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HosokomuasbHast ITHEBMOHUSI — BTOPaAst 110 BCTPEYAEMOCTH HO30KOMUA/IbHast MH(EKIIUST B OTAEJNEHUSAX pea-
HUMATOJIOTUU U HauboJiee PACcIpPOCTPAHEHHAs y MAIMEHTOB HA UCKYCCTBEHHOU BeHTUIsAMU jJerkux (9—27%).
[lesbto TaHHOTO 0030pa JIUTEPATYPBI ABJIsieTCst 00CyKAeHNe HanboJiee COBPEMEHHOU OTEUECTBEHHOI U 3apybesk-
HOM JI0Ka3aTeJbHON 6asbl 110 UCHOIb30BAHUIO MHIAASIIMOHHBIX aHTUOMOTUKOB B peaHnuMaTosioruu. Ilouck oreue-
CTBEHHBIX MybuKanuii (0630pbl IUTEPATYPbI, 00CEPBAIMOHHBIE UCCIE0BAHMNS, TBONHBIE CJIETIbIe PAHIOMU3NPO-
BaHHbIE MCCJE0BAHUA) IPOBOAMIICS B Oase maHHbIX elibrary.ru, sapybexubix — B 6ase gannbix PubMed. 3a me-
puoa 2005—2017 rr. Micrionb30Baiuch cieAyloniue NOMCKOBbIE 3alIPOChL: «HHTAISAIMOHHbIE aHTUOMOTUKK», «<HO-
30KOMMaJIbHAS MHEBMOHMS», «<MHTAMSIIMOHHBIA TOOPAMUIIMHY, «MHTATAIMOHHbBII KoaucTun», «inhaled antibio-
tics», «inhaled colistin», «inhaled tobramycin». B ananus Bxitoueno 67 mybiukaruii 2007—2017 rr., ogHa my6-
sukarua 2000 roga. B 0630pe smTepatypbl NpeacTaBieHbl ONUCAHUS TIPENapaToB, COBPEMEHHBIE BO3MOKHOCTH
MHTAJISIIIMOHHOM aHTHOMOTHKOTEPATNE HO30KOMHUATbHONH MHEBMOHWU, TIPEUMYIIECTBA U HEJOCTATKU JAHHOTO
Meroza sedenus. Ocoboe BHUMaHUE yIeJeHO MCHOJIb30BAHUIO MHIAISAIMOHHBIX aMUHOIJIMKO3UIOB M WHTaJIs-
[MOHHOI'O KOJMCTHHA IPU HO30KOMHUAJIbHON ITHEBMOHUY B OT/IEJIEHUSIX PEaHUMATOJIOT .

Knoueswie crosa: nozoxomuanvnas NHEBMOHUSA, UH2AIAUUOHHDbLE aHmu6uomuKu; amuuomuxoauabt; mo6pamuuuu;
KoJucmu

Nosocomial pneumonia is the second most common nosocomial infection in critical care units and most com-
mon in ALV patients (9—27%). The purpose of this literature review is to discuss the latest domestic and foreign
body of evidence concerning the use of inhaled antibiotics B critical care. Search for domestic publications (li-
terature reviews, observation studies, double blind randomized studies) was carried out in elibrary.ru database,
for foreign — in PubMed. Database for the period of yrs. 2005—2017. The following search enquiries were used:
«inhaled antibiotics», «nosocomial pneumonia», «inhaled tobramycin», «inhaled colistin». The analysis inclu-
des 67 publications of yrs. 2007—2017 and 1 publication of yr. 2000. The literature review includes drug desc-
riptions, contemporary capabilities of inhaled antibiotic therapy for nosocomial pneumonia, the advantages and
drawbacks of this method of treatment. Special attention is focused on the use of inhaled aminoglycosides and
inhaled colistin during nosocomial pneumonia in critical care units.
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Bsenenue Introduction

Hosokomuanbnas naesmonust (HID), cBsazannas Nosocomial pneumonia (NP) related to mecha-
C HPOBEIEHIEM HCKYCCTBEHHON BeHTwiisiiun jierkux | nical lung ventilation (MLV) is a pneumonia that has
(UBJT), — nHeBMOHUs1, pasBuBiiasicst He panee yeM | developed not earlier than 48 hrs. after tracheal intu-
yepe3 48 4 0T MOMeHTa UHTYOaIu Tpaxen u Havaima | bation and onset of MLV in the absence of lung infec-
nposenerust UBJI ipu oTcyTCTBUH IPU3HAKOB Jierod- | tion signs at the time of intubation [1]. This is the se-
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HOIl wH(eKIY Ha MOMeHT uHTyOaruu [1]. Ito BrO-
pas 1o BCTPeYaeMOCTU HO30KOMUATbHAST UH(MEKIUS B
OT/IEJIEHUSIX PEAHUMATOJIOTUH U HauboJiee Pacipo-
cTpaHenHast y marmentos Ha UBJI (9—27%). Oxouto
50% aHTHOMOTUKOB, HA3HAYAEMBIX B OT/IEJICHHIX pea-
HUMATOJIOTUH, UCTIOJIb3YIOTCs st Jedenust HIT, At-
pubyrtusHas JeraabHoctb 1npu HII cocrasiser 1o
JTAHHBIM Pa3INYHBIX rccaenoBanuii ot 0 mo 50% [1—
6]. Boicokast setanbrOCTh 1prt HIT B GoibIiioii crerie-
HU CBsI3aHA C TPAAUIIMOHHBIM BHYTPUBEHHbBIM BBEJIE-
HUEeM aHTHOMOTHKOB (Yactora paspernenuss HIT npu
JIAaHHOM BapHaHTe aHTUOHOTUKOTEPAITUH COCTABJISIET
He Gosee 60%, BbICOKA 4acTOTAa PELUAMBUPOBAHUS
HII), a takske MUPOKOI PacIpOCTPAHEHHOCTBIO TI0-
JINPE3UCTEHTHBIX MITAMMOB I'PAMIIOJIOKUTENbHBIX U
IPaMOTPUIATETBHBIX MUKPOOPraHu3MoB [7—13].

AdbdexruBnas anrubuorukorepanuss HIT Tpe-
Oyer NOCTHKeHUS aHTMOMOTUKOM KOHIIEHTPAlluu B
TKAHU JIETKUX, IPEBBIIAIONEN MUHIMAIbHYIO II0-
nasssiontyio konrentparuio (MIIK) mukpoopra-
HuszMa. Eciu DTOpXuHOMOHBI [IPU BHYTPUBEHHOM
BBEJIEHUU XOPOIIO MTPOHUKAIOT B JIETKUE, TO OOJIb-
HIMHCTBO aHTHOMOTUKOB (6era-JaKTaMbl, KOJUCTHH,
AMUHOTJIMKO3U/IbI, TJIMKOIIEITH/IBI) TIPU BHYTPUBEH-
HOM BBeJIeHUU — Kpaline 1maoxo [14]. YBeaudyenue
JIO3bl aHTUOMOTHKA TI03BOJISACT JOCTUYD €0 OOJIbIIeH
KOHIIEHTPAIUU B JIETKUX, HO COINPSIKEHO C PUCKOM
no6ouHbIX addextoB. Kpome TOro, y marueHToB B
KPUTUYECKUX COCTOSHUIX (PapMaKOKUHETUKA BHYT-
PUBEHHDBIX AHTUOUOTUKOB 3HAYUTELHO U3MEHEHA U
MAaJIOTIPOTHO3UPYEMa, YTO 3aTPYIHSET aIeKBATHOE
JI03UPOBAHUE BHYTPUBEHHBIX aHTHOMOTUKOB [15]. K
COXKAJIEHNO, pa3pabOTKa MPUHIUITHAIBHO HOBBIX
5 dEKTUBHBIX aHTUOMOTUKOB B HACTOSIIIEE BPEMsI
3aTpy/HeHa 10 MHOTUM MpUYuHaM (HaydHble, 9KO-
HOMUYECKHUE, IOPUIUYECKUe, OPTaHU3AIMOHHbIE U
JIP.) ¥ IEPCIIEKTUB UX CO3/IaHUs B OJIMIKaliIee BpeMst
Het [7—9, 16]. [ToaTomMy TIepCIIeKTUBHBIM HaIlpaBJie-
HueM aHTrOnoTukorepanun HII gBisercs ucmnosib-
30BaHUE UHTASIIUOHHBIX aHTUOUOTUKOB (ITA) B Ka-
YeCTBe JOIOTHEHUST K CHCTEMHBIM.

[Tesibto TaHHOTO 0030pa JIUTEPATYPDI SIBJISIETCSI
obcyskieHe Hanboiee COBPEMEHHOW OTEYeCTBEH-
HOU 1 3apyOeRHOI I0Ka3aTeIbHON Ha3bl 10 MCHOJIb-
30BaHUI0 MHTAISIUOHHBIX aHTHOHOTUKOB B PEaHU-
MaTOJIOTHUH.

[Touck oTeyecTBEHHbIX Iy OIUKALIIT IIPOBOIILII-
cs1 B Oaze manubix elibraryru, sapybexubix — B 6ase
nannbix PubMed. Biiok-cxema BKJoueHust B 0030p
JIUTEPATYPBI MyOJIUKAINH TIPE/ICTABJICHA HA PUCYHKE.
ITpoBowIcst MOUCK TIO TyOuKaIusimM (0630PbI JIuTe-
patypbl, 00CEpBAIIMOHHBIE UCCIIE0BAHISI, [BOIHbIE
CJIeTible PAHIOMU3UPOBAHHbIE MCCIEI0BAHNUS) 32 Tie-
puoa 2005—2017 rr. Mcmonp3oBaauch Claeayoriie
MOUCKOBBIE 3aIIPOCHL «UHTAJSIIIMOHHBIE AaHTHOHOTH-
KI1», <HO30KOMUAJIbHAST THEBMOHUSI», «MHTAJISIIUOH-
HBIH TOOPAMUIIMHY, <«UHTAJSIIUOHHBIN KOJUCTHHY,
«inhaled antibiotics», «inhaled colistin», <«inhaled

cond most common nosocomial infection in critical
care units and most common among MLV patients
(9—27%). About 50% of antibiotics prescribed in cri-
tical care units are used for NP. According to varies
studies, the NP attributive case fatality rate is 0 to
50% [1—6]. High fatality rate during NP is largely re-
lated to conventional intravenous administration of
antibiotics (the NP resolution rate in case of that op-
tion of antibiotic therapy does not exceed 60%, the NP
recurrence rate is high), also with high prevalence rate
of multiresistant strains of gram-positive and gram-
negative microorganisms [7—13].

For NP antibiotic therapy to be effective, the
pulmonary tissue antibiotic concentration must be
higher than the microorganism's minimal inhibition
concentration (MIC). If fluoroquinolones penetrate
well into lungs in case of intravenous administration,
most antibiotics (betalactams, colistin, aminoglyco-
sides, glycopeptides) do it extremely badly in case of
intravenous administration [14]. Increasing antibio-
tic dose allows achieving its higher pulmonary con-
centration but presents a risk of side effects. Besides,
the pharmacokinetics of intravenous antibiotics is
considerably changed and can hardly be forecasted
in critically ill patients, which makes adequate do-
sing of intravenous antibiotics difficult [15]. Unfor-
tunately, development of principally new effective
antibiotics is currently unfeasible for many reasons
(scientific, economic, legal, organizational, etc.), and
there are no expectations that they will be created in
the nearest future [7—9, 16]. Therefore, a promising
direction of NP antibiotic therapy is the use of inha-
led antibiotics (TA) as an adjunctive therapy to sy-
stemic therapy.

The purpose of this literature review is to dis-
cuss the latest domestic and foreign body of evidence
concerning use of inhaled antibiotics in critical care.

Search for domestic publications was carried
out in elibrary.ru database, for foreign — in PubMed
database. The block diagram of inclusion of publica-
tions in the literature review is shown in Fig. 1. The
search was performed for publications (literature re-
views, observation studies, double blind randomized
studies) for the period of yrs. 2005—2017. The follo-
wing search enquiries were used: «inhaled antibio-
tics», «nosocomial pneumonias, «inhaled tobramy-
cin», «inhaled colistin». The analysis includes 67
publications of yrs. 2007—2017 and 1 publication of
yr. 2000.

