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KAwviIKN Ttepttwon

e Avdpac 67 €TWV, KE ATOULKO avapvnoTiko AY kat E (armo
rniodatd KEK) StoocwAnvwvetal ota TEMN Aoyw status E.
Metadepetal otnv MEO.

e Tnv 3 pépa voonAeiog OLAKOTITETAL N KATAOTOAN KoL
ETIYELPELTOL aUTIVION TOU aoBevouc. Aev ouvepyaleTaL UE TO
PS kat éavakataotéAetal. O ekkploelg Tou yivovtal aBdoveg
KoL TTUWOELC, N oEuyovwaon Kol 0 aLEPLOUOC emtnpealovtal, ol
deiktec pAeypovne avePfaivouv. H aktivoypadia emi kKAlvng
deilyvel ateAektaoio AKA.

e AvoBaBuiletal epmelpka n aviBLloTikn aywyn oe
Mepomeveun-KoAlpukivn adpol mpwta otaAoUv BLoAoyikad
delypata yia KaAALEPYELA ATTO TO KOTWTEPO OVATIVEUOTLKO Kol
TO atlpa.



KAwviIKN Ttepttwon

e Tnv 6" uEpa 0 aoBevnc e€akoAouBel va mapapEVEL pE
Statapaypevn ofuyovwon mou dev emitpemnel dStadikaoia
OTTOYOAQKTLOMOU, TIAPAMEVEL EUTIUPETOC, LE APBOVEC
TMUWOELC eKKpLoELC Kat epdaviletal okiaon oto AP veupova.

e To epyooTNPLO EVNUEPWVEL TNAEPWVLKA OTL OTTOLLOVWVETOLL

Acinetobacter Baumanii pe evatocbnoio povo otnv KoAtpukivn
Kol Apkooivn.

e Elvol n otyun va npooteBouv eLOTIVEOUEVA OVTLBLOTIKA OTNV
aywyn Tou;



Ot VAP kat VAT avamtuooovTol O0To
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Interpretation of Antibiotic Concentration Ratios Measured in Epithelial Lining Fluid.
Kiem S et al. Antimicr Agents and Chemoth, Jan 2008; 24-36




AlelodUTIKOTNTA OVTLBLOTIKWV
oto Epithelial Lining Fluid

Table . Plasma and epithelial lining fluid (ELF) concentrations of oral penicillins and cephalosporins

Antibacterial agent Dosage regimen Subjects Sampling time (h)®  Plasma concentration  ELF concentration ELF/plasma Reference
(n) (ug/mL)® (ug/mL)"® penetration ratio®
Amoxicillin/ 500 mg 15 1-2 AMO: 6.90[1.2-9.8]°  AMO: 0.89 [0-3.48]"" NR 28
clavulanic acid AMO +250 mg CLA: 525[0.7-9.95° CLA: 0.96[0-8.36]°Y NR
(AMO/CLA) CLAx1 dose
Cefuroxime axetli  500mgx1dose 14 0.9-6.8° 3.9+05 0.7£0.2 0.15 29
500mgx1dose 4 6 1103 <llQ NA 30
4 12 0.06£0.12 <llQ NA
4 24 =LLQ =LLQ MNA
Cefpodoxime 200mgx1dose’ 6 3 1.85£0.82 0.22+0.13 0.108 £0.044 31
proxet 6 6 1.40+1.25 0.12+0.14 0.0605 +0.0479
Ceftibuten 400mgx1dose 7 1.9[1.38-2.67]° 152 [2.4-23.2]° 1.6 [0-2.8F 0.13 32
4 6.5 [4.08-8.08]° 140 [7.8-17.6F 1.6[0.76-2.1° 0.12
3 13.3[12.25-15.0]°" 4.1 [2.5-5.6]°" 1.2[04-22]%" 0.38
Cefdinir 300mgx1dose 9 4 2.0[1.4-8.0° 0.29 [0-.4.73]> 0.15[0-.3.26]> 33
600mgx1dose 8 4 4.2[3.05-6.4] 0.49 [0-.0.59]° 0.12 [0-.0.14]°
Cefaclor 750 mg bid < 7 6 4 3.08£1.7 2.71+0.87 0.88 34
doses' 6 6 0.68£0.70 216+1.70 3.2
6 12 0.23+0.1 0.6£0.3 26
Cefditoren 400mgx1dose 8 1.0-2.0% 1.78+1.27 0.39+0.21 0.381+0.501 35
a 2.01-3.0° 1.33£0.95 0.34£0.25 0.232£0.181
a 3.01-4.0% 1.03£0.51 0.30£0.18 0.318£0.192

Penetration of Anti-Infective Agents into Pulmonary Epithelial Lining Fluid. Rodvold K.A et al.
Clin Pharmacokinet 2011; 50: 637-664



AlelodUTIKOTNTA OVTLBLOTIKWV
oto Epithelial Lining Fluid

Table 1. Plasma and epithelial lining fluid (ELF) concentrations of parenteral penicillins and cephalosporins

