion therapy and dobutamine has a significant
positive effect in BSh compared with simple correc-
tion of hypovolemia. However, the use of inotropic
agents in hypovolemic or septic shock is still contro-
versial.

A study by Rivers et al. [7] showed that the use of
dobutamine with norepinephrine improved the
results of therapy in patients with septic shock.
According to the results obtained, in the group with a
favorable outcome, dobutamine was used 15 times
more often than in the group with adverse outcomes
[7]. However, attempts to explain the positive effects
of dobutamine only by inotropic action have not
yielded convincing results, so this data can be con-
sidered underestimated. Moreover, the maintenance
of the supranormal cardiac index (CI) and left ven-
tricular ejection fraction (LVEF) with dobutamine
within the range of 35—50% was not accompanied by
an increase in survival in septic shock [8]. In another
study, the use of dobutamine in severe heart failure
and low CI (1.7—2.5 1/min/m?) also did not reduce
mortality in septic shock [9].

Although dobutamine effectively increases the CI
and splanchnic tissue perfusion [10], myocardial
oxygen consumption, the risk of tachyarrhythmia
and myocardial ischemia also significantly increases
[11]. The most dangerous is the atrial fibrillation
which increases the risk of death in sepsis [12].
Based on the data obtained, the following conclu-
sions were made. Positive changes in hemodynamic
parameters of contractility (CI, LVEF) do not always
indicate an improvement in clinical indicators on
the macro-level, such as mortality, for example. On
the contrary, there is an evidence of worsening of the
disease prognosis, despite the improvement on the
part of surrogate markers [13]. Over the past decade,
dobutamine has become the most used inotropic
agent and is recognized as a first-line drug for circu-
latory shock treatment by the absolute majority of
respondents. The most complete study on the use of
inotropic agents, and dobutamine in particular, was
published in 2021 [14]. The study involved 839 phy-
sicians from 82 countries. Experts agreed on 11
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IoKa3aresell, TaKUuX, HaIpUMep, KaK JIETAIbHOCTb.
Harmpotus, CyIIiecTBYIOT OKa3aTeIbCTBA YXYAIIEHUS
MpOTHO3a 3a00JIeBaHNs, HECMOTPS Ha YJIyUIlleHUE CO
CTOPOHBI CyppPOTAaTHBIX MapKepoB [13]. BMmecre ¢ Tem
B TeUEHHE IIOCJIeTHETO JeCATIIETHS T00yTaMUH CTas
HaunboJiee KUCIIOJIH3yeMbIM MHOTPOITHBIM areHTOM H
MIpU3HAH [IPENapaToM IEPBOU JIUHUY IIPU [IUPKYJISI-
TOPHOM IIIOKE aOCOTIOTHBIM OOJIBIITHHCTBOM PECITOH-
nmenToB. HanboJtee moTHOE UCCIieIOBAHIE IO UCITIOJTb-
30BAHUIO0 WHOTPOIHBIX IIPENApaToOB, U B YACTHOCTH
JlobyTaMuHA, OIyOJIMKOBAHO B 2021 T. [14]. B uccire-
JIOBAaHUU IPUHUMAIIH yuacTue 839 CIenuaanucToB U3
82 cTpaH. DKCHepTHI OMpeeTuIn 11 CTPOTUX PEKO-
MEH/IAIUA, KOTOpble 0OA3WMpPOBAJIMCh HA COTJIACHH
80—-100 % pecnoHeHTOB. [laHHOE WHCCIIelOBaHUE
MIOITBEPANJIO, UTO THUIIOBOJIEMUYECKUH IIOK, KaK
[IPAaBUJIO, He SBJIAETCSA MOKAa3aHWEM /ISl MCIIOJIb30-
BaHUs WHOTPOIHBIX areHToB. OMHAKO IOKa3aHUs
JUISL FICTIOJTh30BAHUS JOOyTaMITHA 3HAUUTEJIBHO pac-
IIUPUINCh U CETO/HS He OTPAHUYHUBAIOTCS CHIDKE-
HHUEM CepIEeYHOT0 BHIOpOCA TPU KapAUOTEHHOM
moke. B wactHocTH, HanbosIEe CTPOTUMU PEKOMEH-
JAUAMU SBJIAIOTCA: KJIMHUYECKNe IIPU3HAKU THIIO-
nepdy3un TKaHel, COXpaHSIOIINeCs, HECMOTPs Ha
aZIeKBaTHYI0, B TOM YHCJIE MaKCHMAaJIbHYIO, Ba30-
IIPECCOPHYIO0 U BOJIEMHUYECKYIO KOPPEKIIMIO; HU3KAs
BEHO3HAs caTypanus TeMOTJIOOMHA U CHIDKEHHe
apTepruOBEHO3HOM pasHULEI 110 O, ; coXpaHAIOmAsIca
apTepuasbHAsA TUMIOTeH3Us; Opagukapaus. B nemom
JIBE TPETHU PECIIOHIEHTOB OATBEP/IUIN UCIIOIH30Ba-
HUe WHOTPOIHBIX IIPENapaToB IIPHU IEPCUCTUPYIO-
IIUX IPU3HAKaX TKAaHEBOH rumnonep@ysun u rurmep-
JIaKTaTEMUU, HECMOTPSI Ha UCIOJIb30BAHHUE a/IEKBAT-
HBIX 00'beMOB NH(Y3MOHHOU TEPAITUH U Ba30IIPECCO-
POB, IIPU 3TOM TOJIBKO 44 % HCCIeI0BaTEIeH YINTHI-
BaioT Hu3kyio ®UJIK. Taxkxke MeHee IOJOBUHBI
PECIIOHZIEHTOB CTABSAT LIEJIBIO IOCTIKEHE HOPMAaJTh-
HOTO CepZIeuHoro BrIOpoca. Bmecre ¢ TeM B MCHOJBb-
30BaHUU J0OyTaMHUHA TMO-TIPEKHEMY OCTAIOTCS
BOIIPOCHI. YUHUTBIBAsi apUTMOTEeHHBIN 3P deKT 100y-
TaMHHA, OOBIYHO ITPOSBJISIONTUNCS ITPH HCII0JIH30Ba-
HUM PEKOMEHIOBAaHHBIX TEPATIEBTUUYECKUX /103 TIpe-
mapara (5—10 MKT/Kr/MUH), ¥ pa3BUTHE JIAKTOAIU-
J103a, HeoOXoIMMa O1leHKa 3G (PEKTHBHOCTH CybapuUT-
MOT€HHBIX /103 100yTaMIHa, MTOCKOJIBKY IIPU CKOPO-
cTsX nHQY3UU MeHee 5.0 MKI/KI/MUH 9acTOTa cep-
JIEUYHBIX COKpAIleHUN BO3pacTaeT He3HAYNUTEIHHO.
JlobyTaMuH, Kak M3BECTHO, BBI3HIBAET IOBBIIIEHNE
CEepZIETHOTO BHIOPOCA, HO IPUBOJIUT K POCTY OOIIETO
neprudepuueckoro  COCYAHCTOTO  COIPOTUBJIEHUS.
KoHCTpUKTOpHOE BO3/EHCTBHE HA apTEPUU 3HAUM-
TEJILHO YCTYIIAeT AEHUCTBUIO HOPAIPEHAINHA U B Pa3-
JIMYHBIX /032X He IIPeBbIIaeT 7 % (IIpU UCI0JIb30Ba-
HUM MaJbIX 103), 25 % (cpennux) u 45 % (Makcu-

