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Cardiac rehabilitation (CR) is a well-established pro-
gram for secondary prevention of cardiovascular 
disease. CR is a multimodal intervention that in-

cludes education, medication adherence promotion, risk 
factor management, nutritional counseling, psychosocial 
support, and structured exercise for patients with myo-
cardial infarction, heart failure, stable angina, or following 
cardiac surgeries or catheter-based valve replacement 
procedures (eg, transcatheter aortic valve replacement). 
Patients who complete CR have lower mortality and hos-
pitalizations as well as improved functional status and 
quality of life.1 Additionally, CR is generally considered 
cost-effective based on current studies.2 Given these 
benefits, CR is given a class 1A recommendation by 
the American Heart Association, the American College 
of Cardiology, and the European Society of Cardiology. 
However, a significant gap remains in CR participation 
rates; among Medicare beneficiaries in 2017, only 8% of 
patients were able to complete the recommended num-
ber of CR sessions.3 Furthermore, there are significant 
disparities in referral and participation that occur based 

on race, sex, and socioeconomic status.4 Barriers to 
patient participation include transportation issues, work 
responsibilities, and financial and time constraints. To 
address these issues, the American Association of 
Cardiovascular and Pulmonary Rehabilitation, American 
Heart Association, and American College of Cardiology 
and national quality improvement initiatives, notably the 
Million Hearts initiative and the Agency for Healthcare 
Research and Quality TAKEheart initiative, have endorsed 
home-based CR and hybrid delivery models to improve 
access to CR.5,6 Herein, we offer our perspective on cur-
rent and future models of CR, and how technology may 
enable innovative models of CR to enhance health equity.

CURRENT AND INNOVATIVE MODELS 
OF CR DELIVERY
CR is divided into 3 phases, based on location and 
intensity.7 Phase 1 (inpatient) focuses on early mo-
bilization and range-of-motion exercises during 
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hospitalization; Phase 2 (early outpatient) includes su-
pervised exercise progression and educational ses-
sions, traditionally based at an outpatient CR center, 
with 2 to 3 sessions per week, typically lasting 12 to 
18 weeks; and Phase 3 (late outpatient) refers to long-
term maintenance of healthy lifestyle habits. In this 
article, we focus on Phase 2 and provide supporting 
evidence and roadmap for a novel hybrid CR model 
to scale the delivery of CR at home during this phase.

A major limitation of center-based CR is that few ac-
credited facilities offer CR services in the United States. 
In the United States, 74% of adults live in counties with 
less than 1 CR center per 100 000 adults, and 14% of 
adults live in counties without a CR center.8 This sup-
ply shortage is more pronounced in rural and low-in-
come communities, creating significant disparities in 
access. The median wait time for patients to start CR 
is 42 days.9 With the current limited capacity of CR pro-
grams, it is estimated that if all spots were filled, only 
half of eligible patients could be served.10 Data show 
that for each day a patient waits to start CR, they are 
1% less likely to enroll.11 Furthermore, patients may 
face practical barriers, such as needing transportation, 
taking time during business hours, and having to miss 
work.12 Such practical barriers are also more challeng-
ing for those with fewer financial resources, creating 
further disparities in participation in center-based CR.

Home-based CR programs can overcome the bar-
riers to access center-based CR by safely delivering 
components of CR at home. Multiple studies have 
demonstrated the feasibility and potential for success 
of home-based CR using technology.13,14 While spe-
cific program details vary, most combine human and 
technology components to deliver components of CR 
virtually. For example, a smartphone-based home-
based CR program showed higher uptake, adher-
ence, completion rate, and similar or better functional 
status compared with traditional center-based CR in 
patients with acute coronary syndrome.15 In 2019, the 
Kaiser Permanente group created a home-based CR 
program in which patients exercised independently for 
7 weeks while receiving weekly coaching via a smart-
phone application and telephone calls with case man-
agers. Compared with a historical, center-based CR 
control group, CR completion rate increased by 75%, 
hospital readmissions decreased by 30%, and cardio-
vascular mortality decreased by 27%.16 It should be 
noted that there is a wide spectrum of technology that 
is utilized in home-based CR programs. A recent re-
view described multicomponent interventions that in-
tegrate web-based communication, wearable devices, 
and mobile applications as more common and more 
successful in terms of patient adherence and improve-
ment in functional status compared with home-based 
CR programs that utilize just 1 component, enabled 
through individually tailored education and exercise 

