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ITeab uccnemoBanuss — OlEHKA B IMHAMUKE KOHI[CHTPAIUY TOOPaMUIIMHA B OPOHXO0AIBBEOISIPHOI JIABaKHOI
SKUJIKOCTH Y KDOBH TIOCJIE €70 MHTAJISAIINN Y TIOCTPAJAABIINX C HO30KOMUATIBHON THEBMOHUEIH.

Marepuassi u MeToasl. VceieioBamiie IpeiCTaBIeHo B BUJIE CEPUY KIIMHUYECKIX HAOJIOIEHWIL: B MCCJIEI0BAHNE
BKJIIOYHJIN 5 TIATIMEHTOB C TSKEJION COYeTAHHON YepPerrHO-MO3TOBO TPaBMOIi, KOTOPbIE HAXOANJIMCh Ha JIEYeHUH B
oraenenun obuteil peanumarn (Myxautbl 4 (87,5%), xenmmubl 1 (12,5%); Bospact 36 £12 jiet; TsiKeCTb MOBPEXK-
nenwii o mikase Injury Severity Score (ISS) 40,9 + 8,3 6as110B; 06beM ocTpoil KpoBomoTepr 2356997 mur; cpeanuit
KoiiKko-nenb 12,50 cyT.; metanbHocTb 16,7%). CTaTiCTHYeCKUiT aHAJIN3 TPOBEJIU € UCTIOJIB30BAHIEM ITPOTPAMMHOTO
obecrievenms Statistica 10.0. [loctoBepHocTb pasinanii npuHuMaan npu p<0.05.

Pesyabratel. /IunamMuKka KoHieHTpauii TobpaMuinia Obuia ciaepyiomeii: 1 4. kposb/BAJI 0,96+0,44 Mkr/mi /
49,6 mkr/muit; 3 4. kpob/BAJI 0,98+0,82 mkr/mut / 15,5 Mxr/mi; 5 4. kpoBb/BAJI 0,79+0,83 Mxr/mi1 / 3,5 MKT/MJI.

3axmouenne. [TosyuenHble pe3yJIbTaThl MOATBEPKAAIOT 3HAYNTEIbHBIE JIOKAJIbHbIE KOHIIEHTPAIIMN TOOpaMu-
I[THA B MOKPOTE U HU3KHUE B KPOBHU, YTO KOPPECTIOHMPYIOT C IAHHBIMU (hapMaKOKMHETHUECKUX UCCJIEIOBAHNI U pe-
3yJIbTaTaMi KJIMHUYECKUX UCCIefoBanuil 9 beKTUBHOCTH MHTASIIIMOHHOTO ToOpaMuIinia. B Hacrosiiee Bpemst
[POZI0JIKAETCST HAOOP MaTephasia UCCIIe0BaAHMS.

Knrouesvie cnosa: HosokomuaivHas NHEeBMOHUA, mo6pmuuun; KOHUeHmpauus

This study was aimed to evaluate the dynamics of inhaled tobramycin concentration in bronchoalveolar lavage
fluid and blood in victims with nosocomial pneumonia.

Materials and Methods. The study is presented as a series of clinical observations: 5 patients with severe con-
comitant craniocerebral injury were included, who were treated in the general resuscitation unit (men 4 (87.5%),
women 1 (12.5%); age 36+12 years; Injury Severity Score (ISS) 40.9£8.3; acute blood loss volume 2356+997 ml;
mean bed-days 12.50 days; mortality 16.7%). Statistical analysis of data obtained was carried out using Statistica
10.0 software. Difference was considered significant at p<0.05.

Results. The dynamics of tobramycin concentrations was as follows: 1 hr. blood/BAL 0.96+0.44 pg/ml / 49.6 pg/ml;
3 hrs. blood/BAL 0.98+0.82 ug/ml / 15.5 ug/ml; 5 hrs. blood/BAL 0.79£0.83 pg/ml / 3.5 pg/ml.

Conclusion.The results obtained confirm significant local concentrations of tobramycin in sputum and low in
blood, which corresponds to the results of pharmacokinetic studies and clinical studies of inhaled tobramycin efficacy.
At present, gathering of material for the study continues.
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Kamungeckas nmpaxkTuka

