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ficiency

of Nebulized Amikacin [}
during Escherichia coffPneumonia in Ventilated Piglets |

lvan Goldstein, Frederic Wallet, Armafle Nicolas-Robin, Fabio Ferrari, Charles-Hugo Marquette,
Jean-Jacques Rouby, and the Exp%ﬁhental Intensive Care Unit Study Group
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Consensus statement b\

(
Key considerations on ﬂehullzatmn of antimicrobial agents to
mechanically ventﬂgfed patients
()

L QI.
J. Rello ™7, JJ. Roubge™~, C. Sole-Lleonart °, ]. Chastre *, S. Blot °, CE. Luyt “, J. Riera *
M.C. Vos /, A. Mo °, |. Dhanani ®, ].A. Roberts ®
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Optirmal uentlaﬁ? misdes and settings during the period of nebulization

mara:tedax Description @‘,9\' é"
ver@mr mode + Volume-contralled mode. > <&
« Constant inspiratory flow. L <®
c.ﬁe.aj ventilator paameters « Tidal volurme & mLkg Q N
'\0 = Regpiratory frequency Ii—ﬁbmm‘hi per minute.
= |nspiratory to E:pwatn%i‘l\E] ratio <50 d
» End-inspiratory |:|.a 20k of duty cycle. QIQ“
» Positive end expu‘smr'_l.r presaure 5—10cm HyO &Qf
Imiportant oonsderat ons = Avold shamp a and rugh inner surfaces in ventlator's cirouic «0\5
» Avoid asynch&hies and triggering. Vo
+ Increase @% of sedation if necessary. Ae’
» Remov@Beat and moisturme exchanger during precedure (and replace |mnﬂdmbg§aﬁa1uard5].
« Stopditat humidifiers during nebulization r-,
ngrge expimtory filker after each nebulization (expired particles are mlgﬁﬂl there and can cause obstruction).
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__h__min __h__min
OcCefta/aAME | OCefta/AMK
Ramaoval qgtr\nﬁistu ra axchanger O O O O
-~ Q
o Ftanm@él of connecting tube O I e O O
o <S>
A h@hullmr insarted 10 cm before Y piece O O O O
® L 5
R i Cnn nection of expiratory filter positioned O \\e,e’ | O O O
&%’ between expiratory circuit and ventilator @@e
65 Ventilator settings (see medical order) O (&Q I O O O (,}\o"\
&
Patient desynchronized with the ventilator : -ﬁ& 0 O ,\ob\)
start propofol > QQ
_ | Connection of moisture exchanger S8 O a <1 O
n AN 5
E Reinsertion of connecting tube «o’& O I O o éﬁe’ u
1.5yt ke,
& | Removal of nebulizer & O O O (c‘)\’*f’ O
- .(;Q:‘ N
£ | Removal of axpiratory filter $© O O | O
< S S
Initial ventilator settings {g\%ﬁ’madi:al ordar) O I O %’19 O O
% &
Stop propofol \%@' 0O I O gt O 0O
&

© Liu Q et al. Am J Respir Crit Care Med 2011
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Prevention of Gram- Negatlve Bacillary

Pneumonia Using Aeﬁsol PolymyXxin as
Prophylaxis. l. EFE&CT ON THE COLONIZATION

PATTERN OF THE UPPER RESPIRATORY
TRACT OF SEﬁIOUSLY ILL PATIENTS

$ﬁray manuel, 6 vaporisations/, orogharynx + tube

N with oNB

< |
SLLonTROL | POLYMYXIN TREATE & &
& . e & CONTROL | POLYMYXIN 77‘?5475%@&
,\@K . Not colonized . . %(Qe,
O ! ¥ &
6 | Not colonized &
I Y
|

N\ With GNE

o

o

n

NUMBER OF PATIENTS

o

NUMBER OF PAT/E/VTS

ngb <6 >7

Q}
© Greenfield S et al. J Clin Invest 1973



O

AEROSOL POLYMYXII}B*“AND PNEUMONIA IN SERIOUSLY ILL PATIENTS

T. W. FEeLey, M.D,, G. C&’SU MouLiN, M.S,, J. HEDLEY-WHYTE, M.D,, L. S. BusHNELL, M.D.,
,]g;/%’ GILBERT, PH.D., AND D. S. FEINGOLD, M.D.
‘?}