Antibacterial  Dosage regimen Subjects  Sampling Plasma concentration  ELF concentration  ELF/plasma Reference
agent (n) time (h)® (ng/mL)® (ng/mL)® penetration ratic”
Piperacillin/ 4gPIP+500mg TAZ IV 10 Steady state® PIP: 24.0£13.8 PIP: 13.6£9.4 PIP: 0.568£0.336 36
tazobactam  0.5hinfusion g8h TAZ: 2.4%+1.2 TAZ: 2.1+1.1 TAZ: 0.913+0.277
(PIP/TAZ)
Cefpirome 1gIV0.5hinfusion=1dose 37 0.5-7¢ 34.5+33° 7.2+1.1% 0.359 £ 0.074°" 37
Ceftazidime 1gIM=1dose 5 1 39.89+£10.42 271088 NR 38
5 2 36.04£9.21 266064 NR
5 4 13.34+412 132064 NR
5 8 6.08x£1.71 0.66+0.36 NR
5 12 1.07£0.45 012015 NR
2g05h Vinfusionx1dose 15 8,12, 189 39.6£15.2 82148 0.206£0.089 39
then continuous IV infusion
of 4g/d
Cefepime 2g IV 0.5 hinfusion =1 dose 7 go 13.5+32" 13.7£30 1.01 40
then continuous IV infusion 7 150 13.7+3 50 13.5+33 0.99
of4g/d 6 188 13.3236" 14.9+23 1.12
Ceftobiprole  500mg IV 2 h infusion 6 2.5 17.68+£4.48 255099 0.255+0.366' 4
q8hx 4 doses 6 4 12.77+£2.26 2.00+£1.07
6 6 6.91+£458 458582
6 8 3.65£1.05 1.51+£0.39

Penetration of Anti-Infective Agents into Pulmonary Epithelial Lining Fluid. Rodvold K.A et al.
Clin Pharmacokinet 2011; 50: 637-664



AlelodUTIKOTNTA OVTLBLOTIKWV
oto Epithelial Lining Fluid

Table Il Plzama and epithedial lining fluid (ELF) concentrations of carbapensms

Antioactenal  Dosage regimen Subjects (n) Sampling Plasma concentration  ELF concentration  ELFRplasma Reference
agent time (M)*  (pgmL)® (ng/mL)® penstration ratic®
Meropenem 1g IV 0.5 hinfusion:« 1 dose  30° 0.5 2596+2216 5.04+3.33 0.19+0.11 45
1498 +5 .30 T.O0TL 287 0.51+0.24
2 12013 48 386274 0.33+0.20
4 25110.68 220229 1.04 +£1.20
-] 057 027 0.59+1.09 0.82+1.18
8 0291024 MR NA
500mg IV 0.5 h infusion 4 109+1.3 53125 0.48-0.807 48
BN 4 doses 4 2 5216 LTE1E
4 3 24109 1.9+09
4 =] 0.3+0.4 0.7+04
4 8 0.0+0.0 0.2+0.1
1g IV 0.5 h infusion g8h =4 4 190176 I.T+31 0.32-0.53°
doses 4 2 T5+1.3 4.0+ 1.1
4 3 53315 1.7£14
4 =] 20+1.3 0.8+04
4 8 0.0+0.0 0.053+005
2g IV 0.5 h infusion g8h x4 4 8091+80 29110 0.048
doses 4 3 126+27 28115 0219
Ertapenem 1g IV 0.5 hinfusion« 1 dose 157 8311169 4.06+ 6,64 0.0619+£0.1100 47
3 3/TH152 250+ 233 0.0685 +0.0645
2Zr2+155 211180 0.0240 +0.1070
1g IV 1h infusion g24h 18’ i? 303 p71-37.80 9.4 [8.0-10.7] 032 028046 48
129 45 o6l 2.0[1.1-2.5]
247 0.8 j0.5-1.21 0.3[02-0.4]
Biapanem 300mg IV 0.5 h infusion = 1 [ 0.5 181128 348120 020+0.08 22
oose
300mg IV 3 hinfusion: 1 3 68+1.2 1.33+026 0.20+0.06
dose

Penetration of Anti-Infective Agents into Pulmonary Epithelial Lining Fluid. Rodvold K.A et al.
Clin Pharmacokinet 2011; 50: 637-664




AlelodUTIKOTNTA OVTLBLOTIKWV

oto Epithelial Lining Fluid

Table X. Plasma and epithedial lining fud (ELF) concentratons of aminoghooaicdes

Antibacternis Dosage regimen Subjects Sampling Plasma concentraton  ELF concentration  ELFjplasma Reference
agent (i} time (A)*  (pg'mi)® [wgmL)® penetraton rato”
Gentamicn 240mg |V 30 min infusion 3 1 L] 1 BT+ 064" 2485+ 037 0,30+ 005" 118
dose B 2 6,37+ 0.50° 4. 24 + 042 085+ 0.10F
L] 4 4. 70+ 0.49° 310+ 0.38° 1. 140267
L] -] 4. 70+ 0.5 285+ 0,357 0. T4+ 018"
Tobrammycin 150mg M 1 or more doses 7] <] 4.1+15 L3+24 14108 130
300mg M= 1 or maore doses 3 L] .3+ 2.4 2ot 16+06 130
IV o0oes aojusted to acheeve 4 0.5" 6. 590+ 1.44 2331050 0.0+ 0003 121
5erUM C o —SpgmbandCor. 4 > 4,08+ 1.30 1.67+ 060 0.42+0.16
<ng/m while 'T'E.;ﬂa. g 4 4® 2 141085 16821149 O+ 03
ghh doging interva
4 8" 0.8+ 0..35 0. ff £ 0.38 1.53+0.56
T—10mgig IV 30 min infusson 12 1 22,4159 2. 50r 11920019 12
qan®
300mg inhalation= 1 dose 12 MA MA Qi+ 5 P& 123
Hetilm i 450mg |'V 30 min infusion 3 1 ] 1 21.4+119° T.5L10F MR 124
oose 3 1.5 15.3+0.857 Q.e+03" MNH
3 F 12.0+0.717 14.7+22 MA
3 8.3+ 05647 9.3+08" MA