BBenenne

Nuranganuonnsie antubuoruku (MA, tombpa-
MUIWH, aMUKAIlWH, KOJUCTUH WU [JIp.) B KadyecTBe
JIOTIOJTHEHUST K CUCTEMHBIM PEKOMeHI0BaHbI B Poc-
CUMCKUX HAITMOHATbHBIX pekoMeHaamsax «Hozoko-
MUaJIbHAs THEBMOHUS y B3pocbix» 2016 1. kak onuH
U3 PEKIMOB aHTHOMOTUKOTEPAIIII HO30KOMUATbHOI
naesmoHun (HIT). B nanHbIX HAallMOHAIBHBIX PEKO-
MEH/IAIUSAX OTMeYeHA BO3MOKHOCTD HHTAJISTINOHHOTO
npumenenus npu HII nedrasupmma — 25 mr/kr 3
pasa B cyTku, amukanuia — 400-500 mr 2 pasa B
cytku (B Poccun HeT ouimaabHO 3aperncTpupoBaH-
HOIT JIeKapCTBEHHOI (hOPMBI TiedhTasunMa u aMuKa-
Ha); TobpamunrHa — 300 Mr 2 pasa B CyTKH; KOJIU-
cTuMeTara HaTpust (KOJTUCTHH, MTOJUMUKCUH E) — 2-3
mitH. ME (160—240 mr) 2 pasa B cytku. Heo6xoanmo
MPUHUMATh BO BHUMaHUE TO, YTO B COOTBETCTBUU C
PoccuiickuM  3aKOHOZATENTHCTBOM — pellieHue o
Ha3HAYEHUN WHTAJSIIMOHHON aHTHOMOTHKOTEPAITUI
JI0JKeH TTPUHUMATh KOHCUIUYM (e/iepaabHON crie-
MUAJTN3UPOBAHHON MEJIMITMHCKON OpraHu3aiuy mpu
YCJIOBUU HAJIUYKS 10OPOBOJIBHOTO HHMOOPMUPOBAH-
HOTO COTJIACHS TTaIleHTa NN eT0 3aKOHHBIX IPeficTa-
suteseti (I1pukas Munsapasconpazsutus Poccnn ot
09.08.2005 1. Ne494 «O mpumMeneHNY JIeKapCTBEHHBIX
CpeCTB y OOJIBHBIX 10 )KMU3HEHHBIM TTOKA3aHUSIM» )
[1-3]. B cooTBeTcTBUU ¢ pekoMeHAAIISAMI AMepH-
KaHCKOTO o0miecTBa MHPEKITMOHHBIX 3a00JIeBaHUI
(Infectious Diseases Society of America, IDSA) 2016
. A MOHO TIDUMEHSITh B KOMOMHAIIUU C BHYTPHU-
BEHHBIMU [TPU HATUIUHU YYBCTBUTEIBHOCTH TOJBKO K
AMUHOTJINKO3WU/IaM UJTN KOJUCTUHY [4].

K BaKHBIM TeOpeTHYecKuM rpenmytiectBam VA
npu Jjedernn HII y mammeHTOB B KPUTHYECKUX
COCTOSTHUSIX OTHOCSIT JIOCTaBKY aHTHOAKTEPHAIbHOTO
mperapaTta HeloCcpe/ICTBeHHO B JieTKre (BbICOKAst KOH-
[EHTpallis aHTHOMOTHKA B odyare WH(MEKIUN) TIPU
MUHUMAJIBHOM CUCTEMHOM BO3/eiicTBun. Kionnnye-
CKUX WCCJeJ0BAHNM, MOATBEPKAAIONINX BBICOKUE
JIoKasibHbIE KoHTleHTparun VA npu HU3KNX cucrem-
HBIX KOHIIEHTPAIUAX Y MAIMEeHTOB C TSIKEJ0N code-
TAHHOW TPABMOW, IPAKTUIECKU HET.

[Tess nccnemoBanms — olleHKA B IMHAMUKE KOH-
HEeHTpalun ToOpaMHIiiHa B OPOHXOAIbBEOJISIPHOI
JIABYKHOW JKUJIKOCTU W KPOBU TIOCJIE €T0 MHTAJISINN
Y TMIOCTPA/IABIINX ¢ HO30KOMHUAJIbHPOU THEBMOHUEH.

UccnenoBanme mpecTaBieHo B BUJE CePUN KIH-
HUYECKUX HaOJIIOICHUIL.

Marepuan u MeTo/Ibl

JlanHoe 06cepBalMOHHOE OJHOIEHTPOBOE UCCJIEI0BA-
Hue 6b1710 11poBeieHo B 2017-2018 rr. Ha 6aze HUIU obuieit
pearnmarosiorun um. B. A. Herosckoro @HKIT PP (Mocksa,
Poccus) n Hayuno-uccie1oBaTesibcKOro MHCTUTYTA CKOPOH
nomomm um. H. B. Ckimdocoscekoro. B uccnenosanne 6oum
BKJTIOUEHBI 5 TTOCTPAIABIIIX C TSKEJIOH COYETAHHON YE€PEITHO-
MO3TOBOH TPaBMOI, KOTOPbIe HAXOIUJIUCH HA JIEYEHUH B OT-
nesieHnn oouiell peaHumaiu (My)KUUHbL 4, JKEHIIUHBL 1;
Bo3pact 36+12 jiet; TSLKeCThb HOBPesKIeHUIT 110 1Kase Injury

Introduction

Inhaled antibiotics (IA, tobramycin, amikacin,
colistin etc.), as adjuvant to systemic therapy, are rec-
ommended in Russian National Guidelines «Nosoco-
mial Pneumonia in Adults», 2016, as one of the
regimens of antibiotic therapies for nosocomial pneu-
monia (NP). These national guidelines note possibil-
ity of use for NP of inhaled ceftazidime 25 mg/kg 3
times a day, amikacin 400—500 mg twice a day (in
Russia, there is no officially registered dosage form of
ceftazidime or amikacin); tobramycin 300 mg twice a
day; colistimethate sodium (colistin, polymyxin E)
2-3 mln. TU (160—240 mg) twice a day. It should be
taken into account that pursuant to the Russian leg-
islation, the decision to prescribe inhaled antibiotic
therapy must be taken by a case conference of a fed-
eral specialist of medical organization subject to vol-
untary informed consent of a patient or his lawful
representatives (Order of the Russian Ministry of
Healthcare and Social Development «On Use of
Medicines in Patients for Life Saving» dated
09.08.2005, No.494) [1-3]. According to Guidelines
of Infectious Diseases Society of America (IDSA),
2016, TA can be applied in combination with intra-
venous thereapy when there is sensitivity only to
aminoglycosides or colistin [4].