prescriptions based on measured data from con-
nected devices.17 Future studies are needed to identify 
which technologies may be most effective for deliver-
ing home-based CR. Taken as a whole, home-based 
CR and center-based CR appear to yield similar ben-
efits for quality of life, all-cause readmissions, mortal-
ity, and cost, based on multiple randomized trials and 
real-world studies.18

Hybrid CR models, which combine both cen-
ter-based CR and home-based CR, may be able to 
provide the best practical solution, especially when 
enhanced by appropriate health technology (Figure). 
While maintaining in-person safety evaluation and hu-
man-based components of center-based CR, remote 
delivery of various other components of CR can occur 
through home-based CR. With appropriate use of 
health technology, this could scale to rural and low-in-
come communities and vulnerable populations, al-
lowing for increase in CR supply without exacerbating 
health disparities. For example, at the Johns Hopkins 
mTECH Center, the mTECH REHAB trial is testing a 
hybrid CR program that combines initial in-center CR 
sessions with home-based CR delivered through the 
Corrie Health technology platform, in order to assess 
change in functional status plus various safety and 
clinical outcomes in a broad group of patients with an 
indication for CR.19 It is anticipated that in addition to 
improving clinical outcomes, a hybrid CR model could 
also demonstrate promotion of health equity through 
appropriate use of health technology.

RISK STRATIFICATION
A priority for home-based or hybrid CR is patient 
safety. Current clinical practice patterns may be overly 
conservative, hindering patient participation in home-
based or hybrid CR programs. In 2012, the American 
Association of Cardiovascular and Pulmonary 
Rehabilitation published an algorithm to stratify pa-
tients based on risk of adverse event, where low-risk 
criteria include an ejection fraction >50%, no resting 
or exercise-induced dysrhythmias, absence of angina 
during exercise, a functional capacity of at least 7.0 
metabolic equivalents, and lack of cognitive limita-
tions.20 However, the reported rate of adverse events 
in CR is very low, with ≈1 event in 400 000 to 800 000 
patient hours of exercise.21 The reported incidence 
rate of severe adverse events is also low among 
those participating in home-based CR, estimated at 
1 event in 23 823 patient-hours of home-based exer-
cise (with no deaths or hospitalizations), and among 
which more than half of the patients were techni-
cally classified as high-risk.22 Moreover, in the HF-
ACTION (Heart-Failure: A Controlled Trial Investigating 
Outcomes of Exercise Training) trial, where patients 
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with heart failure with reduced ejection fraction (left 
ventricular ejection fraction <35%) were randomized 
to undergo a fully center-based CR versus hybrid CR 
program, there was no significant difference in safety 
outcomes between the 2 groups, although these pa-
tients would have been considered high risk based 
on the American Association of Cardiovascular and 
Pulmonary Rehabilitation criterion of low left ventricu-
lar ejection fraction.23 With more technology available 
to aid home-based monitoring of vital signs and other 
cardiovascular risk factors, the risk of adverse events 
may be even lower with appropriate clinical oversight. 
Hence, there is a need to develop a modernized risk 
stratification tool to avoid inappropriate exclusion from 
home exercise and to allow more patients to benefit 
from hybrid CR programs.

A risk calculator is needed that can determine 
which patients require a center-based CR visit to 
optimize transitions between the hospital and home 
setting. In the same way that patients in the hospital 
have physical therapy assessments in order to de-
termine placement postdischarge, this risk calculator 
could be used by inpatient clinicians to help deter-
mine which low-risk and low-to-moderate–risk pa-
tients can safely participate in home-based or hybrid 
CR programs, respectively, to ultimately improve CR 
uptake. Further studies are needed to develop and 
validate such risk stratification tools.

