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Using the ADDIE Framework to Implement Pulmonary Telerehabilitation among Black and Hispanic Patients with Long COVID-19 
Introduction 
The paper uses the ADDIE (Assess, Design, Develop, Implement, and Evaluate) model to address the gaps in post-COVID care for Black and Hispanic populations. It emphasizes the relevance of a nurse-led pulmonary telerehabilitation program at a New England safety net hospital. The target population has experienced disproportionate rates of long COVID and significant barriers in accessing care. Consequently, the proposed solution involves using accessible and interactive technologies to bridge social determinants of health that contribute to suboptimal care. Digital platforms will be used technology to delivering patient education and tailored supervised respiratory exercises to promote recovery, emphasizing outcomes such as exercise capacity, dyspnea, oxygen saturation, and quality of life. 
Assess
Since its inception, COVID-19’s impact in the United States (U.S.) has highlighted and exposed the strong association between health outcomes and race, ethnicity, culture, and socioeconomic status (Yaya et al., 2020). On May 4, 2022, the U.S. surpassed one million COVID deaths (Centers for Disease Control [CDC], 2022). Of the one million deaths reported, data showed that between the ages of 25–54, Hispanics died at a rate more than four times higher and Blacks three times higher compared to Whites of the same age group (Luck et al., 2023). Based on the knowledge that Hispanic and Black communities are disproportionately impacted by COVID, the likelihood that they will suffer more from COVID sequelae is assumed. In fact, of the 86 million cases of COVID in the U.S., it is estimated that 10–30% will suffer from symptoms referred to as “long COVID” which is any symptom that persists beyond 4 weeks post-infection, and it’s projected those one million survivors at any given time may be unable to work (CDC, 2022; U.S. Government Accountability Office [USGAO], 2023). Past research points to pulmonary rehabilitation (PR) as a viable option for patients but the current form of delivery is in-person which could preclude some patients from participation due to barriers such as lack of transportation, dependent care, or work schedules which are referred to as social determinants of health (SDOH). Optimizing new platforms for post-COVID care like telerehabilitation which is the use of technology to remotely deliver rehabilitation services, could serve to improve healthcare disparities (Daniels et al., 2024). The ADDIE framework will be used to assess the pulmonary telerehabilitation program that will be used at a safety net hospital in New England that services a large portion of Hispanic and Black patients affected by long-COVID.
Design 
	Historically, Black and Hispanic communities experience a disproportionate burden of disease primarily because of their exposure to multiple social determinant risks. The emergence of the COVID-19 pandemic exacerbated systemic disparities, particularly among individuals with long COVID requiring pulmonary rehabilitation (CDC, 2022; Luck et al., 2023). Pulmonary rehabilitation in the conventional setting necessitates face-to-face encounters with insurmountable obstacles for those with mobility impairments, inflexible work schedules, and caregiving needs. With the increasing adoption of technology in healthcare, telerehabilitation has emerged as a viable alternative to face-to-face pulmonary therapy for underserved populations. Li et al. (2024) observed that telemedicine offers crucial opportunities to eliminate access barriers by facilitating ongoing virtual consultations, monitoring, and interventions. Indeed, previous studies have shown the utility of pulmonary rehabilitation in long COVID treatment, whether delivered individually or with groups. Although Alsharidah et al. (2023) focused on females only, the study revealed that a supervised telerehabilitation program had statistically significant impact on quality of life (QoL) and exercise tolerance. Additionally, Simpson et al. (2023) affirm that not only is group telerehabilitation safe and feasible but also accepted by the hospitalized patients experiencing prolonged respiratory symptoms. Therefore, pulmonary telerehabilitation provides an appropriate and scalable solution to address gaps in access in resource-constrained settings. 
