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Aerosol history

The Mudge inhaler, invented by
Dr John Mudge in 1778,

First piVMIDI — Riker Labs 1956

The Sales-Girons “pulverisateur,”
which won the 1858 silver prize of the ‘
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Aerosol Antibck: Therapy in Suppurseiv Aerosol antibiotics

[Yiseases of the Lung and Broachi”

o » vorm, up, rocr Have a long history

Jerser Thip, Hew Jeney

S A — Potter BP Aerosol antibiotic therapy in

et e e suppurative diseases of the lung and bronchi.
Kpeulic puies Sabin back many years Tiwer lalersited W & om |_Dis Chest (now CHEST) 1949;15;436-448 |
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on, V., Lansome E. mamm 8.: “Aerosolization of Peniecillin
Bout.lon "|Science 100:33,1544
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Antibiotics by aerosol

Advantages:

High concentration in airway
Minimal systemic effect/toxicity
User friendly (compared to V)

Disadvantages:
Does not penetrate to most involved deep lung

Potential development of antimicrobial resistance
Can produce cough, irritation, bronchospasm




intravenous Inhaileaq
Adjunctive nebulized antibiotic

Fllu_er to protect
Extrapulmonary deposition ~ “Prenlle
therapy as a treatment of last resort _/
Is also recommended e
antibiotics ~
Host A
- Immunodepression

- Chronic lung disease

residual volume
Jet >> Ultrasonic >> Mesh

Host-pathogen

interactions with high
risk of therapy

failure

Resistance emergence ]- :

Particle size:
[prevention ~ ~ ~

- 3-5 um : proximal deposition
- 1-3 pm : alveolar deposition

Pneumonia

oncentration
A

Pulmonary PK

i Limited diffusion of hydrophilic antibiotics.V

Intravenous antibiotic

Nose: > 10 ym removed
infusion

Mouth: > 15 jim removed

| 510um

(First 6 generations)

5 1-5 um .
X7, /-e'o ) prevention (Last 5-6 generations|

7/
Q,
< O 070,’19 Figure 1. A simplified view of the effect of aerosol particle
S/t/- /‘y Minimal Inhibitory Vsize on the site of preferential deposition in the airways
0/7 7 e u = u- T:O?I anﬁati on (From Reference 6, with permission)
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Original Article

Comparison of Microbiological Eradication
and Mortality in Patients Receiving Single
Therapy of Aerosolized Colistin and
Combination Therapy of Aerosolized Colistin
and Intravenous Antibiotics

5

Shin-Yi Liang’, |Chien-Tung Chige—Tivna—Lina Weana”, Yi-Ping Hsiang’, Yu-Shuang Tiu’,
Jirun-Nong Lirn "

Objective: Aecrosolized colistin has been used for multidrug-resistant gram-negative bacilli
pneumonia. The aim of this study was to compare the clinical response and microbiological
eradication of single therapy with aerosolized colistin and combination therapy of aerosolized
colistin and intravenous antibiotics.

Methods: Patients older than 18 wyears with pneumonia caused by gram-negative bacilli and
receiving colistin therapy during January 1. 2013 to June 30, 2014 were retrospectively included
in this study. Demographic data. clinical information. outcome, and microbiological eradication
were compared between the single therapy and combination therapy groups.

Results: During the study period., 84 patients were included. Among these, 53 (63.1%20) were
male and the mean age was 69.3 years. The most prevalent comorbidity was hypertension (56%6),
followed by chronic kidney disease (35.720). Nineteen (22.6%%) patients received aerosolized
colistin alone and 65 (77.426) used combination therapy of aerosolized colistin and intravenous
antibiotics. The overall eradication rate of microorganism was 66.7%. Pseudononas aeruginosd
was more difficult to be eradicated than Acinerobacrer baumarnnii (adjusted odds ratio [OR], 5.43;
95%%6 confidence interval [CI], 1.44 — 20.44; p — 0.012). Single therapy of aerosolized colistin was
significantly associated with eradication failure (adjusted OR, 4.42; 9526 CI, 1.07 — 18.23: p =
0.040). Chronic obstructive pulmonary disease (adjusted OR, 11.49; 952, CI, 2.61 — 50.49;: p =
0.001) and failure of microbiological eradication (adjusted OR, 7.11; 9526 CI1, 1.55 — 32.63; p =
0.012) were independent risk factors of mortality in patients who received aerosolized colistin
treatment.
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Conclusions: Combination therapy of intravenous antibiotics and aerosolized colistin is suggested
in patients with multidrug-resistant gram-negative bacilli pneumonia.

