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• Pathophysiology

• Therapeutic options

– Medical treatment
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– Salvage therapy



~ 235 million people worldwide were affected by asthma

~ 250,000 people die per year from asthma

Over all prevalence from 1 – 18%

Sta tis tic s  s howe d tha t Hong Kong ha d more     than     330,000 people s uffe ring from  a s thm a . Hong     Kong

population     (2011)

Number     of     asthma

patients
%      with     asthmaPrim a ry s tude ntsa ge d 6-7 92,298 7,292 7.9%Se c onda ry s tudentsa ge d 13-14 147,880 15,084 10 .2%Unde rgra dua te sa ge d 19-21 265,641 19,126 7.2%Adultsa ge d 22-70 4,983,652 249 ,183 5%Elde rlya ge d a bove  70 662,726 38,438 5.8%

Source  《 胸肺疾病手冊》 (Thora c ic  Dis e a s e s ), Hong Kong Thora c ic  Soc ie ty
About 70-90 death per year due to 

asthma in HK 



Asthma Pathophysiology

What is Asthma ?

• a chronic inflammatory 
disorder of the airway

• airway hyperresponsiveness
that leads to recurrent 
episodes of wheezing and 
breathlessness

• variable airflow obstruction 
within the lung that is often 
reversible either 
spontaneously or with 
treatment 





Dynamic hyperinflation

• Air-trapping, failure of the 

lung to return to its relaxed 

volume or FRC at end-

exhalation

• Increase work of breathing

• Leading to refractory 

hypercapnia

• Hypotension

• Barotrauma







Asthmatic patient in ICU

• Treatment Aim
– optimize oxygenation

– reduce airway obstruction

– avoid complications

• Medical therapy
– Bronchodilators ( both beta2 agonist and anti-cholinergic 

agent) 

– Systemic Steroid

• NPPV

• Mechanical ventilation

• Salvage therapy



NPPV

• Is NPPV useful for severe asthma ?

– Dynamic hyperinflation leading to high intrinsic-

PEEP / Auto-PEEP

• Additional negative intrathoracic pressure is required to 

overcome auto PEEP in order to achieve airflow during 

inspiration

• Increase work of breathing

• Increase muscle fatigue



NPPV



NPPV

– However, NPPV may worsen lung hyperinflation

• Bronchospasm leading to one way valve airway



NPPV



NPPV

• Conclusion

– It is reasonable to give asthmatic patients a trial of 

NPPV over 1-2 hours in HDU or ICU if no 

contraindications

– Start with low NPPV support

– Use EPAP to against Auto PEEP

• Limited by 5cm H2O at most to avoid dynamic 

hyperinflation



Intubation for mechanical ventilation

• Watch out for catastrophic hypotension
– Dehydration

– Auto PEEP

– Loss of endogenous catecholamines

– Vasodilating properties of anaesthetic agents

• Ketamine
– Sympathomimetic and bronchodilator properties

– 1-2mg/kg for intubation

• Avoid drugs causing histamine release
– Morphine, atracurium

• Use large bore endotracheal tube to reduce resistance



Mechanical ventilation

• Around 2% of severe asthma requiring 
mechanical ventilation.

• Death is usually as a result of
– Severe gas-trapping, barotrauma, hypotension, 

refractory respiratory acidosis, cardiac arrhythmia

• Ventilation Strategy
– Maintain Oxygenation

– Permissive hypercapnia

– Avoid dynamic hyperinflation

– Adequate PEEP

– Keep patient ventilator synchronization



Measuring Air Trapping

Clinicians should question about 

low Auto-PEEP measurements



Ventilation Strategy

Limiting air-trapping

Controlled hypoventilation

Maintain Oxygenation

Allow time to for expiration

Adequate sedation for patient-
ventilator synchronization

How about CO2 level

Permissive hypercapnia

allow raised CO2 level

adjust RR to keep pH > 

7.2

Unless contraindicated

raised ICP

renal failure

seizure disorder



Ventilation Strategy - PEEP

Zero PEEP

• Totally controlled 

ventilation of patients 

under deep sedation or 

being paralysed

• Prevent air-trapping and 

worsening of Auto-PEEP

Low PEEP

• Reduce the work of 

breathing by enhancing 

ventilator triggering

• Maintain FRC

Intrinsic PEEP 

6

PEEP 0

Intrinsic PEEP 6



Ventilation strategy - Mode

Volume control

• Secure minute ventilation 
even though airway 
resistance may be variable 
during asthmatic attack

• Limited by high inspiratory 
pressure

– Insp pressure not reflecting 
the truth alveolar/ plateau 
pressure

– Need to adjust airway 
pressure limit

Pressure Control

• Better patient-ventilator 

synchronization

• Variable minute ventilation 

according to the change of 

airway resistance.

– Leads to profound 

hypercapnia during 

bronchospasm attack



Ventilation Strategy – Muscle relaxant

• For refractory asthma and failure conventional 

ventilation strategy with heavy sedation

• To optimize patient ventilator synchronization

– Allow controlled ventilation

• Side effect

– Myopathy, particular with the use of 

corticosteroid

• Avoid or to be kept as minimum dose required



Ventilation Strategy - Others

• Bronchodilators delivery • Humidification

– Adequate humdification of 
inspired gas is particular 
important in asthmatic 
patient to prevent thickening 
of secretions and dying of 
airway mucosa

– Mucus flow is markedly 
reduced when RH at 37C falls 
below 75% ( AH of 32g/m3)

– Mucus flow ceases when RH 
falls to 50% ( AH of 22g/m3)



Salvage Therapy

• Heliox

• General anaesthesia

• ECMO

• MgSO4

• Ketamine



Heliox

• Helium ( an inert low density gas) mix with Oxygen in 
the usual ratio 7:3

• Reduce resistance to airflow

• Helium also enhance CO2 diffusion up to 4-5 times

• However, Helium can interfere with the ventilator 
volume measurements.

– Required further calibration



Anaesthetic Agent

• Inhalational anaesthetic agents, such as 
halothane, isoflurane and sevoflurane, are 
potent bronchodilators for asthma patients

• Effective scavenging systems are required

• Only few ICU ventilators can be fitted for 
vaporising anaesthetic agent

– Seimens Servo 900 series

• Side effect includes hypotension and 
myocardial irritability



ECMO

• For reversible respiratory failure diseases

• Any evidence for status asthmaticus ?



Magnesium Sulphate

• MgSO4 has bronchodilator activity due to inhibition of 

calcium influx into airway smooth muscle cells

• Single dose 2g infused over 20mins

• Excellent safety profile, only contraindicated in the presence 

of renal failure



Ketamine

• It has bronchodilator effect

– Prevent reuptake of circulating catecholamines

– Blocking calcium influx

– Relaxing smooth muscle by reducing vagally
mediated bronchoconstriction

• Evidence of efficacy mainly on pediatric group

• Side effect

– Lower seizure threshold, hypertension, 
tachycardia, alter mood, delirium



Take Home Message

• In severe asthma, bronchospasm leading to 
dynamic hyperinflation, which causes 
complication, such as air-trapping, 
barotrauma, respiratory muscle fatigue, 
cardiovascular collapse

• Apart from bronchodilators and steroid, 
mechanical ventilation strategy is essential to 
improve patient prognosis.

• Consider Salvage therapy for refractory case.


