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Chapter 1
Telemedicine for Cardiovascular Disease 
Care

Ami B. Bhatt and Sandra Nagale

Telemedicine has become an essential mechanism for healthcare provision. We 
undertook this book prior to the COVID pandemic, which significantly changed 
the potential and future outlook for the implementation of virtual care worldwide.

Telemedicine is broadly defined as the “use of electronic information and tele-
communications technologies to support and promote long-distance clinical health 
care, patient and professional health-related education, and public health and health 
administration” [5]. It is important to recognize that telehealth is not a disruptor of 
the practice of healthcare but rather it augments the traditional delivery of health-
care and enables a more agile and continuous mechanism of care provision, which 
engages the patient more strongly as an equal partner in their care.

Telemedicine adoption has increased among clinicians and patients and we are 
now focused on promoting safe, effective, patient-centered, and equitable care. 
Telehealth promotes self-management, reduces medical errors, improves resource 
utilization and transitions cost savings to patients and their families. Each individual 
cardiology practice will find they have a range of provider adoption and use cases 
for blended virtual and in-person care. Across all practices however, establish-
ing telemedicine workflows to ensure appropriateness of services, engagement in 
shared-decision making and promoting patient education and self-advocacy will be 
consistent themes.
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1.1  Cardiovascular Healthcare Technology

Cardiology is the ideal discipline for the practice of telemedicine. As the infra-
structure is built, it is essential to recognize that virtual and in-person care have a 
synergistic role, complementing one another to improve access and create safe, high 
quality care. Clinicians and patients must not expect a virtual visit to mirror a face to 
face visit, as it will have its own workflow as well as experience. Cardiologists need 
to be actively involved in the evaluation of digital medical technologies and admin-
istrators need to establish clear workflows to ease the transition to blended care by 
removing administrative barriers (Table 1.1). Lastly, reimbursement must be tied to 
patient satisfaction, provider reduction in burnout, quality of outcomes of care and 
adoption of new mechanisms of care delivery to truly establish a sustainable model 
of blended cardiac care delivery.

The consumer-electronics market is also driving patients towards more sophisti-
cated telemedicine capable technology at home. Smartphones are capable of gath-
ering bio-parameters and sensor data, with patients using smartphones for video 
visits, healthcare data collection, medical prompts and education. The familiarity 
of using one’s phone to leverage a telemedicine monitoring platform to track their 
cardiovascular status carries value for the patients, doctors, hospitals and payers. 
Algorithms can then be taught to improve chronic care, and have already dem-
onstrated improvements in medication adherence and blood pressure control [3]. 
Consumer purchased peripherals will continue to grow in number and purpose and 
produce aggregate data and the individual and community level (Fig. 1.1). A unique 
advantage of these peripherals is their ability to monitor health discreetly, thereby 
addressing health data collection with cultural sensitivity. As patients engage with 
providers remotely, they are increasingly engaged in, and can bring added benefit 

Table 1.1 Technological capabilities

a. Audio
b. Text messaging, email
c. Chatbots
d. Patient portals for virtual check-ins (eg. MyChart)
e.  Video 2-way: Apple FaceTime, Facebook Messenger Video Chat, Google Hangouts Video, 

Zoom, Skype
f.  HIPAA compliant video technologies: Skype/MS Teams, Updox, VSee, Zoom for Healthcare, 

Doxy.me, Updox, Google G Suite Hangouts Meet, Cisco Webex Meetings, Amazon Chime, 
GoTo Meeting, Spruce Health Care Messenger, American Well, MD Live, BlueJeans for 
Healthcare, Doximity

g. Wearable devices and implantable devices (patient)
h. Surgery telementoring systems – InTouch, Avail, Proximie, ExplORer
i.  Wearables/ Augmented reality: Video glasses (Google glass), MS Hololens
j.  Automatic data upload (no need for patient to do anything before e-visit)
k.  Adjacent integrated solutions eg. integrated scheduling and data collection/analytics, 

payment, insurance claims, etc. around telemedicine event

A. B. Bhatt and S. Nagale
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to, their local communities. Optimization of long term management in the commu-
nity decreases chronic disease patient utilization of urgent care, and instead enables 
central institutions to focus on episodic emergent care, further improving resource 
utilization (Table 1.2). As sensors increase in number and with more disease spe-
cific value and via measurable RPM platforms, their financial value should soon be 
realized.

Asynchronous Synchronous

Remote
Patient

Monitoring
Imaging E-Consults

Live
Video/Audio

Remote
Consult

Telemedicine

Fig. 1.1 Asynchronous vs. synchronous telemedicine

Table 1.2 Telemedicine needs by type of user

Non-surgical
Clinical to patient • Remote visits (follow-ups, refills & consultations

•  Remote patient monitoring (non-invasive devices, implanted 
devices)

• Remote decision support, tele-triage
• Remote pre-visit prep
• Inpatient

Physician to caregiver/
patient

• Virtual rounding
• Remote video consult with family and clinician

Physician to physician • Remote consult
• Education/telemonitoring
• Remote learning (clinician training)
• Multidisciplinary team assessment

Surgical
Physician to physician • Surgical telementoring

• Teleproctoring
Physician to patient • Pre-operative screening

• Post-operative follow-up
• Post-discharge nursing follow up
• Virtual cardiac rehab

Live cases/physician 
groups

• Remote live case education
• Surgery broadcasting
• Remote conferences

1 Telemedicine for Cardiovascular Disease Care



4

1.2  Impact of the COVID-19 Pandemic

Pre-COVID, telemedicine was available (through large provider networks and 
employers) but not widely adopted. It often did not cover small practices/local 
physicians but instead centered on programs implemented at large hospitals. 
Consumers were often unaware that their physicians offered telehealth services. 
[2] Other major reasons for not using telehealth were preference for in-person 
interaction, privacy concerns, perceived challenges with technology, or lack of 
access to broadband. Provider level barriers included uncertainty about reim-
bursement, provider-patient workflow, incorporation of technology and ability to 
provide high quality care. Fortunately, a recent Cochran review revealed similar 
outcomes between in-person and telephone visits for patients with chronic condi-
tions (diabetes, CHF) [9]. Similarly, in a pilot of heart failure virtual visits, 108 
patients transitioning from hospital to home revealed a lower no-show rate for 
virtual vs in-person visits and no significant difference in hospital readmissions, 
ER visits, and death [4].

During the COVID Pandemic, telemedicine evolved rapidly as an instrumental 
enabler of remote hospital practices during the COVID-19 digital revolution. The 
use of telemedicine and virtual visits were used to address essential needs for both 
COVID and non-COVID patients. In addition to remotely connecting with and 
treating those patients infected with COVID-19, it also provided the opportunity 
to see healthy patients virtually to limit exposure to and spread of the disease and 
enabled remote (quarantined) physicians to work. In the spring of 2020, there was 
a significant surge in telemedicine adoption from 8% to 90% virtual visits across 
all specialities in the United States [8] with a 135% increase in virtual urgent 
care and 4345% increase in non-urgent care delivery [6]. There was consider-
able flexibility offered to HIPAA-enabled healthcare institutions, offering HCPs 
permission to use remote communication technologies (Facetime, Facebook 
Messenger, Google Hangouts, Zoom, Skype) even if not yet HIPAA compli-
ant. Simultaneously, many Medicare restrictions were lifted allowing providers 
to provide patient care remotely, across state lines, deliver care to new patients, 
and bill telehealth at a comparable level as for in-person services. Unfortunately, 
the fear during COVID-19 of presenting for in-person care did drive patients to 
remain silent with symptoms or delay seeking care, resulting in late, more severe 
cardiovascular disease progression with delayed urgent and emergent cardiovas-
cular care.

Post-Covid, telemedicine is here to stay and will aid in the fast evolution of 
the “new healthcare practice”. Telemedicine enables physicians and nurses to work 
remotely, delivering high quality care, and augmenting in-person traditional care 
[10]. With patients and providers now appreciating the ease of use and convenience 
of virtual care, regulatory changes implemented during pandemic enabling rapid 
telemedicine) might be difficult to reverse post-COVID [7].

A. B. Bhatt and S. Nagale
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1.3  Ensuring Equitable Care

As blended virtual and in-person encounters continue to be rapidly adopted for 
the longitudinal provision of outpatient cardiac care, ensuring the delivery of high 
quality, equitable care is essential. Phone visits during times like the COVID-19 
pandemic are a useful mechanism to ensure communication between patient and 
clinician. However, for optimal, long term care, video visits offer clinicians the abil-
ity to see the patient in their environment, respond to facial cues (i.e. pain, emotion, 
and comprehension), use image sharing for education and data review, and perform 
a virtual physical exam. It also gives physicians the unique opportunity to simultane-
ously connect with the patient’s family and caregivers. Cardiovascular management 
is also improved with vital sign monitoring and with integration into the EMR when 
possible. Navigating the use of new remote patient monitoring devices can also be 
taught during video visits. Therefore, it is essential to understand the barriers to 
video-based virtual care as well as the predictors of successful adoption (Table 1.3).

Telecardiology can promote timely intervention, access for those living in medi-
cally underserved areas, and increased access to specialists by increasing provider 

Table 1.3 Telemedicine issues and risks

    1.  Learning curve for new 
technology

Need for training

    2.  Implementation of new 
hospital/clinic guidelines

Need for new reimbursement, payment policies and 
credentialing across hospitals

    3.  Need to quickly enable 
smaller hospitals with 
telehealth

They are at a disadvantage vs teaching hospitals w established 
programs but essential to provide care to patients remote from 
big cities/hospitals

    4.  Implementation of new 
security guidelines

Privacy, cybersecurity, interoperability, hospital reuse of 
technology

    5. Legal, regulatory issues Obtaining Class I/II FDA approval for telehealth solutions like 
eICU, telementoring, etc.

    6.  Technology hurdles for 
seniors

May not be using as much as younger or population.
•  11–24% seniors have used telehealth in COVID period but 

~68% have access to technology.
• Opportunity to access patients through their caregivers
•  Prolonged stay-at-home order may lead to an increased use 

by seniors
•  Studies show that seniors will use telehealth if protocol 

applies to their condition, technology is easy to use and 
care is personalized (ref. 7)

    7. Clinician preparedness Physicians need to be ready for “virtual rapport building, 
empathy, “facilitated” physical exams, diagnosis, and 
counseling” (ref. 10)

    8.  Patient Satisfaction and 
Accessibility to Provider

Patient preference to see their own provider vs someone else

1 Telemedicine for Cardiovascular Disease Care
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capacity. It is important that we pre-plan to address disparities in care ensuring that 
we do not worsen the digital divide and target increased access to specifically over-
come barriers to care in at-risk populations. Wide scale implementation of telemedi-
cine requires an infrastructure which addresses vulnerable populations including 
the elderly, those with limited digital or health literacy, individuals with decreased 
access, including rural or impoverished urban areas, limited English proficiency, 
racial/ethnic minorities, and those with low income or inadequate insurance.

In older adults, visual and hearing impairment, cognitive decline and challenges 
with dexterity are just some of the deterrents to the utilization of video and digital 
technology. Future iterations of telemedicine workflows will need to include tech-
nical accommodations for sight and hearing limitations as well as hospital-based 
technology support. The close involvement of caregivers, family members and com-
munity advocates in preparation for and during these televisits will negate a worsen-
ing digital divide for access to care in the elderly.

Digital and health literacy need to be addressed concomitantly with telemedicine 
implementation. Health literacy is a ubiquitous challenge throughout any healthcare 
system. Patients with chronic cardiovascular disease and social barriers to access 
are also those who feel digitally disengaged. They will benefit from digital skill 
assessment and ongoing support as the field of telemedicine evolves. Importantly, 
digital literacy is dependent not only upon skills but also the individual’s confidence 
with technology and can be further complicated by low health literacy. To proac-
tively engage in healthcare, patients need to be facile with accessing services and 
comprehending basic health information for healthcare delivery to positively affect 
outcomes.

Telemedicine offers an opportunity to address structural racism. Meeting the 
patient in their home provides a window into their environment and a chance to 
demonstrate respect and build trust with the individual and their family. Video visits 
enable us to tailor the patient’s care based not only on medical diagnoses but also 
on their social determinants of health. While telemedicine eliminates physical bar-
riers to the delivery of care, we must actively avoid infrastructures which create 
digital isolation as a new barrier to accessing healthcare. Nearly half of the US 
population has slow or unreliable internet connection which contributes to isolation 
and decreased health literacy. While national legislation is underway to improve 
digital access, local efforts can include free Wi-Fi in rural and urban at-risk settings 
as well as the use of text messaging to minimize the impact of video streaming on 
limited data plans. At the clinician level, in addition to implicit bias and cultural 
competency training, equity dashboards can aid in awareness of existing inequities 
to allow practices to directly address unmet needs.

Trust in the healthcare system becomes increasingly important as we increase 
the virtual and digital footprint of chronic disease management. Research confirms 
that Black patients are more likely to seek preventive care from Black physicians: 
racial concordance could reduce the cardiovascular mortality gap between black 
and white patients by nearly 20% [1]. It is our responsibility to seek out and train a 
diverse and culturally competent workforce as we educate the next generation and 
create digital health leaders. Our current systems must also be reviewed to ensure 

A. B. Bhatt and S. Nagale
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equitable distribution of virtual care and implement tools and programs to aid 
patients in advocating for themselves and their communities. However, it is certain 
that multifaceted interventions will be necessary to achieve equity and address the 
dynamic SDOH that affect access to care including insurance, education, housing, 
wealth, racism.

1.4  Quality Measures and Cost-Effectiveness 
in Telecardiology

In this book we will address the stakeholders essential to creating financially viable 
models for virtual care as well as the quality metrics needed to ensure safe and 
appropriate care delivery. While patients and providers are central to these pro-
cesses, we will discuss the role of payers as essential stakeholders who impact the 
financial landscape of telemedicine through payment policies, benefit design, sales 
channels, government bid process, and, influence management of governmental 
insurance and medical coverage. There is a pivotal role for managing risk and cost 
in chronic disease populations by having care management teams help guide virtual 
vs. in-person care. Adopting the use of telemedicine will create cost savings where 
ordinarily unplanned utilization of care and ancillary authorization have created 
a financial burden. Improving access by expanding the geographic area of cover-
age and addressing social determinants of health can avert emergency utilization 
and brick and mortar overhead, thereby decreasing costs (16). In healthcare reim-
bursement models like those in the United States, payer quality is dependent on 
subjective feedback and the member’s convenient access to care using telemedi-
cine may favorably impact quality metrics. Although telemedicine initially replaced 
non- emergent medical care in response to the COVID-19 pandemic, as pandemic 
wanes, cardiologists the world over must demonstrate the continued advantage of 
blended in-person and virtual care for patients and payers alike.

1.5  Conclusion

Telemedicine rapid evolution post-COVID is driving fast adoption and imposing 
the demand for support of the new tools and support for larger scale. The choice 
of the right telemedicine technologies can help physicians, healthcare practitioners 
and patients recreate the future in-person experience; thereby creating an opportu-
nity to reduce healthcare risks and create savings. In the future and for telemedi-
cine to address the needs, it will be important to incorporate it within the rest of 
digital health solutions (devices, patient and physician software and applications, 
data analytics), maintain appropriate regulatory, privacy and security compliance 
within the application, and integrate telemedicine into existing clinical workflows 
(Fig. 1.2).

1 Telemedicine for Cardiovascular Disease Care
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In this book we will explore the many facets of telecardiology including evaluating 
digital medical technologies, integrating wearables and remote patient monitoring and 
understanding the delegation of responsibility for data. We will also address the key 
mechanisms to build a digital heart center and explore the role of telemedicine as a 
growth strategy for improving patient experience, provider satisfaction and access to 
care. An emphasis of this book will be to alert readers to the risk of worsening the digital 
divide, and practical mechanisms to create structurally equitable virtual care paradigms. 
In an era of physician burn-out, improved engagement with telemedicine leads to 
opportunities for clinician creativity, productivity and higher quality care. Relationships 
are essential to the human connection and in a touching chapter on urgent care delivery, 
we will examine the positive effect of telemedicine on patient and provider engagement. 
Looking ahead, there is a need to consider our role in working with payers, developing 
curricula for virtual care delivery education and incorporating artificial intelligence to 
optimize care. Deliberate attention to these facets of telemedicine as we redesign car-
diac care will create clinician-patient partnerships for longer, healthier lives.

Access

Education
Experience

Successful Implementation
and Adoption

-Affordability/cost
-Insurance coverage (public/private)

-Reimbursement

-Awareness of telemedicine
offerings and benefits -Ease of use

-Ease of setup (e.g. between
visits/cases)

-Reliability
-Transmission quality

-Equipment portability
-Seamless functionality within

hospital network

-Integration into physician’s
and hospital established clinical

workflow

-Privacy ensured

-Preserve quality of care

-Demonstrate equal or
improved outcomes

Fig. 1.2 Successful implementation and adoption

A. B. Bhatt and S. Nagale
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1.6  Telemedicine Advantages

 1. Keep patients out of hospital/ reduce ER visits
 2. Bypassing ER visit, bypass prep, PCP exam, direct route for patient to hos-

pital bed
 3. Help enable social distancing compliance (non-urgent visits)
 4. Enable combination of in-person and remote (quarantined) staff
 5. Help physician with better-informed scheduling decisions for elective visits 

and surgeries
 6. Better care for patients in rural areas
 7. Enables better care for the elderly, disabled, unable to travel
 8. Social determinants of health: telehealth an important vehicle for healthcare 

delivery for patients without housing and public transit
 9. Physicians benefit from seeing patient in their home environment
 10. Ability to ‘bring along’ caregiver for the visit
 11. Opportunity for better harmonization and integration of patient data and clini-

cal workflows through software solutions
 12. Telemedicine may generate more meaningful data, leading to more insights, 

more future healthcare solutions
 13. Faster decision making by care providers
 14. Reduce number of visitors in hospitals
 15. Enable remote visits to quarantined areas using telemedicine equipment
 16. Easier for patients to discuss difficult topics and can have family presence dur-

ing visit
 17. Hospitals continue to generate revenue and able to reallocate resources
 18. Ensure continuation of clinical/research studies
 19. Reduce need for in-person physician interactions (procedure mentoring, proc-

toring, education, etc) via remote telemedicine equipment
 20. Immediate access to specialized surgical expertise through telementoring, 

could have high impact to future patient care

1.7  Data and Analytics Enable Telemedicine

 1. Data and algorithms for triaging (during COVID: travel history, exposure, vitals, 
other data)

 2. Data obtained during tele-visit represent an opportunity to obtain more data and 
structured data when compared to an office visit

 3. Opportunity for immediate data integration during digital visit
 4. More data will be obtained due to video streaming, video capture during OR 

procedures - lead to more opportunity to educate others but also more privacy 
risk and need to ensure robust compliance

1 Telemedicine for Cardiovascular Disease Care
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Chapter 2
Digital Health Solutions  
and Wearable Devices
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Ethan Bechtel, Stephen Randall, and Leah Ammerman

Digital health has been defined by the Healthcare Information and Management 
Systems Society (HIMSS) as “Digital health connects and empowers people and 
populations to manage health and wellness, augmented by accessible and support-
ive provider teams working within flexible, integrated, interoperable and digitally- 
enabled care environments that strategically leverage digital tools, technologies and 
services to transform care delivery” [1].
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Generally, digital health refers to technological solutions that go beyond the tra-
ditional electronic medical record. Important concepts that are frequently talked 
about are included in the table below (Table 2.1).

Most digital health solutions will typically involve 2–3 of these concepts. For exam-
ple, a smart blood pressure monitor acts as a wearable device for the patient, which 
gathers data, stores it locally and transmits it via applications to the physician. Using 
algorithms, clinicians can assess populations of patients for blood pressure trends, 
highlighting those who are “out of range” to optimize medical therapy [2]. Eventually, 
increased sophistication in algorithms which receive clinician feedback and guidance 
can lead to the application of machine learning for hypertension management.

Table 2.1 Digital health overview

Wearables The classic example that has become somewhat ubiquitous is the activity tracker 
watch that reports steps, distance, heart rate, calories and sleep quality. There are 
also headbands that will track concentration and even bras that monitor heart 
rhythms.

Sensors For a wearable to be useful, they often have sensors attached to them that are 
doing the measuring. Due to the use of pulse oximetry monitors that are attached 
to a patient’s finger on almost every clinical visit, the concept of a sensor 
attached to a wearable is very familiar. In healthcare, the quality of the sensor is 
important. New sensors enter  the market daily, however, their accuracy for 
clinical decision making is often  not proven.

Software 
Applications

This is the software, often in the form of a phone application, sometimes with a 
desktop version, that collects the data and displays it in a meaningful way. When 
done well, this data will do two important things—inform and change the 
patient’s behavior for better health, and go to the clinical team so that  this data 
can be incorporated  into the patient’s chart  for the entire clinical team to use.

Data Data is being gathered, stored, and shared. Important questions in healthcare is 
where the data is stored, who has access to the data, and is the data being 
delivered in a consistent and meaningful way? The biggest complaint in 
healthcare is “interoperability,” or the simple concept of data moving from one 
source to another in a meaningful way. For example, if your watch collects three 
heart  rates for you, how does the watch Iabel that data so that your electronic 
medical record can suck it in, and also label it in a meaningful way? A heart rate 
of 130 is appropriate If you’re sprinting, and pathological if you’re sleeping.

Big Data This refers to a mass of data that informaticians are analyzing, interpreting, and 
looking for patterns. Informaticians will write algorithms to predict based on 
large collections of data, and this is referred to as artificial intelligence.

Augmented 
Reality

Augmented reality enhances reality or adds an overlay on top of what you’re 
seeing and hearing in the environment. Google Glass is a classic example. It has 
a small screen that overlays on top of what you’re seeing, possibly  telling you 
the name of a building  that you’re looking at, or giving you directions  with 
arrows overlaying  the streets you are actually looking at.

Virtual 
Reality

Virtual reality is a much more immersive experience, requiring the technology to 
replace what you are seeing and  hearing in reality. This is commonly delivered 
with a special VR headset. AR and VR haven’t fully found homes within 
healthcare however, their most promising use-cases have been for pain control, 
meditation and surgical education.

Population 
Health

This is the use of big data, algorithms and software to help give clinicians an 
overview of the overall health of the population they are managing.

J. M. Joe et al.
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2.1  Clinicians as Digital Health Champions

Healthcare has been described as the “last frontier” of digital transformation in large 
part because of its complexity and heterogeneity [3]. Privacy issues may limit soft-
ware developer’s access to clinician expertise and intuition and if a solution fails, it 
can result in significant morbidity and even mortality.

A clinician will be best suited to influence the development of a digital solution 
that will be useful for their specific patient population. The practice of medicine is 
now highly subspecialized and influenced by prolific research. Clinicians also have 
considerable experience with particular diagnoses and their patients’ unique psycho- 
social needs. Additionally, the clinician often has insight into the full care-team 
picture. For digital health to successfully infiltrate medicine, it needs clinicians as 
digital health champions. (Table 2.2).

2.1.1  Evaluating a Digital Solution

For a digital solution to be widely adopted, it must prove that it has a meaningful 
impact on care. This is often done as a randomized, clinical trial, however to move 
at the pace of current day digital health, clinicians will be essential to guiding widely 
accepted surrogate endpoints and definitive endpoints such as blood pressure mea-
surements, adherence to guideline directed medical therapy and hospital admis-
sions [4].

One of the biggest hurdles is making sure the digital health solution fits into the 
clinical environment and workflow. Due to compliance, the electronic medical 
record, payer requirements and billing requirements, healthcare seems like a huge 
mess of unnecessary paperwork and checkboxes. The digital health solution may fit 
into an already existing workflow, and preferably integrate into the electronic medi-
cal record [5].

For any digital health solution to work, it must have a clinician championing it’s 
through the system [6]. It’s often the clinician champion that will introduce the solu-
tion into their environment, get other stakeholder buy-in, and shepherd it through 
the process of information technology integration, security and legal compliance, 
testing on a small group, validation on a larger group, and then roll out at scale.

The clinician has an important role as the digital health advocate. They can guide 
the community on the benefits and the challenges they may encounter, guide 

Table 2.2 The advantages of clinicians as digital health champions

1. Understand the problem to be solved
2. Know what patients need
3. Open to novel or creative solutions
4. Assess meaningful impact on care
5. Develop clinical workflow and promote telemedicine adoption

2 Digital Health Solutions and Wearable Devices
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developers of solutions, including pharma, biotech, medical device manufacturers, 
non- traditional healthcare like Google and Amazon, as well as clinicians and hospi-
tal or practice managers and stakeholders.

2.2  Successfully Implementing a New Digital Health Solution

Many cardiovascular clinicians are approached and interested in working with new 
digital health solutions. However, the challenge is often in seeing the product which 
is offered and matching it to a need in your practice. At the same time, patient and 
provider adoption needs to be addressed in the early stages of development, whether 
via eliciting feedback, running “pilots”, or acknowledging and solving for the most 
vexing care delivery problems. There are a few key steps which can help the new 
digital health clinician and administrator in selecting and templating a novel care 
mechanism or workflow (Fig. 2.1).

 1. Quick Wins: Start with challenges which may be easiest to address. This offers a 
short-term, realistic attempt to implement a digital solution. This will garner 
patient, clinician and administrative trust in digital health solutions).

 2. Cross the Finish Line: Iterate on problems with other solutions that have recently 
been tried. Multiple attempts to fix an existing flaw in care delivery demonstrates 
dedication to addressing the problem, while increasing the likelihood that stake-
holders will be willing to try a novel digital solution if standard approaches have 
proven unsuccessful.

 3. Measurable Endpoints: Working with the digital health team to scope the prob-
lem, this ensures that the issue to be addressed is well-defined and creates mea-
surable endpoints for patient care (improved access, financial recovery, use of 
guideline directed medical therapy). After each iteration of a solution, clinical 
team feedback is key to growth and improvement. Once a “final model” is in 
place, testing and validation should be part of the overall plan with the digital 
health company. It is important to recognize that creating a solution, which is 

Quick Wins
Solve a simple challenge

with digital health

Measurable Endpoints
Define “success” prior to starting

Find the Right Fit
Determine the magnitude of the

digital solution required

Cross the Finish Line
Complete ongoing process

improvements with digital health
solutions

Fig. 2.1 Successful 
implementation of a new 
digital health solution

J. M. Joe et al.
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modular from the beginning can allow for faster updates as clinical needs and 
workflow evolve in the practice.

 4. Find the Right Fit: Some problems require small tech solutions while others need 
a well-established digital platform or system-wide implementation. There are 
advantages to small tech providers and larger firms. Small providers can be nim-
ble and responsive to your needs and changes whereas larger providers may be 
more reliable long term. Assessing the importance of integration and consumer 
(both patient and clinician) support are both essential in evaluating digital health 
solutions and vary across novel and established platforms.

Evaluating a digital solution requires understanding the exact problems that need 
to be solved or the part of the workflow that is best treated virtually. Once a practice 
builds their digital solution, larger scale adoption may necessitate partnering with 
community organizations, pharmaceutical, device and technology companies. 
Successful implementation requires buy-in from administration, providers and 
patients with a clear alignment and understanding of the goals of using virtual care 
in addition to traditional in-person visits.

2.3  Wearable Devices

Telemedicine has become a mainstay of outpatient care. Patient level data, often 
obtained using wearables will likely play a role as patient adoption increases. These 
digital health tools abound is a necessity to scale telemedicine use and may improve 
access to advanced cardiac care (Fig. 2.2). In this chapter, we will explore consider-
ations for designing clinically relevant wearables and measuring their value 
(Fig. 2.3). Determining the future of wearables will require engagement of patients, 
clinicians and industry (Fig. 2.4).

2.3.1  Wearables: Considerations for Designing Wearables 
Strategy Across the Patient Journey

Essential to the successful integration of digital health into any telemedicine sys-
tem, is understanding the clinical, operational and financial goals of technology 
implementation (Table 2.3). Clear definition of the intended effect of digital health 
will enable staff workflow, promote patient and provider adoption and engender 
support from leadership.

The adoption of wearable devices is dependent primarily on ease of use, wireless 
accessibility and potential patient health benefits. Familiarity with the device that is 
being used as well as clinician recommendation can be catalysts for patient adop-
tion (Table 2.4).

2 Digital Health Solutions and Wearable Devices
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2.3.2  New Technologies: Integrating and Measuring 
to Deliver Value

Choosing the right digital health technology is only half the battle. Rest of the battle 
lies in generating buy-in from your key stakeholders for adoption and then driving 
continuous value realization to ensure you are getting ROI and continued invest-
ment support.

A holistic framework to integrate and measure value is through Quadruple Aim 
(Fig. 2.5).

The goal of the Quadruple Aim is to enhance patient experience, improve popu-
lation health, reduce costs, and improve the work life of health care providers, 
including clinicians and staff. The Quadruple Aim is widely accepted as a compass 
to optimize health system performance. If you can link the value of your digital 
health initiative to one or more pillars of Quadruple Aim, you can then articulate the 
impact and ROI on KPIs that matter most to your stakeholders- administrators, cli-
nicians and patients.

OUTPATIENT
SURGICAL CENTERS

PRIMARY CARE &
COMMUNITY CLINICS

SPECIALTY
PHARMACY

URGENT
CARE CLINICS

COMMUNITY
HOSPITALS

ACADEMIC
MEDICAL CENTERS

SPECIALTY CARE
HOSPITALS

BEHAVIORAL
HEALTH

COMPOUNDING
PHARMACY

LONG-TERM
ACUTE CARE

AT HOME HEALTH
& HOSPICE CARE

INPATIENT
REHABILITATION

OUTPATIENT
REHABILITATION NETWORK

OUTPATIENT
CARE

REHABILITATIVE
CARE

PATIENT

ACUTE CARE

Fig. 2.2 Using telemedicine throughout the inpatient to outpatient cycle to reduce readmissions 
and increase convenience and quality of care. (From MGB Quality and Safety. Copyright permis-
sion from Mass General Brigham)
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2.3.2.1  Value Pillar 1: Improving Clinician Experience

Physician burnout is affecting the majority of physicians today and results in huge 
cost to the organization. Several healthcare systems have implemented telehealth 
programs in the ED to reduce patient wait times and help clinicians better manage 
patients. Similarly, there are new digital health technologies that automate certain 
workflows and reduce nursing workload, which in turn drive better adoption. With 
every digital health technology, the usability, product interactions and E2E user 
experience can make a big difference in improving clinician experience over old 
care paradigms. So think about how your digital health technology is improving 
clinician experience, how can you quantify it?

