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Learning Objectives

• Define Difficult-to-Control vs Severe Asthma

• Understand the impact of Inhaled Corticosteroid (ICS) Adherence

• Understand the impact of Inhaler Technique

• Describe the Potential Role of Digital Inhaler Systems as a Diagnostic 
Tool and Therapeutic Intervention



Difficult-to-Control vs Severe Asthma

Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2021. https://ginasthma.org/



Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2021. https://ginasthma.org/

Difficult-to-Control vs Severe Asthma



Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2021. https://ginasthma.org/

Difficult-to-Control vs Severe Asthma



Definition of Adherence

[T]he extent to which a person’s behavior, taking medication, 
following a diet, and/or executing lifestyle changes, 
corresponds with agreed recommendations from a health care 
provider

Chakrabarti S. What's in a name? Compliance, adherence and concordance in chronic psychiatric disorders. World J Psychiatry. 2014 June 22;4(2)30-36. Doi: 
10.5498/wjp.v4.i2.30.



Types of Non-Adherence

• Intentional: lack of confidence that treatment works, denial of diagnosis, 
concerns about side effects, beliefs that treatment can be stopped because 
symptoms have improved, and cost.

• Unintentional: poor inhaler technique (even though patient thinks that they 
are using it correctly), lack of understanding as to when to use the inhaler, 
forgetfulness, and cannot keep a routine.

Dekhuijzen, R, Lavorini, F, Usmani, O, van Boven, J. Journal of Allergy and Clinical Immunology: In Practice, 2018-05-01 , Volume 6, Issue 3, Pages 785-793.



Smith IJ, Bell J, Bowman N, Everard M, Stein S, Weers JG. Inhaler devices: What remains to be done? J Aerosol Med 
Pulm Derug Deliv 2010;23(Suppl 2);S25-37.

Adherence Across Chronic Diseases



Clinically Significant Adherence

Although incremental improvements in inhaled corticosteroid 
adherence may be associated with a decreased risk of exacerbations, 
this relationship is nonlinear and that an adherence threshold of 75% 
of the prescribed dose is required to significantly reduce 
exacerbations.1

A study analyzing prescription refill data in patients with difficult-to-
control asthma determined good adherence to be > 80%.

1. Williams LK, Peterson EL, Wells K, Ahmedani BK, Kumar R, Burchard EG, et al. Quantifying the proportion of severe asthma exacerbations attributable to inhaled corticosteroid 
nonadherence. J Allergy Clin Immunol 2011;128;1185-91.e2.

2. Murphy AC, Proeschal A, Brightling CE, Wardlaw AJ, Pavord I, Bradding P, et al. The relationship between clinical outcomes and medication adherence in difficult-to-control 
asthma. Thorax 2012:67;751-3.



HCP Judgement of Patient Adherence is Inaccurate

Burgess SW, Sly PD, Morawska A, Devadason SG. Assessing adherence and factors associated with adherence in young children with asthma. Respirology
2008:13:559-63.0



Patient Self-Reported Adherence is Unreliable 

Mosnaim G, Li H, Martin M, Richardson D, Belice PJ, Avery E, Ryan N, Bender B, Powell L. The impact of peer support and mp3 messaging on adherence to inhaled corticosteroids in minority adolescents 
with asthma: a randomized, controlled trial. J Allergy Clin Immunol Pract. 2013 Sep-Oct;1(5):485-93. 



Mosnaim G, Li H, Martin M, Richardson D, Belice PJ, Avery E, Ryan N, Bender B, Powell L. The impact of peer support and mp3 messaging on adherence to inhaled corticosteroids in minority adolescents 
with asthma: a randomized, controlled trial. J Allergy Clin Immunol Pract. 2013 Sep-Oct;1(5):485-93. 

Patient Self-Reported Adherence is Unreliable



Mosnaim GS, Stempel DA, Gonzalez C, Adams B, BenIsrael-Olive N, Gondalia R, Kaye L, Shalowitz M, Szefler S. Electronic Medication Monitoring versus Self-Reported Use of Inhaled 
Corticosteroids and Short-Acting Beta-Agonists in Uncontrolled Asthma. J Asthma 2021 Nov 2:1-4. 

Patient Self-Reported Adherence is Unreliable

Participant self-report was significantly greater than 
objectively measured ICS adherence (97% vs 75%, p = 
0.002)



Which of the following is NOT one of the 
most common (white) lies people tell?

• I’m almost there

• It must have gone to my spam folder

• I’m good

• I have 11 goldfish and love to wash dishes

https://www.redbookmag.com/life/g27077358/lies-everyone-teslide=15tolls/?



