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Iesbio uccrenoBanust — onpeziesierne MOPMOJOTHIECKUX 0COOEHHOCTEH TEUEHUsT IPOIecca perapaiii Ciu-
3uUCTOiT 060JI0YKM TPaxen 1 GPOHXOB MTPHU MPUMEHEHIH CAaHAIIMOHHON GPOHXOCKOTINH € allIINKAIEel pacTBOPA KOJI-
sarena I tTuna yenoBeka y nanuenTos ¢ nnrassiuontoit rpasmoit (UT).

Marepuaibt ¥ MeTo/ibl. B OTKPBITOE PAaHIOMU3HPOBAHHOE IIPOCTIEKTHBHOE UCCIE0BAHIE BKIIOUIIIN 59 MaIIeHTOB
¢ T 2—3-ii crenienn Tsxectu 1o kinaccndukarmn 0. B. Cunesa n A. 10. Cxpunasnsa. OcnoBHyIo TpyIiy cOCTaBUINn
29 yesoBek. VM BBITIOJHSAIN CAHAIMOHHYIO GPOHXOCKOIHUIO € ANTJIMKAIMEN pacTBOpa KoJuiareHa I THia desoBeka Ha
HPO3UBHO-I3BEHHbBIE TIOBPEKACHUS CJNU3UCTOI 060m0uKH. B rpyminy cpaBrenst Bonum 30 ManenToB, KOTOPBIM CaHa-
[UOHHYIO GPOHXOCKOIHIO BBITIOJIHSJI B COOTBETCTBUH CO CTAHIAPTAME OKa3aHUs MeAUITMHCKOIT riomoriu. C 1ies1pio
orteHKH MOP(hOIOrNYeCcKOl IMHAMUKI TEYEHHsT TPOIIECCa PEeNapaIiiit CIU3UCTON 000T0UKH BBITOIHSIH MOPHOIOTH-
Y4ecKoe MCCIIeIoBaHre OUOTICHITHOTO MaTepraa, MOJYYeHHOTO B X0/l SHAOCKOIMYECKUX HCCe0BaHmil. PacTBOp [uist
[PUMEHEHHUs TOTOBUJIU B COOTBETCTBHH € paHee pa3paborantbiM criocoboMm (1tatent PMD Ha nzobperenne Ne RU 2591544
C1) u3 kosarena I Tuma yesioBeka, MOJTy4eHHOTO U3 CBA30K M CYXOXKUJIMI METOJIOM KUCJIOTHO 9KCTPaKIUH.

Pesyabratel. Y nanuentos ¢ T 2-it crenenn npu ucnosb3oBanuy aliJInKaluy Kosuiarena 1 Tuia yesoseka
OJTHAS SMUTETN3AIUS CIU3UCTON 060T0UYKN TpaXen 1 GPOHXOB MPOUCXO/UIIA TOCTOBEPHO panbiiie (4 (3; 7) cyTku),
uem Ges ero Hanecenust (7 (4; 9) cyrkun) (n=15 u n=21 coorsercreenno; U=49,5; p=0,0004). IIpu T 3-ii crenenn
HOKPBITHE 3B CJAM3UCTOI 060JOUKI TPaxeOOPOHXUATBHOTO JIEPeBa PACTBOPOM KOJLIAT€HA TAKIKE JOCTOBEPHO CO-
KpaIaio CpoKy anuTen3auu B cpeaeM 710 8 (7; 10) cyTok, B To BpeMsI Kak TTPY BBITIOJTHEHWH CTaH/IaPTHON caHa-
[IMOHHOI OPOHXOCKOMUK JaHHBIN TTeproj coctasisin 17 (12; 22) cyrok (n=14 u n=9 coorsercrsenno; U=1;
p=0,0001). Annamnka MopdoIOrmueckoil KapTUHBI y TTAITNeHTOB OCHOBHOH T'PYIIIBI XapaKTepu30Balach OTCYT-
CTBHEM TIPU3HAKOB FHOMHOTO BOCTIAJIEHNST, PAHHNM HOSIBJIEHNEM MaKpoharos 1 TNMQOIIUTOB, HATIOJI3aHUEM OJTHO-
PSIZTHOTO BINTEJINS 110 KoJITareHy I Trma yesoBeka, B TO BpeMsI KaK y IPYIIIBI CPaBHEHUST OTMEYaIoCh BEIPAKEHHOE
THOITHOE BOCTIaJIeHue, TIPOSIBIISTIONIeecsT MHMUIBTPAINS TOTUMOPQHOSIAEPHBIMH JTEHKOIUTAMH.

3axmouenne. CaHarmoHHast OPOHXOCKOIHUS ¢ OJHOMOMEHTHBIM 3aKPHITHEM TIOBPEKIEHHBIX YYaCTKOB CJMU3HU-
cToil 060JI0YKN PACTBOPOM KoJLTarena I THITa 4esloBeKa COMPOBOK/IAETCS KYIIMPOBAHUEM BOCIIAIUTETBHOTO PO~
Iiecca, YTo MOATBEPIKIAETCS HA OCHOBAHUHT MOP(MOTIOTHYECKIX MCCIe0BAHHI.

Knioueewte cnosa: UHZATAUYUOHKASA mpasma, 6p0onc1conuﬂ; penapauust; Koaiazen 1 muna yenosexa

The purpose of the study was to determine the morphological characteristics of the repair process of the tracheal
and bronchial mucosa after sanitation bronchoscopy using type I human collagen solution in patients with an in-
halation injury (II).

Materials and methods. An open-label, randomized, prospective study included 59 patients with inhalation
injury (2—3 severity degree according to the classification of Yu. V. Sinev and A. Yu. Skripal'. The main group
consisted of 29 patients. They underwent a sanitation bronchoscopy using type I human collagen solution applied
onto erosive and ulcerative lesions of the mucous membrane. The reference group consisted of 30 patients who
underwent sanitation bronchoscopy in accordance with the standards of medical care. In order to assess the mor-
phological dynamics of the repair process of the mucous membrane, a morphological study of the bioptate ob-
tained during endoscopic studies was carried out. The solution for the application was prepared by acid extraction
of type I human collagen from ligaments and tendons as described earlier (Russian Federation invention patent
No. RU 2591544 C1).

Azpece 1St KOpPeCHOHIeHIUH: Correspondence to:
Anekceit Makapos Alexey V. Makarov
E-mail: AVMakarov21021@mail.ru E-mail: AVMakarov21021@mail.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2018, 14; 3



DOI:10.15360,/1813-9779-2018-3-4-14

Tpasma, KpoBomoTeps, KPOBOTEYEHNUE

Results. Complete epithelization of the tracheal and bronchial mucosa occurred significantly earlier (4 (3; 7)
days) in patients with the 2" degree inhalation injury when using type 1 collagen application, than in those without
the application (7 (4;9) days) (n=15 and n=21 respectively; U=49.5; P=0.0004). In the case of the 3" degree inhala-
tion injury, coating of ulcers of the tracheobronchial tree mucosa with the collagen solution also significantly reduced
the epithelialization period on average to 8 (7; 10) days, while after the standard sanitation bronchoscopy, this period
was 17 (12; 22) days (n=14 and n=9 respectively; U=1; P=0.0001). The morphological changes in patients of the
main group were characterized by the absence of signs of a purulent inflammation, early appearance of macrophages
and lymphocytes, and covering of type I collagen by simple cuboidal epithelium, while in the reference group, there
was a severe purulent inflammation manifested by polymorphonuclear leukocyte infiltration.

Conclusion. The sanitation bronchoscopy with simultaneous closure of the damaged areas of the mucous mem-
brane with the type I human collagen solution results in relief of the inflammatory process which is confirmed by

morphological studies.
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DOI:10.15360/1813-9779-2018-3-4-14

BBenenue

Wuransauunonnas tpasma (UT) nepenko comnpo-
BOXKJIAET M YaCTO YTSKENAeT TedyeHue OKOTOBOM
6ostesun [1—4]. HecMoTpst Ha pasBuTHE COBPEMEH-
HBIX METOJ0OB WHTEHCUBHOI Tepanuu, mpodiieMa
seuenus UT ocraercst akryanbmotii [, 6]. Ilo zamibsiv
HUMU CII um. H. B. CkaudocoBckoro oJist ©301u-
poBannoit U'T B mocyiennue Tobl 0OCTaeTCS BHICOKOM
u coctasisteT 14,3—17,5%, 1pu 3TOM JIeTaTBHOCTD
nocrturaet 21,4%.

