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Iesblo uccaenoBanus — oreHka ahdexTuBHOCTH NHTAIAIIMOHHOTO KosnetnHa (V1K) B kayecTBe pomnoHeHus
K CUCTEMHOIT aHTUGHOTUKOTEPAIINY B JIEYUEHUH HO30KOMUaIbHOIT tHeBMouuu (HIT).

Marepuasisi 1 MeTo/Ibl. B anHOe 06cepBaloHHOE Hcce0BaH e ObLIO BKIHUYEHO 90 PeaHUMAaTONOTMIECKUX T1a-
nmentoB ¢ HIL. B kauectBe ocHoBHOTO KpuTepus adhdexTuBHOCTH Jedenus otenusasu paspeiernue HIL. B kauectse
BTOPUYHBIX KpUTepreB 3(h(hEKTUBHOCTH JIeYeHUsT OIIEHUBAJIU 3PAUKAIIUI0 BO30YAUTE el 3 MOKPOTBI, BpEMS Tiepe-
BO/a GOJIbHBIX HA CAMOCTOSITEIBHOE [IbIXaHUE, BPEMsT IIPEObIBAHUS B OT/IE/ICHUN PEAHUMATOJIOTUU 1 JIETAIBHOCTD. BoJib-
HbIX ObLIM paszaesienst Ha 2 rpymnst I'p. 1 (n=48) — nobasierue VK k cucremubiv antrbuotukam; Ip. 2 (n=42) —
CMEHA CHCTEMHbIX aHTHOMOTUKOB B COOTBETCTBUU C UyBCTBUTEJIBHOCTBIO. I'PYIITibl GbLIIM CPABHUMBI 110 OCHOBHBIM Xa-
pakreprcTHKaM. VHTaSIIIMOHHbIH KOTUCTUH HazHavan B 1o3e 2 muri. EJT 3 paza/cyT. (Keemmmst DapmacbioTukaic
AnC, [lanust) 8 I'p. 1. Pexxum cucremuoli antubakrepuanbHoil Tepanuu npu HasHaverun VK we mensiiu, Crarucru-
YeCKMiT aHaJI3 BBITIOJTHILIN C TIOMOIIBIO ITporpaMMHoro nakera Statistica 7.0 (M, o, Newman—Keuls test; p<0,05).

Pesyabratel. B 1anHOM HCCIe[0BaHUY TPOAIEMOHCTPUPOBAIN 3((HEKTUBHOCTD MHTAISIIMOHHOTO KOJIUCTHHA 2
wut. EJl 3 p/cyT. B KauecTBe JOMONHEHUs K CUCTEMHON aHTuGaKTeprasibHOl Teparuu npu jedennu HII, BbisBaHHOI
HOJINPE3UCTEHTHBIMU TPaM-OTPULIATEIbHBIMI BO30Y IUTEsIMU: yacToTa pasperuenus [TH cocrasuia 75% (nporus
52% B I'p. 2, p=0.0295); spajuKaliust IaTOreHHbIX MUKPOOPIaHM3MOB K 7-M CYT. JiedeHust Oblia gocturayra 'y 80% B
Ip. 1uy60%8I'p. 2 (n=12) (p>0,05); 8 I'p. 1 nepeBoji Ha CAMOCTOSITEJBHOE JbIXaHUE ObLI BBIIIOJIHEH PAHbIIIE, YEM
BIp.2 —7,6%1,6 cyr. B I'p. 1 mporus 11,7+3,4 cyt. 8 I'p. 2 (p=0.0000); B ['p. 1 cpoku nipebbiBaHus B OTIEICHUN Pea-
HUMATOJIOTHH O MeHbIne, ueM B I'p. 2 — 12,0£3,4 cyr. B I'p. 1 nporus 16,3+3,4 cyt. B I'p. 2 (p=0.0000).

Sakmouenue. [Ipumenenne nHrasanuoHHoro Kosmeruna 2 MutH. EJ1 3 p/cyt. adhdexTuBHO B KauecTBe J1010J-
HEHUsI K CUCTEMHOI aHTHOAKTEePUAIbHON TePAIiU TIPU JIeYeHUU HO30KOMUAJIbHO ITHEBMOHWY, BBI3BAHHOU 110U~
PE3UCTEHTHBIMU IPaM-OTPUIIATEIbHBIMEU BO30yAuTeasiMI. [laHHOE MOAM(UIIUPOBAHHOE JIedeHUe CrocoOCTBYeET
6oJiee GBICTPOMY Pa3pPelIEHIIO THEBMOHUY, H0Jiee PAHHEMY IEPEBOJLY TIAIIMEHTOB HA CAMOCTOSITEIbHOE JIbIXaHUeE U
COKPAIIEHIIO CPOKOB ITPEOBIBAHNS B OT/IEJICHUN peaHuMaTosioruu. /lobaBiieHe HHTaISIIIMOHHOTO KOJMCTUHA K CU-
CTEeMHbBIM aHTHOMOTUKAM CJIEIyeT PACCMATPUBATH KaK BO3MOJKHbIIT aJITOPUTM JieueHust Ipu HeapHeKTUBHOCTH T1ep-
BOU JIMHUM aHTUOUOTHKOTEPATIUHL.

Kmioueswie cn06a: H030KOMUALLHAS NHEBMOHUSL; UHZALAYUOHHDILL KOJUCTIUH; UHZANSUUOHHDIC AHIMUOUOMUKY; He-
oyaaisep

The aim of the study was the assessment of aerosolized colistin (AC) efficacy as adjunctive therapy to systemic
antibiotic therapy for nosocomial pneumonia (NP).

Materials and methods. This observation study included 90 NP patients under critical care. The primary crite-
rion of therapy efficacy was NP resolution. As the secondary criteria of therapy efficacy, eradication of germs from
sputum, the time to patients’ spontaneous breathing, the time in critical care unit, and mortality were evaluated.
Patients were split into 2 groups: Gr.1 (n=48) — systemic antibiotics combined with AC; Gr. 2 (n=42) — systemic
antibiotics cross over due to sensitivity. The groups were comparable in main characteristics. Aerosolized colistin
was dosed 2 mIn. U 3 times/day (Xellia Pharmaceuticals ApS, Denmark) in Gr. 1. The regimen of systemic antibiotic
therapy was not changed upon AC prescription. Statistical analysis was carried out using Statistica 7.0 (M, o, New-
man—Keuls test; P<0.05).
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Results. This study has demonstrated efficacy of aerosolized colistin 2 mln. U 3 times/day as adjuvant therapy
to systemic antibiotic therapy for NP caused by multidrug-resistant gram-negative germs: the NP resolution rate
was 75% (versus 52% in Gr. 2, P=0.0295); eradication of pathogens by therapy day 7 was achieved in 80% in Gr. 1
and 60% Gr. 2 (n=12) (P>0.05); in Gr. 1, spontaneous breathing took place earlier than in Gr. 2 — 7.6+1.6 days in
Gr. 1 versus 11.7£3.4 days in Gr. 2 (P=0.0000); in Gr. 1, the critical care unit duration was shorter than in Gr. 2 —
12.0%3.4 days in Gr. 1 versus 16.3+3.4 days in Gr. 2 (P=0.0000).

Conclusions. Aerosolized colistin 2 mIn. U 3 times a day is an effective adjuvant therapy combined with systemic
antibiotic therapy for nosocomial pneumonia caused by multidrug-resistant gram-negative germs. This modified
treatment assisted faster pneumonia resolution, earlier spontaneous breathing of patients, and shorter time in the
intensive care unit. Addition of aerosolized colistin to systemic antibiotics should be regarded as a possible algorithm
of treatment in a case of inefficient first-line antibiotic therapy.

Keywords: nosocomial pneumonia; aerosolized colistin; aerosolized antibiotics; nebuliser
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BBenenne

HoszokoMuanbHast THEBMOHUST — 3a00JieBaHUeE,
XapaKTepusyIoleecs MOsIBJIeHIeM Ha PEHTTEHOTPAM-
Me HOBBIX 04aroBO-UHMUIbTPATUBHBIX U3MEHEHUIT B
JIETKUX cIycTs 48 4. u GoJiee 1ocie ToCIuTaIn3alun
B COUYETAHUU C KIMHUYECKUMU JAHHBIMU, TOITBEP-
JKIQIOMUMEA UX UMHQEKIUOHHYI0 npupoay (HoBas
BOJIHA JINXOPAJKU, THOWHASA MOKPOTA WUJIM THOWHOE
OT/IEJISIEMOE TPAaXeOOPOHXUATLHOTO IEPEBA, JIEUKOTIU-
TO3 W JIP.), IPU UCKJIIOUeHNN WHGEKITNH, KOTOpbIe
UMeJNCh B WHKYOAIIMOHHOM IIEPHOjie HA MOMEHT
noctymieHus: 60JIpHOTO B cTaruoHap [1].

Hozokomuasbnas nnesmonust (HIT) — Bropas o
YacTOTe BCTPEYAEMOCTH HO30KOMUATbHAS NH(EKIUS B
OT/IEJIEHUSIX PEAHUMATOJIOTHST U HabOoJIee PACIpoCTpa-
HEeHHas Y HAlUeHTOB HA MCKYCCTBEHHOU BEHTUJISIIIIN
gerkux (UBJT) (9—27%). B Poccuu B 2006 r. 66110
sapeructpuposano 25852 ciyuast HIT (3aboseBaeMoCTDb
0,8/1000 6ospHbIX). HO30KOMHUATIbHAST THEBMOHUSI Pa3-
susaercst y 0,5—0,8% rocrurainsnpoBaHHbIX OOJIbHBIX,
a B oTeseHny peanumarosorn — B 10—15 pas garie
(9—24% npu UBJI GoJiee 48 yacos). BerpeuaemocTsb
HII B oTneneHusIX peaHNMMAaTOJOTHU JTOCTUTAET 25—
44%. Tlo pannbIM 3apyOesKHbIX uccaegoBaTeneir HIT
peructpupyior B 1,4 caydae na 1000 nneit UBJI B
00IIUX OT/IETIEHUSIX PEAHUMATOIOTUH U B 3,5 CJIydasix
na 1000 xueit UBJI B ot/iesienusx peaHUMaTOJIOTUU
xupyprudeckoro mpoduist. [To zamibiv oTedecTBEHHBIX
uccreposanuii yactora HIT y xupyprudeckux 60JIbHbIX
cocraBiisieT 6% TOcJIe TIAHOBBIX XUPYPIrUIECKIX BMe-
matesbeTs 1 15% mocsie axerpennbix. 86% HII — Bew-
TUJISITOP-ACCOUUPOBaHHbIe. HacToTa PAa3BUTHSI BEHTHU-
JIITOP-aCCOIIUUPOBAHHOI ITHEBMOHUY COCTABJIsIET 22%
B miaHoBou xupypruu mnpu VBJI Gosee 2-X CyTOK;
34,5% B 9KCTpEHHOU abJOMUHAIBLHON XUPYPruu; 0
55% 1IpU Pa3BUTUH OCTPOTO PECITUPATOPHOIO JAUCTPECC-
cunyipoMa. Puck passutust HII makcumasen B iepBble
5 cyt. IBJI, nanee on cHmkaeTcst Ha 2% /CyT. B TeUeHHe
5-10 cyr. UBJI u o3auee — Ha 1%/cyr. Okoso 50%
AHTHOMOTUKOB, HA3HAYAEMBIX B OT/IEIEHUSIX PeaHnMa-
TOJIOTUH, UCTIONb3YytoTes fuid gedenus HIT [1—6].

ITo omenxam wucciiemoBaresieil MOSABJIEHHE B
MeMLMHE aHTHOMOTHKOB HO3BOJIAJIO CHUBUTD OOLILYIO
JIETAJIbHOCTD IIPY BHEOOIbHUYHON THEBMOHUK Ha 25%

Introduction

Nosocomial pneumonia is a disease characterized
by appearance on the X-ray image of new focal infil-
trative lesions in the lungs 48 hrs. and more after hos-
pitalization supported with clinical data confirming
their infectious nature (a new wave of fever, purulent
sputum or purulent discharge from the tracheo-
bronchial tree, leukocytosis etc.), provided the infec-
tions present in the incubation period at the time of
patient admission have been eliminated [1].

