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IOKe

Casuenko C.B.*, Omenkosa H.I'., HoBocesnos B.I1., 'punimarep B.A., Tuxonos B.B., Ky3nenos E.B.

@I'BOY BO «Hogocubupckuil 2ocydapcmeettblit meduyuHekuil yHugepcumem» Munadpaea Poccuu

Expert assessment of morphological changes under burn shock
Savchenko S.V.*, Oshchepkova N.G., Novoselov V.P., Gritsinger V.A., Tikhonov V.V., Kuznetsov E.V.

Novosibirsk State Medical University

AHHOTAIIUA

C 1eJipio OleHKH MOP(GOJIOTHH 03KOTOBOTO IIOKA OBLI IPOBEJIEH aHAIN3 IAHHBIX 153 «AKTOB CyZieOHO-MeIUIIITHCKOTO
HCCIIeZIOBAHUA TPYIOB» U «3aKJIIOUeHUH 9KCIIepTa» 3a MepHoJL ¢ 2012 10 2017 I'Ofl, CPeAU KOTOPHIX 93.2 % 3KCIePTHBIX
HAOJIIO/IEHUI COCTABUIN YMepIIe B KOMOYCTHOJIOTHUECKOM IEHTpe, B 6.8 % ciydyaeB morubiive ObUTH TOCTaBJIEHBI C
Mecra npouctiectsus. [latomopdosornyeckre U3MeHEHH IIPU 03KOTOBOM IIIOKE XapaKTEPU3YIOTCA PA3BUTHEM OCTPBIX
JUCTPOPUIECKUX U3MEHEHUH KJIETOK M OTEKOM CTPOMBI BHYTPEHHHUX OPraHOB Ha (hOHE BBHIPAYKEHHBIX MUKDOIMPKYJISI-
TOPHBIX paccTpoiicTB. IHGOpMaTHBHOH IIPH 02KOTOBOM IIOKE SIBJIETCS OIleHKa MOPGOJUHAMUKY JUCTPOPUIECKIX U He-
KpOOHOTHYECKIX U3MEHEHNH Kap/[HOMUOIIUTOB U OCTPBIX PACCTPOIMCTB KpoBooOpalieHus Muokap/a. HepaBHoMepHOCTH
OTIVMICAHHBIX IIPOSIBJIEHUI B PA3TUYHBIX CIIYIasaX PA3BUTHSA 03KOTOBOTO ITOKA 06YCIOBJIEHA, TIPEIK/IE BCETO, TAKECTHIO pas-
BHBIIIETOCS IIIOKA U CPOKAMU OKA3aHUA MEIUIIMHCKON IIOMOIIU B YCIOBUAX KOMOYCTHOJIOTUIECKOTO [IEHTPA.

Kaloueawvle ca08a: 0>KOTOBBIH IIOK, MOP(hOJIOTHIECKHE N3MEHEHUs, OIIEHKA.

ABSTRACT

To assess burn shock morphology, the data of 153 forensic autopsy reports and expert medical reports for the period
from 2012 to 2017 were analyzed, among which 93.2 % of expert observations were deaths certified at burn centers and
6.8 % cases were deaths certified by first responders. Pathomorphological changes under burn shock are characterized by
development of acute dystrophic changes in cells and stromal edemas of internal organs in context of pronounced microcir-
culatory impairments. Assessment of morphodynamics of dystrophic and necrobiotic changes in cardiomyocytes and acute
myocardial blood circulation impairments is of information value under burn shock. Nonuniformity of the manifestations
described in various cases of burn shock is primarily caused by the severity of shock and emergency of medical treatment
at a burn center.

Keywords: burn shock, morphological changes, assessment.

BBEAEHMHNE

AXKTyaIbHOCTh U3YUYEHUS] PA3IMUYHBIX ACIIEKTOB
0’KOTrOBOM 0O0JIE3HM CBsAI3aHA C BBICOKHMMHU IIOKa3a-
TEJIIMU JIETATLHOCTH, KOTOPAasi 3aBUCHUT OT ILIOIIA-
JIU TEPMHYECKUX OKOTOB, TJIyOWHBI ITOBPEKIEHUS,
a TakKe MepHo/ia BpEMeHH, MPOIIEAIIero ¢ MOMeH-
Ta BOBHUKHOBEHUSI TEPMHUUECKOU TPaBMBI /10 OKa3a-
HUS CIEIHATU3UPOBAHHON KOMOYCTHOJIOTHUECKOH

INTRODUCTION

Studying various aspects of burn disease is a
topical problem due to their high mortality rate,
which is directly causally related to thermal burn
area and depth, as well as time from the occurrence
of thermal trauma to the moment when specialized
aid is provided [1—8]. Critical indicators, which af-
fect the mortality rate, include patient’s age and
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nomornu [1—-8]. K BaKHBIM IIOKa3aTeJIsIM, BJIMSIO-
UM Ha JIETATbHOCTbD, TAK}KE OTHOCSITCS BO3PACT I10-
CTPaJIaBIIIETO W HAJIMYUE, HAPSAY C MMOPAKEHUSIMH
KOJKHBIX ITOKPOBOB, TEPMUYECKUX ITOPAKEHUH [IbI-
xXaTeJbHbIX IMyTed. OcoOeHHO BBICOKA CMEPTHOCTH
[IPU KPUTUYECKUX 0JKOTaX, COCTABJIAIONINX 40—50 %
[TOBEPXHOCTH TE€JIA, W CBEPXKPUTUUECKUX TIyOOKHUX
0’KOTaxX, MPEBBIMIAIINX 50 % MTOBEPXHOCTH TeJa [1,
4]. BayKHBIM YCJIOBUEM YJIyUIIIEHUS PE3YJIHTATOB JIe-
JeHUs1 OOJIbHBIX C TEDMHYECKON TPAaBMOU SIBJISIETCS
U3ydeHHne MPUYKWH JIETATHHBIX UCX0/0B IIPH 9TOH ma-
TOJIOTHH, CPEJIA KOTOPBIX OJTHUM U3 IIEPBbIX SIBJISET-
Cs1 O3KOTOBBIH IIOK [2, 3].