Keywords: Colistin, aerosolized therapy. multidrug resistance., gram-negative bacilli, pneumonia
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Colistin:
Re-emerging antibiotic for multidrug-resistant

Gram-negative baterial infections.

2 Increasing multidrug resistance | Antibiotic present

in Gram-negative bacteria, in 2gentrations hier
particular Pseudomonas
aeruginosa, Acinetobacter
baumannii, and Klebsiella
pneumoniae, presents a critical
problem. Limited therapeutic |+ LTS
options have forced infectious |

disease clinicians and
microbiologists to reappraise
the clinical application of

colistin, a polymyxin antibiotic
discovered more than 50 years
ago
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Polymyxins were
discovered from

Paenibacillus polymyxa

Colistin was used as
colistimethate sodium in
the United States to treat

infections caused by

Gram-negative bacilli

Polymyxins were
reconsidered in clinical
practices because of the
rise of MDR Gram-negative
bacilli and the paucity of

1940s

1950

Colistin was first used
in Japan and Europe

1959

new effective antibiotics

Mid- :‘] >

19805 1990s Now
Polymyxins were replaced Polymyxins are considered as
by aminoglycosides and the last therapeutic option to
anti-Pseudomonas agents confront life-threatening
due to neurotoxicity and infections due to

nephrotoxicity complications Gram-negative bacilli

April 2019 Volume 57 Issue 4 e0139@ Journal of Clinical Microbiology
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USA TODAY

fhe report identified five bugs de-
scribed as “urgent threats”:

wo emerging bugs:

' Candida auris, a drug-resistant fun-

5 qus.

1 Carbapenem-resistant acinetobac-
= ter, which can cause pneumonia in
" hospital intensive care units.

‘Nightmare bacteria’

] Carbapenem-resistant enterobacte-
riaceae (CRE)

I Antibiotic-resistiht gonorrhea
1 Clostridioides difficile (C. diff)

The report identified 18 bacteria and
fungi public health officials must mon-
itor, including five bugs described as
“urgent threats.”

The tally of annual infections and
deaths becomes even more dramatic
when C. diffis included. The infection s
rarely resistant to antibiotics but can
cause deadly diarrhea and is often diag-
nosedinpeople whoare taking antibiot-
ics. About 12,800 people died and more
than 223,000 people were infected with
this germ in 2017, the report said.

The number of C. diff infections in
hospitals and nursing homes declined
inrecent years amid more careful efforts
touse antibiotics, control infections and
improve cleaning and disinfection. Still,
the number of cases outside health-care
facilities increased.
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But 1 n clinical 1 ndthen g@eC
End of JeiNebulized Aerosol Therapy

Collmyc1n In’

Neonate ventilator circuit(expiratory valve)
without filter protect




A challenge for respiratory therapis
from technology to clinical care

Nebulized antibiotics in mechanically
ventilatedand Nonventilator support patients

Therefore, we want to find easy and reproducible dilution
techniques with nebulization to reduce crystallization.

If Jet Nebulizer must besed multiple dose afolistin may
compensate for poor delivery performance..?
With ahigh concentration consisting of 2 vials



Nebulizer design

Table 1 Advantages and disadvantages of thes of nebulizers

ﬁnebulizer % é Ultrasonic nebulizer @g mesh n@

—HANN
Mechanism of aerosol generation ~ Compressed gas and Venturi effect ~ High-frequency drug solution agita-  High-frequency mesh vibrations
tion by a piezoelectric crystal pumping the drug solution
trough tapered holes
Residual volume > Medium > Small
Medication restriction None Degradation of heat-sensitive drugs | Highly concentrated or viscous

solutions may cause damage to
the nebulizer

Ergonomics Not portable, need of compressed ~ Bulky Portable, small size
gas Silent Silent
Loud Need for decontamination Disposable

Disposa
Potential interference with the
ventilator

ontaming
o interference with the ventilator CSNo interference with the ventilator