Administration by inhalation is applied for dif-
ferent groups of drugs: antibiotics, antimycotics, an-
tituberculotics, immunosuppressants, vaccines, in-
terferons, etc. According to Ehrmann S. Et al., 99% of
critical care unit doctors use drug administration
through inhalation, 43% of them utilize nebulizers
(55% — jet, 44% — ultrasound, 14% — mesh-vibra-
ting nebulizers). 80% of respondent doctors apply in-
haled colistin and 30% do inhaled antibiotic therapy
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tobramycin». B anaius Britodero 67 myOiuKkarnmii
2007—2017 rr., ogna mybsmkanus 2000 roza.

NHranganmoHublil TyTh BBEACHUS WCIIOJb3Y-
eTCsl [IJIs1 JIEKAPCTBEHHBIX PENapaToB Pa3JIUuIHbIX
IPYIIL: aHTUOUOTUKOB, IIPOTUBOTPUOKOBBIX, TPOTH-
BOTYOEPKYJIE3HBIX, UMMYHOCYIIPECCOPOB, BAKI[UH,
untepbeporos u jap. 1o mawabiM Ehrmann S. u
coaBT. 99% Bpadeill OTHesIeHUN pPEAHMMATOJIOTUN
UCIIOJIb3YIOT HHTAJSIITUOHHBIN CIIOCO0 BBEICHMSI Jie-
KapCTBEHHbBIX [IPeNnaparos, 43% U3 HUX IPUMEHSIOT
HeOyaiizepnt (55% — crpylinbie, 44% yiabTpasBy-
KOBbIe, 14% — Hebymaiizepnl ¢ BUOPUPYIOIIEN T11a-
cTunoit). 13 onporrennbix Bpadeii 80% mpuMeHsiOT
MHTAJISIMOHHBIN KOJUCTHH, a 30% TMPOBOAST WHTa-
JIAIUOHHYI0 aHTUOMOTHKOTEPAITNI0 KAaK MUHUMYM
pa3 B aBa Mecsana [11]. MHransgnuonHoe npumeHe-
HUe aHTMOMOTHKOB KOJIMCTHHA, TOOpaMUIMHA, 1e-
(hamocnopunos, amboTepunmna B, menramuinna B
npodusakTuKe W JiedeHun WHOEKIUH JeTKux y
PA3JIMUYHBIX KATETOPU OOJHHBIX HCIIOJIb3YETCS YiKe
6ostee 50 ser.

WHraisiiuoHHble aHTHOMOTHKH B IIyJIbMOHOJIO-
run. HaubGoJsibimii ombiT ucrosib3osanust A Hakor-
JIeH TIPY JIeYeHUN OCTPOH M XPOHUYECKON CHHETHOM-
HOI nHMEKIK Y G0JLHBIX MyKOBUCITHI030M U OPOH-
XO9KTaTHUECKON 00/1e3HbI0. X POHUYECKAST CUHETHOT-
Hast MHQPEKIHS TIPU MyKOBUCIIAI03€ aCCOIIUUPOBAHA C
MOBBIIICHHOW JIeTAIBHOCTBIO. VIHTamaMoOHHbII TOO-
pamurun (MUT), xomuctun (UK) (50—75 mr 2—3
p/cyt.), aztpeonam (75 mr 3 p/cyT Kypcamu 1o 28
CYT.) U IpyTH€e aHTHOMOTUKHU UCIOJIB3YIOTCS JIJIST TTPO-
JOJDKUTEIBHOTO JiedeHus: NHGEKITHOHHBIX OCJIOKHE-
HUIT MYKOBUCIII/I03a B CTallHOHAPE U aMOYJIaTOPHO.
[lokazana adpdexruBrocTh 28-1HeBHOTO Kypca UT B
spaqukaiu Pseudomonas aeruginosa y O0JIbHBIX My-
koBucio3oM (300 Mr/cyT., B TedyeHue 28 cyT., 3aTeM
nepepbiB Ha 28 cyT.). OMHAKO JaHHBIE TOCJEIHETO
MeTa-aHaJIN3a MOKA3BIBAIOT, YTO B HACTOSIIIIEE BPEMSI
HEJIOCTATOYHO JloKa3aTesbeTB apdextuBnoctn MA
JUIsE JiedeHust 000CTPEHMIT CMHErHOMHOM nHMEKInn
npu MyKoBucimaose. Kpome Toro, B mociefHme rojibl
y GOJIBHBIX MYKOBHCIUZ030M YBEJIMYUBAETCST YUCIO
DE3UCTEHTHBIX K KOJUCTUHY U AMHOTJIUKO3WUIAM
mraMMoB Pseudomonas aeruginosa, a Taksxe Bospacra-
€T POJIb IPAMIIOJIOKUTENbHBIX KOKKOB B PA3BUTHU UH-
(hbeKIMOHHBIX OCJIOKHEHU . SHAYNTENIbHbIE OITACEHUST
TAK)Ke BBI3BIBAET KYyMYJIITUBHAS TOKCUYHOCTb aMU-
HOTJIMKO3UIOB TPU UX KYPCOBOM IIPUMEHEHUU Y
6osibHBIX MyKoBHCIMI030M [17—20]. B mccienosa-
HISIX 110 MCIIOJIb30BAHUIO HHTAJSIIIUOHHOTO TOOPaMu-
I[IHA TIPH 060CTPEHNU OPOHXO0IKTATHUECKON GOJIE3HI
He ObLIO TIOJIYYEHO JIOCTOBEPHBIX JIAHHBIX 110 €ro ab-
(hexTHBHOCTH, U OBLIO 3aPETUCTPUPOBAHO 3HAUUTEb-
HOE KOJIMYeCTBO ocaoxkHenuii [21]. B nccrenoBanun
Rietmuller J. u coaBT. ucrosp30Bajii HEOOBIYHYIO Me-
TOJIUKY MHTAJISIIIUOHHON aHTUOHOTUKOTEPAITHI CUHE-
THOMHOU MH(DEKITNY TTPU MYKOBUCITHIO3€: TIOCJIe/I0BA-
TEeJIbHO KOMOMHUPOBA/IM MHIAIAMOHHbI TOMOpaMu-

Publications identified
through other sources

Publications identified
by search through

databases (n=2123) (n=0)
Publications
after duplicates
were deleted (n=568)
Publications that Excluded
passed screening —>publications
(n=568) (n=446)
Full-text articles Excluded
evaluated full-text
for acceptability | articles
(n=122) (n=12)

v

Studies included

in the qualitative synthesis
(n=110)

Studies included
in the quantitative
synthesis (7n=68)

Biiok-cxema BKIIOYEHHS MyOJMKaNuii B aHAINS.

Block-diagram of the inclusion of publications in the analysis.
IIpumeuanue. Publications identified by search through databa-
ses — nmyOauKanuu, naenTuhuIMpoBaHHble Yepe3 MOUCK B Oazax
naunbix; through other sources — uepes apyrue ncrounnku; after
duplicates were deleted — nociie ypanenus ny6mkartos; that pas-
sed screening — npomeamue ckpununr; Excluded — nexioven-
ubie; Full-text articles evaluated for acceptability — momsorexc-
TOBBIE CTAThH, OllEHEHHbIe Ha TIpremaeMocTh; Studies included in
the qualitative/quantitative synthesis — uccaenoBanus, BKo-
YeHHbIC B KAUeCTBEHHBIH /KOIMYeCTBEHHBIH CHHTES.

at least every two months [11]. Inhaled antibiotics
like colistin, tobramycin, cephalosporins, amphoteri-
cin B, pentamidine have been used in the prophylaxis
and treatment of lung infections in different catego-
ries of patients for over 50 years.

Inhaled Antibiotics in Pulmonology. The lar-
gest experience of using IA is for treating acute and
chronic pseudomonas infections in patients suffering
from cystic fibrosis (mucoviscidosis) and bronchiecta-
sis lung disease. Chronic pseudomonas infection in
case of mucoviscidosis is associated with increased
case fatality rate. Inhaled tobramycin (IT), colistin
(IC) (50—75 mg 2—3 times/day), aztreonam (75 mg
3 times/day in 28-day courses), and other antibiotics
are being settings used for prolonged treatment of in-
fection complications of mucoviscidosis both in in-pa-
tients and outpatients settings. The efficacy of a 28-
day IT course for eradication of Pseudomonas aerugi-
nosa in mucoviscidosis patients has been confirmed in
clinical trials (300 mg/day for 28 days followed by a
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1uH (300 Mr 2 p/CcyT.) M MHTATSAIMOHHBIN KOJUCTUH
(1 mma. E/U 2 p/cyt.). JlaHHbBI alrOpUTM JieyeHMs
6b11 abbextusen y 80,5/% manmentos [22—23].

IIpeumMynecTea HHTAIAIMOHHBIX AHTHOUOTH-
KOB. VHTaJISIIUOHHDBIN IyTh BBEJIEHUsT aHTUOMOTH-
KOB 00J1ajlaeT PsIOM HECOMHEHHBIX MMPEUMYIIECTB
[0 CPAaBHEHUIO C BHYTPUBEHHBIM: TOCTABKA AHTH-
OUOTHKA HEMOCPEACTBEHHO B ouyar WHQeKIuu (uc-
MOJIb30BAHUE COBPEMEHHBIX HEeOYJIAil3epOB MO3BO-
asiet goctaBuTh 50—70% mo3nr 1A HemocpencTBeH-
HO B ouar WHQEKINN); TOCTUKEHNE BHICOKUX KOH-
HEeHTpaIil aHTHOUOTUKA B MOKPOTE, KOTOPbBIE
3HAYUTEHHO BBIIIE, YeM II0CJ€e BHYTPUBEHHOTO
BBEJIEHUST, YTO OCOOEHHO BaXKHO TIPU JIEYEHUU WH-
(bexnmii, BHI3BAHHBIX MMOJUPE3UCTEHTHBIMU ITAM-
MaM¥ ¥ [JIs1 IPeIoTBpaleHus GopMUPOBAHUST pe-
3UCTEHTHOCTH (JIOKA3aHO B KJIMHUYECKUX U IKCIIE-
PUMEHTAJbHBIX HuccaeroBanugax) [21, 24—27];
YMEHBIICHUE PUCKA PA3BUTUS CHUCTEMHOTO TOKCH-
YeCKOTO JIeWCTBUST aHTUOMOTUKOB BCJIEACTBUE MU-
HUMaJIbHOM CUCTEMHOI azcopOuuu aHTUOMOTUKA
[21—29]. Huskue cucteMHble KOHIIEHTPAITUN aHTH-
OUOTHKOB MPU UHTAJSIIIHOHHOM BBEJIEHUM TO3BO-
JsttoT u3bexaTh PasBUTUS PE3UCTEHTHBIX (HOPM
Mukpoopranusmos [21, 30]. UmeroTcs nokasaTenb-
HbI€e JAHHBIE O TOM, YTO HazHavenue VA conpoBox-
JIAeTCsl CHUZKEHUEM OOIIEr0 KOJUYECTBA UCIOJIb-
3yeMbIX y JJAHHOTO MAIlMEeHTa CUCTEMHBIX aHTUOUO-
THUKOB, YTO BaXKHO JIJISI CHIDKEHUsSI aHTUOMOTHKOPE-
3UCTEHTHOCTU MHUKPOOPraHM3MOB B CTAIMOHAPE U
1ist OPMUPOBAHUS IPOrPAMM PAIMOHAIBHON aH-
tubuoruroreparuu [31—32].