OEJDb UCCJAEAJOBAHNA

Orenka MOpq)O.TIOI‘I/II/I OKOroBoro mIoka.

MATEPHAJIBI 1 METO/ABbI

Beu1 mpoBefeH aHanM3 JAHHBIX 153 «AKTOB
CyZieOHO-MEeUITMHCKOTO HCCIEIOBAHUS TPYIIOB» H
«3aKII0OUEeHNH 9KCIIEPTa» 3a IEPUO/I C 2012 110 2017T.,
cpeny KOTOPBIX 93.2 % SKCIEPTHBIX HAOTIOAEHUH CO-
CTaBIWIH yMEPIIIHE B KOMOYCTHOJIOTHYECKOM IIEHTPE,
B 6.8 % ciryuaeB noru6Ime ObLUIH JIOCTABJIEHBI C Me-
cra mpowucurectBusa. COryiacHO MPOBEIEHHOMY aHa-
JIU3y AAHHBIX MEIUIIMHCKUX JOKYMEHTOB B CJIyda-
SIX CMEPTH MOCTPAAABIINX B KOMOYCTHOJIOTHUECKOM
[IEHTPE CMEPTh HACTYIIAJIa B OJIMH U3 IIEPHUOJIOB TeUe-
HUS 03KOTOBOU 060s1e3HU. B mepBbIe JHU, ITOCIIE TTOTy-
YeHUs] TEPMUYECKOHN TPaBMBbI, CMEPTh HACTYIIAIA OT
02KOTOBOTO IToKa. Ham mpe/icTaBuiiocs esiecoobpas-
HBIM IIPOBECTH OIEHKY KJIMHUKO-MOPGHOIOTHUECKUX
JIAHHBIX IIPHU 03KOTOBOH TpaBMe CO CMEPTEIbHBIM HC-
XOJIOM B Pe3yJIbTaTe Pa3BUTHA 0KOTOBOTO IIIOKA, KO-
TOpBIE COCTABUJIIU 28 CIy4aeB.

PE3YJIBTATBI U OBCYXKJIEHUE

IIpu oneHKe BO3paCTHBIX MOKa3aTeseld mocTpa-
JIABIIUX C TEPMUUYECKUMHU OKOTaMHU OBLIIO YCTAHOB-
JIEHO, UTO YaIre 3TO ObUIH JIUIA MOJIOJIOTO U 3PEJIOTO
BO3pacTa OT 21 rofia /1o 60 JIET, COCTAaBUBIILE 90.5 %
OT yuesIa Beex norubmmx. KoHneHTpaiys sTaHosia B
KPOBU ITOCTPA/IABIIINX C 03KOTOBOM TPaBMOH KoJsieba-
J1ach OT 0.94 10 3.57 IPOMUJLIIE.

IIpu aHaIM3€e KIIMHUYECKHUX JTAHHBIX, U3JI0KEH-
HBIX B MEIUIMHCKUX JOKYMEHTAX, BBISABJIEHO, UTO
BeJlylllell MpUUYNHON HapylleHus GyHKIUN pa3iInd-
HBIX OPTaHOB U CHCTEM YeJIOBEYECKOTO OpraHu3Ma
IIPU OKOTOBOM IIIOKE SABJIAIOTCS BBIpAYKEHHBIE pac-
CTPOUCTBA TEMOJIMHAMHUKHN — XapaKTepHas THUIIOJIO-
TUYEeCKas peakiys, HabJIro1aemMast U IIpu IPYyTUxX BU-
Jlax 1oka [9, 10]. HapyieHusi reMOAUHAMUKA HO-

presence of thermal lesions of the respiratory tract
in addition to skin lesions. The mortality rate is
especially high in critical cases with burn areas of
40—-50 % and supercritical deep burns of over 50
% of the body surface [1, 4]. Investigation of causes
of fatal outcomes due to the pathology considered,
burn shock being among the most common ones, is
an important prerequisite for improving the treat-
ment results in patients with thermal trauma [2, 3].

AIM OF THE RESEARCH

To estimate of morphological changes under
burn shock.

MATERIALS AND METHODS

To assess burn shock morphology, the data of
153 forensic autopsy reports and expert medical re-
ports for the period from 2012 to 2017 were ana-
lyzed, among which 93.2 % of expert observations
were deaths certified at burn centers and 6.8 %
cases were deaths certified by first responders. The
analysis of these medical documents showed that in
cases of deaths at burn centers, fatal outcomes oc-
curred at certain stages of the burn disease. Burn
shock was the cause of deaths in the first days after
the occurrence of thermal trauma. It appeared rea-
sonable to assess clinical and morphological data
for burn trauma with fatal outcomes as a result of
developing burn shock, which totaled 28 cases.

