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Preface

When we embarked on editing a telehealth book, we could not have envisioned the 
rapid uptake in telehealth that would occur associated with the COVID-19 global 
pandemic. Our original vision was to provide an introductory overview of themes 
relevant to virtually all telehealth programs along with a detailed examination of 
telehealth in pulmonary, critical care, and sleep medicine. We have termed the first 
part of this book a telehealth “primer.” The objective of the primer is not to provide 
a comprehensive manual on telehealth, but is to give readers a valuable overview of 
topics that need to be considered, addressed, and adapted to the reader’s local con-
text. Primer topics include an overview of the history of telehealth, regulatory/legal 
issues, financial considerations, historical challenges to telehealth service develop-
ment and implementation, technology considerations, people factors in telehealth, 
and how telehealth can drive quality in healthcare. The second section provides an 
evidence-based review of telehealth services in select pulmonary/sleep medicine 
topics including pediatric asthma, home-based chronic obstructive pulmonary dis-
ease management, and sleep disordered breathing. This is followed by a detailed 
chapter on telemergency including examples of triage tools for telemergency pro-
grams. Finally, the book concludes with a chapter on tele-ICU, arguably the area 
with the most robust evidence base. We hope readers find this a useful introduction 
to this important topic and an area of indisputable growth in healthcare.

Charleston, SC, USA Dee W. Ford
Johns Island, SC, USA Shawn R. Valenta 
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Chapter 1
Overview and History of Telehealth

Alexis E. Frehse

 Brief History of Telehealth

 1950s

By most accounts, it appears that the 1950s was the decade when contemporary 
telehealth began in the United States and Canada. In fact, 1950 was the year that 
telemedicine was first mentioned in medical literature [1]. In addition to being 
included in a medical publication, live, two-way telehealth visits were occurring at 
the University of Nebraska by the end of the decade.

In the year 1959, visits were occurring on campus between clinical instructors 
and their medical students [1]. The telehealth practice in Nebraska began with neu-
rological exams and then expanded to include group therapy consultations. This 
demonstrates that even in its earliest stages, telehealth was being utilized to not only 
expand access to care, but also to expand education efforts. Toward the end of the 
decade, Canadian radiologists began to experiment with telehealth utilizing fluoros-
copy images (i.e., an X-ray movie) to diagnose patients [1].

 1960s

In the 1960s, the first instances of asynchronous or store-and-forward telehealth 
were recorded through the transmission of X-rays and electrocardiograms [1]. In 
these early instances, telehealth was used to diagnose patients at sea while the pro-
vider remained on shore. This decade also experienced a boom in live, synchronous 
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telehealth in not only rural areas, but also urban areas with a need for immediate 
medical care. One system that did notable work in this field was Massachusetts 
General Hospital (MGH). In 1963, MGH established (through telecommunications) 
a medical outpost at Logan Airport in Boston that was staffed by nurses to treat 
patients in emergency situations. Five years later, efforts were expanded and the 
service evolved into telehealth that included the use of a stethoscope during the live, 
interactive consultation [1].

But MGH was not the only organization to expand telehealth efforts; in 1964, the 
Nebraska Psychiatric Institute received a grant from the US National Institute for 
Mental Health (NMH) that allowed the institute to experiment with a pilot program 
in which they connected to Norfolk State Hospital. The program provided education 
and consultations from specialists at the Nebraska Psychiatric Institute to general 
practitioners at Norfolk State Hospital [2]. Once again, illustrating how the educa-
tional aspect of telehealth is continuously and consistently integrated with the clini-
cal aspect. Throughout the evolution of telehealth, the clinical and educational 
components continue to grow and progress simultaneously.

 1970s

Telehealth efforts expanded exponentially in the 1970s mainly due to the involve-
ment of federal agencies including the National Aeronautics and Space 
Administration (NASA) and the US Department of Health, Education, and Welfare 
(currently the Department of Health and Human Services, DHHS). In 1972, both 
agencies launched their own separate programs [2].

NASA’s program was titled Space Technology Applied to Rural Papago 
Advanced Health Care (STARPAHC), and it was an initiative that connected 
healthcare providers to patients in remote areas with little or no access to health-
care. Patient sites, defined as originating or presenting sites, were located in para-
medic vans and  connected with medical providers at hospitals in Tucson and 
Phoenix, Arizona [2]. Members of the Papago Indian Reservation as well as 
astronauts  benefitted  from this NASA iniative, which endured for nearly 20 
years [1].

DHHS’s program involved seven different projects that included research as well 
as clinical care. The project partners included the following:

• Illinois Mental Health Institutes in Chicago
• Ohio’s Case Western Reserve University in Cleveland
• Massachusetts’ Cambridge Hospital, Illinois
• Bethany/Garfield Medical Center in Chicago
• Minnesota’s Lakeview Clinic in Waconia
• Dartmouth Medical School’s INTERACT in Hanover, NH
• Mount Sinai School of Medicine in New York City [2]

A. E. Frehse
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The success of the partnerships led to two additional telehealth projects in the 
states of Florida and Massachusetts that were funded by the US National Science 
Foundation (NSF) [2]. Not wanting to be outdone by their neighbors to the South, 
the Canadian Space Program partnered with Memorial University of Newfoundland 
to pilot their own telehealth initiative utilizing the Hermes satellite, which was 
shared with the United States [2].

 1980s

In the 1980s, telehealth began to expand on a global scale with the implementation 
of programs in Australia, Armenia, and Russia [2]. In Australia, telehealth programs 
were developed based on a need for providing care to patients in rural areas.

In the country of Armenia, the need arose due to the occurrence of a natural 
disaster. An earthquake, occurred in 1989, and led to the utilization of telehealth 
between the United States and Yerevan, Armenia. The visits were set up for one- 
way, asynchronous communication, and allowed for consultations from four major 
medical systems in the United States facilitated through a Joint Working Group on 
Space Biology between the United States and Armenia. This eventually led to an 
international partnership between the United States and Russia, when the telehealth 
services offered to Armenia were then extended to Russia through the Space Bridge 
Program [2].

In the United States, the Department of Defense (DOD) partnered with the Public 
Health Service to enhance Tele-Radiology efforts for civilians and military per-
sonnel [1].

While the 1970s witnessed the rapid development and expansion of telehealth 
programs, the early to mid-1980s witnessed a significant slowdown. Many attribute 
this to the growing cost of the equipment as well as the complexity of the associated 
technology. However, by the end of the decade, things began to accelerate yet again 
as technology improved and equipment became more economical [1].

 1990s

The 1990s brought a technology boom with the invention of the Internet or the 
World Wide Web (as it was commonly known then). In this decade, the American 
Telemedicine Association (ATA) was established, and the DHHS created the Office 
for the Advancement of Telehealth (OAT). Telehealth expanded so quickly that 
it was no longer possible to keep an inventory or database of all the emerging pro-
grams [3]. In addition to the expansion, this decade saw more diverse telehealth 
programs emerging as well as the creation of the first affiliations of separate aca-
demic medical institutions.

1 Overview and History of Telehealth
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One notable example of an affiliation involving telehealth is Telequest, which 
was a Tele-Radiology program established by five academic medical centers:

• Bowman Gray
• Brigham and Women’s Hospital
• Emory University
• University of California at San Francisco
• University of Pennsylvania [1]

Examples of other diverse telehealth programs that evolved in this decade include 
the following:

• Direct-to-consumer telehealth services
• Telehealth services into prisons
• Tele-psychiatry
• Telehealth services into skilled nursing facilities

In fact, the term “electronic housecall” was coined in the 1990s to identify this 
new mode of telehealth delivery [1].

The idea of utilizing telehealth to care for the prison population was gaining 
popularity due to substantial cost-savings and alleviation of safety concerns. In 
1995, it was estimated that in the state of North Carolina it cost more than $700 to 
transport a prisoner to the hospital to receive care. By participating in telehealth 
programs, states such as North Carolina, Colorado, and Texas were able to reduce 
these costs considerably [1]. In addition to providing cost-savings, the use of tele-
health programs to treat the prison population greatly decreased the number of indi-
viduals who could potentially escape and cause harm to others. This second benefit 
alleviated safety concerns previously held when seeking medical care for a member 
of the prison population.

While the concept of tele-psychiatry was not a new concept, it did experience 
growth and advancement through a program in Oregon called Rural Options for 
Development and Education Opportunities (RODEO NET). This program received 
a $700,000 grant from the Office of Rural Health Policy (ORHP) in 1991 and used 
it to expand and sustain its program. The program was so successful that it became 
self-sustaining and no longer depends on grant funding [1].

Finally, the idea of post-surgical follow-up through telehealth in a skilled 
nursing facility setting developed into a program through a partnership between 
Stanford University Medical Center and Lytton Gardens Health Care Center. 
The program began with a focus on post-transplant patients and expanded to 
reconstructive surgery patients and then vascular surgery patients. The partner-
ship was mutually beneficial. Stanford University Medical Center decreased the 
length of stay for the patient, and Lytton Gardens Health Care Center experi-
enced the benefits of improved reimbursement from treating more complex 
patients [1]. As a result, appropriate and efficient care was  delivered at both 
facilities.

A. E. Frehse
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 2000s

In the new millennium, government and regulatory agencies begin to catch up to the 
rapid expansion of telehealth. In this decade, state governments and medical boards 
begin to develop and establish their own telehealth policies [4].

In 2005,  Kentucky  became the first state to establish its own network, the 
Kentucky Telehealth Network. Kentucky’s original parity law required payers to 
reimburse telehealth services at the same rate as in-person services as long as the 
provider was in-network and affiliated with the Kentucky Telehealth Network [5].

In 2006, six regional Telehealth Resource Centers (TRCs) were established by 
the Health Resources Services Administration (HRSA) to assist with the develop-
ment and implementation of telehealth programs throughout the United States. The 
TRCs were funded by grants through the DHHS of about $300,000 per year and 
remain an invaluable resource for organizations seeking to learn about telehealth 
broadly as well as regional. The centers also assist with questions regarding any 
state-specific issues for their respective regions [6].

The passing of the American Recovery and Reinvestment Act of 2009 (ARRA) 
continued the advancement and expansion of telehealth through its focus on the 
need for increasing the utilization of electronic health records (EHR) and/or elec-
tronic medical records (EMR) [7]. Through the ARRA, $17 billion was allocated to 
update health technology systems and several more billions were allocated to scien-
tific research [7]. An impactful component of the ARRA was the Health Information 
Technology for Economic and Clinical Health Act (HITECH), which further 
prompted the shift to electronic medical records allowing the exchange of medical 
information in a more efficient and secure manner [8].

 2010s and the Future

The current decade continues the theme of regulation from the previous decade. The 
Affordable Care Act (ACA), passed in 2010, continues the apportionment of federal 
dollars to telehealth programs and services. There is also an increased focus on the 
triple aim:

• Improving population health
• Enhancing the patient care experience
• Reducing per capita cost

Telehealth is viewed as an important component to many strategies seeking to 
achieve the triple aim. In response to the growing demand for telehealth services, 
six additional telehealth resource centers were established through grants of nearly 
$400,000 per year in 2014, bringing the total number of federally funded regional 
TRCs to 12 in addition to two national telehealth resource centers, the Center for 
Connected Health Policy and the National Telehealth Technology Assessment 
Resource Center [6].

1 Overview and History of Telehealth
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In 2017, the Health Resources and Services Administration (HRSA) awards the 
designation of national Telehealth Centers of Excellence to the Medical University 
of South Carolina and the University of Mississippi Medical Center [9]. This award 
is the first of its kind and allows for the continuation of research and development 
of telehealth technology and best practices. Telehealth technologies continue to 
develop, and the telehealth market is projected to grow to almost $2 billion [10].

This decade also witnessed a surge in the development and utilization of mobile 
applications or as they are more commonly referred to as apps. In 2016, over a quar-
ter of a million apps related to health and wellness were available for download 
[11]. The popularity of healthcare apps can be attributed to the popularity of wear-
able smart devices, such as Fitbits and Apple watches. The majority of mHealth 
apps can be classified into one of the seven buckets listed as follows [11]:

• Chronic care management apps—Medical apps
• Healthcare and fitness apps
• Women’s health apps
• Medication management apps
• Personal health record apps
• Patient education apps

The apps that fall into these various buckets can help with a wide array of 
healthcare- related issues, such as tracking one’s steps for the day, to helping manage 
a chronic condition such as diabetes, or to monitoring a patient’s recovery after a 
major surgery.

As a component of assisting with patient treatment and care, mHealth apps can 
allow patients to have easy and immediate access to their medical record. Patients 
also have the ability to get in touch with their provider to ask questions or request a 
medication refill anytime and anywhere. In some instances, patients can even use an 
app to launch a live, two-way telehealth consult or submit a healthcare question-
naire with corresponding photos [11]. Researchers expect to see the mHealth app 
market reach $111.8 billion by the year 2025 [11]. This is largely driven by con-
sumer demand as applications continue to make things easier and more convenient.

As technology becomes increasingly integrated into everyday life, it has been 
assumed that telehealth will become a social norm, completely integrated with other 
elements of health. Similarly to how talking on the phone has evolved into video 
conferencing or how various platforms and applications are used for common activ-
ities, such as requesting transportation or shopping, healthcare will likely follow 
suite. Ultimately, when healthcare is needed, options for delivery of that care will be 
considered and the need for in-person evaluation will be one of a variety of technol-
ogy enabled choices.

In the coming decades, as healthcare strives toward achieving the triple aim, the 
need to ensure access to the same effective and efficient care regardless of patient 
location will grow increasingly important.

A. E. Frehse
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 What Is and Is Not Telehealth?

As telehealth continues to gain popularity and become more commonplace the 
question of what is and is not telehealth continues to arise. Is telemedicine the same 
as telehealth? Are the two terms interchangeable? If not, what are the key differ-
ences between the two?

In 2014, the federal government of the United States sought to answer these 
questions. As a result, a special task force was convened to “identify and evaluate 
the definitions of telemedicine/telehealth across the U.S. Government to provide a 
better understanding of what each agency or department means when it uses these 
terms” [12].

The work group brought together over 100 participants from the federal depart-
ments of Health and Human Services, Defense, Justice, Labor, Transportation, 
Veterans Affairs, Agriculture, Commerce, as well as several independent agencies 
[9]. The aim of this section is to clearly define what is and is not telehealth.

Telemedicine is defined by the Health Resources and Services Administration 
(HRSA) as:

the use of electronic information and telecommunications technologies to support and pro-
mote long-distance clinical health care, patient and professional health-related education, 
public health and health administration. Technologies include videoconferencing, the inter-
net, store-and-forward imaging, streaming media, and terrestrial and wireless communica-
tions. [13]

The definition above can apply to both telemedicine and telehealth and the ATA 
goes as far as to state that the two terms can be used interchangeably [12]. 
Similarly, a World Health Organization (WHO) report in 2010 noted that for the 
purposes of the report the two terms “are synonymous and used interchange-
ably” [12].

However, this has not always been the case. Historically, telemedicine has been 
viewed as consultation and diagnosis between a provider and a patient or a consulta-
tion between two providers (i.e., second opinion). Some even go as far to say that 
telemedicine is specifically the interaction between the patient and a physician, and 
telehealth encompasses all other types of providers (i.e., physician assistants, nurse 
practitioners, and registered dieticians).

As a part of the initiative, the federal work group was tasked with soliciting defi-
nitions for the following terms: telemedicine; telehealth; telemonitoring; telepres-
ence, store-and-forward; and mhealth from all federal groups [14]. Telehealth was 
the term that received the most responses, and it was discovered that six definitions 
of the term were used across seven different offices in the Department of Health and 
Human Services alone [14].

Upon discovering this, the work group decided to focus on the similarities and 
differences of the terms used in each definition [14]. The results showed that most 
definitions included healthcare services and education [14].

1 Overview and History of Telehealth
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Telehealth has been historically viewed as the educational component and is 
defined by the federal telehealth group as “a broader concept than telemedicine and 
addresses the use of information technologies not only for delivering medical care 
remotely, but also for delivering preventive health and other public health interven-
tions remotely” [14]. This educational/public health branch includes training for 
healthcare professionals such as emergency medical technicians, nutrition and fit-
ness classes taught by a registered dietician, or even long-distance learning oppor-
tunities between several healthcare professionals in both domestic and international 
settings.

More recently, the idea of wellness has gained momentum as there has been an 
influx of healthcare apps that track steps, caloric intake, and heart rate. Since these 
apps are rarely vetted or reviewed by physicians, they more often than not fall into 
the more general telehealth category.

Another aspect in the debate of what is and is not telehealth includes the platform 
or specific technology that is used as the channel of communication. It is critical that 
the technology selected for use is secure and HIPPA-compliant. Some providers are 
quick to recommend that a patient text a picture or take it upon themselves to utilize 
FaceTime to observe, diagnose, and provide follow-up care to patients. These forms 
of technology are neither considered secure nor HIPPA-compliant and can create 
significant compliance risks. They also present issues when attempting to bill for 
professional fees and other forms of telehealth reimbursement that may be available 
through third-party payers.

Conversely, the use of appropriate technology does not necessarily mean that the 
communication and/or interaction is telehealth. For example, the use of HIPPA- 
compliant technology to connect to grand rounds or a departmental meeting is not 
and should not be considered telehealth.

To conclude, the terms “telemedicine” and “telehealth” are generally synony-
mous just as the use of the medical and healthcare fields are considered interchange-
able. It is important to note the historical differences between the two terms and 
understand that the currently suggested term “telehealth” can encompass all facets 
of health and wellness. As the shift toward preventive health continues to occur, it is 
crucial that health include not only medical care, but also wellness.

 Modes of Telehealth Delivery

When identifying the four key modes of telehealth delivery, it is important to 
remember that telehealth is not a practice in-and-of itself, but it is a tool to improve 
the efficiency and/or effectiveness of care. It is not a new type of healthcare, but 
simply a different way to deliver the same or higher quality care.

While many automatically think of telehealth as a live, two-way video confer-
ence with one’s provider, there are actually four main modes that encompass the 
methods that a patient can receive care via telehealth. Broadly considered, tele-
health interactions are categorized with regard to timing and with respect to the 
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intended recipient. With regard to timing, telehealth interactions may occur either 
synchronously or asynchronously. With regard to intended recipients, these may be 
between patients and providers or provider-to-provider. See Fig. 1.1 for examples, 
several of which are explained below [13].

 Synchronous (Live, Two-Way), Videoconferencing

Synchronous videoconferencing is traditional telehealth and what comes to mind 
when many hear the phrase “telehealth.” In this situation, the patient is located at the 
originating or presenting site and the provider is located at the distant site.

The mode of delivery can include a provider-to-provider connection or a patient- 
to- provider connection. In some situations, a tele-presenter (oftentimes a medical 
assistant or nurse) can work with the remote provider to conduct a physical exam 
and help to evaluate the patient through the use of telehealth peripheral devices. 
These devices include items such as a stethoscope and/or otoscope.

 Asynchronous and/or Store-and-Forward

The asynchronous method has gained popularity in recent years and involves asyn-
chronous communication between the provider and the patient or between two pro-
viders. It differs from synchronous because it is not live, does not include video 
communication, and does not promote immediate interaction.

Fig. 1.1 Telehealth interactions by timing and intended recipient

1 Overview and History of Telehealth
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This type of telehealth can be used in a variety of ways for a variety of specialties. 
Some organizations utilize asynchronous telehealth methods to evaluate images, 
such as, tele-radiology or tele-EEG. Other organizations utilize it as a solution to 
evaluate and treat non-acute conditions, such as upper respiratory tract symptoms or 
minor skin rashes. Treatment can be streamlined by the completion of a question-
naire and when applicable, the submission of an image by the patient. This particular 
use-case, sometimes termed tele-urgent or virtual urgent care, has gained substantial 
traction in recent years and represents one of the fasted growing segments in tele-
health [15]. Finally, an important type of telehealth collaboration between two pro-
viders, termed “e-consults” or more recently by CMS “internet interprofessional 
consultations” serves to garner a second opinion in a more efficient manner. Due to 
the potential for this type of telehealth to reduce unnecessary sub-specialty referrals 
and/or decrease wait times for needed specialty referrals, this is a venue closed health 
systems, such as, the Veterans Administration have long embraced with posi-
tive results. The availability of new professional fee billing codes under CMS should 
prompt organizations with relatively deep sub-specialty resources to consider how to 
strategically develop and deploy services in this telehealth category.

 Remote Patient Monitoring

Remote patient monitoring involves a provider at the distant site monitoring and 
acting upon patient data from the originating or presenting site. Such data might 
include hemodynamic parameters, blood glucose levels, and other provider or 
patient-reported measures. Additionally, the provider can assist the staff at the origi-
nating site and provide direction in critical and urgent situations. This mode of tele-
health delivery is most commonly used in two distinct clinical contexts—chronic 
disease management and tele-ICU services. The latter is extensively reviewed in 
Chapter 12.

 Mobile Health or mHealth

Mobile health involves the use of mobile devices, such as smart phones and tablets, 
and it is the method that has gained the most popularity in recent years. In fact, a 
report in 2014 noted that 84 percent of patients aged 18–34 preferred a consultation 
through a mobile device [16].

The same report notes that there are over 100,000 mHealth apps on the market 
and that the use of these apps has grown at a rate of 87 percent when compared to 
the general app industry [16]. The use of the mHealth telehealth delivery mode can 
be extremely helpful for monitoring chronic conditions such as diabetes and/or obe-
sity. It can also be extremely effective in serving as a conduit to facilitate communi-
cation between the provider and the patient in a secure and safe manner.

A. E. Frehse
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Mobile health or mHealth can also be used as a tool to monitor patients at 
home after major medical events such as surgery. There is also growing interest in 
the role of apps to more successfully manage specific patient populations and 
decrease emergency department visits and admissions. For example, a patient 
undergoing heart surgery may be asked to download an app as a part of the recov-
ery process. By collecting and analyzing weight, blood pressure, and blood oxy-
gen levels, through the app, providers can allow patients to recover in the comfort 
of their home and also maintain a watchful eye during the recovery process. The 
access to the data and established parameters allows the provider to better manage 
the patient and adjust medication and care accordingly. Once again achieving the 
overall goal of telehealth by delivering care in a more efficient and effec-
tive manner.

 Conclusion

As telehealth continues to grow and evolve, providers and healthcare systems must 
envision how telehealth can be utilized to improve quality of care from a multi- 
stakeholder perspective, which includes patients, providers, payers, and health sys-
tems. As healthcare increasingly shifts toward value-based care, telehealth will play 
a key role in improving population health. Furthermore, the combination of techno-
logic advancements and patient demand will drive ongoing innovation.
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PHI Protected Health Information
Stark Laws Ethics in Patient Referrals Acts of 1989
TCPA Telephone Consumer Protection Act
USMLE United States Medical Licensing Exam

 Telehealth and Physician Licensure

 General Physician Requirements

All physicians are required to comply with the state licensure requirements of the 
state(s) where they practice medicine. However, additional considerations apply 
when a physician provides telehealth services to patients in another state. In that 
case, the question generally becomes whether the physician is licensed in the state 
where the patient is located.

The requirements for telehealth licensure vary from state to state, and differing 
state medical practice standards can add additional obstacles for physicians looking 
to practice across state lines. Most states require physicians to be fully licensed in 
the state where a patient is located before providing care to that patient, but not all 
states explicitly address the provision of telehealth services in relevant licensing 
statutes. Where states do not specifically address telehealth in their licensing stat-
utes, it should be assumed that a full license is needed to provide telehealth services 
to patients located in those states. Other states, such as Alabama and Texas, allow 
physicians to obtain special purpose licenses in order to practice telehealth in their 
state [1, 2].

 Exceptions to Physician State Licensure

Some states have certain exceptions to licensing requirements in specific circum-
stances. One such example is the bordering state exception, which some states 
employ to allow physicians from bordering states to practice across state lines. For 
example, Virginia provides license reciprocity for physicians providing telehealth 
services to patients in Virginia if the physician is licensed in a bordering state, which 
includes Maryland, Washington D.C., North Carolina, Tennessee, Kentucky, and 
West Virginia [3].

Other exceptions include the peer-to-peer consultation exemption, where out-of- 
state physicians who are consulting with a physician in a given state need not be 
licensed in that state. In these circumstances, the out-of-state physician typically 
must be licensed in the state where he or she is located, and the in-state physician 
must be licensed in the state where he or she and the patient are located. The in-state 
physician is held responsible for maintaining the physician-patient relationship, 
while the out-of-state physician’s services are only for secondary consultation 
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purposes. Though the in-state physician always maintains primary responsibility for 
patient care, some states with peer-to-peer consultation exceptions allow the out-of- 
state physician to have direct contact with the patient, provided that this contact is 
infrequent or is at the direction of the in-state physician. For example, in Minnesota, 
an out-of-state physician providing telehealth services is exempt from licensure in 
Minnesota if the physician is licensed in another state and (1) provides services less 
than once a month or to less than ten patients per year or (2) provides services in 
consultation with a Minnesota-licensed physician who “retains ultimate authority 
over the diagnosis and care of the patient” [4].

The scope of the peer-to-peer consultation exemption varies greatly between 
states. In Connecticut, a physician who provides only “irregular” consultations is 
exempt from state licensure requirements, though “irregular” is not defined, while 
in Iowa, state law specifically requires that a physician “practices in Iowa for a 
period not greater than 10 consecutive days and not more than 20 total days in any 
calendar year” to be exempt [5, 6]. Michigan only permits exceptions for physicians 
providing consultations in “an exceptional circumstance,” and Alabama specifies 
that an exception only applies when the physician does not receive compensation 
for the consultation [7, 8]. Thus, it is vital for any physician to consult the specific 
rules of the state in which they wish to provide telehealth services.

 Interstate Medical Licensure Compact

The Interstate Medical Licensure Compact (the “IMLC”) offers a new expedited 
route to licensure for certain physicians who seek to practice in multiple states. 
Currently, 29 different states, the District of Columbia, and Guam have signed on to 
the IMLC; under this agreement, eligible physicians can obtain licenses to practice 
medicine in those states within the IMLC [9]. The IMLC allows an eligible physi-
cian’s application to be expedited by leveraging the existing information previously 
submitted by that physician in his or her state of principal license.

In order to be eligible for the IMLC route, a physician must (1) hold a full, unre-
stricted medical license in a member state, and either live, work, or conduct at least 
25% of their practice of medicine there; (2) have graduated from an accredited 
medical school or an eligible international medical school; (3) successfully com-
pleted ACGME or AOA accredited graduate medical education; (4) passed each 
component of the USMLE, COMLEX-USA, or equivalent in no more than three 
attempts; (5) hold a current specialty certification or time-unlimited certification by 
an ABMS or AOABOS board; (6) have no history of disciplinary action toward his 
or her medical license; (7) have no criminal history; (8) have no history of con-
trolled substance actions toward his or her medical license; and (9) not currently be 
under investigation. Physicians who are not eligible for the expedited process can 
still seek additional licenses in member states using the traditional state-by-state 
licensure process. As additional states enact the IMLC, the more coordinated the 
process of interstate medical licensure and practice will become.

2 Telehealth Legal and Regulatory Issues
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 Telehealth and State Physician Practice Standards Laws

 Telehealth Modalities and Creating a Valid 
Doctor-Patient Relationship

Treating patients via telehealth necessarily includes use of various communication 
technologies to facilitate patient consultation, diagnosis, education, treatment, and 
general patient management. These treatment modalities include, but are not limited 
to, live audio-video communications, mobile health, store-and-forward, and remote 
patient monitoring, including wearable technologies. Interactive audio-video com-
munication allows for real-time patient interaction and, in some instances, may 
serve as a substitute for an in-person visit. Mobile health enables physician prac-
tices to communicate with patients via cell phones and tablet personal computers, 
which can be extremely useful for communication of information such as public 
health announcements. Store-and forward involves the asynchronous transmission 
of a patient’s recorded health history, for example, X-rays and photographs, to the 
treating physician. Remote patient monitoring involves the ongoing collection and 
transmission of patient-level data at one location to another where a health care 
provider can access and utilize the data for managing chronic conditions and mak-
ing treatment decisions.

While in some cases, the treatment modality chosen may reflect the most effi-
cient and cost-effective approach to patient management and treatment, in other 
cases the treatment modality selected may be influenced by factors such as a practi-
tioner’s ability to secure coverage for services. For example, under the Medicare 
conditions of payment for telehealth services and following satisfaction of the appli-
cable geographic and scope of service restrictions, the applicable coverage rules 
outside the context of a public health emergency require communication between a 
patient and a practitioner to occur via a real-time interactive audio and video tele-
communication system [10]. These conditions of payment, therefore, render treat-
ment using audio-only, store and forward,1 or mobile communication modalities 
ineligible for Medicare coverage as a telehealth service.

 Informed Consent

Because telehealth is a relatively new approach to the delivery of health care, prac-
titioners should consider use of an informed consent with patients, explaining in 
plain terms what telehealth is, the expected benefits, the potential risks, the 
limitations, and alternatives to receiving care via telehealth. While no federal law 

1 CMS does allow the use of asynchronous “store and forward” technology for delivering telehealth 
services when the originating site is a Federal telemedicine demonstration program in Alaska or 
Hawaii. See 42 CFR 410.78(d).
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exists requiring health care providers to obtain informed consent for telehealth, 
states and payers often have specific requirements regarding telehealth informed 
consent. At the state level, consent requirements appear in statutes, administrative 
codes, and/or Medicaid policies. For example, under MaineCare Medicaid, a health 
care provider must obtain an informed consent signed by the member or his or her 
legally authorized representative in advance of providing any telehealth services 
[11]. Additionally, the informed consent must be retained as part of the member’s 
medical record and provided to the member or the member’s legally authorized 
representative upon request [11].

State-specific informed consent requirements can also vary according to the type 
of service being performed, the modality being utilized, and the requirements for 
documentation and retention. The Kentucky Board of Medical Licensure, for exam-
ple, stipulates that a proper telehealth informed consent should include, among 
other things, information regarding identification of the patient, the physician’s 
name and credentials, the types of transmissions permitted using telehealth tech-
nologies, agreements that a treating physician determine the appropriateness of use 
of telehealth for the condition being diagnosed or treated, and details on security 
measures taken to secure telehealth technologies being utilized, namely, encrypting 
data [12]. State informed consent requirements are evolving as telehealth becomes 
integral to mainstream medical practice. In California, telehealth informed consent 
requirements were revised by Assembly Bill No. 809, which permits consent to be 
obtained verbally or in writing so long as the consent is documented, and by aban-
doning the requirement that the health care provider who obtains the consent be at 
the originating site where the patient is physically located. Failure to comply with 
the California informed consent requirement constitutes unprofessional conduct.

 Standard of Care

“Standard of care” is typically defined as the level and type of care a reasonably 
competent and skilled health care professional would deliver to a patient under sim-
ilar circumstances. In addition to state medical boards holding providers account-
able for meeting the standard of care, standard-of-care deviations form the basis for 
medical malpractice claims. Understanding how standard of care shifts and/or 
remains the same in the context of telehealth is critical for health care providers 
engaged in the practice of telehealth.

The level and type of care required in the traditional care context is largely deter-
mined by local customs, which may include local and/or federal practice standards. 
For telehealth, where the health care provider and patient do not share the same 
location, application of local custom can be challenging, but certain standards have 
emerged as nearly universal. With respect to telehealth, many states posit that “the 
standard of care is the same whether the patient is seen in-person, through telemedi-
cine or other methods of electronically enabled health care” [13, 14].

2 Telehealth Legal and Regulatory Issues
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 Specific Disclosures and Record Sharing Requirements

Telehealth providers are subject to state laws relating to medical record documenta-
tion and retention requirements. In general, telehealth documentation retained in a 
patient’s medical record must be as detailed as an in-person office visit. For exam-
ple, the Texas Administrative Code states, “documentation in the patient’s medical 
record for a telehealth medical service or a telehealth service must be the same as 
for a comparable in-person evaluation” [15]. In addition to the requirement that 
patient medical records include “copies of all relevant patient-related electronic 
communications, including relevant patient-physician e-mail, prescriptions, labora-
tory and test results, evaluations and consultations, records of past care and instruc-
tions,” the Texas Administrative Code notes, “If possible telemedicine encounters 
that are recorded electronically should also be included in the medical record” [16]. 
Under the Iowa Administrative Code, the telehealth requirements for medical 
records are quite specific.

A licensee who uses telemedicine shall ensure that complete, accurate, and 
timely medical records are maintained for the patient when appropriate, including 
all patient-related electronic communications, records of past care, physician- 
patient communications, laboratory and test results, evaluations and consultations, 
prescriptions, and instructions obtained or produced in connection with the use of 
telemedicine technologies. The licensee shall note in the patient’s record when tele-
medicine is used to provide diagnosis and treatment. The licensee shall ensure that 
the patient or another licensee designated by the patient has timely access to all 
information obtained during the telemedicine encounter. The licensee shall ensure 
that the patient receives, upon request, a summary of each telemedicine encounter 
in a timely manner [17].

The telehealth medical record documentation and retention requirements are, at 
a minimum, parallel to those of an in-person encounter. In some cases, they are 
more onerous because the practitioner may be expected to designate details regard-
ing the use of telehealth and store electronic recordings.

 Telehealth Prescribing

 State Laws

All states allow prescribing via an authentic telehealth encounter in the context of a 
valid physician-patient relationship. What is required to form a valid physician- 
patient relationship varies from state to state, and impacts the ease with which tele-
health may be utilized. With a certain number of caveats, most states do not require 
an in-person examination to establish a physician-patient relationship. Iowa-licensed 
physicians, for example, may establish a valid physician-patient relationship 
“through telemedicine, if the standard of care does not require an in-person 
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encounter, and in accordance with evidence-based standards of practice and tele-
medicine practice guidelines that address the clinical and technological aspects of 
telemedicine” [18]. It follows that Iowa allows remote prescribing of non-controlled 
substances without a prior in-person examination provided that, before administer-
ing treatment or issuing prescriptions, an Iowa-licensed physician interviews the 
patient to collect the relevant medical history and performs a physical examination, 
when medically necessary, sufficient for the diagnosis and treatment of the 
patient [19].

 Controlled Substances and the Federal Ryan Haight Act

Following the situation where a young man overdosed on painkillers purchased via 
the internet in 2001, Congress responded by signing into law the Ryan Haight 
Online Pharmacy Consumer Protection Act (21 U.S.C. § 802(54)) (the “Ryan 
Haight Act”) in 2008. The Ryan Haight Act amended the federal Controlled 
Substances Act (21 U.S.C. § 802 et seq.) (the “CSA”) by prohibiting the dispensing 
of controlled substances via the internet unless the prescriber previously conducted 
at least one in-person medical evaluation of the patient. Although exceptions were 
made to allow the use of telehealth during the Public Health Emergency related to 
COVID-19 [20] and under highly specific circumstances to prescribe controlled 
substances,2 few allow for remote prescribing via modern applications of telehealth. 
While the Ryan Haight Act may have addressed rogue internet prescribing prac-
tices, it also has had the effect of chilling legitimate telehealth practice. Rural com-
munities who often have little to no access to psychiatric care, for example, would 
benefit from remote prescribing of controlled substances but for the existence of the 
Ryan Haight Act.

A number of states, including Indiana, Hawaii, and Florida, have begun to 
address the limitations that the Ryan Haight Act places on telehealth. For example, 
in 2017, Indiana expanded the list of drugs that may be prescribed by authorized 
prescribers via telehealth to include certain controlled substances while placing lim-
its on prescribing practices with respect to opioids, abortion inducing drugs, and 
ophthalmic devices [21]. Physicians engaging in remote prescribing of controlled 
substances risk being subjected to an enforcement action by the Drug Enforcement 

2 The exceptions include the following: the patient is being treated by and physically located in a 
hospital or clinic registered under 303(f) of the CSA (21 U.S.C. 823(f)); the patient is being treated 
by and in the physical presence of a practitioner; the telehealth practitioner is an employee or con-
tractor of the Indian Health Service or tribal organization; the telehealth encounter is being con-
ducted during a medical emergency as declared by the Secretary of Health and Human Services or 
a Department of Veterans Affairs medical emergency; the telehealth practitioner has obtained a 
special registration from the U.S. Attorney General; or the telehealth encounter is being conducted 
under circumstances that the U.S. Attorney General and the Secretary of Health have, jointly and 
by regulation, determined [22].
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Agency (“DEA”), the agency charged with enforcing the Ryan Haight Act, even if 
such prescribing is permissible under state law.

Following the White House’s 2017 declaration that the opioid crisis is a national 
public health emergency, the Acting Health and Human Services Secretary made a 
declaration under Section 319 of the Public Health Service Act, which allowed an 
exception to the Ryan Haight Act that would allow health care providers to pre-
scribe controlled substances using telehealth without first conducting an in-person 
visit. This declaration could have cleared the way for DEA to remove restrictions 
associated with remote prescribing of controlled substances for the treatment of 
opioid addiction, but DEA did not issue a concurring declaration. Nonetheless, 
efforts are underway to align federal law with current telehealth practice. Two 
recently released draft federal discussion bills, “Improving Access to Remote 
Behavioral Health Treatment Act,” [23] which would permit remote prescribing of 
controlled substances in the context of community mental health centers and addic-
tion treatment centers without an in-person exam and “Special Registration for 
Telemedicine Clarification Act,” which calls upon the Attorney General to promul-
gate regulations allowing for remote prescribing of controlled substances without 
the inclusion of a required in-person exam, aim to alleviate some of the conse-
quences of the Ryan Haight Act by providing greater access to telemedicine.

 Privacy and Security

 Health Insurance Portability and Accountability Act (HIPAA) 
and Telehealth

HIPAA regulates the use and disclosure of protected health information (“PHI”) 
that is held by certain covered entities, including health insurers, health care provid-
ers who submit claims electronically, health care clearinghouses, and employer- 
sponsored health plans, as well as by their contractors (who are “business 
associates”). It also sets out specific administrative, physical, and technical security 
safeguards for electronic PHI. HIPAA applies to covered entities in the telehealth 
setting, just as it does for traditional in-person medical care. Providers must take the 
same care when storing electronic patient files, images, and audio/video tapes as 
they would with paper documents, and all patient data that is transferred electroni-
cally must be secured.

Telehealth providers should ensure that their telehealth operations are secure and 
that no PHI is accidentally exposed to third parties or is vulnerable to third-party 
access, errors, or outages, which could lead to the loss or alteration of clinical data. 
Because these types of incidents may be potential HIPAA violations, adequate 
encryption and other protections are vital to ensure compliance with HIPAA.
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 Exceptions to HIPAA

HIPAA does not apply if no PHI is being exchanged. Moreover, HIPAA does not 
apply to every entity that collects a patient’s identifiable health-related data, but 
only to specified Covered Entities and their Business Associates. Many patients and 
providers use their mobile devices, such as smartphones or tablets, to communicate, 
share data, and even make diagnoses via mobile health applications. Developers of 
these applications frequently are not Covered Entities subject to HIPAA rules—they 
are not health insurers or health care clearinghouses, for example, and they also do 
not qualify as business associates of covered entities such that HIPAA would apply. 
The particular nature and function of each app affects whether HIPAA applies in a 
given context. A wearable health app used by a consumer would not necessarily be 
subject to HIPAA, while an app that assists a physician in following up with patients 
likely should be designed to comply with HIPAA.

However, even if HIPAA does not apply, telehealth providers must ensure that 
they comply with applicable state law, as an increasing number of states have their 
own privacy and security statutes, which can be broader than HIPAA. In California, 
for example, the Confidentiality of Medical Information Act (“CMIA”) has its own 
standards for permissible uses and disclosure of medical information. While CMIA 
was previously limited to the same types of entities that were subject to HIPAA, it 
was later amended to expand its scope to cover mobile health application develop-
ers. Many other states have enacted similar laws, requiring certain entities to com-
ply with specific privacy and security requirements even if they are not subject to 
HIPAA. As such, it is important for telehealth providers to ensure they are up to date 
on HIPAA and whether it applies to them, as well as the relevant laws in the states 
in which they practice.

 E-Commerce, the Telephone Consumer Protection Act (TCPA), 
and Privacy Policies

Various federal agencies issue regulations and enforce laws that may apply to tele-
health providers. For example, the Federal Trade Commission (“FTC”) enforces the 
FTC Act, which prohibits deceptive and unfair trade practices in commerce. These 
include practices relating to privacy and data security, such as a provider’s mislead-
ing claims about a mobile health app’s safety or performance. The FTC has also 
issued a Health Breach Notification Rule, which requires certain businesses to pro-
vide notifications after breaches of personal health data. The Food and Drug 
Administration (“FDA”) enforces the Food, Drug, and Cosmetic Act, which regu-
lates the safety and effectiveness of medical devices, including some mobile 
health apps.
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The Federal Communications Commission (“FCC”) is responsible for oversee-
ing both interstate and international communications, and thus regulates communi-
cation devices transmitting medical data.

The FCC also administers the Telephone Consumer Protection Act (“TCPA”), 
which was enacted to protect consumer privacy by restricting unsolicited contacts 
from automated telephone calls, fax machines, and automatic dialers. Businesses can-
not call, text, or fax consumers to solicit business unless they have been given express 
consent to do so. However, the FCC has created some exceptions applicable to the 
health care industry. Providers may send artificial or prerecorded voice messages or 
text messages to land lines and cell phones, without any prior consent, if those mes-
sages are regarding certain important health care information. The exception covers 
messages relating to lab results, prescription notifications, appointments and exams, 
confirmations and reminders, and home health care instructions, among others.