Nosocomial pneumonia (NP) is the second most
frequent nosocomial infection in intensive care units
and the most widely spread among patients on artificial
lung ventilation (AILV) (9—27%). In 2006, 25852 NP
cases (morbidity is 0.8 /1000 patients) were recorded in
Russia. 0.5—0.8% of inpatients develop nosocomial
pneumonia and those in intensive care units — 10—15
times more frequently (9—24% at ALV longer than 48
hours). NP incidence in intensive care units reaches
25—44%. According to international researchers, NP is
registered in 1.4 cases per 1000 days of ALV in general
intensive care units and in 3.5 cases per 1000 days of
ALV in surgical intensive care units. According to do-
mestic investigations, NP incidence in surgical patients
is 6% after elective surgeries and 15% after emergency
surgeries. 86% of NP are associated with ventilation.
The incidence of ventilation-associated pneumonia is
22% for elective surgery at ALV lasting longer than 2
days; 34.5% for abdominal emergency surgery; up to
55% for development of acute respiratory distress syn-
drome. The risk of NP development is maximal during
the first 5 days of ALV, thereafter it decreases by
2%/day during 5—10 days of ALV, and later — by
1% /day. About 50% of antibiotics prescribed in inten-
sive care units are used for NP [1—6].

According to researchers, appearance of antibi-
otics in medicine has allowed reducing the total mor-
tality of community-acquired pneumonia by 25%, and
by 30% — in case of NP, by 75% — in case of bacterial
endocarditis, and by 60% in case of bacterial meningi-
tis. However, development of antibiotic resistance
considerably complicates NP treatment and worsens
its results [7]. Many microorganisms, such as
Pseudomonas aeruginosa, Acinetobacter spp., Burk-
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u Ha 30% — npu HII, Ha 75% — nipu GakTepuaibHOM
sHpoKapauTe U Ha 60% 1npu GakTepuabHbIX MEHUH-
rutax. Ho passuTie aHTHOMOTUKOPE3UCTEHTHOCTH
3HAUYUTENbHO ocoxkHaeT gedenune HII u yxynmaer
€ro pe3yJIbTaThl [7]. MHOTHEe MUKPOOPTaHN3MBI, TAKWe
Kak Pseudomonas aeruginosa, Acinetobacter spp., Burk-
holderia spp., Stenotrophomonas spp., 061aja10T CI10-
COGHOCTBIO OPMUPOBATH OUOIIEHKH, YTO 3allUIIAeT
UX OT JIEHCTBUS IMMYHHOU CHCTEMbI M aHTHOHOTHUKOB.
B otnenennsx peannmatosorun CIITA n Esporsr B
Hacrosmee Bpemsa 15-20% mrammos Pseudomonas
aeruginosa noympesucTeHTHbI. Elle 6osibime omace-
HUS BBI3BIBAIOT KapOerneHeM-Pe3iCTEHTHBIE IITaMMbl
Acinetobacter baumanii v Enterobacteriaceae |[8—9]. K
COXKAJIEHNIO, paspaboTKa MPUHIUIHATIBHO HOBBIX
2(pGEKTUBHBIX aHTUOMOTUKOB B HACTOSIIEE BPEMs
3aTpy/IHEHA 1T0 MHOTUM MTPUYUHAM (HayIHbIE, 9KOHO-
MUYECKHe, 0PUINIecKue, OPraHN3alMOHHbIE U IP.) U
HEPCIEeKTUB WX CO3/IaHus B GJMsKaiiiiee BpeMs HeT.
CyIecTBYIOT pa3IMyHble TIYTH PENEHUS JaHHOM ITPO-
GJIeMbl: U3MEHEHIE METOA0JIOTHI HayYHOTO MOUCKA
HOBBIX aHTHOMOTHKOB U TOUEK MTPUJIOKEHNUST IEHCTBIIS
HOBBIX aHTHOMOTHKOB; U3yUeHIE METOIOB MOYJISIIIAN
UMMYHHOI CUCTEMbI OPTaHU3Ma-X03sIMHA B KaUeCTBe
KOMITOHEHTA TIPOTUBOUHMEKITNOHHOI 3alTUTHI; KOP-
PEKIIHST IIPUEMOB PETYJTUPOBAHUS TIPOTOKOJIOB KJTH-
HUYECKUX HCCJEJOBAaHUN HOBBIX aHTHOMOTHKOB;
pelieHre 9KOHOMUYECKUX MTPOOJIEM, CBSI3aHHBIX C CO3-
JIaHHEeM HOBBIX aHTUOHOTHKOB; KOHTPOJIb UCITOJIbB30-
BaHMs aHTUOMOTHKOB B cTal[oHapax u ap. [1—8]
Baskroii mpobsemoit antnbnotikorepari HIT
SIBJISIETCS TIJIOXO€ MPOHUKHOBEHWE BHYTPUBEHHBIX
AHTUOMOTUKOB B JIETKKE: TPAJAUI[HOHHOE BHYTPUBEH-
HOE BBeJICHIE aHTHOMOTHKOB ITUPOKOTO CIIEKTPa JIeii-
CTBHSI HE MO3BOJISIET JOOUThCS MX GAaKTEPUIMIHON
KOHIIEHTPAITNH B JIETKHX, YTO IPUBO/IUT K YBEJUIECHUTO
PE3UCTEHTHOCTU MUKPOOPTAHU3MOB U JJIUTETTHHOCTH
antu6noTtnroteparmuu [10]. TloaToMy mepcreKTHBHBIM
HarpasJyieHreM antubnorukorepanuy HIT siBaisiercst
UCITOJIb30BaHNE MHTAJISIIMOHHBIX aHTHOMOTHKOB.
[emp nccnenoBarmst — oleHKa 2 PEKTUBHOCTH
nHrassrorHoro komucrrHa (MK) B kagecTse nomootHe-
HUS K CUCTEMHOM anTuOnoTrkorepanuy B jedernn HIT.

MaTepI/IaJI N METO/1bl

Jlannoe obcepBamoOHHOE OJIHOIIEHTPOBOE MCCJIEN0BA-
Hue 6b110 nposeneHo B 2014—2016 rr. na 6ase HUU o6uieit
pearmmarosioruu uM. B. A. Herosckoro (Mocksa, Poccmst).
HccaenoBaniie ObLIO TPOBEIEHO B COOTBETCTBUH C IPUHITI-
namu Xespcunckoit [lexmapanuu, HanonaspbHpiMu cTan-
napramu 1 pekoMenaaisimu HVU o6uieii peaHnmaToornn
uMm. B. A. Herosckoro @HKIIL PP.

B uccaesoBanme Gbiii BKIIOYEHBI MAIIHEHTBI ¢ XUPYP-
IHYECKUME aGIOMIHATIBHBIMU HH(BDEKITUSIMU, OCJIOKHEHHBIM I
HII. Vicniosp30Basu cJieytontiie KpUTePHH BKITIOUEHS 1 UC-
kmodenust (puc. 1).

Kpumepuu exniouenus:

* TIAIWEHT B OT/IEJIEHUH PEAHNMATOJIOTHH;

*  HaJMYMe XUPYPruYecKoii abJjoMUHATbHO HH(EK-
nm;

holderia spp., Stenotrophomonas spp., possess the abil-
ity of forming biofilms protecting them from the im-
mune system and antibiotics effects. At present, in the
US and European intensive care units, 15—20% of
Pseudomonas aeruginosa strains are multidrug-resis-
tant. Carbapenem-resistant strains Acinetobacter bau-
manii and Enterobacteriaceae [8—9] cause even more
concern. Unfortunately, development of principally
new effective antibiotics is now difficult for various
reasons (scientific, economic, legal, organizational,
etc.) and there are no expectations that they will be
created in the nearest future. There are different ways
to address this problem: change the methodology of
scientific inquiry for new antibiotics and applications
of the effect of new antibiotics; study the methods of
modulating the host’s immune system as a component
of anti-infective protection; correct the techniques of
regulating clinical study protocols for new antibiotics;
resolve economic problems related to creation of new
antibiotics; control use of antibiotics in hospitals, and
other [1-8].

An important problem of NP antibiotic therapy is
poor penetration of intravenous antibiotics into lungs:
conventional intravenous administration of broad-spec-
trum antibiotics does not allow achieving their bacte-
ricidal concentration in lungs, which entails higher
resistance of microorganisms and longer antibiotic ther-
apy [10]. Therefore, application of aerosolized antibi-
otics is a promising direction of NP antibiotic therapy.

The aim of the study was assessment of
aerosolized colistin (AC) efficacy as adjunctive ther-
apy to systemic antibiotic therapy for NP.

Materials and Methods

This observation single-center study was conducted in
2014—2016 on the base of V. A. Negovsky Research Institute
of General Reanimatology, Federal Research and Clinical
Center for Intensive Care Medicine (Moscow, Russia). The
study was carried out in accordance with the Helsinki Dec-
laration principles, National Standards, and Ethical Commit-
tee of the Federal Research and Clinical Center for Intensive
Care Medicine. The study included patients with surgical ab-
dominal infections complicated with NP. The following cri-
teria were used for inclusion and exclusion (Fig. 1).

Inclusion Criteria:

* isacritical care unit patient;

* has a surgical abdominal infection;

* hasNP;

 the current systemic antibiotic therapy is ineffi-
cient: NP clinical course shows no positive dynamics;

» ageof 25—70 years.

Exclusion Criteria:

 incompliance with the inclusion criteria;

e APACHE II >26 points or a high risk of lethal out-
come within the next 24 hrs.;

* pregnant women;

* polytrauma;

* colistin hypersensitivity;

 acute renal injury (creatinin over 250 pmol /1);

* acute hepatic failure (bilirubin over 34 mmol/1 or
prothrombin time over 23.7 sec);

www.reanimatology.com
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e gaymyne HII,;

*  Hea(hHEKTUBHOCTH MPOBOAMMON CUCTEMHON aHTH-
GUOTHKOTEPAITUI: OTCYTCTBHE MOJIOKUTETLHON JMHAMUKH
kaunuveckoro Tevenns HIT;

* Bo3pact 25—70 Jer.

Kpumepuu uckmouenus:

* HECOOTBETCTBUE KPUTEPUSM BKIIOUECHHUS;

e APACHE II >26 6aju10B Win BBICOKUII PHCK Jie-
TAJBHOTO UCXO0/IA B TeueHne OJKaimmx 24 u.;

* GepeMeHHbIE JKeHIIIHBI;

*  TIOJINTPABMY;

* THUIIEPYYBCTBUTEIBHOCTD K KOJHICTHHY;

e ocTpoe TIOBpexk/eHre ToveKk (KpeaTHHUH Oosee
250 MKMOJTB/T);

*  OCTpast MeYeHOYHast HeJI0CTaTOuHOCTh (Ounnpy6uH
GoJiee 34 MMOJIb,/J1 JTH TPOTPOMOMHOBOE BpeMst Oouiee 23,7 ¢);

*  OILYXOJIH JIETKUX;

*  XpOHHYECKHE 3200JIEBAHIISI CEPACYHO-COCYAUCTOM
CHICTEMBI 1 JIETKHX B CTA/IUH IEKOMIIEHCAITIH; IEKOMIIEHCH-
poBamHble 0OCTPYKTHBHBIE 3a00I€BAHIISI JIETKUX;

*  MUACTEHUST;

*  MIMMYHOJEeQUIINT; JIUTETbHBIN IPUeM KOPTUKO-
CTEPOUIOB, JIeUeHNe IIIIOKOKOPTHKOCTEPOUIAMI B TEUEHIIE
GoJtee 24 4. OT MOCTYTIIIEHUS B OT/IEJICHIE PEAHIMATOIOTHH;

* ydYacThe B APYTUX KIMHUYECKIX UCCIETOBAHUSIX.

