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1. T connection
Air vents: open

2. T connection
Air vents: close

3. Y connection
Air vents: close

What do you think when aerosol therapy use 

in ventilated patients with COVID-19 ? 
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Aerosol Therapy During Mechanical Ventilation

From Drug Delivery to Ventilator Strategy

Arzu et al, Nurs Crit Care 2012; 15(4): 192-203

Drugs
Bronchodilators 

Short- v.s. long-acting

Devices
Nebulizer, MDI, SMI

Ventilator 

settings
Position, Vt, rate

Heated humidifier

Outline



Prevalence
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Aerosol therapy

24% 22%

ICU Intubated

Ehrmann et al, ICM 2016; 42: 192-201



Ehrmann et al, ICM 2016; 42: 192-201
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Prevalence
Drugs

Bronchodilators

82% (SABA 95%)

Corticosteroid

13%

Antibiotics



Ehrmann et al, ICM 2016; 42: 192-201 6

Prevalence
Device

Jet nebulizer 56%

MDI 23%

Metered dose inhaler

MDI
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Prevalence
Ventilator settings

Location

Stop? 

heated 

humidifier

Ventilator 

Settings

Changed?

AB

C
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Bronchodilator Therapy in AE COPD

Key Conclusions

1. First-line Bronchodilator: Inhaled SABA ± SAMA. Avoid excessive dosing due to side 
effects 

2. Delivery Method
•pMDI and nebulizer show similar efficacy
•Nebulizer may be easier for critically ill patients

3 Nebulization Strategy
•Prefer air-driven nebulization
•Avoid oxygen-driven nebulization to reduce risk of CO₂ retention

Global Initiative for chronic obstructive lung disease, 2026
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Bronchodilator Therapy in AE COPD

Key Conclusions

4. LABA / LAMA / ICS
•Continue maintenance inhaled therapy during exacerbation
•Restart before discharge if temporarily withheld Nebulized LABA

Current Evidence
•Limited direct comparative trials
•Retrospective data suggest possible reduction in 30-day readmission with nebulized 
LABA

Although no clinical studies have evaluated the use of inhaled LABDs (either beta2agonists 
or anticholinergics or combinations) with or without ICS during an exacerbation, we 
recommend continuing these treatments during the exacerbation or to start these 
medications as soon as possible before hospital discharge.

Global Initiative for chronic obstructive lung disease, 2026
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Expiration

7-22%

Dugernier et al. Critical Care (2017) 21:264 

Reservoir

Deposition
Before 

Enter the lung

Circuit

10-44%



MDI+ chamber 

at Y-piece

38%

3-7% 5% 10-15%

Mark et al. Chest. 1999;115(6):1653–7.
12

Deliver to lung

Jet 

Nebulizer

Ultrasonic 

Nebulizer

Vibrating mesh

Nebulizer  
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Dhanani et al. Critical Care (2016) 20:269 

Deposition

mechanism

Alveoli
2-5um

First 10 branches
COPD, asthma, 
ventilator-associated tracheobronchitis
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Distal tip of the airway
Trachea 

Main bronchus
Whole lung

49% 51%

Distribution of both lungs
R’t lung

33% 17%

Klockare et al. J Clin Nurs. 2006;15(3):301–7. 

L’t lung

Deposition
Distribution in the lung

Achieving effective 
drug deposition at 
the target site 
remains a major 
challenge.
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Short-acting bronchodilators Mechanical ventilated patients

Salbutamol, fenoterol, ipratropium nebulizer & MDI 

Significant decreased airway pressure and resistance.

Airway 

resistance

2h5min



Peak airway pressure

Intrinsic PEEP

Airway resistance

P < 0.05 P < 0.05
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Salmeterol (25mcg/puff) 4 puff

Long-acting β2-agonists  
Mechanical ventilated patients

MDI + spacer; inspiratory limb

Significant decreased airway 

pressure and resistance.
Evident at 30min; remained 8 hours (6-10h)  

Malliotakis et al. Critical care 2008; 12(6): R140.

8h30 min8h30 min
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4 puffs of salmeterol 25 μg/fluticasone 125 μg combination therapy 

ICS + LABA for AE COPD decrease resistance and peak 
inspiratory pressure (30mins- 2 h - 3 h)

3h30 min

Chen WC, et al. Int J Chron Obstruct Pulmon Dis. 2016 Jan 27;11:167-74. 
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Arzu et al. Respir Care. 2015;60(11):1570–1574.

Salbutamol (SABA)
2.5mg/3ml 0.1mg x 4 puff

MDI: greater delivery efficiency than jet nebulizer 

3.8倍 3.6倍

1/6的劑量



19

Y-piece

Heated humidifier

Position &

Humidifier

of aerosol 

devices

Arzu et al. Respir Care. 
2010;55(7):837–844.

Tidal volume 500 mL 

Ramp flow pattern 

15 breaths/min

Peak inspiratory flow 60 L/min 

PEEP 5 cm H2O
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Arzu et al. Respir Care. 2010;55(7):837–844.

Inhaled drug mass (%)

Jet Nebulizer 

15cm from 

ventilator 

pMDI

US Nebulizer

VM Nebulizer 

15cm before Y-piece

Position



Guerin. J Aerosol Med Pulm Drug Deliv. 2008 Mar;21(1):85-96 21

1. Locate 

the device

Inspiratory limb

Patient

15cm from Y piece 

MDI+ Spacer

Patient
Metered dose inhaler

MDI



22Guerin. J Aerosol Med Pulm Drug Deliv. 2008 Mar;21(1):85-96

2. STOP Heater-humidifier

3. Sputum suction

Please wait 

until the end of the talk    !
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Guerin. J Aerosol Med Pulm Drug Deliv. 2008 Mar;21(1):85-96

4. Ventilator settings

Deep Vt 500ml

Slow

↑Vt/f2

1. ↑Vt 越深

2. ↓f    越慢

Murray & Nadels et al, Textbook of Respiratory Medicine, 6th edition



24

Increased inspiratory flow reduces the inhaled dose.