	The proposed program is both relevant and timely for the setting. Tailored for a safety net hospital with a high percentage of Black and Hispanic patients, it employs bilingual educational materials, mobile-friendly platforms, and culturally relevant care that can meet the needs of the population. As supported by Samper-Pardo et al. (2023), the inclusion of community health workers and interpretation services would facilitate linguistically and culturally adapted participation, lessening access barriers further. In addition, leaning on low-cost technology tools such as HIPAA-compliant Zoom and patient portals suits the need for the resource-constrained setting (Ahmed et al., 2021). 
The scalability of the intervention is particularly suitable to a constantly changing healthcare system. It offers opportunities for phased implementation using a Plan-Do-Study-Act (PDSA) cycle in which ongoing quality improvement would enables clinical teams to iteratively implement, assess, and redesign the program based on outcomes after each cycle. Logistically, the virtual model has received significant scholarly support because it eases the burden on hospital infrastructure. Indeed, de la Plaza San Frutos et al. (2023) noted that the virtual delivery of telerehabilitation is feasible for populations with barriers such as transportation because it eliminates or reduces the need for face-to-face appointments. Similarly, Samper-Prado et al. (2023) support the adaptability and usefulness of telerehabilitation delivered through app-based platforms that have become increasingly common. The up-to-date evidence shows that the program can be implemented with ease and at low costs without interrupting clinical workflows. However, it is essential to note that successful implementation depends on overcoming some limitations. For instance, low digital literacy and unstable internet access could hinder optimal participation among some individuals. 
	The program relies on validated and widely used tools to assess the outcomes. The Sit-to-Stand Test (STS) is a validated measure of physical functioning, with the test-retest reliability ranging from 0.84 to 0.92 (Csuka & McCarty, 1985). The 6-Minute Walk Test is a simple, safe, and low-cost tool used in assessing cardiopulmonary rehabilitation outcomes such as dyspnea, oxygen saturation, and heart rate (Al Chikhanie et al., 2022). The Borg Rating of Perceived Exertion (RPE) is also a low-cost and easy to apply tool used in assessing breathlessness and fatigue (exercise intensity and physiological exertion) across multiple contexts, with validity coefficients ranging from 0.84 to 0.91 (Lea et al., 2022; Tobase et al., 2024). Besides, the modified Medical Research Council (mMRC) dyspnea scale, a validated instrument for pulmonary rehabilitation patients, will be used to assess functional disability caused by breathlessness (Burnfield et al., 2022; Simpson et al., 2023). The European Quality-of-Life Questionnaire (EQ-5D-5L) offers subjective insights into patients’ quality of life across five dimensions: mobility, self-care, usual activities, discomfort, and anxiety/depression (de la Plaza San Frutos et al., 2023). The measurement tools and modalities are available publicly and do not require permission to use. The Use Case below shows illustrates the process of implementing the solution, which has been piloted in one PDSA cycle.
Develop
	The Use Case for this project is developed to identify, plan, organize, and clarify system requirements for the implementation of a pulmonary telerehabilitation program targeting Hispanic and Black post-COVID patients. The target group experiences a disproportionate burden of long COVID and disparities in accessing pulmonary rehabilitation services. It illustrates an innovative technology-driven response to health disparities caused by systemic factors. The structured Use Case highlights the actors, critical steps, scenarios, and conditions necessary for successful implementation. 
Use Case: Pulmonary telerehabilitation for patients with long COVID-19 at a safety net hospital
ID: Pulmonary Telerehab for Post-COVID Hispanic and Black Patients, Version 1
Description of use case: Primary care clinicians (physicians, nurse practitioners, or physician assistants) diagnose and refer patients recovering from COVID-19 with persistent respiratory symptoms (long COVID) to the telerehabilitation program. Eligible patients are flagged by the automated EHR screening protocol. Nurses collect and record baseline data on dyspnea, exercise capacity, fatigue, and quality of life in the electronic health records (EHR). A secure online portal is used to deliver patient education and supervised low-impact aerobic exercises, and respiratory exercises such as costal expansion, abdominal diaphragmatic breathing, and progressive muscular relaxation. Patient outcomes, including exercise capacity, dyspnea, oxygen saturation, and fatigue are assessed and recorded during the weekly scheduled remote session to assess progress and tailor exercises according to individual needs. Decisions regarding the continuation of the care plans or future referrals are made based on reassessment and discussions with patients about their progress and outcomes at the end of the program after four weeks. 
