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Adjunctive nebulized antibiotic 
therapy as a treatment of last resort 
is also recommended 



Looking forward



Colistin也可以稱它為polymyxin E，機轉作用在葛蘭氏陰性桿菌之細胞膜上，
破壞其細胞膜屏障而達到殺菌的效果；曾經因其不良反應而封塵一陣子，因多重
抗藥菌的肆虐而重出江湖。

Looking back past 50
years
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Aerosol therapy



But in clinical finding…Crystallization at end of the 

End of Jet-Nebulized Aerosol Therapy

Neonate ventilator circuit(expiratory valve) 

without filter protect



Nebulized antibiotics in mechanically

ventilated and Non-ventilator support patients

A challenge for respiratory therapist  

from technology to clinical care

Therefore, we want to find easy and reproducible dilution 

techniques with nebulization to reduce crystallization.  

If Jet Nebulizer must be used multiple dose of colistin may 

compensate for poor delivery performance..? 

With a high concentration consisting of 2 vials.



Nebulizer design

Table 1 displays advantages and 
drawbacks of available
nebulizers. Jet nebulizers 
appear to be less efficient than
ultrasonic and vibrating mesh 
nebulizers for antibiotic delivery

> >





1.依照AARC Aerotherapy guideline僅有4-5ml吸入稀釋劑量，並
無提及抗生素乾粉吸入
Pulmonary Disease Aerosol Delivery Devices

A Guide for Physicians, Nurses, Pharmacists, and Other Health 
Care Professionals3rd Edition. Copyright © 2017 by the American 
Association for Respiratory Care

3.儘管霧化本身會產生某種形式的加溼，霧化時要小心持續超
過1小時，以免損壞纖毛上皮和氣管內管阻塞“若分2次吸藥
，會造成吸藥時間超過１小時，且人員負擔增加，病人可能
不耐煩而自行取下。

4.吸入性藥物會受到黏稠度(viscosity) 、
表面張力(surface tension)及均質性
(homogeneity)的影響

2.2018台灣肺炎診治指引
第三章：院內型肺炎
“每次劑量以5ML稀釋”

https://pneumonia.idtaiwanguideline.org/


SVN

Device:60-70% >Exhaled 20%>lungs 10%-15%



Motivation

1.When high doses of colistin are prescribed, clinicians
may reduce the dilution volume, and air is mixed 
with high concentrated colistin solution in a nebulizer 
to shorten the treatment time. 

2.Colistin is likely to foam during the dilution 
procedure and produce large quantities of crystal in a 
ventilator circuit and nebulizer kit. 

3.However, the increase of drug concentration and the 
quantity of the drug remaining in the nebulizer at the 
end of aerosol therapy have patients exposed to 
higher concentrations of inhaled colistin, which may 
cause more toxicity.



Colomycin (Toyo, 

Taiwan) enables 

0.9% sodium 

chloride to be added 

to or withdrawn 

from a vial with the 

use of a needle.

4 million units (133.6 mg, two vials)

of colistin powder were dissolved

in 2, 3, 5, 6, and 12 mL  of 0.9% 

sodium chloride

4 million units (133.6 mg, two vials)

of colistin powder were dissolved

in 4 mL of 0.9% sodium chloride

(recommended),

Assembly with 

mouthpiece and delivery 

time of more than 60 min, 

powered by oxygen at 8 

L/min. (pneumomatic jet 

nebulizer;SVN) Gas-

powered jet nebulizers

Foaming  effect ?

Materials and Methods

2ml 3ml 5ml 6ml
12ml

4ml

(Experimental)

(Control)

Q1： Foaming  effect

related  crystallization 

at the end of aerosol 

therapy?

high concentrated colistin

400 MIU



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

Dry powder foam 
not disappear 

(crystal in SVN)

Dry powder foam 
disappear

(crystal in SVN)

2mL Large amount  medium

3mL Large amount  medium

5mL Large amount  small

6mL Large amount  small

12mL* Large amount  rare to small

The Colistin between the 5 and 12 mL diluent volumes without foaming  

effect (diluted process) reduced crystallization at the end of  aerosol therapy

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

Dry powder foam 
not disappear 

(crystal in SVN)

Dry powder foam 
disappear

(crystal in SVN)

4mL Large amount Small to Medium

Result-1

Conclusion: the colistin between the 5 and 12 mL diluent volumes

without foaming effect reduced  crystallization at the end of aerosol therapy. It 

will reduce the crystallization as the 0.9% normal saline increases to 12ml.



small Medium Large



Q2:Different dilute technique ( Injection skill ) affect foaming?

Different dilute technique

2 vial colistin (2,3,4,5,6 and 

12ml 0.9% N.S.)

