
A DNP PROJECT 

Implementation of Remote Patient Monitoring to Improve Medication Adherence 

and Efficacy in Patients with Asthma and Chronic Obstructive Pulmonary Disease: 

A Quality Improvement Project 

 

A Project Presented to the Faculty of Keigwin School of Nursing 

Jacksonville University 

In partial fulfillment of the requirements  

For the Degree of Doctor of Nursing Practice 

by 

Barbara A. Werner, DNP, MSN, RN-BC, CHPQ, AE-C 

Approved: Roberta Christopher, EdD, MSN, APRN, NE-BC, CAIF 

DNP Chair 

Approved: Lila de Tantillo, PhD, MS, APRN, FNP-BC   

DNP Initial Reader  

Approved: Lindsay Wolf, DNP, APRN, CPNP-PC, CNE, CLC 

DNP Secondary Reader 

Approved: Lindsay Wolf, DNP, APRN, CPNP-PC, CNE, CLC 

Graduate Director for DNP Program, Keigwin School of Nursing 

Approved: Leigh Hart, PhD, APRN-BC 

Associate Dean, Keigwin School of Nursing 

Date: April 19, 2022 



ii 

 

 

 

Dedication 

I would like to dedicate this project to the memory of my late husband, George 

Troy Rowe (October 21, 1970 – April 14, 2020). My biggest supporter and strongest 

critic in encouraging me to realize my academic and professional potential. The countless 

hours spent proofreading and commenting on my earlier academic assignments, prepared 

me well for this ultimate scholarly project. You will always be with me Troy, this is for 

you. 

I also dedicate this project to my stepson Ryan, who is just beginning his collegial 

journey in September. May our shared love of research and scholarly inquiry guide you 

as a beacon along the exciting pathway you are about to embark upon in September of 

2022. You will never be alone in in your endeavors. My love will always be beside you.     

  



iii 

 

 

 

Acknowledgements 

I thank God for leading me to this milestone and for placing each individual in my 

life who has supported me along this wonderful path. This project is the culimination of 

many hours and months of planning. It is only through His divine providence that this 

project has reached actualization. May I continue to walk worthy of this vocation. I am 

eternally grateful to my family and friends for their support and encouragement along this 

incredible journey. I am particularly indebted to Gail Silver,who has been my close mentor 

for over a decade. It was by your example that I was introduced to the meaning of 

transformational leader and evidence-based practice. I was blessed to have you for a boss 

and even more blessed to call you my friend and forever mentor. I acknowledge Atlas, the 

cat, my companion who sat close by me during the long hours spent in front of my 

computer. I am humbled to acknowledge Dr. Roberta Christopher  and Dr. Dorcas Kunkel 

for encouraging me to apply to the JU DNP program and supporting me through the 

journey. You are proof that God knows the desires of our hearts sometimes before we even 

do. Your encouragement and mentorship during this DNP project, Dr. Christopher, will 

remain with me always. Words are inadequate to express my gratitude to you. I also wish 

to acknowledge Ralphie the cat, whose appearances during our one to one sessions added 

humor to our planning.. I thank each professor I have studied under, as I have gleaned 

pearls of wisdom and knowledge from each class taken at JU. It is amazing that people I 

have yet to meet in real life have had such an impact on me. Finally, I wish to acknowledge 

my incredible team at Catholic Health. You are an amazing bunch and I share this honor 

with you. I am so proud  of each of you.. Thank you for your dedication and commitment 

to our patients and to helping me carry out the necessary components of this project.  

 

  



iv 

 

 

 

ABSTRACT 

 

Asthma and chronic obstructive pulmonary disease (COPD) are long-term respiratory 

diseases that can adversely affect an individual’s quality of life and inflict financial strain 

on the patient, family, and healthcare system (Kocks et al., 2018). Adherence to prescribed 

inhaler medication is an integral component of effective disease management. Remote 

patient monitoring may serve as an effective means to proactively measure adherence with 

inhaled medications to improve respiratory health outcomes and decrease avoidable 

healthcare utilization (George & Bender, 2019). An inobtrusive device attaches to the 

metered dose inhaler to passively monitor the use and electronically transmit the 

information to a digital health platform for clinician evaluation. A quality improvement 

project was conducted with a group of individuals discharged from the hospital with a 

primary diagnosis of asthma and COPD. The purpose was to evaluate the effectiveness of 

remote patient monitoring on disease self-management, medication adherence, and health 

care utilization. Subjective  and objective data was collected using the Asthma Control Test 

(ACT), COPD Assessment Test (CAT), and Peak Expiratory Flow rates respectively. 

Experiental feedback was gathered from patients and clinicians through surveys. Results 

revealed significant improvements in all three areas using a combination of subjective and 

objective measurement criteria with a high rate of patient and clinician satisfaction. 

Keywords: asthma, chronic obstructive pulmonary disease (COPD), inhaler, inhaler 

sensor, remote patient monitoring, adherence, compliance 
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Implementation of Remote Patient Monitoring to Improve Medication Adherence and 

Efficacy in Patients with Asthma and Chronic Obstructive Pulmonary Disease: A Quality 

Improvement Project 

 The effective management of restrictive airway disease is a ubiquitous challenge to the 

individual, their health care providers, and the healthcare system. Among the two most prevalent 

of these diseases are asthma and chronic obstructive pulmonary disease (COPD), both of which 

can adversely impact an individual's quality of life while draining providers of resources and 

escalating healthcare expenditures. Nonadherence includes poor initiation, inconsistent or 

intermittent use of prescribed inhaler medications according to Jansen et al. (2021), which often 

culminates in poor disease control and a lower overall quality of life for individuals with asthma 

and COPD.  These negative disease attributes can be reduced postulates George (2018) by 

increasing adherence through patient engagement incorporating technology in the form of 

education, electronic reminders, and remote patient monitoring (RPM).  

 Respiratory diseases are among the leading causes of death worldwide according to 

Jansen et al. (2021), of which COPD and asthma are among the most common. In 2015, Jansen 

et al. postulated that 174 million and 358 million individuals were diagnosed with COPD and 

asthma respectively. The authors estimated that 22-78% of individuals with asthma and COPD 

present with limited adherence. It is proposed that improved adherence could lessen the global, 

national, and local effects of asthma and COPD.    

 Asthma affects over 25 million Americans, according to the Asthma and Allergy 

Foundation of America (AAFA) (2019), with more than 11.4 million individuals reporting at 

least one attack or exacerbation in 2017. This disease's worldwide impact has extended to 300 

million individuals (Shakshuki & Agu, 2017). It is reported by Kaplan and Price (2020) to be the 
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most common non-communicable disease among children and adolescents worldwide. Similarly, 

COPD has been ranked the third leading cause of death among adults in the nation affecting over 

15.7 million people nationally, according to the Centers for Disease Control and Prevention 

(CDC) (2019), and 210 million adults according to Shakshuki and Agu globally. 

 The AAFA (2019) asserts that in 2016 asthma accounted for 9.8 million physician 

encounters, while in 2018, the disease was responsible for 178,530 hospitalizations and 1.6 

million emergency department (ED) visits. It is estimated that asthma claims the lives of ten 

Americans daily. Similarly, according to the American Lung Association (ALA) (2021), COPD 

had been responsible for nearly 652,000 hospitalizations in 2016, and more than two million ED 

encounters during that same year. 

 Adherence to prescribed medications, specifically inhalers, is essential to the adequate 

management of asthma and COPD and is defined by George (2018) as the process and outcomes 

of decisions to accept or dismiss health care recommendations provided by a health care 

provider. Adherence to prescribed inhalants among children with asthma, according to Jeminiwa 

et al. (2019), can be as low as less than 50% and 30% among adults. Ramsey et al. (2019) offer a 

more dismal perspective on adherence rates for children, indicating up to 70% of children do not 

adhere to their prescribed disease management regimen. Likewise, according to Sriram and 

Percival (2016), nonadherence to inhaled medications among individuals with COPD has been 

projected to range from 20%-60% and can be as high as 92% according to Kocks et al. (2018). 

 The local impact of asthma and COPD within New York State is just as concerning. The 

CDC (2021a) cites the overall prevalence of asthma within New York State in 2019 was 10.6% 

among individuals < 18 years and 9.3% in individuals > 18 years. Similarly, the CDC (2021b) 

indicates the overall age-adjusted prevalence of COPD in the same year was 5.2% among 
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individuals > 18 years and 8.5% in individuals > 45 years of age. The 30 day hospital 

readmission rate for individuals hospitalized at Good Samaritan Hospital with a primary 

diagnosis of asthma and COPD between the periods of March 1 through September 30, 2021 was 

14.2% and 18.6% respectively.  

 Inhaled medications are the foundation of the management of asthma and COPD (Kocks 

et al., 2018). Nonadherence with these prescribed medications predisposes an individual to the 

risk of a progressive uncontrolled chronic respiratory disease. Additionally, errors in device use, 

stresses Kocks et al. can lead to unintentional nonadherence with the same unfortunate poor 

prognostic outcomes as elective nonadherence. Patient engagement is an integral component of 

respiratory disease management, specifically pertaining to the incorporation of technology into 

inhaler use. Using RPM through smart inhalers according to Jansen et al. (2021) is a promising 

step towards managing nonadherence in individuals with asthma and COPD by monitoring 

inhaler use, sending reminders, and providing feedback specific to inhaler use and disease 

management. Likewise, Sumino et al. (2018) further support the use of a remote inhaler 

monitoring device through inferences that the sensors accurately capture inhaler activation and 

consequently improves inhaler adherence. Additionally, Sumino et al. surmise this technology 

has been well received among older individuals with COPD.  

Available Knowledge 

Search Question 

 Nonadherence with prescribed inhaler medications among individuals with asthma and 

COPD is a clinical practice concern that requires a multidimensional search approach to research 

the complex problem adequately. George (2018) asserts there are reasons for individuals to 

deviate from recommended practices which fall into two main categories of intentional and 
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nonintentional nonadherence. The intentional or purposeful nonadherence may emanate from 

factors related to finances, faith beliefs, or past experiences, while unintentional nonadherence 

may relate back to such factors as incorrect inhaler technique and knowledge deficit. 

Consideration must be given to the clinical diagnosis, medication impact, and level of 

patient adherence. George (2018) asserts that through the use of technology, an individual can 

gain education and receive medication reminders intended to increase adherence with inhaled 

medications. Electronic monitoring devices can therefore be used as tools postulates Brennan et 

al. (2021) to improve adherence with inhaled medication. The question is thereby posed, does 

RPM improve effective disease self-management and medication adherence among individuals 

with asthma and COPD?  

Overview of Search 

 A Boolean search was initiated using CINAHL, Ovid, and Science Direct databases to 

locate level one, two, and three research articles published within five years, since 2017 in peer-

reviewed journals, written in English using the following search terms: asthma, chronic 

obstructive pulmonary disease, inhaler, inhaler sensor, electronic inhaler monitoring, remote 

patient monitoring, adherence or compliance, nonadherence, or noncompliance through the 

Jacksonville University library. The results produced 98 articles. The titles and abstracts were 

reviewed for project relevance, and 12 were ultimately selected. Three of the 12 were 

unavailable through Jacksonville University but were obtained through the Catholic Health 

Medical Library. Nine articles were ultimately procured from the search. The Catholic Health 

Medical Library was thereafter employed for additional broader range studies using the above-

identified search criteria. Six other articles were located, with two marginally outside of the 2017 
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date range but relevant to the search. Both consisted of randomized controlled trials (RCT) s, 

with one published in 2015 and the other in 2016. 

 After the initial searches were completed, further consideration was given to health 

outcomes, health disparities, and the potential benefit of RPM as a tool to mitigate health 

disparities from a population health perspective, building upon evidence gleaned from the 

articles. Subsequent searches from the Jacksonville University Library and the Catholic Health 

Medical Library produced a combined result of 11 articles. Once again, upon closer inspection of 

the titles, abstracts, and content, six additional articles were selected for a total of 17 articles to 

support this project (See Figure 1).  

Figure 1 

Research Diagram 

(Page et al., 2021) 
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One hundred nine (n=109) articles were originally obtained using four databases. Upon 

applying the defined inclusion and exclusion criteria to abstract and full manuscripts, 17 articles 

were ultimately selected for inclusion into the research review. 

Literature Review 

 The review of evidence pointed to three principal themes which were consistent within 

the literature and, as such, served as the foundation for this DNP quality improvement project. 

The first is incorrect inhaler use among asthma and COPD patient populations is relatively 

consistent among both diagnoses. This operational error can result in ineffective disease control 

and management. The second theme identified the promising role of digital interventions to 

improve adherence with asthma and COPD inhalant medications. The final shared premise 

observed is that the sustainability of outcomes achieved by incorporating technology with 

evidence-based practice commands additional consideration. The preliminary suppositions on the 

inherent value of integrating RPM into the care and management of individuals with asthma and 

COPD are encouraging. However, there is little longitudinal evidence to support the sustained 

value of this health management modality.   