[TaneHTOB BKJIIOYAIHN B UCCTIE0BAHUE TIPU BBIABIIE-
Hur HeabeKTHBHOCTH HCIIOIb3YEMOTO PeKNMa aHTHONO-
TUKOTEPANNK, KOTJa BO3HHKATa HEOOXOAUMOCTDH JIOO
CMEHBI PEKIMa CUCTEMHOIT aHTUOHOTHKOTEPATTHH, TG0 J10-
GaBJICHUS K CYIIECTBYIONIEMY PEKUMY HHTASIITHOHHOTO KO-
JINCTUHA:

e I'pynma 1 (I'p. 1) — wHTATATTMOHHBIN KOJUCTUH 2
miaH. EJl 3 pasa/cyt. (Kcennus Dapmacwiotukanc AnC,
Jlanust) B KauecTBe JOMOMHEHUS K CHCTeMHON aHTHONOTH-
KoTeparnui; 6a3oBBIN PEKUM aHTHOUOTHKOTEPATUK TPH
9TOM OcTaBaJicst HensMeHHbIM. Boi6op UK 6ol ocHOBaH Ha
in itro TyBCTBUTEIBHOCTH MIKPOOPTAaHI3MOB K HEMY.

e I'pymma 2 (I'p. 2) — xoppekumst pexxumMa CUCTeM-
HOIT aHTHOMOTHKOTEPATINHI B COOTBETCTBUY € 4yBCTBUTEb-
HOCTBIO MUKPOOPTAHU3MOB: CMEHa aHTHOUOTHKOB Ha
econepazon/cyabbakram (1=20, 48%), nopurnerem (n=3,
7%), yBeJueHre CyTOYHO J03MPOBKHU MepolieHeMa 10 6
r/cyt (n=23, 51%).

[Tpn npoBeneHNN aHAII3a B KA9€CTBE OCHOBHOTO KPH-
Tepust 9 GEKTUBHOCTH JIeUeHUs OBLIO TIPUHATO paspeliie-
nue HIT Ha (hoHe npoBoaAMMOi aHTUOUOTHKOTEPAIINT Ha 5-€
CYT. JIeYeHWST: CHUKEHIE TeMIIePaTyphl Tesla 1 JIEHKOIINTO3a,
TIOJIOKUTEIbHAST TTHAMIKA TTHEBMOHNYECKON MHQUIbTPa-
U TT0 IAHHBIM PEHTTeHOTpadu OPraHOB TPYAHON KJIETKH,
cumkenne 6asos 1o mkaie Clinical Pulmonary Infectious
Score (CPIS), moBeimenne nHgexca okcurenaun. Paspe-
menue HII cayxmno kputepreM IpeKpaiieHus JedeHns
nHTaIAIMoHHbIM KosnctuaoM (UMK). amnoe pemenne
TIPUHUMAJI JIeYaIInii Bpad.

B xauecTBe BTOPUUHBIX KpUTepHeB (P (HEKTHBHOCTH
JIeYeH s OIIEHUBAIIN APATUKAIINIO BO30YIUTENEH 113 MOKPOTBI
K 7-M cyT. Jtederust (MukpoOuosiorndeckast 9hOeKTUBHOCTh
JIeYeHusT), BPeMsT 1iepeBojia GOJIbHBIX HA CAMOCTOSITEIBHOE
JIbIXaHue, BpeMst IPEObIBAHIST B OTICICHUH PEAHNMATOIOTHH
7 28-CyTOUHYIO JIeTaTbHOCTD. DHHEKTUBHOCTD JTIEIEHNUS OTIe-
HUBAJIACH HE3ABICUMBIMH 9KCIIEPTAMHU.

IIporoxon mpodpunaxtukn HII B oTnerennn peannma-
TOJIOTUH BKJTIOYAT B Ce0sI TIOIbEM TOJIOBHOTO KOHI[A KPOBATH,
06paboTKa MOJOCTH PTA BOAHBIM PACTBOPOM XJIOPTEKUCH-
muHa (3 pasa/cyT.), paHHee yaaeHre Ha30TaCTPATbHBIX 30H-

Examined 210
— [ Excluded 120

Included 90

v
v v

GROUP 1 GROUP 2
Base regimen + Change of the base
Aerosolized Colistin regimen of antibiotic
n=48 therapy
n=42

Puc. 1. Cxema BKIIOYEHHS TAIIHEHTOB B HCCJIEI0BAaHUE.

Fig. 1. Block diagram of patients’ inclusion into the study.
IIpumeyanue. Examined — o6¢ienosano; Excluded — uckimoueno;
Included — Bkioueno. as puc. 1—3, Taba. 1, 2: Group(s) —
rpynna(er). Basic — 6azoserit. [l puc. 1, Tabr. 2: regimen —
pesxkum. g puc. 1, tabu. 1, 3: Aerosolized — nurassionnsiii. Col-
istin — kosctun; Change of — emena. /st puc. 1, Taba. 1, 2: the
antibiotic therapy — antu6nornkorepanmsi.

* lung tumors;

» chromic decompensated cardiovascular and pul-
monary diseases; decompensated obstructive lung diseases;

* myasthenia;

« immunodeficiency; lengthy intake of corticos-
teroids, seuenue glucocorticosteroid therapy longer than 24
hrs. after admission to the intensive care unit;

* participation in other clinical studies.

Patients were included in the study when the applied
antibiotic therapy regimen was found inefficient, when it be-
came necessary either to change the systemic antibiotic
therapy regimen or add aerosolized colistin to the existent
regimen:

¢ GROUP 1 (Gr. 1) — aerosolized colistin 2 mln. U
3 times/day (Xellia Pharmaceuticals ApS, Denmark) as an
adjuvant to systemic antibiotic therapy; the base antibiotic
therapy regimen remained unchanged in this instance. AC
was chosen based on in vitro susceptibility of microorgan-
isms to it.

e GROUP 2 (Gr.2) — correction of the systemic an-
tibiotic therapy regimen in accordance with microorgan-
isms’ susceptibility: replacement of antibiotics with
Cefoperazonum/Sulbactamum (n=20, 48%), Doripenem
(n=3, 7%), increase of the daily dose of Meropenum to 6
g/day (n=23, 51%).

During analysis, the main adopted criterion of therapy
effectiveness was NP resolution at the background of con-
ducted antibiotic therapy on therapy day 5: decrease of body
temperature and leukocytosis, positive dynamics of pneu-
monic infiltration according to chest X-ray, decrease of score
according to Clinical Pulmonary Infectious Score (CPIS),
increase of oxygenation index. NP resolution was the crite-
rion for termination of aerosolized colistin (AC) therapy.
The decision was made by the attending physician.

The secondary effectiveness criteria assessed were
eradication of germs from sputum by therapy day 7 (mi-
crobiological efficacy of therapy), time to spontaneous
breathing, time in the intensive care unit, and 28-day mor-
tality. Therapy effectiveness was evaluated by independ-
ent experts.
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noB. /lmarnoctuka HII mpoBoamiack ¢ MCrosb30BaHnEM
KpHUTepHEB, N3JI0KeHHBIX B Poccniickix HanmoHaapHbIX pe-
roMeHanusax «HozokoMuambHast THEBMOHUS Y B3POCJIBIX>
2016 r., m ortenkn 1o kase CPIS [1].

VY Bcex maIrmeHTOB, BKJIIOUEHHBIX B FICCIE/IOBAHIE, B
JIEHDb BKJTIOYEHNST B FICCJIE/IOBAHIIE, HA 5-€ 11 7-€ CYT. HCCIIe0-
BaHUsI OB BHITOTHEH 3200 OPOHXOATBBEOJISIPHOI JTABaK-
voii  skmakoctm  (BAJI)  ama kommduecTBEeHHOTO
MHKPOOHOJIOTHYECKOTO HccaeaoBanust (bakrepuoiornye-
ckuii ananuzarop «VITEK Compact», Biomerieux, ®pan-
). 3abop BAJI npoBoan/n B ONEpanuoHHON WM PU
BBITIOJIHEHNH CAHAIIMOHHO GrOPOOPOHXOCKOHUI B OT/IE Ie-
HUW PeaHUMaTOJIOTUH. {JIst TOCTaBKH MaTepraJia NCIob30-
Basin Tpancnoprasie cpeabl «MEUS S.r.l» (Piove di Sacco,
Wramra). IlpensaputesbHble pe3yIbTaThl MOIyJasa yepes 12
u.; IAHHbIE TI0 BUJLY BO30YUTEIS U 4YBCTBUTEILHOCTH MUK-
POOPraHu3MoB — B TedeHre 3—4 cyT. JIMarHoCTIIecKuM Cuu-
Tasicst TUTp MuKpoopranusmoB B BAJI 6osee 104 KOE /M.
KpurepreM moJmpe3sucTeHTHOCTH MUKPOOpraHn3Ma Oblia
€ro HeYYBCTBUTEIBHOCTD K TPEM 1 6oJiee Kiaccam aHTHOUO-
THKOB. B mporiecce 1aHHOTO HCCTIEIOBAHNUS T€UEHUE XUPYP-
IUYecKOi abOMIUHATBHON WHMEKINK OBIO CTAOUTBHBIM 1
He TPeOOBAIO KOPPEKIMH aHTHOUOTHKOTEPAITHN.

Wurangannonblii KOJIUCTUH Ha3HAYAIN B 103€ 2 MJTH.
EJl 3 pasa/cyr. (Kcemms Mapmacwiorukanc AnC, Jlanus)
B I'p. 1. Pexkum cucremMHoii aHTHGAaKTEpUAIBHOI Tepanun
nipu HasHaueHun VK e namensiics. MeTtomyka npoBezieHNsT
WHTAJISIUN KOJMCTHHA COOTBETCTBOBAIA HAIIMOHATBHBIM
pexomenganusam [ 1]. [Tepea HauasoM UHraJISAIUU AaHTUONO-
THKA TIPOBO/IIJIN CAHAIMIO TPAXeOOPOHXUAIBHOTO JIEPEBA.
Beenenune VK ocymectssiiim npu nomout HeGyJaiizepa
«Aeroneb Pro» (Aeroneb, Vpsianans) B COOTBETCTBUM C MH-
CTPYKIIMSIMU TIPOM3BOIUTEIISL. VICTIO/Ib30BaIIH [IBIXATEIBHBII
KOHTYp 0e3 YBIaKHUTEJS]; YIS (DUIBTP-TEITIOBIATO-
0OMEHHUK Ha BPEMsI MHTAJISIIN, Pa3MelIaln ero Ha Kjia-
nase BbIZOXa; HeOyJaiizep nmomemntaau Ha anmapar BJI B
MecTe IIPUCOEeIMTHEH ST TNHIH BI0Xa WM Ha JINHUIO BJIOXa
koHTypa B 30 M OT TPOIHUKA; MCTIOTH30BANIN JIBIXaTETHHBIIN
00beM 0k0J10 500 MJI, TIOTOK Taza 0KoJI0 40 J1/MUH, COOTHO-
IIeHUe BA0Xa K BBIIOXY Gosiee S, BBIKTIOUAIH MTOTOKOBBI
TPUTTEP; NHTAJISANNIO TpoBoauaN B TedeHre 30 MuH. ITocie
3aBepIeHys MHTAISAIN TPOBEPSIA OCTATOYHBINH 06BheM
npernapara B HeOyaizepe U IPOBOAUIH €ro Je3MHPEKITHIO.

Pentrenorpacduio opranos TpyaHON KJIETKU BBITTOJ-
HSUIU B TTAJIaTe OT/IeJIEHUST PEAaHNMATOJIOT NN TIOPTATHBHBIM
peHTreHoBCKUM  ammnapatoM  Siemens Polymobil 10
(Siemens, ['epmanmus).

