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Previosly used synonymously with many terms 
under various guidelines like 

“Refractory asthma” 

“Severe asthma” 

“Steroid‐dependent and/or resistant asthma” 

“Difficult to control asthma” 

“Poorly controlled asthma”

“Brittle asthma”  

“Irreversible asthma”

Refractory Asthma



Refractory Asthma- Implication

No definite prevalence, though most estimates 
keep it around 5-10% of all asthmatics  

Accounts for considerable cost in overall asthma 
management

Mostly manageable with proper confirmation of 
diagnosis, evaluation and optimization of 
treatment



Definition

1999, an ERS Task Force‐ 

‘Difficult/therapy‐resistant asthma’ defined as 
poorly controlled asthma with a continued 
requirement for short acting B2 agonists despite 
delivery of a reasonable dose of inhaled 
corticosteroids (ICS) and follow‐up by a 
respiratory specialist for a period of >6 months



2000 an ATS Workshop‐ 

‘Refractory/severe asthma’ 

one of two major criteria 

(continuous high‐dose ICS or oral corticosteroids 
for >50% of the time during the previous year),

with two out of seven additional minor criteria



ATS 2000 severe/refractory

Am J Respir Crit Care Med 2000;162:2341–2351



2007, International workshop, Paris 
(NAEPP/EPR3)‐ 

‘Severe refractory asthma’ 

patients who have refractory asthma after an 
extensive re-evaluation on of the correct 
diagnosis, aggravating comorbidities and 
environmental factors and an appropriate 
observation period of at least 6 months.



2008,later in 2011, the British Thoracic Society  
(BTS) and Scottish Intercollegiate Guideline 
Network (SIGN) guidelines 

‘Difficult asthma’

persistent symptoms and/or frequent 
exacerbations in patients with a prior diagnosis 
of asthma despite treatment at step 4 or step 5



IMI, 2011-

Algorithm to distinguish difficult-to-control 
asthma from severe refractory asthma

ATS/ERS, 2013-

Latest recommendations on the identification, 
evaluation and treatment of patients with 
severe refractory asthma



Refractory vs Difficult to treat vs
Uncontrolled  asthma

Refractory-
Patients with asthma in whom:
Alternative diagnoses have been excluded
Co-morbidities have been treated
Trigger factors have been removed (if possible)
Compliance with treatment has been checked
But still have: 
Poor asthma control, or 
frequent (2) severe exacerbations per year 
Despite :
The prescription of high-intensity treatment, or 
Can only maintain adequate control when taking 
systemic corticosteroids

Bel et al. Thorax 2011;66:910-7



Difficult to treat-

‘Difficult-to-treat asthma’
was defined as asthma where the poor control is 
• due to a wrong diagnosis or comorbidities, 
• the inability and unwillingness to adhere to the 

prescribed treatment regimens or 
• Adverse psychological and environmental factors

Elisabeth H Bel et al. Diagnosis and definition of severe refractory asthma: an international 
consensus statement from the Innovative Medicine Initiative (IMI). Thorax 2011;66:910-17

Refractory vs Difficult to treat vs
Uncontrolled  asthma



Uncontrolled-

least one of the following: 
1. Poor symptom control: ACQ consistently >1.5, ACT <20 

(or ‘‘not well controlled’’ by NAEPP/GINA guidelines) 
2. Frequent severe exacerbations: two or more bursts of 

systemic CS (>3 days each) in the previous year 
3. Serious exacerbations: at least one hospitalization, ICU 

stay or mechanical ventilation in the previous year 
4. Airflow limitation: after appropriate bronchodilator 

withhold FEV1 <80% predicted (in the face of reduced 
FEV1/FVC defined as less than the lower limit of 
normal)

Refractory vs Difficult to treat vs
Uncontrolled  asthma



Sub-phenotypes of severe refractory 
asthma

• over the past few years several clinical 
phenotypes have been identified

• These subtypes characterized by different 
clinical and physiological features, reflect 
separate immuno-pathologies

Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and clinical asthma phenotypes.Am J Respir Crit Care 
Med 2008; 178: 218–224.
Moore WC, Meyers DA, Wenzel SE, et al. Identification of asthma phenotypes





Late onset 
non-atopic, 

inflammation 
predominant 
asthma, fixed 

airflow  
limitation

Late onset obese 
female preponderant 

asthma

Early onset 
severe 
allergic 
asthma



Early onset severe 
allergic asthma

Late onset non-atopic, 
inflammation 
predominant asthma 
with fixed airflow 
limitation

Late onset obese female 
preponderant asthma

 <12years
 IgE more-IgE

mediated reactions 
more

 Anti-IgE therapy more 
useful

 >12years
 Persistant

eosinophilia
 Eosinophillic

inflammation-rhino 
sinusitis and nasal 
polyposis

 Fixed airway 
obstruction

 These 2 comorbidities 
should be routinely 
checked

 ICS/mepolizumab[ant
i-IL5] more useful

 >23 years
 BMI>30
 Treat obesity related 

comorbidities-OSAS 
and GERD.



Mechanism



Mechanism

Allergy. 2014 Jul;69(7):817-27. 
doi:10.1111/all.12412. Epub 2014 Apr 29.

http://www.ncbi.nlm.nih.gov/pubmed/24773466


GC-mechanism of action

Allergy. 2014 Jul;69(7):817-27. doi: 
10.1111/all.12412. Epub 2014 Apr 29.

http://www.ncbi.nlm.nih.gov/pubmed/24773466


Regulation of GC insensitivity

Chest. 2008 Aug;134(2):394-401. doi: 10.1378/chest.08-0440

http://www.ncbi.nlm.nih.gov/pubmed/18682458


J Allergy Clin Immunol. 2012 Jan;129(1):48-59. doi: 
10.1016/j.jaci.2011.11.006.

http://www.ncbi.nlm.nih.gov/pubmed/22196524


Management

Approach Treatment



Approach

• Asthma is confirmed by a history of wheeze 
either spontaneously or on exertion, 

• as well as variable airflow limitation by:
– Variability of PEF (amplitude %mean of twice daily 

measurements > 8%)
– Reversibility in FEV1 to 400 µg inhaled salbutamol 

(>12% predicted and >200 ml)
– AHR to methacholine (PC20 <8 mg/ml)
– Fall in FEV1 >12% plus >200 ml when tapering 

treatment (any one or more of ICS, OCS, LABA & 
SABA)

Elisabeth H Bel et al. Diagnosis and definition of severe refractory asthma: an international 
consensus statement from the Innovative Medicine Initiative (IMI). Thorax 2011;66:910-17



Approach

Elisabeth H Bel et al. Diagnosis and definition of severe refractory asthma: an international 
consensus statement from the Innovative Medicine Initiative (IMI). Thorax 2011;66:910-17



Approach



Approach



Approach



High intensity asthma treatment is defined as: 

1000 mcg/day fluticasone equivalent combined with long acting 
beta-2- agonists or other controllers (adults)

500 mcg/day fluticasone equivalent (school-aged children)

400 mcg/day budesonide equivalent and oral leukotriene 
receptor antagonists (pre-school children)

Elisabeth H Bel et al. Diagnosis and definition of severe refractory asthma: an international 
consensus statement from the Innovative Medicine Initiative (IMI). Thorax 2011;66:910-17



Tests to distinguish severe asthma from 
alternative diagnosis that may mimic asthma

Routine screening test in adults Exclusion (if test is normal)

Air trapping measured by body 
plethysmography

Bronchiolitis obliterans

Carbon monoxide diffusion 
capacity

Emphysema or parenchymal 
lung disease

Chest HRCT scan Parenchymal lung disease
Bronchiolitis obliterans
Bronchiectasis
Congestive heart failure