=> Baisse d’ mcnde‘hce des PAVM, mais augmentation de la |étalité et des résistances

/6Ps. aeruginosa PNEUMON/A (%)

INCIDENCE

\» .5- 100 - R —
X
8 b@?{ Patients 90+ Mortality -Acquired Pneumonia
gh‘. ki | Mortality -Overall
_{.’ "m Polymyxin 80“
[ < i
> ! qu‘ﬁ-e 2. Organisms Causing Pneumonia during Polymyxin
. 70+ \(\e Prophylaxis. @\'
f 60 OQRGANISM POLYMYXIN No. OF No. oF é\
= SENSITIVITY® CASES DEATQQ
&
santl. . ©
iy Ps aeruginosa S | &1
O X Proteus species R 3. 2
a 4o Ps cepacia R 2 \}é‘\ 2
S Ps maltophilia R gba} 0
30 Serratia species R ) 0
Flavobacterium species R 2! 1
20 Str faecalis R \i& 1 1
Total A0 11 7
) 10- &
KA
ALTERNATING  CONTINUOUS <
CYCLES 0 e
L
X9
POLYMYXIN 8\0’\“
oﬁ’
« Continuous use of aegé’sol polymyxin appears to be a da@iﬁ’erous form of therapy »
& &
> ©
S

@)
Q}
© Feeley TW et al. N Engl J Med 1975



| review and meta- ana&ysm

Effect of antibiotics admmlgered via the resplratﬂry tract in the
prevention of ventllatﬂr-ﬁ"ssnclated pneumonia: A systematic

OR

0.47
.77
0.14

95%-Cl

[0.23; 0.99]
[0.35; 1.66]
[0.03; 0.65]
0.59 [0.42;0.83]
0.19 [0.06:059] 11.0%
1.08 [0.56;2.07] 19.6%

0.53 [0.34; 0.84] 100.0%

Weight
17 6%
16.8%

T.1%
27.9%

-?,(’\\
&
o)
&
b\)
;\0
@Q
OR 95%-ClI nght x&
0
080 [0D42; 154] 2195}5
117 [0.36; 3.74] A?'ﬁ%

041 [009 1. Qﬂb‘o 4.4%

098 [0.60; 1 32.6%
187 [0.79®43] 13.2%
058 [0.371.13) 208%

u_s,g}ﬁsa; 1.25] 100.0%
S
\'\/
trol

'?>
QQ
o ATB Control
Author @VAP (n) Patients (N) VAP (n) Patients (N) Odds Ratio
Karvouniaris et a| 62\:-15 14 84 25 84 :
Claridge etal é%%? 21 53 24 52 e
Wood et al. 3 20 11 20 ——a—+
Rouby et@l" 19@4 a7 347 100 251 = e
Klast etal 1974 5 43 17 42 —— | &
Lodg, etal 1992 29 85 25 77 —ae
W N
;éml (95% CI) 169 632 202 526
Sleterogeneity: I~ = 55%, > = 0.1596, p = 0.05 AN '
0o 051 2 10
(e
Feﬁm ATE Favors control
o
<°
ATB ebnh'ol
Author Death (n) Patients (N) Death (n) F@%nts (N) Odds Ratio
Karvouniaris etal 2015 25 84 E@Q a4 .
Claridge etal. 2007 7 53 3% 52 e
Wood etal 2002 3 20 O 5 20 ;
Rouby etal. 1994 42 34? 2 3 251 —.
Klastersky etal. 1974 23 475 16 42 H——
Lode etal. 1992 23 «% 30 77 _
Total (95% CI)_ 123 go aaz 118 526 -
Heterogeneity. 12=14%, * = 0. 0244 p Sﬂ% ! ' ! ! |
Q0 0.1 05 1 2 1
6\‘}’ Favors ATB Favor
WV ©
\(}"‘
Q.
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Povoa FCC et al. J Crit Care 2018
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Nebulized Ceftazidime and Amikacin in
Ventilator-asmcmted Pneumonia Caused

by Pseudome)nas aeruginosa

s CAZ +N\/IK i.v. vs. CAZ + AMK en aérosols (8/j pour CAZ )

e}§
ko
Q
ie
\S@a S‘&Qz'
TAEch‘P 2. ANTIBIOTIC TREATMENT EFFICIEMNCY 2
S O
g <
. c,‘?} < Aerosol Intravenous
\Z Qv
\6{@ ‘&e, (n=20) (n=20) P Value
e} (o]
Oq;f’ Cure of P. aeruginosa VAP on Day 9, n (%) ‘?-'Q 14 (70) 11 (55) 0.33; OQ
f‘ Day 9: Positive BAL = 10" dfu-mi~! or mini-BAL = 10* CFL(Q‘%'H_ 3 & b\‘}’

