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Intravenous administration for pneumonia

• Insufficient parenchymal lung tissue penetration

• Bronchial secretions :insufficient drug concentration at the target site 

→ Aerosolized therapy to bypass the alveolar-capillary barrier



Is Inhaled Antibiotics Therapy Effective To Treat 
HAP/VAP Patients with resistant pathogens?

P: Patients with HAP/VAP due to resistant pathogens

I:  Systemic therapy 

C: Inhaled therapy or systemic plus inhaled combination therapy

O: Clinical outcomes (mortality, treatment failure, resolution, hospital LOS), adverse 
drug effects (systemic toxicity as nephrotoxicity)



Drug for inhalation therapy

• Aminoglycosides
• Amikacin

• Tobramycin

• Gentamycin

• Colistin



Method

1) Adjunctive therapy

: Nebulized colistin or aminoglycoside administered to patients already 
receiving IV colistin or aminoglycosides

2) Substitution therapy 

: Nebulized colistin or aminoglycoside administered to patients already 
not receiving IV colistin or aminoglycosides, but only standard first-line 
IV antibiotics 



Aminoglycosides 



Chest (1972) 62 (2) 117-120



Antimicrob agents and chemo (1990) 269-272



Surgical infections (2007) 8:1:73-81

Positive culture for P.aeruginosa or A. baumannii spp. (5/5)



Treatment success

Favor aerosolized + systemic Favor systemic alone



Colistin

• High molecular weight

• Hydrophobicity

• Cationic nature of decapeptide

→ Low tissue penetration during 
IV administration

Not detected in BAL

Chest (2010) 138:1333-1339



High concentration in lung tissue or epithelial lining fluid on 
aerosolized colistin therapy

Intensive Care Med (2020) 36:1147-1155



Intensive Care Med (2012) 38:1779-1786

1, 4, 8hr (BAL)

0.16, 0.5, 1, 2, 4, 8hr 
(Serum)



Intensive Care Med (2012) 38:1779-1786



Anesthesiology 117:1364-1380



Intensive Care Med (2020) 766-770
Anesthesiology 117:1364-1380



BMC Infectious Disease (2011) 11:317

Clinical response : inhalation / parenteral/combination
100%(6/6) vs 40%(2/5) (p=0.06) vs 78% (7/9) (p=0.27)

Mortality: 
0/6 (inhalation) vs 5/5 (parenteral) 3/9  (combination)





Adjunctive therapy

Gram-negative VAP

RCT, 100 adults

J Antimicrob Chemother (2010) 65:2645-2649



Studies for Inhalation therapy for VAP by resistant pathogens

• RCT
• Palmer (2008) (mixed susceptibility) : aerosolized amikacin, gentamycin or vancomycin

• Palmer and Smaldone (2014) (mixed susceptibility, high risk of MDRO) : same as above

• Niederman (2012) (resistant pathogens) : aerosolized amikacin (Adjunctive)

• Hallal (2007) (not mentioned susceptibility): aerosolized tobramycin (Substitution)

• Rattanaumpawan (2010) (not mentioned susceptibility): aerosolized colistin (Adjunctive)

• Non-RCT
• Ghannam (2009)(resistant pathogens): aerosolized aminoglycosides or colistin(Substitution)

• Kofteridis (2010)(resistant pathogens): aerosolized colistin (Adjunctive)

• Doshi (2013)(resistant pathogens): aerosolized colistin (Adjunctive)

• Tumbarello (2013)(resistant pathogens): aerosolized colistin (Adjunctive)



Anesthesiology (2017) 126:890-908

Nebulized colistin or aminoglycoside
Patients with VAP, VAT 

Adjunctive, Substitution



Mortality for VAP by resistant pathogens (adjunctive 
therapy)

Anesthesiology (2017) 126:890-908

No all-cause mortality benefit in 
adjunctive therapy



Anesthesiology (2017) 126:890-908

Clinical resolution for VAT by resistant pathogens 
(adjunctive therapy)

Favorable clinical resolution 

Clinical resolution (after 8 days)

1) Removal of vital support (ventilation, vasopressor)
2) Improvement of daily organ failure score

• Improvement of P/F ratio
• Inflammatory parameters decrease (CRP, PCT)



MV duration for VAP by resistant pathogens 
(adjunctive therapy)

Anesthesiology (2017) 126:890-908



Nephrotoxicity for VAP (Adjunctive administration)

Anesthesiology (2017) 126:890-908



Nephrotoxicity for VAP (Substitution administration)

Anesthesiology (2017) 126:890-908



IV colistin VS IV colistin + Aerosolized colistin

Crit Care Med (2015) 43:527-533

Overall mortality (odds ratio, 0.74; 95% CI, 0.54-1.01; p = 0.06; I2 = 25%) 



Microbiological eradication (odds ratio, 1.61; 95% CI, 1.11-2.35; p = 0.01; I2 = 0%)
Infection-related mortality (odds ratio, 0.58; 95% CI, 0.34-0.96; p = 0.04; I2 = 46%)
Nephrotoxicity (odds ratio, 1.18; 95% CI, 0.76-1.83; p = 0.45; I2 = 0%).

