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Effects of Noninvasive Ventilation on Pulmonary Gas Exchange and 
Hemodynamics during Acute Hypercapnic Exacerbations of Chronic 

Obstructive Pulmonary Disease

提升潮氣容積 減低呼吸次數 降低PCO2

Diaz et al. Am J Respir Crit Care Med. 1997 Dec;156(6):1840-5
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Osadnik CR, et al Cochrane Database of Systematic Reviews 2017, Issue 7. Art. No.: CD004104.
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Initiation of NIV 
• Appropriately monitored location, oximetry, respiratory impedance, vital signs 

as clinically indicated 
• Patient in bed or chair at >30-degree angle 
• Select and fit interface
• Select ventilator
• Apply headgear; avoid excessive strap tension (one or two fingers under strap)
• Connect interface to ventilator tubing and turn on ventilaton

Mehta S, Hill NS. Noninvasive ventilation. Am J Respir Crit Care Med 2001; 163:540.
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Initial setting of BiPAP
• Start with low pressure in spontaneously triggered mode with backup rate: 

• Inspiratory pressure at 8 to 12 cm H 2 O
• Expiratory pressure at 3 to 5 cm H 2 O 

• Gradually increase inspiratory pressure (10 to 20 cm H 2 O) as tolerated to 
achieve alleviation of dyspnea, decreased respiratory rate, increased tidal 
volume (if being monitored), and good patient-ventilator synchrony

• Provide O 2 supplementation as needed to keep O 2 saturation >90%

Mehta S, Hill NS. Noninvasive ventilation. Am J Respir Crit Care Med 2001; 163:540.
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Comparison between nasal versus oronasal masks

Liesching T, Kwok H, Hill NS. Acute applications of noninvasive positive pressure ventilation. Chest 2003; 124:699.
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A chart of failure risk for noninvasive ventilation in patients with COPD 
exacerbation

Confalonieri et al. Eur Respir J 2005; 25: 348–355

Patients: COPD exacerbation and respiratory acidosis that were treated by NPPV

NPPV failure was defined as the need for endotracheal intubation. 

• Worsening of pH and PaCO2 in spite of correct NPPV administration 
• The need to protect the airways (coma or seizure disorders) or to manage 

copious secretions
• Hemodynamic instability (heart rate<50 beats/min with loss of alertness, 

and/or systolic blood pressure <70 mmHg)
• Agitation and inability to tolerate the mask
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A chart of failure risk for noninvasive ventilation in patients with COPD 
exacerbation

Confalonieri et al. Eur Respir J 2005; 25: 348–355

Failure risk
• 疾病嚴重度 APACHE II ≥29
• GCS, esp ≤11
• pH <7.25; pH < 7.3 (2h)
• RR ≥30
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Potential indicators of success in noninvasive ventilation

International Concensus Conferences in Intensive Care Medicine: Noninvasive positive pressure 
ventilation in acute respiratory failure. Am J Respir Crit Care Med 2001; 163:288
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Rochwerg et al. Intensive Care Med (2020) 46:2226–2237
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Should HFNC or NIV be used in patients with acute hypercapnic respiratory failure? 
Recommendation 8 
We suggest a trial of NIV prior to use of HFNC in patients with COPD and acute 
hypercapnic respiratory failure (conditional recommendation, low certainty of evidence).

Five parallel-group RCTs and one crossover RCT

NOT reduce mortality or intubation rate 

Length of stay in ICU are similar between HFNC and NIV. 
HFNC may be more comfortable compared to, although dyspnoea is similar.
Gas exchange and respiratory rate were similar between HFNC and NIV.
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● Correct derangements in oxygenation and ventilation

● Reduce the work of breathing

● Prevent dynamic hyperinflation (DHI)

GOALS OF VENTILATOR MANAGEMENT in AE COPD

PC or VC or PSV
Vt 6-8ml/kg
RR 8-20 
Inspiratory flow 60L/min
Trigger sensitivity – -1 to -2 cm H2O when pressure triggering is used or 2 L/min 
when flow triggering is used.
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Dynamic hyperinflation during controlled ventilation in obstructive lung 
disease