strong recommendations all of which were based on
excellent or good (80—100%) agreement. This study
confirmed that hypovolemic shock, as a rule, is not a
argument for the use of inotropic agents. However,
the indications for the use of dobutamine have sig-
nificantly expanded and today are not limited to a
decrease in cardiac output in cardiogenic shock. In
particular, the most strongest recommendations are
clinical signs of tissue hypoperfusion that persist
despite an adequate, including maximum, correc-
tion of hypotension and volemic status; low venous
hemoglobin saturation and a decrease in arteriove-
nous oxygen difference; persistent arterial hypoten-
sion; bradycardia. In general, two-thirds of the
respondents confirmed the use of inotropic agents
with persistent tissue hypoperfusion and hyperlacta-
temia, despite the use of adequate volumes of resus-
citation fluid and vasopressors, while only 44% of
researchers take account of low LVEF. Also, less
than half of the respondents aim to achieve a normal
cardiac output. However, there are still questions
about the use of dobutamine. Considering the
arrhythmogenic effect of dobutamine, usually mani-
fested when using the standard doses of the drug
(5—10 pg/kg/min) and the development of lactic aci-
dosis, it is necessary to evaluate the effectiveness of
dobutamine doses below the arrhythmia threshold,
since at infusion rate less than 5.0 pg/kg/min, heart
rate increases slightly. Dobutamine is known to
cause an increase in cardiac output, but leads to an
elevation of total peripheral vascular resistance. The
vasopressor effect on the arteries is significantly
inferior to the action of norepinephrine and at vari-
ous doses does not exceed 7% (when using low
doses), 25% (moderate doses) and 45% (maximum
doses) of the effectiveness of norepinephrine. This
once again confirms that dobutamine has a stimulat-
ing effect on vascular a-adrenergic receptors. How-
ever, the most significant effect is the effect on
venous tone. Dobutamine in experimental in vitro
models of isolated blood vessels also demonstrated a
selective vasoconstrictive action on the veins (selec-
tive venotonic effect). In addition, the venous return
under dobutamine increased by more than 3 times
compared with norepinephrine (49 + 10 mlvs 14 + 6
ml, respectively) [15]. The venotonic effect of dobu-
tamine in acute and chronic heart failure is undesir-
able and, as a rule, ignored. However, in case of burn
or septic shock, the venous tone recovery can signifi-
cantly reduce the need for fluid therapy, which cor-
responds to the modern concept of restrictive tactics
of fluid resuscitation. Apparently, it is the venotonic
action of dobutamine that explains the positive effect
of this drug in septic shock [7]. Thus, the use of
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MaJIBHBIX) OT 3G (PEKTUBHOCTH HOPAZpPEeHATHHA. ITO
ele pa3 MOATBEPIKAAET, UTO AOOYTaAMIH OKa3bIBAaeT
CTUMYJIUPYIOIIee BJIUSHUE Ha COCY/IUCThIE 0-aPEeHO-
petterrropel. OfHaKo HambosIee 3HAYUMBIM 3 dek-
TOM SIBJISIETCA JIEWCTBHE HA BEHO3HBIN TOHYC. /100y-
TaMWH B 9KCIIEPUMEHTAX In vitro Ha N30JIMPOBAHHbIX
COCYZIax TaKKe IPOJAEMOHCTPUPOBAJ CEJIEKTUBHOE
Ba30KOHCTPUKTOPHOE JIeHICTBHE HWMEHHO HA BEHBI
(BeHOCeIEKTMBHOE BO3netictBue). Kpome Toro,
BEHO3HBIA BO3BPAT IIpU JIeUCTBUU T0OyTaMUHA yBe-
JnauBascs 6ojiee 4eM B 3 pasa IO CPaBHEHUIO C
HOPAJIPEHATIUHOM (49 + 10 MJI VS 14 + 6 MJI COOTBET-
cTBeHHO) [15]. BeHoTOHMYeckuil sddext mobyTa-
MHHA IIPU OCTPOU U XPOHHUYECKOH CEpPJIEYHOH HEJ0-
CTaTOUYHOCTH SIBJISIETCS HEXKeJIaTeJIbHBIM U, KaK Ipa-
BWIO, urHOpupyeTrcs. OHAKO MPU OKOTOBOM FLITH
CENTUYECKOM IIIOKEe BOCCTAHOBJIEHHE BEHO3HOTO
TOHyCa I03BOJIET 3HAUHUTENIBHO CHU3UTH IMOTPED-
HOCTHh B UH(MY3UOHHOU Tepanuu, 4TO COOTBETCTBYET
COBPEMEHHOU KOHIIEMIIUU O PECTPUKTHUBHOM TaK-
THKe WH(QPY3UOHHOH Tepamuu. I[lo-BUAUMOMY,
MMEHHO BEHOTOHHYECKHUM JIeHCTBUEM JOOyTaMIHA 1
00'BsACHSIETCA MO3UTUBHBIN 3 EKT ATOTO IMpernapaTa
mpu cenTudeckoM 1ioke [7]. Takum ob6pasom,
HCIIOJIb30BaHUeE 00yTaMIHA IPHU OKOTOBOM IIIOKE
[oJIydaeT JIOTIOJIHUTEJIbHOE TeopeTuueckoe o6oc-
HOBaHUe.

HOEJb NCCJIEJOBAHUA

O6ocHOBaHVE Ha3HAUEHHS WHOTPOITHBIX ITpera-
parToB, a Tak:Ke olleHKa 0e30MmacHOCTU U 3(PpdeKTHB-
HOCTH UCIIOJIb30BaHusA AobyTamuna mpu OIII.