Persisting P. aeruginosa VAP on Day 9, n (%) (,}\o° 3(15) 6 (30) 826
VAP caused by superinfection on Day 9, n (%) 06\5 3(15) 3(15) ,@f‘ M5
Recurrence of P. aeruginosa VAP, n Q}Q" 3 1 <0 M5
Recurrence of VAP caused by superinfection, rg& 2 0 éef" NS
Duration of MV, median (10R) 29 (22-38) 18 (13-38 0.13
Duration of MV after inclusion, median Q@:ﬂ} 14 (7=22) 8 (6:32) 0.18
Length of stay in ICU, median (IQR) @6 38 (29-55) 29 44) 0.08
Length of stay in ICU after mclusmrbf’medlan (10R) 24 (15-48) «BB (11=23) 0.08

on Uay 28, N (7o) \{,0 rARLY) ,,AQNV )] U355

‘b«o '
N N
P ©
o8
q}

© Liu Q et al. Am J Respir Crit Care Med 2011
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Nebulized Ceftazidime and Amikacin in
Ventllator-asmcmted Pneumonia Caused
by Pseudome)nas aeruginosa

s CAZ +N\/IK i.v. vs. CAZ + AMK en aérosols (8/j pour CAZ )

TABELE 3. I"@R:RDEI[}LDGICAL RESPONSE TO TREATMENT AND ANTIBIOTIC SUSCEPTIBILITY OF
PSE UDD@HAE AERUGINOSA IN EACH GROUP OF PATIENTS

%
T

2 Baseline D@?E Day § Day 7 Day 9 |

r \‘\ '\Q>\
ﬁéruf.ul Group & &
KQE'.AL n 20 & 17 16 12 12 &8

e}\0 BAL P. aeruginosa + P. aeruginosa susceptibility, n 20 Q'z}& 1 0 2 5* (Q:Q’
¥ CAZ-AMK g S
5-5 X6 1 2 N
51! &1 ©
& ¢

P o 2 e

; o N

) ef\’k 1 <0
Intravenous Group &g:f” R
BAL, n <0 20 16 15 1@,‘?} 11
BAL P. aeruginosa + P. aeruginosa 5u5cep[5b°ﬂ|t_',r n 20 8 8 .,\@ki

CAZ-AMK g S

5-5 & 17 b 5 o 1 3

5 & 3 2 N 1

-5 ,&0\5 Jv 2 1

NS o8
R-S AL Q2 1 1
R > © 1
e
q‘\

© Liu Q et al. Am J Respir Crit Care Med 2011



Nebulized Ceftazidime and Amikacin in
Ventllator-asmcmted Pneumonia Caused
by Pseudome)nas aeruginosa

s CAZ +N\/IK i.v. vs. CAZ + AMK en aérosols (8/j pour CAZ )

N
¥

@E}\)
&Q'Q
TAELE 4. AMIKACIN AND CEFTAZIDIME PLASﬁA |

é@"' CONCENTRATIONS MEASURED ON DAYS 3.AND 4 é@\
'QJC’QI \62(9 'Q@
6(‘5( Aerosol *si}é |ntravenous P Value 6:?'@6
& S o
4\0‘}5 Ceftazidime ,ef&‘a' \}(,5‘\0
’ Daily dose, mg-kg™’ 76" &° 90 S
Cpeatemig -l 121 \ﬂu &
= N ) 0&’

Curaugh, Mg- L™ 8.1 Q(éoﬂ—'li 4) 322+9 <0.001 | <9
Amikacin \.@' é‘ef"

Daily dose, mg-kg™" f\° 15.7* 15.0 &

C pestri01g-L~" 6«*‘* 89 (5-11) 45.1(33-58) -_rﬂé@

C roudghs mq-L™" _&,‘\Q’ 2.4 (1.7-5.9) 3.3 (1.9-5.8) 49‘9' 42

o‘ip ’19\%
N ¥
D Y
g Q
N ©
&
Q.
©

Liu Q et al. Am J Respir Crit Care Med 2011
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Intravenous plus inhaled versys intravenous colistin monotherapy
for lower respiratory tract ugﬁéctmns A systematic review and

meta-analysis

Q,c’
\\Q/

Konstantinos Z. Vardakas *° ﬁndr&as D. Mavroudis ©, Maria Georgiou °,
Matthew E. Falagas *<* ¥