Workflow Integration

Connectivty & Compatibility

Clinical Evidence

What clinical proof points are availble for this wearables
solution? Has it been sufficiently tested in clinical
environment? What evidence is available for clinical,
operational and financial outcomes in a proper end-to-end
clinical study?

How is data transferred from the wearable to
EMR/informatics platform? Is it Bluetooth? WiFi? 5G? what
is the hub/relay/bridge that provides connectivity? Is it 1:1
or 1: many? How does this hub fit into existing IT
infrastructure? What about home? How easy is it to
configure and connect at home for elderly at risk patient?

Is it compatible with other monitoring devices or does it
cause interference? Is it compatible with pacemakers and
implantable defibrillators?

How seamless is data transfer and integration with
informatics platform? How frequently is data collected?
More continuous for hospital applications while every few
min to every hour for home long term RPM. Does it require
custom integration, or it supports standard interoperability
such as HL7 feed? And how is wearables vital sign data
validated in EMR?

Fig. 2.3 Integrating 
telemedicine into clinical 
workflow based upon 
technological compatibility 
and clinical evidence

2 Digital Health Solutions and Wearable Devices
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2.3.2.2  Value Pillar 2: Better Outcomes

Every organization measures and reports key outcomes on a regular basis. This cre-
ates several opportunities for digital health technologies to drive impact and adop-
tion. There are clear KPIs such readmissions, length of stay, # of code blues, etc. 
that could be measured and improved. For example, the VA has reduced readmis-
sions significantly with a combination of telehealth and remote patient monitoring.

Patient Experience

Clinician Experience

Clinical Performance

How is the wear experience on frail skin? Does it cause skin
rash? Has wearable adhesive been tested for
biocompatibility? Can patient shower with the wearable?
Does it require disturbing patient frequently or at night to
take measurements? Does it provide mobility and freedom
of ambulation?

How long does it take to onboard patient on new wearable
including association, calibration & pairing? How does it fit
into existing clinical/nursing workflows? Does it reduce
workload during rounding or create more nursing burden?

In general, not all wearables are equal when it comes
to clinical accuracy & performance, even after getting
required regulatory approval. Evaluate stated accuracy
& performance of key parameters-is it accurate &
precise enough to replace mandated vital sign
measurement as a standard care (e.g, HR) ? or is it
good enough to provide accurate enough trending
information to aid in early detection of an adverse
event (e.g, BP measurements)

What do claims and indications say? Does it provide
ambulatory measurements? Sensitivity to ambulation
can provide wrong measurements and false alarms

For cardiac patients, difference between single lead to
multi-lead ECG wearable could be significant. However,
it goes back to what problems you are trying to solve in
which care setting. Post-op cardiac patient will require
proper Telemetry vs diagnostic arrhythmia detection at
wearable patch.

Fig. 2.4 Using 
telemedicine to enhance 
patient experience, 
clinician experience and 
clinical performance

J. M. Joe et al.
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2.3.2.3  Value Pillar 3: Lower Costs

There are tremendous cost savings that could be achieved by digital health. For 
example, the cost of undetected patient deterioration could result in loss of millions 
of dollars due to readmissions and penalties. Wearables and remote patient monitor-
ing can help detect patient decompensation early and help potentially costly code 
blues and readmissions with proper early interventions. What are the cost levers that 
your digital technology can impact? Where do you see the most impact?

Table 2.3 What clinical, operational and financial problems are you trying to solve?

Hospital Home

• Clinical:
    –  Post-op patient monitoring/PACU, discharge 

readiness, early detection of deterioration in 
General Ward/Step down unit, preventing code 
blues and ICU throwback, reducing falls, cardiac 
patient monitoring

    –  Target patient populations: Cardiac (CHF, MI, 
arrhythmias, BP), Diabetes (ulcer, infections), 
Respiratory (COVID-19, COPD, P.E. emphysema, 
Sepsis), Neurological, Post-Op (Knee and hip 
surgery)

• Operational:
    –  Seamless transitions, workflow/rounding 

efficiency, low nurse: patient ratio, risk 
stratification, alarm fatigue, patient and staff 
satisfaction, lack of PPE, HAI concerns

• Financial:
    –  Length of stay, ICU throwbacks, limited ICU bed 

capacity, revenue and margin

• Clinical:
    –  At-risk population, Readmission 

within first week and 30–60–90 
days

    –  Chronic disease management for 
long term (COPD, CHF, 
Arrhythmia, Hypertension, 
Diabetes)

    –  Infectious disease quarantine
• Operational:
    –  Lack of real-time visibility into 

patient’s health
    –  Emergency services vs early 

prediction of adverse events
    –  Limited Home Health Agency 

support
• Financial:
    – Readmission penalties
    – Costly intervention/EMS
    – Value based Care penalties

Table 2.4 Future opportunities for wearables and digital health tech

Emerging •  Smartphone, 
wearable-based 
sensors

•  Ingestible sensors

•  Manual and automatic 
biometric data collection

•  Automatic biometric data 
collection

•  Monitoring heart rate, 
steps, food intake, etc.

•  Digestible pill for 
tracking medication 
adherence

Experimental •  Artificial 
intelligence and 
machine learning

•  Virtual and 
augmented reality

•  Diagnosis and treatment 
recommendations

•  Simulated therapy

•  Imaging interpretations
•  Chat bot for mental 

health
•  Provider training
•  Tele-rehabilitation

2 Digital Health Solutions and Wearable Devices
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2.3.2.4  Value Pillar 4: Improved Patient Experience

Patient centric innovation helps improve patient experience, outcomes and adop-
tion. It is also one of the key quality metrics that healthcare organizations measure 
and improve upon. A key imperative of digital health technology needs to be 
improving patient experience. It could be telehealth reducing wait times for patients 
or wearables providing freedom of movement in the hospitals or remote data collec-
tion from the comfort of their homes. How is your technology helping patients deal 
with their condition? How is it helping to normalize their lives?

2.4  Conclusion

Wearables hold significant promise for being a useful adjunct to cardiac outpatient 
management by allowing continuous data input for analysis of baselines and trends. 
They also offer opportunities for patient engagement, self-advocacy and goal set-
ting. For digital health technologies to permeate clinical care across all populations 
there are several features which should be met. Ease of use with a natural daily 
instinct to include the wearable in their daily routine. Simple instructions to over-
come limitations of digital and health literacy. Instruction available in text and with 
diagrams, but also online via audio and video to adapt to all learning styles for 

Better
outcomes

Improved
Clinician

Experience

Improved
Patient

Experience

Lower
Costs

QUADRUPLE
AIM

ACHIEVED

Fig. 2.5 Quadruple aim. 
Source: https://digital.ahrq.
gov/acts/quadruple- aim
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optimal understanding of its use. These mechanisms will aid those with visual, hear-
ing or learning impairment by having accessible options for engagement, and ease 
the burden on clinical practices who can direct patients to this information. 
Minimizing the steps needed to transmit data is also essential with an ideal goal of 
automated data transmission.

Case Report
Leveraging an internal innovation center, Health DesignED: the Emory Acute 
Care Design and Innovation Center to tackle the special technical needs of the 
Emory Rural Tele-EMS Network (ER-TEMS) [8].

Physician Leaders: Monique Smith, MSc, MD, Founding Director of the 
Emory Acute Care Design + Innovation Center and Michael J.  Carr, MD, 
Project director and Principle investigator ER-TEMS.

The COVID-19 pandemic has highlighted and intensified the increasing 
disparity in healthcare throughout the United States, which is particularly 
notable in underserved communities. One such community, which composes 
almost 20% (approximately 60 million people) of the population of the United 
States, are residents of rural communities. In 2019, the CDC reported that 
“Rural populations experience substantial health disparities when compared 
with more urban populations, including a higher prevalence of diseases such 
as obesity, increased mortality rates, and lower life expectancies.”[9] 
Contributing significantly to this disparity in a community that is on average 
already sicker are the more than 120 rural hospitals—seven of which were in 
Georgia, that have closed in the United States in the last 10 years and the 
alarming 453 rural hospitals that are at risk of closing based upon perfor-
mance levels [10]. This in turn, increases the time to care for patients by pro-
longing EMS response and transport times, which leads to poorer outcomes.

In a response to this, Emory has recently created the Emory Rural Tele- 
EMS Network to enhance timely diagnosis and treatment for rural Georgia 
patients. Emory physicians will provide clinical support to Grady EMS rural 
service providers. Currently, Grady EMS provides EMS services in 14 rural 
counties of Georgia. During an EMS encounter, critical patients will have a 
comprehensive telehealth visit with a physician to assess for pathology includ-
ing cardiac arrest and arrhythmias, acute coronary syndromes, acute strokes, 
major trauma, labor and delivery emergencies, and hypertensive disorders. 
Once diagnosed, EMS personnel can provide care onsite, ultimately shorten-
ing time to the initiation of care, and subsequently transport the patient to the 
most suitable rural healthcare facility.
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Although telehealth has become an increasingly accessible form of care, it 
is often not used in the prehospital environment and even less in rural areas. 
In rural environments where care delivery centers are scarce, the use of tele-
health visits during EMS encounters has tremendous potential to change the 
EMS delivery model.

One of the few models of prehospital telehealth visits was initiated by 
Houston’s Fire Department in 2014. The Emergency Telehealth and 
Navigation (ETHAN) program assessed and dispositioned patients using tele-
health visits prior to transport to the appropriate care level e.g. Emergency 
Department (ED). The result of this initiative was a 56% reduction in unnec-
essary ambulance ED visits and 44 min reduction in total ambulance “back- 
in- service” times [11]. Overall, the researchers of the ETHAN program 
determined that these changes converted to $928,000 of societal annual cost 
savings and $2468 cost saving per ED visits averted [12].

Under the ER-TEMS network, an Emory Healthcare Network Emergency 
Physician provides a video telehealth visit to rural Grady EMS crews and 
evaluates and suggests management of initial patient care. If specialized care 
is needed, the Emergency Provider may access the vast network of specialty 
services within the Emory Healthcare Network. Subsequent to the consulta-
tion, all patient data, including biometric data, EKGs, and patient charts are 
uploaded to a streaming cloud. The Emergency Provider then informs the 
receiving facility, typically a critical access hospital (CAH) or hospital in a 
medically underserved area (MUA), of the incoming patient’s arrival and any 
treatment plans that have been started. This allows EMS personnel to focus all 
of their attention on the patient’s care. The receiving facility is given access to 
the cloud over the internet providing access to patient information and bio-
metric data.

Prior to the Emory Rural Tele-EMS initiative, Emory had a robust tele-
health network in multiple specialties, including the ICU, nephrology, and 
neurology and psychiatry starting as early as 2014. This network has acceler-
ated and expanded rapidly in response to the COVID-19 pandemic. In the 
Spring of 2020, Emory Healthcare had successfully completed over 70,000 
virtual visits. The pivot to telehealth prominence has been afforded by 
Medicare’s 1135 waiver expansion, which allows telemedicine visits to be 
charged at the same rate as in-person emergency visits.

Despite Emory’s considerable telemedicine experience, the Emory Rural 
Tele-EMS has radically different technological requirements. Firstly, Rural 
Tele-EMS needed a platform that would work both inside and outside the 
hospital. Secondly, the platform had to work in low bandwidth settings given 
the rural environment in which care would take place. To address this, the 
Emory Acute Care Design and Innovation Center was responsible for 
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pinpointing, assessing, and testing solutions. A team was delegated to identify 
and evaluate solutions from Philips®, Zoll®, Verizon®, Stryker®, and 
swyMed® corporations.

Ultimately, Emory decided on swyMed, [13] which owns a patent on mov-
ing data in resource low settings and allows Emory to conduct telemedicine 
visits with transmission as low as 60 kilobits per second (kbps). This signifi-
cantly increases the geographic reach of telemedicine utilization. Additionally, 
the Emory Acute Care Design and Innovation Center found it paramount that 
the telemedicine platform be able to integrate into EMS specific technology. 
SwyMed is integrated with Zoll—the X-series monitor/defibrillator used on 
Grady ambulances, hospital electronic medical record systems, and a number 
of other relevant medical devices and applications. This integration allows 
streaming directly from the Zoll-X monitor into the telemedicine interface, 
which can then be viewed on a desktop computer, or an app on a smartphone 
or tablet. The Zoll-X monitor has functionality that allows automatic stream-
ing of the X-series data to the physician on the far-side of the video call while 
staying in the video call through just a press of a button. The swyMed inter-
face is also HIPAA-compliant and encrypts the connection between the physi-
cian, ambulance, and the receiving hospital.

Furthermore, connectivity in rural settings requires special consideration. 
Thus, it was important for the Emory Acute Care Design and Innovation 
Center to identify the best data connectivity infrastructure. In Georgia, Verizon 
has the dominant cellular infrastructure. Resultantly, the Emory Acute Care 
Design and innovation Center’s team contacted Verizon and confirmed that 
both Emory and swyMed could work with the Verizon network. Together, 
Emory and Verizon identified the AirLink MG-90 router (Sierra Wireless®, 
Vancouver, Canada) as the optimal solution. The AirLink MG90 offers up to 
600 Mbps downlink and 150 Mbps uplink speeds over LTE Advanced Pro, 1.3 
Gbps over dual radio, dual concurrent 3x3 MIMO 802.11 ac Wi-Fi, and 5-port 
Gigabit Ethernet. Grady EMS upgraded their entire system to use the AirLink 
MG-90 routers. Additionally, they created a list of ambulances that don’t use 
the AirLink MG-90 router, and a plan and budget to install the needed AirLink 
MG-90 router.

This case report underscores that different technological requirements 
exist for different environments in which telemedicine takes place. Despite 
the existence of a robust telemedicine platform within the Emory Healthcare 
Network, this massive initiative was only made possible by having a dedi-
cated internal innovation center, the Emory Acute Care Design and Innovation 
Center, to meaningfully and quickly roll out a complicated new care delivery 
system (Fig. 2.6).
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Used with Permission of Emory Department of Emergency Medicine.

Case Report: Remote Clinical Exam MEDAICA
Introduction

Medaica is a digital health company extending the capability of remote 
exams over any telehealth system, simply and affordably. The Company’s first 
product is a consumer-focused digital stethoscope, designed specifically for 
telehealth systems at a price point that opens up the power and potential of 
remote care to all users. Medaica was founded by serial entrepreneurs with 
proven global experience in MedTech, Healthcare, Consumer Electronics and 
scaling mass volume hardware and software platforms.

The Problem
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Existing telehealth systems provide video conferencing and/or chat appli-
cations, some with scheduling management and Electronic Medical Record 
(EMR) integration. Although telehealth is becoming increasingly popular, 
especially in light of COVID-19, it is currently limited to only a few practice 
areas, such as mental health, dermatology, pediatrics and the common cold. 
Auscultation is an important part of a clinical exam that is missing in tele-
medicine sessions. Addressing that need, not only has the potential to improve 
the effectiveness of remote care for both the clinician and patient, but also 
improve the utility and value of telehealth.

Medaica conducted extensive market research to surface the less obvious 
challenges of developing a product that required some level of behavioral 
change—both from doctors and consumers. Related to the introduction of 
blood pressure devices, pulse oximeters and, more recently, devices like the 
Kardia EKG, where patients use tools previously available only to clinicians, 
Medaica understood that clinicians AND patients need to recognize and want 
more valuable telemedicine sessions through such devices. The question was, 
would this be an acceptable proposition for both sides of the equation?

Insights
The Medaica design team (based in the USA and UK) spoke with many 

clinicians and received consistent feedback that most electronic stethoscopes 
are too complicated and too expensive for daily use. Furthermore, most elec-
tronic stethoscopes cleared by the FDA for use by clinicians, are NOT cleared 
for use by a “lay person” and, in a telemedicine session, it would be the 
patient, not the doctor, using the device.

Medaica also interviewed medical IT staff who are often the ones tasked 
with “making it work.” IT professionals don’t see the “wow” of a new device 
first but see the increased workload it might present. Incumbent proprietary 
solutions can create workflow silos that become increasingly difficult to man-
age and support. Solution providers need to understand and appreciate the 
time-consuming process of integrating IT services, devices and systems, and 
must not assume a doctor, clinic, or hospital will willingly adopt yet another 
proprietary solution. If every medical device only works with a specific tele-
health platform, those devices ultimately become unsupported islands. That is 
not a sustainable strategy for a business or a medical practice.

At a detailed level, on top of familiar “hot button” issues including but not 
limited to data privacy and development of more telehealth pay-codes etc., 
examples of the less obvious but real-world challenges facing clinicians that 
also surfaced were:

• Artificial Intelligence AI, even when positioned as “Assisted Intelligence” 
which is arguably a friendlier and more accurate term of art, was often 

2 Digital Health Solutions and Wearable Devices



28

received as a threat not a benefit; At best it was a partial solution. For 
example, if a company offered an electronic stethoscope with AI that helps 
diagnose atrial fibrillation, the clinician still needed other devices, tests and 
protocols to diagnose other conditions such as arrhythmias, congenital 
heart disease, coronary artery disease, cardiomyopathy etc.

• Besides often generating a myriad of pairing issues, connecting a Bluetooth 
stethoscope during a telehealth session resulted in that device taking over 
the audio channel and the clinician being unable to talk with the patient.

• Devices that might not function before or during an exam because the bat-
tery was drained.

• Single purpose devices that often cost several hundred dollars were deemed 
not economically viable for a scalable solution and therefore did not war-
rant the time investment on the clinician’s side to evaluate and/or integrate.

The resulting Venn diagram that became Medaica’s mantra, was for its 
solutions to be; Affordable, Simple and Interoperable.

The Solution
Among Medaica’s many different design decisions was their choice of 

using a USB cable (with adaptors for any laptop, desktop or mobile device) 
rather than Bluetooth. That simplified the electronic design and user experi-
ence, reduced the cost, avoided potential interference issues and removed the 
need for batteries. As a USB device, the Medaica stethoscope is “plug and 
play” and in its simplest form can securely send audio files, together with an 
“auscultation map” to the clinician either in store and forward or live modes.

The product design went through a number of iterations. It needed to be 
easy to hold but also easy to position in relation to the patient being able to 
position the device on an “auscultation map” in self-exam mode. One of the 
early designs was essentially a stethoscope head but was rejected because the 
user’s hand would be covering the head and/or made a simple button push 
awkward (see Figs. 2.7 and 2.8).

The chosen design direction was to be more recognizably a stethoscope 
(see Fig. 2.9). The head of the device is easy to see (or detect for assisted 
positioning approaches) when the user is placing the device in a specific aus-
cultation position. The design is easy to manufacture and can be completely 
sealed and therefore also has the advantage that it is washable to IP6X stan-
dards. These decisions were made prior to COVID-19 flaring up but become 
even more compelling within that context.

There were many technology decisions not only aimed at making the 
device easy to use, but easy to deploy and to potentially establish standard 
telehealth methods for patients and clinicians to quickly and easily share aus-
cultation sounds. One of those decisions was to use two microphones config-
ured for plug and play with any telehealth system, enabling both auscultation 
sounds and an independent channel for the user to speak, which also doubles 
for ambient/room noise reduction.
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Because Medaica’s solutions are designed to enhance existing telehealth 
solutions, not compete with them, they worked extremely hard to make sure 
that the clinician could continue to use whatever system they were already 
using, with the added benefit of adding auscultation to the exam. The pillars 
of that process were:

• Balance clinician AND patient ease of use to get a more valuable and 
informed telehealth consultation for both sides.

• Enable healthcare professionals to leverage existing workflows and 
systems.

• Don’t compete with telehealth platforms—provide plug and play, agnostic, 
interoperability to any telehealth platform. Enable value-add to open their 
platforms to new specialties and stickier users.

• KISS (Keep It Simple Solutions)—solutions that work in the minimum 
number of steps with minimal behavioral change.

• Affordable—solutions that are priced for consumer scale.

OhMD Case Report
In the spring of 2020, the healthcare industry was rocked by the novel 

coronavirus disease (COVID-19). Almost overnight, HIPAA-compliant tele-
health became a necessity for healthcare providers across the United States. 
Software companies everywhere raced to meet the demand. Among them was 
OhMD, a HIPAA-compliant texting platform that saw an obvious opportunity 
for growth.

When OhMD first launched video visits in early 2020, they expected it to 
be the clear solution to the sudden demand for telehealth. Providers quickly 
signed up for the new feature so they could continue working when social 
distancing measures went into place. While the video tool offered an essential 
alternative to in-person visits, there were obvious gaps in the new workflow. 
One practice that approached OhMD about the shortfalls was The Heart 
Medical Group in Van Nuys, CA. Providers wondered how to coordinate with 
patients to get them on the video call at the right time, and how to continue the 
conversation around treatment, payment and follow-up once they both clicked 
“end call”. Essentially they needed to recreate the full in-office workflow of a 
patient visit, from check-in to intake to provider, and back to check-out.

To meet this need, OhMD was able to fall back on its core competency -- 
text messaging. With the addition of video visits, OhMD could now prompt a 
video visit appointment as a substitute for sitting down with a provider in the 
exam room and use secure texting to enable the rest of the practice workflow:

• The day before the visit (or anytime prior, in the case of same-day appoint-
ments), the care team texts the patient an appointment reminder and 
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includes any forms that the patient needs to complete prior to the appoint-
ment. The patient taps the link to fill and submit the forms from their 
smartphone.

• Immediately before the appointment, the provider texts the patient to con-
firm they’re ready. They send the patient a link which they tap to begin the 
video visit.

• When the call ends, the timestamps are stored in the patient thread for bill-
ing reference.

• The patient can then be reassigned in OhMD to administrative staff who 
handle payment through texted links, schedule necessary follow-up, and 
even request reviews.

The benefits of a sound telehealth strategy are of particular benefit to car-
diologists and other specialties that deal with chronic illness. Some of the 
benefits to The Heart Medical Group include:

• OhMD allows patients who use remote patient monitoring (RPM) devices 
to text their provider with real time data on their health so they can make 
timely, appropriate recommendations on a patient’s care.

• The ease and immediacy of texting strengthens the patient-provider rela-
tionship and improves patient adherence to care plans. Using a familiar, 
palatable channel like texting gives patients access to healthcare regardless 
of their fluency with technology.

• Telemedicine offers cost-saving benefits. Communication through texting 
helps patients save money on co-pays by reducing trips to the office. The 
effective deployment of telemedicine can also produce systematic savings 
by better triaging patients in lower acuity healthcare settings, reducing 
costly hospitalizations.

• Leveraging a platform like OhMD allows doctors to better allocate their 
time. Doctors can reduce unnecessary office visits, quickly and easily 
facilitate necessary visits, and improve chronic care management. This 
allows doctors to deliver the highest quality of care while focusing on rev-
enue generation.

Cardiologists have found great success using OhMD for mixed telemedi-
cine: a combination of traditional in-person care, virtual video visits, and two-
way patient texting. OhMD has seen the incorporation of telemedicine 
increase provider capacity and accessibility, continuity of care, and overall 
quality of care. Although many providers viewed have adopted telehealth 
solutions as a short-term solution to care delivery during the COVID-19 pan-
demic, it has become clear that it adds indelible value to the healthcare system 
(Fig. 2.10).
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Fig. 2.6 Telemedicine emergency medical service triaging
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Fig. 2.7 Awkward button placement (thumb)

Fig. 2.8 OK button placement, but obscures head position
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Fig. 2.9 Good button placement, good visibility of head position, comfortable to hold and sepa-
rate body/voice mics

Fig. 2.10 OhMD video visit platform sample
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Case Study: ASK ANGIE™   

PCI procedures and devices are complex. There are times (day or night) when 
questions arise. ASK ANGIE is a technology provided by Boston Scientific 
that uses merged reality to instantly bring clinical expertise to the cath lab so 
that teams can confidently and efficiently perform complex cases, without 
delays, to deliver the best patient care. The merged reality functionality of 
ASK ANGIE allows certified Boston Scientific clinical representatives to give 
step-by-step guidance visually  – as if they are in the cath lab in person. 
Clinicians can also use the tool to connect with their peers. In addition to 
merged reality calling, ASK ANGIE provides on-demand education that can 
help bring new lab staff up to speed or refresh tenured staff on procedures and 
technologies. ASK ANGIE delivers virtual support from expert reps for com-
plex PCI devices and procedures.

The solution was initially piloted for 6 months, at remote facilities, with 
the help of clinician champions. The clinician champions saw the value and 
potential of the technology to meet their needs and helped work through the 
approval process to pilot the technologies with key stakeholders at their facil-
ity. We showed proof of concept through our minimum viable product (MVP) 
which supported ANGIOJET, a mechanical thrombectomy device. This tool 
is commonly used for emergency treatment of blocked arteries and thus cath 
lab staff frequently ask for support with device setup with little notice. To 
measure success, we looked at app usage and number of cases supported 
remotely. By selecting the right technology up front during the pilot, we were 
able to generate quick wins to fuel future innovation and maximize the poten-
tial for usage and adoption of the technology. After receiving feedback from 
users during initial pilots, we expanded the product scope to include 
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additional technologies. Eventually, we found the right fit by delivering edu-
cational content that supported all Complex PCI procedures, not just 
thrombectomy.

It is important not to be wedded to any preconceived assumptions when 
rolling out a new digital health technology. We initially thought only remote 
facilities would be interested in ASK ANGIE. During the pilot we learned that 
clinicians at larger facilities and in metropolitan areas found just as much 
value in the technology as remote facilities. COVID-19 has expanded the 
need and use case for this technology with facilities across the globe.
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Chapter 3
Remote Patient Monitoring: Delegation 
of Responsibility

Elizabeth A. Krupinski and Jaclyn A. Pagliaro

3.1  Introduction

Healthcare is becoming increasingly more technical, not only with respect to the 
wide array of new devices and tests available to providers and patients, but also the 
overall healthcare delivery paradigm. The integration of wearable remote moni-
toring devices and telemedicine is altering the way clinical care is provided and 
research is conducted. Wearable remote monitoring devices can be deployed to 
patients and utilized to extend patient data collection outside of conventional clini-
cal encounters [1]. The anticipated impact of remote data collection on patients and 
health care systems is to increase provider efficacy and efficiency, thereby increas-
ing quality of care [2–4]. This improved quality of life is the result of more reliable 
and timely methods for collecting, transmitting, and storing personal health data for 
health care communications. Within this context is the evolution of guidelines for 
responding to remotely collected and stored data, and reimbursement policies [5, 6] 
that accommodate remote data management in any reimbursement structures.

Recent research supports the use of RPM for adults with cardiovascular dis-
ease demonstrating that consistent blood pressure tracking and communication with 
healthcare teams improves BP related outcomes. RPM lowers both systolic and 
diastolic blood pressure more than standard in-office BP management. RPM may 
also promote early detection of atrial fibrillation and improve heart failure volume 
and weight management.
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Wearable devices now add to the RPM field and are being designed to collect 
data about various physiological, psychological and environmental parameters at 
the individual and population level which complement standard digital medical data 
acquisition. As these devices proliferate, data is constantly accessible by a variety 
of parties (e.g., patients, providers, hospitals, vendors), regardless of the location 
of the individual from whom the data is being recorded. An increasing number of 
devices can acquire, transmit and store data to enhance the relationship between 
patients and their providers.

The use of ambulatory monitoring devices in the cardiology setting enables long- 
term, remote data collection for reliable diagnostics and continuous monitoring of 
cardiac disease [7]. The device field in cardiology is one of the most advanced of 
all medical specialties in terms of monitoring and intervention. This provides an 
existing scaffold for the mechanisms and workflow for remote data collection and 
analysis, as exemplified in electrophysiology, heart failure, cardiac rehabilitation 
and most recently in cardio-obstetrics. Remote patient monitoring (RPM) is being 
used in a variety of applications such as remote monitoring of implantable devices 
[8] and remote electrocardiogram monitoring [9]. Most studies demonstrate that 
use of RPM is feasible and can be used to assess device and patient status in a reli-
able and valid manner. Success may depend on factors such as the type of device 
(manufacturer, model), patient status, type of information acquired, and even the 
algorithms used to assess the incoming data (impacting false negative and alarm 
rates). Thus, some caution should always be used when interpreting RPM data and 
when to base clinical decisions on the data received. It is particularly important to 
work with the device manufacturers to understand the criteria used in the various 
data analysis algorithms used to notify users and providers of significant changes in 
the data and patient status.

Despite the many advancements, there is still much work that needs to be done in 
terms of research to improve our understanding of actual outcomes and benefits of 
these tools. It is also critical to determine which patient populations are best suited 
to benefit from the use of these devices [10]. On the positive side, patients do seem 
receptive to remote patient monitoring and are generally satisfied with the experi-
ence [11, 12].

A key topic that arises when one thinks about all these data is responsibility. 
When and in what circumstances is it the provider’s responsibility to utilize the 
acquired data? There is currently no strict legal statute, but there are ways to think 
about data sources that may be helpful.

3.2  Data and Context

As a first step it is useful to distinguish between data acquired strictly within 
the context of healthcare encounters and data that could be used for research 
purposes.
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3.2.1  Research Context

Until a formally recommended structure exists regarding acquiring, transmitting 
and storing various personal and medical sources of data, we should always apply 
the Belmont Report’s guiding principles of human research (Table 3.1) to the use of 
any personal data [13].

3.2.2  Clinical Context

3.2.2.1  Data Solicited by Providers

Data solicited by providers refers to data that patients collect by wearing a device 
that acquires and transmits data to their healthcare provider to be used for medical 
decision-making. In this circumstance, the provider “prescribes” a wearable device 
to acquire the data.

