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Introduc)on	
  

•  Inhaled therapy has been employed for years in ambulatory patients 
with respiratory disorders 

•  Inhaled drug therapy is also employed in ventilated patient in ICU 
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What	
  are	
  the	
  advantages	
  of	
  inhaled	
  therapy?	
  

• Direct delivery of drug to site of action 
• Rapid onset of action 
• Lower dose (than systemic administration) to produce desired 

effects 
• Minimizes systemic adverse effects 



5 

Journal	
  of	
  aerosol	
  medicine	
  and	
  pulmonary	
  drug…	
  2012




6 

Delivery	
  methods	
  

• Nebulizer 
• Metered dose inhaler (MDI) 
• Dry powder inhaler 






Factors	
  influencing	
  aerosol	
  delivery	
  in	
  mechanical	
  
ven)la)on	
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Factors	
  influencing	
  aerosol	
  delivery	
  

• Ventilator/ Circuit-related 
•  Ventilator setting 
•  Characteristics of the ventilator circuit and endotracheal tube 
•  Humidity of the inspired air 

• Drug/ Device-related 
•  Physical and chemical properties of the medications 
•  Characteristics of aerosol-generating device 
•  Position of the aerosol-generating device in the circuit 

• Patient-related 
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Ven)lator-­‐related	
  

• Tidal volume  
• Ventilation mode 
• Respiratory rate 
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Circuit-­‐related	
  

• Compare the delivery of aerosolized radiotracer to lower respiratory 
tracts 

• Non-intubated subjects 
•  11.9% 

•  Intubated subjects 
•  2.9% 

• The radiotracer was deposited on 
•  Endotracheal tube (ETT) 
•  Ventilator circuit 

Aerosol	
  delivery	
  in	
  intubated,	
  mechanically	
  ven=lated	
  pa=ents	
  

CCM	
  1985;	
  13(2):81-­‐84	
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Circuit-­‐related	
  

• Endotracheal tube size 
-  Smaller the size of ETT, greater the particle impaction (esp in pediatric ETT) 
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Circuit-­‐related	
  

• Heating and Humidity of inhaled gas 
•  Greater aerosol deposition in the ventilator circuit and ETT with heated and 

humidified gas 
•  Both diminishes pulmonary deposition of aerosols ~40% 
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Circuit-­‐related	
  

• Effect of humidity on aerosol delivery 

Inhalaed	
  bronchodilator	
  therapy	
  in	
  mechanically	
  ven=lated	
  pa=ents	
  
Am	
  J	
  Respir	
  Crit	
  Care	
  Med	
  1997;	
  156:	
  3-­‐10	
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Circuit-­‐related	
  

• Under humidified condition 



Fink	
  JB,	
  Dhand	
  R,	
  Grychowski	
  J,	
  Fahey	
  PJ,	
  Tobin	
  MJ.	
  	
  
Reconciling	
  in	
  vitro	
  and	
  in	
  vivo	
  measurements	
  of	
  aerosol	
  delivery	
  from	
  a	
  metered-­‐	
  dose	
  inhaler	
  during	
  mechanical	
  ven=la=on	
  and	
  defining	
  efficiency	
  

enhancing	
  factors.	
  	
  
Am	
  J	
  Respir	
  Crit	
  Care	
  Med	
  1999;159(1):	
  63–68.	
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Circuit-­‐related	
  

• Under dry condition 



Fink	
  JB,	
  Dhand	
  R,	
  Grychowski	
  J,	
  Fahey	
  PJ,	
  Tobin	
  MJ.	
  	
  
Reconciling	
  in	
  vitro	
  and	
  in	
  vivo	
  measurements	
  of	
  aerosol	
  delivery	
  from	
  a	
  metered-­‐	
  dose	
  inhaler	
  during	
  mechanical	
  ven=la=on	
  and	
  defining	
  efficiency	
  

enhancing	
  factors.	
  Am	
  J	
  Respir	
  Crit	
  Care	
  Med	
  1999;159(1):	
  63–68.	
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Device-­‐related:	
  MDI	
  

•    Pressurized canister 

Metering valve 
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• After volatilization of the propellant, the final volume emitted from the 
MDI is 15 to 20 ml per dose  

•  It can be actuated as frequent as every 15 seconds  

Device-­‐related:	
  MDI	
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Device-­‐related:	
  MDI	
  