Primary Actors: Post-COVID patients with long COVID and primary care clinicians
Supporting Actors: Pulmonary rehabilitation team, health informatics team, community health workers, interpreter services for patients with Limited English Proficiency (LEP)
Stakeholders and Interests: Hospital executive leaders responsible for resource allocation, public health partners interested in scalable solutions, Medicaid and insurance companies with reimbursement responsibilities, and advocacy groups with interests in reducing COVID-related health disparities
Pre-Conditions: 
1. Consensus about the implementation of the proposed solution among the key actors, supporting actors, and executive leadership
2. Automation of EHR reminders to flag eligible patients with long COVID
3. Deployment of a secure HIPAA-compliant, mobile-friendly, and easy to navigate online platforms to host the telerehabilitation sessions
4. Identification and referral of eligible patients with persistent respiratory symptoms through the EHR screening protocols
5. Development of adaptable patient education materials and protocols for physical and respiratory exercises in both English and Spanish
6. Patient access to devices and internet connectivity through hospital-lending programs or collaboration with community partners
[bookmark: _Hlk204144817]Normal Flow of Events:
1. Primary care clinicians diagnose or confirm long-COVID (the presence of respiratory symptoms 4+ weeks after infection) and refer patients for pulmonary rehabilitation
2. The EHR screening protocol flags eligible patients based on symptom persistence, race/ethnicity (Hispanic or Black), and sociodemographic risk factors
3. A respiratory care nurse contacts the patient, explains the pulmonary telerehabilitation program, acquires consent, and schedules the baseline or onboarding assessment
4. Patients are provided the required devices such as pulse oximeter or encouraged to acquire or use their own devices during onboarding
5. [bookmark: _Hlk205583428]A registered nurse collects the baseline data virtually using the STS test, 6MWT, pulse oximeter, the Borg scale, mMRC Dyspnea Scale, and the EQ-5D-5L
6. The program starts with participants connecting to the virtual platform (Zoom). They participate in three weekly sessions under the guidance and supervision of an expert in pulmonary physical therapy, with sessions focusing on the following:
a. Abdominal diaphragmatic and pursed-lip breathing
b. Progressive muscular relaxation and costal expansion
c. Low-impact resistance and aerobic exercises
d. Education on managing nutrition, sleep, fatigue, and routine activities
7. Nurses and community health workers provide ongoing support through a follow-up call as a reinforcement
8. Exercise capacity, dyspnea, oxygen saturation, and fatigue are assessed and recorded weekly 
9. A primacy care clinician reassesses the patients after four weeks for recommendations on patient discharge, continuation of the care plan, additional referrals, or post-discharge support
10. The lead clinicians in the project will conduct a quarterly evaluation of patient outcomes achieved, patient population reached, and potential cost-effectiveness of the program. The Normal Flow is revised in case problems are detected after an annual review
Post Conditions
Success-end condition
1. All eligible patients referred to the program agree to participate and complete the program after successful symptom management 
2. Patient outcomes such as dyspnea and quality of life show statistically and clinically significant improvements
3. The multidisciplinary team follows all the steps of the Normal Flow of Events and embeds the intervention into the standard operating 
4. Key stakeholders and decision-makers agree to scale the program across patient populations and its satellite clinics
5. The program reduces disparities in access to pulmonary rehabilitation in the community served
Failure-end condition
1. Referred patients refuse to participate or drop early from the program before the resolution of their symptoms
2. Persistent connectivity problems prevent participation in the virtual sessions
3. The multidisciplinary team fails to follow the steps of the Normal Flow of Events
4. The program fails to show measurable improvements in outcomes, with disparities in accessing pulmonary rehabilitation persisting among Hispanic and Black patients
5. Hospital executive leadership withdraws budget for the program because of unproven ROI or low initial participation
6. Disparities in accessing pulmonary rehabilitation persist among Hispanic and Black patients
Trigger
	A clinician referral or flagged EHR alerts indicates a person is eligible for pulmonary rehabilitation for persistent symptoms, initiating contact and enrolling patients to the program.