Data security must ensure that the data are protected from unauthorized users 
during transfer, collection and processing, and that they are safely stored to protect 
identifiable health data from unwarranted access or disclosure. Since RPM is wire-
less, there is the inherent risk that data can be intercepted, tracked and possibly used 
in harmful or illegal ways. However, devices that are FDA-approved undergo fairly 
rigorous evaluation [14] with respect to security, so these risks are minimized (usu-
ally via data encryption and authentication).

The patient and physician must communicate effectively so the patient under-
stands why, how and when the data are collected, transferred and stored and how 
they will be used in their care and treatment (Table  3.2). Interestingly, although 

Table 3.1 Belmont Report’s guiding principles of human research

Three guiding principles for protection of human subjects in Behavioral & Biomedical 
Research

Respect for 
persons

The autonomy of people must be respected in terms of allowing them to make 
choices and providing informed consent.

Beneficence Researchers must maximize benefits and minimize risks to those involved.
Justice Benefits and costs associated with participation must be fairly and equally 

distributed among all potential participants.

Table 3.2 Recommendations for provider solicited data

• Ensure safety of data acquisition
• Identify any limitations associated with validity and reliability of data
• Recognize variations in use of application with various patient populations
• Understand the nature of false alarms
•  Know how to incorporate the output data into clinical decision making diagnosis and 

treatment
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patients do have concerns about the technology itself and security issues they are 
often more concerned about loss of contact with providers and whether out-of- 
pocket expenses will be incurred [15]. Therefore, it is important that physicians are 
aware of such concerns and work with patients to address them [16, 17].

3.2.2.2  Data Not Solicited by Providers

Data that patients generate without a formal request from a provider can come 
from a variety of sources. Consumers use wearable monitoring devices such as 
Smartwatches or Fitness Trackers with the expectation that they will impact their 
health status and often share their data as an adjunct to their care. This data derived 
from remote monitoring devices has been found to provide valuable insight into the 
patient’s overall health to provide comprehensive treatment and care [18, 19]. When 
a patient brings data from these types of unsolicited data sources to a healthcare 
encounter (which could be in-person, through a patient portal, email, text, a video 
encounter, phone or any other mode), the provider has a choice to make. At the same 
time, it is also becoming apparent that some patients are often willing to acquire 
various types of health data, including RPM from both provider-approved and off- 
the- shelf devices (e.g., FitBits [20], and then publicly post that data on social media 
outlets, complicating the issue even further [19] as most social media companies 
actually consider any posted data theirs and thus can do with it as they wish. When 
a patient brings data from these types of unsolicited data sources to a healthcare 
encounter (which could be in-person, through a patient portal, email, text, a video 
encounter, phone or any other mode), the provider has a choice to make: should the 
data be accepted and stored in the electronic health record or other data repository 
or should the data be declined and thus not stored? Unfortunately, there are few 
clear-cut guidelines to help with this choice.

Whereas the patient claims responsibility when they choose to acquire and pres-
ent data to their provider, the clinician’s responsibility is less clear. When data was 
not requested by the clinician, if they decide to accept and store it in the electronic 
health record they assume a share of the responsibility for the data. This includes 
its use in medical decision-making and its security (e.g., HIPAA regulations auto-
matically apply). This creates a series of additional responsibilities such as doing 
the necessary research to understand the device or tool from which the data were 
acquired, what the limitations of the data acquisition process are, the data validity 
and reliability, factors that can influence data quality. Without this additional step it 
becomes difficult sometimes to responsibly incorporate the data into care.

If the provider chooses not to accept the data, at first glance it seems that they 
avoid responsibility. There are several mechanisms by which the provider may need 
to address the data, however:

 1. If the patient provides the data to another provider who uses it to change the 
course of treatment this may reflect on the original clinician who decided not to 
accept the data.
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 2. If a clinician later decides to use the data, there is little published guidance as to 
what their responsibility is for previously stored data.

 3. If there are abnormal values, there is no clear legal precedence regarding the 
clinician’s accountability. The next phase of telemedicine and utilization of 
patient derived data is to offer clinician’s guidance with these emerging decisions.

3.3  Wearable Devices and Remote Patient Monitoring 
in Cardiology

Cardiology is remarkably data driven and most guidelines have algorithms to provide 
comprehensive patient care. The ability to integrate additional tracking mechanisms 
into existing workflows has been successful in several healthcare systems. The value 
of digital health and telemedicine can be best described (Table 3.3) as addressing the 
trifecta of preventative care, chronic disease management and early detection.

3.4  Patient Driven Tools

One of the fastest growing areas of medical technologies is the commercial avail-
ability of health monitoring tools. Activity trackers, Bluetooth enabled BP and 
HR monitors, mobile ECG, and many other devices have flooded the marketplace. 
Fitting these tools into a digital heart center introduces unique complexities, as 
questions of data fidelity, false positive and false negative rates, and helping patients 
distinguish between data and information all play a much larger role in these tech-
nologies than other parts of a technology forward cardiology practice. In addition to 
the question of what problem does this technology solve, for these technologies, we 
must also ask the question: what harm comes from inaccurate information?

Table 3.3 Key areas where digital health and telemedicine can address preventative care, chronic 
disease management and early detection

Prevention –  Wearable devices and telemedicine can improve healthcare access to 
patients who experience barriers to care

Chronic disease 
management

–  Wearables allow clinicians to continuously manage large patient 
populations at a distance rather than fewer patients with episodic 
in-person care alone

–  Patients with chronic diseases who use wearables and telemedicine also 
benefit from decreased stress, saved time and finances, while also 
remaining active members in their local community

Early detection –  Digital health allows early detection of decompensation leading to rapid 
and targeted intervention

–  Algorithms can be applied to the collected data to provide remote 
clinical care such as medication titrations
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3.5  What Harm Comes from Inaccurate Information?

If a patient has purchased a health monitoring device on their own, the patient has 
already signaled that they get some value from the device. So while it’s still impor-
tant to figure out what problem the device solves for the clinical team, it is much 
more important to figure out how the information on the device (especially if it’s 
inaccurate) could bring harm to the patient.

One of the best examples of such a technology is the new Apple Watch. The 
apple watch has two features of interest: one is a calorie/activity tracker, that mea-
sures activity in a day in “calories burned” and the other is the ECG monitor, which 
can offer a single lead ECG tracing. For an activity monitor, the accuracy is likely 
not that important. When the device says the patient burns 500 calories, if the “true” 
calorie consumption is 300 or 700 calories, it is unlikely to harm the patient. In fact, 
if it is relatively precise (consistent day to day) and motivates a patient toward more 
activity, the accuracy of the activity count is largely irrelevant. Incorporating such 
a tool in a virtual cardiac rehab program, for example, would confer minimal risk 
for the patient.

Case study example: Thomson et al. examined the Fitbit Charge HR 2
(Fitbit) and Apple Watch devices to assess hea   every vigorous
intensities based on ECG-measured HR. Apple Watch showed lower relative
error rates (2.4–5. 1%) compared to Fitbit (3.9–13.5%) for all intensities. The
strongest relationship for both devices with ECG-measured HR was for very
light PA and strength of the relationship declined as exercise intensity
increased for both devices. Thomson EA. Nuss K, Comstock A, Reinwald S,
Blake S, Pimentel RE, Tracy BL, Li K. Heart rate measures from the Apple
Watch, Fitbit Charge HR2, and electrocardiogram across different exercise
intensities. J Sports Sciences 2019; 37:1411-1419    

 

On the other hand, the ECG tool has a different risk equation. One diagnosis 
the ECG monitor on the apple watch hopes to make is atrial fibrillation [21]. Here, 
a false positive diagnosis could result in inappropriate anticoagulant therapy with 
the associated bleeding risk without potential for benefit. On the other hand, a false 
negative result could incorrectly reassure us that the patient doesn’t have atrial 
fibrillation, resulting in inadequately withholding anticoagulation therapy. In one 
estimation, for every 1 patient correctly diagnosed with atrial fibrillation, 19 people 
potentially would be inappropriately placed on anticoagulation. In this case, the 
watch could be used as a screening tool, but care should be used in making treat-
ment decisions based on the data.

Since the patient has purchased the device, it has solved at least one problem for 
them (patient comfort). Still, it’s important that the clinical team determine what (if 
any) problems the device helps them solve. A clear understanding of what we hope 
to get from a new device and how we communicate that to patients (Table 3.4) helps 
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maximize the benefit for the patient, but also reduces their frustration, as the clinical 
team can offer up front guidance on what the device can and cannot do.

3.6  Guidance for RPM Workflow Development 
and Implementation

Cardiology practices should establish an infrastructure for receipt, analysis and clin-
ical application of any form of “remote monitoring”. Practices can create an effec-
tive and safe mechanism for the use of remote monitoring and wearable device data.

 1. All data (whether or not it was requested by the provider) should be subject to 
the same security and privacy requirements of any patient health information 
(PHI). This includes hard copies on site or cloud-based data.

 2. Organizations should have in place policies and protocols governing the use of 
any and all types of remote patient monitoring data. The policy should include 
how and if unsolicited patient generated data will or could be used and what 
criteria should be used in the decision to accept or not.

 3. If providers are going to recommend certain devices or tools be used by patients, 
they should have a formal program in place that manages the schedule and tim-
ing of data collection by the patient, transfer, storage, retrieval, analysis, and feed 
back to the patient.

 4. Providers should not be responsible for training patients on the actual use of 
devices that they do not recommend.

 5. When a technology or device is prescribed, patients should have a responsibility 
to submit requested data and the provider(s) should take appropriate action when 
the patient is non-compliant or is unable to participate appropriately.

 6. Protocols should be in place regarding alerts generated from remote monitoring 
devices (especially when artificial intelligence and related decision support tools 
are used) [22–25]—when to respond to them, who should respond, how the 
patient should be contacted and what follow-up measures should be in place.

Table 3.4 Ambulatory device capabilities and how we communicate that to patients

Ambulatory 
monitoring capabilities Considerations for patient communication

Vital sign data sources
– Heart rate
– Respiratory rate
– Temperature
– Oxygen saturation
– Blood pressure
Wearable data streams
– ECG
– Sleep assessment
– Physical activity

Heart rate variability exists, normal ranges should be reviewed with 
patients
FDA approved blood pressure monitors are largely accurate, but 
checking calibration in the office is useful
Oxygen saturation meters can be inaccurate with improper placement
At home single lead ECG will not mirror an in-office 12-lead in its 
entirety for diagnosis.
Single lead home ECG or HR monitor devices may have false positives 
for arrhythmia and follow up with formal ECG or monitoring is 
recommended before treatment
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 7. Policies should also be in place for all data sources regarding how long the data 
should be stored.

Some resources are available to providers such as the American Medical 
Association’s “Digital Health Implementation Playbook” that provides a very nice 
summary of RPM and other digital tools available and how to integrate them into 
patient care [26].

Cardiac specific workflow for RPM, which incorporates patient solicited data 
mandates a clear approach to appropriately protect patient data.

First, we must define what data points are clinically relevant and how it will be 
identified, collected and communicated to the appropriate care team member. Next, 
organize remote patient monitoring data into existing practice workflows. Finally, 
do not create new workflows and additional clinical and administrative burden.

For successful implementation (Fig.  3.1), engaging the staff is essential to a 
successful transformation to a digital RPM inclusive practice. Staff (clinical and 
administrative) training should include knowledge on how to explain the device 
role in management, order, deliver and engage with the device from a patient per-
spective, help troubleshoot and have access to the device manufacturers helpline. 
Practices will also need to be able to schedule device checks and data downloads, 
oversee data acquisition, be familiar with patient information materials and most 
importantly, know when to contact clinicians.

A successful patient-clinician partnership is the first and most important out-
come to achieve during a transition to increased RPM usage in the practice. Patients 
need to be equal partners in device use, understand clinical endpoints that are being 
measured and be facile with methods of communication with the clinical team. 
Although some recommend patient selection for compliance and technological pro-
ficiency, the goal of expanding care to the individual patient is to improve access, 
therefore we must meet patients and help overcome their barriers. Addressing social 
determinants of health is a foundational part of the patient engagement strategy.

Once a successful partnership is achieved and demonstrated, outcomes then 
include a range of clinical, experiential and business outcomes (Table 3.5).

The National Institute for Standards and Technology [27] is also addressing 
some RPM issues and has posted a request for “technology vendors to partici-
pate in the development of an example solution for securing the telehealth remote 

Structure
For successful RPM, data
points and workflow must

be well-defined

Process
All members of the practice,

administrative and clinical, will
require training and ongoing
technical and clinical support
for successful implementation

of RPM

Outcomes
Patient and physician

satisfaction, use of the RPM
system, increased access and

achievement of clinical
endpoints can be sequentially
evaluated as an RPM program

is established.

Fig. 3.1 Steps for successful implementation of RPM use
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patient monitoring ecosystem” to create a Cybersecurity Practice Guide. The 
European Commission [28] is also developing frameworks for mHealth guidance 
that includes RPM.

RPM implementation requires several steps for success. Adequately supporting 
the technology, workflow and staffing for an RPM program is essential for sus-
tainability. Unlike the use of synchronous telemedicine for expanding access and 
improving outcomes by reaching more patients, the use of RPM requires well- 
selected populations with effective patient-clinician communication and adequate 
staff resourcing to demonstrate clinical efficacy and improve outcomes.

Similar to clinical trials, establishing an RPM program requires inclusion and 
exclusion criteria for patient enrollment, as well as the equivalent of shared decision 
making, wherein patients understand the goal of RPM, and the importance of their 
active role to enable success. The initial onboarding for all telemedicine modalities, 
whether synchronous video, text-based interactions, or RPM including wearable 
data needs to be a personal one-on-one thorough explanation at the initiation of the 
program, with continued opportunity for contacting the team for troubleshooting on 
demand. Even one poor interaction with telemedicine risks creating an aversion to 
its use. However the stakes are higher with RPM, in that one poor interaction may 
result in less than optimal care.

Key Steps in Implementation of RPM (Table 3.6):

• Administrative staff, leadership and clinical staff must all be involved in design 
review prior to implementation

• Patients should understand the goal of RPM for their healthcare and their role in 
a successful model of care

• Real-time, at the elbow help for administrative, workflow and technical assis-
tance must be in place not only at implementation but in some form for the dura-
tion of chronic disease management using RPM.

Table 3.5 Clinical, experiential and business outcomes for successful RPM implementation

Clinical outcomes • Blood pressure monitoring
• HF exacerbation management
• Admission and readmission Reduction
• GDMT achievement regardless of cardiac diagnosis
• Compliance with medications
• Improved clinical markers of disease
• Less progression of disease

Experiential 
outcomes

• Patient, staff and provider satisfaction
• Accessing healthcare appointments
• Successful engagement with interpreter services
•  Coordinated multidisciplinary visits patient engagement with 

technology
Business outcomes • Decreased cancellations and no shows

• Increased clinical productivity
• Fewer hospitalizations and ED utilization
Telemedicine utilization
Reimbursement
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3.7  Conclusions

There is no doubt that RPM techniques and wearable devices will continue to be 
developed and implemented by providers and patients in a wide variety of clini-
cal applications, including cardiology [29]. Although the potential for improving 
patient outcomes with these devices is high, the evidence on outcomes to date is 
still inconclusive in many respects [30, 31]. More large-scale studies (e.g., [32]) are 
required to better assess the impact of RPM and wearables devices in broader, more 
heterogeneous groups of patients with a variety of cardiovascular conditions and 
degrees of severity. As we proceed down this path as a healthcare community that 
includes not only providers but also patients and their caregivers, we need to con-
tinue to develop and refine our perspectives and guidance surrounding the ethical, 
sage and effective use of virtual data no matter what its source. Remote patient data 
ownership must be considered, but it should not represent a barrier or hindrance in 
its use as a tool to improve the efficacy and efficiency of clinical decision making 
and the care and treatment of patients.
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Chapter 4
Building the Digital Heart Center

Ameya Kulkarni

4.1  Introduction

Norman Rockwell did not need technology to capture the soul of doctoring in his 
iconic painting, “Doctor and the Doll.” The painting, which depicts a doctor using 
his stethoscope to listen to the doll of a frightened young patient, reveals the best 
of what it means to be a physician—the chance to heal, but also the chance to 
be present during a patient’s most vulnerable moments. There is sometimes a fear 
that technology, and in particular remote care technology, diminishes this gift our 
patients give to us. However at its best, technology offers the chance for deeper 
connections that cross the bounds of time and space. Virtual care can allow us to 
take care of even our sickest patients from their homes with minimal interruption 
to their daily lives.

Even for those that see this opportunity in telemedicine, the gap between a belief 
that virtual care will be helpful and the actual implementation of technologies to 
support that cause can feel very wide. Narrowing the gap requires a process to 
define the problems to be solved, navigate the myriad of new technologies, under-
stand how these technologies can help our patients, and create systems to evaluate 
whether they actually did. Connecting these pillars with the core values of your 
practice are critical to building a successful and effective digital heart center.
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4.2  Defining the Problem

Cardiologists love technology. Our interest in quickly adapting new tools in our 
armament has allowed us to innovate care at a rate unparalleled in other fields. 
While this is often an asset in the care of our patients, when it comes to virtual care 
technologies, this can turn into a “shiny object trap.” The risk of trying new tools 
without understanding how they help our core practice or advance our core values 
results in expensive solutions to small or non-existent problems and eventually a 
graveyard of discarded shiny objects.

Defending against this trap requires deliberation. It starts with a decidedly non- 
technical conversation. Prior to incorporating new technologies into our practice, 
we take a moment to define the problem we hope to solve with the technology. This 
helps identify whether a potential technology will be useful to us, but also helps us 
guard against the shiny object trap.

Clearly establishing the problem to be solved is challenging. It requires input 
from people who understand the core values of the practice but also people who live 
the status quo.

4.3  Understanding the Technology

Once the problem(s) have been defined, the next step is identifying the technologies 
best suited to address identified needs. Technology is constantly evolving, but most 
tools for virtual care fit into one of three categories: communication, data collection, 
and patient initiated.

Table 4.1 Four questions for stakeholders

Defining question Crowd-sourced answers Influence on platform development

What do we do now that 
makes our work easier?

Use of telephone and 
secure messages to 
communicate with 
patients

When developing a digital platform, having 
an existing modality of patient 
communication, will negate the need to 
build one directly into the application

What are “the pebbles 
in our shoes” (the things 
that make our job 
harder)?

Prior authorization, 
(CV staff meeting)

What do we wish we 
didn’t need to do in this 
workflow?

Manually collect and 
review vital signs

The platform has to not only collect data (ie, 
HR, BP, weight) but also present it in a way 
that reduced the burden of sifting through them

What are the core issues 
in our workflow that 
negatively affect the 
patient experience?

Long patient wait times 
and limited access to 
timely data for an initial 
visit.

Virtual care schedules should be designed to 
improve access and align with image 
sharing programs. This allows clinical teams 
to have timely and clinically meaningful 
conversations.
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4.3.1  Data Collection Tools

The modern heart center requires more than discussions with patients. Home 
measurement of blood pressure and heart rate for patients with hypertension 
and coronary disease, weight and activity for heart failure patients, and even 
food journals for patients in virtual cardiac rehab programs are valuable adjuncts 
to routine care that can significantly improve the way we take care of cardiac 
patients. But collecting this data in a way that protects patient privacy and pre-
senting it in a way that is useful to clinicians can take time, money, and some 
understanding of the technical and legal framework surrounding remote monitor-
ing technology.

At its simplest iteration though, minimal work is required. For example, a 
blood pressure collection system that asks the patient to measure their own BPs 
on a home machine and relay the data to the clinical care team via telephone or 
email offers a simple, inexpensive solution. If the problem to be solved is one of 
simplified and inexpensive data collection on a small scale, this solution will be 
adequate.

As the scale or complexity of such a project increases, the work of verifying 
adherence to self-reporting and tracking becomes exponentially more difficult [1]. 
For these situations, more complex solutions are required. For example, when build-
ing a large remote monitoring program for patients across an enterprise with uncon-
trolled hypertension, there are three key values (Mid Atlantic Permanente Medical 
Group) that we considered mission critical:

 1. The data collected has to be collected, transmitted and reported in a way that 
protects the patient’s privacy from end to end.

 2. The process of signing up, transmitting data and dis-enrolling from the program 
should be easy for the patient and clinician.

 3. Given the volume of data that would come to clinician dashboards, the 
reporting workbench had to be easy to navigate and contain “passive alerts” – 
which meant the system would signal the clinician when a reading was 
abnormal or when the patient was non-adherent to measurements, so that 
clinicians would not have to continually check dashboards for hundreds or 
thousands of people.

Defining the problem ahead of the technology allows prioritization of what is 
needed for the minimum viable product (MVP) [2] and sets expectations for clinical 
teams. Once a roadmap is outlined, clinicians are willing to wait for iterative ver-
sions improving workflow (See example, Fig. 4.1).

Of course, between a manual collection of blood pressure readings and a com-
plex automated and integrated BP monitoring system are hundreds of technical 
solutions with varying degrees of complexity. Starting with the problems and 
following with the technology offers the chance to fit the solution for the right 
situation.
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4.4  Implementation

Building a strategic framework and defining the technologies set the theoretical 
groundwork for a digital heart center. The next phase, implementation, requires 
careful attention to regulatory considerations, clear definitions of what success and 
failure is, a willingness to iterate solutions as new information comes about, and 
an accounting for the unique personality mix among the clinicians in your practice.

Sample Clinical Workflow for Clinical Telemedicine Visits

This diagram demonstrates a sample clinical algorithm to enable delivery of virtual medical care
and highlights opportunities to streamline workflows administratively to unburden physicians.

New
Patient

Intake
RN Triage

No

No

No

Source: Massachusetts General Hospial, Division of Cardiology
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Yes Yes

In-person visit
scheduled by admin
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COVID-19 screening
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provider Triage
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Fig. 4.1 Sample clinical workflow for clinical telemedicine visits

A. Kulkarni



55

4.4.1  Regulatory Considerations

The most challenging aspect of offering virtual care is navigating the regulatory 
framework. At the local, state, and federal level, policies governing privacy, deliv-
ery of medical care, and handling of collected data are complicated and in the 
COVID-19 era, rapidly changing. The reality is that it is nearly impossible for clini-
cians to navigate these complexities. You will need help from institutional partners 
who are experts in technology risk, medical law, and compliance. In our experience, 
involving these experts early in the discussion, even as we are outlining the prob-
lem, helps bound our solution in what is possible, making the process significantly 
more efficient. These partners also help us favor simplicity, which means digital 
health tools can be evaluated without significant initial investment.

4.4.2  Monitoring and Evaluation

A common trap in the early phases of building a digital health program is to start 
trying a technology without deciding what defines a successful tool, and what war-
rants abandonment of the idea. To combat this instinct, we begin implementation 
with the following questions:

 1. How do we know if this new tool is a success?
 2. How do we know if this new tool is a failure?
 3. What is our criteria to expand?
 4. What is our criteria to abandon?

A critical step in answering these questions is to be as specific as possible. It is 
also important to be realistic. With new technologies, and in particular remote moni-
toring devices, there is a deep belief that technology can result in clinical improve-
ment. Unfortunately, the data has not borne that out [3–5]. Empirically this makes 
sense, as remote monitoring tools don’t offer new information, but rather make that 
information easier to obtain. So defining success by other targets (such as increasing 
healthy days at home or improving patient satisfaction) may be more meaningful 
goals for the technology.

As important as defining success is defining failure. Once deep into a pilot proj-
ect, there is a natural inclination to “make it work,” often by adding financial or other 
investments. By defining a priori when the costs of the project or the results favor 
abandonment, it creates an honest arbiter of failure, and in the long run reduces the 
costs of those failures.
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4.4.3  Iterations

Technology companies often define the first version of any product as the mini-
mum viable product (MVP). This concept gives permission for a new idea to 
not be perfect at first attempt, but also helps identify what needs to be perfect 
first, before other aspects of the product can be worked on. In designing digi-
tal health tools, a similar framework is necessary. Often the first version of a 
product will only solve the basic technical and regulatory challenges. Walking 
through the markers of success and the minimum requirements for each itera-
tion are important, but most important is to acknowledge that there will be 
multiple iterations before a fully functioning technologic solution works as 
intended.

4.4.4  Gaining Support for Widespread Adoption

Even the best of ideas need to be used by clinicians to be successful. Like technol-
ogy adoption in any realm, digital health tools have an adoption curve. Innovators 
and Early adopters are willing to try new technology and will be willing to engage 
and re-engage, even when a tool is not functioning perfectly. Mainstream users 
(early and late majority) need a polished product but will tolerate some challenges. 
Late adopters require a nearly seamless experience and a well established work-
flow (Fig. 4.2). Part of any implementation strategy should include identification 
of which clinicians fit each of these categories for the technology being deployed. 
Since comfort with new tools is not monolithic—someone may be very comfortable 
with video visit technology but may not feel as comfortable with a remote monitor-
ing platform—where clinicians fall on the adoption curve should be assessed with 
every roll out. Once the groups have been identified, roll out should follow the 
curve, with early adopters getting their first chance at trying the new solution and 
offering feedback on what doesn’t work. Feedback from late adopters will be useful 
as well, because when the solution takes a life of its own, the feedback from late 
adopters will help identify where the potential gaps lie.

Central figure: Key steps in Building a Digital heart center

Define the
problems to be

solved

Identify
technologies that
will help solve the

problem

Implement the
solution with a plan
for defining success

and iterations

Fig. 4.2 Key steps in building a Digital Hearth Center
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Case Studies
In the following case studies, apply the framework from this chapter to design 
a technology based solution to problems commonly seen in modern cardiol-
ogy practices. The discussion accompanying the case study is not meant to 
reflect a “correct” answer as there are many possible and viable approaches.

Case 1: Your cardiology practice has noted a poor adherence rate to a tradi-
tional hospital based post myocardial infarction cardiac rehab program, with 
completion rates at 7%. Your team decides to design a virtual home based 
cardiac rehab program based in your office.

Question 1: What core problem do you hope to solve in this program?
Question 2: What technologies are required to accomplish your goal?
Question 3: How will you know you are successful?
Question 4: Design a program that would work in your practice.

Discussion: In this case, the core issue was adherence to the program. 
While patients were being referred at a high rate and were attending their 
first sessions with consistency, by week 6 of the hospital based program, the 
rigors of needing to go to the hospital three times a week made adherence 
difficult. When we took stock of what worked well already and where the pain 
points were, we discovered that patients liked the guidance with exercise and 
regular contact with their rehab team, but felt that the rehab program was 
disconnected from the office practice and most importantly, they wished for 
an exercise program they could do at home. So the core problem to solve was 
to design a rehab program that allowed patients to safely exercise at home.

4.5  Summary

Conversations on building a digital heart center often focus on the technology to be 
deployed. It is the fidelity of the ECG tracing on an Apple Watch, or the computing 
power of machine learning that dominates the discussion. But when a more system-
atic approach is applied, starting with identification of the problems to be solved, 
bolstered by careful selection of technology, and executed through an implementa-
tion plan that accounts for success measures and the clinicians responsible for using 
the technology, something bigger happens. The technology becomes a vehicle to 
solve the problems that all of us face in busy modern cardiology practices—how to 
diagnose and treat disease as quickly and efficiently as possible, how to streamline 
data collection so that treatment plans can focus on the patient needs, and most 
importantly, how to leverage modern tools to build deep and meaningful connec-
tions with our patients. At its best, the digital heart center gives us a chance to 
repaint Rockwell’s doctor on a modern canvas.

4 Building the Digital Heart Center



58

Interestingly, the technology to achieve such a goal was minimal. A twelve 
week program with an initial discussion of an exercise plan (after a stress test 
to establish baseline exertional tolerance) and regular check ins via phone 
solved the problem. Initially we discussed including an app based rehab pro-
gram that collected activity and BP/weight data, but understanding that while 
interesting, that technology did not solve our core problem meant that we held 
off. The reduced technical lift meant that we were able to quickly deploy and 
expand a virtual home based cardiac rehab program with minimal financial 
investment.

Defining success in this case stemmed from the core problem, which was 
completion adherence. We knew if we had a program with a higher rate of 
completion than 7%, we would have a successful program. Amazingly, after 
1 year, our completion percentage was >70%.

One lesson for me in the design of our virtual cardiac rehab program was 
that technology should fit the core solution. In this case, the most appropri-
ate initial tool was a telephone, despite the availability of shinier objects! 
Recognizing this early meant more rapid deployment at a significantly 
lower cost.

Case 2: The electrophysiologist in your practice has been wondering about 
a new way to consult on patients who need primary prevention devices. He 
is interested in minimizing the amount they need to travel to see him, and 
because he notes the physical exam doesn’t add much to a consultation to 
discuss device placement, he has been wondering about virtual methods of 
consultation. However, he says that the device battery itself is an important 
and useful part of the consent discussion, and so is concerned about the use 
of virtual consults.

Question 1: What is the core problem?
Question 2:  What are the potential communication tools that can be used to 

solve the problem at hand? Which one will work the best?

Discussion: In this circumstance, understanding more detail about the 
core problem helped elucidate the right solution. In asking the electrophysi-
ologist what about the device was useful, he said that it was seeing the device 
that gave the most information. Understanding the dimensions of the battery 
offered patients who were anxious about having the implant some comfort. 
Evaluating virtual communication tools through this lens made the answer 
obvious—while a secure message with a picture would solve the visual prob-
lem, it wouldn’t allow for a conversation/informed consent. A telephone call 
would lose the visual portion, so a video consult was the optimal solution. By 
doing video consultations for new devices, patients could comfortably under-
stand the risks of their upcoming procedure without being burdened with a 
drive to the office.
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Case 3: Your traditional cardiology practice has been disrupted by a global 
pandemic of a highly infectious disease. You are particularly concerned about 
patients presenting to hospital emergency rooms with rapid atrial fibrillation, 
as these patients are most vulnerable to the infectious disease. Your organiza-
tion is supportive in helping you build a home based hospital program for 
patients with rapid atrial fibrillation but has asked you to design a solution.

Question 1: What are the core problem(s) to be solved?
Question 2:  What technologies will be required to build such a program? 

What other resources will be needed?
Question 3: How will you measure success?