KEY FACTORS FOR WIDESPREAD 
ADOPTION
A major barrier to widespread adoption of home-
based or hybrid CR is the lack of long-term codified 
reimbursement. Currently, Medicare reimbursement is 
mainly available for center-based CR for up to 36 ses-
sions (or up to 72 sessions for intensive CR). During 
the COVID-19 pandemic, the Centers for Medicare 
and Medicaid Services issued waivers to allow for re-
imbursement of virtual CR; this reimbursement was 
specific to synchronous CR programs, which requires 
direct supervision of patient participation using real-time 
2-way audiovisual telecommunications technology. 
To continue reimbursement beyond the public health 
emergency period, the Sustainable Cardiopulmonary 
Rehabilitation Services in the Home Act (HR 1406) has 
been introduced, which allows delivery of virtual CR in 
the Medicare beneficiary’s home through direct super-
vision by an MD, PA, NP, or a clinical nurse specialist 
through 2-way audiovisual telecommunications tech-
nology. The introduction of this bill is an important step 
forward in allowing continued adoption of virtual CR, 
which can help relieve barriers to CR participation such 
as travel. Remote therapeutic monitoring and remote 
physiologic monitoring are currently being reimbursed 
through their own CPT codes, and can be used to re-
imburse the health technology aspect of virtual CR. 

Figure. Cardiac Rehabilitation (CR) Enabled With Health Technology.
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Remote CR can also be utilized as an adjunct to su-
pervised exercise sessions and help enhance the value 
of CR by providing a way to increase communication 
between clinicians and patients between CR sessions 
and enables seamless transitions into long-term main-
tenance programs.

NEW INSIGHTS FROM THE INDUSTRY 
PERSPECTIVE
Industry players in the health care ecosystem include 
payers, plan-sponsors, government, employers, ven-
dors, and other stakeholders whose considerations 
are larger than financial aspects alone. While reim-
bursement is a major focus of discussion surrounding 
access to home-based CR, it is important to recog-
nize that widespread implementation and adoption of 
new programs, products, and services also remains a 
barrier.

Scalability afforded by these aforementioned in-
dustry stakeholders advance population health by op-
erationalizing initiatives that promote preventive care, 
manage chronic conditions, and enhance overall health 
and health care. These players also have a critical re-
sponsibility in advancing health equity by ensuring that 
individuals from all backgrounds have fair and equita-
ble access to health care services and resources.

To support the best interests of individuals while pro-
moting a health care system that is safe and equitable, 
it is a requisite to carefully evaluate the effectiveness 
of new technologies and their associated coverage 
decisions. Using data-informed decision-making, as-
sessing the benefit-to-risk ratio and considering the 
diverse needs of the population can enable innovation 
at scale. Large-scale implementation and adoption of 
new solutions involves recognizing and addressing a 
host of logistical, technological, clinical, and strategic 
(including cross-sector partnerships) factors that can 
facilitate or hinder widespread utilization.

Scalability Is Dependent on 
Interoperability and Connectivity
The widespread adoption of digital health interventions 
(DHIs), including home-based CR, is dependent on in-
teroperability and connectivity to deliver patient-cen-
tric care. This is impacted by informatics frameworks, 
which is the application of data, information, and 
knowledge to support and engage patients. Despite 
the large opportunities new DHIs present, there are 
barriers in their connectivity to existing data assets 
and other technologies. There is an overreliance on 
multiple, isolated technology platforms or applica-
tions to address individual populations and/or health 
conditions rather than a connected, integrated suite of 

solutions that rely on data-informed insights, which can 
lead to point solution fatigue. Many of the core digital 
health components of home-based CR (ie, mobile or 
web-based platform for curriculum delivery, education, 
tracking and communication; wearables; and digital 
health care services) are comparable to other chronic 
condition and/or care management programs. Thus, 
integration within existing programs and frameworks 
can help streamline patients’ services, support, and 
education and allow for solutions that reinforce patient 
engagement to deliver personalized and timely care.