[TanmenTtam BceX TPYII TIPOBOMIIN CTAHAAPTU3NPO-
BaHHYIO KOMILTEKCHYTO THOTPOIHYIO, TATOTeHETUIECKYIO 1
CHIMIITOMATHYECKYIO HHTEHCHBHYIO TEPAITNIO W IMHAMIYE-
CKUIT MOHUTODPHHT, BKJIIOYABIINE B CeOsl: PECIUPATOPHYIO
TIO/UIEPKKY, TePAITIIO MHOTPOIHBIMI 1 BA30AKTUBHBIMH ITpe-
mapaTtamu (fopaMuH, Me3aToH ), TH(PY3NOHHYIO, TpaHCDY-
3MOHHYIO, aHTHCEKPETOPHYIO (6JOKATOPBI  IIPOTOHHON
TIOMIIBI), CEIATHBHYIO M AHAIBTeTHYECKYTO, aHTUKOATYJISTHT-
HYIO TEPAIHIO, TapeHTepaIbHOe (TPEXKOMIOHEHTHBIE ITHTa-
TeJbHBIE CMECH) U HHTEPATbHOE MHUTaHKE ¢ A00aBICHUEM
KOMIIJIEKCOB BUTAMIHOB U MUKPO3JIEMEHTOB, XUPYpPrHye-
CKHe BMelllaTeJabCcTBa. PecipaTopHyio o/Iep:KKy TIPOBO-
mun Ha anmapaTtax Puritan Bennett 840 (Puritan-Bennett
Corporation, CIIIA). [Ipumensnin BcriomoraTesnbHbIE pe-
skMb! BerTiusai SIMV u Bilevel B peskive ¢ KoHTposiem
110 06’BEMY HJIH TI0 JIABJIEHHIO. Y MAI[MEeHTOB ¢ OCTPBIM pec-
IUPATOPHBIM JiucTpecc-cuaapomoM VIBJI npoBoamn B co-
OTBETCTBUHM € KOHIlenueii 6esonacHoit UBJI. TIposoauiu

The protocol of NP prophylaxis in the intensive care
unit included raised head end of the bed, mouth treatment
with chlorhexidine aqueuous solution (3 times/day), early
removal of nasogastric tubes. NP was diagnosed using the cri-
teria given in Russian National Recommendations «Nosoco-
mial Pneumonia in Adults», 2016, and CPIS assessment [1].

All patients included in the study, on the study inclu-
sion day, day 5, and day 7 were subjected to bronchoalveolar
lavage (BAL) for qualitative microbiological analysis (bac-
teriological analyzer «VITEK Compact», Biomerieux,
France). BAL was taken in the operation theatre or during
therapeutic fibrobronchoscopy in the intensive care unit.
The material was delivered using transport media «<MEUS
S.r.L.» (Piove di Sacco, Italy). Preliminary results were ob-
tained after 12 hrs.; the data on the type of germ and mi-
croorganisms’ susceptibility — within 3—4 days. The BAL
microorganism titer exceeding 10* CFU/ml was considered
diagnostic. The criterion of microorganism’s multidrug re-
sistance was its non-susceptibility to three and more classes
of antibiotics. During this study, the course of surgical ab-
dominal infection was stable and did not require antibiotic
therapy correction.

Aerosolized colistin was dosed 2 mln. U 3 times/day
(Xellia Pharmaceuticals ApS, Denmark) in Gr. 1. The regi-
men of systemic antibiotic therapy was not changed upon
AC prescription. The method of the colistin inhalation pro-
cedure corresponded to the national recommendations [1].
Prior to the antibiotic inhalation procedure, therapeutic tra-
cheobronchial tree bronchoscopy was performed. AC was
administered with the help of nebulizer “Aeroneb Pro”
(Aeroneb, Ireland) according to manufacturer’s instructions.
The breathing circuit without humidifier was used; the fil-
tering heat and moisture exchanger was removed for dura-
tion of inhalation, it was placed on the expiratory valve; the
nebulizer was placed on the ALV apparatus at the point of
inspiratory line connection or on the inspiratory line of the
circuit 30cm from the T-piece; the tidal volume was 500 ml
approximately, the gas flow rate was about 40 1/min, the in-
spiration/expiration ratio was more than S, the flow trigger
was switched off; inhalation was performed for 30 min. Upon
inhalation completion, the residual volume of the drug in
the nebulizer was checked, and nebulizer disinfection was
carried out.

Chest X-ray was done in the intensive care unit ward
using portable X-ray apparatus Siemens Polymobil 10
(Siemens, Germany).

Patients of all groups received standardized combined
etiotropic, pathogenic and symptomatic intensive therapy
and dynamic monitoring including: respiratory support,
therapy with inotropic and vasoactive drugs (Dophaminum,
Mesaton), infusion, transfusion, antisecretory (proton pump
inhibitors), sedative and analgesic, anticoagulant therapy,
parenteral (tricomponent feeding formulas) and enteral
feeding with addition of complexes of vitamins and mi-
croelements, operative interventions. Respiratory support
was carried out using Puritan Bennett 840 apparatuses (Pu-
ritan-Bennett Corporation, USA). Support ventilation
modes SIMV and BiLevel with volume-based or pressure-
based control mode were used. In patients with acute respi-
ratory distress syndrome, ALV was performed according to
the safe ALV concept. Treatment side effects were moni-
tored. None of the patients was excluded from the study due
to development of antibiotic therapy’s side effects.

Statistical analysis of data obtained was carried out
using Statistica 7.0 software. Conventional statistic math
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MHaTeHcuBHOE A€ueHUE

MOHHUTOPHHT M0O0YHBIX ahderTos mederust. Hu opn us ma-
[MEHTOB He OB UCKITIOYEH U3 UCCIEI0OBAHNS BCIEICTBUE
pasBuTHsE MOGOYHBIX 9(D(HEKTOB AHTHOMOTHKOTEPAITHH.

CraticTiveckuii aHAIM3 MOJTYYEHHbBIX JAHHBIX OBLI
BBITTOJTHUJIN TIPU TToMoTIn akeTa Statistica 7,0. Vcmosb3o-
BaJT OOIIEIPUHSITHIC MATEMATHKO-CTATUCTIHYECKIE METO/[bI
pacyera OCHOBHBIX XapPaKTEPUCTHK BBIOOPOYHBIX Pacipese-
sneHutt: cpenree apudmerndeckoe (M), cTangapTHOE OTKIIO-
Hernue (0), Newman—Keuls tect, Tounbiii kpurepuii
Ounrepa (7151 aHATM3a KaTeTOPUATbHBIX aHHBIX). [JocTo-
BEPHBIM cunTaan pasanyne mpu p<0,05.

Pe3yabTaTel 1 00Cy:KaeHHE

XapaKkTepUCTUKK TAIMEHTOB, BKJIIOYEHHLIX B
uccjeoBanme, orpaskenbl Ha puc. 1 u B Tadum. 1. Iau-
eHTBI ObLII UCKJIIOUEHbI U3 UCCJIeI0BAHUS TI0 CJIeYTO-
M iprunHam: APACHE 11 >26 — n=30, 25%; moJm-
tpaBma — n=30, 25%; ummyHozxedunut — n=10, 8%;
yJacTue B JAPYTUX KJIUHUUECKUX UCCIENOBAHUIX —
n=10, 8%; ocTpoe mospexaeHne mouek — n=22, 18%;
JEKOMIIEHCUPOBaHHbIE OOCTPYKTUBHBIE 3a00JIeBaHUS
nerkux — n==8, 7%; xponunyeckue 3ab0IeBaHus cep-
JIEYHO-COCY/IUCTON CUCTEMbl W JIETKUX B CTaIUU
nexkommnercarmu — n=10, 9%. J/locToBepHbIX pasIndnit
MEK/Y TPYIIAaMU TI0 OCHOBHBIM JIeMOTrpayuIecKum
ITOKa3aTessIM U MHEKCAM TSKECTH COCTOSHUS Ha
MOMEHT BKJIFOUEHWUSI B MCCJIE[OBAHIE HE BBISIBUJIIL.

methods of calculating governing characteristics of sampling
distributions were used: arithmetic mean (M), standard de-
viation (o), Newman—Keuls test, Fisher’s exact test (for
analysis of categorical data). A difference was considered re-
liable at P<0.05.

Results and Discussion

Characteristics of patients included in the study
are shown on Fig. 1 and in Table 1. Patients were ex-
cluded from the study for the following reasons:
APACHE II >26 — n=30, 25%; polytrauma — n=30,
25%; immunodeficiency — n=10, 8%; participation in
other clinical studies — n=10, 8%; acute renal injury —
n=22, 18%; decompensated obstructive pulmonary dis-
eases — n=8, 7%; decompensate chronic cardiovascular
and pulmonary diseases — n=10, 9%. No reliable dif-
ference between the groups by demographic parame-
ters or condition severity indices was found as of the
time of inclusion into the study.

NP resolution. Positive NP dynamics at the
background of antibiotic therapy was noted in both
groups, more pronounced in Gr. 1. No reliable differ-
ences between groups were registered for body tem-
perature, leukocytosis, oxygenation index, and CPIS
score. A reliable decrease of body temperature by ther-
apy day 5 and day 7 versus day 1 in Gr. 1; reliable de-

Ta6auua 1. XapakTepUCTHKH NAIHEHTOB, BKIIOYEHHbIX B HCCIIEA0BaHHE.

Table 1. Characteristics of patients enrolled in the study.

Parameters Values of parameters in groups P
1 (n=48) 2 (n=42)

Age, years 425111 40.3+11.5 0.80

Men, n (%) 32 (67%) 25 (60%) 0.51

APACHE 11, score 16.6£2.8 16.4£3.5 0.36

CPIS, score (the day of inclusion into the study) 9.4%2.4 8.7+2.2 0.09

Transfer from ICU of other hospitals 22 (46%) 20 (47%) >0.99
Transfer from ICU of the same hospital 26 (54%) 22 (53%) >0.99
Presence of an oncologic disease 48 (100%) 42 (100%) >0.99
Surgical abdominal infection 48 (100%) 42 (100%) >0.99
Severe acute pancreatitis, peritonitis 20 (42%) 22 (52%) 0.39

Postoperative enteroentero anastomosis leakage, peritonitis 18 (38%) 10 (24%) 0.18

Hollow organ perforation, peritonitis 10 (20%) 10 (24%) 0.80

Broad-spectrum antibiotics during 90 days before inclusion into the study, n (%) 48 (100%) 42 (100%) >0.99

Systemic antibiotic therapy before inclusion into the study (n,% of the number of patients in the group)

Meropenum 1 g 3 times/day 40 (84%) 35 (84%) >0.99
Imipenemum 500 mg 4 times/day 4 (8%) 2 (4%) 0.68
Piperacillinum/Tazobactamum 4.5 g 3 times/day 4 (8%) 5 (12%) 0.72
Linezolidum 600 mg 2 times/day 3(6%) 2 (5%) >0.99
ALV, 1 (%) 78 (100%) 42 (100%) >0.99
Duration of aerosolized antibiotic therapy, days 71+4.1 — —
Transition time to spontaneous breathing, days 7.6£1.6 11.7£3.4 0.0000
ISU stay, days 12.0+3.4 16.3£3.4 0.0000
Mortality, 7 (%) 8(17%) 7 (16%) >0.99