Teuenne UT ompenensieTcsa cTemeHblo BbIpa-
JKEHHOCTHU 0KOTOBOTO TPaXeoOPOHXUTA, KOTOPBIii, B
CBOIO OYepejib, XapaKTepuayercst riyOuHoil u pac-
MPOCTPAHEHHOCTHIO MOBPEKAEHUS CIAUUCTON 000-
JIOUKHU JIBIXaTeJbHBIX MyTeH. 30J0TBIM CTAaHAPTOM
mnaruoctuku UT sBisiercst 6pouxockomnust [7—9]. B
HUN CII um. H. B. Cximdocosckoro 0. B. Cune-
BoiM 1 A. TO. Ckpurniasiem Gbiiia pazpaboTaHa u BHEJI-
pena aupockornuyeckas kiaaccudukanus WUT na
OCHOBaHMU IJIyOMHBI IIOBPEKIEHUS CAU3UCTON 060-
JIOYKM Tpaxeu U OPOHXOB COTJIACHO KOTOPOU IIEPBOI
creriedu VI'T cooTBeTCTBYeT KaTapaabHOE MMOBPEXKIe-
HUE CJIM3UCTON 000JI0YKKM TPaxeoOPOHXUAJbHOTO
nepesa (TB/l), BTopoii — 2po3uBHOE, TPETbell —
A3BEHHOE, YeTBEPTON — HEKPOTUYECKUE U3MEHEHMS
CIU3UCTOM 060I0uKY Tpaxen u 6porxos [10].

MopdoJioruueckoe ucciegoBanue OUOICUITHOTO
Marepuasa, moJyIeHHOrO BO BpeMsi GPOHXOCKOIIHH,
03BOJIsIeT OOBEKTUBHO OLEHUTH IIyOUHY U PacIpo-
CTPAHEHHOCTH MOBPEKAEHUS CAUZUCTON 0OOJOUKU
TB/, a Takske cTerienb BLIPA)KEHHOCTU PeTTapaTUBHBIX
MPOIIECCOB B CJAUBUCTON 0OOJIOUKE U JUHAMUKY UX
teuenud [ 11, 12]. [To pesyasratam Mopdosornueckux
HCCJIEIOBAHUN IMHAMUKA 0KOTOBOTO TPaxeoOPOHXU-
Ta XapaKTePU3YEeTCs 3aTSKHBIM TeYEHUEM ¢ ITpeobJia-
JIAaHMEM BBIPA)KEHHOTO THOMHOTO BOCTIAJICHHUS, A TaKKe
JUTATEIHHON perapaiueil moBpPeXIeHHON CAU3UCTON
obomouku |13, 14].

HauboJiee pacripocTpaHEHHBIM 1 XOPOIIIO 3ape-
KOMEH/[OBAaBIIUM CeOsI METOJOM SHIOCKOIIUIECKOTO
siedenust 6oubHbIX ¢ YT siBisieTcst canalmonast OpoH-
XOCKOIUS, KOTOPasi MO3BOJISAET YAAIUTD U3 TPOCBETA
TB/l ruoiiHo-HEKPOTHYECKUI dKccynar, (hubpuH,

Introduction

An inhalation trauma (II) often accompanies and
aggravates the course of the burn disease [1—4]. De-
spite the development of modern methods of the inten-
sive therapy, the problem of its treatment is still urgent
[5, 6]. According to data obtained in the N. V. Sklifos-
ovsky Institute, the percentage of an isolated inhalation
injury has been high over recent years and is equal to
14.3—17.5%; at that, the mortality rate reaches 21.4%.

The course of the inhalation injury depends on
the severity of burn tracheobronchitis, which, in turn,
is characterized by the depth and the extent of damage
to the mucous membrane of the respiratory tract. A
bronchoscopy is the gold standard of II diagnostics
[7—9]. In the N. B. Sklifosovsky Institute, Yu. V. Sinev
and A. Yu. Skripal’ developed and implemented the
endoscopic classification of the inhalation injury based
on the depth of damage of the mucous membrane of
the trachea and bronchi according to which the first
degree II corresponds to the catarrhal damage of the
mucous membrane of the tracheobronchial tree
(TBT), the second degree corresponds to erosive, the
third degree to ulcerative, and the fourth degree to
necrotic changes in the mucous membrane of the tra-
chea and bronchi [10].

A morphological study of the bioptate obtained
during bronchoscopy allows to objectively assess the
depth and the extent of damage of the TBT mucous
membrane, as well as the degree of repair processes in
the mucosa and the dynamics of their course [11, 12].
According to the results of morphological studies, the
dynamics of burn tracheobronchitis is characterized
by a prolonged course of the disease with a predomi-
nance of pronounced purulent inflammation, as well
as long-term repair of the damaged mucosa [13, 14].

A sanitation bronchoscopy is the most common
and well-proven method of endoscopic treatment of
patients with inhalation injury, which allows to re-
move purulent necrotic exudate, fibrin, soot, and com-
bustion products from the TBT Ilumen while
compensating the impaired drainage function of the
bronchi [15—18]. At the same time, special attention
in the treatment of burn tracheobronchitis should be
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TaGmmia 1. Pacnpeeienye NAIHEHTOR 10 CTENEHH TS/KECTH HHIAISIIMOHHOI TPABMBI.
Table 1. Distribution of patients according to the severity of the inhalation injury.

Severity of the inhalation injury Groups Total
Main Reference

2nd 15 21 36

3 14 9 23

Total 29 30 59

IIpumeuanue. Severity of the inhalation injury — crenenp TskecTn nHransauuonuoi TpasMbl; Groups — rpymisl; Main — ocHnoBHas;

Reference — cpasuenust; Total — Bcero.

KOTIOTB U TIPO/TYKThI TOPEHMUST, KOMIIEHCUPYST HAPYITIE€H-
HYIO ZpeHakHy1o GyHKnuio 6ponxos [15—18]. Ilpu
9TOM Ba)KHOE 3HAYEHUE B JIEYEHUH 0KOTOBOTO TPaXeo-
GPOHXKTA HEOOXOMMO Y/ICTUTh METOIAM CTUMYJISITIU
TIPOTIECCOB PEaparuy MOBPEKACHHON CIM3UCTON 060-
s0uky. [lepcrieKTHBHBIM HANTPABJIEHUEM B YCKOPEHUHT
32KUBJIEHUST OJKOTOB KOXKU SIBJISIETCSI TIPUMEHEHUe
koJinarena 1 turma venosexka [19, 20].

[lenb vccenoBanust — onpenenenue MopgoJro-
THYECKIX 0COOEHHOCTE TEUECHIS TPOTIecca penapa-
UV CIU3UCTON 060JOYKH Tpaxew U GPOHXOB MPH
MPUMEHEHU T CAHATIMOHHOT OPOHXOCKOTIUH C aIlTIn-
Kamueil pacTBopa KojareHa | Tuma desmoBeka y
nmarenTos ¢ UT.

Marepuaa u MeTo/ibl

HeenenoBarenbekyio paboTy Tposes Ha 6ase orjiedie-
HUI OCTPBIX TEPMIUECKUX TTOPAKEHUIT, HEOTIOKHBIX DHIO-
CKOIMYECKUX UCCIII0BAHIH, TaGOPATOPUI TPAHCIUIAHTAIIH
KJIETOK ¥ IMMYHOTHTINPOBAHUS, OT/IeJIa TTATOJIOTNYEeCKOI aHa-
TOMUH, OT/IETIEHNST KOHCEPBUPOBAHMS TKAHEH 1 IIPOU3BOZICTBA
tpancmmantatoB HVU ckopoit momor nm. H. B. Cxmado-
COBCKOTO Ha OCHOBAHUH O[0OPEHHsT HTHYECKOr0 KOMUTETA 1
YYEHOTO COBETA.