Digital tools can act as a provider enablement tool 
to deliver a multitude of support (eg, clinical decision 
support, communication, data-informed insights, 
monitoring) to improve providers’ clinical efficiency 
while concurrently bolstering the provider and patient 
relationship. Examples of DHIs such as home-based 
CR, when applied at scale, have the potential to meet 
the needs of lower-risk populations and alleviate issues 
regarding clinical capacity and resources. However, 
adoption of DHIs could potentially yield unintended 
downstream consequences, such as fragmented care, 
patient safety concerns, technology barriers, alert fa-
tigue, and increased health care utilization, which 
should also be considered.

Factors Impacting Clinical Product 
Offerings
Implementation, adoption, and utilization of DHIs re-
quires collaboration within a matrixed organization. 
DHI’s scope of capabilities, associated data flows, and 
required level of clinical monitoring has a large impact 
on its utilization. This requires collaboration among 
various teams and stakeholders, including, but not lim-
ited to, medical affairs, clinical quality, legal, privacy, 
compliance, regulatory, procurement, finance, digital, 
data governance, product managers, data scientists, 
and informaticians. Considerations regarding vendor 
acquisitions and strategy need be considered, such as 
access to 24/7 technology and clinical support, device 
fulfillment and training, alignment with business and 
strategic imperatives, and proper handling of adverse 
events.

Competency-based management and ongoing 
evaluation plans should be established to ensure the 
effectiveness of home-based CR programs. Best prac-
tice and rigorous evaluation studies to examine DHIs 
effectiveness utilize randomized controlled trial study 
designs; however, limitations in conducting random-
ized controlled trials occur due to practical and ethical 
constraints. This necessitates alternative approaches, 
including partnerships with health systems, for evalu-
ating the effectiveness and outcomes of home-based 
CR programs. Promoting digital equity becomes par-
amount in ensuring that home-based CR programs 
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are accessible and inclusive for all, bridging potential 
gaps and addressing disparities in access to DHIs (ie, 
program eligibility), technological capacity for their use 
(ie, smartphones, broadband internet), and both dig-
ital and health literacy to bolster positive health care 
outcomes.24–27

Big Data Begets Big Governance
Digitally connected partnerships are uniquely posi-
tioned to reveal novel insights derived from multiple rich 
data sources, including medical and pharmacy claims, 
electronic medical records, prior authorization data, 
electronic health records, and connected devices. 
Operationalizing these data sources into a singular 
data warehouse requires establishing interoperability 
standards and identifying a priori use cases to guide 
effective data analysis and interpretation. In addition, 
lack of standardized outcomes can make it challeng-
ing to quantify the return on investment. Developing 
a favorable business case is reliant on eligibility and 
engagement of patients. Finally, adherence to clinical 
practice guidelines and the validation of clinical end 
points are crucial to ensure that the home-based CR 
programs align with professional standards and deliver 
meaningful quality and performance outcomes.28

CONCLUSIONS
CR is a key component for secondary prevention of 
cardiovascular disease. Various barriers to center-
based CR participation may be addressed through 
home-based and hybrid CR models. Leveraging ap-
propriate health technology could be key to improving 
access to CR in an equitable manner. In conjunction 
with new technology, the formulation of effective risk 
stratification tools for home-based CR models and re-
imbursement policies for novel CR models will repre-
sent key efforts to grow CR utilization. With evolving 
CR models and technology, there is an opportunity to 
scale CR through these steps to benefit patients with 
cardiovascular disease. Finally, establishing cross-
sector partnerships is essential to design, implement, 
and evaluate home-based CR programs. By working 
together, industry stakeholders and clinicians can navi-
gate the complexities of DHIs operationalization, while 
advancing equitable population health at large.
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