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Foreword

Few would argue the benefits of telemedicine to the patient, society, the community, 
the healthcare system, healthcare professionals, and funders. Despite the obvious, 
the uptake of telemedicine over the last three decades has remained slow, nascent in 
some parts of the developed world and a dream of unmet potential in the developing 
world. It is too often inhibited by bureaucracy, regulation, fear of change, lack of 
awareness, and ignorance. This is particularly unfortunate for the developing world 
in which I work, where the unmet healthcare burden is greatest. Increasing general 
awareness and knowledge of telemedicine in all settings is imperative.

The book’s editors, Ron Merrell, Chuck Doarn, and Rifat Latifi, have impeccable 
telemedicine credentials and are acknowledged leaders in the field, having been at 
the coalface for many years. Ron and Chuck, have been the co-editors of the presti-
gious Journal of Telemedicine and eHealth. Rifat is respected internationally for his 
implementation of telemedicine in Kosova and Cabo Verde among others. All are 
Fellows of the American Telemedicine Association. They have assembled 66 experts 
from several countries to author the 28 chapters of this book which cover a wide 
range of issues. These are divided into Principles of Telemedicine and Telehealth, 
Strategies for Building Sustainable Telemedicine and Telehealth Programs, 
Outcomes Based Evidence Clinical Applications of Telemedicine, and the Next 
Generation of Telemedicine and Telepresence.

Rogers’ Diffusion of Technology Curve describes the growing number of users 
of new technology as the innovators, the early adopters, the early majority, the late 
majority, and finally the laggards—or perhaps the Luddites. Telemedicine in many 
parts of the developed world has been at the stages of the early adopters, and in 
some disciplines, the early majority. The developing world lags at the innova-
tor stage.

To paraphrase the 1956 Dinah Washington song, “What a difference a virus 
makes.” The COVID-19 Pandemic has changed this. Telemedicine is alive and well. 
Through necessity, many have been obliged to adopt it for their own and their 
patients’ safety. The majority are now using information technology in some form 
to provide care over distance, and in many countries in the developing world tele-
medicine is leapfrogging from the innovators to the early majority. Health profes-
sionals have discovered telemedicine, and many believe they are innovators because 
they have changed and adopted it. The need for the evidence behind what they are 
now doing in their daily telemedicine practice and advice on how to improve what 
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they are doing has been of little importance to them—until now. They need this 
information.

This book meets that need and will serve those who read it well, as they embrace 
the culture of telemedicine and draw upon the hard-earned experience and battle 
scars of the many authors. The surge in telemedicine and its widespread incursion 
into daily practice will not go away when a vaccine is found. As Benjamin Franklin 
said, “Out of adversity comes opportunity.” The timing of this book is serendipitous 
and its content welcomed.

 Maurice Mars, MBChB, MD, 

Durban, South Africa
University of KwaZulu-Natal
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Preface

In late 2019 and early 2020, a Coronavirus 2019 (COVID-19) began to affect the 
entire world. As of June 1, 2020, over 6.3 million (and counting) people worldwide 
have been affected by COVID-19, with over 376,000 deaths in nearly every country. 
This pandemic sickens our hearts and minds as we individually are affected and we 
seem helpless to respond. As practitioners and researchers, we each have our own 
stories and some have even been sickened by the virus. Returning back to a new 
normal, whether the operating room, the hospital, or the office after working from 
home for a few weeks, while recuperating from COVID-19 has been such a treat. 
Our daily schedule is fuller than ever with virtual meetings using Zoom or Webex 
as well as normal face-to-face meetings with social distancing ever present in our 
minds. Yes, the world has changed rapidly and significantly. The old ways may be 
gone forever. Medical and surgical practice have changed not only from a response 
to patients with COVID-19 but how world health community has embraced tele-
medicine and telehealth. Is this a new world order for healthcare?

The pandemic caused by COVID-19 brought to light something that we, the 
telemedicine and telehealth enthusiasts, have been fighting toward for decades. We 
knew all along that telemedicine and telehealth can be an excellent model to care of 
the sick and injured in just about every discipline. Today, a search on PubMed for 
“COVID-19 and telemedicine or telehealth” results in over 500 manuscripts pub-
lished for a disease that is less than 6 months old. There is no precedent for this in 
any field of medicine. These papers are from every aspect of medicine and surgery. 
Finally telemedicine at center stage [1].

Have you thought, as a surgeon, medical doctor, or any healthcare practitioner, 
how do we make a diagnosis and how do we create a plan for treatment? We teach 
our students that history and physical exam are the most important. The diagnosis is 
confirmed by studies. Yes, we still teach that. After all, most patients have some sort 
of diagnostic test, including radiologic (usually CT scan, MRI, PET scan, etc.) and 
other laboratory tests. Gone are the days when we made a diagnosis by examining 
the patient alone, unless the patient has a clear-cut surgical problem (peritonitis) and 
needs emergency surgery.

So what is the value of seeing a doctor in his/her office? If the medical and surgi-
cal history can be taken via interview across telehealth/telemedicine platform, if the 
laboratory and radiologic studies are accessible from anywhere in the world through 
sophisticated software, abundant and present in every laptop or other mobile 
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devices, the question comes down to “why do we need to have a patient travel often 
for hours, interrupt their life and work, and come to see us in our fancy and expen-
sive offices?” We can obtain the patient’s temperature and weight as well as mea-
sure blood pressure, pulse, respiratory volume, and other basic medical information 
virtually while the patient remains in the comfort of their home, office, or where 
ever they are. Pre-operative and post-operative care can also be accomplished in the 
same manner so the patient does not have to come to the office.

Integrating telemedicine and telehealth into the healthcare system permits the 
following: patient safety and elimination of all the inconveniences the patient expe-
riences, including interrupting their day, travel by car or other modality to the doc-
tor’s office, spending time parking (oftentimes they have to pay for parking), waiting 
in the waiting room with other sick patients, and eventually be seen by the provider. 
This process is long, arduous, and in many cases not necessary. Most clinical 
encounters can be done virtually using telemedicine and telehealth.

Telemedicine and telehealth have consistently been shown to be effective in reg-
ular medical and surgical practice, primary care, and second opinion to extreme 
conditions, such as crises, disasters, remote areas, or limited-resource locations. All 
of these are carefully documented in this book. Each chapter is written with the 
patient and the healthcare system in mind. Patients and the public at large want 
telemedicine, and so do hospitals and most doctors. While many of us have known 
the benefits that telemedicine and telehealth offer, convincing the majority of our 
colleagues has been a struggle, at least until COVID-19 became a threat to 
humanity [1].

The biggest advantage of telemedicine and telehealth in the current crisis is their 
ability to continue providing health services at a physical distance. In the USA, the 
majority of healthcare institutions use some form of telemedicine or telehealth 
thanks to significant advances in telecommunications including and not limited to 
improved high-resolution imaging and greater access to broadband. Although 
nascent technologies, infrastructure, and legislation are increasingly discussed and 
improved, they remain today at an early stage of integration and diffusion in the 
current healthcare system. While, we truly believe that telemedicine and telehealth 
are finally at the center stage, there are challenges to continue with this momentum 
[1]. The most important challenges the widespread diffusion of telemedicine is fac-
ing are: lack of standardized approach and guidelines describing the uniform crite-
ria as to when telemedicine should be a part of the care; absence of clarity on the 
ways and mechanisms of reimbursement; licensure issues when telemedical care 
has to cross state lines; compliance with the Health Insurance Portability and 
Accountability Act (HIPAA) privacy and security rules; and liability and malprac-
tice insurance issues. In addition, technology failures and human factors are also to 
be considered, but with recent advances, the integration of technology with human 
factors has become almost seamless. Moreover, with a perfect integration of tele-
medicine and telehealth in the care of chronic diseases, care continuity questions 
may arise. The aforementioned factors are probably the reason why telemedicine 
needs to be integrated into the current healthcare system. COVID-19 has changed 
this. Imagine, you wake up and the doctor comes to your home or your office 
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virtually. If you have to wait, you are still working or enjoying your day wait ever 
you are doing. Now, that is a great day in healthcare.

The new world order caused by the COVID-19 virus, associated with severe 
acute respiratory syndrome, multiple organ failure, and very high mortality, has 
brought about one major change. Suddenly, the medical community, and those who 
finance the healthcare sector, realized that telemedicine and telepresence are appli-
cable, desirable, acceptable, and much sought after by our patients and we can man-
age just about every disease and condition [1]. Although, by and large, telemedicine 
and telehealth have faced challenges and perhaps some resistance, despite their 
great potential, it has become evident that they can provide rapid, safe, and high- 
quality care remotely during this pandemic, the largest one since 1918. Perhaps one 
benefit of suffering through the COVID-19 pandemic will be the establishment of a 
new virtual medical world order, and that telemedicine has taken its deserving place 
in healthcare: prime time and a center stage. Let’s call this period the rebirth of 
telemedicine.

We hope you find this text a worthy reference.

 Reference

 1. Latifi R, Doarn CR. Perspective on COVID-19: finally, telemedicine at center 
stage. Telemed J E Health. 2020;26(9):1106–9.
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1First Trainees: The Golden Anniversary 
of the Early History of Telemedicine 
Education at the Massachusetts General 
Hospital and Harvard (1968–1970)

Ronald S. Weinstein, Michael J. Holcomb, 
Elizabeth A. Krupinski, and Rifat Latifi

Recently, interest in creating curriculum in telemedicine for medical students,  and 
in telehealth for nurses and most other health professionals, has spiked because of 
the healthcare industry’s rapid shift to providing care via telemedicine as a means of 
infection control due to the Covid-19 pandemic [1, 2]. This commentary describes 
the initial medical student and resident training in telemedicine at the Massachusetts 
General Hospital (MGH) a half century ago.

 John H. Knowles, MD, a Unique Academic Medicine Leader

John H.  Knowles, MD, was an MGH-trained cardiopulmonary internist and the 
MGH General Director who was a principal architect for the Logan International 
Airport MGH Medical Station multi-specialty telemedicine program (LIA-
MGH-TP). He also touched the lives of both Michael Crichton and Ronald 
S.  Weinstein, MD, two of the initial trainees in LIA-MGH-TP.  Crichton was a 
Harvard Medical School (HMS) fourth year medical student, in 1969, and Weinstein 
was a third year MGH pathology resident a year earlier, in 1968, when each of them, 
separately, encountered telemedicine for the first time, unknowingly to become rec-
ognized as “pioneers in telemedicine training” a half century later.

The original version of this chapter was revised. The correction to this chapter is available at 
https://doi.org/10.1007/978-3-030-56917-4_30.
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When John H. Knowles had enrolled in Harvard College, in the mid-1940s, he 
focused his attention on extracurricular campus activities including sports and col-
lege theater where he was a Hasty Pudding Club’s Theater student performer. 
Knowles’ fun-loving college years in Cambridge, and Scollay Square entertainment 
in Boston, caught up with him when ten medical schools rejected him for admission 
[3]. Fortunately for Knowles, and the academic medicine community as well, a curi-
ous dean at Washington University in St. Louis, Missouri took a chance on Knowles 
and admitted him into their freshman class. Knowles rose to the occasion and ended 
up graduating first in his class. He landed what was then the top prize for a medical 
student anywhere in the United States, an internship in medicine at the MGH.

When Knowles arrived at the MGH as an intern, in 1951, he was riding high on 
his widely admired Harvard reputation as a nine-varsity letter, three-sport, Harvard 
College athlete with a high profile on campus as a Hasty Pudding Club’s Theater 
performer. Everyone knew about his miraculous academic turnaround at a highly 
ranked medical school in the mid-west. Knowles seemed comfortable with his 
celebrity status and was accustomed to being in the limelight.

Knowles more than lived up to his advanced billing. In addition to his talents as 
a physician, and his popularity throughout the MGH organization, he was strongly 
committed to community outreach. That combination resonated with the MGH 
power brokers in Boston’s financial district and the wealthy MGH trustees. They 
were looking for a new kind of leader for the MGH, somebody who could help 
transform their stodgy, but beloved, inward-looking Ivy League-minded institution 
into an outward-looking community leader in healthcare.

Changes in the US healthcare industry, in the mid-1960s, also favored Knowles’s 
emergence as a national leader. His interest in community outreach became relevant 
to the US healthcare policy agenda. It is noteworthy that the passage of Medicare 
and Medicaid legislation in 1965 was a game changer for the US university hospital 
industry. Nineteenth century-style charity wards were eliminated, with their patients 
being transferred into revenue-generating beds elsewhere in the hospital. Almost 
overnight, community engagement became a hot topic as a new potential source of 
revenue for hospitals. The seeds were sowed for the creation of a new wave of com-
munity health centers, in urban areas. Knowles had positioned himself to be a leader 
in that arena [4–6]. It was in that setting that telemedicine popped up on the radar 
screen in Boston, with Knowles cheering it on as one of its greatest advocates.

 The First MGH Telemedicine Trainees

Historically, Michael Crichton was the first HMS student to take a clinical rotation 
in the pioneering LIA-MGH-TP, in 1969. He is the only HMS student known to 
have published a chapter in a book about that medical student experience. His book, 
Five Patients. The Hospital Explained, provides an interesting picture of various 
aspects of academic medicine at the time multi-specialty telemedicine appeared on 
the scene in Boston, Massachusetts, in 1968 [7]. With respect to his subsequent 
career, Crichton ultimately chose not to obtain a medical license, or practice 
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medicine, but he followed the latest medical research advances throughout his 
career. Crichton wrote his first best-selling novel, Andromeda Strain, as an HMS 
student. He followed this up with his novel and movie Jurassic Park.

The first resident-trainee of LIA-MGH-TP was Ronald S. Weinstein, M.D., a co- 
author of this article. Weinstein is 81 years old and still works full time as the Founding 
Director of the national award-winning Arizona Telemedicine Program, in Tucson, 
Arizona. Weinstein is President Emeritus of the American Telemedicine Association. 
He is a pathologist who had his fellowship training at the MGH and Harvard in cancer 
biology research. He spent much of his research career studying cancer cell invasion 
and metastasis and, later, mechanisms of cancer multi-drug resistance [8, 9]. Weinstein 
has been recognized as the “father of telepathology,” a subspecialty of telemedicine. 
He invented, patented, and commercialized robotic telepathology and introduced the 
term “telepathology” into the English language [10, 11].

 John H. Knowles, MD, as a Mentor

In 1962, John H. Knowles, MD, at age 35, became the youngest General Director in 
the history of the 150-year-old MGH [6] (Fig.  1.1). A high-energy individual, 
Knowles was actively involved in HMS training programs at multiple levels. As 
MGH Hospital General Director, Knowles personally took ward service call a week 
each month. Weinstein recalls Knowles participating in the weekly medicine 

Fig. 1.1 (Left) Dr. John H. Knowles examining a patient. A highly competitive college athlete, 
Knowles had been a standout three-sport Harvard varsity letterman, in baseball, hockey, and 
squash. (Photo credit: Leonard McCombe/The Life Picture Collection/Getty Images). (Right) 
MGH General Director John Knowles meeting with a group of visitors at the MGH.  He was 
“extraordinarily articulate, elegant in thought, scrupulous and respectful of language” [4]. Knowles 
was the administrator behind the establishment of the Logan International Airport MGH Medical 
Station telemedicine program. The MGH Medical Station was an integral component of Knowles 
MGH community outreach program for Boston. (Photo credit: Leonard McCombe/The Life 
Picture Collection/Getty Images)
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morbidity and mortality (M&M) meetings in the Bulfinch Building. Knowles took 
pathology residents presenting their autopsy case results through their paces.

Knowles could discuss complicated medical cases on the fly, thinking out loud, 
using brilliant reasoning, presenting his summaries and conclusions in verbal para-
graphs, always with theatrical flair. At the end of each commentary, he would stand 
with that endearing smile on his face, and methodically nod with raised eyebrows, 
individually, to each of the tenured Harvard professors in the conference room. In 
other settings, Knowles strongly encouraged MGH trainees, such as Weinstein, to 
step up into leadership positions that “would make a difference in the world” [4–6]. 
A decade later, still at the relatively young age of 45, Knowles was named President 
of the Rockefeller Foundation in New York City. This provided Knowles with a 
platform on which to continue his work on US healthcare delivery system reform 
and community outreach.

 Origins Logan International Airport MGH Medical Station 
Telemedicine Program

On October 4, 1960, an Eastern Air Lines, Lockheed Electra L-188 prop-jet com-
mercial airliner crashed immediately after takeoff from runway 9 the Logan 
International Airport, in Boston. The airplane struck a flock of starlings at an alti-
tude of approximately 120 feet and crashed into Winthrop Harbor, an extension of 
Boston harbor. Dozens of passengers were killed. While many on board were killed 
instantly in the crash, there were also survivors with critical injuries that subse-
quently died without medical care. Getting emergency medical personnel out to 
Logan International Airport (LIA) was a logistical nightmare as the only ground 
transportation access was through the Callahan Tunnel, the single gateway to and 
from downtown Boston. Telemedicine emerged as a practical solution [12–14]. 
Knowles was a strong proponent from the start, although the idea for it was not his 
own. That came from his clinical counterpart, the cardiopulmonary internist, 
Kenneth T. Bird, MD.

In 1962, the same year Knowles became MGH General Director, Ronald 
S. Weinstein, a second-year medical student at Tufts Medical School (TMS) across 
town, accepted a one-year post-Sophomore fellowship in biophysics and electron 
microscopy in the MGH Department of Neurosurgery, which housed the Mixter 
Laboratory for Electron Microscopy, headed by Stanley Bullivant, PhD, a pioneer 
in a new field, freeze-fracture electron microscopy. Three years later, Weinstein was 
awarded a pathology residency at the MGH, becoming the first TMS graduate 
accepted into any MGH residency program. Knowles, and the MGH Chair of 
Neurosurgery, William H. Sweet, MD, encouraged Weinstein to apply for a National 
Institutes of Health (NIH) grant as a Principal Investigator on a Program Project 
grant. Knowles personally signed the request letter for an NIH waiver allowing the 
award [15–17]. Knowles liked Weinstein’s career trajectory. He proudly acknowl-
edged Weinstein’s accomplishments as a success story for community outreach 
since Weinstein had been recruited to MGH from Tufts Medical School, across town.

R. S. Weinstein et al.
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On January 3, 1963, the Logan International Airport MGH Medical Station, a 
cooperative venture between MGH and the Massachusetts Port Authority, orches-
trated by Knowles, opened to patients with Dr. Kenneth T. Bird as its medical direc-
tor. Within a few years, the clinic was seeing 100 patients a day. The creation of a 
Logan International Airport telemedicine service was Bird’s idea [12]. He was tired 
of driving back and forth between the MGH and the Logan Airport. Telemedicine 
stood out as a potential solution, and Knowles provided resources to support the 
effort. John Knowles saw telemedicine from a larger perspective. For him, it was a 
success in the development of his MGH community outreach programs. While 
Knowles would never detract from the originality and importance of Bird’s contri-
butions, nor fail to give Bird full credit for his innovations and achievements in 
LIA-MGH-TP, nevertheless LIA-MGH-TP was recognized as one of Knowles’ sig-
nature achievements as well [14] (Fig. 1.2). Dr. Bird coined the term “telemedi-
cine” [12].

To create the MGH telemedicine program, LIA was linked to the MGH, 2.7 miles 
away, over a private bidirectional microwave telecommunication linkage [13]. At 
that time, NASA (National Aeronautics and Space Administration) was exploring 

Fig. 1.2 Telemedicine (initially called “Telediagnosis” at the MGH) was featured in the January 
11, 1969, issue of the popular magazine “TV Guide,” nine months after the Logan International 
Airport-MGH Medical Station telediagnosis program became operational, on April 8, 1968. (Left) 
Cover of January 1969 TV Guide featuring the 65th birthday of the comedian Bob Hope. Hope 
died at age 100 in 2003. (Right—two-page spread in this issue of TV Guide). (Upper photo) A 
dermatology patient at the walk-in Logan International Airport MGH Medical Station 
“Telediagnosis clinic” is being examined remotely by television. (Lower photo) Kenneth T. Bird, 
MD, at the MGH, is examining the dark irregular purple skin lesion on the patient’s left foot, using 
the robotically controlled-TV camera out at the Logan Airport. The patient’s left leg is covered 
with a light-colored drape (Upper photo). Dr. Bird, looking straight ahead, is viewing the skin 
lesion on a black-and-white TV monitor. (not shown). He is adjusting the TV image magnification 
and focus of the patient’s foot lesion by manipulating a TV control panel with his right hand. Dr. 
Bird uses ear buds to listen to heart and breath sounds coming from an electronic stethoscope 
(not shown)
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terrestrial applications for technologies developed to care for astronauts in space 
[18, 19]. The health of astronauts was constantly in the news. Many doctors and 
nurses knew what an electronic stethoscope was and believed that it might even 
outperform the traditional stethoscope. The MGH was following NASA’s lead in its 
implementations of electronic devices for remote patient care. As a frame of refer-
ence, the first lunar landing took place just a few months after Crichton graduated 
from HMS in 1969. The LIA-MGH-TP program was 4 years in the planning [12].

 Crichton’s and Weinstein’s Involvements with Telemedicine 
as MGH Trainees

Crichton was a fourth year Harvard medical student when he rotated through the 
Medical Station telemedicine service (initially referred to as a “Tele-diagnostic 
Service”), in 1969.

In 1968, Weinstein had his first involvement with remote television microscopy. His 
background in biologic research and medical imaging was unusual for a medical stu-
dent. He first became involved with high-resolution electron microscopy in 1960, when 
he was Head Chemist in the Department of Research Services, at the Woods Hole 
Marine Biology Laboratory (MBL), in Woods Hole, Massachusetts [20]. This was a 
summer job, between semesters, first at Albany Medical College, in Albany, New York, 
and then at Tufts Medical School, in Boston, where Weinstein became a transfer stu-
dent. His assignment as an MGH post-sophomore fellow in electron microscopy was 
to redesign the equipment used for preparing biological specimens for high-resolution 
freeze-fracture specimen electron microscopy [21]. The goal was to take the resolution 
of freeze-fracture electron microscopy down to the molecular level.

Weinstein succeeded well beyond anybody’s expectations. Use of his “Type II 
Freeze-Fracture Device” provided exquisite images of what became known as “con-
nexin complexes” and their hydrophilic channels that are the structural basis for 
electronic and metabolic coupling between human epithelial cells [16, 17, 22]. He, 
and a collaborator, N. Scott McNutt, went a step further and showed that deficien-
cies in these complexes are early manifestations of malignant transformation in 
certain human cancers [23]. Weinstein’s special interests in medical imaging were 
well known in the MGH Department of Pathology and at Harvard Medical School. 
This interest led directly to his involvement with the LIA-MGH-TP [15].

In 1967 prior to the opening of the LIA-MGH-TP clinic, a Harvard Medical 
School Professor and staff pathologist at the MGH, Robert E. Scully, MD, became 
involved in testing television microscopy equipment to determine its suitability for 
doing remote clinical microscopy (e.g., light microscopic examination of blood 
smears and urine sediments using television). Scully kept Weinstein in the loop. 
(Fig. 1.4) First, Scully examined the need for color television as compared with 
black-and-white television. He demonstrated nearly 100% diagnostic accuracy 
using standard black-and-white television [25]. This was not surprising since televi-
sion microscopy (later called “video microscopy”) had been used for biological 
research starting in 1955. When Weinstein was Head Chemist at the MBL, during 
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his summer breaks in medical school, he had frequently visited laboratories where 
video light microscopy experiments were underway and discussed the technology 
with senior investigators. Based on his survey of the field, Weinstein was able to 
reassure Dr. Scully that doing routine black-and-white television microscopy as a 
substitute to traditional hands-on light microscopy worked well and had little risk.

One day in 1968, while Weinstein was signing out surgical pathology cases with 
Dr. Scully, Dr. Scully invited him to lunch and said the reward would be “something 
special.” Following lunch in the MGH staff cafeteria, they walked over to the tele-
medicine suite on the first floor of the White Building (Figs. 1.2 and 1.3). Once 
there, Dr. Scully telephoned the nurse-manager at the MGH Walk-In Clinic at Logan 
Airport. He reviewed the clinical history of the first patient with Weinstein and then 
asked the nurse to place the blood smear of Case #1 on the stage of the television 
light microscope out at the airport. An image of the blood smear popped up on the 
television monitor in their darkened room. (Fig. 1.5) Dr. Scully instructed the nurse 
on where to move the slide on the microscope stage, how fast to move it, and where 
to stop and focus. Several times Scully said “higher” or “lower” to instruct the nurse 
on bringing the blood sample on the glass slide into optimal focus. After examining 
a Wright Stain stained blood smear for several minutes, Scully asked Weinstein for 

Fig. 1.3 (Left photo) Dr. Weinstein’s 2018 visit to the MGH, marking the 50th anniversary of his 
original participation in television microscopy cases coming in from the Logan International 
Airport. MGH’s White Building’s first floor main hallway entrance into the Emergency Ward. The 
MGH Tele-diagnostic suite was on the first floor, in an alcove off the Emergency Ward. (Right 
photo) Marking the 50th anniversary of television microscopy in the Pathology Department at the 
MGH. Dr. David Louis, Castleman Chair of Pathology (left), is with Dr. Weinstein in the MGH 
Pathology Department Library (April 27, 2018). Dr. Castleman, for whom the Chair is named, is 
present in Fig.  1.4. (Fig.  1.4, front row). Dr. Robert B.  Colvin, a former Castleman Chair of 
Pathology, is pictured in the oil painting on the wall. In the 1968 MGH Pathology Department 
annual photo (Fig. 1.4, taken 50 years previously, in 1968), Dr. Colvin was an MGH pathology 
trainee (Fig. 1.4, last row, second from the left). (Reproduced with permission from [20])

1 First Trainees: The Golden Anniversary of the Early History of Telemedicine…



10

a diagnosis. Weinstein and Scully agreed on the diagnosis of “hypochromic micro-
cytic anemia” which Scully then reported to the nurse over the telephone. They went 
through the same routine for Case #2, which turned out to be a “normal” blood 
smear. Dr. Scully said, “Well, Ronnie, we just made history.” They agreed that the 
process had been straightforward, easy to do, that color television was not required, 
and the black-and-white television images were surprisingly good.

 Crichton’s Medical Student Book “Five Patients. 
The Hospital Explained”

Michael Crichton’s student involvement with telemedicine education and training 
was much more extensive than Weinstein’s. Crichton’s experience was the subject 
of a chapter in “Five Patients. The Hospital Explained,” a book he completed writ-
ing just months before his graduation from HMS and published in 1970 [7].

Fig. 1.4 1968 MGH Department of Pathology on the steps of the historic Bulfinch Building, a 
National Historic Landmark. Robert E. Scully, MD, is in the front row, 3rd from the right. Dr. 
Weinstein is in the 3rd row, 3rd from the right, standing behind Dr. Scully. Benjamin Castleman, 
MD, Chair of the MGH Department of Pathology, is in the front row, 4th from the right, standing 
next to Dr. Scully. Robert B. Colvin, MD, a future Castleman Chair, is in the last row, 2nd from the 
left. In his long career at the MGH, Dr. Castleman trained 15 future pathology department chairs 
and produced over 2000 professional publications, a nearly unimaginable number today. 
(Reproduced with permission from [24]) 

R. S. Weinstein et al.



11

While completing “Five Patients,” Crichton had discussions with Dr. Knowles 
about his experiences on the MGH telemedicine service, and their potential implica-
tions for healthcare in the future. Knowles’ opinions and concerns show up in the 
text as sage observations by a learned mentor. Knowles also enriched Crichton’s 
telemedicine experience by connecting him with senior MGH staff and with emi-
nent professors at the Massachusetts Institute of Technology (MIT), a virtual temple 
for research on medical computer applications as well as leading edge research on 
Artificial Intelligence (AI).

Crichton’s book “Five Patients: The Hospital Explained” is somewhat of a time 
capsule of what academic medicine was like a half century ago. On the one hand, 
Crichton was intrigued by the technologies of healthcare and the complexity of 
healthcare delivery, but on the other hand, hospital deficiencies were sobering to 
him, and the ambiguities of medical diagnostics and frustrations of the medical staff 
over uncertainties that permeate many aspects patient care, even in a world-class 
hospital, discouraged Crichton from taking the final step into medical practice 
(Fig. 1.6) . He did not apply for a medical license. Still, Crichton never lost his inter-
est in medical sciences and emerging technologies, and he stayed current with 
advances in medical research for the rest of his life [27].

The “five patients” in Crichton’s book were five actual cases of men and women 
in immediate need of medical help rushed to the MGH [7]. Crichton uses these 
cases to explain how hospital practice was changing in the age of science- technology 
explosion. Crichton used one of his cases to discuss the patient-experience using 

Fig. 1.5 Example of a television microscopy (video microscopy) image of a Wright Stain blood 
smear, originating at the Logan International Airport MGH Medical Station, and viewed on a 
black-and-white television screen at the MGH. (Photo credit: Raymond LH, Murphy, JR, 
“Telediagnosis: A new Community Health Resource: Observations on the Feasibility of 
Telediagnosis Based on 1000 Patient Transactions.” American Journal of Public Health, February 
1974; 64(2): 113 to 119, Figure 2, American Public Health Association [26])
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videoconferencing with a doctor on the other end. He discusses the limitations of 
the technology, and he considers advances in developing next-generation technolo-
gies for patient care, including decision support systems and Artificial Intelligence 
(AI). Crichton realized that computer programs could offer extraordinary possibili-
ties: any community in the country, “or even a doctor’s office could plug into the 
MGH program and let the computer monitor the patient and direct therapy” [28]. 
This sounds modern even today.

 Crichton’s Telemedicine Patient Workup

The telemedicine patient Crichton assisted in working up, as a senior medical stu-
dent, was Mrs. Sylvia Thompson, a 56-year-old mother of three who began to expe-
rience severe, but not persistent chest pain over Ohio on a flight from Los Angeles 
to Boston. After the plane landed, she was directed to the Logan Airport MGH 
Medical Station near the Eastern Airlines terminal. After explaining her problem to 
the secretary, she was led to the telecommunications-equipped clinical examination 
room (Fig. 1.2). After a brief orientation by the nurse, Dr. Raymond Murphy, at the 

Fig. 1.6 Michael Crichton, dressed in surgical scrubs, during a Harvard Medical School (HMS) 
clinical rotation, in 1968. Crichton, a student of English literature, had a playful sense of humor 
regarding his own towering height. Here, the 6’ 9” Crichton is dressed to recognize Sir Jeffrey 
Hudson (see surgical cap label), a storied member of the Seventeenth Century court of the English 
queen Henrietta Maria of France with height challenges. Crichton also wrote a medical mystery, 
“A Case of Need,” for which he received an Edgar Award in 1968, using the pseudonym Jeffery 
Hudson. He wrote a collection (“The Med School Years Collection”) of 8 paperback thrillers in 
medical school using the pseudonym John Lange. (This Figure is reproduced from http://www.
michaelcrichton.com/doctor/, with permission from Taylor Crichton. Ronald S. Weinstein, M.D. was 
a Teaching Fellow at HMS, while an MGH pathology resident and laboratory director, and taught 
pathology to Michael Crichton’s HMS class)
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MGH, popped up on the TV screen. He had gotten in on the ground floor of this new 
industry [26]. Off-camera was Michael Crichton watching the proceedings and tak-
ing notes [7].

After the Logan Airport Medical Station nurse gave a brief history and her physi-
cal findings, blood pressure 120/80, pulse 78, temperature 101.4, Dr. Murphy said, 
“How do you do, Mrs. Thompson.” The nurse told a slightly flustered Mrs. 
Thompson, “Just talk to him,” which she did. Dr. Murphy said, “I’m at the 
Massachusetts General Hospital. When was your first pain?” He then took a com-
plete history.

