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Acute Lung Injury
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Ienv uccnedosanus. Nsyunrs siusiane BUC UBJL u TUBJI ¢ II/IKB Ha okcureHaiuio KpoBH, Ta3000MeH U TeMOIMHAMUKY
Ha DKCIePUMEHTAILHONH MOJIEIM OCTPOro IOBPEX/AEHUs Jerkux. Mamepuan u memoovl. JUisi IPOBeEHUs UCCIIEJOBAHUIT HA
SKMBOTHBIX ObLIM OTOOPAHDI B CIyyaitHOM nopsake 30 caMios GeJibix 6ecnopoHbIX JadopaTopHbIx Kpbic Becom 200—300 1, ¢
NOCJIeAYIONMM paszieJenneM ux Ha rpynmst. 1 rpymna — st TUBJI (n=15). 2 rpymna — aast BUC UBJI (n=13). Kpsicsi ObI-
JIM HAPKOTH3UPOBAHbI BHY TPUOPIONINHHBIM BBeleHneM Ketamuna (6—8 mr/kr) u cuGazona (15—45 Mr). Anecresuio noauep-
SKMBaJIM 00JIOCHBIM BBeZleHreM kKetamuna (1 mMr/kr kaskapie 15—20 mun. ). Bblia npousseieHa TpaxeoCcTOMus /151 YCTAHOBKH
aHI0TpaxeanbHoi TpyOKku muamerpom 0,2—0,4 MM, KoTopas 3aTeM Obula (PMKCHPOBaHAa XMPYPTHYECKON HUTHIO Ha ITyOHHE
2—2,5 cM OT IepcTHEBUIHOTO Xpsitna. Pesynvmamuot. Ocrpoiii pecnuparopusiii gucrpecc-cunapom (OPIIC) umeer yeTkue ru-
CTOJIOTHYECKHE KPUTEPUH TOBPESKIEHUS CTPYKTYP TKAaHH JIETKOTO, IIHPOKO PACIPOCTPaHEH B KIMHHYECKOIl IPaKTHKE U CO-
TIPOBO’K/IaeTCsI BBICOKOI TeTaabHOCTBIO. B cTaThe onncana sxcnepumenTaibnHast moaenab OPIC, cymHoOCTs KOTOPOii COCTONT
B acnmupanuu 45—55% ot o0beMa upKyImMpywomeii kposu B Tedenue 10—15 munyt. OGbeM moTepu KPOBH BOCIOJHSIM PAC-
TBOpOM PeocopOunakta® ¢ nocieayonum BBeendeM ayrorpomoomiactuta (16—20 mr/kr Beca skuBotHoro). Ilposeaeno
HCCIIeZIOBaHNE BIMSIHUS OJIOKUTEILHOTO faBienns B KoHie Bpioxa (IIZIKB) Ha ra3000MeH, reMOAMHAMUKY 1 OKCHT€HALUIO
KPOBH IIPU BBICOKOYACTOTHOM cTpyiiHoii BenTHisiiuu Jerkux (BUC NBJI) u TpaauiiMmoHHON HCKYCCTBEHHO! BEHTUISIIIMY JIeT-
kux (TUBJI). IIpoBeneH cpaBHUTEIbHDIH aHAIU3 TapaMeTPOB razoooMena npu npumenennd TUBJI u BUC UBJIL. 3axaiouve-
nue. BeisiBieno, yro npumenenne II/IKB npu OPZIC yiyuymaer OKCHreHanuio KPOBH BCJIE/ICTBHE YMEHBIICHHSI JIETOYHOTO
HIyHTa, 00Jer4yeHusi paGoThl AbIXaTENbHBIX MBI, yMEHbIIEHUST 00bEMOB HH(PUIBTPHPOBAHHBIX U ATENEKTATHYECKUX TKAHEIH,
a Tak’Ke MoBbIlIeHUs (PYHKIMOHAIBHOI 0CTaTOYHON eMKocTH JerkuX. Kntouesvte cio6a: ocTpolii pecniupaTopHblii 1ucTpecc-
CHHJIPOM, BBICOKOYACTOTHASI CTPYifHAs BEHTHJIAIMS JETKUX, MOJOKUTEIbHOE /IaBJieHre B KOHIIe BbIIOXA.

Objective: to evaluate the impact of high-frequency jet ventilation (HFJV) and traditional positive end-expiratory
pressure (PEEP) ventilation on blood oxygenation, gas exchange, and hemodynamics on an experimental model of
acute lung injury. Material and methods. Thirty albino outbred laboratory male rats weighing 200—300 g were ran-
domly selected for investigations and further divided into groups: 1) traditional ventilation (TV) (n=13); 2) HFJV
(n=15). The rats were anesthetized with intraabdominal ketamine (6—8 mg/kg) and sibasone (15—45 mg). Anesthesia
was maintained by the bolus administration of ketamine (1 mg/kg every 15—20 min). Tracheostomy was carried out
with a 0.2—0.4 mm diameter endotracheal tube that was then fixed using surgical thread 2—2.5 cm deep to the cricoid
cartilage. Results. Acute respiratory distress syndrome (ARDS) has clear histological criteria for lung tissue struc-
tural injury; it is widely prevalent in clinical practice and associated with high mortality rates. The paper describes an
experimental ARDS model, the essence of which is 45—55% aspiration of the circulating blood volume for 10—15 min-
utes. A Reosorbilact® solution was used to compensate for the volume of blood loss, which was followed by the
administration of autothromboplastin (16—20 mg/kg animal weight). PEEP was studied for its impact on gas
exchange, hemodynamics, and blood oxygenation during HFJV and TV. Gas exchange parameters during TV and
HFJV were comparatively analyzed. Conclusion. The use of PEEP for ARDS was ascertained to improve blood oxy-
genation due to decreased pulmonary shunt, better respiratory muscle performance, lower infiltrated and atelectatic
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tissue volumes, and higher lung functional residual capacity. Key words: acute respiratory distress syndrome, high-
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BBeaeunne

OcTphili pecTMpaTOPHBIN ANCTPECC-CUHAPOM SIBJIS-
ercsl BakHelIel 1pobieMoil aHeCTe3nONIOrnU-peaHnMa-
Tosornu [ 1—4].

B 1967 ronxy D.G. Ashbaugh [5] Buepsbie onuca
KJIMHIYECKYEe TTPOSIBIEHNS] OCTPOTO MTOBPEKACHMS JIETKUX
y 12 nanueHToB, XapaKTepU3yIOINuecs ABYXCTOPOHHEI MH-
(pusprparnmeit Jerkux M COMyTCTBYIONIEN TSKEJIOH THIIO-
KCeMUeil PH TTOJTHOM OTCYTCTBUY TIPU3HAKOB Kap/IHOTEH-
Horo oreka Jerkmx [6]. C 1994 roma mpemsnoxxeHo
0603HaUaTh aHHOE cOCTOsTHUE Kak «OcTpblii peciupaTop-
HbIH quctpecc-cuaapom» (OPIC) [7].