These exceptions do have restrictions, however. For example, voice calls and text 
messages can only be sent to the telephone number provided by the patient and must 
not include any telemarketing, solicitation, advertising, accounting, billing, or 
financial content. Moreover, a health care provider may only initiate one message 
per day (up to three per week) and each message must be concise in length. These 
messages must also include an easy way for patients to opt out of messages. 
Providers must honor these opt-out requests immediately.

Given the various laws and regulations regarding data privacy and security that 
affect the telehealth industry, it is important that providers develop robust privacy poli-
cies to ensure that all sensitive data is adequately protected. Telehealth providers 
should inform patients what specific data is collected—particularly any PHI pursuant 
to HIPAA—as well as the purposes for which patient data is used. Privacy policies 
should also inform patients about whether any patient-provided data is shared with 
third parties and the circumstances in which this information may be disclosed. It is 
also wise to inform patients of the risks in using telehealth services, given that no 
communication mechanism can ever be completely secure, as well as how patients 
can report suspected or actual breaches of security to the telehealth provider.

Because of the number of state and federal laws impacting data privacy and secu-
rity in commerce, and specifically in the health care context, it is essential that those 
in the telehealth industry stay up to date on the relevant laws affecting the areas in 
which they provide services.

 Malpractice Insurance Coverage and Tort Liability 
in Telehealth

 Malpractice Insurance Coverage

Physicians providing medical services through telehealth must be cognizant of the 
risk of malpractice suits. Telehealth practitioners may be sued for a variety of mis-
takes including a misdiagnosis or a medication error. As such, physicians should 
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investigate whether their malpractice insurance covers the scope of their telehealth 
services. This is especially true for practitioners who are providing services to 
patients in states where they are not licensed. For example, Colorado requires that 
out-of-state physicians who provide telehealth services to in-state patients maintain 
the same amount of malpractice insurance as physicians licensed and located in 
Colorado. As such, a physician may need to obtain additional or extended malprac-
tice insurance coverage based on state-specific requirements.

 Tort Liability

Medical malpractice occurs when a health care practitioner harms a patient through 
a negligent act or omission. In the health care setting, there must be an established 
physician-patient relationship to prove that a doctor owed a duty to his or her patient. 
According to the American Medical Association’s Code of Medical Ethics, “a 
patient-physician relationship exists when a physician serves a patient’s medical 
needs” [24].

In addition to proving that a physician-patient relationship exists, a potential 
patient litigant must also demonstrate that the physician’s medical services fell 
below the applicable standard of care. The applicable standard of care is constantly 
evolving and varies based on factors, including the services provided and state 
guidelines.

Some states have codified standards of care for telehealth. For example, Alabama, 
California, Florida, Kentucky, and North Carolina all view telehealth as a tool that 
aids in the practice of medicine rather than being the practice of medicine itself. 
These states apply the same standard of care for telehealth practitioners as for tradi-
tional in-person interactions [25–30]. These uniform standards of care apply to all 
aspects of the medical service, including patient verification, record keeping, and 
how and where to conduct a patient exam. Other states have only implemented spe-
cific standards for certain types of telehealth services such as prescriptive practices. 
Further, some states dictate the specific technological mechanisms that telehealth 
practitioners are required to use. In Idaho, practitioners must perform telehealth 
consults with audio-video communications if the practitioner has not previously 
performed an in-person examination [31].

Whenever new technology is introduced in the health care setting, it begs the 
question of whether the use and implementation of the technology will change the 
current standard of care. For example, an Emergency Medicine physician at rural 
hospital might satisfy the standard of care even if she fails to consult with a special-
ist to help diagnose and treat a stroke patient if there are no neurologists on staff. 
However, if the rural hospital gains access to remote neurologists through telehealth, 
that same physician may now fall below the standard of care if she fails to utilize 
this technology. As such, practitioners should stay current with evolving technology 
in their fields and local telehealth resources that change over time.
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 Hospital Credentialing of Telehealth Physicians

 Overview

Hospitals are required by both the Centers for Medicare & Medicaid Services 
(CMS) Conditions of Participation and by the Joint Commission Standards to have 
a process for credentialing and privileging its physicians and practitioners. This 
requirement extends to practitioners who provide services through telehealth.

Prior to 2011, CMS required the same credentialing and privileging process for 
physicians and practitioners who were providing in-person services as for those 
who were providing virtual services. This was a poor allocation of resources because 
those who could benefit from telehealth services were deterred by the administrative 
process and associated costs. Small hospitals and Critical Access Hospitals 
(“CAHs”) in need of specialty practitioner expertise were especially burdened by 
the cumbersome requirements. CMS realized that its uniform credentialing and 
privileging process was inhibiting the expansion of telehealth services. Therefore, 
CMS promulgated new regulation allowing for “credentialing by proxy.” The new 
regulations, which are described below, give providers increased flexibility in hos-
pital telehealth arrangements allowing for innovative patient-service delivery.

 Credentialing by Proxy

In 2011, the Federal government promulgated the credentialing by proxy regula-
tions to streamline the process for privileging and credentialing telehealth providers 
[32, 33]. Credentialing by proxy dramatically reduces the administrative burden on 
a hospital or a CAH that receives telehealth services (“Originating Site” hospital). 
If certain requirements are met, credentialing by proxy allows an Originating Site 
hospital to use the privileging and credentialing decisions from the hospital or entity 
(“Distant Site” hospital or entity) that is providing the services.

The Originating Site hospital must have a written agreement with the Distant 
Site hospital or entity that lays out the specific credentialing by proxy requirements:

 1. The Distant Site hospital or entity’s credentialing and privileging program meets 
or exceeds the traditional Medicare standards.

 2. Each practitioner that provides telehealth services to the Originating Site hospi-
tal must be privileged at the Distant Site hospital or entity [34].

 3. The Distant Site hospital or entity must provide the Originating Site hospital 
with the current list of the privileges for the practitioners providing telehealth 
services [34].

 4. Each practitioner providing telehealth services is licensed to practice in the state 
where the Originating Site hospital is located [34].
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 5. The Originating Site hospital must periodically review the services the telehealth 
practitioners provide to its patients and allow the Distant Site hospital or entity 
to use this information in performance evaluations. These reports must include 
all adverse events or complaints for a telehealth practitioner’s services that were 
provided at the Originating Site hospital [34].

 6. Agreements with Distant Site entities must state that the Distant Site entity is a 
contractor of services for the Originating Site hospital and that it will furnish the 
contracted telehealth services in a way that allows the Originating Site hospital 
to comply with Medicare Conditions of Participation [34].

Ultimately, the Originating Site hospital retains authority over the privileging 
decisions its telehealth-based practitioners even when credentialing by proxy. As 
such, an Originating Site Hospital should have provisions about credentialing by 
proxy in its medical staff bylaws. In addition, an Originating Site hospital may want 
to create a separate classification for its telehealth providers that enumerates their 
responsibilities and rights.

Entities should remember that they always have the option to use the traditional 
credentialing and privileging process. Even if a hospital enters into a credentialing 
by proxy agreement with a Distant Site hospital or entity, the Originating Site hos-
pital can opt out of the process for as many telehealth practitioners as it wants.

 Other Notable Laws and Regulations Relevant to Telehealth

 Corporate Practice of Medicine

Many states prohibit corporations from practicing medicine. The goal of the prohi-
bition is to prevent laypersons (individuals not licensed to provide health care ser-
vices) from interfering with a physician’s medical judgment when making treatment 
decisions. Generally, the prohibition on the corporate practice of medicine prevents 
any entity that is owned by laypersons from delivering medical services and/or 
employing physicians. As such, medical personnel must be employed by physician-
owned professional corporations (“PC”). Sometimes these prohibitions extend fur-
ther and restrict who can employ other health care practitioners such as nurses, 
psychologists, or therapists.

The definition of practicing medicine and the exceptions to the prohibition vary 
dramatically by state. For example, many states exempt hospitals from these rules 
and allow them to employ physicians. Further, a layperson is allowed to own a 
medical group in Florida so long as the group completes a site survey and obtains a 
Health Care Clinic License. Other states do not have prohibitions on the corporate 
practice of medicine, and, in contrast, some states are known to strictly enforce their 
prohibitions on the corporate practice of medicine. California, New Jersey, 
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New York, Tennessee, and Texas all have a particularly strong history of enforce-
ment. As such, telehealth practices that deliver services to multiple states should be 
cognizant of the variations in the rules on the corporate practice of medicine.

 Federal Fraud and Abuse Laws: Stark, Anti-Kickback Statute, 
Civil Monetary Penalties

The Federal government has enacted a variety of laws to prevent fraud and abuse in 
the health care space. These include the Stark Laws, Anti-Kickback Statute (AKS), 
and the Civil Monetary Penalties (CMPs). There are many aspects of these laws that 
they remain unclear when applied in the telehealth setting. As such, practitioners 
should evaluate the risks of their proposed telehealth arrangement under each law.

 Stark Laws and Telehealth

The Ethics in Patient Referrals Acts of 1989, more commonly known as the “Stark 
Laws” prohibit physicians from referring Medicare and Medicare beneficiaries to 
entities providing reimbursable designated health services with which the physician 
or an immediate family member have a financial relationship [35]. These referrals 
may still take place if an exception is met. Although the Stark Laws are narrow, they 
use a strict liability standard that does not require intent.

In the telehealth context, Stark may be implicated if a hospital and a physician 
have financial ties and the physician subsequently makes referrals for certain medi-
cal services at the hospital. However, a number of Stark exceptions may protect a 
hospital and physician that enter such an arrangement. Examples of such exceptions 
include bona fide employment, incidental medical staffing benefits such as pagers 
and internet access, and renting equipment. In addition, there are exceptions for 
electronic prescribing items and electronic health record items. Further, the 
community- wide health information systems exception allows physicians to refer 
Medicare patients to entities even if the physician received information from tech-
nology equipment or services that allow him or her to access and share electronic 
health records.

 Anti-Kickback Statutes

The AKS makes it a crime to knowingly offer or receive remunerations for the pur-
pose of inducing referrals for items or services reimbursable by a Federal health 
care program such as Medicare and Medicaid [36]. Although the AKS prohibition 
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is broader than the Stark Law, there are safe harbors that protect certain arrange-
ments from implicating the AKS statute. For example, there are safe harbors sur-
rounding the use of electronic prescribing items and services and electronic health 
records [37].

 Civil Monetary Penalties

The Civil Monetary Penalties (CMPs) is a broad law that authorizes the Secretary of 
Health and Human Services to impose civil money penalties and program exclusion 
for various forms of fraud and abuse involving a Federal health care program [38]. 
For example, CMPs may be assessed if false claims for payment are presented or 
are caused to be presented for payment by the Federal government. The beneficiary 
inducement provision of the CMP prohibits offering or transferring remunerations 
to a Medicare or Medicaid beneficiary that (s)he knows or should know is likely to 
influence the patient when choosing a health care provider or service that Medicare 
or Medicaid will pay for in part or full. As such, providers offering telehealth tech-
nology to patients must evaluate whether these tools will count as remunerations in 
violation of the CMP law. Exceptions to the CMP include gifts of nominal value 
given to patients, promotions to incentivize preventable care activities, and certain 
co-pay assistance.

 OIG Advisory Opinions

The Office of Inspector General (OIG) is principally charged with enforcing the 
Federal fraud and abuse laws. As such, the OIG publishes opinions to help entities 
determine whether proposed arrangements would subject them to civil or criminal 
liability. The OIG has released several advisory opinions expressing its stance on 
telehealth matters. In 2003, the OIG concluded that providing free medical-alert 
pagers and an accompanying monitoring system to home health services patients 
was not an improper inducement under the Civil Monetary Penalties. Instead, the 
OIG agreed with CMS that these types of telehealth technologies help provide effi-
cient, higher quality care. More recently in 2011, the OIG evaluated arrangements 
under which a neuro-emergency center at a top-ranked hospital provided telehealth 
services to community hospitals. The OIG concluded this arrangement would not 
result in an improper inducement.

 State Laws and Telehealth Considerations

In addition to federal Stark, AKS, and CMP laws, telehealth programs are also sub-
ject to state fraud and abuse laws. Some states merely integrate the federal laws into 
their state Medicaid statutes with the same or varying safe harbors and exceptions. 
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Other states, however, have promulgated rules that expand the scope of the federal 
laws to apply to private payers. As such, an arrangement that is permissible under 
federal law may still violate state fraud and abuse laws.

Consistent with the spirit of the federal fraud and abuse laws, many states explic-
itly prohibit patient brokering. Patient brokering is the illegal practice of a health 
care entity paying a fee to an individual for bringing them new patients. This prac-
tice preys on the vulnerable by inhibiting their freedom to choose a health care 
provider. Patient brokering has been particularly rampant in the addiction treatment 
industry. Similarly, some states also have laws prohibiting fee splitting among prac-
titioners who refer patients to each other. As such, telehealth practices should be 
careful in their efforts to recruit new business not to run afoul of established lines of 
legal behavior.

 Summary for Telehealth Legal and Regulatory Considerations

While there are extensive legal and regulatory considerations that must be consid-
ered and addressed during telehealth service development and implementation, 
these can be readily addressed with appropriate due diligence and input from pro-
fessionals with requisite expertise. In general, payers—federal, state, and commer-
cial—are coming to recognize the important role telehealth can play with regard to 
improving overall quality of care. Thus, expending the needed research from a regu-
latory vantage point is time and effort well spent.
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Chapter 3
Telehealth Finance Variables 
and Successful Business Models

Bryan T. Arkwright, Monica L. Nash, and Morgan E. Light

 Introduction

Successful telehealth business models are a topic of regular discussion in the health-
care industry, and the financial details of telehealth programs, initiatives, and com-
panies are at the center of the debate [1]. The goal for this chapter is to define and 
articulate the financial variables and business models that are the lifeblood of 
today’s successful telehealth programs. The financial and business models sur-
rounding telehealth are unique for a number of reasons [1], principally because the 
calculations and architecture of such models often contain many continuous vari-
ables [2].

The continuous variables of telehealth finance and business models include the 
following: people (clinical providers and patients), geography (rural or a metropoli-
tan areas), telehealth governance structure, the service provided, the reimbursement 
or coverage eligibility, the technology used, the quality of care rendered, and the 
outcome of the care rendered. These continuous variables can make it challenging 
to actuate financial sustainability and determine if or when a telehealth program, 
initiative, or company has a successful business model. “In any case, health care 
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managers facing a decision must deal with the phenomenon known as bounded 
rationality, or the limits imposed on decision making by costs, human abilities and 
errors, time, technology, and the tractability of data,” asserts Yasar Ozcan [3]. 
Telehealth adds another layer of complexity on top of an industry that already has 
data tractability challenges due to the nature of data being generated and collected 
at two distinct locations – patient side and clinical provider side. Traditional busi-
ness models in industries outside of healthcare have more defined, stable, and trac-
table data inputs and outputs.

 Telehealth Governance and Investment

Telehealth governance is defined as the management structure for advancing a tele-
health strategy by ensuring that the telehealth program has the intentional leader-
ship and investment to achieve an expected performance level or business model 
expectation.

Establishing governance is an essential first step toward reaching a consensus on 
how best to define, track, and organize the telehealth financial variables for a suc-
cessful business model. Inherent to a successful telehealth business model is strong 
governance with a responsibility and accountability of intentional leadership 
focused on three key functions: management, prioritization of services, and achiev-
ing return on investment or value on investment [4].

Focusing first on management, it is integral to demonstrate telehealth leadership 
capability in the following ways:

• Telehealth leadership provides the telehealth stakeholders timely, thorough, rel-
evant, and accurate information about the telehealth industry.

• Telehealth leadership provides telehealth stakeholders information regarding the 
market in which it operates and how its strategies and operations support and 
strengthen the overall strategic and financial plans.

Telehealth leadership is most recognizable industry wide in the form of a 
Telehealth Executive Champion and a Primary Telehealth Leader. Telehealth 
Executive Champions are identified by individuals serving in existing senior leader-
ship roles including but not limited to:

• Chief Information Officer
• Chief Technology Officer
• Chief Executive Officer
• Chief Operating Officer
• Chief Medical Officer
• Chief Medical Information Officer
• Chief Human Resources Officer
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Primary Telehealth Leaders are identified by individuals serving in leadership 
roles including but not limited to:

• Senior Vice President
• Chief Telehealth Officer
• Vice President
• Executive Director
• Director of Telehealth
• Medical Director
• Administrator, Manager
• Coordinator

Telehealth organizational structures are necessary to support the Primary 
Telehealth Leader and Executive Champions to achieve a successful telehealth busi-
ness model. A top priority of the Telehealth Executive Champion and the Telehealth 
Leader is formation of a multidisciplinary team of clinical and administrative lead-
ers to serve on an executive and/or steering committee for telehealth. An example of 
the departments represented on a telehealth executive and/or steering committee 
includes the following [4]:

• Business Development
• Clinical Engineering/Biomedical
• Clinical Operations
• Compliance/Risk Management
• Finance
• Innovation
• IT/IS (information technology/information systems)
• Legal
• Marketing
• Medical Staff/Medical Affairs
• Nursing
• Philanthropy
• Population Health
• Quality
• Revenue Cycle

A multidisciplinary telehealth executive and/or steering committee should exe-
cute the following core responsibilities:

• Establish policies and procedures for developing, operating, recruiting, and com-
pensating all key telehealth stakeholders involved. This includes, but is not 
limited to:

 – Clinical providers
 – Full and part-time support staff
 – Medical director leadership dedicated to telehealth

• Evaluate key performance indicator dashboards of actual results against plans 
according to operations, clinical, technical, and financial goals
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Telehealth governance effectiveness can be evaluated by assessing seven key 
needs of the multidisciplinary telehealth executive and/or steering committee (as 
directed by the telehealth leader and executive champion) [4] (derived from White 
and Griffith’s Well Managed Healthcare Organization):

 1. Meet legal requirements; licensing across state and international lines, creden-
tialing at facilities and payers, coding, billing, reimbursement, hardware and 
software, security, CMS (Centers for Medicare & Medicaid Services), JCAHO 
(Joint Commission on Accreditation of Healthcare Organizations), and state, 
country-specific departments of health and human services

 2. Compliance, policies, and procedures that back-up and align with legal 
requirements

 3. Continuing education
 4. Use of dashboards and automated data tracking
 5. Culture
 6. Conflicts of interest
 7. Telehealth ROI performance (i.e., clinical, operational, financial, technical)

Telehealth investment is a direct by-product of intentional leadership and tele-
health governance. The investment is in the leadership and organizational structure 
to fund and finance programs, strategies, and operating budgets. Several illustrative 
organizational structures are shown in Figs. 3.1 and 3.2.

Organizational structure

VP operations

IP Medical Director,
Center for Telehealth

Director,
Center for Telehealth

Manager,
Center for Telehealth

Coordinator (4),
Center for Telehealth

OP Medical Director,
Center for Telehealth

Ambulatory telehealth:Acute care telehealth:
School telehealth
Peds tele-cardiology
Peds tele-psychiatry
Peds tele-nutrition
Tele-wound care
Remote home monitoring
Tele-bariatrics
Tele-genetics

•
•
•
•
•
•
•
•

System telehealth
Tele-stroke
Adult tele-psychiatry
NICU transport team
ED transfers

•
•
•
•
•

Fig. 3.1 Organizational structure in which all department telehealth programs report to the Center 
for Telehealth Director and the VP of Operations. (Medium-sized eight (8) hospital health system 
in the Southeast) [4]
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 Using Governance to Prioritize Telehealth Investment

Ongoing review and prioritization of telehealth services complements telemedicine 
governance and the appropriate and aligned investment to operating and capital 
budgets. This includes starting new programs, as well as prioritizing or vetoing 
recommendations to optimize and expand services. A proven approach is assess-
ment, with consideration of a defined organizational telehealth methodology.

Methodology used by telehealth programs to prioritize investment includes but is 
not limited to the following:

• Clinical value: Implementing the telehealth program significantly improves 
patient experience and access, while reducing cost and improving quality.

• Physician/provider engagement: A physician or provider champion candidate is 
present with significant buy-in from colleagues in the clinical discipline. A strong 
team and team lead are present with a lead backup.

• Administrative support: Senior leadership supports and validates the physician 
or provider champion and the clinical discipline’s strength for successful imple-
mentation. Appropriate legal and risk counsel has been contacted.

Telehealth
Steering

Committee

Telehealth
Quality

Committee

Hospital sites: Care
Management or

Outpatient Director

Telehealth
Coordinator (3)

Telehealth
IS Administrator (2)

Telehealth
Administrative

Assistant

Telehealth Licensing &
Credentialing Analyst

Corporate
Director of
Telehealth

IS

Legal

Marketing/
public relations

Network
management

Accounting &
finance

Medical affairs

Human
resources

Compliance

Hospital
partners

VP, Hospital
Operations &

CIO

Certified Medical
Assistant (11)

.5 FTE, per hospital

Fig. 3.2 Organizational structure with shared reporting to either the VP, Hospital Operations, and 
CIO or the Corporate Director of Telehealth. Ultimately, all departments are under control of the 
VP, Hospital Operations, and CIO. (Large-sized twenty plus (20+) hospital international health 
system) [4]
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• Strategic plan congruence: The clinical discipline and the telehealth program 
align with the organization’s strategic plan.

• Access to funding and technology: The clinical discipline, or if present, tele-
health office/department, has access to funding (organizational funding/capital, 
federal grant, industry grant, foundation/association grant, or other). Technology 
may exist or new technology investment may be required. The initiative’s reim-
bursement, ROI, and VOI are understood.

• Clinical capacity: The clinical discipline has the capacity (i.e., time and man-
power) for successful implementation short term and long term (1, 3, and 
5 years). Implementing impacts capacity for the clinical discipline in a positive 
and manageable way.

• Operational and logistical complexity: Ease of implementation does not pose 
major operational barriers. Pre-work may or may not be accomplished to date.

 Telehealth Finance Variables

As telehealth programs establish their leadership structures and governance for tele-
health, they can mature to a higher level of operational excellence through aware-
ness of the available telehealth finance variables. A total of 16 telehealth financial 
variables are defined in Table  3.1 [4–7]. All or a portion of the listed telehealth 
finance variables can be identified and tracked for telehealth purposes.

Awareness of the breadth of telehealth finance variables is essential to the opera-
tions of successful telehealth programs, initiatives, and companies. Furthermore, 
the laws and regulations of US states, US federal initiatives, and additional coun-
tries and states outside the United States create major confusion across stakeholders 
in the industry. A lack of defined standards and varied definitions of industry terms, 
business models, and financing mechanisms is a significant impediment. Confusion 
is often a by-product of an industry experiencing rapid growth or major innovation, 
and telehealth continues to see movement in both each year. A review of state and 
federal laws and regulations can be found in Chap. 2.

Compound the lack of industry standards with the number of active players in the 
industry, and one can quickly feel overwhelmed by the logistics of developing suc-
cessful telehealth programs [8]. One substantial barrier is a general lack of knowl-
edge needed to appropriately utilize telehealth codes and comply with payer 
requirements for billing and reimbursement. Navigating the payer landscape has 
several notable compliance and financial sustainability challenges:

• Improper documentation for telehealth services
• Improper payments for telehealth services
• Missed opportunities to collect revenue
• Missed opportunities for cost savings

In calendar year 2016, Medicare paid a total of $28,748,210 for telehealth ser-
vices, spread across a total of 496,396 claims. This includes payments to distant site 
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Table 3.1 Telehealth finance variables and definitions

Telehealth 
finance 
variables Definition

Fee-for-service 
(FFS) payments

Defined as reimbursement (payment) for a telehealth service based on a 
determined or negotiated fee schedule that is not tied to quality of the patient 
care delivered or a desired patient outcome. The fee is paid if and how often 
the service is delivered and is centered around the volume of the service 
delivered. Growing the service increases revenue with no correlated 
connection to patient and provider satisfaction or quality and outcomes. The 
healthcare industry is moving away from fee-for service reimbursement 
models. Numerous payers in the healthcare industry and varying state-specific 
telehealth laws and regulations create a widely varied range of fees and 
services covered, creating inconsistency for tracking and reporting by 
telehealth programs. Common fee-for-service payers include Medicare, State 
Medicaid, Private Payers, and Self Pay.

Value-based 
payments

Defined as reimbursement (payment) for a telehealth service dependent on the 
cost, efficiency, quality, and outcome. The fee is paid if and how the service is 
deemed to be of value to the patient, and is centered around the quadruple 
AIM of cost, quality, clinician experience, and access or population health [5]. 
Telehealth can be a cornerstone of value-based payments, as it can maximize 
access to care in an efficient manner. However, exact financial costs associated 
with value-based payments are not standardized in the industry, so assigning a 
financial value to telehealth as part of a value-based payment is varied or 
continuously measured until defined by the telehealth program.

Per member per 
month

Defined as reimbursement (payment) for a telehealth service that is associated 
with the ongoing availability of a service to a patient or group of patients or as 
part of an extended care plan where care is delivered on a regular basis at least 
once a month or more. Per member per month reimbursement is common 
among telehealth programs who utilize the Center for Medicare and Medicaid 
Services (CMS)/Medicare Chronic Condition Management (CCM), 
Transitional Care Management (TCM), and Remote Patient Monitoring 
(RPM) codes and reimbursement. One example is using a RPM initiative that 
reimburses the hospital per patient per month in an effort to reduce 30-day 
hospital readmissions. The revenue and savings in this example is both direct 
and indirect in how it presents to the hospital or health system. Per member 
per month reimbursement is also common among telehealth companies who 
offer large and small employer groups access to a telehealth consult service.

Coinsurance Defined as reimbursement (payment) for a portion (percentage) of the cost of 
a telehealth service or a determined or negotiated fee schedule based on a 
service category.

Shared savings Defined as reimbursement (payment) as part of a determined or negotiated 
outcome or quality benchmark being achieved for a defined population 
through a telehealth service, can be reimbursed on a rolling or set schedule 
(often quarterly or annually). One party agrees to pay a telehealth program, 
initiative, or company an agreed-upon payment at a particular quality 
benchmark or expected outcome. Achieving the quality benchmark or 
expected outcome saves a party an expected cost and they in turn pay the 
telehealth program a portion of that cost savings.

(continued)
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Table 3.1 (continued)

Telehealth 
finance 
variables Definition

Reduced 
readmissions

Defined as the avoidance of readmitting patients to a hospital in less than 
30 days utilizing telehealth. Hospitals and health systems are subjected to 
losing their collected revenue for an inpatient CMS (Medicare) stay if that 
patient returns to any hospital and is readmitted for any reason in 30 days or 
less. The loss of revenue associated with these patients on an annual cycle can 
be significant and jeopardize the entire health system or hospital’s financial 
viability. Utilization of telehealth to work with at-risk patients and populations 
is intended to reduce this annual cost and be a measurable savings for the 
hospital or health system.

Patient 
satisfaction

Defined as the satisfaction a patient has with telehealth. Telehealth services 
are convenient, centered around the patient, and improve the access to a range 
of specialists. Measuring the satisfaction of a telehealth patient and the 
correlated financial benefit to both the patient and the health system is a 
continuous variable to note, albeit complex to define a standard.

Avoidable 
patient days

Defined as the difference in the count of days a patient has in an inpatient setting 
if they have access to a qualified specialist provided via a telehealth compared to 
not having that access. Having timely and efficient access to services such as 
neurology and psychiatry consults as an example can result in the reduction of 
avoidable patient days, creating a cost savings for the hospital [4, 6].

Avoidable visits 
to emergency 
department

Defined as the count of visits an emergency department has for patients who 
did not have emergent needs for care. Telehealth can reduce avoidable visits to 
the emergency department by giving patients a convenient and accessible 
option to receive care by a qualified medical professional.

Provider time 
(efficiency)

Defined as the time a provider spends with a patient via telehealth. Depending 
on a hospital or health system’s regional facilities, providers who use 
telehealth may experience an increase in time spent with patients due to a 
decrease in need to drive to multiple sites to see patients. Maximizing provider 
time with clinical care can make providers more efficient if part of a 
well-designed and managed business model.

Capacity & 
resource 
utilization

Defined as the capacity and utilization of resources or assets associated with 
telehealth. The hardware, software, and technical personnel associated with 
telehealth have a cost. Tracking that cost with the utilization ensures this 
continuous variable can be optimized and allocated accurately against 
monthly, quarterly, and annual budgets.

Total cost of 
care and quality 
of care

Defined as a patient’s total or episodic cost of care associated with telehealth 
when compared to the total cost of care associated with comparative in-person 
care. Evaluating the quality of care and patient outcomes associated with 
telehealth compared to in-person care is important to determine ongoing value 
and sustainability of telehealth.

Downstream 
referral revenue

Defined as the referrals and associated revenue that can accompany a 
telehealth program. A telehealth service is often establishing a market 
presence (either online or through a remote or affiliate clinic or hospital site) 
in an area or region where there is not a physical presence. In addition to the 
patients served directly through telehealth, those patients may continue to seek 
additional in-person services or additional online services. Without the 
presence and initial access promulgated by telehealth, the downstream 
referrals and increase in services from patients in that region would not have 
been realized.
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providers and originating site payments. Compare this amount to the previous year 
(2015), in which Medicare paid a total of $22,449,968 for telehealth services, spread 
across a total of 372,518 claims [7]. Note that the figures are slightly different than 
reported in prior years, as CMS changed its data collection and calculation method-
ology in this time window.

The change from 2015 to 2016 realized a 33% increase in the number of Medicare 
telehealth claims submitted and a 28% increase in total payments. This uptick in 
total payments is not attributable to fee schedule rate increases, but rather to more 
providers using telehealth services with their traditional Medicare fee-for-service 
beneficiaries [9].

Table 3.1 (continued)

Telehealth 
finance 
variables Definition

Downstream 
ancillary 
revenue

Defined as the ancillary revenue (imaging, drugs, hospital admissions revenue, 
reduced transfers revenue) that can accompany telehealth. The new presence 
of a previously unavailable specialist type due to telehealth can increase the 
ancillary revenue of an inpatient unit, emergency department, or clinic through 
increased testing, treatments, hospitalization, and emergency department 
visits.

Facility fees Defined as the reimbursement (payment) when a telehealth patient presents to 
a qualifying healthcare site; there is a code (Q3014) that can be utilized by the 
qualifying sites and it is recognized by public and private payers. Successful 
telehealth business models leverage this reimbursement within their network 
despite the low amount of associated reimbursement per encounter.

Extramural 
funding

Defined as the extramural or outside funding to a telehealth program. 
Extramural funding is common in telehealth and is derived from various 
sources and motives. Extramural funding includes federal grants, federal pilot 
and demonstration programs (Centers for Medicare and Medicaid Services, 
Agency for Healthcare Research and Quality, Health Resources and Services 
Administration, United States Department of Agriculture, National Institutes 
of Health); state-sponsored legislative initiatives (South Carolina, Mississippi, 
Florida, North Carolina); private or endowment grant programs; and venture 
capital or private equity investment. Federal, state, and private or endowment- 
centered grant programs are designed to assist with the startup and launch cost 
of a telehealth program, often targeting regional areas with identified 
healthcare provider and access needs [7]. Since its inception, the USDA 
Distance Learning and Telehealth Grant has funded numerous programs 
across the United States and Territories since it started in 1995. Venture capital 
and private equity investment into telehealth has increased year over year 
since the late 1990s, often targeting high growth potential companies with a 
vision to improve healthcare on a regional and global scale. A key similarity 
of the types of extramural funding is that in every situation, predetermined or 
negotiated plans and expectations are set with clear accountabilities and 
responsibilities to achieve by the involved stakeholders. A key difference of 
the types of extramural funding is the element of generating sales or value on 
the side of venture capital and private equity investment, whereas grant and 
federal funding often require reporting on the achieved healthcare access and 
clinical results or outcomes. Successful telehealth business models will seek 
and compete for extramural funding as appropriate and when it aligns with the 
mission, vision, and values of the telehealth program.
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The major increases in utilization and submission of telehealth claims during the 
last few years are as follows [9]. Notable increase from 2015 to 2016 shows a trend 
expected to continue. The Office of Inspector General (OIG) and the Center for 
Medicare and Medicaid Services announced in the Fall of 2016 that due to the sig-
nificant increase in claims and payments in 2016, they would be actively auditing 
programs for compliant operations in 2018 and moving forward [10]. Early 2018 
brought the first glimpse of activity from the OIG and CMS when they announced 
they had completed early internal audits on paid claims and found that of 100 
audited claims, 31 were identified as non-compliant and against federal and/or state 
regulations [11]. A breakdown of the audit showed that a majority were related to 
beneficiaries receiving services at non-rural originating sites. This was followed by 
claims submitted by ineligible providers and an assortment of other violations in 
single-digit numbers.

Many important changes to federal regulations were implemented with regard to 
telehealth billing as part of the government’s response to the COVID-19 pandemic. 
Some of the more significant changes included removing the restrictions on the 
patient location and allowing telehealth to be provided in the home, expanding the 
list of covered services and eligible providers, and establishing a waiver to allow 
physicians to practice across state lines. Whether these policy changes will be sus-
tained remains to be seen. Additional interim rules such as the HIPAA flexibility on 
the use of telehealth platforms are expected to return to the traditional policy post- 
pandemic [12].

The key factors that can impact telehealth billing and reimbursement require-
ments include but are not limited to:

• Eligible providers
• Eligible services
• Eligible locations, sites of service (geography)
• Covered codes, CMS
• Place of Service (POS) Code 02 (to indicate telehealth requirements were met)
• Federal and state legislation
• Commercial payer contracting and negotiating (state or nationally applicable)

 Successful Telehealth Business Models

A successful telehealth business model begins with the knowledge of financial vari-
ables and ends with organized and efficient operations. A successful telehealth busi-
ness model will demonstrate the following attributes:

• Safe – The care is equal to or better than traditional in person care for the use 
case/clinical service.

• Appropriate – The care provided is appropriate for the patient’s needs [4].
• Patient Centered – The care and services provided are focused on the patient’s 

needs during and after the visit concludes.
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• User Friendly – Patients, providers, and caregivers can easily navigate the hard-
ware, software, and interfaces involved before, during, and after the visit 
concludes.

• Compliant – The telehealth program’s care and providers are meeting all federal 
and state laws and regulations.

• Mission Driven/Strategically Aligned – Key safety, clinical, economic/financial, 
sociocultural, and other goals are defined, tracked, and align within the telehealth 
program’s ownership and operations [4].

• Value – The “Value Proposition” measures the total benefit attained from using 
telehealth. In healthcare, the IHI (Institute for Healthcare Improvement) advo-
cated a “triple aim” of value: the patient experience, improving the health of 
populations, and cost of care. Telehealth can contribute to each of these key 
dimensions.

Telehealth business models are closely tied to telehealth mode/type of delivery 
and both are an ongoing evolution in the healthcare industry. The most prevalent 
and successful business models will identify with one of the eight telehealth deliv-
ery modes shown in Table 3.2 [11, 13–19].

Table 3.2 Telehealth business models

Telehealth mode Definition Patient interaction

Direct-to-consumer (patient): 
urgent care access, primary care 
oriented

A patient driven, on-demand 
telehealth service. Access to 
the service will be focused on 
clinical services that can be 
completed without an 
additional clinical staff 
member or provider being 
with the patient, thus the 
service is direct to the patient 
or consumer [11, 13].

The patient may become 
aware of the service on their 
own and request a telehealth 
visit or the patient may 
become aware of the service 
as being part of their 
employer’s health plan, and 
access may be fully covered 
or partially covered by their 
health insurance.

Organization to organization A telehealth program, 
initiative, or company 
contracts with a healthcare 
provider to provide a specific 
clinical service. The service 
may be a contracted fee per 
consult or subscription based 
service based on a defined or 
estimated utilization.

The patient will become 
aware of the service while 
they are being cared for by 
the healthcare provider in an 
emergent setting, inpatient 
setting, or outpatient setting. 
(Stroke, neurology, and 
mental health are most 
prevalent)

Clinician to clinician A telehealth program, 
initiative, or company 
contracts with a healthcare 
provider to provide a 
peer-to-peer specialty 
consulting service for 
difficult and/or specialty 
cases.

The patient may or may not 
be aware of the service while 
they are being cared for by 
the healthcare provider who 
utilizes a clinician-to- 
clinician video model, as 
some utilize with patient 
present and others do not.

(continued)
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Table 3.2 (continued)

Telehealth mode Definition Patient interaction

Continuous remote monitoring 
for intensive care unit (ICU) 
patients or tele-ICU

Tele-ICU programs provide 
continuous remote oversight 
for patients in monitored 
ICUs from a central 
operations center staffed by a 
multidisciplinary ICU team 
[14, 15].

Patients and families are 
aware of the tele-ICU as each 
room is outfitted with 
emergency buttons and 
two-way communications. 
These programs typically 
include robust data tracking 
and reporting for quality 
measures and ROI.

Online patient access/portals/
technology: second opinions and 
HIT portals

A telehealth program 
contracts with a healthcare 
provider to provide a second 
opinion service through 
online/web-based 
asynchronous access to a 
clinical provider [14, 16–19].

The patient may become 
aware of the service through 
their primary care provider or 
the healthcare provider they 
utilize for the majority of 
their care, by provider 
referral, or by individual 
searching.

mHealth/medical apps: 
self-tracking apps, diagnostics, 
care support

A telehealth program 
contracts with a healthcare 
provider or patient to provide 
a mobile-oriented application 
for healthcare or care 
support; may be in the form 
of remote patient monitoring 
for chronic disease 
management.

The patient will be aware of 
the service through individual 
searching or may have 
mHealth (mobile health) 
software, and/or an 
application prescribed to 
them by their healthcare 
provider.

Hardware/software: telehealth 
equipment, software, robots, 
carts, tablets

A telehealth program 
contracts with a telehealth 
company for equipment, 
hardware (robots, carts, 
tablets) or software.

The patient will be aware of 
the equipment, hardware, or 
software when the patient is 
having the telehealth 
encounter in a home, 
healthcare clinic, or hospital 
location.

International: US to another 
country telehealth

A US telehealth program 
contracts with an 
international entity to provide 
care from one country to 
another.

The patient will become 
aware of the service while 
they are being cared for by 
the healthcare provider in an 
emergent setting, inpatient 
setting, or outpatient setting.

Additional telehealth business and care delivery models will continue to emerge 
as the industry evolves. Every telehealth business and care delivery model involves 
patient care, and it is important to keep the seven attributes of successful telehealth 
business models in mind when interacting with telehealth. Each telehealth business 
model can benefit from having a clear and defined contract of all terms and respon-
sibilities of each party involved. The negotiation, drafting, and execution process of 
clear and defined telehealth contracts are important cornerstones of success when 
designing and operating a successful telehealth business model.
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 Return on Investment (ROI) and Value on Investment (VOI)

Universal adoption of telehealth continues to lag despite improved technology and 
increasing amounts of evidence demonstrating effectiveness. Two key reasons for 
lagging adoption include the following [20]:

• Complexity of policy at both a federal and state level related to reimbursement 
for telehealth services.

• The fragmented approach that organizations are using to forecast return on 
investment (ROI), creating a bleak picture of financial returns and thus program 
feasibility.

Traditional business models within healthcare focus on direct revenue gained 
primarily through fee-for-service reimbursement. Approaching telehealth through a 
fee-for-service lens as the dominant input to return on investment (ROI) is flawed in 
that it excludes some of the key benefits and underlying value of telehealth program 
such as cost, quality, efficiency and access, which will be referred to in this chapter 
as value on investment (VOI). Unlike traditional return on investment models, 
financial benefits in healthcare also come in the form of cost avoidance and down-
stream revenue opportunities. Telehealth evaluations will need to deploy varied 
methods and approaches to estimate telehealth ROI, thinking more broadly in terms 
of how telehealth functions as an asset by generating value in the form of cost sav-
ings, increased efficiency, and downstream revenue opportunity.

Deploying varied methods and approaches to analyzing telehealth ROI and VOI 
will require creating business models within frameworks that include a variety of 
financial inputs. The use of a variety of financial inputs will generate a more com-
plete picture of all financial gains and cost savings associated with telehealth efforts. 
The nuances and challenges of measuring ROI and VOI and the evolving field of 
health economics is such an important topic that it prompted the organization of the 
2016 Global Health Economics Consortium Colloquium co-sponsored by leading 
researchers and faculty at Stanford Health Policy, UCSF Global Health Sciences, 
and the UC Berkeley School of Public Health [21].