MATEPUAJIBI 1 METO/bI

B nmu0THOE KJIMHHMYECKOE KCC/IeIOBaHUE ObLIO
BKJTIOUEHO Q TTAI[MEHTOB C TSHYKEJIOU 0’KOTOBOM TPaB-
MOMU, TOCITUTAJIM3UPOBAHHBIX B OT/EJIEHHE PEaHU-
MAaIlU¥ ¥ UHTEHCUBHOU TEpAIIN 03KOTOBOH TPaBMBI
I'bBY3 HCO «TlocymapcrBenHass HoBocubupckas
obJylacTHasA KJIMHUYECKass OOJIbHUIIA» B TIEPHOJ C
2021110 2022 T.

HccenenoBanre 0f00peHO JIOKAJIBHBIM 3THYE-
ckum komuterom OI'BOY BO «HoBocubupckuit
rOCyZJapCTBEHHBI MEJIUIIUHCKUN  YHUBEPCUTET»
MunsgpaBa Poccun u coorBercrByer IIpaBuiam
KJIMHUYeCKOH mpakTuku B PO (mpukasz M3 PO or
19.06.2003 N© 266).

Kpurepun BKJIIOYEHUA: MAlUEHTHI B BO3-
pacre ot 15 /10 70 JIeT ¢ O0Iel TIOMA/IbI0 0KOTOB
> 40 % (II-1II cT.) + HaJIMYKWe TEPMOUHTAIAIIOH-
HOU TpaBMbI, KOTOpPble HAXOJWJINCh B OT/AEIEHUUN
peaHuManuy U UHTEHCUBHOU Tepanuu 6oJiee 3 CyT.

HTeHCUBHAs Tepamus OXKOTOBOU TpPaBMBI B
OCTPBIA U TOJOCTPBHIA IEPHOJ, OCYIIECTBIISIIACh

dobutamine in burn shock receives additional theo-
retical justification.

AIM OF THE RESEARCH

Justification of the use of inotropic agents, as well
as an assessment of the safety and effectiveness of
the use of dobutamine in BSh.

MATERIALS AND METHODS

The pilot clinical study included 9 patients with
severe burn injury admitted to the Intensive Care
Unit of the Burn Center of the Novosibirsk State
Regional Clinical Hospital from 2021 to 2022.

The study was approved by the Local Ethics Com-
mittee of the Novosibirsk State Medical University
and conforms with the Rules of Clinical Practice in
the Russian Federation (Order of the Ministry of
Health of the Russian Federation No. 266 dated
19.06.2003).

Inclusion criteria: patients aged 15 to 70 years
with a total body surface area burned > 40% (II-III
degree) + the presence of thermal inhalation injury,
who stayed in the Intensive Care Unit for more than
3 days.

Intensive care of burn injury in the acute and sub-
acute phase was carried out according to conven-
tional clinical recommendations [16]. PiCCO moni-
toring was used for additional evaluation of central
hemodynamics, volemic status and fluid accumula-
tion in the extravascular space of the lungs. All
patients, taking into account the hemodynamic pro-
file in burn shock, were administered dobutamine
for correction of cardiac dysfunction following the
emergency fluid replacement. In order to avoid
arrhythmogenic effects and lactic acidosis increase,
the infusion of dobutamine was started at a mini-
mum rate of 1.5—2.5 ug/kg/min, which gradually, for
30 minutes, increased to the arrhythmogenic thresh-
old and did not exceed 5.0 ug/kg/min. Fluid resusci-
tation was carried out with balanced crystalloid solu-
tions with a hypooncotic 5% albumin solution (up to
600—800 ml/day) from the second half of the first
day after injury. The difference between the esti-
mated volume of infusion according to the Parkland
formula and the actual volume of infused fluid was
taken into account:

AV (%) = (V,

est

-V.)/V, x100.

Morphological study. Myocardial samples
were taken from 34 patients who died of the burn
shock: 27 men and 7 women aged 21 to 51 years
(2015—2019). Myocardial samples were taken with
minimal (lesions no more 20-25%) atherosclerotic
changes in the coronary arteries.
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COTJIACHO TPUHATHIM KJIMHUYECKUM pPEKOMEeHa-
nusaMm [16]. 115 JOTOJTHUTETBHOTO KOHTPOJIA I[eH-
TPaJIbHOW reMOJIMHAMUKH, COCTOSTHUS BOJIEMUYe-
CKOTO CTaTyca U OIIEHKH HAKOIJIEHUS JKUIKOCTH
BO BHECOCYZUCTOM IIPOCTPAHCTBE JIETKUX UCIIOJIb-
3oBajicsi PiCCO-monutopuHr. Becem marueHTam,
VYUTBIBas TeMOJAWHAMUYECKUH npoduap npu
0’KOTOBOM IIIOKE, C IEeJIbI0 KapAUOTOHHYECKOH
MO IEPKKHU MOCJIE TPOBEIEHUS SKCTPEHHOHN peru-
JipaTalnuy HazHavasicsa Jo0yraMmuH. Bo nuzbekanue
apUTMOTEHHBIX 3(PPEKTOB U YCUIIEHU JaKTOAIU-
1032 BBeleHUe NA00OyTaMHHA HAaYHMHAIA C MUHH-
MaJIbHOHM CKOPOCTHU 1.5—2.5 MKT/KI'/MUH, KOTOpas
[IOCTENIEHHO, B TeueHue 30 MUH, YBEJIHNIUBAIACH
JI0 «KAPUTMOTEHHOI0 IIOPOTa» U He MPEBbIIIaa 5.0
MKr/Kr/mMuH. HQY3HMOHHAA Tepamus MPOBOIH-
jack cOATaHCUPOBAHHBIMU KPUCTAIOUHBIMU
pacTBopaMu ¢ BKJIIDUEHHEM B €€ COCTaB THIIOOH-
KOTHUYECKOTO 5% pacTtBopa ajibbymuHa (10 600—
800 MJ1/CyT) CO BTOPOU IMOJIOBUHBI IIEPBBIX CYTOK
OT MOMEHTAa TpaBMbl. YUHWTHIBaJach pas3HUIIA
MeXAy paccuutanHbIM 1o ¢dopmysae Parkland 065-
eMoM HUHOQY3uH U akTuuecku HUHGPY3UPyEMBIM
ob6bpeMoM:

AV(%)=(V. -V )V

paca peas pacy

X 100.