RESULTS AND DISCUSSION

The analysis of age of thermal burn victims
showed that patients were most often middle-aged
and young adults, the age group of 21 to 60 years
accounting for 90.5 % of all deaths. Ethanol concen-
tration in blood of burn trauma patients varied from
0.94 to 3.57 per mil.

The analysis of clinical data presented in medi-
cal documents showed that pronounced hemody-
namic disorders, a characteristic typological re-
sponse observed under various kinds of shock, were
the most common cause of functional impairment
of various organs and systems under burn shock [9,
10]. Hemodynamic disorders were of systemic na-
ture and were characterized both by central hemo-
dynamic disorders and progressive deterioration of
peripheral blood circulation. It is explained by the
fact that sympathoadrenal system activation under
burn trauma is associated with peripheral vessel
spasms combined with impairments of rheologi-
cal blood properties due to hemoconcentration and
viscosity increase, and the resulting blood corpuscle
aggregation leads to extremely severe microcir-
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CHJIN CHCTEMHBIN XapaKTep U OTJIMYAJIUCh KaK pac-
CTPOUMCTBAMHU IEHTPAJTHLHON TeMOJMHAMHKH, TaK K
IIPOTPECCUPYIOIINM YXYyZIIeHHeM IepHdepruiecKko-
ro KpoBooOpaIeHus. IT0 00bACHAETCSA TEM, UTO aK-
THUBAIUA CUMIIATO-aIPEHAJIOBOM CUCTEMBI IIPU 0XKO-
TOBOH TpaBMe, COIIPOBOK/IAIOIIASCS CIIA3MOM IIE€PHU-
(peprueckux cocyZi0oB, B COUETAHUU C HAPYIIEHUSIMI
PpeoJIoTHUecKHUxX CBOMCTB KPOBH, 32 CUET ee CIyIIeHUs
U TIOBBIIIEHUS BA3KOCTH, arperamus ee GOpMeHHBIX
BJIEMEHTOB TNPUBOAAT K TKEJIEHIINM PAaCCTPOH-
CTBaM MHUKPOITUPKYJIAINU. Bce 3TO yBeTMUMBAET IO~
TpeOHOCTh OpraHu3Ma B Kucsiopoze. ITporpeccupyro-
IIyI0 TUIIOKCHIO IIPU OKOTOBOM IIIOKE B HACTOSIIEE
BpeMsI pacCMaTpPUBAIOT KaK OCHOBHYIO IPUYHHY pas-
BUBAIOIIUXCS PACCTPONCTB OPTraHOB U CHUCTEM Opra-
HU3Ma, CHIIKEHUS SHEPTeTHYECKOrO MOTEeHIIHAIa U
HapYIIEeHUN BCeX BUIOB 0OMeHa.

ITpoBogmMas ¢ mepBBIX MUHYT OKa3aHUS MeIH-
[IMHCKOU MOMOIIN WHTEHCUBHAS TEPAIUSA IPHU 03KO-
TOBOM IIIOKE, COTJIACHO TAHHBIM MEAUIIMHCKUX JIOKY-
MEHTOB, OblJIa HAIIPaBJIEHA Ha IOJ/IeP:KAHIE OCHOB-
HBIX TIOKa3aTejedl TeMOAWHAMHUKUA W BOCCTAHOBJIE-
HUST 00'bEMOB JKHUJIKOCTH U BJIEKTPOJIUTOB.

IIpu nmpoBefieHNN ayTOIICHM B CIy4asx OKOTO-
BOU 00JIe3HH ¢ 0COOOU TINATEIPHOCTHIO ITPOBOJIIIH
OIIEHKY PaCIIPOCTPAHEHHOCTU U TJIyOMHBI TepMUUe-
CKUX IIOpa*KeHUH KO>KHBIX IOKPOBOB B COOTBETCTBUH
C UMEIOIITUMUCS peKoMeHanusaMu. st ycTaHoBie-
HUSI IUTOIIA/TU 0XKOTOB He YTPATUJIO CBOEH ITpaKTHUye-
CKOH IIEHHOCTH "TIpaBIIO AeBATOK' . IIpu ouaroBowm,
PACCHIITHOM THUIIE PACIIOJIOXKEHUS TOPAXKEHHBIX 07KO-
TrOM TIOBEPXHOCTEU y/I0OHEE I0JIb30BATHCH «ITPABH-
JioMm Jiazioan». COrJIacHO JIAHHBIM aBTOPOB, 3aHUMa-
FOIMXCS OKOTOBOH TPaBMOH, OKOTH O0JIACTH TIPO-
MEXHOCTU U TIOJIOBBIX OPTaHOB, OCOOEHHO «IIIOKO-
TeHHBIE», 32 CUET BEIPAKEHHOU IIPU STUX MOPaYKEHU-
SIX aKTUBAIMU U CUMIIATHYECKOH, U IMapacHMIIaTH-
YecKOH CHCTeM, Jallle COIIPOBOXK/IAIOTCSA PA3BUTHEM
moka. [Ipu olleHKe cTeleHU BBIPAXKEHHOCTU IIIOKA
CJIeJTyeT IIOMHHUTD, UTO 0COOYIO TSKECTh UMEIOT 03KO-
TH JbIXaTeJIbHBIX IMyTed. [10 SKBUBAJIEHTY Pa3BUTHUS
(PYHKIIMOHQIBHBIX DPACCTPOMCTB OHU COOTBETCTBY-
IOT He MeHee 10 %, a 110 HEKOTOPBIM JAHHBIM — JJaXKe
20—25 % IOBEPXHOCTH TeJia [11].