B 70—80-¢ rr. ObLI1 TPOBE/IEHBI TEPBbIE UCCJIE-
JI0OBaHUA 10 u3ydyeHuto 3(hQeKTUBHOCTH WHTAJL-
[[HOHHOTO T€HTAMUIIMHA, AaMUKAIINHA U TOOPAMUIIH-
Ha ipu HII y peannmaToIornyecKux rnaineHToB, Ko-
TOPbIE OTJINYATUCH MAJION BBIOOPKOU U PA3IMIHBIM
qusaiinoM. B GosbiinHcTBe paboT ObLIO MOKAa3aHO
paspemenue HIT npu jeyeHnn MHTaNAINMOHHBIMU
AMUHOTJIMKO3UIAMH, OJHAKO MAaKCHUMAJIbHO TOCTO-
BEPHbBIE Pa3Jinuus ObLIM MOJIYYEHDI TIPU CPAaBHEHUH
WA ¢ nane6o. Kpome toro, Bo MHOIMX HCC/IEL0Ba-
HUSIX OBLT 3aPETUCTPUPOBAH 3HAUMTEILHBIN POCT pe-
3UCTEHTHOCTU K AMUHOTJIMKO3U/AM, YTO BBI3BAJIO
3HAUUTEIHHBIC OTIACEHUS Y HCCIeoBaTesell 1 3aTop-
MO3MJIO Ha HECKOJIBKO JIeT JAJbHEHIIe UCeae/[0Ba-
HUS 110 JIaHHOU 1pobseme. B psime Gojiee mo3pHux
paboT 1 B GOJIBITMHCTBE COBPEMEHHBIX HCCJIE0OBA-
HUIT OBLIO JIOKA3aHO, YTO HCIIOJH30BaHIE WHTAJISI-
[[HOHHBIX AHTHOMOTHKOB HE BJIASIET HA POCT aHTH-
6uoTukopesucrenToctu [33—39].

KpynHBIX paHZOMU3NPOBAHHBIX MHOTOIIEHTPO-
BbIX nccienosanuii mo A B meuenun HII 1o Hacrosi-
IIero BpeMEeHM He TIPOBOAMIOCH. Bee ncciemoBanus
KpaiiHe reTeporeHHbI 110 IN3aliHy, BCJIe/ICTBHE Yero B
Hacrosiee BpeMs EBporieiickiM o011ecTBOM KJINHU-
YEeCKOU MHUKPOOUOJIOTUY ¥ WH(DEKIIMOHHBIX 3a00J1€-
BaHUI He PEeKOMEHOBAHO HCIIOJIb30BATh WHTAJIS-

28-day interval). However, the latest meta-analysis
shows that at present there is no sufficient evidence of
IA efficacy for exacerbations of pseudomonas infec-
tions in case of mucoviscidosis. Besides, recently the
number of mucoviscidosis patients with Pseudomonas
aeruginosa strains resistant to colistin and aminogly-
cosides has been growing and the role of gram-positive
cocci in the development of infection complications
has been increasing. Cumulative toxicity of aminogly-
cosides in case of their application in courses in muco-
viscidosis patients raises concerns, too [17—20]. The
investigations of using inhaled tobramycin for bronc-
hiectasis lung disease exacerbation did not produce
reliable enough data on its efficacy while a considerab-
le number of complications were recorded [21]. In
their study, Rietmuller J. et al. used an unconventio-
nal technique of inhaled antibiotic therapy for P.
aeruginosa infection during mucoviscidosis: they se-
quentially combined inhaled tobramycin (300 mg 2
times/day) and inhaled colistin (1 mln. U 2 times/
day). That algorithm of therapy was efficient in 80.5%
of patients [22—23].

Advantages of Inhaled Antibiotics. Admini-
stration of antibiotics by inhalation features a num-
ber of doubtless advantages versus intravenous ad-
ministration: antibiotic delivery straight to infection
focus (application of up-to-date nebulizers allows de-
livering 50—70% of TA dose straight to the infection
focus); achievement of high concentrations of anti-
biotica in sputum that are much greater than after
intravenous administration, which is particularly im-
portant during treatment of infections caused by
multiresistant strains and for prevention of resistan-
ce formation (has been proven in clinical and experi-
mental studies) [21, 24—27]; reduced risk of develo-
ping systemic toxic effect of antibiotics thanks to mi-
nimal systemic absorption of antibiotic [21—29].
Low systemic concentrations of antibiotics in case of
administration by inhalation allow avoiding deve-
lopment of resistant forms of microorganisms [21,
30]. There is evidence that TA prescription is accom-
panied with decrease of the total quantity of syste-
mic antibiotics used in that particular patients,
which is important for abating antibiotic resistance
of microorganisms in a hospital and for setting up ra-
tional antibiotic therapy programs [31—32].

In the 70—80s, first investigations were con-
ducted to study efficacy of inhaled gentamicin, ami-
kacin and tobramycin during NP in critical care pa-
tients, which were characterized by a small sample
and different design. Most papers showed NP reso-
lution in case of treatment with inhaled aminoglyco-
sides, however, maximally reliable differences were
obtained in the comparison of TA versus placebo. Be-
sides, many investigations recorded a considerable
growth of resistance to aminoglycosides, which rai-
sed considerable concern of researchers and delayed
further investigations of that problem by a few
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[[HOHHBbIE AHTUOUOTHKYM B KJIMHUYECKOU IIPAKTHKE
[40]. Hampotus, B pekoMeHIAIMAX AMEPUKAHCKOTO
obuecTBa nHpeknnonnbix 3abosesanuii (Infectious
Diseases Society of America, IDSA) 2016 r. ormeue-
HO, YTO I[IPU HAJUYUU UYBCTBUTEIBHOCTU TOJBKO K
AMUHOTJINKO3U/IAM WJIU KOJUCTUHY TPEIIOYTUTEb-
HO MPOBOIUTH KOMOMHUPOBAHHOE JIEUCHUE JTAHHBIMU
aHTHONOTUKAMU (BHYTPUBEHHOHMHTAISIITHOHHO).
Kpowme Toro, B JaHHBIX PEKOMEH/IATIMSAX YKA3aHO, YTO
MPUMEHSITh WHTAJISAIMOHHBIE aHTUOUOTHKH 1EJIECO-
00pasHo B TEX CUTYAIUSX, KOT/[A HET KIMHUYECKOTO
OTBETa HAa BHYTPUBEHHOM DPEXUMe aHTUOUOTHKOTE-
panuu. [lannbie mera-ananuza [DSA mnoxkasbiBaior,
YTO UCIIOJIb30BAHNE WHTAJSIMOHHBIX aHTUOUOTHKOB
B KayeCTBe JIOMOJHEHNS K CUCTEMHBIM yBEJIUIUBACT
vacrory pazpemernss HIT (RR 1,29) 6e3 Biustaust Ha
getasnbHOCTh (RR 0,84) mim wacroty pasBuTtus 1o-
6ounbix adperro (RR 1,11) [41].

B Poccuiickux HalMoHaJIbHBIX PEKOMEHa-
mugx «HozokoMuanbHasg MTHEBMOHUS Y B3POCJBIX>
2016 r. TakKe OTMeUEHA 11eeCO00PaZHOCTD MTPUMe-
HEHUST WHTAISIUOHHBIX aHTUOMOTUKOB B KauecTBe
JIOTIOJTHEHNS K crucTeMHBbIM. OTMe4YeHa BaKHOCTD CO-
GJIOJIEHUST TEXHUKY MHTAJSIIIME aHTHOMOTUKOB U HC-
HOJIb30BaHUsI HeOYTAN3€ePOB MOCIEIHETO TOKOJIEHIST
NI yBEJWYEHUS JIOCTaBKM TIperaparta B JIeTKUe.
Kpome Ttoro, perniearie 0 Ha3HAYCHUW WHTAJISIUOH-
HOU aHTHOMOTUKOTEPAIIIH JOJIKEH TPUHUMATH KOH-
cumuyM esiepaabHON CHeaJTn3npPOBAHHON MeIn-
[UHCKOI OpPraHusaIiu MPU YCJIOBUM HAJIUYUS 100-
POBOJILHOTO WH(POPMUPOBAHHOTO COTJIACHS TTAIlMEH-
Ta WJW €ro 3aKOHHBIX mpexactaButesein (IIpukas
Mumnsapasconpassutusi Poccun or 09.08.2005 r.
Ne494 «O mpuMeHeHWU JIEKAapCTBCHHBIX CPEJICTB Y
GOJILHBIX 110 JKU3HEHHBIM TIOKas3aHmsiM» ) [1].

HawuboJbiitee pacripocTpaHeHHEe B PEAHUMATO-
JIOTHH TIOJTYYUJT MHTISIIIMOHHDIN KOJUCTUH U UHTa-
JISIMOHHbIE AMIHOTJINKO3H/IBI BCJIE/ICTBUE UX GaKTe-
putgHoro addekra U J0KasaHHOU 0e30IaCHOCTU
MIPY MHTAJISAIMOHHOM BBEJICHUN.

HNurananmonnsie aMuHOIIIMKO3uabl. B Poccun
3apEeTUCTPUPOBAHA CIIeIMAIbHASA JIeKapCTBCHHAS
(hopma /i HHTAJSIITUOHHOTO BBEAEHUST TOOPAMUIIH-
Ha. HeoOXOAMMO OTMETUTH, YTO AMUHOTIIUKO3HIIHI
HauboJiee yIO0OHBI JIJIsI MHTAJSIIIHOHHOTO BBEICHUS,
[IOCKOJIbKY OHU 00JagaoT OaKTepUIMAHON aKTUB-
HOCTBIO, 3aBUCUMOI OT KOHIICHTPAIIUU, KOTJIA CO3/Ia-
€TCsT BBICOKAsI MTUKOBAsI KOHIIEHTPAIIUS TIperapara B
JIETKUX, HO TIPOJIOJKUTEIBHOCTD €T0 IEHCTBUS MaJa.
Hamnporus, ipu BHyTPUBEHHOM BBEIEHUU [TPOHUKHO-
BEHUE AMWHOTJIMKO3UIOB B JIETKUE MWHUMAJIbHOE
(12% s renramunmia, 32% 171t TOGpaMUIIMHA; KOH-
nenTpaius B Mmokpote menee 10* MITK), a puck pas-
BUTHSA TOKCUYeCKUX ahdeKToB Bbicok [16—18, 42].

AMUHOTJIMKO3HU/IBI TIPEACTABISIOT cOOOH TI0-
JISPHBIC MOJIEKYJIBI M OUY€HD TII0XO TPOHUKAIOT B Jie-
TOUHBIN AMUTETUH MPU BHYTPUBCHHOM BBEIECHUU
(15—20% mo3er). Ilpu UHTAISAIMOHHOM HPUMEHe-

years. A number of more recent papers and most
contemporary studies proved that use of inhaled an-
tibiotics renders no influence on growth of antibio-
tic resistance [33—39].

No large randomized multi-center studies of TA
in NP therapy have been conducted so far. All inve-
stigations are extremely heterogeneous in design;
consequently, at present, the European Society of
Clinical Microbiology and Infectious Diseases does
not recommend use of inhaled antibiotics in clinical
practice [40]. On the contrary, the guidelines of the
Infectious Diseases Society of America, IDSA, of
2016 say that when there is sensitivity only to ami-
noglycosides or colistin, a combined therapy with
these antibiotics (intravenous+inhaled) is preferab-
le. Besides, these guidelines mention that it is expe-
dient to apply inhaled antibiotics in situations when
there is no clinical response to the intravenous regi-
me of an antibiotic therapy. IDSA meta-analysis
shows that use of inhaled antibiotics as adjuvant to
systemic therapy increases the rate of NP resolution
(RR 1.29) without influence on the case fatality rate
(RR 0.84) or the rate of side effects (RR 1.11) [41].

Russian National Guidelines «Nosocomial
Pneumonia in Adults», 2016, also note expediency of
applying inhaled antibiotics as adjuvant to systemic
therapy. The importance of observing the antibiotic
inhalation technique and use of the last generation
nebulizers to increase drug delivery to lungs is un-
derlined. Besides, the decision of prescribing an inha-
led antibiotic therapy must be made by a case confe-
rence of a federal specialized medical organization
subject to voluntary informed consent of the patient
or his lawful representatives (Order No.494 of the
Russian Ministry of Health and Social Development
«On Life-Saving Application of Drugs in Patients» of
09.08.2005) [1].