This was followed by a physical examination, including a stethoscope examina-
tion of the patient’s heart and lungs. The airport nurse, following verbal instructions 
from Dr. Murphy, at the MGH, placed the small electronic stethoscope bell on the 
patient, while Dr. Murphy listened to the patient’s heart and lung sounds live through 
earbuds. After wheeling the remote controlled “portable” camera over to Mrs. 
Thompson, Dr. Murphy examined the patients’ abdomen and face simultaneously 
on two separate monitors. The nurse took an ECG and transmitted an image of the 
ECG paper strip to Dr. Murphy who looked at it on a TV monitor.

While the examination was proceeding, another nurse was preparing samples of 
Mrs. Thompson’s blood and urine in a laboratory down the hall. The nurse placed 
the samples on glass slides under a microscope attached to a black-and-white RCA 
TV camera. She and Dr. Murphy could view the images simultaneously as described 
earlier. The patient had a white count of 18,000.

Back in the examination room, Dr. Murphy said, “Mrs. Thompson, it looks like 
you have pneumonia. We’d like to have you come into the hospital (MGH) for 
x-rays and further evaluation.” Although the telemedicine-enabled clinic had a tele-
vision microscope for use for “clinical microscopy” from the beginning, teleradiol-
ogy was still being evaluated and was not ready for implementation. Afterward, 
Mrs. Thompson said: “My goodness. It was just like the real thing.”

When Mrs. Thompson set off for the MGH miles away, Dr. Murphy discussed 
her case, and the television link-up with Crichton. Dr. Murphy said, “It’s interesting 
that patients accept it quite well.” In retrospect, looking back 50 years, both the 
patient’s perception of the encounter and Dr. Murphy’s observations were very 
instructive. Today, we know that telemedicine is often convenient, efficient, easy to 
do, and generates a high level of both patient confidence and provider satisfaction. 
Why was telemedicine not widely adopted a half century ago? The answer turns out 
to be regulatory inertia, including the legal process that had imposed “deadweight 
costs” and impeded progress. Another huge barrier was reimbursement. A half cen-
tury later, the Covid-19 pandemic has served as an innovation accelerator. Following 
Presidential and Governors’ Executive Orders mandating social distancing and 
stay-at-home orders, and the waiving of burdensome restrictions on payment and 
urban, home, and nursing home telemedicine in general, telemedicine usage in the 
United States and the world took off. Tens of thousands of medical practices imple-
mented telemedicine. Telemedicine cases soared 5000–8000%, or more, within 
months. Characterizations of telemedicine were in line with those of the pioneers. 
To patients, “It was just like the real thing.” Providers were impressed that “patients 
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accept it quite well.” In Microsoft’s ads for their Teams” products, the announcer 
says, “Telemedicine is here to stay.”

 Telemedicine and the Study of Innovations

While Crichton was on his telemedicine “rotation,” he also became interested in the 
use of computer-based patient history taking. At that time, 15% of patients exam-
ined by Telediagnosis had their medical history taken by computer before they saw 
the tele-physician. Crichton was impressed with the remarkable ease with which 
patients accepted it. For the interview, the patient sat in front of a tele-type computer 
that asked questions, and they punched “yes” or “no” responses. “Yes” answers 
generated more questions. At the end of the interview, the computer produced a 
medical summary. Unlike the questions, the summary used medical terminology. 
The process took roughly 30 minutes.

Crichton simulated a computer interview in “Five Patients.” He presented the 
computer with the same presenting complaint as that of Mrs. Thompson: chest pain. 
He then attempted to confuse it by feeding suggestive information, namely a family 
history of coronary artery disease and that the patient was taking digitalis. In later 
questions, the machine was fed a straightforward history for the type of chest pain 
most common in medical students—that of pain of psychogenic, or musculoskele-
tal, origin. At the conclusion, the computer printed out a summary.

Crichton noted that the computer program drew no conclusions about diagnosis; 
it only summarized answers to its own questions, and it did not cross-check itself. 
He also noted that there were more sophisticated programs available at the time and 
expands on the research taking place in the MGH Computer Science Laboratory [7]. 
Dr. Jerome Grossman said, “computers in the future will help with a doctor’s critical 
decision, if a patient needs to see the doctor at all.” In 1969, Grossman predicted 
that, “In the near future, when the home computer and the television set is practical, 
you’re going to be able to plug right into the hospital computer without even leaving 
your home.” It turns out that it took decades to have electronic health records with 
patient portals enabling patients’ immediate access to their own records. Kathleen 
Dwyer, in Dr. G.  Octo Barnett’s Laboratory of Computer Science at the MGH, 
noted “there’s no theoretical reason why you couldn’t build a program to carry out 
some of the functions of a doctor….” In other words, the roles of physicians as 
diagnosticians may be endangered, but not eliminated completely [28].

In Five Patients, Crichton then discusses the broader implications of what he had 
observed on his two-week rotation and, in doing so, reveals his own remarkable 
level of sophistication in thinking about innovation and technology. There are 
echoes of John Knowles’ voice in this conversation. First, Crichton acknowledges 
that it is the role of university medical centers to lead in the development of technol-
ogy, and then disseminate it out into the community. He foresees that hospital physi-
cians may some day direct the diagnosis and therapy of patients who never enter the 
hospital. In his day, neither television nor computers had much impact on hospital 
practices. They do today, in many parts of the hospital.

R. S. Weinstein et al.
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We are beginning to see the early fragmentation of the late twentieth-century and 
early twenty-first-century “big box” hospitals with the physical diffusion of some 
component parts out into the community. An example might be the loss of hospitals, 
and free-standing imaging centers, of their near monopolies of large diagnostic 
imaging equipment. For example, in a growing number of metropolitan areas, com-
puted tomography (CT) scanners are being taken to patients’ homes in specialized 
vans equipped for remote diagnosis by tele- physicians located at virtual hospitals or 
in HIPAA-compliant home offices. Nearly a dozen metropolitan areas in the United 
States already offer such direct-to- patient tele-stroke services. A prospective patient 
dials “911” and describes physical findings suggestive of an impending stroke. The 
message goes to a call center that dispatches a van, equipped with an on-board CT 
scanner, directly to the patient’s home. The patient is placed in the head scanner. A 
medic performs the CT scan, which is transmitted, typically via cellular data net-
works, directly to an on-call tele- vascular neurologist or neuroradiologist. CT 
images are immediately interpreted, and a vascular tele-neurologist carries out the 
complimentary physical examination via telemedicine, often rendering the diagno-
sis from the display on a smartphone. A diagnosis of ischemic stroke results in the 
immediate intravascular infusion of tPA, the “clot busting” drug, averting a poten-
tially life-threatening stroke. “Door-to- needle” times have been reduced to under 
30 minutes for thousands of impending stroke cases. Barrow Neurological Institute, 
in Phoenix, Arizona, offers this service 24/7 [29].

 What Will Harvard Medical School Teach Students in Their 
Telemedicine Courses?

Recently, HMS proudly announced they are introducing telemedicine into curricu-
lum at multiple points. That is good news for the telemedicine industry, but not 
necessarily good for traditional medical practices (i.e., pre-Covid-19) [1, 30].

Harvard Medical School’s adoption of a telemedicine-centric curriculum was 
done on-the-fly, apparently with an “all hands-on deck” sense of urgency [1]. Of 
course, this is best viewed through the lens of Covid-19 pandemic. The Covid-19 
pandemic has caused a sea change in the healthcare industry, affecting far more than 
telemedicine. Many medical practices have gone “virtual” in a matter of a few 
months. Anecdotal evidence indicates that the transformation from in-person office 
appointments to “virtual” visits has taken place at previously unimaginable rates. 
Earlier predictions of 36 million telemedicine cases for 2020 before the Covid-19 
pandemic set in are now being increased to 1 billion or more telemedicine cases by 
the end of 2020 [31]. Adding telephony (telephone only cases) and text-messaging 
into the equation, these numbers become staggeringly large going forward.

The good news is that the transition from traditional bricks-and-mortar practices 
to virtual practices seemed reasonably straight forward. The rise of high-speed 
broadband Internet communications over the past 25 years, the widespread adoption 
of mobile smartphones by businesses and consumers, the availability of rapidly 
scalable cloud computing infrastructure and services, and, most recently, the 
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accessibility of secure and reliable synchronous video communications and asyn-
chronous messaging, all laid the groundwork necessary for the recent explosive 
growth in implementation and utilization of telemedicine by healthcare providers 
and the patients they serve throughout the United States and the world.

The Association of American Medical Colleges (AAMC), the leading voice for 
medical education in the United States, has recognized the importance of including 
telemedicine in medical school curriculum of US medical schools. What will the 
core competencies be? Are there lessons to be learned from earlier efforts to teach a 
telemedicine curriculum? What is missing in this conversation? [2, 30, 31].

It is likely that both Crichton and Weinstein would express their concerns over 
a loss of the in-person humanity, empathy, and caring in the current Zoom-based 
world, even though Crichton chose not to practice medicine and Weinstein became 
a pathologist, a field with minimal direct patient contact. Even they knew that 
body language matters, and environment affects behavior. Although they went 
separate ways following their training, Weinstein into cancer research and aca-
demic department leadership, and Crichton into full-time writing and movie 
directing, each valued their professional relationships, their interpersonal interac-
tions, and even their patient interactions in medical school. It could be that 
Zooming would not have been either of their preferred choices for people-to-
people communication.

As Eric Topol, MD, a leading thinker in the Artificial Intelligence arena, and an 
outstanding practicing physician, has noted, “All of these humanistic interactions 
are difficult to digitize, which further highlight why doctors are irreplaceable by 
machines.” He wisely concludes, “Machine medicine need not be our future” [32]. 
However, healthcare technologies do belong in the modern doctor’s bag. Physicians 
will want to include telemedicine and other healthcare technologies as instruments 
in their medical tool kit, which they can utilize as needed to aid in the diagnosis and 
care of patients [33].
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2Initiate-Build-Operate-Transfer (IBOT) 
Strategy Twenty Years Later: Tales 
from the Balkans and Africa

Rifat Latifi

“Initiating, building, implementing and finally being able to see the result of 
20 years of intensive work on telemedicine around the world, has been a great per-
sonal journey filled with joy, excitement, drama, an occasional disappointment, and 
many, many hours traversing the world from one corner to the other; away from my 
family, building bridges and friendships, laying down one brick building, a better 
healthcare system, a better future on each continent, expect Antarctica. And it was 
worth it. Every bit of it! What started as a desperation attempt to rebuild Kosova’s 
destroyed healthcare, before and during the war of 1998/1999, the Telemedicine 
Project of Kosova (TPK) has been transformed into an establishment and dissemi-
nation of telemedicine everywhere, a passion, my second professional life, a part 
from surgery. Furthermore, it has been most enriching experience, an experience 
that I would not trade for anything in the world. Some would say it has been a des-
tiny. This book is a further testament of the work that has been done over the last 
two decades, and it comes at the anniversary of 20 years of telemedicine in Kosova, 
25  years of Arizona Telemedicine, and 50  years of telemedicine at Harvard 
University. Now we have much to celebrate and thank many people from many 
countries have contributed to this in one way or another.”

 Introduction

Establishing sustainable telemedicine has become a goal of many countries around 
the world, and most recently, with the COVID-19 pandemic, telemedicine has 
gained substantial traction. Despite the fact that World Health Organization (WHO) 
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reports that at least 124 countries [1] in the world have some form of telehealth, and 
despite initiatives from a select few individuals and on occasion from various gov-
ernments, often these initiatives never mature to become sustainable programs for 
daily clinical applications and a mainstream provider of clinical care. Telemedicine 
programs increase the access to care in all clinical disciplines everywhere. It is par-
ticularly true in remote areas and developing countries which lack specialists and 
other human capacities to provide healthcare. This is especially true in high-end 
clinical disciplines such as trauma, intensive care, neurosurgery, neurology, cardiol-
ogy, and other disciplines. The telemedicine programs of Albania and the Republic 
of Cabo Verde are built based on the Initiate-Build-Operate-Transfer (IBOT) strat-
egy formulated by the International Virtual e-Hospital Foundation (IVeH) and with 
support from the U.S. government agencies such as U.S. Agency for International 
Development (USAID) [2], Department of State, and United States European 
Command (EUCOM) [3], and the Slovenian government (Ministry of Foreign 
Affairs), among other partners. These two programs have been developed based on 
a model from telemedicine of Kosova [4].

 The Birth of the Kosova Telemedicine Program 
and IBOT Concept

On June 10, 1999, the United Nations Security Council adopted Resolution 1244 
authorizing civilian administration of Kosova in a partnership called the United 
Nations Interim Administration Mission in Kosova (UNMIK) to provide “…a 
framework for the resolution of the conflict in Kosova by authorizing the deploy-
ment of an international civilian and military presence that would provide an inter-
national transitional administration and security presence that would oversee the 
return of refugees and the withdrawal of military forces from Kosova.” [5]

Civil administration was led by the UN, and humanitarian efforts were led by the 
Office of the United Nations High Commissioner for Refugees (UN-HCR). 
Reconstruction was the responsibility of the European Union with institution build-
ing by the Organization for Safety and Cooperation in Europe. Security was pro-
vided by North Atlantic Treaty Organization (NATO). A million refugees began 
returning home to a country devastated in terms of infrastructure and services. Large 
numbers of non-governmental organizations (NGOs) registered to assist in Kosova, 
and the initial assessment of the medical situation was grim. With the eruption and 
the internationalization of war and devastation, an exceptional and unprecedented 
example of disrupted medical care in this volatile region came to light. The govern-
ment of Serbia had dismissed the entire Albanian medical staff from the University 
Clinical Center of Kosova (UCCK), and all other regional hospitals, and closed the 
only medical school, the Medical Faculty of University of Prishtina in Kosova a 
decade before. There was an obvious need for electronic information and distance 
learning because there was no medical library, information system, or facility for 
training. It was impossible to send Kosovar physicians for a rapid training out of the 
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country. The situation invited electronic and telemedicine solutions with interna-
tional cooperation, but this was 1999, and we could still smell the ashes. The only 
new things that were being built in Kosova were graves, endless sites of graves 
everywhere.

Following graduation from General Residency at Yale University (June 19, 
1999), I left for Albania, where my parents and the rest of family that survived the 
killings by the Serbian government were refugees. July 1, 1999, I returned home to 
Kosova from Albania with a river of refugees who were returning back on buses, 
tractors, and all sort of trucks. The caravan of refugees that warm July night stretched 
for miles and miles in a dangerous and winding road that seems endless. They were 
returning to Kosova with hopes to find their homes, friends, and members of fami-
lies, but instead most found nothing but destruction of their properties, death, and 
misery. I felt guilty returning to Kosova with refugees. This was their moment in 
history [6].

When I arrived in Kllodërnicë, Drenica, the village I grew up in, everything was 
destroyed. I learned that my uncle, aunt, many cousins, neighbors, and friends had 
all been killed, all shot at point blank range. I knew our house had been burned also. 
Our house in Kllodërnicë was burned the same day my wife Drita and I were closing 
on a new home in Richmond, Virginia. Ironic. I was hoping that at least some of 
thousands of books had survived the fire. I was wrong. Everything was gone: the 
books, the memories. Hope was the only survivor.... As I looked over the ravages of 
my old home, I became numb. There were no tears. There was nothing I could 
feel or do.

On July 2, 1999, at the gate of UCCK in Prishtina, a British soldier greeted me. 
He was a young man with boyish face, a machine gun in his hand, and a frightening 
look. I pulled out my American passport and told him that I used to work there, 
pointing at the Surgery Clinic. The soldier stood at attention and saluted me: 
“Welcome Home, Sir.” I fought back my tears and saluted him. I have never forgot-
ten his face. When I entered the emergency room, one of the senior surgeons recog-
nized me and asked if I was on call that night. “No, I am not,” I replied matter-of-factly, 
and we hugged each other. “It is good to see you alive,” we said to each other. “I do 
not deserve to be on call now that there is peace. I was not here during the war thus; 
I cannot be on call tonight. I just came to find out who is still alive.” I thought but 
never said a word. I think he understood me.

In early spring of 2000, as assistant professor of surgery at Virginia Commonwealth 
University, Dr. Ronald C. Merrell, then Chairman of the Department of Surgery, 
asked me to go to Toulouse, France, to participate in a telemedicine conference. 
This was my first telemedicine conference. I really enjoyed the conference and the 
City of Toulouse. I spent part of one evening at the Hemingway joint.

Most delegates knew each other, but I was new to this world. Professor Michael 
Nerlich, a trauma orthopedic surgeon from Regensburg University, Regensburg, 
Germany, during the dinner with Professor Charles Doarn, then working with Dr. 
Merrell, invited me to participate at the final conference of the G-8 meeting in 
Berlin, to take place on May 3–5, 2000.
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The idea to establish and implement telemedicine in Kosova I presented for the 
first time at a G-8 Telemedicine meeting in Berlin on May 4, 2000 [7] (Fig. 2.1). I 
explained the dire state of postwar Kosova healthcare and suggested the creation of 
the IVeH as a way of change. This was my first international telemedicine presenta-
tion, and the auditorium was the right place to give this kind of futuristic talk as one 
needed for the Balkan’s future. Speaker after speaker got up to offer me help, but 
they were unable to talk because they were in tears. It became clear that I had hit a 
cord, I had infused some new blood into this meeting, and I simply challenged the 
audience that if we were serious about offering help to developing countries and 
countries in disarray like Kosova, we should provide real structured help. This was 
the idea. I think the message came across clearly to everyone’s mind and heart. I felt 
elated. Later in the evening reception held at the building of the German Parliament, 
the Minister of Health of Germany, Mrs. Anne Fisher, during the welcoming speech, 
said “I am very happy that today in Berlin you have created the International Virtual 
e-Hospital of Kosova.” To the rest of the delegates present this appeared almost as if 
it was planned and orchestrated. No one but me knew that 28 hours ago this concept 
did not have a name. What became very clear to me was my life changed that very 
same morning in Berlin, Germany. Life that I would not change for anything.

By September 2003, I presented this concept and the results of establishing tele-
medicine of Kosova to 30 international conferences and meetings [6]. Over the next 
year, the idea was pursued appropriately by potential partners and sponsors. In 
October 2002, The First Intensive Balkan Telemedicine Seminar was held in 
Prishtina with some 400 participants from 21 countries (Fig. 2.2). Proceedings from 
this international telemedicine meeting were published by IOS Press as a book enti-
tled Establishing Telemedicine in Developing Countries: From Inception to 
Implementation [8].

During this seminar, the newly acquired infrastructure permitted live demonstra-
tion from the medical campus of Virginia Commonwealth University in Richmond, 

Fig. 2.1 The birthplace of the International Virtual e-Hospital and Initiate, Build, Operate, 
Transfer Strategy
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including intraoperative distance learning demonstration. On December 10, 2002, 
the Telemedicine Center of Kosova (TCK) became operational (Fig. 2.3). The TCK 
was funded by a $1.5 million grant from the European Union through European 
Agency for Reconstruction [9]. The news of the first ever telemedicine conference 
in the Balkans held in Prishtina was widely publicized. Telemedicine was trans-
forming healthcare and medical education around the world. In south-eastern 
Europe, Kosovo was at the forefront of this discipline. At the telemedicine confer-
ence, telemedicine practitioners from all over the world discussed how telemedicine 
can help transform healthcare. How to establish sustainable telemedicine programs; 
the clinical applications of telemedicine; and telemedicine’s role in distance learn-
ing were all subjects for debate. The conference was funded by the EU via the 
European Agency for Reconstruction, as part of the EU’s program to bring Kosovo’s 
health system up to EU and world standards. At the opening ceremony, during the 
conference we were telepresent live with an operating theatre at Virginia 
Commonwealth University Hospital in Richmond to watch an operation taking 
place from thousands of miles away, high-quality sound and pictures allowed par-
ticipants at the conference to see how that particular operation was being performed, 
and to hear the surgeon talking them through what he and his surgical team were 

Fig. 2.2 The poster for the first telemedicine seminar in the Balkans, October 2002
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doing. At the opening ceremony, Kosovo’s Prime Minister, Dr. Bajram Rexhepi 
(Fig. 2.4), a general surgeon, said: “The development of the telemedicine project is 
an attempt to integrate medical institutions in Kosova with medical institutions of 
the world,” he said. “Furthermore, it will become a great tool and bridge for col-
laboration between doctors and nurses, narrowing the gap between developed 
countries and Kosova.”

The physical space was provided by the UCCK University Hospital. It was com-
pleted and inaugurated on December 10, 2002. Telecommunications connectivity 
was provided by Telecom of Kosova. There was lots of excitement about the tele-
medicine center in the country and its utility, but the greatest utility of the Center 
was not foreseen by many, that is the new telemedicine model that was being 
created.

The telemedicine program in Kosova, de facto was the seed for the IBOT con-
cept, based upon the assessments done by the authors, medical volunteers in Kosova 
and the WHO findings, the objective was to design and implement the TCK as a 

Fig. 2.3 The initial blueprint of Phase I, Telemedicine center of Kosova. 2020 TCK- Telemedicine 
Center of Kosova; IVeH- International Virtual e-Hospital
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sustainable and functional portal for information within and outside the region with 
a training center for telemedicine. The system would provide state-of-the-art medi-
cal education, consultation, and transmission of medical clinical data between the 
UCCK and the regional hospitals in Kosova, as well as between Kosova and the 
international medical community. In order to achieve the mission of reintegrating 
Kosova healthcare into healthcare community of the world, and to improve the des-
perate state of healthcare of Kosova [4], we set these intermediate goals for the 
program:

 1. Establish advanced and sophisticated communication systems within the UCCK 
in Prishtina, and between UCCK in Prishtina and regional hospitals and health 
house centers in Kosova

 2. Create human capacity to operate the telemedicine program and all its services 
(technological, educational, electronic library) independently from other local 
and/or international institutions

 3. Establish the process whereby physicians and patients from Kosova use com-
munications tools to peer hospitals and medical institutions abroad for consulta-
tions, academic discussion, and peer review of clinical scenarios

 4. Provide medical students and Medical Faculty in Prishtina and its dentistry and 
pharmacy branches with electronic medical textbooks, scientific journals, and 
other teaching and didactic materials that are equal to that of peers of medical 
schools throughout Europe and the Western world

 5. Advance and integrate telemedicine principles into the fabric of medical and 
surgical practice in the region

 6. Incorporate telemedicine and medical informatics into the clinical curriculum of 
the Medical Faculty of University of Prishtina in Kosova

Fig. 2.4 At the opening 
ceremony, Kosovo’s Prime 
Minister, Dr. Bajram 
Rexhepi. (Web Source: 
https://en.wikipedia.org/
wiki/Bajram_Rexhepi)
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 7. Develop, conduct, and support research protocols not only in the telemedicine 
area, but also in other clinical fields, in order to test and obtain evidence-based 
medicine

 8. Perform outcome analyses of telemedicine applications in Kosova and develop 
new tools and means to provide telemedicine and virtual medical education, 
and finally

 9. Create a Web portal and provide links to the existing Web-based educational 
programs in one organized step

These goals served as important modalities to increase access to care as the con-
cept was advanced further in other countries. The concept was taught around the 
world through conferences, seminars, workshops, and peer review publications and 
books. Kosova Telemedicine Program became a subject of discussion and interest 
of many those countries that were coming out of the war, conflicts, and /or other 
disasters.

The two telemedicine programs subject of this chapter, Albania and Cabo Verde, 
while geographically different and on two separate continents, share many similari-
ties. Both have remote sites and difficult terrain to traverse, and both are in rebuild-
ing or transition phase of healthcare services. Moreover, the telemedicine program 
of each of these countries has been built based on the IBOT [9].

This ensures the final product (transfer to Ministry of Health) as an integral part 
of healthcare services. The telemedicine program of Cabo Verde was transferred to 
Ministry of Health in 2014, and the telemedicine program of Albania was trans-
ferred in 2017.

 Initiate, Build, Operate, Transfer Strategy

The introduction of telemedicine and e-learning in Kosova in 2002 has been a piv-
otal step in advancing the quality and availability of medical services in a region 
whose infrastructure and resources have been decimated by wars, neglect, lack of 
funding, and poor management. The concept and establishment of the IVeH has 
significantly impacted telemedicine and e-health services in the Balkans and has 
served as an example for many. A comprehensive, four-pronged strategy, IBOT [9] 
(Fig. 2.5), has been useful approach in establishing telemedicine and e-health edu-
cational services in developing countries. IBOT includes assessment of healthcare 
needs of each country, but can be used for a region (as it was a case in the Hanoi 
region of Vietnam [10]), the development of a curriculum and education program, 
the establishment of a nationwide, regional, or healthcare system telemedicine net-
work, and the integration of the telemedicine program into the healthcare infrastruc-
ture. The endpoint is the transfer of a sustainable telehealth program to the nation, 
region, or healthcare system involved. Once fully matured, the program will be 
transitioned to the national Ministry of Health, which ensures the sustainability and 
ownership of the program. The IBOT model has been effective in creating sustain-
able telemedicine and e-Health integrated programs in the Balkans and may be a 
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good model for establishing such programs in developing countries. The IBOT 
comprehensive four-pronged strategy, which ensures a step-by-step sustainable 
approach to rebuild the healthcare system using telemedicine and advanced tech-
nologies, has been reported elsewhere [11].

 Initiating Phase: Assess the Local Context and Collaborate

This first phase in the IBOT strategy is structured to provide the nation’s leadership 
with a broader understanding of telemedicine and the necessity of establishing such 
a program. The first set of questions that need to be answered is what is the level of 
need for a telemedicine program in the country or region, or institution and is the 
political leadership (or in case of institution or clinical department, is there a clinical 
appetite for it) willing and able to support such a program. In other words, are local 
officials, physicians, and/or the Ministry of Health willing to support and endorse 
the program?

Once you have these questions answered positively, then the next issue to address 
is does the nation or region, or institution have the technical infrastructure in place 
to support the program, or are they willing to support establishment of such struc-
ture? Other questions that need to be addressed are as follows: Are the people of the 
country or region or the institution interested in receiving training in telemedicine 

INITIATE-BUILD-OPERATE-TRANSFER
A Strategy for Establishing Sustainable Telemedicine Programs
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Fig. 2.5 A comprehensive, four-pronged strategy, “Initiate-Build-Operate-Transfer” (IBOT)
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and, in the future, independently running the program, and what types of clinical 
services and educational programs are needed? However, the overarching question 
of this assessment process is: Once established, usually by external donors, will the 
telemedicine program be sustainable? This becomes acutely important in countries 
with political instability and frequent changes of political leadership.

If suitable answers are determined for these questions, then the IVeH will iden-
tify partners (local and international) and proceed in collaboration with, and/or on 
behalf of, the country. Once financial support for the project has been secured, mas-
sive intensive telemedicine and e-Health training on such topics as telecommunica-
tion, clinical applications, and services that may be implemented through 
telemedicine, data security, virtual educational programs, planning and implement-
ing electronic libraries, and related business and financial issues is undertaken. 
Bringing together the relevant local stakeholders, including key politicians and 
other government officials, these prestigious and informative seminars, conducted 
by world-renowned telemedicine experts, demonstrate how different governmental 
agencies and universities can collaborate to provide care to patients and support to 
clinicians. Most of these seminars share the same basic content and usually are 
conducted by more than one group of experts, but training is tailored to the unique 
medical needs of a specific country or region. The seminars have served as galvaniz-
ing events, enabling a large number of health professionals to develop new capabili-
ties. Physicians, nurses, students, information technology personnel, hospital 
administrators, government officials, politicians, and numerous others have actively 
participated in these presentations.

 Building Phase and Creation of a Robust Infrastructure

The details of the building phase are based on the initial technical assessment and 
on the goals of the project. The four main steps of this phase are as follows: (1) 
building the network; (2) developing the main physical telemedicine center with the 
necessary space for an electronic auditorium, training areas, servers, administrative 
offices, and, ideally, additional resource or educational rooms; (3) establishing the 
electronic medical library. This is particularly essential for low- and middle-income 
countries (LIC and MICC) that do not have readily access to electronic libraries and 
research data and other resources, and produce training and educational opportuni-
ties so that local personnel can independently run the program and effectively offer 
clinical and educational services in the future.

The backbone of any telemedicine program is its network infrastructure and 
available bandwidth with optimal configuration and hardware. In each country, we 
require the establishment of a virtual private network that connects the national 
telemedicine center (usually based at the country’s university clinical center or main 
hospitals) with regional telemedicine centers (RTCs) based at major hospitals in the 
area. This connectivity is based on fiber-optic lines provided by local telecommuni-
cations company or on some other form of Internet communications technology, 
including 3G, 4G, and now 5G.  Regardless of what type of connection is 
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established, it should be dedicated, secure, and compliant with the Health Insurance 
Portability and Accountability Act (HIPAA) privacy rules, due to the fact that most 
of the funding has come from various organizations in the USA. It also needs to be 
managed locally.

For the IVeH’s current programs, communications have been supported by a 
Polycom VSX 7000 view station for point-to-point and multipoint communications 
via a Polycom MGC-25 Multiconference Unit or via some other product or technol-
ogy, but there has been tremendous progress in technology with major trend toward 
mobile devices. All communications should be capable of recording and streaming 
live on the Internet for educational purposes. In addition, our telemedicine program 
should use a redundant technological system for educational programs, the elec-
tronic library, and teleconsultations. Each emergency room of every hospital 
involved in the program should have telemedicine capability and should be indepen-
dent of the electronic library and of the educational videoconferencing system. 
More recently a number of software programs have made possible telehealth visits 
from any computer or mobile device.

In addition, a physical space that will serve as the main center of operations must 
be established. It is from this site that content will be dispersed and communication 
among the regional centers will be coordinated. This control center should house an 
electronic auditorium, training areas, servers, and administrative offices. Additional 
resource or educational rooms, such as simulation laboratories and smaller video- 
enabled conference rooms, provide additional flexibility and are highly advisable 
and encouraged. Such amenities add a special character and depth to the center, 
empowering leaders to undertake new, smaller-scale projects. Sophisticated com-
puterized classrooms will facilitate the diffusion of the latest information to medical 
personnel. The main center should be connected to the local institution’s operating 
rooms and other auditoriums and classrooms, fostering integration of telemedicine 
into overall medical operations and thus avoiding the perception of the telemedicine 
center as an isolated place within the institution and the country.

Because universities and medical schools in developing countries cannot afford 
subscriptions to expensive medical scientific journals, they rely on written manu-
scripts from professors and other faculty members. Yet, the cost of even those print 
materials often is prohibitive. Creation of an electronic medical library, using the 
WHO’s Health Internetwork Access to Research Initiative (HINARI) and other 
open resources, has been extremely beneficial in supporting the cognitive needs of 
the medical community. Since the inception of the Telemedicine Program of Kosova 
(TMPK), the telemedicine center has become an arm of the medical faculty and 
University of Prishtina, where thousands of continuing medical education (CME), 
international teleconsultations, videoconferences, lectures, and seminars are being 
held, contributing this way significantly to healthcare system by advancing the 
knowledge of medical and nursing staff and exposing medical and other healthcare- 
related students to new advances in medicine. Hundreds of thousands of individuals 
have visited the TCK e-library. TMPK has been an efficient mechanism for CME 
and a sustainable model for rebuilding the medical system. TMPK has been suc-
cessful in offering physicians, nurses, and other medical professionals access to the 
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electronic information. The library benefits all healthcare workers, medical stu-
dents, residents, other trainees, and, ultimately, patients.

Established in 2002, HINARI is a cooperative program comprising WHO, pub-
lishers, and various national medical libraries. This program provides online access 
to 7000 biomedical journals, and offers robust search engine functionality. 
Physicians, nurses, students, and other library users have constant, password- 
protected access to HINARI, even from their homes. Each telemedicine center can 
modify access to library materials as it deems appropriate. Conveniently offering 
remote access to the latest evidence-based medicine, the electronic library is one of 
the most important segments of an integrated telemedicine and e-health educational 
program for developing countries.