Incorrect Inhaler Use among Asthma and COPD Patient Populations  

 Self-management skills are a crucial part of managing asthma and COPD. Inhaler 

technique was examined by Cho-Reyes et al., 2019; Klijn et al., 2017; Kocks et al., 2018; Sriram 

and Percival, 2016, each sharing a commonality of errors in using prescribed inhalers. Cho-

Reyes et al. carried out a systematic review and meta-analysis to determine the prevalence of 

errors incurred by individuals with COPD using a multi-dose inhaler (MDI). The review was 

contained three RCTs, six cross-sectionals, and one prospective observational study. It was 

revealed that eight out of ten individuals with COPD demonstrated at least one error in technique 
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when using the MDI. Additionally, the coordination of breath-holding and exhaling proved to be 

a challenge in at least one out of three study participants. Recommendations gleaned from the 

review include the need for ongoing MDI education and exploring alternative MDI options.  

  Klijn et al. (2017) also completed a systematic review to investigate the effect of 

education on inhaler technique in persons diagnosed with asthma and COPD. The review 

comprised 39 RCTs, including 29 specific to asthma, six combined asthma and COPD, and four 

studies focused exclusively on COPD. One-fifth of the studies were directed towards children. 

The trials took place primarily within pharmacies and outpatient clinics, with a mean of 2.6 

educational sessions. The findings yielded a positive association between education and 

improved inhaler technique. While the relatively short follow-up of five months requires 

additional considerations for more longitudinal studies, the results were promising more so for 

adults than children.  

 A systematic review comprised primarily of cross-sectional studies was done by Kocks et 

al. (2018) to determine the relationship between incorrect inhaler use and symptom management 

among individuals with asthma and COPD. In a review of 16 studies, 12 were specific to asthma, 

three included both asthma and COPD, and one was specific to COPD. The levels of control 

were measured in each study using validated tools with patients recruited from diverse settings 

inclusive of outpatient clinics, emergency departments, and clinics. The results revealed a 

positive association between inhaler errors and poor respiratory disease management. However, 

it was noted by Kocks et al. that several of the studies did not delineate between critical and 

noncritical errors in use. Additionally, Kocks et al. acknowledged that only five studies measured 

treatment adherence, while all measured patient-reported adherence. Patient self-report can be 

subject to recall bias and hence potentially hindering the reliability of the data collected.  
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 A 12-month observational cross-sectional study was done by Sriram and Percival (2016) 

to evaluate adherence with inhaler medications among 150 individuals with COPD recruited 

either during a hospital encounter or at a pulmonology rehab program. The medication adherence 

report scale (MARS) was completed by the participant at the time of enrollment in addition to an 

inhaler technique checklist. Sriram and Percival asserted that 58% of participants reported 

suboptimal inhaler adherence. The participants who reported higher adherence levels were 

approximately five years older than those reporting lesser levels of adherence. Sriram and 

Percival surmised that suboptimal adherence and incorrect inhaler use were common among 

individuals with COPD and therefore warrant increased awareness among health professionals. 

The authors recommended further studies to investigate health attitudes and perceived barriers to 

medication adherence and inhaler technique. This cohort study may be used as an adjunct to 

more formal studies. 

The Promising Role of Digital Interventions to Increase Adherence with Inhaled Medications 

 The effect of technology on improving inhaler adherence is the primary focus of the 

second concept extrapolated from the research sources. Eight articles incorporated the role of 

technology into the studies (Chan et al., 2015; Fan et al., 2020; Gregoriano et al., 2019; Jeminiwa 

et al., 2019; Lin et al., 2020;  Lv et al., 2019; Lycett et al., 2018; Snoswell et al., 2021). A RCT 

by Chan et al. (2015) studied the impact of an electronic monitoring device with audiovisual 

reminders on inhaled corticosteroid (ICS) adherence among children and adolescents with 

asthma. The 220 participants between six and 15 years of age in this six-month single-blind RCT 

were voluntarily recruited from emergency department encounters. The outcomes supported the 

use of this type of technology in improving asthma adherence.  
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 A literature review performed by Fan et al. (2020) examined RPM devices that were 

approved by the FDA for predicting exacerbations of COPD using a star rating system. The 

selected devices were reviewed based upon prognostic capabilities, cost, and ease of use and 

aesthetics. While none of the devices reviewed met all the criteria, two devices, Spry Health 

Loop System and Adamm RSM received the highest rankings except for cost. Spirometers, when 

used as a diagnostic tool, offered no predicative capabilities. Fan et al. surmised that the 

Propeller inhaler could be carried discretely in a low-profile manner without drawing attention to 

the device. The Current Health Armband and pulse oximeters ranked low due to their respective 

bulky design and high visibility. Fan et al. postulated patients are best able to incorporate 

discreet technology into the management of COPD. 

 A systematic review with meta-analysis was led by Jeminiwa et al. (2019 to study the 

effect of electronic health (eHealth) interventions on inhaled corticosteroid adherence among 

individuals with asthma. Inclusive of 12 RCTs, which lasted between three weeks and 24 months 

and comprised 13,843 individuals aged three to > 65 years. The meta-analysis compared 

individuals with an eHealth intervention to traditional care recipients using standard mean 

difference (SMD). The results showed a significant effect of eHealth interventions, particularly 

audiovisual and text reminders, on ICS adherence.  

 A six-month quality improvement study was done by Lin et al. (2020) with 21 children 

between the ages of 10 to 17 years within health disparate populations. The purpose of the study 

was to determine the practicality and value of a school-based asthma management initiative that 

integrated video-based technology (VBT) and electronic inhaler monitoring (EIM) into care. The 

results revealed no significant mean changes in Composite Asthma Severity Index (CASI) score 

using the linear mixed effect model. However, the mixed effect model revealed significantly 
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different trajectories among the acuity groups after adjustments (p < .00001) for children with 

severe compared to those with nonsevere asthma. There were no reported asthma ED encounters 

or hospitalizations during the study period. The mean Asthma Control Test (ACT) scores 

revealed a significant improvement (p = .0001) as did school absences (p = .0003). 

 Lv et al. (2019) carried out a multi-center RCT to study the effectiveness of mobile 

application-assisted nurse-led asthma management initiatives to improve disease-related 

outcomes. The study with 152 children, 77 in the intervention group and 75 in the control group, 

was carried out in two community healthcare centers and two hospitals spanning 12 months. It 

was required that the child be agreeable to use an inhaler, have access to a smartphone, and be 

able to complete the childhood asthma control test (C-ACT). The authors surmised that while 

there were improvements noted in both groups, there was a significantly lower number of 

asthma-related exacerbations and a substantially higher level of treatment adherence and C-ACT 

scores in the intervention group than the control group.  

 A unique systematic review was conducted by Lycett et al. (2018) to examine the use of 

theory to support the development of digital interventions to improve asthma management 

outcomes. The systematic review comprised 14 studies, including 10 RCTs and four feasibility 

studies using pre/posttest design, with 1,856 participants with study sizes from 16 to 422 

individuals ranging in age from birth to 70 years. The results revealed the use of psychological 

theory could support the efficacy of digital interventions. Lycett et al. additionally surmised that 

interventions engrained with theory had increased sustainability. However, additional studies are 

needed to establish how the application of theory to interventions influences efficacy.  

 A systematic review and meta-analysis consisting of 17 RCTs, a cross-over, and two pilot 

studies with a total of 2015 participants, was conducted by Snoswell et al. (2021) to study the 
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impact of telehealth on improving medication adherence and improved QOL among individuals 

with asthma. The type of telehealth intervention along with the duration varied among the 

studies. Seven relied upon interactive web-based portals, four used a smartphone app with 

asthma interventions, and five studies used asynchronous transmission of four types of 

interventions. While there was no statistical difference between the three types of interventions 

among the groups (p = .60) the findings revealed that interactive telehealth interventions can 

improve the QOL for individuals with asthma. The interactive web-based portal revealed a 

minimally statistically significant impact on QOL (SMD = 0.51, 95% CI = -0.00-1.03, 5 trials, N 

= 460) with heterogeneity (p < .002, 84%). The overall effect of the smartphone app on QOL 

was not statistically significant (SMD = 0.30, 95% CI = -0.16-0.76, 4 studies, N = 478) with 

heterogeneity (p = .002,79%). Likewise, the results on QOL using RPM were not found to be 

significant (SMD = 0.20, 95% CI = -0.11-0.52, 3 studies, N = 165) with heterogeneity (p < .002, 

79%). 

The Sustainability of Outcomes Achieved through the Integration of Technology with 

Evidence-Based Practice Requires Additional Research  

 The sustained effect of technology on improving health outcomes among individuals with 

asthma and COPD is the key focus of the final concept gleaned from the research sources. Five 

sources strongly incorporated the need for additional research to study the long-term impact of 

technology into their study recommendations (Ahmed et al., 2016; Mosnaim et al., 2021; 

Nguyen et al., 2020; Ramsey et al., 2019; Shaw et al., 2020). A six-month, multi-center, parallel 

two-arm RCT was completed by Ahmed et al. to study the effects of a web-based asthma 

management portal on disease management and adherence. The study included 100 adult 

voluntary recruits from hospitals and clinics in Canada. The results demonstrated an 
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improvement in asthma management, which incrementally decreased over time following the use 

of the portal. Ahmed et al. recommend additional studies to evaluate the impact of the 

intervention over time.  

 A RCT led by Mosnaim et al. (2021) corroborates the premise of improved outcomes 

using RPM among individuals with uncontrolled asthma (n = 100) between the ages of 25 to 65 

years, with a mean age of 48.5 years, over a 14-week period. Both groups were evaluated on ICS 

and SABA use. Using linear mixed models, it was determined that there was a 19% 

improvement among the intervention group (95% CI, 12-26; p < .01) with an insignificant 

difference of 6% among the control group (95% CI, -3-16; p = .18). The intervention group 

maintained a high ICS adherence rate thereby decreasing need for SABA use, compared to the 

control group with a minimal change in ICS adherence rate and SABA reliance. 

 The effect of mobile applications (mHealth apps) that pair with inhaler sensors to 

improve disease-related outcomes for individuals diagnosed with asthma was the investigational 

topic of a systematic review conducted by Nguyen et al. (2020)). The review comprised six 

studies, including two RCTs, three single-arm nonrandomized interventional studies, and one 

small 12-week formative study. The studies enrolled between seven and 497 individuals with 

mixed age groups and various levels of asthma control. According to Nguyen et al., most studies 

lasted six or 12 months, while two studies were two and three months in duration. The study 

findings identified a modest improvement in the use of rescue inhalers but overall had minimal 

impact on the level of control as denoted by ACT scores. The effect of mHealth technology, as 

surmised by Nguyen et al., is inconclusive, as is healthcare utilization and the individual's quality 

of life. However, the authors concurred patient engagement in education, medication adherence, 

and self-management were crucial and valuable components to care. Nguyen et al. recommended 
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future study considerations to evaluate sustained health outcomes through mHealth apps and 

devices. The appraisal for this level II systematic review incorporating RCTs, single-arm 

nonrandomized interventional studies, and a small study with reasonably consistent findings was 

found to be of good quality.  

 A systematic review completed by Ramsey et al. (2019) examined digital interventions 

designed to support adherence among pediatric patients with asthma. A total of 15 RCTs 

spanned periods from three weeks to 24 months, with over half lasting between three and six 

months. The studies enrolled between 58 and 1,187 children. Adherence was measured 

differently among the studies. Ten studies measured adherence to inhaled controller medications, 

three studies evaluated adherence with all prescribed medications, and two measured the 

patient’s acquisition of prescribed medications from the pharmacy. Electronic monitoring, 

furthermore, was the established inclusion criterion used to determine controller adherence in six 

of the studies, while seven studies assessed this study component through self-report. The two 

remaining studies measured adherence in a subset of the study population. The majority of 

studies generated results consistent with the benefit of digital interventions in pediatric asthma 

management. Future studies are indicated to focus on RCTs with a multi-factorial design specific 

to measuring medication adherence through digital technology.  

 A systematic review conducted by Shaw et al. (2020) integrated and appraised evidence 

on mobile applications' efficacy in individuals with COPD. Components of focus within the 

study included disease-related exacerbations, physical function, and quality of life. Inclusion 

criteria consisted of individuals diagnosed with COPD. The intervention group used disease-

specific applications either on a smartphone, tablet, or computer and an inhaler sensor device, 

and the control group was receiving what was considered usual care. Shaw et al. included 13 
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RCTs, each ranging from < 50 to 343 for a total of 1447 participants with a geographic 

composite consisting primarily of England and the Netherlands in diverse care settings.  

According to Shaw et al., the research findings revealed promising results indicating fewer 

disease-related exacerbations requiring hospitalization. However, the authors cautioned that there 

is a need for further studies to develop a standardized framework for analyzing and reporting 

findings specific to the value of digital health interventions for the sustained management of 

COPD.  