B oTKpbITOE PAaHIOMU3NPOBAHHOE IPOCTIEKTHBHOE HIC-
cieoBanue BKiouriin 59 manuentos ¢ T 2—3-ii ctenenn
Tskectn 1o kaaccudukanyn 0. B. Curesa n A. 10. Cxpn-
nastst. Pacripeziesrenyie nareHToB no crernenn Tsprectd UT
npezcraBuiy B Tabsuite. OCHOBHYIO IPYIITY COCTABHIN 29
yenoBek (12 myzxuna n 17 sxenmmun). VX Bo3pacT Bappupo-
Bast ot 20 1o 89 met. B rpymimy cpaBHenus Bomn 30 marm-
enToB (20 my>kunn n 10 sxenma). VIX Bo3pacT BapbupoBa
ot 26 mo 90 met. MccmenoBantble TPYITBI He MMEJH JOCTO-
BEPHBIX Pa3JINuMil [0 YHCIY HAIlMEeHTOB, WX BO3PACTy
(p=0,163, U-xpurepuit Manna- YuTHM ), TeHIepPHO TIPUHA/I-
aesknoctu (p=0,0692, Tounsriii kputepuiit Ouinepa), TsKe-
CTH TOPAsKEHUsSI CJAUBUCTON 000T0UYKK Tpaxen U OPOHXOB
(p=0,187; Tounsrii kputepuii Ouinepa).

BceM mammeHTaM ¢ IepBBIX [THEH [TOCTe TPABMBI exke-
JIHEBHO MPOBO/IMIIN CAHAIIMOHHYIO GPOHXOCKOIIHIO B COOT-
BETCTBUM CO CTAHIAPTOM OKa3aHUS MeIUIIHCKOM
TTOMOIIN: Yepe3 eCTeCTBEHHBIE JbIXaTelbHble MyTH (IO
MeCTHOI aHecTe3nell PacTBOPa JUIOKAMHA) MY Yepe3 NH-
TybannonHyio TpyOKy (110 BHYTPUBEHHOII cenaiueii) ¢
nomonipio rubkux 6ponxockonos Gupmsl Olympus BF
1T60, P180 n Q180. Canmaruio mpocseta TB/] Bermonnsan
0,01% pacTBOpPOM JMOKCHINHA WJIN MUPAMUCTHHA. Y Ta-
[HEHTOB OCHOBHOW TPYIIBI KOTOTh CO CJAM3UCTON 060-
JOUKK  yjaassau  Gojiee  TIIATEABHO, B TOM YHCJE
MeXaHUYECKUM BO3/IeHiCTBHEM IUCTAIBHOTO KOHIIA 9HO0-
CKOTIA W DHIOCKOIMUYECKUX IUIIIOB, YTOOB B MaKCH-
MaJBHO KOPOTKHE CPOKH MTOJATOTOBUTD JAHO eeKTOB IS

paid to methods of stimulation of repair processes of
the damaged mucosa. The use of type 1 human colla-
gen is a promising method in boosting the healing of
skin burns [19, 20].

The purpose of the study was to determine the
morphological characteristics of the repair process of
the tracheal and bronchial mucosa after sanitation
bronchoscopy using type I human collagen solution in
patients with an inhalation injury.

Materials and Methods

The research was carried out on the basis of the of acute
thermal injury units, departments of emergency endoscopic
studies, the laboratory of cell transplantation and immuno-
typing, the department of pathological anatomy, the depart-
ment of tissue preservation and production of transplants of
the N.V. Sklifosovsky First Aid Scientific Research Institute,
after approval by the Ethics Committee and the Academic
Council.

An open-label, randomized, prospective study in-
cluded 59 patients with inhalation injury (2—3 severity de-
gree according to the classification of Yu. V. Sinev and A. Yu.
Skripal'. The distribution of patients according to the sever-
ity of the inhalation injury is presented in Table 1 below. The
main group consisted of 29 patients (12 men and 17 women).
Their age ranged from 20 to 89 years. The reference group
included 30 patients (20 men and 10 women). Their age
ranged from 26 to 90 years. The study groups did not have
significant differences in the number of patients, their age
(P=0.163, Mann-Whitney U-test), gender (P=0.0692,
Fisher's exact test), and the severity of tracheal and
bronchial mucosal lesions (P=0.187; Fisher's exact test).

All patients underwent daily sanitation bron-
choscopy in accordance with the standards of medical care
starting with the first days after the injury: through the
respiratory tract (under local anesthesia with lidocaine so-
lution) or through an intubation tube (under intravenous
sedation) using flexible bronchoscopes BF 1T60, P180,
and Q180 manufactured by Olympus. The sanitation of
the TBT lumen was performed using 0.01% dioxidine or
miramistin solution. In patients of the main group, the
soot was removed more carefully from the mucosa, includ-
ing the mechanical effect of the distal end of the endoscope
and endoscopic forceps, in order to prepare the bottom of
the lesions for the application of the prepared type 1
human collagen solution as soon as possible. The prepared
solution of type I human collagen was applied by means of
a catheter onto the damaged areas of the mucous mem-
brane purified from soot, fibrin and purulent-necrotic de-
tritus. The volume of the collagen solution applied
depended on the severity and area of the damage and was
equal to 2—4 ml. On the 2" and 3" day after the applica-
tion of collagen in the absence of visual endoscopic signs
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HaHeCeH:sI TOATOTOBJIEHHOTO PACTBOPA KoJulareHa I tuma
yenoBeka. Ha moBpesk/eHHbIE YYaCTKU CAU3UCTON 060-
JIOUKH, OYHIIIEHHBIE OT KOMOTH, (PUOPUHA 1 THOWHO-HEKPO-
TUYEeCKOTO [EeTPUTA, C IMOMOIIBIO KaTeTepa HAHOCHJIH
MTOJITOTOBJIEHHBIN PacTBOp KoJjulareHa | Tuma desoBexa.
O6beM HCIOTB3YEMOTo PACTBOPA KOJIJIATeHA 3aBHCEN OT
TSPKECTH M PACTIPOCTPAHEHHOCTH MOBPEKIEHUI M COCTaB-
a1 2—4 mu. Ha 2—3-e cyTku ocsie mpruMeHeHUsT KOoJLia-
TeHa B cJIydae OTCYTCTBUSI BU3YAIbHBIX 9HIOCKONIECKIX
MIPU3HAKOB MUTETU3AIIH TOBPEKICHNI BBITTOIHSIN T10-
BTOPHOE HaHeCeHIe PAacTBOPA KOoJITareHa.

PactBop /7151 mpUMeHEHNUS TOTOBIJIN 13 KOJIJIareHa
I Tuna yesoBeka, MOJYYEHHOTO U3 CBS30K U CYXOKUJIIHIT
METO/IOM KUCJIOTHOI aKkcTpakimu. Bech Grnomarepual co-
OTBETCTBOBAJ KPUTEPHSIM MH(GEKIIMOHHONH U TOKCHKOJIO-
rudeckoit GesomacHocTH. IIpuroroBienue pacTBopa
OCYIIECTBIISLIN B COOTBETCTBUM € paHee pazpaboTaHHbIM
criocobom (matent PD na uzobperenne Ne RU 2591544
C1). [lns obecrieyeHnst IPOXOKAEHIS Yepe3 KaTeTep KOJI-
JareH pasBoauian BogubM 0,01% pacTBOpPOM XJIOpreKcH-
mnaa. C 1espio obecrieyeHnsi BOSMOKHOCTH KOHTPOJS
pacrpesieleHns U (pIKCAIIH perapara ero OKPaIiBaIH
0,2% BOAHBIM PaCTBOPOM OPHILITHAHTOBOTO 3esieroro. [1o-
Jy4eHHYI0 KOMIIO3UINIO cTepuin3oBann YPD-ayuamu B
Teuenne 60 MIUHYT.

Teuenne paneBoro nporecca oIeHNBaIl Ha OCHOBA-
HUHM MOPMOJOTHYECKUX HCCAEIOBAHUIT ceprn GHONTATOB
13 KpaeB 1e(eKTOB, BBITOJHEHHBIX B pa3Hble CPOKH Teue-
Hus UT. Y Bcex nauueHnTos 3a60p OGUONCUITHOTO MaTe-
pHaJa OCYIIEeCTBIIAIN B TIEPBBIE CYTKH MTOCJIE TPABMBI /LIS
MO/ TBEPSKAEHNS IaHHBIX 9H/IOCKOIINIECKOTO MCCIe10Ba-
HUs. Y TAlMeHTOB OCHOBHOW TPYMIbBI MOCIeTYTOTIHI
3a60p OUOTICHITHOTO MaTepraia IPOU3BOUIICS HETIOCPE/I-
CTBEHHO Ilepe]] HaHeCeHneM pacTBopa KoJjuiareHa I tuma
YeJI0BeKa, 3aTeM yepes Kaskible 2—3 JIHS 10 9HAOCKOIYe-
CKU MOATBEP:KICHHOI TTOTHOM 9IINTENN3AINH CIU3NCTON
000J104KH. Y TAIMEeHTOB TPYIIIBl CPAaBHEHUsT OUOMCHUIO
CJAUBUCTON 0GOJIOYKN TIPOU3BOAUIIN MOCJIE CAaHATIMOHHOT
GPOHXOCKOIUY U yIaJeHUH KOTIOTH U 3aTeM TaKyKe dyepes
Kaxble 2—3 H4 10 TOJHON 9MUTENN3AINN CAUUCTON
060J109KH.