Penetration of Anti-Infective Agents into Pulmonary Epithelial Lining Fluid. Rodvold K.A et al.
Clin Pharmacokinet 2011; 50: 637-664



AlelodUTIKOTNTA OVTLBLOTIKWV
oto Epithelial Lining Fluid

Table Xil. Plasma and spithelial lining fuid (ELF) concentratons of linezolid, tigecydine and iclaprim

Antibactens Diomage regimen Subjects (n) Sampling Plaama concentration  ELF concentration  ELFjplaama Reterance
agent time (h)* {pgmi)® (wgimL)® penetration ratio™
Limezokd &00mg PO bidx 5 doges =] 4 15.5+4.9 [ s iy 4.2+ 1.4 135
a3 ] Hat+ 32 S14+33.0 122
5 i2 102123 2431133 24+1.2
] 24 1.6x0.6 rB+6.0 S8+2.3
=] i 0.2+0.2 0.5 0.8 2316
&S00 mg PO id < & doses 10 5 10+2.01° 13,40 +3 892 2ol +£14.59 B3+ 11.69 136
G00mg IV 1h infuson=<2d 16 2 17.7+4.0 144156 105+ 0,54 137
i6 12° 241+ 1.2 2617 1041028
Tigeoyding 130 mg IV 30min =] g 0,19 £0.05 019+0.15 MR 138
nfusion x 1 dose, hen 5 ¥ 0.15+0.05 012 +0.21 MR
50 mg N J0min infusion 5 4 0.16+0.07 0.06+0.13 MR
IS s 5 & 0.12+0.06 03T +0.36 WA
=] 12 0. 10 0.0k 010+£0.17 MR
a3 245 0.0 £0.01 000 0,100 MR
| ciapinm 1.6mgiog IV 1 h infusbon: 1 & 1.87+0.08% 0.59+0.18 1261 £7.33 21,28+ 1118 159
oose & 3.57+0.30% 0.24+0.05 638+517 24.93+ 16.53
] 6.50+0.20% 0.14+0.05 286+2.08 20ETEIT.31

Penetration of Anti-Infective Agents into Pulmonary Epithelial Lining Fluid. Rodvold K.A et al.
Clin Pharmacokinet 2011; 50: 637-664
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Interpretation of Antibiotic Concentration Ratios
Measured in Epithelial Lining Fluid. Kiem S et al.
Antimicr Agents and Chemoth, Jan 2008; 24-36

TAHLE 1.

Rasios of asvhioic coacemmsions (or ALNE) in ELF or cells compared w senem {or enboand Sree serm) levels®