 The Operating Phase: Build the Human Capacities 
and Protocols of Operations

The operating phase is likely the most challenging phase of the IBOT strategy and 
is conducted concomitantly with the building phase. As the capacity-building phase, 
this part of the process focuses on creating telemedicine experts, clinical ambassa-
dors, and physician and nursing champions. In developing countries, new institu-
tions or new concepts are sometimes met with hesitation from those who will benefit 
the most—medical professionals. Without healthcare professionals on board who 
are able and willing to lead the program, it cannot be sustained. Therefore, for the 
first two to three years of each telemedicine program that is launched, special atten-
tion to training and educating staff who can independently run the program—includ-
ing technical, educational, library, clinical, research, development, financial, and 
managerial staff—should be paid. This all-inclusive concept is of the utmost impor-
tance. No matter what their area of specialization, all staff members are the future 
leaders of the program. Building clinical protocols of operations is a must during 
early stage of this phase.

 Transferring Phase: Turn the Program Over 
to a Local Institution

Ideally, in this fourth and final phase of IBOT, the completed telemedicine program 
is transferred to the local public institution that it primarily serves. The Ministry of 
Health of that country becomes the official “owner” of the telemedicine center and 
equipment. Institutionalization of telemedicine is vital for sustainability; it must 
become an integral, long-term part of standard protocols and procedures and part of 
national, regional, or institutional budget.

IVeH has found that full incorporation of the four-phase implementation process 
is dependent on the following elements: flexibility in the architectural design of the 
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network and infrastructure; multidisciplinary and functional interoperability of 
well-trained, actively participating individuals and teams; delivery of effective con-
sultative clinical services; locally relevant, structured educational content through 
discipline-specific seminars and leadership courses; professional dedication; strate-
gic flexibility; continuous advocacy; and development of specific indicators that go 
beyond creating a program or center [12].

 Two Examples of Successful Implementation of IBOT Strategy

Using the IBOT strategy, the IVeH has now established and managed the telemedi-
cine program in Kosova (2002–2007) and in Albania (2008–2016), and Cabo Verde 
telemedicine program (2010–2012). Each of those programs consists of a national 
telemedicine center in the nation’s capital, Prishtina (Kosova) (Fig.  2.6), Tirana 
(Albania) (Fig. 2.7), and Praia (Cabo Verde) (Fig. 2.8). In this chapter, I will review 
the Albanian and Cabo Verdean telemedicine programs. As in the case of Kosova, 
programs in Albania and Cabo Verde started with intensive telemedicine seminars 
(Figs. 2.9 and 2.10).

Fig. 2.6 Telemedicine Network of Kosova
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Fig. 2.7 Telemedicine Network of Albania
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Fig. 2.8 Telemedicine Network of Cabo Verde

Fig. 2.9 Poster for telemedicine-intensive seminar in Albania
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 Albania Telemedicine Program

Albania, a South East European country with 2,938,275 population and 27,400 km2 
total land [4], has a robust telemedicine program that has previously been reported 
[3]. According to the WHO, physician density per 1000 population is 1.286 (2013), 
and the density of nursing and midwifery personnel per 1000 population is 5.161 
(1994) [5]. Since then, the situation has changed dramatically in Albania, as hun-
dreds, if not thousands, of physicians and nurses have been migrating to Western 
Europe, in dying need for new cadre of doctors and nurses. To this end, the provi-
sion of the overall high-quality healthcare services is still a major challenge [6–8], 
with infant mortality rate per 1000 live birth of 6.1 (2017) and maternal mortality 
ratio per 100,000 live births of 29 (2015), while health expenditure is 5.88% of the 
GDP (2014). As in most LIC and MICC, there are a number of regional hospitals in 
Albania, but the majority of specialists live and work in Tirana, leaving rural Albania 
devoid of medical services. For example, there are only two hospitals with neuro-
surgery services (one of them serves as the only trauma center in the country), and 
both are in Tirana. Emergency and trauma services around the country have serious 
challenges [6, 7].

The Integrated Telemedicine and e-Health program in Albania (ITeHP-Albania) 
was established by the IVeH in a collaborative effort with the USAID)/Albania, the 
U.S. Army Corps of Engineers, the government of Albania (Ministry of Health and 
Social Affairs [MOHSA]), and the University of Arizona, while the author was on 
faculty there. This program was developed based on previous telemedicine models 
implemented in Kosova. In the first paper on telemedicine of Albania [13], we 
described a successful model of a multi-partnership collaborative approach among 

Fig. 2.10 Poster for telemedicine-intensive seminar in Cabo Verde
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two agencies of the U.S.  Government (the USAID and the U.S.  Department of 
Defense through the U.S. military [U.S. Army Corps of Engineers] of the EUCOM), 
the Government of Albania led by Dr. Salih Berisha, Prime Minister, a cardiologist 
(Fig. 2.11). The IVeH designed, led, and implemented the telemedicine program as 
a tool to assist in rebuilding the medical system and the healthcare system of 
Albania. The program in Albania has matured into the “Integrated Telemedicine and 
e-Health in Albania,” which has been incorporated into the strategy of healthcare 
reforms supported by the Ministry of Health of Albania, and has been operational 
from inception in 2009 and has grown into a large telemedicine network (Fig. 2.5).

In the prospective descriptive analysis of the processes of establishing a tele-
medicine program in Albania, based on the comprehensive IBOT strategy, we 
divided the study period into three timeframe periods: (1) September 2007–
December 2009, the initiation phase; (2) January 2009–September 2011, the build-
ing phase; and (3) October 2011–June 2014, the operating phase. We compared the 
progress of implementation of IBOT in Albania with the previously published pre-
diction of length and timeframe required for each phase of IBOT [13]. Data on 
number of telemedicine centers established, including physical rehabilitation of the 
premises, number of clinical telemedicine programs initiated, number of teleconsul-
tations performed, the electronic library (e-library) based on the WHO’s Health 
InterNetwork Access Research Initiative, and the number of participants and the 
types of CME sessions as part of the virtual educational programs, were analyzed. 
Moreover, data on other innovative programs such as telestroke, teletrauma, 
teleautism, telediabetes, and telenursing programs and development of software 

Fig. 2.11 Inauguration of Telemedicine in Albania by Prime Minister Dr. Salih Berisha, the stron-
gest supporter of telemedicine in the Balkans, 2011; In the background Dr. Rifat Latifi participat-
ing virtually
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programs to aid telemedicine programs were gathered between October 2011 and 
June 2014 and are presented as part of the implementation of the telemedicine pro-
gram in Albania. During the study period (September 2007–June 2014), we reported 
that the National Telemedicine Center of Albania in Tirana and 12 regional tele-
medicine centers were established. The necessary policies and procedures to sup-
port the activities of this program were also completed. IVeH’s four pillars, which 
include (1) a nationwide telemedicine network, (2) clinical programs, (3) educa-
tional programs, and (4) the e-library, have been completed.

Moreover, in that paper we reported four software applications’ developments: 
(1) telestroke software, the beta version of a Web-based patient form and the Digital 
Imaging and Communications in Medicine viewer to support the activity of the 
telestroke program; (2) teleradiology software, a modified version of the telestroke 
software that provides the possibility to download the images for viewing and diag-
nosis, but also online viewing for the purpose of quick second-opinion provision; 
(3) telediabetes software, a Web-based blog-like program by means of which 
recently diagnosed diabetes patients can interact with experts of the Albanian 
Diabetes Association; and (4) the software that captures and stores research data for 
the Neurosurgery Service of the “Mother Theresa” University Hospital Center.

During this period, we added more clinical content including teletrauma, tele-
ophthalmology, telecardiology, and telenursing that have also been developed and 
are in use. The virtual educational programs consisting of both national and interna-
tional components have been active since January 2012. In addition, there were one 
to three weekly lectures organized by the Telemedicine Center of Kosova and the 
biweekly lecture series of the Albanian Association of Nurses, as well as many other 
training programs.

We described somewhat of a slow progression the clinical telemedicine program 
experienced initially, but with time things improved. Overall, the results of our study of 
establishment and implementation of telemedicine of Albania are compatible with the 
previously reported timeframe of IBOT implementation. With collaboration among 
U.S. governmental agencies working in Albania, Albanian governmental institutions, 
and IVeH, a medical system that was in need of major reform was revitalized using 
telemedicine and advanced technologies through the principles of the IBOT approach.

Today, telemedicine program in Albania serves the entire country with a total of 
36 active telemedicine centers and telemedicine clinical portals/units. Out of these, 
19 centers provide teleconsultations, and 11 regional hospitals and 3 municipal hos-
pitals refer the patients. There are three mobile units to complete telemedicine net-
work in Albania. In January 2017, the program was transferred to MOHSA as an 
integral part of the National Center of Biomedical Engineering (NCBE) and is fully 
supported by the government.

 Clinical Results
Previously, we have reported telemedicine results in Albania [14]. Recently [15], 
however, we analyzed 2842 patients who were managed using telemedicine pro-
gram in all clinical disciplines. We excluded 118 patients—90 teleautism patients 
and 28 patients with missing data (unknown clinical discipline and unknown or no 
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action taken during the consult). Ultimately, 2724 patients remained for analysis. 
The most frequently consulting clinical disciplines were radiology (39.0%), neu-
rotrauma (27.2%), and stroke (16.7%). The difference in transfer status was statisti-
cally significant (p  <  0.001) for radiology, neurotrauma, stroke, pneumatology, 
psychiatry, nephrology, and surgery. Elderly (the age group 70–79) had higher rate 
of transfer rate. While the rate of transfer patients increased from 2014 through 
2017, overall there is a smaller size of transferred patients to a tertiary center in each 
year. The rate of transfer patients decreased in 2018 patients.

Overall, transfer neurotrauma patients were slightly older (42.5 vs. 44.8, 
p = 0.215), but there was no statistical difference. However, the difference was sta-
tistically significant in the stratum of patients 80 years of age (p = 0.021). Similar to 
overall clinical disciplines, only a smaller portion of neurotrauma patients were 
transferred to a tertiary center each year (as follows: 23.8–35.9%). The two centers 
that requested most consults for neurotrauma were Vlora Regional Hospital (51.8%) 
and Korca Regional Hospital (32.9%). All the teleneurotrauma consults (100%) 
were provided by University Hospital of Trauma in Tirana. The transfer rate in 
Vlora Regional Hospital was 22.7%, and in Korca Regional Hospital it was 46%. 
Most successful clinical program has been neurotrauma [16].

 Telemedicine in Cabo Verde

The telemedicine program in Cabo Verde, a nation of 10 islands of West Africa, 
started in 2012 as a 10-center program, which later progressed to 14 centers. The 
population of Cabo Verde is 560,084, and the total land is 4030 km2. According to 
the WHO, the density of physicians is 0.788 per 1000 population (2015). The nurs-
ing and midwifery personnel density is 1.256 per 1000 population (2015). 
Economically, 4.8% of the GDP goes toward health (2014). The infant mortality 
rate is 10.4 deaths per 1000 live births (2017), whereas the maternal mortality rate 
is 42 deaths per 100,000 live births (2015) [17].

There is no medical school, and all doctors are graduates from other countries 
such as Portugal, Brazil, Russia, China, and Cuba among others [11]. Santiago and 
Sao Vicente islands are the most populated islands. The majority of physicians are 
concentrated in Santiago, and nurses are mostly concentrated in Sao Vicente [18].

Cabo Verde has proven a great success story of telemedicine in Africa [17–20]. 
Although Cabo Verde has had a long history of telemedicine for pediatric cardiol-
ogy [19], in 2014, we reported the first establishment of nation-wide telemedicine 
in Cabo Verde [17]. The Minister of Health of Cabo Verde, Dr. Maria Cristina Fontes 
Lima (Fig.  2.12), was an incredible supporter of the program. Over a 26-month 
period (November 2011–December 2013), the program implemented: (1) capacity 
building; (2) network development and deployment of equipment; (3) implementa-
tion of clinical telemedicine; (4) implementation of activities related to continuing 
medical education, delivered from within the country and from abroad; and (5) 
establishment and use of the electronic virtual library.
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Most recently we reported the follow-up study on Cabo Verde telemedicine [21] 
and updated the clinical results and expansion of the telemedicine program from 10 
centers to 14 telemedicine centers in 9 populated islands (Fig. 2.7).

During the period 2014 to 2019, there were a total of 2442 telemedicine 
consultations performed, however. A total of 404 consultations had incomplete 
data and were excluded. The patients ranged from infancy to the elderly. 
Overall, the median age was 35  years. There were more female than male 
(54.9% vs. 45.9%). Telemedicine consultations have grown steadily. For exam-
ple, in 2014, 128 patients, while in 2018, 796 patients were seen, from all 
islands; however, Fogo (22.0%) and Santo Antão (16.2%) requested the highest 
number of teleconsultations. Hospital Dr. Agostinho Neto (HAN) received the 
majority (81.0%) of the telemedicine consults. Overall, the transfer rate was 
34.3%. The most common clinical disciplines using telemedicine were neurol-
ogy, cardiology, orthopedic surgery, general surgery, endocrinology, otolaryn-
gology, urology, and dermatology.

The most active specialty was neurology (29.5%), and 12.4% (89/720) of neurol-
ogy patients were transferred. Cardiology comprised the greatest portion of transfer 
patients (17.6%), and it was statistically significant. In 2018, a statistically signifi-
cant increased rate of transfer was seen in otolaryngology, surgery, and cardiology. 
Among surgical specialties, orthopedic surgery demonstrated a non-significant pat-
tern of transfer in all years of the study except 2015.

As expected, there is similar transfer rate in all the islands except Boa Vista, 
which showed an increase, while the island of Santo Antão showed significant 
decrease in transfer rate. Generally, however, Cabo Verde telemedicine program has 
continued to expand both in volume and centers since 2014. At the same time, a 
continuous decrease in the number of transfer cases has been demonstrated.

Fig. 2.12 The Minister of Health of Cabo Verde, Dr. Maria Cristina Fontes Lima
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 Telemedicine Champions

The question that has been raised over the last two decades is that what should the 
success of telemedicine program be attributed to? We examined the relationship 
between the clinical teleconsultations as an indicator of healthcare system needs 
and the contribution of local telemedicine champions based on data prospectively 
collected data between 2014 and 2018 from Albania and Cabo Verde [21]. For the 
purpose of this study, the telemedicine champion was defined as an individual, 
clinical discipline or hospital that contributed with at least 100 telemedicine con-
sultations during the study periods. Individual telemedicine champion was defined 
as an individual physician from any clinical discipline or hospital receiving and 
responding to or requesting telemedicine consultation. Based on this definition, 
we developed the new concept of clinical discipline champion and hospital 
champion.

As reported above, there were a total of 2442 teleconsultations in Cabo Verde 
and 2724 teleconsultations in Albania during the study periods. These two telemedi-
cine programs have similar clinical disciplines and with only small differences. In 
total, there were 173 physicians in Albania and 108 physicians in Cabo Verde from 
different specialties that performed or asked for telemedicine consultations.

Based on the 100-telemedicine consultation definition, radiology (n  =  1061), 
neurotrauma (n = 742), and neurology or stroke (n = 489) were clinical discipline 
champions. On the other hand, in Cabo Verde, there were eight champion clinical 
disciplines including neurology (n  =  720), cardiology (n  =  313), orthopedics 
(n = 190), surgery (n = 143), endocrinology (n = 141), otolaryngology (n = 139), 
urology (n = 139), and dermatology (n = 126).

Using the 100-requesting teleconsultation as the indicator of local hospital cham-
pion, we identified the hospital champion in seven islands in Cabo Verde and four in 
Albania. The Cabo Verde hospital champions were in Fogo (n = 537), Santo Antao 
(n = 396), Boa vista (n = 246), Sal (n = 241), Sao Nicolau (n = 231), Brava (n = 175), 
and Maio (n  =  157), while four requesting champion hospitals in Albania were 
Vlora (n  =  1249), Korca (n  =  740), Shkodra (n  =  222), and Kukes (n  =  202). 
Similarly, based on the indicator of 100 performing teleconsultations, in Cabo 
Verde, the receiving hospital champions were Hospital of Dr. Agostinho (n = 1978) 
and Hospital of Dr. Baptitsa de Sousa (n = 464). The receiving hospital champions 
in Albania were UHC Mother Teresa (n = 1483) and University Trauma Hospital 
(n = 1119). In Albania, there is a well-developed teleradiology (20 physicians, 4 
champions), teleneurotrauma (7 physicians, 5 champions), and neurology/telestroke 
program (16 physicians and 2 champions).

In Cabo Verde, champion clinical disciplines were teleneurology (3 physicians, 
2 champions), telecardiology (8 physicians, 1 champion), teleorthopedics (11 phy-
sicians, no champion), telesurgery (13 physicians, no champion), tele- endocrinology 
(3 physicians and 1 champion), teleotolaryngology (7 physicians, no champion), 
teleurology (3 physicians, no champion), and teledermatology (3 physicians and 1 
champion).

2 Initiate-Build-Operate-Transfer (IBOT) Strategy Twenty Years Later: Tales…
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 Summary and the Road of Telemedicine Ahead?

Twenty years from the Berlin G8 conference, I continue to be as enthusiastic, opti-
mistic, and determined that the future of the telemedicine will be as brighter as ever 
in the past. In conclusion, both programs have been running progressively. They 
have reduced the rate of unnecessary transfers, resulting in saved resources. 
Although they are in two different geographical locations and have different popula-
tions and cultures, they work well under the same system. This stems from the same 
platform that these two programs have been established on (IBOT) basis. Also, the 
key to success for these two programs is trying to assess the need, infrastructure, 
and resources as well as involving the host government and academic leaders from 
the beginning. In 2018, both countries improved their telemedicine program. There 
is still more room to grow, and these two programs can serve their host coun-
ties better.

Overall, telemedicine has made great strides, from both a research standpoint 
and an organizational standpoint. We do need, however, to harness new and innova-
tive concepts, such as smartphone health apps, as long as they are clinically sound, 
secured, and deployable. We also need to further test their potential effectiveness as 
principal components of the existing infrastructure.

IVeH previously published data on the cost-effectiveness of the TMPK [9]. Yet 
clearly, more vigorous analyses of these programs are needed. We await research by 
other impartial investigators to demonstrate the strengths and weaknesses of the 
IBOT strategy in other parts of the world. It goes without saying that just like in any 
other surgical mission, the implementation of telemedicine programs in developing 
nations requires the involvement of people who are passionate about their work and 
are willing to make personal and professional sacrifices. The intellectual and emo-
tional satisfaction resulting from working with these programs, however, is enor-
mous and most fulfilling, particularly when one considers the sustainable potential 
impact on patient care in developing countries. Moreover, for those of us who have 
moved to the USA and made it our home, these programs make virtual return pos-
sible anytime, anywhere.

The IVeH has received three significant awards for its efforts to promote tele-
medicine and e-health. In June 2011, the Computerworld Honors Program awarded 
to the IVeH the prestigious twenty-first Century Achievement Award in the Health 
category [22]. The award recognizes the utility of the IBOT strategy and its success-
ful implementation in Kosova and Albania. In December 2011, the Utilization 
Review Accreditation Commission and the Care Continuum Alliance awarded the 
2011 International Health Promotion Award in the International Community Health 
category to the IVeH. Most recently, the IVeH and the seven telemedicine centers in 
Kosova received the 2011 Visual Communications User Application Healthcare 
Award at the Telepresence and Videoconferencing Editor’s Choice Awards cere-
mony [23].
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For the IBOT model that ensures the program’s sustainability and has been suc-
cessfully replicated in Albania and Cabo Verde, Africa, and for helping to establish 
telemedicine and e-health programs in underdeveloped countries, especially those 
recovering from conflict and in need of major rebuilding of their healthcare systems, 
the American College of Surgeon’s Operation Giving Back awarded the 2015 
International Surgical Volunteerism Award [24].
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3Clinical Telemedicine Practice: From 
Ad Hoc Medicine to Modus Operandi

Rifat Latifi

 Introduction

Clinical telemedicine has been adopted by several countries around the world, 
although it was expected that by now large-scale telemedicine expansion would 
have occurred. Successful telemedicine programs have been implemented and pro-
vide excellent examples for others [1–4]; however, the adoption of technology, 
programs, and systems has not happened as readily as expected, until this recent 
year. Of the successful programs that do exist, many have not spread to large-scale 
applications. These programs typically have champions who facilitate program 
funding with government and private sector connections, or who have successful 
granting, but importantly have clinicians who have embraced and adopted tele-
medicine. Despite the current growth and newer enthusiastic acceptance of tele-
medicine during COVID-19, when one considers the potential of telemedicine, this 
is all still on a smaller scale, and there is much room for improvement. We need to 
move from crisis mode to sustainable modus operandi on clinical applications of 
telemedicine [5].

There are a number of organizations that have produced their own guidelines on 
clinical telemedicine from WHO to ATA, ISTeH, and other subspecialty societies. 
The aim is to facilitate the successful implementation and incorporation of tele-
medicine by providing guidance for establishing programs and requiring member 
states to participate by developing local telemedicine efforts [4, 6, 7]. The benefits 
of clinical telemedicine are many, including remote monitoring, offering telehealth 
services to rural populations who may not normally receive adequate healthcare, 
providing expertise from a distance, cost savings, and educational purposes; how-
ever, with the many benefits that come with telemedicine, there are also many 
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barriers. The major barriers until now have been economic, legal, and some techni-
cal [5]. However, in response to COVID-19, the Center for Medicaid and Medicare 
Services has permitted patients to be seen via videoconferencing in their homes, 
without having to travel to a qualifying “originating site” for Medicare telehealth 
encounters. Furthermore, the Drug Enforcement Administration (DEA) approved 
an exception that allows prescriptions for controlled substances via telemedicine 
without a prior in-person evaluation. It is our hope that these guidelines will not be 
revoked once this pandemic has subsided. While this is very positive news for tele-
medicine overall, we will need to carefully document the benefits of telemedicine 
during this pandemic, in order to continue to pressure the policy makers to recog-
nize that there is a need for continuous support and advancement of telemedicine 
services [5].

Hopefully, these examples, new support for telemedicine from the U.S. and other 
governments, along with other lessons from around the world that have been well 
documented will ensure continuation, expansion, and sustainability of the current 
enthusiasm for telemedicine across the world and in all clinical disciplines.

Telemedicine programs should be incorporated with, and be part of, local health-
care systems and the culture of individual organizations [8–10]. The objective of 
this chapter is to discuss current evidence of successful clinical telemedicine pro-
grams and to provide guidance on establishing and maintaining successful programs 
for others.

 Telemedicine Modalities

Store and forward, and synchronous (real-time) methods are the most frequently 
used forms of telemedicine. Store and forward is typically used for the transmission 
of history, physical examination, and image-based diagnostic materials, such as in 
radiology [1–3]. In addition, real time is a common technique that involves live 
assistance with clinical conditions, while both patients and local healthcare provid-
ers are present. Moreover, telemedicine networks can be used for educational and 
telehealth consultations [11]. A third form of telemedicine, remote monitoring has 
been used extensively in emergency situations [12] and has gained wider acceptance 
as relevant technologies have become less expensive and more readily available. All 
three forms of telemedicine are beneficial in clinical telemedicine settings.

 Clinical Telemedicine

Clinical telemedicine can be applied to every aspect of healthcare including primary 
care [13], cardiology [14], neurology [15], orthopedics and traumatology [16], psy-
chiatry [17], home healthcare [18], rehabilitation [19], wound care [20], pathology 
[21], dermatology [22], oncology [23], and palliative care [24]. However, there is no 
clinical discipline in which telemedicine cannot be applied [25]. Radiology [26], on 
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the other hand, is most commonly. Artificial intelligence is gaining momentum and 
will become part of the armamentarium and part of telemedicine. Other disciplines 
such as trauma, particularly neurotrauma, and intensive care will be addressed in 
separate chapters in this book.

In the last few years, many telemedicine applications have changed into mobile 
health and involve sensors, mobile apps, social media, and location-tracking tech-
nology that are used in disease diagnosis, prevention, and management [27]. These 
technologies include heart rate monitors, blood pressure monitors, and blood sugar 
monitors. Newer technologies are continually being developed for clinical telemed-
icine usage.

 Clinical Telemedicine Guidelines

Many organization and association have designed their telemedicine guidelines. 
The American Telemedical Association has created a set of guideline to serve as 
standards for telemedicine practices in various clinical disciplines including stroke, 
mental health, burn, teleICU, pathology, and others [28–34]. The use of, and the 
need for, guidelines was also reviewed [35]. These guidelines and standards include 
clinical, administrative, and technical requirements for telemedicine networks that 
evolve with time and should be evidence based. A recent study revealed major 
weaknesses in current guidelines for electronic communication between patients 
and providers, and the guidelines appear to be based on minimal evidence and offer 
little guidance on how best to use electronic tools to communicate effectively [36].

The requirements include human resource management, privacy and confidenti-
ality, federal, state, and other credentialing, regulatory agency requirements, fiscal 
management, ownership of patient records, patient rights and responsibilities, docu-
mentation protocols, network security, equipment use, and research protocols.

 Policies and Protocols/Agreement Required

With each policy and protocol, all personnel, contractors, and members of a clinical 
medicine group will need to complete appropriate paperwork that includes security 
policies, personnel policies, and technical policies that ensure the confidentiality 
and integrity of data are maintained. Inclusion of local legal policies is necessary in 
these agreements.

 Technical Requirements

The technology of clinical telemedicine has been advancing greatly in the last few 
years, from telemedicine towers to smart software and mobile devices. Technical 
requirements include high-quality network communications and often depend on 
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the stage of the program. For mature programs, data communication networks can 
include local area networks (LAN), which interconnect hosts in small areas, such 
as a building; small office/home office networks (SOHO), which are similar to a 
LAN, but contain less hosts; metropolitan area network (MAN), which connects 
multiple sites; or a wide area network (WAN), which interconnects multiple sites 
over long distances. Other options that include plain old telephone service (POTS), 
which is an analog dial up telephone that provides voice and limited amounts of 
data between two points, are for the most part a thing of the past. With the rapid 
advancements in cellular technology, cellular/mobile broadband technology is 
becoming a viable form of telemedicine technology. Another form of connectivity 
is that of T-carrier lines. T-carrier lines are high-speed digital network transport 
services that support both voice and data transmission and link other organizations 
to provide services over large areas. Satellite connectivity is another connectivity 
option that is used widely across the world. Recent advances in satellite technology 
allow for portable satellite applications. Broadband global area network (BGAN) 
is one example of a portable satellite application. It uses a compact, portable satel-
lite terminal that is easy to set up and use. Video conferencing can be used for 
educational purposes, consultation following surgery, surgical telementoring, 
trauma and emergency medicine situations, and discussions among multidisci-
plinary teams (see chapters 18,  27).

 How to Perform Teleconsultations

Well-planned, structured, and integrated telemedicine consultation should become a 
part of regular clinical practice, and it is best if it is incorporated into clinical prac-
tice through integrated EMR, so it can be shared and viewed by other providers of 
healthcare systems participating in the care of the patient. Privacy and confidential-
ity should be a priority, as well as documentation. The teleconsultation office must 
be set up much like being in a regular office where patients are seen. Additionally, 
the patient should establish a secure and comfortable area from where they can 
contact the clinician.

 Saving the Data

Data security and accessibility are essential to a successful telemedicine program 
[37]. Several protocols should be established for saving and using the data. These 
protocols include authentication, encryption, access control, integrity, confiden-
tiality, auditing and accounting systems, and security policy. User control has to 
be established for every stage of access to the system. Encryption, or the scram-
bling transmission of data, should be carried out using a “behind the scenes” 
algorithm or program. A policy that is strictly adhered to, that incorporates effec-
tive procedures to maintain confidentiality, data integrity, and security, should be 
established.
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 Reporting the Data

When reporting the data, all rules regarding confidentiality and security of the data 
are paramount. This should be no different than any other data on EMR.

 Summary

Clinical telemedicine has gained great popularity, particularly following the 
COVID-19 pandemic. Throughout the last few years, telemedicine has become 
more acceptable, even though in the past telemedicine has been ignored despite a 
great potential to provide rapid, safe, and high-quality care. Although a number of 
world enthusiastic surgeons and physicians have been teaching and practicing tele-
medicine around the world, only recently has telemedicine taken center stage. 
Specific clinical disciplines have been addressed in this book.
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At the time of writing this chapter, the COVID-19 pandemic has affected more than 
2.5 million (and by the time it is published, this number may very well increase to 
many more millions with mortality in hundreds of thousands of patients worldwide), 
economy has suffered tremendously, unemployment has increased greatly, and life 
that we knew months ago has changed. We all long to return to a normal life, which 
we are not sure we treated as such, but now that we do not have it, we miss it.

 Introduction

Numerous disasters have occurred over the past 15 years, but nothing has prepared us 
for a global pandemic from COVID-19. This highly infective virus has turned our 
world, impacting global health, commerce, education, and daily life. According to the 
International Disaster Database, there were 6973 disasters between the years 2000 
and 2015 [1]. The numbers of disasters since 2015 have been fairly significant in death 
and destruction. The largest natural disaster in 2010 was an earthquake in Nepal in 
April where 8831 people were killed. Then, there were three heat waves through 
France, India, and Pakistan which killed 3275, 2248, and 1229 people, respectively. A 
landslide in October killed 627 people in Guatemala. A heat wave in Belgium killed 
410 people. Floods in India killed 325 people in November and 293 people in July. An 
earthquake in Pakistan killed 280 people in October, and a flood in Malawi killed 278 
people. In 2016, 1600 people were killed by Hurricane Matthew. An earthquake in 
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Taiwan killed 116 people. An earthquake in Italy killed 247 people. In 2017, flooding 
killed 1000 people in Sierra Leone; earthquakes in Mexico killed 460 people; 
Hurricane Maria killed 3057 people; an earthquake in Iran killed 500 people; a flood 
in China killed 144 people; a flood in Peru killed 150 people; an avalanche in 
Afghanistan killed 156 people; a landslide in the Congo killed 174 people; a flood in 
South Asia killed approximately 1200 people. In 2018, an earthquake and tsunami 
killed 2783 people in Indonesia; a flood in India killed 361 people; a flood in Nigeria 
killed 200 people; a heat wave in Pakistan killed 180 people. An earthquake in Papua 
New Guinea killed 145 people. In 2019, a heat wave in Japan killed 160 people; a 
cyclone in Africa killed 900 people; a cyclone in Mozambique killed 1000 people; and 
fires ravaged California and Australia. We have to remember that Ebola, on the other 
hand, had ravaged West Africa between 2014 and 2016, killing 11,325 people, and 
fight has still not ended, and the war is ongoing. The decade that we just left was 
bookended with the devastating earthquake in Haiti that killed over 230,000 people, 
and with wildfires consuming millions of acres across Australia.

When a little known viral infection in Wuhan, China, began in late 2019, no one 
would have predicted what COVID-19 could do to the entire world in a few short 
months. It has only been 100 years since the last global pandemic caused by a virus; 
the Spanish Influenza killed 500 million people or one third of the world’s popula-
tion. But our memory has faded and history seems to be reminding us of how unpre-
pared we are for biological disasters.

Disasters present a worldwide problem that requires systematic, methodological 
preparation, and most of the time, response by multiple partners. The disaster man-
agement cycle includes preparation and simulation, mitigation, response, recovery, 
and post-disaster analysis. To effectively respond to major disaster crises and engage 
in management of disasters, a multi-national coordinated system is often required. 
Disasters always impact the healthcare sector of the population, and as such novel 
technologies and capabilities, including telemedicine, have been brought to bear.