Mopdosroruueckue HCCIEeJOBAHUA.
O06pas1ipl MHOKap/1a 11 MOPGOJIOTHYECKOTO UCCIe-
JIOBaHUsI ObLIU IIOJIyYeHBI OT 34 MAI[UeHTOB, yMep-
IIUX OT 03KOTOBOTO IIOKA: 27 MY>KUYUH U 7 )KEHIIUH B
Bo3pacte OT 21 70 51 roxa (2015—2019 rr.). 3a6op
00pa3IoB MHOKapZia OCYIIEeCTBIsUIM TPU MHUHU-
MaJIbHBIX (CTEHO3UPOBaHHE He OoJiee 20—25 %) aTe-
POCKJIEPOTHYECKIX M3MEHEHUAX BEHEYHBIX
aprepuil.

CBeroBasgs U NOAPUBANUOHHAS MHUKPO-
cKonmuA MUOKap/a. VceienoBaHrue MUKpPOIIpena-
paToB MpPOBOAWIM HAa MHUKpOCKole Axio Scope.A1l
(Zeiss, I'epmanusi), cHaOKEHHOTO aHAJIU3aTOPOM U
nosisspu3aropom, ¢ ¢poroxkamepor AxioCam MRc 5
(Zeiss, TepmMaHusa) ¢ KUCIOJIH30BAHHEM IMPOTPAMM-
Horo obecreuenust Zen Blue (Zeiss, I'epmanus).

NMMyHOTHCTOXHUMHUYECKOE HCCIETOBaAHUE
muokapaa. OKkpalBaHie CPe30B MUOKap/Ia Ipo-
BOAWIN B COOTBETCTBHUH C PEKOMEH/IAIHIMU
(UpPMBI-TTPON3BOIUTEIST AHTUTEN U COTJIACHO CTAH-
JapTtaMm, mpejacTaBieHHBIM B [17]. OmpeneeHue
00BbEMHON IUIOTHOCTH MHOGUOPUILI MPU OIEHKE
SKCIIPECCHU aKTUHA M JIECMHHA IPOBOJMIN METO-
JIOM TIOZICU€eTa YKCJIa MOIaJaHui Touek (mepeceve-
HUH TECTOBBIX JIMHUM) TECTOBOH PEIIETKH HA IIPO-
unn uccienyeMbIx CTPYKTYP B T'HCTOJIOTHYECKOM
cpese. Kaxnaplli mapaMeTrp IIPOCUUTHIBUIM 10
25 N300pKEHUAM C YBEJIMYEHHEM 40X 10.

Polarized light microscopy of the myocar-
dium. The study of microslides was carried out on
an Axio Scope.A1 microscope (Zeiss, Germany)
equipped with an analyzer and polarizer, with an
AxioCam MRc 5 camera (Zeiss, Germany) and Zen
Blue software (Zeiss, Germany).

Immunohistochemical study of the myo-
cardium. The staining of the myocardial sections
was carried out under the recommendations of the
antibody’s manufacturer and according to [17]. The
determination of volume density of myofibrils in
assessing the expression of actin and desmin was
performed by counting the number of points, that hit
intersections of the test grid lines, on the profiles of
the studied structures of the histological section.
Each parameter was calculated from 25 images at a
magnification of 40x10.

Characteristics of the morphological con-
trol group. The control group for pathomorpho-
logical study of the myocardium and biomolecular
analysis of the heart muscle and blood plasma
included samples which were taken from 25 individ-
uals of both sexes (19 men and 6 women) who died of
a sudden circulatory arrest, aged 21 to 45 years. Post-
mortem changes in the coronary arteries were pre-
sented by a stage of lipidosis or liposclerosis without
significant stenosis.

The need for morphological study. Most
researchers refers BSh to the hypovolemic type of
circulatory shock. Thus, myocardial lesion is mostly
not considered in therapy, and a decrease in the car-
diac index is associated with a decrease in cardiac
preload. The morphological studies of the myocar-
dium in burn shock are few and mainly experimental
[18]. This shows the need to study changes in myo-
cardial morphology in the acute phase of burn injury
to clarify the indications for the use of inotropic
agents.

The pathomorphological and immunohis-
tochemical assessment of the myocardial
changes in burn shock. When assessing the state
of the myocardium, a combination of fragmentation
of muscle fibers and their wavelike deformity was
revealed. Polarized microscopy revealed various
degrees of contraction-induced damage to individual
cardiomyocytes, as well as foci of primary clumpy
degeneration of myofibrils and myocytolysis.

Immunohistochemical study of myocardial sec-
tions showed a decrease in the expression of actin by
2.4 times (p < 0.05) and desmin by 2 times (p < 0.05)
in comparison with the control group (Fig. 1). The
data obtained indicate the presence of acute myocar-
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XapakrepucTuka MOp@0I10rHIecKoil KOH-
TPOJIBHOM TPYIIIbI. B KOHTPOJIBHYIO TPYIIITY AJIS
maToMopQOJIOTHUECKOTO HCCIEZOBAaHUS MHOKapza
U MOJIEKYJISIPHO-OMOJIOTHYECKOTO  HCCIIEZOBAHUS
MBI CEP/IIIA U TJIa3Mbl KDOBU BOIITH 00pasIhl,
MOJIydeHHBIEe OT 25 JuI 0060ero moja (19 My:KUnuH 1
6 KeHIIIH), YMEPIITNX BCJIEJICTBHE BHE3AITHON OCTa-
HOBKH KpOBOOOpAIIIEHUsI, B BO3PACTE OT 21 JI0 45 JIET.
V3MeHeHUs BEHEYHBIX apTEPUI HA ayTOIICUU OBLITH
MIPE/ICTABJIEHbl CTAAUAMU JIUIOWI03a WJIM JIUIIO-
cxyepo3a 0e3 3HAYMMbBIX CTEHO3UPYIOIIUX H3Me-
HEHUU.

PE3YJ/IBTATDI

Heo0GxoaumocTh MOpP(OJIOTUIECKOTO
ucciaenoBanusa. Ol GOJBIIMHCTBOM HCCIIEZOBA-
TeJIell OTHOCUTCS K TUIIOBOJIEMUYECKOMY THILY I[UP-
KyJIATOpPHOTrO mIOKa. TakuMm o6pas3oM, IOpa’keHHe
MMOKap/ia B OCHOBHOM B TepaIlluy He YIUTBhIBAETCA, a
CHIDKEHHE CEP/IEYHOTO HH/IEKCA CBA3BIBAETCS CO
CHIDKEHHEM IpeqHarpy3ku. CyIecTBYIOIINE MOP-
(osoruueckue nccaeoBaHUA MUOKAp/ia MIPU OKO-
TOBOM IITOKE€ HEMHOTOUUCIIEHHBI U IIPOBEIEHHI TTpe-
UMYyIIEeCTBEHHO B dKciepuMente [18]. OTo ykasbl-
BaeT Ha HeOOXO/IMMOCTD HCCJIEI0BAHUSA N3MEHEHUH
MOPGOJIOTUN MUOKAp/ia B OCTPOM IIEPHOJIE O3KOTO-
BOU TPaBMBI JIUISI YTOUHEHUS TIOKA3aHUH K HCIIOJIb-
30BaHUIO NHOTPOIIHBIX IIPENapaToB.