.\006\
¢ Inhaled/Intravenous Intravenous Risk Ratio Risk Ratlo
Study or Subgroup ,ob‘ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
151 inhaled X
Amin et al. 20132 < 8 28 5 12 26% 0.68 [D.28, 1. ™
Bogovic et al 8 8 7 23 BA4% 1.01 [0.84, @I —
Demirdal epst 2016 23 43 a8 B0 12.7% 1.13 [0.76762) T ) c}\'
Doshi el &h7013 18 44 27 51 B.4% 0.69 [044. 1.10] — @(0
FalagiPet al. 2006 ] ] 2 18 0.7% %{@ 3, 11.97) R
Gaglapathy et al 2008 10 17 2 &  1.5% ’;g [0.53, 5.86] - 'e,("\
in et al. 2012 16 29 7 15  5.0% 18 [0.B3, 2.23] S &
\;a Kofteridis et al 2010 10 43 18 43 48% (Q n 56 [0.29, 1.06] — ,.000
’\ Korbila et al 2010 a1 78 19 43  96% @ 0.90 [0.58, 1.39] —— SV
Korkmaz et al. 2016 45 €9 128 210 262 1.07 [0.87, 1.31] - (ob
Mansens of al 2011 3 ] & 5 . 0.38 [0.16, 0.22] @Q
Peraz-Pedrero et al. 2010 b 10 5 14 1% 0.56 [0.13. 2.33] - &
Tumbarello et al, 2013 45 104 48 L1645 0.94 (06D, 1.27] <0
Subtotal (85% Cl) 491 628" 100.0% 0.94 [0.81, 1.08] z Vo
Total evenis 217 321 &'e’ i
e
Heterogenaity: Tau® = 0.01; Chi* = 14.28, df = 12 (P = 0.28); P’s 16% {‘2:9
Tesat for gverall affect: £ = 088 (F = 0.38) C\ §9
' @ 4
Total (95% CI) 491 %@" 624 100.0% 0.94 [0.81, 1.08] \;ﬁ
Total events 217 PN 3 «0
Heterogensity: Tau® = 0.01; Chi* = 14.28, df = Lﬁp 0.28); IF = 16% n= 3 @ﬁ 5 1 ? 5 1=|:1
Test for aul::-grnup dll’l'Elrﬂm::-Ela Mot Epplln@a Q§
> ©
&
© Vardakas KZ et al. J Infection 2018



Nebulization of Antjinfective Agents in Invasively

Mechanically Vent'flated Aduits

A Systematic R@ﬁ/few and Meta-analysis

&

U

1.3.1 All-ce

\}

Mk@#hteret potentlel

latio
n, 95%Cl

Kofteri 0
Tumbadello 2 \\,
Sulgfotal (95 - &
al events @é'
K@C’Helmogenell Q,Q
& Test for over .
& (06(0
N 1.3.2 VAP-r¢ o
‘J _— -0
o Doshi 2013 xOx
Q Kofteridis 20 \5()
’ Subtotal (95 ~ ob
Total events 22 38 i &
Heterogeneity: Tau? = 0.00; Chi® = 0,09, df = 1 (P = 0.76); I' = 0% b‘)b e’
Test for overall effect: Z = 2,09 (P = 0.04) 9) N
Q 49
Total (95% CI) 234 24 E’S’oo.ox 0.64 [0.44, 0.94) <+ 2
Total events 77 104 \§' Q}A
Heterogeneity: Tau® = 0.00, Chi* = 2.83, df = 3 (P = 0.42), il‘:7 b0l o1 i l'(k'Q? 100

Test for overall effect: Z = 2.26 (P = 0.02)
Test for subgroup differences: Chi’* = 0.39,df = 1 (P = %’é) P =0%

Favours nebulization Against nd{ébzanon

&0

Fig. 5. Mortality of patients treated with erullzed antibiotics for ventilator-associated pneumonia (VAP)\@ﬁleed by resistant

pathogens—adjunctive administration gﬁategy | = heterogeneity index; M-H = Mantel-Haenszel.
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Nebulization of Antjinfective Agents in Invasively
Mechanically Vent'flated Aduits