Prescription refill data may not indicate ingestion and are vulnerable to 
recording bias due to the use of multiple pharmacies or stockpiling1

The ideal measure of adherence should be objective, accurate and 
unobtrusive to minimize impact on patient behavior, and allow reliable data 
collection in real world settings2

Electronic medication monitors are the criterion standard among adherence 
measurement methods for inhaler treatments1

Measuring ICS Medication Adherence    

2: Denhaerynck K, Schafer-Keller P, Young J, Steiger J, Bock A, De Geest S. Examining assumptions regarding valid electronic monitoring of medication 
therapy; development of a validation framework and its application on a European sample of kidney transplant patients. BMC Med Res Methodol
2008;8:5.

1: Hai Yan Chan, A, Harrison, J, Black,P, Mitchell, E, Foster, J. Using Electronic Monitoring Devices to Measure Inhaler Adherence: A Practical Guide for 
Clinicians. J Allergy Clin Immunol Pract 2015;3:335-49



The Importance of Inhaler Technique

Price DB, Roman-Rodriguez M, McQueen RB, Bosnic-Anticevich S, Carter V, Gruffydd-Jones K, Haughney J, Henrichsen S, Hutton C, Infantino A, Lavorini F, Law LM et al. Inhaler 
Errors in the CRITIKAL Study: Type, Frequency and Association with Asthma Outcomes. J Allergy Clin Immunol Pract. 2017 Jul-Aug;5(4);1071-1081.e9



Sanchis, J, Gich I. Pederson S. Systematic review of errors in inhaler use: Has patient technique improved over time? Chest 2016;150;394-406.

Has Patient Inhaler Technique Improved Over Time?



Which of the following statements about 
inhaler technique is correct?

Of asthma patients under specialist care, inhaler technique 
is checked in 80%1

In a recent meta-analysis, only 15.5% of HCPs demonstrated 
proficiency in use of MDIs and DPIs2

Actual adherence is adherence based on time of medication 
use3

Attempted adherence is adherence based on proper use of 
the inhaler3

1: von Bulow A, Backer V, Bodtger U, Soes-Petersen NU, Assing KD, Skjold et. al. The level of diagnostic assessment in severe asthma: a nationwide real-life study. 
Respir Med 2017:124:21-9
2: Plaza V, Giner J, Rodrigo GJ, Dolovich MB, Sanchis J, Errors in the use of inhalers by health care professionals: a systematic review. J Allergy Clin Immunol
Pract 2018;6:987-95.
3: Sulaiman I, Scheult J, Sadsivuni N, MacHale E, Killane I, Giannoustos S, et al. The impact of common inhaler errors on drug delivery: investigating critical errors 
with a dry powder inhaler. J Aerosol Med Pulm Drug Deliv 2017;30:247-55.



The INCA Device

Terence E. Taylor1,2, Yaniv Zigel1,3, Clarice Egan4, Fintan Hughes1, Richard W. Costello4 & 
Richard B. Reilly 1,2. Objective Assessment of Patient Inhaler User Technique Using an Audio-
Based Classification Approach. Sci Rep 8, 2164 (2018).

Martin S Holmes 1, Jansen N Seheult, Colm Geraghty, Shona D'Arcy, Ultan O'Brien, Gloria Crispino
O'Connell, Richard W Costello, Richard B Reilly. Physiol Meas. 2013 Aug;34(8):903-14. 



The Propeller Health Platform



https://www.digihaler.com/globalassets/css-official/digihaler-dashboard-reference-guide.pdf

The Digihaler Platform

https://www.ux-designawards.com/en/gewinner/digihaler-
system



Mosnaim G, Safioti G, Brown R, DePietro M, Szefler SJ, Lang DM, Portnoy JM, Bukstein DA, Bacharier LB, Merchant RK. Digital Health Technology in Asthma: A 
Comprehensive Scoping Review. J Allergy Clin Immunol Pract. 2021;9(6):2377-2398. 
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Technology in Asthma: A Comprehensive Scoping Review. J Allergy Clin Immunol Pract. 2021;9(6):2377-2398. 



Mosnaim G, Safioti G, Brown R, DePietro M, Szefler SJ, Lang DM, Portnoy JM, Bukstein DA, Bacharier LB, Merchant RK. Digital Health Technology in Asthma: A 
Comprehensive Scoping Review. J Allergy Clin Immunol Pract. 2021;9(6):2377-2398. 



Mosnaim G, Safioti G, Brown R, DePietro M, Szefler SJ, Lang DM, Portnoy JM, Bukstein DA, Bacharier LB, Merchant RK. Digital Health Technology in Asthma: A Comprehensive Scoping Review. J 
Allergy Clin Immunol Pract. 2021;9(6):2377-2398. 



Clinical Endpoints of Interest

• Increased SABA-free days

• Increased adherence (or less of a decline in adherence) to prescribed 
ICS   

• Patient satisfaction 

• Improved asthma control

• Improved lung function

• Improved biomarkers

• Reduced asthma-related healthcare utilization

• Appropriate use of biologics
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Hoyte F, Mosnaim GS, Rogers L, Safioti G, Brown R, Li T, Depietro M, Reich M, Hill T, Wechsler M. Effectiveness of a 
digital inhaler system for patients with asthma: a 12-week, open-label, randomized study (CONNECT1). J Allergy Clin
Immunol Pract. 2022 Oct:10(10):2579-87.
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Hoyte F, Mosnaim GS, Rogers L, Safioti G, Brown R, Li T, Depietro M, Reich M, Hill T, Wechsler M. 
Effectiveness of a digital inhaler system for patients with asthma: a 12-week, open-label, randomized study 
(CONNECT1). J Allergy Clin Immunol Pract. 2022 Oct:10(10):2579-87.