Summary of Evidence 

 Chronic restrictive respiratory diseases, namely asthma and COPD adversely impact 

patients and families, healthcare providers, and healthcare payer systems. The overarching theme 

of the literature appraisal is the effective management of chronic restrictive lung disease is a 

pervasive challenge on a global, national, and local level. While there is no single approach to 

effective management, adherence to prescribed medications, particularly inhalers, is an integral 

component of care. Integrating technology with education and support may be a means of 

improving outcomes within this population. Engaging an individual to become more involved 

with the management of their chronic disease process using RPM may lead to enhanced 

knowledge and overall involvement with care outcomes.  

 The appraisal of evidence and synthesis from the 17 studies provided consistent 

substantiation to support the study of the role of RPM in improving adherence among individuals 

with asthma and COPD. Recommendations for this quality improvement project gathered from 

the studies included the need to evaluate the effects of the intervention over a longer period of 

time. A longitudinal approach can incorporate key stakeholders and project champions from 

across the care continuum to ensure sustainability and an objective, unbiased evaluation. 
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Additionally, the benefits of RPM within these populaces can be further scrutinized using 

standardized and consistent measurement and evaluation methodologies to minimize potential 

for the Hawthornian effect. Improving health outcomes and overall quality of life among these 

populations requires a unique, yet modifiable approach to disease management.  

Synthesis of Evidence-Overall Strength and Quality 

 A total of 17 sources were included in the appraisal of evidence. The levels of evidence 

ranged from I to V using the Johns Hopkins Nursing Evidence-Based Practice (JHNEBP) 

process (Dang & Dearholt, 2018). The evidence evaluated included: 

• 11 Level Is (Chan et al., 2015; Cho-Reyes et al., 2019; Gregoriano et al., 2019; Jeminiwa et 

al., 2019; Klijn et al., 2017; Lv et al., 2019; Lycett et al., 2018; Mosnaim et al., 2021; 

Ramsey et al., 2019; Shaw et al., 2020; Snoswell et al., 2021). 

• two Level IIs (Ahmed et al., 2016; Nguyen et al., 2020). 

• three Level IIIs (Kocks et al., 2018; Lin et al., 2020; Sriram & Percival, 2016).  

• one Level V (Fan et al., 2020). 

 Of the 11 Level I studies, 10 received a high-quality rating as they were composites of 

systematic reviews with meta-analyses and RCTs. One RCT was of good quality as it denoted a 

relatively homogenous sample composite over a shorter time period. Both Level II studies 

received good ratings, a multi-center, parallel two-arm RCT systematic review incorporating 

RCTs, and a single-arm nonrandomized interventional studies, and a small study with reasonably 

consistent findings. Both studies recommended additional research be completed before offering 

definitive recommendations specific to the sustained impact of intervention on health outcomes 

and expenditures over time. All three Level III studies were appraised to be of good quality. 

These were comprised of a systematic review primarily consisting of cross-sectional studies, a 
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small quality improvement study, and an observational cross-sectional study. The Level V 

literature review received a high-quality rating having evaluated respiratory RPM devices with 

the recommendation to consider devices which were both prognostic for the provider and 

discreet for patient use. 

Recommendations for Change in Practice 

 This appraisal and synthesis of available knowledge and evidence provides strong 

substantiation to support the adverse effects of chronic uncontrolled restrictive airway disease on 

the individual, their family, the health care provider, and payer system (Chan et al., 2015; Cho-

Reyes et al., 2019; Fan et al., 2020; Gregoriano et al., 2019; Jeminiwa et al., 2019; Kocks et al., 

2018; Mosnaim et al., 2021; Shaw et al., 2020; Sriram & Percival, 2016). Findings indicate that 

patient engagement is a crucial component of effective long term management (Ahmed et al., 

2016; Klijn et al., 2017; Lycett et al., 2018). Additionally, adherence to prescribed inhaler 

medications is a key component of effective disease management among individuals with asthma 

and COPD  (Chan et al., 2015; Jeminiwa et al., 2019; Klijn et al., 2017; Kocks et al., 2018; Lv et 

al., 2019; Mosnaim et al., 2021; Nguyen et al., 2020; Ramsey et al., 2019; Snoswell et al., 2021) 

and is adversely impacted by incorrect inhaler use (Cho-Reyes et al., 2019; Kocks et al., 2018; 

Sriram & Percival, 2016). Frequently operational errors unintentionally lead to nonadherence. 

RPM can be an effective strategy to increase patient and engagement while simultaneously 

providing education, and monitoring for adherence (Chan et al., 2015; Jeminiwa et al., 2019; Lin 

et al., 2020; Lv et al., 2019; Mosnaim et al., 2021; Nguyen et al., 2020; Ramsey et al., 2019; 

Snoswell et al., 2021). In consideration of the acquired knowledge, this Doctor of Nursing 

Practice (DNP) Quality Improvement project will seek to evaluate the impact of RPM on 
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improving increasing adherence with prescribed inhaler medications for patients with a diagnosis 

of asthma or COPD.  

Rationale 

Quality Improvement Model 

 The Model for Improvement is a framework developed by Dr. W. E. Deming to test and 

apply a change. According to the Institute for Healthcare Improvement (IHI) (2020), this model 

seeks to answer three questions including, what is trying to be accomplished? How will we 

determine it is an improvement, and What change can be made to result in an improvement? The 

IHI asserts that the Plan Do Study Act (PDSA) rapid cycle model can be used to test a change 

through planning, carrying out the intervention, and observing the results. A determination can 

be made as to how to act upon the findings.  According to the IHI, this evidence-based practice 

improvement model allows a change to be tested in a real-life environment. This model is more 

so applicable because it aligns with the precepts of the Diffusion of Innovation Theory and 

Problem-Intervention-Outcome Meta-Model (PIO MM) conceptual framework. It reinforces the 

testing of the intervention, which in this project were the inhaler sensors across the care 

continuum in the individual’s most natural environment (See Figure 2).  
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Figure 2 

Plan Do Study Act Rapid Cycle Improvement 

 

The PDSA cycle begins with the planning phase in identification of stakeholders and population, 

education, and sensor deployment planning. It progresses to issuing the sensors and starting the 

RPM while evaluating patient and clinician response. The impact of the RPM on inhaler 

adherence is studied and data reviewed. The final step consists of evaluating the process and 

deciding if modifications are needed.  

 The PDSA cycle is a continuous methodology that allows for the testing of change in 

different environments among diverse populations. This was of particular importance in the 

RPM  project given the vast age ranges from a young child to older adults in various stages of 

disease progressions of two similar yet very different airway restrictive diseases. The 

methodology encouraged modifications ranging from the entire study populace to within a subset 

of the study population to support outcomes gleaned from evidence-based interventions. See 

Figure 2 for a depiction of the model in relation to the project. 
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 The Diffusion of Innovation (DOI) Theory is a change theory which according to 

Kaminski (2011) is used to guide the modification of technological initiatives such as the 

integration of RPM in the management of chronic diseases. The theory is best realized when 

seeking to integrate or implement initiatives or concept into a populace such as the use of inhaler 

sensors to remotely monitor inhaler adherence among individuals with asthma or COPD. The 

modernized version of the theory popularized by Everett Rogers depicts the process whereby 

individuals adopt a new concept, idea, or practice. It relies heavily upon networking and 

communicating a change. Rogers divided the process into five categories of adopters according 

to Kaminsky, beginning with the innovators who are the marginal few visionaries, slightly 

expanding to early adopters, the visionaries. The members of the early majority are viewed as 

pragmatists and the late majority, as conservatives. Finally, the descent occurs after saturation 

with the slow adopters. Kaminski asserts that as the idea spreads it becomes more readily 

accepted until saturation has occurred (See Figure 3). 

Figure 3 

Diffusion and Innovation Adopter Curve 

 

A bell-shaped image depicted by Kaminsky (2011) represents the rate of adoption with the 

critical impact lying between the early and late majority. The innovators and early adopters are 
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often champions of the change as it progresses across the bell curve. Among the most crucial 

constituents are the late adopters and laggards. 

 The five stages in the DOI process according Westmayer (2019) includes knowledge, 

persuasion, decision, implementation, and confirmation. The first step of knowledge begins with 

increasing awareness and exposing the adopter to the innovation. Persuasion follows with the 

individual becoming engaged with the concept, which leads to the forming a decision about 

whether to commit to adopting the innovation. This stage according to Westmayer is often the 

most difficult as a decision can be made on underlying perceptions rather than evidence. Hence 

the close parallel to the PDSA cycle for rapid change was crucial at this crossroads having the 

evidence readily available for review and discernment. The fourth stage, implementation is 

where the plan was put into motion and a determination was made regarding its benefit. During 

the final stage of confirmation, Westmayer indicates the adopter assesses the decision whether to 

continue using the device, modify its use, or abandon it completely.  

 These five stages within the DOI process seamlessly assimilated with the PDSA cycle to 

engage and encourage the early adopters to participate in the planning, implementation, and 

testing of a change. As the change was contemplated for adoption into practice, the project 

participants had input as to the rate of adoption and dissemination. This added value during the 

tenuous two final steps of the rate of adoption of this new idea as the early adopters and early 

majority participants become project champions to rally in the late majority and eventually the 

laggards. The ability to have project champions that disseminated information and quelled 

misinformation was invaluable to the implementation of this new patient focused initiative.    
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Conceptual Framework  

 The Problem-Intervention-Outcome Meta-Model (PIO MM) is described by Monsen 

(2018) as a means to analyze the problem that is being studied in the project. The model 

provided a mechanism for systematized problem analysis, study planning, and identifying crucial 

data needs and gaps in research. The PIO MM, according to Monsen, aligns closely with the 

Plan-Do-Study-Act (PDSA) rapid cycle improvement cycle to study and initiate change. The 

PIO MM identified a problem (nonadherence with inhaler medications among individuals with 

asthma and COPD), applied an intervention (use of RPM to improve inhaler adherence and 

provide disease-specific education), determined the target location (home and community), and 

analyzed outcomes (increased inhaler adherence and improved disease management) to assess a 

change. This conceptual model complemented the efficacy of the change is then evaluated (See 

Figure 4). 

Figure 4 

Problem-Intervention-Outcome Meta-Model 

 

The individual with asthma or COPD received care in the community at their primary residence. 

The level of adherence with prescribed inhaler medications increased in response to knowledge 

and behavior modification interventions through RPM using the inhaler sensor. 
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Problem  

 Suboptimal inhaler medication adherence according to Shakshuki and Agu (2017), 

accounts for 24% of asthmatic exacerbations and 60% of asthma-related hospital readmissions. 

The lack of disease-specific understanding among patients and caregivers, according to Barrett et 

al. (2017), accounted for an underestimation of asthma acuity, often resulting in delayed 

interventions. To achieve optimal benefit from an inhaled medication, Shakshuki and Agu 

caution the drug must be consistently administered using the correct technique. Henry et al. 

(2019) postulated a relationship between compliance rates below 80% and higher mortality rates 

among individuals with COPD. Similarly, patients with asthma and an inhaler adherence rate 

below 80% are considered more likely to require mechanical ventilation. Cho-Reyes et al., 2019 

identified eight out of 10 individuals with COPD demonstrated at least one error in technique 

when using the MDI.  

Intervention 

 Electronic inhaler monitoring (EIM) provides the ability to establish an individual's 

adherence to inhaler therapy, asserted Alshabani et al. (2019), thereby potentially improving 

health outcomes and decreasing healthcare utilization. By integrating the sensor attached to the 

individual's medication inhaler, the tool promotes active participation from the patient or 

caregiver with disease management through a mobile application. The implementation of 

electronic monitoring of inhaler use is lauded by Kaplan and Price (2020) as the gold standard 

for measuring adherence. Technology joined with best practice interventions can reduce the 

inherent risks and vulnerabilities imposed by chronic diseases particularly according to Gibbings 

and Wickramasinghe (2021) within the health disparate communities. 
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Outcomes 

 The sustained effect of inhaler sensors on adherence and disease self-management 

requires further investigation. Nguyen et al. (2020), while optimistic on the modest 

improvements in inhaler use and increased patient engagement, but minimal effect on overall 

disease control among individuals with asthma, surmise generalizable results to the inherent 

value of the intervention as inconclusive. Likewise, Shaw et al. (2020) postulate additional 

research is needed to substantiate the effect of digital health interventions on the sustained 

management of COPD, while Morrison et al. (2017) surmise the promising attributes of this 

evolving health management strategy. This project evaluated the benefit of using RPM within a 

population of diverse individuals with varying levels of asthma and COPD control. Disease 

control was evaluated through data collection specific to hospitalization ED and unscheduled 

provider encounters by the assigned RN participant while the individual is receiving RPM 

concurrently with home health care. The results were benchmarked with the corresponding rates 

within home health care from the quarter immediately preceding the project.  

Time and Setting 

 Individuals over the age of six years with a primary diagnosis of asthma or COPD were 

identified by discharge planners within Good Samaritan Hospital. The individual, or caregiver, 

was apprised of this optional, noninvasive component to home health care services. If agreeable, 

the patient received an inhaler sensor for RPM over 30 days in addition to the standard disease-

related education and support provided through home health care in the home environment.  