A Systematic R@ﬁ/few and Meta-analysis

)
S
<

ﬁ Nebulized therapy

|
o

Rl

tration st
contml

Intr Risk Difference Risk Difference
Study or Subgroup Events Total Events Tutal Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.6.1 RCT
Niederman 2012 0 45 3 22 114% -0.14 [-0.29, 0.01) B |
Rattanaumpawan 2010 13 51 11 49 9.1% 0.03 [-0.14, 0.20] S - - V4 V4
Subtotal (95% CI) 96 71 20.5%  -0.06 [-0.23,0.12] i
' ' [oxicité rénale
Heterageneity: Tau® = 0.01; Chi’ = 2.41, df = 1 (P = 0.12); I = 58%
Test for overall effect: Z = 0.64 (P = 0.52) . &Q;'
i i >
1.6.2 Observational Studies 0\
Arnold 2012 0 19 0 74 50.8% 0.00 [-0.07, 0.07) \'Q/ -
Kofteridis 2010 8 43 8 43 9.4% 0.00 {-0.16, 0.16] *{\ —
Tumbarello 2013 23 104 26 104 19.2% -0.03 [-0.14, 0.09) X ——
Subtotal (95% CI) 166 221 795%  -0.01 [-0.06, 0.05] e‘? L 2
Total events 31 34 "4 Q
Heterageneity: Tau® = 0.00; Chi' = 0.30, df = 2 (P = 0.86); I’ = 0% \\ <
Test for overall effect: 2 = 0.24 (P = 0.81) N2 'i'&(o
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Ventilator- assouate:tf Pneumonia: 2016 Clinical Practice
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C?dmll' Should Patients With VAP Due to Gram- Nngagée Bacilli Be Treated
e:\“e With a Combination of Inhaled and Systemic Entlhmtlt:s or Systemic

N
& Antibiotics Alone? &F
(S 2

1. For patients with VAP -:Iu;é tD gram-negative bacilli that are
susceptible to only anmﬁnglycns:des or polymyxins {cnhstlg@
or polymyxin B), w&sugge:st both inhaled and systemic %ﬁh-
biotics, rather tlk:ﬂn systemic antibiotics alone {weak@‘ﬁmm-
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mendation, @r}f low-quality evidence). (5;,\’19
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associated efficacy and safetj,@{'ﬁ 3]. Based on a previous 5};5tem.\1€c
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the use of nehullzanm@ ‘of antibiotics in any of the sgénanns
assessed because theﬁirallahle evidence i1s weak and hetgfngenenus
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Brief summary of Ffench guidelines @
for the prevent&en diagnosis and treatment
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Ra*% We suggest administering nebgfised colimycine
(sodium colistiméthate) am;l&nr aminoglycosides
in documented HAP cLﬁe multidrug-resistant
< Gram-negative hacllll@ﬂﬂcumented pneumonia
established as sensgkﬁfe to colimycin and/or ami-
noglycoside, wl}eh no other antibiotics can b@
used (based @‘n ' the results of EHEEEptlblllt}-’ it
ing) [136—&‘52] (Grade 24+). ¢
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Nebulization of antlmlﬁublal agents in mechanically ventilated adults
in 2017: an mterna’qaﬁnal cross-sectional survey

N Prescgs\fptlon ATB inhalés (n=261 ICU)
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=p AN
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&7 Seulement sur documentation MﬁR/XDR 64% S
&0\5 Prophylaxie, 8% (vs. 51% en @14) &

S .0(\\

m Matériel nébulisation & @bo"

Pneumatique 50% / Ultrgsons 31%
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Aerosol Therapy for
Pneumonda in the Intensive
Care Um‘t
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Conclusiens: les ATB inhalés
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m Beau congs@pt mais mise en ceuvre tres complexe
Indlcgf?ons sélectionnées, équipes affutées

I\A{a‘terlel spéecifique &

c’e::‘TDas dénué de risques &
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<m |ndications réfutées & &
Prophylaxie &
Substitution au traitement sys&mmue {\0°
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@ Indications valides, gnais restreintes \\;ﬁ‘

Traitement adJU\(,é’nt de PAVM XDR sans alternatlve$3t|sfa|sante

a

Colimycine, at;@?kacme ou tobramycine ©<z§’
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