• Commercially available MDIs are designed for ambulatory patients 

•  In a ventilator circuit, the canister must be removed from the actuator  
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Device-­‐related:	
  MDI	
  

• MDI generate aerosol with mass median aero-dynamic diameter of 
1-5µm 

• Larger aerosol particles 
•  More likely to be trapped in the ventilator circuit and ETT 

• Aerosols with mass median aerodynamic diameter <2 µm are more 
efficient during MV 
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Device-­‐related:	
  MDI	
  

• MDI 
•  Type of spacer or adapter 
•  Position of spacer in circuit 
•  Timing of MDI actuation 
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Device-­‐related:	
  Nebulizer	
  

• Nebulizer 
•  Jet, vibrating mesh and ultrasonic nebulizers 
•  Connected in the inspiratory limb of the ventilator circuit or at the patient Y-piece 
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Device-­‐related:	
  Nebulizer	
  

• Nebulizer 
•  Type of nebulizer 
•  Fill volume 
•  Gas flow 
•  Duration of nebulization 
•  Position in the circuit 
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Drug-­‐related	
  

• Dose 
• Formulation 
• Duration of action 
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Pa)ent-­‐related	
  

• Severity of airway obstruction 
• Presence of dynamic hyperinflation 
• Patient-ventilator synchrony 



Choice	
  of	
  aerosol-­‐genera)ng	
  devices	
  in	
  
mechanical	
  ven)la)on	
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MDI	
  vs	
  Nebulizer	
  

• Both MDI and nebulizers are used to deliver inhaled therapies to 
mechanically ventilated patients 

• Traditionally, nebulizers were employed for inhalation therapy during 
MV 

• However, more centers have switched to MDIs for routine 
bronchodilator therapy 
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MDI	
  vs	
  Nebulizer	
  	
  

• Many studies suggested that MDI with spacer is a reliable route in 
delivering bronchodilator 

In	
  vitro	
  evalua=on	
  of	
  aerosol	
  bronchodilator	
  delivery	
  during	
  mechanical	
  ven=la=on:	
  PC	
  vs	
  VC	
  ven=la=on	
  
Intensive	
  Care	
  Med	
  2003;	
  29:1145	
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Problems	
  about	
  nebulizers	
  

1.  Contamination and VAP 
•  Use of aerosol was one of the independent factor associated with VAP 
•  Need to be cleaned and disinfected to minimize the risk 

Pa=ent	
  transport	
  from	
  intensive	
  care	
  increases	
  the	
  risk	
  of	
  developing	
  ven=lator-­‐associated	
  pneumonia	
  	
  
Koller	
  et	
  al,	
  Chest	
  1997:	
  112;	
  765	
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Problems	
  about	
  nebulizers	
  

2.  Difficulty triggering 
•  In patient on PS mode, airway pressure must be generated before the 

ventilator deliver a breath 

•  A continuous-flow nebulizer between the patient and the sensor in the 
ventilator makes it more difficult for the patient to generate the pressure 

•  May lead to under-ventilation of the patients 

Con=nuous	
  in-­‐line	
  nebulizers	
  complicate	
  pressure	
  support	
  ven=la=on	
  	
  
Beaty	
  et	
  al,	
  Chest	
  1989;	
  96:	
  1360	
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Problems	
  about	
  nebulizers	
  

3.  Damage to expiratory transducer 
•  In some ventilator brand only 
 

4.  Variable rate and particle size (depends on the brand) 

5.  Operational efficiency of nebulizer changes with the pressure of the 
driving gas and with different fill volumes 
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Problems	
  about	
  nebulizers	
  

6.  FiO2 change 

7.  Increase tidal volume and/ or airway pressure 

8.  Cost 
•  Time consuming (prepare the drug, disinfection…) 
•  Purchasing the aerosol generating device 
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Advantages	
  of	
  MDIs	
  

• Decreased cost 
• Reliability of dosing 
• Ease of administration 

•  Less personnel time 
• Freedom from contamination 

•  The ventilator circuit need not be disconnected 
•  Reduce VAP 



More	
  about	
  MDIs	
  in	
  mechanical	
  ven)lated	
  
pa)ents	
  

Use of spacer 
Timing of actuation 
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MDI-­‐Spacer	
  