Participation was entirely voluntary with no inherent additional risk to the patients of RN project 

participants.  
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Conceptual Analysis of Adherence  

 Adherence plays a significant role in supporting patients in attaining effective chronic 

disease self-management. According to Lyu and Zhang (2019), this concept can shape health 

behaviors and objectives and prevent disease-related exacerbations. There were four attributes of 

adherence defined by Lyu and Zhang. The first is self-efficacy, the individual's perception of 

their ability to manage the disease process. The second attribute of self-determination addresses 

the individual's motivation towards health management. Autonomy, the third attribute, refers to 

an individual's internal perceived control of the disease process. The fourth and final attribute 

defined by Lyu, and Zhang is relapse prevention, which addresses the ability of a person to 

sustain the established disease management interventions to prevent disease progression or 

exacerbation (See Figure 5). 

Figure 5 

Adherence Diagram 

 

The concept of adherence is central to the continuous process which includes the characteristics 

of self-efficacy, self-determination, autonomy, and relapse prevention. Each component was an 
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integral part of an individual’s decision to accept the recommendations for chronic respiratory 

disease management proposed by the healthcare provider. 

 Lyu and Zhang (2019) reported using several instruments to measure and operationalize 

the concept of adherence. Within the five studies reviewed, they included self-reporting, which, 

according to the authors, is the most used tool to gauge adherence. By completing surveys, health 

care providers can establish an individual's level of adherence to a prescribed regimen or 

medication. Surveys and questionnaires, likewise, according to Lyu and Zhang, can provide 

valuable insight into an individual's ideas on their illness, treatments, and physiological 

indicators. 

  Electronic monitoring devices have been touted as an effective means to establish 

adherence to a certain prescribed medication regimen. Lyu and Zhang (2019) acquiesce this is 

not an entirely new concept as pill counting; a more rudimentary tactic has long been employed 

to establish medication adherence. According to Lyu and Zhang, medication monitoring systems 

may be utilized by placing sensors on the lids of medication bottles and having the data 

transmitted to a data collection source. 

 The concept analysis of adherence was applied to this project pertaining to the evaluation 

of respiratory inhaler sensors on effective respiratory disease management and medication 

adherence in individuals over six years with a primary diagnosis of asthma and COPD. This 

initiative was congruent with the precepts identified by Lyu and Zhang (2019) in their 

examination of the adherence concept. Supporting individuals with asthma and COPD using 

technology such as the inhaler sensor provided tools necessary to encourage meaningful 

decision-making around health-related options.  
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 Asthma and COPD are chronic respiratory illnesses.  Efficient management consists of an 

individual's inherent ability to partake in self-efficacy, applying autonomous motivation to 

efficiently self-manage their disease process to minimize the likelihood of exacerbations. With 

oversight from health care practitioners, the individual with asthma or COPD can develop 

strategies to manage their chronic disease effectively. 

 The use of a sensor was generically described by Lyu and Zhang (2019) as a means of 

establishing medication adherence. As outlined by Lyu and Zhang, the consequences of 

adherence indicated improved health outcomes, increased safety, and decreased disease 

exacerbations. The defining attributes and the implications of the concept of adherence aligned 

with optimal asthma and COPD management.  

 The changes conceptualized by the PIO MM framework integrating the concept of 

adherence helped bring to actualization key social determinants of health within the US 

healthcare delivery system. Social determinants of health are described by Gibbings and 

Wickramasinghe (2021) as those attributes which affect an individual’s social and physical 

surroundings. Individual health outcomes, Gibbings and Wickramasinghe postulate are largely 

impacted by realizing the broad determinants of health and incorporating technology to improve 

the care delivery system and narrow the gap in care access among individuals and expectantantly 

populations.     

Specific Aims of the Project 

 The purpose of this DNP quality improvement (QI) project was to ascertain if RPM was 

an effective intervention to improve medication adherence and disease self-management among 

individuals with asthma and COPD. This tool supports patient and caregiver engagement with 

managing the chronic respiratory disease, while simultaneously providing essential education 
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and support to promote the best chances of self-efficacy. Secondary purposes were to determine 

patient satisfaction, clinician professional fulfillment, and impact of the intervention on 

healthcare utilization.  

 The Propeller app has the ACT and CAT scores built into the construct. It was available 

for patient and or caregiver access at any point during the project period. For consistency 

purposes, this outcome was tracked at a minimum of 30-day intervals and at program discharge. 

Additionally, individuals and caregivers were able to access disease related information on the 

app in both English and Spanish.  

 A case study performed by Liddy and Keely (2018) to demonstrate how to evaluate the 

influence of electronic health technology using the four complementary components of the 

Quadruple Aim. While this study was conducted on eConsult, some of the findings can be 

generalized to the use of electronic health interventions on patient and clinician satisfaction, 

improved patient outcomes, and cost containment. The findings revealed by Liddy and Keely 

showed a cohesive and consistent approach to care potentially can enhance patient safety, 

increase clinician productivity, and positively impact patient experience and clinician 

satisfaction. 

Specific Aim 1: 

 Increase adherence rate with prescribed inhaler medications among individuals > six 

years of age with asthma or COPD to 90% by the end of the project evaluation period. 

 Process Objectives: 

A. Completion of two-hour training with RN participants and alternates, along with 

interested managers provided by the inhaler sensor vendor staff, Propeller and this 
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project manager on equipment deployment, management, and monitoring (see 

Appendices B and C). 

B. Upon conclusion of the educational session, the clinicians were prepared to 

educate and support their patients in the use of the adherence process 

improvement of the inhaler sensors. A virtual sandbox environment was available 

to them for practice purposes (see Appendix D). 

C. The patients under the care of the RN participant were expected to maintain at 

least a 90% adherence rate with inhaler use for 30 days. If a patient did transmit 

inhaler data for two consecutive doses or misses a total of more than seven doses, 

they would be removed from the project. The patient was still encouraged to use 

the sensor, and additional remediation will be provided. That patient would be 

accounted for under attrition. 

D. Calculation of adherence rate using the total number of medication administration 

opportunities divided by the actual number of transmitted dose activations. 

Patients under the care of the RN participants were expected to demonstrate at least a 10% mean 

increase in the inhaler medication adherence rate from the commencement to the conclusion of 

the project as depicted in the remote sensor activation, through the education and engagement 

opportunities afforded to patients under the care of the RN participants, it was anticipated that 

the mean inhaler adherence rates would improve. The mean adherence rate were determined 

using the number of dosing opportunities as the denominator and the number of transmitted 

inhaler activations as the numerator to elicit a percentage that were examined for statistical 

significance.  
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Specific Aim 2: 

 Increase disease self-management among individuals > six years of age with asthma or 

COPD as measured by an increase in mean ACT or CAT score by 10% from baseline and a PEF 

within 80-100% of personal best (initial result at deployment) by end of project evaluation 

period. 

 Process Objectives: 

A. ACT or CAT and PEF were administered by RN participant at the time of RPM 

deployment with results used as baseline data. 

B. The tests were repeated every 30 days while the patient is under care and at 

discharge.  

C. A personalized peak flow meter was provided to the patient and the baseline 

measurement was the best out of three measurement attempts. 

D. PEF was monitored by patient or caregiver twice a day and administered by RN 

participant at 30-day increments and at day of discharge. 

The patients under the care of the RN participants who were facilitating the adherence process 

change would have an increase in the mean ACT and CAT scores by a minimum of 10% from 

inception to the end of the project.  According to GlaxoSmithKline (2020a), a change in CAT 

scores above two points is considered a significant change and (2020b) a change in the ACT 

score of three points is considered clinically significant. An improvement will be considered if 

the mean scores fall within this criterion. 

 The patients under the care of the RN participants will sustain a PEF result within 80-

100% of personal best from project commencement to completion. The American Lung 

Association (ALA, 2020) asserts the use of a peak flow meter is beneficial for individuals with 
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restrictive airway disease over the age of five years as it is a subtle prognostic indicator of 

changes in respiratory status prior to the appearance of symptoms, deeming particular benefit to 

individuals maintained on daily inhalants. Similarly, it has been postulated by the American 

Academy of Allergy Asthma & Immunology (AAAAI, 2020) that the peak flow meter can 

effectively monitor progress related to lung function. Expectantly, with increased inhaler, 

medication adherence would improve respiratory function.  

Specific Aim 3: 

 Project participants will report a mean patient satisfaction score of > 90% as measured by 

a post-participation survey administered by RN participant at the time of final home visit or on 

paper and mailed to the HCO.  

 Process Objectives: 

A. RN participant administration of patient satisfaction survey during final home 

visit to patient or caregiver to respond to experience and offer feedback on 

potential areas for improvement (see Appendix G).  

Participation in the survey was optional. The patient or caregiver was advised that their decision 

to participate no way impacted future care provision and that all responses will be collectively 

aggregated and remain anonymous to the project manager. The patient or caregiver were given 

the option to complete a paper version that could be mailed back to CHHC in a postage paid 

envelope. 

 Patient satisfaction is crucial to sustainability. Mosnaim et al. (2021) predicate that the 

coronavirus 2019 pandemic accelerated the overall adoption of RPM and therefore the use of 

such technology to support patient care is gaining momentum among patients with chronic 

respiratory diseases. Barrett et al. (2017) further postulates that RPM is a means to remote 
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patient engagement while removing the burden of self-report from the individual or caregiver. 

Barrett et al. surmise levels of respiratory control are often over reported. The ability to review 

data over time Himes et al. (2019) assert allows the patient and provider to longitudinally review 

information to detect changes in the disease progression over time. Sumino et al. (2018) surmise 

the intervention has been well received by patients with most finding the device a convenient 

component of care. 

Specific Aim 4: 

 Clinician qualitative experiental satisfaction will be surveyed upon conclusion of the 

quality improvement project.  

 Process Objectives: 

A. After the last patient participant had been discharged a qualitative clinician 

debriefing session was scheduled with RN participants. 

B. During the session the specific questions were used to guide the discussion using 

a five point Likert response in ascending order from minimal to excellent. 

C. The responses received from the RN participants will be used to guide the 

planning of future iterations of this project. 

Participation in the session was optional. The RN participants were apprised of the purpose of 

the session to solicit feedback on the overall experience as well as a time for everyone to come 

together to celebrate the completion of the project. Lunch was served, and each participant was 

presented with a small token of appreciation by this project manager for their contribution to the 

project. 

 Clinician satisfaction is emerging as electronic inhaler monitoring is proving to be a 

formidable component to improved adherence and health outcomes among individuals with 
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chronic restrictive airway diseases. Donovan (2019) recounts health care providers at the 

Cleveland Clinic attest to the use of the devices allowing for an objective assessment of inhaler 

adherence at point of care. The RPM allows for trending and subsequent planning of future care. 

Likewise, Kim et al. (2016) infer that inhaler RPM helps close the gap between patient behavior 

and provider advice.  

Specific Aim 5: 

 Decrease number of hospitalizations and ED encounters for uncontrolled asthma or 

COPD by 10% from baseline by end of project evaluation period. 

 Process Objectives: 

A. Baseline utilization collected by the RN participant during the initial home visit at 

the time of inhaler sensor deployment using a 90 day look back period. 

B. Evaluation of healthcare utilization during the period the individual is receiving 

RPM by the RN participant.  

Patients or their caregivers were asked to notify the RN participant of any hospitalization or ED 

visit while receiving RPM. Additionally, the RN participant inquired at each home visit if there 

has been a hospitalization or ED encounter since they had been last seen. A hospitalization is 

defined as a hospital admission > 23 hours for the primary reason of uncontrolled symptom 

management of asthma or COPD. An ED encounter is defined as an acute care encounter for the 

primary reason uncontrolled symptoms of asthma or COPD which did not result in a 

hospitalization. 

 The impact of remote monitoring using inhaler sensors on adherence with prescribed 

inhaled medications according to Gregoriano et al. (2019) trends towards decreased chronic lung 

disease exacerbations. Lin et al. (2020) reported a significant positive effect on healthcare 
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utilization after implementing an RPM quality improvement initiative among young people 

between the ages of 10 to 17 years with uncontrolled asthma. Lv et al. (2019) likewise surmised 

the post-intervention group of children with asthma participating in a RCT using a mobile 

application integrated RPM system experienced fewer disease related exacerbations than the 

control group. The shared consensus is that further studies are necessary to concretely quantify 

the intervention efficacy within this area, but the results are promising.  

Context 

Description of Intervention 

 The Propeller inhaler sensor is a small electronic device that attaches to the top of an 

individual's inhaler. The prescribed medication schedule is programmed using the application by 

the clinician deploying the device. The device uses Bluetooth technology to transmit data on 

medication utilization to the digital monitoring platform for review by clinicians and an 

application downloaded onto a patient or caregiver's smartphone or tablet. The app sends 

electronic reminders if the inhaler is not activated at the prescribed time (Propeller, 2021).  