D-dimer Recurrent pulmonary embolism



Suspected alternative or 
additional diagnoses in adults

Diagnostic test

Intrabronchial obstruction Bronchoscopy

Vocal cord dysfunction Laryngoscopy during attack

Dysfunctional breathing/panic attacks Blood gases during attack
Hyperventilation provocation test

Recurrent microaspiration Proximal oesophageal pH measurement
Bile salts in bronchoalveolar lavage fluid

Cystic fibrosis (CF) Sweat test

Allergic bronchopulmonary aspergillosis (ABPA) Aspergillus sp IgE

Emphysema 
Hypersensitivity pneumonitis
Bronchiectasis (including ABPA, CF)

High resolution CT scan

Recurrent pulmonary embolism
Pulmonay arterial hypertension

CT pulmonary angiography

Bronchiolitis 
Sarcoidosis

Transbronchial or thoracoscopic lung biopsy

ChurgeStrauss syndrome Biopsy of affected organ(s)
Antineutrophilic cytoplasmic antibodies



Diagnosis and treatment of recognized 
comorbidities in severe asthma

Comorbid condition Test Treatment

Gastro-oesophageal reflux 3 months empirical 
therapy trial with proton
pump inhibitors or 
oesophageal pH testing

Lifestyle modifications
Proton pump inhibitors
Surgery

Obesity with or without 
obstructive
sleep apnoea syndrome

Polysomnography Weight control
Positive airway pressure
Oral appliances
Surgery

Sinus disease CT scan
Nasendocopy

Nasal irrigation with 
saline
Corticosteroid pray/drops
Surgery

Depression/anxiety Evaluation by mental 
health professional

Medical treatment or 
psychotherapy



Treatment

Lung India. 2015 Apr; 32(Suppl 1): S3–S42.



Stepwise approach to control symptoms

Eur Respir J. 2015 Sep;46(3):622-39. doi: 10.1183/13993003.00853-2015. Epub 2015 Jul 23.

http://www.ncbi.nlm.nih.gov/pubmed/26206872


Treatment

Pharmacological

• Optimal bronchodilatation-
tiotropium,others

• Targeted therapy-anti-IL5, 
anti-IgE, TNF-alpha 
antagonists, Anti-IL2R 
chain, Anti-CXCR2, others

• Macrolides

• methotrexate

Non 
pharmacological

• Bronchial thermoplasty

• High altitude treatment



Targeted therapy
Drugs Target

Omalizumab Anti-IgE

Mepolizumab Anti-IL5

Reslizumab Anti-IL5

Golimumab anti TNF-alpha

Etanercept Anti TNF-alpha

Daclizumab Anti-IL2R chain

SCH527123 Anti-CXCR2 Small

Lebrikizumab/Tralokinumab Anti IL3

AMG 317 Anti-IL4 R

Masitinib TKI

Eur Respir Rev. 2013 Sep 1;22(129):227-35. doi: 10.1183/09059180.00001913

http://www.ncbi.nlm.nih.gov/pubmed/23997049


Tiotropium

Tiotropium resulted noninferiorly to 
salmeterol and superiorly to placebo in 
patients with moderate to severe asthma who 
were not adequately controlled by ICS or ICS/ 
salmeterol. 

Major benefits were concentrated in the 
increase in lung function and in the case of 
patients with severe asthma, in the reduction 
of exacerbations. 

CHEST2015; 147 ( 2 ): 388 - 396 





Tiotropium as Add-on 
to ICS [10]

Tiotropium Plus ICS 
vs LABA Plus ICS [4]

Tiotropium as Add-on 
to LABA Plus ICS [3]

9-moderate, 1-mild All-moderate Severe









Anti IgE therapy-Omalizumab

Omalizumab is a recombinant humanized IgG1 
monoclonal antibody that binds IgE with high 
affinity and has been developed for the 
treatment of allergic disease.

J Immunol 1993; 151:2623.