Most common in critical care are inhaled coli-
stin and inhaled aminoglycosides due to their bacte-
ricidal effect and proven safety in case of administra-
tion by inhalation.

Inhaled Aminoglycosides. In Russia, a special
dosage for inhaled tobramycin administration is regi-
stered. Tt should be noted that aminoglycosides are
most convenient for administration by inhalation
since they feature bactericidal activity dependent on
concentration when a high peak dose of a drug is crea-
ted in lungs, but the duration of its effect is short. On
the contrary, in case of intravenous administration,
penetration of aminoglycosides into lungs is minimal
(12% for gentamicin, 32% for tobramycin; sputum
concentration is less than 10* MIC), while the risk of
development of toxic effects is high [16—18, 42].

Aminoglycosides are polar molecules and they
poorly penetrate into pulmonary epithelium when
administered intravenously (15—20% of the dose).
Inhaled tobramycin remains mostly in the respiratory
tract; it does not penetrate through respiratory epit-
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HUU TOOPAMUIIMH TIPEUMYIECTBEHHO OCTAETCSI B
JIBIXaTEJIbHBIX My TSX, HE IPOHUKAET Yepes3 pecinpa-
TOPHBI sHTenil. BUOZOCTYTHOCTD TOGPAMUIIITHA
3aBUCUT OT TEXHUKH UHTAJISAIUN U COCTOSTHUS JIbIXa-
TeapHBIX TyTel. Yepes 10 MUH TOCIe MHTATAINAN
300 mr UT cpeHsist KOHI[EHTpAIUsT TOOPAMUIIITHA B
mokpote cocrassier 1237 mkr/t (35—7414 Mkr/T).
Yepes 2 4 mocJjie UHTAJISAIUY KOHIIEHTpanust Toopa-
MUIIHA cocTaBysieT 14% OT KOHIEHTpAIUK Yepes
10 mun. CpenHsisi CbIBOPOTOUHAST KOHIIEHTPAIIUS
tobpamuinHa yepes 1 4 nocie unraasuu 300 mr
WNT y 6oJbHBIX ¢ MYKOBHUCLIMIO30M COCTaBJISIET
0,95 Mkr/mi1. BeiBoguTCst TOOPAMUIIIH [TPEUMYTIie-
CTBEHHO C MOKPOTON, He3HauWTeJbHAs 4YacThb —
myTeM KayboukoBoit puibrpanun, T, ToGpamMuiu-
HA U3 CBIBOPOTKY — MpUMepHO 2 4 [24—25].
Czosnowski u coasrt. [39] mokasanu, uto uc-
MOJIb30BaHUE WHTAJSIIIMOHHBIX aHTUOUOTUKOB MO3-
BoJisterT poctuub paspemenus HIT B 73% ciydaes,
spaaukaimu Bo30yauresst B 71% ciydaes. B perpo-
criektuBHOM uccaenosanun Arnold H. u coasr. ot-
MeueHa TEH/IEHIHS K O0Jiee BBICOKON BBIKIBAEMOCTH
60sibHbIX HII, KOTOPBIX JIEUMJIU WHTAJSIIIMOHHBIM
tob6pamurmaoM [43]. B uccaenosanuu Niederman u
coaBr. [44] 6bima okazana ahbEKTUBHOCTD HHTAJISI-
[MOHHOTO aMUKAI[MHA, KOTOPBIA BBOIUJIHN C TIOMO-
MBI 9KCIIEPUMEHTATIBHOTO HebOymmaiizepa 400 mr
kakbie 12 u. unm kaxkaple 24 4. Yacrora paspeliie-
uust HII cocraBuma 50% 1ipu [ByKpaTHOM BBEIEHUM
amukarmaa u 17% 1pu OIHOKPATHOM, 4acTOTa I10-
60unbIX a(hdexroB Obia MunuMabHOU. Le Conte u
COaBT. [45] moKazaau, 4TO UCHOJH30BAHUE WHTAJIS-
[IHOHHOTO TOOPAMUIIMHA B KAa4eCTBE JOMOJHEHUS K
BHYTPUBEHHBIM (eTa-JlakTaMaM TI03BOJISIET COKpa-
TUTH TnponoskuTesnbHocTh VIBJI. B perpocnexTns-
HOM uccsreioBannu Lu Q. u coaBT. Obliia 3aperucTpu-
poBaHa cXofHasd KAMHUYecKas 3(h(GeKTUBHOCTD CH-
CTEMHOTO W UHTAJISIIMOHHOTO BBe/leHUS e Ta3nim-
Ma ¥ aMUKaI[MHa, HO MeHbIIas yactota (hopMUpoBa-
HUST PE3UCTEHTHBIX MITaMMOB Pseudomonas aerugi-
nosa B rpynie VA. [46]. Ta xe rpyrmia uccienoBate-
Jiell ToKaszaia cXoJHylo 3(PdEeKTUBHOCTb WHTAJS-
[HOHHOTO KOJINCTHHA U KOMOWHAI[MM BHYTPUBEH-
HBIX O€eTa-JIAKTAMOB ¥ aMUHOTJIMKO3U/IOB Y GOJILHBIX
HITI, BoizBaunoit Pseudomonas aeruginosa u Acineto-
bacter baumanii [47]. B nanHoM uccienoBaHuy He
ObLIO TIOKa3aHO (GPOPMHUPOBAHUS PE3UCTEHTHOCTH
mMukpoopranuamos na ¢done UA. Hanporus, y 25%
MUKPOOpPTaHu3MOB Ha (oHe jeueHuss A moBbicu-
JIACh YYBCTBUTENBHOCTD K AaHTHOMOTHKAM, K KOTO-
PBIM OHE paHee ObLTn pe3ucTeHTHBL B padbore Ghan-
nam D. u coaBt. [48] 6bUIO TPOJEMOHCTPUPOBAHO,
uto B rpymie 60bHbIX HIT, KOTOPBIX JIEUNIN WHTa-
JIAIMOHHBIMU aMUHOTAUKO3UAaMu, pa3perierue HIT
6110 Gostee ObicTpbiM (Y 81% OOJIBHBIX IO CpaBHE-
Huto ¢ 31% B rpyiilie BHYTPUBEHHBIX AHTHOUOTH-
koB). He 6bLIO 3aperucTpupoBaHo ciydaeB Hedpo-
TOKCUYHOCTH B TPYIIE WHTAISAITMOHHBIX aMUHOTJIH-

helium. Tobramycin bioavailability depends on the
inhalation technique and respiratory tract condition.
10 min after inhalation of 300 mg of IT, the mean spu-
tum tobramycin concentration equals to 1237 mcg/g
(35—7414 mcg/g). 2 hrs. after inhalation, tobramycin
concentration equals to 14% of the 10 min concentra-
tion. The mean serum tobramycin concentration 1 hr.
after inhalation of 300 mg of IT in mucoviscidosis pa-
tients is 0.95 mcg/ml. Tobramycin is eliminated pred-
ominantly with sputumoii, a minor fraction — thro-
ugh glomerular filtration, tobramycin T,, from
serum is about 2 hrs. [24—25].

Czosnowski et al. [39] proved that use of inha-
led antibiotics allows achieving NP resolution in
73% of cases and germ eradication — in 71% of cases.
In a retrospective study, Arnold H. et al. observed a
tendency towards higher survivability of NP pati-
ents treated with inhaled tobramycin [43]. The
study of Niederman et al. [44] showed efficacy of in-
haled amikacin administered with the help of an ex-
perimental nebulizer in a dose of 400mg every 12 hrs.
or every 24 hrs. The NP resolution rate amounted to
50% for amikacin administration done twice and
17% for single, occurrence of side effects being mini-
mal. Le Conte et al. [45] demonstrated that inhaled
tobramycin used as an adjunctive therapy to inrave-
nous betalactams allows reducing the ALV period. In
a retrospective study, Lu Q. et al. recorded a similar
clinical efficacy of systemic and inhaled ceftazidime
and amikacin, but less frequent formation of resistant
strains of Pseudomonas aeruginosa in the TA group
[46]. The same team of researchers showed a similar
efficacy of inhaled colistin and a combination of in-
travenous betalactams and aminoglycosides in pati-
ents with NP caused by Pseudomonas aeruginosa and
Acinetobacter baumanii [47]. That study did not
show formation of microorganisms' resistance at the
background of TA. On the contrary, at the backgro-
und of TA therapy, 25% of microorganisms developed
sensitivity to antibiotics, which they had been resi-
stant to previously. Ghannam D. et al. [48] demon-
strated that in the group of NP patients treated with
inhaled aminoglycosides, NP resolution was faster
(in 81% of patients versus 31% in the group of intra-
venous antibiotics). No cases of nephrotoxicity were
recorded in the group of inhaled aminoglycosides.
Our study [49] proved that inhaled tobramycin
dosed 300 mg 2 times/day is efficient as an adjuvant
therapy to systemic antibacterial therapy in the tre-
atment of AIV-associated pneumonia caused by
multiresistant gram-negative germs: such modified
treatment facilitates faster pneumonia resolution
and earlier unassisted breathing.

Inhaled Colistin. Polymyxin E (colistin) was
isolated from Bacillus polymyxa by Japanese researc-
her Koyama Y. in 1949. Polymyxin E (colistin) and
polymyxin B differ by their chemical structure. These
antibiotics were intensively used for severe gram-ne-
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K03u10B. B Hamem nccneposanun [49] 66110 qokasa-
HO, YTO IPUMEHEHIE HHTAJSIIIHOHHOTO TOOPAMUIIMHA
B 103¢ 300 Mr 2 p/cyT adpexTuBHO B KayecTse /10-
MOJIHEHUST K CUCTEMHOW aHTHOAKTEPUATIbHOU Tepa-
nuu npu gedennn MBJI-acconmmupoBanHoil mHeBMO-
HUU, BBI3BAHHOM MTOJIMPE3UCTEHTHBIMU IPAMOTPHIIA-
TEJIBHBIMU BO30YUTEJISIMU: JTAHHOE MOAUDUITHPO-
BaHHOE JiedeH e criocobeTByeT Goiee OBICTPOMY pas-
pEIIeHI0 THEBMOHUU 1 GoJiee paHHEMY MEePEBOJLY
GOJIbHBIX HA CAMOCTOSITEJILHOE JIbIXaHUE.

Nuranssmuonnpiii koauctuH. [lomumukcun E
(kosuctun) ObL1 BbieseH u3 Bacillus polymyxa
sanoHckuMm ucciuenoparesnem Koyama Y. B 1949 r. ITo-
aumuken E (kosucrtun) m nosmmukcud B otiu-
YAKTCS 10 XUMUYIECKOU CTPYKTYpe. ITH aHTHOHOTH-
KM aKTUBHO IPUMEHSIIN Ui JIEYEHUs] TSKEbIX
rpamotpuiarebubix wHpekuii 8 1950—70-e rr.,
3aTeM MX B OCHOBHOM HCITOJIb30BAJIU 1P MYKOBHC-
1u/103e, a ¢ Hayana 2000 r. cHoBa BepHYJIUCH K UX HC-
MOJIb30BAHUIO B PEAHUMATOJIOTUH B CBSI3U C POCTOM
antubuotTuKopesuctenTHOCTH [50].

Kosmctun — HawnboJiee CIIOKHBIN JIJIST MHTAJISI-
[HOHHOTO BBEJECHUS] AaHTUOUOTUK, MOCKOJBKY OH
Hpe/CTaBIsieT co00it MPOJIEKapCTBO (KOJIUCTUMETAT),
KOTOPOE JIJIsT AKTUBALINH JOJIKHO TIO/[BEPTHY THCST THI-
posuy. ViMeHHO fanHast hopma mpemnapara mpejinoy-
TUTEIbHA JUIST WHTAISIUOHHON aHTHOHOTHKOTEpa-
nun. KoJTMCeTuH SBISETCS CMEChIO ITUKJINYECKUX Ka-
THUOHHBIX MENTH/IOB, KOTOPbIE MOTYT MOBPEKAATH HE
TOJIBKO KJIETKU MUKPOOOB, HO M KJIETKU PECITHPATOP-
HOTO TPaKTa U JierKuX. Muiienb sl KOJTUCTUHA —
JIITIOTIOJINCAXAPU/] KJIETOUHO cTeHKu Gaktepuii [50].
Kosmctumerar HaTpusi ipyt BHYTPUBEHHOM BBEIEHUN
He OOHAPYKUBAETCSI HU B OJIHOM U3 CETMEHTOB JIEr0Y-
HOI TKaHW B U3MEPSEMBIX KOHIIEHTPAIUSAX, T03TOMY
st siedennss HIT mpenapaT pekoMeHZIOBaH TOJIBKO
JUIST MHTAJISIIIMOHHOTO BBesienus [1].

