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• Spontaneous Breathing vs. Mechanical Ventilation
– Differences in delivery efficiency

• Inhaled Drug Dosage Considerations 
– Determining MDI Doses During Ventilation
– Inhaled Antibiotics in Ventilated Patients

• Formulation, delivery methods, and pharmacokinetics

• Placement of Aerosol Devices in the Ventilator Circuit
– Impact on drug delivery and system performance

• Synchronization with Ventilation
– Timing of actuation to optimize lung deposition



Pulmonary drug delivery
Pulmonary Delivery for Local Target

• Inhalation therapy delivers medication directly to the 
lungs, making it an effective strategy for treating lung 
diseases such as:

– Asthma, chronic obstructive pulmonary disease 
(COPD), bronchitis, pneumonia, lung fibrosis…

• Advantages of the inhalation route:

✓ Shortening of the delivery path

✓ Achieves high local drug concentration

✓ Reducing systemic exposure and side effects

• Challenges in aerosol delivery system 
development:

– Producing small, uniform aerosol particles

– Ensuring consistent and targeted deposition in 
the respiratory tract

3(Ehrmann et al  Annals Intensive care, 2017)



Inhalation devices and their formulations
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Nebulizers
Pressurized metered 

dose inhalers
Soft mist inhalers

Dry powder 
inhalers

Advantages
• Easy to use

• No strong inspiration effort

• No need for patient education

• Used in emergency

Disadvantages
• Needs regular maintenance

• Inaccurate drug doses

• Bulky and expensive

Advantages
• Multi-dose delivery ability

• Portable

• Low cost

• Low inspiratory flow rate 

needed

Disadvantages
• Needs a propellant

• High oropharyngeal deposition

• Technique dependent

Advantages
• A lower dose is needed

• Higher drug deposition

• No patient coordination is 

needed

Disadvantages
• More expensive

• Needs basic assembly and 

priming

Advantages
• Propellant-free

• Provides accurate doses

• Easy to use and portable

• Rapid and efficient delivery

Disadvantages
• Requires high inspiratory flow 

rate

• Emitted dose can be affected 

by humidity and heat

Delivered dose (%) through MV

JN

5-10%

VMN

15-25%

MDI

10-15%

SMI

5-10%

JN: jet nebulizer

VMN: vibrating mesh nebulizer

MDI: metered-dose inhaler

SMI: soft mist inhaler

?



Mouth and pharynx (~90 mL) Circuit (ID: 15mm; 180 cm; ~300 mL)

Aerosol Delivery Characteristics in Spontaneously 

Breathing and Ventilated Patients
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Factors Influencing Aerosol Delivery 

During Invasive Ventilation
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(>150 mL)



Determining MDI Doses During Ventilation

• Airway resistance reduction after 4 puffs of albuterol MDI in ventilated patients 

– Additional doses did not enhance bronchodilation but resulted in increased heart rate.

7

4 puffs in total 28 puffs in total 



Determining MDI Doses During Ventilation

• Determination of Personal Target Raw

– Within 72 hours of ICU admission, after 

withholding bronchodilators:

• Fenoterol withheld ≥2 h

• Salmeterol/fluticasone withheld ≥12 h

– Stepwise intensive bronchodilation using 

fenoterol MDI:

• 4 puffs → 8 puffs at 15 min → 16 puffs at 30 min 

(Total: 28 puffs)

– Raw measured 15 minutes after final dose

• Considered the lowest achievable Raw

• Assigned as personal target Raw for 

individualized dosing decisions
8



Determining MDI Doses During Ventilation

• Routine Treatment for All Patients (Both Groups):

– Seretide (Salmeterol 25 μg / Fluticasone 250 μg)

– 4 puffs every 12 h

– Combivent (Ipratropium bromide 0.5 mg + Salbutamol 

sulfate 2.5 mg)

– 1 vial every 6 h via nebulization

– Methylprednisolone (IV, 40 mg)

– Every 8 h for first 3 days

– Short-acting bronchodilators

– PRN use not restricted

• Personalized-Dosing Group:

– Additional Dosing Based on Airway Resistance (Raw) 

every 8 h

If Raw > personal target →

+4 puffs Salmeterol/Fluticasone

+4 puffs Fenoterol (0.1 mg/puff)

9



Determining MDI Doses During Ventilation

• Relative Raw deviation of the personalized-dosing group was significantly 

smaller than that of the fixed-dosing group.
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Determining MDI Doses During Ventilation

Dosing Outcomes and Clinical Impact
• Rescue bronchodilator use (PRN):

– No significant difference between 
personalized- and fixed-dosing groups

• Daily Seretide use:
– Personalized-dosing group: 9.2 puffs

– Fixed-dosing group: 7.6 puffs 

(Significantly higher in personalized group)

• Post-extubation noninvasive ventilation 
duration:
– Shorter in the personalized-dosing group 

than in the fixed-dosing group.