Ounenka matoMop(OJIOTUIECKUX U UMMY-
HOTHCTOXUMHUYECKHUX U3MEHEHHUIl MHUOKapaa
IIPH OKOTOBOM IIIOKe. IIpu olleHKe COCTOSHUS
MHOKap/a BBIABIISUIM COYeTaHue (GparMeHTaIllnu
MBIIIIEYHBIX BOJIOKOH ¥ UX BOJIHOOOpa3HOU jiedop-
Manuu. [Ipy MHUKPOCKOIIUYECKOM HCCIe0BAHUN B
MOJISIPU3ANMOHHOM CBETe ObLTH BBISIBJIEHBI Pa3JINy-
HOM CTelleH! KOHTPAKTYPHBIE TOBPEXKIEHIS OTIEb-
HBIX KapZINOMHUOIIUTOB, a TAKXKe 0Yaru IepBUYHOTO
[JIBIOYATOTO paclajZia MBIIIEYHBIX BOJIOKOH M MHUO-
[IUTOJIU3HUCA.

ITp MMMYHOTMCTOXMMUYECKOM KCCJIeT0BAHUU
CPe30B MHUOKap/la OTMEYATH CHIDKEHUE JKCIIPECCHH
aKTHHA B 2.4 pasa (p < 0.05) U JecMHHA B 2 pasa
(p < 0.05) B cpaBHEHUH C TPYIIIIOH KOHTPOJIA (pHC. 1).
[TosryueHHBIE TAHHBIE CBU/IETETHCTBYIOT O HAJTUYUU
OCTpPOH HMIIIEMUH MUOKap/a, IPU KOTOPOH MPOUCXO-
JIUT aKTUBAIlUA IIPOTea3, pa3pyllalux Oeaku
IIUTOCKEJIETa, O0ECIIEUNBAIOIINX CTPYKTYPHYIO U
MEXaHUYECKYI0 IIeJIOCTHOCTh KapAUOMUOIIUTA B
Iporiecce COKpaIieHus.

Kianaunueckue pe3yabTaTbl. IPPeKTHBHOCTD
IIPOTUBOIIOKOBOM Tepanuy OIeHUBAIACh 10 JUHA-
MUKe I0Ka3aTeslell reMaTOKPUTa, CKOPOCTU CHUXKe-
HUs JakTaTa, pH u fedunura ociopauunii (BE) apte-
PpHUIBHOU KPOBH, TEMITY MOUYEOT/ETEHU. YUUTHIBA-

dial ischemia, in which proteases are activated, that
destroy cytoskeletal proteins ensuring the structural
and mechanical integrity of the cardiomyocyte dur-
ing contraction.

Clinical results. The effectiveness of resuscita-
tion was assessed by the dynamics of hematocrit, the
rate of decrease in lactate, pH and base deficit in
arterial blood, as well as the rate of urine secretion-
The difference between the calculated volume of
infusion according to the Parkland formula and the
actual volume, expressed as a percentage, on the first
day after injury was considered.

The use of dobutamine in the comprehensive
intensive care strategy, which allows patients to be
resuscitated from shock in an average of 48 hours,
with the drug infusion at a rate of 2.5—5.0 ug/kg/
min, was not accompanied by an arrhythmogenic
effect and an increase in lactic acidosis. Normaliza-
tion of the main parameters was considered as a
resuscitation from shock: achievement of hemodilu-
tion, plasma lactate level (<2.0 mmol/l), reference
indicators of pH and BE, rate of urine secretion
(>1 ml/kg/h). The need for vasopressor support
arose only in 30% of patients. Using dobutamine,
among other things, made it possible to ensure, as
far as possible, the restrictive strategy of fluid resus-
citation in all patients included in the study and to
reduce the volume of resuscitation fluid calculated
according to the Parkland formula by an average of
20-25%, which amounted to 3.0—3.5 1/day.

Clinical case study. Patient N., 47 years old:
Flame burn (I-III degree) of the head, neck, trunk,
upper and lower extremities. The body surface area
burned is 65% (deep burns — 55%). Thermal inhala-
tion injury. Burn shock, III degree.

Vasopressor support from the end of the first day
was by norepinephrine (up to 0.4 pg/kg/min), ino-
tropic support — by dobutamine (2.5 pg/kg/min).

Fluid balance: intravenous infusion (V,_) on the
ist day was 11 200 ml. The estimated volume (V_)
according to the Parkland formula (4 x 75 kg x 50%)
was 15 000 ml. Thus, the difference V, -V, was
3.8 L. Intravenous infusion on the 2nd day was
8800 ml, on the 3rd — 5430 ml. Enterally: 1st day —
250 ml, 2nd day — 1200 ml, 3rd day — 2100 ml.

Clinical dynamics: Blood pressure on the 1st day
was 110/65-130/75 mm Hg in the setting of vaso-
pressor and inotropic support. By the end of the 1st
day after injury, there was a critical decrease in con-
tractility (CI — 1.71 1/min/m?) and an increase in the
extravascular lung water index (ELWI) to 10 ml/kg.
Normalization of these parameters was noted by the
end of the 2nd day: CI — 3.8 I/min/m?, ELWI —
6 ml/kg. Diuresis on the 1st day was 1300 ml, on the
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A
100 100 -
80 80 -
N 60 60 -
> 40 * 40
201 20
0 0

O>X0rOBBIH IIOK
Burn shock

H KoHTposibHasa rpynmna
Control group

Puc. 1. CpaBHUTE/IbHAS OIIEHKA SKCIIpeccuu ecMuHa (A) v akTrHa (B) KapHOMHUOIUTAMU JIEBOTO JKEJIY[0UKA
IIPH 03KOTOBOM IIIOKE U B TPYIIIE KOHTPOJIsI (¥ OT/IMYMSI OT COOTBETCTBYIOIIVMX 3HAUYEHUH B KOHTPOJIE P < 0.05;
V, — 06beMHas II0THOCTD)

Fig. 1. Comparative evaluation of the expression of desmin (A) and actin (B) by cardiomyocytes of the left ventricle
in burn shock and in the control group (* differences from the corresponding values of the control group p < 0.05;
V, — volume density)

Jlach PpAa3HUIA MEXKJIY PpAaCCUUTAHHBIM O00beMOM
nHbysun no dopmysne Parkland u dakruueckrm
00beMOM, BBIpa’KEHHas B IPOILIEHTaX, B IIEPBbBIE
CYTKU TI0CJIE TPABMBIL.