Telemedicine technologies should be incorporated into these systems based on 
the effectiveness of mobile technologies and capabilities of providing remote exper-
tise in crisis situations. Multiple organizations are engaged in testing the effective-
ness of training, preparation, and simulated responses in order to better manage 
disaster response and recovery. One additional element to increase effective disaster 
management must be the creation of a telemedicine infrastructure prior to a disaster 
that can be incorporated into the management phases. This solution will assist in 
ultimately saving lives and reducing human consequences of disaster response.

However, in order to truly be effective during the pre-disaster period, telemedicine 
infrastructure needs to be established and not attempted only during the crisis. While 
there are many pressing issues that need to be normalized following a disaster such 
as water, electricity, transportation, and overall infrastructure, the first and foremost 
importance is saving the injured patients and getting survivors from the rubble, while 
you maintain services for other patients. Remember, during the disaster, people still 
can have medical events such as a heart attack, appendicitis, cholecystitis, bowel 
obstruction, cancer, etc., so medical and surgical teams need to be prepared.

Medical response is difficult to be coordinated, and often is risky for rescue teams. 
In this chapter, we deal mainly with the potential use of telemedicine in disaster man-
agement and will not dwell on medical management of disaster. Furthermore, this 

R. Latifi and C. R. Doarn



53

chapter provides an updated review of telemedicine programs that have been imple-
mented and research that has been conducted while following the three-phase emer-
gency management system and how the incorporation of telemedicine into disaster 
management phases can enhance emergency preparedness, response, and recovery.

 Disaster Classifications

The Emergency Events Database (EM-DAT) was developed in 1988 with the aim to 
rationalize decision-making for disaster preparedness, while also providing an objec-
tive base for vulnerability assessment and priority setting. EM-DAT contains essential 
core data on the occurrence and effects of over 18,000 mass disasters all over the 
world, running from 1900 to the present day [1]. Disasters are broadly categorized as 
(1) natural, (2) man-made, (3) war and conflict related, and (4) land mines and unex-
ploded devices or ordnance. Other sub-types of disaster include epidemics or pandem-
ics, floods, volcanic activity, transportation problems, and many more. Interestingly, 
this EM-DAT does not include the new pandemic caused by COVID-19. The nature 
of the spread of the virus and its rapidly evolving morbidity and mortality in such 
short period and the resultant financial impact to the world’s economy make this a 
biological disaster. The viral catastrophe, we can call this one. The public health 
experts would agree with us. Can we call this a biologic catastrophe? Not sure but on 
March 11, 2020, the World Health Organization (WHO) declared that COVID-19 was 
a pandemic. On April 15, 2020, the WHO reported 71,572 new cases, 1,914,916 con-
firmed cases, and 123,010 deaths with Europe and Americas most affected with 
977,596 and 673,361 confirmed cases [2]. These are grossly underestimated cases for 
the rest of the world, as testing has been a major issue.

 Disaster Management

Disaster management is a complex process that broadly includes three phases. Others 
have described this process as four phases of disaster management that include (1) 
mitigation, (2) preparedness, (3) response, and (4) recovery [3–5]. The use of tele-
medicine has been used in disaster response for several decades [6–20]. However, 
incorporation of telemedicine technology in disaster and emergency pre- planning and 
pre-response has been lacking [6]. Only recently, efforts to include telemedicine in 
disaster simulation have been reported [21–23]. Depending on the infrastructure and 
resources available in a particular country [6, 24], response to a disaster may involve 
multiple countries, but the effectiveness of these responses is determined by several 
factors, including medical documentation established prior to disaster [24]. This infra-
structure should include an access to proper documentation from before the incident.

 Can We Create 24/7 Mass Casualty Center That Will Deal 
with Local Disaster Management?

The rationale for establishing the idea and the concept to create 24/7/365 centers has 
been discussed over a number of decades. However, within the past several years 
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such capability was develop and tested. The results of this multinational group of 
subject matter experts have been well documented [25, 26].

Globally, 5 billion people lack surgical care, resulting in one third of all deaths, 
with lost gross domestic product (GDP) exceeding 1 trillion (USD) by 2030; disas-
ters (both natural and man-made) typically result in 100,000 or more deaths per 
year, many of which could be avoided with improved emergency care; mass casu-
alty centers (MCC) would combine the trauma/stroke center model with integra-
tion of healthcare personnel, technology, and equipment to improve both daily and 
mass casualty care. The MCC would be practical and cost-effective mechanism to 
achieve the healthcare-related United Nations Sustainable Development Goals for 
2030. Moreover, MCC will reduce the duplication of services across the military 
and civilian world.

Even in the middle of COVID-19 pandemic, military floating hospitals basically 
are empty, while public hospitals are inundated by patients (Fig. 4.1). Duplication 
of emergency services, especially civilian and military, often results in suboptimal, 
expensive care. The challenge to overcome the work between the various layers of 
agencies within same country is just as challenging between other countries. MCCs 
would integrate resources for both routine and emergency care—from prevention to 
acute care to rehabilitation. Integration of the various healthcare systems—govern-
mental, non-governmental, and military—is key to avoid both duplication and gaps. 
Of course, these centers should be equipped with technology to provide seamless 
telemedicine services.

Fig. 4.1 US Navy Hospital Ship in NY, April 2020. (Source: U.S.  Navy photo by Mass 
Communications Specialist 2nd Class Adelola Tinubu/Released) https://www.navy.mil/submit/
display.asp?story_id=112806
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 Incorporation of Telemedicine in Each Phase of a Disaster

In order for telemedicine to be beneficial for any management, it should be part 
of the entire process, from preparation phase to recovery phase. In this section, 
we will address each of the disaster phases and how telemedicine can be helpful 
(Table 4.1).

Table 4.1 Phases of Emergency and Disaster Response and Telemedicine Solutions

The Three Phases of Emergency Management Telemedicine Solutions
PHASE 1: 
BEFORE THE 
DISASTER 
(Mitigation and 
Preparation)

Includes any activities that prevent an 
emergency, reduce the chance of an 
emergency happening, or reduce the 
damaging effects of unavoidable 
emergencies. Incorporates plans or 
preparations made to save lives and to 
help response and rescue operations.
Developing and establishing an 
operational telemedicine network

Multiple entity collaboration of 
communication, policy 
development, and implementation
Standardization of practices across 
regions within the network
Coordination of Pre-event training
Standardization of pre-event 
telemedicine field kits
Provide foundation for ensuring 
that adequate resources are in 
supply for event (satellite 
technology, telemedicine field kits, 
etc.)
Scheduling of training is 
well-coordinated at a multi- 
national level rather than 
independently within each area, 
facilitates rapid and effective 
response

PHASE 2: 
DURING
Response
Responding 
safely to an 
emergency

Includes actions taken to save lives and 
prevent further property damage in an 
emergency situation. Response is 
putting your preparedness plans into 
action.

Situational awareness: 
Coordination of event response 
and outcomes at a multi- national 
level
Facilitation of use of resources due 
to training and accessibility of 
resources
Rapid advances in telemedicine 
technology that facilitate medical 
response to remote or disaster 
effected regions

PHASE 3: 
AFTER
Recovery
Recovering 
from an 
emergency

Includes actions taken to return to a 
normal or an even safer situation 
following an emergency.

Includes mitigation solutions in 
light of lessons learned during 
emergency: training, scheduling, 
reviewing coordination and 
communication successes and 
failures
Usage of telemedicine technology 
to adapt resources to needs after a 
disaster

Reprinted from A multinational telemedicine systems for disaster response: opportunities and 
challenges, Vol. 130, C.R. Doarn, R. Latifi, C. Zoicas, Incorporation of Telemedicine in Disaster 
Management, 102, Copyright (Year), with permission from IOS Press
The publication is available at IOS Press through https://doi.org/10.3233/978-1-61499-728-3-99
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 Phase 1: Pre-Disaster

In order to use telemedicine pre-disaster, we believe that one has to have complete 
and functional infrastructure in place, with expertise to independently and profes-
sionally run the program. This program should be used continuously not only in 
non-disaster mode, that is for daily clinical activities, but in fact should simulate a 
disaster and practice again and again various scenarios and with various technolo-
gies to maintain competencies and a state of readiness. Moreover, it is imperative to 
maintain a strict and up to date research database and analyze the best outcomes of 
such exercises, preferably by independent assessment and evaluation teams, which 
should be shared with stakeholders and eventually reported in peer-review publica-
tions as appropriate. In expecting the disaster, there is work to be done that should 
involve multiple entities for collaboration in communication, policy development 
and implementation, and standardization of practices across regions within the net-
work. This phase should also coordinate training and simulation, standardization of 
pre-event telemedicine field kits, communication capabilities, and a network of 
clinical expertise that are rapidly deployable so they can provide a rapid response.

 Phase 2: During the Disaster

Setting up of telemedicine during the disaster may be challenging, especially if 
there was no infrastructure in place prior to the event, although the mobility of such 
technologies in recent years has improved significantly and their quick deployment 
has become much easier. Although the mobile, web-based solutions are easy to use, 
training and preparing human capacities to use mobile and other telemedicine solu-
tion should be part of preparedness [21–23].

Advances in global positioning system (GPS) have made it possible where 
wearable sensor nodes enable more efficient disaster response. Smart phones have 
been demonstrated to be a useful disaster and emergency response tool when situ-
ations do not allow for expert advice at the scene. For example, a lung ultrasound 
was performed by Crawford et al. [15] via a smart phone. Off-site experts were 
able to view real-time Point-of-Care Limited Ultrasound (PLUS) images that 
were displayed and transmitted via a smartphone. A portable ultrasound was 
interfaced to a laptop computer via an analog-to-digital converter. A new creative 
version of telemedicine for war and major conflicts has been created and reported 
using low-cost technology and Arabic-speaking intensivist from North America. 
Tele-ICU program was launched in December 2012 to manage the care of ICU 
patients in parts of Syria by using inexpensive, off-the-shelf video cameras, free 
social media applications, and a volunteer network of Arabic-speaking intensiv-
ists in North America and Europe [27]. Within 1 year, 90 patients per month in 
three ICUs were receiving tele-ICU services. At the end of 2015, a network of 
approximately 20 participating intensivists was providing clinical decision 
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support 24  hours per day to 5 civilian ICUs in Syria. The volunteer clinicians 
manage patients at a distance of more than 6000 miles, separated by seven or eight 
time zones between North America and Syria. The program is implementing a 
cloud-based electronic medical record for physician documentation and a medica-
tion administration record for nurses.

 Telemedicine During COVID-19

The new world order caused by COVID-19 has brought about many changes in our 
new world order. One of these changes is that almost overnight, the medical com-
munity realized that telemedicine and telepresence in fact are not only desirable, 
acceptable, and much sought after by patients and hospitals but by the entire com-
munity at large. Why risk your life by going to a busy academic hospital inundated 
by COVID-19 patients to simply see your doctor? Time for virtual visit has come; 
telemedicine after all is at the forefront. For more on the use of telemedicine in 
COVID-19 pandemic, see the first chapter of this book [28].

 Phase 3: Post-Disaster

Telemedicine has great potential uses for large-scale man-made or natural disasters 
and emergencies that are characterized by unpredictability to place, time, and the 
number of injured people as well as their injury severity score, when other mode of 
transmission of information is not possible, or when the terrestrial infrastructure is 
lacking or has been destroyed. Recovery from disaster includes re-establishing 
infrastructure or revising infrastructure to more adequately meet the needs of disas-
ter management. Disaster resilience is a term that is commonly used when assessing 
vulnerability of communities and ability to adapt after disaster [29, 30]. Lam et al. 
[30] suggest that vulnerability and adaptive capacity need to be assessed over time. 
Vulnerability is the latent relationship between exposure and damage. Adaptability 
is the latent relationship between damage and recovery. Both vulnerability and 
adaptability can fall under the third phase of disaster management because they 
represent a relationship that is intricately related throughout the disaster manage-
ment process [31].

Telemedicine and telehealth technologies are particularly useful in managing 
disaster resilience and recovery. In conducting a review of literature on the subject 
of disaster recovery and benefits of telemedicine technology, very few articles 
describing the usefulness of technology during recovery were found [31]. The use-
fulness of telemedicine for disaster recovery during the Armenian Earthquake of 
1988 [32, 33]. As stated eloquently, the disaster is usually unpredictable, and imper-
sonal. So the only predictable element of disaster is its unpredictability [34], and we 
have to adapt to something that may not be able to be predicted.
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 Training and Simulation

Incorporating telemedicine in disaster management has not yet become an acceptable 
practice for most countries. As described in more detail [23], a Multinational 
Telemedicine System (MnTS) was tested during the NATO Consequence Management 
Field Exercise, “Ukraine 2015” [21]. This exercise was sponsored by Ukraine and its 
State Emergency Service [21, 22], and teams from four of the seven bordering countries 
of Ukraine participated. We demonstrated that an integrated system, including person-
nel, hardware, communication protocols, portable power generation, medical kits, and 
Web-based tools, was developed and successfully tested in the Euro-Atlantic Disaster 
Response Coordination Centre’s Exercises Ukraine 2015. The field exercise tested and 
validated the MnTS and identified areas of improvement. The system and its evaluation 
provide additional information for establishing deployment capabilities.

The major difference between the Centre for Research on the Epidemiology of 
Disasters (CRED) programs and the NATO program is that the NATO MnTS explic-
itly tests simulation exercises in mock scenarios using telemedicine technology. 
These simulation exercises provide training for medical professionals and all levels 
of emergency staff within the trauma response network. The advantages of tele-
medicine technology need to be acknowledged when considering the most effective 
strategies for disaster management. We describe the multiple uses of telemedicine 
in disaster response [6]. Although the benefits are obvious, the adaptation of tele-
medicine technology has been slower in disaster response situations than would be 
expected. However, as described in Chaps. 5 and 7 of this book, NATO has incorpo-
rated telemedicine field kits, remote connectivity, and satellite and solar panels in 
their MnTS program. Demonstrated usefulness and efficiency of these systems was 
provided during the Ukraine 2015 multi-national disaster simulation exercise. Each 
of these telemedicine systems was set up in less than 25 minutes [21] (see Fig. 4.2).

The NATO Science for Peace and Security (SPS) Program also provided an example 
of how scientists and medical professionals can advance the disaster management pro-
cesses by increasing the knowledge base for all parties involved in disaster. The SPS 
program not only focuses on the incorporation of scientific perspectives into developing 
solutions to global problems, but it also provides a multi- national collaborative aspect to 
developing these solutions. This collaborative spirit encourages a depth to problem-
solving that is enhanced by multiple vantage points and knowledge bases.

In a recent publication, telemedicine was adopted into a simulation where 92 US 
Army Forward Surgical Team (FST) members participated in a high-fidelity mass 
casualty simulation at the Army Trauma Training Center (ATTC) [35]. However, 
only 10.9% of participants chose to use telemedicine, and those who used it believed 
it somewhat improved patient care, attainment of expert resources, decision- making, 
and adaptation, but not the timeliness of patient care. However, participants reported 
several barriers to using telemedicine in the mass casualty setting, including (1) 
confusion around team roles, (2) time constraints, and (3) difficultly using the mass 
casualty setting (e.g., due to noise and other conditions). Interestingly, the most 
common users were surgeons and nurses. It becomes clear that telemedicine was 
not integrated part of the simulation and still needs to have “Telemedicine Chief”. 
Scheduling of training is well-coordinated at a multi-national level rather than inde-
pendently within each area, and facilitates rapid and effective response.

R. Latifi and C. R. Doarn



59

 Administrative Requirements

Managing catastrophes like those described above takes creativity, but above all it 
requires technology and collaboration of wide variety of individuals, organizations, 
and systems. Apart from other intricacies and the peculiarities of such disasters such 
as managing a great number of authorities and organizations, there is a need for a 
high-level demand for Command, Control, and Communications (C3). The American 
Telemedicine Association has created guidelines of standards for telemedicine prac-
tices. These standards include administrative requirements for telemedicine networks 
[35]. These requirements include human resources management; privacy and confi-
dentiality; federal, state, and other credentialing and regulatory agency requirements 
in the country where the telemedicine is practiced; fiscal management; ownership of 
patient records; patient rights and responsibilities; documentation protocols; network 
security; equipment use; and research protocols [35].

Fig. 4.2 Dr. Latifi demonstrating telemedicine during the Ukraine exercise
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 Conclusion

Disasters such as the COVID-19 pandemic pose a serious threat and challenge to the 
life of every individual and their daily activities, and overall to national and interna-
tional infrastructure, economy, and well-being. Telemedicine, broadly speaking, 
can play a major role in the management of medical consequences of the disaster. 
But in order to have telemedicine and telehealth ready for the use during the disas-
ter, we need to have telemedicine programs in place during the peace times. In addi-
tion, using telemedicine for local disaster management, we should establish 
programs that will incorporate telemedicine technology to solve disaster manage-
ment problems as well as provide assistance in regional and multi-national collab-
orative environments to address problems posed by disaster scenarios.
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Dale C. Alverson

 Why Telemedicine and Health Information Exchange Should 
Work Together

Telemedicine is the provision of healthcare services over distance when the health-
care providers and/or their patients are at different locations and also encompasses 
several definitions [1]. Healthcare services offered via telemedicine can include 
case reviews, consultations, and direct patient care using synchronous videoconfer-
encing, as well as asynchronous interpretation of forwarded images, such as x-rays, 
ultrasound, dermatology photos, ophthalmology retinal images, and pathology 
micrographs. In fact, images transmitted via telemedicine systems can also be clas-
sified as health information. Therefore, radiologic, pathology, retinal, or dermato-
logic images are often considered part of telemedicine as teleradiology, telepathology, 
teleophthalmology, or teledermatology but at the same time can be considered 
health information and be incorporated into an electronic medical record or as part 
of a health information exchange. Together and when integrated, Telemedicine and 
health information exchanges provide a means to better evaluate and manage a 
patient’s care over distance, benefitting the patients, the local primary care provid-
ers, and the associated specialists, thus supporting the patient-centered medical 
home. These health information technologies both can use a spectrum of communi-
cation systems, such as the internet, wireless networks, microwave, cellular, and 
satellite, as well as the plain old telephone system and web-based portals along with 
a variety of devices for video-conferencing, including mobile phones and tablets 
with cameras and cloud-based audio-video platforms, blended into an improved 
platform for coordination and continuity of care.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56917-4_5&domain=pdf
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Just as when a patient is seen face-to-face in-person, when providing services via 
telemedicine, the healthcare professionals need access to the patient’s protected 
health information (PHI) and need to document the patient encounter or consulta-
tion. However, particularly when using telemedicine between different locations 
and healthcare systems, the providers and the patients are often on different elec-
tronic health records (EHRs) that cannot easily share PHI. This makes the patient 
evaluation more difficult, at times incomplete, less efficient, and often leads to 
unnecessary duplication of tests and procedures [2, 3].

Having access to HIE during a telemedicine encounter, as when seeing patients 
in-person, can improve care coordination and continuity, and enhance the evalua-
tion and treatment even when the patients and their providers are in different health-
care systems using different EHRs. Thus, telemedicine and the HIE become 
complementary as the HIE provides the appropriate, needed, and often critical 
health information at the right time and at the right place at the point of care [4]. 
Rather than viewing telemedicine and health information as separate, they are best 
applied in a complimentary manner to provide effective patient care (Figs.  5.1 
and 5.2).

Technology
and

Connectivity

Operations
and

Work Flow

Sustainability
and

Business PlanningHealth Information
Exchange (HIE)

HIE

Health Information Exchange  and Telemedicine:
Complementary Pieces of the Puzzle

Fig. 5.1 HIE and telemedicine integration
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 Creating Standards for Merging Health Information

With the appropriate secure interfaces, the health information exchange (HIE) can 
consolidate the patient’s information into one set of documents from all the differ-
ent EHRs allowing the telemedicine provider to have a much more comprehensive 
overview of the patient at the time of provision of care [5–7]. The HIE can display 
all of a patient’s diagnoses, medications, allergies, immunizations, procedures, 
lab and radiology results, as well as other consultations and discharge summaries, 
as well as specific places of receiving healthcare services using admission, 
Discharge, and transfer (ADT) feeds, from other healthcare systems and their 
EHR into the HIE independent of the different EHRs or databases in which that 
information is housed [8–15]. A challenge is the provision of a standard data set 
from individual EHRs and different health systems that are needed to provide a 
more comprehensive and complete view of a patient’s health information [16]. 
Therefore, an adequate interface with each EHR is necessary so those standard 
data sets can flow into the HIE. Efforts are underway and being developed to cre-
ate a core date set of healthcare information that should be provided by each EHR 
such as the United States Core Data Set for Interoperability (USCDI) [17, 18] 
(Fig. 5.3).

Accomplishing those interfaces with a health system’s EHR in a cost-effective 
manner can be another challenge. Furthermore, when developed and parsed appro-
priately, a user can more easily and effectively navigate that consolidated informa-
tion when evaluating and managing a patient via telemedicine, as well as in-person. 
Although exchange of a Continuity of Care Document (CCD) [19, 20] or 
Consolidated-Clinical Document Architecture (C-CDA) [21] document is offered 

What is a Health Information Exchange?

• Technology and services to make sure health
   information is available when and where it is
   needed.  

• “Interoperability”- the ability of systems to
   exchange & use electronic health information
   from other systems without special
   effort on the part of the user. 

Fig. 5.2 A health 
information exchange
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as a solution for health information exchange, they may be limited to interaction and 
document exchange between just two EHRs and may be more challenging to navi-
gate since individual information is not generally parsed but combined into one 
large electronic document.

Health information merger from different data sets can be facilitated using other 
established common language platforms, such as SNOMED, RXNORM, and 
LOINC [22–24]. SNOMED is an international global standard for health terms 
[22]. As noted on their Web page, “LOINC is the international standard for identify-
ing health measurements, observations, and documents. Reference labs, healthcare 
organizations, U.S. federal agencies, insurance companies, software vendors, 
in vitro diagnostic testing companies, and more than 85,900 registered users from 
176 countries use LOINC to move data seamlessly between systems” [23]. As noted 
on their Web page, “RxNORM provides normalized names for clinical drugs and 
links its names to many of the drug vocabularies commonly used in pharmacy man-
agement and drug interaction software” [24].

As noted, even the sharing of images overlaps in the categories of health infor-
mation and what was typically considered part of telemedicine. Furthermore, the 
integration of the HIE to support telemedicine can not only improve access and 
health outcomes, but also reduce costs. Telemedicine and HIE together can share 
similar secure networks and provide complimentary services to healthcare systems, 
their providers, and patients. The opportunities for collaboration between telemedi-
cine programs and the HIE are significant and potentially synergistic during this 
unprecedented period of healthcare reform, and emergence of new innovative infor-
mation and communication technologies. Specifically, state-wide or regional HIEs 
may wish to consider collaboration with the state or regional telehealth organiza-
tions in order to determine the best manner to integrate the two platforms.

A robust HIE can provide a rich data set for population health and community 
health assessment and data analysis providing insight as to a population health 
issues, needs, and a focus on effective interventions. Using the patients’ Zip Codes 

Core HIE data

•  Demographics
•  Allergies
•  Medications
•  Immunizations
•  Insurance
•  Procedures
•  Problem List
•  Encounters (Visits) & Diagnoses

Note: Data available varies by organization

•  Lab Data
•  Radiology Data
•  Clinical Notes

Fig. 5.3 The core HIE 
data sets
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and a relational database, geospatial information systems (GIS) can be combined 
with these data sets to provide a visualization of distribution of disease and impact 
of health programs addressing those health issues over time. That population health 
date combined with GIS can assist in focusing healthcare services where they are 
most needed (Fig. 5.4).

As opposed to an electronic health record (EHR) or health information exchange 
(HIE), Telemedicine provides direct patient care or support for their healthcare pro-
vider at the point of care. However, patient health information contained in their 
EHR or the HIE is a critical component of overall patient management, diagnosis, 
and treatment, whether provided via telemedicine or in-person. Thus, integrating 
both telemedicine and health information is becoming an important aspect of the 
use of these tools in new paradigms of healthcare during this remarkable period of 
health reform. An HIE can play an important role when providing telemedicine 
services to patients and their providers when the interactions are occurring between 

By zip code

Bubble size is 
related to # 
encounters 
from that zip
code.

21,456,212 Encounters

Fig. 5.4 Combing zip code date with patient healthcare information in the HIE
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healthcare providers using different EHRs. Currently, the vast spectrum of certified 
EHRs cannot easily share the patient’s health information but can be critical in the 
overall patient evaluation.

A survey of US households from the Practice Fusion GfK OmniWeb survey was 
conducted via omnibus April 17–18, 2010, using interviews conducted from among 
a nationally representative sample of 1035 adults age 18 or older [25]. That survey 
notes that patients see 18 different doctors in their lifetime. For patients >65 years 
old, they see 28 different doctors. A patient’s health is dependent on equivalent of 
200 pieces of paper in almost 19 different locations (Fig. 5.5).

Using interoperability standards, such as HL7 and Fast Healthcare Interoperability 
Resources (FHIR) [26–28], an HIE can consolidate health information from differ-
ent EHRs and be made available during a telemedicine encounter. As noted in the 
HL7 webpage [24], “HL7, (Health Level Seven), is a standard for exchanging infor-
mation between medical applications. This standard defines a format for the trans-
mission of health-related information. Information sent using the HL7 standard is 
sent as a collection of one or more messages, each of which transmits one record or 
item of health-related information. Examples of HL7 messages include patient 
records, laboratory records and billing information.” As an evolution of HL7, Fast 
Healthcare Interoperability Resources (FHIR) further facilitates interoperability of 
patient health information; “FHIR was developed by Health Level Seven 
International (HL7), a not-for-profit organization accredited by the American 
National Standards Institute that develops and provides frameworks and standards 
for the sharing, integration and retrieval of clinical health data and other electronic 
health information” [28].

Why use a Health Information Exchange?

•  18 different doctors in your lifetime

•  >65 years old- 28 different doctors 

•  Your health is dependent on equivalent of 200
   pieces of paper in almost 19 different
   locations.   

 

Average values for the US from the Practice
Fusion survey conducted via omnibus
survey April 17- 18, 2010. The GfK OmniWeb
survey is a weekly national web survey of US
households. Interviews were conducted
from among a nationally representative
sample of 1,035 adults age 18 or older

Fig. 5.5 Individual patient data

D. C. Alverson



69

 Creating a Nation-Wide HIE; Integrating Different HIEs

Ongoing efforts have been underway to create a nation-wide health information 
exchange as initially spearheaded by the Office of the National Coordinator (ONC) 
for Health Information Technology [29]. As noted on their Web page, “President 
George W. Bush created the position of National Coordinator on April 27, 2004. 
Congress later mandated ONC in the Health Information Technology for Economic 
and Clinical Health Act provisions of the American Recovery and Reinvestment Act 
of 2009, under the Obama Administration. The Office of the National Coordinator 
for Health Information Technology (ONC) has been at the forefront of the adminis-
tration’s health IT efforts and is a resource to the entire health system to support the 
adoption of health information technology and the promotion of nationwide health 
information exchange to improve healthcare. ONC is organizationally located 
within the Office of the Secretary for the U.S. Department of Health and Human 
Services (HHS). ONC is the principal federal entity charged with coordination of 
nationwide efforts to implement and use the most advanced health information tech-
nology and the electronic exchange of health information. The position of National 
Coordinator was created in 2004, through an Executive Order, and legislatively 
mandated in the Health Information Technology for Economic and Clinical Health 
Act (HITECH Act) of 2009” [29]. The first National Coordinator of Health 
Information Technology was David Brailer who laid the initial groundwork for a 
vision of the role electronic health records could play in the modernization of clini-
cal digitization of healthcare. Since then ongoing efforts have been initiated to cre-
ate a nation-wide health information exchange through different collaborations. The 
Sequoia Project is the independent, trusted advocate for nationwide health informa-
tion exchange. In the public interest, we steward current programs, incubate new 
initiatives, and educate our community [30]. CommonWell Health Alliance [31] is 
a not-for-profit trade association devoted to the simple vision that health data should 
be available to individuals and caregivers regardless of where care occurs. 
Additionally, access to this data must be built into health IT at a reasonable cost for 
use by a broad range of healthcare providers and the people they serve. Currently, 
the “eHealth Exchange” [32], active in all 50 states, is the largest query-based, 
health information network in the country. It is the principal network that connects 
federal agencies and non-federal organizations, allowing them to work together to 
improve patient care and public health. Another organization called Strategic Health 
Information Exchange Collaborative (SHIEC) has been formed to facilitate sharing 
knowledge and finding solutions for HIE adoption, “SHIEC is a national collabora-
tive representing health information exchanges (HIEs). The organization already 
represents 70+ HIEs, and these HIEs collectively cover more than 200 million peo-
ple across the U.S., well over half of the American population” [33] (Fig. 5.6).

SHIEC has developed an effort called the Patient-Centered Data Home (PCDH) 
[34] currently centered in Utah’s HIE, the Utah Health Information Network 
(UHIN). That platform allows exchange of patient encounters between different 
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states where patients may have received healthcare services, that is linking the 
“home” HIE with the “Away” HIE. For example, if a patient from Utah receives 
healthcare services in another participating state, such as Texas, that information is 
then shared within the UHIN and the Utah Providers are alerted about that encoun-
ter. Similarly, if a patient is seen in Utah, the UHIN shares that health information 
with the HIE in Texas and the Texas providers are alerted about that encounter. The 
patient’s home HIE can be determined through Zip codes. Key to that exchange 
regarding specific patients is the sharing of each HIE’s master patient Index (MPI) 
that allows the link to an individual patient with a high degree of specificity and 
sensitivity.

In addition, the telemedicine encounters need to be documented in the patient 
provider’s EHR, as well as made accessible through the HIE, for future review and 
reference to enhance care coordination and continuity. Other approaches that allow 
the EHR user to take advantage of a related HIE is single sign-on where patient data 
in the HIE can be viewed in the EHR without additional effort of the user.

Often a state-wide or regional HIE offers Direct Secure Messaging (DSM) ser-
vices. DSM is an electronic, standard-based, vendor-neutral, ONC-approved, mech-
anism for exchanging protected health information (PHI) between authenticated 
users. Therefore, it is a one-to-one efficient communication transaction of PHI but 
doesn’t have the overall sharing of PHI between all HIE participants that is provided 
through access to an HIE. It provides an audit trail and confirmations and eliminates 
faxing, saving the cost of fax ink cartridges, paper, and support staff time. DSM 
requires access to the Internet but doesn’t require an EHR. Furthermore, it can sat-
isfy meaningful use for transitions of care requirements. DSM is used for referrals 
and other transitions of care, that is, summary of care records, billing and coding 

Regional
Collaboration

Integration of Data from NM and Western Texas (El Paso and Lubbock)
SHIEC PCDH would also allow connection with Utah, AZ, Western Colorado

Patient Centered
Data Home ™

Fig. 5.6 Regional HIE collaboration

D. C. Alverson



71

inquiries, sharing test results, coordination of care, for example, sharing care plans, 
and thus shared mailboxes aid care management teams.

HIEs can represent federated versus centralized database models or combination 
of those approaches.

In a federated model, PHI is stored in independent databases or repositories. 
Each healthcare organization or provider maintains ownership of and control over 
the health records; access to the health record is granted to users only when needed. 
Whereas, in a centralized model, health records are merged from participants in the 
HIE and stored in a single repository or database.

A combined model utilizes both centralized and decentralized platforms. Data 
exchange in an HIE can also be either pushed to the healthcare provider or pulled by 
the healthcare provider.

For example, a message or document, such as a lab result, is sent from one par-
ticipant to another, this is called a “push” exchange. Whereas, when a provider 
searches for or queries a patient’s health information, this is called a “pull” exchange. 
The types of data that can be exchanged not only include clinical information but 
also claim public health, quality, and reporting data.