.. . L . . AUC  AlC.y AUCY ALy
Amitmic L, . g L=l = AL, AL Py AT Heleroacoin)
Hema-lcams
Amariciin niz D00 .16 m M
Cefdinr niz D00 ik m Iz
Cefdinr Lis DL0D o m az
Me 1R ] il 25 1R ] oLy 22
Mempesem D43 LS D44 oL =
Macrolides
Axhihmmytin £30-31.33 THO-&84132  RIB-6L67 W\IAT-LLEE AT 1331 Z3MAF  20ER  15TER L5
Axhihmmytin [2A1-24.40 STTE-10I000 19.73-4E.E] 1 i o TEL4E U 1IEN B
Axhhmmytin A58 AU TERSRDGAS  IE-1155E SEOE-1SEIZW B0 RTUA] W00 458 7T
Axhihmmytin A60-M4T  LTRAIMIEG SRR D 4106-430RF 150 1LEAS 557 13m07 &7
ClarBromyin 517 T pat b} 4T 57, 86
ard in  [238-N.00 141543217 GLES-1M00  WE.EE-2, 160ET 1542 19LEE 7111 pah BN
Clhiadromyin 11315173 W TE-T.40 B ¥9-3001. 75 31653 50700 NI 24547 15136 LMIM 21,84
Cliadromyin OW-252F 4WW-TIE  3LW-1264] IEMEE-DGSTRS 1533 62631 MEEF LN BB
Clardromyin FE0 18100 19800 . 1%, 8
Clhimdromgin - 4.13-3197 &R IB-E5T.69 NES-1MAT  BEEET-128K46 4 1TSS 41T LA TR M
Tekh 4411491 4198-41R18 16 [8-45. 710 141271, 35054 E44 12492 2148 4642 T
Tekh i 36.79-154. 60 17.04-2 14 215155 57
Teklmmycin L0-14322 TIT-L0106E Me-4739 124.73-6,7I208 I3 384T 30TH 1IZEEM &
Tekh IIT-AT7 4507 T3-A.91 153, 15-B00L.71 1.15 BM.IE 104G B T
Cethromycin T50-N1.00 ET30-117.5] TBN-AN00  &7500-3, 17500 1264 17237 12639 178271 o
Cethromycin T.11- 1000 D4 0-ETTLIN] TLOS-1MI00 04,005, MO0 TAT NT4Al T IOTeM  IT
Fanmgeinolones
Ciprodimacia Di0-1ET IL16-J.T3 L1277 I T56-41.07 0.A7 1542 L1174 k| 45
Ciprodimacia k1] ik 2 129 131 7
Ciprodimacia 1.5% T 14 1L ar
i} -] 2132 11.54 1M 1891 a
(Jlaafl macia 177 MED 18& 1173 51
(areamecia al s I HUSE-11.17 EAT-A50 4133-73.09 134 L18% 138 LT T |
Caufiosacin 151-L75 I7.51-38E67 LE9-219 21554584 1LT7 494 LT G 3 N -
(repalloxacin [O45-14 88 gk e ] 15.35-H.7 19 32-537.30 jedic) 1787F M5 R | I &
L erwol] rcsciin 145-1m 1IB-E 14 L4581 17048 il ] 190 1. om L5
L erwoll rcsciin LIT-210 11.55-1.00 B34 15303538 154 (&) | k] ls 45
L rwol] e DRE-1 5 ETT-A0 132348 13.50-11.7% 130 LH7 192 125 &5
Lerwoll rcscii 0R0-1m 4000560 e B v £ 15-14.77 L1 T2 130 ez 35
L erwoll rcsciin 151258 11L.E2-11.70 L3357 IT -T2 175 LZRZ L& 172 &7
Lerwoll rcscii L72-105 L4722 L3107 IR 19-34.1E 159 144 T4 nn 67
L erwoll rcscii L&D 490 414 = B
LomeNoxacin 185 04T LT nM a
Muonifomacin 1127 IT.&1-T03% L3-125% ILE1-130.36 1.1E 5% 50 Ble
Muonifomacin 141-7.32 H.T6-35.T7 A IT33-MGR 452 713 11 5061 &
Frdincacia 1310-13.44 L.TE-1.65 17.46-17.591 15.37-24.52 ™
Ruafimacin S0E-1L&T PET-I0.07 LTL-J.17 M.53-6752 T.&h 15 1 E W
Sparfioaacin LIT-17.00 4LER-136 33 1Z61-H33 TL-210.% jel=1} 6134 2000 Hem o0
Sparfiaacin 250 4T .l &} T4 L]
Sparficaacin IRIT-85.71 B 1E-T.E3 12-1M52 SEE-110.30 153 L B & ] TR M
TemaSmack k] 5T 422 | ar
TemaSmach G 111 4.14 11.91 8
Temalonacin L6553 BI2-123% 1R 242 54 I 4i5-1T246 165 ITA: 1M 13501 4
Temalonacin 5A5 . ] 45,00 185,38 4
Chhers
Fyraziazmide 13.50-24.7% D45 109 IT.A-45.51 D9E-2 1T 1]
Eilhiorarmide E5T-1033 033071 b B DE-10T k ]
Linezndid 13847 011-4IT E45-A12 D.16-0.24 1.3 LS 477 oLz 2%
Linezndid R15 0Tl (XL Lm 54
hraxnaoe 01155 LI3-5.44 -5 {3 ) I 2131 Bidl
Ti 132 TI4E 5 ME D1
RE 0IT-1E1 0.T1-150 LE3-156 15750 12
Rilzmpin L 1526 1M 2159 (bic]
Fihambaro 09z-1.13 B IT-48.04 1.72-1.51 25.56-54.71 2%
Enriaxid Tas LM-5E 14E-13.42 1.74-5.88 L4E-13.42 ]
syl aor
Esnriaxid sirw 137-569 .74 4.40 151560 0LTe-4.40 ]
syl aor
Rifzpenine: 014124 D1R-038 14106 T&T-1615 k] 02 IR mez 1

= {7, BN coacerermier; U, e sren conemrason AN, aren usder dhe conrmmson-ame cenes = sonon.



2 UYKEVTPWON OTOV TIVEUMOVA ELOTIEOUEVNC
vs. evVOOPAEBLOC YOpNYOUEVNC
Keptallblpnc oe povteAo yoipou

Coltandime rough lung Bissue concentraon (pg.g-1) Coltardme trough lung kssue concentration (pg g-1)
180 - 180 -
Asvosol group IV group
120 120 4
200 Ptﬂrﬁ 100
i 4 m
B + n=18 B
m‘ n= 10 60 1
40 1 T 40 1 n=13
T ne12
U [ A -
o1 -:l-“”.ﬂ' 1 Ei“”.-.
Mid Severe Muid Severe




Tpomol evanobeonc cwpatidlwy
OTOUC TIVEULOVEC

Impaction

Particle frajectory



To onuelo evamoBeonc oxetiletol pe
TNV OLALETPO TWV CWHOTLOLWV

1.0
0.8+
D.6-

0.4+

Depasition Fraction

.2+

“ I‘J L] L] | | _al-.-:‘ |
0001 0.001 0.01 0.1 1 10 100
Diameter {j.m)