Hcnonp3oBanue n00yTaMUHA B KOMILJIEKCHOU
MIPOTHBOIIIOKOBOH TEPAIU¥, IO3BOJIAIONIEH BbIBE-
CTU TAIEHTOB U3 COCTOSIHUS IIOKAa B CPEHEM 3a
48 4, O CKOPOCTBIO 2.5—5.0 MKI'/KI'/ MHUH HE COTIPO-
BOXK/IAJIOCh apUTMOTeHHBIM 3(pdeKToM U HapacTa-
HUEM JIAaKTOAIu03a. BrIBeZileHNeM U3 IIOKA CUH-
Tajach HOPMAJIM3AIUsl OCHOBHBIX KPHUTEPHUEB:
JIOCTHJKEHUE TeMOJWJIIONNY, YPOBHA JIaKTaTa
wia3mel (<2.0 mmosib/ ), pH u BE, Temmia quypesa
(>1 mua/kr/u). HeobxomumocTh B Ha3HAUYEeHUH
Ba30IPECCOPHON IO//IEP’KKU BO3HHUKJIA TOJIBKO Y
30 % manueHTOB. Vcnosib3oBaHue q0oOyTaMUHA B
TOM YHCJIE TI03BOJIUIIO 00ECIIeUUTh, HACKOJIBKO 3TO
OBLJI0O BO3MOXKHO, PECTPUKTHUBHYIO CTPaTEruio
nH}Y3UOHHON Tepaluu y BCeX BKIIOYEHHBIX B
KJIMHHUYECKOE HCCIIe/IOBAaHUE NAllMeHTOB U CHU-
3UTHh paccyuTaHHbIl 0 popmysie Parkland o6bpem
peruzparanuu B cpeZlHeM Ha 20—25 %, 4TO B abco-
JIIOTHBIX [dPax COCTaBUIO 3.0—3.5 JI/CYT.

Kinanueckuii npumep. Ilamuent H., 47 sret:
Oxor mwramenem (I-III cT.) TOJIOBBI, IIEH, TYJIO-
BHUIIA, BEPXHUX M HUKHUX KOHeuHocTel. Iliomanb
03K0TOB — 65 % (Ty1y60oKUx — 55 %). TepMOUHTAIAIIH-
OHHas TpaBMa. OKOTOBBIH IIOK 3-H CT.

BazonpeccopHasi TOAZEPIKKA C KOHIIA IIEPBBIX
CYTOK IIPOBO/IAJIACH HOPAIPEHAIMHOM (70 0.4 MKT/KT/
MUH), THOTPOITHAS — I00yTaMUHOM (2.5 MKT/KT'/ MUH).

I'udpobananc: B/Bennas undysus (V) B 1-e
CYTKH COCTaBWJIa 11 200 MJ. PacuyeTHbII 00BEM
(V_ ) mo ¢dopmyne Parkland (4 x 75 kr x 50 %) —

pacy

15 000 mi. Takum obpasom, pazuuma V. — V

pacu pean

cocraBuia 3.8 s1. B/BenHas uH}y3usa BO 2-e CyTKH
cocraBuia 8800 M1, B 3-€ — 5430 MJI. DHTEPATbHO:

2nd day — 2000 ml, on the 3rd — 2750 ml. Acid-base
balance (ABB) of arterial blood at admission: pH —
7.25, oxygen partial pressure (PO,) — 114 mm Hg,
partial pressure of carbon dioxide (PCO,) — 21.3 mm
Hg, SBE — 16 mmol/l, lactate — 3.5 mmol/l. On day
after: pH - 7.36, PO, — 85 mm Hg, PCO, — 42.1 mm
Hg, SBE — 1.4 mmol/], lactate — 2.1 mmol/l. Norma-
lization of pH and BE was noted by the end of the
first day, and 48 hours after normalization of arterial
blood lactate concentration (1.2 mmol/l) occurred.
Thus, already during the first day, it was possible to
compensate for hemodynamic disorders, which was
evidenced by normalization of the ABB parameters
and urinary flow rate. The vasopressor agent was
canceled, the dobutamine at doses below arrhythmia
threshold had been continued. Within 48 hours,
almost all parameters of central hemodynamics,
ABB and urine secretion corresponded to the refer-
ence values.

The resuscitation of the patient from burn shock
was recorded, full enteral nutrition was started, and
the volume of infusion therapy was reduced.

DISCUSSION

The data obtained on structural myocardial
lesions in burn shock confirm the need for the use of
inotropic agents in this pathology. Thus, BSh should
be considered not only as a classic hypovolemic
shock, in which a decrease in cardiac output is only a
consequence of a decrease in preload. It is obvious
that myocardial lesions also plays a significant role.

However, a significant problem with the use of
inotropic agents, in particular dobutamine, is a
marked arrhythmogenic effect, which manifests
itself in an increase in tachycardia when using the
recommended doses (5—-10 pg/kg/min). Since the
blood supply to the myocardium is performed dur-
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1-€ CyTKH — 250 MJI, 2-€ CYTKH — 1200 MJI, 3-U CyTKH —
2100 ML