Dry powder foaming Mix air

Modified dilution technique 
(rotary injection) not easy(mild shake) not easy(mild shake)

Traditional dilution technique Easy Easy

Result-2

Easy to mild shaking

(process and after injection) 

Difficulte to shaking

(process and after injection)

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

mouth-piece SVN 

(Ventilator with SVN) 

power by extra continued 

oxygen flow at 8LPM

synchronized flow by 

ventilator provide

Treat aerosol therapy time <1hr >1hrs-2hrs

1 2

Traditional dilution 

technique (easy mix air 

and foaming)



Colomycin (Toyo, Taiwan) 

enables 0.9% sodium 

chloride to be added to or 

withdrawn from a vial with 

the use of a needle.

4 million units (133.6 mg, two vials)

of colistin powder were dissolved

in 2, 3, 5, 6, and 12 mL  of 0.9% 

sodium chloride

4 million units (133.6 mg, two vials)

of colistin powder were dissolved

in 4 mL of 0.9% sodium chloride

(recommended)

2ml 3ml 5ml 6ml
12ml

4ml

(Experimental)

(Control)

Q3:Can improved modified 

dilution technique to reduce 

colistin crystallization at the 

end of jet-nebulized aerosol 

therapy ?

1.vertical injection

2.Rotary injection

Assembly with 

mouthpiece and delivery 

time of more than 60 min, 

powered by oxygen at 8 

L/min. (pneumomatic jet 

nebulizer;SVN) Gas-

powered jet nebulizers



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

Traditional dilution 
technique (vertical 

injection)

Modified dilution 
technique (rotary 

injection)

Dry powder foam 
disappear

(crystal in SVN)

2mL 30 min dissolve 15 min dissolve medium

3mL 18 min dissolve 10 min dissolve medium

5mL 14 min  dissolve 8 min dissolve small

6mL 26 min dissolve 8 min dissolve small

12mL* 28 min dissolve 5 min dissolve rare to small

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

Traditional dilution 
technique (vertical 

injection)

Modified dilution 
technique (rotary 

injection

Dry powder 
foam disappear
(crystal in SVN)

4mL 14min dissolve 8 min dissolve Small to 
Medium

Result-3

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 increases 

to 12ml.



1.Delivery of high concentrations of antibiotics to infected lung 
regions is the key to achieving efficient nebulized antibiotic 
therapy. 向感染的肺區域輸送高濃度抗生素是實現高效霧化抗生素

治療關鍵。

MacIntyre NR, Silver RM, Miller CW, Schuler F, Coleman RE. Aerosol delivery in 

intubated, mechanically ventilated patients. Crit Care Med.1985;13:81–4.

Discussion-1

2.藥物稀釋和霧化器填充量的影響顆粒大小和藥物輸送。對於給固定的劑
量，用稀釋溶液更大的填充量可以克服剩餘體積問題(ref.)

3.稀釋會增加霧化，結果是抗生素穩定性問題可能會出現。例如，可溶的（CMS）
不穩定且其抗菌功效隨時間減少(ref.)相反，高濃度或粘性溶液(highly concentrated 

or viscous solution)會增加粒徑，可能減少肺部沉積[ref] 

O’Doherty MJ, Thomas SH, Page CJ, Treacher DF, Nunan TO. Delivery of a nebulized aerosol to a lung 
model during mechanical ventilation. Effect of ventilator settings and nebulizer type, position, and volume 
of fill. Am Rev Respir Dis. 1992;146:383–8.

Wallace SJ, Li J, Rayner CR, Coulthard K, Nation RL. Stability of colistin methanesulfonate in pharmaceutical 
products and solutions for administration to patients. Antimicrob Agents Chemother. 2008;52:3047–51

Boe J, Dennis JH, O’Driscoll BR, Bauer TT, Carone M, Dautzenberg B, et al. Adaptations of the European Respiratory 
Society  guidelines by the Aerosol Therapy Group of the French Lung Society on the use of aerosol therapy through 
nebulization. Rev Mal  spir. 2004;21:1033–8.



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

Discussion-2 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,



1.The previous study showed that 4 million units of colistin

diluted in 6 mL of 0.9% sodium chloride generated MMADs of 3

μm, which is suitable for distal lung deposition.

2.There is no significant difference in plasma pharmacokinetic 

parameters and urinary excretion of colistin between 6 and 12 

mL diluent volume, but colistin stability is superior with the

6 mL diluent volume.

Journal of Antimicrobial Chemotherapy, Volume 73, Issue 6, June 2018, Pages 1639–
1646.

Discussion-3

SVN

Device:60-70% >Exhaled 20%>lungs 10%-15%



Summary

In our bedside observation, many factors influence 

aerosol delivery of colistin, such as nebulizer position 

in ventilator circuits and humidification. We need 

further investigations to continuously improve 

nebulization techniques and practices.