Ipumevanue. /st Taba. 1, 3: Parameters — mapamerpsr; Values of — snauenust. Age, years — Bospacrt, Jjiet; Men — MyK4HHbI; score —
Gammer. s taba. 1, 3, puc. 3: the day(s) of — nenn (aun), cyrrm. Jlns taba. 1, 2: before — no; inclusion into the study — Bxmouernne B nc-
caenosanue; Transfer from ICU of... hospitals — nepesoa us otaenenuii peanumanu ... craiimoHapos; other — npyrux; the same — aroro
ske; Presence of an oncologic disease — nasmmuue onkosornyeckoro sabosesanus; Surgical abdominal infection — xupyprudeckast abo-
MuHaTbHAs HHGEKIuS; Severe acute pancreatitis, peritonitis — TsKeJIBIif OCTPBIN TAaHKpeaTHT, HepuTOHUT; Postoperative enteroentero
anastomosis leakage — mocsieonepannoHHast HECOCTOSATENBHOCTD MEXKKUIIIEUHOro aHacTomMo3a; Hollow organ perforation — nepdoparus
nosioro oprana; Broad-spectrum antibiotics during 90 days — anTHOHOTHKY IIUPOKO ClIeKTpa B TedeHue; Systemic — cucremuas; of the
number of — ot uncna. Jlus Taba. 1, 2, puc. 2: patients — Gosbubie; Meropenum times — mepornenem p; Imipenemum — nMumnexenm;
Piperacillinum/Tazobactamum — nunepariit /Tazobaktam; Linezolidum — sunesonu; ALV — UBJL; Duration of — npogosskuTesib-
Hoctb. [laist taba. 1, 3, puc. 3: Transition time to spontaneous breathing — nepesos Ha camocrtosTenbroe abixanue; ISU stay — npeGbiBanue
B oT/IesteHnn peannmarnn; Mortality — sieTaabHOCTb.
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Paspemtennie HII. B o6enx rpymmax oT™MeTHIN
noJsiokuTenpHyo nuHamMuky tedeHus HII na done
aHTHOMOTUKOTEpanu, Oojiee BbIpaxkeHHyo B I'p. 1.
He 3apeructpupoBajiii JOCTOBEPHBIX Pa3JNIUI
MEKLy TPYIIIAMU TI0 TeMTIepaType TeJia, JeHKOIITO-
3y, MHEKCY okcureHaruu, 6amram 1o mkaie CPIS.
PerucrpupoBain 1ocToBepHOE CHIKEHUE TEMIIEPATY -
pBI TeJIa K 5-M U 7-M CYT. JIeYeHUsI 110 CPAaBHEHUIO C
nepBbIMU cyT. B I'p. 1; nocToBepHOE CHIKEeHME JTeiTKO-
IIUTO3a K 7-M CYT. JIeYeHrs B 00enX TpyMiax; 6aiioB
mo mikaje CPIS k 5-M u 7-M cyT. jieueHust B 06enx
rpymnmax, roctoBepHoe nosbimenne MO wa 7-e cyr.
nccaenoBanus B ['p. 1.

Wcrnop3oBanme WHTAJISIIMOHHOTO KOJTUCTHHA B
I'p. 1 6b110 KIMHIYECKU 3 (HEKTUBHBIM, YaCTOTA Pas-
pemterust HIT cocraBuma 75% (mporus 52% B I'p. 2,
p=0,0295) (puc. 2)

Ipanukanus Bosoyautenei. 113 BAJI Bcex
GOJIbHBIX BBIIEIIN ACCOIMAIINN 13 2—3 MOJUPE3HU-
CTEHTHBIX TPaM-OTPHUIATEJNbHBIX BO30yAUTENCH B
tutpe 107—108 KOE /M1 (Tabur. 2). JIocTOBEpHBIX pas-
JIMYWH MEK/LY TPYTITIAMHU TI0 CTIEKTPY MUKPOOPTraHU3-
MoB BbistBiH. Ha (oHe poBonMoii aHTHONOTHKO-
Tepanuu B 00eMx TPyIIax 3aperucTpupoBaIu
JIOCTOBEPHOE CHIKEHHME TUTPA MaTOT€HHBIX MUKPO-
opranuamoB B BAJI k 5—7-m cyT. seuennst 1o 103—104
KOE /M, a Takike 10cTOBEpHOE CHUIKEHNE BBISIBIISIE-
MocTH psiza BosOyauteneir B BAJI (tabu. 2). dpaau-
KaIlisi MAaTOTEHHBIX MUKPOOPTAHU3MOB K 7-M CYT.
Jiedenust Obita gocturaytay 80% B I'p. 1 my 60% B I'p.
2 (n=12) (p>0,05) (puc. 2).

HespPpekTuBHOCTD MHIaASIMOHHON aHTHOHO-
TUKOTepanuu. Y 1stu maimeHToB I'p. 1 (10,4%) seve-
tue VK 6b110 HeaheKTUBHBIM, YTO TOTPEOOBAIO
BBITIOJTHUTH CMEHY aHTHOHOTHKOTEpanuu (Ha medo-
nepasoH/cyipbakTam (n=3), mopuiieHeM (n=2).
CMmena anTuOMOTUKOB ObL1a 5(PHEKTUBHON — 10JI0-
kutenapnyio nuHamuky HII orMmernsan B TedeHwme
6,5%2,3 cyr. nevenus. HeapbexkruBHocTh MHTAIS-
[IMOHHOW aHTUHOMOTUKOTEpauu Obljla CBs3aHa,
BEPOSITHO, C HAJIMYUEM Y JIAHHBIX TAITUECHTOB MTOJIPe-
3UCTEHTHBIX MMTAMMOB.

M Group1 (AC) [ Group2(1V)

90

80

70

60

40 —

Patients, %

30
20

10

NP resolution, % Eradication, %

Puc. 2. Yacrora paspeumenuss HIT u apagukamuu Bo3oyureneii
B BAJIL.

Fig. 2. NP resolution and BAL germ eradication rate.

Note. * — reliable difference between groups 1 and 2, Fisher’s exact
test, P<0.05.

IIpumeuanue. NP — HII. /lis puc. 1, 3: AC — UK; IV — BB. [lusa
puc. 1, Tabur. 3: resolution — paspemenue; Eradication — spauka-
1. * — I0CTOBEPHOCTD PA3IIMYMIT MKy TpyTaMut 1 i 2, TOuHbIi
tect Duepa, p<0,05.

crease of leukocytosis by therapy day 7 in both groups;
6asuos 1o mkane CPIS score points by therapy day 5
and day 7 in both groups, reliable increase of IR on
study day 7 in Gr. 1 were registered.

Application of aerosolized colistin in Gr. 1 was
clinically effective, NP resolution rate amounted to
75% (versus 52% in Gr. 2, P=0.0295) (Fig. 2)

Germ eradication. From BAL of all patients, as-
sociations of 2—3 multidrug-resistant gram-negative
bacteria in titer equal to 107—10%8 CFU/ml were iso-
lated (Table 2). No reliable difference between the
groups by the range of microorganisms was detected.

Ta6auua 2. Pe3yabrarsl MUKPOOHOTIOTHYECKOTO HCCIEI0BAHUsST GPOHX0AIBBEOSIPHON TaBakHOi xuakoctu (BAJI) B

rpynmnax naiu€HTOB.

Table 2. Results of microbiological analysis of the bronchoalveolar lavage fluid (BAL) in groups of patients.

Microorganisms Patients in groups, n (%)

before inclusion into after changing

the study the antibiotic therapy regimen

1 2 1 2
Pseudomonas aeruginosa 12 (25%) 14 (32%) 7 (14%) 10 (23%)
Acinetobacter baumanii/calcoaceticus 23 (48%)* 20 (46%) 5 (10%) 11 (25%)
Klebsilella pneumonia 27 (56%)* 24 (56%) 4 (8%) 7 (16%)
Proteus mirabilis 4 (8%) 5 (12%) 0 2 (5%)
Escherichia coli 5 (10%) 4(9%) 1(2%) 0
Staphylococcus aureus 3(6%) 4(9%) 2 (4%) 1(2%)

Note. * — the difference by detectability of microorganisms in BAL before and after changeover of the antibiotic therapy regimen in group

1, Fisher’s exact test (P<0.05).

IIpumevanue. Microorganisms — MUKPOOPraHU3Mbl; after changing — mocsie cMeHbL. * — pasinyie Mo BbISIBJISIEMOCTH MUKPOOPTAHI3MOB
B BAJI 110 ¥ 110CsIE CMEHBI PEeKUMa aHTHOMOTHKOTEpAIuu B rpyiie 1, tounsiii rect @uinepa, p<0,05.
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JluHaMuKa 10 TaHHBIM peHTreHorpaduu opra-
HOB TpyAHO# KaeTku. [lo marHbIM perTTreHOTpadun
opranoB rpyaHoil kusetkn HII y Bcex mammeHTOB
HOCHUJIA IBYCTOPOHHWH TTOJTMCErMEHTaPHBIX XapakTep.
[MonoxuTeNbHYIO IMHAMUKY TIO JAHHBIM PEHTTEHO-
rpadum OpPTraHOB TPYAHON KJIETKU OTMETHUJIN y 34
nanuenToB (71%) I'p. 1 K ceibMbIM CyTKaM JICUEHVIS;
B I'p. 2 Mo100HY 10 IUHAMUKY OTMETUJIN Y CEMU Taliu-
ertoB (28%) (p>0,05). He BbIABHIM MOCTOBEPHBIX
pasmIuii MEKIy TPYIIAMU, 9YTO CBSI3aHO C T€M, UTO
JTaHHBIE PEHTreHOrpauy OPraHOB TPYAHON KJIETKU
MaJIOMH(MOPMATUBHBI [T TUarHOCTUKUA W OTIEHKU
munamuky Tevenns [TH [1, 6, 7].

Cpoku nepeBo/ia Ha CaMOCTOSTEIbHOE JIbIXaHue
JUIATEJIHOCTD NPEObIBAHKS B OT/IEJIEHHU PEaHUMATO-
gorum. [Tonosxkurenpras mnaammka teuernst HIT noct-
PO IBIXaTeIbHOM HEIOCTATOYHOCTH Ha (poHe JieueHusT
MK no3Bosna panbliie mepeBecTy MarreHToB Ha caMo-
CTOSITEJIBHOE JIBIXAHKE 1 COKPATUTh CPOKHU TIPEObIBAHMS
B OT/ICJICHUY PEAaHUMATOJIOTHHN Oe3 BJIMSTHUS Ha JICTa/lb-
HocThb. B I'p. 1 mepeBos Ha camocTosITETHHOE /TbIXaHWe
BBITIOJTHUJIN panbine, yeM B I'p. 2 — 7,6+1,6 cyr. B I'p. 1
mpotus 11,7£3,4 cyT. B I'p. 2 (p=0.0000) (puc. 3). B I'p.
1 cpoku npedbIBaHUST B OTJECJICHUN PEAHUMATOJIOTHN
ObLI MeHblIe, yeM B I'p. 2 — 12,0£34 cy. B I'p. 1 ripo-
tnB 16,3134 cyT. B I'p. 2 (p=0.0000) (puc. 3).

ITo60ounbie 3pPpexTsi u aetaabHoCcTh. B I'p. 1 He
perucTpupoBaan MoOOUYHBIX 3(HPEKTOB, KOTOpPbIE
MOZKHO OBLIIO ObI IOCTOBEPHO CBSA3aTh € IPUMEHEHHEM
MK. CrydgaeB 6poHXOCTIa3Ma He OTMETHIIH HHU Y OJTHO-
ro maruenTa I'p. 1, 9To COOTBETCTBYET TaHHBIM JIPYTUX
uccnenosanuit. Jleranbuocts (28-cyrounas) B I'p. 1
cocraBuiia 16,7% (n=8), B I'p. 2 16,2% (n=7). Jlerann-
HBI€ MCXO/bl ObLIN CBSI3aHBI C TIPOIPECCUPOBAHIEM
MOJIMOPTAHHON HEIOCTATOYHOCTH, HO HE C HETIOCPE]T-
cTBeHHBIM TiporpeccupoBannemM HII. /locToBepHBIX
PaBJIMUUIi 10 JIETATLHOCTH HE TIOJIYYHUJIN B CBSI3U C
MaJIBIM Pa3sMepPOM BbIOOPKIL.