Important theoretic advantages of IA for NP in
critically ill patients include antibacterial drug delivery
directly to lungs (high concentration of antibiotic in
nidus of infection) at minimal systemic impact [4-7].
There are almost no clinical studies supporting high
local concentrations of TA at low systemic concentra-
tions in patients with severe concomitant injuries.

The purpose of this study was to evaluate dy-
namics of tobramycin concentrations in bronchoalve-
olar lavage fluid and blood after its inhalation in
victims with nosocomial pneumonia.

The study is presented as a series of clinical ob-
servations.

Materials and Methods

This observational single-center study was carried out
in 2017-2018 in the facilities of V. A. Negovsky General Re-
suscitation Research Institute, Federal Research and Clinical
Center for Resuscitation and Rehabilitation (Moscow, Russia)
and N. V. Sklifosovsky Emergency Care Research Institute.
The study included 5 victims with severe concomitant cran-
iocerebral injury, who were treated in the general resuscitation
unit (4 men, 1 woman; age 36+12 years; Injury Severity Score
(ISS) 40.9 + 8.3; acute blood loss volume 2356997 ml; mean
bed-days 12.50 days; mortality 16.7%). Excluded from the
study were the deceased within 12 hrs. since injury, victims
suffering from combined injury, damages of hollow organs,
massive crushed wound of soft tissues and purulent-septic nidi
of non-pulmonary location, which formed early. In two obser-
vations, the mechanism of injury was road traffic accidents, in
two — fall from a height, in one — train injury.

As adjuvant therapy to systemic antibiotics
(ciprofloxacin 800 mg a day and metronidazole 1 500 mg a
day), all victims received inhaled tobramycin in a dose of
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Severity Score (ISS) — 40,9+8,3 Gasios; 06beM 0CTPOii Kpo-
BoroTepn — 2356997 mut; cpenmii koiiko-aers — 12,50 cyT,;
JeTasbHOCT — 16,7%). 113 nccsienoBaHmst NCKITIOYEHbI yMep-
1Ive B TedeHre 12 4 ¢ MOMeHTa TPaBMBI, TOCTPA/IABIIIIE C KOM-
GUHUPOBAHHON TPABMOM, TTOBPEKIACHUSIME TIOJIBIX OPTAHOB,
MAaCCHBHBIM Pa3MO3’KeHIeM MATKUX TKaHeH U THOHO-CETITH-
JeCKUMU O4araMy BHEJIETOYHOH JIOKATN3AIH, C(HOPMIPOBAB-
MIIMUCST B paHHne cpoki. B 55,6% HabumoieHnii MeXaH3MOM
TPaBMBI SIBJIINCH JIOPOKHO-TPAHCIIOPTHBIE TIPOHCIIECTBHS,
B 29,6% — mazmenue ¢ BeicoThl, B 11,1% — moeszHast TpaBma, B
3,7% — GBITOBBIE IPOUCIIECTBHSI.

Bce noctpasiaBiie B KauecTBe 0MOTHEHNS K CHCTEM-
HbIM aHTHOHOTHKAM (1unpodiokcait 800 Mr B CyTKU U
Metporraa3oa 1 500 MT B CyTKH) TOMYYaan MHTATAIHOH-
HbIi ToGpamutiH B 1o3e 300 Mr 2 p/cyT. Pexknm cucreMHoi
AHTHOAKTEPUATBHON TEpanui MPU Ha3HAYCHWH WHTAJIs-
[MOHHBIX AaHTHOMOTUKOB He M3MeHsiics. [lepen Hauamiom
MHTAISIMN aHTUOHOTHKA TIPOBOMIIN CAHAIIMIO TPaxeo-
OGPOHXHAJIBHOTO JIepeBa U aliapatHoe yuinHeHne (Gasbl
BJIOXa J[BIXaTeJIbHOTO INKJIA. BBefeHNe NHTATSIIIIOHHOTO
TOOPAMHUIIHA OCYIIECTBIISIOCH TIPH MTOMOIIHN Hebyraiizepa
«Aeroneb Pro» (Aeroneb, Vpsatus) B COOTBETCTBUHM C MH-
CTPYKIIMSIMU TIPOM3BOIUTEIISL. VICTIO/Ib30BAIIH [IBIXATEIBHBII
KOHTYD 6e3 YBIAKHUTEIS; YAATSIN (GUIIBTP-TEIIOBIAro-
O0OMEHHUK Ha BPEMsI MHTAJSIIN, Pa3MEIIaln ero Ha Kjia-
nmaHe BbIOXa; HeOysaiidep TOMeNajid Ha  armmapar
nckycctBenHoi BenTuAny jerkux (MBJI) B mecte mpu-
COCIITHEHMS IMHUN B/IOXa WJIN Ha JIMHNIO BIOXa KOHTYpa B
30 ¢M OT TPOITHMKA; UCTIOIB30BAIH [BIXaTCIBHBII 06HEM
0k0J10 500 MJI, TOTOK Tasza 0KoJ1o 40 Ji/MITH, COOTHOIIEHNE
BJIOXa K BBIZIOXY OoJiee 1, BBIKJIIOYAIN IOTOKOBBII TPUTTED;
MHTasANNIo poBoanyn B Tedenue 30 muH. IToce 3aBepire-
HUST MHTAJISIIIAN TTPOBEPSIIIE OCTATOYHBIN 00BEM ITperapara
B Hebymaiizepe U MPOBOIUIN €ro Ae3nHdertmio [1-2].