A= Alveolar, TB=Tracheobronchial; NPL= Nasal, Pharyngeal, Laryngeal



H Baputnta tng vVOoou emnNpeAleL TO
onuelo evanoBeonc twv cwpotidlwyv

& 1-um particle bj cl

5-um particle —. ‘_ 3-pum particle
@
| ®e

Tiddens HAWM, et al. Inhaled antibiotics: Dry or wet? Eur Respir J 2014



H Baputnta tng vVOoou emnNpeAleL TO
onuelo evanoBeonc twv cwpotidlwyv

Small airways
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Tiddens HAWM, et al. Inhaled antibiotics: Dry or wet? Eur Respir J 2014



To HeEYAAUTEPO TTOCOOTO TWV CWHOTIOLWV
KATOANYEL OTOUC LEYAAOUC AEPOYWYOUC
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Tiddens HAWM, et al. Inhaled antibiotics: Dry or wet? Eur Respir J 2014



American Thoracic Society Documents

Guidelines for the Management of Adults with
Hospital-acquired, Ventilator-associated, and
Healthcare-associated Pneumonia

THIS OFFICIAL STATEMENT OF THE AMERICAN THORACIC SOCIETY AND THE INFECTIOUS DISEASES SOCIETY OF AMERICA WAS APPROVED
BY THE ATS Boarp oF DirecTors, DECEMBER 2004 AND THE IDSA GuIiDELINE CoMMITTEE, OCTOBER 2004

The committee believed that further investigation into the use of
aerosolized antibiotics 1s warranted.



ANESTHESIOLOGY

Mo. of

Administration

Study and Year Country Characteristics Patients Infection Device Strategy
Randomized controlled trials
Palmer et al. USA Phase Ill study, double-blinded, 43 VAT, mixed Jet nebulizer
2008* placebo-controlled, single center susceptibility
Palmer and usa Phase Ill study, double-blinded, 47 VAT, mixed Jet nebulizer
Smaldone placebo-controlled, single center susceptibility
20143
MNiederman usa, Phase Il study, double-blinded, 67 VAP resistant Vibrating-mesh Adjunctive
et al. 20123 France, placebo-controlled, parallel pathogens nebulizer (PDDS strategy
Spain group, multicentric Clinical®, Nektar
Therapeutics, USA)
Lu et al. France Phase Il study, single center 46 VAP susceptible Vibrating-mesh Substitution
201136 pathogens nebulizer strategy
Hallal et al. UsA Phase Ill study, double-blinded, 10 VAPYT Jet nebulizer Substitution
20074 pilot study, single center strategy”
Rattanaumpawan Thailand Phase lll study, open label, single 102 VAPT Jet and ultrasonic Adjunctive
et al. 2010% center nebulizers strategy*
Observational trials
Ghannam et al. usa Matched case—control study, 32 VAP resistant Jet nebulizer Substitution
20094 retrospective, single center pathogens strategy
Kofteridis et al. Greece Matched case—control study (ratio 86 VAP resistant Vibrating-mesh Adjunctive
2010% 1:1), retrospective, single center pathogens nebulizer (information strategy
obtained after
contacting the author)
Doshi et al. usa Cohort analysis, retrospective, 95 VAP resistant Jet nebulizer (in two Adjunctive
2013% multicentric pathogens centers), vibrating- strategy
mesh nebulizer
(in one center)
Tumbarello et al.  ltaly Matched case—control study (ratio 208 VAP, resistant Jet and ultrasonic Adjunctive
2013% 1:1), retrospective, single center pathogens nebulizers strategy
indistinctively
Arnold et al. UusA Cohort study, retrospective, single 90 VAPT Not defined but they Adjunctive
2012% center specified using a strategy™

Nebulization of Antiinfective Agents in Invasively Mechanically Ventilated Adults: A Systematic Review and

nebulizer generating
optimal droplet sizes
(1-5 um)

Meta-analysis. Solé-Lleonart C, et al. Anesthesiology. 2017 May;126(5):890-908



KAwikn BeAtiwon o MDR - VAT

Mebulized therapy Intravenous therapy Odds Ratio (Non-event) Odds Ratio {Non-event)
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
1.1.2 RCT
Niederman 2012 27 32 14 16 5.2% 1.30[0.22, 7.55]
Subtotal (95% CI) 32 16 5.2% 1.30 [0.22, 7.55] e
Total events 27 14

Heterogeneity: Not applicable
Test for overall effect Z = 0.29 (P = 0.77)

1.1.3 Observational Studies

Doshi 2013 24 44 20 51 24.0% 0.54 [0.24, 1.22] —
Kofteridis 2010 23 43 14 43  21.0% 0.42[0.17, 1.01] —
Tumbarello 2013 72 104 57 104  40.8% 0.54 [0.31, 0.95] —i—
Subtotal (95% CI) 191 198 94.8% 0.51 [0.34, 0.77] [
Total events 119 91

Heterogeneity: Tau® = 0.00; Chi* = 0.24, df = 2 (P = 0.89); I’ = 0%
Test for overall effect: Z = 3.21 (P = 0.001)