Most HIEs require consent either as an “Opt-in” versus “Opt-out” approach. The 
“Opt-in” model requires patient consent to have their data provided into the 
HIE. The “Opt-out” doesn’t require patient consent for their data to flow into the 
HIE but does usually require patient consent for users to view the data. Some HIEs 
provide a “break the seal” opportunities for providers to view the PHI in confirmed 
emergency situations without patient consent (Fig. 5.7).

Another exception precluding consent can be reportable health conditions being 
collected by public health agencies. To avoid inappropriate access to sensitive con-
ditions within the patient’s PHI, some HIEs can segregate data about those sensitive 
conditions such as mental health information, HIV/AIDS, sexually transmitted dis-
eases, and certain genetic conditions. If not segregated, the patient is informed that 
HIE users may be able to view information about those sensitive conditions.

The New Mexico Health Information Collaborative (NMHIC) is an example of 
state-wide “Opt-out” HIE model (Figs. 5.8 and 5.9).

Patient Consent

New Mexico is an
Opt-Out State:

Data can flow into
the HIE without
patient consent

However, patients
control which

organizations can
access the record

Break the Seal

Fig. 5.7 NMHIC 
consent model
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Fig. 5.8 New Mexico Health Information Collaborative (NMHIC) model

NMHIC – Status 

• HIE–Orion System Live since 5/2015 
• Data from Jan. 1, 2013 forward
• >4B Messages in clinical data repository

–  25,552,743 encounters 
–  65,219,592 lab panels
–  548,581,468 lab results
–  632,064 Path and Radiology Reports 

• 100 M Messages inbound each month
• Over 1.7 Million patients-All of Centennial Care 
• Public health reporting (Since 2011)

-145K ED admission reports/mo.
-32K Electronic Lab Reports/mo.

• Direct secure messaging available
• eHealth Exchange gateway (Sequoia Project)

now available

73% NM ED
Admissions

in NMHIC

592K 
73%

223K 
27% 2018

Data

*NM Hospital data extrapolated from NM IBIS 2014 data
This includes acute and specialty hospitals
Does not include IHS or Tribal facilities

88% NM Hospital Admissions in NMHIC

19K
12%

139K
88%

Fig. 5.9 NMHIC data acquisition as a state-wide HIE
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By New Mexico statute, patient data can flow into the HIE with patient consent.
Information within the NMHIC HIE is subject to Federal and State Privacy and 

Security Regulations which includes HIPAA, HITECH, and other regulations. Data 
in the HIE is encrypted at rest and in transit. Access is limited to authorized users 
only. NMHIC uses a spectrum of security systems, such as Insomnia Security that 
has done penetration testing on our NMHIC Orion environment and British Telecom 
America that has done an external HIPAA audit. Thus, security should meet indus-
try standards such as SSAE16 (auditing), ISO 27001, and EHNAC.

Business model and sustainability approaches vary across HIEs. Some HIEs are 
subsidized by state agencies involved in health and human services, and others use 
a subscription model, where users contribute financial support for participation and 
use of the HIE based upon a return on investment and value added. Participating 
HIE users can include healthcare organizations, hospitals, clinics, private practices, 
individual providers, payers, and ancillary health service organizations, such as 
laboratories and radiologic imaging organizations (Fig. 5.10).

Social Determinants of Health (SDOH) are paying an important role in health-
care for a wide spectrum of patients. SDOH influence the capability of patients to 
comply with their healthcare management plans [35–37]. Many HIEs are now 
beginning to include exchange of SDOH so that healthcare providers and others 
managing care organizations can apply that additional information for more appro-
priate coordination of care and a more effective and realistic means to provide the 
desired care for individual patients.

Furthermore, rather than being in silos, efforts related to the meaningful use of 
EHRs and HIEs should be combined with the meaningful use of telemedicine in a 
collaborative manner in order to reach the goal of the Triple Aim [38], patient 

Full Medical Record
Interoperability in New Mexico

Value for NM
≠ Quality
≠ Safety
   Cost

Full value is only seen with full participation

References for Analysis:

The Business Case for interoperability and health Informaion Exchange HIMSS 8/2004
Gartner Study done for Arkansas extrapolated for New Maxico-AppendixD
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centeredness, improved health outcomes, and cost reduction, while enhancing the 
quality of care. Telemedicine can improve access to care but is best when combined 
with access to relevant patient health information and documentation. An HIE along 
with Telemedicine can also play an important role in transitions of care when 
patients are moving from one aspect to the healthcare system to another, such as 
from hospital to rehabilitation, to skilled nursing facilities, or home. Use of HIE and 
Telemedicine technologies can assist in avoidance of unnecessary rehospitalization 
or utilization of emergency department services. Organizations and individual 
experts involved in these initiatives should work together collaboratively to achieve 
these goals, providing the right care at the right place and at the right time.

 Future

In the future, the goal of creating a nation-wide health information exchange can 
provide better care for patients who may receive services in different states, as well 
as provide healthcare support when traveling to other states and faced with an unex-
pected medical event.

An HIE can also play important role during a disaster when patients are discon-
nected from their primary care providers [39–41]. Outside healthcare providers in a 
disaster response facility who are seeing patients can access their health information 
and make more appropriate decisions about their healthcare management and pro-
vide continuity in their care and critical medications needed to provide adequate 
support.

Those same concepts apply to creating an international health information 
exchange where telemedicine can connect back to the patient’s care team in their 
country of origin and where their care is primarily provided as well as overcome any 
potential language barriers. Integrating Telemedicine and HIE has the potential of 
enhancing healthcare worldwide as well as locally.
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 Introduction

Improving outcomes through “patient-centered care” has emerged as an important 
focus of study in clinical practice and research over the past decade [1–8]. While the 
principles of patient-centered care and community-centered care are found in philo-
sophical writings from ancient times, with the recent paradigm shift toward patient- 
centered care, physicians have begun to accept that the health and well-being of 
patients depends upon a collaborative effort between healthcare professionals, 
patients, and their communities [8–15].

As a result, the idea of active engagement of patients when critical healthcare 
decisions are being made (e.g., when patients arrive at a crossroads of medical 
options, where diverging paths have different and important consequences) is 
becoming increasingly acceptable and part of the standard of care. Of course, the 
preparedness of patients to fully accept that role and providers’ willingness to pro-
mote active engagement is open to question [15]. More importantly, does the medi-
cal profession fully understand how unprepared patients and healthcare enterprises 
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are to “fully participate” in the decision-making processes? [16–19]. What strate-
gies successfully enable patients and their caregivers to optimally provide self- care 
to manage chronic health conditions?

Questions related to population health literacy in the USA were barely on medi-
cal professions’ radar screen prior to 2000 when news that more patients die each 
year from preventable medical errors than in car crashes shocked the nation [20–
22]. While the magnitude of this problem remains controversial, there is a general 
awareness that the poor populational health literacy in the USA, and the relative 
absence of patient participation in clinical decision-making, may be contributing 
factors to the medical error problem [23–25]. Since the year 2000, beginning with 
the publication of the US Institute of Medicine’s warnings concerning the possible 
presence of unacceptably high levels of preventable medical errors within the US 
healthcare system, not nearly enough has been done to improve patient healthcare 
education for our K-12 students, as well as future interprofessional team members 
[16–19]. The question of whether “the inclusion of sharp-eyed, medically savvy 
patients on their own personal interdisciplinary healthcare teams would make a dif-
ference” will likely need to be addressed through randomized clinical trials.

Latifi’s book The Modern Hospital explains how, and why, patient-centered care 
is important in modern hospital settings and for improved patient outcomes [26]. 
Some of his ideas, and those of his co-authors, on patient-centered care can be 
extended to patients’ homes and even to direct-to-consumer telehealth [1, 2, 26].

The aim of this chapter is to provide perspective on Patient Center Outcomes 
Research Institute (PCORI) extramural dissemination and intervention (D&I) fund-
ing for telemedicine and telehealth-related research. Hopefully, this data analysis 
provides new ideas for PCORI funding priorities, program review criteria, and ways 
to potentially be successful in competing for patient-centered clinical intervention 
effectiveness funding going forward.

 Background of Dissemination and Intervention Science 
in the United States

In the USA today, there is an array of funders interested in patient-centered com-
parative clinical effectiveness research (CER). The list includes, but is not limited 
to, the National Institutes of Health (NIH), the PCORI, the US Department of 
Veterans Affairs (VA), and the Center for Disease Control and Prevention (CDC) 
[27–29]. The expansion of interest in (D&I) science and the creation of a funding 
base to support extramural activities in recent years have evolved on several fronts. 
In recent years, notable extramural-funding programs have been offered by both the 
NIH and PCORI [27, 30]. The US Congress sets both the NIH and PCORI budget 
allocations, monitors spending and progress, and for PCORI included a de facto 
sunset clause in its initial appropriation a decade ago to ensure adherence to the 
agreed upon vision and mission.

PCORI is a mission-specific medical science/service research enterprise that 
extends across the borders of drug and medical device innovation; D&I science; 
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patient-centered clinical effectiveness research; and interdisciplinary team-based 
clinical care delivery. Its website is data-rich and provides clinical researchers and 
healthcare strategists with up-to-date information on the patient-centered research 
landscape [27].

 Origins of Dissemination and Intervention Science

Historically, NIH programs in D&I science grew out of President Richard 
M. Nixon’s National Cancer Act (1973) which, for the first time, specified a role 
for the National Cancer Institute (NCI) that included a focus on cancer control [4]. 
This resulted in a transition of the cancer control program from a “diffusion of 
innovations” professional education model to a cancer prevention and control 
intervention research model. The new Division for Cancer Prevention and Control 
was charged with developing a framework for cancer control research that included 
the creation of a linear series of phases from hypothesis generation to development 
and implementation projects [4, 31, 32]. Beginning in 2005, NIH began soliciting 
applications to develop an implementation science knowledge base and to build 
capacity for studies to increase quality and quantity of implementation science 
knowledge [4].

In 2007, the NIH hosted its first annual conference on D&I research in health. An 
annual joint NIH and Veterans Administration (VA) D&I science meeting grew to 
over 1000 participants with over 700 abstract presentations by 2011. This meeting 
continues to draw a large number of participants each year and is currently co- 
sponsored by NIH, Academy Health, the Agency for Health Research Quality 
(AHRQ), PCORI, the Robert Wood Johnson Foundation, and the VA. In 2013, the 
NIH announced the expansion of its D&I research funding to include 15 other NIH 
institutes, in addition to the NCI, and the Office of Behavioral and Social Science 
Research. In 2014, the NCI began developing important international collaborations 
primarily focused on training D&I investigators. Within the NCI, although there 
was growth in implementation science funding from 2001 and 2016, it remains a 
very small proportion of the overall NCI funding [4].

 The Patient-Centered Outcomes Research Institute

PCORI is a US-based non-governmental organization created by Congress as part 
of a modification to the Social Security Act, by clauses in the Patient Protection and 
Affordable Care Act. In comparison to the NIH, which is a very large federal agency 
with a broad mission to advance biomedical research that has close to $40 billion in 
annual research funding, PCORI is a relatively small organization with a narrowly 
focused mandate to advanced patient-centered outcomes research with approxi-
mately $300 million in annual research funding [33]. It is charged with leveraging 
principals of D&I science to move translational and clinical research findings into 
medical practices of practitioners everywhere, utilizing the results of CER. There 
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has been a close working relationship between the PCORI organization and the NIH 
leadership since PCORI’s inception [28, 30].

PCORI is supported by the Patient-Centered Outcomes Research (PCOR) Trust 
Fund, of which 80% is provided annually to PCORI to support its research funding 
and operations. The other 20% is provided to AHRQ and the Assistant Secretary for 
Planning and Evaluation (ASPE) to build data capacity for PCOR. The PCOR Trust 
Fund receives income each year from: (1) the general fund of the US Treasury; (2) 
transfers from the Centers for Medicare and Medicaid (CMS) trust funds; and (3) a 
fee assessed on private insurance and self-insured health plans [4].

An establishing concept for PCORI was that rigorous methodological standards 
help ensure that medical research produces information that is both valid and gen-
eralizable [4, 14, 34, 35]. This goes beyond the typical academic research medical 
center’s vision, where clinical investigators typically strive to demonstrate validity 
for the uses of specific therapies and medical devices, but the diffusion of their dis-
coveries into the general public is a secondary objective [7, 36–39]. Although aca-
demic medical centers housed federal-funded “clinical research units” for decades, 
in the past, community-implementation plans to encourage diffusion into the non- 
academic population were relatively uncommon.

PCORI was given important tools to accomplish its missions, including an inde-
pendent, federally appointed Methodology Committee charged with developing 
methodological standards for patient-centered outcomes research. With oversight of 
the PCORI Board of Governors, this Methodology Committee, working with outside 
contractors, is charged with defining and prioritizing research questions [30, 36].

 Analysis of the PCORI Telehealth-Related Research Portfolio 
Database (2010–2019)

 PCORI Definitions of Telehealth and Telemedicine

PCORI has adopted a version of telemedicine and telehealth terminology defined by 
the American Telemedicine Association and the CMS. PCORI defines telehealth as 
the use of medical information exchanged between sites via electronic communica-
tion to improve a patient’s health status. Telehealth includes a growing variety of 
applications and services using two-way video, smart phones, wireless tools, and 
other forms of telecommunications technology. The definition requires an exchange 
of information (bidirectional) across sites (e.g., not within clinics with the use of 
tablets). Telemedicine seeks to improve a patient’s access to healthcare services by 
asynchronous data acquisition, transmission and subsequent consultation by a clini-
cian, or alternatively by synchronous two-way, interactive communication, between 
two or more geographically separated locations where the patient and/or the patient’s 
in-person clinicians are at one geographic location and the consulting clinicians are 
at one or more distant geographical locations. The interactive telecommunications 
equipment includes, at a minimum, audio and video equipment. Telemedicine 
patient encounters may also utilize peripheral devices such as vital signs 
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measurement or monitoring devices, digital stethoscopes that support transmission 
of auscultation sounds to remote clinicians, and/or various imaging modalities with 
video outputs. This definition of telemedicine requires consultation with a licensed 
medical professional [40] (PCORI helpdesk, Ashlee Horn, personal correspon-
dence, January 27, 2020).

PCORI uses an internally coded portfolio taxonomy for their own website proj-
ect portfolio search tool filters. PCORI aims at providing researchers with the most 
comprehensive set of studies that might be relevant to any one of their questions 
about PCORI’s work. In turn, the PCORI Science team uses this inclusive portfolio 
dataset as a starting place for PCORI’s own work in portfolio analysis [40] (PCORI 
helpdesk, Ashlee Horn, personal correspondence, January 27, 2020).

 Overview of PCORI Extramural Funding

PCORI provides extramural funding for 22 “Project Types” (Appendix A), ranging 
from “Engagement Award Conference” to “Research Project.” All of the “telehealth- 
related funding” was in the “Research Project” category as of December 31, 2019. 
Eighty-eight out of a total of 655 funded research projects were classified as being 
“telehealth-related” by PCORI. The current analysis is restricted to examination of 
those 88 telehealth-related research projects.

 PCORI Funding Opportunities

The PCORI website provides detailed information regarding each individual PCORI 
research project [39]. (Note: PCORI uses neither the terms “grant” nor “contracts” 
but prefers the term “project” to identify extramurally funded entities.) There have 
been 149 PCORI Funding Announcements (PFAs) since the inception of the PCORI 
extramural funding program in 2011.As of January 6, 2020, a total of 1606 projects, 
of which 655 are classified as “research projects,” had been awarded by PCORI.

 PCORI Telehealth-Related Research Project Themes

Generally, PCORI publishes PFAs in three cycles per year for the recurrent themes: 
“Addressing Disparities; Assessment of Prevention, Diagnosis and Treatment 
Options; Communication and Dissemination Research; Improving Healthcare 
Systems,” and “Improving Methods for Conducting Patient-Centered Outcomes 
Research,” constituting an “annual funding cycle.” PCORI also publishes targeted 
and limited PFAs, many of which may be one-time funding opportunities. There are 
51 distinct PFA titles listed on PCORI’s funding webpages for PFAs published 
through the end of 2019. PCORI’s 1606-project dataset (as of January 6, 2020) lists 
45 distinct PFA titles associated with awarded projects. There are 35 distinct PFA 
titles associated with the subset of 655 awarded research projects [37–42].
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What percentage of PCORI-funding research projects have been designated 
“telehealth-related projects”? Of 655 PCORI research projects funded prior to the 
year 2020, 88, or 13.4% of its research projects, were sub-classified by PCORI as 
“telehealth-related” projects [42]. Our database search showed that there were an 
additional 15 projects that included “telemedicine” as an “Intervention Strategy” in 
their program descriptions but were not included in PCORI’s “Spotlight” list of 88 
telehealth-related projects [40, 42, 43]. The reason for this omission is unclear. The 
PCORI website for telehealth-related research projects includes a listing of the proj-
ect titles and hyperlinks for the 88 “official” PCORI “telehealth-related” research 
projects and PCORI’s total funding awarded to these 88 telehealth-related research 
projects [42, 43].

 PCORI Telehealth-Related Research Portfolio Analysis 
(2012–2019)

The PCORI website is rich in information about individual PCORI-funded research 
projects [42, 43]. We conducted a focused review of the 88 telehealth-related proj-
ects. We downloaded into an Excel database the publicly available PCORI research 
project dataset, and each of the individual telehealth-related project webpages from 
the PCORI website [42, 43]. These information sources included: (1) the PFA under 
which the project was awarded; and (2) attributes such as: the specific category, or 
categories that speak to the general goals for the specific program; organization; 
year awarded; actual or expected end date; budget; completion status; health condi-
tions studied; patient population studied; intervention strategies; time frame; and, 
for the completed projects, articles published [42].

According to PCORI personnel, the information for the public PCORI website 
database was created by the PCORI organization using a process developed by 
PCORI staff with the help of an independent contractor. This involved a “systematic 
analysis and coding of PCORI’s funded awards, based on a read of the research 
plan” [40] (PCORI Help desk, August 2019). The specific health conditions, patient 
populations, and intervention strategies studied as part of individual research proj-
ects are listed in the individual project profiles. For our analyses, we used data 
explicitly listed in the profiles carefully avoiding extrapolating based on assump-
tions of what we thought might be additional relevant categories for individual proj-
ects. Project funding amounts used in our analysis were included in the PCORI 
project profiles [42].

Telehealth-related D&I projects totaled $381 million dollars [42]. Included in the 
PCORI Telehealth Research Project Portfolio that lists 88 projects are 35 projects 
for which PCORI coded “Telemedicine” as one of their intervention strategies, and 
53 projects that do not include “Telemedicine” as a PCORI-coded intervention strat-
egy. The official telehealth-related component, 88 projects, represents 19% of total 
PCORI project research funding (2012–2019) and 13% of the total number of 
PCORI research projects. Since PCORI, and the awarded “telehealth-related” 
research projects, use the terms “telemedicine” and “telehealth” and a number of 
“telehealth-related” terms somewhat interchangeably, the complete set of 
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telehealth- related projects is not retrievable by searching on any one of these terms 
thus requiring reading through entire project webpages in order to determine exactly 
how a project is “telehealth-related” in some instances.

Of the 88 telehealth-related research projects, 34.1% (n  =  30) were listed as 
“completed,” as of December 31, 2019 [43]. For the record, the 88 telehealth-related 
research projects, per individual project webpages and the data set downloaded 
from PCORI, had an exact total awarded funding of $379,591,036 and an average 
awarded budget of $4,313,535 (ranging from $716,243 to $15,201,613 for individ-
ual projects).

 PCORI Research Project Themes

Telehealth-related research projects have been awarded under the following 13 the-
matic PFAs: (1) Assessment of Prevention, Diagnosis, and Treatment Options; (2) 
Communication and Dissemination Research; (3) Addressing Disparities; (4) 
Patient-Powered Research Networks (PPRN) Research Demonstrated Projects; (5) 
Symptom Management for Patients with Advanced Illness; (6) Improving Healthcare 
Systems; (7) Medication-Assisted Treatment (MAT) for Delivery for Pregnant 
Women with Substance Use Disorders Involving Prescription Opioids and/or 
Heroin; (8) Treatment of Multiple Sclerosis; (9) Management of Care Transitions 
for Emerging Adults with Sickle Cell Disease; (10) Partnerships to Conduct 
Research with PCORnet (PaCR); (11) Pragmatic Clinical Studies to Evaluate 
Patient-Centered Outcomes; (12) Community-Based Palliative Care Delivery for 
Adults with Advanced Illnesses and their Caregivers; and (13) Psycho-social 
Interventions with Office-Based Opioid Treatment for Opioid Use Disorder [41, 
42]. These 13 “research themes” might have influenced the choices of some inves-
tigators regarding: (1) their interest in competing in the PCORI extramural funding 
process; and (2) the subject matter and research questions they chose to study.

It is interesting to note that our search of the 149 PFAs issued between 2011 and 
2019 found the word “telemedicine” appears only in the “Improving Healthcare 
Systems” PFA, which was offered in 18 different funding cycles. The word “tele-
health” appeared in only two targeted PFAs: “Treatment of Multiple Sclerosis” and 
“Management of Care Transitions for Emerging Adults with Sickle Cell Disease.” 
A number of other telehealth-related terms appeared in various PFAs including, but 
not limited to, mHealth, mobile health, teleconference, telemonitoring, telephonic, 
teledelivery, telecare, telerehabilitation, and remote monitoring. Therefore, identi-
fying telemedicine activities or telehealth funding opportunities can require searches 
on a broad set of telemedicine- and telehealth-related terms in addition to using 
umbrella terms such as “telehealth” and “connected health.”

Figure 6.1 shows our tabulation of the percentage of the telehealth-related 
research project funding awarded to the 88 telehealth-related projects in each of the 
13 PFA themes that telehealth-related research projects were awarded under. There 
is telehealth-related research project funding in 37% of the 35 distinct PFA themes 
under which the total of 655 research projects were awarded. The PFA theme with 
the most funding awarded to telehealth-related research projects is “Pragmatic 
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Clinical Studies to Evaluation Patient-Centered Outcomes” (29%). “Symptom 
Management for Patients with Advanced Illnesses” had the least funding (1%). Low 
funding areas (0–5% of the total telehealth-related research) may represent areas of 
special opportunity for telehealth investigators moving forward.

The “Improving Healthcare Systems” (IHS) PFA “seeks to fund CER that 
addresses the same areas as those addressed by IOM” (Institute of Medicine; 
recently renamed the “National Academy of Medicine”). “IOM has addressed key 
aspects of systems improvement, including,” the aims of, “making care: Accessible, 
Effective, Patient-centered, Timely, Efficient, Safe, Equitable, and Coordinated.” 
Telemedicine is included in the IHS PFA as a “technology intervention” that 
research projects could potentially apply to achieve the IOM aims [41] (PCOR’s 
Cycle 32,019 Funding Cycle; page 23).

 Health Conditions, Patient Populations, and Intervention 
Strategies: Telehealth-Related Content Analysis (2010–2019)

 Health Conditions
Five hundred twenty-eight of the 655 PCORI research projects, including the 88 tele-
health-related projects, were coded by PCORI with one or more health conditions. The 
remaining 127 research projects were not coded with any health condition. Together, 
the 655 research projects contained a total of 139 unique health condition codes 
assigned by PCORI. There are 27 general health condition categories and 112 specific 
conditions coded as subcategories of the general health condition categories. Many 
research projects involved more than one health condition. The three highest frequency 
general health conditions in the telehealth-related project subset of PCORI research 
projects are: mental/behavioral health (n = 32), which included diseases such as sub-
stance addiction/abuse and depression; cardiovascular diseases (n  =  21) including 
hypertension and stroke; and nutritional and metabolic disorders (n = 17) including 
diabetes and obesity (Fig. 6.2). In general, PCORI codes for both the general health 
condition categories and any specific disease subcategories for each research project.

Pragmatic Clinical Studies to Evaluate Patient-Centered Outcomes
29%

Improving Healthcare Systems
23%

Addressing Disparities
10%

Assessment of Prevention, Diagnosis, and Treatment Options
10%

Community-Based Palliative Care Delivery for Adult
Patients with Advanced lllnesses and their Caregivers

7%

Management of Care Transitions for
Emerging Adults with Sickle Cell Disease

5%

Treatment of Multiple Sclerosis
4%

Communication and Dissemination Research
4%

Medication-Assisted Treatment (MAT) Delivery for Pregnant Women with
Substance Use Disorders Involving Prescription Opioids and/or Heroin

3%
Partnerships to Conduct Research within PCORnet (PaCR)

2%
Patient-Powered Research Netwoks (PPRN) Research Demonstration Projects

1%
Psychosocial Interventions with office-Based Opioid Treatment for Opioid Use Disorder

1%
Sysmptom Management for Patients with Advanced lllness

1%

Percentages of Telehealth-Related Research Project Funding in Each of 13 PFA Themes

Fig. 6.1 PCORI telehealth-related research project themes with the percentages of total telehealth- 
related research project funding awarded under each of 13 PFAs that included a telehealth-related 
research project theme
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 Patient Populations
Of the 13 categories of patient populations identified by PCORI as being dispropor-
tionately at risk for poorer healthcare outcomes, the groups most frequently targeted 
by telehealth-related research projects were Racial/Ethnic Minorities (n = 69), Low- 
Income Individuals (n = 35), and Women (n = 28) (Fig. 6.3).
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Fig. 6.2 Bar graph representing the number of times (frequency) each of the 23 “general health 
conditions” appears in the 88 PCORI-funded telehealth-related research projects [37]
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Fig. 6.3 Bar graph representing the percentages of 79 telehealth-related research projects that 
address each of the 13 PCORI-specified “Patient Populations of Interest.” PCORI has not specified 
the target population(s) for the remaining 9 of the 88 telehealth-related research projects [37]
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 Levels of Funding
PCORI funding for telehealth-related research projects averaged $1,911,786 for 
2012, 2013, and 2014 combined, $3,826,744 for 2015 and 2016 combined, and 
$7,954,570 for 2017 and 2018 combined (Fig. 6.4). While these increases have not 
been steady, there is an overall upward trend. The average project award for 2017 
and 2018 combined is more than quadruple the average award for 2012, 2013, and 
2014 combined. The average budget for projects awarded in 2019 dropped to 
$5,013,909, perhaps reflecting uncertainty over reauthorization of the PCORI pro-
gram funding until December 2019.

Of the 88 telehealth-related research projects (Fig. 6.5), 23 (26%) had budget 
awards between $0.0 and $2.0 million, 38 (43%) had budget awards between $2.0 
million and $5.0 million, 18 (20%) had budget awards between $5.0 million and 
$10.0 million, and 9 (11%) had budget awards that exceeded $10.0 million dollars.

 PCORI Research Study Designs
The PFAs identified, among other parameters, the general research theme (focus) 
and expected study design. For example, “Assessment of Prevention, Diagnosis, and 
Treatment Options” projects used randomized trials in clinical settings to compare 
the outcomes of at least two different healthcare options to address “gaps in the cur-
rent evidence base” so patients could decide the most effective option for their indi-
vidual circumstances [43]. In the years 2012 through 2019, telehealth-related 
research projects were awarded most commonly under the PFA themes for 
“Improving Healthcare Systems” (n = 24), “Addressing Disparities” (n = 17), and 
“Assessment of Prevention, Diagnosis, and Treatment Options” (n = 17). During the 
same time period, “Addressing Disparities” with average funding awarded per 

Average Budgets Awarded to PCORI Telehealth-Related Research Project 2012–2019
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Fig. 6.4 Line chart representing the average budget awarded to telehealth-related research proj-
ects each year by PCORI from 2012 to 2019. The “n” represents the number of projects awarded 
each year [40]
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project of $2,331,198 and “Assessment of Prevention, Diagnosis, and Treatment 
Options” ($2,328,550) were two of the three PFA themes with the lowest average 
awarded budgets, while the PFA themes with the highest average awarded budgets 
were “Community-Based Palliative Care Deliver for Adult Patients and their 
Caregivers” (n  =  2, average budget awarded of $12,372,111) and “Pragmatic 
Clinical Studies to Evaluate Patient-Centered Outcomes” (n = 9, average budget 
awarded $12,057,672) (Fig. 6.6).

 Intervention Strategies
Included in the “PCORI Telehealth-Related Project Portfolio” are projects with as 
many as nine intervention strategies as coded by PCORI and its consultants. Thirty- 
five projects were coded specifically with “Telemedicine” as one of their interven-
tion strategies. Figure  6.7 shows the percentage of telehealth-related projects 
utilizing each of the 15 “core” intervention strategies referenced by PCORI. The 
three most frequent intervention strategies associated with telehealth-related 
research projects were “Training and Education,” “Technology,” and “Other Health 
Services Interventions.”

The 88 telehealth-related projects utilized one, or some combination, of the 
PCORI designated core “Intervention Strategies”: Behavioral Interventions, Care 
Coordination, Complementary and Alternative Medicine, Device Interventions, 
Drug Interventions, Incentives for Behavior Change, Other Clinical Interventions, 
Other Health Service Interventions, Patient Navigation, Screening Interventions, 
Shared Decision-Making, Technology Interventions, Telemedicine, and Training 
and Education Interventions. On average, telehealth-related projects applied four to 
five intervention strategies (mean = 4.69; range 1–9).
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Fig. 6.5 Stratification of 
the entire subset of 88 
telehealth-related research 
projects according to total 
awarded budgets falling in 
each funding range 
(2012–2019)
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 Location and Organization
The majority of telehealth-related research projects were conducted at research uni-
versities, with others at non-university hospital systems and independent research 
institutes. With regards to location, organizations in 26 states received funding for 
telehealth-related projects (Fig.  6.8). California had the most telehealth-related 
projects at 14, followed by Massachusetts at 12 and Pennsylvania at 9. The current 
state and current organization specified by PCORI as of January 6, 2020, for each 
telehealth-related project were utilized for these tallies. Some telehealth-related 
projects included a descriptive footnote from PCORI that indicated that the project 
had originally been awarded to an organization in one state but then had been trans-
ferred to a new organization, often in a different state. From 2012 through 2019, the 
University of California (all campuses) was awarded six telehealth-related projects 
(three of which went to the University of California, San Francisco), and the 
Massachusetts General Hospital, in Boston, MA, was awarded five telehealth- 
related projects. The Feinstein Institute for Medical Research, Manhasset, NY, and 
University of New Mexico, Albuquerque, NM, were each awarded three telehealth- 
related projects. One project was awarded to the Sinai Health System (Toronto, 
Canada) with its study slated to recruit subjects in Toronto, Canada; Chapel Hill, 
North Carolina; and Chicago, Illinois.
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Fig. 6.8 State-by-state distribution of telehealth-related PCORI telehealth-related projects. Other 
PCORI projects, unrelated to telehealth, are not represented. Map produced with Microsoft Excel. 
“Microsoft product screen shot reprinted with permission from Microsoft Corporation”
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 Publications
In addition to PCORI’s requirements for posting the final research report and final 
study protocol publicly on its website, PCORI encourages and permits publication 
of PCORI-funded research in any journal at any time [44]. PCORI requires that the 
awardees make their peer-reviewed publications publishing findings from PCORI 
research available in PubMed Central. PCORI will, upon request from the project 
awardee, pay the fees to make peer-reviewed articles published in journals freely 
available to the public [45]. Of the 30 completed PCORI telehealth-related research 
projects, 21 had their results published in peer-reviewed medical journals as of 
December 31, 2019. These journals are listed in Table 6.1. We queried the InCites 

Table 6.1 Impact factors of journals in which 21 completed PCORI telehealth-related research 
projects have published their project resultsa

Journal
Impact factor 
(2018)

5-year impact factor 
(2018)

Journal of Spinal Cord Medicine 1.711 2.005
Telemedicine and E-Health (2) 1.996 2.339
Journal of Women’s Health 2.009 2.694
Psychiatric Services 2.253 3.026
The Journal of Head Trauma Rehabilitation 2.667 3.645
Archives of Physical Medicine and 
Rehabilitation

2.697 3.618

PLoS One 2.776 3.337
Psycho-oncology 3.430 4.115
Medical Care 3.795 3.991
Nephrology, Dialysis, Transplantation 4.198 4.369
Circulation-Cardiovascular Quality and 
Outcomes

4.424 4.965

Arthritis Care & Research 4.530 4.439
Journal of General Internal Medicine 4.606 4.912
Osteoarthritis and Cartilage 4.879 5.701
Journal of Medical Internet Research 4.945 6.204
Pediatrics (2) 5.401 6.456
American Journal of Obstetrics and 
Gynecology

6.120 5.642

Clinical Journal of the American Society of 
Nephrology

6.243 6.175

American Journal of Kidney Diseases 6.653 7.065
Neurology 8.689 9.025
JAMA Pediatrics 12.004 12.268
JAMA 51.273 46.312
JAMA Network Open Not ranked Not ranked

aOnly the journal articles listed immediately following the “Results of This Project” heading on 
individual PCORI project web pages were utilized to derive this journal list. Some projects have 
published results in more than one journal. Journal titles followed by “(2)” each published PCORI 
“Results of This Project” articles for two different PCORI telehealth-related projects [43]. “2019 
Journal Citation Reports (Clarivate Analytics, 2020), last accessed Feb 24, 2020”
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Journal Citation Reports database to obtain the 2018 impact factor and five-year 
impact factor (as of 2018) for each of the journals in Table 6.1 [46, 47].