Buomatepuan dukcupoBanu 70% 3THIOBBIM CIHP-
TOM, TIOCJIE YeTO MOBEPTAJIH CTAHAAPTHOII TPOIIelype N3Tro-
TOBJIEHHST TTapaUHOBBIX TUCTOJOTHUECKUX IPENapaToB.
OxkparmBaHye TOTOBBIX MUKPOCPE30B TPOBOIMIIN TEMOTOK-
cuinHOM ¥ 903uHOM, [ITNDD-peaktuBom, o Ban [1zony.

Craructudeckyio 00paboTKy JAAHHBIX MTPOBOJAUIN C
olpesieJieHneM MeIuaHbl 1 ee KBapTuieil. loctoBepHOCTD
pa3IIuuil OIHOVMEHHBIX ITOKa3aTeseil MeXXIy HeCBsI3aH-
HBIMU BBIGOPKAME OMPEAESIN TIPH oMot U-Kpurepust
Manna—YutHy, TouHoro kpurepust Ouiepa.

Pe3yibrarsl 1 00CyKA€eHHE

IJH/IOCKOTTMYECKasl KapTUHA TI0CJe TepBUYHOMN
CaHAIIMOHHOU GPOHXOCKOIMHU y HaiuenTos ¢ UT 2-i
CTENeHN XapaKTepru30Balach HAJIMYNEM YMEPEHHOTO
KOJINYECTBA CJAU3UCTOTO CEKPETA C TPUMECHIO KOTIOTU
B IIPOCBETE TPaxen 1 OPOHXOB, MHOKECTBEHHBIX OYa-
roB kotiotu 710 0,2—0,4 cM B iameTpe Ha CITUBUCTON
000J10uKe Tpaxen U OPOHXOB, MECTAMU CJIMBHBIMUI.
Ouaru xonoTu 6b111 (PUKCHUPOBAHbI K CJIM3UCTOR 060-
JIOUKEe ¥ YaCTUIHO y/IAJISLJIUCh TIPU caHaIuu. B pe3yiib-
Tare Ha CJAM3UCTON 000J0YKe BU3YATU3UPOBAJIM OCT-

of lesion epithelialization, the application of collagen so-
lution was repeated.

The solution for the application was prepared from
type I human collagen obtained from ligaments and tendons
by acid extraction. All biological material met the criteria of
infectious and toxicological safety. The solution was pre-
pared in accordance with the method developed earlier
(Russian Federation invention patent No. RU 2591544 C1).
To ensure the passage through the catheter, collagen was di-
luted with a 0.01% aqueous solution of chlorhexidine. In
order to ensure the monitoring of the distribution and fixa-
tion of the drug, it was stained with 0.2% aqueous solution
of diamond green. The resulting composition was sterilized
by UV rays for 60 minutes.

The course of the wound process was evaluated on the
basis of morphological studies of a series of bioptates taken
from the edges of the lesions at different time points of the
inhalation injury. In all patients, the bioptate was sampled on
the first day after the injury to confirm the endoscopic data.
In patients of the main group, the subsequent sampling of the
bioptate was performed immediately before the application
of the type I human collagen solution, then every 2—3 days
until the complete epithelialization of the mucous membrane
was confirmed by endoscopy. In patients of the reference
group, mucosal biopsy was performed after sanitation bron-
choscopy and removal of soot and then also every 2—3 days
till the complete epithelialization of the mucosa.

The biological material was fixed with 70% ethyl al-
cohol and then was exposed to the standard procedure of
production of paraffin histological preparations. Finished
microscopic sections were stained with hematoxylin and
eosin, SCHIFF reagent, and Van Gieson's stain.

Statistical data processing was performed with calcu-
lations of the median and its quartiles. The significance of
differences of the homonymous parameters between unre-
lated samples was determined using the Mann—Whitney U-
test and Fisher's exact test.

Results and Discussion

The endoscopic pattern after the primary sanita-
tion bronchoscopy in patients with the 2! degree in-
halation injury was characterized by the presence of a
moderate amount of mucosal secretions with an ad-
mixture of soot in the lumen of the trachea and
bronchi, multiple foci of soot up to 0.2—0.4 ¢cm in di-
ameter on the mucous membrane of the trachea and
bronchi, sometimes confluent ones. Foci of soot were
fixed to the mucous membrane and partially removed
during the sanitation. As a result, acute erosion with
a clean bottom was visualized on the mucous mem-
brane. The morphological study demonstrated the
similar changes in the form of focal exfoliation of the
surface epithelium with covering of lesions with fibrin.
The obtained data correspond to the 2" degree inhala-
tion injury.

In patients of the main group with the 2" degree
inhalation injury, it was possible to completely remove
soot from the mucous membrane of the trachea and
bronchi using the distal end of the endoscope and en-
doscopic forceps as early as during the primary sanita-
tion bronchoscopy. Immediately after removal of the
soot, the type I collagen solution was applied onto the
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pble 3pO3UU € YUCTBIM JAHOM. Mopdosorndyeckoe
uccaeloBaiye I03BOJIMIIO BBISIBUTH OIHOTHUIIHBIE
M3MEHEeHMS B BUJIe 04aroBOTO CJYIIUBAHUS IOBEPX-
HOCTHOTO SIIUTEINSA C IPUKPHITHEM JeheKTOB hubpu-
HoM. Ilosydennble JaHHbIE COOTBETCTBYIOT KJIACCH-
ukaruu T 2-i1 crenenu.

¥ naruentoB ocuoBHo# rpynmbl npu UT 2-it
CTEIeHH YAaBaJI0Ch IOJHOCTBIO YIAJNUTh KOIOTH CO
CJUBUCTON 060I0UKK TPaxen U GPOHXOB ¢ MOMOIIBIO
JUCTAIBHOIO KOHIA 9HOCKOIA U 9HJOCKOINYECKUX
IUIIOB YKe [IPU TEPBUYHOI CAaHAIIMOHHON OPOHXO-
cxoru. Cpagy e 1ociie yajaeHnsd KOIoTH HaHOCUIIN
pactBop KoJiarena I Tuiia Ha yucToe [HO 9pO3uii CIu-
3UCTOM 06OJIOUKH. 3a CUET KPACUTEJIsI, BKIIOYEHHOTO
B COCTaB pacTBOPA, HAHECEHHBIN KOJIJIAT€H 4YeTKO
BU3YAJIM3UPOBAIM Ha MoBepxHocTH AedexToB. Kakux-
7160 OCTIOKHEHUH TIPH ITPOBEICHUM HTON TIPOTIELY PhI
HE OTMETHJIN.

¥ naruentoB ocuoBHo# rpynmbl npu UT 2-it
cTereHu Ha 3-4-e CyTKU 110CJIe TPABMbI 9H/IOCKOIINYe-
CKasl KapTHHA XapaKTepu30Bajach CYLIECTBEHHBIM
CHUZKEHMEM KOJIMYECTBA HPO3HIA, CIU3UCTAs 000I0UKA
OblJIa IPKO UM YMEPEHHO MIIEPEMUPOBAHOMN, OTEK
YMEHbIIAJICS.

Y nmainueHToB rpyIiibl CPaBHEHNS KOIIOTD y/1aBa-
JIOCH YAQJIUTH TOJBKO Ha 3-4 CYTKHU I0CJIe TPABMBb.
Cumsuicrast 060J104Ka Tpaxeu 1 OPOHXOB OblIa IPKO
ruriepeMrpoBaHa, yMEPEeHHO OTe4YHasd, C MHOKECTBEH-
HBIMM OCTPBIMU 3PO3USAMU OBAJBHON WU OKPYTJION
(opmni pazmepom 110 0,2—0,3 cm B imameTpe, MOKPHI-
TBIMH CBETJIBIM (hUOPUHOM, KOTOPBIN K 5—6 cyTKam
CTAHOBUJICS HOJIee MACCUBHBIM.