We suggest dilution of 4 million units of colistin

powder in 6 mL of 0.9% sodium  chloride by using a 

modified dilution technique including rotary injeciton

and slow shaking to reduce foaming formation and 

increase time efficiency.



Injection skill  

(rotary and 

mild shaking)

Ventilator setting (long 

Ti and low RR)

Humidification (switch

it off or use dry circuit)

Nebulizer position 15-40 cm

Jet nebulizer   

Organization

Staff training

New filter between 

ther expiratory limb

In 6 ml 

0.9% NaCl

Key good practices for optimal antibiotic nebulization 

during mechanical ventilation
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Ventilator settings
從理論上講，需要層流低的吸氣流量 促進遠端肺部
氣溶膠沉積[25]。
增強霧化功效的環境包括低呼吸頻率，低吸氣流量
和增加 吸氣時間

容量控制的呼吸器模式搭配持續低吸氣流量可提高
療效與壓力控制通風相比（高尖峰流量，然後減
速）[17，27]。

呼吸機完全同步 減少渦流並提高功效。
清醒患者的特定呼吸器設置可能很差，霧化期間的
鎮靜應在case by case 。

由於以上的限制因素，限制用於大規模霧化抗生素
治療臨床試驗的可行性



加濕的氣體增加了氣霧顆粒的尺寸通過吸濕吸水
。減少效率已證明在加熱和與乾式呼吸器迴路相
比[21，22}。

加熱濕交換器是一個完整的氣霧傳遞的障礙，應
在操作過程中將其清除，從而中斷了被動加濕。

使用有加熱加濕器時，請切換在霧化期間將其關
閉可能是一種選擇。

儘管霧化本身會產生某種形式的加溼，霧化時要
小心持續超過1小時，以免損壞纖毛上皮和氣管
內管阻塞[24]。

Circuit humidification and filter



Nebulizer position
吸藥過程噴射及吐氣在均連續運行並且應在位於Y形
管上15–40 cm進氣端放置噴霧器[11，17]。
該與Y型管的最佳距離取決於偏流和管路部分。確

實，偏流沖洗了氣霧 在呼氣期間進入吐氣端， 氣
霧損失（圖1）[11，18]。
在呼吸器給予的同步呼吸霧化時，僅在吸氣期間發
生，會減少了呼氣時的氣霧損失，所以具有優勢。
此外，與驅動相比，呼吸驅動的噴射霧化器可控制
潮氣; 呼吸器外部的氣體，這是一種做法 應該避免
[19]。
但是，呼吸 同步以增加治療為代價 持續時間[20]，
並與連續進行直接比較 在最佳條件下進行霧化需要
進一步研究。



A higher peak inspiratory flow (PIF) 
than peak expiratory flow (PEF) 
generates a flow bias toward the 
lungs, and the inverse (ie, PIF< 
PEF)  generates a flow bias toward  
the mouth 



顆粒大小Particle size

最佳質量中值空氣動力學直徑 The 
optimal mass median aerodynamic 
diameter that allows for distal lung 
deposition ranges from 0.5 to 3 μm

允許遠端肺沉積範圍從0.5到3μm [10]。
大於5μm的顆粒明顯 沉積在呼吸器管路
和大呼吸道中。



Monitoring

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

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

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

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



• 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 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). 

• The increased solution concentration and cooling both 
influence nebulizer output and particle size.



Feel

“Claustrophobic“

as long time :Fighting Crystallization

Specific nebulization-related side 

effects need to be considered.









• Practical constraints to optimizing nebulized antibiotic 
delivery during mechanical ventilation 在機械通氣期間優化霧化

抗生素輸送的實際限制

• Delivery of high concentrations of antibiotics to infected lung 
regions is the key to achieving efficient nebulized antibiotic 
therapy. 向感染的肺區域輸送高濃度抗生素是實現高效霧化抗生素治療
關鍵。

• The antibiotic dose placed in the nebulizer should take into account the significant 
extrapulmonary drug deposition (i.e., the residual antibiotic volume remaining in 
the nebulizer chamber, ventilator circuit and endotracheal tube deposition, and 
exhaled particles).Poor implementation may result in extrapulmonary deposition 
as high as 97% . 放置在霧化器中的抗生素劑量應考慮到大量的肺外藥物沉積（即
霧化器，呼吸器迴路和氣管內導管沉積以及呼出的顆粒中殘留的抗生素殘留量）。
實施不當可能導致高達97％的肺外沉積。

• Key practical factors need to be taken into account to 
optimize delivery.需要考慮關鍵的實際因素來適當運送氣霧

MacIntyre NR, Silver RM, Miller CW, Schuler F, Coleman RE. Aerosol delivery in intubated, 
mechanically ventilated patients. Crit Care Med.1985;13:81–4.