CpaBHenue 3¢ ¢heKTHBHOCTH HHTAJSIHOHHOTO
TOOpPaMUIIMHA U MHTAJSIMOHHOTO KoJiucTuHa. [Ipu
CPaBHEHWH KJIWHUYECKUX UCXO/IOB JICYCHMS TAI[UeH-
toB HII gByMs1 peskuMaMy HHTAJISTIHOHHOM aHTHOWO-
TUKOTEpanuy (MHTAISIIMOHHBIA TOOPAMUIIIH, WHTa-
JISSTIMOHHBINA KOJTMCTUH) HE BBISIBUJIU JOCTOBEPHbBIX
pasnuunii (tabir. 3)

B manHOM McciefoBaHUY TTPO/IEMOHCTPUPOBAIH
addextuBrocts MK B mosuposke 2 mura. E/[ 3 p/cyT.
B KauecTBe JIONMOJHEHUsST K CUCTEMHOI aHTHOaKTepu-

||
B Group1 (AC) [ ] Group2(IV)
18
16 -
14 —
12 —
E" 10 -
e 8 - —
6 I
4 f———
2 —
0- AT
Transition time ICU stay
to spontaneous
breathing

Puc. 3. Cpoku nepeBo/ia MANMEHTOB HA CAMOCTOSITEbHOE /[BIXa-
HHE€ ¥ [UTATEIbHOCTD NPEObIBaHUS B OT/IEICHHH PEaHUMAIHH.
Fig. 3. Transition time to spontaneous breathing and the ICU
stay duration.

Note. * — reliable difference between groups 1 and 2, Newman-
Keuls test, P<0.05.

IIpumeyanue. * — 1O0CTOBEPHOCTH PABINIMIT MEK Y TPyTIIIaMu 1 1
2, Newman-Keuls recr, p<0,05.

At the background of conducted antibiotic therapy, in
both groups a reliable decrease of BAL pathogen titer
by therapy day 5—7 to 103>—10* CFU/ml and reliable
decrease of detectability of a number of germs in BAL
were observed (Table 2). Eradication of pathogenic
microorganisms by therapy day 7 was achieved in 80%
in Gr. 1 and in 60% of patients in Gr. 2 (n=12)
(P>0.05) (Fig. 2).

Inefficacy of aerosolized antibiotic therapy. In
five patients of Gr. 1 (10,4%) AC therapy was inefficient
and required antibiotic therapy replacement (with Ce-
foperazonum/Culbactamum (7=3), Doripenem (n=2).
Change of antibiotics was effective: NP positive dynam-
ics was noted within 6.5£2.3 days of therapy. Inefficacy
of aerosolized antibiotic therapy was, probably, related
to presence in these patients of multidrug-resistant
strains.

Dynamics according to chest X-ray. According
to chest X-ray data, in all patients NP had bilateral
multisegmental nature. According to chest X-ray, pos-
itive dynamics was noted in 34 patients (71%) of Gr.

Ta6uuna 3. CpaBuenue 3¢ dexrusroctu aevenuss HIT unraisuuonnsiv ToopamunuaoM [11, 12] v MHraIsIMOHHBIM KO-

JIMCTUHOM.

Table 3. Comparison of NP treatment efficiency using inhalation tobramycin [11, 12], and aerosolized colistin.

Parameters Values of parameters of antibiotic therapy regimen
Inhalation tobramycin Aerosolized colistin
(300 mg, bid) (2 million units, bid)
Resolution of NP % 84% 75%
Eradication of pathogens,% 72% 80%
Transition time to spontaneous breathing, day 8.2+1.5 7.6+1.6
ICU stay, day 14.9+3.4 12.0£3.4

IIpumeuanue. Inhalation tobramycin — uHranAMOHHBIIT TOOPAMUIIIH.
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anpHOM Tepanuu ipu tederun HII, BpisBanHO# mosim-
PE3UCTEHTHBIMK IPaM-OTPUIATETbHBIMU BO30YANUTE-
JsMu: gacTtoTa paspernerns HIT cocrasuma 75% (mpo-
tuB 52% B I'p. 2, p=0.0295); spaguxarus maTOreHHbIX
MUKDPOOPTaHU3MOB K 7-M CYT. JIeueHust Oblia JOCTHUT-
Hytay 80% B I'p. 1 my 60% B I'p. 2 (n=12) (p>0,05); B
I'p. 1 mepeBoJ Ha camMOCTOSITEJbHOE AbIXaHUE OBLI
BBITIOJTHEH paHbIre, yeM B I'p. 2 — 7,6+1,6 cyt. B I'p. 1
nportus 11,7£3,4 cyT. B I'p. 2 (p=0.0000); B I'p. 1 cpokn
npeObIBaHUs B OTAEJICHUN PEAHMMATOJOIUN ObLIN
Menbine, 9em B I'p. 2 — 12,0£3,4 cyr. B I'p. 1 mpoTtus
16,3+3,4 cyT. B I'p. 2 (p=0.0000).
NHTangaimmoHHbIil Ty Th BBE/IEHNS UCTIOIb3YeTCS
JUTST JIEKAPCTBEHHBIX MPEapaToB Pa3JnIHbIX TPYIIIL:
AHTUOMOTHUKOB, IPOTHBOIPUOKOBBIX, TPOTUBOTYGED-
KyJIE3HBIX, UIMMYHOCYTIPECCOPOB, MHCYJINHA, BAKIUH,
naTepdepoHOB, (hypoceMnsia, B TeHOTEpATUN Psifa
3abosieBanuil. Ilo MaHHBIM KPYITHOTO HEMEI[KOTO
uccaenosanug Ehrmann S. 1 coast. 99% Bpaueii ote-
JICHWI PEaHUMATOJIOTUY UCTIOJIb3YeT WHTAJISIIUOHHBIIA
c1ocob BBeIeHUS JIEKapCTBEHHbIX Ipenaparos, 80%
MPUMEHSIOT MHTAJSIIIMOHHDIH KoaucTuH, a 30% mpo-
BOJISIT MHTAJSIMOHHYI0 aHTHOMOTHKOTEPANNIO KaK
MUHUMYM pa3 B /iBa Mecsia [ 13, 14].
WNHTansiinonHbIil My Th BBEJIEHUS C UCTIOJIb30Ba-
HIEM COBPEMEHHBIX HeOyJ/I1ail3epoB MO3BOJISIET 10CTa-
BUTh 50—70% 03B MHTAISAIIMOHHOTO aHTUOMOTHKA
HETIOCPE/ICTBEHHO B ovar nHpekimu. [Ipr aToM KOH-
HEeHTpaIMs aHTUONOTHKA B MOKpoTe B 10—25 pas Bbiiie
MUHUMAJTBHON TIOAABJSIONIEN KOHIIEHTPAINH, YeM
0CJIe BHYTPUBEHHOTO BBEIECHHSI, 4TO HEOOXOMMO JIJIsk
MPEOIOJIEHNS] PE3UCTEHTHOCTU MHUKPOOOPTAaHU3MOB.
VHTa/IAIUOHHBIN 1Ty Th BBEICHUST aHTUOMOTHKOB CBSI-
3aH ¢ MEHBIITUM CUCTEMHBIM TOKCHYECKUM BO3/IEHCTBH-
eM mpemnapara. BaskHbIM aclleKTOM aHTUMHKPOOHOTO
JNEHCTBUS MHTAISAIUOHHBIX aHTHOUOTHKOB SIBJISIECTCS
UX paspyliaoliee aeiicTeue Ha 6uoruenku [ 15, 16].
HawuboJbliree pacpocTpaHeHne B yJIbMOHOJIO-
MW U PEAHUMATOJIOTUN TIOJYUNJT WHTAJISITUOHHBINA
KOJUCTUH W WHTAJTSIMOHHBIE aMUHOTJINKO3U/IBI
BCJIE/ICTBYE X GaKTepPUIIUAHOTO aheKTa U JoKa3aH-
HOI 6e301aCcHOCTH IIPU WHTAISIIMOHHOM BBEICHUN.
[Momuvukcu E (KosucTuH) OBLT BBIAETEH U3
Bacillus polymyxa stmonckmm nccremosarenem Koya-
ma Y. B 1949 r. [Tlomumukcun E (konuctun) n nosm-
MUKCUH B OTIMYa0OTCS 10 XMMUYECKOI CTPYKTYPeE.
AT aHTUOMOTHKY AKTUBHO IPUMEHSIIIH JIJIsI JIeUeHUsT
TSIKEJIBIX TPaM-OTpUIaTeTbHbIX nHbekuil B 1950-
70-e TT., 3aTE€M UX B OCHOBHOM HCIIOJIb30BAJH TIPU
MyKOBHCIH/I03€, a ¢ Hadasra 2000 1. cHoBa BEpHYJINCH
K UX HCIIOJTb30BAHUIO B PEAHUMATOJIOTUN B CBSI3U C
POCTOM aHTHOMOTHKOPe3ucTeHTHOCTH. KommeTna —
HanboJree CJI0KHBIN JIJIsT HHTAISIIIHOHHOTO BBEICHIIS
AHTHOMOTHK, TIOCKOJIBKY OH TIPE/CTaBJIsIeT COOOM IPo-
JIEKapcTBO (KOJUCTUMETAT ), KOTOPOE JIJIST aKTUBAIINN
JIOJIKHO TIOABEPTHYTHCS TUAPOIN3Y. VIMEHHO laHHast
(opma mpenapara mpeANOYTUTETbHA JIJISI WHTAJIS-
[MOHHOU aHTHOHOTHKOTepanui., KoJmeTuH sBJisiercst
CMECHIO MUKJINIECKUX KaTHOHHBIX MENTH/IOB, KOTO-

1 by the seventh day of therapy; in Gr. 2 such dynam-
ics was observed in seven patients (28%) (P>0.05). No
reliable difference between the groups was found pre-
sumably because the chest X-ray data provided little
information on NP diagnosis and course dynamics as-
sessment [1, 6, 7].

Time to spontaneous breathing, time in inten-
sive care unit. Positive dynamics of the course of NP
and acute respiratory compromise at the background
of AC therapy allowed spontaneous breathing of pa-
tients earlier and reducing the time in intensive care
unit without influence on mortality. In Gr. 1 patients
were allowed to breathe independently earlier than in
Gr. 2:7.6£1.6 days in Gr. 1 versus 11.7£3.4 days in Gr.
2 (P<0.00001) (Fig. 3). In Gr. 1, the intensive care unit
time was shorter than in Gr. 2: 12.0£3.4 days in Gr. 1
versus 16.3+3.4 days in Gr. 2 (P<0.00001) (Fig. 3).

Side effects and mortality. In Gr. 1 no side ef-
fects that can be reliably associated with AC applica-
tion was registered. No bronchial spasm cases were
noted in any patient in Gr. 1, which corresponds to the
data of other investigations. Mortality (28-day) in Gr.
1 equaled to 16.7% (n=8), in Gr. 2 — 16.2% (n=7).
Lethal outcomes were connected with progression of
multiple organ failure rather than with progression of
NP itself. Reliable differences in mortality were not
received due to small size of the sample.

Effectiveness comparison between aerosolized
tobramycinum and aerosolized colistin. Comparison
of the clinical outcomes of NP patients’ treatment
with two regimens of aerosolized antibiotic therapy
(aerosolized tobramycinum, aerosolized colistin) re-
vealed no reliable difference (Table 3)

This study has demonstrated efficacy of AC
dosed 2 mIn. U 3 times/day as an adjuvant therapy to
systemic antibiotic therapy for NP caused by mul-
tidrug-resistant gram-negative bacteria: NP resolution
rate amounted to 75% (versus 52% in Gr. 2,
P=0.0295); eradication of pathogenic microorganisms
by therapy day 7 was achieved in 80% in Gr. 1 and in
60% in Gr. 2 (n=12) (P>0.05); in Gr. 1 time to spon-
taneous breathing was shorter than in Gr. 2: 7.6+1.6
days in Gr. 1 versus 11.7£3.4 days in Gr. 2
(P<0.00001); in Gr. 1 time in the intensive care unit
was shorter than in Gr. 2: 12.0+3.4 days in Gr. 1 versus
16.3+3.4 days in Gr. 2 (P<0.00001).

The method of administration by inhalation is
used for drugs of different groups: antibiotics, antimy-
cotics, antimycobacterials, immunosuppressive drugs,
insulin, vaccines, interferons, furosemide, in gene ther-
apy for a number of diseases. According to the large
German study by Ehrmann S. et al., 99% of intensive
care doctors use inhalation as the method of drug ad-
ministration, 80% apply aerosolized colistin, and 30%
perform aerosolized antibiotic therapy at least once
every two months [13, 14].