IIpu npoBeieHNN ayTOIICUN TPYIIOB JIUI], YMeEP-
IIUX B IEPUOJ, 0KOTOBOTO INIOKA, MBI HAOJIIOAATH
YMEPEHHO BBbIPJKEHHbIE MPU3HAKHU TUIIOBOJIEMUM,
00yCJIOBJIEHHBIE ILTA3MOIIOTepel. B aTmx ciryuasx
Ha CEeKI[UH OTMEYAIOCh HEPABHOMEPHO BBIPAYKEHHOE
KpOBEHaIlOJTHEHNEe BHYTPEHHHUX OPTaHOB C TE€HZEH-
el K o0IeMy MaJIOKPOBHUIO, B IOJIOCTAX CEP/IIA U
KPYIHBIX cocyZiaX (PUKCUPOBATH HEOOJBIIOE KOJIU-
YeCTBO TEMHOU KPOBH.

Ha ayromncun mpu uccaenoBaHUH CEPAIIA MUO-
KapZl Ha paspesax ObLI KPAacHO-KOPUYHEBOTO IIBe-

culatory disorders. As a result, oxygen demand of
the organism increases. Progressive hypoxia under
burn shock is currently considered the main cause
of various disorders developing in organs and sys-
tems, reduced energy potential, and impairments of
all kinds of exchanges.

According to the data from medical documents,
intensive therapy for burn shock implemented from
the very first minutes of medical treatment is in-
tended to maintain critical hemodynamic param-
eters and restore fluid and electrolyte volumes.

The area and depth of thermal skin lesions
were assessed with extreme thoroughness during
the autopsy of burn disease victims in accordance
with the recommendations in place. The rule of
nines remains applicable for determining the burn
area. However the rule of hand is more convenient,
in cases of scattered burn foci. According to the au-
thors specializing in thermal trauma, burns of peri-
neal and genital areas are especially shock-produc-
ing, since pronounced activation of both sympathet-
ic and parasympathetic systems is often associated
with shock development. When the degree of shock
manifestation is evaluated, it is worth remembering
that respiratory tract burns are especially severe,
since they account for at least 10 %, and according to
some data as many as 20—25 % of the body surface,
based on the equivalence of functional disorder de-
velopment [11].

Autopsy of patients, who died in a period of
burn shock showed the moderate manifestation of
hypovolemia attributes as a consequence of plasma
loss. In these cases, nonuniformly manifested blood
filling of internal organs was observed in the sec-
tion with a tendency for general anemia, and small
amounts of dark blood were present in cardiac cavi-
ties and larger vessels.

Heart examination during the autopsy showed
that myocardium in sections was red-brown and
slightly dim, while subendocardial segments were
relatively pale. Detection of morphological attri-
butes indicating the pronounced myocardial hy-
pertrophy or cavity dilation in section during heart
examination was generally associated with a cardiac
pathology in the patient that preceded thermal trau-
ma.

To enhance the information value of micro-
scopic study, the samples were taken from the fron-
tal wall area and the apex of the left ventricle, left
ventricular papillary muscles, and septum. On top
of that, polarization microscopy was used in addi-
tion to light microscopy [12]. Detection of acute cir-
culatory disorder attributes via microscopic exami-
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Ta, CJIETKA TYCKJIBIHA, CyOaH/IOKAp/IHAIbHbBIE YUACTKU
umMesin 60s1ee 6JIeIHYIO OKpAcKy. BrlsBIeHE HA CeK-
MU TIPYU UCCIEOBAHUM CeP/lla MOP(OIOTHUECKUX
MPU3HAKOB, CBUJETEJILCTBYIOIUX O BBIPA’KEHHOU
runepTpodbur MUOKapP/a UIx AUIATAIlluU I0JIOCTEH,
KaK MMPaBUJIo0, ObLJIO CBSI3aHO C UMEBIIIEHCSA Y TIOCTpa-
JIABIIIETO JI0 O3KOTOBOU TPaBMBbI Kap/IHAJILHOH IaTO-
JIOTHH.

JI71s1 “”HOPMATUBHOTO MUKPOCKOITUUECKOTO HC-
CJIeIOBAHUS OCYIIECTBIISIN 3a00p KYCOYKOB U3 00-
JIACTU TIepeHeN CTEHKH JIEBOTO JKEJIyZAOo4YKa U Bep-
XVIIIKH, JIEBble TAMWUISPHBIE MBIIIIBI U II€Pero-
POJKY, a TaK:Ke HCIIOJIb30BAIU IIPH MUKPOCKOITHYE-
CKOM HCCJIEIOBAHUM, HAPAY CO CBETOBOH, MOJISIPU-
3aIMOHHYI0 MUKpockonuio [12]. [Ipu MUKpoCKOmu-
YEeCKOM HCCJIEJIOBAHUU B CIyYassX CMEPTH, HACTYTTHB-
IIed B TeUEHUE IEPBOTO Yaca ¢ MOMEHTA IOJIyYeHHUsI
0’KOTOBOHM TpaBMbI, XapaKTEPHBIM OBLIO BBIABIIE-
HUe IIPU3HAKOB OCTPOTO HApYIIEHUsI KpOBooOpaIe-
HUS: OTMEYaId HaJU4ue Clia3Ma eIUHUYHBIX apTe-
puii B BH/le HEpaBHOMEPHOTO YMEHBIIIEHUS IIPOCBETA
COCY/ZIOB 32 CUET BHYTPEHHETO U CPEJHUX CJIOEB, IIPHU
5TOM, 3a CYET CKJIa[[YaTOCTH WHTHUMBI, BbIOyXaHUe
IIPOVICXO/IFJIO B TIPOCBET 2HjoTenus. Ha done pac-
[IUPEHUS aPTEPUOJT U KAITUILJISIPOB HAPACTAJIH SBJIE-
HUS OTeKa CTPOMBI (pHc. 1). XapaKTepHbIM ObLIIO pas-
BOJIOKHEHHE U HaOyXaHue MeXMBIIIIEUHBIX KOJIIare-
HOBBIX BOJIOKOH, C IOCJIEAYIOIIEed WH(MUIbTpAIUer
MOHOHYKJI€apaMU U JIEHKOIUTAMH.