Discussion: A highly relevant problem in 2020. The answers to these ques-
tions will vary by practice and by population, but for our practice, the core 
problem was safely managing patients with rapid atrial fibrillation outside 
the hospital. What this meant for us was the ability to (1) Be sure the patient 
was safe to be home (2) monitor heart rate periodically (3) Administer oral 
medications intermittently and (4) Connect with the patients virtually 1–2 
times per day as needed. These four considerations structured the problems 
to be solved and thus the solution.

To begin with, we needed to define who would be safe to go home. Because 
rapid atrial fibrillation is a condition of symptoms in most cases (and not a life 
threatening arrhythmia), we could use entry criteria for a home based hos-
pital program to set safety guardrails. Patients with hemodynamic instability 
or evidence of heart failure, for example, would not be candidates for a home 
based program. Delving deeper into our heart rate monitoring requirements, 
we realized that medication titration really only required a measurement of 
pulse and BP—parameters that a patient could be taught to do in the ED prior 
to discharge. Doses of oral medications could be sent home with the patient for 
titration under the guidance of a physician and virtual connections could be 
established using our existing virtual tools (telephone/video/secure messages).

Definition of success for us was solving the patient’s problem without 
requiring hospitalization.

In this case, having an existing framework to design new solutions meant 
that we could quickly adapt to a seismic shift in the landscape of care in a safe 
and measured way.
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Chapter 5
Financial Value for Cardiovascular 
Telemedicine

Andrew Watson and Ritu Thamman

Telemedicine has been present in healthcare for over 20 years, and initially it solved 
fundamental challenges and focused on the technical aspects that enabled it. Starting 
with the digital era revolution in the United States, the time between 2007 and 2015 
saw a technological transformation. This digital transformation enabled hospitals, 
doctors, patients, and all the types of telemedicine and created a new horizon for 
virtual clinical delivery. This new view of telemedicine began to surface our under-
standing of its financial value.

Healthcare, at its most fundamental level, is dedicated to providing healthcare 
for patients, and it is based on business models. Therefore, telemedicine is provid-
ing care for sick patients and also providing well care, but it has to follow a sound 
financial model. The rise of the technical capabilities of telemedicine has enabled 
financial experts to begin to understand the long-term and more holistic model that 
incorporates telemedicine into the business of healthcare. Telemedicine continues to 
evolve, primarily through remote patient monitoring, and the outcomes are growing 
in terms of volume and a level of sophistication. Therefore we have reached a cru-
cial point in telemedicine where virtual activity must be based on financial models 
with a sound economic underpinning.

All the major cardiovascular diagnoses can be impacted by telemedicine: CHF, 
AFib, CAD/STEMI, and HTN. The COVID era of March through May of 2020 
forced healthcare almost entirely to be delivered through telemedicine. There were 
services such as surgery or face-to-face emergency care, which followed the tradi-
tional in-person methodologies. Still, in essence, the rest of the delivery system 
went virtual in an emergent fashion. This gave us a unique perspective on 
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telemedicine’s financial value and accelerated the adoption of telemedicine through-
out the United States. As the first wave of COVID slowed in June 2020, the health-
care systems looked to understand the new norm, which is a combination of 
telemedicine and face-to-face encounters, all of which are based on the financial 
model behind telemedicine [1]. With cardiovascular medicine for both sick and 
patients, telemedicine represents a significant opportunity to provide value and, in 
particular financial benefit.

Financial value falls under the broader rubric of value as a whole, and value is 
defined as the cost of healthcare combined with the quality healthcare. The cost of 
healthcare is based on the unit price and the rate of utilization. Therefore, telemedi-
cine’s financial value for cardiovascular care can be impacted by changing the unit 
cost, the rate of utilization, and quality of care metrics, which increase in impor-
tance. The quality of care is a critical feedback loop for the financing of healthcare, 
for both the hospital and payer side. Hospital and payer quality metrics govern the 
high-level funding of all healthcare. Therefore, when we discuss cardiovascular 
telemedicine care’s financial value, the quality of care is an important consideration. 
Now that telemedicine is becoming more commonplace and more central through-
out healthcare, defining its monetary value is critical not only for how payers, pro-
viders and hospitals use it today but also in long-term tactical integration. The year 
2020 represents a landmark year for the deployment of telemedicine. Still, behind 
the scenes, it also represents the defining moment for how we position time tele-
medicine for financial value moving forward.

Cardiovascular medicine has been at the forefront of innovation to advance 
patient care during the digital era revolution in the United States. The cardiovascular 
digital transformation enabled the creation of a new horizon for virtual cardiac care 
delivery. As infrastructure changed, telemedicine required the development of a 
financial model to parallel the novel care paradigms. The implementation of tele-
medicine has the potential to cut healthcare costs by an estimated $7 billion a year 
in the United States alone [2].

Financial leaders in institutions and practices now must devise a long-term model 
that incorporates telemedicine into the business of healthcare. During the COVID-19 
era of March through May 2020 healthcare was forced to be almost entirely virtual. 
There were services such as surgery or in-person emergency care, which followed 
the traditional in-person methodologies however, the rest of the delivery system 
went virtual in an emergent fashion. This gave us a unique perspective on telemedi-
cine’s financial value and accelerated the adoption of telemedicine throughout the 
United States.

Reducing or containing the cost of healthcare is one of the strongest motivators 
to fund and adopt virtual care technologies. Telehealth reduces the cost of healthcare 
and increases efficiency with better management of chronic diseases, shared health 
professional staffing, reduced travel times, and fewer or shorter hospital stays. 
Telemedicine’s financial value for cardiovascular care can be impacted by changing 
the unit cost, the rate of utilization, and quality of care metrics. Hospital and payer 
quality metrics govern how we define monetary value and are critical in establishing 
how payers, providers and hospitals create a blended and in person care model.
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5.1  Defining Financial Value in Telemedicine

Telemedicine has three key facets, which influence integration into clinical cardio-
vascular care and financial value. Clinical outcomes, access to care and patient 
experience are all essential to financial success. The recent history of telecardiology 
has evolved over the past two decades. From 2000 to 2010, synchronous video visits 
to live rural clinics, access to care over broadband, remote EKG readings, tele- 
echocardiography and video consultations were predominant. The payment meth-
odologies were often standard contracting fees for subspecialty cardiac care. The 
system wide downstream value of expanding outreach using these remote clinics 
was significant and allowed programs to continue, though not necessarily expand, 
especially as reimbursement rates were limited by rural local designation.

The Evolution of Telecardiology

Telephone
visite

Synchronous
video to

rural clinics

Remote EKG
readings

Image
transfers and

eConsults

Access to
care over

broadband

Remote
monitoring and
EMR integration 

Each of these three areas (asynchronous, live video-based and RPM care) of 
telemedicine has financial implications for the field of cardiovascular medicine, and 
each in a very different way (Table 5.1). As these three areas evolve, their integra-
tion into the healthcare systems and physician offices will impact the root level 
finances of healthcare. They may add more capability for encounter and manage-
ment billing, they might provide significant value for risk arrangements such as pay 
for performance, or they could play a significant role for cost avoidance which is a 
positive in a bundle type setting or a negative for reducing hospital utilization. 
Therefore, watching the evolution of telemedicine and understanding the basis for 
its financial value is critical for cardiovascular virtual care evolution.

In the wake of COVID-19, the use of telemedicine grew exponentially causing 
the value of telemedicine to increase. Catalyzed by necessity and supported by 
emergent regulatory implementations, many cardiology practices globally transi-
tioned to primarily virtual care for some portion of 2020. This has allowed health-
care systems to see the potential financial benefit of telemedicine deployment on a 
large scale. The two most influential factors in creating a positive financial impact 
using cardiovascular telemedicine are space utilization and clinician top-of- license 
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care. Optimizing these factors has long driven cost savings in outpatient medicine, 
and the use of virtual care clearly supports decreased space utilization and increased 
staff engagement [4].

5.2  Financial Impact of Telemedicine Based 
on Location of Care

Telecardiology care delivery influences the financial impact of the provision of vir-
tual care. There is data supporting the financial impact of both hospital-based and 
outpatient care models of in-person care and now telemedicine, with each demon-
strating unique financial advantages and challenges. The cost of implementation 
and maintenance of telemedicine systems must be incorporated into the value equa-
tion. The use of in hospital telemedicine allows for increased community based 
care, maximizing the physical use of those locations, while expanding expert clini-
cian reach. The development of efficient telemedicine clinics reduce clinical reve-
nue and increase operational expense, thus adequate design and implementation is 
critical. The consumer-electronics market has enabled patients to purchase their 
own phones, wireless plans, computers and broadband plans that minimize the 
financial outlay for hospitals and outpatient offices for home telemedicine. Much of 

Table 5.1 Types of telemedicine tools

Store and 
Forward 
Asynchronous 
Care:

During the early 2000s, methodologies such as teleradiology and store-and- 
forward technologies became the norm. A similar approach in cardiovascular 
imaging and electrophysiology monitoring is now utilized for capturing data 
in remote geographic locations. It reduces workforce redundancy which is 
appealing to hospitals with low margins who cannot afford to have 
underutilized physicians at remote sites.

Live Video- 
based Care:

From 2010 to 2015 this new type of telemedicine evolved based on the 
maturation of consumer-electronics, cellular technology and smartphones. 
Although it was initially used in the urgent care setting, this technology has 
become incorporated into electronic health records (EHRs) and the basis for 
large telemedicine platform delivery companies such as Teladoc. MD Live 
and American Well. There are key features developed around the live video 
visits such as waiting rooms, documentation, and registration that enable large 
cohorts of patients to be seen by multiple providers akin to a normal busy 
clinic. During the COVID-19 pandemic, the hospital and doctor financial 
revenue became almost entirely dependent on this technology.

Remote Patient 
Monitoring 
[RPM]:

This is an asynchronous form of telemedicine where data is gathered from a 
patient at home or a remote location, the data is filtered by a central intake 
setting such as a call center and is fed into source systems such as EHRs. In 
comparison to face-to-face visits for data gathering such as BP measurement 
in a clinic, these systems allow practices to monitor many patients 
simultaneously, for example allowing rapid iterations of BP medication 
adjustments leading to shorter time to guideline directed medical therapy and 
target goals [3].
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the expense for patients at home is “free”, which is a major benefit for scaling all 
types of home-based telemedicine for cardiovascular care. Thus the connectivity 
and integration of telemedicine from the provider side has a real expense, which is 
partially offset by consumers handing the cost of their endpoints. In low socioeco-
nomic settings, communities and employers may need to partner with hospitals and 
patients by investing in the technology infrastructure to promote access to vir-
tual care.

There is research supporting the financial value of telemedicine, which can be 
used to improve upon inpatient and outpatient care delivery by promoting blended 
in-person and virtual care which creates the optimal safety profile while reducing 
healthcare costs.

5.2.1  Hospital-Based Care

 1. Telemedicine based cardiovascular ICU care is already used in approximately 
15% of the beds across the United States [5]. Telemedicine ICU care leads to a 
decreased length of stay, reduced mortality rate and increased quality of patient 
care while financially benefiting the hospital.

 2. Remote inpatient consults have long been used in rural and underserved areas [6] 
and expanded in 2020 in many countries to allow continued comprehensive high 
quality cardiovascular patient care during the pandemic, while also preserving 
revenue generation and fiscal health.

 3. Pre-hospital care from the home or ambulance prior to the patient’s arrival in a 
hospital is a growing use of telemedicine which has demonstrated cost sav-
ings [7, 8].

 4. Telemedicine promotes physician wellness and engagement, thereby decreasing 
burnout associated patient safety errors and decreased patient satisfaction. Costs 
associated with staff turnover, lost revenue from decreased productivity, and 
financial risk with burnout-related lower quality of care highlight the financial 
need for cardiovascular telemedicine [9].

 5. Physicians and practices also benefit from decreased travel time to rural and 
outlying clinic locations, improving strategic implementation of brick-and- 
mortar clinics with increased physician time efficiency.

5.2.2  Outpatient Care

 1. Pacemaker and defibrillator surveillance based on remote monitoring is well 
established to be safe, efficient and cost effective while also reducing hospital 
visits in the long term [10, 11]. Implantable devices also provide meaningful 
longitudinal patient data while increasing practice revenue [12].
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 2. Physicians in outpatient settings can interpret remote patient monitoring data 
and other store and forward type data gathered from implantable devices, and 
can bill chronic care E&M codes and remote patient monitoring codes [13]. 
Mobile applications for telemedicine evaluation of atrial fibrillation was also 
recently developed for outpatient follow up [14].

 3. Limited echocardiography by nurses in an outpatient heart failure clinic sup-
ported by interpretation by an out-of-hospital cardiologist, has been found to be 
feasible and reliable when using tele-echocardiography in a heart-failure 
clinic [15].

 4. Post-discharge remote patient monitoring (RPM) enables early discharge and 
avoids readmissions and associated penalties [16]. Virtual cardiac rehabilitation 
has demonstrated improvement in exercise capacity, improves cholesterol levels 
& diet quality in a 16 week randomized controlled trial [17].

 5. Telemedicine improves outpatient access by helping patients overcome barriers 
including travel limitations, time off from work, and childcare, thereby benefit-
ing lower socioeconomic groups, primary child caregivers and the elderly [18].

5.2.3  TeleCardiology in the Home

Another new location that impacts how cardiologists practice telemedicine is the 
home (See Home Hospital Case). There is a growing awareness about work from 
home options which impacts physician quality-of-life, burnout and satisfaction. If 
physicians have less burnout and have more flexible hours because they can work at 
home, this provides an opportunity for them to see more patients or be more effi-
cient which will translate directly into increased E&M billing. This is additional 
revenue to the physician’s office or the hospital. Most important is maintaining a 
healthy and efficient workforce with low turnover. Staff recruitment, unplanned 
time off work due to burnout and inefficiency are financial stressors to outpatient 
offices and hospitals alike.

There is enough justification to be made for investing in physician wellness and 
engagement. Increased physician burnout is associated with higher physician turn-
over, and decreased productivity which can lead to lost revenue. In addition, hospi-
tals see more patient safety errors and decreased patient satisfaction. Costs associated 
with turnover, lost revenue associated with decreased productivity, as well as finan-
cial risk with burnout and lower quality of care highlight the financial need for 
cardiovascular telemedicine [9].

One important consideration about location-based telemedicine is the expense of 
providing the telemedicine service as the entire financial equation is not entirely 
based on revenue. Telemedicine involves “tele” technology which has a capital 
expenses and also an operational expense. The telemedicine systems and the end-
points such as echo machines that gather the data all have communication needs, are 
depreciated overtime and need routine maintenance. The cost of implementing 
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telemedicine solutions and maintaining them must be added to the value equation; 
typically they are paid for by a hospital or outpatient office.

An incomplete telemedicine technology implementation may result in low pro-
vider efficiency, duplicate patient records, or more technical challenges that lead to 
less productivity and greater maintenance expense. This would reduce clinical reve-
nue and increase operational expense, both unfavorable for the net value for cardiolo-
gists. Therefore, the clinical design and implementation of the technology is critical.

One favorable factor about technology location is that the consumer-electronics 
market has enabled patients to purchase their own phones, wireless plans, comput-
ers and broadband plans that minimize the financial outlay for hospitals and outpa-
tient offices for home telemedicine. In essence much of the expense for patients at 
home is “free” which is a major benefit for scaling all types of home-based tele-
medicine for cardiovascular care.

In summary, the connectivity and integration of telemedicine from the provider 
side has a real expense which is partially offset by consumers handing the cost of 
their endpoints. This creates a valuable future for scaling telemedicine for quality 
and other key clinical outcomes within a viable business model.

5.3  Stakeholder Based View of Cardiovascular 
Telemedicine Care

There is a second way to view telemedicine financial value for cardiovascular care, 
and that is from the perspective of the healthcare stakeholders. The key stakeholders 
include providers, payers, and patients. Although there are commonalities seen by 
location it is worthwhile seeing the care of cardiovascular telemedicine using the 
perspective of these primary stakeholders to tease out nuances and specific quality 
and economic advantages.

Practice Logistics to Support Financial Value (United States)
Practices must develop standardized front-end registration processes for tele-
health patients in addition to in-person appointments. Demographic and 
insurance coverage verification using eligibility software can help maximize 
reimbursement. Addition of new networks to your practice which align with 
virtual care models may also be financially beneficial. CMS publishes a list of 
currently approved telehealth codes and The American Medical Association 
(AMA) compiles the CPT handbook, in which the “starred appendix” includes 
those codes that are telehealth eligible. National and local telehealth policies 
should be reviewed routinely as they will likely change over the next several 
years. These policies may affect licensing and credentialing requirements.As 
a best practice, to understand state-specific policies, providers can check the 
Center for Connected Health Policy State Telehealth Laws and Reimbursement 
Policies Report [19].
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5.3.1  Stakeholders: Cardiologists

Healthcare providers, and cardiologists in particular, benefit financially from using 
telemedicine when caring for their patients as was seen in the location perspectives 
described above. This group of providers also includes advanced practice providers, 
nurses and allied health professionals. Traditional face-to-face visits can be replaced 
to a significant degree with telemedicine, and in the setting of Covid telemedicine 
may be the only modality to reach out to and provide clinical care for patients. The 
main challenge with routine at home telemedicine for cardiologists is the inability 
to listen to heart tones, but not every examination requires such data such as a rou-
tine blood pressure or medication symptom evaluation. There are peripherals and 
digital stethoscopes that can transmit virtual heart tones but they can be expensive 
and or require pairing with a phone. The capabilities and less-expensive such 
peripherals are emerging and may become commoditized in the near future.

If telemedicine care is able to increase compliance with patient visits, one would 
expect to see better quality of care and more E&M revenue captured. Yet, there can 
also be technical challenges with patients setting up video call software on their 
phones or working with remote monitoring which may slow down providers and 
create delays in clinics. These two facts point to a need to educate patients and pro-
viders with training and marketing materials to ensure a value-based deployment of 
telemedicine.

Many cardiologists perform procedures such as implanting pacemakers, implant-
ing defibrillators, and stents during angiograms. Procedural physicians have to do a 
routine post-procedural evaluation of incisions and basic functionality with symp-
tom checking. As has been seen with surgeons, this type of post-procedure or care 
can routinely be handled with telemedicine video visits to the home. This has sig-
nificant benefits to the patients because they do not have to travel. It also impacts 
physician clinical efficiency as they post-procedure patients do not have to be 
roomed, get vital signs, and consume staff time. This typically results in more 
streamlined outpatient clinical operations and saves face to face time for new 
patients and thus new revenue.

Telemedicine also is in the emerging stage of being used to capture new patients, 
especially those from a wide geographical range. Meeting a new patient virtually 
prevents driving and expands a cardiologist’s outreach geography. An in-person 
new visit may be difficult for a variety of social or geographical reasons for patients 
to come for multiple face-to-face clinic visits before or after procedures. Therefore, 
telemedicine enables cardiologists to expand their practice without the inefficiency 
of driving. There are also telemedicine pre-procedural services that evaluate patients 
beforehand to ensure the procedures are successful, the patients are appropriate for 
a procedure, and that the procedure is not canceled. With procedures, there should 
not be cancellations or unnecessary delays because of the negative safety implica-
tions and financial impact.

As cardiologists are rated by patients using vehicles such as Press-Gainey scores 
or CHAPS scores, they are held accountable for post-procedural or post-hospital 
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care. Using technology such as remote patient monitoring and video visits to 
increase routine access without driving can prevent readmissions or early transfers 
back from nursing homes. In other words, telemedicine is a risk mitigation strategy 
and a patient satisfaction strategy that impacts reimbursement and provider ratings. 
Patients are favorably responding to telemedicine and the avoidance of unnecessary 
driving.

As discussed above, burnout with physicians is becoming commonplace, and 
therefore if a hospital or a practice group is trying to recruit a cardiologist to join 
them, offering telemedicine is essential [20]. Giving doctors flexible schedules 
that facilitate individual styles of practice can reduce burnout and may be more 
feasible with telemedicine [21]. Telemedicine offers the flexibility of work from 
home or other strategies to prevent burnout. Telemedicine based employee assis-
tance programs or employer health clinics will result in a healthier and more 
productive workforce, directly tied to bottom-line financial performance.

Physicians, especially those in private practice and those in large academic medi-
cal centers may have to drive to multiple clinics to cover sufficient geography for 
referrals and recruiting procedures. Driving wastes valuable time and also incurs 
travel expenses. Therefore, using telemedicine to engage or replace remote clinics 
strategically is a useful and efficient way to cover or expand a cardiologist’s 
geography.

Therefore, telemedicine can offer a wide array of benefits for providers from 
reducing travel time, a better quality of life, expanded patient catchment arê, and 
more efficient clinics. The diverse nature of telemedicine from the providers’ per-
spective has made it challenging to quantify the exact bottom line of the financial 
impact. Over time, analytics and finance teams focusing on telemedicine will start 
better to quantify the financial performance for the cardiology community. 
Inherently and intuitively, telemedicine adds economic value in its current form, 
and it will only increase in value over time.

5.3.2  Stakeholders: Payers

Payers are one of the most important stakeholders when discussing telemedicine’s 
financial advantages when taking care of patients or members who have cardiovas-
cular diseases (See Medical Diagnoses using Remote Patient Monitoring). Payers 
represent a critical waypoint between employers and front-line healthcare. Payers 
also offer care delivery methodologies by their care teams such as pharmacists or 
care managers who interact directly with members to promote health and wellness. 
Payers can impact the financial landscape of telemedicine through payment poli-
cies, benefit design, sales channels, government bid process, and, more specifically, 
to third-party payers how they manage their Medicare advantage.

Payers directly control the financing of telemedicine through policies that dictate 
reimbursement for telemedicine services. They also contract individually with the 
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delivery side of healthcare and negotiate rates that include telemedicine services. 
Payers also help manage risk, especially with chronic diseases within their member 
cohort, using care managers. These teams can impact the total cost of care, unplanned 
utilization of care, and ancillary authorization. All of this directly affects the finan-
cial advantages and value of telemedicine care for cardiovascular patients. How 
they work with physician groups, hospitals, or the network at large through tele-
medicine services can have a significant impact on their medical spending across all 
business lines.

The Covid epidemic in particular highlighted the use of telemedicine when CMS 
expanded the codes for the use of telemedicine. Their forward leaning view was 
important to show the use of telemedicine for traditional E&M visits and in risk 
arrangements.

Payers also are looking to utilize niche telemedicine solutions for particular dis-
eases such as COPD, diabetes, and heart failure that tend to be focused on remote 
monitoring solutions. For example, using asynchronous text messages improved 
glycemic control in patients with diabetes mellitus and coronary heart disease [22]. 
These telemedicine solutions help to help manage costs for those high spend patients 
and also coordinate aspects of their care such as medication reconciliation or social 
determinants of health. Companies such as Livongo offer a suite of remote clinical 
services that could augment outpatient or inpatient cardiovascular care, and overall 
could favorably impact the spend on these patients. Many chronic diseases have 
ineffective management contributing to increased health care. Remote patient moni-
toring RPM can an effective tool for assisting in the self-management of chronic 
CVD risk factors like diabetes as shown by the Mississippi Diabetes Telehealth 
Clinical Care model [23].

Another key area for payers is access to care for their members, and clearly tele-
medicine is one of the critical new tools to provide virtual access. The other 

Medical Diagnoses using Remote Patient Monitoring
Medical diagnoses involving remote monitoring are ideal for payer supported virtual 
care
1.  Asynchronous text messages improve glycemic control in patients with diabetes 

mellitus and coronary heart disease [22].
2.  Remote clinical services augment outpatient and inpatient cardiovascular care, while 

favorably impacting cost [14].
3.  Telemedicine models assist self-management of chronic CVD risk factors including 

glycemic control, weight and blood pressure reduction and increase in physical 
activity [23].

4.  Mobile health use reduces risk of rehospitalization and clinical adverse events in 
patients with atrial fibrillation compared with usual care [24].

5.  Home blood-pressure telemonitoring among adults in the US with uncontrolled 
hypertension, a 1 year intervention led to over 4 years of target BP measurements 
[25].
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traditional options of face to face clinics and inpatient care are typically expensive 
and can be difficult to control the unplanned and total spend. Synchronous audio-
video telemedicine consults can take care of patients remotely and avert more 
expensive care settings and decrease costs [26].

Even if the patient stays at home, visiting nurses can drive to the patient’s house 
which is still episodic and leverages E&M billing which is a cost accelerator. So the 
ability for telemedicine to provide access to patients at home or in other remote 
locations including care facilities is very important for care coordination, chronic 
disease management, and cost avoidance.

There have been challenges for the payer community in deploying telemedicine 
and their constant focus on financial value, and one area is the evolution of RPM. For 
congestive heart failure patients there is real promise for RPM, yet to date there are 
not the financial returns that would drive long term payer financing mechanisms put 
in place behind it. On the other hand, a recent study of Mobile Health technology 
use found reduced risks of rehospitalization and clinical adverse events in patients 
with Atrial fibrillation with it compared with usual care [24]. A good portion of this 
initial literature is likely due to early operational models and evolution of the RPM 
technology, but nonetheless there remains the promise that the RPM early warning 
system should help to provide value to the payers and help the patients avoid the 
care and financial challenges of unplanned care.

Third-party pears in the United States are also very cognizant of their star ratings 
and their health effectiveness and data information set (HEIDS). Star ratings are 
impacted by HEDIS scores and there is real hope that telemedicine can help close 
HEDIS gaps to increase scores and thus revenue. As payer quality becomes more 
dependent on subjective feedback, the member’s convenient access to care using 
telemedicine should favorably impact those quality metrics and eventually revenue. 
For example, home blood-pressure telemonitoring among adults with uncontrolled 
hypertension, a substantial percent of all hypertensives in the USA, showed that 
after 1 year after intervention, BP remained significantly better, and didn’t return to 
“usual” levels for over 4 years [25].

The largest payer in the US is the federal government, CMS, which has been 
supporting telehealth and expanding its support through increased codes and oppor-
tunities surrounding COVID. On March 172,020 CMS announced temporary tele-
medicine codes building upon the regulatory flexibilities granted under the 
President’s emergency declaration allowing beneficiaries in all areas of the country 
to receive telehealth services, including at their home through a new waiver in 
Section 1135(b) of the Social Security Act. This explicitly allows the Health 
Secretary to authorize use of telephones that have audio and video capabilities for 
the furnishing of Medicare telehealth services during the COVID public health 
emergency.

Even before the COVID pandemic, CMS was expanding the number of codes for 
reimbursement for RPM and the ability to conduct remote telemedicine visits using 
traditional E&M coding in the US. CMS and the administrator are openly support-
ing telemedicine. The Wall Street Journal quoted Seema Verma, head of CMS, 
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saying “the Genie’s out of the bottle” alluding to the COVID pandemic causing 
telemedicine to escape from its dormant confined state into an accelerated larger 
form [27]. With the COVID pandemic, the telemedicine landscape shifted from a 
nice to have feature to mission critical with financial value as the most important 
driver of its continued growth.

Urgent care issues addressed with on-demand telemedicine and behavioral 
health were adopted early in the US payer community for reimbursement. However 
since 2020, the payer community, through multiple and overlapping strategies, are 
seeing the financial value of longitudinal cardiovascular telemedicine for preven-
tion, chronic disease management and early identification of acute cardiovascular 
needs and putting in place high-level financial controls to drive its expansion 
and value.

5.3.3  Stakeholders: Patients

There are multiple ways that patients themselves benefit financially from telemedi-
cine when they have cardiovascular diseases. One of the most common ways is not 
having to travel to the clinic. Patients with cardiovascular disease typically require 
longitudinal follow-up, short interval follow up after procedures or routine medica-
tion adjustments. When patients have to travel, there is the cost of gas, tolls, park-
ing, and meals, not to mention time off work through lost wages or having to pay for 
childcare. Older patients also could have a difficult time driving, and therefore have 
to pay someone to drive them or find a relative or friend who also has to take time 
off work to provide transportation. The cost-benefit of telemedicine has been recog-
nized as it avoids the expense and hassle of patient travel.

Also, as patients now have high deductible accounts through employers and pay-
ers and are more at risk for their health; having access to care can be less expensive 
at times if they engage the healthcare system virtually. Many payers offer lower 
copays for virtual first services, which directly reduces the expense of seeking 
healthcare. Patients can also get lower-cost advice about care options using tele-
medicine before incurring high-cost and high-deductible in-person services.

The most important part of patients using telemedicine is receiving high-quality 
care for health and well care. Still, there are undoubtedly direct avoided costs that 
can be of significant cumulative value for patients who require longitudinal cardiac 
care such as patients with complex heart failure to those with uncomplicated hyper-
tension who require medication adjustments. It is easier to use RPM and a home 
blood pressure cuff then to travel several hours every month or two to keep their 
blood pressure checked and medication adjusted.
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5.4  Summary

Telemedicine is now a foundational element of cardiovascular care delivery and 
benefits all healthcare stakeholders. Telemedicine impacts the entire spectrum of 
care delivery including consumer engagement, hospital based ancillary care, and 
home, outpatient, ICU and consultative care. Payers now look to telemedicine for 
access, care management and value. Over time, if quality and cost analyses are set 
up correctly, the field of cardiology will efficiently use telemedicine to optimize 
clinical and financial value for cardiologists, hospitals, payers, and most impor-
tantly, patients. We have reached a crucial point in telemedicine where virtual activ-
ity must be based on financial models with a sound economic underpinning.
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Chapter 6
Telemedicine as a Cardiovascular Center 
Growth Strategy: Patient Experience, 
Provider Satisfaction and Improved Access

Jaclyn A. Pagliaro and Ami B. Bhatt

Cardiology presents itself as the ideal specialty for developing a reproducible struc-
ture for health information technology. It is immensely data driven and most guide-
lines have algorithms to provide comprehensive patient care. Telemedicine enables 
clinicians throughout the world to continually manage large populations at a dis-
tance, rather than with episodic in-person care alone [1]. Technologies such as 
Bluetooth enabled devices for heart rate, blood pressure, weight, oxygen saturation 
and activity monitoring create real-time individual cardiac fingerprints, which pro-
vide insight for the care team.