The inhalation method of administration using
modern nebulizer allow delivering 50—70% of the
aerosolized antibiotic dose directly to the nidus of infec-
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PbIe MOT'YT MMOBPESKAATH HE TOJNBKO KIETKH MUKPOOOB,
HO W KJIETKU PECHUPATOPHOTO TPaKTa U JIETKUX.
MurtiieHb 1T KOJTUCTHHA — JIMTTOTIOJIMCAXapu/l Kire-
TOYHOU cTeHKn GakTepuii [17].

KpymHbIX paHIOMU3UPOBAHHBIX MHOTOIIEHTPO-
BbIX nccnenoBanuii o MIK B revennn HII 1o nacrosi-
IIero BpeMeHU He MPOBOIUIOCH. Bee ncciemoBanus
KpaifHe TeTePOTeHHbI 110 [IN3aiiHY, BCJIE/CTBUE Yero B
Hacrosiee BpeMs EBporneiickum o611ecTBOM KJIMHUYe-
CKOI MUKPOOUOJIOTHN U MHMDEKIIMOHHBIX 3a00JIeBaHNI
HE PEKOMEHJIOBAHO HCIOJb30BaTh WHTAJSIIMOHHbIE
AHTUOMOTHKY B KJIMHUYeCKOH mpakTuke [18]. Harmpo-
THB, B PEKOMEHIAIIX AMEPHKAHCKOTO 00IIecTBa
undexnmonnbix 3abonesannii (Infectious diseases soci-
ety of America, IDSA) 2016 r. oT™Meu€eHO, 4To TIPH HaJIH-
YUW YYBCTBUTEIBHOCTU TOJHKO K aMIHOTJIUKO3UIAM
WM KOJTUCTHHY TIPEANOUTUTETHHO TPOBOANTD KOMOU-
HUPOBaHHOE JIeYEeHHE JaHHBIMU aHTHONOTHKAMU (BHYT-
PUBEHHO+HWHTAISAIMOHHO). Kpome TOro, B MaHHBIX
PEKOMEH/IAISX YKa3aHO, UTO TPUMEHSITh MHTAJISTITUOH-
Hble AaHTHOMOTUKHU 11€7IeCO00PA3HO B TEX CUTYAIUsX,
KOT/ZIa HET KJIMHWYECKOTO OTBETa Ha BHYTPUBEHHOM
peknMe aHTHOMOTHKOTeparii. JlaHHbIe MeTa-aHajm3a
IDSA mnoxkasbiBaroT, 4TO NCTIOJIb30BaHNE MHTAJISTIMOH-
HbBIX aHTHOMOTHKOB B KAUECTBE JIOTIOJTHEHHSI K CHCTEM-
HbIM yBeauuBaeT yactoty pasperenns HIT (RR 1,29)
6e3 BrustHus Ha JeTarbHocTh (RR 0,84) wmm wactory
pasBuTust mo6ouHbIX adderros (RR 1,11) [19].

B Poccutickux HarmmoHaabHBIX peKOMEHIAINSIX
«HoszoxomuasnbHas mHeBMOHUS Y B3pocbix» 2016 r.
TaKsKe OTMEUEeHa [1eJIeCO00PasHOCTh TPUMEHEHHS HTa-
JISIIIMOHHBIX aHTHOHOTHKOB B KAUeCTBE JOMOJTHEHUST K
cricteMHbIM. OTMEUeHa BasKHOCTD COOJTIOICHUS TEXHI-
KW UHTAJISIIIAN aHTUOMOTHKOB ¥ NCTIOJIb30BaHUs HeOY-
JIAali3ePOB MOCJIEHEr0 TTOKOJICHUS JIJIST YBEJTMUEHUST
JIOCTAaBKH TIperapara B jierkue. Kpome Toro, perienme o
Ha3HAYEeHUN WHTAISIHOHHON aHTHOHOTHKOTEPATUT
JIOJKEH MPUHUMATh KOHCUITYM (heiepasibHOH crierna-
JINBUPOBAHHON METUTTUTHCKON OPTAaHU3AIIH TP YCJITO-
BUU HaJW4ust J00POBOJBHOTO MHMOOPMUPOBAHHOTO
COTJIACHST TIAIMEHTA WU er0 3aKOHHBIX TIPE/ICTABUTE-
meti  (Ilpukas Munsapasconpassutusi P® ot
09.08.2005 r. Ne494 «O mpuMeHeHNH JIeKapCTBEHHBIX
CPeCTB Y GOBHBIX MO JKU3HEHHBIM TTIOKazaHusM» ) [1].

JlaHHbIe HAIITETO WCCIIEIOBAHISI BO MHOTOM COTJIa-
CYIOTCS € Pe3yJIbTaTaMu 3apyOesKHbBIX HCC/ICIOBAHUIT 10
npobJieMe, Ho TIPEUMYIIECTBOM JIAHHOTO UCCIIEIOBAHMS
SBJISIETCS] TOMOTEHHOCTD BbIOOPKU GoJIbHbBIX. B perpo-
CrieKTUBHOM nccsenoBanin Doshi M. u coasT. GbLI0
MOKA3aHO, 4TO JI06aBJICHIE HHTAJISIIIHOHHOTO KOJIUCTH-
Ha K BHYTPUBEHHOMY KOJICTHHY YCKOPSIET pa3pelieHue
I[TH n cawxaer meramprHocts mpu [TH, BpI3BanHOM
MOJINPE3UCTEHTHBIMU IPAaM-OTPHUIIATETHHBIMI MUKPO-
oprarmusmamu [20]. B uccienosaruu Tumbarello M. u
coaBT. OBLJIO MOKasaHo, 4To Kcnosib3oBanne VK 1o
CPaBHEHWIO C BHYTPUBEHHBIM CIOCOOCTBYET GoJiee
6eicTpomy paspeteruto ITH u Gosiee paHHemy miepeBo-
ny GOJBLHBIX Ha caMocTosTenpHoe abixanue [21]. Kor-
bila I. u coasr. nokazamnu, uto MBJI-acconuposantas

tion. In this instance, the sputum concentration of
antibiotica is 10—25 times higher the minimal suppress-
ing concentration that after intravenous administration,
which is necessary to overcome microorganisms’ resist-
ance. Administration of antibiotic by inhalation is asso-
ciated with a smaller systemic toxic action of a drug. An
important aspect of antimicrobial effect of aerosolized an-
tibiotics is their destructive action on biofilms [15—16].

The most common in pulmonology and intensive
care are aerosolized colistin and aerosolized aminogly-
cosides thanks to their bactericidal effect and proven
safety when administered by inhalation.

Polymyxinum E (colistin) was isolated from
Bacillus polymyxa by Japanese researcher Koyama Y.
in 1949. Polymyxinum E (colistin) and Polymyxinum
B differ by chemical structure. These antibiotics were
intensively applied for severe gram-negative infections
in the 1950—70s, later they were used mostly for mu-
coviscidosis, and since early 2000, they have been used
again in intensive care medicine due to growth of an-
tibiotic resistance. Colistin is the most difficult antibi-
otic for administration by inhalation, as it is a prodrug
(colistimethate), which must be subjected to hydrol-
ysis for activation. It is this form of the drug that is
preferable for aerosolized antibiotic therapy. Colistin
is a mixture of cyclic cationic peptides that can dam-
age not only the cells of microbes, but the cells of the
respiratory tract and lungs as well. Colistin target is
lipopolysaccharide of the cellular wall of bacteria [17].

Large randomized multi-center studies of AC for
NP have not been undertaken up to the present day.
All investigations are extremely heterogenic by de-
sign, hence, at present, the European Society of Clin-
ical Microbiology and Infectious Diseases does not
recommend using aerosolized antibiotics in clinical
practice [18]. On the contrary, the recommendations
of the Infectious Diseases Society of America (IDSA),
2016, have noted that if there is susceptibility only to
aminoglycosides or colistin, a combined therapy with
these antibiotics (inravenous administration plus in-
haled drug) is preferrable. Besides, these recommen-
dations find it expedient to apply aerosolized
antibiotics in situations when there is no clinical re-
sponse to intravenous antibiotic therapy. IDSA meta-
analysis data show that application of aerosolized
antibiotics as an adjuvant to systemic administration
increases the NP resolution rate (RR 1.29) without af-
fecting mortality (RR 0.84) or incidence of side effects
(RR 1.11) [19].

Russian National Recommendations «Nosoco-
mial Pneumonia in Adults», 2016, also note expedi-
ency of applying aerosolized antibiotics in adjuvant
setting complementary to systemic administration.
The importance of observing the antibiotic inhalation
technique and using last-generation nebulizers to en-
hance drug delivery to lungs is pointed out. Besides,
the decision of prescribing an aerosolized antibiotic
therapy must be taken by a council of a federal special-
ist medical organization subject to voluntary informed

GENERAL REANIMATOLOGY, 2017, 13; 6

www.reanimatology.com



70

DOI:10.15360,/1813-9779-2017-6-60-73

Intensive Care

ITH 6bicTpee paspernaercst pu A00ABJCHUN K BHY TPH-
BEHHOMY KOJIMCTHHY HHTAJISIIMOHHON (hOPMbI aHTHOKO-
tuka [22]. B pa6ore Liu D. u coasr. Beuia gocTuriayTa
GOJIBIIIAS YACTOTA HPAMKAIIMN BO3OYANTEISI U3 MOKPO-
TBl M MEHbIAs JIETATbHOCTh NIPU KOMOWHUPOBAHWUN
WHTAJISIIIMOHHOTO W BHYTPUBEHHOTO KOJIMCTHHA. YacTo-
Ta NOOOYHBIX 3 (HEKTOB B 9TOM CJIyyae He BO3pacTaja
[23, 24]. B mera-anammse Valachis A. 1 coast. 66110
MoKa3aHo, uyTo ncroab3oBanne MK BmecTe ¢ BHyTpH-
BEHHBIM KOJIMCTUHOM COIPOBOKIAETCS YBEJTUUEHUEM
vactorhl pasperternst HIT, spagukaryy Bo3Oyauresiei
13 MOKPOTBI U CHUKEHHEM JIETAIbHOCTH, TOT/Ia KaK
nobGasnerre MK K ApyruM CHCTEMHBIM aHTUOHOTHKAM
He BJIMsIET Ha JieTaJbHOCTh [25]. B MeTa-anamuse Flo-
resci D. 1 coaBT. ObUIH MOKA3aHBI TTOJIOKUTETBHBIE KJIH-
HUYeckre a(h(HeKThl MHTaISIIMOHHOTO KOJTMCTUHA, HU3-
Kas yactota Hedpo- W HEMPOTOKCUYHOCTH, a TaKKe
CHUKeHUe JieTaibHOCTH [26].

HampoTuBs, B peTpOCTIEKTUBHOM UCCIIEIOBAHUN
caydaii-koHTposib Kofteridis D. u coaBr. He 6bLIO
OTMEYEHO KJIMHWYEeCKOW 3(hGheKTUBHOCTN WHTAJS-
[UOHHOTO KOJIMCTUHA MPU ero A06aBJCHUN K BHYT-
PUBEHHOMY KOJMCTUHY [27]. AHasoruyHble JaHHbIE
ObLIM  TIOJydeHBl B HeJAaBHEM HCCJEI0BAHUU
Demirdal T. u coast. [28].