[Tpu OPZIC oTmeuaeTcs BbICOKas JeTATbHOCTD T /10
CETOJIHSIIIIHErO JIHsI He pa3paboTaHbl 3G (heKTUBHbIE METO-
ITBI €70 JiedeHus |8].

UckyccrBennaa Bentnssims erkux (VBJI) mopnep-
JKUBaeT ra3oBooOMeH y nanuenTos, crpagaonmx OP/IC. Kak
UBBECTHO, GOJIbIINE JIbIXaTeIbHbIe 0OBEMbI 1 BEHTUJISAIUS C
TIOJIO’KUTEIBHBIM  JIABJIEHHEM TIOBPEKIAIOT aJIbBEOJISIPHBIE
ATUTETNATIbHBIE KIIETKH, 9HI0TETMATbHBIE KIIETKH JIETOUHBIX
KanuuisapoB 1 GasaibHyro MemOpany. B utore a1o pusoaut
K aJIbBEOJISIPHOI BOJIFOMOTPABME U MOPOYHOMY KpPYTY JUTH-
TespHOTO TipoBesierns VIBJI, kotopas B cBoto odepens ycy-
ry6JIsieT OBPesKIeHUE JIETKUX U TIOBBILIAET JIETATbHOCTD [9].

Jluist petieHust 910l 1po6IeMbl paspadoTaHbl METOIbI
WBJI ¢ MaJIbIMU IbIXaTeIbHBIMU 00bEMaMHU, JOMYCTUMOM
TUTIEPKAITHUEN, COMYTCTBYIONUM PECITMPATOPHBIM allu/I0-
30M ¥ 00PATHBIMU COOTHOIICHUSIME BPEMEHU BOXA U BbI-
noxa. B akcriepumenTe u B JiedeGHOI IIPAKTUKE CYIIECTBY -
0T MeTO/bl, KoTopele MoryT momonHuth [TUBJI. Onm
PSIZIOM aBTOPOB OIEHUBAIOTCS KaK KINHNYeCKN d(hheKTHB-
Hble mpu Jgedenun 60ibHbIX ¢ OP/C n B yMeHbIIEHNH
OP/1C-cBsasannoit cmeptaocTH [10—12].

B orimumne ot TUBJI, BbicOKOUaCTOTHASI BEHTUJISATIMS
(BYB) 1npoBoautes abixaTebHbIME 00beMaMi MEHbILIMI,
yeM BeJIMYMHA «<MEPTBOTO TPOCTPAHCTBA» 1 YaCTOTAMH, TIpe-
BBIIIAIOIIMME (DUBKOJIOTHYECKIE 3HAaYeHUs. Takim 06pasoM,
B0 BpeMst BUB Jieroutbie 0GbeMbl OCTAIOTCS OTHOCUTEIBHO
CTaOUJIbHBIMU Ha TIPOTSIKEHIHU TIOJIHOTO JIBIXATEIbHOTO IHK-
J1a, YMEHbBIITaeTcs IOBPEesK/IeHe JIETKUX BCIIEICTBUE TeTepo-
TeHHOTO PACIITUPEHUs JIETKUX U CHIKEHUE ITUKOBOTO JIaBJie-
HUSI B JIBIXaTEJIbHBIX IYTSX, YJIYUIIAeTCsl Ta3OBbIil COCTaB
kposu [13—15]. Cymtectsyior Tpu Bapuaxta BUB. Bsicoko-
yactotHas cTpyiinas Bentuanms (BUC VIBJI), Beicokouac-
ToTHas ocruATopHas BeHTH A (BHOB) n Beicokoua-
CTOTHAs BEHTHJISIMS C TOCTOSHHO TOJOKUTETHHBIM
nmasrenneM (BUBIIIT) [16—19]. VI3 Hux TobKO TIepBhIe 1Ba
HAIIJIN ITUPOKOE ITPUMEHEHNE B KIMHIYECKON MTPAKTHKE.

Koraa mpoBoanTcs BcioMoraTeibHAs BEHTHIISIIUS Y
6ompabix ¢ OP/IC, mpumenenne IIJIKB MunmMusupyer
HEBEHTUJIUPYEMbII 0ObeM JIETKUX U yBeJMYuBaeT (hyHK-
IIMOHATIBHYIO OCTATOYHYIO €MKOCTh, 4TO MOKET YMEHb-
IIUTh JIETOYHBIN IIYHT, YJAYYIIUTh OKCUTEHAIUIO, YBEJIU-
YKUTh CATYPAIUIO TeMOIJIOOMHA U CHU3UTh «IOTPEGHOCTh>
BO BAIBIXaeMoM Kkucyopoze [20—21].

Coueranne BYB, mpm xotopoii ncmosb3yercs OT-
kpoITeii KOHTYP ¢ [I/IKB, B koHEUHOM cueTe yaydmmaeT ok-
cUreHaruio Kposu [22—24].

Introduction

Acute respiratory distress syndrome is considered as
important problem in anaestesiology-reanimatology[1—4].

In 1967, Ashbaugh DG [5] firstly described clinical
manifestations of acute lung injury in 12 patients, which
were characterized by bilateral pulmonary infiltration and
associated severe hypoxemia in the absence of signs of car-
diogenic pulmonary edema [6]. From 1994 it is proposed to
designate this condition as «acute respiratory distress syn-
drome» (ARDS) [7].

Even if these two conditions develop separately, they
have high mortality coefficient and there are no any effi-
cient methods of their treatment up to now [8].

Mechanical ventilation (MV) replaces one of the
vital functions of organism and supports gas exchange in
patients with aforesaid pathologies, and it plays an enor-
mous role in elimination of these disorders. It is known
that high tidal volumes and ventilation with positive end
expiratory pressure damage alveolar epithelial cells,
endothelial cells of pulmonary capillaries and basal mem-
brane. As a result, this leads to alveolar trauma and vicious
circle of prolonged mechanical ventilation of patients,
which in turn deteriorates the pulmonary damage and
increases the mortality [9].

To avoid these problems the mechanical ventilation
methods with small tidal volumes, permissible hypercarbia,
associated respiratory acidosis and reverse relations of
inspiratory and expiratory time was suggested. In addition,
several methods available for both experiments and clinical
practices can assist conventional mechanical ventilation
and its supportive modes. They have been evaluated as
clinically effective methods for the treatment of patients
with ARDS that lead to decrease in ARDS related mortal-
ity [10—12].

Unlike the CMV, which includes repeated increases
and decreases in high tidal volumes, high frequency venti-
lation (HFV) is performed with small tidal volumes that
are less than dead space, and with respiratory rate that
exceeds physiological ranges. Consequently, during HFV
the pulmonary volume stays relatively stable during the
complete respiratory cycle, and the pulmonary damage
lessens due to heterogeneous expansion of the lungs and
high pressure in airways, blood gases improve and inflam-
matory reaction is decreasing [13—15]. There are three
modes of HFV. They include high frequency jet ventilation
(HFJV), high frequency oscillatory ventilation (HFOV)
and high frequency ventilation with continuous positive
pressure (HFV+CPP) [16—19]. Of these modes only first
two ones are widely used in clinical practice.