The widespread dissemination of telemedicine also enables frequent assessment 
and high-touch interventions. The field of cardiac monitoring and treatment devices 
is one of the most advanced in the medical subspecialties. This affords clinicians 
with an existing framework for the mechanisms and workflow for remote data col-
lection and analysis, as exemplified in hypertension, electrophysiology, heart fail-
ure, cardiac rehabilitation and most recently in cardio-obstetrics (Table 6.1).

6.1  Patient Experience

The National Quality Forum has three recommended domains for telehealth mea-
sures: access, experience and effectiveness. Telecardiology is effective in all three 
areas, and has specifically been found to reduce the rate of hospitalizations and 
readmissions, improve morbidity and mortality rates, cardiovascular outcomes, 
access and quality of life, and increase cost-effectiveness and self-management of 
cardiovascular disease [7].
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A recent use of telemedicine that is particularly useful to cardiovascular center 
operations is virtual pre-admission testing and evaluation. These virtual evaluations 
have been found to reduce overall patient time in the inpatient setting pre- operatively 
and improves patient satisfaction without increasing the operative case cancellation 
rate [8]. Streamlining periprocedural care without the use of physical hospital space 
and personnel allows for timely assessment and patient preparation. Patients and 
families are especially appreciative of both the convenience and inclusivity of the 
process, allowing for fewer missed days of work periprocedurally, as well as 
increased caregiver involvement leading to decreased anxiety.

Table 6.1 Successful telemedicine implementation studies by subspecialty

Hypertension [2] In a pilot study, patients were supplied with Bluetooth blood pressure 
monitors that transmitted data in real-time to their electronic medical 
record. They were asked to measure their blood pressure at home for one 
week; twice daily in the morning and evening in duplicate, prior to caffeine 
or taking antihypertensive medications. Then weekly BPs would be 
averaged and antihypertensive medication titrations were made utilizing an 
algorithm. In this program, control was reached in 81% of patients and in 
91% of patients who were engaged in the program, in an average of 
7 weeks.

Electrophysiology 
[3]

In a comparison study of long-distance telemedicine ICD visits and 
conventional in-person device clinic visits, the telemedicine group was 
found to have lower comorbidity burden based on the Charlson score as 
well as a lower proportion baseline prevalence of afib. During the median 
follow-up of 4.4 years, telemedicine care was found to be noninferior of all 
outcomes.

Heart failure [4] When comparing a remote medication monitoring system to traditional 
management in heart failure patients, the use of telemedicine was 
associated with an 80% reduction in all-cause hospitalization and of those 
who were hospitalized, had a reduced length of stay when compared to the 
usual care arm. Objective device data also indicated 95–99% adherence 
rates for the telemedicine group.

Cardiac 
rehabilitation [5]

Cardiac rehabilitation programs have the potential to reduce morbidity and 
mortality in cardiac patients, while also increasing quality of life. One study 
found that the utilization of cardiac telerehabilitation to overcome the 
barriers and limitations of traditional programs. By increasing the 
accessibility to cardiac rehab it may increase patient volumes and 
adherence, decrease transportation barriers, and allow for personalized 
coaching and support for longer intervals of time. Remote monitoring can 
also also be used to track patient vitals during normal daily activities, which 
allows for closer clinical management.

Cardio obstetrics 
[6]

Obstetric ultrasonographers performed fetal echocardiograms at the 
patient’s local clinic however, the results were given to the mother in 
real-time by a fetal cardiologist at a children’s hospital 243 miles away. The 
study found that neither diagnostic quality nor patient satisfaction was 
hindered by the use of telemedicine. The program empowered the local 
clinicians, offered strong economic advantages to the patients and offered a 
timely, face-to-face, specialty consultation without travel.
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Chronic disease management with virtual visits, asynchronous questionnaires 
and peripheral devices is also evolving. It is no longer limited to heart failure and 
hypertension management but also routine outpatient care and subspecialty care 
including cardio-obstetrics and congenital heart disease. The challenge of an effec-
tive virtual care paradigm is building an infrastructure and developing a toolbox 
from which heterogeneous patient populations and provider preferences can both be 
met to optimize a care delivery plan (Table 6.2).

6.2  Improved Access

Between WiFi and cellular data networks, patients with cardiovascular disease have 
access to rapidly contact their clinicians thus removing proximity from the equation 
of care. Telemedicine has been shown to successfully reduce barriers to traditional 
modalities of care such as access to transportation, travel distance and time, lack of 
childcare and loss of work productivity while providing comprehensive medical 
care with the same or greater effectiveness [7]. The use of digital health, monitoring 
vitals with wearables, asynchronous screening tools, virtual visits for medical man-
agement and behavioral health are revolutionizing the delivery of care in the face of 
social barriers to health (Table 6.3).

Social determinants including financial barriers and access to nutritious meal 
plans further create challenges in implementing cardiovascular health recommenda-
tions. Engaging with patients via video and in their homes allows care teams to 
better understand the individual circumstances, which may influence compliance 
with medical and lifestyle advice. This allows personalization to create a successful 
healthy lifestyle partnership. The involvement of family members in discussion, 

Table 6.2 Telemedicine utilization for pre-admission, inpatients and post-discharge follow up

Chronic care & 
pre-admission 
monitoring

The remote clinical management of outpatients allows for remote patient 
monitoring using wearable devices. The data collected remotely can then 
be used to support the decision-making process of physicians.

In-hospital 
telecardiology

Most applications of in-hospital telecardiology refer to real-time 
collaborations between small hospitals and tertiary care centers. Examples 
include rural hospitals consulting larger institutions for the diagnosis or 
exclusion of congenital heart disease in newborns, or for acute stroke 
management.
However, since the emergence of COVID-19 in-hospital telemedicine has 
been increasingly used between clinicians for teleconsultations to provide 
comprehensive care while reducing exposure and decreasing PPE 
utilization.

Post-hospital follow 
up

Close post-discharge follow up improves outcomes and reduces 
readmissions and urgent care utilization in patients with heart failure, 
arrhythmias and implantable devices.

Source: Kruse et al. [7]
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Table 6.3 Evaluating access, experience and efficacy of telemedicine implementation

At-risk populations International 
patients

Procedural patients Urgent and 
emergent care

Access –  Increase access to 
subspecialty care

–  Promote 
continuous rather 
than episodic 
chronic disease 
management

–  Identify increasing 
risk earlier and 
intervene

–  Bring tertiary 
care to novel 
populations

–  Create a 
unique 
growth and 
branding 
opportunity

–  Increase 
education and 
sharing of 
best practices 
across 
institutions

–  Increase 
throughput of 
pre- and 
post- operative 
evaluation

–  Decrease 
readmission and 
ED utilization 
with high-touch 
periprocedural 
care

–  Prioritize 
interventional 
timing with 
virtual 
monitoring 
(RPM, 
asynchronous, 
video)

–  Allow rapid 
assessment and 
triage to the 
correct level 
and location of 
care (ie, cardiac 
clinic, 
community ED, 
tertiary ED)

–  Aid smaller 
institutions and 
practices with 
urgent expert 
evaluation

–  Increase 
expertise of 
pre-hospital 
care delivery in 
the field with 
virtual 
consultation

Experience –  Decrease time and 
cost associated 
with travel to visits

–  Allow family 
participation

–  Increase sense of 
respect for patient 
and dismantle the 
physician-patient 
hierarchy

–  Allow for 
consultation 
and 
world-
renowned 
expertise

–  Create access 
in areas 
where 
healthcare is 
lacking

–  Promote 
continuity of 
care among 
international 
patients, local 
clinicians and 
remote 
clinical teams

–  Decrease time 
spent 
periprocedurally 
in the hospital

–  Decrease 
discomfort of 
travel

–  Increase rapidity 
of access to 
medical 
expertise when 
health-related 
anxiety is 
peaking

–  Increase sense 
of connection 
with the 
practice in 
times of need

–  Encourage 
appreciation for 
team based care 
(more easily 
accepted and 
understood in 
times of need)

–  Allow 
participation of 
family members 
during 
emergent care, 
at times of 
significant 
illness, or 
end-of-life 
situations

J. A. Pagliaro and A. B. Bhatt



79

“kitchen tours” to discuss food availability and choices, and medication storage, 
organization and review are a few successful social assessments which strongly 
influence heart health and are more difficult to address during in-person clinic visits.

6.3  Provider Satisfaction

Physicians have to navigate a rapidly expanding medical knowledge base, increased 
administrative burden associated with the introduction of electronic medical records 
and patient portals and new regulatory requirements for patient care and mainte-
nance of certification. In addition they face an unprecedented level of evaluation 
including quality metrics and improving patient satisfaction [9]. Studies have shown 
that decreased physician satisfaction leads to burnout, which is costly, disruptive to 
clinic workflows and leads to rapid turnover. This collectively negatively impacts 
patient access to care. As a result of the COVID-19 pandemic, clinicians are under 
an even more burdensome workload than normal as well as pressure due to increased 
total health expenditures [10]. Telemedicine may promote physician wellness and 
engagement thus decreasing burnout and associated deficits.

In the Cardiovascular Center, a modern growth strategy optimizes the use of in- 
person and virtual care to improve patient safety, outcomes and satisfaction while 
increasing the efficiency and quality of clinical care, reducing cost and utilization. 
The cardiovascular center approach to care can be divided into disease management 
and acute care, each focus benefitting from a unique blend of virtual, in-person and 
hybrid services (Fig. 6.1).

Table 6.3 (continued)

Effectiveness –  Identify barriers to 
care by evaluating 
home environment

–  Increase touch 
points through 
remote monitoring 
to treat chronic 
diseases that 
disproportionately 
impact these 
populations

–  Increase patient 
education and 
literacy leading to 
better self-
advocacy and 
compliance

–  Increase 
access to 
subspecialty 
expertise

–  Increase the 
diversity of 
the patient 
population 
receiving care

–  Earlier 
identification 
of disease 
progression 
to allow for 
improved 
international 
triage

–  Ensure optimal 
patient 
preparation

–  Engage in close 
post- procedural 
follow up

–  Decrease 
hospital 
readmissions

–  Streamline 
location of 
services

–  Offer pre-
hospital clinical 
support

–  Expansion of 
triage capability
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6.4  Digital Health Implementation

Successful adoption of telemedicine and digital health as a growth strategy eventu-
ally requires integration at the system level of a practice, in inpatient hospital care, 
at skilled nursing facilities, and for at-home and clinic care. In some areas there may 
be remote practices and urgent care centers which require unique digital health 
implementation as well. Sustainable technology will require choosing a platform or 
application. Future iterations of virtual care may then include image interpretation, 
risk prediction, clinical decision support, and eventually artificial intelligence driven 
care. Digital health can also optimize care management by improving upon transi-
tions of care. Payment models will have to align with provider and patient experi-
ence, clinical outcomes, and cost reduction. Telemedicine and digital health will 
therefore need to deliver value on these measurable endpoints. When assessing the 
role of digital health from chronic disease management, there are three tiers of car-
diovascular patient needs which can be addressed. A majority of low-risk patients 
have minimal interventional needs and active surveillance can be performed in the 
community/at home. For the rising risk patients, more intensive at-home monitoring 
enables early intervention decreasing hospital resource utilization. This allows the 
intense care, high risk patients to benefit from timely clinic visits, diagnostic testing 
and procedures, and with advanced monitoring workflows, even some of these high 
risk patients can have an improved trajectory of safe and high quality care with 
continuous rather than episodic assessment (Fig. 6.2).

The IMMACULATE randomized clinical trial [11] of remote postdischarge 
treatment of patients with acute myocardial infarction by allied health practitioners 
vs standard care revealed that among low-risk patients with revascularization after 
myocardial infarction, remote intensive management was feasible and safe with no 
differences in achieved medication doses or indices of left ventricular remodeling. 
Additional studies in higher risk populations are underway and the massive shift to 
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Fig. 6.1 Using fully virtual, traditional visits and hybrid models to manage chronic disease and 
provide acute care
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virtual care in 2020 will likely provide additional data on the efficacy of remote 
monitoring and the ideal populations who will benefit from this strategy.

6.5  Guidelines and Workflows to Support Virtual 
Clinical Care

During the COVID pandemic, virtualizing clinical care resulted in stable quality 
despite moving large populations from in-person to virtual visits. The systems were 
built with the intention to deliver safe care and importantly, allowed in-person visits 
as needed. With the rapidly changing landscape of cardiovascular care and the 
incorporation of virtual care delivery, we need to develop agile systems, which can 
aid clinicians in seamlessly offering and delivering blended care. Every practice 
will require local guidelines regarding tele-triage of patients, identification of 
patient populations or diagnoses which benefit most from remote monitoring and 
workflows to enroll patients and acquire data. Tele-triage can include risk stratifica-
tion for effective early intervention and use of digital therapeutics to enable targeted 
outreach to at-risk patients and optimize medical treatment. Virtual care models can 
aid in the adoption of guideline directed medical therapy by prompting visit fre-
quency, medical uptitration and offering frequent at-home vital sign monitoring to 
allow rapid and safe medication titration and increased patient engagement com-
pared to episodic clinic visits. Integration of clinical care guidelines and prompts 
can decrease loss to follow up by intentionally prompting clinician and patient to 
increase engagement when active management is ongoing, and otherwise allow epi-
sodic check-ins for routine stable care.

High-
Risk

Patients

Rising-Risk
Patients

Low-Risk Patients

5% of patients;
usually with complex
disease(s), comorbidities

Innovative monitoring
and real-time

treatment

Hospital care for
interventional

treatment

Divest from Hospital-
Based Care for Patient

Centric Care

15-35% of patients;
may have conditions
not under control

60-80% of patients;
any minor conditions
are easily manaaged

Fig. 6.2 Patient risk stratification for chronic disease management
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Dashboards which report remote data in a meaningful way for patients and clini-
cians will accelerate patient engagement and promote asynchronous chronic disease 
surveillance. Patients are expressing a desire to remain connected to their caregivers 
and for the healthcare system to harmonize fragmented care. They will need infor-
mation regarding their blended virtual to in-person chronic disease management 
journey and should be offered technical and digital health literacy support. The user 
experience should be seamless to promote patient adoption, facilitating access to 
care while minimizing the footprint of the technology. Blended care assessment will 
also require standardization of data collection of accepted clinical endpoints to 
build virtual clinical decision tools.

Once virtual visits and remote monitoring are implemented and studied, 
AI-driven guidance can be layered onto care in the form of triage assistance, image 
interpretation, risk prediction, decision tree guided testing recommendations and 
clinical decision support. Diagnoses including atrial fibrillation, heart failure 
reduced ejection fraction, chronic secondary prevention of atherosclerotic cardio-
vascular disease and pre and post-procedural evaluation are areas ripe for blended 
care paradigms with clear guidelines for evaluation and management. As always, 
clinical acumen must be superimposed on any virtual care workflow, remote moni-
toring mechanism or AI driven decision aid.

When considering a digital health strategy for cardiovascular center growth, 
establishing goals and then the tools to accomplish those goals is essential. Access 
to high quality patient care, patient, clinician and community education and 
presence are all necessary in a growth strategy (Fig.  6.3). In the era of digital 
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education and literacy, telemedicine and mobile health are also accompanied by 
social media as a platform for patient and clinician education, entrepreneurship, and 
industry interaction. The skill sets needed to navigate these varied facets of the car-
diovascular center footprint require multidisciplinary coordination across clinical, 
administrative and technology teams with a clear shared vision to engender success.

6.6  Quality Measures in Virtual Care

As telemedicine continues to be integrated into cardiovascular care models, a 
comprehensive understanding of outcomes and expectations, from the clinicians’ 
and patients’ perspective, is required to advance care provision. Blended care chal-
lenges the concept of quality of virtual care as not all individuals will use the same 
ratio of virtual and in-person care. This reminds us that virtual care cannot be con-
sidered as an isolated mechanism of care delivery and therefore quality measures 
need to account for the spectrum of care from asynchronous to synchronous at a 
distance to in-person care. Importantly, the implementation of sustainable, virtual 
and in-person blended care requires that quality measures, backed by data, must 
extend beyond patient adoption and experience.

Practices must determine the high-priority goals for blended care implementa-
tion and create quality measures to assess achievement of those endpoints. 
Assessment of variables including access and compliance have already begun, how-
ever longevity and quality of life in cardiovascular patients requires assessment of 
mortality, disease progression and hospital admissions. Identifying quality metrics 
to specifically address patients with high resource utilization is a pressing clinical 
and financial healthcare challenge where telehealth may be leveraged to address 
social determinants of health and co-morbidity progression in addition to cardiac 
disease management.

Once priority goals are identified, the methods of evaluating virtual visits, asyn-
chronous care and digital health data streams must be defined. National efforts by 
cardiovascular societies will be essential in standardizing an approach to evaluating 
effective telemedicine strategies. Drivers of optimization for synchronous and asyn-
chronous care include the quality of data, contextualizing data, trends of data, and 
building intelligence to create relevant data interpretation. Optimal inputs to evalu-
ate blended care include experiential, clinical and utilization metrics. Validated 
instruments like patient reported outcomes (PROs) which report the status of a 

Telemedicine is now the fastest growing modality of healthcare delivery. It is 
our responsibility in the healthcare industry to ensure timely, effective, equi-
table and patient-centered care. This responsibility lies with the digital tech-
nology companies, their investors, hospital systems, payors, clinical teams 
and the patients.
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patient’s health condition without any interpretation by the patient’s clinician [12] 
could be the first metric to transition to digitized models and be administered 
broadly to patients receiving virtual care. In heart failure, PROs are incredibly pre-
dictive of quality of life and outcomes and even if a patient is not involved in digital 
care, the PRO could be delivered digitally.

Advances in digital technology can improve clinical workflows and drive patient 
empowerment [13]. Clinical workflows can now include assessment with remote 
patient monitoring to now allow daily vital signs and medication adherence to 
improve clinical insights into the success of treatment plans (Fig.  6.4). Patient 
empowerment will increase as clinicians and patients can use these parameters to 
collaborate to improve engagement strategies and devise comprehensive cardiovas-
cular care plans. Digital devices which generate automated alerts for patients will 
further involve them in their care and make them responsible for their own data. 
Collaborations between cardiovascular centers and industry will certainly acceler-
ate the adoption of new technologies. The inclusion of patient advocacy groups will 
increase dissemination and adoption. Hospital patient family advisory committees 
should be rapidly introduced to cardiovascular center goals and strategies around 
digital health for active feedback, while associations with national advocacy organi-
zations such as the American Heart Association, Marfan Foundation, Adult 
Congenital Heart Association and others should also incorporate their leadership 
and membership in the digital transformation of cardiovascular care delivery. 
Subspecialty care programs can serve as opportunities to closely examine the use 
cases, patient and provider engagement and downstream quality, outcome and 
financial metrics in telemedicine based blended care.

Follow-up for
symptoms

Review of data

Routine follow-up

Pre-operative
planning

Post-operative
follow-up

4 %

3 % 15 %

30 %

48 %

Fig. 6.4 Use cases for video visits in the MGH ACHD multidisciplinary program prior to 
COVID-19
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Long term, the establishment of cardiovascular care delivery registries at large 
centers will enable quality assessment of digital tools, rapid iterations of care deliv-
ery models and opportunities for research and publication. Such registries will also 
aid in creating dashboards to ensure equitable access and care provision in the com-
munity. In the near-term to support clinicians and patients, vetted assessments of 
existing digital health platforms and products, perhaps with consideration of inte-
gration for a select few, will lessen the burden on the Cardiovascular center physi-
cian from feeling isolated in the transition to blended care. Lastly, the strategic 
mission of any cardiovascular center will now benefit from identifying the role of 
(and barriers to) telemedicine and digital health integration in emerging models of 
patient care and clinical research.

6.7  Conclusion

Telemedicine will undoubtedly be integrated in the future of cardiovascular health-
care delivery. The utilization of telecardiology can lessen physician burnout, disas-
semble the physician-patient hierarchy and allow patients to more rapidly meet their 
cardiovascular goals. Remote monitoring can also enhance chronic cardiac disease 
management and decrease the rate of hospital admissions thus reducing the overall 
cost of healthcare. Telemedicine increases the accessibility of care, efficiency of 
management and decreased utilization of resources, overcoming barriers to address 
social determinants of health.

The major goal for a cardiovascular center is to create an agile infrastructure to 
incorporate virtual care into the existing in-person workflows. In some areas, such 
as electrophysiology, the transition may be smooth and require minimal change 
based on the previous utilization of remote monitoring. Similarly, heart failure pro-
grams have already begun to optimize asynchronous and synchronous care, pre-
venting readmissions, addressing disease progression early in its course, and 
significantly improving patient quality of life and satisfaction. In areas significantly 
dependent on the physical exam, such as valve programs, there will be a blend of 
remote and in-person care, a clear advantage to pre- and post-procedural virtual 
access, and the need to build out digital stethoscopes and remote detection of atrial 
fibrillation, for example. For rare diseases including adult congenital heart disease, 
telemedicine has increased access to specialized care and improved patient 
engagement.

For all of these circumstances, the diagnostic accuracy of telehealth applications, 
the ability to obtain actionable information to inform decision making and systems 
to communicate among teams and with patients in a timely manner will impact the 
cardiovascular center’s success with virtual care delivery. The reward is extensive, 
with increased patient and clinician satisfaction and a proactive, equitable, personal-
ized system of cardiovascular care delivery.
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Case Study

STAT: A Digital Tool for Saving Lives at the Bedside
By Andrew L. Chu, MD, MPH, Joshua C. Ziperstein, MD, Blake A. Niccum, 

MD, Melvin G. Joice, MD, Eric M. Isselbacher, MD, MHCDS, Jared Conley, MD, 
PhD, MPH

Background
Hospitals have standardized protocols for inpatient clinicians to follow when 

confronting medical emergencies that carry a high risk of morbidity and mortality. 
Since these high acuity events (e.g. STEMI, stroke, airway emergency) occur with 
relatively lower frequency, clinician familiarity with workflows to expedite diag-
nostic and therapeutic interventions is often not fully optimized. These life-saving 
protocols can be difficult to access while caring for an acutely decompensating 
patient at the bedside, since they are often contained within e-mails or intranet web-
sites. Although this has always been problematic during normal day-to-day opera-
tions, it was exacerbated by the COVID-19 pandemic.

Problem
In April 2020, Massachusetts General Hospital (MGH) had the highest number 

of COVID-19 confirmed admissions in Massachusetts. In order to accommodate 
this significant surge in patient volume, hospital leaders transformed existing clini-
cal spaces into COVID-19 floors. These units were staffed by existing internal med-
icine (IM) staff as well as redeployed clinicians from other specialties (e.g. primary 
care, pediatrics, radiology). These redeployed clinicians had a wide range of depth 
and experience in mobilizing and working together with the MGH specialty teams 
that help manage these low-frequency, high acuity medical emergencies. The hospi-
tal, therefore, recognized the need for a tool that could empower all surge clinicians 
with rapid and reliable access to MGH-specific protocols to best manage these 
emergencies while at the bedside (Fig. 6.5).

Fig. 6.5 MGH STAT Cardiac Arrest COVID-19 Pathway (2020 Launch Version)
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Solution
Physician innovators within the Healthcare Transformation Lab (HTL), a MGH 

innovation center, and the Department of Medicine worked together to develop a 
mobile application, named STAT, that they could build and launch quickly across 
the hospital. They conducted informal surveys on which protocols clinicians would 
prefer to have rapid access to (e.g. STEMI, PE, CVA, ACLS, PE, respiratory fail-
ure). Subsequently, the project leaders went through a design thinking process that 
involved rapid cycles of ideation, prototyping, and testing, with feedback elicited 
from all stakeholders, including department heads, to continuously improve the 
product during each cycle. The final version of STAT had 9 emergency protocols, 
the ability to page and call consultants directly (e.g. activate Cath lab, ECMO), and 
various code-running features. The Hospital Incident Command System (HICS) 
leadership labelled the STAT app a high-priority project, so it was launched broadly 
to become available to all surge clinicians. The tool has been downloaded by hun-
dreds of clinicians, and 100% of surveyed physicians recommended STAT for clini-
cal use. As of April 2021, a year later, the mobile app continues to enjoy regular use.

Conclusion
This case report showcases the effectiveness of STAT as a digital adjunct for 

managing bedside emergencies. Physician innovators identified a pressing need, 
and they worked with stakeholders to rapidly design, develop, and deploy a tool that 
could be scaled throughout the hospital. Although STAT was invaluable during the 
worst of the pandemic, it continues to be used regularly during normal day-to-day 
operations. This example illustrates how clinicians identified and rapidly addressed 
a large-scale problem by leveraging the power of digital health.
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 Appendix: STAT User Experience Questionnaire

Strongly AgreeStrongly Disagree

I think the MGH STAT app is easy to use.

I would recommend the MGH STAT app to others, especialy interns, junior residents, and non medicine
attendings.

MGH STAT is a native iphone app that was released through the MGB app catalog in 4/2020.
The goal of the app is to help doctors manage acute, life threateining emergencies at the
bedside, In this survey. we hope to solicit feedback from MGH residents and attending who
have downloaded the app. 

MGH STAT App Survey

Strongly Disagree

I think the MGH STAT app helps doctors manage acute life threacening emergencies (ACLS, airway crisis
CVA, PE, STEM) at the bedside.

Strongly Disagree

I think the MGH STAT app helps improve patient care.

I think apps like MGH STAT would be useful at other hospitals and healthcare settings.

Strongly Disagree

Strongly Disagree

Strongly Agree

Strongly Agree

Strongly Agree

Strongly Agre

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

 

J. A. Pagliaro and A. B. Bhatt



89

References

 1. Bhatt, A & Pagliaro, J. The ideal model for telemedicine: digital health care delivery. 2020. 
https://advances.massgeneral.org/cardiovascular/article.aspx?id=1195

 2. Fisher NDL, Fera LE, Dunning JR, Desai S, Matta L, Liquori V, Pagliaro J, Pabo E, Merriam 
M, MacRae CA, Scirica BM. Development of an entirely remote, non-physician led hyperten-
sion management program. Clin Cardiol. 2019;42(2):285–91. PMID: 30582181.

 3. Turakhia MP. Telemedicine for management of implantable defibrillators: lessons learned and 
a look toward the future. Circ Arrhythm Electrophysiol. 2017;10(9):e005728.

 4. Hale TM, Jethwani K, Kandola MS, Saldana F, Kvedar JC. A remote medication monitoring 
system for chronic heart failure patients to reduce readmissions: a two-arm randomized pilot 
study. J Med Internet Res. 2016;18(5):e91.

 5. Peters RJG.  Cardiac rehabilitation and telemedicine (and COVID-19). Neth Hear J 
2020;28(9):441–2.

 6. Cuneo BF, Olson CA, Haxel C, Howley L, Gagnon A, Benson DW, et al. Risk stratification 
of fetal cardiac anomalies in an underserved population using telecardiology. Obstet Gynecol. 
2019;134(5):1096–103.

 7. Kruse CS, Soma M, Pulluri D, Nemali NT, Brooks M.  The effectiveness of telemedi-
cine in the management of chronic heart disease—a systematic review. JRSM Open. 
2017;8(3):2054270416681747.

 8. Mullen-Fortino M, Rising KL, Duckworth J, Gwynn V, Sites FD, Hollander JE. Presurgical 
assessment using telemedicine technology: impact on efficiency, effectiveness, and patient 
experience of care. Telemed J E Health. 2019;25(2):137–42. https://doi.org/10.1089/
tmj.2017.0133.

 9. Shanafelt TD, Dyrbye LN, West CP.  Addressing physician burnout: the way forward. 
JAMA. 2017;317(9):901–2.

 10. Moazzami B, Razavi-Khorasani N, Moghadam AD, Farokhi E, Rezaei N. COVID-19 and tele-
medicine: immediate action required for maintaining healthcare providers well-being. J Clin 
Virol. 2020;126:104345.

 11. Chan MY, KWL K, Poh S-C, et  al. Remote postdischarge treatment of patients with acute 
myocardial infarction by allied health care practitioners vs standard care: the IMMACULATE 
randomized clinical trial. JAMA Cardiol. 2020;30:e206721. https://doi.org/10.1001/
jamacardio.2020.6721.

 12. Moons P, Luyckx K, Thomet C, Budts W, Enomoto J, Sluman MA, et al. Patient-reported out-
comes in adults with congenital heart disease following hospitalization (from APPROACH-IS). 
Am J Cardiol. 2021;145:135–42.

 13. Fasing K, Lathkar-Pradhan S, Bray K. Telemedicine: enabling patients with arrhythmias in 
self-care behaviors. Clin Case Rep Open Access. 2020;3(3):166.

 14. “IHME: COVID-19 Projections.” Institute for Health Metrics and Evaluation. https://covid19.
healthdata.org/united- states- of- america.

 15. Shanafelt T, Ripp J, Trockel M.  Understanding and addressing sources of anxiety among 
health care professionals during the COVID-19 pandemic. JAMA.  Published online 7 Apr 
2020. doi:https://doi.org/10.1001/jama.2020.5893

 16. Keesara S, Jonas A, Schulman K. Covid-19 and Health care’s digital revolution. N Engl J Med. 
2020; https://www.nejm.org/doi/full/10.1056/NEJMp2005835

 17. Oxley TJ, Mocco J, Majidi S, et al. Large-vessel stroke as a presenting feature of Covid-19 in 
the young. N Engl J Med. 2020;382(20):e60. https://doi.org/10.1056/NEJMc2009787.

 18. Clerkin Kevin J, Fried Justin A, Jayant R, et al. COVID-19 and cardiovascular disease. Circulation. 
2020;141(20):1648–55. https://doi.org/10.1161/CIRCULATIONAHA.120.046941.