 The inhaler sensor has an expected life of approximately one year. During that time, 

Propeller (2021) contends the individual has access to additional resources inclusive of 

respiratory control status, applying guidelines set by the National Heart, Lung, and Blood 

Institute (NHLBI). The application provides education to support information provided by 

clinicians, inclusive of trigger avoidance and medication education reinforcement.  

 Health care providers have access to the portal to monitor the progress of individuals 

under their care. It was determined for this project that the RN conducting the home health visits 

case managed the inhaler sensors and notified providers of any clinical concerns. The RN 

participant also reported any operational concerns to this project manager.  
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The RN participant completed 100% of patient care documentation within 24 hours of 

completing the home visit. Each patient was assigned a four-digit number by the RN participant 

that was used for tracking project outcomes. This number served as a means of data 

deidentification for the project manager. The de-identified patient information was provided to 

the project manager, this writer, within 24 hours of providing care. It was essential to the data 

integrity, validity, and reliability that project information is current and accurate. Any significant 

change in patient status as defined by a hospitalization, ED encounter, or an unscheduled 

provider visit due to uncontrolled or changes in asthma or COPD symptomology was promptly 

reported to the project manager.  

Project Setting 

 This population health QI project took place in the community at the patient’s primary 

residence. The RPM was offered to individuals as an optional supplement to home health care 

provided by a large faith-based health care organization in New York. This patient centered 

project was potentially impactful across the care continuum. Stakeholders and participants across 

practice settings have demonstrated and verbalized support of this project through their 

constructive input and participation in the planning process. The RN participants have 

demonstrated their respective commitment through seeking and obtaining accreditation as 

Certified Asthma Educators.  

Key Stakeholders 

 Development of an engaged team of stakeholders joined by a common goal of improving 

medication adherence and efficacy and a commitment towards change required a unique 

approach. It is the first step in forming a dynamic, collaborative team. Accounting for individual 

strengths and proficiencies, the team was formed. The interprofessional team was comprised of 
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physicians, mid-level practitioners, executive, and mid-level leadership personnel, subject matter 

experts, and direct care professionals who were front line in carrying out the project. Each 

member either volunteered or was approached before inclusion to affirm their level of 

commitment and engagement to the project. The team had been developed to encompass the 

cross-continuum approach to finding a formidable solution to this pervasive system wide concern 

of inhaler adherence. 

The response received is that the asthma population health initiative can potentially 

improve health outcomes, particularly among the underserved and communities with limited 

healthcare access. Additionally, it was postulated that this project might pave the way for 

negotiations with managed care organizations to incorporate this form of remote patient 

monitoring into practice. The consensus on COPD includes optimism about a tool that may be 

valuable in decreasing avoidable hospitalizations and thereby reducing financial penalties under 

the Centers for Medicare and Medicaid Services (CMS) Hospital Readmission Reduction 

Program (HRRP). 

 A greater perceived advantage to this project was that it incurred no additional associated 

cost. The RPM using the inhaler sensors was fully funded through a grant from the Mother 

Cabrini Fund. Should the grant funding cease, the cost of the inhaler sensors and operating 

platform will be absorbed into the home health RPM budget. The associated costs are comprised 

of a $3000 a month clinical platform fee and a one-time purchase of the sensors at the rate of 

$125 per device. The device becomes the property of the patient once deployed with an expected 

lifetime of 12 months. The annual cost associated with this project if no outside funding was 

secured would be estimated at $61,000 for Year 1 with a projected onboarding of 200 new 

patients over the 12-month period. Aside from the sensors, the components of the project, 
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inclusive of assessment, education, and medication reconciliation were integrated into the home 

health care skilled nursing visit.  

 Key stakeholders in this project consisted of individuals depicted in Table 1. The 

President of home health is the project sponsor. Since there was staff allocation for the project 

across the health care organization, inclusive of hospitals and home health, there was a shared 

presence of executive leaders who were included as stakeholders. An Associate Medical 

Director, who is also a pulmonologist, offered his expertise as a project consultant. Additionally, 

two representatives from the specialty practice group were included due to their roles in 

community follow-up. These providers have agreed to receive the hand-off information for 

individuals receiving care through the FHQC clinics. The individuals shown with approval status 

hold the authority to approve or disapprove elements, components, or findings within the 

project's course.   

Table 1 

Key Stakeholders 
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Project Champions 

 A specialty group of trained and certified asthma educators were the project champions. 

These individuals have been educated to support the management of individuals with asthma 

who have successfully passed the National Asthma Educator credentialing exam administered by 

the National Asthma Educator Certification Board (NAECB). A component of this training 

encompassed medication management, including the inhaler technique (National Asthma 

Educator Certification Board, 2020). The inhaler technique can be used across both diagnostic 

populations. As this project progresses and expectantly gains momentum, it is anticipated 

additional staff members will actively pursue this form of credentialing. The healthcare 

organization has likewise demonstrated a monetary commitment towards the pursuit of 

evidenced based certification of staff by offering a small hourly pay increase and reimbursing for 

the exam upon successful completion. 

 A colleague who presently serves in an Associate Medical Director role within the 

healthcare organization and is a pulmonologist by specialty offered to act as in the capacity of a 

consultative pulmonologist for this project as noted above. His engagement with the project 

planning and implementation served as a potential mechanism to attract additional specialty 

physician support. He has committed to support the dissemination of findings to support the 

project and health outcomes for this cohort of patients with restrictive airway disease. 

Intervention  

Individuals with asthma or COPD were identified by the discharge planners within Good 

Samaritan Hospital. The RPM was used as an adjunct to traditional home health care services. 

The indicators used to determine asthma and COPD project outcomes were the adherence rate 

defined by the number of times the inhaler sensor was activated (numerator) divided by total 
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opportunities. A deidentified pre/post evaluation of the mean Asthma Control Test (ACT) or 

COPD Assessment Test (CAT) and PEF results were analyzed for significance.  

It was anticipated that a minimum of 40 project participants would receive the RPM 

intervention. The project primarily consisted of the utilization of small, caps placed on top of the 

inhaler medication which allows for the Bluetooth transmission of an electronic notification to a 

HIPPA compliant platform each time the inhaler is activated for review by a clinician. Currently 

individuals with asthma, and some with COPD, are being followed by certified asthma educators 

as a component of their home health care episodes. While the use of evidence-based 

interventions was integrated into care planning, there was no mechanism outside of self-report to 

establish inhaler adherence. The absence of objective data in this crucial area of care was of 

concern as conveyed by George (2018), patients often, albeit unintentionally, report over 

adherence with prescribed inhaler medications. Additionally, the measurement of adherence 

imposes a real challenge according to Blakey et al. (2018) due to lack of available methodology 

to concretely assess an individual’s adherence to prescribed respiratory inhalants. Using digital 

technology such as RPM, Blakey et al. optimistically assert offer the capacity to personalize care 

for individuals with chronic respiratory diseases. 

At the RN participant’s initial home health care visit, the following sequence of events 

occurred (see Figure 6): 

1) The RPM component of care was re-explained in detail to the individual or 

caregiver emphasizing this is an optional component of their regular care.  

2) If the patient or caregiver was agreeable to the plan, the RN participant assigned a 

random four-digit number to the patient for anonymity within the project outcome 

analysis and completed the onboarding process.  
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3) Consent and assent where appropriate for the RPM was obtained in writing from 

the patient or caregiver (see Appendices E and F). 

4) The RN participant deployed the noninvasive sensor device during the initial 

home health visit. It was essential that the sensors be deployed as early as possible 

in the home health episode so that the patient was able to achieve maximum 

benefit from the intervention.  

5) Education on use and functionality was provided at that time verbally with 

corresponding literature given in either English or Spanish at the choice of patient 

or caregiver. 

6) The RPM was used as an adjunct to traditional home health care.  

7) The patient remained on remote inhaler monitoring for at least 30 days, but 

feasibly longer if they continue to require additional home health services. 

8) The RN participant assisted the patient with downloading of Propeller app to 

allow monitoring of progress and access to relevant education.  

9) Patient was issued a peak flow meter and provided with instructions on use daily 

(see Appendix G). 

10) The pre-implementation ACT or CAT was administered, and PEF obtained using 

the best out of three attempts. 

11) The RPM was provided in addition to home health care services. Refusal to use 

the sensor had no adverse impact on other care provided. 

When the patient was admitted to home health care, with the RPM the following 

sequence of events occurred (see Figure 7): 
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1) The RPM data was monitored daily by the RN participant for a minimum of 30 

days. If there is no data transmitted to the remote monitoring platform, the patient 

or caregiver was telephonically contacted to determine the status. 

2) The RN participant reviewed data with the patient or caregiver at each skilled 

nursing visit and more frequently if needed.  

3) The PEF results were reviewed with patient at each skilled nursing visit. 

When the patient met the previously established home health goals, inclusive of those set 

with RPM, the following sequence of events transpired: 

1) The post-intervention ACT or CAT and PEF was performed by RN participant 

during final home visit. 

2) An optional post-participation satisfaction survey was administered to patient or 

caregiver by RN participant at final home visit (see Appendix H).  

3) Upon completion of this project, an informal debriefing session was held with the 

RN participants to solicit feedback and ideas on the use of the inhaler sensors.  

4) A warm hand-off was given verbally, and a written summary sent to the care 

provider of record (see Appendix I). 

5) The community physician was offered the option to follow the individual's 

progress through the inhaler sensor for up to one year after the initial deployment 

of the sensor. 

6) Health care utilization was evaluated specific to hospitalizations and ED 

encounters at conclusion of the episode of care and compared to 90 day look back 

period. 
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The patient satisfaction surveys, and the clinician feedback align with the Quadruple Aim of 

improving patient satisfaction, increasing clinician fulfillment, and improving health outcomes, 

at a decreased per capita health expenditure (IHI, 2017). The patient, caregiver, and RN 

participant responses will guide future iterations of this initiative. All feedback have been 

integrated into the dissemination plan. 

Figure 6 

Inhaler Sensor Enrollment and Onboarding Workflow 
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Figure 7 

Patient Monitoring Workflow 

 

Study of the Intervention 

Remote Patient Monitoring 

 The use of RPM can serve as a tool to engage patients to take a more proactive role in 

disease management through education and symptom association. Additionally, the use of this 

type of evidence-based technology affords clinicians and providers a unique insight into the 

inhaler medication management and use among their patients with asthma and COPD. Henry et 

al. (2019) proposes that an overall adherence rate above 80% is generally acceptable pertaining 

to inhaled medications. However, Henry et al. caution, when those rates drop below that 80%, 

mortality rates correspondingly increase among individuals with COPD and asthma present with 

a greater likelihood to require mechanical ventilation.   
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 Adherence with prescribed inhaler medications was be measured as a percentage of actual 

inhaler transmissions divided by total opportunities. Each patient's biometric data was reviewed 

daily by the RN participant performing home visits. Each patient was assigned a random four-

digit number by RN participant.  The de-identified data with that four-digit number was 

forwarded to the project manager weekly. The mean adherence rates was calculated weekly on 

an excel spreadsheet which will be double password protected.  

 A post-intervention patient satisfaction survey was made available to the patient or 

caregiver by the RN participant during the final home visit. The individual was afforded the 

opportunity to complete the survey during the visit or on paper and return it to the RN participant 

in a self-addressed stamped envelope. The response received allowed for the meaningful process 

review and guide future planning through the PDSA quality improvement model and the PIO-

MM framework. 

  The RN participants were provided an opportunity to participate in a post-intervention 

qualitative debriefing session. Focused questions guided the feedback on their experiences 

pertaining to the use of the inhaler sensors. This information was incorporated into the project 

evaluation for additional future consideration, specifically pertaining to the integration of the 

inhaler sensors into routine practice. Participation was optional.  

Asthma Control Test (ACT) and COPD Assessment Test (CAT) 

 The ACT and CAT are two validated self-report tools used to evaluate disease 

management. According to GlaxoSmithKline (2020b), the ACT is a tool designed to evaluate the 

level of asthma control. Using a series of five to seven questions dependent upon an individual's 

age, a composite score of > 20 denotes well-controlled asthma symptoms. The CAT consists of 

an eight-question assessment used to measure the impact of COPD on an individual's lifestyle. 
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The scores range from 0 to 40, with > 30 indicating a very high impact level down to < 10, 

denoting low impact. According to GlaxoSmithKline (2020a), a meaningful change is defined by 

a difference of two or more points over a two to three-month period. Both tools are 

nonproprietary and do not require permission for use.  

 A systematic review conducted by van Dijk et al. (2020) revealed a qualitative correlation 

between the ACT scores and level of asthma control. The use of the ACT in a clinical setting has 

been supported through the findings as a valid measure of asthma control. Additionally, van Dijk 

et al. surmised the evidence gleaned in their review supported the use of the ACT as a treatment 

guide and for use in clinical trials. 