The particle sizes generated depend on each individual nebulizer model rather than the nebulizer type, and they are substantially impacted by the measurement
conditions (e.g., temperature and humidity). For example, some specific jet nebulizers may deliver large particles (>5 um for proximal targeting), whereas others
deliver nanoparticles. All nebulizers available for clinical use produce sufficient droplets in the 1-5 pm size range of for pulmonary delivery during mechanical
ventilation

Vibrating mesh devices

2 o : New delivery systems
Table 1 displays advantages and And insulin by vibrating mesh micropump Respimat softmiot et S —————
. nebulizer (Ae]’ogen) Vibrating mesh nebulizers in contact with drug to create aerosol
drawbacks of available eFlow BN\ .
nebulizers. Jet nebulizers e 022 Portable
g “Smart” nebulizers Battery or AC-powered

appear to be less efficient than
ultrasonic and vibrating mesh
nebulizers for antibiotic delivery

Silent operation
Faster than jet neb
High doses possible

AerX

Halclite/ProDose
Breath-Control nebulizers

iNeb

Akita

N Childrens
Hospital



“Open” mesh devices

Match aerosol characteristics of jet nebulizers
Faster delivery times
Generally more expensive

Aeroneb Go Omron MicroAir eFlow Rapid

Vibrating mesh devices: Challenges

Viscous drugs

May disrupt drug-carrier
complexes (eg, liposomes)

Clogging of pores
Suspensions
Drug or soap residues
Cleaning process
Many parts
Handling of mesh




1.V AARC Aerotherapyguideline X 4-5mi
Uz V f 9
Pulmonary Disease Aerosol Delivery Devices

A Guide for Physicians, Nurses, Pharmacists, and Other Healt

Care Professionals3rd Edition. Copyright © 2017 byAtherican
Association for Respiratory Care
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https://pneumonia.idtaiwanguideline.org/

eumN,

Pulmonary Disease
\ Aerosol Delivery Devices
A Guide for Physicians, Nurses, Pharmacists,
§ \ and Other Health Care Professionals
Jrd Edition
B Oropharyngeal

PMDI | VHE PMIDH | VHE v oM
Elecirostatic Monedectrostatic

*
*
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*

*
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Deposition
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"ssagmmuunnt®
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X -
n L ]
pMIDE pMIDH | spacer

Figure 2. Drug deposition with common aerosol inhaler devices. Shown by color are the
varying percentages of drug lung deposition and drug loss in the oropharynx, device, and
exhaled breath.

pMDI = pressurized metered-dose inhaler; VHC = valved holding chamber;

SVN = small-volume nebulizer; DPI = dry-powder inhaler
(Modified, with permission, from References 9 and 12)

SAVAN

Device:6070% >Exhaled 20%>lungs 10%15%




Motivation

1.Whenhigh doses otolistinare prescribed;linicians
mayreduce the dilution volumend air Is mixed
with high concentratedolistin solution in a nebulizer
to shorten the treatment time. 6

2.Colistin is likely tofoamduring the dilution
procedure and produce large quantltlesrgfatalln a
ventilator circuit and nebulizer kit. e L

s&*"‘f; D, S e

el
3.However, the increase of drug concentré“tlon and the

guantity of the drug remaining in the nebulizer at the
end of aerosol therapy have patiemtgosed to
nigher concentrationaf inhaledcolistin, which may

cause more toxicity /;2\



Materials and Methods

Coli 1myc1n InJ 2003Un1*.

Colomycin (Toyo,
Taiwan) enables
0.9% sodium
chloride to be added
to or withdrawn
from a vial with the
use of a needle.

Q1 Foaming effect 400 MIU

related crystallization
at the end of aerosol
therapy?

high concentrated colistin

Foaming effect ? Assembly with

mouthpiece and delivery
time of more than 60 mir
powered by oxygen at 8

(Experimental)

oml 3ml 5ml 6ml ?Tl% 4ml L/min. (pneumomatic jet
g IWE 'k'lE l«'lg IWE l" < M P2 | nebulizer;SVN) Gas
,;E | Ny 9 % X m powered jet nebulizers
L o (Control)

- 4 million units (133.6 mg, two vials)
of colistin powder were dissolved
in 4 mL of 0.9% sodium chloride
(recommended),

4 million units (133.6 mg, two vials)
of colistin powder were dissolved
in2,3,5,6,and 12 mL of 0.9%
sodium chloride




