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Prevalence, ICU admission, Mortality

asthma 10%



Global Strategy for Asthma Management 
and Prevention (GINA 2024)

• Asthma exacerbations are defined as 
episodes of increased symptoms (eg, 
shortness of breath, cough, wheezing) and 
progressive decrease in lung function that 
require a change in treatment.
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Exacerbations Definition

Pulmonary function tests
• Asthma exacerbation is defined as a reduction 

in forced expiratory volume (FEV1) of more 

than 20% from baseline, or a decrease in 

peak expiratory flow of >30% from 

baseline for 2 consecutive days at any time 
during the period of treatment
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Initial Evaluation



Dynamic disease - Asthma

Lancet. 2010 Sep 4;376(9743):826-34.



Pathophysiology - Bronchoconstriction



Pathophysiology - Dynamic Hyperinflation
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Pathophysiology - Dynamic Hyperinflation
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Pathophysiology - Dynamic Hyperinflation
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Normal Asthma



Intrinsic and extrinsic risk factors for asthma exacerbation

Clin Exp Allergy. 2009 Feb;39(2):193-202
J Family Med Prim Care. 2019 Sep 30;8(9):2753-2759



• Studies using PCR demonstrated the presence of viruses in 80–
85% of asthma exacerbations in children and 60–80% of 
exacerbations in adults.

• Viruses are implicated in 40% to 50% of asthma and COPD 
exacerbations. 

• Among these agents, viral infection is one of the major drivers 
of asthma exacerbations accounting for up to 80–90% and 45–
80% of exacerbations in children and adults respectively.

espir Crit Care Med. 2005 Aug 15;172(4):433-9
Am J Respir Crit Care Med. 2005 Aug 15;172(4):433-9

European Respiratory Journal 2010 36(2): 438-445

Risk factors for asthma exacerbation - infection



Lancet. 2010 Sep 4;376(9743):826-34.

Mechanisms by which viral infection contributes to asthma exacerbation



Front Cell Dev Biol. 2020 Feb 25;8:99.

Pathophysiological processes occurring when respiratory viruses infect upper 
airway epithelial cells



Respiratory Viral implicated in asthma exacerbations

J Allergy Clin Immunol . 2005 Jan;115(1):132-8.
J Allergy Clin Immunol. 2017 Oct;140(4):895-906.

Respir Res. 2019 Sep 13;20(1):210.



Eur Respir J. 2014 Jul;44(1):87-96
J Allergy Clin Immunol. 2014 May;133(5):1301-7

Virus and bacterial co-infections in asthma 

Bacteria isolates

73% of patients positive for HRV but negative for bacteria at presentation were positive for bacteria when 
sampled again at day 14
The effect of dual infection appears to be associated with increased severity during exacerbation. 



Viral and bacterial infection in acute asthma increases the risk of readmission

Univariate for each virus/bacterial combination Multivariate logistic regression 

for independent factors 

determining length of stay

Multivariate logistic regression 

for independent factors 

determining readmission

Respirology. 2013 Jul 25;18(6):996–1002

The important independent role of virus infection along with 

viral/bacterial co‐infection as independent predictors of acute severity 

in asthma and for the first time demonstrate that those with co‐infection 

are also more likely to be readmitted to hospital following their 

exacerbation. 



Pharmacologic Management



J Clin Med. 2024 Feb 1;13(3):859. 

Short-acting β2-Agonists (SABA, e.g., Albuterol)
•Cornerstone therapy for acute exacerbations.
•Continuous nebulization: more consistent drug 
delivery, possible benefit in children with severe asthma 
(status asthmaticus).

In adults: no difference in safety, morbidity, or 
mortality vs intermittent dosing.

•Dose–response titration may be helpful (variable 
response).
•Adverse effects:

• High-dose → type B lactic acidosis (not due to 
tissue hypoperfusion).

• IV β-agonists: no added benefit vs inhaled; side 
effects ↑(hypokalemia, myocardial ischemia, CV 
events).

Anticholinergics (e.g., Ipratropium bromide)
•Mechanism: block muscarinic receptors → 
bronchodilation + mucus secretion ↓.
•Onset: slower (peak at 60–90 min).
•Evidence:

• In ED: SABA + ipratropium → 
hospitalizations ↓ in moderate–severe 
exacerbations.