 A Departure from Volume to Value

Traditionally, the business case for telehealth is based on fee-for-service revenue 
collected from insurers or patients and viewed as the key input to project ROI. As 
the landscape of healthcare transitions from volume and direct revenue to a system 
focused on quality, access and cost, the need to adapt financial practices estimating 
return and value associated must evolve. New structures and programs including 
Accountable Care Organizations and CMS codes that recognize virtual check-ins 
are sparking development and advancement to understanding and articulating the 
telehealth return and value on investment [22].
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Traditional return on investment can be thought of as the gain from the invest-
ment, or revenue, minus the cost of the investment, which yields net profit, divided 
by the cost of the investment:

 Traditional ROI total revenue total cost OR net profit total� �� � /   cost  

The problem with this calculation in today’s evolving healthcare environment is 
that the “Total Revenue” input is driven by fee-for-service, or volume-based, pay-
ments. Telehealth value on investment must be thought of more broadly from a 
financial perspective to include all contributions translating to benefit for the orga-
nization. Currently, most of the technology costs and the consultations carried out 
through telemedicine are not reimbursed and motivation is typically either through 
improving system efficiency and/or external funding [1]. Return on investment is 
flexible and can be modified to support the industry or situation. In the case of 
healthcare, benefit (direct and indirect) is a key element of the return on investment 
expression. What is included in the telehealth VOI will vary organization to organi-
zation and program to program and may include avoidable cost, shared savings, and 
referrals to the sponsoring institution. Value on investment can be thought of as the 
gain from the investment, in terms of revenue (direct), cost savings (indirect), down-
stream revenue (indirect) and increased efficiencies (indirect), minus the cost of the 
investment, which yields net value, divided by the cost of the investment:

 VOI total direct revenue total indirect revenue OR cost sa� � vvings total cost� � �  

 Key Concepts of Telehealth ROI and VOI

Defining a financial ROI for a telehealth service or program may require consider-
ing new inputs that translate to returns in the form of value, or VOI, yielding benefit 
and goodwill that can be translated to financial realization, in addition to profits. 
Some of the core intangible benefits that may translate to returns in the form of VOI 
include the following:

• Eliminates geographical boundaries to leverage distributed clinical expertise and 
capacity

• Improves quality of life for the patient and family
• Enables opportunities to further extend care to new market areas and interna-

tional locations
• Provides new collaboration methods to enable new partnerships
• Improves the ability to collaborate among physicians, departments, locations, 

and services to make more informed patient care decisions and coordinated care 
delivery

• Provides opportunity to deliver care more efficient and better manage care 
transitions
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One metaphorical approach to the process is to brainstorm financial inputs as one 
would view an iceberg. There will be inputs that are on or above the surface that 
translate directly to profits and can be quantified rather precisely, such as fee-for- 
service revenue and copays. There will also be inputs that are below the surface that 
translate more indirectly and may be more difficult or less precisely quantified 
numerically, such as reduced readmissions, increased provider efficiency, and 
increased referrals to the system. It is common to define a mix of variables that can 
be broken apart, evaluated, and fit into a mix of complimentary financial levers that 
create a compelling business case. Figure 3.3 is one example of the iceberg analogy 
used to project returns and value for a telehealth program, initiative, or com-
pany [23].

Fig. 3.3 Iceberg analogy depicting the value of telehealth, specifically remote patient monitoring, 
is both clear and direct or above the service, but also includes below the surface value that is still 
important in the design and calculation of impact, quality, ROI, VOI, and overall program or proj-
ect sustainability
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 Exploring “Above the Surface” Inputs

The practice of building an ROI for telehealth is fluid and continuous, and associ-
ated inputs will likely evolve as the industry releases innovative programs, tech-
nologies, and ways of doing business. Direct revenue streams, referred to on the 
iceberg as “above the surface,” may be revenue in the form of fee-for-service, site-
of-service facility fees or hospital billing, and direct to patient payments. If require-
ments are appropriately planned for and met, fee-for-service revenue can be the 
least complex ROI input to forecast. Below is an exploration of “Above the Surface” 
inputs that may be a part of a telehealth program:

• Fee-for-Service (Professional Billing) is reimbursement from eligible telehealth 
codes with affixed modifiers, such as GT, GQ, or 95, for telehealth services. 
Professional, or fee-for-service, payments within telehealth must meet rules and 
requirements of payers.

As of the 2018, Medicare reimburses for 97 different CPT and HCPCS codes 
at an average rate of $115–125 per code, with Medicaid and private payers in 
many states matching or exceeding that number of covered codes. To be eligible 
for payment and in compliance with payer requirements, telehealth programs 
should consult insurer policies for telehealth and telehealth reimbursement. The 
landscape continues to evolve and become more favorable to payment; however, 
many payers still have conditions for payment related to rurality, providers, 
 documentation, and services. In 2019, Medicare, which is one of the more 
restrictive payers for telehealth services, lifted the geography restriction for pay-
ment for telehealth services for telestroke, which is a strong favorable signal to 
the industry [22].

• Site-of-Service Facility Fee (Hospital Billing) is reimbursement paid to the site 
where the patient is located during the time of telehealth service. It is known 
within Medicare as the Originating Site Facility Fee and identified by eligible 
code Q3014 by many payers. Facility Fee payments range from $15 to $40 per 
encounter. If the site of service is part of a larger system or organization, this 
payment should be considered as part of the direct revenue stream of a telehealth 
program, initiative, or company [22]. To obtain specific information on the eli-
gible code and rate reimbursed, consult individual payer policies on a per- 
state basis.

• Direct to Patient, also known as out of pocket or self-pay, is defined as point-of- 
service payments from direct to consumer programs. It could also be in the form 
of copayments and/or coinsurance. This form of payment is common in direct to 
consumer telehealth programs caring for primary and minor acute patient needs. 
On average, a virtual primary care visit with a direct to patient fee will run 
between 25 and 75 per visit, for a secure, face-to-face video encounter.

• Direct Contracting is a growing trend and occurs when groups such as employ-
ers and insurers partner with a provider of telehealth services to receive payment 
according to a predefined contract. Direct contracting has been referenced by 
Snap MD CEO, Dave Skibinski, as a telehealth “Trojan Horse” due to the disrup-

B. T. Arkwright et al.



49

tion of the natural flow of referrals that would typically occur within health sys-
tems now being directly contracted to vendors [24]. Although the trend has been 
for telehealth service providers to adopt this business model, hospitals and health 
systems are many times in a position to also use this financial model. The con-
tracted rate for services is largely dependent on the market and service being 
offered and may vary greatly from contract to contract.

 Exploring “Below the Surface” Inputs

The practice of building a VOI for telehealth goes beyond “above the surface” inputs 
to draw synergies and net positive impact associated with cost savings and down-
stream revenue into the overall business case for telehealth programs. Indirect rev-
enue streams, referred to on the iceberg as “below the surface,” are more difficult to 
measure and predict when projecting financial returns for telehealth programs and 
services, however, are still a vital component of the total telehealth picture. Indirect 
revenue may come in the form of avoidable cost, economies of scale, quality, and 
patient satisfaction. Including indirect revenue as part of a telehealth financial model 
goes beyond return to estimate full value on investment (VOI).

“Organizations across the globe are becoming creative in their approaches to 
estimating ‘below the surface’ impact to include as part of a program’s VOI. For 
example, INTEGRIS Health, a self-insured provider, utilizes an advisory committee 
to evaluate prospective projects and services to work toward establishing metrics to 
track returns and value. Additionally, new projects require a business plan with a 
financial ROI and ongoing assessment of clinical and financial performance after 
launch, according to the eHealth Director, Pam Forducey” [25]. One example is 
reducing 30-day readmissions using home-based telehealth monitoring equipment. 
Another is reducing travel expenses for physicians traveling across the state to pro-
vide regional outreach. Continued patient engagement is another ROI – particularly 
for patients who would otherwise not travel long distances for 15–20-minute fol-
low- up visits. For the purposes of this chapter, indirect revenue stream inputs are 
referred to as the VOI component of a telehealth financial model [25].

Each telehealth program or service will calculate indirect revenue a bit differ-
ently. Resources such as case studies and benchmarks are published frequently for 
a wide range of telehealth specialties and can serve as a starting point for estimating 
indirect cost savings or revenue generation as part of a telehealth ROI. For example, 
remote monitoring for chronic care management is an area of telehealth that dem-
onstrates significant indirect revenue opportunity. A study by the Canadian 
Department of Health and Queens University determined that a remote patient mon-
itoring program yielded a variety of results, which can be translated to data points 
within a financial model. These included reductions in 911 calls and subsequent 
paramedic activations, reduced emergency department visits, reduced hospital 
admissions, and reduced hospital readmissions [26]. Indirect revenue stream inputs 
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that should be included to project full VOI within telehealth business cases typically 
fall into two categories: (1) cost savings and (2) revenue generating. Figure  3.4 
highlights possible indirect inputs.

Examples of inputs that could yield cost savings as part of a telehealth program’s 
overall VOI include the following:

• Reduced readmissions and avoided penalties
• Reduced hospital length of stay
• Increased patient or client satisfaction

 – For example, in a recent survey, patients and families who utilized telehealth 
services felt that it was more convenient than a clinic visit, less disruptive to 
their life and routine and would choose to use it again [26].

• Increased quality of care
• Reduced overutilization (in shared savings models)

 – For example, a study by Lunney et al. found that in two instances of compar-
ing telehealth to traditional, in-person care a lower rate of hospitalization was 
reported with telehealth than with traditional, in-person care (2.2 vs. 5.7 days 
annually per patient). Additionally, another study [27] found that patients uti-
lizing telehealth instead of traditional, in-person care had fewer hospitaliza-
tions, shorter length of stay, and fewer visits to the emergency department.

• Reduced no shows

 – For example, a study found that patients who received telehealth were less 
likely to miss HD treatment sessions compared with patients receiving only 
standard care [4].

VOI
Cost

savings

Reduced readmissions and
avoided penalties

Increased provider efficiency

Increased retention rates
Better access to the system
New market share
Goodwill

Increased utilization/referrals
in service areas such as surgery,
ancillary, other specialty
services

Reduced hospital length of stay
Increased patient or client
satisfaction
Increased quality of care

Reduced no shows
Better medication management
Better complex condition
management
Shared shavings from Next Gen
ACO

Reduced overutilization (in
shared savings models)

Revenue
generating

•

•

•

•
•

•

•
•

•

•

•

•
•

•
•

Fig. 3.4 Value on investment visual that lists the cost savings areas of focus and revenue-generat-
ing focus areas of telehealth
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• Better medication management
• Better complex condition management
• Shared shavings from Accountable Care Organization (ACO)
• Avoidable transport costs/miles saved

 – For example, one program found that the average trip travel time from home 
to clinic was 6.8 hours. Due to the fact that a telehealth visit can avoid unnec-
essary travel time it saves in transportation costs and time, which can be trans-
lated into an average of $486 dollars saved [26].

Examples of inputs that could translate to incremental revenue as part of a tele-
health program’s overall VOI include the following:

• Increased provider efficiency
• Increased utilization/referrals in service areas such as surgery, ancillary, other 

specialty services
• Increased retention rates
• Better access to the system
• New market share
• Community goodwill

 Challenges to Estimating Telehealth ROI

The promise of strong ROI and VOI for telehealth programs come with unique chal-
lenges that should be considered as part of any financial analysis or model. It is also 
important to consider that since healthcare is so localized, the way in which one 
program successfully defines and measures telehealth ROI is not necessarily the 
same as other programs operating in other contexts and environments. Challenges 
inherent to projecting returns and value on investment in telehealth programs may 
also widely vary; however, some common issues across the industry include the 
following:

• Complexities of the healthcare insurance market and payer engagement
• Identifying and quantifying indirect revenue streams
• Measurement and tracking of data in disparate systems

 Complexities of the Healthcare Insurance Market 
and Payer Engagement

The reimbursement environment for telehealth by traditional insurance providers is 
both varied and complex. Policies and conditions for payment are historically quite 
restrictive at the federal level. Due to the number of payers and the management of 
health insurance on a state-by-state basis, the industry is faced with no clear or uni-
versal way to determine direct payment for telehealth services. Rather, each 
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individual insurance carrier is left to set policy requirements for themselves, leaving 
those looking to receive reimbursement to build the appropriate workflows within 
their programs to satisfy a shifting exponential number of rules.

Despite the complex healthcare insurance market as a significant barrier for 
telehealth, the future is bright, thanks to new payer engagement strategies and 
new federal structures and payment demonstration and pilot initiatives available. 
CMS, DHHS, state DHHS groups, and many other private and federal groups are 
reimbursing and financing for telehealth services, such as in the Next-Generation 
ACO [28]. In addition, CMS has removed the originating site restrictions of tele-
health services for more ACO members in its Medicare Shared Savings Program 
[29–31].

Whether or not a telehealth program is participating in an organized new pay-
ment model or demonstration project, maintaining detailed documentation and the 
success or failure of reimbursement is critical. It is invaluable for telehealth pro-
grams to proactively focus on having documentable actions of beginning and main-
taining relationships with all types of payers. Telehealth programs who have realized 
success with payers are synonymous with establishing a relationship that is trans-
parent and continuous, giving payers an awareness of programs, providers, utiliza-
tion, and payment expectations for services rendered via telehealth. A common best 
practice in telehealth is to track monthly the details of reimbursements collected and 
denied for telehealth services; these actions will inform ongoing discussions of 
including new services, determining documentation requirements, and denial reme-
diations. These actions alone can yield great clarification and development to rede-
fine the delivery of care and payment structures, thus breaking down the 
complexities [32].

 Identifying and Quantifying Indirect Revenue Streams

The difficulty of measuring indirect streams of revenue has been reviewed in this 
chapter. These difficulties can be due to several factors, including challenges iden-
tifying indirect variables that have financial impact, no historical data points to pre-
dict the future and defining how to measure and monitor variables in a consistent, 
reliable way. The variables that create indirect impact may vary by type of telehealth 
program or service being offered. An article by the Advisory Board explores differ-
ent motivations and metrics within telehealth programs that complement direct rev-
enue and alternatively measure telehealth’s effect on program performance [33].

 1. Real-time virtual visits: Protect and diversify your brand
Downstream referrals: Ideally, a real-time virtual visit platform does not just 

guide new patients into the system; it spurs subsequent use of other in-network 
services. Downstream referral rate and corresponding revenue can measure plat-
form contribution to brand loyalty.
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• Existing patient retention rates: Real-time virtual visits meet the consumer 
desire for accessible, on-demand care and may help retain current patients 
otherwise drawn by cost or convenience elsewhere. Existing patient retention 
rates assess whether virtual care prevents patient leakage, promoting long- 
term consumer engagement with your organization.

 2. Asynchronous store-and-forward: Enhance efficiency

• Time-to-consult fulfillment: The more quickly providers reply and fulfill 
requests for care guidance, the greater your time savings. To evaluate opera-
tional benefits for your asynchronous store-and-forward solution, benchmark 
time duration between consult request and provider response against less 
dynamic platforms, such as telephone and in-person visits.

• Diagnostic accuracy: Don’t sacrifice quality for expediency. Measure diag-
nostic accuracy to ensure that your platform both promotes efficiency and 
consistently resolves presenting conditions.

 3. Remote patient monitoring: Manage your population health enterprise

• Readmissions rate: By remotely tracking patient status, providers can use 
remote patient monitoring to intervene when necessary and avoid care escala-
tion. Measure readmissions rate to evaluate how remote patient monitoring 
programs prevent penalties and keep patients at home.

• Patient adherence to treatment plan: Among patients with chronic conditions 
or those recovering from surgery, remote patient monitoring platforms fre-
quently include checklists and reminders to help patients follow care instruc-
tions. Tracking treatment adherence demonstrates how a program impacts 
health behavior and positions an organization for downstream cost savings.

 Measurement and Tracking Within Disparate Systems

Inputs to financial models may be housed in different systems that need to be inte-
grated to determine the full picture of “value.” This reality creates a challenge in the 
ongoing measurement and monitoring of variables necessary to develop ROI and 
VOI. Some of these inputs may be more easily measured and tracked than others; 
however, they still represent significant opportunity within the financial model of a 
telehealth program. The telehealth ROI includes indirect and direct variables; and 
telehealth-specific data can be challenging to collect across different healthcare 
organization information systems (e.g., EHR (electronic health records), video serv-
ers, telehealth vendor platforms, remote home monitoring platforms, HR (human 
resource) systems, financial systems, and more). It may be prudent to consider using 
automated software to facilitate rapid and ongoing tracking of telehealth ROI and 
VOI components.
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 Achieving Success with Telehealth ROI: Best Practices

Analysis of all telehealth financial variables is an exercise that telehealth programs 
should complete in partnership with leadership, seeking approval of defined inputs 
to enable the continuous tracking of their ROI through an established governance 
structure. Once established, the business case around a telehealth program should 
be created to determine feasibility. Quarterly reports of the strategic telehealth ROI 
scorecard across clinical, financial, operational, and technical areas should be 
reviewed. Telehealth ROIs are unique and complex for every organization according 
to the maturity of the telehealth program.

To understand how to model the mix of possible telehealth finance variables for 
the ROI, the telehealth program must understand what the variables are (metrics), 
define how they are measured (measure), and how they will be tracked on an ongo-
ing basis (monitor). Leading healthcare organizations that regularly track and com-
municate effectiveness create and ensure a strong telehealth culture that grows 
across the organization.

Within the reimbursement environment, best practice organizations are navigat-
ing these challenges using five key success criteria to ensure compliant and opti-
mized telehealth return on investment processes:

 1. Contracts/Agreements

• All entities providing telehealth services have a contract or agreement
• Agreements for those entities clarify all parties obligations
• Meets 12 standard contractual provisions for telehealth contracts [34]
• Providers are appropriately credentialed with payers for billing
• Arrangements capture the full scope of all parties billing/compensation 

obligations

 2. Policy/Regulatory

• Up-to-date on billing and documentation requirements by payer
• Monitor changing regulations via frequent reviews
• Maintain compliance at all times with changing regulations/requirements
• Ability to quickly communicate
• Agile response to change
• Negotiate with payers to drive additional coverage

 3. Standard Operating Procedures

• Create a formal telehealth development life cycle
• Define new program start-up process steps
• Internal policy requiring new program contract or agreement
• Standardize approach to provisions
• Internal policy and/or supporting procedures that promote a centralized 

Telehealth department
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 4. Workflow Design

• Standardized clinical, technical, operational, and financial workflows
• Automated systems (e.g., build)
• Clear roles and accountability
• Use of smart tools and text to increase documentation efficiency
• Integrate requirements into processes and systems
• Continuous focus on ease of use for end-users

 5. Oversight/Reporting

• Centralized program oversight
• Establish and communicate program governance
• Real-time, automated data and reporting dashboards to drive utilization, doc-

umentation accuracy, quality, ROI
• Automated software to facilitate rapid and ongoing tracking of tele-

health ROI/VOI
• Maximization of revenue opportunity
• Denials management process
• Full operational transparency

 Other Factors That Impact or Contribute to ROI

Telehealth return on investment can be further strengthened using formal planning 
that aligns with organizational strategic priorities, well-executed marketing and 
education efforts, and focus on adoption of the model.

Strategic planning of telehealth programs to align project return on investment to 
market drivers or reasons for starting the program is a key element to successful 
launch and operations, which will translate to the bottom line. Organizations that 
take the time to understand the unique needs of their customers and market are at an 
advantage over those that do not, which can greatly contribute to a program’s finan-
cial health. Market drivers for telehealth may include the following:

• Shortage of providers and specialty care, particularly in rural or underserved areas
• Rising number of people needing care due to aging populations
• Changing reimbursement landscape focused on management across the contin-

uum of health, rather than single episodes of care
• Shift in the way customers and patients are seeking care, where convenience is 

expected
• Smart-phone use and the way technology applications support our lifestyles

Along with intentional planning and strategic alignment, telehealth programs 
will need to consider how they outreach and educate about program offerings to 
internal and external audiences. Marketing and outreach efforts should go hand in 
hand with the implementation and ongoing operations of a new program or service. 
Formal orientation sessions are one way that organizations are reaching out to popu-
lations they serve to increase program utilization.
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The University of Mississippi Medical Center (UMMC) conducted a pilot study, 
which identified commonalities of employees who took advantage of UMMC’s cor-
porate telehealth services. The study gleaned several key characteristics related to 
utilization of the corporate telehealth program by their employees. Interestingly, the 
study determined highest utilization of the program by employees ages of 
30–49 years who also attended a formal orientation session. The orientation session 
was conducted by both the employer’s human resources leadership and a UMMC 
corporate telehealth representative. A key takeaway from this study is that corpora-
tions seeking to adopt corporate telehealth services as an effective method to reduce 
overall healthcare costs and employee absenteeism may further benefit from includ-
ing a required orientation to the program, while also developing additional methods 
for outreach and education to employees who would not otherwise seek out medical 
treatment [11]. Edgerton et al. reviewed the number of e-visits by type of program 
orientation, type of corporation, and the number of e-visits per 100 enrollees per 
year [13]. In general, across a wide spectrum of employer types (e.g., banking, 
manufacturing, education, development), formal orientation was associated with 
significantly higher rates of employee utilization of the e-visit options. Beyond for-
mal education about program offerings, acceptance of technology is a key concern 
across the industry. Society continues to increase use of and reliance on video and 
mobile technologies. The acceptance and growth of telehealth follows that same 
trajectory; however, it is important to anticipate and understand how to overcome 
existing barriers to adoption, particularly technology. Managerial principles, such 
as organizational structure, governance, well-defined workflows, and adherence to 
regulation and policy play large roles in technology acceptance by end-users, cus-
tomers, and patients.

Drawing from the Technology Acceptance Model (TAM), which describes how 
user acceptance affects patients and clinicians in the journey toward abandoning 
traditional care methods for new technology and innovative approaches. Two of 
the key drivers of technology acceptance within the TAM framework include the 
following:

• How the innovative method or technology is diffused into the organization
• How the environment is configured to support the use of the technology

Both drivers of TAM require defined governance and management support to be 
successful. Additional operational factors such as clinical workflow, regulation, 
technical workflows, security, and financial workflow will play important roles in 
the decision to purchase, implement, and adopt a technology.

According to Molfenter et al., existing technology adoption research has discov-
ered that many factors can affect decisions to adopt and continue to use a technol-
ogy. At the individual level, the TAM describes how user acceptance affects patients’ 
and clinicians’ willingness to abandon traditional practices in favor of new tech-
nologies [14–16]. Beyond the individual level, explanatory models of organiza-
tional decisions to adopt a technology have emerged based on two prominent 
frameworks: diffusion of innovations and the technology-organization-environment 
framework [17]. These models describe the fundamental role of management 
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support and how factors such as clinical workflow, regulatory policy prohibiting and 
facilitating use, concerns regarding information security, and financial/reimburse-
ment policy toward the technology affect the decision to purchase, implement, and 
use a technology [35].

The role of leadership and their support and practice innovation in technology 
adoption will also play a major role in laying the foundation for success. Teamwork 
and cooperation of line-level staff and program management will further drive the 
adoption of certain technologies. It will be vital to continue to activate these roles as 
future research on interventions in technology adoption are explored and imple-
mented [35].

 Conclusion

Telehealth finance and successful telehealth business models are sources of insight 
to a metamorphosis continuing to demonstrate value to the respective stakeholders 
of telehealth. The design and vision for an excellent telehealth business model is 
not a fortuitous product, but rather a creative organization of key financial variables 
and governance with a focus on delivering high quality patient care through tech-
nology. The chapter authors recommend any leader designated with accountability 
or responsibility for telehealth needs to understand and recognize the distinguish-
ing value these programs produce. Telehealth leaders have the exciting and noble 
duty to be transparent and deepen the knowledge, best practices, and information 
available to grow and mature telehealth well into the future, further informing 
future discussions and considerations on telehealth business models and financial 
details.
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 Introduction

According to Liezl van Dyk in “A Review of Telehealth Service Implementation 
Frameworks,” there are many complex factors (see Table 4.1) that can impact the suc-
cess of developing and implementing telehealth services [1]. In that article, van Dyk 
describes how the success rate of telehealth services has been disappointing and a holis-
tic implementation approach is needed. In this chapter, we review some of the early 
frameworks that van Dyk researched and how they apply to current telehealth chal-
lenges. In addition, we provide specific examples throughout the lifecycle of a telehealth 
service that highlights those complex factors that can impact the development and 
implementation of a telehealth service. Finally, we conclude with a brief introduction 
into the Telehealth Service Implementation Model (TSIM™), which was developed and 
matured out of the Medical University of South Carolina, one of only two HRSA-
designated National Telehealth Centers of Excellence in the United States. TSIM is a 
guiding framework that was created to support the efficient and effective development, 
implementation, and long-term sustainability of high quality telehealth services.
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Table 4.1 Factors impacting the success of telehealth services
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 Barriers to the Diffusion of Telehealth

Since telehealth introduces a form of healthcare innovation into the traditional care 
delivery system, it is impacted by similar factors that can be a barrier to the adoption 
of any new innovation or technology. Grigsby et al. first assessed the diffusion of 
telemedicine and the challenges of predicting a rate of adoption considering the 
many complex and dynamic factors impacting that process [2]. Tanriverdi and 
Iacono identified the following four key barrier categories for the diffusion of imple-
menting telehealth services: (1) technical barriers, (2) behavioral barriers, (3) eco-
nomical barriers, and (4) organizational barriers [3].

While technical barriers continue to decline with the increased adoption and 
knowledge of technology overall, there are still substantial hurdles to implementing 
a new telehealth technology platform or device. New technology often brings a level 
of anxiety or fear with the process of attempting something new, both for the provid-
ers and the patients. This hesitancy should not be underestimated, but instead, it 
should be accounted for and addressed with adoption processes and procedures. 
Healthcare organizations need to ensure that there are processes in place to properly 
educate, train, and support healthcare providers and patients with telehealth 
technology.

Behavioral barriers to telehealth adoption can be significant as many people are 
hesitant to change. The integration of telehealth services into the traditional clinical 
workflow can be extremely disruptive, and early development and implementation 
challenges and resistance to change are to be expected, requiring effective change 
management to overcome those challenges. The following four key components 
have been associated with effective change management: (1) change leadership, (2) 
employee (team) engagement, (3) communication, and (4) employee (team) com-
mitment [4]. Telehealth champions have been determined to be crucial in executing 
successful change leadership by helping to promote the telehealth service, legiti-
mize the initiative, and build relationships with key stakeholders along the way [5]. 
In addition, establishing a systematic way to develop and implement telehealth ser-
vices with clear roles and responsibilities will improve team and provider engage-
ment, ultimately increasing the likelihood of creating a successful telehealth service.

Economical barriers can be both internal and external to an organization. 
Examples of internal economical barriers may include limited funding (i.e., budget) 
for telehealth initiatives and poor understanding or execution of effective telehealth 
business models. Establishing a governance structure with sophisticated financial 
planning and management will help optimize the budget and create sustainable tele-
health services. The most significant external economical barrier is the limited and 
variable telehealth reimbursement policies across the country. While telehealth poli-
cies continue to improve overall, reimbursement is often cited as a major barrier to 
telehealth adoption [6]. As telehealth policies continue to evolve, the telehealth ser-
vices must adapt with those changes. It is imperative to have strong billing compli-
ance expertise involved in the telehealth service development process. As telehealth 
reimbursement rules mature, organizations should have a process to review those 
changes and adapt the telehealth services to optimize revenue collections.
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Organizational barriers are rooted in the challenges of integrating telehealth ser-
vices into the traditional organizational structure and existing clinical workflows. 
Organizations often struggle with scaling telehealth pilots into successful, sustain-
able services, because telehealth services are often developed as siloed initiatives 
outside of the existing system [1]. Organizations need to establish formalized pro-
cesses and provide institutional support to integrate telehealth services into their 
existing healthcare system. By having a systematic way to plan, prioritize, develop, 
implement, and promote telehealth services, organizations will be able to navigate 
many of the complex factors that have historically challenged the integration of 
telehealth services into the traditional healthcare system.

 Seven Core Principles for the Successful Development 
of Telemedicine Services

Yellowlees emphasized that effective change management was at the core of suc-
cessfully developing telehealth services and that the costs, both financial and psy-
chological, of failing to implement a telehealth service properly could have a 
significant long-term negative impact on a healthcare organization [7]. He notes that 
very little telehealth advancement occurred in the 1980s, potentially due to many of 
the failures that occurred with telehealth projects of the 1960s and 1970s. Yellowlees 
said that the most significant lesson learned when implementing a telehealth service 
is that it must be integrated into the existing healthcare environment. He identified 
the following seven core principles as likely to improve the chances of developing 
successful telehealth services: (1) telemedicine applications and sites should be 
selected pragmatically, rather than philosophically, (2) clinician drivers and tele-
medicine users must own the systems, (3) telemedicine management and support 
should follow best-practice business principles, (4) the technology should be as 
user-friendly as possible, (5) telemedicine users must be well trained and supported, 
both technically and professionally, (6) telemedicine applications should be evalu-
ated and sustained in a clinically appropriate and user-friendly manner, and (7) 
information about the development of telemedicine must be shared. When applying 
these core principles to the current practice of developing and implementing tele-
health services, some common themes are present.

• Principle 1: Telemedicine applications and sites should be selected pragmati-
cally, rather than philosophically

Sometimes telehealth service ideas come from healthcare executives without cli-
nician involvement, and this can lead to a project being initiated without a physician 
champion identified and/or provider capacity available to deliver the service. 
Telehealth initiatives need “champions” to navigate the many complex factors and 
change management challenges of integrating a telehealth service into the tradi-
tional system. In addition, telehealth services should be created based on current 
demand. While a gap analysis may show data that a particular area has a “need” for 
a clinical service, unless the local healthcare providers or patients demonstrate a 
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“demand,” that telehealth service will likely suffer from low utilization. Finally, the 
telehealth service should address a problem of increasing access, improving quality, 
and/or reducing costs. Telehealth services should not be implemented if the problem 
they are intended to solve cannot be articulated.

• Principle 2: Clinician drivers and telemedicine users must own the systems

This principle really focuses on the importance of the physician champions and 
their involvement in selecting the technologies that they, and their colleagues, will 
use to transform the way they deliver care. Technology should be selected objec-
tively and be led by the needs of the clinical service. This is a key component of the 
change management process and one that is often overlooked by many organiza-
tions. The users must feel comfortable with the technology and have a level of buy-
 in to help navigate any early implementation challenges.

• Principle 3: Telemedicine management and support should follow best-practice 
business principles

Yellowlees warned of putting the responsibility of telehealth implementations on 
“project teams” that lack both clinical and practical telehealth experience. Some 
organizations place themselves at risk of this if they run their telehealth teams out 
of their information technology (IT) departments and too much focus is placed on 
the technology. Telehealth is not an IT project; it is the implementation of a new 
clinical service. Between the two, there is a significant difference in skillset required 
for a successful development and implementation process. Many organizations have 
found success by centralizing their telehealth support teams and standardizing their 
processes, but a strong clinical strategy and physician champions should be at the 
core of those telehealth teams.

• Principle 4: The technology should be as user-friendly as possible

Some of the early challenges with telehealth technology was that the solutions 
were often big and bulky, expensive, and difficult to use. As technology continues to 
evolve, the telehealth solutions on the market are transitioning to be more computer- 
based systems that are easier to use and less expensive. In order to achieve full 
adoption of telehealth, the technology must be user-friendly and integrate seam-
lessly into a clinician’s workflow. If the use of the technology becomes a burden on 
the clinician’s workflow and clinical efficiency, utilization will suffer, and the tele-
health service will eventually fail.

• Principle 5: Telemedicine users must be well trained and supported, both techni-
cally and professionally

Yellowlees recommended that if a telehealth team was to have one motto it 
should be “Train, train and train again.” He placed a lot of focus on getting providers 
used to the technology in non-clinical activities, such as meetings and educational 
sessions. As telehealth has continued to advance and technology has become more 
prevalent, the most vital component of training is on executing the workflow effec-
tively. As telehealth has become more integrated into the traditional delivery 
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system, the training on the workflow is not only specific to the provider. Supporting 
departments, such as an admit transfer center receiving a call for a time-sensitive 
telestroke consultation, and supporting personnel (e.g., tele-presenter) must also be 
trained and demonstrate proficiency of their roles and responsibilities. In addition, 
training on appropriate telehealth documentation and billing is important to stay 
compliant with state and federal regulations and maximize reimbursement opportu-
nities. Organizations need a systematic way to train providers prior to go-live, 
review the process to assess competency, and provide ongoing support to make 
adjustments and improvements along the way as the service continues to evolve.

• Principle 6: Telemedicine applications should be evaluated and sustained in a 
clinically appropriate and user-friendly manner

In an ever-changing reimbursement system that continues to shift toward value- 
based payments, organizations need to understand successful telehealth business 
models and be able to evaluate the value of their investments. In order to be able to 
successfully sustain telehealth services, outcome metrics should be established to 
continually evaluate financial and operational performance. Identifying key perfor-
mance metrics will assist organizations with improving telehealth service delivery 
to ensure they are meeting the needs of all relative parties, including assessing their 
own value on investment.

• Principle 7: Information about the development of telemedicine must be shared

Yellowlees stressed the importance of deeper research on telehealth services. 
While telehealth research has definitely evolved over the last couple of decades, 
well-designed, high quality scientific research is still limited in the field of tele-
health. Telehealth has been proven to show a high satisfaction by a majority of 
patients [8], but more health economic research needs to be conducted to examine 
the cost-effectiveness of new delivery models. While some delivery models such as 
telestroke have demonstrated cost-savings [9], other modes of telehealth, such as 
direct-to-consumer telehealth for acute respiratory infections, may increase utiliza-
tion and healthcare costs [10]. More information and research on telehealth must be 
shared to improve the overall cost-effective and high quality delivery of care.

 Five Factors Influencing Service Integration

Finch et al. completed a longitudinal qualitative study that assessed 12 telederma-
tology services and identified the following five factors that supported the success-
ful integration of those services: (1) policy context, (2) perceived benefit and related 
commitment, (3) evidence gathering to prove safety and manage risk, (4) reorganiz-
ing services, and (5) issues surrounding professional roles and boundary crossing 
[11]. These five themes and relative factors were identified as either promoting or 
impeding successful integration of the teledermatology services into the traditional 
health system.
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The context of policy continues to be one of the most relevant factors to tele-
health adoption. In the United States, the variability and gaps in telehealth reim-
bursement policies have made it significantly challenging to create sustainable 
business models and accelerate adoption of new telehealth technologies and ser-
vices. In addition, individual state medical boards have often placed restrictions on 
which medical providers can deliver telehealth services. Until there is more of a 
national push to simplify payment and licensure issues, many organizations will 
continue to be slow to adopt telehealth services.

The concept of “perceived benefit and related commitment” can still be a barrier 
to telehealth integration if the relative stakeholders cannot clearly articulate why the 
service is being implemented. “What problem does this telehealth solution solve?” 
should be the first question asked during the planning process when a clear strategy 
for the telehealth service is being crafted. The service is doomed for failure if that 
question cannot be answered, but that is not sufficient enough. The answer to that 
question must be communicated effectively to support successful change 
management.

In order for large-scale telehealth adoption to occur, processes to support safe, 
evidence-based care must be matured and risk must be accounted for and managed. 
The teledermatology services that were successfully sustained were ones that 
accounted for potential risks and built safeguards into the system to address those 
issues. An example of this concept can be highlighted when reviewing virtual urgent 
care, or “direct-to-consumer,” services. Concerns have been expressed that direct- 
to- consumer telehealth visits may pose a risk of increasing the use of antibiotics in 
children [12]. When risks to safety or quality are identified, it is imperative to 
account for and act to mitigate or eliminate that risk. For antibiotic usage in direct- 
to- consumer services, this can be accomplished through formalized quality review 
processes to assess antibiotic stewardship and adherence to clinical guidelines.

The concept of reorganizing services emphasized that users of telehealth ser-
vices needed to make continual modifications in order for the service to be success-
ful. A key part of that is understanding the current clinical workflow that the 
telehealth service is bound to disrupt. Organizations often spend too much time 
focusing on the technology and not nearly enough time on the process. Organizations 
need to establish a systematic way to design the new telehealth service, to train and 
support providers, to assess for ongoing competency with the process, and to con-
tinuously identify and execute on process improvement opportunities.

The introduction of telehealth services can also impact the traditional role of dif-
ferent healthcare professionals. In the case of the teledermatology services, there 
were concerns about an attempt to push too much responsibility toward primary 
care, but those that demonstrated more flexibility with the process were able to 
implement successful services. Since telehealth is expected to disrupt the current 
system, ideally, organizations will capitalize on that opportunity and get different 
healthcare providers practicing at the top of their license. To realize that potential, 
policies must be in place to support this transformation. Telehealth has the opportu-
nity to efficiently connect numerous healthcare providers along the care continuum 
compared to the traditional delivery system.
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 Advancing Telehealth Service Development and Delivery

Telehealth is experiencing exponential growth, and while resources such as imple-
mentation checklists are available to guide early-stage adoption, comprehensive and 
practical resources to develop and manage telehealth services from the initial idea 
to sustainable operations are limited. The Telehealth Service Implementation Model 
or TSIM™ was created to address this need and formalize a guiding framework to 
support the efficient and effective development, implementation, and long-term sus-
tainability of high quality telehealth services [13]. TSIM was originally imple-
mented at the Medical University of South Carolina (MUSC) in order to enable an 
institutional goal of comprehensive, enterprise-wide telehealth integration, but the 
model can serve as a clear guide to any organization attempting to navigate the 
many complexities of telehealth service development and delivery.

The MUSC Center for Telehealth (Center) was established in 2013 and built 
upon an 8-year legacy of providing telehealth services that addressed health dispari-
ties, initially maternal fetal health, and stroke care, across South Carolina (SC). The 
founding of the Center was catalyzed by a SC legislative mandate and funding to 
develop telehealth infrastructure and services that would increase access to care and 
reduce health disparities. This legislative charge led to the rapid development and 
expansion of telehealth at MUSC, culminating in over 80 unique telehealth services 
being offered at over 300 clinical sites across the state within 6 years. Annual tele-
health interactions increased from 15,315 to over 308,000 during this time period 
with 78% of MUSC’s services delivered to fully or partially medically underserved 
SC counties. During this rapid growth phase, the Center experienced meaningful 
successes and encountered numerous challenges, which have all contributed to the 
development of the Telehealth Service Implementation Model or TSIM.

There are many challenges and complexities to telehealth service development 
and, as highlighted by van Dyk, no existing holistic framework to address these. 
Inspired by van Dyk and the success of established frameworks (e.g., ITIL® for IT 
service management [14]), MUSC sought to develop a novel framework specifically 
for successful telehealth implementation. TSIM includes six phases: (1) Pipeline, 
(2) Strategy, (3) Development, (4) Implementation, (5) Operations, and (6) Continual 
Quality Improvement. Each phase has associated tasks that must be completed 
before a service advances to the next phase.

The TSIM framework establishes a holistic approach to incorporating all of the 
factors that can impact telehealth success, and it provides a common terminology to 
improve communication between team members. In addition, TSIM allows for a 
systematic approach to service development, implementation, and service manage-
ment. The Pipeline phase serves as the entry portal for new telehealth ideas. The 
Strategy phase ensures that the scope of the telehealth service is clearly defined, and 
the Development phase is when the service is built, accounting for key steps that 
must be reviewed and addressed and key stakeholders that must be engaged. In the 
Implementation phase, providers are trained on the workflow and technology, mock 
calls are completed, and the operational and technical teams support the go-live 
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process. In Operations, the focus shifts to delivering high quality, reliable telehealth 
services that continue to improve the patient and provider experience. Continual 
Quality Improvement occurs throughout the framework, identifying and optimizing 
process, people, and platform problems.

Ultimately, TSIM enables teams to proactively recognize program strengths, 
weaknesses, and gaps in service development, implementation, and delivery. TSIM 
has contributed to MUSC becoming nationally recognized for its extensive breadth 
and depth in telehealth program development, implementation, and evaluation, and 
in 2017, MUSC was formally designated by the Health Resources and Services 
Administration (HRSA) as a National Telehealth Center of Excellence.

 Conclusion

Telehealth service development is extremely challenging when attempting to inte-
grate telehealth services into the existing healthcare system. There are many com-
plex factors that have to be considered and numerous stakeholders that must be 
engaged throughout the process. Historical challenges have impeded adoption, 
which can have a significant negative impact on telehealth investments. However, 
success is achievable, and a guiding implementation framework, such as TSIM, can 
be a major catalyst to telehealth adoption and success at any organization.
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Chapter 5
Telehealth Technology, Information, 
and Data System Considerations

Ragan DuBose-Morris, Michael Caputo, and Michael Haschker

 Introduction

In this chapter, concepts exploring the use of telehealth technology to support the 
provision of pulmonary, critical care, allergy, and sleep medicine clinical services 
will be presented. Topics include technology and data system considerations, a 
framework for understanding telehealth technologies, the application of health 
informatic principles, and future state technology needs. Finally, we pose some con-
cluding thoughts related to these evolving systems of care.

For over 40 years, technology has been woven into critical care patient applica-
tions through a range of telehealth processes and equipment including early refer-
ences to the use of microwave technology to access cardiac auscultation [1]. The 
evaluation and monitoring of patients has continued to evolve into all areas of criti-
cal care and pulmonary specialty services prompting even higher levels of provider 
engagement [2]. The technology supporting this progress continues to advance in 
usability and interoperability while demonstrating cost-effective, life-saving out-
comes that are effective across care settings [3–5].