IIpu ucciefoBaHUY MUOKap/ia B MOJISIPU30BAH-
HOM CBeTe XapaKTEPHBIM ObLIO YCHUJIEHHE aHU30TPO-

nation was common in cases of deaths within the
first hour from the occurrence of thermal trauma,
i.e. spasms of individual arteries were observed in
the form of nonuniform vascular lumen reduction
due to internal and middle layers, while at the same
time endothelium bulging into the lumen was ob-
served due to intima folding. Stromal edema phe-
nomena were developing in the context of arteriole
and capillary expansion (Fig. 1). Separation and
swelling of intermuscular collagen fibers with fur-
ther mononuclear and leukocyte infiltration was a
common pattern.

Anisotropy enhancement in multiple segments
was common for myocardium examination in po-
larized light. Segments of enhanced cross-striation,
thinned fibers, as well as focal fragmentation and
wavelike deformation of individual fibers were en-
countered as well. Enhanced anisotropy and its
lumpy decay were observed in case of longer survival
time after thermal trauma, i.e. when death occurred
in 1—2 hours. In 3—-6 hours after thermal trauma,
observations showed that anisotropy was reduced
significantly or even completely vanished, which in-
dicated the beginning of myocytolysis (Fig. 2).

In 12—24 hours after thermal trauma, micro-
scopic examination of myocardium showed reduc-
tion of coronary blood circulation disorders, while
necrobiotic changes were detected in individual
cardiomyocyte groups, in some cases with nuclei
destruction.

Puc. 1. Octpble paccTpoiicTBa KPOBOOOPAIIIEHHS U OTEK CTPOMBI MHOKApP/ia IIPU 0KOTOBOM IIIOK€ ITPO/I0KUTETHHOCTHIO
HECKOJIbKO 9acoB. OKpacKa reMaTOKCHJIMHOM U 903UHOM. YB. 100.
Fig. 1. Acute blood circulation impairments and myocardial stromal edema under burn shock lasting about several
hours. Hematoxylin and eosin staining. 100x
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UM B MHOTOYHUCJIEHHBIX CerMeHTax. Berpeuastnch
YUYaCTKH YCUJIEHUS TIONIEPEYHON HCUEPUEHHOCTH, HUC-
TOHUYEHHBIE BOJIOKHA, a TAK)Ke ouarosas pparmMeHTa-
1Yst ¥ BoJIHOOOpa3Hasi iepopMarius OTJeIbHbBIX BO-
JIokoH. Ilo Mepe yBeTM4YeHHs BbIXKMBAEMOCTH IIOCTIE
0KOTOBOH TPaBMBI, KOT/Ia CMEPTH ITOCTPA/IABIIINX Ha-
cTymasa yepe3 1—2 4, HabJII0/IaId YCUJIEHE aHU30-
TPOIINH, a TAKIKE [TOSIBJIEHHE PACIIaZia e€ Ha TJIBIOKH.
Uepes 3—6 4 GUKCUPOBAIIN 3HAYUTETHHOE OCIabiie-
HU€e aHU30TPOIUHU WU Jla’Ke ee MOJIHOE NCUE3HOBe-
HUE€, YTO CBH/IETEJIHCTBOBAJIO O HAYaBIIIEMCSA MUOIIH-
Tousuce (puc. 2).

UYepes 12—24 4 ¢ MOMEHTa O3KOTOBOH TPaBMBI
[IPU MUKPOCKOIIMM MHOKap/la OTMEYaIA YMEHbIIIe-
HHe PaCCTPOUCTB KOPOHAPHOTO KPOBOOOpAIEeHUs,
[IPU 3TOM BBISIBJISITA HEKPOOHUOTHUECKYIE NU3MEHEHST
OT/IEJIBHBIX TPYII KapUOMHUOIIUTOB, B TOM UHCJIE C
JIECTPYKITHEN s/IED.

IIpu /1aBHOCTH OKOTOBOM TPaBMBI, JIOCTUTAO-
el 1-2 CyT, MUKPOCKOIIMYECKO€e HCCIIEZI0BAHNE MU-
OKap7ia MO3BOJISJIO BBIABUTH OUAXKKHU KOATYJISIIOH-
HOTO HeKpo3a Muokapaa. OZHOBpeMeHHO HabJIro-
JIaJIOCh pa3BUTHE IPOTHGEPATUBHBIX IIPOIECCOB CO
CTOPOHBI COEIMHUTEIbHOTKAHHBIX B3JIEMEHTOB BO-
KPYT HOBPEXK/IEHHBIX YUACTKOB MHOKap/a.