Result-1

The Colistin between the 5 and 12 mL diluent volumesithout foaming

effect (diluted processyeducedcrystallization at the end of aerosol therapy

Injection in 2 vial (133.6mg Dry powder foam Dry powder foam
colistin in different volume not disappear disappear
0.9% NacCl) (crystal in SVN) (crystal in SVN)

2mL Large amount medium

3mL Large amount medium

osmL Large amount small

emL Large amount small
12mL* Large amount

Injection in 2 vial (133.6mg Dry powder foam Dry powder foam
colistin in different volume not disappear disappear

0.9% NaCl) (crystal in SVN) (crystal in SVN)
AmL Large amount Small to Medium

Conclusion: thecolistin between the 5 and 12 mL diluent volumes

without foaming effectreduced crystallization at the end of aerosol therapy. It
will reduce the crystallization as the 0.9% normal saline increases to 12ml.
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Difficulte to shaking Easy to nild shaking

(process and after injection) (process and after injection) Traditional dilution

technique (easy mix air
Result-2 and foaming)

Different dilute technique
2 vial colistin (2,3,4,5,6 ancin]lgVA«le\\e[T@{eF:1gallgle Mix air
12ml 0.9% N.S.)

el IS not easy(mild shake)| not easy(mild shake)
Traditional dilution technique Easy Easy
mouthpiece SVN power by extra continued  synchronized flow by

(Ventilator with SVN) oxygen flow at SLPM ventilator provide

Treat aerosol therapy time <lhr >1hrs2hrs

Conclusion: Modified dilution technique (rotary injection) can reduce foam formation



Collmycm Inj. 2003Un1t:‘ al

Q3:Can improved modified

dilution technigue to reduce
colistin crystallization at the

end of jetnebulized aerosol

therapy ?

1.vertical injection

2.Rotary injection

(Experimental)

12ml
Il 2ml 3m| 5m| 6m| /—T—\

4 million units (133.6 mg, two vials) B
of colistin powder were dissolved |
in2,3,5, 6,and 12 mL of 0.9%
sodium chloride

Colomycin (Toyo, Taiwan) ==
enables 0.9% sodium

chloride to be added to or
withdrawn from a vial with

the use of a needle.

Assembly with
mouthpiece and delivery
time of more than 60 min,
powered by oxygen at 8
L/min. (pneumomatiget
nebulizer;SVN Gas
powered jet nebulizers

| (Control)

4 million units (133.6 mg, two vials)

of colistin powder were dissolved

in 4 mL of 0.9% sodium chloride

(recommended)



Result-3

Injection in 2
vial (133.6mg
Colistin in
different volume
0.9% NaCl)

Traditional dilution
technique (vertical
Injection)

30 min dissolve
18 min dissolve

14 min dissolve

26 min dissolve

Injection in 2 vial
(133.6mgcolistin
in different volume
0.9% NacCl)

Traditional dilution
technique (vertical
Injection)

4mL 14min dissolve

Modified dilution
technique (rotary
Injection)

15 min dissolve
10 min dissolve

8 min dissolve

8 min dissolve

Modified dilution
technique (rotary
Injection
8 min dissolve

Dry powder foam
disappear
(crystal in SVN)

medium
medium
Sukl

small

Dry powder
foam disappear
(crystal in SVN)

Small to
Medium

Conclusion: Modified dilution technique has a lower dissolution time than traditional
dilution technique. Using modified dilution technique, the dissolution time of 4ml to 6ml
Is about 8 minutes. It will increase the dissolution rate as the 0.9% normal saline incree

to 12ml.




Discussionl

1.Delivery ofhigh concentrationef antibiotics to infecteél.ing
regionsis thekey to achieving efficient nebulized antibiotic

therapy., 4dEAT 2 N I 03z U
H L

MacintyreNR, Silver RM, Miller CW, Schuler F, Coleman RE. Aerosol delivery in
intubated, mechanically ventilated patierisit Care Med.1985;13:84.

2. Q € o A EHE Q ] U Ew A

Y 1 BEA :: KW3 ® (ref.)
3. F oY Qqz ¢ N K R LW YK AYCMSy
o toyzz F1 1 wo(ef)yTuyY =H n (highly concentrated
or viscous solution) £ =~ Y K il e [ref]

O 6 D o hMJyThogmas SH, Page ClteacheDF, NunanTO. Delivery of a nebulized aerosol to a lung
model during mechanical ventilation. Effect of ventilator settings and nebulizer type, position, and v
of fill. Am Rev RespirDis. 1992;146:38(38.