VY Bcex ManueHTOB, BKJIIOYEHHBIX B NCCJEOBAHIE, B
JIeHb BKJTIOYCHUS B NCCJIE[OBAHNUE, HA 5-€ 1 7-€ CYT. HCCe-
JOBaHwst GBI BBIMOJTHEH 3200D GPOHX0ATBBEOJISIPHOIT J1a-
BakHOU skuakocTn (BAJI) nmma  xommuecTBeHHOTO
MUKPOGHOTIOTHYECKOTO HCccaeoBanust (HakTeproaornye-
ckuii ananuzarop «VITEK Compacts», Biomerieux, ®pan-
st ). /IMaraocTHYecKuM CUNTAIICS TUTP MEKPOOPTAaHU3MOB
B BAJI 6osiee 10 KOE /mu. KpurtepueM mosimpesucTeHTHO-
CTH MUKPOOPTaHu3Ma OblIa ero He4yBCTBUTEILHOCTD K TPEM
u GoJtee KiIaccaM aHTHOMOTHKOB. 3a60pP KPOBH Y MAI[MEHTOB
MIPOBO/IAIIN 13 TiepruepUYecKoil BEHbI ¢ COOTIOEHUEM Mpa-
BUJI acenTuKU. 71 OTHOTO MCCIeIOBAaHNST OTHOMOMEHTHO
ot6upasu 1o 10 Mt KpoBH B Ba (hraKoHa: IS a9POGHBIX
Gakrepuii — BactecTM Plus Aaerobic/F Culture Vials; nis
aHadpOOHBIX MUKPoOprannamMoB — BactecTM Plus Anaero-
bic/F Culture Vials. [Tonyuennbie 00pasiibl 10CTABJISAIN B
JabopaTOPUI0 M MOMEIATN B aHAJIU3aTOP TEMOKYJIBTYD
Bactec 9050. CtargapTHBIN TPOTOKOJ KYJIETHBUPOBAHUS
(dhirakoHOB B ipubope — 7 CyTOK /111 a9POOHbBIX U aHadPOO-
HbIX (parakoroB. [Tpu orcyTeTBIM pocTa GakTepuii B TedeHue
7 CYTOK BBIIABAJIN OTPUIATEIBHBIN Pe3yJIbTaT MCCIe0Ba-
Husl. [1py BBISIBJIEHUH POCTa MIKPOOPTaHU3MOB ITPOBOINIIH
MHUKPOCKOIIHMIO Ma3Ka U3 COAEPKUMOro (hIakoHa, OKpaIIeH-
Horo 1o Ipamy. 3ateMm conepsknmoe rakoHa BBICEBATN HA
IJI0THBIE TTaresbibie cpenbl (arap Hlamrepa, 5% kpossi-
HOW arap, MaHHUT-COJIEBOI arap, cpeasl Iua0, Cabypo).
Wnentndukannuio MEKPOOPTAHU3MOB U OTIpe/ieIeHIe HX
YyBCTBUTEIBHOCTH K AHTHONOTHKAM POBOANIIN C UCIIOJb-
30BaHUEM ABTOMATHYECKOTO MHKPOOUOTIOTHYECKOTO aHAIIH-
saropa WalkAway 40. OcxoBabiMu Bo3OyanTensvu HII
(pesysbraTbl nocesoB BAJI) Oblin rpaMOTpUIlATEIbHBIE

300 mg 2 times/day. Prescription of inhaled antibiotics did
not change the systemic antibacterial therapy regimen. Prior
to antibiotic inhalation, tracheobronchial tree suction and
ventilator inspiratory phase elongation were performed. In-
haled tobramycin was administered with the aid of nebuliser
«Aeroneb Pro» (Aeroneb, Ireland) following the manufac-
turer’s instructions. Moistener-free breathing circuit was
used; for the period of inhalation, filter/heat and moisture
exchanger was removed and placed on the expiratory valve;
the nebuliser was placed on the lung ventilator (LV) at the
point of inspiratory line connection or on the circuit inspi-
ratory line at a distance of 30 cm from the T-piece; breathing
volume of about 500 ml was used, gas flow was about
40 1/min, inspiration to expiration ratio was more than S,
flow trigger was switched off; inhalation was carried out for
30 min. At the end of inhalation, the residual volume of the
drug in the nebuliser was checked and decontamination of
the latter was performed [1-2].