Tuxen DV. Permissive hypercapnic ventilation. Am J Respir Crit Care Med 1994; 150:870.
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Increasing ventilator triggering in 
presence of intrinsic positive end-
expiratory pressure (PEEPi)
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Detection Auto-PEEP: Time-flow graphic
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Measurement of Intrinsic positive end-expiratory pressure (PEEPi)
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PEEP use to improve the impact of auto-PEEP 
on trigger sensitivity and inspiratory effort
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Aerosol therapy for patients with mechanical ventilator

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

Drugs
Bronchodilators 

Short- v.s. long-acting

Devices
Nebulizer, MDI, SMI

Ventilator 

settings
Location, Vt, rate…
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Expiration

7-22%

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

Reservoir

Deposition
Before 

Enter the lung

Circuit

10-44%
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Acute exacerbation of COPD
Find the cause

Oxygenation

Bronchodilators
Short-acting β2 agonist: salbutamol

Short-acting anti-cholinergic agents: ipratropium

Systemic corticosteroid



24Ari et al. J Aerosol Med Pulm Drug Deliv 2012; 25(6): 319-32.

Short-acting bronchodilators Mechanical ventilated patients

Salbutamol, fenoterol, ipratropium nebulizer & MDI 

Significant decreased airway pressure and resistance.

Airway 

resistance

2h5min



C D

A B

SABA
LAMA

or 
LABA

LAMA

or + ICS
LAMA

& LABA

LAMA
& LABA

LAMA
& LABA

 Bronchodilator
 Dual bronchodilator

LAMA+LABA
 ICS

a. AE
b. Eosinophil
c. Asthma 

Stable COPD
Pharmacologic Algorithm 

Acute 
Exacerbation

≥ 2/y

More Symptoms
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Bronchodilators are important 
for stable COPD control



• No clinical studies that have evaluated the use of 

inhaled long-acting bronchodilators (either 

beta2-agonists or anticholinergics or 

combinations) with or without inhaled 

corticosteroids during an exacerbation.

Global Initiative for chronic obstructive lung disease, 2017

• We recommend to continue these treatments 

during the exacerbation or to start these 

medications as soon as possible before 

hospital discharge. 

Acute exacerbation

26
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Inhalation therapy for patients with mechanical ventilator

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

1. Drugs
Bronchodilators reduced airway resistance 

SABA nebulizer & MDI: onset 5 min, persisted 2h

LABA 4puff MDI: onset 15 min, persisted 10h

ICS/LABA 4puff MDI: onset 30min, peak 2h, persisted 3h

LAMA 2puff T-connector SMI: onset 1h, peak 6h, persisted 12h  

Devices
Nebulizer, MDI, SMI

Ventilator 

settings
Location, Vt, rate…



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

2016 
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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
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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



MDI+ chamber 

at Y-piece

38%

3-7% 5% 10-15%

Mark et al. Chest. 1999;115(6):1653–7. 32

Deliver to lung

Jet 

Nebulizer

Ultrasonic 

Nebulizer

Vibrating mesh

Nebulizer  



33
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

¼的劑量
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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



Guerin. J Aerosol Med Pulm Drug Deliv. 2008 Mar;21(1):85-96 35

1. Locate 

the device

Inspiratory limb

Patient

15cm from Y piece 

MDI+ Spacer

Patient
Metered dose inhaler

MDI
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RESPIRATORY CARE 2020 VOL 65 NO 7

Respimate
Soft moisture inhaler

SMI



37

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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VHC > spacer > inhaler only
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MDISMI

15cm before Y-tube
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4 timing

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
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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



43

1. 進氣端，Y型接管前15 cm

2. Y型接頭

3. 吐氣期給藥



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

Stop heated humidifier

Vt ↑, RR ↓

MDI: inspiration, SMI: Y-connector, expiration

30-60s interval, ↑ dose

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

44

MDI SMI
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