J Aerosol Med Pulm Drug Deliv. 2024 Jun;37(3):125-131
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An inspiratory pause reduces the inhaled dose.

J Aerosol Med Pulm Drug Deliv. 2024 Jun;37(3):125-131



26

Inline suction catheter 

reduces the inhaled dose

J Aerosol Med Pulm Drug Deliv. 2024 Jun;37(3):125-131
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Synchronization with 

the respiratory cycle: 

during inspiration

30- 60 sec interval 

between serial actuation 

Dose-escalation protocol

5. Inhalation 

timing
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6. Observe 

& monitor

7. Return to baseline 
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RESPIRATORY CARE 2020 VOL 65 NO 7

Respimate
Soft moisture inhaler

SMI
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2 puffs of tiotropium (2.5 µ g/puff) with T-adaptor connection

LAMA for stable COPD decrease resistance and peak 
inspiratory pressure (1h - 6h – 12 h)

Fu et al. Pharmaceutics 2021, 13, 51.

Airway resistance



Dellweg. J Aerosol Med Pulm Drug Deliv. 2011 Dec;24(6):285-92
31
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1 pMDI vs SMI2 inhaler, spacer,  VHC

3 position

4 timing

T1: onset of inspiration

T2: onset of expiration  

T3: end of expiration   
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MDISMI

15cm before Y-tube

Position
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SMI generated smaller MMAD (mass median aerodynamic diameter) than the pMDI

the PSD(particle size distribution) of the SMI showed bimodal distribution

Respimate
Soft moisture inhaler

SMI
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T1: onset of inspiration

T2: onset of expiration  

T3: end of expiration   

SMI: end of expiration

pMDI: onset of inspiration

The spray duration 

SMI : 1.43 ± 0.12 s

pMDI: 0.17 ± 0.03 s

Ti: 0.9 s

Respimate
Soft moisture inhaler

SMI
Metered dose inhaler

MDI

End of 

expiration

Timing
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x

Y-adaptor

T-adaptor

Pharmaceutics 2020, 12, 291
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Y-adaptor

Spontaneous 
breathing

22.8%

1.2% 1.0%
2.8%2.2%

7.6%

In-line Y-adaptor
Actuation during Expiration
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1. T connection
Air vents: open

2. T connection
Air vents: close

3. Y connection
Air vents: close
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1. 進氣端，Y型接管前15 cm

2. Y型接頭

3. 吐氣期給藥
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Patient MDI or Respimat

41
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Nebuliser Type Influences risk of release of patient-derived bioaerosol to 
environment

Drug refill process for a jet nebuliser (JN) which results 
in an open ventilator.

For a a vibrating mesh nebuliser (VMN) which 
maintains the closed ventilator circuit and mitigates
the risk of release of patient-derived bioaerosol to 
environment.

Joyce, M.; et al. Pharmaceutics 2021, 13, 199.
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Average particulate concentrations number and PEEP during drug refill

Joyce, M.; et al. Pharmaceutics 2021, 13, 199.

Vibrating mesh nebulizer
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Application of Aerosol Therapy in Ventilated Patients during COVID-19 Pandemic

Ari, et al, Respiratory Medicine 167 (2020) 105987

Strategy
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46Li et al. Annals of Intensive Care (2023) 13:63

Position
MDI / SMI: Inspiratory limbs,15cm from Y piece

VMN: heated humidifier inlet



47Li et al. Annals of Intensive Care (2023) 13:63

NIPPV

High flow 

Nasal cannula
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HealthTechX Asia
May 6-7, 2026
Singapore

Scaling Healthcare Ecosystem | Workflow, Ambient AI, and Agentic AI
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重症導向AIoT
人工智慧預測
資訊整合
醫療物聯網

Unit Overview 
Proactively Identifying 
High-Risk Patients for 
Timely Intervention

Critical Patients-oriented AIoT
AI prediction, information integration, medical IoT
Enhancing condition monitoring, team communication, and 
mutual assistance

Medical AIoT X  Digital Twin X Remote Collaboration

HiThings
ICU Command Center



50

離線強化學習（Offline Reinforcement Learning）
分析既有臨床資料，在真實醫療情境中做出更符合臨床需求的治療決策。

1. 以「無呼吸器天數 (VFD)」作為核心評估指標，導向脫離成功
2. 利用「混合行動空間 (Hybrid Action Space)」提升治療精準度與安全性
3. 強化安全性約束：確保跨醫院數據的通用性



Summary

Prevalence
BD, ICS, Abx

Nebulizer most

Different MV settings

Deposition
of the aerosol therapy

Central airway

Limited by secretion and 

atelectasis 

Drugs
AE: Short-acting, Nebulizer 

May add long-acting BD when condition is stable

Ventilator settings
MDI / SMI: Inspiratory limbs,15cm from Y piece

VMN: heated humidifier inlet

Vt ↑, RR ↓, ↓ Inspiratory flow

MDI: inspiration, SMI: Y-connector, expiration

30-60s interval, ↑ dose

Devices
MDI / SMI+ spacer/Chamber > VMN > JN

51

MDI SMI

中國醫藥大學附設醫院胸腔內科暨重症系陳韋成醫師

VMN
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