Total (95% CI) 223 214 100.0% 0.53 [0.36, 0.80] *

Total events 146 105

Heterogeneity: Tau® = 0.00; Chi® = 1.26, df = 3 (P = 0.74); I = 0% t } 1 i i
0.01 0.1 1 10 100

Test for overall effect: Z = 3.06 (P = 0.002) Favours nebulized Againstnebulized

Test for subgroup differences: Chi* = 1.02, df = 1 (P = 0.31), I = 2.2%

ANESTHESIOLOGY

Nebulization of Antiinfective Agents in Invasively Mechanically Ventilated Adults: A Systematic Review and
Meta-analysis. Solé-Lleonart C, et al. Anesthesiology. 2017 May;126(5):890-908
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Systemic Review and Metaanalysis. Critical Care Medicine 2015
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Colistin for the treatment of ventilator-associated pneumonia caused @Gmwk
by multidrug-resistant Gram-negative bacteria: A systematic review
and meta-analysis

Wan-Jie Gu?, Fei Wang"”, Lu Tang”, Jan Bakker®, Jing-Chen Liu®*

Based on the current evidence, colistin appears as effective and
safe as P-lactam antibiotics for the treatment of MDR GNE VAF. AS
colistin may be a beneficial adjunct to IV colistin in the manage-
ment of MDR GNB VAP. Colistin combined therapy does not appear
to provide better outcomes compared with colistin monotherapy.
However, as these findings largely relied on data from observational
studies, selection bias seems unavoidable, and therefore RCTs are
needed to further confirm the role of colistin in the treatment of
MDR GNE VAP.
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Nebulized antibiotics for ventilator-associated
pneumonia: a systematic review and meta-analysis

. . o IE . i . . . C . <
Fernando G Zampieri™"T, Antonio P Nassar Jr'™**", Dimitri Gusmao-Flores'®, Leandro U Taniguchi®™’,
- 8 - 1,89,10
Antoni Torres™ and Otavio T Ranzani

Nebulized antibiotics might be useful for the treatment
of VAP; however, the available evidence is of low quality
and is highly heterogeneous. The apparent benefit in the
clinical cure rate observed in traditional meta-analyses
does not persist after TSA. Further high-quality trials in
this subject are therefore warranted.

Zampieri FG, et al. Nebulized antibiotics for ventilator-associated pneumonia: a systematic review
and meta-analysis. Crit Care. 2015 Apr 7;19:150.



The use of inhaled antibiotic therapy in the @ e
treatment of ventilator-associated

pneumonia and tracheobronchitis: a

systematic review

Christopher J. Russell'*'(®, Mark S. Shiroishi®, Elizabeth Siantz®, Brian W. Wu* and Cecilia M. Patino®

This systematic review found insufficient evidence for
the use of inhaled antibiotic therapy as primary or
adjuvant treatment of VAP or VAT. Given the variations
in study protocols, antibiotics studied and vague defin-
ition of dinical cure as an outcome measure, additional,
adequately powered randomized-controlled trials with
strict definitions of outcome assessments and use of
previously validated nebulizer delivery methods for anti-
biotic administration are needed to assess the efficacy of
inhaled antibiotic therapy for VAP and VAT.

The use of inhaled antibiotic therapy in the treatment of ventilator-associated pneumonia and
tracheobronchitis: a systematic review. Russell CJ, et al. BMC Pulm Med. 2016 8;16:40.
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Nebulization of Antiinfective Agents in Invasively
Mechanically Ventilated Adults

A Systematic Review and Meta-analysis

Candela Solé-Lleonart, M.D., Jean-Jacques Rouby, M.D., Ph.D., Stijn Blot, R.N., Ph.D.,

Garyfallia Poulakou, M.D., Jean Chastre, M.D., Lucy B. Palmer, M.D., Matteo Bassetti, M.D., Ph.D.,
Charles-Edouard Luyt, M.D., Ph.D., Jose M. Pereira, M.D., Jordi Riera, M.D., Ph.D., Tim Felton, M.D.,
Jayesh Dhanani, F.C.I.C.M., M.D., Tobias Welte, M.D., Jose M. Garcia-Alamino, B.Sc.,

Jason A. Roberts, Ph.D., Jordi Rello, M.D., Ph.D.

In conclusion, our study shows that very limited evidence
exists on the use of nebulized antibiotics in mechanically
ventilated patients. Improvement in clinical resolution does
not translate to improvements in other significant outcomes,
which should be enclosed in further studies as predetermined
outcomes.
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Management of Adults With Hospital-acquired and
Ventilator-associated Pneumonia: 2016 Clinical Practice
Guidelines by the Infectious Diseases Society of America
and the American Thoracic Society

Andre C. Kalil,"® Mark L. Melersk;«,z'a Michael Klumpas,“ John Muscedere,’ Daniel A. Sweenev,ﬁ Lucy B. Palmer,” Lena M. Napulilanu,8 Naomi P. Cl'Grady',g
John G. Bartlett,® Jordi Carratala,” Ali A. El Solh,” Santiago Ewig,” Paul D. Fey," Thomas M. File Jr,"” Marcos 1. Restrepo,’® Jason A. Roberts,”'®
Grant W. Waterer,” Peggy Cruse,? Shandra L. Knight® and Jan L. Brozek®

ROLE OF INHALED ANTIBIOTIC THERAPY

XIV. Should Patients With VAP Due to Gram-Negative Bacilli Be Treated
With a Combination of Inhaled and Systemic Antibiotics, or Systemic
Antibiotics Alone?