In all patients included in the study, on the inclusion
day, days 5 and 7 of the study, bronchoalveolar lavage fluid
(BAL) was sampled for microbiological assay (bacteriologi-
cal analyzer «VITEK Compact», Biomerieux, France). Titer
of microorganisms in BAL exceeding 104 CFU /ml was con-
sidered diagnostic. The criterion of microorganism’s multiple
drug resistance was its resistance to three classes of antibi-
otics and more. Blood was sampled from patients’ peripheral
vein by aseptic techniques. For one analysis, 10 ml of blood
was sampled into two vials each: for aerobic bacteria — Bac-
tec™ Plus Aaerobic/F Culture Vials; for anaerobic microor-
ganisms — Bactec™ Plus Anaerobic/F Culture Vials. The
specimens received were delivered to the laboratory and
placed into hemoculture analyzer Bactec 9050. The standard
protocol of vial culture in the instrument is 7 days for aerobic
and anaerobic vials. In the absence of bacterial growth during
7 days, a negative test result was issued. Upon detection of
growth of microorganisms, Gram-stained smear from the vial
was analyzed under microscope. Thereafter, the vial content
was plated on solid media (Schaedler agar, 5% blood agar,
mannitol salt agar, Endo agar, Sabouraud agar). Identifica-
tion of microorganisms and detection of their sensitivity to
antibiotics were performed using automatic microbiological
analyzer WalkAway 40. The main NP agents (BAL culture
results) were gram-negative bacteria and their associations
— Acinetobacter spp. (3 patients), K. pneumoniae (2 patients),
and P. aeruginosa (2 patients).

In all victims, blood serum and BAL were sampled be-
fore the next administration of antibiotics and in dynamics:
at 1 hour, 3 hours, and 5 hours after administration of in-
haled tobramycin. The concentration of antibiotic in the bi-
ological matrix was determined by HPLC-MS-MS
technique. Samples were analyzed using liquid chromato-
graph Agilent 1260 Infinity interfaced with mass-detector
Sciex QTrap 6500+ (Sciex, USA).

Preparation of samples. Samples were prepared by
precipitation with cold acetonitrile. Into 1.5-ml centrifuge
tube, 100 ml of analyzed sample plasma was placed, 400 ml
of acetonitrile was added, mixed on vibration shaker, kept
for one minute in a freezer at -20°C. Thereafter, samples were
centrifuged and supernatant was taken for subsequent
analysis; when concentration of analytes in a sample was be-
yond the calibration curve limits, the extract was diluted
with the mobile phase to an acceptable response, and con-
centration was re-calculated.

Chromatographic conditions — fixed phase: column
Kinetex C18 (particle size 2.6 mm, 100 mmXx3 mm, Phe-
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Gakrepun — Acinetobacter spp. (30,5%), K. pneumoniae
(22,0%), B. cepacia (13,2%) u P. aeruginosa (10,2%).

Y Bcex mocTpafiaBIiuX MPOBOANIN 0TOOP 06pasioB
CBIBOPOTKH KpoBU 1 BAJI 710 ouepesiHOTro BBEICHUS aHTH-
GUOTHKA U B IHHAMUKE: TI0CJIE HHTAISAIMOHHOTO BBE/ICHYST
ToGpamuIiinHa depes 1 yac, 3 u 5 yacos. [lyist onpenesneHus
KOHIIEHTPAINN AHTHOMOTHKOB B GHOJIOTHYECKOIT MaTpHIle
TIPUMEHSIIIF METO/I SKU/IKOCTHOM XPOMATOMACC-CIIEKTPOMET-
pun (BOKX-MC-MC). I1po6bl aHaIN3UPOBAIN Ha KUJ-
koctHoM  xpomarorpade  Agilent 1260  Infinity,
COMPSIKEHHOM ¢ Macc-aeTekTopom Sciex QTrap 6500+
(dupma Sciex, CIIIA).

IIpoGonoaroroska 06pasuos. OOpasibl FOTOBUIN
MIPENUIHUTANNEN XOMOHBIM alleTOHUTPHUIOM. B menTpu-
dyxHyio pobupky Ha 1,5 M BHocusau 100 MKJI 11asMbl
aHaIM3UpyeMoro o6pasiia, 1obasssn 400 MKJI alleTOHUT-
puJia, TTepeMeniuBaii Ha BUOPOBCTPSIXUBATEE, BBIIED-
SKUBAJN B TeUeHUE MIHYTHl B MOPO3HMJIbHOM KaMepe MpH
-20°C. 3arem o6pasiibl eHTpUdyTUPOBAIN U OTOUPATH
CYTIEPHATAHT JJIsI OCIEYIOIIero aHAIN3a, TIPU KOHI[EHT-
paliy aHaIuTOB B 06pasiie, BBIXOJISIIEH 3a TTPeesbl Ka-
JMOPOBOYHON KPUBOH, 9KCTPAKT Pa3baBJIsiId MOABUKHOL
(asoii 10 MpHEMIEMOTO OTKJINKA U TIEPECUYNTHIBAIN KOH-
HEHTPALNIO.