[Tpu Mmopdosornyeckom uccieioBaHIM Ha 3—4-€
CYTKH 110CJIe TPAaBMbI B OCHOBHOM T'PYTIIIe BBISIBUJIN, 4TO
JIHO BPO3UIL MOKPHITO (PUOPUHOM U AJLIIOTEHHBIM KOJI-
JIaTeHOM, BOKPYT KOTOPOTO OIIpe/IeJININ Makpodarasib-
HYI0 1 JIUMQOLIUTAPHYIO NHOUIBTPAIIMIO TIPU OTCYT-
CTBMH ITPU3HAKOB THOMHOTO BOcIasieHus. B otsmuue ot
ATOTO B IPYIIIe CPABHEHUST [THO 3PO3HIA OBLIO MOKPHITO
MAaCCUBHBIMM ~ HAJIOKeHUAMU  (ubpuHa, HEpPenKo
BBISABJISLIN YaCTUIIbI KOTIOTH, a CJAM3KUCTast 060JI0YKa
Tpaxen ¥ OPOHXOB Oblia I'yCTO MHOUIBTPHUPOBAHA
HOJMMOPMHO-/1ePHBIMU JICHKOIIUTAMU.

Y nanueHToB OCHOBHOM TPYIIILI OTEK U TUIIepe-
MUsI CIUBUCTOI 060JIOUKN CYIECTBEHHO CHUYKAJIUC,
a 9PO3UU MOJHOCTBIO INMUTEIUIUPOBAINCH HA 3—7-¢
CYTKU IIOCJIe TPaBMbl, B TO BpeMsl Kak B TpyIIle
CpaBHEHWS TPOSABJIEHUS THOHOTO TPaxeoOPOHXUTA
COXPAHAJINCDH B TeUeHNe 2-X HeJlesIb, a IPU3HAKU 11U -
TeJM3alNU 9PO3UI OTMEYaIu K 9-M CyTKaM.

Taxum 06pa3oM y MarueHToB OCHOBHO IPYIIIIbI
c UT 2-ii crennernn Ha 3—4-e CyTKM OTMeYaJud BbIpa-
JKeHHOe M3MeHeHue MOPQOJIOrMYecKoil KapTHHBI,
XapakTepu3oBaslieecss MakpodaranabHoii 1 sumMdoru-
TapHOU MHUIBTPaLyeil CIM3UCTOI 0060J0UYKH, B TO
BpeMs KaK y NalMeHTOB IPYIIIbI CPAaBHEHNS OTMeYaIn
HapacTaHue U IPorpeccupoBaHne NPU3HAKOB THOWHO-
ro Bocrasenus. Cpoku anuTen3aus 9po3nii CJanu3n-
CTO 000JIOUKHM Yy TAIMEHTOB OCHOBHOW TPYIIIIbI

clean bottom of erosion of the mucous membrane. Due
to the stain included in the solution, the applied colla-
gen was clearly visualized on the surface of the lesions.
No complications were observed during this procedure.

In patients of the main group with the 2" degree
inhalation injury, on the 3" and 4" day after the injury,
the endoscopic pattern was characterized by a signif-
icant decrease in the number of erosions, the mucous
membrane was bright or moderately hyperemic, and
the swelling decreased.

In patients of the reference group, soot was re-
moved only by days 3 and 4 after the injury. The mu-
cous membrane of the trachea and bronchi was brightly
hyperemic, moderately edematous, with multiple acute
erosions of oval or round shape up to 0.2—0.3 cm in di-
ameter, covered with light fibrin, which became more
massive by days 5 and 6.

A morphological study performed on the 3 and
4™ day after the injury in the main group demon-
strated that the bottom of erosion is covered with fib-
rin and allogeneic collagen, around which macrophage
and lymphocytic infiltration was determined in the
absence of signs of purulent inflammation. In contrast,
in the reference group, the bottom of erosion was cov-
ered with massive fibrin overlays, soot particles were
often detected, and the mucous membrane of the tra-
chea and bronchi was densely infiltrated with poly-
morphonuclear leukocytes.

In the patients of the main group, edema and hy-
peremia of the mucous membrane were significantly
reduced, and erosion was completely epithelized on
days 3—7 after the injury, while in the reference group,
the manifestations of purulent tracheobronchitis per-
sisted for 2 weeks, and signs of epithelialization of ero-
sions were noted by the 9t day.

Therefore, in patients of the main group with the
2 degree inhalation injury, a marked change in the
morphological pattern was observed on the 3@ and 4
day, characterized by macrophage and lymphocytic in-
filtration of the mucous membrane, while in patients
of the reference group there was a progression and
worsening of signs of purulent inflammation. The pe-
riod of the epithelization of mucosal erosions in pa-
tients of the main group decreased from 9 to 3—7 days
as compared to the comparison group.

In the primary endoscopic study of all patients
with 3 degree inhalation injury, there was no secre-
tion in the lumen of the trachea and bronchi. The mu-
cosa of the trachea and bronchi were dry, pale,
moderately swollen and covered with circular conflu-
ent deposits of tightly fixed soot, which virtually could
not be removed during the sanitation bronchoscopy
(Fig. 1). The morphological study demonstrated that
the layers of fibrin and soot covered the bottom of ul-
cers. In the bottom of the lesions, mucus-producing
glands were detected, which indicated a large depth
of damage to the bronchial wall.

In patients of the main group with the 3 degree
inhalation injury, soot was mechanically removed as

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 3



DOI:10.15360/1813-9779-2018-3-4-14

Tpasma, KpoBomoTeps, KPOBOTEUEHME

Puc. 1. Iupockonnyeckasi KAPTUHA I3BEHHOTO TPAXE0OPOHXHUTA
npu UT 3-ii crenenu (1-e cytkn)

Fig. 1. Endoscopic pattern of ulcerative tracheobronchitis in the
34 degree inhalation injury (1 day)

Note. Confluent deposits of tightly fixed soot on the mucous mem-
brane of the trachea.

HpnMeqal-me. CJ/IMBHbIE HAJIOKEHUST TIJIOTHO CIJI/IKCI/I])OBaHHOf/'I KO-
IIOTH Ha CJIMBUCTOI 060/104Ke Tpaxeun.

COKpaTUJIach ¢ 9-u 10 3—7-1 CyTOK 110 CPABHEHUIO C
IPYIIION CpaBHEHUS.

[Tpu nepBUYHOM 9HIOCKOIIMYECKOM UCCJIE[0BA-
Hun y Beex nanuentoB ¢ T 3-ii crenienn B mpocseTte
Tpaxen u 6POHXOB cekpera He ObL10. CorsucTas Tpa-
xen u GPOHXOB OblIa «cyXxas», GjeHast, yMEPEHHO
OTEeYHAs, TOKPHITA CJAUBHBIMU ITUPKYJISIPHBIMUA HAJIO-
JKEHUSAMY TIOTHO (DUKCHUPOBAHHOI KOIOTH, KOTOPAst
[PAKTUYECKU He TOJJABATACh yIAJeHUI0 BO BPEMsI
caHaronHoii 6porxockoruu (puc. 1) Ipu mopdosio-
TUYECKOM UCCIIEA0BAHUY TIACThl (ubPHUHA U KOTIOTH
MPUKPBIBAJIN JTHO sI3BeHHbBIX JiechekToB. B nHe nedek-
TOB BBISIBJISJIN CJIU3€00PA3YIONIIE JKele3bl, YTO CBU-
JETEJIBCTBOBAJIO O BOJIBIIOH rIyOUHE TTOBPEKACHUS
cTeHku GpoHxa.