After-Use Case Analysis
Is this the best research design methodology? Why or why not?
Using a quality improvement method based on the Plan-Do-study-Act (PDSA) framework offers an ideal methodology for the project. Notably, the methodology will allow iterative testing and adaptation of the intervention, with ongoing evaluation of the Normal Flow informing adjustments as needed. It will help in addressing disparities to accessing pulmonary rehabilitation through data-driven changes.
Re-evaluate source of data to determine if all data points needed are being gathered?
Data collected on patient outcomes will be reviewed during each PDSA cycle to determine whether the program is contributing to improvements. Additional qualitative feedback from the staff and patients may be collected to assess usability, accessibility, and cultural congruence of the program.
Is the proposed methodology sustainable?
The data driven methodology is adaptable and scalable. Leveraging the existing resources, engaging staff, and integrating patient feedback during the PDSA cycles would support long-term sustainability. In addition, using existing digital platforms such as HIPAA-compliant Zoom aligns with current reimbursement policies and reduces reliance on costly in-house resources.
In what ways will the methodology potentially contribute to the body of knowledge and improve the process?
The method offers actionable insights into the deployment of pulmonary telerehabilitation services within underserved communities. In turn, the insights contribute knowledge regarding the practical approaches to addressing disparities. The iterative implementation process would allow ongoing refinements necessary to improving the care process for individuals with long-COVID. 
The illustration overleaf depicts the Normal Flow of Events of the workflow of the proposed solution.

Implementation
Workflow of Pulmonary Telerehabilitation ProgramExecutive approval and department agreement to implement the proposed solution
Discussion with relevant actors about the implementation steps
Automate EHR reminder for long-COVID screening
Deploy HIPAA-compliant online platform to host telerehabilitation sessions
Primary care clinician refers patient with long-COVID for pulmonary rehabilitation
EHR flags eligible patients based on symptom persistence, race/ethnicity (Hispanic/Black), and sociodemographic risk factors
Respiratory nurse contacts patients, explains the program, acquires consent, and schedules baseline assessment
Patient receives necessary devices or encouraged to use own device
Nurse collects baseline data using sit-to-stand test, 6MWT, pulse oximeter, the Borg scale, and EQ-5D-5L
Therapist-supervised virtual pulmonary telerehabilitation sessions implemented three times a week
Nurses and community health workers conduct weekly follow-up call
Exercise capacity, dyspnea, oxygen saturation, and fatigue assessed weekly
Patient returns to primary care clinician for reassessment after 4 weeks. Reviews results with patients
Additional referral of patient in case of no change in symptoms
Patient discharged if symptoms have fully resolved
Patient continues with the program if clinically significant improvements are noted







Evaluation 
	The solution was piloted in one PDSA cycle lasting four weeks to determine whether it should be scaled up. Compared to the previous month before piloting the solution, the number of Black and Hispanic patients undergoing pulmonary rehabilitation increased by 18%. Engagement rates also remained relatively high, with 92% of the referred patients attending all the scheduled sessions. Only one of the referred patients failed to attend any of the sessions. Comparably, engagement with pulmonary rehabilitation was approximately 42% in the previous month. Patient feedback collected after the four weeks revealed high levels of satisfaction, with 85% considering the solution “excellent”. Notably, the group-based format was highlighted as a motivation for continued engagement and adherence, reflecting observations by Simpson et al. (2023) regarding the benefits of social connection in group telerehabilitation. The initial outcomes illustrate the potential of the intervention in reducing disparities in access to post-COVID rehabilitation.  From a technical perspective, the involvement of interpreter services and community health workers played a crucial role during the period. Based on patient feedback, these the team decided to consider additional cultural tailoring of the educational materials to optimize engagement and satisfaction. 