Crit Care Med (2015) 43:527-533

Clinical response (odds ratio, 1.57; 95% CI, 1.14-2.15; p = 0.006)



ATS/IDSA guideline (2016)

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

• 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 antibiotics, rather than systemic antibiotics alone (weak 
recommendation, 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 antibiotic 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 multidrug resistant.



French guideline for HAP (2018)

We suggest administering nebulised colimycin (sodium colistimethate)
and/or aminoglycosides in documented HAP due multidrug-resistant
Gram-negative bacilli documented pneumonia established as sensitive
to colimycin and/or aminoglycoside, when no other antibiotics can be
used (based on the results of susceptibility testing).

(Grade 2+, Strong agreement)



Resp Care (2021)



Respiratory complications due to nebulized antibiotics

Cardiorespiratory complication
1) Hypoxemia
2) Cough
3) Bronchoconstriction
4) Lung injury or ARDS
5) Problem with nebulization system 

(obstruction of the expiratory filter)
6) Arrhythmias
7) Cardiopulmonary arrest 



ESCMID position paper for VAP (2017)

VAP d/t resistant pathogens

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.
(Weak recommendation, very low quality of evidence)

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.
(Weak recommendation, very low quality of evidence)



Recommended direction for further study        
: substitution therapy than adjunctive



Studies for Inhalation therapy for VAP by resistant pathogens

• RCT
• Niederman (2012) (resistant pathogens) : aerosolized amikacin (Adjunctive)

• Palmer (2008) (mixed susceptibility) : aerosolized amikacin, gentamycin or vancomycin

• Palmer and Smaldone (2014) (mixed susceptibility, high risk of MDRO) : same as above

• Hallal (2007) (not mentioned susceptibility): aerosolized tobramycin (Substitution)

• Rattanaumpawan (2010) (not mentioned susceptibility): aerosolized colistin (Adjunctive)

• Abdellatif (2016)(mixed susceptibility): aerosolized colistin (Substitution)

• Kollef (2017) (mixed): aerosolized amikacin fosfomycin inhalation system (Adjunctive)

• Niederman (2020) (mixed): aerosolized amikacin (Adjunctive)

• Non-RCT
• Ghannam (2009)(resistant pathogens): aerosolized aminoglycosides or colistin(Substitution)

• Kofteridis (2010)(resistant pathogens): aerosolized colistin (Adjunctive)

• Doshi (2013)(resistant pathogens): aerosolized colistin (Adjunctive)

• Tumbarello (2013)(resistant pathogens): aerosolized colistin (Adjunctive)



Annals of Intensive Care (2016) 6:26



Substitution 
therapy

Aerosolized
colistin

IV colistin

meropenem

Aerosolized colistin
monotherapy

Aerosolized colistin
in combination

IV colistin
monotherapy

IV colistin
in combination

RCT, 149 adults

Annals of Intensive Care (2016) 6:26



Annals of Intensive Care (2016) 6:26



Time to bacterial eradication

Annals of Intensive Care (2016) 6:26

Ventilator days in ICU survivors



Annals of Intensive Care (2016) 6:26



Lancet Resp Medicine (2020) 20:330-340



Crit Care (2018) 22:301



Crit Care (2018) 22:301







Optimisation of nebulization to maximized antibiotic 
lung deposition 

• Limiting inspiratory flow velocity 
: Reducing inertial impaction in the airways and optimizing lung deposition

• Volume-controlled mode than pressure-support mode

• Mesh-nebulizer (10-15cm before the Y piece on the inspiratory limb) 

: than zet nebulizer (smaller) for antibiotic delivery

• Removal of heat and moisture exchanger/heated humidifier 
: Avoiding hygroscopic growth of the aerosolized particles and a rainout effect 
in the circuit 

JJ Rouby et al. Intensive Care Med (2020) 46:766-770



Summary 

• Adjunctive (aerosolized + IV) therapy  vs IV therapy alone

• No mortality benefit

• Higher clinical resolution (MDR pathogens)

• No difference in safety (nephrotoxicity)

• Aerosolized therapy 

• Efficacy : not inferior to IV therapy 

• Safety : lower systemic toxicity (nephrotoxicity)



Conclusion (Recommendation)

In patients with MDR HAP/VAP patients (MDR GNB), we suggest

administering inhalation therapy (aerosolized colistin and/or

aminoglycosides) if susceptible for colistin or aminoglycosides,

when no other antibiotics can be used.



Thank you for your attentions