 19. Baldi E, Sechi GM, Mare C, et  al. Out-of-hospital cardiac arrest during the Covid-19 out-
break in Italy. N Engl J Med. Published online 29 Apr 2020. doi: https://doi.org/10.1056/
NEJMc2010418

6 Telemedicine as a Cardiovascular Center Growth Strategy: Patient Experience…

https://advances.massgeneral.org/cardiovascular/article.aspx?id=1195
https://doi.org/10.1089/tmj.2017.0133
https://doi.org/10.1089/tmj.2017.0133
https://doi.org/10.1001/jamacardio.2020.6721
https://doi.org/10.1001/jamacardio.2020.6721
https://covid19.healthdata.org/united-states-of-america
https://covid19.healthdata.org/united-states-of-america
https://doi.org/10.1001/jama.2020.5893
http://dx.doi.org/10.1056/NEJMp2005835
https://doi.org/10.1056/NEJMc2009787
https://doi.org/10.1161/CIRCULATIONAHA.120.046941
https://doi.org/10.1056/NEJMc2010418
https://doi.org/10.1056/NEJMc2010418


90

 20. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and thrombotic or thromboembolic 
disease: implications for prevention, antithrombotic therapy, and follow-up. J Am Coll Cardiol. 
Published online 17 Apr 2020. doi:https://doi.org/10.1016/j.jacc.2020.04.031

 21. Edelson DP, Sasson C, Chan PS, et al. Interim guidance for basic and advanced life support in 
adults, children, and neonates with suspected or confirmed COVID-19: From the Emergency 
Cardiovascular Care Committee and get with the Guidelines®-Resuscitation Adult and 
Pediatric Task Forces of the American Heart Association in Collaboration with the American 
Academy of Pediatrics, American Association for Respiratory Care, American College 
of Emergency Physicians, The Society of Critical Care Anesthesiologists, and American 
Society of Anesthesiologists: Supporting Organizations: American Association of Critical 
Care Nurses and National EMS Physicians. Circulation. 0(0). doi:https://doi.org/10.1161/
CIRCULATIONAHA.120.047463

 22. Altman M, Huang TTK, Breland JY.  Design thinking in health care. Prev Chronic Dis. 
2018;15:E117. Published 27 Sep 2018. doi:https://doi.org/10.5888/pcd15.180128

 23. De Simone V, Guarise P, Guardalben S, Padovani N, Tondelli S, Sandrini D, et al. Telecardiology 
during the Covid-19 pandemic: past mistakes and future hopes. Am J Cardiovasc Dis. 
2020;10(2):34–47.

J. A. Pagliaro and A. B. Bhatt

https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.5888/pcd15.180128


91© Springer Nature Switzerland AG 2021
A. B. Bhatt (ed.), Healthcare Information Technology for Cardiovascular 
Medicine, Health Informatics, https://doi.org/10.1007/978-3-030-81030-6_7

Chapter 7
The Digital Transformation 
of Cardiovascular Clinic Workflows

Srinath Adusumalli

7.1  Introduction

Digital transformation is the process of using digital technologies to reimagine pro-
cesses, culture, and in the case of healthcare, patient and provider experiences [1]. It 
is as much a cultural change as it is a change in the use of technology and involves 
a fundamental shift in the way technology is used to transform patient and provider 
experiences. As providers, practices, and health systems have gained familiarity 
with telehealth technology, digital transforming cardiovascular clinic workflows has 
become imperative to refining telemedical practice. From appointment scheduling, 
to intra-visit workflow, to checkout and follow-up care, the entire process of a car-
diovascular patient-clinician visit has the potential to be transformed with the advent 
of broader utilization of telehealth. Rather than directly transfer in-person mecha-
nisms of conducting a cardiovascular clinic visit to virtual formats, the transition to 
telehealth practice presents an opportunity to completely rethink the ways through 
which outpatient care is delivered. This chapter will explore how traditional cardio-
vascular clinic workflows can be re-engineered via the use of telehealth and related 
technologies, starting with a deeper dive into the process of digital transformation.

7.2  Digital Transformation

The process of digital transformation is about much more than simply moving 
information from analog to digital format (known as digitization) or even using 
that information to make established ways of work simpler and easier (known as 
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digitalization) [1]. As opposed to digitization and digitalization, digital transfor-
mation is about fundamentally reworking processes, culture, and experiences (or 
creating new ones) using technology—in essence, taking advantage of technology 
to inform how an organization runs. The implementation of telehealth within car-
diovascular clinics has presented an ideal opportunity to digitally transform those 
clinics. Organizations which have adopted principles from the process of digital 
transformation in telehealth efforts have found the following elements critical to 
success [2–4]:

 1. Promote agility: Given the changing telehealth environment, teams need to be 
able to rapidly prototype, test, and iterate on workflows. This also means team 
members need to feel able to take risks in decision-making, not being afraid to 
fail (but fail fast and learn from failure).

 2. Embed into the frontline: By having telehealth champions embedded in the 
frontline of care, those champions have been able to engage frontline stakehold-
ers in change management around telehealth process and technology, bring back 
ideas for improvement in telehealth systems, and then close the loop with stake-
holders once changes/improvements are made. This process allows for sustained 
engagement of frontline stakeholders in the process and culture change of digital 
transformation.

 3. Develop digital competencies and fluency: Just as important as being embedded 
in the frontline is equipping both frontline operational and technical teams to 
know what is possible with, actively participate in, and advance digital transfor-
mation efforts. Digital competence “is a combination of knowledge, skills and 
attitudes with regards to the use of technology to perform tasks, solve problems, 
communicate, manage information, collaborate, as well as to create and share 
content effectively, appropriately, securely, critically, creatively, independently 
and ethically” [5]. Building digital competence for all members of the healthcare 
team is critically important to more not only telehealth efforts but digital trans-
formation in general forward.

 4. Build analytics infrastructure alongside telehealth tools: As the old adage goes, it 
is difficult to improve what can’t be measured. As such, as digital workflows are 
built or re-engineered, opportunities should be leveraged to embed measurement 
tools into workflow wherever possible. Examples of this will be given further in 
this text.

One facet of cardiovascular telehealth practice which can directly promote and 
catalyze digital transformation is the selection of an appropriate telehealth platform, 
which we will discuss next.

Telehealth Platform Selection: A Launching Pad for Equitable Cardiovascular 
Clinic Digital Transformation

One of the most critical decisions in the digital transformation of the cardiovas-
cular clinic is the selection of a telehealth platform. A foundational principle in this 
process should be that the platform enables providers and practices to reach all the 
patients they care for in an equitable, high-quality, and flexible yet highly reliable 
fashion. Given emerging evidence that variation in clinician and clinic practices 
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may contribute to differential access to telemedical care, it is critical for a telehealth 
platform to offer a range of tools which promote easy, seamless, and effective tele-
health workflows [6]. Ideally, given known inequities among patient populations in 
access to EHR-based patient portals, the telehealth platform would have the ability 
to be both embedded in the portal but also be used outside of interacting with a 
portal. Based on this, there are several elements of platform which can help advance 
digital transformation:

 1. No requirement for patient application downloads to utilize video telehealth 
services: Application downloads, whether they are onto a mobile or desk-
top device, present a barrier to engaging in care. This is because they require 
knowledge of installation processes as well as recall of pieces of information 
such as app store passwords. Rather than relying on the download of an appli-
cation (or even multiple applications as some platforms currently require), a 
telehealth platform should be able to facilitate visits directly in modern desktop 
and mobile browsers using the popular WebRTC (real-time communications) 
protocol [7]. This minimizes the number of steps required to engage in a tele-
health encounter.

 2. Integrated accessibility services: Ease of access to video and audio interpre-
tation services is critical to ensure all patients can participate in telehealth 
encounters [8–10]. Several interpretation vendors now offer integrations for 
telehealth platforms to facilitate joining of interpreters in the patient’s preferred 
language with 1–2 clicks. Furthermore, services such as closed captioning as 
well as encounter transcription should be offered directly through telehealth 
platforms

 3. Bidirectional communication: Real-time textual communication in the peri- 
visit period between patients and care teams is critical to the success of the 
process of delivering telehealth. This can be achieved directly through tele-
health platform chat functionality (ideally automated/using chatbots) or even 
through SMS text messaging tied into the platform. This type of communica-
tion is important because it allows care teams and patients not in the same loca-
tions to quickly communicate about issues such as the provider running behind 
or the patient having connection difficulties. Through available cloud services 
(such as Microsoft Azure), these messages can even be translated into other 
languages.

 4. Multiparty connection: Multiparty connection is critical to the successful scal-
ing of telehealth. Of course, the patient is the most important participant in a 
telehealth encounter; however, virtual exam rooms created by telehealth plat-
forms should offer the ability for other relevant parties to participate in encoun-
ters such as patient family members or, importantly, interpreter services. When 
used, the platform should be able to directly integrate with interpreter services 
in order to make it easy to engage those services.

 5. Electronic health record integration: Although there are several levels of 
EHR integration, at the least, the telehealth platform should be able to receive 
appointment/encounter and basic patient information data from the EHR in 
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order to facilitate sending unique, secure, patient-specific virtual exam/meet-
ing room links to patients. This should be able to be done inside of the patient 
portal (given integration with tools such as pre-check-in) but also outside of it 
via email and SMS text messaging given well documented inequities in patient 
portal access [11].

 6. Compatibility with multiple devices: Telehealth platforms should be able 
to be utilized to participate in video visits from a provider perspective on 
a diverse array of desktop or mobile devices to provide maximal flexibil-
ity, especially when hospital-issued computers are not available. The ability 
to be used across multiple devices also facilitates the utilization of another 
device as a second screen such that a telehealth encounter can be run on, for 
example, a mobile device while the EHR is running on an available computer. 
This flexibility, must, of course be balanced with appropriate consideration 
towards security.

 7. Virtual waiting room: Given clinical visits often do not run on time, a telehealth 
platform should allow patients to wait for their encounter in a virtual waiting 
room. Ideally, this waiting room could be customized for an organization, offer-
ing branding as well as the opportunity to deliver customized educational mate-
rial or even the opportunity to engage patients through completion of patient 
reported outcomes instruments. This waiting room should also make clear to 
patients they are in the correct spot (and should wait for their clinician to join) 
to prevent confusion regarding appropriate location of telehealth visit.

 8. Screen/image sharing: Provider and patient screen/imaging sharing is an 
important aspect of telehealth. Providers should be able to share screens in 
order to review notes as well as testing/imaging results directly with patients 
during an encounter. A patient should also be able to share to synchronously or 
asynchronously send images or video (particularly important for fields such as 
dermatology).

 9. Telehealth analytics: Given the practice of telehealth is rapidly developing, it is 
critical for care teams to be able to measure and improve on how care is being 
delivered. This means having access to analytics from telehealth platforms in 
addition to the EHR.  Examples of useful analytics include video and audio 
bitrate, hiccup rate, frame rate, patient device and OS platform, and patient 
location

 10. Provider usability enhancements: Given interactions with patients through 
telehealth platforms are completely digital, those interactions should make 
use of the full breadth of digital video tools through the platform, includ-
ing employing virtual backgrounds, synchronizing telehealth appointments 
directly to clinician calendars, and automatically calculating the time each 
participant spent in a visit. These features greatly improve the ease with which 
clinicians conduct visits and keep them engaged in the process of delivering 
telemedical care.

With a telehealth platform in place, care teams can turn to each phase of a visit 
to examine where workflows can be digitally transformed.
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7.3  Appointment Scheduling

Traditionally, appointment scheduling for ambulatory visits has occurred either via 
phone call to clinics or physically in clinic itself. Virtual workflows, particularly 
those associated with the already digital interactions of telehealth visits, offer the 
opportunity to revisit that process, particularly through utilizing features common 
in many patient portals. Patient visit self-scheduling can be enabled through por-
tals and can be quickly implemented, especially for patients known to a particular 
provider. Most portals offer the opportunity to implement self-scheduling within 
the context of decision trees/branching tree logic, incorporating automated crite-
ria to help guide a patient to appropriate types of visits and visit modalities. The 
process of developing a visit decision tree to embed within a portal is useful as it 
facilitates the structuring of clinic decisions around which clinical scenarios are 
best suited for in-person vs. virtual encounters [12, 13]. These visit decision trees 
match with provider clinic templates/schedules which have embedded in-person 
and telehealth slots and further facilitate the process of structuring. Finally, this 
process allows virtual visits to be as available as in-person visits to patients and 
reduces the amount of friction in engaging in both in-person and virtual care (such 
as waiting on hold to schedule via a call center). Moving forward, self-scheduling 
opportunities should be available inside and outside of patient portals, given limita-
tions in equitable access previously noted. One way to operationalize this would be 
by using text messaging to connect to EHR-based schedules and offer the ability to 
see available appointment slots, modality, and ultimately a method through which 
to schedule into those slots. This is not dissimilar from the ways companies in other 
industries, such as OpenTable in the restaurant industry, have digitally transformed 
their interactions with customers. Finally, historically clinicians have not been able 
to directly schedule appointments with patients within the EHR. With the advent of 
flexible telehealth encounters, which can be conducted with a moment’s notice—in 
response to an on-call phone call for example—quick schedule workflows within 
the EHR should be enabled to allow patient and clinician flexibility in scheduling 
while maintaining downstream processes such as visit link generation, documenta-
tion, and billing.

7.4  Preparing for the Visit

Once a visit is scheduled appropriately, both the patient and the care team can pre-
pare for it. As above, it is important that communications occur via email, SMS text 
message, and the patient portal when available to ensure patients can access messag-
ing, pre-visit activities, and virtual exam room links. As soon as a visit is scheduled, 
the telehealth platform or EHR should be able to send an email, SMS text message, 
or patient portal message containing a unique, patient/encounter specific visit link 
to the patient along with encounter specific messaging on how to prepare for that 
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encounter—both from a technical and clinical perspective (such as have medications 
and home blood pressures readings available for the visit). This is like messages 
sent in other industries such as airlines where customers are prepared for upcoming 
flights. The advantage of having a visit link available from the time of scheduling to 
both the patient and clinical care team is that it can be used for pre- visit interactions 
such as medication or medical history reconciliation. The same link as the actual visit 
could also be used to confirm and assist the patient with ensuring they are techni-
cally ready for their appointment. This preparatory message could be repeated in the 
24–48 h leading up to an appointment. As one final confirmation, only the visit link 
itself could be sent automatically—ideally via SMS text message—in the minutes 
prior to an encounter time. This will ensure the patient has this information readily 
available for this encounter. Many EHRs also offer “pre- check- in” functionality that 
is quite like tools offered by airlines used to obtain a boarding pass prior to a flight. 
These should be enabled for virtual as well as in- person visits—the questionnaires 
included within these workflows offer the opportunity to collect nonclinical infor-
mation such as updated insurance but also important telehealth-adjacent clinical 
information such as past history, medications, and patient-reported outcomes mea-
surements. One final advantage of “pre-check-in” is information collected through it 
can directly populate appropriate EHR fields without further care team intervention.

7.5  Conducting the Visit

Once the patient arrives for their virtual visit, features of the telehealth platform dis-
cussed above can be utilized to ensure the patient and clinician conduct an effective 
encounter. If closed captioning or audio transcription is available via the platform 
and beneficial from a patient accessibility standpoint, this should be turned on at the 
beginning of the encounter, ideally in automated fashion as determined by acces-
sibility preferences passed from the EHR. Bidirectional messaging is critical at this 
point. The patient and care team need to be able to stay in contact such that the patient 
is informed as to the status of their visit (i.e. is the provider running late, should they 
join the virtual exam room). This type of visit coordination ordinarily is expected 
during in-person visits but is more difficult to accomplish virtually. Especially when 
clinicians conduct mixed in-person and telehealth clinics, the synchronization of 
timing of virtual visits is key. Several organizations have found that although this 
communication can be carried out via a patient portal, patients are often delayed 
in seeing these messages. Borrowing from other industries, SMS text messaging 
can assist with quick, templated messages informing the patient, for example, a 
provider is running late and they should continue to wait in an exam room. This 
can also be accomplished via in-virtual room chat if offered by a telehealth plat-
form. With regards to coordinating the activities of multiple care team members, 
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teams (nurses, medical assistants, providers) can utilize other virtual rooms on the 
telehealth platform or even on widely available collaboration platforms (Microsoft 
Teams, for example) to help coordinate and discuss patient cases prior to providers 
entering a room—a virtual visit “green room” of sorts. This type of “green room” is 
also effective as a precepting space for trainee encounters. Providers should also not 
neglect to fully utilize features of telehealth platforms such as screen/content shar-
ing during a visit—this can be a good use of telehealth encounters for the purpose 
of patient education. One consideration to keep in mind is that content sharing can 
consume additional bandwidth in addition to video/audio and as such can degrade 
the quality of a connection.

7.6  After the Visit

At the conclusion of the clinical encounter, it is critical that visit follow up tasks 
such as scheduling of downstream appointments and testing are not lost. One way 
to accomplish this is by having the patient remain in virtual exam room after a 
provider exits. An administrative staff member can then enter to guide the patient 
through scheduling tests and visits, like when a patient visits an in-person checkout 
desk. The EHR should also be able to discretely capture follow up information with 
regards to modality of follow up visit agreed upon through shared decision-making 
by the patient/clinician (i.e., in-person vs. telehealth) and expected timing of visits. 
This information can be queried later to ensure no follow-up activities are being 
lost. As mentioned above, collaboration platforms can be used to coordinate this 
activity among teams or alerting functionality can be built into telehealth platforms 
to inform other care team members when a provider has left the room. Moving into 
the future, this type of follow up scheduling could be done automatically via chat-
bot embedded in a portal or SMS text messaging if information regarding provider 
follow up intent is captured discretely in the EHR. Given telehealth is a relatively 
new vehicle for delivering care, automated mechanisms should be available either 
through a telehealth platform or outside of it to assess patient and provider satis-
faction after a visit, immediately after a visit. This can be done with as little as 
one question (i.e., “How did we do today?”) along with space for a comment, all 
delivered via SMS text message, email, or patient portal; as with many of the work-
flows above, this is a technique borrowed from many other industries such as retail 
and restaurants. The advantage of capturing this information immediately adjacent 
to a visit is that it can be used for near-real-time continuous quality improvement 
using the voice of the patient (and provider/care team) for guidance. Finally, the 
fact a patient was able to successfully complete a virtual visit should be captured 
discretely in the EHR not only for billing reasons but also for quality improvement 
and future visit scheduling purposes.
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7.7  Conclusion

This chapter has illustrated the power of digital transformation of cardiovascular 
clinic technology platforms and workflows in the context of the ongoing addition of 
virtual channels of care to our healthcare delivery system. Just as much as a tech-
nological shift, digital transformation is a cultural one, giving care teams the oppor-
tunity to fully reimagine the care they have delivered for years with digital tools in 
mind. Moving forward, all members of the care team should focus on developing 
digital competency and fluency to help advance virtual channels of care as a method 
of caring for and engaging our patients.

Case
A 66-year-old female with a past medical history of hypertension, hyperlip-
idemia, and coronary artery disease s/p STEMI and PCI to the proximal LAD 
contacts your cardiovascular clinic for a follow-up appointment to discuss her 
antihypertensive medications. Her preferred language is Spanish as expressed 
by her and documented in structured fields in the EHR. She has been taking 
her home blood pressures and has persistently found them to be greater than 
>140/90 and would like to discuss next steps in management. Your clinic has 
implemented and refined a set of digital workflows, so is able to offer a virtual 
visit the next day with an advanced practice provider (APP) in your practice. 
The clinic EHR has an indicator that this patient has successfully participated 
in virtual visits previously and therefore does not need a tutorial in setting 
up her devices appropriately. As soon as the visit is scheduled, the patient 
receives an email and SMS text message-based confirmation of scheduling—
these messages also contain an active visit link and instructions regarding 
the visit, including a request of the patient to have her blood pressure cuff 
and medications available for review by the provider. They are translated into 
Spanish given her preferred language preference. Given the appointment is 
the next day, the messages also have a link to pre-check-in activities within 
the EHR patient portal through which the patient can confirm her insurance, 
history, and medications. 15 min prior to her visit, the patient receives a SMS 
text message with a reminder of the active visit link and nudges her to join the 
virtual exam room—the link takes the patient directly to the exam room in a 
phone browser without requiring an application download. Once in the room, 
the patient receives a chat message that her provider is running 5 min behind, 
so she remains in the room waiting for your APP. This message is also trans-
lated into Spanish. Your APP joins the patient in the virtual exam room and 
can quickly jump into the visit as the patient has her medications and blood 
pressure logs available for virtual/visual review—she had also uploaded these 
to the EHR during the pre-check-in process. Your APP also, with two clicks, 
requests a Spanish interpreter to join into the visit via video—the interpreter 
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joins within 1 min. Based on available information, your APP starts a new 
anti-hypertensive medication and requests the patient obtains labs as well as 
another visit in 2 weeks. At the conclusion of the visit, your APP messages 
your administrative assistant (AA) via your clinic collaboration platform to 
join the virtual exam room. Your AA joins the room and schedules the patient 
for labs as well as a follow up visit. At the conclusion of the encounter, the 
patient receives a text message asking her to rate the quality of the visit, which 
she thought was excellent. The APP also receives a similar message to rate the 
quality of the telemedical encounter.

What does success look like in the digital transformation of cardiovas-
cular care?

• Every cardiovascular clinic team member is knowledgeable and fluent in 
the use of available technology to advance the care of the clinic patient 
population.

• Virtual care is accessible to all patients in an equitable fashion.
• Available digital tools are used to reimagine and create new workflows 

which were not possible in the analog world.
• Information from digital encounters (including visit analytics as well as 

patient and provider satisfaction measures) is used to help improve the 
quality of future telemedical encounters.
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Chapter 8
Optimizing Telehealth for Special 
Populations and Closing the Digital Divide: 
Addressing Social Determinants of Health 
in Virtual Care

Samantha Gonzalez, Ami B. Bhatt, and Jaclyn A. Pagliaro

8.1  Elderly Populations

There are certain preconceptions about the elderly and their capacity for evolving 
technology. While it is acknowledged that patients in the 80+ range were bred in an 
era of when telephone calls required an operator, they are also historically a genera-
tion of resilience and adaptability, particularly with regard to medical treatment and 
technology. Patients in their 80s and 90s at the time of this publication lived through 
development and expansion of medical advancements such as the first use of peni-
cillin in the 1940s and the onset of routine vaccinations for disease prevention. It is 
important not only to understand elderly patients’ existing familiarity with technol-
ogy prior to recommending virtual visits, but also to frame the introduction of tech-
nology in their care and yet another medical advancement they participate in during 
their lifetime. Improving their confidence in their ability to use technology and the 
potential service it offers may position all players for success.

Patient perceptions about telemedicine can be tackled head on in the elderly. Use 
of the internet and other forms of communication via cellular phones, tablets, and 
computers have emerged as points of access and improved convenience for several 
instrumental activities of daily living such as shopping, using transportation, man-
aging medications and finances at one’s fingertips in a population with varying 
degrees of dependence, interdependence and independence which is evaluated at 
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least annually at medical appointments for the elderly. It may be helpful to leverage 
the inevitable increased utilization of real-time audio and video communication 
during the COVID-19 pandemic for purposes not only in the workplace, but also for 
many as a form of regular communication among family members and acquain-
tances regardless of age. We have some information about its uses in the medical 
space by older patients. Existing data, while limited, suggests high rates of patient 
satisfaction in participants over the age 65 with telemedicine models, improved 
confidence in technology use in those who had nursing assistance, improved cost 
compared to in-person alternates, and a decline in emergency room visits. Some of 
the biggest barriers included patient and technology based audio-visual complica-
tions, in addition to adapting to utilizing a telemedicine portal [1]. Some tips for 
success as seen with the palliative care population include informing patients and 
caregivers about telemedicine navigation tools and communication etiquette includ-
ing mute function if not actively engaged in conversation, and inform patients that 
there are reasons you may deem an in-person evaluation necessary, such as a change 
in patient’s clinical status, or need for cardiovascular or pulmonary exam, for exam-
ple [2]. Reassuring patients who are hesitant to participate in virtual visits that in- 
person visits are still an option may increase their confidence in the virtual encounter.

There are clear opportunities for video visits in older adults. On the one hand, 
video visits can be effectively used for prescription renewals, health promotion, and 
advanced care planning; to limit travel for those unable to commute to clinic inde-
pendently, which may prove especially helpful for patients undergoing palliative 
care; for routine follow-up after device implantation, such as pacemaker and defi-
brillators; and for care coordination among clinicians. In this model, low acuity 
needs can be readily achieved, and aspects of care delivery focused on cost reduc-
tion and for convenience can be enhanced. On the other hand, video visits are 
emerging as a potential vehicle for complex care delivery. Data from clinical trials 
and meta analyses of telehealth in conditions such as stroke [3] and heart failure [4] 
have demonstrated confidence in self-care, improvements in measures of patient 
reported outcomes, and in select cohorts, a lower risk of hospitalizations (stroke and 
HF ref. above). For example, Comin-Colet et al. investigated the role of video visits 
with daily assessment of signs and symptoms compared with usual face-to-face 
encounters on the quality of care and outcomes among an older adult cohort of heart 
failure patients. Compared with usual care, patients randomized to video visits 
(mean age 77 years, 25% identified as frail) experienced a lower risk of heart failure 
readmission at 6 months and conferred a lower net reduction in direct hospital costs. 
Although the aggregate of these data is reassuring in that there were no safety sig-
nals or untoward risks of video-based care alone, it does raise questions as to how a 
model of frequent video visits, or a hybrid model, can be pragmatically adopted, 
and if this level of non–face-to-face care is required to mitigate adverse outcomes 
among a high risk older adult cohort with complex diseases.

“Tele-assistance” is a model in which counseling services with different health 
care professionals over video is combined with remote monitoring of vital signs and 
functional assessments over time. De Cola et al. [5] assessed the feasibility of tele- 
assistance among 131 patients with multiple comorbidities (mean age 80  years, 
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60% in rural locations) in a design that included monthly neurophysiological and 
nutritional services to address cognitive needs and those factors related to anthropo-
metric parameters in various chronic diseases. Nearly all participants viewed the 
combined video and counseling services as the preferred method to video alone, and 
with appropriate education toward telehealth utilization they demonstrated high 
usability of the technology platform. In the aggregate, codesigns and teleassistance 
are novel examples of the implementation methods older adult patients require to 
overcome common telehealth barriers such as frailty, cognitive decline, and a lack 
of caregiver support. As we continue to expand telehealth implementation in older 
adults, within current models of care, there will be situations in which video visits 
alone cannot sufficiently address the complexity of care required. These connec-
tions harness five core competencies important for digital technologies when used 
for older adult care: (1) identification (entry point in to care); (2) education (benefits 
and risks of services); (3) engagement (patient empowerment for self-care); (4) ser-
vice delivery (usable information to inform care and decisions); and (5) remote 
monitoring (determine the health of a patient away from a clinic visit). A cohesive 
ecosystem of information technology and patient participation in remote monitor-
ing such as this aims to identify the right patients for the right services at the 
right time.

While the use of telemedicine in the elderly may not be the right fit for every 
patient, pre-visit considerations for enrollment in a telemedicine model should 
include the following: comfort or prior use with current technology, whether there 
is existing home support for technology during the televisit such as availability of 
nursing or family members, development of clear instructions for optimizing the 
audio-visual experience-including nuances such as testing that speakers are func-
tional and that a hearing aid or other device is both adequately battery-powered 
where appropriate, and will not cause interference with audio input. Many older 
adults are already incorporating technology for daily use such as smart home tech-
nology with voice assistance in addition to wearable fitness monitors to measure 
activity, smart scales, home blood pressure, oxygen saturation and sleep monitors, 
in addition to medication reminder alerts on their personal devices. There has also 
been an emergence of senior tailored technology such as gait assessment tools for 
fall risk alerts and connected hearing aids which can provide clinician feedback [6]. 
Increasing utilization by providers was further supported by the decision to expand 
reimbursement for remote patient monitoring by the Centers for Medicare & 
Medicaid Services in 2019.

With this surge of tech use, it is helpful to have a plan for common technical 
pitfalls, which may be increasingly important for telemonitoring strategies. Older 
patients may not have the experience with technology to deal with device trouble-
shooting issues. Some of these include sensor failure and battery life for wearables, 
network connectivity or privacy failure. Monitoring program integration will also 
include clinical decision support issues related to translating collected data in appro-
priate algorithms into a concise recommendation for both patients and providers, 
and communication of sensor data and recommendations in a usable, easily inter-
preted form. Other practical considerations are associated with frequency of 
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assessment of captured data and need for follow up to help balance the need for risk 
assessment over time in addition to avoiding dreaded “data overload” seen with 
continuous data sets such as heart rhythm and intracardiac pressures [6]. Some of 
this may need to be tailored to the patient’s current clinical status, individual health 
literacy, and ability to facilitate both in person and/or real time telemedicine follow 
ups as needed.

8.2  Disabilities

Cardiovascular virtual care management also requires proactive processes to address 
visual, auditory, cognitive and physical impairments. Despite video format becoming 
more predominant in modern society’s communication, accessibility for disabled 
patients among digital platforms remains limited. Currently the technical standards 
for telemedicine as it relates to patients with disabilities are voluntary. Certain dis-
abilities will require development of custom features and technology in addition to 
patient information tools targeted for disability accommodations. The Americans 
with Disabilities Act (ADA) mostly protects patients with disabilities in physical 
spaces as it was developed earlier than the emergence of broad use of the virtual 
space for health care delivery. This unfortunate truth may be a source of poor conse-
quences for patients with certain disabilities, and will need to continue to be a topic 
of further development as digital platforms become further tailored for medical care 
in order to promote inclusivity in telemedicine and to honor patients’ civil rights to 
equal access to healthcare. The COVID-19 pandemic did force some of these virtual 
spaces and produced data to suggest that telemedicine in patients with disabilities 
lowered cost of care and need for paid personal assistance, lowered transportation 
cost, decreased exposure to communicable diseases and improved medication recon-
ciliation [7]. In the following segment we will review some specific considerations.