While progress has been made in the development of these innovations, addi-
tional work remains in the implementation, refinement, and integration of telehealth 
technologies that ensure safe and reliable healthcare. As systems realize the goal of 
interoperability, they are faced with increasing pressures to maintain privacy and 
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security protocols across clinical interactions. Intentionally deployed telehealth 
technologies can help to bridge the care divide while ensuring that clinical, educa-
tion, and research processes fully support the future state of care.

 Technology and Data System Considerations

Telehealth technologies are defined by the American Telemedicine Association as 
“the remote delivery of health care services and clinical information using telecom-
munications technology” [6]. This includes a range of services delivered in real- 
time such a video consults (synchronous), regardless of aligned time such as 
store-and-forward images or text-based clinical triage (asynchronous), and through 
numerous devices, app, and informatic exchanges (remote and m-health). In addi-
tion to direct clinical consultative services historically defined as telemedicine, 
“tele” has evolved to include education and research components seeking to address 
broader health considerations. Hence, the widely accepted use of the term 
“telehealth.”

Specific to telehealth services provided for patients who are most critical or in 
need of continuous support, there are three main categories of technology applica-
tion in this domain supported by information and communication technologies 
(ICT) [7, 8]:

• “Telemonitoring: the use of ICT to monitor patients at a distance”
• “Teleassistance: the provision of clinical care at a distance using ICT”
• “Telerehabilitation: the use of ICT to provide clinical rehabilitation services at a 

distance” [7]

Examples of these platforms can be seen in numerous use cases that illustrate 
clinician led innovation (Table 5.1) [7, 9–12].

These processes are made possible by the convergence of information and com-
munication technologies including Bluetooth connectivity, broadband connectivity, 
electronic health records, standards-based telehealth platforms, health analytics and 
data warehousing, emerging artificial intelligence (AI) systems, and state/regional 
health information exchanges. The ability to support the transfer of audio, video, 
and data is highly dependent on high-speed, high-reliability networks that facilitate 
the exchange of information using secure and managed systems. Ideally, healthcare 
systems utilize Open Access Network technologies that serve as the backbone for 
shared infrastructure [13]. These essential networks make it simpler to develop new 
services and manage ongoing daily operations through centrally managed, broad-
band super highways that connect hospitals, clinics, and community endpoints.

For direct-to-patient consultations, mobile applications and remote patient moni-
toring, adequate cellular and broadband network connections need to be in place 
[14]. Through the use of more advanced telehealth technology networks, a combi-
nation of devices, such as carts, laptops, and cell phones, can be connected through 
health information management systems and EHR portals for an integrated 
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experience that helps to achieve meaningful use mandates [15]. These telehealth 
connections are made possible by shared investments in technologies, systems, and 
process that allow for a spectrum of clinical services to be provided for patients as 
they move through the healthcare continuum – regardless of patient setting.

 Investments in Technology

While upfront investments in technology are often some of the largest expenses asso-
ciated with telehealth programs, improved funding, reimbursement, and contractual 
revenue sources are streamlining the process of working with vendors to craft solu-
tions for flexibility and scalability. Identifying program goals, resources, and the 
current state of the technical landscape are essential before initiating investment 
commitments. Several guides and reports have been generated that help to list steps 
and resources required for the implementation of a successful program [16]. Given 
the breadth and changing landscape of technology available for a critical care, pulm-
onology, allergy, and sleep medicine applications, seeking out technical experts and 
other telehealth champions who have implemented similar programs and identified 
best practices is often helpful in the acceleration of the acquisition process.

Basic environmental scans that document information on the current network 
and hardware conditions for all program endpoints should be completed to reduce 
redundancy and ensure compatibility. Examples of the site survey categories to 

Table 5.1 Telehealth application examples by category [7, 9–12]

Category Application Technologies Examples

Synchronous, 
provider-to- 
provider

Tele-ICU: continuous 
patient monitoring 
systems integrating EHR 
and analytic systems with 
highly trained ICU staff

Video/audio 
communication
Telemetry
EHR exchange/portal
Robotic carts
Electronic messaging

Remote monitoring of 
patients in an ICU by 
a centrally housed 
tele-ICU team in a 
dedicated operations 
center in partnership 
with local ICU 
providers

Synchronous, 
provider-to- 
provider  
or –patient

Tele-consults: urgent or 
ambulatory specialty 
consultations conducted 
using videoconferencing 
technologies

Videoconferencing 
applications supported 
through hardware (e.g., 
cart) and/or software 
applications
Peripheral devices (e.g., 
stethoscope)

Connecting providers 
to providers or to 
patients for diagnosis, 
treatment, and/or 
follow-up consults

Asynchronous, 
provider-to- 
patient

m-Health apps: tracking 
of patient data through 
device or user input to 
support follow-up, care 
coordination, and 
medication titration

Remote patient 
monitoring devices 
(e.g., blood glucose, 
weight, O2 sat)
Mobile device apps
Device dashboards

Monitoring of patients 
at home for chronic 
disease management; 
manage biometrics 
and provide education
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include are listed below and should be informed by clinical, administrative, and 
technical partners, as appropriate:

• Types of network connectivity (wired Ethernet or Wireless 802.11 N signal or 
better) and available bandwidth as a function of other IT activities

• Signal strength and range of wireless signals and required equipment frequencies 
(2.4/5 GHz frequencies)

• Dedicated data circuits in each room so wired equipment is portable
• Requirements for public or private IP (Internet Protocol) addressing for devices 

(informs monitoring)
• Ability to address security and permission issues through firewall port 

configuration
• Adequate lighting, sound insulation, and storage options for devices
• Onsite/contracted technical support personnel

 Telehealth Design Process

As discussed in Chap. 4, utilizing a service development framework that integrates 
clinical workflows and health information and technology service principles is 
essential. Such a framework is especially helpful in determining the current state of 
health information technology and workforce processes required. The use of a ser-
vice development framework for telehealth is relatively new, but the need for its 
structure couples with the possibilities of new clinical services through a validated 
and iterative process [17]. Based on the established strategy for the service, tele-
health technologies are designed, operationalized, and managed through a three- 
stage process. These include the assessment of the recommended equipment and 
site configurations that will be involved in the provision of clinical services, the 
vendor selection process, and the installation of a complete system based on param-
eters established during the initial strategy. Upon completion of the development 
phase, technologies then transition into go live and operational phases. This phased 
approach allows for non-technical, clinical experts to determine feasibility and put 
in place sustainable processes that include ongoing continuous quality improvement 
initiatives.

Understanding the current state of network infrastructure, hardware and software 
applications, and mobile/monitoring device capabilities allows telehealth teams to 
develop programs that are scalable and sustainable. Table 5.2 provides examples of 
technologies in the past, present, and future clinical domains [18–21].

The existing technologies and services related to these telehealth domains are 
relatively ubiquitous, affordable, and user-friendly, but they are also continually 
evolving. Multiple studies have shown the efficacy as well as potential additional 
use cases of these technologies when embedded across clinical domains [2, 22–25]. 
More importantly, they demonstrate that in many cases, small interventions can 
have significant impacts for patients. Still, the evolving nature of the services, 
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coupled with the limited evidence for individual devices, limits readily accessible 
data for quality assurance testing. Larger scale healthcare systems that have imple-
mented programs can serve as resource labs for the dissemination of outcomes. 
When properly assessed, quality vendor data can be used in the purchasing and 
implementation decision-making process [26].

Of increasing importance is the rapid development of digital health, or mHealth, 
including wearable, implantable, and smart devices. The insertion of these tech-
nologies into the telehealth service, education, and research processes are poten-
tially beneficial when usability, reliability, efficacy, and cost-effectiveness results 
can be provided [12, 18, 27, 28]. Technological processes must also fit into the 
existing and future clinical workflows for the provider teams responsible for patient 
medication management and care coordination. Underpinning all of these 

Table 5.2 Origin, current state, and projections for future state development of telehealth 
technology [18–21]

Domains Origin products Current state products
Future state (research and 
development)

Tele-ICU Closed, in-facility 
networks used for 
continuous remote 
monitoring

Continuous monitoring 
of spoke ICUs by 
central tele-ICU 
operations center
Telemetry with 
artificial intelligence or 
algorithmic capabilities
EHR access and/or 
EHR exchanges
Carts/robotic video 
units
In-room emergency 
buttons

Greater integration of artificial 
intelligence into regional and 
national networks of ICUs
Improving integration of EHR 
systems and exchanges to 
reduce technical barriers
Development of real-time lab 
systems
Virtual reality modeling

Asthma 
care

Video specialty consults 
for follow-up using 
primary care or school- 
based clinics as 
originating sites

Electronic stethoscopes 
and cameras 
(peripheral devices)
Remote peak flow 
monitoring
Pulse oximeters
Remote inhaler 
monitoring devices
Medication adherence 
monitoring through 
sensor technology and 
mHealth

Equipping patients/families 
with remote monitoring 
devices and apps that feed into 
portals with real-time trend 
information
Improving care coordination 
and patient education through 
apps

Sleep 
medicine

Video specialty consults 
for diagnosis via primary 
care clinics or home- 
based connections

Physiological 
monitoring
Management of 
positive airway 
pressure (PAP) 
equipment

Refined PAP devices
Integrated systems with 
real-time, device monitoring
Ongoing clinical and education 
services through app portals 
(text and video features)
Predictive analytics through AI
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conversations is the essential requirement that all devices, networks, and applica-
tions meet stringent security protocols in order to maintain patient and provider 
confidentiality, trust, and communication [29].

Telehealth device and solution vendors in the pulmonary, critical care, and sleep 
domains appear to be relatively limited compared to other video or text-focused 
service providers. Based on a review of a recent listing of over 250+ telehealth-
related vendors, the following 12 met the inclusion criteria for pulmonary, critical 
care, and/or sleep medicine focused service [30]:

• Advanced ICU Care (St. Louis). Advanced ICU Care is a tele-ICU provider that 
has implemented and managed tele-ICU programs in partnership with hospitals 
across the United States.

• Bernoulli (Milford, Conn.). Bernoulli creates software and hardware designed to 
accelerate the flow of real-time medical device data to providers, which includes 
patient safety surveillance and virtual ICU solutions.

• Cloudbreak Health (Columbus, Ohio, and El Segundo, Calif.). Cloudbreak Health 
provides more than 1 million minutes of telemedicine consultation each month, 
linking patients and providers through the company’s telehealth marketplace. The 
company supports around 75,000 encounters per month at more than 700 hospi-
tals, addressing telepsychiatry, telestroke, tele-ICU, and telesitting functions.

• Medtronic (Dublin, Ireland). Medtronic is focused on medical devices and tech-
nology solutions that monitor patients across the care continuum in the hospital 
and at home.

• MetTel (New York City). MetTel provides telehealth infrastructure for mobile 
devices, enterprise mobile management, vital sensors, procurement and financ-
ing, and support telecommunications.

• Nokia (Cambridge, Mass.). Nokia creates devices to track and improve activity, 
sleep, weight, heart health, and environmental issues. Some of the devices 
include wireless blood pressure monitors and Wi-Fi-enabled scales.

• Nonin Medical (Plymouth, Minn.). Nonin Medical focuses on technologies and 
products, such as pulse and regional oximeters, capnographs, sensors, and 
software.

• Oxitone Medical (Kfar Saba, Israel). Oxitone Medical developed a bracelet with 
oxygen saturation, pulse and motion biosensors, as well as a companion patient 
management app for continuous patient monitoring and transition care services.

• PeraHealth (Charlotte, N.C.). PeraHealth provides real-time, predictive analyt-
ics solutions based on data science and clinical care best practices. The solutions 
are designed to help clinicians identify at-risk patients and tackle initiatives, such 
as reducing unplanned ICU transfers and readmissions.

• Sensogram Technologies (Plano, Texas). Sensogram Technologies is a research 
and development company focused on biosensors that allows for continuous 
remote and mobile monitoring of vital signs.

• Telehealth Sensors (North Aurora, Ill.). Telehealth Sensors works with clients to 
program monitors for their specific needs, including continuous monitoring 
capabilities, and focuses on creating inconspicuous products to protect the pri-
vacy of users.
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• VeeMed (Sacramento, Calif.). VeeMed is a global telemedicine company focused 
on virtual clinical patient healthcare services and advanced telemedicine tech-
nology in chronic care, nephrology, pulmonary medicine, neurology, and mental 
healthcare.

 National Communication Technologies

The broadband networks and backend infrastructures that support the provision of 
telehealth are essential for quality, reliable connectivity. The need for high-speed 
data services (>100 Mbps download) to support telehealth technologies has been 
established by the US Federal Communications Commission [31]. Even with sig-
nificant investment and the creation of a Health Care Connect Fund that supports a 
superhighway for healthcare transmissions, many areas of the nation lack adequate 
broadband connectivity [32]. In addition, identified physician provider shortages, 
often in rural communities, are generally in parallel with reduced communication 
connectivity. This combination of both provider and modern communication con-
nectivity shortages exacerbates issues of access, equity, and sustainability. 
Figures 5.1, 5.2, and 5.3 illustrate the challenges faced from a systemic perspective 
including technical networks and the intersection of healthcare workforce 
distribution.

Fig. 5.1 Primary care physicians per 100,000 residents. (From the FCC Mapping Broadband 
Health in America 2017 Report [33])
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Fig. 5.2 Residential fixed internet access per 100 households by census tract. (From the FCC 
Report on Residential Fixed Internet Access [34])

Fig. 5.3 2017 LTE coverage number by ISP. (From the FCC F477 LTE by Provider Block [35])
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 National Communication Infrastructure: Relevance 
to Telehealth

Adequate Internet connectivity ranks as one of the largest barriers to telehealth 
implementation. Successful telehealth services require Internet connectivity and 
bandwidth, which meets the minimum requirements of the telehealth services 
offered. The use of real-time video coupled with the sharing of medical device 
peripherals, such as otoscopes and stethoscopes, require Internet access and adequate 
bandwidth to deliver the telehealth network traffic in real time and without interrup-
tion to the telehealth service. In 2017, the Federal Communication Commission 
undertook an important endeavor to nationally map and link broadband and health 
data for every county in the United States. The result was a series of interactive maps 
that allow users insights into the intersections between these pivotal resources. These 
tools can help inform public and private sector efforts to close gaps in both connec-
tivity and healthcare at the local, state, and national levels. The following sections 
highlight some of the key findings from the FCC project Mapping Broadband Health 
in America [33]. Important operational definitions include the following:

• Internet access is defined as the ability of individuals and organizations to con-
nect to the Internet using computer terminals, computers, and other devices; and 
to access services such as email and the World Wide Web.

• Bandwidth describes the maximum data transfer rate of a network or Internet 
connection. It measures how much data can be sent over a specific connection in 
a given amount of time.

Mapping Broadband Health in America 2017 allows users to visualize, overlay, 
and analyze broadband and health data at the national, state, and county levels. By 
using the mapping tool as a starting point for looking at the broadband and health 
sectors, one can see the path to a more connected, healthier country. Areas with 
sufficient broadband and health offerings have increased access to healthcare 
resulting in a more connected and healthier population.

While the nation continues to make progress in broadband access, millions of 
Americans still lack access to adequate broadband, especially in rural areas and on 
Tribal lands. This baseline map visualizes broadband access at the county level and 
identifies connectivity gaps – the lighter the county color, the lower the percentage 
of households with robust broadband access.

Figure 5.1 [33] depicts FCC data related to healthcare provider access by county. 
Provider types include primary care physicians, dental and mental health providers 
only. Corresponding with limited broadband access, rural areas have significantly 
less access to healthcare providers than in most urban areas.

Basic infrastructure support for healthcare, such as that provided through FCC 
funding, is essential for the adoption and growth of telehealth services. The needs 
addressed are multifaceted and span all economies of scale including the ability to 
extend telehealth services to remote locations and into home settings. Fixed Internet 
service at home with a minimum level of 10 Mbps is far from a universal commod-
ity, as seen in Fig. 5.2 [34].
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Figure 5.2 demonstrates the average amount of available bandwidth to connected 
households in Dec 2017. Rural areas are subject to limited choices for Internet 
Service Providers (ISPs) and bandwidth offerings from those providers.

Increased access to telehealth services also rely on cellular connectivity. The use 
of cellular services offer access to larger patient populations and can more easily 
address connectivity issues in rural areas where running dedicated Internet connec-
tions into each household is not feasible. While LTE (“Long Term Evolution,” cel-
lular data service) is available across much of the country, there are incomplete 
areas with service offerings and coverage of up to four carriers demonstrated in 
Fig. 5.3. The FCC’s report does not speak to actual quality, speed, or reliability for 
those cellular networks [35].

Continued investments in infrastructure, both wired broadband and cellular con-
nectivity, are essential. Even in states that have made significant use of FCC funds 
and shared resources, connectivity ranks as one of the largest barriers to implemen-
tation [36]. Lessons learned include plans for equipment renewals, reinvestment of 
revenues, and partnering with similar missioned entities, such as research universi-
ties, to share solutions.

 Brief Overview of Telehealth Technology in the Context 
of Pulmonary, Critical Care, and Sleep Medicine

The technologies involved in tele-ICU services are numerous and include utilizing 
videoconferencing codecs, physiological monitoring, electronic health records and 
exchanges, monitoring platforms, desktop computers, telehealth carts, robotic 
devices, and, in some cases, patient devices such as smart phones and tablets. These 
technologies are provided, monitored, maintained, and contractually facilitated by 
large healthcare systems, often in partnership with established industry partners. 
Information technology support is available 24/7 through help desk and remote 
monitoring systems. Due to the complex nature of these systems, the provider-side 
workforce is required to be highly proficient in multiple technology systems, able to 
conduct higher-level troubleshooting, and adaptable to different staffing shift and 
payment models. Combined, the benefits derived from these technologies are highly 
dependent upon human variables and the creative application of multiple systems 
across existing domains (Fig. 5.4).

For more consultative telehealth applications (Fig. 5.5), such as pediatric asthma 
management, the nature of the clinical interaction is supported through more user-
friendly and cost-effective applications. While the initial diagnosis may have been 
made through an in-person consult, the administration of medication through a 
school-based clinic by a school nurse is a common example of utilizing clinical 
personnel in nontraditional settings to improve the health of populations through 
telehealth. Patient education on the need for medications, the administration of 
inhaled medication, care coordination to ensure medication compliance, and 
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ongoing consultation with specialty providers ensure that patients remain in the 
community where they are currently located and receive more frequent, lower cost, 
and high quality care [37, 38].

Additional tele-consultative models have also been effective in urgent and 
emergent settings to support pediatric intensive care unit patients using telehealth 
modalities to assess patients in rural and community hospitals for decisions 
related to triage, condition acuity, need for transportation (air or ground), and 
additional clinical assessment. These interventions have resulted in improved out-
comes for patients within the originating hospital location and upon transfer, if 
needed, to an academic medical center setting [39]. More importantly, from a 
technology perspective, existing services have been applied to support these 

Continuous Access to Patient Level Data for Intervention and
Real-Time Emergency Management

Continuous Vital
Sign Monitoring
and EMR Feed

Remote ICU/Hub Operations Center

Emergency
eLert Button

Partner Hospital ICU

2-Way Audio-Visual
Communication
with Operations

Center Clinicians

Fig. 5.4 Visualization of tele-ICU at hub and spoke sites

Fig. 5.5 School-based 
telehealth and asthma 
management
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consults. This includes the use of carts and video codecs to transmit information 
from a community setting while utilizing existing desktop or laptop technologies 
within a clinic or home-based environment (Fig. 5.5). Having one additional level 
of visual data coming from the video codec, allows for providers to reduce uncer-
tainty and their tendency to error on the side of caution in patient transports to 
tertiary medical centers. Follow-up and next-day assessments utilizing the same 
technologies help ensure providers and patients remain assured that the patient is 
receiving care in the optimal location.

Traditionally, the initial sleep medicine assessment conducted with a patient in 
an overnight lab has been the primary way in which the diagnosis of sleep-related 
disorders has occurred. Being able to bring equivalent levels of technology for phys-
iological assessments and monitoring, video observation and audio feedback into 
the home setting, changes how the science behind the assessment can be conducted 
[18, 40, 41]. As shown in Fig. 5.6, the application of telehealth technology outside 
the traditional sleep medicine clinic setting improves the use of prescribed devices 
such as the CPAP (Continuous Positive Airway Pressure) machine, the ability to 
review nocturnal biometric inputs through sensors, and the ability of patients to 
provide more immediate feedback on the effectiveness of their treatment plan [12]. 
This allows for the adjustment or maintenance of medication, equipment, and/or 
other therapies. Exciting examples of technology that can be worn, ingested, and 
positioned in proximity of the patient have transformed the type of real-world read-
ings that are available through dashboard technology for both patients and their 
providers.

With the development of mobile apps and additional biometric sensors, the next 
phase of progress is to empower patients to better understand their own sleep status, 
record metrics throughout the day that might impact overnight readings and make 
adjustments to their lifestyles based on the data. Here, the advances in technology 
will come in partnership with health apps and processes developed for a more gen-
eral public use case. Applications already on the market that help with the treatment 
of mental health disorders, smoking cessation, and the lack of movement, buttress 

Fig. 5.6 Example of 
telehealth sleep medicine 
process. (From 
McNeil [56])
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into the ecosystem of tools that can be deployed for patients needing additional 
monitoring and support [42].

 Data Systems and Integrations

From the earliest recorded uses of data systems to transmit electronic records related 
to a patient’s medical history, more complex systems such as tele-ICUs benefit from 
the ability to support real-time and higher-level critical decision-making through 
interoperability and secure networking. Health information exchanges have acceler-
ated the development of information sharing between providers, institutions, and 
systems [43]. Current operational guidelines for telehealth services such as a tele-
ICU, acute specialty care consults, and the monitoring of patients remotely within 
home-based networks call for the deliberate and dutiful integration of health infor-
matics and data analytics when possible [9, 40]. This is one of the areas of the larg-
est opportunities and equal challenges due to the complex and crucial nature of the 
processes being interwoven. Being awash in a proverbial sea of remote patient mon-
itoring metrics or having numerous warning indicators alerting a provider to vary-
ing degrees of clinical concern further complicates the provision of these types of 
telehealth services. Too much information can be no information at all. In addition 
to integrated solutions that simplify the decision-making process while highlighting 
important clinical indicators, interoperability can assist to mitigate possible adverse 
reactions based on the integration of higher order analytics and AI.

The required telecommunications support making these network functions also 
dictate that services are built with shared understanding for protocols that ensure 
patient privacy and support high reliability [23]. Each device, network port, and 
software interface must support secure transmissions and data storage solutions. As 
more systems shift toward cloud-based platforms for data storage, transmission, and 
analysis, telehealth administrators should remain vigilant that these processes are 
properly maintained across all sites supporting the provision of care.

Using data to inform decision-making processes should be an iterative cycle that 
technology can better inform. By focusing on the expectations of how providers will 
receive patient data and patients will receive provider input, each end of the health-
care continuum, can be better supported [44]. Tele-ICUs cannot function without 
high levels of interoperability and most often serve as their own health information 
exchanges. Emergent and urgent teleconsultation that immediately impact transport 
and care decisions for patients through specially consultation also rely upon inte-
grated systems that support data transmission across geographic and institutional 
barriers. Without systems that can take individual data points gathered from sensors, 
video and audio input, and patient-reported metrics, the potential of these remote 
sleep medicine services will not be fully realized [41].
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With this foundation of knowledge related to information and communication 
systems, the conversation moves into the area of the technology needed to fully sup-
port new models of population health and achieving the triple aim of improved 
healthcare, cost, and outcomes. Programs seeking to utilize telehealth should deter-
mine the simplest and most appropriate level of technological interventions to sup-
port patients and their families in home and community settings. Technologies can 
be used to prevent community members from experiencing significant health events 
through improved lifestyle initiatives, self-monitoring of health conditions and edu-
cation initiatives appropriate for multiple age, health literacy, and socioeconomic 
audiences. Expensive and complicated systems are not always operational or sus-
tainable outside pilot studies. Being able to serve patients using the appropriate 
level of technologic support has been shown to have the largest impact on patient 
outcomes [12].

 Data-Driven Research Methodologies 
for Telehealth Technology

Research methodologies, including qualitative and quantitative assessments, pro-
vide a clearer understanding of quality outcomes [3, 4, 45, 46]. Studies looking 
specifically at the human factors such as usability and effectiveness have shown that 
significant design challenges remain [47]. Known issues include being able to 
quickly identify areas for technology troubleshooting, addressing integration issues 
across platforms, establishing reliability metrics that are scalable, and reducing bar-
riers to adoption due to poor user interfaces and workflows that are not optimized 
for established clinical monitoring needs. Further and ongoing research is needed 
during the procurement and implementation phases to ensure HIPAA compliance in 
established clinical settings and in-home settings outside the traditional consider-
ation of most health informatic processes [48].

For all systems, programs need to conduct comparisons of applications, devices, 
and process for ease of use by multiple parties including clinicians, providers, and 
technical personnel tasked with supporting the services [48]. Utilizing a variety of 
data analysis methods to understand not only how the technology is being imple-
mented, but also what outputs are measurable is essential from the beginning of any 
program design [9]. In addition, qualitative research methodologies and analyses 
need to be implemented in order to validate the technology continuum, assess 
usability and patient satisfaction components associated with technology, as well as 
better understand the needs for training, research, and care coordination [8, 44, 45, 
47, 49]. Better understanding the “how and why” related to the provision of tele-
health services can help to inform the iterative technology development process as 
seen in Fig. 5.7.

Moving from a position of utilizing established, secure telehealth technologies 
and processes toward a validated state based on integrated data and feedback inputs 
provides programs with ways to ensure current state functionality while achieving 
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future state sustainability. Highly validated processes also afford programs with the 
ability to layer additional programs without having to invest in surplus equipment, 
portals, applications, processes, or even human resources. Strong foundational sup-
port that creates interoperable programs allows for the transcendence of historic IT 
service models. This also helps with cost containment and utilizing shared invest-
ments to obtain quantity pricing for short-term equipment purchases with flexibility 
to scale up for larger system purchases as more sites and services come onboard.

 Additional Considerations for Implementing 
Telehealth Technology

Current technology barriers include the continued need to utilize systems and prod-
ucts that have not been tested to scale. Given the large technological investments 
that precede the development of most telehealth services, having significant initial 
investment and sustainability plans is essential. Understanding an organization’s 
most complex, as well as simplest, unmet telehealth technology need is important. 
The use of pilot testing to ensure that technology and system purchases meet load 
testing protocols is recommended. Technologies can be crowd-sourced from a fund-
ing model perspective (federal, state, local, private donor, and reinvestment of rev-
enues), so it is important to make sure that all stakeholders benefit from the initial 
investment as well as understand their roles and responsibilities for helping to make 
the program a success. The technology is only one element of organizational 

Validity

Scalability

Interoperability

Usability

Reliability

Security

Fig. 5.7 Telehealth 
technology evaluation 
process: from security to 
validity
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innovation and partnership. Due diligence is required to make sure that all vendor 
products are vetted not only internally, but ideally also via soliciting experiences 
with comparable healthcare systems who have implemented the proposed solution 
previously.

Several federal and state statutes apply to the purchase of telehealth equip-
ment for the use of healthcare systems. Resources are available through the 
Center for Connected Health Policy website (https://www.cchpca.org) that 
address HIT- specific implications for telehealth as well as additional consider-
ations for broadband usage and access as stipulated in Net Neutrality legisla-
tion [50].

Developing a template for robust inventory control as well as tracking systems 
upfront will help with legal and compliance questions. This will also ensure that 
adequate technical support can be provided through equipment inventory docu-
mentation. In addition, evolving knowledge bases can be invaluable when deal-
ing with complex and interwoven systems that span multiple software versions 
and hardware designs. Being able to address life-cycle and upgrade issues, as 
well as budgeting for yearly recurring cost, will be essential for long-term 
success.

Developing a multilayered and audience-specific training education program is 
essential for supporting the technology needs of telehealth programs. Not only do 
providers need specific and timely information regarding the devices and services 
that they will be using to provide care, they also need ongoing education to ensure 
continual quality improvement processes are being effective. Formal training pro-
grams are the natural evolving result of any telehealth service that moves into 
full- scale operations. Partners with resources at academic health centers, institu-
tions of higher education, and community health educators can be enlisted to 
ensure that the training is appropriate from a health and technology literacy 
perspective.

 Emphasis on Multi-Level and Interprofessional Training

To ensure that future generations of providers are prepared to integrate telehealth 
into their clinical practices, telehealth programs should consider enlisting support 
from and taking advantage of curriculum opportunities within formal and informal 
programs of study for the undergraduate and graduate health professions schools 
[51]. Trainees not only can help to bring great ideas and energy to the technology 
development table, they can also help accelerate telehealth growth via higher rates 
of provider knowledge and engagement [52]. Formal training guidelines as well as 
board certification documentation may become required in the future. In addition, 
masters and doctorate-level health information technology professionals offer a 
wealth of specialized expertise that can accelerate program development and help 
mitigate inevitable technical issues through the design of integrated systems and 
that are supported through interprofessional operations.
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 Applying Telehealth Technology Considerations to Professional 
Society Position Statements

Several professional associations have already begun to draft formal position state-
ments regarding telehealth, and these can be helpful in providing guidance for the 
prioritization of service development and implementation activities. The Taskforce 
on Telemedicine in Allergy [22] supports the following position statements in 
Table 5.3. In reviewing these guidelines from a technology perspective, the authors 

Table 5.3 Taskforce on telemedicine in allergy position statements

Taskforce on telemedicine in allergy position statements
% Technology 
dependent

Telemedicine is a method of healthcare delivery that may enhance patient- 
physician collaborations and adherence, reduce overall medical cost, improve 
health outcomes, and increase access to care.

Moderate

Telemedicine activities should account for varying literacy and technologic 
literacy levels and strive for ease of use in interface design, content, and 
language.

High

The use of telemedicine must be secure and compliant with state and federal 
regulations.

High

Healthcare practices should confirm that medical liability coverage includes a 
provision for telemedicine services.

Low

Clinical judgment should be used when determining the scope and extent of 
telemedicine services provided to patients.

High

Quality assurance measures should be in place to track patient satisfaction, 
physician performance, and clinical outcomes whether at an originating site or 
via home-based telemedicine care.

Moderate

Live interactive video visits with allergy patients should be at the same 
standard of care and held to the same standards of professionalism and ethics 
as in-person consultations.

Low

Live interactive video visits should be reimbursed at the same rate as in-person 
care, and there should be transparency and understanding of payer 
reimbursement for different modes of telemedicine delivery.

Low

Best practices for safety in telemedicine care delivery should be followed at all 
times.

High

Roles, expectations, and responsibilities of practitioners involved in the 
delivery of allergy care should be clearly defined.

Low

Appropriate technical standards should be upheld throughout the telemedicine 
care delivery process and specifically meet the standards set forth by HIPPA.

High*

Time for data management, quality processes, and other aspects of care 
delivery related to telemedicine encounters should be accounted for by the 
organization and recognized in value-based care delivery models.

Moderate

Telemedicine use for allergy care is likely to expand with broader telehealth 
applications in medicine; further research into effect and outcomes is needed.

Low

A streamlined process for multistate licensure would improve access to 
specialty care while allowing states to retain individual licensing and 
regulatory authority.

Low
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perceive low-moderate-high dependences for the degree to which technology is a 
factor. The highest dependency is noted (*).

 Considerations, Recommendations, and Conclusions

The creation of various telehealth models to support pulmonary, critical care, and 
sleep medicine stems from the clinical necessity and growing focus on population 
health models. This chapter has provided a foundation for knowledge specific to 
telehealth technology and data system considerations specific to these domains. As 
part of this foundation, there is a reference framework that outlines current and 
future state telehealth technologies, discusses the application of health informatic 
principles, and sets the stage for next-generation technology integration.

Areas of continued and future research specific to telehealth technologies center 
on usability testing, clinical integration processes, and consumer-led implementa-
tions. Several healthcare innovations on the horizon include the use of more robust 
5G cellular networks and the evolution of the “Medical Internet of Things (IoT)” 
[53]; virtual payment and date exchanges, such as blockchain [54]; and advances in 
biomedical sensors to extend care into telerehabilitation settings [55]. Usability 
testing, clinical and research outcomes validated through randomized clinical trials 
and multi-year cost analysis directly related to the use of telehealth technologies 
remain areas for continued exploration. Providers and patients alike are charged 
with investigating ways that they can empower the health of communities through 
small-scale innovations and large-scale advancement supported by integrations 
using telehealth technologies.
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 Introduction

Eight-year-old Emma is yet again at the school nurse’ office. She is exhausted, 
having been up coughing much of the night. She was diagnosed with child-
hood asthma almost 2 years ago, and since that time her symptoms have got-
ten progressively worse. Emma lives in a small rural community where there 
is a part-time nurse practitioner at a rural health clinic and a part-time school 
nurse who divides her time between four schools in two different counties. 
Telehealth equipment was recently placed into the school system through 
grant funding. Unfortunately when the equipment was placed into the schools, 
training did not take place for the distant providers. Policies were put in place 
for the school systems, but not the community providers. The school nurse 
felt that Emma needed to be seen immediately and decided to initiate a tele-
health visit with the local nurse practitioner. The school had obtained consents 
from Emma’s parents when the telehealth equipment was placed into the 
school. The school nurse first confirmed that consent was on file, contacted 
Emma’s mother about her daughter’s condition, and initiated the visit with the 
on-call nurse practitioner. The mother remotely logged on for the visit from 
her place of employment. Unfortunately at the start of the telehealth visit, the 
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Emma’s story is not unique. The specific medical concerns and types of social 
and environmental factors preventing access to needed care take many shapes and 
forms. An ever-growing body of evidence supports the use of telehealth when it 
comes to clinical outcomes, provider support and education, patient and provider 
satisfaction, and cost-effectiveness. Conversely, there are numerous examples of 
“failed” telehealth programs such as that described above.

Unquestionably, telehealth is dependent on technology, but the success of a tele-
health program is less about the technology and more about the people and work-
flows that are established. The technology is simply a tool, just as the stethoscope is 
a tool. Perhaps to better understand issues surrounding the diffusion and adoption of 
technology, one can glean from the history of the stethoscope:

Today stethoscopes are a typical fixture around doctors’ necks …. The practice of percus-
sion and immediate auscultation were popular in physical examinations by the early 1800s. 
In immediate auscultation, physicians placed their ear directly on the patient to observe 
internal sounds. A French physician named Rene Laennec (1781–1826) was a firm believer 
in this method of diagnosis. He worked to refine the auscultation procedure and link the 
sounds with specific physiological changes in the chest. Immediate auscultation could be an 
awkward procedure, particularly for female patients. In 1816, Laennec found himself in one 
of these situations. He rolled a few sheets of thick paper into a tube shape and applied the 
tube to the woman’s chest instead of his ear. Later, he made a more durable instrument out 
of wood and called it the stethoscope. It was a monaural model that consisted of one tube 
and was used on one ear. The first practical bi-aural stethoscope was made in 1851 … while 
many physicians readily adopted monaural stethoscopes, the bi-aural stethoscopes were 
met with some skepticism. Doctors worried about hearing imbalances caused by using both 
ears instead of one. For this reason, many doctors continued to use monaural stethoscopes 
into the early 1900s. [1]

Who would have thought that it would take over 50 years for the stethoscope to 
become commonplace as a tool in a clinician’s practice? The Diffusion of Innovation 
(DOI) Theory is a theoretical model first developed by Rogers in 1962 that contin-
ues to be studied and refined today. DOI is one of the most widely used theories for 
explaining the process by which an idea or product gains traction over time, ulti-
mately resulting in its adoption. For Rogers [2], “An innovation is an idea, practice, 

nurse practitioner was not located in a quiet office. The nurse practitioner 
began the appointment while in the grocery store and did not assure the patient 
and her mother that the appointment was being conducted through a HIPAA 
secure platform or site location. The nurse practitioner was dressed in casual 
attire, and seemed to be unaware of how to conduct the virtual visit. Emma’s 
mother was frustrated and asked that the visit stop. She instructed the school 
nurse that she would pick Emma up and travel the 2 hours to the tertiary hos-
pital for treatment. The school nurse decided to let the school board know that 
telehealth would not work in this setting and she did not plan to make another 
consult.

K. H. Wibberly and T. S. Gustin
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or project that is perceived as new by an individual or other unit of adoption” no 
matter how long that idea, practice, or project has actually been in existence.

Rogers defined the rate of adoption as “the relative speed with which an innova-
tion is adopted by members of a social system.” There are five main factors that 
influence adoption of an innovation, with relative advantage being the strongest 
predictor. These five factors include the following:

• Relative Advantage: The degree to which an innovation is perceived as being 
better than the idea it supersedes. Within the context of relative advantage, 
Rogers also defined two types of innovations: preventive and incremental.

 – A preventive innovation is one that is adopted to decrease the probability of 
an unwanted future event.

 – Incremental innovations are ones that are perceived to provide a beneficial 
outcome in a short period of time.

 – Preventive innovations tend to have a slower rate of adoption than incremental 
innovations.

• Compatibility: The degree to which an innovation is perceived as consistent with 
the existing values, past experiences, and needs of potential adopters.

• Complexity: The degree to which an innovation is perceived as relatively difficult 
to understand and use.

• Trialability: The degree to which an innovation may be experimented with on a 
limited basis. Trialability is positively correlated with the rate of adoption.

• Observability: The degree to which the results of an innovation are visible 
to others.

Rogers posits that innovations offering more relative advantage, compatibility, 
simplicity, trialability, and observability will be adopted faster than other innova-
tions. Like the stethoscope, adoption of “new” telehealth technologies are con-
strained by individual beliefs and attitudes, personal and anecdotal experiences, and 
opportunities for exposure and training. In this chapter, we will take a closer look at 
three specific “people issues” as they relate to the adoption of telehealth services. 
These include the following: (1) workforce readiness and engagement; (2) opera-
tions and workflow integration; and (3) care model design.

 Telehealth Adoption from Perspectives of End-Users

Table 6.1 provides a snapshot of some of the most recent survey findings related to 
rates of adoption and reasons for adoption or non-adoption. These are placed within 
the context of four of the five factors described in the DOI Theory outlined above. 
The “Trialability” factor was omitted, as it was not one that could be ascertained 
from survey data.

6 People Issues in Telehealth
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 End-User: Mid to Large Employers

As is apparent from Table  6.1, rates of adoption of telehealth vary significantly 
based on the type of end-user and seem to correlate relatively well with Rogers’ 
factors. The highest level of adoption was found among mid to large employers. For 
this group, the “Relative Advantage” was clear. The employers all recognized that 
traditional cost control techniques alone have not been able to reduce costs. In order 
to decrease the probability of an unwanted future event (uncontrolled skyrocketing 
healthcare costs), they looked to telehealth as a preventive innovation. Additionally, 
these employers also saw telehealth as an incremental innovation. By offering the 
convenience of telehealth to their employees, they felt that they could rather rapidly 
decrease health system utilization, which would not only immediately impact 
healthcare spending, but also decrease time away from work. For this group, inno-
vation is clearly perceived as being better than the ideas that superseded it.

 End-User: Hospitals/Providers

Hospitals and inpatient providers had the next highest level of adoption. Telehealth 
within the inpatient, and particularly the emergent care setting, has had time to 
come to maturity, to the point where there is “Observability.” However, adoption has 
been hindered by other factors. For example, the “Relative Advantage” is clouded 
by uncertainties pertaining to reimbursement policies and the evolving shift from 
volume to value-based care. Many hospitals are still recovering from the implemen-
tation of electronic medical records and are skittish about another investment in 
technology that may or may not enhance care or be easy to use. This impacts both 
“Compatibility” and “Complexity” in relationship to both perceptions and experi-
ences with technology.

Adoption of telehealth in the outpatient setting, while growing, continues to lag 
behind the inpatient setting. Within this context, the “Relative Advantage” holds 
many promises, but the degree to which the innovation is perceived as being better 
than the in-person in-office care remains unclear.

 Provider Issues and Telehealth Adoption

Deloitte [3] offers tactical considerations in four areas for helping physicians/pro-
viders adopt virtual care. These include the following:

• Workforce readiness and engagement
• Technology infrastructure and interoperability
• Operations and workflow integration
• Care model design
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It should come as no surprise that only one of the four tactical considerations 
relates to technology. As stated earlier, although there is no doubt that telehealth is 
dependent on technology, the success of a telehealth program is less about the tech-
nology and more about the people and processes that are established. We will there-
fore take a closer look at these three tactical “people”-related considerations more 
closely.

Workforce Readiness and Engagement. Despite the adoption of telehealth into var-
ious clinical settings, educational programs have lagged behind with the necessary 
training. Neither medical programs nor nursing programs have been mandated to 
include didactic content or clinical experiences with telehealth. Curricula are 
already full and without a mandate from certifying bodies, and most colleges and 
universities have not elected to introduce telehealth into their programs. Providers 
are then expected to begin using telehealth technologies with only a brief introduc-
tion to the equipment. There are telehealth training programs available for providers 
interested in additional training. Most of these training programs have a focus on 
technology, interoperability, reimbursement, HIPAA regulations, and legal and reg-
ulatory issues. Some training programs have a focus on programmatic development. 
Unfortunately most do not address the unique skill set needed to conduct a video-
conferencing visit. “Screen side etiquette” is a unique skill set that is not intuitively 
transitioned from trained bedside etiquette.

