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NAEPP (2020)

GINA (annual)

BTS/SIGN (2019)

Guidelines and recommendations
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ATS/ERS (2022)



Redefining Reversibility 
Updates to Bronchodilator Response
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Topics Covered
Reference equations

Normal range 

Bronchodilator response

Severity 

ATS/ERS lung function testing 2022
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Stanojevic 2022 ERJ

Global Lung Function Initiative 
Reference equations for spirometry 



7

>= 12% & 200mL in FEV1 or FVC 

Compares pre- & post- bronchodilator results

2005 BD+ 2022 BD+
> 10% of predicted FEV1 or FVC 

Minimizes sex and height difference in BDR 

‘Bronchodilator response’
Significant change
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Asthma Asthma vs. COPD

Unpublished
BWH Asthma Research Center
N = 2465 

Beasley et al., 2024 AJRCCM
NOVELTY Cohort 
N = 6788
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BDR alone fails to discriminate 
asthma vs. COPD
• Favor judgment for BDR 

interpretation in the context 
of clinical presentation

• BDR as a ‘treatable trait’ of 
small airway disease?

Bronchodilator testing
Implications of changing definitions
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Regulatory Roadblocks 
GINA, Symbicort, and the FDA
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Compared to Best Practice Compared to SABA or LABA

Sobieraj 2018 JAMA Rabe 2006 Lancet

SMART reduces exacerbations
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SMART therapy with ICS-formoterol 
reduces severe exacerbations.
• Clinical trial and observational 

studies 
• > 30k patients 
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Low dose ICS whenever 
SABA taken, or daily LTRA, 
or add HDM SLIT

Medium dose ICS, or 
add LTRA, or add 
HDM SLIT

Add LAMA or LTRA or 
HDM SLIT, or switch to 
high dose ICS

Add azithromycin (adults) or 
LTRA. As last resort consider 
adding low dose OCS but 
consider side-effects

RELIEVER: As-needed short-acting beta2-agonist

STEP 1
Take ICS whenever 
SABA taken

STEP 2
Low dose 
maintenance ICS

STEP 3
Low dose 
maintenance 
ICS-LABA

STEP 4
Medium/high
dose maintenance 
ICS-LABA

STEP 5
Add-on LAMA
Refer for assessment
of phenotype. Consider 
high dose maintenance 
ICS-LABA, ± anti-IgE,
anti-IL5/5R, anti-IL4R, 
anti-TSLP

RELIEVER: As-needed low-dose ICS-formoterol

STEPS 1 – 2
As-needed low dose ICS-formoterol

STEP 3
Low dose 
maintenance 
ICS-formoterol

STEP 4
Medium dose 
maintenance 
ICS-formoterol

STEP 5
Add-on LAMA
Refer for assessment
of phenotype. Consider 
high dose maintenance 
ICS-formoterol,
± anti-IgE, anti-IL5/5R, 
anti-IL4R, anti-TSLP

Treatment of modifiable risk factors 
and comorbidities
Non-pharmacological strategies
Asthma medications (adjust down/up/between tracks) 
Education & skills training

Adults & adolescents 
12+ years
Personalized asthma management
Assess, Adjust, Review
for individual patient needs

Symptoms 
Exacerbations 
Side-effects 
Lung function
Patient satisfaction

Confirmation of diagnosis if necessary 
Symptom control & modifiable
risk factors (see Box 2-2B)
Comorbidities
Inhaler technique & adherence 
Patient preferences and goals

CONTROLLER and
PREFERRED RELIEVER
(Track 1). Using ICS-formoterol 
as reliever reduces the risk of 
exacerbations compared with 
using a SABA reliever

Other controller options for either 
track (limited indications, or less 
evidence for efficacy or safety)

CONTROLLER and
ALTERNATIVE RELIEVER
(Track 2). Before considering a 
regimen with SABA reliever, 
check if the patient is likely to be 
adherent with daily controller

See GINA
severe 
asthma guide

© Global Initiative for Asthma, www.ginasthma.orgGINA 2022, Box 3-5A
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The management of asthma got easier:

• Step 1 – 2: Low-dose ICS-formoterol as 
needed

• Step 3: Low-dose ICS-formoterol

• Step 4: Medium-dose ICS-formoterol

• Step 5: Consider high-dose ICS-formoterol 

 