B perpocriekrusroM nccaenoBaruu Doshi M.
COaBT. OBLJIO TIOKA3aHO, 4TO J00aBJIEHNE WHTAJSI-
[UOHHOTO KOJUCTUHA K BHYTPUBEHHOMY KOJUCTUHY
yckopsiet pazpenienre HII u cHukaeT jietaabHOCTD
npu HII, BbI3BaHHOI MOJMPE3NCTEHTHBIMU I'PAM-0T-
pulaTeIbHBIMU MUKpoopranusmamu [36]. B uccie-
nosanun Tumbarello M. u coasT. ObLIO TTOKA3aHO,
4yTO Hcnoab3oBanue MK 1o cpaBHeHWIO ¢ BHYTpH-
BEHHBIM CIIOCOOCTBYeT GoJiee OLICTPOMY paspelie-
uuto HIT u Gosiee paHHeMy repeBoly OOJIbHBIX Ha ca-
MocTositesibHoe Abixanue [35]. Korbila I. u coasr. no-
kaszaiu, uyto M BJI-accoruupoBanuass HIT Obictpee
pasperaercst npu g00aBJEHUN K BHYTPUBEHHOMY
KOJIUCTUHY WHTAJSIIIUOHHON (hOPMbBI aHTUOUOTHKA
[33]. B pa6ore Liu D. u coaBr. Gblia JOCTUTHYTA
60JIblIIag YacTOTa pAANKALNU BO3OYAUTES U3 MOK-
POTBI U MEHbIIAsl JIETAIbHOCTh PU KOMOMHUPOBA-
HUU UHTAISIIUOHHOTO ¥ BHYTPUBEHHOTO KOJIUCTHHA.
Yacrora mo60uHbIX 3(H(HEKTOB B ITOM CJIydae He BO3-
pacrama [51—52]. B mera-anamuze Valachis A u
coaBT. ObLIO MTOKA3aHo, uTo uctosib3oBanue MK Bme-

gative infections in the 1950—70s; later, they were
mostly used during mucoviscidosis; and since early
2000, they have been used again in intensive care be-
cause of growth of antibiotic resistance [50].

Colistin is the most difficult antibiotic for ad-
ministration by inhalation as it is a pro-drug (coli-
stimethate), which must be hydrolyzed to become
active. It is this form of the drug that is preferable
for an inhaled antibiotic therapy. Colistin is a mix-
ture of cyclic cationic peptides that can damage not
only microbial cells, but cells of the respiratory
tract and lungs, as well. The colistin target is bacte-
rial cellular wall lipopolysaccharide [50]. Intrave-
nously administered sodium colistimethate is not
found in any of pulmonary tissue segments in mea-
surable concentrations; therefore, for NP trea-
tment, the drug is recommended only for admini-
stration by inhalation [1].

In a retrospective study, Doshi M. et al. showed
that the addition of inhaled colistin to intravenous
colistin accelerates NP resolution and decreases the
case fatality rate during NP caused by multiresistant
gram-negative microorganisms [36]. The study of
Tumbarello M. Et al. demonstrated that IC versus in-
travenous therapy assists faster NP resolution and
earlier unassisted breathing [35]. Korbila 1. Et al.
proved that ATV-associated NP resolves faster when
intravenous colistin is complemented with the inha-
led antibiotic [33]. Liu D. Et al. achieved more often
eradication of germ from sputum and lower case fata-
lity rate in case of combination of inhaled and intra-
venous colistin. Occurrence of side effects did not in-
crease in that instance [51—52]. In a meta-analysis,
Valachis A. Et al. showed that use of IC together
with intravenous colistin is accompanied with a hig-
her rate of NP resolution, eradication of germs from
sputum, and lower case fatality rate, while IC combi-
nation with other systemic antibiotics renders no in-
fluence on the case fatality rate [53]. In a meta-ana-
lysis, Floresci D. et al. proved positive clinical effects
of inhaled colistin, low occurrence of nephro- and ne-
urotoxicity, as well as decrease of the case fatality
rate [54]. On the contrary, in a retrospective case-
control study, Kofteridis D. et al. did not observe cli-
nical efficacy of inhaled colistin as adjuvant to intra-
venous colistin [55]. Similar data were obtained in
the recent study of Demirdal T. et al. [56—57]. Com-
parative studies of inhaled tobramycin and colistin
were carried out only in spontaneously breathing
mucoviscidosis patients, which makes it difficult to
use the data obtained in critical care NP patients
[58—59]. Our study [60] proved efficacy of inhaled
colistin dosed 2 mIn. U 3 times/day as adjuvant to
systemic antibacterial therapy in treating NP caused
by multiresistant gram-negative germs: such modifi-
ed therapy facilitates faster resolution of pneumonia,
earlier spontaneous breathing of patients, and shor-
ter period in a critical care unit. Our study did not re-
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CTe C BHYTPUBEHHBIM KOJHCTUHOM COIMPOBOXKIAETCST
yBesinyeHneM yactoThl paspentenusi HII, spajuka-
1K BO30YIUTEEH U3 MOKPOTBI U CHUKEHUEM JIETATIb-
HOCTH, TOT/Ia Kak jo0asienue VK Kk apyrum cucrem-
HBIM aHTHOMOTHKAM HE BJIUSIET Ha JIETAJIbHOCTD [53]. B
MeTa-anasmae Floresci D. u coaBT. ObLIN JJOKA3aHbI
MOJIOKUTEJbHBIC KAWHUYecKue a(h(eKTb WHTams-
[MOHHOTO KOJIUCTUHA, HU3Kas 4actota Hedpo- u
HEHPOTOKCUYHOCTH, 2 TaKXKe CHUKEHUE JIETAJIbHO-
ctu [54]. Hamporus, B peTpoCieKTUBHOM KCCIIeN0-
Bauuu cirydaii-koutposib Kofteridis D. u coasr. He
OBLIO OTMEYEHO KJIMHUYECKOH 3((HEKTUBHOCTU WH-
TaJISIIIMOHHOTO KOJIMCTUHA [IPU €ro JM00aBIEHUN K
BHYTPUBEHHOMY KOJHUCTUHY [53]. Anamorudmbie
JIaHHbIe OBLIN MOJIYIEHBI B HETABHEM UCCJIEIOBAHUN
Demirdal T. u coasr. [56—57]. CpaBHUTEbHbIE HC-
CJIEJIOBAHUST MHTAJSIITHOHHOTO TOOPAMUIIMHA U KO-
JIUCTUHA MPOBOJUJIUCH TOJHKO Y OOJBHBIX MYKO-
BUCIU/I030M HA CAMOCTOSITEJbHOM [bIXaHUU, YTO
3aTPYAHSIET UCIOJb30BAHUE MOJTYYEHHBIX NAHHBIX
y peaHumarosornaeckux 60sbpubix ¢ HIT [58—59].
B Hamem wuccrienoBanun [60] Obuia gokasatna ag-
(bexTMBHOCTD MHTANIANMOHHOTO KOJUCTUHA 2 MJTH.
E/l 3 p/cyT. B kauecTBe OMOTHEHUS K CUCTEMHON
aHTHOAKTEepUAJbHOU Tepanuu 1pu Jjedernn HII,
BBI3BAHHON IIOJIMPE3UCTEHTHBIMU TPAMOTPHUIIA-
TeJIbHBIMU BO30YIUTESIMI: TaHHOE MOAUMDUITIPO-
BaHHOE JieueHue crnocobeTByer Gosiee OBICTPOMY
paspeleHnto MHEBMOHNH, 0oJiee PaHHEMY MEPEBO-
[y TAIUEHTOB HA CAMOCTOSITEJIbHOE [[bIXaHue U CO-
KPAIIEHUIO CPOKOB TIPEObIBAHMS B OT/IEJIEHUN pea-
HUMATOJIOTUU. B HaileM HcclefoBaHUM He OBLIO
Hall/IeHO OCTOBEPHBIX PA3JIUYUN MEKIY WHTAJS-
[UOHHBIM TOOPAMUIIMHOM ¥ WHTAJSIIUOHHBIM KO-
JINCTUHOM I10 KIUHUIECKUM UCXO/AM.

Takke B peaHMMATOJOIMU UCHOJIB3YIOTCS UH-
rajsaiuoOHHble (PTOPXUHOJOHBI, JHUIOCOMATHHAS
(hopMa aMUHOTJINKO3HU/IOB; a3TPEOHAM, KOMOUHAIIUI
MHTQJISIIIUOHHBIX AHTUOUOTUKOB
(bochomurma/To6paMuIinH, KOJIUCTHH/TOOPaMU-
nuH, nunpodaokcanui/Koauctun). MHrajasamnuon-
HbI pochoMuiuH, obJagaronmii aHTUMUKPOOHOI
AKTUBHOCTHIO KAK IMPOTUB IPAMOTPHUIIATETHHBIX, TAK
U TIPOTUB TPAMIIOJIOKHUTETBHBIX MUKPOOPraHU3MOB,
PEKOMEH/[0OBAHO KOMOUHHUPOBATh C IPYTHMMU AHTH-
6uotuKamu BO n36eKaHie ObICTPOTO PA3BUTHS PE3U-
CTeHTHOCTH K Hemy [20—35].

Wcnonp3oBanve MHTAIAIMUOHHBIX Tledanoco-
PUHOB MJIM MOHOOAKTAMOB IMOJPA3yMEBAET acThlie
UHTQJISIUKA  BeJiefcTBUE  (hapMaKOKMHETUYECKUX
0cobeHHOCTEN JIAHHBIX aHTUOMOTUKOB. Harpumep,
17151 9 HEKTUBHON MHTAIAIIMOHHOM Tepannu 1edra-
3UIUMOM HeOOXOJMMbBI MHTAJSIIUN KaK/Ible 3 Jaca,
YTO TPYIHOBBINOJHUMO Ha mipakTuke [61]. Mcmomb-
30BaHUE HHTAISIUOHHO (hOPMBI HeTa-JIaKTaMOB He-
11eJ1ec000PasHO, TOCKOJIbKY X aHTUMUKPOOHAsI aK-
THUBHOCTbH 3aBUCHUT OT BPEMEHH, 4TO TPeOYeT YacThIX
WHTJIAIWI 1iperiapaTta (Harpumep, 1edTa3ujgnuM —

veal reliable difference between inhaled tobramycin
and inhaled colistin based on clinical outcome.

In critical care,u ucrosbaytorest inhaled fluoro-
quinolones, liposomal aminoglycosides; aztreonam,
combinations of inhaled antibiotics (fosfomicin/
tobramycin, colistin/tobramycin, ciprofloxacin/coli-
stin) are also used. Inhaled fosfomicin featuring anti-
microbial activity both against gram-negative and
gram-positive microorganisms is recommended to be
combined with other antibiotics to avoid fast deve-
lopment of resistance thereto [20—35].

Use of inhaled cephalosporins or monobactams
implies frequent inhalations due to pharmacokinetic
specificity of these antibiotics. For example, an effec-
tive inhaled ceftazidime therapy requires inhalations
every 3 hours, which is hard to implement in practice
[61]. Use of inhaled betalactams is inexpedient be-
cause their antimicrobial activity depends on time,
which requires frequent drug inhalations (for exam-
ple, ceftazidime — every 3 hrs.). When administered
by inhalation, carbapenems cause allergies: the inve-
stigation of inhaled doripenem was stopped for this
reason at phase one [20—45, 61].

