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Disclosures

◼ No conflicts of interest to disclose

◼ I’m not a medical device engineer

◼ Health services researcher, Clinical outcomes 
expert, and General Pediatrician...

◼ …with a “think outside the box” mindset

Thanks to Barry Lachman, MD, MPH, FAAP



CME Learning Objective

◼ Discuss asthma education and demonstrate 
common asthma equipment and devices



Session Learning Objectives

◼ Explore the trends in inhaler device design

◼ Review the medical evidence regarding use 
of nebulizers versus spacers & chambers

◼ Discuss the role of fractionated exhaled 
nitric oxide (FeNO) in asthma management

◼ Learn how remote electronic monitoring can 
empower both providers and recipients of 
asthma care – Cause for optimism



Expert Panel Report (EPR) No. 3



Asthma Control Questionnaires







Medication Inhalers



Types of Inhalers

◼ 1. Hydrofluoroalkane inhalers or HFA ʅ (formerly 
metered dose inhalers or MDIʃ) – Some used with 
Spacers or Valved Holding Chambers (VHCs)

◼ 2. Dry Powder Inhalers (DPI) – not for children 
aged < 5-6 years

◼ 3. Soft Mist Inhalers (SMI) – only ≥5 years of age

ʃ Metered dose inhalers with chlorofluorocarbons (CFCs) have been phased out due 
to concerns about damage to the environment.

ʅ Are either non-breath activated (majority) or breath-activated (more expensive!)





QVAR RediHaler. Photo courtesy of Teva Pharmaceuticals, Inc.



Arnuity’s Ellipta (fluticasone furoate) Inhaler

Indicated for once-daily maintenance treatment of asthma as prophylactic therapy 
in children aged ≥5 years





Respimat® Soft Mist™ Inhalers (SMI)

Suitable VHC with face mask recommended below 5 years of 
age. Without VHC, Respimat® may be used by children aged 
5 years and above.





Spacers & Valved Holding Chambers



Various Shapes & Styles of Spacers





Correct Use of HFA Inhaler with a Spacer

https://youtu.be/BbONuRXJdr0

https://youtu.be/BbONuRXJdr0


Role of a Valved Holding Chamber (VHC)

https://youtu.be/Trqc8shfSGA

https://youtu.be/Trqc8shfSGA


Nebulizers





Face Masks







Primary Outcomes



Secondary Outcomes



Citation: Cates CJ, Welsh EJ, Rowe BH. Holding chambers (spacers) versus nebulisers for beta-agonist treatment of acute asthma. 
Cochrane Database of Systematic Reviews 2013, Issue 9. Art. No.: CD000052. DOI: 10.1002/14651858.CD000052.pub3. 
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.







Fractionated Exhaled Nitric Oxide (FeNO)



Exhaled NO Is a Marker of Airway Inflammation1-3

◼ NO is an endogenous 
regulatory molecule1

◼ Synthesis regulated by family 
of enzymes (NOS)1

◼ iNOS-derived NO 
predominantly produced in 
bronchial wall epithelial cells2,3

◼ Exhaled NO levels increase 
during allergic inflammation 
and often correlate with 
eosinophilic inflammation2,3
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The NIOX VERO® Portable Device
• Currently the only available point-of-care device to measure FeNO 

• Appropriate for patients ≥7 years of age

• Easy-to-follow, on-screen guidance

• 10 seconds of active patient participation with a moderate exhalation (50 
mL/sec)

• Results available in approximately 1 minute

•

• Unlike PFTs, a result cannot be affected by patient effort

• If the patient exhales outside of range (high/low), no result is delivered, and the 
test can quickly be restarted
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FeNO Interpretation1







Summary of Petsky et al. Meta-analysis

◼ Included 9 studies conducted among children

◼ 1,426 patients were randomized

◼ 1,329 completed the study

◼ Odds of reducing asthma exacerbations (# of patients with ≥1 
exacerbation) using FeNO vs. symptoms-based approach

◼ Odds ratio (OR) = 0.58 (95% CI, 0.45-0.75) 

◼ Number Needed to Benefit (NNTB) in one year = 9 (95% CI, 
6-15)

◼ FeNO-aided management significantly reduced asthma 
exacerbations compared to a guidelines-only based approach



Pediatric Critical Care Medicine, 2004; Vol. 5, No. 1: 48 - 52



Examined Utility of FeNO for monitoring ICS treatment 
adherence in 30 children (aged 7-17 years) with asthma





Benefits of Routine FeNO Monitoring



Remote Electronic Sensors



Rationale for Remote Electronic Sensors

◼ Adherence to ICS therapy is frequently low (≤ 50%)

◼ Suboptimal adherence undermines therapy effectiveness, results in greater 
morbidity & more frequent HC visits

◼ Asthma management guidelines recommend that clinicians monitor & 
stimulate ICS medication adherence

◼ Clinicians do not detect ICS non-adherence at rates that exceed those 
predicted by chance alone

◼ Parent/school reports, treatment diaries, questionnaires, canister weight, 
and pill counts all over-estimate adherence

◼ Most methods fail to detect ‘dumping’, ‘white coat effect’, ‘drug holidays’

◼ Remote electronic monitoring the most objective and empirical way to 
measure ICS adherence

◼ Being informant-free & non-intrusive, remote e-sensors capture “real time” 
adherence, regardless of who administers the medication 



Typical Components of E-monitoring System

❑ Bluetooth-enabled ‘smart’ e-sensor attached to all 
the inhalers (rescue & maintenance)

❑ Smartphone-based mobile application synced with 
e-sensor and remote cloud-based server

❑ ± Miniature digital spirometer/spacer

❑ ± Digital hygrometer or ‘air quality’ monitor

❑ Unique ’dashboards’ for child/parent, pediatrician, 
case manager, school nurse, asthma educator, 
respiratory therapist, home ‘visitor’



Propeller Health Smart Sensors



How Propeller Sensor Works

https://youtu.be/iq7bWPPRDzs

https://youtu.be/iq7bWPPRDzs


Environmental Health Perspectives, 2017; Volume 125 (2): 254 - 261 

















Cohero Health Asthma Care Platform







Key Findings from Hollenbach et al. Focus Group Study

◼ Key benefit of mHealth platform is real-time adherence data 
that can be pushed directly into the HER

◼ Data can be viewed either during a scheduled clinic visit or 
after a customizable, patient-specific threshold is met

◼ Ability of app to collect, store, and display long-term data of 
seasonal, patient, and practice trends is an educational tool 
that could inform quality improvement efforts

◼ Concerns about data accuracy due to families presumed 
inhaler-sharing practices

◼ Concerns about protecting patient privacy

◼ mHealth app seen as adding value to clinician’s provision of 
high-quality asthma care



Thank You!