ITpu MaKpPOCKOIIMYECKOM HCCJIE/IOBAHIH T'OJIOB-
HOTO MO3Ta OTMEYaJyIOCh OTHOCHUTEJIbHOE MaJIOKPO-
BHE 000JI0UeK OOJIBIITUX MOJIYIIAPUNA B COYETAHUH C
MTOBBIIIIEHHBIM COCY/ICTBIM PHCYHKOM MEJIKHX COCY-
moB. Ha pa3pesax BellecTBO rOJIOBHOTO MO3Ta OBLIO
HECKOJIBKO OTEYHOE, BSI3KOE, B IIPOCBETAX COCY/IOB
Haxo/[UjIach TeMHasg KpoBb. [IpH MUKpOCKOIIMYe-

When time after thermal trauma reached 1—2
days, microscopy of myocardium made it possible to
detect patches of coagulative myocardial necrosis. At
the same time, development of proliferative process-
es in connective tissue elements around the damaged
myocardial segments was observed.

Macroscopic brain examination showed relative
anemia in membranes of cerebral hemispheres com-
bined with an enhanced vascular pattern of smaller
vessels. Brain matter in sections was slightly ede-
mous and viscous, with dark blood in vascular lu-
mens. Microscopic examination revealed dystrophic
changes in cortical neurons, which were distributed
in a mosaic pattern. The changes described were as-
sociated with hypoxic and toxic impact, as a result of
pronounced activation of the sympathoadrenal sys-
tem under severe thermal trauma.

Lungs in the section were red-blue and slightly
enlarged with mass from 970 to 1200 g. Microscopic
examination showed edemas quite often with hem-
orrhage component. In 8-12 hours after thermal
trauma, pathomorphological changes characteristic
of stromal pulmonary edema associated with devel-
opment of acute respiratory distress syndrome were
detected. Hemorrhage component manifested itself
under thermal lesions of upper respiratory airways.
Pneumonic foci developed in posterior inferior seg-
ments of lungs rather quickly, quite often as early as
2—3 after thermal trauma.

Sudan staining of histological sections under
deep extensive burns made it possible to detect

Puc. 2. OuaroBblii MUOLUTOJIM3UC KAPJUOMHUOIUTOR IIPU 0KOTOBOM IIIOKE IIPOZOJIKUATEILHOCTHIO OKOJIO 5 U.
ITonsapusanroHHass MUKPOCKONHA. YB. 400
Fig. 2. Focal myocytolysis in cardiomyocytes under burn shock lasting about 5 hours. Polarization microscopy.
400X

14

Journal homepage: http://jsms.ngmu.ru



Savchenko S.V. et al. / Journal of Siberian Medical Sciences 2 (2018) 10—18

CKOM WCCJIEJOBAHUU BBIAB/IIN JTUCTPO(DIUIECKe
HU3MeHeHUs HeHPOHOB KOPBI TOJIOBHOTO MO3Ta, KOTO-
pble HOCHTU MO3auYHbIA xapaktep. OMHUCaHHbIE W3-
MEHEHU I CBA3aHBI C TUITOKCUYECKUM U TOKCHUECKUM
BO3/IEHICTBHEM B pe3yJibTaTe BBIPA’KEHHOW aKTHUBa-
MU CHMITATO-aJ[PEHAJIOBON CHCTEMBI IIPU TSKEION
0’KOTOBOU TpaBMe.

Ha cexnuu jierkue ¢ HOBEPXHOCTH OBLITH KPACHO-
CUHIOIITHbIE, HECKOJIbKO VBEJIMUYEeHHBbIE B 0OBEME,
Maccol OT 970 710 1200 T. IIpu MHUKPOCKOITMYECKOM
HCCIIEIOBAHUN OTMEYAJICS OTEK, HEPEAKO C reMop-
parmyeckuM KoMIIoHEHTOM. Uepe3 8—12 4 ¢ MOMeH-
Ta BO3HHUKHOBEHHS OXKOTOBOH TPaBMBI BBIABJISAIN
naromopdosioruueckue H3MeHEHUsI, XapaKTepHbIe
JUIA CTPOMAJIBHOTO OTeKa JIETKHUX, 00YyCJIOBJIEHHBIE
pa3BUTHEM OCTPOTO PECIUPATOPHOTO JUCTPECC-
cunapoma. ['emopparnueckuii KOMIOHEHT OBLIT BBI-
PaKEeHHBIM IIPU OKOTOBBIX IOPAMKEHUAX BEPXHUX
JIBIXaTeJIbHBIX IyTed. JlocTaTouHO OBICTPO, HEpEI-
KO y?Ke uepes3 2—3 CyT I0cjIe TepMUYeCKOH TpaBMBI,
B 3a/IHE-HIDKHUX OT/IEJIaX JIETKUX (POPMHUPOBATIUCH
ITHEBMOHUYECKHE (DOKYCHI.