Y nanuentoB ocHoBHOM rpymibsl npu UT 3-ii
CTEIeHH KOTIOTh MEXaHUYECKHN yIAJIAIN YKe Ha 2—3-1
CYTKH TI0CJIE TPABMBI: CJIUBUCTasA 060I04YKa ObLIa APKO
TUIEPEMUPOBAHHOM, BBIPAKEHHO OTEYHOI, CO CIUB-
HBIMU TIOBEPXHOCTHBIMU A3BEHHBIMU jlepekTaMu 6e3
YEeTKUX KOHTYPOB, C BBIPAKEHHOM KOHTAKTHOI KPOBO-
TOYMBOCTBIO (puc. 2, a) OIHOMOMEHTHO MOCJIe yaae-
HUST KOTIOTU BBITIOJIHSIN HAHECEHUEe PACTBOPA KOJLIa-
rena | Tuma desoBeka HAa YMCTOE THO SI3BEHHBIX
nedexros (puc. 2, b). Ha 4—5 cyTku mocse TpaBMbl
cusucTast 060JI0UYKA OCTABAIACH SIPKO THIIEPEMIPO-
BaHHOI U BBIPAKEHHO OTEUHOI, HasOKeHust hubpuHa
HA TIOBEPXHOCTU I3B 9HIOCKOIINYECKU He BU3YATU3H-
POBaJIM, 2 UX KOHTYPBI CTAHOBUJIUCH HOJIee YUETKUMHU

early as on the 2—3 day after the injury: the mucous
membrane was significantly hyperythematous,
markedly swollen, with confluent superficial ulcera-
tive lesions without distinct contours, with severe
contact bleeding. (Fig. 2, a) At the same time with the
removal of soot, the type I human collagen solution
was applied onto the clean bottom of ulcerative lesions
(Fig. 2, b). On days 4—5 after the injury, the mucous
membrane remained brightly hyperemic and severely
edematous, fibrin deposits on the surface of ulcers was
not endoscopically visualized, and their contours be-
came more distinct (Fig. 2, ¢). In patients of the refer-
ence group, on the 47—5% day, the mucous membrane
was brightly hyperemic, severely edematous, with
massive deposits of dense fibrin imbibed with soot
(Fig. 2, d).

Morphologically significant differences between
the groups were demonstrated on the 4h—5% day after
the injury: it should be noted that in patients of the
main group, there was no severe purulent inflamma-
tion and no further damage of the deep layers of the
mucous membrane. The applied collagen remained on
the surface of ulcers, had a cellular structure and, as a
rule, was surrounded by multirowed immature epithe-
lium (Fig. 3, @). In contrast, in patients of the reference
group, the morphological pattern was characterized by
the absence of epithelial lining in large areas, severe
damage to the wall of the trachea and bronchi, includ-
ing the muscle membrane, with fibrinoid necrosis and
diffuse infiltration by polymorphonuclear leukocytes
(Fig. 3, d). Soot particles were found both on the sur-
face of ulcerative lesions and intracellularly (Fig. 3, ¢).

Then, endoscopic and morphological character-
istics of the inhalation injury in the patient groups
were more distinct. According to endoscopic findings,
in main group patients with the 3rd degree inhalation
injury, hyperemia and swelling of the mucous mem-
brane decreased, ulcerative lesions were fragmented
and decreased in size on days 6—7 after the injury.
There was a little fibrin covering the applied collagen.
The edges of ulcerative lesions acquired a distinct con-
tour due to the sites of thickening of the epithelium.
In contrast, in patients of the reference group, the mu-
cous membrane of the trachea and bronchi was
markedly hyperemic with severe edema and multiple
confluent ulcerative lesions covered with massive de-
posits of dense fibrin on days 6—7 after the injury; se-
vere contact bleeding of the mucous membrane was
observed. Such endoscopic pattern persisted for 7—9
days more, and then the regression of inflammatory
changes of the mucous membrane was observed and
the initial signs of epithelialization of ulcerative le-
sions of the mucous membrane were visualized, which
were characterized by a decrease in hyperemia and
edema of the mucous membrane, fragmentation and
reduction of the lesions, purification of ulcerative le-
sions from fibrin with the development of granulation.

Morphologically, on days 6—7 after the injury, in
patients of the main group, the distinctive features in-
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Puc. 2. CpaBHuUTEIbHbIE 9HAOCKONMYECKHE 0COOEHHOCTH Penapaiyu a3BeHHoro tpaxeoopouxura npu UT 3-ii crenenu.

Fig. 2. Comparative endoscopic features of ulcerative tracheobronchitis repair in the case of the 3¢ degree inhalation injury.

Note. a, b, c — main group; d — reference group. a — the mucous membrane of the trachea and bronchi is markedly hyperemic, edematous,
with multiple confluent acute ulcerative lesions without distinct contours immediately after the removal of soot (days 2—3); b — tracheal
and bronchial mucosa, covered with type I human collagen (days 2—3); ¢ — decrease of hyperemia and edema of the mucous membrane
of the trachea and bronchi; ulcers are with distinct contours (arrows) (days 4—>5); d — fibrin foci with soot (arrows) on the bronchial mu-
cosa (days 4—5).

IIpumevanwue. a, b, ¢ — OCHOBHASI TPYIIIA; d — TPYIITA CPABHEHUSL. @ — CJIM3UCTast 000I09Ka Tpaxen n GPOHXOB SIPKO THITepeMUpPOBaHas,
OTEUHast, ¢ MHOJKECTBEHHBIMU CJMBHBIME OCTPBIMU SI3BEHHBIME JeeKTamu Ge3 YeTKIX KOHTYPOB Cpasy 1ocJe yaanenust konotu (2—3-¢
cyTKM); b — camsucrast 060J0YKa Tpaxen u GPOHXOB, MOKPBITAS KOJIJTATeHOM desioBeka | Tima (2—3-1 CyTKN); ¢ — CHIKEHWE THIIEPEMITN
1 OTeKa CJM3UCTOIN 000JIOUKH Tpaxer U GPOHXOB, sI3BEHHBIE 1e(EKTHI ¢ YeTKUME KOHTYpamu (cTpesiki) (4—>5-¢ cyTtkn); d — ouarn ¢pubprna
€ KOMOTHIO (CTPEJIKK) Ha CIUBUCTON 060109Ke GPOHXOB (4—5-€ CYTKN).

(puc. 2, ¢). Y maIfeHToB rpyIibl CpaBHEHUsT HA 4—5-¢
CYTKM CJM3UCTast 060J0UKa OblIa APKO THIIEPEMIPO-
BaHa, BRIPAKEHHO OTEYHAsA, C MACCUBHBIMU HAJIOKE-
HUSMM IJIOTHOTO (ubpria, MMOMOMPOBAHHOTO KOIIO-
ThiO (pHC. 2, d).

Mopdosornuecku CyIecTBEHHbIE PA3JIUUNS B
IpyInax BBIABJIAIN yKe Ha 4—5-e CYTKU MocJe

cluded the absence of signs of purulent inflammation,
early appearance of lymphocytes and macrophages in
the bottom of ulcers, especially around the deposits of
applied collagen, without the formation of granulation
tissue; the activation of fibroblastic and macrophage
reactions took place (Fig. 3, b). At that, layers of mul-
tirowed epithelium intensely «crawled» from the
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Puc. 3. CpaBuureinbubie MOp]oIornueckue 0coO0eHHOCTH A3BeHHoro 6ponxura npu UT 3-ii crenenn (4—5-€ cyTkn).
Fig. 3 Comparative morphological characteristics of ulcerative bronchitis in the 3 degree inhalation injury (days 4—5).

Note. a, b — main group; ¢, d — reference group. a — the bottom of the ulcer is covered with human collagen (K4), mucus-producing
glands (CXX); b — expressed macrophage (M®) and fibroblast (DB ) reaction around the human collagen (K9) in the bottom of the ulcer.
Hematoxylin and eosin staining, X200. ¢ — the bottom of the ulcer is covered with soot and fibrin (arrows), mucus-producing glands
(CJK), Van Gieson stain, X200. d — the bottom of the ulcer is covered with purulent necrotic detritus: fibrin layers infiltrated by polymor-
phnuclear leukocytes (arrows), stained with hematoxylin and eosin, X100.

ITpumeuanue. a, b — OCHOBHAsI I'PYIIIA; ¢, d — IPyIIIIAa CPABHEHUSL. @ — JIHO SI3BbI IIOKPBITO KoJutareHoM desoseka (KI), cimseobpasyorye
skestesnl (CIK); b — soipaskennast makpodaraibias (MD) u pudpodmactudeckas (DB) peakimn Bokpyr kosrarena yesoseka (KU) B aue
s138b1. OKpacKa reMaTOKCUIIMHOM 1 903UHOM, X200; ¢ — JIHO I3BBI TOKPHITO KOHOTHIO ¥ GUOPUHOM (CTPEIIKH), CIIM3e00pasyIOIIUE JKEIe3bl
(CIK), okpacka o Ban Tusony, X200; d — 1HO sI3BbI HOKPBITO THOIHO-HEKPOTUYECKUM AETPUTOM: IIACTbI (GUOPHHA, NHDIIBTPUPOBAHHbIE

[TM4 neiikonmramu (CTPETKN ), OKPACKa TeMATOKCHIINHOM 1 9031HOM, X 100.