During supportive ventilation of patients with
ARDS, application of PEEP minimizes non-ventilated vol-
ume of the lungs and increases functional residual capaci-
ty, which can reduce pulmonary shunt, improve oxygena-
tion, increase saturation of hemoglobin and decrease the
demand in inspired oxygen [20, 21].

Combination of HFV and PEEP, in which the open
circle system is used, optimizes the recovery of pulmonary
volume and improves oxygenation [22—24].
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[lenv uccnenoBanug — wudyuntb Biausinue BYUC
WBJI u TUBJI ¢ TI/IKB Ha okcureHaiuio KpoBH, raz006-
MEH 1 TeMO/INHAMUKY Ha 3KCIIEPUMEHTAIbHON MO/IEJIN OC-
TPOTO IOBPEK/IeHUS JIeTKUX.

Marepuan u MeTobI

IToaroroBka J1aGoOPATOPHBIX KUBOTHBIX. [lociie momydeHust
ono6penust HalimoHambHOTO 9THYECKOTO KOMUTETA Mpu MuHmC-
TepcTBe 3paBooxpanenust Pecry6uiku Y36ekuctaH st TipoBe-
JIEHUS VICCTIeIOBAHUIT HA JKUBOTHBIX OBIITH OTOGPAHBI B CITyYaitHOM
nopsizike 30 camioB Gestbix GeCopOIHBIX TaO0PATOPHBIX KPBIC Be-
com 200—300 rp, ¢ moceayIoNUM pas3aeseHneM X Ha TPYIIbL. 1
rpymma — TUBJIL (n=15). 2 rpynna — BUC UBJI (n=15).

Kpbichl GbUTH HAPKOTH3MPOBAHBI BHYTPHOPIONINHHBIM BBE-
nenvieM Keramuna (6—8 mr/kr) u cubasona (15—45 mr). Anecre-
3UsI TOJ/IEPAKUBATACH GOMIOCHBIM BBeeHneM Ketamnta (1 mMr/Kr
kaxbie 15—20 mun.). Bplia mponsseiena TpaxeocTOMuUst JIJIsT yC-
TaHOBKM dHIOTpaxea bHoil TpyOKu auamerpom 0,2—0,4 MM, KOTO-
past 3aTeM Gblia GUKCHPOBaHA XUPYPrUYECKON HUTHIO HA IIyOuHe
2—2,5 M OT MEPCTHEBU/THOTO XPSIIIA.

Ilospesxnenne merkux. CyliecTByeT HECKOJBKO CIHOCOOOB
monerpoBanusg OP/[C. OcyiiecTBasioTcs OHM Pa3IMYHbIMI
crmoco6aMi U UMEIOT OTPeleIeHHbIE TEXHUYECKHE CJIOKHOCTH
(tabm. 1) [25—28].

Hamre mopmenuposanue OP/[C 3axiiovaercst B acrnupanuu
45—55% ot obbema IUpKyJMpyionieil Kposu B tedenre 10—15
MUHYT, 1 BOCTIOJTHEHNT 00beMa TOTEPH KPOBU pacTBopoM Peocop-
Gumakta® c TOCAETYIONNM BBEIEHHEM ayTOTPOMOOIIACTIHA 13
pacuera 16—20 Mr/Kr Beca JKUBOTHOTO.

TMocse aHamM3a Pa3IMYHBIX CIOCOOOB MOJETMPOBAHUS
OPIIC, 1. e. Mopiesieit moBpeskerust jjerkux (tabs. 1), mpemiarae-
MBIl crocob, ¢ Hallell TOYKU 3peHusl, siBJsieTcst Gosee HU3MOII0-
IUYHBIM 1 HE UMEET TeXHUYECKUX CIIOKHOCTEI.

[Mosyyenne Tpomboriactuna. OTAessIeTCsT Cepoe BEIECTBO
TPYIHOTO OJIOBHOTO MO3Ta U U3MEJIbYAETCS B MUKCEPe B TeUeHHe
10 MuH 10 ToJyyeHus rpy6oit romorenHoil cmecu. Ee pasiusaior
BO (hs1akOHBI BMECTMOCTBIO 250 MJ1 110 50 MJI B KasK/Iblil, 3aTeM 3a-
mopaknBaioT 10 —40°C. [Tocsie 3aMOPO3KH TOTYAC TPOBOJIAT OTTA-
nuBanue pu +36°C 1 cHOBa 3aMOPAKUBAIOT IIPH TOH JKe TeMIepa-
type. IIOBTOPHO Pa3MOpOKEHHYIO CMeCh Pa3BOAST PABHBIM
06bEMOM OUHIEHHON BOJIBI, TIIATEIBHO MEPEMENICBAIOT 1 IIEHT-
pudyrupyior nipu 600g u remneparype +5°C B Teuenue 30 MuH.
CyrepHaTaHT OT/IENSETCS, & K OCTABIIEMYCST OCA/IKY CHOBA 100aB-
JISIETCST TAKOIH sKe 00BeM 0YeleHHOMN BO/IbI U TIOBTOPHO IEHTPU]Y-
rupyercsi B ToM ke peskume. CynepHaTtaHT CHUMAIOT, OCTaBIIYIOCS
CMeCh TIPoBepOT Ha pH M aKTUBHOCTH MPOTPOMOMHOBOTO KOM-
IJIEKCa KOHTPOJBHOU T1asmoii. Ecsm mosyuennble 3nauenust
YIOBJIETBOPSIIOT TPEGOBAHIIS, TO CMECh TOTOBSIT K IPHMEHEHUIO.

MeToabl UCKYCCTBEHHOH BEHTHJIALMM Jerkux. B obenx
rpymmnax VIBJI ocymiecTBIsuIn Ipu MOMOIIN anmapara cOGCTBEH-
HOiT KoHCTpyKInn (HoMmep roc. peructparmi Ne FAP 20130166),
[IPU 9TOM HAIPSIKEHHUE YIJIEKICIOr0 ra3a B apTepuasibHOi KPOBH
nojyiepskuBasn B rpesenax 35—40 mm pr. ct. IlepBoii rpyiiie mpo-
Boznin TUBJI co caexyomuMn 3HaueHUSIMI TTapaMeTPOB: JIbIXa-
TesbHbIi 00bem 0,008 M1/, yacTora abixanust 60 IUKJIOB B MU-
HYTY, cooTHouieHue BpeMenu Bpoxa u Bbigoxa (L:E) 1:1, m
paxmma Basixaemoro kucsoposaa (FiO,y) 1.0. Bo Bropoii rpymie
JKMBOTHBIM ObIJI yCTaHOBJIEH Karerep janamerpoM 0,2 MM B 9H/I0-
TpaxeasbHyo TPYOKY. BEHTHIIAINIO TIPOBOANIN CO CITEAYIONUMU
napameTpaMu: abixaTesibHbiii oobem 0,002 Mii/rp, yactora abixa-
nust 100—120 muxios B munyty, LE — 1:1 u ¢pakuns Basixaemo-
ro yBiakHeHHOro kucsaopoza (FiO,) 1.0.