Czosnowski u coasr. [29] 1okasasiu, 4To UCHOb-
30BaHUe WHTAJSIIMOHHBIX aHTHOMOTHKOB MMO3BOJISIET
noctuyb pasperernst HIT B 73% ciydaes, apagukaiun
Bo3OymuTesst B 71% ciyuyaeB. B perpocnekTnBHOM
ncenenosanun Arnold H. u coaBT. oTMedeHa TeHieH-
11 K 60s1ee BBICOKON BbhKMBaeMocTH 6oabnbix HIT,
KOTOPBIX JICUMJIH WHTAJISIIIMOHHBIM TOGPAMUIIMHOM
[30]. B uccremosarmu Niederman u coasr. [31] 6bima
mokazaHa 3(Q(HEeKTUBHOCTH MHTAISIIMOHHOTO aMUKaIIH-
Ha, KOTOPBI BBOJIVJIN C TIOMOTITHIO AKCTIEPUMEHTATTHHO-
ro HeGyJaiizepa 400 Mr Kaskablie 12 4. nm Kasable 24
v, Yacrora pasperernst HIT cocrasuima 50% tpu aBy-
KpPaTHOM BBEJIEHUM aMUKaIlnHa U 17% 1pu 0JIHOKpaT-
HOM, 4acToTa OO0YHBIX 9P (hEKTOB OblLTa MUHUMAJIb-
Hoii. Le Conte wu coaBr. [32] mokazamm, 4YTO
HCIIOJIb30BaHNE WHTAMSIMOHHOTO TOOPaMHUIIMHA B
KauecTBe JIONOJHEHUST K BHYTPUBEHHBIM GeTa-JlakTa-
MaM TI03BOJIIET COKPATUTD MTPoiosrkuTeThHOCTH BJI.
B perpocriektuBHOM nccsenoBaruu Lu Q. n coasT.
Oblla  3apETMCTPUPOBAHA CXOAHAS KJIMHUYECKAs
3(hHEKTUBHOCTH CUCTEMHOTO U MHTAJISIITUOHHOTO BBE-
JeHust e razuinmMa i aMUKaIHA, HO MEHBITIAs YacTo-
Ta  (opMUPOBaHUS  PE3UCTEHTHBIX  IITAMMOB
Pseudomonas aeruginosa B rpynme NMA. [33]. Ta xe
rpyIma uccjeoBaTeseil mokasana cXoaHyto addex-
TUBHOCTb MHTAJISIIIUOHHOTO KOJIMCTHHA M KOMOUHAIN
BHYTPUBEHHBIX OeTa-JTaAKTAMOB M aMIUHOTJIMKO3U/IOB Y
6ompubix HIT, BoisBanuoit Pseudomonas aeruginosa
Acinetobacter baumanii [34]. B nantnom ncciieioBanun
He OBbLIO TTOKa3aHo (DOPMUPOBAHKS PE3UCTEHTHOCTH
MHKPOOPTaHU3MOB Ha (JOHE MHTAIAIIMOHHO aHTHOWO-
tukorepanuu. Hamporus, y 25% MUKPOOPTaHN3MOB Ha
(dboHe JleueHMsT WHTAJSIIMOHHBIMU AHTHOMOTHKAMU
MOBBICUJIACh YYBCTBUTEIBHOCTh K aHTHOHOTHKAM, K

consent of the patient or his/her lawful representa-
tives (Order of the RF Ministry of Health and Social
Development dated 09.08.2005 «On Life-Saving Ap-
plication of Drugs in Patients», No. 494) [1].

The data of this study are largely consistent with
the results of international investigations of the prob-
lem; however, the advantage of this study is the patient
sample homogeneity. The retrospective study by Doshi
M. et al. has demonstrated that aerosolized colistin
combined with intravenous colistin accelerates NP res-
olution and reduces mortality from NP caused by mul-
tidrug-resistant gram-negative microorganisms [20].
In their study, Tumbarello M. et al. have demonstrated
that application of AC compared against intravenous
therapy facilitates faster NP resolution and earlier
spontaneous breathing of patients [21]. Korbila I. et al.
have proven that ALV-associated NP resolves faster
when intravenous colistin administration was comple-
mented by the aerosolized form of the antibiotic [22].
Liu D. Et al. achieved higher rate of germ eradication
from sputum and lower mortality in case of combined
aerosolized and intravenous colistin. The incidence of
side effects in such case did not rise [23, 24]. The meta-
analysis by Valachis A. et al. has shown that application
of AC together with intravenous colistin is accompa-
nied with a higher rate of NP resolution, eradication of
germs from sputum, and lower mortality, while AC
combination with other systemic antibiotics has no in-
fluence on mortality [25]. The meta-analysis by Flo-
resci D. et al. has demonstrated positive clinical effects
of inhalationoro colistin, low nephro- and neurotoxic-
ity, and reduced mortality [26].

On the contrary, in the retrospective case-control
study, Kofteridis D. et al. did not observe clinical effi-
cacy of aerosolized colistin when it was added to in-
travenous colistin [27]. Similar results were obtained
in the recent study by Demirdal T. et al. [28].

Czosnowski et al. [29] have proven that applica-
tion of aerosolized antibiotics allows achieving NP res-
olution in 73% of cases, germ eradication — in 71% of
cases. In a retrospective study, Arnold H. et al. noted
atrend towards higher survival of NP patients treated
with aerosolized tobramycinum [30]. The study by
Niederman et al. [31] has shown efficacy of aerosolized
amikacinum administered with the help of an experi-
mental nebulizer in 400 mg every 12 hrs. or every 24
hrs. The rate of NP resolution amounted to 50% in
case of two-time administration of amikacinum and
17% in case of one-time administration, the incidence
of side effects being minimal. Le Conte et al. [32] have
demonstrated that use of aerosolized tobramycinum
as an adjuvant to intravenous betalactams allows re-
ducing the ALV duration. In a retrospective study, Lu
Q. et al. registered similar clinical efficacy of systemic
and inhalation administration of ceftazidimum and
amikacinuma, but more rare formation of resistant
strains in Pseudomonas aeruginosa in the TA group.
[33]. The same team of researchers have shown similar
efficacy of aerosolized colistin and a combination of
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MHaTeHcuBHOE A€ueHUE

KOTOPBIM OHU paHee ObLIN Pe3UCTeHTHBL. B pabore
Ghannam D. 1 coasT. [35] 6bLIO TPOEMOHCTPHPOBAHO,
uTo B Tpy1ie 60sbHbIX HIT, KOTOPBIX JIeUn/ii MHTasI-
IMOHHBIMU AMUHOTJIMKO3UaMu, paspentenve HII
661710 GoJtee ObICTPBIM (¥ 81% OONBHBIX 110 CPABHEHHIO
¢ 31% B rpyIIne BHYTPUBEHHBIX aHTHOMOTHKOB). He
OBLJIO 3aPETHCTPUPOBAHO CJIyYaeB HePPOTOKCUIHOCTH
B TPYTITIE MHTAJISTIIMOHHBIX aMUHOTJTUKO3UIOB.

CpaBHUTEbHBIE UCCITE/IOBAHNS MHTASITIOHHO-
ro ToOpaMUIlMHA U KOJUCTHHA MTPOBOAMIIICH TOJIBKO
y GOJIBHBIX MYKOBUCITHI030M Ha CaMOCTOSITEJIbHOM
JIBIXaHUW, YTO 3aTPYAHSIET UCTIOJb30BaHNE TTOTYUYEeH-
HBIX JIaHHBIX B KaTETOPUHM PEAHUMATOJOTHYECKUX
6ompubix ¢ HIT [36].

B uccneposanuu Rietmuller J. u coast. Vcnosb-
30BaJIM HEOOBIYHYIO METOANKY MHTAJISIIIMOHHON aHTH-
OUOTHKOTEPATIMY CHHETHOWHON MHMEKIIH [TPU MYKO-
BUCIINIO3€:  TIOCHAEIOBATENbHO  KOMOWHUPOBAIH
UHTAISIIMOHHBIN ToMOpamutit (300 Mr 2 p/cyT.) u
nHTangmonssii kosmetun (1 mumn. EJL 2 p/cyT.).
JlaHHbIil aaropuT™ JiedeHust ObLI 9 (heKTUBEH Y
80,5/% narmenTos [37].

K orpanmveHmsM Hamiero ucciaeloBaHUsST OTHO-
CSATCS: OTHOIIEHTPOBOM M HEPAH/IOMU3NPOBAHHBIN €T0
XapakTep, MaJblii 00beM BBIGOPKH; HAJIMYKE Y BCEX
MAIMEeHTOB OCHOBHOTO XUPYPTrAYeCcKOTO NH(EKITNOH-
HOTO 3a60seBanms. Takke He BBITTOTHSIIOCH HU3Mepe-
HUe KOHIIeHTPAIlN KOJNCTIHA B KPOBH B TIpoliecce
JIEYeH NS, YTO He JaT0 BO3MOKHOCTH OKa3aTh Ge3-
OIACHOCTh MHTAJISIIMOHHON (POPMBI aHTHOMOTHKA.

3akiaoyeHue

[TpumeHeHne MHTATISTIMOHHOTO KOJIMCTUHA 2 MJTH.
EI 3 p/cyrt. abdexkTrBHO B KauecTBe JOMOJHEHUS K
CHUCTEMHOI aHTUOAKTEPUAIbHOI TepaIi [IPH JIeYeHUH
HO30KOMMUAJIBHOI TTHEBMOHWY, BHI3BBAHHOMN MOJINPE3U-
CTEHTHBIME TPaM-OTPUIATEJbHBIMU BO30YAUTEISIMIL.
Jlanroe MOAMMUIMPOBAHHOE JIEYEHUE CIIOCOOCTBYET
6oJiee OBICTPOMY PaspelleHI0 THEBMOHKH, O0JIee PaH-
HeMy TIepeBO/Ly TTaIMeHTOB HAa CAMOCTOSITETbHOE JIbIXa-
HI€ U COKPAIIIEHUIO CPOKOB MPEOBIBAHKS B OT/AETIECHUN
peanuMarosioruu. JlobaBiieHie HHIAIAIIMOHHOTO KOJIM-
CTHMHA K CUCTEMHbIM aHTHOUOTHKAM CJIEYET PAaCCMaTpH-
BaTh KaK BO3MOKHBIH aJITOPUTM JIeUeHMS TP Heaphek-
TUBHOCTHU HIEPBOiT JIMHIN aHTUOUOTHKOTEPATINH.
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intravenous betalactams and aminoglycosides in pa-
tients with NP caused by Pseudomonas aeruginosa and
Acinetobacter baumanii [34]. This study did not show
formation of microorganisms’ resistance at the back-
ground of aerosolized antibiotic therapy. On the con-
trary, at the background of aerosolized antibiotic
therapy, 25% of microorganisms developed suscepti-
bility to antibiotics, to which they had been earlier re-
sistant. Ghannam D. et al. [35] have demonstrated
that in the group of NP patients treated with
aerosolized aminoglycosides, NP resolution occurred
faster (in 81% of patients compared to 31% in the
group of intravenous antibiotics). There were no cases
of nephrotoxicity in the group of aerosolized amino-
glycosides.

Comparison investigations of aerosolized to-
bramycinum and colistin were carried out only in
spontaneously breathing patients with mucoviscido-
sis, which impedes application of data obtained in the
category of intensive-care patients with NP [36].

In a study, Rietmuller J. et al. used an unusual
method of aerosolized antibiotic therapy for
pseudomonas infection during mucoviscidosis: they
sequentially combined aerosolized tobramycin (300
mg 2 times/day) and aerosolized colistin (1 mIn. U 2
times/day). This therapy algorithm was efficient in
80.5% of patients [37].

The limitations of our study include: single-cen-
ter and non-randomized study, small sample volume;
primary surgical infection in all patients. In addition,
no colistin blood concentration was measured during
the treatment that limited proving the safety of the
aerosolized form of antibiotic.

Conclusion

Application of aerosolized colistin dosed 2 mlIn.
U 3 times/day is efficient as an adjuvant therapy to
systemic antibiotic therapy for nosocomial pneumonia
caused by multidrug-resistant gram-negative germs.
This modified therapy promotes faster resolution of
pneumonia, earlier spontaneous breathing of patients,
and shorter time in the intensive care unit. Addition
of aerosolized colistin to systemic antibiotic should be
considered a possible therapy algorithm in case of in-
efficacy of the first-line antibiotic therapy.
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