 Discussion

The original Congressional appropriation that created PCORI in 2010 provided 10 
years of funding, expiring in 2019. In late 2019, the Congress re-appropriated fed-
eral funding for the PCORI foundation providing it with another 10 years of funding 
through 2028. The re-appropriate reflects the endorsements of PCORI by diverse 
constituencies including federal agencies, foundation, industry, and within the 
healthcare delivery community to attest to the successes of the strong founding 
leadership of PCORI [48–50].

PCORI was created to fund research projects focused on PCOR CER to pro-
vide high-quality, unbiased evidence enabling optimal decision-making between 
patients and caregivers, facilitate efficiency of healthcare systems at all levels of 
organization, and eliminate healthcare disparities for disadvantaged and minor-
ity groups [14, 47, 48]. A key Congressional mandate required patient-centered-
ness (the involvement of the patient in the management of their own healthcare) 
and collaboration with community stakeholders to ensure that research ques-
tions and study design would be relevant, feasible, and sustainable so that 
patients would have the ability to make the best evidence-based healthcare deci-
sion for themselves [6–8, 10–14]. PCORI-funded research projects involve 
comparing risks and benefits of at least two healthcare options, engage patients 
and other relevant stakeholders, follow methodology guidelines to ensure qual-
ity comparative effectiveness trials, and seek to improve healthcare outcomes—
particularly in terms of conditions that place a heavy burden on society and 
populations disproportionately at risk for poor healthcare outcomes [48]. 
Additionally, much of the PCORI research has focused on improving CER 
methods and developing a network (PCORnet) to continue to advance patient-
centered research capacity and infrastructure on a broader scale [45]. An addi-
tional expectation of PCORI-funded research was the publication of results in 
high-caliber academic journals [45, 46].

In line with PCORI’s defined goals of using CER trials to establish a strong evi-
dence base, the 88 telehealth-related research projects analyzed for this study uti-
lized PCOR CER to study telehealth’s impact on patient outcomes.

With regards to the health conditions studied, the most frequently referenced 
conditions included mental/behavioral health, nutritional and metabolic disorders, 
and cardiovascular diseases that disproportionately affect racial/ethnic minorities 
and low-income populations, and lack of insurance, lack of diversity among care 
providers, lack of culturally competent providers, and language barriers all pose as 
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obstacles to these groups receiving adequate care [50, 51]. The leading causes of 
death in the USA in 2016, as outlined by the CDC, were heart disease, cancer, acci-
dents, chronic lower respiratory diseases, stroke, Alzheimer’s disease, diabetes, 
influenza and pneumonia, nephritis, nephrotic syndrome, nephrosis, and suicide 
[52]. In line with what we have already discussed about PCORI’s focus on studying 
conditions that impact a large number of people and place a large burden on society, 
it seems logical that those were the most frequently studied categories of health 
conditions by PCORI awardees.

PCORI has effectively shown that there is value in having a term-limited quasi- 
governmental agency with a laser-sharp focus on promoting and supporting D&I 
research and education. Building a sunset clause in 2010 into the original 
Congressional funding undoubtedly encouraged the PCORI organization to stay on 
mission over the past decade. Community input into decision-making was strongly 
encouraged. Academia was forced to look outside of its own walls and seek council 
on what is important to the general public, the major consumers of healthcare. The 
recent re-appropriation of funding for another 10 years is good news and should be 
taken as an endorsement of the trajectory that PCORI is pursuing to identify and 
encourage implementation of new solutions to old problems in the delivery of 
healthcare [53].

While PCORI is filling a critical gap in the medical services innovation cycle by 
stimulating the creation of a sustainable, distributed D&I research enterprise that 
provides strong linkages between the PCORI-funded evidence-based clinical 
research teams and largely academic healthcare delivery systems, it remains to be 
seen how many of the improvements in patient outcomes identified by PCORI- 
funded research actually become incorporated into community healthcare practices. 
Only time will tell if PCORI actually “improved patient care and reduced the burden 
that some of our country’s most pressing healthcare issues impose on individuals, 
their families, and the healthcare system,” a commitment made to the US Congress 
by the PCORI Leadership [49, 50].

Finally, additional work is needed to establish the origins of the inclusion of 
telehealth-related projects in the PCORI telehealth-related research project port-
folio. It is apparent that telehealth clinical research has benefitted significantly 
from PCORI funding—approximately $381 million dollars to date. The next step 
should be studying the long-term effects and outcomes of these projects. In par-
ticular, how does a PCORI-funded project change the current practice and does 
it advance improvements of clinical outcomes? Much remains to be done! 
(Fig. 6.9).
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 Appendix A: PCORI’s 22 “Types of Projects”

1. Dissemination and Implementation Project
2. Engagement Award Conference
3. Engagement Award Conference, Conference: Dissemination
4. Engagement Award Project
5. Engagement Award Project, Dissemination Project
6. Implementation of Effective Shared Decision-Making Approaches Project
7. Implementation of Findings from PCORI’s Major Research Investments
8. Implementation of PCORI-Funded PCOR Results (Limited Competition Project)
9. Other Evidence Products

Fig. 6.9 Printouts of the mountain of Excel spreadsheets that formed the basis for the PCORI 
portfolio analysis described in this chapter. Left to right: Sir William Osler Summer Fellow 
Camryn Payne at the ATP headquarters, at The University of Arizona, Tucson, assembled this large 
database from publicly available information at the PCORI website and through the PCORI “Help 
Desk,” in the summer of 2019. Michael J. Holcomb, the ATP’s’ Associate Director for Information 
Technology, worked closely with Dr. Weinstein to validate Camryn’s data, and to study PCORI’s 
entire research project portfolio. Ronald S. Weinstein, MD, Founding Director of the ATP and of 
the ATP’s Sir William Osler Summer Program which he founded as a young Department of 
Pathology Chairman at Rush Medical College in Chicago, in the summer of 1978. He relocated the 
Osler Program to The University of Arizona, in Tucson, when he changed pathology chairs in order 
to continue his research on P-glycoprotein’s role in multidrug resistance in cancer cells at the 
Arizona Cancer Center, in Tucson. This picture marked the 40th anniversary of Dr. Weinstein’s Sir 
William Osler Summer Program for College and High School Students. Hundreds of college and 
high school students had benefitted from his Osler Summer Programs in Chicago and Tucson. 
Camryn Payne, a Tucson native, had finished her second year as a pre- medical college student at 
Washington University in St. Louis, Missouri

6 Telehealth Dissemination and Implementation (D&I) Research: Analysis of…
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10. PCORnet Coordinating Center Phase II
11.  PCORnet Initiative on Health Plan/System Data Partnerships (A Stepwise Approach to 

Collaboration)
12. PCORnet: Clinical Data Research Networks (CDRN) Phase I
13. PCORnet: Clinical Data Research Networks (CDRN) Phase II
14. PCORnet: Patient Powered Research Networks (PPRN) Phase I
15. PCORnet: Patient Powered Research Networks (PPRN) Phase II
16. Pipeline to Proposal, Tier A
17. Pipeline to Proposal, Tier I
18. Pipeline to Proposal, Tier II
19. Pipeline to Proposal, Tier III
20. PPRN Limited Competition Award
21. Research Infrastructure Project
22. Research Project

The 22 major categories of PCORI Project types encompass the total of 1606 funded PCORI proj-
ects (2012–2019). Of these 1606 funded projects, 655 were in the “Research Project” category. 
The 88 telehealth-related projects, discussed in this chapter, are a subset of the 655 projects in the 
“Research Project” category. There are an additional 15 projects searchable in the PCORI database 
as being “telemedicine- related” that are not listed among the 88 PCORI-identified “telehealth” and 
“telehealth-related” research projects featured on the PCORI “Telehealth” website [39, 40]
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7Standards and Guidelines in Teleheatlh: 
Creating a Compliance and Evidence- 
Based Telehealth Practice

Nina M. Antoniotti

How does a clinician new to Telehealth know how to practice via Telehealth? What 
are the standards by which a clinician is guided through a visit with a patient in 
traditional Telehealth, remote patient monitoring, or store-and-forward consulta-
tions? Where does one even go for such guidance?

These are the questions often posed to a clinician when he or she wants to start 
using Telehealth. These questions also get asked when a provider or health care 
organization who has been using Telehealth starts to bill for services. Oftentimes, 
the standard of care is not being met, due only to the lack of awareness that services 
delivered via telehealth are exactly the same as in-person care when it comes to 
standards of care. Telehealth is not a lower standard of care, nor does it demand a 
higher standard of care. Simply put, whatever is the standard of care for in-person 
services is the standard of care when those same services are delivered via Telehealth. 
For services that have been designed in the last decade as a new form of Telehealth, 
such as remote patient monitoring, brief video check-ins, or the use of patient por-
tals for exchanging patient generated data, standards are developed as the industry 
and the service gains more experience.

 Evidence-Based Practice

Masic et al. in 2008 indicated that “evidence-based medicine (EBM) is the consci-
entious, explicit, judicious and reasonable use of modern, best evidence in making 
decisions about the care of individual patients.” Prior to evidence-based medicine, 
clinicians used their best guess based on literature, studies, and common practice of 
the day, to treat patients in a way that would hopefully produce the best outcomes.
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Memphis,Without the intent to do harm, many clinicians simply were not practicing 
based on scientific studies, and even some scientific studies were not rigorous 
enough on which to base clinical decisions about treatments or interventions for 
patients. Evidence-based medicine brought to the table a new approach for deci-
sion-making for clinicians, based on integrating their clinical experience, the wishes 
of the patient, and scientific research studies’ outcomes, that promoted the best pos-
sible decisions. Often there is a gap between research and practice, with as much as 
10 years span between the published results of scientific studies and the incorpora-
tion of those results into practice [1].

Evidence-based medicine is also predicated on the use of meta-analysis and a 
much more stringent method of analyzing results, giving rise to a higher level of 
evidence which lends to a higher level of care and clinical outcomes. As the research-
ers indicated in Masic et  al. “[evidence-based medicine] requires a bottom up 
approach that integrates the best external evidence with individual clinical expertise 
and patients’ choice, it cannot result in slavish, cookbook approaches to individual 
patient care.”

The issue of quality in health care also impacts the concept of standards or 
guidelines. The early efforts in studying health care quality were born from the 
surgical disciplines. Essentially, surgeons wanted to understand why their patients 
died when death was not the expected outcome. Ernest Amory Codman, MD, a 
surgeon who worked at Massachusetts General Hospital, provided the first evi-
dence of a patient database where specific factors and information about patients 
were collected. Dr. Codman kept a file card on every patient that included infor-
mation such as demographics, diagnosis, treatment, and what happened to the 
patient [2]. Dr. Codman believed that unless he understood fully what was hap-
pening to and inside his patients as a result of treatments the patient received, he 
would not know how to improve his patient’s outcomes. As a result, Codman and 
co-surgeon Edward Martin started the American College of Surgeons (ACS) in an 
effort to study outcomes and created committees to study the specific impact of 
standardizing care in certain patients. Dr. Codman is referred to as the founder of 
outcomes studies and evidence- based medicine and believed that it is the duty of 
hospitals to have follow-up systems to educate and inform other clinicians in 
order to improve quality and outcomes [3]. In addition, Florence Nightingale was 
credited with improving infection and loss of limb rates in the Crimean War by 
implementing sterilization of instruments and standardizing and educating nurses 
on nursing practice [4].

There is a fundamental difference between evidence-based practice and tradi-
tional medical practice and the issue is not that one is right and one is wrong. The 
difference is that evidence-based practice relies on a meta-analysis of all the best 
practices coupled with population-health specific data that has been collected and 
analyzed over years to produce the best predictable results for specific diagnoses, 
prognoses, and interventions and therapies provided to the patient population. 
Access to such information and the use of evidence in medical decision-making is 
the fundamental difference between evidence-based practice and traditional medi-
cine. Clinicians who aim to be evidence-based in their practices have three tasks. 
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First, to use evidence summaries in clinical practice; second, to help develop and 
update selected systematic reviews or evidence-based guidelines in their area of 
expertise; and third, to enroll patients in studies of treatment, diagnosis, and prog-
nosis on which medical practice is based [1].

 Current Approaches to Standards and Guidelines

Standards and Guidelines in health care have long been the directives to clinicians 
and, subsequently, organizations to help clinicians treat and manage patients. In a 
report published by the Institute of Medicine in 1990, a taxonomy of standards was 
developed that remains principally the guidance for medical practice. This taxon-
omy has been adopted by other health care professions as well. The taxonomy 
includes:

 1. Medical (or clinical) practice guidelines: systematically developed statements to 
assist practitioners in their decision-making in specific clinical settings.

 2. Medical review criteria: statements used to assess the appropriateness of specific 
decisions, services, and outcomes in the delivery of health care.

 3. Performance measures: specific measures of a quantitative nature that estimate 
or monitor compliance with medical quality standards, medical practice guide-
lines, and medical review criteria by health care professionals [5].

Standards by definition are something established by authority, custom, or gen-
eral consent as a model or example [6]. Standards in clinical practice, regardless of 
the discipline, are typically set by consensus of an authoritative body on the evi-
dence presented on a particular therapy, intervention, population-specific approach, 
drug therapies, surgical procedures, etc. A standard is considered the highest achiev-
able level of care delivered, thus “the gold standard.” Whereas a guideline is a gen-
eral rule, principle, or advice that indicates or outlines policy or conduct [7]. 
Standards outline best practice and are the target for clinical decision-making. 
Guidelines outline the method by which best practice could be attained. Standards 
are meant to be followed closely, whereas guidelines are meant to be followed and 
individualized to the patient’s situation.

Standards are set by such agencies and the Centers for Medicare and Medicaid, 
the Institute of Medicine, the National Institute of Medicine, the Centers for Disease 
Control, and the Agency for Health Care Research and Quality (government agen-
cies). Private and public organizations such as the Institute for Clinical Systems 
Improvement (ICSI), the National Committee on Quality Assurance (NCQA), the 
National Quality Forum, the Joint Commission, the Commonwealth Fund, and the 
Leapfrog Group help to set standards of care as well. In addition, many for-profit 
consulting groups have taken on quality and assist organizations in achieving qual-
ity standards. These groups include such entities as Kaiser Permanente Medical 
Group (KPMG), Price-Gainey, and the Utilization Review Accreditation 
Committee (URAC).

7 Standards and Guidelines in Teleheatlh: Creating a Compliance and…
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It is important to also discuss the role of accreditation and certification within the 
concepts of standards and guidelines. Accreditation is the action or process of offi-
cially recognizing someone as having a particular status or being qualified to per-
form a particular activity, and with an acknowledgement of the person or entity’s 
responsibility for or achievement of something [8]. A certification is the action or 
process of providing someone or something with an official document attesting to a 
status or level of achievement [9]. Accreditation is typically an annual or time-based 
achievement that must be renewed and requires a rigorous assessment and applica-
tion process that results in an onsite evaluation process. Levels of accreditation may 
be given including sanctions or “findings” where the entity does not achieve specific 
standards. Certification is typically a one-time event that may or may not require 
renewal or retesting. Accreditation is given by a formal body such as the Joint 
Commission, and certification is typically awarded by an education institution or 
for-profit certifying body such as URAC.

There are two types of certifications, one a legal status awarded by a licensing or 
educational body for the purposes of practicing in a specialty such as pharmacy 
technician, psychiatric nurse practitioner, etc., and certification which shows that a 
person has attained a particular skill not necessarily required for a job but does make 
that person more attractive in skill set for a position. Such certifications include 
advanced life support or certifications in using a particular technology or software.

 Position Statements

“A position statement is similar to a thesis or goal. It describes one side of an argu-
able viewpoint. When writing a position statement, the author(s) gather a list of 
reasons to support a particular viewpoint and make their stand clear to the audience” 
[10]. Position statements are often authored and issued by professional organiza-
tions who desire to make public their stand on certain issues, political, professional, 
operational, or legal. Health care professional associations often issue position 
statements (also called policy statements) on practices, therapies, or interventions, 
that have not risen to the standard of care but show promise, cause harm, or are in 
conflict or collaboration with other positions the professional organization has 
taken. Position statements help to set guidelines for practice when formal standards 
or guidelines have not been established.

 The History of Standards and Guidelines in Telehealth

The first formal use of Telehealth in the United States was in Nebraska in 1954, 
between the Nebraska Psychiatric Institute and seven hospitals in Nebraska, Iowa, 
North and South Dakota. This network provided lectures with experts where the 
audience could ask questions. In addition, the network was used to connect the 
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Nebraska Psychiatric Institute with Norfolk State Hospital, to provide consultations 
and supervision of students, for the purposes of education and patient care. This 
linkage spans 112 miles and was one of the first networks to use “telepsychiatry.” 
Over the next two decades, many other early projects were successful in demon-
strating the use of a value of a distant care strategy including the same Nebraska 
project expanding to the Veterans Administration around Nebraska, Dartmouth 
Medical School and a rural hospital, and Massachusetts General Hospital and Logan 
Airport Medical Station in Boston [11].

These early programs were developed in a world where there were no practice 
standards or guidelines, no technology compatibility, and essentially, no agreement 
on how anything actually should have worked. The early programs were designed 
to test the effectiveness of using telemedicine to educate clinicians and care for 
patients. The question was “Does it actually work?” As the Federal government 
started to fund more programs in the early 1990s through grants from the Office for 
the Advancement of Telehealth (OAT), the focus began to shift from feasibility to 
sustainability. By 1997, telemedicine grant funding agencies were looking for les-
sons learned, best practices, and business planning for sustainability.

In 1997, the Balanced Budget Act formalized the concept that telemedicine was 
equal to in-person care for the purposes of payment for services delivered to 
Medicare beneficiaries [12]. Many states’ Medicaid agencies and some private 
health plans were early adopters of telemedicine access and had payment policies 
already in place for their enrollees in health plan products, both Medicaid and com-
mercial. As payment policies for telemedicine began to advance and calls for 
expanded reimbursement from telemedicine provider organizations began to be 
heard, the notion concept of telemedicine standards started to evolve. In addition, 
once CMS began to use the physician fee schedule as a modality to add new CPT 
codes to the list of approved Telehealth CPT codes, the need for guidelines and 
standards became even more important to prove Category II evidence. As the inter-
net became more stable, affordable, and available, the rise of legitimate and not-so-
legitimate telemedicine providers solidified the need for guidelines and standards. 
The professional organizations had also recognized the need for standards and 
guidelines and began to publish position papers in lieu of the needed evidence for a 
standard or guideline.

Along the way, in the 2000s, many scientific articles from research studies on 
telemedicine patient satisfaction, diagnostic accuracy, comparisons to in-person 
care, comparisons to no care, and other more specific telemedicine studies gave rise 
to the evidence needed to begin to write actual guidelines and standards. The early 
studies prior to the new century supported the use of telemedicine from a feasibility, 
practicality, and patient satisfaction standpoint, but did little to validate the standard 
of care experienced via telemedicine. The studies conducted in the early part of the 
new century gave rise to the evidence needed to support a standard of care that 
stated telemedicine encounters were at minimum equal to in-person care.

However, determining standards of care via telemedicine is not a simple task, as 
there are many modalities of telemedicine, different professional groups and 
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clinicians who use telemedicine, different technologies, and different clinical out-
comes desired. How then does one develop standards and guidelines for telemedi-
cine? Krupinski states that “improving performance and accountability depends on 
having a shared goal that unites the interests and activities of all stakeholders” [13]. 
In developing a standard or guideline as an approach in health care, one must have 
a consensus of the experts that the standard or guideline as written supports agree-
ment that the practice is safe, effective, can be used in most populations as intended, 
and legitimate, as well as should be held out as the attainable goal for anyone using 
that practice. The same is true for telemedicine.

Early work in position statements for telemedicine came from professional asso-
ciations and other entities including the American College of Radiology (first in 
standards for teleradiology), the American Medical Association (one of the first on 
positions regarding telemedicine in general), and the European Code of Practice for 
Telehealth (one of the first international position papers on telemedicine and 
telehealth).

The early work in standards and guidelines was done by the American 
Telemedicine Association’s (ATA) Standards and Guidelines Committee. The 
ATA’s approach to development of standards and guidelines early on was to create 
Telemedicine Practice Standards based on the administrative, clinical, and techni-
cal approach to telemedicine by an organization (core standards) and telemedicine 
by specialty (Diabetic retinopathy, Dermatology, Psychiatry, and Mental Health). 
The first publication from ATA in the way of standards was the ATA Ocular 
Telehealth Special Interest Group’s (SIG) guidelines for diabetic retinopathy. 
These guidelines set a standard for those who wished to use retinal imaging for 
screening patients at risk for early blindness from diabetes. The SIG effort in writ-
ing these standards identified a need to be reasonable and flexible in the standards 
and guidelines approach and to consider standards and guidelines as “required 
when feasible or practical” [14]. In addition, what became clear was the need to 
set a standard for wording in terms of how strongly should a person comply with 
the requirements of a standard or guideline when using telemedicine. Shall, 
should, and may were chosen as words to describe such responsibility of a pro-
gram or clinician using telemedicine. Shall denotes the requirement is a require-
ment with no ability of the program or clinician to bend such rules. Should denotes 
a requirement that practitioners and organization strive to meet the standard, but 
some conditions might be present where full attainment of the standard is not 
achievable. May denotes a condition which makes a program or clinician’s tele-
medicine initiative better and is good for the program but not required to meet the 
standard or guideline. For instance, a telemedicine program shall comply with all 
legal and regulatory requirements for patient safety, privacy, and confidentiality. 
There are no situations where a telemedicine program could skimp on these 
requirements. Therefore, the word should or may would never be used in the stan-
dard or guideline. Another example: A telemedicine program shall use H323 
video connections through a 1.5 meg ISP connection. This standard could not be 
applied in all situations, and clinicians and programs could never meet this 
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standard when the word shall is in place. May would be a more appropriate word 
to use for a standard that denotes technology requirements.

The question then becomes “why do we need standards and guidelines in tele-
medicine and telehealth?” Krupinski indicates through a survey conducted by the 
ATA’s Standards and Guidelines Committee that people believed that standards and 
guidelines for telemedicine and telehealth added credibility, standardized 
approaches, decreased liability, assisted with training, and helped to increase reim-
bursement and revenue. Figure 7.1 shows the distribution of answers as to the rea-
son standards and guidelines are valuable, and Fig. 7.2 shows the distribution of 
answers as to how standards and guidelines were used by the respondents. 
Antoniotti’s research in 2002 in the publication “Rural Populations’ Perceptions of 
the Institute of Medicine’s Six Chasms of Quality” showed that rural populations 
are confident in the care they receive from their clinicians when those clinicians are 
practicing with quality and standards in mind.

The collaborative model used by ATA for consensus in building support from 
other professional associations such as the Association for Speech, Language, and 
Hearing and the American Academy of Dermatology led other associations to begin 
to develop their own set of standards and guidelines specific to the specialty prac-
tice. As more professional associations began their own collaborative efforts to 
write standards and guidelines for telemedicine practice, ATA’s efforts became less 
important in the industry as others took up the charge.
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Fig. 7.1 Survey responses to why telemedicine should have guidelines. Responders could provide 
more than one response [15]
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 Developing Standards and Guideline

As discussed earlier, standards and guidelines are based on a body of scientifically 
proven evidence that supports a particular method or approach to caring for patients 
(in the context of telemedicine). When such evidence was lacking, position papers 
were used to inform, educate, and guide clinicians and organizations in developing 
and implementing telemedicine. As the body of evidence grew, the feasibility of 
writing such standards and guidelines also grew.

Today, efforts to develop standards and guidelines follow a trajectory that includes 
purposeful steps to review the published scientific studies, quasi-studies, published 
articles, and opinion pieces, takes that published information, and applies a strict set 
of rules on how to determine strength and validity of the information. Most commonly 
used is the American Psychiatry Association’s (APA) Practice Guideline develop-
ment, which has a coding method for ranking a study on strength and validity [16].

The first step is to assemble a committee to write the standard or guideline, or in 
some cases a consensus document or position statement. The committee should ide-
ally be a crossrepresentation of stakeholders in the specialty or telemedicine topic 
for which the standard is needed. In addition, inviting a wider participation from 
stakeholders outside of the organization, specialty group, or professional associa-
tion produces greater consensus, a more valid product, a more generalizable docu-
ment, and typically stands the test of time.
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one response [15]
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The committee then gathers and reviews the literature. Sometimes, a committee 
will appoint two or three members to gather, review, and score the literature. Scoring 
using APA’s methods is not mandatory but does lend some validity to the selection 
of published studies and papers that support the end-product itself. The committee 
must decide on a method to identify legitimate published data that will be used to 
write the standards and guidelines. Even the true-and-tried “sniff test” is a process.

Once the literature is reviewed, and those results are identified as having results 
worthy of analysis for a standard or guideline, the committee’s job is then to simply 
write the document. As the document is written, either in a workshop with all mem-
bers present, or written part by part from different initial authors, or written by a 
writing subgroup, the initial document is written and cited with the literature chosen 
as the support for the actual standard or guideline being written. The committee 
reads and revises until a final draft is secured.

The decision as to whether or not the evidence used supports a standard (gold 
benchmark), a guideline (general rule), or a position paper (consensus of the experts on 
how to proceed). Once that determination is made, the document then would be named 
as such—a practice standard, a practice guideline, or a position statement on xyz.

Once the document is done, it is prudent for the authoring body to then shop the 
document to an even wider group of reviewers or to use a public comment period to 
get additional input on the standard or guideline. These efforts are useful to again 
run the agreed upon standard or guideline through a rigorous process of review and 
approval to gain validity and consensus throughout the industry. ATA’s process for 
developing and getting to consensus on standards and guidelines is shown in 
Fig. 7.3.

 Current Landscape for Telemedicine Standards and Guidelines

Today, standards and guidelines for telemedicine are as important as ever. With the 
increasing use of telemedicine, with telemedicine being a $4 billion-dollar investor 
industry, and the legal and regulatory environment tightening while reimbursement 
is loosening, standards are going to be the way organizations and clinicians justify 
the use of telemedicine, the modality being used, and technology and telecommuni-
cations deployment. With more and more start-ups filling the market with new and 
old ways of connecting with patients, and profits becoming more important to com-
panies than quality patient care, the use of standards and guidelines to plan, develop, 
and implement a high-quality program is imperative. Congressional reaction to 
death, disruption of health care, illegal dispensing of prescriptions, etc., has been 
harsh, with restrictive legislative mandates that impede the progress of quality tele-
medicine programs. In addition, private for-profit companies’ lobbying efforts 
impact the ability of the primary care and specialty provider in a multi-disciplinary 
practice to again, effectively move and expand a telemedicine program.

There are a variety of standards and guidelines that are consensus documents, 
that have been vetted properly, that are up-to-date, and should be in place to guide 
and maintain a telemedicine program.
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 Professional Associations

As of the date of this writing, the following professional associations have telemedi-
cine standards or position statements. The reader would be wise to look up these and 
other references, ensure the copy is current, and use those references as a template 
to build the telemedicine program, and then use those resources as a guide for 
audits, accreditation, and certifications, especially for CMS and the Joint 
Commission.

New Guideline Need Identified

ATA Board Directors Approves Initiative

Committee
Established

Scope
Defined

Timeline
Created

Literature Review Conducted

Administrative, Technical & Clinical
Components Written

Iterative Drafts

Guidelines Committee &
ATA Staff Comment & Approve

30 Day Public Comment Period

ATA Board of Directors Approve

Dissemination

Fig. 7.3 Schematic of the 
ATA Guidelines 
development process [14]
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American Medical Association
 1. Ethical Practice in Telemedicine—also found at the end of the chapter [17].
 2. “Your Questions Answered about Telemedicine”—a dynamic and up-to-date 

FAQ on telemedicine from AMA’s point of view [18].
 3. 50-state survey: Establishment of a patient–physician relationship via telemedicine. 

Establishes when a patient–physician relationship is established via telemedicine and 
is a position paper. This type of document is published by many different organiza-
tions, some of which are in error. One must always check the validity of the informa-
tion in the document. These documents are good resources for getting started but are 
only a snapshot in time. The documents typically have links to original legislation 
and are a good place to start to find current information for each state. Be wary of 
statements that a particular state has a parity law. One must look up the parity law and 
read specific language to know if indeed, the law actually provides for parity. 

 4. Opinion 1.2.12, Physician Advisory or Referral Services by Telecommunication 
2017. Defines and describes practice guidelines for telemedicine.

American Academy of Dermatology
 1. Position Statement on Teledermatology (Approved by the Board of Directors: 

February 22, 2002; Amended by the Board of Directors: May 22, 2004; November 
9, 2013; August 9, 2014; May 16, 2015; March 7, 2016). Defines and provides 
guidelines for TeleDermatology

American Academy of Family Practice
 1. Telehealth and Telemedicine Policy and Position Statement—defines telemedi-

cine and outlines good practice standards.

The Joint Commission
 1. Environment of Care Standards
 2. Element of Performance Standards
 3. Medical Staff Services Standards
 4. Leadership Standards
 5. Others as updated annually

American Speech-Language-Hearing Association
 1. TelePractice—overview and recommendations for Speech, Language, and 

Hearing professionals using Telehealth or telemedicine.

American Telemedicine Association
 1. Standards Framework—Document that describes best in practice and evidence- 

based practice for telemedicine and telehealth 2017. Good working tool for start-
ing and annual review of telemedicine programs.

 2. Other specialty specific standards. ATA members have authored many practice 
guidelines since 2002 and have those guidelines available online. Many have 
not been updated since the original writing. However, these guidelines serve as 
a good resource for starting specialty telemedicine programs such as 
TelePsychiatry, Online TelePsychiatry, Tele-ICU, Tele-Urgent Care (DTC), etc.
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 Certification Pros and Cons

Today’s telehealth and telemedicine environment has brought to the fore the certifica-
tion question. For many years, telemedicine programs, telemedicine associations, and 
professional groups put little value in certification. However, once telemedicine became 
mainstream and was integrated into the way health care organizations did business, and 
the direct-to-consumer market took off, for-profit certification groups began to write 
their own standards and for a fee provide certification to telemedicine programs. In 
addition, certifications for telepresenters and site coordinators began to pop up from the 
Telehealth Resource Centers as a means to drive revenue. Online companies such as 
StarInstitute, a part of New College Institute, developed online certification courses 
that too 3–5 hours at a cost of $299 [18]. What basis, information, research, or best 
practice these certification programs are built upon is largely unknown.