Recommendation

1. For patients with VAP due to gram-negative bacilli that are
susceptible to only aminoglycosides or polymyxins (colistin
or polymyxin B), we suggest both inhaled and systemic anti-
biotics, rather than systemic antibiotics alone (weak recom-
mendation, very low-quality evidence).

Values and Preferences: This recommendation places a high
value on achieving clinical cure and survival; it places a lower
value on burden and cost.

Remarks: It is reasonable to consider adjunctive inhaled an-
tibiotic therapy as a treatment of last resort for patients who
are not responding to intravenous antibiotics alone, whether
the infecting organism is or is not MDR.



TASK FORCE REPORT
ERS/ESICM/ESCMID/ALAT GUIDELINES

@ International ERS/ESICM/ESCMID/ALAT
guidelines for the management of

hospital-acquired pneumonia and

ventilator-associated pneumonia

CrossMark

Antoni Torres"'®, Michael S. Niederman?'¢, Jean Chastre®, Santiago Ewig®,
Patricia Fernandez-Vandellos®, Hakan Hanberger®, Marin Kollef’, Gianluigi Li Bassi',
Carlos M. Luna®, Ignacio Martin-Loeches’, J. Artur Paiva'®, Robert C. Read”,

David Rigau'?, Jean Francois Timsit'3, Tobias Welte' and Richard Wunderink'®

2

\.\

X

s_./{\__‘




Guidelines

Use of nebulized antimicrobials for the treatment of respiratory
infections in invasively mechanically ventilated adults: a position
paper from the European Society of Clinical Microbiology and
Infectious Diseases

J. Rello ™, C. Solé-Lleonart “ ™ '°, J.-J. Rouby °, J. Chastre *, S. Blot °, G. Poulakou °,
C.-E. Luyt °, ]. Riera ’, L.B. Palmer °, .M. Pereira *'°, T. Felton ', J. Dhanani 7,
M. Bassetti ', T. Welte '“, J.A. Roberts '

Recommendation

We suggest avoiding the use of nebulized antibiotics such as
colistin or aminoglycosides, added to conventional IV antibiotic
therapy already including IV colistin or aminoglycosides for the
treatment of VAP caused by resistant pathogens as standard clinical
practice.

Recommendation

We suggest avoiding the use of nebulized antibiotics such as
colistin or aminoglycosides instead of their IV administration for
the treatment of VAP caused by resistant pathogens as standard
clinical practice.

CM| | Use of nebulized antimicrobials for the treatment of respiratory infections in invasively mechanically
CLINICAL| yentilated adults: a position paper from the European Society of Clinical Microbiology and Infectious

AND INFECTION

- Diseases. Rello J, et al. Clin Microbiol Infect. 2017;23(9):629-639.
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Guidelines

Use of nebulized antimicrobials for the treatment of respiratory
infections in invasively mechanically ventilated adults: a position
paper from the European Society of Clinical Microbiology and
Infectious Diseases

J. Rello ™, C. Solé-Lleonart “ ™ '°, J.-J. Rouby °, J. Chastre *, S. Blot °, G. Poulakou °,
C.-E. Luyt °, ]. Riera ’, L.B. Palmer °, .M. Pereira *'°, T. Felton ', J. Dhanani 7,
M. Bassetti ', T. Welte '“, J.A. Roberts '

Recommendation

We recommend avoiding the use of nebulized antibiotics such
as colistin or aminoglycosides, added to conventional IV antibiotic
therapy already including IV colistin or aminoglycosides for the
treatment of VAP caused by antibiotic-susceptible pathogens in
clinical practice.

Recommendation

We suggest avoiding the use of nebulized antibiotics such as
colistin or aminoglycosides instead of their IV administration for
the treatment of VAP caused by antibiotic-susceptible pathogens in
clinical practice.

Use of nebulized antimicrobials for the treatment of respiratory infections in invasively mechanically
ventilated adults: a position paper from the European Society of Clinical Microbiology and Infectious
Diseases. Rello J, et al. Clin Microbiol Infect. 2017;23(9):629-639.
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Guidelines

Use of nebulized antimicrobials for the treatment of respiratory
infections in invasively mechanically ventilated adults: a position
paper from the European Society of Clinical Microbiology and
Infectious Diseases

J. Rello ™, C. Solé-Lleonart “ ™ '°, J.-J. Rouby °, J. Chastre *, S. Blot °, G. Poulakou °,
C.-E. Luyt °, ]. Riera ’, L.B. Palmer °, .M. Pereira *'°, T. Felton ', J. Dhanani 7,
M. Bassetti ', T. Welte '“, J.A. Roberts '

Recommendation

We suggest avoiding the use of nebulized antibiotics added to
conventional IV antibiotic therapy for the treatment of patients
with VAT 1n clinical practice.

Recommendation

We recommend avoiding the use of nebulized antibiotics as a
single therapy, instead of conventional IV antibiotic therapy, for the
treatment of patients with VAT in clinical practice.