Wallace SJ, Li J, Rayner CR, Coulthard K, Nation RL. Stability of colistin methanesulfonate in pharmaceut
products and solutions for administration to patients. Antimicrob Agents Chemother. 2008;5213047

Boe J, Dennis JH, OO0Driscolll BR, Bauer TT, Carone
Society guidelines by the Aerosol Therapy Group of the French Lung Society on the use of aerosol therapy throu
nebulization. Rev Mal spir. 2004;21:1083



DiSCUSﬁiOH A certain volume of solution (the dead or

residual volume) fails to be nebulized ina |, _
jet nebulizer. The residual volume, which
0.4 ranges from 1 mLto 3 mL, S
point

€ =
g —~ 20 Concentration.. £
E £ E
& g3 o 1.0 =
= @ =
3 | B 8
3 '; o
g 024 2 5
= =

< 3 10- Temperaturelos %
2

0.1+
Qutput rate
The increased solution concentration and cooling
both influence nebulizer output and particle size. |,
0- 0 T

0 5 10 15

Nebulization Time (min)
Fig. 1. Predicted nebulizer aerosol output, solution temperature,
and drug concentration in the reservoir during jet nebulization. The
data points are not derived from actual experiments with any par-
ticular jet nebulizer. (Adapted from Reference 65, with permission.)

RESPIRATORY CARE o JULY 2007 VoL 52 No 7



Discussion3

1.The previous study showed that 4 million unitgaifstin
diluted in6 mL of 0.9% sodium chloridgenerated MMADs 08

¢ mwhich issuitable for distal lung deposition

2.There is no significant difference in plasma pharmacokinetic
parameters and urinary excretioncofistin between 6 and 12

mL diluent volume, butolistin stability is superior with the

6 mL diluent volume. SVN

Device:6070% >Exhaled 20%>lungs 10%15%

Deposition

|5|m
‘

Figure 1. A simplified view of the effect GroeRSNSp
size on the site of preferential deposition in the ai rways
(From Reference 6, with permission)

Journal of Antimicrobial Chemotherapyolume 73, Issue 6, June 2018, Pages 11639
1646.




Summary

We suggest dilution of million units ofcolistin
powder in 6 mLof 0.9% sodium chloride by using a
modified dilution technigue including rotanyjeciton

and slow shakingp reduce foaming formaticand
Increase time efficiency.

In our bedside observation, many factors influence
aerosol delivery ofolistin, such asiebulizer position
In ventilator circuits and humidificatioe need
further investigations to continuously improve
nebulization techniques and practices.



Key good practices for optimal antibiotic nebulization
during mechanical ventilation

Injection skill
.. (rota
mild shaking)
)

d

7 Humigl (switch
it off or circuit)

" ther ex

bon ., Bt

Y ;\\.'I' l.l' \ \ \ \ "» w1y f
[ Iai-l',-. AL _'L..\hu". 1
PAELTORUN IO ONY M

[540em

Nebulizer position 1540 cm
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Journal of L)
i Antimicrobial
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doi10.1093/jac/dky044 Chemotherapy

Influence of diluent volume of colistimethate sodium on aerosol
characteristics and pharmacokinetics in ventilator-associated
pneumonia caused by MDR bacteria

Kevin Bihan', Noél Zahr', Marie-Héléne Becquemin?, Xiao Lu®*, Jean-Francois Bertholon?, Corinne Vezinet?,
Charlotte Arbelot?, Antoine Monsel?, Jean-Jacques Rouby?, Olivier Langeron® and Qin Lu>*

!Department of Pharmacology and CIC-1421, F-7501 3, La Pitié-Salpétriére Hospital, Assistance Publique-Hépitaux de Paris, Sorbonne
Université, Paris, France; *Explorations Fonctionnelles de la Respiration, de I’Exercice et de la Dyspnée, La Pitié-Salpétriére Hospital,
Assistance Publique-Hépitaux de Paris, Sorbonne Université, Paris, France; *Multidisciplinary Intensive Care Unit, Department of
Anesthesiology and Critical Care, La Pitié-Salpétriere Hospital, Assistance Publique-Hopitaux de Paris, Sorbonne Université, Paris,
France; “Department of Emergency Medicine, Second Affiliated Hospital, Zhejiang University, School of Medicine, Hangzhou, China