 A systematic review led by Gupta et al. (2014) revealed the reliability and validity of the 

CAT as a reliable tool to evaluate an individual's health-related quality of life (HRQOL) relevant 

to COPD management. The internal consistency of the CAT was reported with a Cronbach's 

alpha ranged between 0.85-0.98, which indicated a high correlation. Additionally, concurrent 

validity was established through the comparison of CAT scores with healthcare utilization. The 

number of hospitalizations was directly correlated with the CAT score (p < 0.001), as was the 

number of ED encounters in two out of the three studies which measured this indicator.  

 Reliability and validity of these tools already exist but the interrater reliability training for 

the administration of the ACT and CAT tests occured  before project implementation. Three 

scenarios were offered to the RNs who will be administering the tests. The answers were 

reviewed by this project manager for consistency. Any individual requiring additional education 

was provided with the same prior to administration of the tool. A limited number of individuals 

were responsible for the administration to minimize variance. 
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Peak Flow Meter 

 The peak flow meter (PFM) is a small, handheld device that measures the force in which 

air is expelled from the lungs (American Lung Association (ALA), 2020). The device provides 

pertinent information about the level of disease management particularly among individuals with 

asthma and COPD. A small observational prospective study completed by Cen et al. (2019) 

revealed promising results related to the prognostic capabilities of the PEF. Cen et al. disclosed 

that deviations in an individual’s PEF values between nine to 17% up to 48 hours before an acute 

exacerbation could indicate value in the device’s forecasting ability.  

 Consistent monitoring of PEF likewise is a component of evidence based care for 

individuals with asthma according to Harvey et al. (2018), allowing for an objective assessment 

of lung capacity. The concomitant use of the ACT and PEF Harvey et al. assert provides a clear 

indication of asthma control. The small device has demonstrated value for objective chronic 

respiratory disease management suitable for long term home use.  

Project Measures  

 The aims of this QI project were to examine the role of RPM using respiratory inhaler 

sensors on effective restrictive respiratory disease management and adherence on individuals 

over the age of six years with a diagnosis of asthma or COPD. Secondary purposes were to 

examine patient satisfaction, clinician professional fulfillment, and impact of the intervention on 

healthcare utilization. The project outcomes were divided into five areas to correspond with the 

identified project aims and will seek to measure the subjective, objective, and qualitative 

components of incorporating RPM into post-acute care.   

Upon placement and activation of the RPM inhaler sensor device on the inhaler, the 

corresponding app was downloaded and paired with the device on the patient and or caregiver’s 
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smart phone or tablet. If the home did not have access to this technology, a hub was connected so 

that the patient was able to achieve the same benefit as if through a smart phone or tablet. The 

ACT or CAT and PEF was administered to the patient with the ACT or CAT score and the 

patient’s personal best PEF reading recorded in the electronic medical record as baseline. The 

ACT or CAT result also appeared in the patient’s profile in the RPM app.   

The clinician portal of the health management platform was monitored daily by the RN 

participant. The patient was contacted by phone if there was no inhaler data transmitted for a 

period of 24 hours. Additionally, the RN participant conducted skilled nursing visits in the 

patient’s home two times a week. Each visit consisted of a physical assessment, medication 

reconciliation, and disease-specific patient education. The RPM process was reviewed at that 

time, and questions were addressed.   

Rate of Adherence  

 The first outcome encompassed evaluating the mean rate of inhaler adherence with 

prescribed inhalant medications. The patients of the project RN participants demonstrated a 10% 

improvement in the mean adherence rate with prescribed inhaler medications within 30 days of 

sensor deployment. The measure for this outcome consisted of deriving an adherence rate from 

actual mean inhalant uses divided by total mean dose opportunities.  

Disease Self-Management 

The second outcome pertained to the evaluation of the patient or caregiver’s self-

management results using subjective and objective evaluation methodologies. The subjective 

role of the inhaler sensor on asthma or COPD control was evaluated using the mean Asthma 

Control Test (ACT) or COPD Assessment Test (CAT) scores. The patients of the project RN 

participants demonstrated a mean increase in ACT or CAT scores of at least 10% from baseline 
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within 30 days of inhaler sensor deployment. The measure for this outcome was to evaluate the 

mean pre/post ACT or CAT scores to determine the significance of the intervention. A 

deidentified pre/post evaluation of the mean ACT or CAT results was analyzed for significance. 

If the individual was under care for > 30 days, the ACT or CAT was administered at admission 

and discharge.  

 The objective role of the inhaler sensor on asthma or COPD control was evaluated using 

Peak Expiratory Flow results. The patients of the project RN participants maintained PEF scores 

within 80-100% of personal best within 30 days of inhaler sensor deployment. The measure for 

this outcome was obtained using mean pre/post PEF results to determine the significance of the 

intervention. Once again, if the individual remained under care for > 30 days, the PEF was 

administered at admission and discharge. The patient and caregiver completed the twice daily 

PEF monitoring in addition to those done by the RN participant. 

Patient Satisfaction 

 The third outcome was addressed during the final home visit when the patient is 

discharged from care by the RN participant, the individual or caregiver was offered the 

opportunity to complete a brief satisfaction survey. It was explained that this is optional, but their 

responses pertaining to their experiences would be valuable in further planning for the program. 

The patient or caregiver was given the option of completing the survey during the visit, mailing 

the survey in a postage paid envelope, or being contacted by phone at a later date. Project 

participants reported a mean patient satisfaction score of > 90% as measured by the post-

participation survey 

The survey was assigned four-digit number written on it, so when it is returned, it can be 

properly assimilated into the project outcomes. The return address was that of the HCO with the 
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attention to the RN participant as not to provide this project manager with any information that is 

not deidentified. As an extra precautionary measure, blue envelopes were obtained this project 

manager knew not to touch an envelope of that color.  

Clinician Satisfaction 

 A debriefing session was held upon completion of the project. A luncheon was served to 

RN participants to thank them for their efforts and their feedback was solicited. The ideas and 

recommendations were aggregated into main premises and consideration will be given for 

incorporation into future iterations of this project, potentially on a larger, farther-reaching scale. 

During the session, the following guided the discussion: 

1. Barriers to community provider acceptance 

2. Barriers to patient and caregiver acceptance 

3. Impact on workday 

4. Ease of onboarding patient 

5. Ease of reviewing patient data 

6. Patient and caregiver response to use of app and educational material 

7. Impact of educational material on the flow and length of nursing visit 

8. Level of patient or caregiver engagement with the RPM 

Healthcare Utilization Rate  

 The fifth outcome entails appraising the impact of the inhaler sensor utilization on the 

hospitalization and ED utilization rates for uncontrolled asthma or COPD. The patients of the 

project RN participants demonstrated a mean decrease in 30-day rehospitalization rates of at 

least 10% from baseline within 30 days of inhaler sensor deployment or by end of project 

evaluation period. The baseline data was attained by patient or caregiver report over the past 90 
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day individual look back period.  

Data Analysis Plan 

Descriptive Statistics 

All statistical analysis was conducted using Intellectus Statistics software (2020), SAS, or 

SPSS. Nominal and ordinal level demographic variables were interpreted using frequencies, 

mode, and percentages, and included (a) sex at birth, (b) race, and (c) county (See Table 2). 

Interval and ratio variables included (a) age, (b) number of RN participants in training, (c) 

number of RN participants who successfully demonstrated appropriate use of inhaler sensor, (d) 

number of patient participants, (e) adherence rate, (f) patient satisfaction score, and (g) clinician 

satisfaction score. For interval and ratio level variables, the following descriptive statistics were 

calculated: sum, frequency, mean, median, mode, standard deviation, variance, minimum, 

maximum, and range, and interquartile range, standard error of the mean, skewness, and kurtosis 

(See Table 3). While the descriptive statistics were utilized to examine demographic data, this 

data was used exclusively to describe the population studied. Summary statistics was calculated 

for each interval and ratio variable, including: number of RN participants in Propeller training, 

number of RN participants who successfully demonstrate appropriate use of inhaler sensor, 

number of patient participants, adherence rate, patient satisfaction score, and clinician 

satisfaction score.  

Table 2 

Demographic Variables  

Demographic 

Variable 

Level of 

Measurement 

 

Categories Descriptive Statistical Procedures 

Age Interval >  6 years 

 

Sum, Frequency, Mean, Median, 

Mode, Standard deviation, Variance, 

Minimum, Maximum, Range, 
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Interquartile Range, Standard Error of 

the Mean (or S.E. Mean), Skewness, 

and Kurtosis  

 

Sex at birth Nominal Female 

Male 

 

Mode, percentage, and frequency 

 

Race Nominal White 

Black or African 

American 

American Indian 

or Alaska Native 

Asian 

Native Hawaiian 

or Pacific 

Islander 

Other 

 

Mode, percentage, and frequency 

 

County 

 

Nominal Nassau 

Suffolk 

Mode, percentage, and frequency 

 

 

 

 

Table 3 

Demographic and Descriptive Variables 

Demographic Variable Level of 

Measurement 

 

Categories Descriptive Statistical 

Procedures 

 

Number of RN 

participants in 

Propeller training 

(Specific Aim 1: 

Objective A) 

 

Ratio 

 

 

 

Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, Range, 

Interquartile Range, Standard 

Error of the Mean (or S.E. 

Mean), Skewness, and 

Kurtosis  

 

Number of RN 

participants who 

successfully 

demonstrate 

Ratio  Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, Range, 

Interquartile Range, Standard 
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appropriate use of 

inhaler sensor 

(Specific Aim 1: 

Objective B) 

Error of the Mean (or S.E. 

Mean), Skewness, and 

Kurtosis  

 

Number of patient 

participants  

(Specific Aim 1: 

Objective C 

Ratio  Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, Range, 

Interquartile Range, Standard 

Error of the Mean (or S.E. 

Mean), Skewness, and 

Kurtosis  

 

Adherence rate 

(Specific Aim 1: 

Objective D) 

Ratio  Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, Range, 

Interquartile Range, Standard 

Error of the Mean (or S.E. 

Mean), Skewness, and 

Kurtosis  

 

Patient satisfaction 

score  

(Specific Aim 3: 

Objective A) 

Interval  Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, Range, 

Interquartile Range, Standard 

Error of the Mean (or S.E. 

Mean), Skewness, and 

Kurtosis  

 

Clinician satisfaction 

score  

(Specific Aim 4: 

Objective A) 

 

 

 

Interval  Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, Range, 

Interquartile Range, Standard 

Error of the Mean (or S.E. 

Mean), Skewness, and 

Kurtosis  
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Inferential Statistics  

To evaluate Specific Aim two Objective A, and Specific Aim five Objective A, data about 

adherence to prescribed inhaler medications, the key outcome of this quality improvement 

project included the following: (a) pre and post ACT or CAT scores, (b) pre and post PEF score, 

(c) pre and post health care utilization rates (See Table 4). These scores were interpreted for 

significance using the paired sample t-test parametric statistical test assuming normal distribution 

or if the data are skewed and not normally distributed, the Wilcoxon nonparametric alternative 

test will be used. The paired sample t-test allows for mean comparison among the pre and post 

intervention outcomes to determine if there is a statistically significant impact of the intervention 

(Razali & Wah, 2011). This method of analysis is individually specific and matches the 

individual’s pre and post characteristics to themselves, it maintains a tighter control the identity 

of the project participants while evaluating the significance of the intervention. The objective is 

that the mean post-intervention ACT or CAT, and PEF scores denotes a significant improvement, 

while conversely the mean hospitalization and ED encounter rate decreases.  

Table 4 

Inferential Statistics and Variables 

Study Variable 

(Dependent 

Variable) 

 

Level of 

Measurement 

Descriptive Statistical 

Procedures 

Inferential Statistical 

Procedures 

 

ACT or CAT  

(Specific Aim 2: 

Objective A) 

 

Interval 

 

Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, 

Range, Interquartile Range, 

Standard Error of the Mean 

(or S.E. Mean), Skewness, 

and Kurtosis 

 

 

Paired t-Test/Wilcoxon  

 



 53 

 

 

PEF 

(Specific Aim 2: 

Objective A) 

 

Interval Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, 

Range, Interquartile Range, 

Standard Error of the Mean 

(or S.E. Mean), Skewness, 

and Kurtosis 

 

Paired t-Test/Wilcoxon  

 

Health care 

utilization rate 

(Specific Aim 5: 

Objective A) 

Ratio Sum, Frequency, Mean, 

Median, Mode, Standard 

deviation, Variance, 

Minimum, Maximum, 

Range, Interquartile Range, 

Standard Error of the Mean 

(or S.E. Mean), Skewness, 

and Kurtosis 

Independent sample t-

test/Mann Whitney U 

    

 

Ethical Considerations 

 Informed consent and assent where appropriate for the use of the inhaler sensors was 

obtained from patients and or parents at the time of initial home visit by the RN participant as 

part of regular care processes. Verbal agreement from the patient or caregiver was obtained at the 

time of sensor deployment and documented as a one-sentence narrative in the patient's EMR. 