Telehealth requires professionals to develop the patient-professional relationship 
in a different and more deliberate manner [4]. Being an excellent in-person provider 
does not automatically translate into being a great telehealth provider as this is a 
different skillset [5]. Providers, regardless of the profession, spend time learning 
how to demonstrate empathy, provide motivational interviewing, and read body lan-
guage for in-person visits. They are not, however, trained in methods to translate 
these skills into a telehealth encounter. Despite the overwhelming use of social 
media for communication, this type of communication does not translate to tele-
health. It has been suggested that this everyday use of technology has lessened 
individual’s abilities to empathize and pick up on non-verbal cues when using tech-
nology to communicate [6]. Research has shown that without proper training, even 
seasoned providers may be unsuccessful in telehealth visits [7]. The best technolo-
gies can fail without proper human interaction.

 Guidance for Provider Behavior During 
a Telehealth Interaction

Bulik [7] explored through a mixed-methods study four categories of behavior that 
should be taught to improve the overall patient-provider relationship with tele-
health: (1) verbal categories, (2) non-verbal categories, (3) relational categories, and 
(4) actions/transactions categories.
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Table  6.2 summarizes some of the human factors and related behaviors that 
should be considered during a telehealth interaction.

The transmission of a professional appearance is just as important as during an 
in-person visit. In conjunction to a well-groomed professional appearance when 
conducting a telehealth encounter, the provider must also consider clothing and 
jewelry choices. Dark colors and prints should be avoided. Dark colors will wash 
out the appearance of the presenter, while shapes and patterns may blur on the 
screen which may distract the receiver [8]. The same is true for jewelry. Glittery 
bright jewelry may divert attention away from the presenter. Distractors such as 
outside noise, poorly functioning equipment, clutter in the room, eating, poor light-
ing, and interruptions from others can be distracting to both the presenter and the 
receiver [9, 10]. Thus, it is important to close the door prior to a visit, place a sign 

Table 6.2 Provider behavior during a telehealth encounter

Behavior categories Requirements Check

Provider appearance Well groomed
Clothing choices (limited patterns, avoid dark colors, 
non-shiny)
Limit jewelry

Distractors Make sure equipment functioning (check 15-minutes prior)
Minimize outside noise
Remove clutter from room
No eating or drinking
Shut door and put a sign on the door regarding the meeting
Let others know you will be conducting a telehealth visit
Assess lighting—avoid back lighting
Limit paper shuffling, pen tapping, etc.
Mute microphone when it is not in use
Turn pagers and telephones off

Privacy Assess the environment for privacy (close door)
Assure that there are no other employees in the room
Announce who is present on both patient and provider sides
Determine if the patient wants to continue with the visit
Show the patient the room with the camera
Assure patient of equipment security

Non-verbal 
communication

Look at the camera and not the patient’s face
Close-up shots should be used to enhance bonding
Minimize charting and looking down
Minimize distracting gestures

Verbal communication Use purposeful words to display empathy
Limit long pauses and dead space
Remember pacing of visit
Use small talk and conversation

Empathy Lean into screen
Use words to express empathy
Nod
Maintain eye contact
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on the door, and remove all distractors from the desk top and other visual items from 
behind the presenter. The telehealth presenter must assure that distracting noises 
such as paper shuffling, tapping pens, and keyboarding is limited. The microphone 
should be in the mute mode when the presenter is not speaking. At the start of every 
encounter, the telehealth presenter must first check to assure that both the provider 
and the patient are in secure private settings. All individuals in each setting should 
be introduced. If possible, both the provider and the patient should use the telehealth 
camera to show one another the room. Some states now require that a consent for 
the telehealth encounter is signed prior to the visit. This should always be checked 
prior to the encounter [11].

Non-verbal and verbal cues are essential to a successful telehealth encounter. 
Non-verbal cues should first focus on camera placement to assure eye contact when 
the provider looks at the screen. Close-up shots should be used when possible as this 
fosters a sense of bonding between the patient and the provider. It is important that 
the provider purposefully project warmth, interest, and concern to assure a connec-
tion with the patient. Ideally, the camera should be mounted on the top of the com-
puter screen and the provider should maintain an eye gaze between the camera and 
the receiver’s image. Looking directly at the receiver’s image on screen does not 
project the appearance of direct eye contact. The provider should ascertain that their 
image is centered on the screen throughout the visit. If working with a telepresenter, 
s/he should be mindful of non-verbal behaviors that demonstrate empathy such as 
leaning in, nodding, and appropriate smiling.

Verbal cues include the introduction of small talk at the start of a telehealth 
encounter. The telepresenter must maintain congruence between facial and verbal 
communication, realizing that body language demonstrated during an in-person 
visit is not seen on a telehealth screen. Silence, while appropriate in an in-person 
visit, is experienced as awkward long periods of silence during a telehealth encoun-
ter. Timing, pacing, and small talk must be purposefully considered.

Empathy is often expressed in-person through touch or body positioning. Other 
modes of expressing empathy must be deployed during a telehealth visit. Providers 
can lean into the screen, nod, and assure good eye contact. Each of these methods is 
a powerful skill in expressing both interest in the patient and empathy. Purposeful 
word choices of understanding and concern are critical when touch is not an option.

 Operations and Workflow Integration

Deloitte [3] states “While workflow may not be the most obvious barrier to adop-
tion, it can be a barrier to usage.” Workflow is often understood as the sequence of 
physical and mental tasks performed by various people within and between work 
environments. Workflow takes place on multiple levels, and relates to the inter- and 
intra-organizational relationships that take place between people, both before, dur-
ing, and after a patient visit. A recent article published in mHealth Intelligence [12] 
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was titled “Telehealth Success Linked to Workflow, Rather than Technology.” The 
opening paragraphs state the following:

Telehealth is proving its value not because of new technology, but because of better work-
flows and collaboration.

A program that placed telehealth platforms into 15 primary care clinics at the Los 
Angeles County Department of Health Services found that wait times for diabetic retinopa-
thy screening were reduced by almost 90 percent—from 158 days to just 17 days. It also 
greatly improved screening rates for the more than 21,000 patients who were tested between 
September 2013 and December 2015.

More importantly, researchers said, the project proved that a telehealth platform that 
splits that workflow between primary care and specialty care providers can achieve greater 
efficiency and outcomes if done right.

One can expect greater efficiency and outcomes through telehealth when strate-
gic and well-developed workflows are implemented. Lyles and Sarkar [13] dis-
cussed the evaluation of the above referenced diabetic retinopathy screening 
program and stated the following:

Although these implementation solutions seem straightforward and clear, they actually rep-
resent cultural shifts in work responsibilities, as well as expectations on the part of both 
primary care and specialty professionals and staff … these workflows are multifaceted, 
given that primary care and specialty care practices often operate with differing training 
backgrounds, as well as financial incentives, and therefore their ideas of teams must be 
somewhat reshaped for programs such as this one to succeed. For example, eye clinic pro-
fessionals (both ophthalmologists and optometrists) need to be convinced that taking in- 
person DR screening out of their existing workflows—while decreasing the number of 
nonurgent or benign referrals to their clinic—sufficiently generates enough visits for 
patients who need higher-level care (possibly including other eye care needs beyond DR). 
Similarly, primary care professionals need to be educated about the accuracy of telehealth 
DR screening compared with in-person examinations, and the need to be assured that 
appropriate monitoring of the quality of the digital images will ensure accuracy for triaging 
the scarce specialty care resources. In turn, medical assistants and licensed vocational 
nurses need to feel confident in adding a new task to their day and that they have sufficient 
training, support, and feedback to maintain quality control.

The success of a telehealth program is predicated on the investment of both time 
and energy in interpersonal relationships between all affected stakeholders. 
Engaging, educating, and obtaining buy-in from providers and staff are what will 
ultimately lead to perceived “Relative Advantage.”

Care Model Design. The final tactical human factor consideration is care model 
design. Whereas operations and workflow are primarily driven by the interactions 
between healthcare professionals and organizational staff, care model design is 
driven by the interactions between healthcare professionals and organizational staff 
with the patient and the patient’s family and caregivers. As telehealth becomes more 
ubiquitous, and the concept of virtual care becomes part of mainstream care deliv-
ery, it opens the door to different models of care previously seen as infeasible.

One such model is that of the interprofessional care team. Telehealth is one of the 
true “team sports.” Interprofessional care has several benefits to both the team of 
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healthcare professionals and the patient. This type of care empowers team members, 
closes communication gaps between professionals and patients, enables more com-
prehensive patient care, and promotes patient centeredness. As professionals 
become comfortable with telehelalth and this form of delivery is more readily avail-
able, much of this communication and team-based care could be accomplished 
virtually.

Another care model involves fully engaging family members, friends, and care-
takers of the patient. For example, currently in the inpatient setting, a physician will 
check in with each patient some time during the day, generally in the morning, to see 
how the patient is doing. These patient rounds may involve a broader care team 
including nurses, residents, pharmacists, etc. It is in this context that a patient’s diag-
nosis and treatment options are determined. There is unpredictability with regard to 
the timing of rounds and thus often family who may wish to participate in rounds, 
are unable to do so. Thus, a number of physicians and hospitals have been imple-
menting “virtual rounds.” In some models of virtual rounding, the physician comes 
into the patient room by way of videoconference, and family members, friends and/
or caregivers can be alerted to join by video when the physician arrives. In other 
models of virtual rounding, the physician physically comes into the patient’s room, 
but enables other members of the care team and family members, friends, and/or 
caregivers to participate by video. This same concept of the virtual check-in can also 
take place after the patient is discharged, either to another facility or to home.

 Future Directions: Looking Ahead

According to 2016 data from Rock Health [14], 2011 saw just over $1 billion 
invested in digital healthcare. By 2016, investment levels grew to $4.2 billion and 
topped $6 billion in 2017. Telehealth is clearly a growth industry, and adoption is 
forecasted to continue. It is likely that in the future “telehealth” will simply be 
“healthcare,” and telehealth technology will be a typical fixture in every clinician’s 
office in the same way as the stethoscope.

Telehealth will be the engine for enabling patient-centered collaborative care, 
ultimately bringing to patients the right care, in the right place, at the right time, and 
with the right team of providers. Team-based care has become a focus of healthcare 
in the last decade. The Institute of Medicine recommended in 2001 that healthcare 
professionals work in teams to address the complex and challenging needs of 
patients. Since this call, the Interprofessional Education Collaborative (IPEC) has 
been established [15]. One of the IPEC goals is to expand the Triple Aim. To date, 
this collaborative effort has been embraced by 21 professional healthcare organiza-
tions. Practically speaking, multiple healthcare professionals cannot be present for 
collaborative in-person visits with patients. Telehealth is the tool that eliminates the 
barrier of distance and time.
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There will come a day when people will no longer be asking the question “can I 
use telehealth?” Instead, the question will be “when must I see the patient/doctor in 
person?” A time will come when telehealth technology will be fully integrated into 
every day clinical practice setting and every consumer devices. We will also see 
integration of telehealth technologies with electronic health records, which will be 
integrated with patient-generated health data, predictive analytics, and more. The 
full potential and power of this future vision, however, will not be realized until we 
are able to understand that the innovation is truly better than the idea that supersedes 
it; is consistent with the values and needs of clinicians and patients alike; is easy to 
understand and use; and has a venue for experimentation and whose use is visible 
on a regular basis. Much of this will need to start with our health professions train-
ing programs.

With the growing popularity of telehealth, telehealth training programs may 
become the new frontier in healthcare. A greater adoption of telehealth will spur 
healthcare training programs to incorporate didactic and experiential content into 
the curriculum. The National Organization of Nurse Practitioners has recently pub-
lished a White Paper on the necessary components of telehealth education. The 
organization recommends that all nurse practitioners are trained in telehealth [16]. 
To date, only several schools of nursing have integrated telehealth into their curricu-
lums. Beyond professional schools, most providers are receiving their telehealth 
training from vendors. Few training centers have been developed to prepare provid-
ers and healthcare organizations in telehealth. Without proper training, providers 
and centers often abandon telehealth leaving the perception that the industry is not 
ready for this type of healthcare delivery. As we move forward into the world of 
telehealth, policy and regulations should be maintained to assure safe and secure 
visits; yet we should assure that the regulations placed on this delivery is not over-
zealous and burdensome so that providers and patients alike will continue to adopt 
telehealth.
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Chapter 7
Telemedicine Quality and Quality 
Improvement in Pulmonary, Critical  
Care, Allergy, and Sleep Medicine

Elizabeth A. Brown and Jillian B. Harvey

 Background on Quality in Health Care

Nearly twenty years ago, the Institute of Medicine released two landmark reports: 
“To Err is Human” and “Crossing the Quality Chasm” [1, 2]. These reports high-
lighted substantial problems associated with the quality of care in the United States. 
In To Err is Human, it was estimated between 44,000 and 98,000 hospital patients 
die each year from preventable medical errors [1]. The authors also estimated the 
United States annually spends between $17 and $29  billion in treatment costs 
related to preventable medical errors [1]. These reports emphasized the need for the 
US health care delivery system to make fundamental changes to address preventable 
medical errors and unnecessary costs [2]. Priority recommendations included the 
need for private and public purchasers, health care organizations, clinicians, and 
patients to work together to redesign health care processes [2].

The National Academy of Sciences states that the health care system does not 
function as well as it should and recommends both safety and effectiveness be 
improved [2]. While progress has been made within specific topic areas or within 
individual organizations, as a whole the US health care system continues to have 
major deficiencies related to access, cost, and quality.
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 Access

In a survey of patients, nearly 90% of the uninsured and 50% of privately insured 
report they have experienced a delay in care or were unable to get care due to financial 
reasons [3]. Examples of delays in care could include postponing appointments, treat-
ments, and tests or reducing medication dosages without provider approval. Access 
challenges are especially problematic among patients living in rural or remote areas 
of the country, as many specialists and subspecialty providers reside in metropolitan 
areas [4]. For example, care management and triage for critically ill patients in com-
munity emergency departments can be extremely difficult for health care providers 
who may infrequently treat severe or specialized cases. This is heightened in pediatric 
critical care or trauma situations, where many community settings do not maintain 
critical care pediatric specialty providers or equipment for this population [5].

 Cost

US health care spending continues to grow. In 2016, health care spending in the 
United States was $3.3 trillion, which accounts for nearly 18% of the gross domes-
tic product (GDP) [6]. The GDP provides a proxy measure of a country’s economic 
growth. Compared to other developed countries, the United States devotes a much 
higher percentage of the GDP to health care. Total US health care expenditures 
roughly equals spending $10,350 per person in the country [6]. Of this the majority 
of spending falls in three categories with hospital care services consuming the larg-
est portion (32%), followed by physician and clinical services (20%), and prescrip-
tion drugs (10%) [6].

 Quality

In certain areas, gains have been made to the quality of care provided in the United 
States. For example, it is estimated the number of hospital-acquired conditions has 
declined by 1.3 million due to efforts of the Federal Partnership for Patients Initiative 
[7]. This public-private partnership brought together providers, employers, patients 
and government agencies to collaborate on initiatives designed to (1) make care 
safer and (2) improve care transitions [7]. However, severe problems persist, and 
there are many documented examples of how poor quality of care continues in both 
the inpatient and outpatient settings. Approximately 10% of patients experience an 
adverse event, defined as harms caused by the medical care diagnosis or treatment. 
Examples of adverse events include infection, falls, or adverse drug reactions [7]. 
Although patient safety and quality has been a major focus within hospitals for 
nearly two decades, studies now estimate that over 400,000 patients die each year in 
US hospitals due to preventable medical errors [8]. If deaths from medical errors 
were included on death certificates, “medical error” would be the third leading 
cause of death in the United States [9].
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 Structure, Process, and Outcomes in Health Care Quality

Before work can take place to improve patient care, the definition of quality and 
how it will be assessed must be addressed [10]. Several entities have defined health 
care quality and prioritized the areas of health care that need the most improvement. 
The US Agency for Healthcare Research and Quality defines health care quality as 
"doing the right thing, at the right time, in the right way, for the right person—and 
having the best possible results” [11, p. 735].

Donabedian Model The foundational framework to define and measure the com-
ponents of health care quality were developed by Dr. Arvedis Donabedian. 
Donabedian recommended using the Structure, Process, Outcomes framework to 
assess the quality of care. Structure includes the elements that are essential to provid-
ing care (e.g., staff/provider qualifications, capital resources, human resources, orga-
nizational systems, technology, and policies). Process elements include the activities 
and interventions conducted to provide care. Finally, a variety of health care out-
comes can be evaluated under this framework, including patient satisfaction, mortal-
ity, quality of life, and recovery. The three-part framework of structure, process, and 
outcome is important to understand because there are linkages between the three 
components. The underlying personnel or financial resources of the health care set-
ting (structure) impact how the medical care is offered to patients (processes), which 
in turn affects patient outcomes such as in-hospital mortality or hospital- acquired 
infections. Thus, patient outcomes are directly related to structure and processes [10].

 Quality Improvement Tools and Theory

Since the time of To Err is Human, it has become increasingly clear that the under-
lying issues related to patient safety and quality are complex systematic factors. To 
fully see widespread improvements, systematic and data-driven approaches to qual-
ity must be prioritized. Quality improvement includes any “systematic, data-guided 
activities designed to bring about immediate improvement in health care delivery in 
particular settings” [12].

 The Model for Improvement

There are several commonly used methods to improve health care quality; these 
same methods can be used to improve care delivered through telehealth services. 
Continuous quality improvement (QI) seeks to improve processes, systems, and 
activities using data-driven approaches [13]. Quality assurance programs seek to 
manage areas defined by regulatory and accreditation organizations [14]. Health 
care providers have also adapted methods from other industries including Six 
Sigma, which attempts to reduce or eliminate errors and variation in processes while 
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elevating patient satisfaction and financial stability; and the Lean Production 
System, which focuses on identifying customer needs and removing processes that 
do not add value [14]. Another common approach is the Plan-Do-Study-Act (PDSA) 
cycle. This method plans small tests of change and then collects data to determine 
if the changes were successful. The process is analyzed and can be repeated through 
several cycles [15] (Fig. 7.1). Three primary questions guide improvement efforts in 
the PDSA cycle:

 1. “What are we trying to accomplish?” Under this question, the team should iden-
tify goals for improvement, also known as aim statements. Aim statements 
should be written in a “SMART” format where the goal is Specific, Measurable, 
Actionable, Realistic, and Timely [16]. The aim statement guides efforts and data 
collection and keeps the improvement work concise.

 2. “How will we know a change is an improvement?” This question is where data 
sources and metrics are identified and examined. Data sources could include 
administrative data, interviews, surveys, observations, and electronic medical 
records. Consideration should be given to the availability and accuracy of the 
data sources [17]. In addition, this question seeks to identify what has histori-
cally happened that led to the situation. Tools in this stage should include data 
collection, analysis, and mapping or diagraming each step in the process to iden-
tify inefficiencies and potential causes of errors. The collected data should be 
utilized for a “root cause analysis” where the information is systematically 
assessed to identify factors that contribute to poor quality. One common root 
cause analysis tool is the “fishbone diagram,” where the problem statement is 
listed at the far right of the diagram (Fig. 7.2). Next data-driven and brainstormed 
causes of the problem are categorized onto branches of the diagram. The branch 
category names can be customized to fit the specific problem. Each potential 
cause of the problem is explored asking “why does this occur?” This tool allows 
health care stakeholders to move beyond high-level assumptions and focus on 
actionable items. Figure 7.2 highlights how primary and secondary causes can be 
organized within a fishbone diagram to facilitate discussion among providers 
and further examination of the factors contributing to the problem [18].

Act Plan

DoStudy

What are we trying to accomplish?

How will we know that a change is an improvement?

What change can we make that will result in an improvement?

Fig. 7.1 The model for 
improvement [15]

E. A. Brown and J. B. Harvey



113

 3. “What changes can we make that will result in improvement?” It is recom-
mended to include front-line staff and those who can directly impact barriers and 
resources when making process improvement decisions. An interdisciplinary 
team should work together to recommend, explore, examine, and observe 
changes. After identifying possible changes, the team can prioritize possible 
improvement approaches.

These three questions combined with the PDSA cycle form what is known as 
“The Foundation for Improvement” [15] (Fig.  7.1). The PDSA cycle is used to 
develop, test, and implement changes. Repeated cycles are used to study the impact 
of small changes to processes, study the results, and respond accordingly. 
Specifically, in each step:

• Plan: Determine the changes to be implemented and design the improve-
ment plan.

• Do: Implement the changes and document problems.
• Study: Examine the data and results. In this step, lessons can be learned from 

both successes and failures.
• Act: Make changes to the process based on lessons learned.

After completion of one cycle, the team should run additional PDSA cycles and 
implement successful changes into the standard care processes. Initial cycles can 
test feasibility of changes and test processes under differing circumstances.

 Telehealth and Health Care Quality

As medical technology continues to advance, telehealth is one promising approach 
to improving cost, access, and quality of health care. Evidence supports that tele-
health impacts on care through several mechanisms:

• Improved interactions across providers to improve care
• Facilitating provider-to-provider training
• Enhancing service quality and capacity

Discharge order
forms vary across 

providers

Shortage of primary Care Providers

Frequent patient no-shows at
appointments

Lack of reliable public
transportation

Policies People

Environment Equipment Technology

Problem
Statement:

EMRs lack interoperability

Care

within the community
lacks coordination

Fig. 7.2 Sample fishbone diagram
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• Allowing direct provider to patient interaction, when the two are separated by 
time or space

• Managing patients with comorbid conditions from a distance
• Monitoring patient health and activities (e.g., home monitoring of blood pres-

sures) [19]

 Multi-Level Approaches to Quality Improvement and the Role 
of Telehealth

Given the multiple approaches to improving quality and the unlimited settings and 
scenarios telehealth services can be applied to, it is key to understand the role tele-
health can play in facilitating QI. The community-level QI model has been described 
as a “family of concentric circles” with the patient residing in the center, and as one 
moves outward, the additional circles include those stakeholder groups who also 
have a responsibility toward the success or failure of the patient’s care [10, 20, 21]. 
Given that telehealth work generally crosses traditional mechanisms of health care 
delivery, it is important to understand the QI interventions and approaches at 
each level.

Historically, QI efforts have targeted providers and organizations, ignoring the 
patient and caregiver’s voice and the outer circle of community-level planning. It is 
believed that in order to make significant and sustainable changes in the health care 
system, activities must target all levels either simultaneously or incrementally. 
Simultaneous work does not mean that the same interventions must take place at 
each level, but that the goals and visions of each level must be coordinated and 
understood by all, and one level’s work should not be counterproductive to the work 
of others [20, 21]. Improving the quality of care will require examination across all 
levels. Telehealth technology provides a tool to reach across the levels of the health 
care system to disseminate best practice and engage multiple stakeholders in patient 
care processes. When designing QI approaches, it is important to think about the 
multiple levels of the health care system and how telehealth can facilitate improve-
ment efforts that can reach outside the boundaries of the traditional health care 
organization. It is possible this expanded approach to health care can overcome 
some of the challenges that have previously prevented population-level improve-
ment in health outcomes [21].

 Patient Level

Patient-level approaches include those focusing on the individual, such as patient 
education, health literacy, and other interventions created to engage the patient in 
their health and health care [21, 22]. Mobile technology such as apps, wearables, 
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and patient home monitoring provide opportunities to engage the patient in the care 
processes. In addition, the data collected allows for improved patient-provider com-
munication and decision-making.

 Provider Level

At the provider level, QI methods typically focus on provider education, data feed-
back, and guideline adherence. Attempting to change the behaviors of individual 
providers previously had little effect on outcomes since providers may practice in 
several hospitals—each setting having its own requirements, policies, and proce-
dures [10, 20, 21]. Therefore, telehealth technology can be leveraged to standardize 
care processes across care settings, and connect providers for consultation, educa-
tion, and mentoring.

 Group/Team Level

Many health care services are provided through a team. These teams consist of a 
variety of individuals including any combination of primary care physicians, spe-
cialists, nurses, allied health providers, social workers, or mental health providers 
and can work within one organization or across multiple settings. There is evidence 
that well-run teams provide higher quality care, but developing effective teams is a 
challenging task [20, 21]. Improving the quality and coordination of care provided 
by health care teams is becoming increasingly important due to the aging popula-
tion and growing prevalence of chronic diseases, which require coordinated care 
across settings [20, 21]. Telehealth can facilitate team-based care through connect-
ing teams who are otherwise distanced by physical space or time.

 Organization Level

Health care quality assurance programs, collaboratives, regulatory/accreditation 
inspections, and continuous quality improvement are administered at the organiza-
tional level [14, 21]. Many of these collaboratives and interventions focus on orga-
nizational change and making care processes more efficient. However, these 
programs, sometimes, lack physician involvement and executive support. As a 
result, many telehealth programs are not sustainable or never move beyond the pilot 
stage [23]. Utilizing telehealth technology will require organizational support and a 
clear vision. Otherwise, there is a danger that the organization will move from proj-
ect to project without disseminating learnings or achieving sustainable results. The 
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most important factor in organizational-level quality is providing the culture for 
change and adapting to new insights [20, 21].

 Community Level

To reduce missed opportunities, duplication of efforts, and unintended effects of the 
QI initiatives on the other levels of the health care system, patients, providers, 
groups, and organizations must have a way to communicate and understand what is 
taking place at each level. Through developing and implementing a community- 
level infrastructure, the telehealth technology can help disseminate information and 
coordinate QI work across settings. A community-wide approach could facilitate 
the diffusion of best practices and utilization of effective QI tools. Furthermore, 
certain factors (reimbursement, access, etc.) to improving quality are out of the 
control of individual providers or organizations and require a regional approach to 
impact quality [10, 21].

It is suggested that community QI efforts require careful planning and a strong 
infrastructure including the following characteristics: (1) a compelling vision and 
purpose, (2) a thoughtfully developed intervention, (3) strong management of the 
work, and (4) adequate resources [21, 24]. Telehealth systems that impact patient 
outcomes will require collaboration and evaluation across all the levels of the health 
care system.

 Potential Impact of Telehealth on the Six Domains of Health 
Care Quality

In 2001, several goals to improve the quality of health care were outlined in the 
landmark report Crossing the Quality Chasm. These six domains of health care 
quality are a framework designed to minimize the number of preventable deaths and 
injuries in the medical community. All health care stakeholders, including policy-
makers, purchasers, health care systems, consumers, and medical organizations and 
associations [2] should work together to address the six aims for improving health 
care quality. Here, in this section, we provide a broad overview of the IOM’s six 
domains in relation to quality telehealth.

The six aims for improving health care [2]:

• Safe: Avoiding harm to patients from the care that is intended to help them
• Timely: Reducing waits and sometime harmful delays for both those who receive 

and those who give care
• Effective: Providing services based on scientific knowledge to all who could 

benefit and refrain from providing services to those not likely to benefit
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• Efficient: Avoiding waste, including waste of equipment, supplies, ideas, 
and energy

• Equitable: Providing care that does not vary in quality because of personal char-
acteristics such as gender, geographic location, and socioeconomic status

• Patient-centered: Providing care that is respectful of and responsive to individual 
patient preferences, and needs, and values

 Safe: Avoid Injuries to Patients

Telehealth has the potential to impact measures of patient safety, such as prevent-
ing complications or, minimizing hazardous outcomes. The greatest potential 
impact of telehealth on patient safety is related to improving mortality outcomes. 
This may be especially true in certain medical professions such as critical care, 
emergency medicine, and neurology. For medical professionals who work with 
individuals with life- threatening conditions, such as heart failure, chronic obstruc-
tive pulmonary disease (COPD), renal failure, or stroke, there is evidence that 
telehealth can positively impact mortality rates. For example, tele-ICU services 
allow providers remote access to monitoring patient vital signs, laboratory results, 
and the ability to assist the bedside clinicians in interventions [25]. A tele-ICU 
program that provided remote ICU monitoring (12:00–07:00) to supplement tra-
ditional on-site ICU care was associated with a reduced risk of patient mortality 
during the period of remote ICU care [26–28]. At a minimum, it appears that 
telehealth could be equally as safe as in-person care. Several studies see no differ-
ence in mortality rates when implementing telehealth into critical care services 
[29, 30].

Telehealth technologies can also be used to increase safety and compliance of 
patient self-management. Several approaches to keeping patients safe during a tele-
health visit include providing clear instructions, using safe equipment, and showing 
patients how to use equipment and medical devices. For example, pulmonary reha-
bilitation reduces disease severity and improves quality of life for patients living 
with COPD. However, due to workforce shortages and access issues, few patients 
complete the pulmonary rehab programs. Home-based tele-education and monitor-
ing of stable COPD patients provide an opportunity for patients to undergo safe and 
supervised exercise training [31]. Participants use a specially designed cycle ergom-
eter to increase safety during pulmonary rehabilitation exercises. Additionally, pro-
gram assistants showed patients how use technological devices and how to properly 
sit on the cycle during exercises [31]. The impact of telehealth on patient safety may 
even go beyond traditional measures within the health care system. For example, 
patients of a tele-sleep program indicated that being provided sleep services at the 
local clinic allows access to care within the patient’s community and reduces the 
chances of a motor vehicle accident as chances of auto accidents are typically higher 
in patients with sleep apnea [32].
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Monitoring and educating providers within the clinical setting and patients 
within the home setting through telehealth systems can provide additional oversight 
and potentially mitigate the chance of errors. The potential increase in patient safety 
has been perceived by the health care workforce. For example, the percentage of 
ICU nurses who stated they would feel safe being treated in their ICU increased by 
37% after implementation of a tele-ICU program. Nurses in another remote ICU 
monitoring program reported a greater than 50% increase in confidence that physi-
cian orders were correctly implemented and the perceived ability to reach an ICU 
physician greatly improved under tele-ICU [27]. In addition, as telehealth services 
are added to the health care system, this provides an opportunity to re-engineer 
services and standardize care processes. Telehealth systems can also facilitate 
patient safety through promoting communication across care teams and empower-
ing individuals to intervene on patient safety concerns [27].

However, many telehealth programs do not outright address patient safety [33]. 
Telehealth programs should focus on ways to improve patient safety as well as 
eliminate provider or technological errors that may negatively impact patient out-
comes. For instance, providers should examine if patients can safely participate in 
the telehealth program or intervention. This is especially important in direct to 
home/consumer telehealth programs, where the patient could be at risk of injuries 
such as falling. Additionally, telehealth programs should specifically track safety 
metrics (e.g., medication errors) and implement process improvement methods to 
avoid telehealth-related health care provider errors that could harm patients.

 Timely: Reduce Waits and Harmful Delays for Those Who 
Receive and Provide Care

Care delivered through telehealth technology can reduce the amount of time it takes 
for patients to access health care services [34]. The improved access and time to 
treatment is one of the clearest benefits of telehealth services. The faster time to care 
can happen through several mechanisms. First, telehealth services may bring the 
care closer to the patient by using technology to service patients where they live and 
work. Telehealth services can reduce time spent waiting for specialty appointments, 
eliminate travel costs, and reduce travel times for patients [35]. Next, telehealth can 
facilitate rapid decision-making and consultation among providers through video- 
based conferencing, tele-monitoring, and store-and-forward technology. Under 
telehealth services, the consulting provider can have real-time access to view 
patients in a tele-ICU or receive alerts and intervene when congestive heart failure 
patients gain weight, or COPD patients have poor medication adherence. These 
early interventions may help to avoid emergency situations and unnecessary hospi-
talizations [34].

By reducing wait times, patients have better access to care. For example, children 
living with asthma, generally live in rural or underserved areas where specialty care 
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is unavailable or limited; thus, telehealth care in asthma treatment may improve 
timely access to quality care [36]. Tele-presenters located with the asthma patient 
can perform spirometry, teach proper inhaler use, and manipulate the digital stetho-
scope and otoscope for remote examination of ears and nose. Likely due to improved 
time to treatment and elimination of travel burdens, compliance with asthma visits 
is often higher with telehealth services [36].

Timely access to care is not only beneficial for the patient but should also enhance 
the health care providers’ experiences. In some cases, telehealth programs can 
reduce provider burden. For example, health care providers cited a decrease in clini-
cal workload associated with a tele-sleep program [32]. Under a tele-ICU program, 
bedside nursing vacancy rates declined in over 80% of participating hospitals [27]. 
Many health care organizations experience turnover and provider shortages. 
Telehealth programs have shown increased provider satisfaction and reduced turn-
over rates, thus reinforcing patient access to timely care [27].

 Effective: Provide Services Based on Scientific Knowledge 
to Avoid Underuse and Overuse

There is scientific literature on the effectiveness of telehealth care on various patient 
outcomes [36–38]. One caution is that many telehealth services have been developed 
and implemented within the care delivery system without the scrutiny of randomized 
clinical trials. Providers should utilize the highest level of scientific evidence and 
practice guidelines when providing care through telehealth technologies.

The implementation of quality telehealth programs may have a positive impact 
on patient health outcomes. In a 2012 Cochrane Review and meta-analysis of 10 
randomized controlled trials, researchers found telehealth did not improve quality 
of life for COPD patients; however, researchers noted a decrease in the odds ratio of 
emergency department admissions and hospitalization [38]. In critical care studies, 
scientists have found that intensive care telehealth can reduce mortality, length of 
stay, and costs to care for the critically injured [27]. Specifically, remote ICU con-
sultations have shown to reduce ICU mortality and length of stay [39]. In another 
study where researchers compared asthma outcomes in children, participants 
appeared to have better control of asthma with telehealth [36]. Remote monitoring 
of asthma patients is associated with a reduction in hospitalizations over a 12-month 
period [35, 40].

In many cases, remote telehealth services are not intended to replace but to 
meaningfully supplement bedside care. The added layer of supervision provided 
through telehealth allows specialty providers to visualize the patient rather than 
relying on verbal information over the telephone. Store-and-forward technologies 
and remote home monitoring provide additional access to patient data. Through 
these mechanisms, telehealth can provide opportunities for early intervention and 
improved patient outcomes.
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 Efficient: Avoid Waste (Equipment, Supplies, Ideas, and Energy)

Demand for many health care services is increasing. Severe shortages of specially 
trained providers, uneven geographic dispersion of providers [27], increased elderly 
population, and increasing patient morbidity all contribute to patient demand for care. 
If the health care system is unable to sufficiently increase the supply of providers, then 
in order to meet treatment demands, the system must become more efficient. As previ-
ously mentioned, telehealth provides opportunities to reduce time to care, travel costs, 
and productivity loss from missed work or school, thereby making the provision of 
care more efficient for the patient. For providers, telehealth combined with Electronic 
Health Record (EHR) systems may facilitate the collection of health information, 
which could reduce time and energy spent researching information elsewhere. For 
example, providers may be alerted to abnormal patient vital signs or poor medication 
adherence. Quick access to credible information may deter adverse medical events 
and complications. Furthermore, the telehealth technology can minimize provider 
time spent physically traveling between clinics or units. To maximize the potential 
efficiencies, telehealth providers should utilize quality improvement and lean tech-
niques to minimize the amount of waste within care processes [34].

The primary concern related to telehealth is that the evidence base is primarily 
focused on the potential efficiencies to the system and the impact of telehealth ser-
vices on access and process measures. Therefore, there is a lack of cost- effectiveness 
data for telehealth services [35]. The lack of appropriate measures and quality data 
appears to be concern across several disciplines when examining cost-effectiveness 
in telehealth. More data are needed to determine the cost-effectiveness of telehealth 
care in asthma care [40]. In 2015, for those with sleep apnea, researchers found that 
telehealth was cost-effective, resulting in lower costs and a minimal loss of produc-
tivity [37]. In another study, telehealth in the ICU appeared to be cost-effective; 
however, authors noted the lack of transparent cost data and the minimal number of 
studies examining cost-effectiveness [30]. Additionally, researchers noted a reduc-
tion in ICU costs [28], cost per case [26], and costs of care [27] when using tele-
health in the critical care setting. Yet, in a 2010 study, researchers found no reduction 
in hospital costs when examining the impact of a telehealth program in an ICU unit 
[29]. Undoubtedly, there is a need for more cost-effective studies that provide better 
insight to the effect of telehealth on cost outcomes.

 Equitable: Provide Quality Care That Does Not Vary Based 
on Characteristics Like Gender, Race/Ethnicity, Location,  
and/or Socioeconomic Status

One of the primary benefits of telehealth is the ability to provide equitable services 
to diverse populations with varying health conditions irrespective of patient loca-
tion. The goal of telehealth must be to provide care that does not vary in quality 
based on patient or provider characteristics [34].
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Through telehealth services, patients in rural and remote settings have increased 
opportunities to receive certain types of care than may otherwise be accessible. For 
example, telehealth sites allow patients to be seen by specialty providers without 
having to travel great distances [35]. Telehealth technology can also be used to 
overcome language barriers through tele-interpreter services. Innovative technology 
utilization can also be used to connect providers with traditionally difficult to reach 
patient populations. For example, young adults with asthma are less likely to have a 
routine source of care and may rely on emergency services. Therefore, compliance 
with treatment is low and often results in increased morbidity and mortality [41]. 
Targeted use of telehealth and mobile technologies within certain populations can 
reduce disparities in access and outcomes and promote equitable health care 
delivery.

 Patient-Centered: Providing Respectful and Responsive Care 
to Each Individual Based on Patient Values

The driving force behind providing care via telehealth should be patient-centered. 
Telehealth is designed to improve access to care and reduce barriers to treatment by 
providing care where patients reside. The benefits of telehealth are reduced barriers 
to care for patients, care coordination, and enhanced patient-provider communica-
tion. Reports of patient satisfaction across multiple telehealth services remain high 
[32, 36]. To promote patient-centered care, telehealth providers should consider 
patient preferences, values, and needs during the care process [34].

 Telehealth Measurement and Outcomes

Due to the unique data challenges of telehealth delivery in the real-world setting, 
telehealth research and evaluation requires innovative data collection and analysis 
techniques [42]. Telehealth programs often begin as pilot programs or small-scale 
supplements to in-person care. In recent situations of natural disaster or pandemics, 
telehealth services may be rapidly implemented to maintain health care delivery 
during times of reduced travel and social distancing. Traditional measurement guid-
ance may assume a fully implemented service and do not take into consideration 
these small-scale and staged developments in telehealth implementation. As a result, 
many telehealth programs rely on simple counts of programmatic data, while others 
pursue advanced analysis (e.g., cost-effectiveness), without having appropriate 
sample sizes.

The applied telehealth measurement framework adapts the National Quality 
Forum’s (NQF) telehealth measurement domains, program evaluation, and tele-
health maturity models to create a measurement tool for telehealth service evalua-
tion and improvement [19, 43, 44]. The National Quality Forum has identified four 
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domains of telehealth outcomes that program administrators/providers should be 
collecting and analyzing. These domains include the following: (1) access to timely 
care and appropriate health care based on the patient’s needs; (2) financial impact 
and cost of telehealth; (3) patient and clinician experience; and (4) effectiveness of 
the system, clinical care, and technology. Within each measurement domain, tele-
health processes and outcomes may mirror the metrics collected in traditional care. 
The metrics selected under each domain should be evidence based, valid, and reli-
able [10]. The model recommends outcome domains for each stage of program 
maturity and provides guidance on data sources, program evaluation, and research 
methods. The model is intended to be generalizable to all types of telehealth service 
modalities (synchronous, asynchronous, store-and-forward, remote patient moni-
toring, etc.), as well as adaptable to telehealth service lines or disease condition. 
Starting with Stage 0, the program leaders should plan for future data collection 
needs and evaluation. As the telehealth service grows, more advanced measures and 
evaluation techniques can be deployed. Stage 3 aims to assess the population-level 
impact of the telehealth service. Table 7.1 provides an example of how guideline- 
based care and the NQF framework for telehealth care can be assessed and is 
grounded in proposed levels of telehealth program maturity. Applying this type of 
framework can help enable telehealth programs to match their metrics and evalua-
tion approaches with the scope/scale of their programs.

 Conclusion and Future Directions

There is evidence that telehealth can improve access to care, quality outcomes, and 
cost-effectiveness. However, major disparities still exist within the US health care 
system, and providers and systems are not routinely adopting evidence-based prac-
tice in general. To overcome the challenges within the health care system, telehealth 
can be strategically integrated to enhance quality. The Agency for Healthcare 
Research and Quality (AHRQ) defines three aims to improve health care in the 
future, and it is important to consider the potential role of telehealth within each aim:

 1. Achieving better care. Appropriately used telehealth is ideally situated to facili-
tate both improvement of patient process and dissemination of best practices 
across organizations. This will require collaboration and implementation of sig-
nificant changes to culture and practice. In many cases, health care organizations 
fail to apply the scientific improvement tools discussed in this chapter. 
Furthermore, lessons learned and effective best practices are often not dissemi-
nated beyond the original source and rarely reach across organizations. The 
health care community needs to embrace quality and safety as a core value [7]. 
Clinicians must understand and utilize quality improvement strategies including 
the PDSA cycle.