• No evidence for routine use in 
hospitalized adults with severe asthma.

IV Magnesium Sulfate
•Mechanism: Ca²⁺ channel blockade → smooth 
muscle relaxation, bronchodilation.
•Dose: 2 g IV.
•Adults: shown to improve pulmonary function, 
generally safe.

Bronchodilators - Treating Bronchospasm in Acute Severe Asthma



Corticosteroids - Treating Airway Inflammation in Acute Severe Asthma

Indications
• Recommended for severe asthma and 

COPD exacerbations not responding to 
initial bronchodilator therapy.

Evidence
• Asthma & COPD in acute care settings:

Strong evidence supporting 
corticosteroids (relapse↓, treatment 
failure ↓)

Recommended Regimen
• Asthma: Prednisone 1 mg/kg/day (up to 

50 mg/day) × 5–7 days.

COPD: Prednisone 40 mg/day × 5 days.
Shorter courses (5–7 days) are as effective as longer courses (10–14 
days) and reduce risk of pneumonia and death.

• Critically ill patients (mechanical 
ventilation required):

Limited evidence.
Some studies: reduced duration of IMV 
and lower NIV failure.
Others: no significant difference in 
outcomes.

High-Dose Corticosteroids
• Critically ill studies often used higher doses

(methylprednisolone >240 mg/day)
• Increased treatment failure
• Longer IMV duration
• Prolonged ICU/hospital stay
• Adverse events: hyperglycemia 

requiring insulin, fungal infections



Antibiotics

Asthma
•Evidence:

• RCTs: No benefit in symptoms or lung function with antibiotics
• Retrospective study: Early antibiotics composite treatment failure ↓(IMV, ICU transfer, 

mortality, readmission)
•Recommendation:

• Use only if critically ill with suspected concurrent lung infection.
• No evidence to support routine use → aligns with GINA guidelines.

COPD
•Indications:

• Critically ill patients with:
• Increased dyspnea, sputum volume, and purulence (all 3 or ≥2 if purulence present), OR
• Requirement for mechanical ventilation (NIV/IMV).

•Benefits:
• ↓ treatment failure
• ↓ mortality
• Greatest effect in patients with sputum purulence (marker of bacterial load).

•Choice of Antibiotics:
• Macrolides or tetracyclines = first-line
• Consider antipseudomonal agent if risk factors for Pseudomonas.

•Duration:
• 5–7 days (longer courses do not improve outcomes).

•Biomarkers:
• Current evidence insufficient for routine use of CRP or procalcitonin to guide therapy.



Oxygen Management



Supplemental Oxygen



Non-Invasive Ventilation

COPD
•Strong evidence:

• ↓ Need for IMV
• ↓ Mortality

•Standard of care in acute COPD exacerbations with 
respiratory failure.

Asthma
•Evidence limited:

• Few RCTs, underpowered for IMV prevention 
or mortality benefit.

• ERS/ATS: No formal recommendation for 
routine NIV in acute asthma.

•Trends:
• Use ↑ from 18.5% (2010) → 29.9% (2017).
• Large cohort (53,654 pts): NIV ↓ odds of IMV 

and mortality.

Physiological Effects
•CPAP: bronchial diameter ↑ 
•BiPAP: FEV1 and PEFR ↑, especially with 
bronchodilators ↑ 
•Muscle unloading: work of breathing ↓,  
accessory muscle use ↓, less fatigue.

Practical Considerations
No universally accepted criteria for initiation in 
asthma



Non-Invasive Ventilation

J Clin Med. 2024 Feb 1;13(3):859. 



Non-Invasive Ventilation - Indications and contraindications for NIV 
initiation in acute asthma exacerbations.

J Clin Med. 2024 Feb 1;13(3):859. 



J Clin Med. 2024 Feb 1;13(3):859. 

Mechanical Ventilation in Severe Acute Asthma Exacerbations



Mechanical Ventilation in Severe Acute Asthma Exacerbations

J Clin Med. 2024 Feb 1;13(3):859. 