There was a minimal identified risk to the patient as the inhaler sensor is considered non-

invasive biometric technology with negligible potential to adversely affect an individual. The de-

identified patient information was maintained on a password-protected excel spreadsheet in 

accordance with HIPAA requirements. There was minimal to no risk to the patient or caregiver 

by participating in this project. The patient and or caregiver was reminded that participation is 

optional and could have been rescinded at any time without affecting other home health care 

services offered to the individual. 

 Based on guidelines provided by the JU IRB, this project met DNP QI project status, as it 
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poses no more than minimal risk to participants and is consistent with QI educational practices. 

All records pertaining to data collection have been kept confidential and password protected in 

accordance with JU and Good Samaritan Hospital IRB, and HIPAA regulatory requirements. 

The data will not be used for any purpose other than that related specifically to the expedition of 

the project as disclosed in the project proposal. There is no identifiable patient information 

within the project lead’s possession.  

 Propeller, the inhaler sensor vendor, was apprised of this quality improvement project to 

measure outcomes using their product. The proposed project falls within the signed contractual 

agreement between CH and Propeller. A business associates’ agreement (BAA) is on file to 

ensure the security of electronic transfer of information using the Propeller devices and platform. 

Approval for the planned project was obtained from the JU and Good Samaritan Hospital 

Institutional Review Board (IRB) prior to the project's commencement. 

Results 

 The purpose of this DNP project was to evaluate the the role of RPM using respiratory 

inhaler sensors on effective respiratory disease management and adherence on individuals over 

the age of six years with a diagnosis of asthma or COPD. Secondary purposes were to examine 

patient satisfaction, clinician professional fulfillment, and impact of the intervention on 

healthcare utilization.  

 As an unforeseen effect of the of the COVID-19 pandemic, the goal of 40 project 

participants for this QI project was not attained. This second surge of COVID severely affected 

the New York area in early December just as the project got underway. It began to abate towards 

the end of January, allowing for a modest recovery in project participants towards the second 

half of the implementation period. A total of 29 participants included 22 individuals with asthma, 
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19 of whom were under 18 years of age. The remaining seven project participants were 

comprised of individuals with COPD. None of the participants were lost to attrition and all 

remained on the project for at least 30 days  

Demographic Descriptive Statistics 

 All demograghic variables were analyzed using Intellectus Statistics software (2020), 

SAS, or SPSS. All RN participants were trained and certified asthma educators. These 

individuals have been educated to support the management of individuals with asthma and have 

successfully passed the National Asthma Educator credentialing exam administered by the 

National Asthma Educator Certification Board (NAECB). All were female (n = 4, 100%).  

 The majority of project participants were individuals with asthma (n = 22, 75.8%). The 

age range was broad among the individuals with asthma spanning from six to 42 years, with a 

mean age of 14.27 years and SD of 9.72. The COPD participants expectantly comprised a more 

advanced age population with a mean age of 69.14 years, a smaller SD of 5.61 and an 

expectantly closer age range spanning from 62 to 79 years. The data can be reviewed in Table 5.  

Table 5 

Summary of Age Variables for Individuals with Asthma & COPD 

 

Variable M SD n SEM Min Max Skewness Kurtosis 

Asthma Age (Years) 14.27 9.72 22 2.07 6.00 42.00 1.87 2.33 

COPD Age (Years) 69.14 5.61 7 2.12 62.00 79.00 0.68 -0.50 

 

 The gender at birth among both populaces of individuals with asthma and COPD 

represented a slightly larger male representation (n = 12 and 4) for asthma and COPD 

respectively with the results available for review in Table 6. The ethnicity composite for 

individuals with asthma was relatively congruent with current research trending revealing the 
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majority (n = 8, 36.36%) were Black American, followed equally by White and Hispanic Latino 

(n = 6, 27.27%), and Asian with a distant (n =2, 9.09%). Conversely, among the COPD 

participants, Whites (n = 3, 42.86%), comprised the highest ethnic composite, albeit a lower 

group representation, followed by Black Americans and Hispanic Latinos which each had (n = 6, 

28.57). These results can be reviewed on Tables 7. Finally, the majority of participants from both 

diagnosis groups reside in Suffolk County (n = 15, 68.18%) and (n = 6, 85.71%) for asthma and 

COPD respectively with the results available for review on Table 8. 

 

Table 6 

 

Gender of Individuals with Asthma & COPD 

 

Variable n % 

Gender at Birth - Asthma     

 Male 12 54.55 

Female 10 45.45 

Gender at Birth - COPD   

Male 4 57.14 

 Female 3 42.86 

 

Table 7 

 

Race/Ethnicity of Individuals with Asthma & COPD 

 

Variable n % 

Race Ethnicity with Asthma   

Asian 2 9.09 

White 6 27.27 

Black American 8 36.36 

Hispanic Latino 6 27.27 

Race Ethnicity with COPD   

White 3 42.86 

Black American 2 28.57 

Hispanic Latino 2 28.57 
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Table 8 

County of Residence 

 

Inferential and Specific Aim Descriptive Analysis  

Specific Aim #1 

 The goal of specific aim # 1 was to increase the adherence rate with prescribed inhaler 

medications among individuals > six years of age with asthma or COPD to 90% by the end of 

the project evaluation period. This aim was partially met with a mean adherence rate of 91.7% 

among the asthma group and 90.3% among the COPD group. A collective project participant 

result of  > 90% inhaler adherence rate was therefore attained.  

 Process Objectives: 

A. Training of RN participants and alternates was achieved. Successful 

completion of two hour training of RN participants and alternates was completed 

with a total of ten eager nurses willing to participate in the project. Four RN 

participants ended up actually participating in the project. 

B. Sandbox environment successfully set up for pre-implementation practice. 

After the requisite training, the RN participants and alternates were given access 

to the sandbox practice environment to prepare for the project implementation. 

Variable n % 

  County - Asthma     

    Suffolk 15 68.18 

    Nassau 7 31.82 

 County - COPD   

    Suffolk 6 85.71 

    Nassau 1 14.29 
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C. Patients under the care of the RN participant partially met the goal of 

achieving 90% adherence with prescribed inhalers. Patients with asthma (n = 

22) achieved a mean adherence rate of 91.7% (range of 83.7% - 97.4%) for 

prescribed inhaler use for a the duration of project participation. Patients with 

COPD (n = 7), likewise achieved a mean adherence rate of 90.3% (range 86.2% -

93.4%). The rates as depicted in Figures 8 and 9 reveal the close interval between 

the upper 95% mean of 93.6% and 93.4% and the lower 95% mean of 89.9% and 

87.1% for individuals with asthma and COPD respectively. This implies a high 

success rate within the objective. The premise is further fortified with close 

quartile rankings within both populations.   

D. Adherence rate for prescribed inhaler use was calculated using total number 

of opportunities divided by the number of electronic transmissions of patient 

use. This formula is integrated into the Propeller data analytics configuration. The 

electronic transmission of inhaler use as well as missed dose notification was 

made available to RN participants through the application dashboard which could 

be downloaded onto their work phones and or work issued laptop devices. 

Figure 8 

Distributions of Asthma Adherence Rate  
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Figure 9 

Distributions of COPD Adherence Rate  

 

Specific Aim #2 

  The goal of specific aim # 2 was to increase disease self management among individuals 

> six years of age with asthma or COPD as measured by an increase in mean ACT or decrease in 

mean CAT score by 10% of baseline and a PEF within 80-100% of personal best by the end of 

project implementation period. This aim was met 100%. 

  Process Objectives: 

A.  ACT or CAT and PEF were successfully administered by RN participant 

with 100% completion at the time of RPM deployement to each patient. As 

each individual was admitted to the program, the RN participant administered and 

documented the requisite baseline testing. The values were used as a baseline for 

this DNP project. 

B. The tests were repeated every 30 days while the individual was under care 

and at time of discharge at 100% completion at identified time points. The 

ACT or CAT and PEF were administered by the RN participant at 30 day 
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intervals and at time of discharge from care. The final scores served as a means of 

comparison to test the efficiacy of the intervention. 

C. A  personalized peak flow meter was given to 100% of the patients by the RN 

participant. The best out of three measurements was used as a baseline PEF. 

D. PEF was monitored by patient and or caregiver twice daily and by RN 

participant at 30-day increments and at day of discharge. The twice daily PEF 

results were recorded in a log provided by the RN participant and reviewed during 

each nursing visit. The RN participant likewise administered a PEF at 30-day 

intervals and at time of discharge. 

  Both asthma and COPD patient participation groups demonstrated a statistically 

significant change in ACT, CAT, and PEF scores. A two-tailed paired samples t-test for the 

individuals with asthma revealed significance in the pre and post intervention ACT scores based 

on an alpha value of .05, (t(21) = -39.24, p < .001). A Shapiro-Wilk test was conducted and 

determined to be not significant based on an alpha of .05, W = 0.92, p = .077, meeting the 

assumption of normality of the data distribution. Levene’s test was performed to determine 

homogenecity of the data distribution using an alpha of .05 the results, ( F(1, 42) = 2.21, p = 

.145) were determined to be not significant, and the assumption of homogeneity of variance was 

met. The mean post ACT scores were significantly higher (22.36, SD 0.85)  than the pre 

intervention scores (13.45, SD 1.44)  representing an improvement in asthma management. The 

results can be viewed in Table 9.  
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Table 9 

Two-Tailed Paired Samples t-Test for the Difference Between Pre ACT Score and Post ACT 
Score 

 

Pre_ACT_Score Post_ACT_Score       

M SD M SD t p d 

13.45 1.44 22.36 0.85 -39.24 < .001 8.37 

Note. N = 22. Degrees of Freedom for the t-statistic = 21. d represents Cohen's d. 

 

  Likewise the two-tailed paired samples t-test conducted on the individuals with COPD 

revealed significance in the pre and post intervention inverse CAT scores based on an alpha 

value of .05, (t(6) = 10.66, p < .001). A Shapiro-Wilk test was conducted and determined to be 

not significant based on an alpha of .05, W = 0.87, p = .172, meeting the assumption of normality 

for data distribution. Levene’s test was performed to determine homogenecity of the data 

distribution using an alpha of .05 the results, (F(1, 12) = 0.01, p = .920) were determined to be 

not significant and the assumption of homogeneity of variance was met. The mean Pre CAT 

scores were significantly higher (27.57, SD 4.12) than the post scores (20.43, SD 4.24) denoting 

a improvement in overall COPD management. The results can be reviewed in Table 10. The 

consistent improvement in trending is clearly illustrated in Figures 10 and 11.  

Table 10 

Two-Tailed Paired Samples t-Test for the Difference Between Pre CAT Score and Post CAT 
Score 

 

Pre_CAT_Score Post_CAT_Score       

M SD M SD t p d 

27.57 4.12 20.43 4.24 10.66 < .001 4.03 

Note. N = 7. Degrees of Freedom for the t-statistic = 6. d represents Cohen's d. 
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Figure 10  

 Pre and Post ACT 

 

Figure 11 

Pre and Post CAT 

 

  The PEF rates among project participants revealed a significant improvement from pre to 

post intervention as indicated by results of the two-tailed paired samples t-test.The two groups, 

based on an alpha value of .05, Individuals with asthma (t(21) = -9.13, p < .001) and COPD (t(6) 

= -5.80, p = .001) each demonstrated marked objective respiratory improvement. A Shapiro-

Wilk test was conducted based on an alpha of .05, and determined to be not significant for 
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asthma (W = 0.98, p = .913) and COPD (W = 0.87, p = .177) meeting the assumption of 

normality for data distribution for both groups. Levene’s test was likewise performed among 

each data set to determine homogenecity of the data distribution using an alpha of .05 the results 

for the asthma (F(1, 42) = 0.12, p = .733) and COPD (F(1, 12) = 0.18, p = .675) populaces were 

determined to be not significant and the assumption of homogeneity of variance was met.  The 

pre intervention asthma and COPD and (M 83, SD 2.83) respectively to (M 93, SD .03) and (M 

87, SD 3.06) post intervention have demonstrated an overall marked improvement in lung 

capacity. The results can be reviewed in Tables 11 and 12.  

Table 11 

Two-Tailed Paired Samples t-Test for the Difference Between Pre PEF and Post PEF (Asthma) 

 

Pre_PEF Post_PEF       

M SD M SD t p d 

0.86 0.03 0.92 0.03 -9.13 < .001 1.95 

Note. N = 22. Degrees of Freedom for the t-statistic = 21. d represents Cohen's d. 

 

Table 12  

Two-Tailed Paired Samples t-Test for the Difference Between Pre PEF and Post PEF (COPD) 

Pre_PEF Post_PEF       

M SD M SD t p d 

83.00 2.83 87.00 3.06 -5.80 .001 2.19 

Note. N = 7. Degrees of Freedom for the t-statistic = 6. d represents Cohen's d. 