 2. Achieving healthy people and communities. Telehealth is a promising approach 
to improving care and alleviating the issues causing morbidity and mortality. 
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Table 7.1 Applied Telehealth Measurement Framework-Outcome

Stage
0: Pipeline – 
service feasibility

1: Pilot 
exploration

2: Established 
program 3: Optimization

Definition/
criteria

Stakeholder needs 
are identified and 
program 
feasibility is 
explored. Service 
model and 
technology are 
selected
Problem being 
targeted must be 
defined in a 
quantifiable way

Service is 
tested on a 
small scale and 
iteratively 
refined based 
on real-world 
experience
Workflow is 
established
Pilot is ready 
for growth

Standard operating 
procedures are in 
place
Service is 
maintaining 
expected volumes 
and is sustainable

Program is at scale 
and is sustainable
Population impact 
can be measured

Measure 
domains

Feasibility
Organizational 
readiness
Resource 
availability
Demand
Cost/payment
Benefit

Utilization
Process 
measures
Service specific 
measures
Satisfaction
Technical 
quality
Leadership and 
stakeholder 
buy-in
Cost (NQF)

Effectiveness
Availability of care
Risk-adjusted 
utilization
Patient and 
clinician experience 
(NQF)

Access to care 
(NQF)
Value-based 
outcomes
Cost-effectiveness 
(NQF)
Population-level 
outcomes

Potential data 
sources

Qualitative data
Publicly available 
health outcomes 
and cost
Surveys
Organizational 
operational and 
financial data
*These data also 
used in later 
stages

Qualitative data 
Electronic 
health records
Patient 
registries
Program- 
specific 
tracking logs
Billing records

Claims data
Electronic health 
records
Patient registries
Program-specific 
tracking logs
Prospective data 
collection protocols

Claims data
Electronic health 
records
Patient registries
Program-specific 
tracking logs
Prospective data 
collection protocols

Quality 
management 
tools and 
study design

Quality and 
strategic planning
Needs assessment
Literature reviews
Process/workflow 
mapping

Quality 
improvement 
(PDSA, run 
charts, 
fishbone, root 
cause)
Program 
evaluation and 
descriptive 
studies
*Pilot clinical 
trials when 
appropriate

Quality 
improvement, 
cross-sectional 
analysis, pre-/
post-analysis, 
cohort and 
case-control 
studies, quasi- 
experimental, 
multi-center trials, 
natural experiment, 
pragmatic trials
*Clinical trials 
when appropriate

Quality control 
(dashboarding, 
benchmarking, 
control charts); 
cohort and case 
control studies; 
quasi-experimental; 
multi-center trials; 
natural experiment; 
pragmatic trials
*Clinical trials when 
appropriate
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However, to impact population-level health outcomes, a community-level 
approach to quality improvement and sharing of best practices must be embraced. 
This includes reducing barriers to care and eliminating disparities based on 
geography, race, ethnicity, gender, socioeconomic status, age, sex, and other 
determinants of health. More attention needs to be paid to any potential negative 
consequences of telehealth or potential harms [39].

 3. Making care affordable. A considerable benefit of telehealth is reduced patient 
travel time and expenses. However, little evidence exists regarding the financial 
impact of telehealth on the health care system. When implementing and evaluat-
ing telehealth services, particular attention should be paid to measures of pro-
cess efficiency and reducing waste. Furthermore, providers should be cautious 
of increased utilization of telehealth services that provide little benefit to the 
patient.
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Chapter 8
Telehealth for Pediatric Asthma

Claire A. MacGeorge, Annie Lintzenich Andrews, and Kathryn L. King

 Introduction

Asthma is one of the most common and costly chronic diseases of childhood 
affecting 10% of children. It is associated with significant morbidity and high rates 
of school absenteeism. In fact, asthma is one of the top reasons children ages 5–17 
are absent from school, with approximately 36,000 children missing school because 
of their asthma each day [1]. One study estimated that medical costs, loss of work, 
and missed school days account for a total economic burden of more than $81.9 bil-
lion annually [2].

Fortunately, effective medications are available to prevent and treat the symp-
toms of this chronic condition. Appropriate use of controller medications, primarily 

Clinical Vignette
DF is an otherwise healthy 8-year-old male with past medical history of 
asthma requiring hospitalization, most often during the winter months. His 
grandmother often keeps him home from school due to his symptoms, leading 
to poor academic performance. His primary care physician prescribed alb-
uterol and fluticasone, but he has not been able to make it to a visit for 
9 months. He regularly visits his school nurse for rescue albuterol, but this 
year he does not have the proper paperwork on file at school to allow the 
nurse to legally administer this medication. So, when DF presented to the 
nurse’s office today wheezing and the nurse was unable to reach his grand-
mother, her only available course of action was to call 911 and have him 
transported to the local emergency room.
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inhaled corticosteroids, can reduce asthma exacerbations, acute care visits for 
asthma, and hospitalizations [3, 4]. However, significant barriers exist to children 
receiving effective therapy. In particular, children from minority as well as low- 
income families in both inner-city and rural areas encounter significant barriers to 
asthma care resulting in greater rates of poorly controlled asthma and preventable 
emergent health care utilization [5–7].

Telehealth has been shown to be a valuable tool in overcoming these barriers to 
pediatric asthma care. Telehealth modalities, including live video visits, asynchro-
nous visits, and remote patient monitoring, have been used to provide patient and 
provider education, monitor symptoms, and assess medication adherence and 
inhaler technique. These telehealth programs have led to improvement in asthma- 
related health outcomes, increased access to care, and cost-effectiveness [8].

In this chapter, we describe the application of various telehealth modalities to 
pediatric asthma and explore the role of school-based telehealth in managing pedi-
atric asthma.

 Application of Telehealth Modalities to Pediatric Asthma

Telehealth provides a unique opportunity to provide care for children with asthma 
in a more patient-centered manner. Telehealth modalities used in pediatric asthma 
care include real-time live video (synchronous), store-and-forward (asynchronous), 
remote patient monitoring, and mobile health (mHealth). Real-time live video 
involves clinician to patient contact using video at the same time while store-and- 
forward involves a clinician reviewing information provided by a patient at a differ-
ent point in time. Remote patient monitoring is a specific type of store-and-forward 
that collects data over time for cumulative review. Mobile health can be either syn-
chronous or asynchronous but involves the use of mobile phone technology in 
health care. Figure  8.1 provides an overview of telehealth modalities, types of 
asthma care services, and associated outcomes.

Modalities
Live video
(synchronous)
Store-and-
forward
(asynchronous) 
Remote Patient
Monitoring 
Mobile Health
(mHealth)

Asthma Services
Education
Monitor
symptoms 
Medication
adherence 
Inhaler technique
Replace/augment
traditional office
visits 

Outcomes
Decrease
symptoms 
Increase
physical
activity 
Improve lung
function 
Increase school
attendance 
Cost -
effectiveness 

•

•

•

•

•
•

•

•
•

•

•

•

•

•

Fig. 8.1 Telehealth modalities for delivering asthma services and associated outcomes
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 Real-Time Live Video (Synchronous) Pediatric Asthma Care

Real-time live video visits are a secure, real-time, two-way interaction between a 
patient and a clinician using remote audiovisual technology. For asthma care, this 
modality has been used to diagnose asthma, to prescribe treatment, and to provide 
patient education with mixed results. A study in Journal of Asthma showed that a 
brief video intervention offered during pediatric clinic visits led to immediate 
improvements in children’s inhaler techniques, though the change was not sustained 
[9]. A comprehensive asthma education program delivered by telehealth in rural 
Arkansas was able to improve monitoring of symptoms and medication adherence 
but did not change quality of life, self-efficacy, asthma knowledge, or lung func-
tion [10].

Additionally, the Extension for Community Healthcare Outcomes (ECHO) 
Model was delivered by the University of New Mexico in 2003 as a platform to 
deliver specialty care education to primary care providers in rural areas. Using a 
virtual hub-and-spoke model, community clinicians in rural areas are connected to 
experts at academic health centers through co-management of patients and didactic 
sessions. Specifically, for asthma care, education was provided for respiratory thera-
pists, nurses, and clinicians at community hospitals [11]. Since its inception, it has 
been implemented across the nation. While specific outcome studies on the use of 
this platform for pediatric asthma have not been performed, a systematic review 
including 39 studies concluded Project ECHO is an effective and potentially cost- 
saving model that increases participant knowledge and patient access to health care 
in remote locations [12].

 Store-and-Forward (Asynchronous) for Pediatric Asthma Care

Store-and-forward telehealth includes the transmission of patient data, recorded 
videos, and digital images such as X-rays and photographs via secure communica-
tion systems to a health care provider, who can then review this information and 
provide recommendations and advice at a later time. A randomized trial of children 
with persistent asthma examined the combined effects of asynchronous review of 
history and physical exam with physician/caregiver follow-up and school nurse- 
administered controller medication. This study design highlights the multiple added 
efficiencies of school-based telehealth and found that the intervention group had 
significantly more symptom-free days and fewer emergency department visits [13].

 Remote Patient Monitoring for Pediatric Asthma Care

Remote patient monitoring involves medical data collection from an individual in 
one location via electronic communication technologies, which is transmitted to a 
provider in a different location for use in patient care and support. In a multi-center, 
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randomized controlled trial with a 16-month follow-up conducted in the 
Netherlands, children with asthma had 50% of their visits replaced with virtual 
visits. They received online care using a virtual asthma clinic with 8 monthly out-
patient visits with monthly web-based monitoring in addition to usual care. The 
visits were performed at the school with a telemedicine assistant either with live 
videoconference or by gathering symptom data to be stored and transmitting to 
their primary care practice if telemedicine. Clinicians reviewed the visit within 
3  days and contacted the caregiver via phone or videoconference. Compared to 
controls, the children receiving the monitoring had significantly more symptom-
free days (difference of 1.23 days, p = 0.0003) and improved asthma control as 
measured on the asthma control test, prompting the authors to conclude that routine 
outpatient visits can partially be replaced by monitoring children with asthma 
through telehealth [14].

 Mobile Health for Pediatric Asthma Care

Mobile health (mHealth) has been shown to be an innovative way to incorporate 
self-management into care plans. Using mHealth application (apps), patients are 
able to receive educational information and reminders, track symptoms, and com-
municate symptom information to health care providers. Although most studies 
have been conducted among adolescents and adults with asthma, they have gener-
ally shown positive effects in clinical (e.g., asthma control), patient-reported (e.g., 
medication adherence and quality of life), and economic outcomes (health care vis-
its) [15]. A recent study using a mobile application called Smartphone Asthma 
Monitoring System tracked inhaler use as measured by a blue-tooth cap showed that 
families found this to be an acceptable means of reporting symptoms and medica-
tion use. Data were transmitted on 89% of study days [16]. Screenshots of the 
patient view associated with this asthma management app are provided in Fig. 8.2 
and illustrate the approach to tracking medication adherence and asthma education 
options.

 Medical Societies Support Telehealth for Asthma Management

As telehealth programs have expanded across the nation, key organizations have 
endorsed position statements in support of telehealth for the management of pediat-
ric asthma. This includes the American Academy of Pediatrics (AAP) and the 
American College of Allergy, Asthma, and Immunology (ACAAI).

The AAP specifically endorses the use of telemedicine to address access and 
physician workforce shortages. In the 2015 position statement, they highlight how 
the AAP can advocate for physicians and patients to optimize telemedicine to 
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improve access to care, provide more patient- and family-centered care, increase 
efficiencies in practice, enhance the quality of care, and address projected shortages 
in the clinical workforce [17].

The American College of Allergy, Asthma, and Immunology advocates for the 
incorporation of meaningful and sustained use of telemedicine in allergy and immu-
nology practice [8]. Additionally, they support the use of telehealth, particularly 
citing the importance of having a professional with a specialization in asthma 
involved in patient care. The organization recognizes that a large proportion of the 
asthma burden lies among patients in underserved communities and that telehealth 
can help relieve barriers to care created by distance and provider shortages [8].

 Asthma Care in School-Based Telehealth

After home, school is the location where children spend the majority of their time. 
An estimated 50 million children in the United States spend a significant portion of 
their day in school, making this venue an ideal place for health interventions [18]. 
School-based health centers are clinics staffed by qualified health care professionals 
that provide quality, comprehensive health services in a school during school hours. 
There are currently over 2500 school-based health clinics that provide primary care 

Fig. 8.2 Smartphone Asthma Monitoring System is an example of an mHealth technology that 
enables a clinician to receive real-time information regarding a patient’s asthma symptoms
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onsite or using telehealth by a qualified health professional. In the case of asthma 
care specifically, school-based interventions have been shown to be effective in 
reducing asthma symptoms, and improving activity, lung function, asthma under-
standing/knowledge, missed school days, ED visits, and hospitalization to varying 
degrees [19].

There is inherent benefit to schools from investing in asthma-related interven-
tions. The evidence for the link between asthma and academic achievement is so 
robust that it was chosen as the second of seven strategic priorities by an expert 
review panel for the Journal of School Health’s Special Issue on “Healthier Students 
are Better Learners” in 2011 [18]. Within this special issue, authors highlighted that 
childhood asthma effects multiple educational outcomes including, “cognition, con-
nectedness with engagement in school, and absenteeism, and the effects of comor-
bidity such as sleep disruption and multiple risk factors on ability to succeed in 
school” [20]. However, it was also noted that while school-based interventions have 
the potential to reduce both educational and health disparities, these efforts are not 
well supported at the public health level.

Within the schools providing asthma care, there has been a marked increase in 
those providing care through telehealth, a practice, which is well-supported in the 
literature. The percentage of school-based health centers using telehealth has more 
than doubled from 7% in 2007–2008 to 19% in 2016–2017 [21]. Romano et al. 
observed a cohort of 17 patients treated in a rural school-based clinic who received 
follow-up care via telehealth after an initial in-person visit. The authors found that 
reported symptom scores, quality of life, and FEV1 improved similarly to those of 
patients who received face-to-face care [22]. Additionally, a study of 40 patients 
receiving care for asthma via telehealth over a series of 3 visits found no difference 
in care between the telehealth and control group and interestingly found a higher 
dropout rate among the control group who had to travel for appointments [23]. 
These small feasibility studies have helped garner financial support for larger pro-
grams and paved the way for more robust work. A recent study published in JAMA 
Pediatrics showed that a school-based, asthma-focused telehealth program in a 
rural county in South Carolina was associated with a 21% relative decrease in the 
likelihood of ED visits among a subsample of children with asthma [24]. 
Throughout the 6-year study period, the effect size increased annually indicating 
that the degree of success may evolve over time because of the additive effect of 
learning experience of participants. This emphasizes the need for uptake to occur 
to increase both the utilization and impact of school-based telehealth. This finding 
is supported by an additional study showing that children participating in a school-
based telemedicine enhanced asthma management program in Rochester, 
New York, had more symptom- free days and were less likely to have an emergency 
department visit or hospitalization for asthma compared with controls (odds 
ratio = 0.52) [13].

The key to success of school-based telehealth often involves engaging a wide 
variety of stakeholders necessary for a comprehensive asthma care. More specifi-
cally, these interventions have typically included community health providers in 
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educational programs for students, staff, and families or increasing the amount of 
clinical care available at school through supporting and extending the hours of 
school nurses, establishing school-based health centers, and offering mobile clinics 
[25–27]. The reviews emphasize the importance of engaging families, community 
resources, primary care physicians, and school nurses as key stakeholders that each 
plays a vital role in the ecological framework of this complex health care issue. 
Special emphasis must be placed on connecting these stakeholders in order to help 
families navigate the unique circumstances that are involved in managing asthma at 
school such as having a documented asthma management plan available in addition 
to both rescue and controller medication. One study found that rates of asthmatic 
students having a quick-relief inhaler at school range from 14% to 39% with rates 
of accompanying physician’s orders, parental permission, and a documented man-
agement plan even lower [28].

As school-based telehealth has become a reality for more and more children 
across the country, it has also garnered support from professional organizations 
and the evidence base for its benefits has increased. The American Telemedicine 
Association’s Operating Procedures for Pediatric Telehealth, which were pub-
lished and endorsed by the AAP in 2017, support the use of school-based tele-
health services and in particular highlight the use of telehealth for chronic 
pediatric diseases such as asthma. These operating procedures outline minimum 
guidelines for safety and quality of care in this setting and our delineated in 
Table 8.1 [29].

Clinical Vignette Follow-Up
Upon returning to school in the fall, the school nurse had identified DF as a 
“high risk asthmatic” following asthma training/education she had just 
received over the summer. DF’s grandmother completed and returned the 
consent forms to enroll him in the school-based health program. He was seen 
by a provider early in the school year, prior to experiencing an asthma exac-
erbation, his asthma severity was assessed and the best asthma management 
plan for him was determined. When DF presented to the nurse acutely wheez-
ing, she is able to request a visit with a nurse practitioner who gathers a his-
tory via video and performs a lung exam via a peripheral stethoscope. An 
order for albuterol from the clinician’s telehealth stock is given to the school 
nurse. DF receives the albuterol treatment, is reassessed by the provider via 
telehealth, and is returned to class, allowing him to resume learning in a 
timely fashion. Asthma education is provided to the patient and family, pre-
scriptions are sent to the pharmacy, and a note is sent to DF’s primary care 
physician.
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 Key Components of Quality Asthma Care in Schools

 Best Practices for School-Based Health

In order to provide high quality care to children in schools using telehealth, a struc-
tured protocol should be in place to ensure each child receives comprehensive, 
guideline-driven care while maintaining patient privacy and supporting the medical 
home. Best practices for each of the components of care are highlighted in Table 8.1 
and described in detail below.

 Process of Care

Either written or digital consent is obtained from a parent, usually at the start of the 
school year. When the patient presents to the school nurse for evaluation, a parent is 
contacted. The visit with an “on-call provider” is requested and within 15 minutes, 
the patient is connected to a provider via video. Any necessary treatments can be 
done in the nurse’s office with an order from the provider. Any needed prescriptions 

Table 8.1 Best practices for school-based telehealth

Agreements and 
consents

Agreements executed between school district and provider
Consents include HIPAAa, FERPAb, and consent to treat
Consents are signed prior to a visit taking place

Technology Complete ITc assessment at both the school site and provider site prior to 
selecting equipment
Utilize a HIPAA compliant platform and adhere to HITECHd regulations
Test equipment prior to going live
Provide ongoing IT support

Training School nurse or telepresenter must be trained in equipment operation and 
how to conduct the exam
Provider must be privileged and appropriately trained to conduct visits via 
telehealth
Scope of services should be outlined

Visits Obtain appropriate medical history and medical home information
Allow parents to participate in the visit either in person, by phone or video
Contact parent following the visit if he/she does not participate
Ensure HIPAA and FERPA compliance throughout visit
Avoid distractions during the visit
Ensure that patient and provider have been introduced and that all persons 
present during the visit are acknowledged
Ensure that the standard of care is maintained

Medical home Ensure timely and thorough communication with the medical home 
following every visit

aHealth Insurance Portability and Accountability Act of 1996
bFamily Educational Rights and Privacy Act
cInformation Technology
dHealth Information Technology for Economic and Clinical Health Act
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can be sent to either a pharmacy designated by the family or one that delivers to the 
school. Communication is sent to the primary care physician (See Fig.  8.3 and 
Table 8.1.)

 Equipment

A provider connects to the school nurse through a Health Insurance Portability and 
Accountability Act – compliant video conferencing platform and assesses the child. 
History is obtained from the school nurse and the patient, and telemedicine periph-
eral devices including a digital stethoscope, otoscope, and exam camera are used to 
conduct a thorough assessment of the child’s condition in real time.

 The Role of School Nurses in Asthma Care

The importance of the function of the school nurse is repeatedly emphasized in the 
literature as they often play a key role in communication between school staff, med-
ical providers, and families and are on the frontline of school-based public health 

Child in
Classroom 

Presentation 
to School

Nurse 

Nurse
Contacts
Parent  

Connection
to Provider 

Medication
prescribed
and PCP

contacted  

Parent-program
communication

Fig. 8.3 School-based 
telehealth workflow. (1) 
Consent forms are signed. 
(2) Patient presents to 
school nurse for 
evaluation, visit is 
determined to be necessary, 
and parent is contacted. (3) 
Telehealth visit takes place. 
(4) Patient returns to class. 
(5) Prescriptions (as 
needed) are sent to local 
pharmacy. (6) 
Communication is 
sent to PCP
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strategies. Formally engaging school nurses in asthma case management has been 
shown to be associated with students being more likely to have medication at school, 
use a peak flow meter, and have an improvement in pulmonary function [28, 30]. 
However, school nurses are often not fully supported or utilized in school- based 
asthma care with lack of time, education, and communication cited as common bar-
riers [31]. These barriers can be particular challenges for school nurses located in 
rural areas, where provider shortages can make their involvement even more neces-
sary. In a survey of school nurses in both urban and rural areas, Carpenter et al. 
found that while most had some asthma training, school nurses in rural schools were 
much less likely to have received this support and almost all would have liked to 
have additional training [31].

 Engagement of Parents, Teachers, and Primary Care Physicians

A crucial component of comprehensive asthma care is involvement of all the key 
stakeholders in a child’s care. While school-based telehealth overcomes barriers 
related to working parents by allowing some care to be delivered in their absence, 
communication with parents, including the delivery of asthma education, is essen-
tial to symptom control outside of school. Likewise, teachers are often the frontline 
of detecting symptoms in children, prompting referral to the school-based health 
clinic and should be taught identification of children needing referral for diagnosis 
or management of asthma. Finally, as school-based health clinics are designed to 
augment and not replace primary care providers, written or verbal summaries of 
visits should be communicated to the medical home.

 Potential Barriers to Asthma Management by Telehealth

While many studies have shown the benefit of asthma management using telehealth, 
particularly in the school-based health setting, barriers exist to its effective imple-
mentation in the clinical setting. Because comprehensive asthma care necessitates 
the engagement of many stakeholders, programs must be well-designed and 
deployed. In addition to school nurses and school-based personnel, parents and 
school administrators must be engaged and supportive of the time and resources 
needed for the endeavor. Because parents may not be in attendance for visits, obtain-
ing consent and communicating changes in plan can be a challenge. Additionally, 
alternative plans for care while school is not in session for holidays and summer 
must be determined. Another common theme identified in school-based health lit-
erature is lack of sustainability of such programs. Often grant funded, any additional 
employees or support for school nurses tends to end with the funding period, and 
sustaining involvement from busy clinicians must ultimately involve a sustainable 
reimbursement structure [25, 27].
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 Financial Considerations

Importantly, payment models that reflect prevention and early intervention would 
greatly enhance the viability of school-based interventions. However, while value- 
based payment models are being deployed for the pediatric population, they are 
often focused on metrics that are designed for clinic-based care. The newest pay-
ment models for remote patient monitoring and virtual check-ins that are currently 
being piloted in adult populations also hold promise for the school-based applica-
tion. Future program evaluations and payment advocacy should be focused on met-
rics that encourage contact points with patients more frequently than the clinic-based 
care model allows in order to build on current successes. For example, tracking of 
symptoms proactively could be done in the school setting, as could repeat education 
to make sure children have optimal compliance with medications.

 Conclusion

Despite a number of logistical barriers and a need to expand the evidence base, the 
future is bright for school-based telehealth interventions for asthma. It will become 
increasingly important to leverage a population-based approach in order to reach the 
right children at the right time with the right intervention and maximize cost- 
effectiveness. Utilizing multiple telehealth modalities, such a remote patient moni-
toring for medication adherence and symptom tracking and asynchronous and video 
visits involving the school nurse and asthma professionals, has the potential to pro-
vide a truly team-based approach. The convenience of school-based care combined 
with the increased patient contact provided by telehealth has the potential to provide 
wrap around care that will best serve children with asthma and their families and 
help to decrease the physical, educational, and financial impact of this disease.

Telehealth provides a unique opportunity to overcome typical barriers in provid-
ing asthma care to children. Modalities such as real-time video visits, store-and-
forward, remote patient monitoring, and mobile health have been used to provide 
patient and provider education, monitor symptoms and medication adherence as 
well as assess inhaler technique, and even replace typical office visits. In particular, 
school-based telehealth has been shown to be effective in reducing asthma symp-
toms, improving physical activity, lung function, asthma understanding/knowledge, 
missed school days, ED visits, and hospitalization.
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Chapter 9
Ambulatory Telemedicine: Home-Based 
COPD Management

Gustavo Adolfo Fernandez Romero and Gerard J. Criner

 Background

Chronic obstructive pulmonary disease (COPD) is a leading cause of death world-
wide and is estimated to affect more than 16 million people in the United States [1]. 
Exacerbations of COPD cause a significant burden on the healthcare system in 
terms of costs, quality of life (QOL), disease progression, and mortality [2].

Telehealth, defined as a remote delivery of healthcare services and clinical infor-
mation using telecommunications technology, involves a variety of devices (smart-
watch, telephone, tablet, computers) and systems directed to increase access, 
provide convenience, and reduce cost. It is a rising component of healthcare with 
the potential to transform the way medicine has been practiced; nevertheless, the 
disparity in reimbursement is one of the major limitations [3, 4]. A European 
Respiratory Society task force proposed a series of definitions to describe the differ-
ent telemedicine systems and unify criteria for the use of this technology that is 
summarized in Table 9.1 [5].

In the management of chronic diseases such as diabetes and hypertension, the 
use of telehealth has been demonstrated in randomized controlled trials (RCTs) and 
meta-analyses to be superior when compared to usual care for the control of out-
comes such as hemoglobin A1C and blood pressure, respectively [6–8].

COPD is a complex disease due to the heterogeneity of clinical presentation, co- 
existing comorbidities, management and prognosis. The use of telemedicine has 
promise, but multiple studies and RCT’s report conflicting outcomes associated 
with a variety interventions. As a result, there is presently insufficient evidence to 
recommend telehealth compared to usual care for the prevention of exacerbations, 
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hospitalizations, mortality, or improvement of QOL  among patients with COPD 
[9–11]. This chapter provides a review of the existing evidence for the use of tele-
health in the home-based management of COPD.

 Current State of Telehealth in COPD

Evidence for the use of  telehealth in the management of COPD is variable and 
sometimes contradictory. A major reason is the variability in what the authors 
describe as the  telehealth intervention under investigation. Some studies 
describe telehealth as monitoring of symptoms only, others as monitoring of bio-
logical variables (e.g., lung function, heart rate, respiratory rate, and pulse oxime-
try), and still others as enhanced communication between healthcare platforms. 
Very few studies have used telehealth applications to intervene in a structured for-
mat to improve patient care, or truncate the development of worsening exacerbation 
symptoms. Therefore, substantial differences between the various interventions, 

Table 9.1 Definitions and applications

Telemedicine Distribution of health services in conditions where distance is a critical 
factor by healthcare providers that use information and communication 
technologies (ICT) to exchange information useful for diagnosis at 
distance

Telecommunications Use of cable connections, radio, optical means, or other electromagnetic 
channels to transmit or receive signals, such as voice, data, or video 
communications

Teleconsultation Second opinion on demand between patient/family and staff or among 
health operators; opinions, advice provided at distance between two or 
more parties separated geographically

Telemonitoring Digital/broadband/satellite/wireless or Bluetooth transmission of 
physiological and other noninvasive data (i.e., biological storage data 
transfer)

Decision support 
systems

According to a sentinel value, an alert starts for health personnel, who 
call patient

Remote diagnosis Identifying a disease by the assessment of the data transmitted to the 
receiving party through instrumentation monitoring a patient away from 
the clinic

Tele-evaluation On-demand data transfer to use as biological outcome measures
Telecare Network of health and social services in a specific area; in case of 

emergency, patient calls medical personnel, emergency call service, or 
members of family

Telerehabilitation Allows reception of homecare and guidance on the process of 
rehabilitation through connections for point-to-point video conferencing 
between a central control unit and a patient at home

Telecoaching Direct reinforcement or recorded messages/communications to improve 
adherence

Teleconference, audio Electronic two-way voice communication between two or more people 
located in different places
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data collection, and applications do not permit rigorous comparisons between the 
studies to evaluate their impact on patient outcomes [11].

Bourbeau reported a multicenter, randomized, parallel-group, clinical trial done 
in 7 hospitals from Canada with a 1-year follow-up. The primary objective was to 
evaluate the impact of a self-management program and the ongoing telecommunica-
tion with a healthcare provider on the use of hospital services and QOL.  They 
included the patients >50 years, with stable COPD (no changes in the medications 
in prior 4 weeks), current or previous smoker (at least 10 PPY), FEV1/FVC <70, and 
FEV1 between 25% and 70% and excluded patients with comorbidities such as 
CHF, dementia, terminal disease, history of asthma, and long-term hospitalizations. 
Patients were randomized into the intervention group or the control group. The 
intervention consisted of an education program on a disease-specific self-manage-
ment program (1 h per week for 7–8 weeks) supervised by nurses, respiratory thera-
pists, and physiotherapists who acted as case managers directed by the primary 
pulmonologists and followed by monthly telephone calls over a 12-month period. A 
total of 191 patients were randomized, 96 in the intervention group and 95 into the 
usual care. Hospital admissions were reduced by 39.8% in the intervention group 
(p = 0.01) versus the usual care, ED visits were reduced by 41% (p = 0.02), and 
unscheduled physician visits by 58.9% (p = 0.03), also improving the QOL scores 
at 4 months although some of the benefits were seen only for the 12 months duration 
of the study [12].

The Pennsylvania Study of COPD Exacerbations (PA-SCOPE) was a random-
ized, single-blinded, parallel-group trial with 24 months follow-up. It is one of the 
very few studies that has used a bidirectional asynchronous communication plat-
form to provide a scripted tele-intervention based on an individual worsening of 
patient’s respiratory symptoms and/or lung function using accepted guidelines of 
care. The primary end point was the number of hospitalizations and mortality. 
Eligible patients were between 40 and 80 years of age, current or former smokers 
with COPD diagnosis, and at least one hospitalization in the prior year or home 
oxygen use. The patients with significant comorbidities were excluded. After base-
line evaluations, the patients were randomized to either the intervention group or the 
control group. All patients were instructed to document their symptoms with an 
electronic daily diary application  (app) on a handheld device. The app had eight 
screens of questions that took 2–3 min to complete. They also obtained daily peak 
flow readings with a disposable peak flow meter. The patients in the control group 
that had worsening of disease were supposed to call their primary physician and 
follow their standard of care plan and the intervention group were instructed to call 
a 1-800 number if the symptoms algorithm reached or exceeded the predetermined 
threshold. The communication for the intervention group was available 24/7, and 
staffed by nurses and pulmonologists; the exacerbations were managed according to 
GOLD Report recommendations. A total of 79 patients were randomized; 39 to the 
intervention group and 40 to the control group. The demographic and clinical data 
showed that the groups were well matched. The intervention group patients had a 
higher compliance rate in daily diary reporting compared with control group patients 
(81.4% vs. 69.9%, respectively; p < 0.001); no serious adverse events were reported 
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in either group. There was no difference in the hospitalization rates (number of 
hospitalizations/study observation days) (intervention group vs. control group, 
35/10,951 vs. 44/12,012, respectively; p = 0.63), time to first hospitalization, mor-
tality, and QOL. There was improvement in the daily symptoms and activity reported 
by the patients in the intervention group especially dyspnea (p < 0.0006) and peak 
flow improvement (p  < 0.0001) that was sustained throughout the 24 months of 
follow-up. A reduction in the number of hospitalizations and exacerbations was 
observed in both groups but lacked power to demonstrate a difference in hospital-
ization rate or mortality between groups. The authors concluded that early interven-
tions using  telehealth decreased the development of subsequent exacerbations, 
decreased dyspnea, and improved peak flow and daily activity status [13].

McLean and colleagues published a promising Cochrane review and meta- 
analysis about telehealth for COPD.  It included ten randomized controlled trials 
(RCT) from 211 articles identified in the literature search from different countries 
(the United States, Canada, Italy, Spain, Hong Kong, and Belgium) that met the 
validation criteria with a total of 1004 patients. Some of the studies relied on video-
conferencing or the telephone as a basis for telecommunication. The use of tele-
medicine did not improve QOL mean difference in St Georges Questionnaire at 
12 months −6.57 (95% confidence interval [CI] = −13.62 to –0.48) or mortality 
(OR = 1.05; 95% CI = 0.63–1.75), but there was a significant reduction in the emer-
gency department visits (OR  =  0.27; 95% CI  =  0.11–0.66) and hospitalization 
(OR = 0.46; 95% CI = 0.33–0.65) [14].

A systematic review by Gregersen et  al. addressed the question whether tele-
health interventions improve the quality of life of patients with COPD, and it 
included 18 studies (1636 patients) but only three trials were found to have statisti-
cal significance supporting the use of telemonitoring. The authors recognize the 
inability to determine a quantitative synthesis due to the heterogeneity of the low 
number of studies [15].

Vittaca and colleagues published a literature review that included several data-
bases (EMBASE, CINALH, PubMed, PsychINFO, and Scopus) for studies pub-
lished since 2003–2017 and found 395 papers from which 46 RCT were included 
for analysis. The author grouped the studies according to the results into three 
groups: positive (4366 patients), contradictory (1259 patients), or negative (5699 
patients) results. The patients were comparable with similar mean FEV1 and fre-
quent COPD exacerbations. They concluded from this heterogeneous group of stud-
ies that the best telemonitoring outcomes are expected in older and sicker populations 
with frequent exacerbations, multiple comorbidities, and limited community sup-
port; in addition, the best results came from programs using what they defined as 
third-generation telemonitoring that includes decision-making support led by a phy-
sician and full therapeutic authority 24/7 [16].

The PROMETE II Trial (Madrid Project on the Management of Chronic 
Obstructive Pulmonary Disease with Home Telemonitoring) was a multicenter, 
unblinded, randomized controlled trial of 12 months duration. The primary aim was 
to decrease the number of exacerbations leading to ED visits and hospital admis-
sion. They included patients with ages between 50 and 90 years old, diagnosed with 
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COPD, severe airflow obstruction (FEV1 < 50%), on home oxygen that had 2 or 
more moderate or severe exacerbation in the prior year, but clinically stable at the 
moment of the study (defined as 6 weeks without clinical symptoms). After provid-
ing the necessary equipment, the patients  were trained on how to monitor their 
blood pressure, oxygen saturation, heart rate, and spirometry; the respiratory rate 
and oxygen saturation would be automatically obtained from the device attached to 
the home oxygen. After collecting 4 days of baseline parameters, an alert configura-
tion was set. The information was received and a triage application graded patient 
reports according to the severity. A total of 229 patients were randomized into the 
home telemonitoring (115 patients) versus the routine clinical practice (RCP) (114 
patients). There were no statistically significant differences in the proportion of 
patients who had a severe exacerbation leading to a hospital admission or an ED 
visit over 12 month period (60% vs. 53.5% in RCP p = 0.321). There was also no 
difference in the mean total of exacerbations, time to first exacerbation, daily activ-
ity, quality of life, or mortality. This study highlights the limitations in using tele-
health systems based only on physiological parameters to identify acute  COPD 
exacerbations in a timely manner and thus prevent the need for hospitalization or 
healthcare services [17].

Another trial using telemonitoring of physiological variables to identify and 
reduce severe exacerbations was recently published by Parker and colleagues. The 
CHROMED (Telemonitoring in Chronic Obstructive Pulmonary Disease) trial was 
a multicenter, randomized clinical trial, with a 9-month follow-up. The main objec-
tive was to determine the efficacy of home monitoring lung mechanics by the forced 
oscillation technique (FOT) and cardiac parameters. It included patients older than 
60 years, with a diagnosis of COPD GOLD grade II or higher, a history of acute 
exacerbation with or without hospitalization in the previous 12 months, and at least 
one or more comorbidities. A total of 312 patients were randomized, usual care (158 
patients) and telemonitoring (TM) (154 patients). The patients  in the treatment 
group measured their lung mechanics daily using a device that measured FOT, a 
touch-screen computer and a mobile modem. An algorithm would trigger an alarm 
system and a call to identify the early need of interventions. This study did not find 
any changes in the time to first hospitalization, antibiotic prescriptions, hospitaliza-
tion rate, or quality of life. An exploratory subgroup analysis of patients with higher 
risk in the telemonitoring group had fewer hospital readmissions [18].

 Future Directions and Limitations

Further research is needed to understand if and how telehealth can improve the out-
comes in the management of COPD.  There is a need to standardize the tele-
health  interventions and data collection with the use of telemonitoring to better 
predict and intervene on acute exacerbations.

In general, use of  telemonitoring  that only captures physiologic parameters is 
inadequate to identify COPD exacerbations in the early phases and thus often too 
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late for meaningful intervention beyond emergency department and/or hospital 
use. Telehealth should be coupled with self-management approaches where patients 
that report worsening of their respiratory symptoms can be identified and timely, 
stepwise interventions offered that might better prevent the need of ED visits or 
hospitalizations. Below is offered a protocol in use at our organziation that comp-
bines physiologic and patient-reported measures (Fig. 9.1).

COPD is a complex, heterogeneous disease where the majority of patients have 
multiple comorbidities. Telehealth interventions should also aim to control comor-
bidities such as heart failure, diabetes, and anxiety/depression to prevent all-cause 
readmissions.

There are barriers to the use of  telehealth in COPD such as experience with 
technological devices; education; and cognitive, motor, psychological, and visual 
abilities or deficits. Another aspect to be aware is cost of this technology, or reim-
bursement for the clinical services provided. The recognition of patients that 
would benefit from this intervention should include the evaluation of these limita-
tions [5].

Clinical and spirometry diagnosis of COPD by provider

Telemedicine Team Evaluates the case 

Exclusion from program: Inability to use a
smartphone app due to intellectual disability.
Uncontrolled psychiatric disease or
Substance abuse. Non-compliance with
reporting symptoms or follow up.   

Patient with confirmed diagnosis, ability to
report symptoms followed by a physician

Enrolled in Telemedicine Program (Copilot TM) 

Daily report of symptoms

If flags of exacerbation occur a

24/7 Intervention lead by physician will take place

Follow up by physician every 6 months.
Compliance with program evaluated

Usual Care

Fig. 9.1 COPD telemedicine protocol

G. A. Fernandez Romero and G. J. Criner



149

References

 1. NHLBI COPD National Action Plan. Available at: https://www.nhlbi.nih.gov/health- topics/
education- and- awareness/COPD- national- action- plan. Accessed Oct 2018.

 2. Shah T, Press VG, Huisingh-Scheetz M, White SR. COPD readmissions: addressing COPD 
in the era of value-based health care. Chest. 2016;150(4):916–26. https://doi.org/10.1016/j.
chest.2016.05.002.

 3. About telemedicine. Washington, DC: American Telemedicine Association. http://www.amer-
icantelemed.org/main/about/about- telemedicine/telemedicine- faqs.

 4. Dorsey ER, Topol EJ.  State of telehealth. N Engl J Med. 2016;375:154–61. https://doi.
org/10.1056/NEJMra1601705; PMID: 27410924.

 5. Ambrosino N, Vagheggini G, Mazzoleni S, et al. Telemedicine in chronic obstructive pulmo-
nary disease. Breathe (Sheff). 2016;12:350–6.

 6. Tchero H, Kangambega P, Briatte C, Brunet-Houdard S, Retali G-R, Rusch E. Clinical effec-
tiveness of telemedicine in diabetes mellitus: a meta-analysis of 42 randomized controlled 
trials. Telemed J E Health. 2019;25(7):569–83.

 7. Lee SWH, Chan CKY, Chua SS, Chaiyakunapruk N. Comparative effectiveness of telemedi-
cine strategies on type 2 diabetes management: a systematic review and network meta- analysis. 
Sci Rep. 2017;7:12680. https://doi.org/10.1038/s41598- 017- 12987- z.

 8. Margolis KL, Asche SE, Dehmer SP, et al. Long-term outcomes of the effects of home blood 
pressure telemonitoring and pharmacist management on blood pressure among adults with 
uncontrolled hypertension follow-up of a cluster randomized clinical trial. JAMA Netw Open. 
2018;1(5):e181617.

 9. Vogelmeier CF, Criner GJ, Martínez FJ, et al. Global strategy for the diagnosis, management, 
and prevention of chronic obstructive lung disease 2017 report: GOLD executive summary. 
Eur Respir J. 2017;49:1700214.

 10. Criner GJ, Bourbeau J, Diekemper RL, et  al. Prevention of acute exacerbations of COPD: 
American College of Chest Physicians and Canadian Thoracic Society Guideline. Chest. 
2015;147:894–942.

 11. Bourbeau J, Farias R. Making sense of telemedicine in the management of COPD. Eur Respir 
J. 2018;51:1800851. https://doi.org/10.1183/13993003.00851- 2018.

 12. Bourbeau J, Julien M, Maltais F, et al. Reduction of hospital utilization in patients with chronic 
obstructive pulmonary disease a disease-specific self-management intervention. Arch Intern 
Med. 2003;163(5):585–91. https://doi.org/10.1001/archinte.163.5.585.

 13. Cordova FC, Ciccolella D, Grabianowski C, et al. A telemedicine-based intervention reduces 
the frequency and severity of COPD exacerbation symptoms: a randomized, controlled trial. 
Telemed J E Health. 2016;22(2):114–22. https://doi.org/10.1089/tmj.2015.0035.

 14. McLean S, Nurmatov U, Liu JL, et al. Telehealthcare for chronic obstructive pulmonary dis-
ease: cochrane review and meta-analysis. Br J Gen Pract. 2012;62:e739–49.