Indications for IMV
•Respiratory arrest
•Extreme respiratory muscle fatigue
•Encephalopathy
•Worsening respiratory acidosis or progressive fatigue
•NIV failure → proceed to intubation & IMV

Assessing Pulmonary Hyperinflation

•Plateau pressure (Pplat):
• Measured during inspiratory hold
• Reflects hyperinflation (normal compliance 

in asthma)
• Target: Pplat < 30 cmH₂O

•Auto-PEEP:
• Measured during expiratory hold
• May reach ≥ 10 cmH₂O

•Requirement: sedation & synchrony to perform 
manoeuvre, avoid patient-triggered breaths

Ventilator Settings & Strategies
•Modes: Pressure control OR volume control
•Goal: Reduce air trapping & hyperinflation

• Low minute ventilation → allow full 
exhalation

• I:E ratio: 1:4 – 1:5
• Respiratory rate: ~12–14 breaths/min

•Effect: Prolonged exhalation air trapping ↓  → 
EELV ↓, auto-PEEP, alveolar pressure, dynamic 
hyperinflation



Extubation Strategies

CHEST Crit Care. 2025 Mar;3(1):100107.

General Readiness
•Same criteria as other respiratory diseases:

• Improvement of underlying obstruction
• Ability to follow commands (spontaneous awakening trial)
• Respiratory stability on spontaneous breathing trial with minimal support

Asthma
•Optimal post-extubation support is uncertain.
•Evidence lacking on whether to use NIV or HFNT.

COPD
•Preferred strategies after extubation:

• NIV (same settings as during IMV) OR
• HFNT
• Both ↓ mortality, ↓ reintubation, ↓ IMV duration.

•NIV vs HFNT:
• Similar effectiveness overall
• NIV may be better for high-risk patients

•NIV + HFNT alternating > HFNT alone (useful for NIV intolerance).



ECMO

J Clin Med. 2024 Feb 1;13(3):859. 

Indications
•Severe asthma exacerbation with persistent CO₂ retention despite optimal IMV & pharmacologic 
therapy.
•CO₂ retention syndromes (bronchospasm, airflow obstruction) → ineffective ventilation, PIP ↑, risk of 
barotrauma & hemodynamic instability.
•Early VV-ECMO may minimize adverse effects of IMV.
•ECCO₂R (extracorporeal CO₂ removal): adjunct option for hypercapnia → improves PaCO₂, reduces need 
for intubation, minimizes hyperinflation.

Management
•Rest ventilator settings:

• Extremely low minute ventilation
• Minimization of hyperinflation

•VV-ECMO function: provides CO₂ removal ± oxygenation.
•CO₂ clearance: proportional to sweep gas flow (50–80 mL/kg/min), titrated to pH & PaCO₂.
•Caution: Rapid CO₂ removal → risk of neurologic injury (mainly in chronic hypercapnia).
•As bronchospasm resolves → ventilator/ECMO settings optimized → eventual decannulation.



Monitoring the Critically Ill Asthmatic Patient

J Clin Med. 2024 Feb 1;13(3):859. 



Preventive Therapies 
to reduce exacerbations



• long-term preventive therapies to reduce the frequency of exacerbations

• treatments commenced after the onset of an exacerbation 

• Types of Preventive Treatment

I. Inhaled corticosteroids (ICSs) 

II. Inhaled bronchodilators including long-acting beta agonists (LABAs) and long-acting 
muscarinic receptor antagonists (LAMAs), and combinations of these

III. Biologic Therapies

IV. Inhaled IFN-β

V. Antiviral agents

Preventive Therapies to reduce exacerbations

Ther Adv Respir Dis. 2016 Apr;10(2):158-74.



Inhaled Corticosteroids (ICSs)

• Mainstay treatment → modulate adaptive immune response

• Clinical trials: effective at reducing exacerbations

• Virus-induced exacerbations: effects unclear

In atopic asthmatics: Budesonide improved airway hyperresponsiveness & eosinophilia,  

but did not prevent HRV 16-induced inflammation

Preventive treatments – Inhaled Corticosteroids 

Ther Adv Respir Dis. 2016 Apr;10(2):158-74.