 

  The ACT and CAT, subjective validated measurement tools used for this DNP QI 

project, reveal similar statistical findings to that of the objective validated measurement tool, the 

peak flow meter. These results support the premise that what is being reported by the individual, 

or caregiver through the ACT or CAT is a relatively accurate portrayal of their respiratory status 
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based upon their PEF result. The standard deviation remained relatively consistent within the two 

timepoints under review in both patient populaces. The asthma population, with a greater number 

of project participants, presented with a lower SD, particularly relating to PEF findings, thereby 

placing increased confidence in the results. 

Specific Aim #3 

  The objective of specific aim # 3 was to attain a mean patient satisfaction score of > 90% 

as measured by a post-participation survey offered by RN participant at the time of final home 

visit. This aim was achieved 100%. 

 Process Objectives 

A. Patient satisfaction surveys were administered by RN participant to patient 

or caregivers at the time of final home visit with 100% completion rate. 

Project participants within both groups completed the patient surveys at the time 

of final home visit with RN participant. 

  Asthma and COPD patient satisfaction data revealed similar results. The asthma project 

respondents (n = 22) had an average satisfaction rate of 96.73 (SD = 3.83, SEM = 0.82, Min = 

88.00, Max = 100.00, Skewness = -0.70, Kurtosis = -0.79). The mean is considered symmetrical 

based on the skewness < 2 with a normal distribution due to the kurtosis far < 3 (Westfall & 

Henning, 2013).. The results can be reviewed in Table 13. 

Table 13 

Asthma Patient Satisfaction 

Variable M SD n SEM Min Max Skewness Kurtosis 

Patient Satisfaction 96.73 3.83 22 0.82 88.00 100.00 -0.70 -0.79 

 

  The COPD project respondents (n = 7) similarly, though a smaller populace had an 
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average satisfaction rate of 97.14 (SD = 3.02, SEM = 1.14, Min = 92.00, Max = 100.00, Skewness 

= -0.46, Kurtosis = -0.90). Similar to their asthma counterparts, the mean is considered 

symmetrical based on the skewness significantly < 2 with a normal distribution due to the 

kurtosis well < 3. The results can be reviewed in Table 14. A side by side box plot comparison of 

patient satisfaction (%) can be viewed in Figure 12.  

 Table 14 

COPD Patient Satisfaction 

Variable M SD n SEM Min Max Skewness Kurtosis 

Patient_Satisfaction 97.14 3.02 7 1.14 92.00 100.00 -0.46 -0.90 

 

Figure 12 

Patient Satisfaction Scores Asthma           Patient Satisfaction Scores COPD 

 

Specific Aim #4 

  The objective of specific aim # 4 was to disseminate a clinician qualitative experiential 

satisfaction survey and provide a subsequent debriefing opportunity for the RN participants to 

share their thoughts and experiences using the RPM devices upon conclusion of the QI project. 



 66 

 

 

This aim was achieved 100%. 

  Process Objectives 

A. After the final patient was discharged a qualitative clinician debriefing 

session was held on March 15, 2022. All four RN participants, and three 

alternates attended. This DNP student (project manager) lead the session. A 

catered lunch was served. The project partners from Propeller joined virtually for 

the final ten minutes of the session.  

B. The RN participants completed the clinician satisfaction survey prior ro 

attending the session. The RNs who were project alternates were invited to 

attend because although they did not participate directly in this QI project, there 

were some additional patients who were brought under care as a result of this 

project  to whom they provided care. The only data used for this project is that of 

the actual four RN participants.  

C. The responses from the RN participants were extremely positive and will be 

incorporated into future project iterations. It was largely agreed upon by the 

group that the use of RPM can be useful in promoting adherence with inhaler 

medications. Several excellent ideas were shared during the session that will most 

likely be incorporated into expanding the outreach for this type of technology.  

  The four RN participants reported a very high overall satisfaction level with the 

workflow, deployment, and overall technology. They appreciated the shared approach to health 

management which allowed the individual or caregiver the ability to download the application 

and follow their progress. Most felt the level of engagement was much higher with the patients 

cognizant of their accountability not only to them, but to their provider. All RN participants 



 67 

 

 

reported that there were no cancelled visits by patients during the implementation period, which 

they all agreed was highy unusual. Clinician satisfaction had an average rating of 99.25 (SD = 

1.50, SEM = 0.75, Min = 97.00, Max = 100.00, Skewness = -1.15, Kurtosis = -0.67). The close 

range between 97-100, supports the symmetry in the data with skewness < 2 and evenly 

distributed with kurtosis < 3 (Westfall & Henning, 2013). The data can be reviewed in  

Table 15 

Clinician Satisfaction 

Variable M SD n SEM Min Max Skewness Kurtosis 

Clinician_Satisfaction 99.25 1.50 4 0.75 97.00 100.00 -1.15 -0.67 

 

Specific Aim #5 

  The goal of specific aim # 5 was to decrease the number of hospitalizations and ED 

encounters for uncontrolled asthma and COPD by 10% of baseline by the end of the project 

evaluation period. The outcomes for this aim could not be fully measured due to the COVID-19 

pandemic. 

  Process Objectives 

A. The RN participants attempted to collect baseline utilization during initial 

home visit at the time of inhaler sensor deployment using a 90 day look back 

period. Shortly into the project implementation period, it became apparent that 

the 90 day look back period was not going to be an accurate indicator of 

healthcare utilization. Individuals were reluctant to access health care. Only care 

provided through a Catholic Health entity was verifiable to the RN participant 

through the electronic medical record. 

B. Healthcare utilization was evaluated by the RN participant during the period 

the individual was receiving RPM during project implementation. The RN 
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participant instructed each patient or caregiver to apprise them immediately of 

any hospitalization or emergent care encounter. A double check to this system 

was a telephonic follow up for any missed inhaler transmissions. During each  

home visit the RN participant inquired about emergent and provider encounters to 

ensure no opportunities to report the same were overlooked.  

  There were no hospitalizations for any of the project participants with asthma or COPD 

for the duration of time they were receiving RPM during project implementation. While this 

finding should be interpreted with caution as was previously mentioned, a large part of this DNP 

QI project was implemented during the second surge of the COVID-19 pandemic, it is in 

alignment with the improved outcomes demonstrated within the specific areas of data analysis. 

  The urgent care utilization rate was extremely low among both groups during the project 

implementation period. Four individuals with asthma had one encounter each for an average of 

9% (SD 0.29). The low SD supports the low variability among the data. The results can be 

reviewed in Table 16. 

Table 16 

Urgent Care Encounters for Individuals with Asthma 

Variable M SD n SEM Min Max Skewness Kurtosis 

Urgent_Encounters 0.09 0.29 22 0.06 0.00 1.00 2.85 6.10 

 

  The project participants with COPD had one individual with a single urgent care 

encounter for an average of 14% (SD 0.38) utilization rate. While the participant number is 

lower than that of the asthma group, the significance of the RPM intervention can be quantified 

based on the significant improvement in subjective and objective  measurement outcomes as 

previously appraised. The results can be reviewed in Table 17.  
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Table 17 

Urgent Care Encounters for Individuals with COPD 

Variable M SD n SEM Min Max Skewness Kurtosis 

Urgent_Encounters 0.14 0.38 7 0.14 0.00 1.00 2.04 2.17 

 

Interpretation and Summary 

 As previously noted the COVID-19 pandemic had an adverse impact on the number of 

project participants as individuals with less severe health care needs were seeking care outside 

the hospital confines as much as possible during most of the implementation phase of this 

project. However, the individuals who participated as well as the RN participants report a high 

satisfaction rate which is substantiated by the high level of statistical correlation between the use 

of RPM and effective asthma and COPD management. The evidence from this small DNP QI 

project indicates there may be some benefit to this intervention, for both of these chronic 

respiratory disease processes, particularly following an acute exacerbation.  

  The role of RPM is more than just reminding an individual to administer their inhaler 

medication. It is about empowerment, by placing the individual at the helm of their healthcare 

decision making. It is about supporting individuals to make lifestyle choices that will be 

beneficial to them, their families, healthcare providers, and the healthcare payer system. Utilizing 

a respectful approach to behavior modification to bring about real life changes. Not every 

respiratory inhaler issue will be instaneously rsolved through the use of RPM, but an impactful 

few will potentially lead the way just as these 29 individuals did for 22 additional people just 

during a three month period when the world was in crisis.  

 There is no single answer to effective chronic disease management. However, a 
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patientcentric, inclusive care model is the first step in facilitating a proactive approach to care. 

As we move forward incorporating the Quadruple Aim into our patient care footprint to address 

social determinants of health, RPM using inhaler sensors may prove to be a formidable partner. 

Sustainability Plan 

 As the project was in implementation, and the hospitals at heightened capacity with 

severely ill individuals with COVID-19, it was surprising how quickly the news of this project 

spread. There were a total of 12 patients hospitalized at GSH with a primary diagnosis of 

COVID-19 with a secondary diagnosis of asthma (n = 6) or COPD (n = 6), who because of the 

secondary diagnosis did not meet project criteria. This project manager was approached by 

executive hospital leadership, who are also stakeholders for this QI project, to inquire about the 

possibility of including this group in the project to expedite their discharge. These patients had 

been mildly to moderately affected by COVID and would be able to be discharged home with 

close clinical oversight. Additionally the discharges would allow for decompression of hospital 

beds to allow for the care of the most acutely ill indivuals with COVID. While these 12 patients 

could not be brought on to the project, they were discharged home with home health care 

services. An additional five individuals with asthma were likewise managed in a similar manner 

directly from the ED. The alternate RN participants provided care, inclusive of RPM inhaler 

sensor deployment. The same workflow was followed by the alternate RN participants as that 

carried out under the project. Extreme caution was exercised to ensure none of the data was 

intermixed. 

 Another opportunity arose after a parent brought their phone to the Good Samaritan 

Pediatric Pulmonology Clinic for their child’s scheduled asthma follow up appointment. Several 

days later the nurse practitioner called this project manager requesting that a child being seen in 
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the clinic that day be added to the project. They would ordinarily be sent to the hospital for 

observation, but due to the surge of COVID, adjusted the inhaler medications and seemed eager 

to manage the individuals in the home. It was agreed that while, these individuals did not meet 

project inclusion criteria, they could receive parallel care.  

 As the paradigm of COVID-19 continues to unfold, it is uncertain what the future will 

bequeath. Deliberation could be given to replicating a larger, more longitudinal project among 

survivors of COVID with residual airway disease. Individuals who were previously healthy, but 

until recently found themselves victims of a serious, chronic respiratory illness and could use 

additional support and education to assist them with their complex medication management. 

These project outcomes will be shared with the project team members. Opportunities to 

modify components will be reviewed as a part of the Model for Improvement’s PDSA cycle 

which will incorporate the response received from the patient satisfaction surveys and 

experiential clinician feedback. To ensure project sustainability, refinements to processes will be 

carried out as indicated by the evidence. Outcomes will continue to be monitored and 

disseminated within the HCO and community. Trends will be examined, and best practices will 

be shared with key stakeholders, interested parties, and possibly insurance providers. 

 Based on the outcomes of the project, plans will be considered to integrate remote patient 

monitoring of inhaler medications using the sensor devices into customary post-acute practice to 

support the services provided by home care. Attention will likewise be given to expanding use by 

adopting this type of monitoring within the specialty clinics of CH as has already been started 

with the Good Samaritan Pediatric Pulmonology Clinic. The plan as it is in direct alignment with 

the system’s approach to Population Health Management. Finally, RPM using inhaler sensors 
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will be evaluated for use among individuals with other medical diagnoses requiring a prescribed 

inhaler medication.     

 The finding from this QI project will hopefully be used as a foundation to apply for 

additional funding though the Mother Cabrini Health Foundation. This project continues and 

expand upon the principle of adherence to improve health disparities among the underserved and 

underrepresented with limited access to healthcare. Having the capacity to provide RPM, 

disease-related education, and assessment would potentially have far-reaching effects to a wide 

populace of individuals. 

Dissemination of Findings Plan 

 The findings will be shared across several venues. A copy of the final manuscript will be 

uploaded to the Sigma and JU Repositories. A manuscript will be prepared and submitted for 

publication to a yet undetermined peer-reviewed journal.  

 On a local level, the findings will first be disseminated among the project participants 

within the HCO, followed by the key stakeholders. Posters will be created for display at 

appropriate practice sites. A PowerPoint presentation will be created as a means to memorialize 

and share project interventions and findings within the health care organizations at hospital 

readmission reduction meetings. The project and findings will be shared during Joint 

Commission and Department of Health surveys to demonstrate commitment to evidenced-based 

practice. Community partners such as the Asthma Coalition of Long Island (ACLI), a subsidiary 

of the American Lung Association, will be offered a presentation at one of the quarterly meetings 

summarizing the project and subsequent findings. 

 Finally, the outcomes will be shared during required grant updates with the Mother 

Cabrini Research Fund. This will allow the grantee to see the outcome of the funding and 
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hopefully pave the path for an extension of the grant to impact additional lives. The work done 

through this project is in alignment with the mission and vision of the Mother Cabrini Research 

Fund. 
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