IIpu pacupocTpaHeHHBIX, TIJIyOOKUX O0KOTax
OKpacKa THCTOJIOTUYECKUX CPE30B CYIAHOM IT03BO-
JIs171a BBIABJIATH MOPQOJIOTUUeCKHe IPU3HAKHU KUPO-
Bou sMbosuu. [Ipu TsSKeNol 0XKOTOBOU TpaBMe >KH-
pOoBBIe 5M6OJIBI OBLTH OOHAPYKEHBI HE TOJIBKO B MU-
KPOCOCY/Iax JIETKUX, HO U B PETHOHAJIBHBIX JTUMPa-
TUYECKUX y371aX. [losyueHHbIE JaHHBIE COTJIACYIOTCS
CO CBEIEHUSAMH O TOM, UTO IIPU UCCJIETOBAHUH JIET-
KHUX B CJIy4Jasx TEPMUYECKOH TPaBMBI B 20 % CIIyda-
€B UMEIOTCs IPU3HAKHU KUPOBOH ambosuu [13]. [Ipu
PpellleHnH BOIIpOoCca O MPHKU3HEHHOCTH TEPMUYECKO-
T'O BO3/IEHCTBUSA OOHAPYKEeHNEe TPU3HAKOB JKHUPOBOM
5M0OOJINU SIBJISIETCA HAIEXKHBIM ITaTOMOPQOJIoTHye-
CKHM ITPU3HAKOM.

IIpr HAIWYUK OXKOTOBBIX IHOPAKEHWH JbIXa-
TeJIbHBIX ITyTel Jierkue ObLIN yBeJINYeHbI B 00beMe,
KPaCHOBATO-CEPOTO IIBETA C CHHIONTHBIM OTTEHKOM,
CJIerKa IUIOTHOBAThIE Ha OMIyIb. CIM3UCTBIE TOPTa-
HU, TpaxeH, TJIABHBIX U KPYIHBIX OPOHXOB THUIIEpe-
MUPOBAHBI, OTEUHBIE, B PAJE CIYIAEB MOXKHO OBLIO
Ha0JII0/IaTh HAJIET KOIIOTH, B IMPOCBETE OPOHXOB Ha-
XoAuIach cu3b. [Ipy MUKPOCKOIITYECKOM HCCIIE0-
BaHUM OpOHXM OBLIN CIIAa3MUPOBaHbBI, HAOIIOIATUCH
BBIPAKEHHBIN MEPUOPOHXUAIIBHBIA OTEK U PacIpo-
CTpaHEHHbIE OYArH aTeJEeKTa30B U JIUCTEJIEKTA30B.
Ouarosas sM@dusemMa BbIpakeHa IIPeUMyIeCTBEHHO
B 00J1aCTH BEPXYIIIEK JIETKHX.

IIpu 02x0r0BOM 60JIE3HU HCCIIEOBAHUE TIEUEHU
MIO3BOJISJIO BBIABUTH MIPU3HAKK 3€PHUCTOU HJTH KHU-
poBoOIi AucTpodUU TeaTONUTOB — MeJIKO- WU CPe/l-
HeKaTeJTbHOU.

[Ipu nccie0BaHUY TTOYEK OPTaHbI C IIOBEPXHO-
ctu ObUIH cJIeTKa HaOyXIIUMU, KPACHO-KOPUYHEBOTO

morphological attributes of fat embolism. Fat em-
boli were detected under severe thermal trauma
not only in pulmonary microvessels, but in regional
lymph nodes as well. The data obtained agree with
the information available in the literature, accord-
ing to which fat embolism attributes are detected
by lung examinations following thermal trauma in
20 % cases [13]. If the problem of intravitality of
thermal impact is addressed, then detection of fat
embolism attributes may be considered a reliable
pathomorphological attribute.

When there were burn lesions of respiratory
airways, lungs were enlarged and reddish-grey with
a blue tint and slightly dense by touch. Mucosae of
larynx, trachea, and main and large bronchi were
hyperemic, edemous, with mucus in bronchial lu-
men, and in some cases with smoke stain. Micro-
scopic examination showed that the bronchi were
spasmed, pronounced peribronchial edema and
multiple atelectases and dystelectases foci were ob-
served. Focal emphysema was predominantly mani-
fested in the lung apices area.

Liver examination under burn disease made
it possible to detect attributes of granular or lipo-
dystrophy of hepatocytes in medium- or small-drop
form.

Kidney examination showed that the organs
were red-brown and had slight swelling on the sur-
face, while a contrast between paler cortical sub-
stance and plethoric pyramids was observed in sec-
tions. Microscopic examination showed dystrophic
and necrobiotic changes in proximal tubule epithe-
lium and capillary tuft endothelium caused by se-
vere microcirculatory impairments and increased
permeability of vascular cell membranes. Endothe-
lium proliferation was observed in capillary tufts in
kidneys, which led to even further lumen reduction
in microvessels and deterioration of microcircula-
tory impairments in place.

Erosive ulcerous lesions detected as a result of
examination of the gastrointestinal tract in patients
with burns correlated with severity of thermal trau-
ma. Functional state of the gastrointestinal tract was
maintained under mild and moderate burn shock
in the majority of patients, with secretory, suction,
and peristaltic activity still observed. Encountering
attributes of acute gastrectasia or intestinal paresis
should be considered an objective criterion of a se-
vere shock state. Stomach under acute gastrectasia
is enlarged and has extended, thinned, semi-trans-
parent walls, and smoothed mucosa folding. Gastric
lumen is filled with a large amount of gases. Stress
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[IBeTa, HAa pa3pe3ax OTMedvayd KOHTPACT Mexay 060-
Jiee 6J1eTHBIM KOPKOBBIM BEIIECTBOM U IOJTHOKPOB-
HBIMU TUpaMuAKaMu. [Ip1 MHKPOCKOIIUYECKOM HC-
CJIeZIoBaHUY HAOJTIOAQIH AUCTPODUUECKUE U HEKPO-
OMOTHYECKVe W3MEHEHUS SIIHUTENNs ITPOKCHMAIb-
HBIX KQHAIBIIEB U SHJIOTEJINS KaWUIAPOB KIy60U-
KOB, OOYCJIOBJIEHHbBIE TSKEJIBIMUA PaCCTPOMCTBAMU
MUKPOUMPKY/IAINN U IOBBIIIEHHON NPOHUIIAeMO-
CTBIO COCYAHCTBIX KJIETOUHBIX MeMOpaH. B kammi-
JISIpax KJIyOOYKOB MOUYEK OTMEeYasu Iposrdeparuio
SHZIOTEJIUsA, TPUBOJIUBIIIYIO K elle OOJIBIIEMY CyrKe-
HUIO [IPOCBETA MUKPOCOCY/IOB U YCYTYOJIEHHIO HMe-
IOIUXCS MUKPOIIUPKYJIITOPHBIX HAPYIIEHUH.