Devices for Inhaled Antibiotic Therapy. To
perform an effective inhaled antibiotic therapy, it is
necessary to use special inhaled forms of drugs and
up-to-date nebulizers. There are ultrasound, jet, and
vibrating-mesh nebulizers. Among nebulizers avai-
lable in the critical care practice, most advantageous
are vibrating-mesh nebulizers where piezoeffect is
used for aerosol generation. This type of nebulizers
provides formation of aerosol droplets of 2.1 mcm in
size and delivery of up to 70% of the drug dose into
lungs; aerosol temperature does not change in the co-
urse of inhalation, which minimizes the risk of drug
degradation; aerosol flow renders minimal influence
on the ALV parameters; when this type of nebulizers
is used, it is possible to continue moistening the bre-
athing gas in the ALV apparatus circuit. Drug spray-
ing in this nebulizer is synchronized with the inspira-
tory phase; a smaller amount of drug is required for
efficient inhalation [1—35]. Jet or ultrasound nebuli-
zers do not allow achieving the necessary size of par-
ticles. Tt has been shown that during inhalation of
300 mg of tobramycin through a jet nebulizer, the
mean sputum concentration of the antibiotic was
900 mg/g, which is significantly less than 25*MIC
[30—40].

Currently several special systems for delivery
of inhaled antibiotics are employed on clinics. The
Investigational eFlow InlineNebulizer System by
PARI Pharma can be used several times in the same
patient, which allows avoiding circuit disconnection
between inhalations. This nebulizer represents a vib-
rating stainless steel mesh placed in the airflow from
an ALV apparatus and works continuous. The system
allows inhalations of amikacin and fosfomicin combi-
ned in ratio 5:2. In this device, the expiratory elbow
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kaxpie 3 u). KapbarieHeMbl TIPH MHTAJSIIIUOHHOM
BBE/ICHUY BBI3BIBAIOT AJIIEPTUU: UCCIIECIOBAHUE WMH-
raJISIMOHHON (hOPMBI TopHUTTeHeMa ObLJIO OCTAHOBJIE-
HO TI0 TAHHOU npuynHe B riepsoit dhaze [20—45, 61].

YerpoiicTBa 111 MHIaJSIHOHHOW aHTHOHOTH-
Kkotepanuu. /17151 nposesenns ahGexTUBHONM MHTAIIS-
[UOHHON aHTUOMOTUKOTEPAIIUK HEOOXOAMMO UC-
MOJIb30BaTh CIIEIUATbHBIC WHTATSAIMOHHbIE (hOPMBI
IperapaToB U coBpeMeHHbie HeOysaiizepsl. Cytie-
CTBYIOT He(OyJiaii3ephl YIbTPAa3BYKOBBIE, CTPYIHbIE U
¢ BubOpupymoieit miactuHoil (mesh-uebyaiizepnr).
W3 nocTynmHbIX B PeaHMMATOJIOIMUYECKON IpaKTUKe
HeOyJaii3epoB  HauOOJIBITUMHU  [IPEUMYIIECTBAMU
obsanaoT HeOymaiizepsl ¢ BUOPUPYIONIEH IJIACTH-
HOIA, B KOTOPBIX UCIIOJIb3YeTCs Mbe30-3(DheKT /715 re-
Hepaiuu aspo3ouist. Jlauubiii Tun HeOyJaiizepoB
obecrieunBaeT (HOPMUPOBAHUE KaIlEJb a9PO30JIsT Pas-
MepoMm 2.1 MKM 1 jocTaBKy 10 70% 1035l JTeKapCTBEH-
HOTO TIperapara B JIETKUE; TeMIIepaTypa aspo3oJid He
MU3MEHSETCS B IIPOIecce MHTANSINH, YTO MUHUMHU3H-
PYET PUCK pas3pyIIieHUs JIEKAPCTBEHHOTO TTPerapara;
MOTOK a3P030Jid OKA3bIBAET MUHUMAJILHOE BJIMSHUE
Ha napameTpsl VIBJI; ipu mcnoJsib30BaHUM JJaHHOTO
THa HEOYIali3ePOB MOYKHO IMPOJOJLKATH yBJIAKHE-
HUe JIbIXaTesJIbHON cMecH B KOHTYype amtapara VBJL.
Jlauublii HeOytaiizep MPOBOJAUT PACIIbLICHUE TIperia-
para CHHXPOHHM3MPOBAHO ¢ (as3oil Bloxa, Tpedyercst
MEHDIITHIT 00beM JIEKAPCTBEHHOTO TpernapaTa st a¢-
dexrusnoint murassiuu [1—35]. Mcnosb3oBanue
CTPYHHBIX WJIH YJbTPa3BYKOBBIX HEOy3alliepoB He
MO3BOJISIET JIOCTUYb HEOOXOAUMOTO pasMepa YacTHIL,
Bouto mokazano, uto npu uarassiuu 300 Mr Tobpa-
MUIIUHA Yepe3 CTPYUHBIN HeOyiaiizep cpeHsist KOH-
HeHTpanust aHTuOuoTHKAa B MOKpoTe Obita 900 mr/T,
YTO 3HAUYNUTETHHO MeHbIIe, ueM 25* MIIK [30—40].

B nacrogiiee BpeMst U3BECTHO HECKOJIBKO CIICTIH-
AJTBHBIX CHUCTEM [IJIS1 IOCTABKU MHTAJIAIIMOHHBIX aHTH-
6uotukoB. Crucrema PARI Investigational eFlow Inli-
neNebulizer System mojker ObITh HCIOJIb30BaHA He-
CKOJIBKO pa3 y OIHOTO U TOTO K€ GOJIBHOTO, YTO JaeT
BO3MOKHOCTH U30€KATh Pa3MbIKaHIE KOHTYPA MEKTY
UHTAIAIMIMA. JIaHHBIN HeOyJaiisep IpeiCTaBsieT
cob0il BHOPUPYIOIILYIO IIACTHHY W3 HEPKaBeoIeit
CTaJIA, KOTOpasi PaclosokeHa B IOTOKE BO3/LyXa U3 afl-
napata VIBJI u paboraer HernpepbiBHO. Cucrema 1mos-
BOJIAET BBITIOJHATH MHTAISAINN aMuKaiimHa u gocdo-
MUI[MHA B KOMOWHAIMY B COOTHOTIIEHNH 5:2. B maHHOM
YCTPOICTBE HKCIMPATOPHOE KOJEHO KOHTYPa UTPaeT
POJIb pe3epByapa JIJIsl a3po30Jisi aHTUOMOTHKA B (hasy
BbIjIOXa. Pa3mep uacTtul] — wu3HavaidbHO 2,8 HM, C
MOCJIEYTOITMM YBEJIMIEHUEM 10 3,2 HM TIPU TIPUPOCTE
BiakHOCTH. Bpemst nnrassiu 12 mun. Texundeckue
XapaKTEePUCTUKY JTAHHOTO He(yJiaiisepa ObLIN OITica-
Hbl B pajie uccienoBanuii [62—64]. B mnacrosiee
BpeMs TpoBoauTcd uccuenaoBanue 11 daspr ¢ ncnosn-
soBanuem cucrembl PARI. Cucrema mrst vHraadimmn
to6pamuiiia (TOBI®) B HacTosiiee Bpems uccey-
€TCs1 B TPYIIIIE TIAIHEHTOB MyKOBUCIIUZI030M[65].

of the circuit plays the role of a tank for the antibio-
tic aerosol during the expiratory phase. The size of
particles that is 2.8 nm initially, is significantly in-
creasing to 3.2 nm as a moisture content grows. The
inhalation duration that is 12 min. The technical cha-
racteristics of this nebulizer were described in a num-
ber of studies [62—64]. At present, a phase-II study
with the PARI system is underway. The tobramycin
inhalation system (TOBI®) is currently investigated
in patients with mucoviscidosis [65].

The amikacin inhalation system (Amikacin In-
hale) is designed for administration of a special inha-
led form of amikacin in NP patients and includes a
special drug delivery system providing antibiotic in-
halation synchronization with the first 75% of the
time of inspiration [66]. This system allows delivering
35—58% of the drug to air vesicles in a concentration
much exceeding MIC [31]. During use of Amikacin
Inhale, the maximal amikacin concentrations in blood
serum were within a safe range. At present, a phase-
IIT clinical study of this system is carried out. Anti-
biotic instillation via an intubation or tracheotomy
tube is inefficient and should not be used.

Inhaled antibiotics are not used as a monothe-
rapy without systemic drugs, because their absorp-
tion into blood is low (2—4%) and insufficient for
treatment of infections accompanying NP, and the
amount of antibiotic reaching the respiratory region
of lungs is insignificant [ 1—13, 20—30, 32—40, 49]. It
should be noted that we have described a clinical
example of inhaled tobramycin monotherapy for NP
with a good clinical and microbiological effect in a
patient with a severe allergic reaction to systemic an-
tibiotics of several classes (Lyell's syndrome) [67].

At present, there is no sufficient body of evi-
dence to recommend inhaled antibiotics as prophyla-
xis of NP development in a critical care unit. Howe-
ver, this concept is highly attractive and pathogeni-
cally substantiated: in theory, inhaled antibiotics
allow reducing oropharyngeal colonization and pre-
venting NP development, or may prevent nosocomi-
al tracheal bronchitis aggravation to NP [49—52].

Use of TA is connected with some problems:

 Insufficient TA penetration into those pul-
monary regions where patency of airways is distur-
bed, which is especially relevant when there are con-
comitant obstructive lung diseases;

* partial depositing of the TA dose in the intu-
bation tube and large airways: this may play a pro-
tective role against formation of a microbial biofilm;

* TA inactivation by inhibiting substances
contained in sputum: this effect manifests most pro-
minently in case of aminoglycosides; to overcome
inactivation, MIC must be exceeded 25-fold, which
is achievable by use of up-to-date nebulizers;

* alteration of TA physical and chemical proper-
ties in the course of aerosol formation due to heating,
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Cucrema i unrassgnmy amvkanuia (Amikacin
Inhale) npexnasHayeHa st BBEAECHUS ClIEIMAIbHON
WHTQJISIIUOHHONM (hOPMbI aMUKAIlMHA Yy TIAIIMEeHTOB
HII u Bkjroyaer B cebst ClENUANbHYIO CUCTEMY JI0-
CTaBKM IIperapara, KoTopas 00eciiednBaeT CHHXPOHU-
3aLUIO0 MHIAJISAIMKA aHTUOMOTHKA C TIePBbIMU 75% Bpe-
MeHu Bjoxa [66]. Jlannas cuctema 1o3BoJISIET J0CTA-
BuTh 35—58% mpemnapara 0 ajbBeoJi, B KOHI[EHTPA-
1uu, 3HaunTesapHO Tnpesbimaomei MITK [31]. Tpu
ncnoapsoBanun Amikacin Inhale mMaxcumanbmbIe
KOHIIEHTPAIlUU aMUKAIMHA B CHIBOPOTKE KPOBU HAXO-
auauch B 0Oe30macHOM auanasoHe. B Hacrosiiee
BpeMs MPOBOAUTCSA KJIUHWYeCKoe ucciaenoBanue [11
(asbl gaHHOI cucreMbl. IHCTU/LISAINS aHTHOMOTHKA
yepes MHTYOAMOHHYIO WM TPaXeOCTOMHYECKYIO
TpyOKy HeahdeKTHBHA U He IOJEKHA TPUMEHSITHCSL.

WNHurananuonuble aHTUOMOTUKM HE UCIIOJb-
3YIOTCS B KadyecTBe MOHOTepaluu 0e3 CHCTEMHbIX
MpernaparoB, Tak KaK CTeleHb WX BCACHIBAHUS B
KpoBb HU3KA (2—4%) 1 HeJIOCTATOUHA JIJisI JIeYeHUsT
conytcrBytomux HIT wabekmii, a KoJu4ecTBO aH-
TUOMOTUKA, JOCTUIAIONIEr0 PECHUPATOPHOIT 30HbI
Jierkux, Hesnauurenbno [1—13, 20—30, 32—40, 49].
CJlieryer OTMETUTD, YTO HAMU ONUCAH KJIUHUYECKUT
npumep MoHoTepary HIT uHraIsimoHHbIM TOOPa-
MUITHOM C XOPOLIMM KJINHUUECKUM U MUKPOOHOJIO-
rudeckuM 3G GHEKTOM y GOJNBHON ¢ TSKEJOU ajiiep-
I'MYeCKOil peakiiueil Ha cucTeMHble aHTUOMOTUKY He-
CKOJIbKUX KJTaccoB (cunzapoM Jlaiiema) [67].