Biologic Therapies

• Target Th2 cytokines (IL-4, IL-5, IL-13) and IgE

• Benefits

• Improved lung function

• Reduced symptoms

• Lower OCS requirements

• Significant reduction in exacerbations

Preventive treatments – Biologic Therapies

Ther Adv Respir Dis. 2016 Apr;10(2):158-74.



Preventive treatments – Biologic Therapies

Ther Adv Respir Dis. 2016 Apr;10(2):158-74.

Anti-IgE
•Omalizumab

• Mechanism: IgE blockade → ↓ serum IgE
• Evidence: 58% reduction in exacerbations in 

atopic asthma (IgE >30 IU/ml on ICS)

Anti-IL-5
•Mepolizumab, Reslizumab

• Target: IL-5 (eosinophilic pathway)
• Evidence: ~50% reduction in exacerbations vs 

placebo

Anti-IL-13
•Lebrikizumab, Tralokinumab

• Uncontrolled asthma: no overall reduction in 
exacerbations

• Biomarker-driven effect (periostin):
• Periostin-high → 60% reduction
• Periostin-low → minimal effect

Anti-IL-4Rα
•Dupilumab (blocks IL-4 & IL-13 signaling)

• Evidence: 87% reduction in exacerbations (OR 
0.08, p<0.001)

• Tested in moderate–severe asthma on 
combination therapy



Am J Respir Crit Care Med. 2014 Jul 15;190(2):145-54

Preventive treatments – inhaled IFN-β

Rationale: Ex vivo, bronchial epithelial cells from people with asthma are more susceptible to rhinovirus 
infection caused by deficient induction of the antiviral protein, IFN-β. Exogenous IFN-β restores antiviral 
activity.
• Randomized, Double-blind, Placebo-controlled
• Patients with history of URTI-induced asthma 

exacerbations
• Enrolled when reporting cold/flu symptoms 

(Jackson/Predy criteria)

• Intervention
• Inhaled IFN-β (SNG001) vs Placebo
• Randomization 1:1
• Dosing: Once daily × 14 days
• Start: Within 24 hours of URTI symptom onset

• Primary: Mean change in ACQ-6 (baseline → Day 
8, mITT population)

• Secondary: PEF, symptom diaries, biomarker 
response



Findings

•Asthma symptoms: No significant improvement vs 
placebo
•Morning peak expiratory flow: Improved (p = 0.033)
•Innate immunity: Enhanced antiviral activity (serum 
CXCL10 ↑)
•Moderate-to-severe subgroup:

• Significant ↓ in ACQ-6 score (p = 0.004)
• Suggests greater benefit in more severe asthma

Preventive treatments – inhaled IFN-β

Am J Respir Crit Care Med. 2014 Jul 15;190(2):145-54



Ther Adv Respir Dis. 2016 Apr;10(2):158-74.

Preventive treatments – Antiviral agents

Capsid Inhibitors
•Pleconaril (oral, capsid-function inhibitor):

• Large RCT in healthy adults: shortened illness by ~1 day.
• Issues: significant drug–drug interactions (e.g., oral contraceptives).
• FDA did not approve; no studies in asthma or COPD.

•Implication: Theoretical benefit in exacerbations, but untested in patient populations.

Targeting HRV 

ICAM-1 blockade
•Tremacamra (soluble ICAM-1):

• RCT: ↓ symptoms vs placebo (p<0.001), effective pre- and post-inoculation.
•14C11 (anti–ICAM-1 antibody):

• Mouse model: inhibited HRV-induced asthma exacerbations.
• Did not impair host defence via LFA-1/ICAM-1 pathway.

•Implication: ICAM-1 blockers may help prevent asthma/COPD exacerbations → need more clinical 
studies.



Ther Adv Respir Dis. 2016 Apr;10(2):158-74.

Preventive treatments – Vaccination

Vaccination

• Influenza vaccine: recommended for all asthma & COPD patients

• No effective vaccines yet for HRV

• Challenges for HRV vaccine:

• 100 serotypes, including HRV-C → cross-reactivity difficult

• Research directions:

• Conserved VP0 capsid protein → induced protective T-cell responses in mouse model.

• VP1 antibodies may provide cross-serotype protection, but findings inconsistent.



Thank you
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