 15. Gregersen TL, Green A, Frausing E, et  al. Do telemedical interventions improve qual-
ity of life in patients with COPD? A systematic review. Int J Chron Obstruct Pulmon Dis. 
2016;11:809–22.

 16. Vitacca M, Montini A, Comini L. How will telemedicine change clinical practice in chronic 
obstructive pulmonary disease? Ther Adv Respir Dis. 2018;12:1753465818754778.

 17. Ancochea J, García-Río F, Vázquez-Espinosa E, et al. Efficacy and costs of telehealth for the 
management of COPD: the PROMETE II trial. Eur Respir J. 2018;51:1800354. https://doi.
org/10.1183/13993003.00354- 2018.

 18. Walker PP, Pompilio PP, Zanaboni P, et al. Telemonitoring in COPD: the CHROMED study, a 
randomized clinical trial. Am J Respir Crit Care Med. 2018;198:620. https://doi.org/10.1164/
rccm.201712- 2404OC.

9 Ambulatory Telemedicine: Home-Based COPD Management

https://www.nhlbi.nih.gov/health-topics/education-and-awareness/COPD-national-action-plan
https://www.nhlbi.nih.gov/health-topics/education-and-awareness/COPD-national-action-plan
https://doi.org/10.1016/j.chest.2016.05.002
https://doi.org/10.1016/j.chest.2016.05.002
http://www.americantelemed.org/main/about/about-telemedicine/telemedicine-faqs
http://www.americantelemed.org/main/about/about-telemedicine/telemedicine-faqs
https://doi.org/10.1056/NEJMra1601705
https://doi.org/10.1056/NEJMra1601705
https://doi.org/10.1038/s41598-017-12987-z
https://doi.org/10.1183/13993003.00851-2018
https://doi.org/10.1001/archinte.163.5.585
https://doi.org/10.1089/tmj.2015.0035
https://doi.org/10.1183/13993003.00354-2018
https://doi.org/10.1183/13993003.00354-2018
https://doi.org/10.1164/rccm.201712-2404OC
https://doi.org/10.1164/rccm.201712-2404OC


151© Springer Nature Switzerland AG 2021
D. W. Ford, S. R. Valenta (eds.), Telemedicine, Respiratory Medicine, 
https://doi.org/10.1007/978-3-030-64050-7_10

Chapter 10
Home-Based Evaluation and Management 
of Sleep Disordered Breathing  
via Telehealth

Chitra Lal and Akram Khan

Abbreviations

AASM American Academy of Sleep Medicine
CBOC Community-Based Outpatient Clinics
CPAP Continuous positive airway pressure
CVT Clinical Video Telehealth
HSAT Home sleep apnea testing
OSA Obstructive sleep apnea
PAP Positive end-airway pressure
PSA Patient services assistant
RP Respiratory polygraphy
SDB Sleep disordered breathing
TM Telemedicine
VAMC Veterans Affairs Medical Center

 Introduction

Sleep disordered breathing (SDB) is increasingly being recognized as a common 
clinical problem in primary care [1]. The demand for specialized care for SBD and 
other sleep-related problems is increasing with a declining number of 
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board- certified sleep physicians [2]. The population of the United States is approxi-
mately 325 million as estimated by the United States Census Bureau. According to 
the American Academy of Sleep Medicine (AASM), there are approximately 7500 
board-certified sleep specialists indicating that the ratio of people to sleep special-
ists in the United States is more than 43,000:1 [2]. Data from AASM also show 
geographical barriers with board-certified sleep physicians and accredited sleep 
centers clustering in more urban, highly populated areas [2]. Sleep providers have 
been using asynchronous telemedicine (TM) with home sleep apnea testing (HSAT) 
and positive end-airway pressure (PAP) adherence monitoring in routine practice 
for many years [3]. The convenience of telemedicine is especially noteworthy for 
the management of chronic illnesses such as SDB as many patient visits can be 
conducted remotely utilizing a secure HIPPA compliant system without sacrificing 
quality of care [3–6].

As long as appropriate technical standards are met and roles and responsibilities 
of various providers are clearly defined, a TM-based approach has great potential in 
improving access to care, reducing wait times as well as costs [4, 5, 7]. Implementation 
of a comprehensive sleep TM protocol has been shown to increase the volume of 
sleep consultations, volume of sleep testing while reducing the time between con-
sultation and PAP prescriptions, thus improving access to care [4, 5, 7]. An analysis 
of 5695 visits to a Veterans Affairs Medical Center (VAMC) between 2005 and 
2013 showed that patients saved 142 minutes per visit and 145 miles of travel on 
average [8]. There was a modest reduction in costs to the healthcare system due to 
reduction in travel payments. The implications of such an approach for public health 
policy are significant, and enthusiasm about the use of TM in sleep medicine has 
reached a point that the American Academy of Sleep Medicine (AASM) has pro-
duced a position paper for the use of TM for the diagnosis and treatment of sleep 
disorders [3].

There are studies showing improved adherence to PAP at 3  months with a 
TM-based approach [9, 10] as well as decreased delay to the first technical interven-
tion in PAP-treated patients. As short-term PAP adherence has been shown to predict 
adherence at 1  year, improving short-term adherence to PAP with a TM-based 
approach may also improve long-term adherence. Telemonitoring is also well 
received by the majority of patients although a few have found it to be intrusive 
[11, 12].

The shortage of sleep-trained workforce, increasing recognition of SDB, and 
an interest in reducing wait times and costs have led to increasing interest in a 
TM-based approach for the management of SDB. This will become increasingly 
important as the Centers for Medicare and Medicaid Services shifts from a fee-
for-service payment model toward a performance payment model based on Merit-
Based Incentive Payment System (MIPS) and Advanced Alternative Payment 
Models (APMs) as part of the Medicare Access and CHIP Reauthorization Act of 
2015 (MACRA). This chapter outlines a TM-based approach for the diagnosis 
and management of SDB and defines optimal patient populations for TM 
application.
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 Technical Considerations for Sleep Telemedicine

The AASM taskforce has provided guidelines on the proper implementation of TM 
in sleep [3]. These guidelines address synchronous, real-time provider patient inter-
actions as well as asynchronous store-and-forward interactions such as HSAT moni-
toring and PAP machine data review.

The site of the patient’s location is referred to as the “originating site” and the 
site of the provider’s location is referred to as the “destination site or distant site.” 
The equipment used should adhere to the guidelines put forth by the American 
Telemedicine Association [13, 14]. Sleep TM visits include synchronous live inter-
actions and asynchronous interactions. Synchronous visits include live visits in real 
time, where the patient and the provider are separated by a distance and communi-
cate via video conferencing. In essence, this functions as a live office visit and hence 
all technical standards, which would be adhered to in live office visits have to be 
met. Billing can be performed using Current Procedural Terminology (CPT) codes 
with a GT telehealth modifier.

Asynchronous visits are visits where the healthcare provider and the patient are 
separated by time in addition to distance. Care provided can include remote inter-
pretation of data, electronic messaging, and self-care models.

Implementing sleep telemedicine requires the following essential elements 
[14, 15]:

• Presence of a remote monitoring device in the patient’s home
• Means of electronically transmitting the data
• Encrypted storage of patient information to maintain patient confidentiality
• Feedback and advice provided to the patient through either live interaction with 

the healthcare provider or automated feedback based on a predetermined 
algorithm

Sleep TM visits are clinically beneficial, as well as cost- and time effective, when 
conducted for follow-up for sleep apnea patients on PAP therapy, in conjunction 
with review of PAP downloads. Such visits can troubleshoot PAP equipment and 
help to improve patient compliance with PAP therapy and can be conducted in the 
convenience of the patient’s home.

 Home-Based E-Evaluation of Sleep Disordered 
Breathing Via TM

 Remote Healthcare Provider Evaluation

Clinical Video Telehealth (CVT) technology can be used effectively for evaluation 
and management of patients both with synchronous real-time provider-patient inter-
action as well as asynchronous interactions with review of PAP machine data via 
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cloud-based platform such as Respironics Encoreanywhere [16] and ResMed 
Airview [17]. Healthcare systems such as Veterans Affairs Medical Centers (VAMC) 
have set up real-time clinic-based video telehealth systems that are being utilized at 
the author’s institution for patients to have remote visits for management of SDB.

Sleep medicine can effectively use CVT as a significant portion of the diagnosis 
is clear from the history and physical examination, which can readily be carried out 
with a tele-stethoscope and a mobile camera at the originating site [3]. At the 
author’s institution, patients present to Community-Based Outpatient Clinics 
(CBOC) that are distributed across the state. Patients are assisted by a patient ser-
vices assistant (PSA) during the telehealth Sleep Medicine visit that is carried out 
remotely by the sleep physician based at the Portland VAMC. Patients have been 
receptive to the idea of sleep telehealth visits as reflected in survey studies by Bros 
and Kelly [11, 12]. In these two survey studies, 60–78% of individuals had a favor-
able response to telemonitoring of CPAP compliance suggesting that the idea of 
telemonitoring is acceptable to patients. A similar structure has been studied by 
VAMCs in Kansas City, Houston, and Philadelphia [7, 18, 19]. In all cases, the out-
comes were similar between TM and in-person visits. In the study by Fields et al. 
dropout rates, CPAP adherence rates, and patient outcomes were similar between 
in-person and telemedicine visits at 3 months [7]. The study by Spaulding et al. 
showed that using telemedicine and intraoral camera, patient experience was very 
similar with telemedicine visits as an in-person visits (18).This approach has also 
been shown to work internationally in two published clinical trials from Spain [5, 
20]. The studies evaluated both diagnosis of sleep apnea using HSAT as well as PAP 
delivery and compliance ensure that outcomes were similar in both in-person as 
well as telemedicine setting. In a recent study from Japan, telemedicine support for 
CPAP compliance, with monthly telemedicine follow-up and three monthly in- 
person visits improved adherence to CPAP from 45.8 ± 18.2% to 57.3 ± 24.4% [21]. 
This difference was statistically significant and similar to monthly in-person visits.

Based on the collective experiences of VAMCs as well as AASM guidelines [3], 
we recommend that institutions and centers focus on the following six steps to 
develop a sleep TM program:

 1. Obtain buy-in from patients and providers regarding patient origination site and 
thus where patients would present for the remote visits for physician evaluation.

 2. Budgeting and planning for remote personnel, CVT equipment, HSAT, and PAP 
supplies to meet payer standards (e.g., Medicare, Medicaid, and others).

 3. Training of remote-site personnel for evaluation of patients, HSAT setup, PAP 
data download, and troubleshooting of devices.

 4. Setting up robust telecommunications portal with appropriate bandwidth and 
backup systems including use of electronic health records at the originating and 
distant sites.

 5. Procedures for management of inventory, HSAT equipment, and PAP supplies at 
the remote site.

 6. Following up with remote site personnel and patients to evaluate satisfaction and 
to solve issues on a regular basis.
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At our institution, providers perform key elements of sleep-relevant medical his-
tory as if it was an in-person visit and sleep diagnostics are performed in accordance 
with standards, clinical practice guidelines, and practice parameters established by 
AASM.  PSAs work as patient presenters, facilitating communication between 
patients at the originating site and providers at the distant site. Primary care provid-
ers at the CBOCs, which act as the originating sites, help with patient evaluations 
and trained personnel help with PAP data download.

 Home Sleep Testing for SDB

Home sleep apnea testing (HSAT) monitors are type three devices, which include at 
least four channels and must include at least two channels of respiratory movement 
or respiratory movement and airflow, one channel for heart rate or ECG, and one for 
oxygen saturation [22]. Electroencephalogram signals are usually not monitored, 
and hence sleep is not recorded. HSAT utilizes total recording time to generate a 
respiratory event index (REI) as opposed to traditional polysomnography, which 
uses total sleep time to generate an apnea-hypopnea index (AHI). For this reason, 
HSAT can have a high false-negative rate of up to 17% of patients for the detection 
of sleep apnea. Hence, high-risk individuals with a negative HSAT result should be 
followed up by an in-laboratory polysomnogram to definitely evaluate them for 
sleep apnea [23].

The American Academy of Sleep Medicine has recommended that HSAT should 
only be performed in conjunction with a comprehensive sleep evaluation, which in 
turn, should be performed by a board-certified sleep physician or a physician who 
has met the eligibility criteria for board certification in sleep medicine [23]. The 
indications and contraindications for HSAT are listed in Table 10.1.

Table 10.1 Indications and contraindications for home sleep apnea testing

Indications Contraindications

High pretest probability of moderate to severe OSA Not appropriate for screening of 
asymptomatic populations

Diagnoses of OSA in patients where a laboratory 
polysomnography is not possible

Presence of significant comorbidities:
Moderate to severe pulmonary disease
Neuromuscular disease
Congestive heart failure

Monitor the response to non-CPAP treatment for 
OSA
Oral appliances
Upper airway surgery
Weight loss

Presence of other sleep disorders:
Central sleep apnea
Periodic limb movement disorder
Insomnia
Parasomnia
Circadian rhythm disorders
Narcolepsy

Abbreviations: OSA obstructive sleep apnea, CPAP continuous positive airway pressure
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A home-based approach for the diagnosis of SDB is an attractive concept as it 
can help to expedite diagnosis and treatment of populations with limited access to 
healthcare. The challenge of such an approach is ensuring acquisition of high qual-
ity data and adequate data transmission for interpretation by the treating provider. 
During a 24-month period, respiratory polygraphy (RP) was performed in 499 
patients in 4 satellite outpatient clinics of a Buenos Aires hospital [24]. Four percent 
of the recordings were considered invalid and RP had to be repeated. Mild, moder-
ate, and severe obstructive sleep apnea (OSA) was diagnosed in 33.5%, 22%, and 
17.2% of the subjects, respectively. In this study, home-based testing for OSA with 
remote data transmission, manual scoring of data and clinical decision-making by 
pulmonologists, was found to be a reasonable strategy for the evaluation of sus-
pected OSA in a high-risk population without significant comorbidities.

This underlines the importance of performing HSAT only in individuals with a 
moderate to high pre-test probability of OSA [25] without significant 
comorbidities.

 Remote Follow-Up of Patients with SDB

PAP is highly efficacious for SDB treatment, but difficulty with adherence has lim-
ited its overall effectiveness [26–28]. A combination of PAP telemonitoring with 
automated feedback messaging improved 90-day compliance with PAP for SDB in 
a large 4 arm, randomized, factorial design clinical trial of 1455 patients in a large 
managed-care system [10]. The TM-based education when done alone improved 
clinic attendance but did not significantly change continuous positive airway pres-
sure (CPAP) adherence [10].

Other studies have shown increased PAP adherence and associated improvement 
in patient outcomes with a TM-based approach [29, 30]. In a study from the Spanish 
Sleep Network, a TM-based strategy for the follow-up of patients on PAP treatment 
for SDB has been shown to be of comparable efficacy as standard hospital/clinic- 
based care for symptom improvement, PAP compliance, and to have comparable 
side effects and satisfaction rates [5]. In a study of TM-based management of OSA 
with HSAT, tele-medicine consultation, and auto-CPAP, patients in the TM group 
had similar outcomes with improved adherence to PAP as in the conventional con-
sultation group [20]. Similarly, among CPAP-non-adherent patients, a nurse-led 
telehealth intervention demonstrated improvement in PAP adherence [30]. Studies 
at several VAMCs have also shown equal effectiveness of TM-based versus in- 
person programs for follow-up of patients with SDB and management of PAP ther-
apy [4, 7]. These data suggest that a TM-based management program for SDB and 
PAP follow-up is a feasible and cost-effective approach with similar outcomes to 
conventional clinic follow-up programs.

The authors will provide here an outline of the program that is currently being used 
for patient evaluation and management at one of our institutions (Fig. 10.1). At the 
authors’ institution, an electronic consult (e-consult) is placed by primary care 
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providers, which includes pertinent history and STOP-BANG questionnaire [31]. 
STOP-BANG questionnaire is a validated and widely used instrument for screening 
for OSA [32]. The sleep provider reviews the e-consult and patients who meet AASM 
criteria for HSAT [23] undergo HSAT at the Community Based Outreach Clinic. HSAT 
data are reviewed and if the patient has OSA and meets criteria, then the patient is 
provided with an Auto-CPAP set between 5 and 20 cm H2O. Data are downloaded 
remotely by a sleep technologist at 9 days and 30 days, and at each time point, the 
patient has a remote phone call with the technologist to troubleshoot CPAP issues. 

e-Consultby Primary Care provider including history & STOP-BANG

Chart review by Sleep Provider

Low pre-test probability for OSA
or sleep disorder other than OSA

Confirmed OSAbased on prior
PSG /HSAT

High pre-test probability for OSA 

PAP prescription based on
PSG or Auto-CPAP 5-20 cm

HSAT at CBOC /
Sleep Center if
AASM Criteria for
HSAT met

In-lab PSG 

Negative HSAT

Confirmed sleep apnea

In-Person Visit to Sleep Center

Diagnostic or treatment intervention based on visit 

CPAP clinic apt at
CBOC / Sleep Ctr

Remote compliance
download 

Patient phone call at Day 9
by sleep technologist with
trouble shooting

Poor compliance / persistent
symptoms  

Fig. 10.1 Suggested algorithm for the management of patients with SDB incorporating a 
TM-based approach. Abbreviations: OSA obstructive sleep apnea, PSG polysomnography, HSAT 
home sleep apnea testing, CBOC Community-Based Outpatient Clinics, AASM American 
Academy of Sleep Medicine, CPAP continuous positive airway pressure
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Education about CPAP compliance is also provided. Patients with low pretest proba-
bility for OSA, those with symptoms of OSA and negative HSAT or in lab polysom-
nography or those who have poor CPAP compliance or persistent symptoms are 
provided an in-person visit to the sleep center. This approach has been studied in vari-
ous settings and found to be as effective as the traditional care model [4, 5, 7, 19, 25].

 Conclusion

Telemedicine has great utility in an era when OSA is becoming a very prevalent 
health concern and access to specialty expertise is limited due to a shortage of 
board-certified sleep physicians. TM in general, is well accepted by patients and can 
be used successfully in a large number of patients without significant comorbidities. 
It provides a more personalized approach to the management of OSA for each indi-
vidual patient. Given the advantages of a TM-based approach, we expect it to 
assume a bigger role in the management of patients with OSA over time. 
Reimbursement for TM in the United States is gradually improving, which would 
lead to increased use of TM over time.

 Future Directions

Current use of TM in sleep medicine is limited. There is tremendous potential to 
increase the use of TM in the management of SDB, given the cost-effectiveness, 
access to timely care, and improvement in PAP compliance seen with this approach. 
TM can help to facilitate long-term follow-up of patients with OSA who are on PAP 
devices. It can be used to provide one-on-one counseling to patients remotely, trou-
ble shoot problems with PAP devices, and follow up the efficacy of PAP devices in 
OSA patients remotely. Other areas of development include use of smart phone 
applications for management of OSA. Evolving technology will further facilitate 
the role of TM in the diagnosis and management of SDB.
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Chapter 11
Telemedicine in the Practice of Emergency 
Medicine: Telemergency

Richard L. Summers, Sarah A. Sterling, and Danielle K. Block

 Introduction

Rapid communication and consultation with advanced clinical specialists at the 
time of a medical emergency can potentially mean the difference between life and 
death. Telemedicine offers the promise of immediate connectivity to board-certified 
emergency physicians and other specialists in these acute circumstances. However, 
unlike other areas of telemedicine that focus on one type of specialty or medical 
condition, the broad nature of the practice of telemergency in the evaluation of the 
undifferentiated patient requires greater flexibility in engagement and has added 
challenges of timing and logistics. However, the growing volume of patients served 
and the great disparity in emergency care in many communities in the United States 
suggest that the use of telemedicine in the emergency department (ED) also presents 
a major opportunity for an impact on outcomes in the management of time-sensi-
tive events.

 What Is Telemergency?

A medical emergency is defined as an acute condition that without immediate inter-
vention would result in the loss of life, limb, or a permanent disability. Almost every 
medical discipline from cardiology to dermatology has clinical scenarios in which 
such emergent interventions are required in a time-sensitive framework. While 
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emergency physicians are trained to recognize and stabilize most common emer-
gency conditions, specialists with advanced expertise are sometimes required to 
provide additional definitive care (e.g., cesarean delivery for an acute placenta 
abruption). While the resources and spectrum of specialties that are available at 
most large urban EDs allow for the state-of-the-art management of most emergency 
conditions, the lack of such means in rural and smaller community hospitals pres-
ents a significant challenge when they are presented with acute medical conditions 
[1]. Telemergency is a process in which the disparities in expertise typically found 
in smaller hospital EDs can be ameliorated through the use of telemedicine tech-
nologies, a team of trained and supported advanced practice providers, and robust 
clinical resources at a “hub” site responsible for provision of telemergency [2]. The 
recommended general components, structure, and process of practice for such a 
telemergency system is outlined in Text Box 11.1 and based on more than 15 years 
of experience at the University of Mississippi Medical Center (UMMC).

Text Box 11.1 Telemergency Medicine Standards and Guidelines
A physician practicing telemergency in a Level I or Level II Trauma Center 
and functioning in a collaborative/consultative role shall observe the follow-
ing protocols and standards:
• Emergency medicine physicians –the emergency medicine physician prac-

ticing telemergency medicine and functioning in a collaborative/consulta-
tive role should be board-certified in emergency medicine

• Hub site emergency medicine physician staffing – the emergency depart-
ment of the level i or level ii trauma center (the “hub site”) shall be continu-
ally staffed, 24 hours a day, 7 days a week, with board- certified emergency 
medicine physician(s). The telemergency program shall have a medical 
director who is board-certified in emergency medicine and shall serve as 
the director of the advanced practice provider training program.

• Hub site availability of specialists — the emergency medicine physician 
shall have access to the on-site specialists who are normally available at a 
level i trauma center. These specialists shall include, but not be limited to: 
neonatologists, pediatric intensivists, obstetricians, and trauma sur-
geons. They should be available for a consult within 30 minutes.

• It staff  – the hub site shall be supported by information technology (it) 
specialists who are available to proactively monitor, address, and resolve 
technical issues at both the hub site and distant sites. Prior to the initiation 
of telemergency medicine, the medical director of the telemergency pro-
gram shall review and approve a plan for prompt it responses to technology 
issues and problems. Any page shall be answered in less than 10 minutes 
and unless there is a network outage, the problem shall be resolved in less 
than 4 hours.

• Telestroke services – the hub site shall be staffed with emergency medicine 
physicians who meet the requirement stated above, and who are able and 
willing to assess for and recommend time-critical medications (e.g., 
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 Why Is There a Need for Telemedicine 
in Emergency Medicine?

According to the US Centers for Disease Control (CDC), there are approximately 
136 million ED visits in the United States each year [3]. Of these visits almost 40 
million are injury related (29%). Additionally, more than 12 million (9%) of the 
overall patients are hospitalized for protracted management, and of these, 1.5 mil-
lion are admitted to intensive care units (ICUs). Around 2.2% of patient visits result 
in a transfer to a hospital with higher levels of care. Most of these transfers are from 
rural and smaller community hospitals.

To provide further context, an analysis of healthcare workforce needs reported 
that 20% of the US population resides in a rural setting, while only 9% of the physi-
cian workforce lives and works in these same areas and a majority of these are pri-
mary care practitioners [4]. For emergency care, Carr et al. found that living in a 
rural area is “a key variable in access to ED care,” and noted profound association 
between rurality and overall access to emergent care [5]. Nationally it has been 
noted that the demand for board-certified emergency medicine (EM) trained 

Thrombolysis) when appropriate.  Additionally, the hub site shall have 
immediate availability of stroke specialists.

• Transportation resources – the hub site shall maintain adequate resources 
to transport a patient from any distant site to the hub site within 60 min-
utes, or to transport an emergency medicine physician to the patient, if 
necessary.

• It hardware/software  – the telemergency technology shall include tele-
health equipment with high resolution capability, far end camera control 
and peripheral devices (stethoscope, otoscope, dermascope). Internet 
bandwidth shall be sufficient to have a seamless audio/video experience.

• Training program for advanced practice providers – the medical director at 
the hub site or the physician who serves as chief quality officer at the level 
i or level ii trauma center shall review and approve a formal training pro-
gram for advanced practice providers who staff the distant partner 
sites. This will be a formalized course of training specific to the practice of 
telemergency medicine that includes simulation, skills and practical train-
ing, didactic training, and hands-on practical rotations at the hub 
site. Additionally, the training program will include an annual skills assess-
ment of advanced practice providers for clinical procedures (suturing, intu-
bation, chest tube placement, etc.)

• Continuous quality improvement – the hub site shall monitor and regularly 
analyze data to ensure continuous quality improvement and consistent out-
comes in telemergency medicine.
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physicians significantly exceeds the available supply [6]. So, as is the case with 
other specialists, rural hospitals struggle to recruit EM-trained physicians, with a 
large portion of ED care being provided by physicians trained in other specialties [7, 
8]. In fact, the likelihood of receiving care from a board-certified emergency physi-
cian decreases fivefold as rurality increases [7, 8].

This is important because it has been demonstrated that both quality and timeli-
ness of care with critical interventions is best achieved when emergency care is 
administered by EM board-certified physicians as compared to non-EM physicians 
[9–11]. The importance of this rural disparity is amplified when considering the 
numerous research studies that suggest that timely appropriate medical interven-
tions are the critical determinant of outcomes in many emergent conditions such as 
ST-elevation myocardial infarctions (STEMI), traumatic shock, and acute ischemic 
stroke [12, 13]. Telemedicine support for non-specialist emergency providers prac-
ticing in rural and small community hospitals has been considered one potential 
pathway to improving the quality of emergency care in rural and underserved set-
tings [2, 11].

 History of Telemergency

The Telemergency Program at UMMC began as a pilot project with 3 hospitals in 
October 2003 [14]. The program was initially started with the assistance of pri-
vate foundation funding acquired by Richard L. Summers, MD, and was concep-
tualized and organized by Robert L.  Galli, MD, and Kristi Henderson, DNP, 
NP-BC [2, 14]. The program was born from a consensus within the UMMC 
Department of Emergency Medicine that there was a serious need to improve 
emergency care in Mississippi. At that time, UMMC frequently received poorly 
managed trauma and critical patients in transfer to our tertiary care ED from criti-
cal access hospitals in small rural communities where there were no physicians 
available with emergency expertise. Often these EDs were covered by local phy-
sicians who were also actively practicing in their clinics or they were being sup-
ported by nurse practitioners with a family medicine orientation. Recruiting 
board-certified EM physicians to cover these small EDs was financially unfeasi-
ble, but closure of these hospitals would place enormous burdens on their com-
munities and require hours of travel to find the first available hospital for 
emergency services in already underserved population. Many other states con-
front similar issues.

We developed a strategy that combines EM-trained advanced practice providers 
and telemedicine connections to provide EM expertise to these struggling medical 
communities. Since 2003 the UMMC telemergency program has grown to include 
17 rural hospital EDs and has serviced more than 600,000 patients in that 15-year 
period. With this system, we have assisted in leading cardiac resuscitations, deliv-
ering babies, and many other forms of acute care management in real time [11]. 
From this platform, we have launched air transport from the telemedicine 
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consultation room for emergency transports and sent an emergency physician to 
distant sites in a time of disaster. We also support telemedicine sites on oil rigs in 
the Gulf of Mexico for emergent consultations. Since this initial program, similar 
successful models for telemergency have developed in other locations throughout 
the United States.

 State of the Practice of Telemergency

 The Telemergency Practice Model

A telemergency system functions as a virtual ED on a 24/7 basis with a board- 
certified EM physician stationed in the telemedicine operations center ready to 
answer all incoming requests [2]. Experience has taught us that the operations 
center should be contiguous with the Hub’s ED to best allow for the utilization of 
additional resources and expertise when needed. Emergency consultations are 
typically available for any patient who arrives at one of the partner sites as deter-
mined by the provider at that location. However, minor conditions often do not 
require consultation and can be handled locally. A mutually acceptable protocol 
with consulting criteria can help guide this decision-making with a requirement 
for engagement with the telemergency consulting service for all higher acuity 
patients [15]. Such a triaged practice allows for the telemergency system to 
accommodate multiple EDs at the same time, while oversight is provided through 
consultation with an EM specialist. Ancillary technical and information technol-
ogy (IT) support is also required 24/7 for a successful program. Access to the local 
electronic health record, electrocardiography, and radiology platforms are all 
important pieces of a telemergency program as this broader information is often 
needed for the consultation. Any prospective model of telemergency should be 
compliant with state laws and consistent with the policies of the state board of 
medical licensure. An example of standards that are commonly utilized is included 
at the end of this chapter.

 Role for the Advanced Practice Provider

While telemergency consultation services can be provided to any ED that is not 
staffed with an EM physician, it is often found that supporting a qualified advanced 
practice provider offers the best utilization of resources in small rural communities 
with few emergency visits [16]. It has been our experience that a program that pro-
vides some specialty training in emergency skills such as intubations and chest tube 
placements enables confidence and integrity for the system. The scope of practice 
determined for these providers should be in agreement with the state’s medical 
licensure boards for medicine and nursing.

11 Telemedicine in the Practice of Emergency Medicine: Telemergency



166

 Criteria for Telemergency Consultation

It is important to establish workflows and specific criteria for consultation in any tele-
medicine system. The criteria currently used in our telemergency program at UMMC 
were developed over years of experience [2, 14, 16]. Initially, all patients were required 
to be treated and evaluated by both the advanced practice provider and the collaborat-
ing consultant EM physician through telemedicine. However, the experience of the 
program was that this comprehensive process was unwieldy in the evaluation of non-
urgent patients and increased the wait time for minor complaints. We created a set of 
guidelines to identify specific patients whom the advanced practice providers could 
assess and treat primarily, as well as those patients requiring immediate consultation 
and transfer. These detailed guidelines are provided in Tables 11.1, 11.2, and 11.3 and 
are divided into 3 categories: (1) does not require consultation, (2) does require consul-
tation, and (3) does require consultation and probable transfer. These categories are 
based on decision points of emergencies needing advanced expertise and also the 
potential need for transfer. While these guidelines serve as a baseline for telemergency 
consultation, they may not precisely cover every situation and clinical venue. Further 
research is needed to assess the risks and benefits of such guidelines and their imple-
mentation as well as potential adaptations to meet needs in other clinical contexts.

 Telemedicine Equipment

Telemedicine equipment mounted on a mobile cart allows for two-way audio and visual 
communication between the patient or distant provider and the EM physician in the 
ED-based operations center. The technology allows for a remote, yet thorough exam 
including peripheral devices that enable the ability to auscultate the heart and lungs, and 
to examine the inner ear, nose, and skin. Technology can be utilized to complete any 
portion of the exams as if in-person except for those involving smell and touch. There 
are also mechanisms in place for the electronic downloading and surveillance of radio-
graphic images, laboratory data, and electrocardiograms from the distant site.

 Telemergency Business Models

The need for sustainable business models is pervasive in telehealth. For telemer-
gency, there are two common business models that can achieve this goal: contrac-
tual services or fee-for-service. Presently, the simplest approach is to provide the 
service under a contractual arrangement with the hospital receiving telemergency 
services. Such an agreement could provide for a prespecified fee assessed for each 
documented tele-encounter or be a global charge for coverage on an hourly/daily/
monthly basis. In our experience, a global charge approach is preferable since it 
empowers rural providers to have a low threshold for requesting a consult and 
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Table 11.1 Conditions that do not require telemergency consultation

Abdominal pain: stable vitals, no significant physical examination findings, age < 50 years
Allergic reactions not associated with shortness of breath, wheezing, or hypotension
Animal bites not involving the hand or face
Cerumen removal
Chronic peripheral vascular disease
Conjunctivitis
Constipation/diarrhea
Contact dermatitis
Dental pain
Dizziness: vital signs stable, no significant physical examination findings, age < 50 years
Fatigue without associated symptoms
Follow-up wound check, cast check, or suture removal
Foreign body removal (uncomplicated and not involving the eye)
Gastritis: suspected food poisoning, no associated dehydration with limited duration
Gynecologic disorders: vaginitis, insignificant abnormalities in menstruation, cramps
Hemorrhoids
Hypertension that is asymptomatic and accompanied by a diastolic pressure < 120 mm Hg
Incision and drainage of simple abscess not involving rectal area
Intravenous hydration/antibiotics >8 years old
Low back pain that is chronic and not associated with neurologic findings
Migraines: typical migraine, stable vital signs, afebrile, normal examination, no trauma
Minor burns
Minor eye injury: corneal abrasion
Minor lacerations or abrasions
Nausea/vomiting
Otitis media, otitis externa, ear pain >3 months old
Pharyngitis: no sign of abscess or airway compromise
Pregnancy without bleeding, pain
Prescription refills: non-narcotic or controlled substance until next business day
Puncture wounds not requiring exploration
Sexually transmitted diseases, excluding pelvic inflammatory disease
Skin rashes, pruritus
Sprains/strains
Swollen lymph nodes
Uncomplicated hepatitis or exposure to hepatitis
Upper respiratory infection, congestion, cough, flu
Urinary tract infections >6 months old
Work releases
Wound care
Any of the above conditions with the presence of a complex medical history or at the discretion 
of the nurse practitioner may require consultation.
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Table 11.2 Conditions that require telemergency consultation

Abdominal pain: all patients with acute pain or >50 years old
Abnormal vital signs: SBP < 100 or >180 mm Hg, pulse rate <50 or >110 bpm, RR > 24 bpm, 
temperature >101.5 °F
Age <1 or >75 years (all patients)
Alcohol or drug withdrawals
Allergic reaction with shortness of breath, wheezing, or hypotension
Arrhythmias
Bleeding: significant bleeding from any orifice
Burns: any 3°; 2° >10% BSA; burns to face, hands, feet, perineum, electrical or inhalation
Chest pain: all patients
Coma or change in mental status
Complicated lacerations
Drug overdose
Fever, <6 months old
Fever and toxic appearance or of unknown origin, < 1 year old
Foreign body of the eye
Fractures with vascular impairment or displacement
Significant head trauma
Headache associated with neurologic findings, fever, or meningeal signs
Hypothermia, temperature <35 °C (95 °F); hyperthermia, temperature >40.5 °C (105 °F)
Hypertension: diastolic blood pressure of >120 mm Hg
Intravenous hydration/antibiotics in children <8 years old
Neurologic deficits
Severe pain management
Patient with complex medical history
Pelvic inflammatory disease
Postoperative-related problems
Postpartum pelvic pain
Pregnancy complications (i.e., abdominal pain, bleeding, fever)
Psychiatric patients with abnormal findings
Puncture wounds requiring exploration
Seizures
Shock
Shortness of breath
Sickle cell crisis
Testicular pain
Upper abdominal pain not clearly of gastrointestinal origin (possible cardiac)
Urinary tract infection/dysuria/hematuria in children <4 months old
Vaginal bleeding: saturation of full-size pad 1 or more per 2 hour
Any symptom that the provider is concerned about requires consultation
Any patient with the following laboratory tests ordered requires consultation:
EKG, computed tomography scan, cardiac enzymes, lumbar puncture, cervical-spine X-rays.

SBP systolic blood pressure, bpm beats per minute, BSA body surface area, EKG electrocardiogram
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mitigates the risk of missing patients who might benefit from telemergency consul-
tation. The global model is also consistent with numerous medical professional con-
tracts for conventional care in which the consultant is paid for “on call” time, thus 
ensuring availability even without utilization.

As healthcare systems grow and evolve, telehealth has become increasingly 
mainstream. Thus, third-party payers often reimburse for telehealth services, albeit 
with substantial variation at the state level and across commercial insurers. An 
important future direction is educating third-party payers with regard to the poten-
tial improvements in quality and cost associated with a telemergency program. 
Research regarding the changes in ED length of stay, tests ordered, transfers to other 
facilities, and general outcomes resulting from telemergency consultations will be 
important in providing evidence to obtain third-party payers’ support.

 Specific Clinical Scenarios and Telemergency

While telemergency services are intended to be broad and encompass all potential 
emergent conditions, there are at least four clinical contexts in emergency care that 
warrant further consideration. Sometimes an area of specialty expertise is needed 
that is beyond the typical scope of the consulting EM physician. Layering these 
specialty services on the backbone of a robust telemergency system is a practical 
solution to optimize certain specialty consults.

 Telestroke

Treatment with thrombolytic therapy for the treatment of nonhemorrhagic acute 
stroke events substantially improves patient outcomes, and thus this emergency prac-
tice is standard of care in neurology. However, a national shortage of neurologists 

Table 11.3 Conditions that require telemergency consultation and probable transfer

Acute head injury
Advanced airway management: intubation
All resuscitations
Burn management
Dizziness with unstable vital signs
Multisystem trauma evaluation and resuscitation
Serious or complex medical emergencies (i.e., DKA)
Shock of any cause
Transfer of these patients should not be delayed because of the telemedicine consultation, but 
these consults should be used for the stabilization of these patients. Definitive treatment of 
these patients should not occur in the outlying emergency departments. Referral should be 
made to the closest appropriate facility capable of providing the services needed.

DKA diabetic ketoacidosis
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has placed a strain on the stroke specialists providing oversight for this evaluation 
and treatment on a 24/7 basis. Since most acute stroke patients first present to an ED, 
there is a compounded burden placed on facilities where neurologists are not readily 
available to provide for management oversight. Telestroke programs in which a neu-
rologist can remotely consult with underserved EDs through telemedicine technolo-
gies have become a mainstream solution [17]. However, the stroke neurology 
workforce is quickly becoming overwhelmed with the variety of potential stroke 
candidates and stroke mimics that are identified by the nonemergency personnel for 
neurology consultation in the rural and small community hospitals. A hybrid system 
integrates telestroke services on the backbone of an established telemergency pro-
gram in which EM physician specialists first triage the patients from the perspective 
of an undifferentiated emergency and then connect the partner site to a stroke spe-
cialist video-conferenced into the telemedicine consultation when appropriate [18].

 Telepsychiatry

Mental health services are currently in great demand throughout the United States. 
Because of inadequate access to mental health services, many mentally ill patients 
seek care in EDs. Telepsychiatry expertise in the assessment of these patients before 
transfer to an acute care setting can greatly facilitate the disposition of these patients 
and significantly reduce overutilization of acute care systems. Therefore, telepsy-
chiatry is becoming one of the most important aspects of a telemergency system. 
While the telemergency specialists can provide for a triage with metabolic and toxi-
cology screening for these patients, the system that has access to further input by 
psychiatric specialists has significant advantages for initial mental health stabiliza-
tion and triage decision making among this vulnerable patient population.

 Teletrauma

It is usually considered that rural communities experience proportionately similar 
amounts of trauma as urban centers though the types of trauma may differ. However, 
because the populations of these communities are so small, the total number of 
trauma patients coming to rural EDs is much less than that seen in urban centers 
[19]. As with any area of medical practice, a reduced number of overall trauma 
encounters limits the experience of these ED personnel in dealing with certain types 
of severe injuries. It is thought that a telemedicine-assisted evaluation of trauma 
patients provides for a more comprehensive assessment and management of these 
patients and facilitates early transfers [13]. This is particularly important for the 
most severely injured patients with time-sensitive conditions requiring surgical and/
or specialty interventions.

R. L. Summers et al.



171

The implementation of telemergency services in rural EDs in Mississippi was 
found by Duchesne et al. to improve the initial trauma evaluation and provide for 
more rapid transfer of severely injured patients to the trauma center [13]. This 
resulted in a significant overall reduction in mortality. Total hospital costs and 
lengths of stay were also reduced in this process. An analysis of trauma registry 
patients in North Dakota demonstrated decreases in length of ED stay for trans-
ferred trauma patients, with an implication of improved evaluations for those 
patients who were not transferred. However, this analysis noted that there was not 
an overall decrease in the transfer rate for trauma patients from the rural hospitals in 
which telemedicine was being utilized. This is not unexpected as it is usually the 
most severely injured patients who are transferred regardless of the capacity for 
evaluation by the local ED and due to lack of available advanced specialty services 
such as orthopedics or plastic surgery in rural settings. Perhaps the greatest benefit 
of connectivity to a telemergency system for trauma and other time-sensitive condi-
tions is that if helicopter or other transfer transport is required, there is more imme-
diate access to the Level I facility for acceptance of the patient and making the 
transfer arrangement.

 Critical Care Support Through Telemedicine

Timely, quality care in life-threatening conditions is particularly challenging in 
rural areas due to the lack of specialty services and advanced experience in manag-
ing critical illness (Sterling SA. Critical Care Utilization in TelEmergency. Society 
of Academic Emergency Medicine abstract: in submission.) This consideration has 
been a major driver for the adoption of telemergency services among rural hospitals. 
A standardized approach to guiding any engagement with specialists through tele-
mergency (as outlined in Tables 11.1, 11.2, and 11.3) is important to providing safe 
quality care.

In a recent analysis of 3946 consults in a mature telemergency program, 13.5% 
of the consults had ≥1 critical care diagnoses [20]. The top four critical care diag-
noses were as follows: significant traumatic injury (16.9%), cardiopulmonary arrest 
(CPA 15.8%), myocardial infarction (15.6%), and cerebrovascular accident (10.9%). 
An inter-hospital occurred for 79.3% of the telemergency consults, with the out-
come of death in the ED in 12.6% of the cases. Transfer hospital data show a median 
transfer distance of 62.3 miles with an estimated transfer time of 60 minutes by 
ground transport. These data support the implicit need for telemergency services 
among rural hospitals.