TPaBMbL: ¥ TIAIIUEHTOB OCHOBHO IPYIIbI 00PaIiaio
Ha cebGs1 BHUMaHUE OTCYTCTBHE TSKEJIOTO THOWHOTO
BOCIIAJIEHUsI ¥ I[IPOTPECCUPOBAHUS  IIPOIecca
MOBPEsKACHUS TIYOOKUX CJI0EB CIU3UCTON 000JI0U-
ku. Hanecenublii KosiareH coxpaHsijics Ha IOBEpX-
HOCTU $I3B, UMEJI STYEUCTYIO CTPYKTYPY U, KaK IPaBuU-
0, ObLI  OKPYKE€H MHOTOPSIZIHBIM — HE3PEJIbIM
anutesneM (puc. 3, a). B otauvue ot aTOr0 y naimu-
€HTOB I'PYIIIIbI CpaBHEHUs MOPHOIOTHYECKAsT KAPTHU-
Ha XapaKTepu30BaIach OTCYTCTBUEM DIUTETUAID-
HOMW BBICTUJIKU Ha OOIIMPHBIX YYACTKAX, TAKEIBIMU
MOBPEKACHUAMU CTEHKU TPaxeu U GPOHXOB, BKJIIO-
Yast MBIIIEYHYIO 060JI0UKY, ¢ (GPUOPUHOUTHBIM HEK-
posom u auddy3Hoii nuduabTpauen moauMopd-
HosiiepubiMu Jielikoiuramu (puc. 3, d). Jactuipt
KOIIOTH OTIPeIesIsIN KaK HA TIOBEPXHOCTHU SI3BEHHBIX
nedeKToB, Tak 1 BHYTPUKJIETOUHO (puc. 3, ¢).

edges of defects over the allogeneic collagen (Fig. 4, a).
In contrast, in the patients of the reference group, the
phase of purulent inflammation was replaced by the
formation of the granulation tissue, which was a
«layer» for the creeping epithelium from the edges of
the lesions (Fig. 4, ¢).

In patients of the main group with the 1—3 de-
gree inhalation injuries complete epithelialization of
ulcers occurred on the 7—10 day after the injury
(Fig. 4, b), while in patients of the reference group it
occurred on the 12—22 day.

With the application of type I human collagen in
the 2m degree inhalation injury, complete epithelization
of the mucous membrane of the trachea and bronchi oc-
curred significantly earlier than without the applica-
tion: the 4" (3; 7) and 7* (4; 9) day (n,=15; n,=21;
U=49.5; P=0.0004), respectively. In the case of the 3
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B nanbueitiem anockonnyeckue u MopdoJo-
rudeckue ocobennoctu rtedenus VT B rpymmax
GOJIBHBIX GbLIN GOJIee OTYETIUBBI. JHAOCKOTUYECKH
y maruerToB ¢ IT 3-i1 crenieHn OCHOBHOWM TPYIIITbI
Ha 6—7-e CyTKU I10CJIe TPABMBbI TUTIEPEMUS U OTEK
CIUBUCTON  O0BOJIOYKU YMEHBIIANNUCH, S3BEHHbBIE
nedekThl (HparMeHTUPOBAINUCH U YMEHBIIATNCH B
pasmepax. OubpuH ObLI B HEOOIHIIOM KOJUIECTBE,
MMOKPBIBAsI HAHECEHHBIN KoJiiareH. Kpas s3BeHHBIX
nedeKToB MpuobpeTaIu YeTKU KOHTYP 3a cYeT yJa-
CTKOB YTOJIIEHNST dnuTeNus. B oTamdme ot aToro y
MalnMeHTOB TIPYIIbl CpaBHEHUs HA 6—7-e CyTKH
MOCJIe TPABMBI CIM3UCTasA 060J0UKA Tpaxeu u OPOH-
XOB ObljIa SIPKO TUIIEPEMUPOBAHA C BbIPAKECHHBIM
OTEKOM U MHOKECTBEHHBIMU CJIUBHBIMU SI3BEHHbIMU
nedeKTaMu, MOKPBITBIMI MACCUBHBIMU HATOKEHMSI -
MU TJIOTHOTO (UOPUHA, OTMEYaTH BbIPAKEHHYIO
KOHTaKTHYO KPOBOTOYUBOCTH CJAMZUCTON 0OOJOUKH.
[MomobHast sHAOCKOMNYECKAs KapTUHA COXPAHSLIACH
B TeueHUe ele 7—9 [Hel, 1mocje 4yero orMevyaan
perpecc BOCHATUTEIbHBIX U3MEHEHUU CAU3UCTON
060JI0YKHN ¥ BU3YAIU3UPOBAJIN HAYAIbHbBIEC TTPU3HA-
KU 2IUTENU3ANUU SI3BEHHBIX Ne(DeKTOB CAU3UCTON
060JI0YKH, KOTOPbIE XapaKTEPU30BATINCh YMEHbIIIe-
HUEM TUIIEPEMUN U OTeKa CJUBUCTOI 06O0J0UKH,
cdparmeHTalueii W  yMeHbIIEHUEM  pPa3MePOB
MTOBPEKIEHII, OUNIIIeHIeM SI3BEHHBIX Ne(EeKTOB OT
dbubpUHa ¢ PasBUTHEM TPAHY LA

Mopdosiorndeckn y narueHToB OCHOBHOM TPYII-
bl HA 6—7-€ CYTKU TI0CJIe TPaBMbI KaueCTBEHHBIM
oTaYreM ObLIO OTCYTCTBUE MPU3HAKOB FHOMHOTO BOC-
TaJIeHust, paHHee TTosIBJIeHIe TUMGOIIUTOB 1 Makpoda-
OB B JIHE 513B, 0COOEHHO BOKPYT CKOIJICHUS HAHECEH-
HOTO KoJLIarena, 6e3 (hopMupOBaHUs FPAHYJIAIIMOHHOI
TKaHW, TIPOUCXO/IUIIA aKTUBAIKsT (PrOPOOIACTHYECKOIT
n MakpodaraabHoil peakiuii (puc. 3, b). Ilpu atom 1uia-
CThI MHOTOPSIZIHOTO IMUTEINS MHTEHCUBHO «HAIOJI3a-
Juy> ¢ KpaeB Je(eKTOB 10 aJIOTeHHOMY KOJLJIareHy
(puc. 4, @). B oramdre oT 9TOTO y TIAIIMEHTOB IPYIIITHI
cpaBHeHMs ($aza THOWHOTO BOCHAJEHUS] CMEHSLIACH
copMupoBaHUEeM TPAHYJISIIMOHHON TKAaHU, KOTOPAs
SIBJISITIACH «IIOJICJIOUKOIY JIJIsT HATIOJI3AIOIIETO HIIUTe-
Jing u3 kpaes siechekToB (puc. 4, ¢).

¥ naruentoB ocuoBHol rpytibl mpu UT 1—3-it
CTereH! 110JTHAd AINTeN3alMA 3B HacTynaia Ha 7—10-e
CYTKH 10CJIe TpaBMbI (PHC. 4, b), B TO BpeMsi KaK y Halfi-
€HTOB TPYIIIbI cpaBHeHus — Ha 12—22-e cyTKu.

[Ipu 3akppiTun annumkanueil kojnareta I Tuma
yesioBeka 11pu W'T 2-ii cTerenu nosHas snuTeansaus
CJIMBKUCTON 060IOUKHU TPaxen 1 OPOHXOB IIPOUCXO/IHIIA
JIOCTOBEPHO paHbliie, 4YeM 6e3 HAaHECEHUs: COOTBET-
cTBeHHO 4-¢ (3;7) u 7-e (4;9) cyrku (n,=15; n,=21;
U=49,5; p=0,0004). ITpu 1T 3-ii crenenn nokpeiTre
SI3B CJIMBUCTOH 0BOJIOUKU TPaXeoOPOHXUATBHOTO
JiepeBa pacTBOPOM KoJuiareHa | Takske J0CTOBEPHO
COKPAIIIAJIO CPOKU UX SIMUTETU3ALUHU B CPEIHEM JI0 8-1
(7;10) cyToK, B TO BpeMsI KaK TP BBITTOJTHEHUU CTaH-
NapTHOI CaHALMOHHOW OPOHXOCKOIMKM JAaHHBIN
niepuoy; coctasysian 17 (12; 22) aueir (n,=14; n,=9;

Puc. 4. Cpasuutenbnbie MOP(DOJOTHIECKHE OCOOEHHOCTH Pena-
pauyu sisBennoro 6pouxura npu UT 3-ii crenenu.