VYcnoBus xpomarorpaduyeckoro aHaaM3a — CTaIno-
HapHas dasa xononka Kinetex C18 (pazmep wactui 2.6 MM,
100 mmx3 MM, Phenomenex, CIITA). [ToasuxHnas dasza A —
0,2% MypaBbrHAS KHCJIOTa B Bozie, B — arnjerornTpmur. [pamm-
ent HaunHaics ¢ 60% dassr A 1 goxomi 10 98%, cKopocTh
0,3 mu1/mun. Temneparypa konouku — 30°C. OGbeM BBOAU-
Moro obpasia — 5 MkJ1. O011ee BpeMst aHaInu3a — 5 MUH.

VYcioBuS Macc-CHEKTPOMETPUYECKOTO ONpe/leIeHIs
— JleTeKTop ¢ noHmsanuei anexrpopacnbirenneM (EST) pa-
GoTas B PEKUME TTOJOKUTENBHON MOJSIPHOCTH, TeMIIepa-
Typa HarpeBaHUs MCTOYHHKA cocrapisiia 550°C, moTokn
WHEPTHOTO ra3a (a3orta) oT 35 10 45 71/MUH, ciIa TOKa Ha
nebymaiizepe 3A. JletekTop (DUKCHPOBAT CIEAYIONIHE
MRM-nepexonasl 468,2—163,1 ans rtobpamuiuHa u
267—74 nna arenosnosia (BHYTPEHHUN CTaHAAPT), TTOTEH-
nman fekyaactepusaruu (DP) nms onpenensieMbix BemecTs
coctaBsin 40—-61B, morenmuan Beixoma (EP) -10-18B,
aneprus cronkHoBennd (CE) nist onpezenisieMbIx aHATITOB
cocTassisiia ot 25 10 35B. Bpems BbIxoga ToGpaMUIIMHA TIPH
JMaHHBIX yeaoBuax — 1,98+0,2 MuH., BHyTpeHHETO cTaHapTa
2,25%0,2 Mun. MeToa1Ka COOTBETCTBOBaIA BceM TpeboBa-
HUSIM, TIPEABSBISIEMBIM K aHATUTHYECKIM MeToaM. Mat-
pUIHBIN 9 (eKT 3HAUNMOTO BJANSHUS HE OKa3bIBAJI.

CraTHCTHYeCKN aHATN3 MTOJYYEHHBIX JIaHHBIX BBI-
TIOJTHUJIN TIpU oMot nakera Statistica 10,0. Mcmoasao-
BauTk OGIIECIIPUHSITHIC MATEMATHKO-CTATUCTIHYECKIE METO/[bI
pacyera OCHOBHBIX XapaKTEPUCTHK BBIOOPOYHBIX pacipesie-
neHutt: cpenree apudmerndeckoe (M), cTangapTHOE OTKIIO-
Henue (0), Mann-Whitney tect. /locToBepHbIM cunTamu
paznuune npu p<0,05.

Pe3yibrarhl 1 00CY:KIEHHE

JIMHAMVKa KOHIIEHTPAINK TOOPaMUTIMHA B KPOBU
1 MOKPOTe TIpe/ICTaBJieHa Ha pUCYHKe. B TeueHme Bcero
Heproia M3MepPeHUI KOHI[EHTPAIsT TOOpaMUIINHA B
BAJI 6bl1a 3aKOHOMEPHO BBIIITe KOHIIEHTPAIIH TOOPa-
MUIIMHA B KPOBH. B CBsI3M ¢ Masioil BBIGOPKOH 10CTO-
BEPHBIX PA3INIUil MEKTY KOHI[CHTPAIIUSAME TOOPaMI-
1uHa B Kposu U BAJI BbisiBieHO He ObLio. Junamuka
KOHI[EHTPAI[HiT TOOpaMUIINHa ObLIa CJIYOIIEH:
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JliHaMuKa KOHIIEHTPAILUI TOOPAMHULMHA B KPOBH 1 MOKPOTE.
Dynamics of tobramycin concentration in blood and sputum.
Note. * — reliable difference between antibiotic concentration in
blood and sputum in each point of measurement (P<0.05, Mann—
Whitney test). # — reliable difference in blood antibiotic concen-
tration between hr. 1 and hr. 5 after inhalation (P<0.05,
Mann—Whitney test).

ITpumeuanue. Tobramycin concentration, pg/ml — KoHIeHTpaus
tOpamuita, Mxr/mi; Blood — kposb; Sputum — moxpora; hrs —
achl. ¥ — OCTOBEPHOE PA3INUIe MEKIY KOHIEHTPAIIEH aHT-
6UOTHKA B KPOBH U MOKPOTE B KayK/10l ToukKe usmepenus (p<0,05,
tecT Manna—YuTHu). ¥ — 10cTOBepHOE PasJjinine MexK/1y KOHIEHT-
parieil aHTHOMOTIKA B KPOBU Ha 1 9 M 5 ¥ MOCJIe MHTAISINN
(p<0,05, rect Manna—Yurun).

nomenex, USA); mobile phase A — 0.2% aqueous formic
acid, B — acetonitrile. Gradient was phase A 60% up to 98%,
flow rate was 0.3 ml/min. Column temperature was 30°C.
Injected sample volume was 5 ml. The total time of analysis
was 5 min.