	While inconclusive, the preliminary results show significant gains across the clinical outcomes of interest. Assessments of respiratory rate, heart rate, oxygen saturation, and Borg RPE revealed ongoing improvements. None of the patients discontinued their participation because of factors such as excessive sweating, dizziness, chest pressure, or increased HR. Furthermore, participants completing the four weeks of intervention had a mean increase of 50m in 6WMT. Although they have not achieved the minimal clinically importance difference (MCID) of 54m for pulmonary rehabilitation (Burnfield et al., 2022), the preliminary finding illustrates significant improvements in mobility. In addition, the data shows significant improvements in participants exercise capacity. Specifically, STS repetitions in 1 minute improved from an average of 16 at baseline to 23 at the end of the four-week piloting period. Similarly, dyspnea scores reduced from a mean of 3.5 to 2.0. The initial decrease indicates reduction in breathlessness and improvements in tolerance of daily activities. The intervention has also been associated with improvements in several EQ-5D-5L domains, including mobility, self-care, and activities of daily living. 
	The preliminary results show that the program has significant potential in improving access to pulmonary rehabilitation and improving clinical outcomes. As such, the lead clinician will continue working with the MDT in delivering the intervention. Ongoing data collection will continue as scheduled to inform possible changes in the workflows that may enhance the achievement of outcomes. In addition, quarterly reviews providing comprehensive information about improvements in clinical outcomes, while annual reports will help in determining the program’s long-term cost-effectiveness and sustainability.
Conclusion 
The paper outlined the viability and real-world implementation of a nurse-led pulmonary telerehabilitation program for Black and Hispanic populations with long COVID at a New England safety net hospital. As supported by the current literature, the intervention was considered crucial in addressing the disproportionate impact of long COVID, amid systemic disparities and access barriers the population faces. The team used the ADDIE framework and a Use Case as the road map to integrating telecare in pulmonary rehabilitation. Preliminary results of the pilot PDSA cycle demonstrated improved engagement and satisfaction, increased exercise capacity, less dyspnea, and enhanced quality of life. Scalability and longer-term outcomes will depend on continued monitoring, but the intervention is promising to address post-COVID inequalities and enhance equitable access to pulmonary rehabilitation.
[bookmark: _GoBack]

References 
Ahmad, F., Wysocki, R. W., White, N., Richard, M., Cohen, M. S., & Simcock, X. (2021). Telemedicine use during the COVID-19 pandemic: Results of an international survey. Journal of wrist surgery, 11(4), 367–374. https://doi.org/10.1055/s-0041-1731820 
Al Chikhanie, Y., Bailly, S., Veale, D., Herengt, F., & Verges, S. (2022). Predictors of changes in 6-min walking distance following pulmonary rehabilitation in COPD patients: A retrospective cohort analysis. European Journal of Physical and Rehabilitation Medicine, 58(2), 251–257. https://doi.org/10.23736/S1973-9087.21.07059-3 
Alsharidah, A. S., Kamel, F. H., Alanazi, A. A., Alhawsah, E. A., Alharbi, H. K., Alrshedi, Z. O., & Basha, M. A. (2023). A pulmonary telerehabilitation program improves exercise capacity and quality of life in young females post-COVID-19 patients. Annals of Rehabilitation Medicine, 47(6), 502–510. https://doi.org/10.5535/arm.23060 