Mechanism

Binds to the third constant 
domain of the IgE heavy chain, 
which is the same site at which 
IgE normally binds to both high 

and low affinity IgE receptors on 
mast cells, basophils, and other 

cell types

file:///C:/Users/pratap upadhya/Desktop/UpToDate/UpToDate/contents/mobipreview.htm?16/46/17130/abstract/mobipreview.htm?37/46/38629?source=see_link


Omalizumab
Indications Side effects Dose

ALL:
 Twelve years of age and 

older
 Moderate to severe 

persistent asthma
 Asthma symptoms that 

are inadequately 
controlled with inhaled 
glucocorticoids 

 A total serum IgE level 
between 30 and 700 
international units/mL (
IU/mL),

 Allergic sensitization to 
a perennial ag. 

 Hypersensitivity 
reactions

 Utricaria, anaphylaxis

 Cardiovascular
 Malignancy-solid 

tumors
 Parasitic infection

 s/c
 0.016mg/kg/ IU/mL of 

IgE per month
 3-6m trial
 Every 2-4weeks

Med Lett Drugs Ther 2003; 45:67.

file:///C:/Users/pratap upadhya/Desktop/UpToDate/UpToDate/contents/mobipreview.htm?16/46/17130/abstract/mobipreview.htm?16/46/17130/abstract/19




• Only double-blind randomised controlled trials (RCTs) 
were considered for inclusion.

• 25 trials included



Primary outcome Secondary outcome

Asthma exacerbation
Steroid reduction/termination

1-Asthma symptoms.
2. Health-related quality of life.
3. Rescue medication use.
4. Measures of lung function: 
forced expiratory volume in one
second (FEV1), peak expiratory 
flow (PEF).
5. Adverse events.



Results











Conclusion
1) Use of omalizumab for at least 52weeks in severe 

asthmatic patients is effective and is accompanied by an 
acceptable safety profile 

2) Subgroup analyses provided further evidence for the 
current asthma guideline recommendations to consider 
omalizumab in steps 5 or 6 for patients with persistent 
allergic asthma that remains uncontrolled in spite of 
treatment with highdose ICS plus LABAs and/or a third 
controller (including OCS)

3) Costs increased, but the use of omalizumab could be 
cost-effective if the drug is used to treat patients with 
severe allergic asthma



Mepolizumab

For severe eosinophilic asthma 
Dose Ranging Efficacy And safety with Mepolizumab
in severe asthma (DREAM) trial
• A multicentre, double-blind, placebo-controlled trial at 81 

centres in 13 countries enrolled 621 patients were aged 
12–74 years, and had a history of recurrent severe asthma 
exacerbations, and had signs of eosinophilic inflammation

• They were randomly assigned to receive one of three 
doses of intravenous mepolizumab (75 mg, 250 mg, or 
750 mg) or matched placebo (100 mL 0·9% NaCl)

• The primary outcome measure was the rate of clinically 
significant asthma exacerbations over 12 months                                                            

Pavord et al. Lancet 2012;380:651-59



• The rate of clinically significant exacerbations was 
reduced by 39%-48% (different doses) compared with 
placebo 

• Small effects on FEV1 and QOL scores, which generally 
did not differ significantly from those reported with 
placebo

Pavord et al. Lancet 2012;380:651-59

Mepolizumab for severe eosinophilic asthma 
Dose Ranging Efficacy And safety with Mepolizumab
in severe asthma (DREAM) trial



Macrolids

• The non-eosinophilic asthma phenotype 
responds poorly to currently available anti-
inflammatory therapy

• Macrolides have immunomodulatory and anti-
inflammatory effects in addition to their 
antibacterial effects.