ICS-formoterol
1. Symbicort = budesonide-formoterol

2. Dulera = mometasone-formoterol 

3. (Fostair = beclomethasone-formoterol)

GINA summary 
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ICS-formoterol at all Steps
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Financial/Insurance Coverage
Out-of-pocket costs associated with Symbicort 
can be $200-400/month for some 

Frequent ‘as-needed’ use can result in earlier 
refills, which is often not covered by insurance 

Barriers to implementation

BWH Asthma Research Center   |   Confidential—do not copy or distribute

FDA/Regulatory

Patient preference
Strong patient preference for inhaler devices, 
nebulizer devices
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Rapid Relief
Patient Preferences for Reliever Therapy
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Patient-Activated Reliever-Triggered ICS (PARTICS) 
Alternative reliever strategy for moderate-to-severe asthma
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• 67% of PREPARE participants reported using a 
nebulizer as a reliever device 

• 45% report using nebulizer weekly 

• Greater number of co-morbid conditions 

• Utilize acute health care services (ED, 
hospitalization, exacerbation) more 
frequently (~50% vs. ~25%) 

PREPARE Cohort GINA
• ICS/LABA reliever for all asthma severity

• Specifically recommends against SABA in 
favor of LABA as bronchodilator 

• Patient preference for nebulizer device is 
unaddressed

Patient preference for nebulizers 
Incompatible with GINA recommendations
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Apter 2022 JACI-IP
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• 6M adults with asthma

• 25% nebulizer use overall

• 37% nebulizer use for medium/high dose ICS 

• Propensity-matched cohort of 400k 

• 4-year follow-up period

TriNetX Database

Nebulizer use is common
Significant associated risk
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• All-Cause Mortality
‒ HR 1.98 (95% CI 1.91 – 2.05) 

• Severe Asthma Exacerbation
‒ HR 1.29 (95% CI 1.28 – 1.29) 

Salciccioli, unpublished
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Formoterol superior to SABA for FEV1 change
At peak effect (~60min) 
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Derom 1992 Thorax
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Short-term effects favor SABA
FEV1 increase 100mL over 30min
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Kearns 2023 Thorax
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Combination ICS-SABA 
‘Anti-Inflammatory Reliever’ 
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Selecting the optimal reliever therapy
‘Anti-Inflammatory Reliever’  

• Anti-inflammatory (ICS-containing) reliever 
should be preferred over SABA-only therapy 

• Add-on ICS with SABA effective in moderate-to-
severe asthma (PARTICS) 

• GINA 2022: ‘Providing access to anti-
inflammatory relievers at affordable prices for 
all patients in all countries, whether MDI or DPI, 
is both important and urgent’
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Respiratory Responsibility
Global impact of treatment decisions



27

Poor asthma control (increased SABA use) is 
associated with GHG
• MDIs contribute ~3.5% of the carbon footprint 

of the National Health Service
‒ Asthma in UK accounts for 750,000 tCO2/year

UK NICE: ‘prescribers be aware of the global-
warming potential of different inhalers and to use 
inhalers with lower global-warming potential where 
equally effective’

BTS/SIGN 2019
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Inhaler devices and the environment
Metered dose vs. dry powder 
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Asthma Control
Poor asthma control is 
associated with increased SABA 
use and excess GHG.

>303K tCO2/yr
Wilkinson 2023 Thorax

Asthma Exacerbation
Exacerbations are associated 
with significant CO2 effects 
(regardless of MDI v. DPI).

185 tCO2/AEX
Kponee 2022 JME

Inhaler Transitions
Non-medical transitions 
(insurance, generic, etc.) 
associated with loss of asthma 
control and exacerbation. 

47% AEX rate
Gilbert 2021 Pulm Ther
McCarthy 2022 J Pharm Prac
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Inhaler selection
Weighing the environmental effect
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Inhaler selection
On balance

• ‘Green Guilt’ may limit adherence

• Restricted production of MDI may adversely 
affect access to inhaler therapies in LMICs

• Consider DPI for initiation of therapy

• Transition with caution 

Levy 2023 Lancet



Summary
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Questions?
Justin D Salciccioli 
jsalciccioli@bwh.harvard.edu