Today, certification is a marketing and branding tool used in areas where there is 
heavy competition for patients or where status is valuable. There is little or no value 
in certification for telemedicine programs as such certification costs money, takes 
valuable resource time, and does little to improve patient care via telemedicine. 
Most programs simply start, run, and maintain a telemedicine program without cer-
tification, and most of the best programs in the country do not have certification.

 Standard of Care

The question then becomes “what is the standard of care?” The standard of care 
for any telemedicine encounter is the same standard of care for in-person care by 
that specialty, profession, or function. A cardiologist has an ethical, moral, and 
practice responsibility to the patient to provide all components of a history and 
physical exam pertinent to the patient’s condition. Those requirements do not 
change if the patient is seen via telemedicine. A psychiatrist has the same respon-
sibility to the patient for safety and privacy when seen via telemedicine as the 
psychiatrist would have if the patient were in their office. No one practices tele-
medicine. Health care professionals practice dermatology and cardiology and 
neonatology and pediatrics. The same standards of care apply to these disciplines 
the same as in-person care.

A state will have standards of care for neonatal ICUs that must be followed when 
TeleNeonatology is used. The Joint Commission has standards on how to protect 
patient privacy that should be followed when a patient is seen via telemedicine. 
Professional associations have position statements on evidence-based care that must 
be followed when practicing via telemedicine. There is no certification program that 
can certify that a telemedicine provider is following a standard of care, as standards 
of care vary with each discipline, patient problem, patient location, and state of 
practice. Many telemedicine programs make this issue of standard of care more 
complicated than it needs to be. Simply put, the standard of care is the same as in-
person care. If a program provides all the elements of care required from a legal and 
practice standpoint, then the standard of care is met. If a cardiologist is seeing pati-
ets via telemedicine and does not have a digital electronic stethoscope to use, then 
the standard of care is not being met.
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 Writing Your Own Standards

What if the care or model of care desired is so innovative that no opinions, position state-
ments, consensus documents, guidelines, or standards exist? The program still needs to 
compile the evidence that what is being proposed or done is safe, sound, generalizable 
to a larger population, and meets standards of care for in-person care. Gathering any 
scientific studies, pro or con, and authoring guidelines for what is being proposed based 
on the approaches outlined in this chapter puts the telemedicine initiative in a much bet-
ter place than just “winging it!” Having explicit policies and procedures as to how the 
care delivery mechanism works (technology, connectivity, compliance with privacy and 
security regulations), what data is or is not stored, who can deliver the service, who can 
access the service, how is the care documented and shared with patient or others, helps 
to validate and document the organization’s approach to quality care. The organization’s 
documents serve as their “standards” for using telemedicine and engaging patients in 
health professions’ practice. These documents should go through the approval process 
using the Medical Records Committees, Medical Staff Services, the Medical Executive 
Committee (or similar committees) for validation.

Once the policies and procedures are written and “guidelines” are documented, 
expanding the documents to a wider audience that may include professional associa-
tions, payers, or government review agencies such as the Quality and Payment side of 
Medicaid and the state’s Office of Insurance Commissioner, and other telemedicine 
programs, helps to ensure due diligence in the review process. Consensus is the key to 
justifying the approach used in an innovative care delivery strategy via telemedicine 
that has no standards, guidelines, or evidence in the literature. Important also is to 
document and have retrievable information on any feasibility or pilot studies done to 
document efficacy and safety of the innovative telemedicine approach being taken.

 Other Issues Not Necessarily Standards

When telemedicine providers or programs start, there are many legal and regulatory 
requirements not necessarily considered “standards or guidelines” but, nonetheless, 
are rules that need to be followed. Interstate health professions licensure, credential-
ing for practice and payment, scope of practice, supervision requirements, and 
e-prescribing and dispensing of medications are all requirements that must be evalu-
ated for each telemedicine initiative. Payment and reimbursement are often tied to 
government regulations, scope of practice, and supervision requirements and also 
must be considered in the context of guidelines.

 Summary

A prudent telemedicine initiative follows many of these recommendations for set-
ting up a telemedicine program from a business need, a market need, and collects as 
many standards, guidelines, and position statements as are available pertinent to the 
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program being developed. A thorough review of those standards, particularly those 
associated with professional practice, will assist the telemedicine program in having 
a high standard of care delivered via telemedicine. Setting up a telecardiology pro-
gram without a digital electronic stethoscope at the patient site simply does not meet 
the standard of care. And unfortunately, there are some telemedicine programs who 
do exactly that. What happens in-person should happen over telemedicine when 
conducting a history and physical exam of the patient in order to meet the standard 
of care.

 Addendum: American Medical Association Code of Medical 
Ethics Opinion 1.2.12 Ethical Practice in Telemedicine

Innovation in technology, including information technology, is redefining how peo-
ple perceive time and distance. It is reshaping how individuals interact with and 
relate to others, including when, where, and how patients and physicians engage 
with one another.

Telehealth and telemedicine span a continuum of technologies that offer new 
ways to deliver care. Yet as in any mode of care, patients need to be able to trust that 
physicians will place patient welfare above other interests, provide competent care, 
provide the information patients need to make well-considered decisions about care, 
respect patient privacy and confidentiality, and take steps to ensure continuity of 
care. Although physicians’ fundamental ethical responsibilities do not change, the 
continuum of possible patient–physician interactions in telehealth/telemedicine 
gives rise to differing levels of accountability for physicians.

All physicians who participate in telehealth/telemedicine have an ethical respon-
sibility to uphold fundamental fiduciary obligations by disclosing any financial or 
other interests the physician has in the telehealth/telemedicine application or service 
and taking steps to manage or eliminate conflicts of interests. Whenever they pro-
vide health information, including health content for websites or mobile health 
applications, physicians must ensure that the information they provide or that is 
attributed to them is objective and accurate.

Similarly, all physicians who participate in telehealth/telemedicine must assure 
themselves that telemedicine services have appropriate protocols to prevent unau-
thorized access and to protect the security and integrity of patient information at the 
patient end of the electronic encounter, during transmission, and among all health 
care professionals and other personnel who participate in the telehealth/telemedi-
cine service consistent with their individual roles.

Physicians who respond to individual health queries or provide personalized 
health advice electronically through a telehealth service in addition should:

 (a) Inform users about the limitations of the relationship and services provided.
 (b) Advise site users about how to arrange for needed care when follow-up care is 

indicated.
 (c) Encourage users who have primary care physicians to inform their primary phy-

sicians about the online health consultation, even if in-person care is not imme-
diately needed.

N. M. Antoniotti



111

Physicians who provide clinical services through telehealth/telemedicine must 
uphold the standards of professionalism expected in in-person interactions, follow 
appropriate ethical guidelines of relevant specialty societies, and adhere to appli-
cable law governing the practice of telemedicine. In the context of telehealth/tele-
medicine, they further should

 (d) Be proficient in the use of the relevant technologies and comfortable interacting 
with patients and/or surrogates electronically.

 (e) Recognize the limitations of the relevant technologies and take appropriate 
steps to overcome those limitations. Physicians must ensure that they have the 
information they need to make well-grounded clinical recommendations when 
they cannot personally conduct a physical examination, such as by having 
another health care professional at the patient’s site conduct the exam or obtain-
ing vital information through remote technologies.

 (f) Be prudent in carrying out a diagnostic evaluation or prescribing medication by:
• Establishing the patient’s identity
• Confirming that telehealth/telemedicine services are appropriate for that 

patient’s individual situation and medical needs
• Evaluating the indication, appropriateness, and safety of any prescription in 

keeping with best practice guidelines and any formulary limitations that 
apply to the electronic interaction

• Documenting the clinical evaluation and prescription
 (g) When the physician would otherwise be expected to obtain informed consent, 

tailor the informed consent process to provide information patients (or their 
surrogates) need about the distinctive features of telehealth/telemedicine, in 
addition to information about medical issues and treatment options. Patients 
and surrogates should have a basic understanding of how telemedicine tech-
nologies will be used in care, the limitations of those technologies, the creden-
tials of health care professionals involved, and what will be expected of patients 
for using these technologies.

 (h) As in any patient–physician interaction, take steps to promote continuity of 
care, giving consideration to how information can be preserved and accessible 
for future episodes of care in keeping with patients’ preferences (or the deci-
sions of their surrogates) and how follow-up care can be provided when needed. 
Physicians should assure themselves how information will be conveyed to the 
patient’s primary care physician when the patient has a primary care physician 
and to other physicians currently caring for the patient.

Collectively, through their professional organizations and health care institu-
tions, physicians should:

 (i) Support ongoing refinement of telehealth/telemedicine technologies, and the 
development and implementation of clinical and technical standards to ensure 
the safety and quality of care.

 (j) Advocate for policies and initiatives to promote access to telehealth/telemedi-
cine services for all patients who could benefit from receiving care 
electronically.
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 (k) Routinely monitor the telehealth/telemedicine landscape to:
• Identify and address adverse consequences as technologies and activi-

ties evolve
• Identify and encourage dissemination of both positive and negative outcomes
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 Introduction

Over the past few years, the telehealth policy landscape has evolved as policy makers 
look for solutions to rising healthcare expenditures, limited healthcare resources, and 
the current opioid epidemic. More than ever before, legislators and regulators at both 
the federal and state levels have been turning to telehealth to play a greater role in both 
fee-for-service and transformation to value-based care. Although payer policies have 
been expanding, reimbursement continues to be a major barrier hindering telehealth 
adoption and realization of its fullest potential [1]. This chapter focuses on the current 
state of telehealth reimbursement policy in Medicare, Medicaid, and private plans.

 Medicare Reimbursement Policies

Medicare is the federal health insurance program that covers people who are 65 
years of age or older, certain youths with disabilities, and people with end-stage- 
renal disease (ESRD). In 2017, Medicare’s $705 billion budget covered 58 million 

This chapter provides an overview of telehealth reimbursement policies prior 
to the COVID-19 pandemic. Many of the limitations on coverage and reim-
bursement of telehealth and other virtual care services were temporarily 
removed through waivers and interim rules at both the federal and state levels 
during the coronavirus public health emergency.
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enrollees through Original Medicare (fee-for-service) which covers services and 
items in Medicare Part A (hospital) and B (medical) [2]. An enrollee can also receive 
Medicare benefits through a private, Medicare-approved private insurance company 
in a Medicare Advantage plan (Part C) that must cover the benefits in Medicare Part 
A and B, but may also offer additional benefits through supplemental plans. 
Medicare spending increased to $731 billion (60 million lives) in 2018 with per 
capita spending projected to grow at an average annual rate of 5.1% over the next 10 
years (2018–2028), due to growing Medicare enrollment, increased use of services 
and intensity of care, and rising healthcare prices [3]. Through the use of telehealth 
technologies, reduced healthcare spending and cost savings can be achieved.

At the federal level, the reimbursement rules for telehealth under Medicare are 
defined in Section §1834(m) of the Social Security Act [4] (42 U.S.C. 1395m(m)
(4)) which was created when Congress passed the Balanced Budget Act of 1997. In 
2000 and 2008, Congress enacted legislation that expanded reimbursement of tele-
health; however, the major constraints placed on payment of services included in the 
original statute remained intact. Between 2001 and 2018, under the 102nd to the 
115th Congress, lawmakers introduced over 800 bills that included a provision(s) 
with telehealth [5] aiming to remove the existing restrictions to increase adoption 
(Fig. 8.1).

In 2018, Congress successfully passed telehealth legislation expanding tele-
health reimbursement by enacting the Bipartisan Budget Act of 2018 (BBA) and the 
SUPPORT for Patients and Communities Act [6, 7]. These pieces of legislation cre-
ated nationwide reimbursement for telehealth, for the first time ever, by removing 
the statutory “rural” geographic restriction for acute stroke, ESRD, and substance 
use disorders (SUDs). The BBA also expanded the use of telehealth in Medicare 
Advantage plans (MA) and for certain types of accountable care organizations 
(ACO). In an effort to further expand access to telehealth by removing the barriers 
to reimbursement in Medicare, Congress introduced the bipartisan, bicameral 
CONNECT for Health Act of 2019 in October 2019.
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Current policies for reimbursement of virtual care services in Medicare fee-for- 
service fall into three payment categories: (1) Medicare telehealth, (2) communication 
technology-based services, and (3) remote physiologic monitoring. Reimbursement 
for Medicare telehealth services is defined by section §1834(m) in the Medicare tele-
health law, whereas payments for communication technology- based services and 
remote physiologic monitoring are not considered to be “telehealth” by the Centers 
for Medicare and Medicaid (CMS), and therefore are not subject to the rural geo-
graphic, originating site, and other requirements in the statute (Fig. 8.2).

 Medicare Telehealth Services

CMS reimburses Medicare telehealth services when the following requirements are 
met [8]:

• The originating site must be located in a defined rural geographic area,
• The Medicare beneficiary must be located in an authorized type of originating 

site when receiving services via telehealth,
• The healthcare practitioner providing services must be an eligible provider,
• The service provided is on the list of approved Medicare telehealth services, and
• The modality used to deliver services is two-way, interactive audio-video unless 

it is a demonstration project in Alaska or Hawaii in which case store-and-forward 
technology may be used (Fig. 8.3).

(See Table 8.1 for detailed summary of these conditions for payment of Medicare 
telehealth services.)

The BBA of 2018 and SUPPORT Act created exceptions to the rural geographic 
restriction for telestroke, ESRD, and SUD treatment services. The legislation also 
added mobile stroke units for treatment of acute stroke and the patient’s home for 
ESRD and SUD treatment services as eligible originating sites. When these five 

Medicare Telehealth

• Coverage defined by
 §1834(m)

• Two-way interactive
 audio-video with patient

• Substitutes for
 in-person visit

• Pays professional fee &
 Originating site facility fee

• Not restricted by
 §1834(m)

• Pays professional fee
 (99091, 99457)

• Pays technical fees
 (99453, 99454)

• Not restricted by
 §1834(m)

• Pays professional fee

• Brief Communication
 Technology-based
 Service (G2012)

• Remote Evaluation of
 Stored Video and/or
 Images (G2010

• Interprofessional
 Consultations (99446-
 99449, 99457-99452)

Communication technology-
based services

Remote physiologic
monitoring

Fig. 8.2 CY 2019 Medicare payment categories
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Geography

Originating Sites

Providers

Services

Modality

Fig. 8.3 Conditions for 
payment of Medicare 
telehealth services

Table 8.1 2019 rules for Medicare telehealth reimbursement in fee-for-service [8]

Geographic limitation on the originating 
site where the patient can be located when 
the services take place

Rural HPSA or non-MSA Statistical area

Type of facility where the patient must be 
located when receiving services through 
telehealth

Offices of physicians or practitioners
Hospitals
Critical Access Hospitals
Rural Health Clinics
Federally Qualified Health Centers
Hospital-based or CAH-based renal dialysis 
centers (including satellites)
Skilled Nursing Facilities
Community Mental Health Centers
Renal Dialysis facilities (ESRD Services ONLY)
Home (certain ESRD and SUD services ONLY)
Mobile Stroke Units (acute stroke treatment 
ONLY)

Type of modality eligible to deliver the 
telehealth service

Live video unless it is a demonstration project in 
Alaska or Hawaii in which case store-and- 
forward was also eligible

Type of services that are reimbursed Specific list of Medicare telehealth services 
noted by their CPT or HCPCS codes

Type of healthcare practitioner eligible to 
provide services and be reimbursed

Physicians
Nurse practitioners
Physician assistants
Nurse midwives
Clinical nurse specialists
Certified registered nurse anesthetists
Clinical psychologists & clinical social workers
Registered dietitians or nutrition professionals
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conditions for payment are met, under fee-for-service, Medicare reimburses the dis-
tant site practitioner a professional fee according to the Part B physician fee sched-
ule and the originating site a facility fee (HCPCS code 3014). Currently, there are 
over 100 billing codes on the Medicare telehealth list with many describing general 
services that allow different specialists to be able to bill using the same code. For 
example, HCPCS code G0425 is a general consultation code that can be used by a 
stroke neurologist or a psychiatrist or cardiologist or other authorized Medicare 
provider for an initial visit with the patient in the emergency department, hospital 
inpatient setting, or skilled nursing facility. There are other codes on the list that 
describe more specific services such as psychotherapy and diabetes management; 
however, the ability to use the codes is constrained by the restrictions that are 
defined in the Medicare telehealth statute.

For 2020, CMS added a set of three bundled payment codes (G2086–G2088) to 
the Medicare telehealth list for office-based opioid use disorder treatment, as part of 
a monthly bundled episode of care. The bundle allows the therapy and counseling 
components to be delivered through telehealth without the rural restriction, and it 
allows services into the patient’s home—both of these exceptions are the result of 
passage of the SUPPORT Act.

 Communication Technology-Based Services

Currently, CMS reimburses for three types of communication technology-based 
services:

• Brief communication technology-based service—(HCPCS code G2012) Virtual 
check-in by a physician or other qualified healthcare professional who can report 
Evaluation/Management (E/M) services, provided to an established patient, not 
originating from a related E/M service provided within the previous 7 days nor 
leading to an E/M service or procedure within the next 24 hours or soonest avail-
able appointment; 5–10 minutes of medical discussion.

• Remote Evaluation of Pre-recorded Patient Information—(HCPCS code G2010) 
Remote evaluation of recorded video and/or images submitted by the patient 
(e.g., store and forward), including interpretation with verbal follow-up with the 
patient within 24 business hours, not originating from a related E/M service pro-
vided within the previous 7 days nor leading to an E/M service or procedure 
within the next 24 hours or soonest available appointment.

• Interprofessional Internet Consultation—(Current Procedural Terminology 
(CPT) codes 99446–99449, 99451–99452) Interprofessional telephone/Internet 
assessment and management service provided by a consultative physician includ-
ing a verbal and written report to the patient’s treating/requesting physician or 
other qualified healthcare professional. Commonly referred to as “eConsult” [9].

For 2020, CMS allows a single advance beneficiary patient consent for multiple 
communication technology-based services. In addition, CMS added reimbursement 
for online digital evaluation services for physicians, qualified healthcare 
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professionals, and non-physician practitioners (eVisits) using CPT codes 
99421–99423 and HCPCS G2061–G2063, respectively.

 Remote Physiologic Monitoring

In 2018, CMS unbundled reimbursement (CPT code 99091) for the professional 
component of remote physiologic monitoring (RPM) for the first time. In 2019, 
CMS expanded payment for RPM professional services including reimbursement 
for the technical components of RPM, as well as allowing ancillary staff to provide 
“incident to” services under supervision of the billing provider.

• CPT code 99091 defined as the collection, interpretation of physiologic data, 30 
minutes or more per 30-day period by physician or other qualified healthcare 
professional (QHP)

• CPT code 99453 defined as “Remote monitoring of physiologic parameter(s) 
(e.g., weight, blood pressure, pulse oximetry, respiratory flow rate), initial; set-
 up and patient education on use of equipment”

• CPT code 99454 defined as “Remote monitoring of physiologic parameter(s) 
(e.g., weight, blood pressure, pulse oximetry, respiratory flow rate), initial; 
device(s) supply with daily recording(s) or programmed alert(s) transmission, 
each 30 days”

• CPT code 99457 defined as “Remote physiologic monitoring treatment manage-
ment services, 20 minutes or more of clinical staff/physician/other qualified 
healthcare professional time in a calendar month requiring interactive communi-
cation with the patient/caregiver during the month”

Beginning in 2020, CMS (1) considers RPM to be under the care management 
program, (2) redefines CPT code 99457 to describe the initial 20 minutes of time 
spent providing RPM services, (3) adds new payment code 99458 for each 
additional 20-minute blocks of time, and (4) allows RPM services billed “incident 
to” under general supervision for codes 99457 and 99458 (Fig. 8.4).

Medicare Telehealth

Adds 3 bundled payment
codes G2086-G2088 for
treatment of opioid use
disorders

 • Allows therapy and
  counselling component by
  telehealth

 • Implements SUPPORT
  Act, waiver of rural
  geographic restriction
  adds home as originating
  site

• Redefines pro fee code 
 99457 to describe initial
 20 min

• Adds new payment code
 99458 for each addl 20 min

• Allows RPM services billed
 “incident to” under general
 supervision for codes
 99457 & 99458

• Adds online digital evaluation services
 (eVisits)

     •   Patient-initiated, established patients

     •   Cumulative time spent during 7-day
     period

     •   99421-99423 for physicians and QHPs

     •    G2061-G2063 for non-physicians
       pracitioners

• Modifiers requirement to obtain patient
 consent to once/yr (G2010, G2012, 99446
 - 99449, 99451-99452)

Brief communication
technology-based services

Remote physiologic
monitoring

Fig. 8.4 CY2020 policy changes by payment category
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 Medicare Capitated and Value-Based Payment

Fundamentally, telehealth can play a big role in value-based care because it allows 
all entities to work together to drive better, more efficient, cost-effective care. With 
approximately 34% of Medicare enrollment in Medicare Advantage (MA) plans (22 
million beneficiaries in 2019), these plans offer the largest opportunity to leverage 
telehealth in a value-based payment model. Furthermore, beginning January 1, 
2020, new rules defining the use of telehealth in these plans significantly improved 
due to passage of the MA provision in the BBA of 2018.

Historically, MA plans have been required to cover the same telehealth delivered 
services found in Medicare fee-for-service and with the same 1834(m) restrictions 
discussed above. Should the plans offer telehealth coverage that goes beyond what 
is in fee-for-service, the plan or the enrollee would need to cover the cost through a 
supplemental premium or through rebates. With passage of the BBA, MA plans 
have the flexibility to build additional telehealth benefits beyond what is in fee-for- 
service into their basic plan bids rather than requiring them to do this as supplemen-
tal benefits. Furthermore, plans have the ability to determine which services will be 
covered by telehealth, as long as the services are covered under Medicare [10].

Another way to leverage telehealth in the Medicare program is in Medicare 
ACOs (Medicare Shared Savings Program) [11]. However, the ability to use tele-
health has been limited except for a few types of ACOs, such as the Next Generation 
ACOs. The BBA also changed this beginning January 1, 2020, when other types of 
performance-based ACOs were given increased flexibility to use telehealth to treat 
their patient populations in urban areas and at home. Under the CMS Innovation 
Center (CMMI), there are a number of alternative payment models that allow the 
use of telehealth [12]. Two bundled payment programs offer a telehealth waiver that 
allows providers to deliver services in urban areas and into the patient’s home: (1) 
Comprehensive Joint Replacement (CJR) bundled payment program and (2) 
Bundled Payments for Care Improvement Advanced Program (BPCI Advanced) 
with inpatient and outpatient episodes. The Medicare Advantage Value-Based 
Insurance Design (VBID) model is testing increased access to telehealth services to 
meet requirements for provider network adequacy. Two other models launched in 
2020 to pilot the use of telehealth: (1) Emergency Triage, Treatment and Transport 
model (ET3) for EMS personnel to use telehealth in the field as a way to prevent 
trips to the ED and (2) the Kidney Care Choices (KCC) model to manage the care 
of beneficiaries with ESRD. Lastly, CMMI is targeting primary care practices and 
other providers with five new risk-sharing payment models options under two paths: 
(1) Primary Care First and (2) Direct Contracting (capitated and partially capitated 
payments). These models build on lessons learned from initiatives involving 
Medicare ACOs, Medicare Advantage, and private sector risk-sharing arrange-
ments. As the government drives the industry toward capitated and VBC models, it 
offers the industry more flexible use of telehealth.

Reimbursement policy at the state level has developed at a faster pace than fed-
eral policy. However, with 51 different jurisdictions (including the District of 
Columbia), it has also led to the development of telehealth policies that vary from 
state to state. No two states are alike in telehealth Medicaid policies, laws, and 
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regulations setting up a confusing landscape for providers who operate in multiple 
states. The remainder of this chapter will discuss the evolution of state telehealth 
reimbursement policies.

 State Reimbursement

State telehealth reimbursement policies fall into two categories: Medicaid reimburse-
ment and private payer reimbursement. Medicaid is a federal and state health cover-
age program for individuals with limited income and resources. While it has both 
federal and state funding, Medicaid is administered by the state. State Medicaid pro-
grams also have great leeway in how they structure their telehealth policies. This flex-
ibility allows each state the ability to adjust to the needs of its respective population.

 Medicaid Fee-for-Service

As of September 2019, all state Medicaid fee-for-service programs reimburse for 
some services delivered via telehealth. In January 2019, Massachusetts became the 
last state Medicaid program to officially adopt a policy of telehealth reimbursement 
(only for mental and behavioral health services delivered via live video) [13]. State 
Medicaid telehealth policies have evolved considerably over the past decade. Live 
video is the most common modality being reimbursed in Medicaid programs. 
Reimbursement policies for the other modalities of store-and-forward and RPM 
have not been adopted as readily as live video and are limited to use in certain con-
ditions. In the period from 2012 to 2019, there was a steady increase in live video 
reimbursement policies being enacted in Medicaid programs, but less movement for 
store-and-forward and RPM (Fig. 8.5).
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Such a result is not surprising as live video is the most likely substitute for an 
in-person interaction. Part of the difficulty in adopting reimbursement policies for 
store-and-forward and RPM is that there may not be a comparable, currently reim-
bursed service in the Medicaid program. For example, a Medicaid program may not 
be reimbursing for the continuous monitoring of a patient’s chronic condition, as 
that service may not be done in-person. The services these two modalities deliver 
may be new services to the program that may make it more difficult to adopt a reim-
bursement policy.

In the last decade, Medicaid telehealth programs began to remove the limitations 
on the use of telehealth that were similar to the ones seen in Medicare. As noted 
earlier, federal telehealth policies in Medicare contain restrictions on geography and 
location where telehealth services can take place, the type of practitioner providing 
the service, the specific services themselves, and what modality can be used. Early 
on, some state Medicaid programs had replicated these restrictions such as the origi-
nating site must be located in a rural area. Over the past decade, Medicaid programs 
have been removing some of these caveats, particularly the rural requirements. 
Other limitations, such as types of providers eligible to be reimbursed, the services, 
and the type of location, have changed over the years becoming broader, but have 
not been removed with as much finality as the geographic limitations.

Partly why states have been able to alter their telehealth Medicaid reimbursement 
policies may be due to the greater administrative flexibility these programs have to 
enact changes. Unlike Medicare where much of the restrictive policies are in federal 
statute, most states do not require legislation to be passed to enact a change in their 
Medicaid policies. There have been state legislatures that have passed laws requir-
ing Medicaid programs take certain actions regarding telehealth, but for the most 
part, if a Medicaid program decides to change its policies on telehealth, there is very 
little found in state statutes that prevent the program from acting.

However, there has been some confusion in how much the federal requirements 
and regulations may inhibit or affect the use of telehealth in a Medicaid program. 
For example, in 2016 CMS issued a statement to clarify that state Medicaid pro-
grams did not have to submit a state plan amendment (SPA) to begin reimbursing 
for telehealth if certain conditions have been met. To that point, some states believed 
that any change it made to incorporate telehealth into its Medicaid programs would 
require approval from CMS and were delaying any changes to create a SPA.

Other states with a long history of telehealth reimbursement within Medicaid 
have charged forward without hesitation. For example, California Medicaid, Medi- 
Cal, has been reimbursing for telehealth-delivered services for nearly two decades. 
In the summer of 2019, Medi-Cal updated its telehealth policies to allow providers 
to decide what services would be delivered via live video or store-and-forward. This 
policy put decision-making power into the provider’s hands, allowing the clinician 
to determine when telehealth would be appropriate to use. To date, Medi-Cal has 
implemented the most advanced telehealth policy of any other public payer in the 
United States. (Vermont Medicaid does give the provider this decision-making 
power, but only for live video encounters.) However, even with this progressive 
policy, California Medicaid has yet to adopt a policy to reimburse for RPM.
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 Private Payer Laws

States legislatures have also promulgated policies that address coverage and reim-
bursement through private payer laws. These are laws that direct how health plans 
operating in the state must deal with telehealth. As with Medicaid programs, the 
telehealth private payer laws vary widely from state to state. While not all, many of 
the existing private payer laws do not impact Medicaid Managed Care programs or 
carve out exceptions for other plans such as state employee plans. Generally, tele-
health private payer laws target policies related to private health insurance.

As of October 2019, 42 states and the District of Columbia have a telehealth 
private payer law. The requirements of the laws range from simply clarifying that 
health plans “may” reimburse for telehealth delivered services to “mandating” cov-
erage and payment parity of services to the same extent as in-person care. At this 
time, the only states without a telehealth private payer law are Alabama, Idaho, 
North Carolina, Pennsylvania, South Carolina, West Virginia, Wisconsin, and 
Wyoming (Fig. 8.6).

Due to the wide variation of what each state’s law requires, providers who oper-
ate in multiple states face the same issues as they would when looking toward 
Medicaid for reimbursement—a wide variation on what is reimbursed. Complicating 
matters further is that variations may occur from plan to plan operating within a 
single state. Depending on what is required of health plans in the state statute, there 
may be no commonalities between health plans on their reimbursement policies. 
Therefore, a provider operating in one state may still encounter the problem of mul-
tiple reimbursement policies that impact the services to be delivered via telehealth.

Fig. 8.6 States with a private payer telehealth law (as of October 2019)
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Generally, states do not include a specific consequence mechanism should a 
health plan refuse to comply with the law. While a health plan would be in violation 
of a law that says the plan must cover services delivered via telehealth in the same 
manner as it would had the service been delivered in-person, no state attaches a 
specific penalty, such as a fine, should a plan fail to do so. However, there has been 
one case of a state regulatory body fining a plan for improperly denying telehealth 
claims. The North Dakota Insurance Department levied a fine of $125,000 on Blue 
Cross Blue Shield of North Dakota for several violations including not reimbursing 
for telehealth delivered services. It was noted that not keeping up with current laws 
contributed to the violations [14]. Thus far, this has been the only case of a health 
plan being penalized for not abiding by a telehealth private payer law.

 Medicaid Managed Care

Medicaid managed care is another avenue in which telehealth reimbursement may 
be available. Unlike the previous discussion of fee-for-service Medicaid policies, 
what Medicaid Managed Care plans are required to cover for telehealth delivered 
services may not be as readily apparent. Generally, state Medicaid managed care 
plans will follow the telehealth reimbursement policies in fee-for-service. A man-
aged care plan’s willingness and ability to go beyond the fee-for-service policies 
will depend upon the rules in the state and the plan’s own inclination. Most states do 
not prohibit a managed care plan from having a more expansive telehealth reim-
bursement policy than what is seen in fee-for-service.

Telehealth private payer laws may also have an impact on the Medicaid managed 
care plans. For example, in recently passed legislation in California that updated the 
state’s telehealth private payer law, an exception for Medicaid managed care plans 
was carved out [15].

As with private payers, most states are silent on Medicaid managed care plans 
sharing their telehealth policies with the public, and as a result, a good number of 
plans do not make that information readily accessible. This has led to difficulty in 
understanding just how expansive Medicaid managed care telehealth reimbursement 
policies are for the various states, especially if there are multiple plans operating.

 Other Non-reimbursement State Policy Issues

Reimbursement policies are only a portion of the telehealth-related policies that 
states may promulgate that impact the use of telehealth. Other areas where states 
have been active in the last few years in establishing state policies have included 
establishing a patient–provider relationship via telehealth, prescribing when using 
telehealth, licensing, and various requirements made by state regulatory boards on 
licensees. While this chapter has focused on reimbursement policy, the reader must 
keep in mind that there are other policy topics that will also determine how and to 
what extent telehealth can be used and that it will vary from state to state.
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 Conclusion

As evidenced by the legislative and regulatory progress made over the past few 
years at both the federal and state levels, the industry has reached an inflection point 
where policy makers’ attitudes and innovative technologies are coming together in 
significant ways to improve the reimbursement paradigm to accelerate adoption. 
Reimbursement changes for virtual care services will continue to evolve incremen-
tally in both fee-for-service and value-based care delivery models.