MMocae noarsepxaenus Hamnuus OPIC B obenx rpynnax
6b10 npumeneno IIJTKB = 5 cm Boa. cr., a 3atem II/ITKB = 10 cm
BojL. c1. [luist cozpanust IIJJKB 6pasu tabopatopHblii cTakaH BbICO-
Toil 20 ¢M, MOJHOCTBIO HANOJIHEHHDBIA BOAOH, KOTOPBIA ObLI M0-
CTaBJIEH HA 9KCIEPUMEHTAIBHBIN CTOJI, Ha OJHOM YPOBHE C KPbI-
coil. 3areM K MIJAHTY BBIJOXA JBIXaTEJIBHOrO KOHTYpa ObLI
MOJKJIFOYEH APYTOil IIUIAHT, KOHEIl KOTOPOTO GBI TIOTPYKEH B BO-
1y B 1aOPATOPHOM CTaKaHe Ha 5 CM C IIEJIbI0 CO3/[aHMsT COOTBET-
cryiontero [1/IKB (puc. 1).

Objective. To study in comparative aspect the influ-
ence of HFV and CMV with PEEP on oxygenation, gas
exchange and hemodynamics in experimental model of
acute lung injury.

Materials and Methods

Preparing the laboratory animals. After receiving the
approval of the National Ethics Committee of Ministry of Public
Health of Republic of Uzbekistan for this study, 30 white male
outbred laboratory rats with weight of 200—300 g were randomly
selected and divided into two groups: 1st group — for CMV
(n=15) and 2nd group — for HFV (n=15).

Rats were anesthetized with intraperitoneal administration
of ketamine (6-8 mg/kg) and diazepam (15—45 mg). Duration of
operation was 1—2 hours. Anesthesia was maintained with bolus
administration of ketamine (1 mg/kg every 15—20 min).
Tracheostomy was performed for insertion of endotracheal tube
with the diameter of 0.2—0.4 mm, which was fixed with surgical
suture of 2—2.5 cm below the cricoid cartilage.

Lung injury. There are several methods of modeling ARDS of the
lungs. They can be performed with different ways and each one was
described to possess specific technical difficulties (Table 1) [25—28].

After analysis of various methods of ARDS modeling, i.e.
models of lung injury (Table 1), we suggest the following method
that is to our opinion more physiological and does not include
technical difficulties.

The suggested model of ARDS includes aspiration of 45—55%
of circulation blood volume during 10—15 min and replacing blood
loss by the solution of Rheosorbilact® followed by administration
of thromboplastin at the dose of 16—20 mg/kg.

Thromboplastin preparation. Grey matter of cadaver brain is
separated and ground in the mixer for 10 min till formation of
coarse homogeneous mixture. Bottles with the capacity of 250 ml
are each filled with 50 ml of this mixture and frozen to -40°C. After
freezing they must be immediately thawed in +36°C and then
again frozen. Then again they are thawed and diluted with equal
volume of distillated water, thoroughly mixed and centrifuged in
600g and +5°C for 30 min. Supernatant is deleted, and left sedi-
ment is diluted with the equal volume of distillated water and
again centrifuged in the same mode. Supernatant is deleted, and
left mixture is checked for its pH and activity of prothrombin
complex with control plasma. If derived results satisfy the require-
ments, then mixture will be prepared for application.

Methods of mechanical ventilation. Mechanical ventilation
in both groups was performed with the aid of a mechanical ventila-
tor of our own construction (Registration No. FAP 20130166).
Ppartial pressure of carbon dioxide in arterial blood was main-
tained within the range of 35—40 mmHg. Ventilation in 1st group
was done by CMV with the following settings: tidal volume (Vt) —
0.008 ml/kg, respiratory rate (f) — 60 per minute, relation of inspi-
ratory and expiratory time (I:E) — 1:1, and fraction of inspired
oxygen (FiOy) — 100%. Animals in 2nd group were intubated by a
catheter with diameter of 0.2 mm and connected to the humidified
respirator. Ventilation was carried out with the following settings:
tidal volume (Vt) — 0.002 ml/kg, respiratory rate (f) — 100—120
per minute, relation of inspiratory and expiratory time (L:E) — 1:1,
and fraction of inspired oxygen (FiOy) — 100%.

After the presence of ARDS was confirmed in both groups,
PEEP of 5 cm H,O was applied followed by PEEP of 10 ¢cm H,O.
To make PEEP we took a filled with water beaker 20 ¢cm high and
put it on the table at the same level with the rat. Then a tube from
the expiratory port of breathing circuit was dipped into 5 ¢cm to
make PEEP of 5 cm (Fig. 1).

During the experiment there were 4 stages:

1. Baseline values after all preparations were ready;

2. The stage at which ARDS is confirmed,;

3. The stage after PEEP of 5 cm H,O was applied;

4. The stage after PEEP of 10 cm H,O was applied.

In each group blood gases analysis of arterial and venous
blood was conducted. In addition the following parameters were
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Ta6imua 1. JKCIepPUMEHTAIbHbIE MOJIEIH OCTPOTO IIOBPEKIEHUST JIETKHX
Table 1. Experimental models of acute lung injury

Model Which feature of ARDS Difference from Technical difficulties
is represented ARDS in human
Oleic acid Acute phase and phase of reparation  Similar to ARDS in human that Well performed model. Oleic
are histopathologically develops due to fat embolism. acid must be intravenously
and physiologically similar Does not reflect the pathology administered, which may be
to ARDS of septic ARDS difficult in small animals
Lipopolysaccharide Inflammation with neutrophils Changes in alveolar-capillary Well performed experiment
(LPS) and increase in intrapulmonary permeability are not apparent
cytokines
Aspiration with acid Breach of alveolar and capillary In humans aspiration occurs with Well performed experiment.

barrier with infiltration of neutrophils = gastric content, not with pure acid ~ Small gap between damaging
and non-damaging doses

High fraction of oxygen Acute phase of epithelial injury is In human application of 100% Well performed experiment.
in inspired air replaced by proliferationof alveolar oxygen does not result in injury; Needs special equipment to
cells type II and fibrosis implication of hyperoxia in support and monitor desired
pathogenesis of ARDS is not known gas composition
Bleomycin Acute inflammatory injury followed ~ Hyaline membranes do not form in ~ Well performed experiment
by reversal fibrosis human ARDS. Physiological
similarity is not observed
Pulmonary ischemia-  Increase in pulmonary vessel Hemorrhagic injuries Needs complicated surgery
reperfusion permeability, infiltration with
polymorphous nuclear neutrophils
Ischemia-reperfusion  Increase in permeability of micro- Inflammatory component Needs surgical intervention
of other organs vessels and sequestration of polymor- is limited only to interstitial tissue
phous nuclear neutrophils in lungs
Intravenous Interstitial edema, sequestration Minimal apparent Choice of bacteria is important
administration of polymorphous nuclear neutrophilicalveolitis.
of bacteria neutrophils Hyaline membranes do not form
Intrapulmonary Increase in permeability of vessels, Culture isolation in the peak Choice of bacteria is important
administration interstitial edema, of ARDS is rare in human
of bacteria neutrophilicalveolitis
Ligation and puncture Increase in permeability of vessels, Formation of hyaline membranes Needs surgical intervention
of caecum neutrophilicalveolitis is minimal