B macrosimee Bpemsi HeT MOCTaTOYHOM JOKa3a-
TeJIbHOI Oa3bl /11 TOro, YTOOBI PEKOMEHI0BATh MHIa/Is-
IMOHHbIE AaHTUOMOTHKKM B KadecTBe MPOQUIAKTUKM
passutus HII B otnenenun peanumarosnoruu. Ho man-
Has KOHIIETIIUSA SBJIIETCS KpaliHe MPUBJIeKaTeIbHON 1
[IATOTCHETUYECKA OOOCHOBAHHOM: MHTAIAIMOHHbIC aH-
TUOMOTUKK TEOPETUYECKH O3BOJISIIOT YMEHbBIINTD CTe-
1eHb opohapuHreaIbHOM KOJOHU3AIUU U TIPEIOTBPa-
TuTh pazsutue HII, i MoryT nnpesioTBpaTuTh epexoy
HO30KOMHUAJILHOTO TpaxeoOponxura B HIT [49—52].

Ucnonb3oBanue A cBsi3aHo ¢ orpejiesieHHbI-
MU TPOOIEMAMIL

* HejlocTaTOYHOE TpOoHUKHOBeHUuss WA B Te
30HbI JIETKUX, B KOTOPBIX HapyIlleHa MPOXOAUMOCTb
JIbIXaTEJIbHBIX IIYTeii, YTO 0COOEHHO aKTyaJbHO IIPU
HAJIMYUHU COMYTCTBYIOMIUX OOCTPYKTUBHBIX 3a00J1e-
BaHUII JIETKUX;

* JIeOHMpOBaHUe YacTy 103bl VIA B nHTyOa-
[UOHHOU TPYOKEe M KPYIHBIX AbIXaTEJbHBIX IIyTIX:
ATO MOJKET UTPaTh 3AlUTHYIO POJIb IIPOTUB (popMuU-
poBaHUsE MUKPOOHO GUOTLIIEHKY;

e uHaktuBanug VA MHrHOUpYIOUMMK Bele-
CTBaMU, COJIEPKANIUMUCS B MOKPOTE: JaHHbI -
ekt HanboJiee BhIpaskeH B OTHOIIEHUH aMUHOTJINKO-
3U/0B; JIJIS TIPEOJ0JIEHNS] MHAKTUBAIIMY HEOOXOIMMO
npesbiirenne MITK B 25 pas, 4To 10CTHKUMO [IPU UC-
10JIb30BaHUH COBPEMEHHbIX HeOyIaii3epos;

* u3MeHeHue (PUBUKO-XUMUUYECKUX CBOUCTB
WA B 1porecce 06pazoBaHust adpo30Jisl BCAEICTBHE

cooling, vibration: this manifests most prominently
when jet nebulizers are used [2—12, 15—24, 30—32];

 Jlocal toxic effect of IA, which manifests most
frequently in the bronchoconstriction action of pre-
servatives (EDTA, benzalkonium chloride) [61];

 systemic side effects of TA — in a number of
clinical case descriptions, there were examples of ne-
phro- and ototoxicity when inhaled tobramycin was
used; development of systemic side effects might be
connected with antibiotic adsorption into blood,
which is considerably greater during pneumonia
compared to healthy lungs [40—43];

* Decreased informational content of micro-
biological analysis results of sputum at the backgro-
und of TA therapy: absence of microorganisms in spu-
tum does not rule out their presence in distal regions
of airways and pulmonary tissues [43, 44];

 contamination of environment by TA, expo-
sure of medical stuff and other patients to antibio-
tic's particles.

To avoid these effects, it is necessary to observe
recommendations for nebulizer use [45].

An ideal inhaled antibiotic — is it possible? An
ideal inhaled antibiotic must possess a number of
characteristics [68]:

* An optimal chemical composition of an inha-
led antibiotic drug product. Inravenous forms of an-
tibiotics usually contain phenol and far from optimal
in terms of osmolarity (less than 150 mOsm/L, more
than 1200 mOsm/L), which causes irritation of air-
ways and bronchospasm. A drug product for inhala-
tion must be sterile and pyrogen-free, pH should be
within 4.0—8.0, osmolarity should be 150—1200
mOsm/L. Today, special inhaled forms of drugs are
available for colistin, tobramycin, and aztreonam
only.

 Inhaled antibiotic dose: such dose of a drug
is considered optimal that provides antibiotic con-
centration in distal airways that is 25 times higher
than microorganism's MIC.

* Antibiotic inhalation must be performed
only with the help of an up-to-date efficient nebuli-
zer providing nebula size of 1—5 mem (in this case,
they can reach distal airways). Jet nebulizers cannot
provide particles of that size. Vibrating-mesh nebuli-
zers or special commercially available combinations
of such nebulizers and antibiotics are the best for in-
halation of antibiotics. Modern nebulizers allow per-
forming antibiotic inhalation synchronously with ar-
tificial lung ventilation. Ideally, a nebulizer should
provide minimal changes in the MLV apparatus set-
tings when a nebulizer is used as well as efficient an-
tibiotic inhalation even when there is a moistener in
the circuit.

Recommended Algorithm for Use of Inhaled
Antibiotics [ 1, 49]:

1. Assess NP severity and ethological structu-
re: clinical, laboratory and instrumental signs; Clini-
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HarpeBaHusl, OXJIaKIeHus1, BUOpaluu: HanboJiee Bbl-
PaKEHO TIPH UCIIOJIb30BAHUU CTPYWHBIX HeGyraiize-
poB [2—12, 15—24, 30—32];

e MECTHOe TOKCHYeCKoe Bozzerictsue 1A, Ko-
TOpPOE Yallle BCETO BBIPAKAETCS B OPOHXOKOHCTPUK-
TOPHOM JIEHICTBUM KOHCEPBAHTOB (3THUJIECHIMAMITH-
TeTpaaiierar, GeH3aIKOHUsT XJopuz) [61];

* cucremubie 1mobouHble apdexkrsr A — B
psijie ONMUCAHWN KJIMHUYECKUX CJIyYaeB ObLIM 3aperu-
CTPUPOBAHBLI MPUMEPbl HeDPO- U OTOTOKCUYHOCTU
[IPU UCTIOJB30BAHUY HHTAJISIIIUOHHOTO TOOPAMUIIITHA;
Pa3BUTHE CUCTEMHBIX MOOOYHBIX 3(H(HEKTOB MOKET
ObITH CBSI3aHO C ajcoOpIell aHTUOMOTHKA B KPOBb,
KOTOpas 3HAYUTETHHO yBEJNYEHA ITPU THEBMOHUH 110
CPaBHEHUIO CO 37I0POBBIMU JieTkuMu [40—43];

* CHUXeHHe WH(GOPMATUBHOCTU PE3YJIbTATOB
MUKPOOUOJIOTMIECKOTO UCCJIE0BAHNUST MOKPOTBI Ha
(bone nevenus MA: orcyTcTBre MUKPOOPTaHU3MOB B
MOKPOTE He UCKJI0YaeT NX HAJIMIHS B IMCTAIBHBIX OT-
JleJIax JIBIXaTeIbHbIX My TeH 1 TKaHU JIeTKNUX [43—44];

* 3arps3HeHue okpy:kawoiieil cpeast A, Bo3-
JeficTBAe 4YacTUIl aHTUOMOTMKA HA MEJUIMHCKUNI
HEePCOHAT U JIPYTUX GOJHHBIX.

Bo usb6esxanue gaHHbix aphexToB He0OX0AUMO
COOJIIOIATH PEKOMEH/IAINHN 110 MCIIOJIb30BAHUIO He-
Oymnaiizepa [45].

UneanbHblii UHraJSIHOHHBIA AHTUOUOTUK —
BO3MOSKHO JU 3T0? ljeaybHbIl MHTAIAMMOHHBII
aHTHOMOTUK JOJKeH 00JIa/iaTh PSZIOM XapaKTepu-
ctuk [68]:

*  OnTUMaTbHBIN XUMUYECKUH COCTAB IIperapa-
Ta WHTASIIIMOHHOTO aHTHOMOTHKA. BHYTpPUBEHHbIE
(hopMBI aHTHOUOTHKOB OOBIUHO COZIEPIKAT (DEHOJT U He-
onTUMAIBHBI 110 ocMoJisipHocTH (Metee 150 MOcm/11,
6osee 1200 MOcm/i1), 9TO BBI3BIBAET Pa3[PaKEHIE
JIbIXaTeIbHBIX MyTell 1 Oponxoctasm. Tlpenapar Jyist
WHTAJISIIUE JIOJUKEH OBITh CTEPUJIbHBIM U ATTUPOTEH-
weiM, pH B mpenenax 4,0—8,0, ocmonstpHocTh 150—
1200 mOcm/a1. B Hacrositiiee BpeMst ClieliiaibHbie MH-
TaJIAIUOHHbBIE (POPMBI TIPENIAPATOB CYIIECTBYIOT TOJb-
KO JIJIsI KOJIMCTUHA, TOOPAMUIIMHA ¥ a3TPEOHAMA.

* JI03UPOBKA MHTAJSIIIHOHHOTO aHTUOUOTHKA:
OTITUMAJILHOIM CYUTAETCA TaKas /103a Ipernapara, Ko-
Topas obeciiedrBaeT KOHIEHTPALMIO aHTUONOTHKA B
JIICTATIBHBIX [[IXaTeNbHBIX MYTsX, B 25 pa3 mpeBbl-
nratorryio MITK mukpoopranmnsma.

*  UWurassiiust aHTHOMOTHKA JIOJKHA TIPOU3BO-
JIUTHCS TOJBKO C UCIOJBb30BAHUEM COBPEMEHHOTO 3(h-
(dextuBHOrO HeOyImaiisepa, KOTOPBIH obecrieunBaeT
pasmep HeGys 1—5 MKM (B 3TOM cJiydae OHH MOTYT
JIOCTUTHYTb JUCTAJIBHBIX OT/EIOB [[bIXaTeJbHbIX
nyteit). CrpyiiHble HeOyJaii3epbl He B COCTOSTHUU
obecrieunTs Takol pazmep uyactuil. Hanbosee ornru-
MAJIBHBI JIJIST MHTAJISIIIUN aHTHOMOTHKOB HelyJiaiize-
pbl ¢ BUOPUPYIOIIEH TIACTHHONW WJIM CIIEUAIbHbIE
KOMMEPUYECKHU JIOCTYITHBbIE KOMOMHAIIUN JIAHHBIX He-
OyuaiizepoB u anTu6buotTuKoB. CoBpeMeHHbIe HEDY-
JIafi3ephl MO3BOJIAIOT BBIMOJIHATH WHTATAINIO aHTH-

cal Pulmonary Infectious Score (CPIS); microbiolo-
gical assay of sputum.

2. Assess presence of indications for using TA in
a particular patient. Inhaled antibiotics are prescri-
bed only at the background of systemic antibiotic
therapy!

3. Assess presence of counter-indications and
risk of complications in a particular patient.

4. Prior to commencing antibiotic inhalation,
carry out toilet tracheobronchial tree suction (a
suction catheter; if necessary, fiber-optic bronchos-
copy), use mucolytics (fluimucil 300 mg i/v 1—2
times,/day)

5. When a particular patient has a high risk of
developing bronchospasm, before and after antibio-
tic inhalation, use bronchodilators via a nebulizer
(ipratropium bromide 0.5 mg; berodual 20 drops,
etc.). An extended aminophylline infusion at 240
mg/day is also efficient.