• Allow MDI aerosol to have an opportunity to slow down 
• Propellant evaporation in the expanding flume decreases the size of the 

aerosol particles 
•  The aerosol emerging from the distal end of the ETT has a mass median 

aerodynamic diameter of ~ 2µm 
•  Decrease the drug loss 



35 

MDI-­‐Spacer	
  

• Use of spacer significant improved aerosol delivery  
• With the use of spacer 

•  Increase 4-6 fold aerosol drug delivery  

Efficiency	
  of	
  bronchodilator	
  aerosol	
  delivery	
  to	
  the	
  
lungs	
  from	
  the	
  metered	
  dose	
  inhaler	
  in	
  
mechanically	
  ven=lated	
  pa=ents:	
  a	
  study	
  comparing	
  
four	
  different	
  actuator	
  devices.	
  Chest	
  	
  1994;	
  105:	
  
214-­‐218	
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MDI-­‐Spacer	
  

•  In general 
•  An MDI with chamber spacer connected to the circuit at ~ 15cm from the ETT 
•    
•  It provides efficient aerosol delivery to MV patients  

Dose-­‐response	
  to	
  bronchodilator	
  delivered	
  by	
  metered-­‐dose	
  inhaler	
  in	
  ven=lator-­‐supported	
  pa=ents	
  	
  
R	
  Dhand	
  et	
  al,	
  AJRCCM	
  1996;	
  154:	
  388	
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Synchronize	
  with	
  inspiratory	
  airflow	
  

• The actuation of an MDI must be precisely synchronized with the 
onset of inspiratory airflow from the ventilator 

• Failure to synchronize actuations with inspiration resulted in 
significant reduction in inhaled mass (35% vs 72%) 

Albuterol	
  delivery	
  in	
  a	
  model	
  of	
  mechanical	
  ven=la=on.	
  Comparison	
  of	
  metered-­‐dose	
  inhaler	
  and	
  nebulizer	
  efficiency	
  	
  
AJRCCM	
  1995;	
  152:	
  1391	
  



Op)ons	
  of	
  inhaled	
  drug	
  delivery	
  during	
  NIPPV	
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• Remove patient from ventilator and administer drug by nebulizer or MDI 
• Administer nebulizer therapy inline with NIPPV 
• Administer MDI therapy inline with NIPPV 



Inhala)on	
  therapy	
  in	
  ICU	
  

Bronchodilator 
Antibiotic 
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Bronchodilators	
  

• Common indications 
•  Asthma 
•  COPD 
•  Acute bronchospasm or wheezing 
•  Difficulty in weaning  
•  Elevated airway resistance 

• Common bronchodilators 
•  B2 agonist 
•  Anti-cholinergic bronchodilators 
•  Combination of both 
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Bronchodilator	
  dosing	
  

• Based on the finding that aerosol deposition is lower in MV patients 
than in non-intubated patients 

•  higher dose of BD were recommended 

What	
  is	
  the	
  precise	
  dosing	
  
regimen?	
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Bronchodilator	
  dosing	
  

•  In general, significant BD effects occur after administration of  
•  4 puffs albuterol with a MDI+spacer 
•  2.5mg of albuterol with a standard nebulizer 
•  Potential side effects were increased if administrated higher doses 
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Bronchodilator:Dura)on	
  of	
  effect	
  

• Duration of action (e.g. Ventolin) 
•  Ambulatory patients: 4-6hrs 
•  Mechanical ventilated: 2-4hrs vs 4-6hrs  

• Ventilated patients need more frequent administration of BD (short-
acting) 

•  E.g. every 3-4 hrs 
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Bronchodilators:	
  Use	
  of	
  heliox	
  

• Heliox: Helium-oxygen mixtures  
• Lower density 

•  Facilitate ventilation in MV patients with asthma due to a reduction in airway 
resistance 

•  Improve drug delivery  from a MDI 

Drug	
  delivery	
  from	
  a	
  MDI	
  was	
  50%	
  higher	
  with	
  a	
  helium-­‐oxygen	
  
80/20	
  mixture	
  than	
  the	
  oxygen	
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Inhaled	
  an)bio)cs	
  

•  Inhalation of aerosolized antibiotics 
•  Allow direct delivery of antibiotics to the lung 
•  Inhaled tobramycin is now routinely employed in patients in cystic fibrosis 