Note (npumevanue). Model — mozesn; Which feature of ARDS is represented — kakue ocobernroctit OPIIC orpasxaer; difference from ARDS
in human — ormmaus or OPJIC wenoseka; technical difficulties — Texnnueckue coxuocty; oleic acid — osennosast kucsiora; acute phase and
phase of reparation are histopathologically and physiologically similar to ARDS — ocrtpast (hasa u hasa perapaipn ruCTonaToJorndecki u (u-
suosornyecku cxoxka ¢ OPIIC; similar to ARDS in human that develops due to fat embolism, does not reflect the pathology of septic ARDS —
nmeer cxoicTBo Tosbko ¢ OPIC yesoBeka, BHIBBAHHBIM JKUPOBOii aMOoJmeli, He oTpaskaer narosoruio centudeckoro OP/IC; well performed
model, oleic acid must be intravenously administered, which may be difficult in small animals — xoporo BocrponsBorMas MojieJib, Tpedyercst
BHYTPHBEHHOE BBEJICHUE OJIEMHOBOIT KICJIOTBI, YTO MOJKET OBITh CJIOKHO Y MEJKUX KUBOTHBIX; LPS — sumonomicaxapu; inflammation with
neutrophils and increase in intrapulmonary cytokines — seiirpodibHOe BoCTIATIEHIE ¢ YBEIUYEHITEM KOJITYECTBA BHY TPUIETOYHBIX [[UTOKIHOB;
changes in alveolar-capillary permeability are not apparent — u3MeHeHHs albBEOJISIPHO-KATIMUIAAPHOIT TpoHuiaeMocTu Hesesky; well per-
formed experiment — aKcriepuMeHT X0pomio TpousBoaM; Aspiration with acid — acrupanust kucaorsr; breach of alveolar and capillary barrier
with infiltration of neutrophils — HapyreHue aabBeOJSIPHOrO M KalMLIAPHOTo Gapbepa ¢ HeliTpoduiibHoii nHduIbrparmeii; in humans aspira-
tion occurs with gastric content, not with pure acid — y desoBeka IIPOUCXONT ACITUPAIIS JKETYIOYHOTO COIEPIKIMOTO, & He YHCTON KICJIOTBI;
well performed experiment. Small gap between damaging and non-damaging doses — akcriepumenT Xopoiio BociponssoanM. HeboubInoi n-
TepBaJl MEK/LY TIOBPEKAAIoNIel 1 mHenospekaaionieii gosoi; High fraction of oxygen in inspired air — nosblientoe coaepskanme KUCJI0poja B
Boayxe; acute phase of epithelial injury is replaced by proliferationof alveolar cells type IT and fibrosis — ocrpast haza snmTemanbHOTO TTOBPEK-
neHust cMensiercst postideparmeit ambseosormTos 11 tuma u dr6posom; in human application of 100% oxygen does not result in injury; impli-
cation of hyperoxia in pathogenesis of ARDS is not known — y uenoBeka nprmenetre 100% Kicopo/ia B JIETKHX He BbI3bIBAET TIOBPEKIECHIIS,
BosJieyena jiv runiepokenst B narorenes OP[C we sicho; well performed experiment. Needs special equipment to support and monitor desired gas
composition — Xoporast BOCIPOM3BOIMMOCTb IKcTiepiuMenTa. TpeGyeT criermarbHoro 060py0BaHust 7ist 06eCIieYeH s i MOHUTOPUPOBAHISI JKe-
JlaeMoro razoBoro coctasa; Bleomycin — 6aieomuiin; acute inflammatory injury followed by reversal fibrosis — octpoe BocnamrenbHoe noBpex-
JIEHKE € TTOCTIey oM oOpaTnMbiM hrGposom; hyaline membranes do not form in human ARDS. Physiological similarity is not observed — y ue-
soseka iprt OPJIC we hopmupyiorest rnamaoBbie MemOpanbl. Dusnorarosori-ueckoe cXofCTBO He yeranorieHo; well performed experiment —
XOpolliask BOCIPOU3BOANMOCTD; Pulmonary ischemia-reperfusion — sierounas winemusi-periepdysus; increase in pulmonary vessel permeability,
infiltration with polymorphous nuclear neutrophils — yBesmuernue npoHUIAEMOCTH COCYIOB JIETKUX, HHMUIBTPAIIS TOJUMOPHOHO-sIICPHBIMI
HeiiTpadiiamu; hemorrhagic injuries — remopparndeckue noBpeskertst; needs complicated surgery — Tpedyercst ClI0KHasT XUPYPrUYecKast orte-
panust; Ischemia-reperfusion of other organs — nnemusi-peniepgdysust Apyrux opratos; increase in permeability of microvessels and sequestration
of polymorphous nuclear neutrophils in lungs — yBesiraerHast mpoHuTIAEMOCTD MUKPOCOCYIOB 1 CEKBECTPAIHST TIOTMMOP(hHO-SIIEPHBIX HEHTPO-
(uios B Jierknx; inflammatory component is limited only to interstitial tissue — BocIoJIMTEbHbI KOMIIOHEHT OpraHnyer nHTepeTuieM; needs
surgical intervention — Tpebyercst XMpyprideckoe BMenareibeto; Intravenous administration of bacteria — BryTpuBentoe Beeerne Gakrepuii;
interstitial edema, sequestration of polymorphous nuclear neutrophils — nrTepcTuIANBHBIN OTEK, CEKBECTPAIMA MOMMMOPHOHOSAEPHBIX HEIT-
poduios; minimal apparent neutrophilicalveolitis. Hyaline membranes do not form — MutmnManbHO BbIpaKeHHBII HEATPODUIBHBIN aJIbBEOJIHT.
Tuammiosbie MeMOpatibl He o6pasyiorest; choice of bacteria is important — BakHoe 3Hauerue umeer Bbibop Gakrepu ; Intrapulmonary adminis-
tration of bacteria — BHyTprIerounoe Beezietvie Gakrepuii; increase in permeability of vessels, interstitial edema, neutrophilicalveolitis — yse-
JIAYeHre IPOHUIAEMOCTH COCY/IOB, MHTEPCTUIMATILHBIN 0TeK, HeliTpodmiib- Hblii anbeeosut; culture isolation in the peak of ARDS is rare in
human — BeiceBanue Kyssrypb B iebiore OPI[C y yesoBeka Berpedaercst pefiko; choice of bacteria is important — BakHOe 3HaYeHME UMEET Bbl-
6op Gaxrepun; Ligation and puncture of caecum — Jiernposatyie W IyHKIMsE CICHON KHIIKK; increase in permeability of vessels, neutrophili-
calveolitis — yBesmyena IpoOHNIIAEMOCTD COCYIOB, HeiiTpoduibHbIi anbaeosut; formation of hyaline membranes is minimal — dbopmuposanue
THATMHOBBIX MEMOPaH MUHIMATbHO; needs surgical intervention — He0GXOIMO XHPYPIUYECKOE BMEIIATETBCTBO.
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B xoe akcriepuMenTa ObITH OTMEYEHBI YETBIPE OCHOBHBIX
MOMEHTa:

1. MCXOJHbIE 3HAYEHTISI, KOT/IA OJTOTOBKA ObLIIa 3aKOHUYEHa;

2. momenT, Korga OPIIC 6bl1 HOATBEPKICH;

3. MomenT, Korja 6bio npumeneno IT/JKB 5 cm Bog. cr;

4. MmomenT, korga 6b110 nipuMeneno IT/TKB 10 e Boj. cT.

B kaxxz10if rpyiiie mpoBOAMIN aHAIU3 KUCJIOTHO-OCHOBHOTO
cocrostamst (KOC) aprepuabHOIl 1 cMeNTaHHO BEHO3HOI KPOBU.
Wamepsi: wactoty cepaeunsix cokpaniennii (YCC), cpemnee ap-
tepuasbioe aasienne (CA/l), pektaibHyio TeMIepaTypy, TaHHbe
IyJIbCOKCUMETPHU U ITHUKOBOE J[ABJIEHHE B JbIXATEIbHBIX ITyTSIX
(Paw), GbLJT BEIYHCIEH abBEOJISIPHO-aPTEePUATBHBII MPAJUEHT 110
kucaopony (AaDO,).

Crarucruka. Bee pesysisrarsl ObLIM COCTaBIIEHbI KAK CPejiHee
3HAYEHHUE + CTaHAAPTHAs OMMOKa, 1 OBLIM PACCMOTPEHBI KaK CTa-
tucrtnuecku sHaunmbie pu p<0,05 (koapduinent CrbrojieHTa).

Pe3yibrarhl 1 00CyKI€HHE

Bec xpoic rpymmax #ve otsimgasncs (200—300 r). Uec-
XOJIHbIE JaHHbIe: apTepranbHoe fasnenne (A/l), SpO,, HCC
U HaNpsDKeHMe KUcJaopoza B aprepuasibuoit kposu (PaO,)
T10CJIe TIOITOTOBKH K 9KCIIEPUMEHTY He Pa3/IMYaIich MEKILY
rpymmamu. AaDO, yBeamaniach B 00€UX TPYIIIAX TOCJe T0-
BPEXK/ICHUS] JIETKUX, M YMEHBIIUJIACh TI0CJe TIPUMEHEHUS
I[TAKB. Cratuctiyecku 3HAYNMBIX PA3INUNI MEK/LY JIBYMST
TPYIIIaMU TI0 ATOMY [TapamMeTpy He oTmedasi (Tadr. 2).

[Mocae dopmupoBanust OPIC nerkux, B nepsoit (1)
rpymire, PaO, BHauase caususocs 0 114,2 £ 33,9 mm pr. cT.,
a nocsie ipumenennst [IJIKB 5 ¢m Boji. cr. u 10 M Boj. cT.
PaO, ysemmauinocs 1o 318+23,7 mm pt. c1. 1 396,6+24,2 Mmm
PT. CT., COOTBETCTBEHHO (pHC. 2).

AHaJIOTMYHO BBINIEYKA3aHHOMY, I0CJE TIOBpEXK/ie-
HUg Jerknx Bo 2 rpymme, PaO, BHavase CHU3WIOCH /10
125,7+32,3 no nocsie npumenennst [IJ/IKB 5 cm Box. cT. 1
10 cm Bog. ct., PaO, yBemmuunmnocs 10 307,3£48,2 MM pT. CT.
n 384,6+34,7 MM pT. cT., cooTBeTCTBeHHO. OTMEUaNn 3Ha-
YUTEJbHYIO PasHUIly Mex1y 3Hadenusimu PaO, nocie mo-
BPEKJIEHUS JIEFKUX B CPAaBHEHUM C UCXOAHBIMU B 00€MX
rpymmax, 1 Xots 3Hadenus PaO, yBeImunimnch 3HaunTe b-
HO B o6Geux rpynmnax mocie npumenenus [TIIKB, smaun-
MBIX Pa3JIMYIN MEK/LY TPYIITIaMU He ObLIIO.

3HaunTeIbHBIX H3MeHeHuit yposusa PaCO, 1 rpymnne
He 6b110. Bo 2 rpymnme, yposernr PaCO, cuusuics mocie
npumenenust IIJITKB = 5 ¢M Boa. cr., u enie 6ojiee yMeHb-
mrusics rocse npumenenus [IJIKB = 10 cm Boj. ct. 3naue-
uus PaCO, Bo 2-0if TpyTine ObLIH HIDKe, 9eM B 1-i1 Ha Bcex
aTamnax akcrepumenta (puc. 3).

ventilator

Puc. 1. CxemaTnunoe u300paskeHne Mo aui BbICOKOYACTOTHOI
HCKYCCTBEHHOMN CTPYHHON BEHTHJISIMH JETKUX C IPUMEHEHHEM
N0JIOKUTENbHOTO JaBJIeHHs K KOHILY Bbiioxa 5—10 cM Boj. CT.
Fig. 1. Application of positive end-expiratory (PEEP) in rats.
Note (npumeuanue): water — Boza; mechanical ventilator — an-
Hapar MCKyCCTBEHHOIT BEHTH/ISAIINY JIETKUX.

monitored: heart rate (HR), mean arterial pressure (MAP), rectal
temperature, SpO,, peak pressure in airways (Paw), and alveolar-

arterial gradient (AaDO,) was calculated.

Statistics. All results were given as mean value + standard
error, and considered as statistically significant when p value was
<0.05 (Student's coefficient).

Results and Discussion

There was no significant difference in the weight of
rats in both groups (200—300 g). After preparation base-
line values of arterial blood pressure (BP), SpO,, HR,
PaO, did not differ between both groups. After lung injury
alveolar-arterial gradient of oxygen (AaDOQ,) increased
and it decreased after application of PEEP. There was no
statistically significant differences between both groups by
this parameter (Table 2).

After ARDS modeling, PaO, in Group 1 decreased
up to 114.2+33.9 mm Hg, and after application of PEEP of
5cm H,O and 10 cm H,O, it increased up to 318+23.7 mm
Hg and 396.6+24.2 mm Hg, respectively (Fig. 2).

Similarly to the above, PaO, Group 2 fell up to
125.7+32.3 after lung injury, and rose up to 307.3+48.2 mmHg
and 384.6+34.7 mmHg after application of PEEP of 5 cm H,O
and 10 cmH,O, respectively. There was significant difference
between PaO, at baseline and after lung injury. And although
PaO, increased significantly in both groups after application of
PEEP  there was no big difference in both groups.