*Corresponding author. Tel: (33)-1-42-17-84-38; Fax: (33)-1-42-17-73-18; E-mail: gin.lu@aphp.fr
Received 12 October 2017; returned 4 December 2017; revised 16 January 2018; accepted 23 January 2018

Objectives: Nebulized colistimethate sodium (CMS) can be used to treat ventilator-associated pneumonia
caused by MDR bacteria. The influence of the diluent volume of CMS on aerosol delivery has never been studied.
The main objectives of the study were to compare aerosol particle characteristics and plasma and urine pharma-
cokinetics between two diluent volumes in patients treated with nebulized CMS.

Methods: A crossover study was conducted in eight patients receiving nebulized CMS every 8 h. After inclusion,
nebulization started with 4 million international units (MIU) of CMS diluted either in 6 mL (experimental dilution)
or in 12 mL (recommended dilution) of normal saline in a random order. For each diluent volume, CMS aerosol
particle sizes were measured and plasma and urine samples were collected every 2 h. Nebulization time and
stability of colistin in normal saline were assessed.

Results: The mass median aerodynamic diameters were 1.440.2 versus 0.94+0.2 uym (P <0.001) for 6 and 12 mL
diluent volumes, respectively. The plasma area under the concentration-time curve from 0 to 8h (AUCy_g) of
colistinag, g was 6.6 (4.3-17.0) versus 6.7 (3.6-14.0) ng-h/mL (P = 0.461) for each dilution. The total amount of
colistin and CMS eliminated in the urine represented, respectively, 17% and 13% of the CMS initially placed in the
nebulizer chamber for 6 and 12 mL diluent volumes (P = 0.4). Nebulization time was shorter [66 (58-75) versus
93 (69-136) min, P = 0.042] and colistin stability was better with the 6 mL diluent volume.

Conclusions: Nebulization with a higher concentration of CMS in saline (4 MIU in 6 mL) decreases nebulization
time and improves colistin stability without changing plasma and urine pharmacokinetics or aerosol particle
characteristics for lung deposition.
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Circuit humidification and filter
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Nebulizer position
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A higher peak inspiratc
than peak expiratory fl
Expiration Bias-Flow 9ENETates a flow bias t

»  lungs, and the inverse

the mouth
5cm nebulizer
-
- S
-
O — L
— > < Expiration Bias-Flow o emm
+— — P s
© € LAt *"‘—*q- ‘ C
kL - Q
15-40 cm >
£— < | — Inspiratory flow
AN nspiration =
T A “¥f.~~‘~*¢- —‘«

Fig. 1 Influence of the nebulizer position on aerosol losses during expiration. Nebulizer positioning upstream in the inspiratory limb enables the
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Monitoring

A Bronchospasm and obstruction of expiratory filters are
first detected as an increase in the peak airway pressure.

A These complications emphasize the need for close
monitoring of the peak airway pressure and oxygenation
during nebulization.

A Systemic absorption of antibiotics may be substantial in
patients with renal failure, and drug monitoring is
recommended when aminoglycosides are used.

A Desaturation and hypoxemia have been reported in
patients receiving frequent repeated nebulization.



A Jet Nebulizers Nebulizer Output. Jet nebulizer output is
affected by the fill volume, airflow and pressure
operating the nebulizer continuous or intermittent
nebulization placement of the nebulizer in the ventilator
circuit, solution properties duration of treatment and
use of a spacer.

A A certain volume of solution (the dead or residual
volume? fails to be nebulized In a jet nebulizer. The
residual volume, which ranges from 1 mL to 3 mL, can
be reduced by using a nebulizer that has a conical
shape, by improving the wetness of the plastic
surfaces, and by reducing the internal surface area of
the nebulizer. During operation of a jet nebulizer, the
solution concentration increases and its temperature
decreases secondary to evaporative losses (Fig. 1).

A The increased solution concentration and cooling both
Influence nebulizer output and particle size.

RESPIRATORY CARE o JULY 2007 VoL 52 No 7



1969 - 2&9

Specific nebulization-related side
effects need to be considered.
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