Hoyte F, Mosnaim GS, Rogers L, Safioti G, Brown R, Li T, Depietro M, Reich M, Hill T, Wechsler M. Effectiveness of a 
digital inhaler system for patients with asthma: a 12-week, open-label, randomized study (CONNECT1). J Allergy Clin
Immunol Pract. 2022 Oct:10(10):2579-87.



Hoyte F, Mosnaim GS, Rogers L, Safioti G, Brown R, Li T, Depietro M, Reich M, Hill T, Wechsler M. Effectiveness 
of a digital inhaler system for patients with asthma: a 12-week, open-label, randomized study (CONNECT1). J 
Allergy Clin Immunol Pract. 2022 Oct:10(10):2579-87.



Hoyte F, Mosnaim GS, Rogers L, Safioti G, Brown R, Li T, Depietro M, Reich M, Hill T, Wechsler 
M. Effectiveness of a digital inhaler system for patients with asthma: a 12-week, open-label, 
randomized study (CONNECT1). J Allergy Clin Immunol Pract. 2022 Oct:10(10):2579-87.



Boddy, C, Naveed, S, Craner, M, Murphy, A, Siddiqui, S, Bradding, P. Clinical Outcomes in People with Difficult-to-Control Asthma Using Electronic Monitoring to Support 
Medication Adherence. J Allergy Clin Immunol Pract 2021;9:1529-38
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Mosnaim, G, Stempel, H, Van Sickle, D, Stempel, D. The Adoption and Implementation of Digital Health Care in the Post-COVID-19 Era. Journal of Allergy and Clinical Immunology: In 
Practice, 2020-09-01, Volume 8, Issue 8, Pages 2484-2486



Hogan, B. How Do You Eat An Elephant?: One Bite at a Time. New York, Aeon Publishing, 2004.
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US Centers for Medicare & Medicaid Services Requirements

Physiologic Remote Patient Monitoring Code Remote Patient Monitoring Code (Remote Therapeutic 
Monitoring/Adherence)

Device involves remote monitoring of physiologic 
parameters (e.g. respiratory flow rate)

Device involves remote monitoring of respiratory symptom 
status (e.g. therapy adherence, therapy response)

Device must meet FDA’s definition of a medical 
device

Device must meet FDA’s definition of a medical device

Device must transmit 16 days of data over a 30-day
period (for CPT code 99454)

Device must transmit 16 days of data over a 30-day period (for 
CPT code 98976)

Physiologic data is automatically transmitted from 
the device to the HCP

Non-physiologic data con be self-reported as well as digitally 
uploaded to the HCP

Device and monitoring are medically necessary Device and monitoring are medically necessary

Data collected must be used to develop and 
manage a plan of treatment

Data collected must be used to develop and manage a plan of 
treatment





Clinical Vignette

• Adult male referred to you for evaluation and treatment of uncontrolled asthma. History 
reveals 4 immediate care visits with accompanying courses of OCS over the past 12 
months, despite being prescribed a high dose ICS/LABA DPI during this time. Recent labs 
reveal an absolute eosinophil count of 300. His ACT score is 17, and reveals albuterol use 
several times a day for day time symptoms and every night for nighttime awakenings. In-
office spirometry demonstrates 15% (and greater than 200 ml) reversibility post 
bronchodilator, and in-office testing demonstrates a FENO level of > 50 ppb. When you 
inquire about ICS/LABA usage and inhaler technique, he reports he is taking the 
medications as prescribed and knows how to use them. Of the options below, what is the 
next best step in the management of this patient?

• Add low dose daily oral corticosteroids

• Switch to an MDI ICS/LABA formulation

• Discuss the option of adding a biologic therapy

• Ask non-judgemental follow up questions about ICS/LABA use, review inhaler 
technique, and prescribe a digital inhaler system



Discussion and Future Directions

Defining Difficult-to-Control vs Severe Asthma

Understand the impact of ICS Adherence

Understand the impact of Inhaler Technique

Describe the Potential Role of Digital Inhaler Systems as a 
Diagnostic Tool and Therapeutic Intervention



Thank you!

Email address: gmosnaim@gmail.com



Extra Slides – Not Needed
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Anderson, W, Gondalia, R, Hoch, H, Kaye,L, Szefler, S.Stempel, D. Journal of Allergy and Clinical Immunology: In Practice, 2019-07-01 , Volume 7, 
Issue 6, Pages 2065-2067

The Propeller Health Platform
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