As for PaCO,, in 15t group it did not change signifi-
cantly during the whole experiment. But in 27d group
PaCO, decreased after application of PEEP of 5 cm H,0,
and became more less with PEEP of 10 cm H,O. So during

Ta6Jmua 2. PecrmpaToprle NOoKa3aTeJid B UCCIIEAYEMBIX I'DYyIIIIaX Ha dTallaX IKCIIEPUMEHTa

Table 2. Respiratory measurements in both groups

Measurements Ventilation mode Without acute injury ARDS PEEP 5 cmH,O PEEP 10 cmH,0
PaO,, mm Hg CMV 376x£19.7 114.2+£33.9* 318£23.7* 396.6+24.2*
HEJV 320+48.4 125.7+£32.3* 307.2+48.2* 384.6+34.7*
PaCO,, mm Hg CMV 37.1+4.7 42.8+3.9 35.1+2.9 36.2+3.5
HEJV 14.9£4.4* 21,2+3,4* 15+2,4% 10.9+1*
AaDO, CMV 297.7+18 558+3.6 351.2+25.2 271.1£24.6
HEJV 298.2+23.1 534.7+38.6 313.9+58.3 221.3+42.6
SpO, (%) CMV 100+0 99.4+0.9 100+0 100+0
HEJV 1000 98.6+1.7 99.7+£0.9 99.8+0.5

Note (npumeuanue). Measurements — nokasarenu; Ventilation mode — peskum Bentussimu; Without acute injury — 6es3 mopeskaemnvist
aerkoro; ARDS — OP/IC; PEEP 5 emH,O — ITIKB 5 cm Boz. c1.; PEEP 10 cmH,O — ITJIKB 10 cMm Boa.ct.; PaO,y — Hanpsikenune Kuc-
soposia B aprepuanbHoit KpoBy; PaCO, — HampsikeHHe yrileKnucJIoro rasa B aprepuaibHoii kposu; AaDO,y — asibBeosisspHO-apTepualib-
HBII TPaIMenT 1o Kucaopoay; SpOy — HachIIIeHNe TeMOTIOONHA apTepHaTbHON KpoBH Kucaoponom; conventional mechanical ventilation
( CMV) — tpammmmonnas MBJI;  high frequency ventilation (HFJV) — BbicokoyacToTHas cTpyiiHas BeHTHIAINS JETKHX. * —
P<0.05 cpenHee 3HaueHKe B CPaBHEHUN ¢ TPyIIOii 6e3 nospesxkaerus aerkux, ¢ OPAC, ¢ IITKB 5 cm pr. ct. u IIJTKB 10 cM pr. cr.
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Puc. 2. Pazuuna PaO, B rpynmnax.

Fig. 2. PaO, in groups.

Note (npumeuanue): Here and in fig. 3 (3nech u Ha puc. 3): con-
ventional mechanical ventilation (CMV) — Tpaguumontas uc-
KycCTBeHHas BeHTHUsnms Jerkux; high frequency ventilation
(HFJV) — BblcOKOYACTOTHASI CTPYITHAS BEHTHIISINS JIETKUX; POS-
itive end-expiratory (PEEP 5 (10) — nosouresbHoe gaBieHue B
romrie Boizoxa (IIIKB 5 i 10 cM Boz. ct.); acute lung injury —
ocTpoe noBpeskaeHue Jerkux; without acute lung injury — 6e3 oc-
Tporo ToBpexxzenusi Jjerkux; PaO, — mapruanpHoe [aBieHue
KHCJIOPO/IAa B KPOBH.

AaDQO, yBesuniach B 06eHX IPYIINax MOCJIE MOBPEXK-
JICHUST JIETKUX, U YMEeHbIMIach rnocse npumenenus [1I/JKB,
XOTsI CTATUCTUYECKHM 3HAYMMBIX DPA3/IMUYMil MEXKIY BYMS
IPYIIIAMU 110 9TOMY TTapaMeTpy He 0TMedasoch (tabur. 2).

[Tocae momenuposanuss OP/IC PaO, 6bu10 HU3KOE,
HO TIOBBICKIOCH Tocste ipuMerenus [TIJIKB B obenx rpyii-
nax. AprepuasibHoOe jlaBjieHue B 06ernX rpyIinax CHU3UI0Ch
nocsie npumenenus [IJIKB = 10 cm Boj. cT.

Jleuennie OP/IC narnpassiieno Ha yJydiienue OKCUre-
HallMK, a Takke Ha NPEAYNPEXKIeHUEe JaJbHelero 1o-
BPEKAEHUsT JIETKUX. BbIOOp pecrnmpaTtopHOil MOAAEPKKN
quist naientos ¢ OPJIC tpeGyer npaBuiibHOro U 060CHO-
BaHHOTO ToAG0pa Takoro peskuma MBJI, koTopbiii nMeer
HAUMEHbLINE OCIIOKHEHUST, 00eCIIeYrBaAET aJIEKBATHOE 10~
CTYIUIEHNE KUCJIOPO/Ia, & TAKXKe SJMMUHAINIO YIJIEKUCIIO-
ro rasa [25, 27].

[Iposenenune TUBJI npu OP/IC conpsizkeHo ¢ Bbico-
KHUM /IaBJICHHEM BJI0XA, CPE/IHUM /IaBJIEHUEM B JIbIXaTeJIb-
HBIX ITyTAX, I0/IaBJIeHIEeM aKTUBHOCTH cypdaKTaHTa U pu-
CKOM PeCIMPaTOPHO-ACCOIMUPOBAHHOTO ITOBPEKICHUS
serkux TUBJI y 6oabrbix ¢ OPIIC umeer Takue mpobiie-
MBI, KaK BBICOKAas MHCIUPATOPHAS €MKOCTb M JIaBJICHUE,
BBICOKOE Cpe/[Hee /IaBJIEHUE B /IbIXaTeJIbHBIX Iy TSX, 10/[aB-
JIeHMe aKTUBHOCTH Cyp(daKTaHTa U BEPOSTHOCTb MEXaHU-
4eCcKOro rnoBpesk/enus ot pectiuparopa [12]. Ucnomnb3osa-
HUe JIONYCTUMON THUIIEPKAHUKM C COIYTCTBYIOIUIUM
KOHTPOJIUPYEMbIM [IbIXaTeJbHBIM allU[030M U 0OPATHO-
IO COOTHOIIIEHUS BPEMEHU BJI0XA M BbI/IOXA, IPEJ0TBPaIia-
€T BBICOKME YPOBHM WHCIIMPATOPHOTO JABJIEHUS M 4pes-
MEPHOE paCTsIKEHUE JIeTKUX, HO KPUTUKYETCS PS/IOM
aBtopoB [20]. Ilo aToit npuuynte peKOMeH/YeTCsl UCIIOJIb-
3oBarb BUC UBJI ¢ nenbio ymennsinenus: UBJI-accoruu-
POBAHHOTO MMOBPEK/EHMS JeTKuX [22].

[Ipeumyiecrso BUB y nanuento ¢ OP/[C 3akiio-
4aeTcst B TOM, YTO TypPOYJIEHTHBII IIOTOK 06eCIieYnBaeT He-
IIPEPBIBHYIO0 BEHTUJISAINIO aJIbBEOJI U OTKPBITHE PaHee 3a-
KPBITBIX  JIBIXaTEJIbHBIX  IyTell. IJTO  [PUBOIUT
YMEHBIIEHUIO BHYTPUJIETOYHOIO IIIYHTA W YBEJUYEHUIO
(bYyHKIIMOHAIBHOTO OCTaTOYHOrO 0ObeMa Jerkux [22].

injury

Puc. 3. Pazuuna PaCO, B rpynmax.

Fig. 3. PaCO, in groups.