With regard to CPA specifically, a recent report by Summers et  al. compared 
survival between urban patients with CPA managed via standard ED code teams and 
those in rural hospitals managed via telemedicine, and found no statistically signifi-
cant difference between the groups. Of the 459 urban patient records examined, 114 
patients survived (24.8%) CPA as compared to the 8 of 39 total rural patients 
(20.5%) [21]. These findings suggest that resuscitation guided by telemedicine 
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consultation with emergency specialists can achieve survival rates among rural 
patients with CPA comparable to those of urban hospitals. Thus, narrowing the gap 
between the level of care found in rural and urban hospitals should be a major goal 
of any telemergency program.

 EMS and Telemedicine

There are a variety of innovative possibilities for using telemedicine technologies in 
the prehospital setting [22]. As concerns for early differentiation, emergent treat-
ment and appropriate routing of patients become more important for conditions 
such as stroke and trauma, a deeper engagement of EMS personnel with emergency 
experts will be important. In rural settings, the transport of critical individuals to 
advanced care centers may take longer than the typical “golden hour” considered 
for these patients [23]. Audiovisual and other electronic connectivity of telemer-
gency support services to ambulances may provide life-saving decision support.

 Epidemics, Bioterrorism, and Disaster Telemedicine

Emergent public health epidemics and bioterrorism attacks may first appear as sen-
tinel events in the ED environments. Syndromic biosurveillance attached to tele-
mergency services can provide a means for the early detection and response to these 
events [24]. In times of a major disaster, it is also often difficult to provide timely 
specialty expertise to the scene of the event [25]. Telemergency support has already 
been found to be useful in our program during disaster circumstances such as post- 
natural disaster medical support (e.g., hurricane and tornado) and during a Gulf of 
Mexico oil spill disaster. We may also see the future implementation of drone and 
GPS technologies in prehospital settings to support the response to telemergency 
disaster management.

 Future of Telemergency

The future of telemedicine in general is one of rapid growth and dramatic changes 
in the landscape of healthcare enabled by significant advances in technology. There 
are many possibilities surrounding augmented reality instruments, remote- controlled 
robots, drones, and numerous other emerging technologies. Augmented reality is the 
use of computer-generated perceptual information in an immersive interactive expe-
rience in order to enhance the conditions and components of the real-world environ-
ment. The interactions can occur across multiple sensory modalities and could 
include visual, auditory, haptic, somatosensory, and olfactory experiences. Since a 
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large part of the practice of medicine includes the skill of the physical examination, 
platforms that augment the telemedicine experience can provide valuable additional 
sensory information regarding the patient’s condition to the teleprovider. For 
instance, if the emergency physician or surgeon providing the telemergency service 
can virtually palpate the abdomen through augmented technology to determine the 
characteristics of relative rigidity and tenderness, this may enable better manage-
ment decisions and resultant impacts on triage decisions and related outcomes. 
Augmented reality technologies are rapidly being developed for military and enter-
tainment uses. There is an expectation that they will also find uses in the practice of 
telemedicine. Since medical emergencies require time-sensitive decision- making, 
these innovations may find their greatest impact in the arena of telemergency.

 Research in Telemergency

Telemedicine will likely be key to the survival of the rural and small community 
practice of EM. While we can make intuitive conclusions concerning the impact of 
these changes on patient outcomes, objective research will be critically important to 
validate the methods and practice of telemedicine. The two greatest challenges to 
doing robust outcomes-based research in telemergency are the episodic nature of 
the ED patient-physician relationship and the problems associated with complete 
data capture for the encounter across two distinct and distant locations [26]. The 
nearly ubiquitous utilization of electronic health records and the development of 
statewide health information exchange networks will greatly facilitate patient 
encounter data capture in the future.

 Operational Metrics

Additional evidence supporting the value of the practice of telemergency on ED and 
hospital operational metrics continues to emerge. An analysis of data from our tele-
mergency systems has demonstrated significant 20.1% increase in inpatient admis-
sions locally at the rural facility and a 10.9% increase in appropriate patient transfers 
to a hospital with a higher level of care or specialty care unavailable at the rural 
hospital [11, 27]. The median change in death prevalence rates decreased 3.7% 
(p = 0.88), and there was a significant decrease in the prevalence rate of those who 
left without treatment (LWT) or left against medical advice (AMA) after a telemer-
gency program implementation.

An evaluation of the routine use of the telemedicine system revealed that more 
than 54% of the rural providers used the telemedicine system for an audio/visual 
consultation every shift and more than 91% collaborated with the telemergency 
physician multiple times during their shift. This constant physician availability 
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through telemedicine increased the frequency of consultations by 86.4% during the 
evaluation period. The nurse practitioners were comfortable with the use of the 
equipment (100%), and all were satisfied or very satisfied with the telemergency 
program. Operational and satisfaction metrics are important for the continued sup-
port of telemergency programs and should be routinely tracked.

 Teleconsenting

The ED is often a point of recruitment for clinical research studies [28]. 
Teleconsenting allows a researcher to remotely video conference with a potential 
study participant and guide them through the informed consent document, going 
step-by-step until all required documentation is complete. Although teleconsenting 
is not meant to be used as the sole mode of enrollment for studies, it is a useful tool 
in a clinical researcher’s recruitment arsenal, and can help overcome difficulties in 
meeting study number enrollment and diversity goals, particularly in rare disease 
cohorts. With the advent of new technology including free, secure sites such as 
doxy.me and the vast majority of US adults (77%) now owning smartphones, tele-
consenting can take place in some of the most geographically remote locations such 
as rural EDs, saving researchers’ time, decreasing study costs, and bringing forth 
valuable scientific developments more rapidly. Randomized, controlled trials show 
that participants are just as satisfied, in some cases more so, with the experience of 
teleconsenting, and have practically identical levels of research consent comprehen-
sion compared to standard face-to-face consenting [28, 29]. Teleconsenting will 
help advance research by increasing the potential reach of researchers without 
increasing costs, thereby aiding in recruitment and increasing inclusivity, diversity, 
and study power, while conserving regulatory requirements and participant satisfac-
tion and comprehension.
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Chapter 12
Tele-ICU Programs

Daniel M. Hynes, Isabelle Kopec, and Nandita R. Nadig

 Introduction

The changing demographics of the population in the United States are creating new 
challenges for healthcare providers. Americans are living longer with more compli-
cated medical comorbidities [1, 2]. This, along with increased emphasis to deliver 
effective, expert-level care, has increased the need for critical care services [1, 3]. 
One major challenge in meeting these needs is a national shortage of intensivists 
estimated in a 2006 Health Resources and Services Administration (HRSA) study 
to be more than 1500 critical care specialists by 2020. These deficits are more pro-
nounced in rural areas [4] where 25% of the US population resides, but which have 
only 10% of US physicians [5]. For critical care services, intensivist-directed care 
in an intensive care unit (ICU) has been shown to improve mortality, reduce ICU 
length of stay, and lower cost of care among critically ill patients [2, 6–8]. Currently, 
only 14% of patients admitted to ICUs receive intensivist-directed care, despite best 
practice recommendations that all ICU beds have such oversight [1, 8].

Intensivist-directed care models, sometimes termed “closed ICUs” tend to be at 
large health systems with deeper resources and greater economies of scale. Smaller, 
rural hospitals with limited resources are less likely to be able to achieve intensivist- 
directed oversight for their ICU patients [3, 9]. Thus, ICU telehealth was developed 
to bridge the gap between the need for expert-level critical care oversight to a larger 
proportion of the US population than can be achieved through conventional care 
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delivery models [8, 9]. From a centralized operations center, an inter professional 
team of critical care providers can offer numerous services to ICU patients in mul-
tiple remote locations simultaneously and based on real-time patient needs [3].

Telehealth is a broadly inclusive term for medical services delivered from a 
remote location using audiovisual communication technologies [1, 10]. In the 
1990s, the robust expansion of computer and Internet technology capabilities began 
to enable telehealth as a viable form of healthcare delivery [11]. One of the first and 
most enduring successes of telehealth for a critically ill patient population was for 
the recognition and treatment of acute cerebrovascular accidents. First reported in 
1999, multiple studies have validated the practicality and efficacy of audiovisual 
technology to provide emergent consultation with stroke experts for providers in 
areas that otherwise would not have access to these services [12–14].

In this same time period, telehealth started being utilized in the ICU. ICU tele-
health is the delivery of care for critically ill patients by an intensivist from a remote 
location using electronic transfer of information through interactive audiovisual 
tools [10, 15]. While telestroke provides individual, as-needed consultative interac-
tions, ICU telehealth is traditionally grounded in the telehealth paradigm of con-
tinuous remote patient monitoring [8, 11] that includes longitudinal, continual 
support for patients and providers. This can include tracking vital sign trends, lab 
monitoring, radiograph interpretation, reviewing archived data and notes, respond-
ing to alarms, and assisting in decision-making for on-site providers [1]. For pur-
poses of this chapter, the term “teleICU” refers to the continuous remote patient 
monitoring teleICU model and not the consultative/episodic ICU telehealth model, 
unless otherwise identified.

The first demonstration-of-concept study was in a single surgical ICU at Johns 
Hopkins Hospital in 1997 [3]. This before-after study demonstrated decreased 
severity-adjusted ICU mortality (range of 46–68%), severity-adjusted hospital mor-
tality (range of 30–33%), complications (range of 44–50%), and cost (range from 
33–36%) [16]. A similar report was derived from Sentara Hospital in Norfolk, 
Virginia, in 2000, which also demonstrated reduced severity-adjusted ICU and hos-
pital mortality of 60% and 30%, respectively [1]. These results were attributed to 
higher rates of adherence to best practice policies and improved response time to 
alerts and alarms for physiologic instability associated with teleICU [9].

Despite comparatively weak study designs, these initial reports of improvements 
in mortality, costs, and length of stay (LOS) sparked a surge in technology develop-
ment and implementation of teleICU programs around 2003 [9]. It also led to the 
commercialization of remote monitoring technologies and services [3, 8]. 
Subsequently teleICU growth has been exponential with the addition of approxi-
mately 50 programs at 250 hospitals when last evaluated by the New England 
Health Care Institute (NEHI) and the Massachusetts Technology Collaborative 
2010 report [17]. This rapid growth was attributed to adopter hospitals embracing 
teleICU for enhanced patient safety, improved outcomes through standardization of 
care, reduction in preventable complications, increased access to expertise, and 
mitigating the workforce shortage in critical care [3, 18, 19]. Subsequently, 30 
major teleICU commercial vendors in the United States have found a niche market 
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[8]. Given the broad range of technologies and vendors available for consultative/
episodic ICU telehealth, current prevalence reports of teleICU may be an under 
representation.

Kahn et  al. performed a retrospective study of hospital characteristics using 
Centers for Medicare and Medicaid Services (CMS) from 2003 to 2010 to analyze 
the adoption of teleICU programs across the country [20]. In 2003, only 16 hospi-
tals (0.4% of all hospitals included in the cohort) utilized teleICU, but at study ter-
mination in 2010, 213 hospitals (4.6%) had implemented teleICU programs. 
Interestingly, the rate of ICU bed coverage increased 101% in the first 4 years of the 
study, but then markedly slowed to 8.1% over the last 4 years. The rapid rise in ICU 
bed coverage seen earlier in the study was attributed to the aforementioned early 
studies demonstrating reduced mortality and cost, as well as the development of 
commercial teleICU programs in 2000 [1, 16, 20]. The authors hypothesized that 
the sharp reduction in growth was due to technology reaching a saturation point, and 
that the major barriers of cost and lack of reimbursement would prevent further 
implementation [20]. Four years later, however, Lilly et al. [1] reported ICU tele-
health covered 11% of all ICU beds, with an expected growth rate of 1% per year. 
The same study also suggested that the critical care delivery models utilizing 
teleICU will surpass bedside intensivist programs in the future [1]. A recent review 
article by Vranas et al. corroborates this expected rate of teleICU increase at 15% 
usage in 2018 [7]. With the requirement of electronic medical records and comput-
erized physician order entry mandated under the Affordable Care Act, it is reason-
able to expect that medical services will continue to be digitalized and increase the 
opportunities for the growth of telehealth in the ICU setting.

 Characteristics of Tele-ICU Programs

ICU telehealth programs are capable of providing a wide variety of support services 
to receiving organizations. The general responsibilities of the teleICU team will 
include trending physiologic variables such as vital signs and labs to prevent or 
identify earlier clinical deterioration, review imaging, respond to alarms, assess 
patients via cameras, provide oversight during crises, and oversee and carry out the 
comprehensive daily plans established by the local, onsite ICU team [2, 3, 8]. Tele-
ICU providers utilize local electronic health records, computer order entry, teleme-
try, imaging software, as well as risk-prediction algorithms embedded into a central 
dashboard that can activate push notifications to accomplish these tasks [2, 8]. In 
addition to these direct clinical responsibilities, the teleICU program should develop 
high-quality informatics systems that allow for auditing, benchmarking, and com-
pliance checks as elaborated on below [8, 21].

The teleICU team composition can be variable. In general, the team will consist 
of board-certified intensivists, critical care nurses, and advanced practitioners. 
Additional providers, such as respiratory therapists, pharmacists, and data special-
ists, may also be incorporated into the team [8]. The size and composition of the 
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team depends on the number of ICU beds that require coverage. A smaller network, 
which is typically fewer than 70 beds, is usually staffed by 1 intensivist and 1 criti-
cal care nurse [8]. Additional nurses are typically added above 70 beds, and addi-
tional physicians are usually required when covering more than 120 beds [8]. The 
overall goal is not to take autonomy away from the bedside team but to improve 
safety and enhance outcomes through standardization and collaboration with the 
bedside ICU team [21].

To optimize teleICU resources and fully leverage its potential, designing and 
implementing a program should be a collaborative effort between the remote 
teleICU group and the regional facility providing patient care at the bedside. A fun-
damental step in implementation is first establishing the needs of the receiving insti-
tution. The intensity of the teleICU interaction care can be customized based on 
time, reactivity, and scope to meet these needs [7]. The overall goal is to utilize 
remote intensivists to provide uninterrupted critical care oversight at all times [8]. 
For example, a continuous, 24-7 teleICU coverage model may be needed if no 
intensivist is on staff at a hospital and ICUs are staffed by non-critical care-trained 
physicians. Alternatively, intermittent tele-ICU coverage can be instituted as needed 
when the local intensivist is in clinic, or no nocturnal or weekend coverage is avail-
able [8].

The coverage provided by the tele-ICU team may be proactive, reactive, sched-
uled, or some combination of all three. In the proactive model, tele-ICU intensivists 
provide continuous tracking of patient data trends to try and intervene before clini-
cal deterioration occurs. This model will prompt periodic completion of tasks such 
as best practice compliance audits, and review of labs and imaging [8]. In a reactive 
model, tele-ICU intensivists respond to unscheduled requests, often urgent, from 
bedside providers or to automated tasks generated by a central dashboard. In a 
scheduled intervention model, the remote tele-ICU team will check in with the bed-
side team at specified intervals such as shift changes or for specific clinical activities 
such as weaning from mechanical ventilation [7]. These care delivery activities are 
not mutually exclusive and are typically combined to optimize meeting the needs of 
the patient and bedside ICU team [7].

The scope of involvement and autonomy of the tele-ICU team can vary and 
should be clearly specified at program inception. Some institutions will authorize 
tele-ICU intensivists to function as completely autonomous providers, capable of 
ordering medications, changing ventilator parameters, providing code team leader-
ship, changing treatment plans, and participating in goals of care discussions. In 
fact, some teams incorporate tele-ICU providers into daily multidisciplinary rounds 
to obtain expert insight while formulating daily patient treatment plans [6, 7]. 
Alternatively, receiving hospital protocols and/or primary physicians may limit the 
power of the tele-ICU providers to the point where they may only respond to emer-
gencies, and do not have authority to order routine medications and change treat-
ment plans [7]. The scope of practice of the tele-ICU group may exist on a spectrum 
between these two extremes. To best optimize the clinical utility of a tele-ICU pro-
gram, there should be a clear transition of care between remote care teams and 
bedside providers to ensure individual patient goals are achieved. Daily plans 
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regarding ventilator management, medication titration, and other aspects of critical 
care must be communicated between the bedside and remote care teams to ensure 
individual patient goals are being met [8].

While originally conceived as a tool to improve access to intensivist-directed 
care, particularly in rural settings, the advantages of proactive monitoring and con-
sistent delivery of efficacious care plans have resulted in larger centers with full- 
time intensivist coverage utilizing tele-ICU as a supplement to their ICU care 
delivery models. In this context, the motivation is often standardization of care, 
more uniform adherence to best practices, and leveraging a single pool of intensivist 
providers over a larger patient population [20]. In these institutions, tele-ICU is 
often utilized intermittently as adjunctive support when an in-house intensivist is 
called away from the ICU to evaluate new patients, perform procedures, or when 
simultaneously covering multiple ICUs [11]. Indeed, between 2007 and 2010, hos-
pitals adopting tele-ICU programs were more likely to be large, urban, academic 
medical centers [20].

 Models of Tele-ICU

As previously discussed, tele-ICU programs should be customized to meet the 
needs of the receiving hospital. While the individual duties and coverage time of the 
remote intensivist may be heterogeneous, there are generally three distinct models 
of tele-ICU programs.

The most common model is a hub-and-spoke organizational design (see 
Fig. 12.1a) [11]. In this model, the most advanced healthcare services are strategi-
cally centralized at a single center. This center or main campus is referred to as a 
hub. The hub is generally a larger, urban, sometimes academic facility that offers a 
full array of services and is home to the tele-ICU providers. The spokes represent 
outlying facilities that may either be owned by or contracted by affiliates of the hub. 
A multidisciplinary team located at the hub provides remote coverage for ICU beds 
at each spoke from a central location based on each spoke’s individual arrangement 
with the hub [7]. Spokes are located within variable geographic distances from the 
hub [11]. The spokes offer basic levels of care that can handle the bulk of healthcare 
needs [22]. When the level of care for a patient exceeds the scope of practice of the 
spoke, the hub can be contacted through various forms of audiovisual communica-
tion to route their care toward the hub to either provide remote care or facilitate 
transfer to the hub.

The hub-and-spoke model has proven to be a well-designed organizational model 
that increases efficiency while reducing redundancy within a system [22]. By cen-
tralizing the infrequently used, specialized aspects of care, unnecessary duplication 
of equipment and personnel is eliminated, and cost is reduced. Additionally, the 
hub-and-spoke model unifies multiple healthcare facilities under one governing 
body, similar to central governance [22]. Protocols and policies can be developed 
collaboratively by expert-level clinicians at the hub to be implemented at the spokes. 
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Spoke 1:
14-bed ICU

with no
intensivist

Spoke 2:
12-bed ICU

with no
intensivist

Hub:
Large urban or

academic
medical center
or organization

providing Tele-ICU
services

Spoke 3:
10-bed ICU

with in-house
intensivist

7 AM - 7 PM

Spoke 4:
8-bed ICU with

intensivisist
usually in ICU

between
7 AM - 12 PM

Spoke 5:
30-bed ICU

with in-house
intensivist

6 AM - 6 PM

Spoke 6:
Hub provides

Tele-ICU coverage
for its own in-house

intensivists
while out of ICU

Intensivist Intensivist Intensivist Intensivist

Hospital 1:
10-bed ICU

Hospital 2:
14-bed ICU

Hospital 3:
12-bed ICU

Organization Providing
Consultative Services

Hospital 4:
6-bed ICU

a

b

Fig. 12.1 Models of teleICU [8, 11]. (a) The hub-and-spoke model of ICU telehealth. The remote 
care team is employed by a large medical center and provides various forms of ICU coverage to 
regional affiliated hospitals, or spokes. (b) The physician service organization model is a private 
entity comprised of intensivist from multiple affiliations providing care to both long-distance and 
regional sites
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This standardization of care enhances quality and delivers a consistent patient care 
experience across different institutions [22]. Spokes can typically be easily added 
on to existing hubs. Since most stand-alone hospitals do not have the resources to 
start their own tele-ICU program, linking to an established hub may be an attractive 
solution [8].

Another ICU telehealth model is the physician service organization model 
(Fig. 12.1b) [11]. While intensivists in a hub-and-spoke model are employed by a 
single flagship institution, the physician service model is comprised of individual 
intensivists from varying institutions and locations that form an independent, pri-
vate ICU telehealth practice. In this “decentralized” model, the practice is not affili-
ated with any one hospital entity, and serves more as a private, “virtual” practice [7, 
11]. Remote intensivists may provide coverage from their individual offices or 
homes supported by appropriate audiovisual technology [3, 7]. In this model, remote 
care is typically delivered as a specialist on-call consultative service, rather than the 
continuous oversight provided in the tele-ICU model [3]. This model is most similar 
to the use of telehealth for acute stroke care, as previously discussed. The contract-
ing facilities in this model may be located throughout the country, or even be cov-
ered by international groups.

The third tele-ICU model is a hybrid and in this model, a physician organization 
group comprised of individual intensivists that form a network become affiliated 
with a single, tertiary care center. Although this model includes intensivists from 
varying institutions, it has components of a hub-and-spoke model as it focuses on 
centralizing care [11]. Overall, this model is less described in the literature com-
pared to the two other models.

It is important to recognize that one model is not necessarily superior, and there 
is no one-size-fits all approach to tele-ICU.  The inherent customizability allows 
tele-ICU providers to tailor their services to the needs and resources of the receiving 
hospital.

 Tele-ICU Outcomes

 Clinical Outcomes

Early tele-ICU research focused on patient mortality. The first published tele-ICU 
study was reported by Rosenfeld et al. [16] and showed a significant reduction in 
mortality and length of stay (LOS) in a community hospital surgical ICU. Since 
then, there have been more than 12 tele-ICU implementation studies—most using 
before/after study designs with adjustment for illness severity [7]. The University of 
Massachusetts published one of the larger scale studies of pre-and post- 
implementation of tele-ICU involving more than 6000 patients in 7 ICUs. The hos-
pital mortality after implementation was 11.8% compared to 13.6% 
pre-implementation [23]. In addition, they noted higher adherence to best practices 
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for preventing venous thrombosis, stress ulcers, ventilator-associated pneumonias, 
and catheter-related infections [23].

There have been two meta-analysis [24], one including 35 ICUs and more than 
40,000 patients, showing a lower ICU mortality and length of stay with no effect on 
in-hospital mortality. The second meta-analysis included 11 studies [25] demon-
strating lower ICU and in-hospital mortality. The included studies had a heteroge-
neous approach to the tele-ICU intervention and varying characterizations of 
program structure and implementation. A recent national study [20] to determine 
the effectiveness of tele-ICU used a national sample of 132 hospitals matched with 
389 similar non-adopting control hospitals. They reported a small relative reduction 
in 90-day mortality in adopter hospitals. However, there was a wide variation in the 
effect across individual hospitals, with only 13% of hospitals showing a statistically 
significant mortality reduction after adoption. In particular, the investigators noted 
urban hospitals with higher case volumes derived the most benefit. Additionally, 
newer literature alludes to a subset of patients with higher acuity deriving more 
benefit from tele-ICU compared to lower acuity cohorts [2, 3].

The Critical Care Societies Collaborative—consisting of the American 
Association of Critical Care Nurses, American College of Chest Physicians, 
American Thoracic Society, and the Society of Critical Care Medicine—convened 
a panel to review current research conducted regarding tele-ICU [15]. The 
Collaborative statement concluded that key knowledge gaps include lack of granu-
lar details of ICU structure, processes of tele-ICU adoption and implementation, 
and inconsistency in the tele-ICU intervention approach—all confounding the sci-
entific validity of reported clinical outcomes. Future studies will need to address 
these gaps with optimal control of patient, hospital, and system-level confounders.

 Financial Implications

The costs associated with a tele-ICU program are a major concern for health sys-
tems, as these are not currently reimbursement by CMS or third-party payers [26]. 
This makes justifying the establishment of a tele-ICU program challenging, espe-
cially for resource-limited hospitals. In addition to a large initial implementation 
cost, there are substantial recurring costs, largely driven by personnel and licens-
ing fees.

Initial implementation costs related to tele-ICU adoption can be variable [23]. 
The capabilities of the existing electronic medical record systems and technology at 
the receiving hospital affect the start-up and maintenance costs significantly. A 
functional tele-ICU program requires reliable, high-speed Internet connections to 
link the spoke and hub in real time. This may require hardware upgrades including 
more robust servers, wiring, and camera instillation. Software upgrades in elec-
tronic medical records and/or computerized physician order entry may be needed 
depending on what the receiving hospital already has in place. This may result in a 
substantial up-front investment ranging between $2 million and $5 million [27, 28]. 
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Additionally, new training and potentially new staff in the information technology 
department may be needed. A report by the New England Healthcare Institute [17] 
provides the most detailed analysis about cost of technology, implementation, staff-
ing fees, and operating and maintenance costs. Crude analysis by the group reports 
a 1-year cost ranging from $50,000 to $100,000 per ICU-bed.

Thus, tele-ICU programs typically focus substantially in financial benefits 
derived from the program to warrant initial and ongoing program investments. The 
tele-ICU return on investment is typically derived from reductions in ICU and hos-
pital LOS, increased severity in hospital case mix index, and increase in ICU occu-
pancy rates, and decrease in ICU transfers. Improved quality outcomes with 
decreased complications, mostly due to standardization of care and improved adher-
ence to best practices, are also important determinants of the overall return on 
investment [3, 26, 27]. This combination of improved operational efficiency and 
quality of care are typically used to justify the substantial investment represented by 
a tele-ICU program [29].

A return on investment analysis should carefully consider particular characteris-
tics of the hospital or health system being analyzed. For example, an analysis per-
formed by the New England Health Care Institute on the University of Massachusetts 
Memorial Medical Center [17] revealed a reduction in hospital length of stay by 
20% leading to an estimated 25 million dollar projected profit, but smaller hospitals 
with lower case volume would be unlikely to generate comparable performance. In 
contrast to larger, multi-ICU health systems, smaller community hospitals may 
derive substantial return on investment related to the ability to retain patients in their 
ICUs with higher acuity due to the increased support of tele-ICU [23].

A systematic review of financial implications of tele-ICU has noted a hospital 
profit when affiliated with a commercial vendor [27]. However, many of these stud-
ies lack precise details on breakdown of cost. Additionally, the studies propose cost 
savings based on surrogate ICU outcomes and indirect reimbursements but fail to 
provide granular data demonstrating true cost savings. While some studies have 
shown favorable financial gains through increased case volume, revenue, and lower 
cost of care [28], other studies have shown a higher cost associated with tele-ICU 
programs [7]. Larger, more robust studies are needed to further elucidate the cost to 
benefit financial performance of tele-ICU programs.

 Educational Implications

Tele-ICU is becoming more prevalent in teaching hospitals with residents, fellows, 
and other trainees. There have been concerns of tele-ICU programs diluting the 
educational experience of these trainees by diluting their independence and exces-
sive supervision by the remote intensivist. However, studies to date have not revealed 
these concerns to be well grounded. In fact, many trainees have welcomed the 
supervision and access to an extra layer of support to help reduce the emotional toll 
and burn out associated with caring for complex ICU patients, especially when 
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bedside attending physicians may be absent from the ICU [1]. The remote intensiv-
ist can augment the learning of trainees by proving real-time feedback at the bedside 
by earlier recognition of educational gaps and opportunities. One report from a 
training institution where trainees rotate in medical ICUs with and without monitor-
ing found that 82% of trainees felt tele-ICU programs improved patient care [30]. 
Trainees have also noted that tele-ICU providers are a valuable resource during 
ventilator management, code supervision, and respiratory complications. Thus, 
trainees perceive tele-ICU as a valuable educational experience, rather than a hin-
drance to learning [31]. Institutions with advanced learners, such as critical care 
fellows, and hospitals with night-time intensivist coverage may not experience the 
same educational benefits noted above.

 Drivers for Tele-ICU Adoption

The need for a high performing, cost-effective critical care program is frequently 
the strategic driver for implementing a tele-ICU program. A strong program can 
favorably impact a hospital’s ability to achieve the Institute of Healthcare 
Improvement’s “Triple Aim” of improving patient care experience, improving pop-
ulation health, and reducing the cost of care. A robust tele-ICU, through reductions 
in physician on-call burden and increased nurse retention, may also improve the 
work-life balance of healthcare providers, which has been proposed as a fourth aim 
[32, 33] (Table 12.1).

 ICU Physician Staffing Drivers

The Leapfrog Group [34] is a consortium of purchasers of healthcare that grades 
hospitals on an annual survey of quality and safety. This important consortium stip-
ulates that to meet their standards for intensivist physician staffing, ICU patients 
should be managed or co-managed by a board-certified intensivist during daytime 
hours and this physician should not have clinical obligations external to the 
ICU.  Additionally, when not present on site or via telemedicine, the intensivist 
should return alerts 95% of the time within 5 minutes and arrange for appropriate 
personal to reach ICU patients within 5 minutes [35]. In the Leapfrog Group’s 2017 
Hospital Survey, just 56% of responding hospitals met this standard [36]. Tele-ICU 
programs can help mitigate this quality and coverage gap through provision of 24/7 
intensivist physician access, and these standards are a primary driver for the most 
pervasive form of tele-ICU: continuous remote monitoring.

Many acute care hospitals have no intensivist support for ICU patients. In this 
setting, non-critical care-trained physicians such as hospitalists provide oversight to 
ICU patients. A recent survey looking at the practice patterns of rural, non- intensivist 
hospitalists practicing in the ICU reported 66% of the hospitalists served as the 
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primary physicians in the ICU, and 50% felt obliged to practice beyond their scope 
of practice [37]. This reveals that these physicians, lacking intensivist support, are 
frequently uncomfortable and not adequately trained to manage critically ill 
patients [37].

For hospitals with some access to intensivist-directed care, the tele-ICU creates 
an effectively larger critical care practice group. This enables the bedside intensiv-
ists to have more flexibility and broader reach in meeting their multiple responsibili-
ties. Indeed, in this practice context hospital administration concerns about burnout 
in their bedside physician staff is a strong influencer in the decision to implement a 
tele-ICU program [11, 27]. With regard to acceptability of tele-ICU programs 
among ICU staff, evaluations of staff acceptance of tele-ICU have shown high rates 
of satisfaction after implementation of tele-ICU due to improved perception of 
patient care, communication, reduced workload, and enhanced hospital reputation 
[3, 21, 38]. The mechanism for improved satisfaction may be derived from provid-
ing staff with rapid access to an intensivist when bedside physicians have competing 
obligations [3, 11].

While larger academic institutions are more likely to have 24/7 bedside intensiv-
ists, such organizations are often challenged by high patient volumes and related 

Table 12.1 The quadruple aim of drivers to teleICU adoption

Improving patient experience Access to critical care expertise
Adherence to best practice ICU physician staffing (e.g. 
Leapfrog compliance)
Immediate physician access for patient and family
Consistent level of care 24/7
Improved outcomes

Improving population health Leverage scarce intensivists
Improved outcomes and quality of care
Availability of acuity scored outcomes data
Best practice compliance data for quality improvement
Leadership support
Improved healthcare delivery at local level
Decreased tertiary care overload

Reducing costs of care Cost avoidance with decreased LOS
Improved ICU utilization and throughput
Patient retention at community hospitals
Improved best practice compliance
Reduced complications

Improving healthcare provider 
work-life balance

Addition of critical care subspecialty expertise
Expansion of existing critical care group
Patient management by teleICU when on-site physician 
involved with other responsibilities
ICU leadership support
Nursing support for patient management

ICU intensive care unit, LOS length of stay
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capacity strain. It has been demonstrated in an academic institution that a single 
intensivist should only concurrently manage up to 14 patients; however, this ratio is 
often exceeded [39]. The tele-ICU intensivist, on the other hand, can cover approxi-
mately 10–15 times the volume of patients. Thus, the tele-ICU model could supple-
ment the bedside intensivist and may expand their coverage capabilities.

 Quality of ICU Care Drivers

The desire to improve quality in the existing ICU operations is another key driver 
for tele-ICU adoption. Operational data made available for public review through 
efforts such as Leapfrog and CMS quality initiatives and an increasing number of 
best practices and practice guidelines have prompted hospital leaders to recognize 
the need to standardize care within individual hospitals and across their health sys-
tems. This standardization requires leadership, ICU-specific data, and a consistent 
approach to compliance at all times of the day/night/weekend.

The dedication of an institution to develop a robust quality improvement pro-
gram may influence the decision to implement the continuous tele-ICU model. The 
availability of severity-of-illness adjusted outcomes data and evidence-based prac-
tice compliance that can be collected by the tele-ICU data collection team is an 
important institutional quality improvement tool and allows hospitals to benchmark 
their performance against local and national standards [7]. Tele-ICU programs can 
generate reports regarding adherence to best practice guidelines, which simultane-
ously improve patient outcomes and reduce cost [1, 7]. In many ways, this may be 
the most efficacious feature of tele-ICU. The ability to consistently implement high- 
quality, evidenced-based care may have a greater role in improved patient outcomes 
and reduced ICU and hospital expenses more than the ability to provide continuous 
physiologic monitoring [3, 7].

In community hospitals, ICU medical directors have numerous competing 
responsibilities [40] and are frequently limited in their availability and ability to 
implement current evidence-based best practices. Many community hospitals 
engage with and utilize a tele-ICU to provide leadership support and ICU perfor-
mance data to drive improvements in quality of care. Prolonged ICU LOS and ven-
tilator days are a frequent focus for quality improvement. A highly involved tele-ICU 
can provide tools and staff to impact both [23, 41]. This is reflected in the published 
decrease in mortality and improved compliance with best practices reviewed earlier.

 Financial Drivers

There is a financial cost to an institution for ICUs with underperforming quality of 
care. This is reflected in prolonged length of stay, poor outcomes, safety events, and 
potential lawsuits. ICU costs can run as high as 20–30% of total hospital costs [42, 
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43]. Decreasing LOS benefits the hospital financially through decreased variable 
cost and availability of additional beds for new patient admissions. In addition to 
impacting LOS, an effective tele-ICU program applies the data collected to opti-
mize ICU bed utilization and throughput so that patients are admitted to an appro-
priate, and safe level of care.

Patient retention as a result of availability of critical care expertise can add direct 
revenue to the hospital. Analogous to the University of Massachusetts’ experience, 
in the author’s experience of over 15 years in tele-ICU, community hospitals have 
been able to retain patients they were previously transferring, particularly in hospi-
tals with limited critical care/intensivist subspecialty support. Related to patient 
retention and growth, the availability of intensivists who can manage sicker patients 
is an important calculation when hospitals decide to implement a new service line 
such as cardiac catheterization with percutaneous coronary intervention or cardio-
vascular surgery. A tele-ICU program can support these growth initiatives. Patient 
retention in community hospitals has a broader impact on controlling healthcare 
costs. Managing common critical illnesses in community hospitals has been shown 
to be more cost-effective than transferring them to a tertiary center [17]. This also 
relieves congestion at the tertiary centers, opening beds for patients requiring ser-
vices that are only available at those centers. Keeping patients in their own com-
munities can also improve patient and family satisfaction with local hospitals [11].

The decision to build a tele-ICU or collaborate with or contract the service from an 
existing tele-ICU vendor depends on the size and availability of staff to provide the 
service as well as an analysis of the costs to build and support the program. As previ-
ously mentioned, community hospitals may be best served by obtaining tele-ICU ser-
vices from an existing tele-ICU provider due to the financial and staffing barriers of 
creating their own system de novo. Larger hospital systems and academic medical cen-
ters may have the options of building their own tele-ICU program, collaborating with an 
existing tele-ICU provider, or purchasing the service from a third-party tele-ICU vendor.

 Barriers to Tele-ICU Implementation

Once a hospital or hospital system decides pursuing a tele-ICU program is a prior-
ity, there are some common barriers and challenges that need to be addressed. 
Table 12.2 highlights the more commonly encountered barriers and strategies to 
overcome the resistance to implementation [1, 6, 21, 44].

 Drivers of Success and Sustainability

Although a growing body of research has evaluated telehealth’s clinical and finan-
cial value in hospitals’ ICUs, most studies have used “before-and-after” designs, 
typically single center, to measure the impact of ICU telehealth on conventional 
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Table 12.2 Barriers to implementing teleICU programs and strategies to overcome these obstacles

Category Barrier Strategy to overcome

Physician Fear of negative financial impact on 
their consultative practice
Replacement by teleICU program
Loss of autonomy

Education regarding goals and limits 
of the teleICU
Reinforcing teleICU as a support 
system
Clearly defining teleICU 
responsibilities and autonomy
Regular in-person meetings between 
teleICU and local physicians

Cost and 
reimbursement

Larger initial cost: investment in 
hardware and systems upgrades, 
operations center space
Physician licensing costs (if covering 
other states)
Maintaining software, upgrades
Information technology (IT) 
department costs
Reimbursement is limited/non-
existant and varies between states
Providers cannot charge critical care 
professional fees for teleICU

Leverage cost against indirect savings 
to hospitals
Apply for external funding (e.g. 
grants)
Utilize established teleICU vendors to 
offset some of the initial cost as 
opposed to starting de novo

ICU staffing Collaboration with another service 
and additional hand-offs
Increased workloads will lead to 
burnout and attrition
Poor provider buy-in

Designate ICU champions to 
demonstrate feasibility and improved 
care
Make teleICU provider part of 
already-occurring handoffs
Periodic site visits to increase rapport 
and host feedback sessions

Information 
technology

Hardware instillation cost—
computer monitors, possible internet 
server upgrades
Software development and upgrades
Time and availability to troubleshoot
Staff education on how to use 
technology

Designate champions to become 
experts with the technology to reach 
other staff members
Possible collaboration between 
provider and site IT departments
Utilize established third-party 
providers

Licensure and 
credentialing

Tele-ICU providers must be licensed 
in each state they practice
Tele-ICU providers are members of 
medical staff at each hospital they 
provide coverage for, and are subject 
to each individual hospital’s rules, 
regulations, and policies

TeleICU vendors can hire a 
credentialing expert to keep licensures 
and privileges updated

Legal and 
regulatory 
aspects

All equipment must be HIPAA 
compliant
Tele-ICU providers are responsible 
and liable for medical decisions they 
make

Because providers may be entering 
their own orders, directly interacting 
with patient/staff, viewing trends, and 
documenting their patient 
interventions, overall there is reduced 
me dico-legal risk
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outcomes measures (e.g., ICU mortality and length of stay) [24, 25, 27, 45, 46]. 
While this method can offer insight into specific aspects of hospital and ICU perfor-
mance, it lacks broader strategic perspective and is prone to scientific weaknesses 
and lack of practical applicability [47, 48]. Furthermore, from a clinical program 
perspective, there is substantial variation in the organizational specifics (e.g., staff-
ing, hours of operation, data reporting) of different tele-ICU programs making it 
difficult to compare results [48–50]. Additionally, hospitals that have already 
adopted tele-ICU currently lack a strategic framework through which they can effi-
ciently analyze and improve their performance. Table 12.3 highlights factors that 
could be taken into account to measure success and sustainability of a tele-ICU 
program [51].

 Future Directions

Tele-ICU has evolved substantially since its first introduction more than 20 years 
ago. The shortage of intensivists and capacity strain at tertiary facilities appear to 
make ongoing expansion of a leveraged model of critical care inevitable. 
Additionally, as reimbursement migrates from a fee-for-service structure toward 
emphasis on payments linked to quality and outcomes, as well as bundled pay-
ments, managing the quality and costs of critical care will become increasingly 
important to acute care hospitals. As technology continues to evolve and data acqui-
sition and application grow in importance, tele-ICU programs will also need to 
evolve. Short-term areas ripe for development should include smart decision sup-
port and artificial intelligence tools capable of analyzing and simplifying the vast 
quantity of patient data into meaningful, actionable information while minimizing 
artifact.

In this rapidly evolving area, there needs to be a balance between premature 
investment in unproven technology-based service industries and waiting too long 
for lengthy trials to prove efficacy. Ultimately, the clinical, financial, and personnel 
impacts of tele-ICU programs will drive continued growth [15]. Each hospital sys-
tem and individual hospital will need to evaluate what combination of on-site and 
telehealth support will best help achieve the quadruple aim of healthcare.

Table 12.3 Factors that affect success and sustainability

Organizational 
factors

Site-specific structural, cultural, or human factors impacting how much 
benefit a site derives from ICU telehealth (e.g., critical care committee 
structure, physician leadership, staff buy-in)

Clinical factors ICU telehealth’s ability to drive improvements in clinical quality metrics 
(e.g., ICU mortality, readmissions, protocol adherence rates)

Financial factors ICU telehealth’s ability to drive revenue growth and/or cost reduction (e.g., 
ICU volume, length-of-stay, bed utilization)

Strategic factors ICU telehealth’s impact on clinical staff satisfaction, organizational 
reputation, and organizational plans for future resource deployment (e.g., 
physician retention, patient satisfaction, physician recruitment)
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