Kaunuuecxas dunamuxa: AJl B 1-e cyTKH 110/65—
130/75 MM PT. cT. Ha ¢OHE Ba30IPECCOPHON U HHO-
TPOIIHOH ToA/epKKHU. K KOHIly 1-X CYTOK TocCse
TPaBMbI OTMEYAJIOCh KPUTHUECKOE CHIKEHHE ITOKa-
3aresiei KOHTpakTwiIbHOCTU (CU — 1.71 1/ MUH/M?) B
HapacTaHUe WH/IEKCa BHECOCY/IUCTOH BOMBI B JIETKUX
(ELWI) 1o 10 mut/kr. Hopmasiuzaiys JaHHBIX MTOKa-
3arejied OTMeueHa K KOHIy 2-X cyrok: CU -
3.8 i/mun/m2, ELWI — 6 mii/kr. [luypes B 1-€ CyTKH
COCTaBWJI 1300 MJI, BO 2-€ CYTKH — 2000 MJI, B 3-€ —
2750 mi. KucnorHo-menounoe cocrosuue (KIIIC)
apTepuabHON KpOBU NMPU HocTyiienuu: pH — 7.25,
napnuanbHoe AaBiaenue kucaopoga (PO,) — 114 Mm
PT. CT., TIapIiHaJIbHOE JaBJIeHUE YIJIEKHCJIOrO rasa
(PCO,) - 21.3 MM pT. cT., SBE — 16 MMob/J1, 1aK-
Tar — 3.5 MMoJib/. Yepes 24 4: pH — 7.36, PO, —
85 mm pr. cr.,, PCO, — 42.1 Mmm pr. cr.,, SBE —
1.4 MMOJIb/JI, TAKTAT — 2.1 MMOJIb/J1. HopMauzanus
pH u BE oTMeueHa k KOHITy IIepBBIX CyTOK, a 4epe3
48 9 Tpou30IIlJIa HOPMATH3AIHA 3HAUEHUH JIAKTaTa
apTepuasbHOM KpoBH (1.2 MMosib/i). Takum obpa-
30M, Y?K€ B TeUeHHeE MEPBBIX CYTOK y/IAIOCh JOOUTHCS
KOMITEHCAIIU HAapYyIIeHUHA TeMOJMHAMHUKH, YTO
oTpasuyjoch B HopMasiuzanuu napamerpos KIIC u
TeMIla MOYeOT/IeJIeHUsl. Ba3ompeccopHbIi mpenapar
ObUT OTMEHEH, IIPOJIOJIKAJIOCh BBEJEHHE 100yTa-
MHWHA B cyOApUTMOTEHHBIX J[03aX. B TeueHue 48 u
MMPAaKTUYECKH BCe MapaMeTphl IEHTPaTbHON reMO/IH-
namuku, KIIIC u Temnl Auype3a COOTBETCTBOBAJIU
HOpMaJIbHBIM pedepeHCHbIM 3HaueHusM. Komcra-
TUPOBAHO BBIBEJIEHHE IIAllEHTAa W3 OKOTOBOTO
[IIOKa, HAYaTO ITOJITHOI[EHHOE SHTEPATTbHOE ITUTAHHUE,
CHIKEHBI 00beMbI HH(PY3HOHHOM TEPATIHH.

OBCYXKJIEHUNE

[TosryueHHBIE JAHHBIE O CTPYKTYPHBIX IOpake-
HUAX MHOKapjia IPH 0XKOTOBOM IIIOKe IIOJTBEP: K-
JTAI0T HeOOXOAUMOCTh MCIOJIB30BAHUS MPENapaToB
WHOTPOITHOTO JIEHCTBUS TPH JAHHOW IaTOJIOTHH.
Taxum obpazom, OI ciemyer paccMaTpuBaTh He
TOJIBKO KaK KJIAaCCHYECKUI THIIOBOJIEMUYECKHH 10K,
IIPY KOTOPOM CHIKEHUE CEPJIEIHOTO BhIOpOCa sIBJIA-
€TCsI TOJIBKO CJIeZICTBUEM CHUKEHUS MpeIHarPy3KHU.
OueBUAHO, YTO TOBPEXEHHE MHOKap/Aa TaKxKe
WUTpaeT 3HAYNMYIO POJIb.

OJTHaKO CyIIeCTBEHHOU TPO6JIEMOH HCII0JIb30Ba-
HUS TIPENapaToB HHOTPOITHOTO IEHCTBUSA, B YACTHO-
cTU JIoOyTaMUHA, SIBJISIETCS BBIPA’KEHHBIH apUTMO-
reHHBIH 3¢ddeKT, YTO NMposABIsAeTCA B HapacTaHUU
TaxXUKapAUU IPHU HCIIOJIH30BAHUHU PEKOMEH]TyEeMbIX
7103 (5—10 MKr/Kr/MuH). II0CKOJIBKY KpOBOCHAOMKe-
HUe MHOKap/ia OCYIIECTBIIAETCS B IUACTOILY, a IOBBI-

ing diastole, and an increase in heart rate is accom-
panied by a decrease in myocardial perfusion,
already at a heart rate > 90 bpm, the risk of death in
heart failure significantly increases. The develop-
ment of tachycardia should be considered as a dam-
aging factor causing myocardial ischemia/hypoxia
in the setting of increased O, consumption. In addi-
tion, a natural disadvantage of the use of adreno-
ceptor agonists is an increase in lactic acidosis,
which is a serious limitation for their use in circula-
tory shock.

Thus, the task of the study was not only to justify
the use of dobutamine in BSh, but also to choose a
safe and effective rate of its administration.

Individual doses at the threshold of tachyar-
rhythmia were selected as a goal for dobutamine. In
this study, the infusion rate is in the range of 2.5—
5.0 ug/kg/min. Based on the results obtained, it
can be concluded that the use of dobutamine doses
that are at the lower end of recommended range
made it possible to compensate for hemodynamic
disorders and implement a restrictive strategy of
fluid resuscitation. In particular, the difference
between the estimated volume of infusion therapy
and the actual volume (V_, -V, ) on the first day
after injury was up to 3.0—3.5 L. In all the studied
cases, despite the severity of burn injury, rapid nor-
malization of central hemodynamics, restoration of
tissue perfusion and, ultimately, the resuscitation
of patients from the burn shock in an average of
48 hours was noted.

CONCLUSION

The research allows us to draw the following con-
clusions:

1. A decrease in myocardial contractility in burn
patients with shock is associated, among other
things, with the formation of acute focal myocardial
lesions, a decrease in the expression of cardiomyo-
cyte marker — actin (2.4 times, p < 0.05) and desmin
(2 times, p < 0.05) and is accompanied by a decrease
in the cardiac index, stroke volume and ejection frac-
tion. The data obtained on structural changes of the
myocardium in burn shock confirm the need for the
use of inotropic agents.