IIpu wuccieoBaHUU  KEJTYI0YHO-KUIIIEYHOTO
TpaKTa y MOCTPAJIaBIINX C OKOTaMU BBISBJIEHHbBIE
5PO3UBHO-A3BEHHbIE IIOPAXKEHUS KOPpeINpOBa-
JIH C TSDKECTHIO TEPMUYECKOH TpaBMbL. [Ipu oxoro-
BOM IIIOKe JIETKOH U CpefHel cTeneHu Y OOIbIIIH-
CTBa MOCTPAIABIINX COXpaHAeTCs QYHKIIUOHAIbHOE
COCTOSIHHE JKeJIyZJOUHO-KUIIIEYHOTO TpaKTa — ce-
KpeTOpHasi, BCACHIBATENIbHAS U IIePUCTATIBTUIECKAS
JleATeJIbHOCTh He Ipekpaniaercd. IlosBieHue npu-
3HAKOB OCTPOTO PACIIMPEHUS KeJIyJIKa WM [ape-
3a KUIIIEYHHUKA JIOJDKHO pPaccMaTpUBAThCsS B Kade-
CTBE OO'BEKTUBHOTO KPUTEPUS TSKEJIOTO IIOKOBOTO
cocrosanus. JKeIyZ0K IpU OCTPOM €ro paclInpeHun
yBeJINYEH B pa3dMepax, ¢ pacliupeHHbBIMH UCTOHYEH-
HBIMH JT0 TIOJIyIIPO3PAaYHOCTH CTEHKAMU U CIVIaKEH-
HOU CKJIQJIYATOCThIO CJIU3UCTOH. B mpocserTe skemy/-
Ka HaXOJIUTCS OOJIBIIIOE KOJTHMIECTBO ra3oB. [1osBiis-
IOIUECs TIPU TSKEJIOM IIIOKE «CTPECCOBBIE SI3BBI»
(s13BBI KypsiuHTa) ABJIAIOTCA UCTOUHUKOM CMEPTEJIb-
HBIX KPOBOTEUEHHH, KOTOPbIE, OCOOEHHO ITPU HAJIH-
ynn JIBC-cuHApOMa, mpHOOPETAaoT CKOPOTEYHBIN
XapakTep.

3AK/IIOUEHHUE

ITatomopdosioruueckrie U3MeHEHUA IIPU 0KO-
rOBOM IIIOKE XapaKTepU3yIoTCH Pa3BUTHEM OCTPBIX
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ulcers (Curling’s ulcers) developing under severe
shock are the source of lethal hemorrhages, which
tend to be fulminant, especially in presence of DIC
syndrome.

CONCLUSION

Pathomorphological changes under burn shock
are characterized by development of acute dystro-
phic changes in cells and stromal edemas of internal
organs in context of pronounced microcirculatory
impairments. Assessment of morphodynamics of
dystrophic and necrobiotic changes in cardiomyo-
cytes and acute myocardial blood circulation im-
pairments is of information value under burn shock.
Nonuniformity of the manifestations described in
various cases of burn shock is primarily caused by
the severity of shock and emergency of medical treat-
ment at a burn center.
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JucTpoUIECKUX U3MEHEeHUH KJIETOK U OTEKOM CTPO-
MBI BHYTPEHHHX OPTaHOB Ha ()OHE BBIPAYKEHHBIX MU-
KPOIIUPKYJIATOPHBIX paccTporcTB. MTHGOpMaTUBHOU
[P OKOTOBOM IIIOKe fABJISIETCS OlleHKa Mopdoau-
HaMHUKU TUCTPO(PUUECKUX U HEKPOOUOTUYECKUX H3-
MeHEHHUH KapJHUOMUOIIUTOB U OCTPBIX PACCTPOUCTB
KpoBooOpaieHusa Muokapza. HepaBHOMepPHOCTD
OIMCAHHBIX ITPOSBJIEHUN B PA3TMYHBIX CIIyUasIX pas-
BUTHS 03KOTOBOTO IIIOKA OOYCJIOBJIEHA IIPEXK/IE BCe-
'O TSKECTHI0 PA3BUBIIETOCs IIIOKA ¥ CPOKAMH OKas3a-
HUA MEJUITMHCKON TIOMOIIU B YCIIOBUAX KOMOYCTHO-
JIOTUYEeCKOTO I[eHTpa.

KoundaukT nHTEpEeCcOoB. ABTODHI 3a5BJISIOT 00
OTCYTCTBUM KOH(QJINKTA UHTEPECOB.
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