6. Adjust ALV apparatus operation: use the
breathing circuit without a moistener, remove heat
and moisture exchange filter for the duration of inha-
lation, fit it onto the expiratory valve (to prevent ex-
piratory valve obstruction by medicine); fit the ne-
bulizer onto the ALV apparatus at the point of inspi-
ratory line connection or onto the inspiratory line of
the circuit 30 cm from the Y-piece (a special circuit
is required); use the breathing volume of 500 ml ap-
proximately (at least) for adults; ensure gas flow of
40 L/min approximately (a higher flow rate is
worse), the inspiration/expiration ratio exceeding
1/2; switch off the flow trigger [1].

7. Prepare a sterile nebulizer, connect it into pa-
tient's breathing circuit; fill with a drug. Do not mix
the TA solution for inhalations with other drugs. While
operating a nebulizer, follow the manufacturer's in-
structions. The dosing schedule is determined by the
drug's insert and National Recommendations [1].

8. Perform drug inhalation via the nebulizer:
inhalation shall be carried out until there is no more
TIA in the nebulizer.

9. Upon procedure completion, check the resi-
dual volume of the drug in the nebulizer, remove the
nebulizer from the breathing circuit, and perform its
treatment as per manufacturer's recommendations.
Pay special attention to nebulizer disinfection to pre-
clude its colonization by nosocomial microflora.

1. Fit the heat and moisture exchange filter
onto the Y-piece, reset the ALV apparatus to previo-
us settings.

2. TA therapy duration — there is no body of
evidence on this issue; one should rely on clinical
data and own experience.

3. During the therapy and upon its comple-
tion, its efficacy should be assessed (clinical, labo-
ratory, and instrumental signs; CPIS; dynamic mic-
robiological assay of sputum), and presence of side
effects.
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OGUOTHKA CMHXPOHHO C TPOBOJUMON UCKYCCTBEHHOI
BeHTUJIsAIMEl JerknX. B meane HeOy maiizep M0OJKEH
obecreynBaTh MUHUMAJIBHBIE U3MEHEHUSI B HACTPOA-
kax arnmapara VIBJI ipu ucrnosnbzoBanuu HeOyJiaiize-
pa, a Takke 3(hPEKTUBHYIO MHTAJSIIIUIO AHTUHOMOTUKA
Jlaske TIpY HAIMYMK YBIAKHUTENS B KOHTYPE.

PexomeH10BaHHbBIT aITOPUTM IIPUMEHEHU S MH-
raJISIIIMOHHBIX aHTHOUOTHKOB [ 1, 49]:

1. OIeHUTDH CTeneHb TIKECTH W ATUOJIOTHYE-
ckyto crpykrypy HII: kiuHuuecKue, 1abopaTopHbie
U WHCTpyMeHTaabHble mpusHaky; mkaaa Clinical
Pulmonary Infectious Score (CPIS); nanubie Kosu-
YEeCTBEHHOTO MUKPOOHOJIOTHYECKOTO UCCIIEM0BAHUS
MOKPOTBI.

2. OreHuTph HaJIWYUe IIOKA3aHUN K HCIIOJIb30-
Banuio VA y mannoro 6ojibHOro. VHTansimoHHble
AHTUOMOTUKU HA3HAYAIOTCS TOJBKO Ha (hoHe Jiede-
HUST CHCTEMHBIMU aHTUOMOTUKAM!

3. Ouenurtp HajquuMe TPOTUBOINOKA3AHUUN U
PHCK Pa3BUTHUS OCJIOKHEHUIT Y IAHHOTO OOJIBHOTO.

4. Tlepes HayajoM MHTaJAUU aHTUOMOTHKA
BBITIOJIHUTD CAHAIIUIO TPAaXeOOPOHXUAIBHOTO JIEPeBa
(caHAIMOHHBIN KaTeTep, MPU HEOOXOAUMOCTH —
(bubPOOPOHXOCKOIHST), UCTIOJIB30BATH MYKOJIUTHKH
(payumytmr 300 mr B/B 1—2 p/cyT.)

5. TIpu BBICOKOM pUCKe Pa3BUTHsI GPOHXOCTIA3-
Ma y JIaHHOTO GOJIBHOTO — Tepe/l MHTAJSIIIUE aHTH-
OGUOTHKA U 1OCJIe Hee MCIOIb30BaTh OPOHXOANISTA-
TOpbI uepe3 HeOysaiizep (umparponust 6pomus 0,5
mr; 6eposyadn 20 kamens u ap.). Takke apdexTrBHA
npojieHHas nHpysus aybuamuna 240 mMr/cyT.

6. Koppeknuust pabors ammapata UBJI — wuc-
MOJIb30BATD JIBIXATEbHBII KOHTYD 0€3 yBIaKHUTE-
JIsl, CHATH (DUJIBTP-TEIIOBIArOOOMEHHUK Ha BPEMSI
WHTJILIH, TOMECTUTD €T0 Ha KJalaH BbiioxXa (/715
peIoTBpalleHrst OGCTPYKIINU KJIAMaHa BBIIOXA Me-
JIMKAMEHTOM ); TOMECTUTh HeOysaiisep Ha armapar
WBJI B MecTe TipucoeIUHEHUI JTUHUHU BIOXA WJINA Ha
JINHUIO BI0Xa KOHTYpa B 30 cM OT TpoitHuKa (HY:KeH
CHEIUATbHBII KOHTYP); MCIOJIB30BATh [[bIXATEIb-
HBII 00beM 0K0Ji0 500 MJ (He MeHbIIe) JJIsT B3POC-
JIBIX; 06ECTIEYUTD MOTOK ra3a 0koJio 40 ji/muH (6oJiee
BBICOKHH MTOTOK XYy’Ke), COOTHOIIIECHUE BJIOXA K BBIIO-
Xy Gostee 1/2; BBIKIIOYUTH TOTOKOBBII Tpurrep [1].

7. TloAroToBUTH CTEPUJIbHBIN HeOyalisep,
BKJIFOUUTD €70 B JIBIXaTeIbHbIA KOHTYP GOJIBHOTO, 3a-
MOJIHUTH JIEKAaPCTBEHHBIM TiperiapatoMm. He cremyer
cMmelnuBarh pactBop A st mHrasissiuii ¢ ApyruMu
JIeKapCTBEHHBIMU Tperapatamit. [Ipu pabore ¢ HeOy-
JIAN3EPOM CJICIOBATD WHCTPYKIMAM TTPOU3BOIUTEIIS.
Pexxnm osupoBanus orpeiesisieTcsl UHCTPYKIe B
npenapaty 1 HarimonanbabIMU pekoMenganusamu [1].

JlurepaTtypa

1. Temvgpand B.P. (ped.). HozokoMuasbHask MHEBMOHMSI Y B3POCJIbIX. Poc-
cuiickie HalmoHaIbHble pekomenan. M.: MUA; 2016: 176.

2. Bekaert M., Timsit J.F., Vansteelandt S., Depuydt P., Vésin A., Garro-
uste-Orgeas M., Decruyenaere J., Clec’h C., Azoulay E., Benoit D.;
Outcomerea Study Group. Attributable mortality of ventilator-asso-
ciated pneumonia: a reappraisal using causal analysis. Am. J. Respir.

Conclusion

Therefore, inhaled antibiotics (first of all, in-
haled colistin and inhaled aminoglycosides) are
highly effective as adjuvant therapy to systemic an-
tibiotics for NP and should be actively used in cri-
tical care. Further studies of clinical use of inhaled
antibiotics in different categories of critical care pa-
tients as a monotherapy and for NP prophylaxis in
nosocomial tracheal bronchitis patients are war-
ranted.

8. BbINOJHUTD MHTAJIANMIO TIperapaTa 4yepes
HeOyJraii3ep: WHTaSANUsT TPOBOJUTCS 10 TEX MOp,
noka pactsop A B HeOymalizepe He 3aKOHUHUTCSI.

9. Ilocsie 3aBepiieHus TPOIEYPBI TIPOBEPUTH
OCTaTOUHbII 00beM mperapaTa B HeOyJaiizepe, y/ia-
JuTh HeOyJiaii3ep U3 JbIXaTeJbHOTO KOHTYPA, TIPOBe-
cru ero 06paboTKy B COOTBETCTBHUM ¢ PEKOMEH/IAIIUSI-
mu ipousBouTesist. Clieyer yaenstb ocoboe BHUMA-
Hue Je3utberin Hebyaiizepa BO U30eKaHUe €ro
KOJIOHU3AIIUU HO30KOMHUAIBHON MUKPO(hJIOPOT.

1. YcranoButh GUIBTP-TEILIOBIATOOOMEHHUK
Ha Y-00pasHbIl TPOWHUK, BEPHYTb IPEXHUE Ha-
ctpoiiku anmnapata VBJI.

2. Ilpoposxurenvuocts Jjedenuss A — wer
JIOKa3aTeIbHOU 6a3bl 10 JAHHOMY BOIIPOCY, HEOOXO0-
JIIMO PYKOBOZICTBOBATHCS KINHUYECKUMU JTAHHBIMU
U COOCTBEHHBIM OIBITOM.

3. B mporiecce siedenns 1 10 3aBEpIICHUN He-
06X0IMMO OIleHUBATh €ro 3(h(HEKTUBHOCTD (KJIMHMU-
yeckue, JTabopaToOpHbIe ¥ MHCTPYMEHTAIbHBIE TIPH-
3naku; mkasa CPIS; nannble KOIM4ecTBEHHOTO MUK-
POGUOJIOTHYECKOTO UCCIE0BAHUST MOKPOTHI B JIHA-
MUKE) U HaJmdie T000YHBIX 9 hEKTOB.

3axiaoueHue

TakuMm 00pasoM, MHraJSIMOHHbIE aHTUONOTH-
KU (TIpeKe BCETO MHTAISAIIMOHHBIN KOJTUCTUH U UH-
TJIAIIMOHHBIE AMIHOTJIMKO3U/IbI) B KAUECTBE JIOTOJI-
HEHUST K CUCTeMHBIM aHTuOuoTnKam 1pu HIT Boico-
K09 HEKTUBHBI W JIOJIKHBI aKTUBHO MCIIOJIb30BATH-
cs1 B peannMarosiornu. TpeOyroTest ajibHelme uc-
CJIe/IOBAHISI B JAHHOM HAINPaBJIEHUH, 0COOEHHO B OT-
HOIIEHUU [PUMEHEHMS] WHTAJISIUOHHBIX aHTUOUO-
TUKOB y Pa3JNYHbIX KAaTETOPUN PeaHUMAaTOJIOTHye-
CKUX OOJIbHBIX B KaueCTBE MOHOTEPAINUH, a TAKKe
st nipodpusiaktuky pazsutusg HIT y narnuenToB c
HO30KOMHUAJIBHBIM TPAaXeOOPOHXUTOM.
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YYEeHBIX CTelleHei.

»  Obwas peanumamonozus.

Iluccepranuu Ha COMCKaHNE YYEHOU CTENEeHH JJOKTOpa HayK 0e3 omy0.m-
KOBaHHSI OCHOBHBIX HAyYHBIX Pe3YJbTATOB B BeAYIIUX KYPHAJaX M U3/IaHUSX,
nepeveHb KOTOPbIX yTBeP:KAeH Bbiciieil arTrecrannoHHOil KoMuCcHeH, OyayT
OTKJIOHEHbI B ¢BA3U ¢ HapymeHueM 1. 10 IToxoxxenus o nopsaake npucy:xaeHust

[Tepeuens xypuanoB BAK, usgaBaembix B Poccuiickoit Mexpeparinu 1o cre-
mranbHocTh 14.01.20 « AHecTe3moIOTHS U PEaHUMAaTOJIOTHSY>, B KOTOPBIX PEKOMEH-
Jyercst myOIMKaIisl OCHOBHBIX PE3YJIbTATOB AUCCEPTAIMil HA COMCKAHUE YUEeHOM
CTeTeHN JIOKTOpa W KaHuaTa MeUITNHCKUX HAYK:

*  Anecme3uonozus u peaHumMamonozus;
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