• Maintenance treatment with macrolides such as 
azithromycin has been proved to be effective in 
chronic neutrophilic airway diseases including 
cystic fibrosis, bronchiectasis and recently COPD

McGrath et al. Am J Respir Crit Care Med 2012;185:612-9



Azithromycin for prevention of exacerbations in
severe asthma (AZISAST)

• A randomised double-blind placebo-controlled trial in 
subjects with severe asthma

• Subjects received low-dose azithromycin (n=55) or 
placebo (n=54) as add-on treatment to ICS/LABA for 6 
months

• The primary endpoints (PFPs) were the rate of severe 
exacerbations and LRTI requiring treatment with 
antibiotics during the 26-week treatment phase

Brussel et al. Thorax 2013;68:322-39



• The rate of PEPs during 6 months was not significantly 
different between the two treatment groups

• In a predefined subgroup analysis according to the 
inflammatory phenotype, azithromycin was associated with 
a significantly lower PEPs rate than placebo in subjects with 
noneosinophilic severe asthma (blood eosinophilia ≤200/ml)

• Azithromycin significantly improved QOL score but there 
were no significant differences in the asthma contol or lung 
function

Azithromycin for prevention of exacerbations in
severe asthma (AZISAST)

Brussel et al. Thorax 2013;68:322-39





Respir Med. 2008 Nov;102(11):1499-510. doi: 10.1016/j.rmed.2008.09.006.

http://www.ncbi.nlm.nih.gov/pubmed/19012848


ERS/ATS GUIDELINES ON SEVERE ASTHMA | K.F. CHUNG ET AL.
Eur Respir J 2014; 43: 343–373 | DOI: 10.1183/09031936.00202013



BRONCHIAL THERMOPLASTY-

BT is a novel, minimally invasive therapeutic 
intervention for patients with severe persistent 
asthma that is uncontrolled despite the use of 
ICS and LABA. 

First approved by the United States Food and 
Drug Administration (FDA) in 2010, BT delivers 
targeted thermal energy to the airway walls with 
the goal of reducing ASM mass. 



The thermal energy is delivered using the Alair
System (Boston Scientific, Natick, MA, USA). The 
catheter is introduced via the working channel 
of the flexible bronchoscope. 

The distal tip contains an expandable four-
electrode basket, which is serially deployed in 
the airways.





• BT is performed by a BT-certified pulmonologist in 3 
outpatient visits, typically scheduled 3 weeks apart. 

• Temperature controlled energy (65o C) is delivered to 
airway wall for 10 seconds per activation 

• 4/segment



Reduce Airway Smooth Muscle 
(ASM)

Reduce Bronchoconstriction

Reduce Asthma Exacerbations

Improve Asthma Quality of Life







J Int Med Res. 2011;39(1):10-22.

http://www.ncbi.nlm.nih.gov/pubmed/21672303


J Int Med Res. 2011;39(1):10-22.

http://www.ncbi.nlm.nih.gov/pubmed/21672303










High altitude treatment

Decreased exposure to-
dust,pollen, spores,pollution

Less work of 
breathing, UV 

immunomodulatory
effect.





prospective observational cohort study, 137 
adults with severe refractory asthma (92 with 
allergic sensitisation), referred for high-altitude 
(1,600 m) treatment in Davos Switzerland, were 
consecutively included.

At admission and 12 weeks-





ERS/ATS GUIDELINES ON SEVERE ASTHMA | K.F. CHUNG ET AL.
Eur Respir J 2014; 43: 343–373 | DOI: 10.1183/09031936.00202013



Recommendations-ERS/ATS GUIDELINES ON SEVERE 
ASTHMA 2013/Severe refractory asthma: an update 

[2013]
Bronchial
Thermoplasty

Very low

bronchial
thermoplasty is performed in adults
with severe asthma only
in the context of an Institutional
Review Board approved
independent systematic registry
or a clinical study (recommendation,
quality evidence)

Methotrexate

low

do not
use methotrexate in adults or
children with severe asthma

Macrolide
Antibiotics
Very low

do not
use macrolide antibiotics in
adults and children with severe
asthma for the treatment of
asthma



Anti fungal agents

Very low

-suggest antifungal agents in
adults with severe asthma and
recurrent exacerbations of ABPA

-clinicians do not
use antifungal agents for the
treatment of asthma in adults
and children with severe asthma
without ABPA irrespective of
sensitisation to fungi (i.e. positive
skin prick test or fungus-specific
IgE in serum)