Burnfield, J., Votto, J., Hays, A., Stuart, M., Lewis, L., Prettyman, E., & Makam, A. (2022). Six Minute Walk Test changes during long-term acute care hospital rehabilitation for patients post COVID-19. Archives of Physical Medicine and Rehabilitation, 103(3), e13–e14. https://doi.org/10.1016/j.apmr.2022.01.036 
Centers for Disease Control and Prevention. (2022). COVID data tracker. https://covid.cdc.gov/covid-data-tracker/#datatracker-home
Csuka, M., & McCarty, D. J. (1985). Simple method for measurement of lower extremity muscle strength. The American Journal of Medicine, 78(1), 77–81. https://doi.org/10.1016/0002-9343(85)90465-6 
Daniels, K., Mourad, J., & Bonnechère, B. (2024). Exploring the use of mobile health for the rehabilitation of long COVID patients: A scoping review. Healthcare (Basel, Switzerland), 12(4), 451. https://doi.org/10.3390/healthcare12040451 
de la Plaza San Frutos, M., Abuín Porras, V., Blanco Morales, M., Arrabé, M. G., Estrada Barranco, C., & Rubio Alonso, M. (2023). Telemedicine in pulmonary rehabilitation - benefits of a telerehabilitation program in post-COVID-19 patients: A controlled quasi-experimental study. Therapeutic Advances in Respiratory Disease, 17, 17534666231167354. https://doi.org/10.1177/17534666231167354 
Lea, J. W. D., O'Driscoll, J. M., Hulbert, S., Scales, J., & Wiles, J. D. (2022). Convergent validity of ratings of perceived exertion during resistance exercise in healthy participants: A systematic review and meta-analysis. Sports Medicine - Open, 8(1), 2. https://doi.org/10.1186/s40798-021-00386-8 
Li, A. Y., Li, W. X., & Li, J. (2024). Emerging trends in management of long COVID with a focus on pulmonary rehabilitation: A review. The Clinical Respiratory Journal, 18(5), e13777. https://doi.org/10.1111/crj.13777
Luck, A. N., Elo, I. T., Preston, S. H., Paglino, E., Hempstead, K., & Stokes, A. C. (2023). COVID-19 and all-cause mortality by race, ethnicity, and age across five periods of the pandemic in the United States. Population Research and Policy Review, 42(4), 71. https://doi.org/10.1007/s11113-023-09817-8 
Samper-Pardo, M., León-Herrera, S., Oliván-Blázquez, B., Méndez-López, F., Domínguez-García, M., & Sánchez-Recio, R. (2023). Effectiveness of a telerehabilitation intervention using ReCOVery APP of long COVID patients: A randomized, 3-month follow-up clinical trial. Scientific Reports, 13(1), 7943. https://doi.org/10.1038/s41598-023-35058-y
Simpson, A. J., Green, A., Nettleton, M., Hyde, L., Shepherdson, J., Killingback, C., Marshall, P., & Crooks, M. G. (2023). Group-based pulmonary telerehabilitation is feasible, safe, beneficial and well-received in patients who have been hospitalised with COVID-19. ERJ Open Research, 9(2), 00373-2022. https://doi.org/10.1183/23120541.00373-2022 
Tobase, L., Cardoso, S. H., Rodrigues, R. T. F., Souza, D. R., Gugelmin-Almeida, D., Polastri, T. F., Peres, H. H. C., & Timerman, S. (2024). The application of Borg scale in cardiopulmonary resuscitation: An integrative review. PLOS Digital Health, 3(8), e0000592. https://doi.org/10.1371/journal.pdig.0000592
U.S. Government Accountability Office. (2023). COVID-19: GAO recommendations can help federal agencies better prepare for future public health emergencies. https://www.gao.gov/products/gao-23-106554 
Yaya, S., Yeboah, H., Charles, C. H., Otu, A., & Labonte, R. (2020). Ethnic and racial disparities in COVID-19-related deaths: counting the trees, hiding the forest. BMJ Global Health, 5(6), e002913. https://doi.org/10.1136/bmjgh-2020-002913 