Fig. 4. Comparative morphological features of ulcerative bron-
chitis repair in the case of the 3 degree inhalation injury.
Note. a, b — the main group (days 6—7); ¢ — the reference group
(days 12—22). a — cords of multirowed epithelium (MP3) crawl
over the allogeneic collagen; b — complete epithelialization of the
ulcerative lesion of bronchus; ¢ — granulation tissue (arrows) in
the bottom of epithelializing (MP3) bronchial ulcerative lesion.
Hematoxylin and eosin stain, X200.

IIpumeuanue. a, b — ocnoBnas rpymmna (6—7-e CyTKH); ¢ — rpynmna
cpaBHenus (12—22-e cyTKM). @ — TSAKU MHOTOPS/ITHOTO 3ITUTEIINS
(MPD) Haros13a10T 110 aJJIOTeHHOMY KOJITareHy; b — moJiHast a1m-
Ten3alysl SI3BEHHOTO jieekta GPOHXa; ¢ — IpaHyJISIIMOHHAS
TKaHb (CTPEJIKM) B JHe anuresnnaupyomerocs (MPI) s3sennoro
nedexra 6porxa. Okpacka reMaTOKCHIMHOM U 9031HOM, X200.

degree inhalation injury, coating of ulcers of the tra-
cheobronchial tree mucosa with the collagen solution
also significantly reduced the epithelialization period
on average to 8 (7; 10) days, while after the standard
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Tpasma, kposomoTep:, KpoBOTEYEHNUE

U=1; p=0,0001). [Tosyuennbie januble MoATBEPK/IE-
HBI pe3yJibraTaMu MOP(MOTIOrHIeCKUX UCCIeI0BAHUI.

3akiaoyeHue

Taxum 06pasoM, paHHsIs ¥ MOJHOICHHAST DHIIO-
CKOTIMYECKAst CAHAITHSI TIPOCBETA TPAXeOOPOHXUATBHO-
T JiepeBa ¢ MEXaHUYECKUM YIaJIeHUEM KOIIOTH 1 OJIHO-
MOMEHTHBIM 3aKPBbITHEM TTOBPEKICHHBIX YYaCTKOB
CJMBUCTON 000104KK KoJTareHoM | Tuia uesoBeka
COITPOBOK/IAETCS KYNMPOBAHUEM BOCIAIUTEIBHOTO
mporiecca. Perapaiiys mpoTekaeT ¢ paHHUM aKTHBHBIM
ydactreM Makpodaros u (pubpobIacTOB 13 OKPYIKAIO-
X HETIOBPEKIECHHBIX TKAHEH CTEHKI OPOHXOB, a ITPO-
1eCC AMUTETM3AINH 9PO3HUH U 3B yCKOpsieTcs B 2 pasa
3a CYET <«HANOJ3AHUSI» MHOTOPSIHOTO DMUTEUS IO
AJJIOTEHHOMY KoJIareHy I Tura yesioBeka, 3aKpbIBaro-
1niero Ho feekToB. B oTsmyme ot 3TOTO IPU CTAH-
JaPTHON CaHAIMOHHOW GPOHXOCKOIIMH MPOIECC pera-
palum apo3MBHO-I3BEHHBIX /1e(DEKTOB MPOTEKAET IO
MPUHITUITY «BTOPUYHOTO HATIKEHUS», /I KOTOPOTO
cBOlicTBeHHA (pasa THONHO-BOCIATIUTEIBHBIX U3MEHE-
HUI ¢ TIIYOOKUM TTOBPEKIEHIEM MOJITIEKAIIX TKAHEH,
COITPOBOZKIAIONINM (hOPMHUPOBAHUE TPAHYJIIAIUOHHON
TKaHU U 33/IEP’KKOI AITUTEIN3AINHN TTOBPEKICHNN.
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sanitation bronchoscopy, this period was 17(12; 22)
days (n,=14; n,=9; U=1; P=0.0001). The obtained data
were confirmed by the results of morphological studies.

Conclusion

Therefore, early and complete endoscopic sani-
tation of the tracheobronchial tree lumen with me-
chanical removal of soot and simultaneous closure of
the damaged areas of the mucous membrane with type
I human collagen is accompanied by relief of the in-
flammatory process. The repair process takes place
with early active participation of macrophages and fi-
broblasts from the surrounding intact tissues of the
bronchial wall, and the process of epithelialization of
erosion and ulcers is accelerated by 2-fold due to the
«creeping» of the multirowed epithelium over allo-
geneic type I human collagen covering the bottom of
the defects. In contrast, during a standard sanitation
bronchoscopy, the repair process of erosive and ulcer-
ative defects takes place by means of granulation
which is characterized by a phase of purulent-inflam-
matory changes with deep damage to the underlying
tissues, accompanying the formation of granulation
tissue and delayed epithelialization of the lesions.
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ObIMAAd PEAHUMATOJAO0I'UA

Hayuno-npaxrudeckuii skypHaix «O01as peaHuMaToNOT s,
Bxozstuuii B nepeueb BAK PD, B Scopus u gpyrue 6asbl JaHHBIX,
IpeiHa3HAvYeH JIJIsT Bpaueil aHecTe3n0I0TOB-PEAHNMATOIOTOB 1 HAYYHBIX COTPYTHUKOB.

TemaTuka sKypHaJa: natoreHes, KINHIKA, IHArHOCTHKA, JiedeHNe, ITIPOMUIAKTIKA 1 TATOJOTMYeCKasl aHaTOMUS
KPUTUIECKNX, TEPMUHATBHBIX W MTOCTPEAHNMAIMOHHBIX COCTOSTHUI; OKa3aHWe JOTOCTIMTATBHON MOMOIIN TP
KPUTUYECKUX COCTOSIHUSX; OOyUeHUE HACEIEHUS U MEAUIMHCKOTO IIePCOHAA IIPUeMaM OKa3aHUsl HEOTJIOKHOI
HOMOIIY TIPU KPUTUYECKUX COCTOSHUSX; onTuMusaius paborst OPUT; opuanueckuie u sTudecKue BOIPOCH B
006J1aCTU AHECTE3NOIOTUH-PEAHUMATOJIOT UL

Aypuropust: siedeOHble YIPEKACHNsT; BbICIIe YueOHble 3aBeleH sl MEMIIMHCKOTO MPOMIIIST; MEAUIUHCKUE
VUIPEKIEHUSI OCTEANTIIIOMHOTO 00pasoBamust, DeziepaibHble U PerOHATbHBIE OPTAHBI YIIPABJIEHHS 3/[PABOOXPAHEHIEM,
MEIUIIMHCKUE HAYYHO-UCCIIEA0BATEIbCKIUE HHCTUTYThI; MEAUIIUHCKIE OUOINOTEKH.

MOJNMNUCKA

B 11060M nouToBOM OT/I€JIEHUH CBA3U 110 KaTaJaory «KHHra-Ceanc»

* nHAeKC 46338 — /U1 MHINBUIYATbHBIX TOATTMCYUKOB

Jluccepranyy Ha COMCKaHKE YY€HOH CTeNeH! TOKTOPa HayK 0e3 Oy 0IMKOBaHNsI OCHOBHBIX HAYYHBIX Pe3YJlb-
TaTOB B BeJYHIMX >KypPHAJIaX U U3JJAHHUSAX, IepeYeHb KOTOPBIX YTBep KAeH Bpicieii arTecTaliuoHHON KoMuccuei,
OyAyT OTKJIOHEHSBI B cBsi3H ¢ HapymenueM 1. 10 Ilosioskenus o nopsiike MPUCY3KAEHNS] yYEHBIX CTENEHEIH.

[Tepeuens sxypuanos BAK, uznasaembix B Poccuiickoit Denepanun 1o crenranbroctn 14.01.20 «Anecresno-
JIOTHSI U PEAHMMATOJIOTHsI», B KOTOPBIX PEKOMEHIYETCsT IyOJIUKAIUs OCHOBHBIX PE3YJIbTaTOB JUCCepTaluii Ha
CONCKAHNe YYEeHOH CTeIeHN JTOKTOPA N KAHANWIATa MEANIITHCKUX HAYK:

e Anecmesuonozus u peanumamonozus;
*  Obwas peanumamonozusi.
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