Slight visual disturbances, color blindness, photosensitivity, peripheral vision 
loss and total blindness are some examples of the wide variety of visual impair-
ments experienced by older patients. In developing virtual visit environments, pro-
viders and patients should be made aware of platform accessibility features including 
screen magnification, resizing of images and text, audio description aides, text alter-
natives for images, consistent navigation mechanisms, color contrast settings, and 
full keyboard navigation. It is helpful to understand if the platform in use is compat-
ible with assistive devices such as Braille keyboards and screen readers [6]. It is also 
important to understand how stored medical information is shared to patients via 
patient portals and the methods by which patients and caregivers can access their 
health information and communicate with providers in less traditional ways.

An estimated 466 million people worldwide have disabling hearing loss [8]. 
Auditory disabilities may also be addressed in virtual care. For those patients with 
mild auditory dysfunction, ensuring there is no background noise during the visit and 
confirming the patient is not getting feedback from assistive devices such as their 
hearing aids may suffice to improve the patient experience. For more severe auditory 
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issues or total deafness, captions, transcripts of conversation, or inclusion of ASL 
interpreters for the video visit may assist in a more comfortable experience. It is also 
helpful to be aware of and instruct the patient about the volume controls and confirm 
the media is working for them prior to conducting the medical portion of the visit.

Cognitive disabilities pose unique challenges to communication even in live 
environments, and can range broadly to include mild speech impediments, post- 
concussive symptoms, neurobehavioral and intellectual disabilities, mental health 
disorders, dementia and post stroke symptomatology more prevalent in elderly pop-
ulations. In addition to vision and hearing issues as discussed above, motor skills, 
expressive and receptive communication issues, and neurologic symptoms whether 
transient or permanent can affect the success of virtual visits in this population. Very 
elderly patients over 85 year of age make up 17% of all stroke patients [9], and have 
higher disability, higher risk-adjusted mortality, and are less likely to be discharged 
to their original place of residence. A recent study evaluated the impact of confine-
ment in the setting of the COVID-19 pandemic on the health and well-being of 
community-dwelling older adults (mean age 73.34) with mild cognitive impairment 
or mild dementia, utilizing a television-based and telephone-based assistive inte-
grated technology. While they found no difference in the physical and mental health 
and well-being of this vulnerable population, they found participants living alone 
reported greater negative feelings and more sleeping problems, and the technology 
allowed for cognitive stimulation by way of engagement in memory games in addi-
tion to a useful tool for dissemination of patient-centered information, reinforcing 
the importance of gauging patients’ tech and health literacy prior to utilization of 
digital health delivery methods [10]. Determining whether a patient is a good can-
didate for a virtual visit, whether additional devices are necessary for success and if 
the presence of a caregiver is recommended for some or all of the encounter is an 
important early step. For example, in patients with speech disabilities, accessibility 
aides to consider include voice synthesizers and text to speech generators which 
should be explored prior to conducting your first visit [6]. Note, some platforms 
allow for caregivers to be included remotely if they are not physically with the 
patient at the time of the encounter. It is important that providers obtain patient 
consent for including caregivers or family members- though this is often considered 
implied—much like when a patient brings their family member for an in person 
visit. If there are multiple people included in the virtual visit, it is helpful to start 
with focused introductions of the role they play in the patient’s life and medical care.

Patients with physical impairments, challenges with transport, need for gait 
assistance or supervision and chronic pain may benefit from virtual care options. 
Often requiring coordination for transport services depending on degree of disabil-
ity, virtual visits when appropriate can be more cost effective, take less time to 
complete, and convenient for patients and caregivers. They also provide a unique 
opportunity to understand the home environment which can be explored further in a 
video visit and is instrumental to ensure the physically disabled are adequately 
equipped and risk stratified to avoid falls and/or other comorbidity. Additionally 
virtual platforms should have large consistent navigation controls to assist in usabil-
ity for those patients who may experience fine motor movement disorders.
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8.3  Palliative Care

While telemedicine modalities have been increasingly incorporated in the field of 
palliative care due to its multidisciplinary nature, its utilization was greatly acceler-
ated by the need for social distancing during the COVID-19 pandemic. There is 
certainly a role for telemedicine in assisting patients attain their end of life goals 
with dignity. In Calton et al.’s recent review of telemedicine for palliative care in the 
time of COVID-19, they discuss high rates (greater than 97%) of comfort in having 
“sensitive and emotional conversations by video” from an unpublished manuscript 
conducted at UCSF assessing patient and caregiver satisfaction rates of 35 palliative 
care patients who had at least one palliative care visit by telemedicine. As patients 
with complex cardiovascular disease progress, telemedicine visits may offer an 
appropriate arena for care coordination and a space for often difficult conversations. 
Some tips recommended by the author for success with telemedicine particularly 
with sensitive topics include utilizing patient portals to send out a saved set of 
instructions and expectations for the visit (may use “dot phrases or macros” as 
allowed by EMR), channel resources to assign a family member or caregiver as a 
“technical liaison” one to two days prior to the visit to do a test run and troubleshoot 
technological issues, and remembering to still have personal moments. While virtual 
visits tend to be shorter and more efficient in terms of time compared to in- person 
visits, it is recommended to use the time to personalize the experience: acknowledge 
the barriers of technology, thank patients for their participation in these kinds of 
visits, and check in with patients about fears, concerns, and personal effects.

8.4  Language Barriers

Language barriers impact most facets of health care, including access, patient- 
clinician communication, quality of care, and patient safety. Nearly a quarter of the 
US population speaks a language other than English at home, and 25.6 million 
Americans (8%) have limited English proficiency [11]. Formal pathways for the 
integration of interpreter services utilization for telemedicine visits are essential to 
ensure equitable care for patients who speak English as a second language (Fig. 8.1). 
Patient education regarding the import of interpreter service utilization is also neces-
sary as many tend to defer to family members for interpreter services. Studies have 
shown that families randomized to receive video interpretation are more aware of 
medical diagnoses than those who receive telephonic interpretation and have more 
consistent interpreter use with no significant differential in hospital charges [13].
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Identify
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•    Older adults

•    Individuals of low socioeconomic
     status

•    Limited English proficiency
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Fig. 8.1 Mechanism to implement equitable access to telemedicine care. Derived from [12]
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8.5  Health Literacy Barriers

Elderly patients, those with low health literacy, or those with limited access to tech-
nology can be provided tools and teaching to adapt. It is a tactic to help eliminate 
barriers and increase access. Telehealth has the potential to make healthcare more 
personalized, efficient, and coordinated; it has the potential to improve efficiency, 
patient and clinician satisfaction, and health outcomes. Digital and health literacy 
(See Chap. 9) is the ultimate value proposition.

8.6  Social Determinants of Health

The institution of structural racism has been and remains a fundamental cause of the 
persistent health disparities within racial and ethnic minorities [14]. It concentrates 
power amongst privileged populations and continually devalues individual’s whose 
health needs to be equitably improved. By limiting opportunities for social, eco-
nomic and financial advancement, the racial and ethnic minorities experience reci-
procity between social determinants and negative health consequences. The higher 
prevalence of diabetes, obesity, hypertension and cardiovascular disease in Black 
and Hispanic populations, has led to disproportionately poorer clinical outcomes 
during the COVID-19 pandemic. Black Americans experience the highest mortality 
rates attributable to cardiovascular disease and stroke with approximately 30% 
higher CVD mortality and 45% higher stroke mortality than non-Hispanic White 
Americans [15].

Overcoming the digital divide requires increased broadband access, smartphone 
penetration, digital health literacy and technology education. Rural and urban areas 
can also emphasize community internet access points such as local pharmacies, 
libraries, religious organizations and community centers. A New York City study 
during COVID revealed that when controlling for individual and community-level 
attributes, Black patients had 0.6 times the adjusted odds (95% CI: 0.58–0.63) of 
accessing care through telemedicine compared to white patients, though they are 
increasingly accessing telemedicine for urgent care [16]. This is driven by a younger 
and female population. COVID diagnoses were significantly more likely for Black 
versus white telemedicine patients.

A new study found that Black and Hispanic Americans experience a “racial tech 
gap” and in urban areas, these communities are 10 years behinds the white com-
munities. As of 2019, approximately 10% of adults in the U.S. reported no Internet 
use, which was largely influenced by Black race, Hispanic ethnicity, older age 
(>65), and low socioeconomic status [17]. The racial tech gap can be narrowed 
through community outreach, dismantling barriers to care and health promotion 
education. Proactive efforts to ensure equity in the current wide-scale implementa-
tion of telemedicine need to acknowledge and address disparities in healthcare 
access for disenfranchised populations with limited digital literacy or access to 
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technology, such as rural residents, racial and ethnic minorities, the elderly, indi-
viduals of low socioeconomic status or limited English proficiency. Digital inequity 
may start as early as middle school and can set individuals back in the digital gen-
eration. Lack of access to hardware and broadband data, poor digital literacy and 
limited English proficiency may foster bias, decrease telehealth access, exacerbate 
inequities in delivery of care and worsen clinical outcomes in marginalized patients 
with cardiovascular disease [12].

The etiology of disparate telemedicine uptake are complex and reflect individual, 
community and structural factors. While digital literacy and hesitancy to adopt new 
ways of patient-provider interactions have both been shown to widen the digital 
divide for elderly patients [18], socioeconomic status may serve as a more signifi-
cant driver for reduced access to health technology, reduced engagement telemedi-
cine, and poor adoption of digital health among Non-Hispanic Black and Hispanic 
patients. Funding local digital navigators, offering and covering audio-only televis-
its, providing sustainable discounts for broadband will aid in limiting the digital 
divide. Many advocacy groups are pushing the government in the US to provide 
universal broadband access as a basic utility. It will hopefully be expanded to allow 
healthcare, education and other necessary industries to reach vulnerable popula-
tions, however it may also fall on the healthcare industry to offer connected care in 
clinically vulnerable populations at strategic times (i.e. post hospital discharge, dur-
ing cardiac rehabilitation, and while titrating medications), or for longitudinal care. 
Companies need to emphasize that telemedicine platforms should be available in 
multiple languages at the front end to maximize user experience.
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Chapter 9
Education in Virtual Care Delivery: 
Clinician Education and Digital Health 
Literacy

Kevin Fickenscher and Jaclyn A. Pagliaro

When layered together, the sharing and integration of information to create knowl-
edge is radically altering our traditional approach to the production of all goods and 
services. Individuals are now empowered to bypass traditional avenues and meth-
ods of resource access (e.g. transportation, housing). Even the knowledge tradition-
ally held by certain professional categories or trades (e.g. lawyers, architects—and, 
yes, even physicians) is now open, accessible and free. Digital technologies and 
capabilities have already begun to dramatically alter our approach toward solving 
traditional problems by enabling new applications of innovation and creativity in 
specific domains. For the healthcare community—the information revolution is cre-
ating a profound reconsideration of the who, what, where, when and how of the 
entire health care delivery model.

Information and knowledge sharing are the underlying forces for driving trans-
formative change in healthcare. This phenomenon coupled with the diversification 
of the workforce, emerging technologies and the march towards alternative payment 
systems designed to foster value-based care delivery, are precipitating new models 
of care delivery throughout the world.

Cardiology is not isolated from the many changes sweeping the healthcare land-
scape. In fact, the reliance of the specialty on the digitization of information to 
support accurate diagnostic and treatment approaches has only accelerated in recent 
years. What started as a mere computerized analysis of the EKG in the formative 
years of the information revolution has turned into augmented intelligence during 
all manner of cardiovascular procedures. The end result is an increased need for 
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effective education regarding the capabilities and trends of cardiovascular digital 
transformation.

Education regarding cardiovascular digital transformation is necessary for sev-
eral industries. It is important for the general cardiologist to first understand what 
health IT looks like today, which areas are most promising for forward progress in 
cardiology and how to take advantage of these technologies. Health system execu-
tives are assessing the opportunities to change the infrastructure of cardiovascu-
lar care delivery. Nonprofits and private equity are actively seeking out medical 
expertise and evaluation of which technologies will improve healthcare through 
addressing social determinants of health centered around access. Broadly available 
education also allows entrepreneurs in digital health to identify where the chal-
lenges lie in incorporating IT and engaging providers in adoption which has been a 
long-standing challenge for the digital health world (Fig. 9.1).

9.1  A Brief Exploration of the Transformative Forces 
Affecting the Delivery of Healthcare

The pace of change we are witnessing in health care requires a reassessment of 
our approach toward the training of medical and health sciences clinical provid-
ers. These changes will only accelerate in the coming decades as the Digital and 
Information Revolutions continue to evolve. What are the major factors causing the 
revolution in health care?

9.1.1  Economic Globalization

Every nation in every region of the world is seemingly interconnected as a result of 
technology. Witnessing the recent global pandemic that was not sequestered in one 
place but spread across the entire world, caused economic as well as care delivery 
ripples. Economic globalization by its very nature, triggers an unremitting reexami-
nation of cost structures related to the production of all goods and services across 
multiple industries. Healthcare is not immune to these changes. As the use of virtual 
care technologies expand, some authorities are predicting the “internationalization” 
of health care delivery much like we have seen in areas of the economy [1, 2].

Structure
The implementation of an
academic training program

focused on existing
clinicians providing

telehealth care

Process
A core curriculum needs to
be defined that applicable

to practicing clinicians
focused on continuing ed

Outcomes
The efficiency, utilization,

efficacy and clinical
outcome measures provide

the framework for
effectiveness of training

Fig. 9.1 Steps for successful development and implementation of telemedicine education
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9.1.2  Cost of Health Care

The strain on the federal budget from Medicare/Medicaid (26%) and Social Security 
(24%) [3] alone is resulting in political backlash from other sectors requiring fed-
eral or state government support. With the recent debt incurred by the COVID-19 
pandemic, these pressures on local, state and federal government will only increase. 
It is an increasingly recognized imperative among the political establishment that 
the escalation of healthcare costs must be reined in and managed more effectively.

As technologies such as Bluetooth enabled devices, ambient pressure monitors and 
wearables are now able to track the weight, vitals and respiratory fluctuations continu-
ously in patients allowing for much earlier diagnostic interventions to prevent high cost 
care delivery in emergency rooms and hospitalizations. Appropriately deployed tech-
nology can alter this pattern by using various technology-related resources that create 
increased efficiency, enhanced effectiveness, improved quality and better outcomes.

9.1.3  Societal and Provider Demographics

Societal demographics are shifting across the world. Over the last century, the aver-
age life expectancy for individuals has increased dramatically. The United States 
has not been immune to this trend. According to the U.S. Census Bureau, the coun-
try is “aging”. Over the period between 2012 and 2050, the number of people aged 
65 will have grown from approximately 43 million to nearly 84 million individuals, 
with the Boomer generation representing the bulk of that growth [4].

9.1.4  Shifting Reimbursement Models

For much of the last century, healthcare in the U.S. has been based on a fee-for- 
service (FFS) payment model. Although the exact trajectory is not yet clear, the 
movement in a new direction toward value-based payment models in care delivery 
seems imminent. Such a shift will inevitably result in a change of how groups of 
physicians and hospitals operate with the result that quality, efficiency, and effec-
tiveness outcomes likely to dominate the models for care delivery.

9.1.5  Social Determinants of Health

There is an increased recognition that the social determinants of health (SDOH), 
are major factors in predicting outcomes and quality of care. The CDC recommends 
focusing on five key areas across the SDOH continuum, including: (1) economic 
stability, (2) education, (3) social and community context, (4) health and health 

9 Education in Virtual Care Delivery: Clinician Education and Digital Health Literacy



114

care; and, (5) neighborhood and built environment. These key considerations rep-
resent the major contributing factors related to the overall health of individuals and 
the community as well as the eventual cost of care. In addition, it is now widely 
recognized that a sixth dimension must also be considered as a key element for 
addressing social determinants—addressing cultural competencies and health dis-
parities [5, 6]. The move toward values-based payment and delivery models coupled 
with a solid foundation integration of the six major social determinants is another 
transformation force altering the future of care delivery.

9.1.6  Rapidity of Technology Advancement

Biotechnology, genomics, nanomedicine, robotics and changes in pharmaceutical 
development are a few examples of many breakthroughs occurring in healthcare. 
The pace of change and its direct impact on the delivery of care is quickening. The 
capability of medical devices, drugs and delivery mechanisms and their impact on 
where and how care is delivered is far greater today than at any point in human his-
tory, and their future impact will be highly significant.

One area of technology use that is now at the forefront is the application of 
telehealth services. Interest in the use of virtual care delivery models was slowly 
increasing until the global pandemic when there was a precipitous increase in inter-
est us the use of telehealth and virtual visit services.

9.1.7  Summary of Driving Forces

All these forces are driving a disintermediation of the entire care delivery process 
and must be addressed by healthcare organizations. While the list is not exhaus-
tive, these forces are requiring the industry to rapidly adopt improvements in its 
value proposition through transformation. To assure that the results of the healthcare 
enterprise are “safe, effective, efficient, timely, patient-centered, and equitable” [7] 
as well as beneficial. Meeting these challenges requires leadership at all levels and a 
basic reconfiguration of the care delivery model. Virtual services will no doubt be a 
central component as care delivery models are redesigned over the coming decade.

9.2  Education and Training: Requirements for Virtual 
Care Delivery

One of the major impediments to expanding virtual care delivery is insufficient 
formal training for clinicians related to the application, use and benefits of utiliz-
ing these new and evolving virtual technologies. Healthcare providers across all 
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specialties, will require training in telemedicine skills to meet the demands of digi-
tally empowered patients as well as to deliver care in the new digital age of medicine.

There is an immediate need to define the requirements of a core curriculum in 
telemedicine training. The four main components will include continuous remote 
monitoring, individually relevant predictive algorithms, asynchronous patient data 
and virtual video visits, which form the foundation for sustainable telemedicine 
care. Over time, specialties such as cardiology, which are remarkably data driven, 
will witness even more changes through the application of machine learning and 
artificial intelligence.

9.2.1  What Training Will Virtualist Care Clinicians Require?

Virtual clinicians and care providers will not typically be co-located with patients 
and other members of the health care team. Therefore, their training must empha-
size specific competencies in leading and participating in interdisciplinary teams 
distributed across multiple workspaces and environments. Training in informatics, 
analytics and population health will prepare virtual providers to separate signals 
from noise in large dynamic sets of patient data, allowing decisive action with-
out the absolute requirement of the traditional physical examination. Although 
formal training in the above domains will become more prevalent as all medical 
specialties and health care fields adapt to the demands of the information age, 
deeper competencies in these fields will differentiate the virtual health clinicians 
from care providers with a baseline or generalist level of virtual skills training 
(Table 9.1).

9.2.2  Elements of Virtual Health Care Training: 
The Core Curriculum

The core curriculum for virtual care delivery has been established and revised by 
several national organizations. Each emphasizes providing clinicians the knowl-
edge required to successfully deliver basic virtual care. Specialized tracks and 
advanced training in the nuances of care delivery, devices and data analysis will 
evolve over time.

American Medical Association (AMA) adopted the policy in 2016 during its 
Annual Meeting to encourage the adoption of telemedicine training for medical 
students and residents. While the policy specifically encouraged undergraduate and 
graduate medical education accreditation bodies to include core competencies for 
telemedicine in their programs, no such formal guidelines have been forthcoming 
to date. Furthermore, the AMA recommendations were restricted to the concept of 
telemedicine and did not include consideration of telemonitoring and telecare, two 
important elements of the proposed telehealth educational framework.
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In the absence of clear accreditation requirements by the medical education 
community, the American Telemedicine Association adopted an Accreditation 
Program for Online Patient Consultations in 2015. The focus of the accreditation 
requirements; however, is on the more operational aspects of telemedicine includ-
ing patient safety, transparency of operations and adherence to all relevant laws 
and regulations. The academic training requirements for clinicians providing such 
services are not a component of the overall accreditation program.

What if I miss something? The fortunate aspect of virtual visits is that follow up 
is always possible in some format. Sequential virtual visits, in-person visits, vital 
signs from home, ordering or reviewing labs and imaging, and leaning on local care 
providers are all mechanisms to ensure that a virtual visit never stands alone as a 
patient evaluation tool if there is clinical uncertainty (Table 9.2).

Digital assessment tools will be essential in the future of at-home assessment. 
Physical metrics such as frailty assessments can be performed in patients’ homes 
using technology or over video and may significantly influence prognosis. Moving 

Table 9.1 Four critical principles for developing and deploying a virtual health training program

1. Interdisciplinary/
Interprofessional/Team-based 
care is an essential modality in a 
virtual environment.

In a value-based approach to health care delivery, the 
importance of a fully functional and integrated team approach 
becomes an essential component of the care provider team. 
The essentials of team development, inter-professional 
communications and use of virtual capabilities in such 
environments must be a focus for the training of health care 
virtualists.

2. Clinically augmented 
intelligence is a capability, not a 
replacement.

The intent of virtual health care training is not to replace 
clinicians but to arm them with the tools and technologies 
that can clearly augment their capabilities in providing 
quality, cost-effective care. Therefore, how virtual tools are 
effectively integrated with face-to-face care delivery is an 
important element in the education of virtual health care 
clinicians.

3. Telemedicine skills apply 
across the continuum of health 
professionals

In adopting virtual care models, it is important for all care 
delivery professionals to understand how, when, where and 
what virtual tools should be used in augmenting the care of 
the team. Therefore, training is not restricted to just a few 
clinicians but is encouraged for all members of the health 
care team.

4. Inter-institutional 
collaboration will accelerate the 
ability of higher education to 
respond to the shifting care 
delivery environment.

A comprehensive approach is required if clinicians are to be 
provided the breadth of training required to shift from 
traditional face-to-face models of care delivery toward the 
integration of virtual health models. Many residency 
programs are hospital-based in non-academic settings or in 
academic settings without the requisite talents in all the 
proposed domains. In such an environment, collaboration 
among the health science training programs of the nation 
should be considered a mainstay of implementation.
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quickly to validate virtual, at-home frailty assessment is another example of exist-
ing will enable us to map a patient’s specific healthcare needs.

Preparing for Successful Provider and Patient Experience in a 
Virtual Visit
 1. Create a comfortable environment and the right ambiance while avoiding 

provider frustration with the connection. Pre-visit, educate clinicians 
regarding optimal lighting (avoiding backlight, using an extra light source), 
and strong connection (ensure Wi-Fi connection as well as network 
access). Have a colleague review their workspace virtually to notice what 
scene the background creates. As the visit commences, educate clinicians 
to ask the patient if they can see and hear them clearly before beginning. 
Have at-the-elbow tech support ready when needed as well as a back-up 
stand-alone platform for phone or video should the technology become 
frustrating for either party.

 2. Make sure patients can connect and arrive with ease. A unique feature of 
virtual visits is logging in from the comfort of home. Avoiding discontent 
with the log-on process optimizes this advantage. Practices with medical 
assistants should train them as part of the workflow to call patients for test 
visits in advance. It is the clinician’s responsibility to educate the medical 
assistant as to what information they may also want in advance of the 
appointment that a medical assistant could obtain (i.e., medication recon-
ciliation, social and family history review, chief complaint or concern for 
the visit, refill requests). Unique accommodations should be noted, includ-
ing interpreter services, caregiver inclusion, and audiovisual or learning 
impairment. At the same time, medical assistants should ask patients if 
they have BP monitors, a scale and other tools to enhance their virtual 
experience. If so, patients will be asked to upload the data prior to their 
telehealth visit.

Table 9.2 Conducting a virtual physical exam

Video physical exam

General: Appearance, distress, home environment, visual medication reconciliation
HEENT: Oropharynx, extraocular movements, sclera
Chest: Respiratory rate, retractions, cough
Cardiac: JVP, radial pulse
Abdomen: Visual inspection, tenderness to palpitation
Extremities: Cyanosis, clubbing, edema
Neuro: AAOx3, cranial nerve exam, gross motor, drawing for fine motor
Psych: Behavior, speech, mood, affect, family dynamics
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9.3  Educating the Virtual Educator

Virtual education requires clinicians to alter the mechanism by which they teach. 
A virtual educator, whether teaching a patient and their family or fellow clinicians 
or trainees needs to serve as designer, director, animator, writer, content expert, 
engagement expert and communicator (Table 9.3). These are skill sets that one must 
now adopt in addition to clinical acumen and patient rapport. When taught correctly 
however, the effect of a good virtual educator is exponential on patient engagement, 
self-advocacy and compliance. Teaching these skills internally in a clinical prac-
tice, telemedicine company or academic medical institution is more challenging 
than outsourcing skill advancement to the many presentation skill building services 
available globally. For individuals who have a penchant for large volume virtual 
clinical practice, we strongly recommend bolstering their bedside manner with for-
mal training in screen side manner as well.

When engaging with individual patients, or patients and families or caregivers, 
professional set-up, adequate lighting, confirming clear audio and video are the 
baseline goals as reviewed. Increasing engagement is the next goal with visual dia-
grams for education, screen sharing of cardiac imaging with basic live annotation to 
decode complex echocardiography or MRI, and whiteboard use to write out the key 
action items for the visit can engage patients with auditory, visual and written cues 
to adapt to all learning styles.

In the setting of group virtual visits, or virtual education of colleagues, additional 
engagement tools including audience polling, use of breakout rooms, live annota-
tions and sketching, sticky notes for collaboration and repeated use of a concise 
messaging slide to repeat key goals or educational points. Depending on the situa-
tion, including Ted-style storytelling to draw in the audience can also be an effective 
tool for virtual engagement. Lastly, in challenging virtual patient group interac-
tions or clinical settings, audience synchronization (i.e., simulating a room with 
participants sitting around a table) and blending physical and virtual interaction 
(i.e., “passing a ball” to the next speaker) can be useful tools for group engagement.

9.4  Educating the Patient: Digital Health Literacy

Digital health literacy can be defined as a set of skills, knowledge, and attitudes that 
a person needs to engage with, comprehend and apply health information to their 
own care. Improving digital health literacy can increase engagement with and the 
efficacy of virtual and telehealth-based preventive, chronic disease management and 
acute care in an informed manner. While many adults globally own smartphones, 
having access to a video- and data-enabled device does not guarantee having the 
digital skills to use a specific video application to conduct a visit [8]. Lack of broad-
band access may also be a barrier to video visits, as broadband often facilitates 
better video quality and does not usually come with a monthly cap on data as seen 
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Table 9.3 Minimum baseline for training clinicians as generalists in virtual care delivery

Health informatics 
(HI)

Information engineering for managing and using patient care 
information. According to HIMSS, the Healthcare Information and 
Management Systems Society, HI promotes the understanding, 
integration and application of information technology in the health care 
setting to ensure adequate and qualified support of clinician objectives 
and industry best practices.

Artificial intelligence/
machine Learning

Systems used in artificial intelligence and machine learning are 
expanding and moving in new directions as the technology continues to 
evolve. As a result, the area is dynamic and requires both an 
understanding of current capabilities, directions of research and possible 
derivative capabilities that could evolve from integration of multiple, 
independent data sets.

Social media Integrating social media and health care data is required to more 
effectively track and intervene in the consumer health care experience 
and identify population health trends on a real-time rather than 
retrospective basis.

Immersive media Health care is experiencing technological disruption and the adoption of 
immersive media tools as a part of the transformational change in care 
delivery. Immersive media—including virtual reality and augmented 
reality—are broadening how people learn and heal and how we can 
facilitate and accelerate their behavioral changes. The use of immersive 
media environments holds the potential for accelerating behavioral change 
in patients by supporting education on all aspects of medical, health and/or 
social considerations that play a role in the health of individuals.

Psychology of virtual 
Communications

Many industries have benefitted from recent advancements in the use of 
video communication technologies. These new capabilities have 
allowed individuals the opportunity to express their perspectives, ideas 
and concerns in ways that may not present in as forthcoming a manner 
as direct, in-person communications. However, the health care field is 
only at the nascent stage of using these new tools. As face-to-face 
communication lessens and as health care adopts more virtual 
communications, the need for training in the best approaches to avoid 
the potential for miscommunication from the use of texts, chats, e-mails 
and other forms becomes apparent. Virtual care providers must learn the 
psychology of these virtual communications tools and how they can 
affect the patient-clinician interface.

Inter-professional and 
virtual team 
management

Many organizations across multiple industries have learned that it is 
important to focus on effective team management in virtual 
environments. Issues such as process and task clarification, establishing a 
communication charter, use of communication technologies and shared 
language and nomenclature are but a few of the examples of areas where 
cross-team training is required. Handoffs within, across and beyond the 
team are particularly important for virtual care providers since these 
handoffs can have a direct impact on the care of the individual patient.

Remote care delivery 
and operational 
requirements for 
supporting virtual care 
delivery

This area of is quite dynamic with new technologies emerging at an 
increasingly rapid pace. Students will learn the best approaches for 
effective analysis of the latest research in the rapidly evolving virtual 
remote care delivery space, a prime consideration in this section.

(continued)
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with cell phone plans. Even when accessible, many patient-facing web pages, medi-
cal health records accessible through online portals and mobile health applications 
are not optimized for patients with low digital health literacy [9]. Age, educational 
attainment, digital literacy and health literacy independently, health status, trust in 
healthcare and digital information, their motivation for seeking information, accom-
modations for limitations, and ability to co-engage with family members or support 
persons are among the key factors which influence digital health literacy and must 
be addressed in the infrastructure of digital health tools and sites during their design 
[10]. Approximately 25% of Americans do not have the digital literacy skills or 
access to the technology required to engage in video visits.

9.4.1  Health Literacy

Health literacy is the degree to which individuals are able to access and process basic 
health information and services and are thereby able to participate in health- related 
decisions. Limited health literacy is highly prevalent worldwide and is strongly asso-
ciated with patient morbidity, mortality, healthcare utilization and costs. It has also 
been associated with limited knowledge of health conditions and medications, poorer 
overall health status, higher healthcare costs, and increased likelihood of rehospital-
ization and mortality. Online medical education, technical instructions, and any self-
scheduling mechanisms when offered only in English, presents a significant barrier 
to care. In cardiovascular disease, health literacy is an invisible barrier to healthcare 
delivery that has profound costs for individual and public health. It has been associated 
with poorer outcomes preceding and following coronary events and is associated with 

Table 9.3 (continued)

Technical Innovations 
and trends

It is very clear that health care’s technical evolution has often been far 
ahead of the practical application of its tools and technologies. Virtual 
health care providers must become more expert in evaluating such 
technologies to assist their organizations in determining the 
appropriateness of deployment.