• However… 
•  The efficacy of inhaled antibiotic therapy in MV patients is less well defined and 

controverial 
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Inhaled	
  an)bio)cs	
  

•  In 1975, Feely and colleagues found that… 
•  Increased mortality after administration of inhaled polymyxin to patients admitted 

to ICU 
•  Increase incidence of polymyxin-resistant organisms 

Aerosol	
  polymyxin	
  and	
  pneumonia	
  in	
  seriously	
  ill	
  pa=ents	
  	
  
NEJM	
  1975;	
  293:	
  471-­‐475	
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Inhaled	
  an)bio)cs	
  

• More recently, some studies found that… 
•  In patients with pneumonia due to MDR G-ve bacteria, the combination of 

aerosolized colistin with IV antibiotics had beneficial effects without leading to 
emergence of resistant organisms 

Treatment	
  of	
  Nosocomial	
  Pneumonia	
  and	
  Tracheobronchi=s	
  Caused	
  by	
  Mul=drug-­‐Resistant	
  Pseudomonas	
  aeruginosa	
  with	
  Aerosolized	
  Colis=n	
  	
  
AJRCCM	
  2000;	
  162:	
  328	
  

Aerosolized	
  colis=n	
  for	
  the	
  treatment	
  of	
  nosocomial	
  pneumonia	
  due	
  to	
  mul=drug-­‐resistant	
  Gram-­‐nega=ve	
  bacteria	
  in	
  pa=ents	
  without	
  cys=c	
  
fibrosis	
  

Cri=cal	
  Care	
  2005;	
  9:	
  53-­‐59	
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Inhaled	
  an)bio)cs	
  

• Reduce microbial biofilm formation on the inner wall of the endotracheal 
tube 

•  Reduce bacterial seeding of the lung parenchyma 

Eradica=on	
  of	
  endotracheal	
  tube	
  biofilm	
  by	
  nebulised	
  gentamicin	
  	
  
ICM	
  2002;	
  28:	
  426	
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Inhaled	
  an)bio)cs	
  

• However, the above studies were small studies or only animal  model.  
•  In the absence of convincing clinical data, the use of aerosolized 

antibiotics at the present time should be limited to  
•  Adjunction therapy for patients with MDR organisms 
•  Patients with severe pneumonia not responding to conventional therapy 
•  Patients developed tracheo-bronchitis 
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β2-­‐adrenergic	
  receptor	
  signaling	
  is	
  required	
  for	
  up-­‐regula=on	
  of	
  alveolar	
  epithelial	
  ac=ve	
  ion	
  transport	
  in	
  the	
  
segng	
  of	
  excess	
  alveolar	
  edema	
  fluid.	
  The	
  posi=ve,	
  protec=ve	
  effects	
  of	
  β2AR	
  signaling	
  on	
  alveolar	
  ac=ve	
  Na+	
  
transport	
  in	
  normal	
  and	
  injured	
  lungs	
  provide	
  substan=al	
  support	
  for	
  the	
  use	
  of	
  β-­‐adrenergic	
  agonists	
  to	
  
accelerate	
  alveolar	
  fluid	
  clearance	
  in	
  pa=ents	
  with	
  cardiogenic	
  and	
  noncardiogenic	
  pulmonary	
  edema.


Am	
  J	
  Respir	
  Cell	
  Mol	
  Biol.	
  2008	
  Feb;	
  38(2):	
  127–134.


Alveolar	
  Epithelial	
  β2-­‐Adrenergic	
  Receptors




Am	
  J	
  Respir	
  Crit	
  Care	
  Med	
  2006;173:281-­‐7




Am	
  J	
  Respir	
  Crit	
  Care	
  Med	
  2006;173:281-­‐7
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Conclusion	
  

•  Aerosol therapy is common in mechanical ventilated patients, however many 
factors can affect the efficiency of drug delivery. Vibrating mesh may be 
better than Jet nebulizer. 

• MDIs with spacer are more efficient and convenient to use than nebulizers in 
MV patients. However, not all medications could be applied by MDI spacer. 

•  Proper technique of administration is important, and team work is necessary. 
• Numerous medications can be administrated via inhalation route but further 

studies to confirm the efficacy and safety remain mandatory. 
•  Effect of routine use of aerosol therapy may be not better than on- demand.   