Use of nebulized antimicrobials for the treatment of respiratory infections in invasively mechanically
ventilated adults: a position paper from the European Society of Clinical Microbiology and Infectious
Diseases. Rello J, et al. Clin Microbiol Infect. 2017;23(9):629-639.
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Aerosol generator Advantages Drawbacks
Jet nebulizer o Low cost. e Percentage of drug delivery into lungs
« Low dimension at bedside. (approximately 15% of initial dose).
» Single use. e Highly variable delivery, depending on gas source.
« Breath synchronized. « Interference of gas flow with flow delivered by ventilator.
+ Nonhomogeneous droplet diameter.
¢ Long duration of nebulization.
Ultrasonic nebulizer « Efficient delivery of drug into lungs + Nonhomogeneous droplet diameter
(30—40% of initial dose). (depending on amplitude and frequency of vibration).
« Almost no interference in circuit o Increase in antibiotic's temperature,
(low flow containing aerosol particles e High cost.
does not interfere with flow o Hygiene concerns (need to sterilize after use)
delivered by ventilator). e Large dimension at bedside.

Vibrating-mesh nebulizer
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» High speed of drug delivery.

« Easy to use,

Efficient delivery of drug into lungs e High cost.
(40—60% of initial dose). « Not suitable for concentrated and viscous solutions.
Homogeneous droplet diameter.

No temperature increase of delivered drug.

Good synchrony with ventilator.

Low residual drug volume lost,

Easy to use.

Low dimension at bedside.

Single use.

-
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Key considerations on nebulization of antimicrobial agents to mechanically ventilated patients.
Rello J, et al. Clin Microbiol Infect. 2017;23(9):640-646
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Characteristic Description

Ventilator mode ¢ Volume-controlled mode.

e Constant inspiratory flow.

Ideal ventilator parameters e Tidal volume 8 mL/kg.

o Respiratory frequency 1215 breaths per minute.
e Inspiratory to expiratory (L:E) ratio <50%.

e End-inspiratory pause of 20% of duty cycle.

e Positive end expiratory pressure 5-10 cm Hz0.

Important considerations o Avoid sharp angles and rough inner surfaces in ventilator's circuit.
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e Avoid asynchronies and triggering.

e Increase level of sedation if necessary.

o Remove heat and moisture exchanger during procedure (and replace immediately afterwards).

e Stop heat humidifiers during nebulization.

o Change expiratory filter after each nebulization (expired particles are collected there and can cause obstruction).

Key considerations on nebulization of antimicrobial agents to mechanically ventilated patients.
Rello J, et al. Clin Microbiol Infect. 2017;23(9):640-646
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Strategy related to
ventilator circuits

Strategy related
to monitoring
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Place filter on expiratory limb (before flow
meter).

e Change expiratory filter after each nebulization.
e Suspend heat and humidification except for

patients with thick secretions that tend to
occlude system and in patients with bronchial
spasticity.

Minimize disconnection of circuit, particularly in
patients with severe hypoxemia.

Monitor peak airway pressure during
nebulization; increase of this parameter may be
related to obstruction of expiratory filter (change
it immediately!) or to bronchospasm.

If bronchospasm is mild, withdraw nebulization
and administer local bronchodilators before
following nebulization.

If bronchospasm is severe, consider another
nebulized antibiotic or change route of
administration.

If bronchoconstriction persists, consider another
nebulized antibiotic or change route of
administration.

Check renal function (serum creatinine levels),
particularly when nebulizing aminoglycosides
and in patients with previous renal dysfunction.

Oxygenation during
nebulization process

Avoid

Other

Ensure correct level of sedation; low doses of
propofol avoid asynchronies with ventilator
(midazolam instead of propofol can be used in
haemodynamically unstable patients).

If sedation is increased to ensure patient's
coordination with ventilator, it should be
withdrawn at end of nebulization.

Recruitment manoeuvers before nebulization in
haemodynamically unstable patients and if
manoeuver may compromise oxygenation.

Tidal volumes of 8 ml/kg in patients with severe
ARDS.

Increase of auto-PEEP in patients with high
airway resistances (asthma, COPD patients) by
maintaining enough expiratory time.

Nebulize colistin immediately after reconstitution
of prodrug colistimethate sulfate to avoid
excessive conversion to biologically active
colistin, which can cause airway or alveolar injury.

Key considerations on nebulization of antimicrobial agents to mechanically ventilated patients.
Rello J, et al. Clin Microbiol Infect. 2017;23(9):640-646
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At, present, the use of aerosolized antibiotics for VAT and VAP
should only be considered for infections attributed to XDR or PDR
pathogens resistant to all B-lactam and carbapenem antibiotics, due
to the absence of adequate intravenous therapy and lung penetra-
tion with agents such as colistin, tigecycline and the aminoglyco-
sides. However, the delivery of aerosolized antibiotics should be
carried out in a manner that ensures proper technique is employed
for optimal lung penetration of the antibiotic

Recommendations for aerosolized antibiotics in ventilator-associated pneumonia and ventilator-associated
tracheobronchitis: too little and too late? Kollef MH, Micek ST. Clin Microbiol Infect. 2017;23(9):593-595
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