11



Inhaled antibiotics
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• Several antibiotics designed for parenteral 

administration have been repurposed for 

inhalation to treat lower airway infection.

• Inhaled antibiotics provide several distinct 

advantages over iv. administration, including: 

1. Bypassing the alveolar-capillary barrier 

2. Directly delivering high doses of antibiotics to 

the infected area (lungs)

3. Rapid attainment of the minimum inhibitory 

concentration (MIC) in the infected area 

4. Reducing systemic adverse effects



?
DrugDiluent

Inhaled antibiotics 

13

pH: 4 - 8.5

Osmolarity: 150 – 1200 mOsm/kg

Loading mass: < 1 mg

Preservative



Inhaled antibiotics - colistin
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Diluent Volume (mL)
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Inhaled antibiotics - colistin

• Comparisons of aerosolized colistin generated by VMN and JN
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• VMN-L: 1 vial colistin (200 MIU) / Diluted to 6 mL 

• JN-L: 1 vial colistin (200 MIU) / Dilute to 6 mL 

• JN-H: 2 vial colistin (400 MIU) / Dilute to 6 mL 

• VMN delivered a greater inhaled mass but 

required a longer nebulization time.



Inhaled antibiotics - colistin

16

P
la

s
m

a
 c

o
n
c
e
n

tr
a
ti
o
n

 (
m

g
/L

)
P

la
s
m

a
 c

o
n
c
e
n

tr
a
ti
o
n

 (
m

g
/L

)
P

la
s
m

a
 c

o
n
c
e
n

tr
a
ti
o
n

 (
m

g
/L

)

S
p
u
tu

m
 c

o
n

c
e
n

tr
a

ti
o
n
 (

m
g

/L
)

S
p
u
tu

m
 c

o
n

c
e
n

tr
a

ti
o
n
 (

m
g

/L
)

S
p
u
tu

m
 c

o
n

c
e
n

tr
a

ti
o
n
 (

m
g

/L
)

I.V. CMS dose 

of 150 mg 

(5 million IU)  

i.v. CMS dose 

of 150 mg 

(5 million IU)  

Nebulized 

CMS dose of 

60 mg 

(2 million IU)  

Nebulized 

CMS dose of 

120 mg 

(4 million IU)  

MIC90: 1 mg/L

Colistin

CMS



Inhaled antibiotics - colistin

• Evaluate pharmacokinetics (PK) of inhaled low-dose CMS (3.75 MIU Q6H by a 

JN) in VAP caused by carbapenem-resistant A. baumannii.
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Placement of Aerosol Device
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Placement of Aerosol Device

Optimal Nebulizer Position in the MV Circuit for Aerosol Delivery
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• Upstream positioning (in the 

inspiratory limb):

• Reduces aerosol losses during 

expiration

• Allows the inspiratory limb to act as a 

spacer/reservoir

• Stores aerosol during expiration

• Enables bolus delivery at the next 

inhalation



Placement of Aerosol Device

• Benefits of Placing Nebulizer at Inlet of Heated Humidifier (HH)
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Jet nebulizer 
- At the heater chamber inlet 
- T adaptor

Mesh nebulizer 
- At the heater chamber inlet 
- Designed T adaptor

➢ Increases delivered drug dose

➢ Avoids condensate accumulation in 

the nebulizer

➢ Prevents condensate splash-out

➢ Reduces initial aerosol impaction 

losses



Synchronization with ventilation 

Performance of Pneumatic Nebulization 

Modes (JN) in Adult Lung Model

• Inhaled dose (% of total):

•From 7.0 to 7.7% across all three modes

•No statistically significant difference observed

• Median Nebulization Time:

• IIM (Inspiratory Intermittent Mode): 38.9 min

•CM (Continuous Mode): 14.3 min

•EIM (Expiratory Intermittent Mode): 17.7 min

• Conclusion:

•Although delivery efficiency was similar,

EIM and CM significantly reduced 

nebulization time

•These modes may be preferred for faster 

treatment in clinical settings

21

38.9
min 14.3

min

17.7
min

4 mL Salbutamol 

(5 mg / 2.5 mL)



Soft Mist Inhaler (SMI) Delivery via Endotracheal Tube

Synchronization with ventilation 
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In-line SMI adapter 

In-line 
SMI adapter 

Regular 
T adapter 

• The optimal method and 

timing for delivering inhaled 

drugs via SMIs in 

mechanically ventilated 

patients remains unclear.

• This study aimed to evaluate 

SMI drug delivery through an 

endotracheal tube using 

different adapters and 

actuation timings during 

mechanical ventilation.
?



Synchronization with ventilation 

Soft Mist Inhaler (SMI) Delivery via Endotracheal Tube
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Synchronization with ventilation 

• The synchronization during mechanical ventilation depends on the 

characteristics of  the device

– pMDI- actuated at the beginning of inspiration

– SVN- synchronized with continuous or expiration

– SMI- actuated at the beginning of expiration

24



Summary
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Thank You 
For Your Attention

weike@ntu.edu.tw
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