Frameworks for 
effective technology 
assessment

As virtual technologies move into mainstream health care, virtual care 
providers will be called upon to assist their organizations in assessing 
technologies to improve efficiency, access and quality of health care, as 
well as how to deploy such tools in support of care delivery. The 
interests of such clinicians will naturally shift towards evidence-based 
medicine, comparative effectiveness research and health technology 
assessment (HTA) tools. Therefore, virtual care providers must be 
adequately trained in the systematic approach to evidence, relevant 
outcomes in support of care delivery, and other dimensions of 
technology and the frameworks used for supporting such assessments.

Legal, regulatory, 
privacy and security 
requirements

As the field evolves, understanding the changing dynamics of the 
oversight requirements and overarching strategic confidentiality of 
information derived through virtual systems must be a core area of 
understanding
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30-day readmission after acute coronary syndromes. In individuals with heart failure, 
limited health literacy has been associated with 1.3- to 2-fold higher all-cause mortal-
ity in hospital and community-based cohorts. Individuals with limited health literacy 
experience barriers to referral to, engagement with, and participation in cardiac reha-
bilitation services and thus miss the physiological and non-physiological benefits after 
coronary events. Multisession telephone-based intervention for individuals with heart 
failure led to a lower likelihood of hospitalization. A cross-sectional study of 402 
patients from 2 racially diverse and geographically distinct public, urban healthcare 
facilities found that the majority (55%) of individuals with inadequate health literacy 
were not able to recognize a blood pressure of 160/100 mm Hg as abnormal.

Interventions addressing health literacy in individuals with CVD have focused 
primarily on medication adherence including reminders, illustrated medication 
schedules, and even pharmacist assisted medication reconciliation and counseling. 
Telephone follow up appears promising as well. The addition of video, the ability 
for a clinician to see how medications are stored, assist with labeling real time, 
review storage location and incorporate caregivers in the conversation from home, 
may all prove to address health literacy in a more tangible way.

Chat messaging using smart phones has evolved as a mechanism to provide direct 
feedback and patient engagement (https://www.ahajournals.org/doi/full/10.1161/
CIRCOUTCOMES.119.005805) (Table 9.4).

Individuals with limited health literacy face challenges in accessing and navigating 
health care, and such obstacles may be exacerbated by family, community, and social 
factors. Only 12% of US adults have the health literacy skills to navigate its complexity 

Table 9.4 Examples of text messages used in the CHAT-DM randomized controlled trial

General information on CHD and DM [1×/wk]
Diabetes is not terrible and there are many things you can do to prevent problems from 
diabetes, such as monitoring blood glucose, watching your diet, keeping fit, and taking pills 
regularly.
Glucose monitoring and control [1×/wk]
Afraid of testing blood glucose because it hurts? Try to test on the sides of your fingertips or 
rotate your fingers, which can help to minimize pain.
Blood pressure control [1×/wk]
Home blood pressure monitoring is highly recommended! You can get an accurate picture of 
your heart health and understand daily changes in blood pressure, which is helpful for doctors to 
adjust medications for you.
Medication adherence [1×/wk]
Taking diabetes medications or injecting insulin regularly can help control your blood glucose 
level. Forgetting to take your medication? Try to set a repeating alarm on your cell phone to 
remind you to take medication or insulin injection.
Physical activity [1×/wk]
Regular exercise is important for managing diabetes, physical activities such as aerobic exercise 
and strength training can help you to make your body use insulin better and reduce the risk for 
heart disease and osteoporosis.
Lifestyle recommendations [1×/wk]
The sugary drink may have an adverse impact on your weight and blood glucose. Try to drink 
water as it is simply the best choice when you are thirsty.
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successfully [11]. The AHRQ Universal Precautions Toolkit for Health Literacy is a 
publicly available document focused on improving quality of care. [12] It identifies 
the attributes of a health-literate organization and provides guidance for cardiovascular 
centers. The American Heart Association has also authored a scientific statement [13] 
on health literacy in cardiovascular disease. In that they suggest strategies that address 
barriers created by limited health literacy on the management and prevention of cardio-
vascular disease which are applicable to practices offering telemedicine and digital tech-
nology companies developing platforms or devices for telehealth care alike (Fig. 9.2).

9.5  Summary

New technological capabilities, advances in virtual care delivery, changing societal 
expectations and a burgeoning demand for basic care services have created a new 
venue for care delivery outside of traditional face-to-face environments (Table 9.5). 

Language proficiency

Health Iiteracy

Cardiovascular disease
understanding

Comfort with
technology

Fig. 9.2 Components of 
digital health literacy
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In addition to educating the clinicians, improving upon health and digital literacy 
will be essential to patient engagement and improving outcomes with blended care.

Just as physicians and other clinical providers receive a defined grounding in the crit-
ical specialties, so they should also be trained in virtualist care capabilities. The purpose 
of a virtual care training program must be to assist clinicians in understanding common 
problems and in determining when it is important to seek more traditional as face-to-
face care delivery or the assistance of specialists. Further training and skill development 
are required for all physicians and clinicians who will engage in virtual care delivery 
so that a baseline of that capability will be a requisite training requirement among all 
providers. The constant evolution of virtual care paradigms will require modular educa-
tion offerings ranging from conducting video visits to interpreting patient derived data.

The move toward embracing the virtualist model is an inevitable and essential 
shift for all medical and clinical professions. The field requires a collaborative 
approach toward development, implementation and deployment of a rapidly evolv-
ing technical landscape. Such collaboration should include universities, associa-
tions, industry, health care systems and clinicians as the field of virtual health care 
continues to evolve and develop.

Case Report
The lead author has served as the driving force for creating a program in virtual 
care delivery for clinicians involved in providing virtual care delivery. He along 
with several colleagues in the telehealth and telecare space observed in mid-2015 
that the utility of various tele-technology tools was hampered by the fact that 
front-line clinicians and providers of care who used those tools were inadequately 
trained. In essence, care providers were often provided very superficial orientations 
on the technology without any grounding on the utility of the tools or how those 
tools altered the care delivery process. These observations led to the conclusion 

Table 9.5 Future trends in health sciences training

Virtual care training will become 
embedded in health sciences 
education

It is highly likely that virtual training will become a core 
element of the formal education of all medical and health 
sciences students. As the trend evolves, further 
specialization in the use of virtual technologies and 
applications will also evolve.

A continuing education initiative is 
critical to bring the existing health 
care workforce up to speed

Certificate programs and specialty updates will no doubt 
be required for practicing clinicians. Industry-focused 
training programs on specific tools or platforms may be 
an insufficient foundation for adequately preparing 
clinicians to serve as virtual care providers.

Augmented training requirements 
for specialized virtual medical and 
health providers

Presently, there are no formal graduate-level training and/
or research programs that have been identified in virtual 
health and care delivery. However, it is anticipated that, 
within a few short years, such programs will evolve.

Certification of clinicians in virtual 
health and care delivery will become 
the norm for individuals involved in 
virtual care delivery environments

Certification programs within the health care community 
have been shown to ensure the competence of 
professionals through a measurement of skills and 
knowledge with a defined minimum standard.
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that a need existed for a better grounding in telehealth and telecare capabilities. 
Furthermore, with the pace of change occurring in the industry, a solid grounding in 
the utility and capability of these tools was becoming increasingly apparent as the 
technologies continued to expand their delivery capacity.

As a result, in early 2018, the lead author convened a number of thought leaders 
in the telehealth and telecare industry to discuss the need for and elements of an 
essential training foundation for clinicians engaged in providing virtual care deliv-
ery services. Those formative discussions provided the framework for the ten (10) 
essential elements of training required for clinicians providing virtual care outlined 
in this chapter. In addition to the curricular framework, the participants also felt that 
a program in virtual care delivery should be structured as a continuing education 
initiative rather than as an ancillary degree. Furthermore, the group felt that the 
capabilities outlined in the core curriculum should be made available to all health 
care professionals providing clinical support in patient care settings.

Through the remainder of 2018, discussions were held with a number of informat-
ics and health sciences programs across the nation on the feasibility of establishing a 
“consortium” of schools who would actively support and develop the program. Over 
time, the complexities of inter-academic collaboration were recognized as an impedi-
ment toward a timely implementation of the training program. In the end, Northeastern 
University based in Boston, Massachusetts stepped forward and indicated a desire to 
push the initiative forward with the intent that if schools wanted to collaborate in 
the future, they would welcome their participation. Northeastern University then pro-
ceeded to move forward by investing in curricular development and identification of 
both internal and external resources that could be mobilized to support the proposed 
curriculum. As of this writing, the Alpha Cohort of participants at Maine Health is 
completing the program with very positive results and a Beta Cohort of participants 
from a variety of health care organizations will be initiated in early 2021.
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Chapter 10
Trust in Artificial Intelligence: Clinicians 
Are Essential

Umang Bhatt and Zohreh Shams

10.1  Introduction

Artificial intelligence (AI) or the use of computational technologies that are inspired 
by human cognitive functions, is changing the fabric of daily life [1]. From natu-
ral language processing for computer readable electronic health records to medical 
image processing for clinical decision support systems, advances in AI are poised to 
change the method by which healthcare is delivered [2]. Like other safety and secu-
rity critical domains, a lack of transparency in AI systems prevents the widespread 
use of these systems in day-to-day clinical practice. For AI systems to be fully 
integrated in healthcare practices, they need to be transparent so that the healthcare 
practitioners can judge when to trust an AI systems’ recommendation [3]. In this 
chapter, we begin with a brief overview of AI, then discuss mechanisms for AI sys-
tems to display trustworthiness to external stakeholders and examine the role of the 
cardiac practitioners in the development and deployment of AI systems.

10.2  Overview of Artificial Intelligence

In the summer of 1956, a handful of scientists convened for the Dartmouth Summer 
Research Project on Artificial Intelligence. Most agree that this was when the term 
“artificial intelligence” was coined. To this day, the goal of AI remains the same: 
to build machines that simulate human intelligence [4, 5]. While simulating human 
intelligence is an ambitious goal, AI systems in their current form are best suited to 
augment, not automate humans [6].
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For healthcare, the utility of AI does not lie in the ability to replace healthcare 
practitioners, but rather the ability to augment a healthcare practitioners’ expertise. 
The ideal AI system for a healthcare practitioner is one that works alongside the 
clinician to learn from their behavior and decisions. Several generations of comple-
mentary AI systems have been developed and broadly divided into rule-based expert 
systems, Machine Learning (ML) Driven systems, and hybrid systems that combine 
expert and ML-Driven systems.

10.2.1  Expert Systems

The role of an expert system is to mirror the reasoning used by an expert when 
making a decision. The main components are its knowledge base and a reasoning 
engine, which applies a set of If-Then rules to facts in the knowledge base in order 
to infer new facts [7, 8].

Example: One of the earliest expert systems, MYCIN [9], was a clinical sys-
tem developed to identify bacteria causing severe infections, such as meningitis. 
Based on the diagnosis, MYCIN recommended antibiotics tailored to patients (i.e., 
adjusted for patients’ body weight).

10.2.2  Machine Learning (ML)-Driven Systems

Machine learning applies a hybrid of statistics, computer science and electrical 
engineering to solve complex problems using large datasets [10]. Unlike expert 
systems, which rely on experts to provide the desired reasoning, ML-driven sys-
tems infer reasoning from data by extracting patterns and identifying interactions 
from observations and building models that extrapolate to unseen data. This is con-
ducted by identifying interaction patterns among variables. This mechanism does 
not replace expert reasoning, however, can prove more valuable than user-generated 
rubric systems. Therefore, in clinical practice, ML can automate decision systems 
to help physicians make predictions with increased accuracy.

Example: The data used for ML applications in healthcare could include patient 
information from an electronic health record, medical images, or a clinician’s notes. 
Sometimes labels (or targets) may be provided alongside training data, which indi-
cate the true outcome corresponding to a given input. For example, suppose our train-
ing data is a set of medical images, say chest X-rays taken in a hospital. Each chest 
X-ray is labeled to indicate whether the patient has pneumonia (1) or does not have 
pneumonia (0). Given these input images and corresponding binary output labels, a 
ML model can be trained to predict whether a new chest X-ray image contains evi-
dence of pneumonia [11]. The majority of current ML research focuses on creating 
algorithms to learn an accurate model that performs well on the training data and 
generalizes to unseen data. The ML-Driven systems in cardiology have followed the 
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same pipeline as explained above and have proven to be able to extract patterns from 
the data that generalize very well, for example in the diagnosis of heart failure [12].

10.2.3  Hybrid Systems

The most recent generation of healthcare AI systems attempt to rely on both expert 
knowledge and ML to make recommendations that exploit the known knowledge of 
practitioners while learning the unknown knowledge emerging from the data.

Example: In [12] a hybrid system for the diagnosis of heart failure is proposed 
that first formalizes the decision-making of expert clinicians as a set of rules and 
then it augments that with the rules that come from ML algorithms modeling the 
cohort of patients with and without heart failure. The hybrid system has proven to 
be useful, particularly in absence of access to a heart failure specialist. The use of 
formalized expert knowledge in the format of ontologies (i.e., Gene Ontology [13]) 
and biological networks is also very common in hybrid approaches [14–17].

10.3  Machine Learning in Healthcare

There are three popular paradigms of machine learning: unsupervised, supervised 
and reinforcement learning.

In supervised learning, algorithms use a dataset that has been labeled by clini-
cians, to predict a known outcome. Although supervised learning is ideal for clas-
sification and regression problems, it requires a lot of data and is time-consuming 
because the data has to be labeled by humans. The chest X-ray is a classic example 
of supervised learning. The ML model is trained on previous chest X-ray data and 
learns a relationship between the images and the pneumonia labels to then general-
ize when new chest X-rays are presented.

Unsupervised learning involves training models from data without labels. This is 
used to parse out insight from the training data itself [18, 19]. Unsupervised learn-
ing seeks to identify novel disease mechanisms, genotypes, or phenotypes from 
patterns in the data, independent of human interpretation. Shah et al. [20] developed 
an unsupervised learning model to predict the survival of patients with heart failure 
with preserved ejection fraction (HFpEF). There were 46 distinct variables analyzed 
which led to three distinct groups. Supervised learning with human input was then 
utilized to predict the difference in desired outcomes (mortality and hospitalization) 
among the groups. A significant limitation of unsupervised learning is that the initial 
cluster pattern must be validated against other cohorts.

Hedman et al. [21] also used machine learning to analyze 32 echocardiograms 
and 11 clinical and laboratory variables collected from 320 HFpEF outpatients in 
the Karolinska-Rennes cohort study (56% female, median 78 years; IQR: 71–83) 
identifying 6 phenogroups.
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Reinforcement learning can be crudely seen as a hybrid of supervised and unsu-
pervised learning that aims to maximize the accuracy of algorithms using trial and 
error. It is well-suited for sequential decision making problems [22, 23]. A full sur-
vey of RL in healthcare that ranges from systems that decide treatments for chronic 
diseases to those that allocate resources within hospitals can be found in [24].

10.3.1  Clinical Data Interpretation Powers AI

Although ML quickly gained traction through the production of large datasets, it 
has taken more time to be adopted by the healthcare sector [25]. Access to elec-
tronic medical records, remote patient data and digital patient-driven data streams 
can assist in clinical decision making, exploration and discovery when assessed 
with powerful analytics. As a result of continued collaborations between clinicians 
and ML researchers, much progress has been made to develop robust methods that 
adequately consider the variety of data contained in medical data [26, 27]. While 
these efforts have increased the use of AI in healthcare, the availability of healthcare 
data is the keystone to unlocking the power of AI in healthcare. Medical data vary 
per case and are inherently complex. They can include anything from time series 
data to discrete measures, consisting of signal frequencies, medical images, or text 
descriptions.

Each type of data requires a different type of preprocessing before being encoded 
as input features for an ML model. Since clinicians take all of these variables into 
consideration when deciding diagnosis, prognosis, and treatment, AI systems 
intended to help clinicians come to these decisions must learn parameters that reflect 
these considerations. Electronic health records contain rich data that are easily avail-
able however, they may be too complex to process [28]. Concurrently, neglecting 
potentially valuable data can lead to false diagnoses, which can incur unnecessary 
treatment expenses or cost patient lives. Nevertheless, researcher-clinician collabo-
rations have proved to combat these challenges by informing data collection and 
processing with clinician expertise. Using a single data structure constructed using 
the entirety of each patient’s chart, Rajkomar et al. [28] were able to predict impor-
tant clinical outcomes and measure readmission probability.

10.3.1.1  Decision Support

In the healthcare sector, we can augment clinical decision-making by using auto-
mated AI systems. Decision support AI systems suggest courses of action but do 
not implement any actions, therefore, the decision-making power remains with the 
healthcare practitioner [23]. Augmenting healthcare intelligence takes many forms 
and clinicians can use AI system outputs to diagnose more efficiently and accurately 
at a lower cost.
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To build a productive healthcare practitioner-AI system, the healthcare practitio-
ner needs to be aware of how the AI system works including its input, model, and 
output. Historically, decision support systems in clinical decision making have not 
demonstrated improvements in patient outcomes during randomized control trials 
[29]. However, the ability for computers to efficiently handle multi-modal data and 
the predictive power of AI systems has improved significantly. Modern decision 
support systems can now provide personalized healthcare [30] in various domains 
[31–33]. AI-enabled support for clinical decision-making based on imaging (e.g., 
X-ray, mammogram) is particularly advanced. De Fauw et al. [34] propose a refer-
ral recommendation whose performance in diagnosing retinal disease reaches or 
exceeds that of experts on a range of visually impairing retinal diseases. In cardiol-
ogy, the interpretation of echocardiograms using ML has recently shown consider-
able potential [35]. ML has also been employed to identify genotypes associated 
with common symptoms of heart disease [36, 37]. While these support systems 
have been promising, personalized cardiovascular medicine delivered by AI can go 
beyond simple image interpretation and genotype association.

10.3.1.2  Exploration

Exploration refers to the use of AI systems to explore new biological processes and 
aid scientific understanding of medicine [38, 39]. In exploration, healthcare prac-
titioners need to guide AI systems to answer noteworthy questions: Is there a rela-
tionship that a practitioner wants to test? Is there a pattern in phenotypic data that 
one can mine from genomic data? Poplin et al. [40] were able to make hypotheses 
about risk factors for cardiovascular disease using retinal fundus photographs. The 
implemented ML model extracted unforeseen features of importance when predict-
ing cardiovascular risk factors: this augments the ability of a healthcare practitioner 
by directing future research and guiding diagnostic practices.

Exploration aims to verify conjectures that healthcare practitioners have based 
on experience. The main paradigms of learning for exploration are supervised and 
reinforcement learning. Exploration takes advantage of the massive amount of 
patient data recorded in health records and collected during clinical trials. Supervised 
learning can extract behavioral insights from sensor-collected data, e.g., heart 
monitors.

Exploration
A study of participant-reported physical activity and sleep duration from a 
wrist activity monitor was used [41] to train a ML model that identified the 
activity the participant was engaged in. Ground-truth data was acquired from 
a camera, which was annotated with the activity of interest providing ground 
truth labels for supervised learning. The model identifies high-level trends 
in lifestyle health behaviors, which the authors suggest can influence future 
public health guidelines.
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10.3.1.3  Discovery

In discovery, AI can help reveal unknown patterns and motivate healthcare practi-
tioners to develop randomized control trials to verify patterns observed in the data. 
Healthcare practitioners can provide guidelines that dictate what data is fed into the 
AI system and how the discoveries are made. Some relevant questions might be: Is 
there a space of potential drugs in a large search space (i.e., the space of all possible 
chemical compounds) wherein one may find a cure? Is there a pattern one can learn 
from clustering similar data together?

Discovery aims to reveal unknown patterns within large datasets [42]. Differing 
characteristics across subgroups enable AI systems to model their underlying dis-
tinctions. Sometimes the patterns mined from the data could lead to new scientific 
discoveries.

10.4  Trustworthiness Mechanisms

AI systems can either deliver or fail on the task at hand. In successful cases, people 
expect AI to act in a verifiably correct and predictable manner; such behavior highlights 
the trustworthiness of AI. In the case of failure, people should hold an AI accountable 
for its actions: either AI should transparently provide explanations for why it did what 
it did, or it should convey its limitations a priori. Trustworthiness ensures systems are 
predictable, transparent, and robust. It is comprised of competence, reliability, and hon-
esty [45].

Transparency is a mechanism via which AI systems can display their trustwor-
thiness to stakeholders. It allows stakeholders to audit systems to see if the system 
behaves as desired. Transparency into the training procedures/setup and into AI sys-
tem innards are equally important.

10.4.1  Predictability

Imagine a diagnostic AI system that leverages electronic health records to make 
suggested diagnoses to healthcare practitioners [46]. If the system performs well 

Discovery
A genomic score was created [43] to stratify individuals based on their risk 
trajectories for coronary artery disease. Based on an ML model, they sug-
gested early life genomic screening as an additional risk assessment tool for 
coronary artery disease. The ability to develop a genomic score, which has 
practical utility, lies in advances in genome sequencing and lies in AI for 
genomics. Recent work has also found that AI can be used for discovering 
novel “genotypes and phenotypes in heterogeneous cardiovascular diseases, 
such as Brugada syndrome, HFpEF, Takotsubo cardiomyopathy, HTN, pulmo-
nary hypertension, familial atrial fibrillation, and metabolic syndrome” [44].
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over time (that is, provides the correct diagnosis most of the time) the healthcare 
practitioners will begin to view the system’s behavior as predictably correct and 
trustworthy. As long as an AI system can convey why it has failed, healthcare prac-
titioners are likely to accept an under-performing AI system [47]. Predictability 
captures the ability for the AI system to correctly complete the task it was trained 
to do. Predictable AI systems behave in line with a stakeholder’s mental model. 
Repeat interactions with AI systems help foster trust between the system and the 
practitioner [48]. The AI system may be uncertain upon seeing a new patient that 
is unlike any patients in the training set. When faced with this new example, it is 
important that the system communicates its predictive uncertainty of its diagnosis 
with the healthcare practitioner [49]. In order to build a trustworthy relationship 
with healthcare practitioners, AI systems ought to account for real-world uncertain-
ties in deployment. In the face of uncertainty, the healthcare practitioner making a 
decision can intervene and revert to their clinical judgement.

The AI community has developed algorithms that may be suitable for conveying 
this predictive uncertainty to non-ML-expert stakeholders [50–53]. If a traditional 
AI system was tasked with predicting if a chest X-ray had pneumonia or not (two 
options), these newer systems include a third option, a reject option (also called 
abstain option or colloquially an “I don’t know” option [54]. Selective prediction 
(also known as reject option classification or learning with abstention) could have 
large promise in clinical decision making [55]. When an AI system is ambiguous, it 
is important it defers to healthcare practitioners, who can leverage their expertise to 
make a decision accordingly.

10.4.2  Procedural Transparency

Procedural transparency entails conveying information about how an AI system 
is trained [56]. It may expose proprietary information, however disclosures like 
these can help healthcare practitioners understand the functionalities and limitations 
of the AI systems in question. Procedural transparency is paramount to building 
practitioner- AI trust and to ensuring safe adoption of AI in healthcare. Procedural 
Transparency includes properties of the model used (developers, version, licens-
ing, etc.), intended use cases for the model (primary use, out-of-scope use cases, 
intended users), details about the training data used (diversity, preprocessing, fea-
ture selection), performance metrics (decision thresholds, qualitative results, uni-
tary/intersectional analyses), and ethical considerations [57–60].

10.4.3  Algorithmic Transparency

Algorithmic transparency generally refers to explainability, but also encompasses 
other concepts such as uncertainty [61]. Algorithmic transparency can provide 
information on a global level that summarizes the model behavior for multiple 
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data points or the entire training dataset. Algorithmic transparency can also pro-
vide information on a local level explaining an individual prediction [62] via mul-
tiple methods. Feature importance asks which features are important to the model 
when doing prediction [63–65]. Sample importance answers which training points 
were most important to a particular prediction [66–68]. Counterfactual explana-
tions note what needs to change in an input in order to change the outcome [69–71]. 
Explainability develops models that provide information about how the model came 
to its decision [72]. One study interviewed healthcare practitioners to explore their 
clinical decision- making in practice. The participants were given a case study [47] 
where an ML model was embedded in the electronic health record system and mon-
itored patients in the ICU to assess the likelihood that they would experience cardiac 
arrest. The practitioners prioritized identifying any discrepancies between the sub-
set of input features responsible for the model’s outcome (feature importance) and 
their clinical judgement.

Explainability can also be applied to augment a healthcare practitioner’s decision- 
making and analysis, such as echocardiogram interpretation. Alsharqi et  al. [73] 
were able to use ML to efficiently, accurately, and reliably interpret echocardio-
grams, with performance comparable to that of a clinician alone. Zhang et al. [74] 
were able to support serial patient tracking and analyze echocardiograms on a large 
scale using a novel analysis pipeline, including identification, image segmentation, 
structure and function quantification, and disease detection. Their model was able to 
successfully segment cardiac chambers using a convolutional neural network trained 
per the segmentation method.

10.4.4  Robustness

In addition to transparency and predictability, AI systems must be robust to shifts in 
input distributions [79] and to adversarial attacks [80]. Robustness is a system’s abil-
ity to withstand outliers and other variation during system deployment Distribution 

Algorithm
Research in deep learning for medical diagnostics has also developed expla-
nations that reason like clinicians [75]. Similar to how a ML model uses input 
features to reach an output, medical professionals learn how to proactively 
search for risk predictors upon seeing a patient [76]. Research in AI is now 
trying to mirror how medical professionals use current data as well as past 
experiences with patients to inform decision making. For example, if a doctor 
treated a rare disease over a decade ago, then that patient can be crucial when 
attributes alone are uninformative about how a doctor should proceed [77]. 
This is the equivalent to using “close” training points (past patients) to explain 
an unseen test point (current patient) [78]. Thus, algorithmic transparency 
provides much promise in healthcare.
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shift refers to when the inputs received in deployment differ from the inputs that the 
AI system was trained on. Covariate shift captures what happens when the input 
features differ from training to testing [79]. Label shift refers to when the output 
distributions vary from training to test [79]. For example, if a ML model is trained 
on geriatric patients but then deployed in the neonatal ward, the model may not per-
form as expected on younger patients. In some cases, the effects of age may be neg-
ligible to the model; however, it is important for the healthcare practitioner to clarify 
if such a shift is acceptable. While it is possible to create a model for a specific task 
or problem, recent work has shown that a hospital-specific approach with tailored 
models for each institution is the most efficient way to robustly augment clinician 
performance [81]. Since hospitals usually have unique systems for electronic health 
records, one model may not generalize from one hospital to another.

10.5  Artificial Intelligence Alongside 
Healthcare Practitioners

Healthcare practitioners play a pivotal role in building and deploying trustworthy AI 
systems [82]. They can intervene in input engineering, model development, clinical 
deployment, and model correction.

10.5.1  Input Engineering

Healthcare professionals are essential in ensuring that the inputs and features 
learned by an AI system are biologically relevant and feasible. They are most famil-
iar with context specific information and can help fill in the gaps where the training 
data might be lacking. The combination of data analysis and clinical intuition plays 
a fundamental role in cardiovascular disease management. Input engineering can 
incorporate human domain expertise into the learning process through collaboration 
with cardiovascular clinicians.

10.5.2  Model Development

As ML engineers develop models for use in medical contexts, healthcare profession-
als have the opportunity to assist in model development. Most importantly, health-
care professionals can help with verifying what the model has learnt is biologically 
relevant by inspecting the explanation generated for its predictions. In healthcare, 
these techniques can pave the way for clinicians to actively participate in the model 
selection and to ensure that ultimately the model not only quantitatively be accurate 
but also it is qualitatively relevant. Feature engineering, where the expertise of the 
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domain experts is considered in what the model pays the most attention to is another 
way of having healthcare professionals involved in model development [83].

10.5.3  Clinical Deployment

Having clinical experts integrally involved in developing models and engineering 
the input that feeds the model plays an important role in the trustworthiness of 
the developed system. Upon AI deployment, healthcare practitioners should use 
their clinical judgment about the system’s recommendation and whether it should 
be taken, rejected or adjusted. Conveying the degree of predictive certainty by the 
clinical decision support system when making a prediction can guide this judgment, 
especially if the system is equipped with explanation facilities. Such explanation 
techniques facilitate the interaction of the users with the system to gain more insight 
into the recommendation proposed and to subsequently trust it. Such interactions 
can help the system self-correct and learn from the adjustment or overrides admin-
istered by experts [84].

10.5.4  Model Correction

If a deployed AI system contains errors, there is an opportunity for a healthcare 
practitioner to intervene and correct the systems’ behavior. The learned models may 
have high accuracy but can accidentally learn spurious correlations between fea-
tures (that is, the true signal might be masked by noise in the data) [85]. Interactive 
ML comes to the rescue to involve healthcare practitioners directly in the model 
correction phase. Enabling healthcare practitioners to identify how to correct the 
errors (or how to change the model’s reasoning on specific inputs) is crucial to suc-
cessful deployment of AI systems in healthcare.

10.6  Conclusion

The potential of AI in healthcare is limitless. By encouraging interaction between 
healthcare practitioners and AI systems, society unlocks more potential since AI 
extends a healthcare practitioner’s acumen with the predictive power of machines. 
Aligned with core human values, an AI system earns a healthcare practitioner’s trust 
and gives them the agency to do more. While current applications of AI systems 
in clinical settings are limited to ML-driven systems, AI systems can be used to 
explore more than just datasets for insights. They can be used to discover new drugs 
or treatments, or to provide decision support to practitioners. For an AI system to 
show its trustworthiness to healthcare practitioners, the AI system must display 
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predictability, procedural transparency, algorithmic transparency, and robustness. 
Healthcare practitioners are essential to the successful deployment of AI systems: 
they can engineer inputs to feed into models, can guide model selection, can assess 
models in deployment (overriding as needed), and can correct model behavior. The 
merit of AI in healthcare comes from AI deployed responsibly with the healthcare 
practitioner in mind.
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