Note (npumeuanue): Without lung injury — 6e3 mospexnenus;
with ARDS — ¢ OPIC; PEEP of 5 cm HyO — ¢ IIZTKB 5 cM Boa.
cr.; PEEP of 10 cm HyO — ITJIKB 10 cM Bog. c1.; CMV — Tpann-
LIMOHHAsI NCKYCCTBeHHasl BeHTuusinud jerkux; HEJV — Bwicoko-
YacTOTHAs CTPYiiHas BeHTuJ st jgerknx; PaCO, — naprmanbioe
JIaBJIEHNE YTJIEKICIIOTO Ta3a B KPOBH.

the whole experiment PaCO, in 2nd group was lower than
that in 15t group (Fig. 3).

The research included ARDS modeling by adminis-
tration of autothromboplastin. Gas exchange, oxygenation
and hemodynamic stability during application of PEEP in
HFV were compared to that in CMV.Although PaO, was
low after ARDS was modeled, it obviously increased after
application of PEEP in both groups. Blood pressure did not
change in both groups after application of PEEP of 5 cm
H,O0, but it decreased after PEEP was raised to 10 cm H,O.

Modern treatment of ARDS is aimed at oxygenation
improvement and prevention of further lung injury. Choice
of respiratory support for patients with ARDS demands cor-
rect and valid selection of ventilation mode that has less
complications, supports adequate oxygen supply and elimi-
nation of carbon dioxide [25, 27]. CMV in patients with
ARDS may cause problems such as high inspiratory volume
and high pressure, high mean pressure in airways, decrease
in surfactant activity and possibility of ventilator-associated
mechanical injury [12]. Several methods of mechanical ven-
tilation should be chosen to protect lungs, and permissive
hypercarbia with associated controlled respiratory acidosis
or reverse relation of inspiratory and expiratory time might
be employed. Besides, we can prevent high values of maxi-
mal inspiratory pressure and excessive expansion of the
lungs, but there is contradiction as to these effects [20].
Therefore, some authors recommend using HFV to decrease
ventilation-associated injury of the lungs [22].

Significant advantage of HFV in patients with
ARDS is that high frequency impulses result in turbulent
flow, continuous ventilation of alveoli and opening of
closed airways. These all lead to relative stable pulmonary
capacity, prevention of uneven alveolar expansion and
atelectasis, decrease in pulmonary shunt and increase in
oxygenation with low inspiratory pressure [22]. HFV is
the effective approach to the complex intensive care of
ARDS, and in this situation immune response to lung
injury changes and fluctuations in pressure are minimal

while hemodynamic stability is maintained.
In HFV gas exchange depends on the flow rate,

mechanical features of ventilator, catheter size, forcing pres-
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[Ipu BUC UBJI razoobMeH 3aBUCUT OT CKOPOCTH

BO3JIYIIHOW CTPYH, IMAMETPA U ITTMHBI KATETEPA, TABIEHUS
BIOXA, YACTOTHI AbIXauus, cootHomienuss I'E u ypoBms
[TAKB [21]. IIpumenenue [I/IKB yBesnuusaet pyHkimo-
HAJIBHBII OCTATOUYHbIA OOBEM U OTKPBIBAET <«3aKPbITHIE»
asbpBeodtnl [17].

[Tpu arom, abdexramu II/IKB gBigiorces: nosbiiie-

HUE BHYTPUIPYIHOTO /IaBJCHUS, YMEHbIIEHIE BEHO3HOTO
BO3BpaTa K Cepiilly, ¥ B UTOre — CHIKEHHE MUHYTHOTIO
obbema u runorensusi. Kpome Toro, stu addexrsl Hau-
Goublile BEIPasKeHbI y GOJBHBIX ¢ rurioBosiemueii [13]. Or-
MeyaJiy MajIeHue apTepruabHOTO JIaBJACHUS BO 2-ii rpyIiie
c mpumenenueM [TI/IKB = 5 cm Boj. cT. mocie MozieinpoBa-
nusg OP/C. [Tpumenenne IIJIKB = 10 cm Boz. ct. mpusesio
K TaJIEHUI0 apTePUAIBHOIO JaBJeHus] B 06euX TpyIIax.
BYB BbI3biBaeT MeHblllee U3MEHEHHE BHYTPUTPYIHOTO
nasyenust, uem TUBJI [24]. Onnako, B HalieM ucciesoBa-
HUU JKUBOTHBIC 2-i1 TPYIIIBI UMEJIN B CPEJHEM MEHbIIee
apTepuasbHOE [aBJieHue, yeM B 1-ii rpyrie. Mbl 00bsiCHsI-
eM 310 Habmonenue dbopmuposanuem ayto-11JIKB mpu
nposenennt BUC VUBJI [19].

3akaoueHne
[Tpumenenue IIJIKB y kpsic ¢ OPIIC apdexrusro

yJIydiiaeT okcureHanuio kposu, kak npu BUHC UBJI, Tak n
mpu TUBJIL TI/IKB = 5 ¢M Bof. CT. yuydIiaeT OKCUreHa-
LU0 KPOBU (€3 3HAUMTEJILHOTO TAJIEHUSI apTEPUATBHOIO
nassenust. Vicnonbzosanue [TJJKB Huskoro ypossst 6oiee
addexrusHO yayuinaer razoobmet, yem II/JKB Bbicokoro
YPOBHSI IIPY JIEYEHU U TUITOKCEMHH.
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sure, respiratory rate, LE relation and PEEP [21]. Out of
these parameters PEEP is used to improve oxygenation in
case of respiratory failure. In patients with ARDS application
of PEEP improves pulmonary shunt (despite of clinical con-
tradiction), helps respiratory muscles decreasing the work for
breathing, increases functional residual capacity and opens
closed alveoli to raise oxygenation [17]. In addition, PEEP
reduces surfactant loss and prevents pulmonary collapse.

Besides, side effects of PEEP are the increase in
intrathoracic pressure, decrease in venous return into the
heart, disturbance of cardiac filling and as a result, reduction
in cardiac output and hypotension. Furthermore, these side
effects are more severe in patients with hypovolemia [13].
Actually, we showed the decrease in arterial blood pressure in
group 2 with application of PEEP of 5 cm H,O after ARDS.
Moreover, when PEEP of 10 cm H,O was applied, both
groups had obvious drop in arterial pressure, which indicat-
ed that high values of PEEP reduced arterial pressure much
more. In addition, HFV resulted in less changing the
intrathoracic pressure compared to CMV, which in turn
should maintain hemodynamic stability [24]. However, we
could not reveal such effect in our research and in patients of
group 2there was less arterial blood pressure than in patients
of group 1. We explain this observation increased forcing
pressure in patients from group 2, and rise in expiratory pul-
monary volume with application of HFV possess similar
effects on arterial blood pressure as PEEP [19].

Conclusion

Application of PEEP in rats with ARDS effectively
improved oxygenation in both HFV and CMV. Moreover,
because PEEP of 5 cm H,O improved oxygenation with-
out significant drop in arterial blood pressure, we suggest-
ed that the use of PEEP of low values enhanced gas
exchange more effectively than that of high values in the
treatment of hypoxemia in ARDS.
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