Mass-spectrometry conditions — electrospray ioniza-
tion (ESI) detector ran in positive polarity mode, source
heating temperature was 550°C, inert gas (nitrogen) flow
rate was 35 to 45 1/min, current strength to nebulizer was
3A. The detector recorded the following MRM-transitions:
468.2—163.1 for tobramycin and 267—74 for atenolol (in-
house reference sample), declustering potential (DP) for an-
alytes amounted to 40—61V, exit potential (EP) -10-18C,
collision energy (CE) for assayed analytes was 25 to 35V. To-
bramycin exit time under these conditions was 1.98+0.2 min.,
that of the in-house reference sample — 2.25+0.2 min. The
method complied with all requirements to analytical meth-
ods. The matrix effect did not render significant influence.

Statistical analysis of data obtained was performed using
Statistica 10.0 software. Generally recognized mathematic and
statistical methods of calculating basic characteristics of sam-
pling distributions were used: arithmetic mean (M), standard
deviation (0), non-parametric tests (Mann-Whitney test).
Difference was considered significant at P<0.05.

Results and Discussion

The dynamics of tobramycin concentration in
blood and sputum is shown in Fig. During the whole
period of measurements, BAL tobramycin concentra-
tion was expectedly higher than blood tobramycin
concentration. A reliable decrease of sputum to-
bramycin concentration by hour 5 versus hour 1 was
recorded (P=0.0000, Mann-Whitney test).
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1 4. kpoBb/BAJI 0,96+0,44 mxr/ma / 49,6 MKT/MT;
3 4. kpoBb/BAJI 0,98+0,82 mkr/m1 / 15,5 MKT/MJT,
54. kpoBb/BAJI 0,79+0,83 Mxr/mit / 3,5 MKT /ML
[IprMeHeHre WHTATSIIMOHHOTO TOOPaMUIMHA B
KauecTBe JOTIOJHEHUS] K CHCTEMHBIM COTIPOBOXKIAETCST
CHIDKEHUEM THUTPAa MUKPOOPTAHU3MOB B MOKPOTE
BILIOTB /IO UX dpaauKaimu (72% MaeHToB), 4To KOC-
BEHHO J[OKA3bIBAET BHICOKYIO MECTHYIO KOHIIEHTPAIUIO
AHTUOMOTHKA, MUHUMAJIBHBIM KOJUYECTBOM CHUCTEM-
HBIX TOOOUHBIX 9(PPEKTOB, YTO KOCBEHHO JI0KA3bIBAET
MUHUMAJIBHYIO CUCTEMHYTO aficOPOITMIO aHTHOMOTHKA
[3, 5]. I3BecTHO, Y4TO TIPU MHTAJISAIIMOHHOM [TPUMEHE-
HUU TOGPAMUIIIH TIPEMMYTIIECTBEHHO OCTAECTCS B JIbIXa-
TEJIbHBIX ITyTSX, He IPOHUKAET yepes anurenaunii. buo-
JOCTYIHOCTh TOOPAMUIIMHA 3aBUCUT OT TEXHUKH
WHTAJISIIUUA ¥ COCTOSTHUS JIbIXaTeJIbHbIX 1yTelt [6—7].
ITo aHHBIM HEMHOTOYKCJIEHHBIX CCIIEI0OBAHUIT, 60JIb-
MIMHCTBO W3 KOTOPBIX HOCST HKCIIEPUMEHTAIBHBII
XapakTep WM BBIIOJHEHbI B KATETOPUM NAIUEHTOB
MYKOBHUCIIUIO30M, €0 KOHIIEHTPAIUsT KOJIeOIeTcs: B
mmpokux rpezenax [6—10]. Uepes 10 mun nocsie unra-
ssn 300 mr VT cpeitstst KOHIEHTpaliyst ToOOpaMuIi-
Ha B MOKpOTe coctasiiger 1237 MKr/T (jlaHHble KpaiiHe
Bapuabenbubl — 35-7414 Mxr/r) [6—11]. Yepes 2 u
[oCJe WHTAJSAIMKM  KOHIIEHTpaIust ToOGpaMUIMHA
cocragiisiet 14% ot kontientparmu yepes 10 mun. Cpej-
HsIst CBIBOPOTOYHAST KOHIIEHTPAIIUS TOOPAMUIIMHA Yepes
1 4 nocsie nrrassiimn 300 mr T y 60/1bHBIX ¢ MyKOBHC-
osoM cocrasiser 0,95 mxr/mi [12—15]. To6pamu-
IFH, KaK ¥ BCe AMUHOTJINKO3H/IbI, B 3HAUNTEJIbHOI CTe-
MEeHU CBSI3bIBAETCS C TKAHSIMU, YTO OIPeENeJisieT ero
TOKCUYHOCTb, HO HE HAKATLJIMBAETCSI B MOKpOTeE. BbIBO-
JIUTCST ITPEUMYIIIECTBEHHO C MOKPOTOI, HE3HAYUTEIbHAS
4acTb — IyTeM K/Iy0oukoBoii ussrpanun. T, , ToOpa-
MUIMHA U3 CIBOPOTKU — ripumepHo 2 u [16-20].