2. Dobutamine at a rate of up to 5.0 ug/kg/min
does not cause arrhythmia and/or lactic acidosis, but
contributes as part of comprehensive resuscitation
measures to ensure the maximum restrictive strat-
egy of fluid resuscitation and elimination of burn
shock manifestations.
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IIEHNe ITyJIbCA COITPOBOXKIAAETCS CHIKEHEM Tepdy-
3U1 MHOKapP/Ia, yKe IPHU YacTOTe CEPAEYHBIX COKpa-
IEHUH >90 Y./MUH JIOCTOBEPHO MOBBIIIAETCS PUCK
JIETAJIBHOTO HCXO/a TIPU CepAEeTHON He0CTaTOYHO-
ctu. Pa3BuTHE TaXUKapAUU CIeyeT pacCMaTpUBaTh
KakK MOBpeXAAMui (HaKkTOp, BHI3BIBAIOIINN HIIIEe-
MUIO/TUIIOKCUIO MUOKap/ia Ha (OHEe IOBBIIIEHHOTO
norpebaenus O,. Kpome Toro, ecrecTBeHHBIN HeZO-
CTaTOK WCIIOJIb30BAHUSA aJPEHOCTUMYJISATOPOB —
HapacTaHUe JIAKTOAIN/I03a, UTO SIBJISETCS Cepbe3-
HBIM OTPAaHUYEHUEM B HCIIOJIB30BAHUU IIPHU IUPKY-
JIITOPHOM IIIOKE.

Takum oOpaszoM, 33/1auell UCC/IeIOBAHUS CTAJIO
He TOJIbKO OOOCHOBaHUE HCIIOJIB30BAHUA 00OyTa-
muHa rpu OIIl, HO u BBIOGOP Oe3omacHON U 3¢ dek-
TUBHOU CKOPOCTH €TI0 BBEJIEHU .

B xauecTBe OpueHTHpa IPU Ha3HAYEHUU T100yTa-
MUHA BbIOpAHBI MHAUBHU/IyJIHBIE O3Bl HAa IIOPOTE
TaxuapuTMUU. B JaHHOM HCCIeI0BaHIT — CKOPOCTh
BBEJIEHUS B [UaNa3oHe 2.5—5.0 MKT/Kr/MuH. OCHO-
BBHIBASICh HA IIOJIyUYEHHBIX PE3YIbTATAX, MOKHO
3aKJIIOYHUTH, UTO HCIIOJIb30BaHNE CYOAPUTMOTE€HHBIX
J103 10O6yTaMuHA TI03BOJIUIIO 00ECIIEUNTh KOMITEHCa-
OUI0 HApYIIEHUW TEeMOAMHAMUKH U Ppeajlu3aIiiio
PECTPUKTHUBHON CTpaTerny WHQY3UOHHON TEPaITHH.
B uacTHOCTH, pa3HUIA MEXKAY PACIETHBIM 00HEMOM
WHGY3UOHHOH Tepanu U (PaKTHIECKUM 00BEMOM
(Viaex = Viear) B TIEPBBIE CYTKH IIOCJIE TPABMBI COCTa-
BWJIa 70 3.0—3.5 J. Bo Bcex uccieJOBaHHBIX CIIy-
Yasgx, HECMOTPS Ha TXKECTh 0XKOTOBOTO MOBPEK/Ie-

CIIMCOK JIUTEPATYPBbI

1. Cancio L.C., Chavez S., Alvarado-Ortega M. et al.
Predicting increased fluid requirements during
the resuscitation of thermally injured patients //
J. Trauma. 2004;56(2):404-413. DOI: 10.1097/01.
TA.0000075341.43956.E4.

2. Friedrich J.B., Sullivan S.R., Engrav L.H. et al. Is supra-
Baxter resuscitation in burn patients a new phenom-
enon? // Burns. 2004;30(5):464-466. DOI: 10.1016/j.
burns.2004.01.021.

3. Cochran A., Morris S.E., Edelman L.S., Saffle J.K. Burn
patient characteristics and outcomes following resusci-
tation with albumin // Burns. 2007;33(1):25-30.

4. Ivy M.E., Atweh N.A., Palmer J. et al. Intra-abdominal
hypertension and abdominal compartment syndrome
in burn patients // J. Trauma. 2000;49(3):387-391.
DOLI: 10.1097/00005373-200009000-00001.

5. Sullivan S.R., Friedrich J.B., Engrav L.H. et al. “Opi-
oid creep” is real and may be the cause of “fluid
creep” // Burns. 2004;30(6):583-590. DOI: 10.1016/j.
burns.2004.03.002.

6. Kysbpkos B.B., Kupos M.IO. IHBa3WBHBII MOHUTOPUHT
reMOJIUHAMHUKY B UHTEHCUBHOU TEPATIUU U aHECTE3UO-
noruu. Apxanrenbck: CIMY, 2015. 392 c.

7. Rivers E., Nguyen B., Havstad S. et al. Early goal-
directed therapy in the treatment of severe sepsis and

HHsA, OTMedeHa ObIcTpas CTabuau3amus IeHTPaIb-
HOH TeMOJAWHAMWKU, BOCCTAHOBJIEHHE Mepdy3uu
TKaHel U B KOHEUHOM UTOTE BbIBeZIEHUE TAIEHTOB
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[TpoBeneHHOE HCCIIEIOBAaHYE TTO3BOJISIET C/IEJIATh
CJIEYIOIIAE BHIBOJIBI:

1. CHIXXeHHE COKpPAaTUTEJhHOH CIOCOOHOCTU
MHOKap/ia Y 03KOTOBBIX OOJIBHBIX C IIIOKOM CBSI3aHO,
B TOM 4YHCJIEe, ¢ 0Opa30BaHUEM OCTPBIX OYArOBBIX
MOBPEXKIEHUM MHOKAp/la, CHUKEHHUEM HKCIIPECCUH
0eIKOB-MapKepoB KapAHNOMHOIMTOB — AaKTHHA
(B 2.4 pasa, p < 0.05) u iecMuHa (B 2 pasa, p < 0.05)
U COIPOBOXKIAETCSA YMEHBIIEHHEM CEPAEIHOTO
WHJIEKCa, YAAPHOTO 00beMa U IVI00IPHOM (PpaKIiiu
u3rHaHus. [loJiydueHHbIe JaHHBIE O CTPYKTYPHBIX
U3MEHEHUAX MHOKap/ia IPU OKOTOBOM IIIOKE IIO/-
TBEPKJAI0T HEOOXOAUMOCTD UCIIOIb30BAHUS IIperia-
paTOB UHOTPOITHOTO JIEHCTBUS.

2. JToOyraMuH, Ha3HAYAeMBIA CO CKOPOCTHIO 70
5.0 MKI/KI/MHWH, He BBI3BIBAET aPUTMOTEHHOTO
sdderkTa W/WIM JAKTOAIU032, HO IIOMOTaeT B
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PECTPUKTHUBHYIO CTPATETHIO NHGY3UOHHOHN TEparuu
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KoH@aukT nHTEpECOB. ABTOPHI 3aABJISIOT 00
OTCYTCTBUH KOH(INKTA HHTEPECOB.
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