3akjaoyeHue

[TosryyenHble pe3yJbTaTbl OATBEPKAAIOT BBICO-
KH€ JIOKTbHbIE KOHIIEHTPAIIN TOOPAMUIIHA B MOKPOTE
1 HU3KHE B KPOBH, YTO KOPPECIIOHANPYIOT C TAHHBIMU
(hapmMakOKMHETHYECKUX UCCIIEI0BAHUH 1 pe3yJibTaTaMu
KJIIMHUYECKUX UCCIeA0BaHNN a(hPEeKTUBHOCTH MHTAJIS-
[IMOHHOTO TOOGPAMUITMHA: KOHIIEHTPAIUS TOOPAMUIIHA
B MOKpoTe 3HaunTesbHO (B 20—25 pa3) npeBbiiaeT
MUHUMAJIBHYIO TIOJABJISAIONIYI0 KOHIIEHTPAINIO /IS
GospimnHcTBa BoOyauTeseii HIT, mpu 9ToM KOHLIEHTpa-
1Mt TOGpaMUITHA B KPOBY MUHUMaUTbHA. [Ipoosskaet-
cst Habop MaTepraa IAHHOTO UCCIIEIOBAHMS.
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The dynamics of tobramycin concentrations was
as follows:

1 hr. blood /BAL 0.96+0.44 mg/ml / 51.1+1.43
mg/ml (P=0.02, Mann-Whitney test);

3 hrs. blood/BAL 0.98+0.82 mg/ml / 13.7+0.98
mg/ml (P=0.02, Mann-Whitney test);

5 hrs. blood/BAL 0.79£0.83 mg/ml / 3.4£1.23
mg/ml (P=0.02, Mann-Whitney test).

Application of inhaled tobramycin as adjuvant
to systemic therapy is accompanied with decreased
titer of microorganisms in sputum down to eradica-
tion (72% of patients), which indirectly proves high
local concentration of antibiotic; minimal systemic
side-effects, which indirectly proves minimal sys-
temic adsorption of antibiotic [3, 5]. It is known that
when inhaled, tobramycin remains mostly in the res-
piratory tract, it does not penetrate through epithe-
lium. Tobramycin bioavailability depends on
inhalation technique and respiratory tract condition
[6-7]. According to few studies, most of them being
experimental or performed in muscoviscidosis pa-
tients, the concentration varies within a wide range
[6—10]. 10 minutes after inhalation of 300 mg of IT,
the mean concentration of tobramycin in sputum
equals to 1237 mg/g (the data are extremely variable
— 35-7414 mg/g) [6—11]. 2 hours after inhalation,
tobramycin concentration equals to 14% of the 10
min. concentration. Mean serum tobramycin con-
centration 1 hr. after inhalation of 300 mg of IT in
muscoviscidosis patients amounts to 0.95 mg/g [12—
15]. Tobramycin, as all aminoglycosides, largely
binds with tissues, which determines its toxicity, but
it is not accumulated in sputum. It is eliminated
mostly with sputum, a minor fraction — by glomeru-
lar filtration. Serum tobramycin T}, is 2 hours ap-
proximately [16—20].

Conclusion

The results obtained confirm high local concen-
trations of tobramycin in sputum and low concentra-
tions in blood, which corresponds to pharmacokinetic
studies and clinical studies of the efficacy of inhaled
tobramycin: sputum tobramycin concentration ex-
ceeds significantly (20-25 times) the minimal sup-
pressing concentration for most NP agents, blood
tobramycin concentration being minimal. Gathering
of material in this study continues.
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VYBaskaembie ABTOPHI ;KypHaja «O0mas peaHuMaToa0rusi» !

O6pairiaem Ballle BHUMaHue Ha 0OHOBJIeHHE TIpaBu [17st aBTOPOB.

O6uosnennbie Ipasuia i aBTopos B pegakimu 25 centsaops 2018 r. copepsKaT pasbsaCHEHUS 110
odopmreHIo ahGUINAINN aBTOPOB, PUCYHKOB U TaOJIUIL; JOTIOJTHEHUSI B PasjiesiaX <[IPaBoOBbIE 1 9TH-
YecKHe acleKThl MyOIMKAINN PYKOMUCH», <OTITPABKA MaTePHAJIOB JJIs Iy OJIUKAIUI», «CTPYKTYPHBIE
pasjiesibl crateil 1 PeKOMEHIAINH 110 X OMUCAHIIO», «OnOanorpadusi».

O6HoBieHHbIe [TpaBuIIa IJIst aBTOPOB pasMellleHbl Ha caiiTe JKypHaia: www.reanimatology.com
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