References

 1. U.S.  Government Accounting Office, GAO [Internet]. Health care: telehealth and remote 
patient monitoring use in Medicare and selected federal programs. 2017-365. [cited 17 
November 2019]. Available from: http://www.gao.gov/assets/690/684115.pdf.

 2. Center for Medicare and Medicaid Services, CMS [Internet]. Medicare program general 
information; [cited 17 November 2019]. Available from: https://www.cms.gov/Medicare/
Medicare-General-Information/MedicareGenInfo/index.

 3. Kaiser Family Foundation, KFF [Internet]. The facts on Medicare spending and financing; 
20 August 2019; [cited 22 October 2019]. Available from: https://www.kff.org/medicare/
issue-brief/the-facts-on-medicare-spending-and-financing/.

 4. U.S. House of Representatives, Office of the Law Revision Counsel, U.S. Code [Internet]. 42 
USC 1395m: Special payment rules for particular items and services; [cited 22 October 2019]. 
Available from: https://uscode.house.gov/view.xhtml?req=(title:42%20section:1395m%20
edition:prelim).

 5. Congress.gov [Internet]. [cited 22 October 2019]. Available from: www.congress.gov.
 6. Bipartisan Budget Act of 2018 [Internet]. Bipartisan Budget Act of 2018, Title III, Subtitle C, 

Section 50323. 2018 [cited 26 April 2018]. Available from: http://bit.ly/2JS35P1.
 7. SUPPORT for Patients and Communities Act of 2018 [Internet]. Pub. L. No. 115-271, §§ 2001, 

7162, 7172, 8072 (2018). See also H.R. Con. Res., 115th Cong. (2018); [cited 22 October 
2019]. Available from: https://www.congress.gov/115/plaws/publ271/PLAW-115publ271.pdf.

 8. MLN Booklet Telehealth Services [Internet]. CMS.gov. 2019 [cited 17 November 2019]. Available 
from: https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/
MLNProducts/downloads/TelehealthSrvcsfctsht.pdf?utm_campaign=2a178f351b-EMAIL_
CAMPAIGN_2019_04_19_08_59&utm_term=0_ae00b0e89a-2a178f351b-353229765&utm_
content=90024810&utm_medium=social&utm_source=facebook&hss_channel=
fbp-372451882894317.

 9. Federal Register [Internet]. Medicare Program; revision to payment policies under the physi-
cian fee schedule, 83 Fed. Reg, 35,704 (July 27, 2018); [cited 17 November 2019]. Available 
from: https://www.federalregister.gov/documents/2018/07/27/2018-14985/medicare-pro-
gram-revisions-to-payment-policies-under-the-physician-fee-schedule-and-other-revisions.

 10. Federal Register [Internet]. Medicare and Medicaid Programs; policy and technical changes 
to the Medicare advantage, Medicare prescription drug benefit, program of all-inclusive 
care for the elderly (PACE), Medicaid fee-for-service, and Medicaid managed care pro-
grams for years 2020 and 2021, 83 Fed. Reg. 54982, 55010, 55051-57 (proposed Nov. 1, 
2018); [cited 17 November 2019]. Available from: https://www.federalregister.gov/docu-
ments/2018/11/01/2018-23599/medicare-and-medicaid-programs-policy-and-technical-
changes-to-the-medicare-advantage-medicare.

 11. Center for Medicare and Medicaid Services, CMS [Internet]. Medicare Shared Savings 
Program [cited 17 November 2019]. Available from: https://www.cms.gov/Medicare/
Medicare-Fee-for-Service-Payment/sharedsavingsprogram/index.

J. Bernard and M. W. Kwong

http://www.gao.gov/assets/690/684115.pdf
https://www.cms.gov/Medicare/Medicare-General-Information/MedicareGenInfo/index
https://www.cms.gov/Medicare/Medicare-General-Information/MedicareGenInfo/index
https://www.kff.org/medicare/issue-brief/the-facts-on-medicare-spending-and-financing/
https://www.kff.org/medicare/issue-brief/the-facts-on-medicare-spending-and-financing/
https://uscode.house.gov/view.xhtml?req=(title:42 section:1395m edition:prelim)
https://uscode.house.gov/view.xhtml?req=(title:42 section:1395m edition:prelim)
http://congress.gov
http://www.congress.gov
http://bit.ly/2JS35P1
https://www.congress.gov/115/plaws/publ271/PLAW-115publ271.pdf
http://cms.gov
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf?utm_campaign=2a178f351b-EMAIL_CAMPAIGN_2019_04_19_08_59&utm_term=0_ae00b0e89a-2a178f351b-353229765&utm_content=90024810&utm_medium=social&utm_source=facebook&hss_channel=fbp-372451882894317
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf?utm_campaign=2a178f351b-EMAIL_CAMPAIGN_2019_04_19_08_59&utm_term=0_ae00b0e89a-2a178f351b-353229765&utm_content=90024810&utm_medium=social&utm_source=facebook&hss_channel=fbp-372451882894317
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf?utm_campaign=2a178f351b-EMAIL_CAMPAIGN_2019_04_19_08_59&utm_term=0_ae00b0e89a-2a178f351b-353229765&utm_content=90024810&utm_medium=social&utm_source=facebook&hss_channel=fbp-372451882894317
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf?utm_campaign=2a178f351b-EMAIL_CAMPAIGN_2019_04_19_08_59&utm_term=0_ae00b0e89a-2a178f351b-353229765&utm_content=90024810&utm_medium=social&utm_source=facebook&hss_channel=fbp-372451882894317
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf?utm_campaign=2a178f351b-EMAIL_CAMPAIGN_2019_04_19_08_59&utm_term=0_ae00b0e89a-2a178f351b-353229765&utm_content=90024810&utm_medium=social&utm_source=facebook&hss_channel=fbp-372451882894317
https://www.federalregister.gov/documents/2018/07/27/2018-14985/medicare-program-revisions-to-payment-policies-under-the-physician-fee-schedule-and-other-revisions
https://www.federalregister.gov/documents/2018/07/27/2018-14985/medicare-program-revisions-to-payment-policies-under-the-physician-fee-schedule-and-other-revisions
https://www.federalregister.gov/documents/2018/11/01/2018-23599/medicare-and-medicaid-programs-policy-and-technical-changes-to-the-medicare-advantage-medicare
https://www.federalregister.gov/documents/2018/11/01/2018-23599/medicare-and-medicaid-programs-policy-and-technical-changes-to-the-medicare-advantage-medicare
https://www.federalregister.gov/documents/2018/11/01/2018-23599/medicare-and-medicaid-programs-policy-and-technical-changes-to-the-medicare-advantage-medicare
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/sharedsavingsprogram/index
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/sharedsavingsprogram/index


127

 12. Center for Medicare and Medicaid Services, CMS [Internet]. Innovation Models [cited 17 
November 2019]. Available from: https://innovation.cms.gov/initiatives/#views=models.

 13. Massachusetts Executive Office of Health and Human Services, Office of Medicaid [Internet]. 
MassHealth All Provider Bulletin 281, January 2019. [cited 15 November 2019]. Available 
from: https://www.mass.gov/files/documents/2019/01/23/all-provider-bulletin-281.pdf.

 14. North Dakota Insurance Department. Insurance Commissioner fines Blue Cross Blue Shield 
of North Dakota $125,000 as a result of market conduct examination, July 9, 2019; [cited 13 
November 2019]. Available from: https://www.nd.gov/ndins/news/insurance-commissioner-
fines-blue-cross-blue-shield-north-dakota-125000-result-market-conduct.

 15. California Legislation AB 744 (Aguiar-Curry). [Internet] October 2019. [cited 17 
November 2019]. Available from: https://leginfo.legislature.ca.gov/faces/billTextClient.
xhtml?bill_id=201920200AB744.

8 Federal and State Policies on Telehealth Reimbursement

https://innovation.cms.gov/initiatives/#views=models
https://www.mass.gov/files/documents/2019/01/23/all-provider-bulletin-281.pdf
https://www.nd.gov/ndins/news/insurance-commissioner-fines-blue-cross-blue-shield-north-dakota-125000-result-market-conduct
https://www.nd.gov/ndins/news/insurance-commissioner-fines-blue-cross-blue-shield-north-dakota-125000-result-market-conduct
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB744
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB744


129© Springer Nature Switzerland AG 2021
R. Latifi et al. (eds.), Telemedicine, Telehealth and Telepresence, 
https://doi.org/10.1007/978-3-030-56917-4_9

G. George 
Department of Surgery, Clinical Research Unit, Westchester Medical Center,  
Valhalla, NY, USA 

B. E. Heitmann (*) 
Fitzpatrick & Hunt, Pagano, Aubert, LLP, New York, NY, USA

9Legal and Regulatory Implications 
of Telemedicine

Geena George and Brandon E. Heitmann

 Introduction

Telemedicine can generally be defined as the use of medical information exchanged 
electronically from one site to another to improve patients’ health status [1, 2]. This 
care can be anything from the sharing of pictures or video to remote patient moni-
toring [3]. Telehealth is a broader term, including additional modalities. Typically, 
there are four basic types of telehealth: real-time video (synchronous), store-and- 
forward transmission (asynchronous), remote patient monitoring, and mobile health 
[4, 5]. As internet use and technology are increasingly intertwined in daily life, the 
use of telemedicine and telehealth is increasing. According to the American Hospital 
Association (AHA), more than 50% of hospital systems utilized some form of tele-
health in 2013 [6]. One reason for this increase is that patients are using it to address 
issues such as a lack of appointment times, requiring care outside of regular busi-
ness hours, and the inability to see providers that are located far away [7].

The recent 2019 Coronavirus (COVID-19) outbreak has demonstrated yet 
another reason to use telemedicine and telehealth—protection from exposure. The 
World Health Organization (WHO) declared COVID-19 a pandemic on March 11, 
2020 [8]. Due to the infectious nature of the virus, responding to the outbreak 
required patient isolation, monitoring of contacts, and quarantining. The efforts to 
control the virus consequently interrupted routine care for non-COVID-19 patients. 
As a result, the use of telemedicine and telehealth became a viable alternative to 
provide care to these patients while reducing the risk of transmission.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56917-4_9&domain=pdf
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Though telemedicine and telehealth can improve a patient’s access to health 
care, it can also present legal and health information challenges. Its use can present 
licensure, privacy, security, and confidentiality obstacles [9, 10]. Although address-
ing these factors is often time-consuming and cumbersome, legislation and policy 
has been identified as one of the five main determinants for successful telemedicine 
implementation [11]. As telemedicine and telehealth become more conventional, 
understanding the legal and regulatory aspects of telehealth is crucial for both pro-
viders and patients.

 Licensing

The practice of medicine—like many other professions—requires the issuance of a 
license by the state in which the professional is practicing and where the patient 
resides [5, 12–15]. In the US, each state has the power to establish and enforce 
licensing standards and regulate the practice of medicine within its own borders 
[15]. For example, California’s Licensing Law, found in §2052 of the Business and 
Profession Code, prohibits any person from diagnosing, treating, operating on, or 
prescribing for patients without a valid medical license [16]. Many other States have 
statutes that proscribe variations on this same general rule. These licensing regula-
tions are often seen as barriers to the use of telemedicine [17]. Physicians risk sanc-
tions if they practice telemedicine across state lines without appropriate licenses 
[18]. Examples of the “interstate” practice of telemedicine, among other things, can 
include reviewing an out-of-state patient’s imaging, answering questions on a medi-
cal website, video conferencing with patients in different states, or consulting with 
other physicians in order to diagnose an out-of-state patient. One example of the 
unlicensed practice of telemedicine across state lines is Hageseth v. Superior Court 
of California [16].

 Hageseth v. Superior Court of California

In 2007, a California court addressed interstate licensing issues in Hageseth v. 
Superior Court of California. There, Dr. Hageseth, a Colorado-licensed psychia-
trist, was charged with the felony offense of practicing medicine in California with-
out a license. Dr. Hageseth challenged the California court’s jurisdiction over him 
by arguing that all the alleged unlawful conduct took place outside of California. 
John McKay, a California resident, attempted to buy fluoxetine online. McKay 
filled out a purchase request and questionnaire that identified him as a California 
resident and submitted it to the operators of a website in Texas. The operators for-
warded the purchase request and questionnaire to Dr. Hageseth in Colorado for 
approval. After review, Dr. Hageseth issued a prescription for the medication and 
returned it to the site operators. The operators subsequently forwarded the prescrip-
tion to a pharmacy in Mississippi where the prescription was filled and mailed to 
McKay at his California address. Shortly thereafter, “intoxicated with alcohol and 
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with a detectible amount of fluoxetine in his blood, McKay committed suicide by 
means of carbon monoxide poisoning.” At no point did Dr. Hageseth communicate 
with anyone in California regarding this prescription.

Ultimately, the court denied Hageseth’s jurisdictional challenge, stating that 
“without having at the time a valid California medical license, [Hageseth] pre-
scribed fluoxetine for a person he knew to be a California resident, knowing that act 
would cause the prescribed medication to be sent to that person at the California 
address he provided.” Dr. Hageseth pled guilty and served 9 months in prison [17]. 
The Hageseth case presents a cautionary tale for physicians who attempt to practice 
medicine via the internet or other electronic means. It also illustrates how strict 
some courts can be when interpreting their State’s licensing laws.

 Interstate Medical Compact

Since the Hageseth decision, States have shown a willingness to relax some of their 
licensing laws to allow the practice of telemedicine. According to the Federation of 
State Medical Boards (FSMB), 14 state boards allow for doctors to operate across 
state lines. Nine states issue “special licenses or certificates related to telehealth.” 
These states allow practitioners from different states to provide telemedicine ser-
vices even in a state where they are not physically located [17]. These nine states 
include Alabama, Louisiana, Maine, Minnesota, New Mexico, Ohio, Oregon, 
Tennessee (osteopathic board only), and Texas. Perhaps the most comprehensive of 
these allowances is the Interstate Medical Licensure Compact (IMLC). The IMLC 
is a legal agreement among states that addresses interstate physician licensure. 
Under this agreement, physicians that meet the IMLC eligibility requirements can 
practice medicine among the states within the compact [19]. Think of it as the 
“European Union” of telemedicine. As of December 2019, 29 states along with the 
District of Columbia and the territory of Guam participate in the IMLC.

However, participation in the IMLC is not without its own risks. For each state 
that a physician acquires an unrestricted license for, the physician is bound to abide 
by that individual state’s laws and medical boards [20]. These responsibilities can 
include maintaining continuing medical education (CME), annual licensure 
renewal requirements, as well as state laws/regulations regarding the practice of 
medicine in that state. Should a physician fail to meet these responsibilities, he or 
she can be held responsible in not only the state in which the violation occurred, 
but also the other states for which the physician is licensed through the ILMC [20]. 
Therefore, a physician should review all the laws and regulations related to the 
practice of medicine (and telemedicine) in a particular state, prior to obtaining a 
license and practicing medicine. As telemedicine and the internet become more 
and more intertwined in the practice of medicine, it is imperative that States con-
tinue to adopt regulations that permit or provide guidance on the practice of tele-
medicine. Since there is no federal legislation addressing telemedicine, it is 
necessary for individual providers to be informed about their state’s telemedicine 
licensure rules.
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 Informed Consent

Once doctors meet the appropriate licensing requirements in a particular state, the 
next legal hurdle is obtaining informed consent from the patient. Failure to obtain 
informed consent is considered a crime [4]. Appropriate informed consent should 
identify the patient, the physician, the physician’s credentials, the types of transmis-
sion that are allowed by the use of telemedicine, details of security measures, and 
documentation of release of protected health information to any third party [21]. In 
other words, informed consent for telemedicine requires consent for the treatment 
itself, as well as the transmission of digital data [4, 22]. Liabilities for informed 
consent in telemedicine must consider the ways in which it varies from face-to-face 
consent. A telemedicine consent form will always include the standard aspects of 
non-telemedicine consent; however, it must also consider potential complications 
due to the nature of the communication. For example, a telesurgical procedure 
would include standard risks; however, the consent form must also consider risks 
such as loss of communications or the damages resulting from converting a telesur-
gical procedure into a traditional one [23]. Telemedical risks that go beyond the 
control of the health care providers such as system crashes, power outages, or other 
software glitches should also be considered [24]. In addition to disclosing all poten-
tial risks on the informed consent document, another legal consideration arises 
when telemedicine is utilized by a referring physician. The question becomes which 
physician should be the one to obtain consent. Depending upon which state a physi-
cian practices, there may be laws regarding who can be the one to obtain consent. 
As such, in some states, it may be necessary to have both the referring physician as 
well as the remote physician to separately document consent.

In two different cases, we see the impacts of a physician’s failure to properly 
document consent. In Knight v. Department of Army, the plaintiff, Joseph Knight, a 
resident of Alabama, was treated for a heart condition in Georgia [25]. Knight 
required a bypass surgery which he chose to receive in Texas, where he received a 
blood transfusion that contained the human immunodeficiency virus (HIV) [25]. 
The patient later sued his physicians for failure to be informed about the risk of HIV 
infection from a blood transfusion [25]. In this case, the court first had to determine 
choice of law, to establish which state’s informed consent laws applied. The patient 
was treated in Texas and Georgia, but ultimately passed away in Alabama. The court 
reasoned that Texas law should apply for liability because the plaintiff’s infection 
and surgery occurred in Texas despite his subsequent medical care and death occur-
ring in Alabama. Next, the Court had to determine the merits of the case. In this 
case, the court found that under Texas law, the plaintiff did not bring a proper 
informed consent claim because a reasonable person would still have undergone the 
bypass surgery even after being informed of the remote possibility of an HIV infec-
tion. As such, the Court concluded that the doctor complied with his duties and 
obtained proper consent under Texas law.

In the second case—Blakesely v. Wolford—Terri Blakesely, a Pennsylvania resi-
dent, had her wisdom teeth removed but during the operation her lingual nerve was 
damaged [26]. The nerve damage caused numbness and shocks to her mouth and 
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tongue. Eventually, Blakesely sought relief by consulting with two Pennsylvania 
surgeons who eventually referred her to Dr. Larry Wolford, a Texas oral surgeon. Dr. 
Wolford evaluated Blakesely while he was in Pennsylvania on business. The Texas 
surgeon suggested that a nerve graft surgery may help to alleviate her discomfort but 
noted that removal of a portion of her auricular nerve for the graft may cause slight 
numbness. Blakesely agreed and the surgery was conducted in Texas. However, dur-
ing the surgery, Dr. Wolford opted to use a graft from another nerve as opposed to 
the patient’s greater auricular nerve. The surgery was unsuccessful and left Blakesely 
with an additional feeling of strangulation any time her neck was touched [26].

Blakesely sued Dr. Wolford in Pennsylvania for malpractice and failure to obtain 
her informed consent for the surgery. Once again, the court had to determine choice 
of law. Should the stringent Pennsylvania standard for informed consent or the more 
relaxed Texas standard apply? Pennsylvania law requires physicians to disclose all 
feasible possibilities and alternatives of a surgical procedure. Whereas, Texas law 
only requires the doctor to disclose information that the doctor believes is necessary. 
The Court found that Texas law should apply because the surgery and injury 
occurred there and because Blakesely signed a consent form while in Texas.

As these cases make clear, courts will give great deference to the place of injury 
or the place of consent when determining what State’s law should apply for informed 
consent. For telemedicine, the place of injury or consent is less clear, but the courts 
will likely evaluate where both parties were situated at the time of the alleged injury 
and determine which state had the most significant relationship to the claims. These 
cases also highlight that differences in states’ informed consent law can greatly 
impact a physician’s liability. Thus it is vital for any physician attempting to see 
patients from various states via telemedicine to be knowledgeable of their patient’s 
states’ consent laws.

 “Selfie” Telemedicine

As technology advances, remote access to care is becoming increasingly popular. 
Rather than having to wait for an appointment, a patient can simply send an e-mail 
or an instant message and communicate with a doctor instantly. Although this tech-
nology offers obvious advantages, this form of patient–provider communication 
opens the door for new concerns about privacy and confidentiality. One method of 
e-communication between patients and providers is the use of the “selfie.” A selfie 
is typically a photograph or video that one takes of his or herself. As we experience 
the increasing intersection between technology and medicine, the medical selfie is 
becoming relatively common place. As medical selfies diffuse throughout the field 
of telemedicine, there are various patient privacy and confidentiality issues to con-
sider. All correspondences between a patient and a provider are important for docu-
mentation purposes. When these correspondences are electronic, the necessity of 
maintaining records is less clear.

To examine the potential legal issues, one must consider the form this medical 
selfie takes. Who initiated the selfie—the patient or the provider? The initiation of 
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care is important to consider because the patient–provider relationship is how legal 
responsibility is determined. The patient–provider relationship will be described in 
more detail below. In patient-initiated communication, the patient is giving consent 
by sharing information or images with a health care provider. The provider is then 
ethically responsible for keeping that information confidential [26]. In this type of 
interaction, there may be two subgroups. In the first, the patient is seeking care from 
a doctor whom they have a prior relationship. In the second, the patient is seeking 
care from a previously unknown doctor [27].

Once this relationship is established, confidentiality of patient information is the 
next legal hurdle. Maintaining patient privacy requires security in both the transmis-
sion of the data and the storage of data. One author described transmissions as either 
formal or informal. Formal transmission includes those utilizing Health Insurance 
Portability and Accountability Act (HIPAA) compliant platforms. Informal trans-
missions include those that are not secure [28]. Insecure transmissions may unknow-
ingly lead to breaches in security. Maintaining security is paramount as threats to 
medical information are becoming more frequent. One study reported that cyber- 
attacks that targeted medical information was increasing 22% a year, with millions 
of records being compromised [29].

 Medical Records

The initiation of the doctor–patient relationships begins the start of the medical 
record. The medical record should contain the informed consent documentation, all 
communications between the patient and the provider, any evaluations, prescrip-
tions, laboratory results, other test results, instructions, and/or educational materials 
[21]. These records must follow the established laws and regulations for the juris-
diction where care is being administered. These documentation requirements vary 
from state to state. A good resource to look at documentation standards by state is 
the National Consortium of Telehealth Resource Centers (NCTRC), funded by the 
US Department of Health and Human Services. The NCTRC provides information 
and assistance regarding specific state policies [30]. Physicians are responsible for 
knowing their state’s applicable privacy, confidentiality, security, and medical reten-
tion laws. The US Department of Health and Human Services provides guidelines 
on these requirements [31].

The American Health Information Management Association (AHIMA) is a 
national organization that provides widely cited health information practices. 
AHIMA offers its own guidelines of what information should be included in a tele-
medical record. The recommendations suggest including the following information 
in the patient’s medical record: patient name, identification number, date of service, 
referring physician, consulting physician, provider organization, type of evaluation 
performed, informed consent, evaluation results, diagnosis/impression, and recom-
mendations for future treatment [13]. These records may be in any form: hard copy, 
video, audiotape, etc., unless specified by states laws and regulations. Unless there 
are policies specifically addressing disclosures of telemedical documents, 
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disclosures should only be allowed with the written authorization of the patient or 
legally authorized representative. Other acceptable reasons to disclose this informa-
tion include court orders, subpoena, or statue.

 Physician–Patient Relationship

Prior to the widespread adoption of telemedicine, it was relatively easy to determine 
when a physician–patient relationship existed and when it did not. The introduction 
of telemedicine raises interesting questions about if and when a physician–patient 
relationship starts. Typically, “[f]or a physician to be liable for medical negligence, 
the defendant-physician and plaintiff-patient must have a physician-patient relation-
ship” [32]. In a typical case, a doctor could be held liable for any negligence that 
occurred within the “episode of care” [32]. Further, “any additional consultations 
with specialists” could also fall within the physician–plaintiff relationship. In other 
words, this relationship forms a contract that serves as the basis for bringing suits 
against providers [33].

Telemedicine, however, distorts this relationship. It is much more difficult to 
track the “episode of care.” For example, a case may involve multiple physicians 
and consultants simultaneously reviewing a patient’s records, or involve stored 
images and data that the primary or secondary providers review at a later, undefined 
time. Essentially, a physician could be providing care to patient that the physician 
has never had any interaction with. In regards to telemedicine, the following consid-
erations are important to determine whether a physician–patient relationship exists: 
did the physician and patient see each other during the telemedicine visit, did an 
actual exam take place, did the physician provide a diagnosis, treatment, or other 
care on which the patient relied, did the physician have access to the patient’s medi-
cal records, and did the physician accept a fee for the telemedicine consultation? [34]

Unsurprisingly, the case law surrounding when a telemedicine physician–patient 
relationship forms is still developing. Though courts seem to find that a relationship 
existed whenever a physician gives medical advice and the patient relies on that 
advice. For instance, in Bienz v. Central Suffolk Hospital, the court found that a 
physician–patient relationship existed when a doctor gave medical advice to a 
patient over the phone and the patient relied on that advice. Conversely in Clanton 
v. Von Haam, a patient with back pain called a doctor and listed her complaints. The 
doctor listened but refused to see her that night. The court found that this did not 
constitute a physician–patient relationship because she did not rely on the phone 
conversation.

Extrapolating this line of case law to telemedicine, it seems that courts will focus 
on two factors when determining if a physician–patient relationship exists. First, the 
physician must actually render medical advice. Second, the patient must rely on that 
advice. Given that courts have found a physician–plaintiff relationship via telephone 
conversations, whether advice was rendered via phone, email, text, blog post, or 
video chat will likely be immaterial so long as the other elements are met. Therefore, 
physicians who engage in these types of consultations or evaluations should be 
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aware that they can be subjected to liability for any opinion they render over the 
internet, phone, etc.

 Risks to Privacy

Telemedicine requires the same privacy requirements as a face-to-face visit would 
under the HIPAA of 1996. The HIPAA sets standards for handling health care infor-
mation. The HIPAA Privacy Rule sets standards for health plans, health care clear-
inghouses, and health care providers who conduct electronic health care transactions. 
However, since most health care providers also rely on a variety of other persons or 
business, the Privacy Rule also covers these “business associates” [35]. The HIPAA 
Security Rule sets standards for the protection of electronic protected health infor-
mation (PHI). These protections include confidentiality, integrity, and availability of 
PHI [36]. The standards set forth in these two rules represent only some of the pro-
tections that are needed when utilizing telemedicine. The American Academy of 
Allergy Asthma & Immunology summarizes some of the guidelines from the 
HIPAA Rules as follows:

 1. Only authorized user should have access to electronic PHI (ePHI).
 2. A system of secure communication should be implemented to protect the integ-

rity of ePHI.
 3. A system of monitoring communications containing ePHI should be imple-

mented to prevent accidental or malicious breaches [37].

However, there are additional considerations when the care rendered is via tele-
medicine. Protection of privacy cannot only apply to the telemedicine itself but also 
the technology and systems used to accomplish this care. Data storage is an example 
of technology used to provide telemedicine. Medical professionals that have ePHI 
that is stored by a third party must have a Business Associate Agreement (BAA). A 
BAA consists of individuals or entities that a health care professional can contract 
with to assist in the practice of telemedicine. Typically, the assistance of the BAA 
requires access to PHI [37]. A valid BAA should include the permitted and required 
uses of PHI and agreements from the Business Associate to take the appropriate 
measures to safeguard the PHI to which they will be given access. Other factors to 
be included in the BAA include the following: agreement that business associates 
will not use or disclose PHI beyond what is permitted or required by contract/law, 
should a covered entity know of a security breach, reasonable steps will be taken to 
solve the breach and if such measures are unsuccessful, then the contract or agree-
ment with the business associate will be terminated, and finally if a contract is 
unable to be terminated, the covered entity will report the problem to the Department 
of Health and Human Services Office for Civil Rights [37]. After completing the 
appropriate BAA, it is necessary to ensure that the Business Associate only uses the 
PHI in a secure and established manner [36]. A health care provided may only dis-
close this PHI to a business associate if it is necessary for a covered entity to carry 
out a health care function.
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 Physician Liability

In the US, physician liability is generally governed by states [15]. Physicians have 
a duty to provide care within an accepted standard to all their patients. Failure to do 
so can subject physicians to lawsuits. The two main theories of liability by patients 
against their physicians are medical malpractice and medical negligence. Though 
similar, the difference revolves around intent. For medical malpractice cases, the 
patient must show that the physician deviated from accepted professional standards. 
For instance, failing to follow accepted surgical procedures or failing to order tests 
to aid in a diagnosis can form the basis of a malpractice suit. Negligence cases arise 
when a doctor fails to act as a reasonably prudent person would under similar cir-
cumstances. Negligence claims are often premised on carelessness, mistakes, or a 
lack of attention.

 Malpractice

Upon the establishment of a patient–doctor relationship, the doctor now has a 
responsibility for duty of care and treatment that is considered standard of care [4, 
38]. Duty of care establishes the responsibility of the patient/caregiver and other 
involved health care providers. Duty of treatment requires health care providers to 
define their roles and responsibilities regarding treatment [4]. In addition to estab-
lishing these roles and responsibilities, a practice should have a clear risk assess-
ment in addition to written policies or procedures. After duty of care is established, 
the next consideration in a malpractice case is whether a physician breached this 
duty. Typically, a breach of duty means that the physician failed to meet the expected 
treatment standards [33]. In the US, there are two ways to determine the “standards” 
for a physician. These standards include the “community standard” and the “national 
standard.” The community standard holds physicians accountable to what other 
similarly trained local physicians would do in a similar situation. The national stan-
dard holds physicians accountable to nationally recognized standards of medicine 
[33]. For example, the District of Columbia follows the national standard [39], 
whereas New York [40] and Idaho follow community standards [41].

 Frazier v. University of Mississippi Medical Center

An example of potential liability through telemedicine is Frazier v. University of 
Mississippi Medical Center. In this case, a young Mississippi girl with congenital 
hydrocephalus was treated in New Orleans, Louisiana, after complications from a pro-
cedure she underwent in Mississippi [42]. Following surgery, the neurosurgeon 
arranged for her discharge to a Mississippi home health care provider. The girl contin-
ued to suffer symptoms and was subsequently treated in both New Orleans and Jackson, 
Mississippi. Ultimately, the girl was sent home with “permanent brain injuries requir-
ing tube feeding and home nursing care 16 hours per day” [42]. After returning home 
to Mississippi, her Louisiana neurosurgeon continued to follow up with her.
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The patient’s family subsequently filed a complaint (in Mississippi) on her behalf 
in December 2016 alleging medical malpractice and negligence, among other 
things, against her Mississippi home health care providers and her Louisiana neuro-
surgeon. The Louisiana neurosurgeon moved to dismiss the claims against her for 
lack of personal jurisdiction. Personal jurisdiction is the court’s ability to hear 
claims against a defendant based on their connections with the state in which the 
court sits. In order for a state’s court to subject a non-resident to jurisdiction, the 
claims must “relate to or arise out of a nonresident’s contacts” with the state. 
Accordingly, the neurosurgeon argued that, all of her contacts with her patient were 
while the patient was still in Louisiana. The court agreed and dismissed the claims 
with respect to the Louisiana neurosurgeon. The court reasoned that the claims 
mostly arise out of allegedly deficient discharge instructions to the home health care 
providers in Mississippi. Importantly, these discharge instructions were signed and 
ordered entirely in Louisiana. Further, the court also found that even though the 
neurosurgeon supervised treatment in Mississippi via telemedicine, it was unclear 
how this harmed the girl in any way.

The Frazier case stands as an important example of how physicians may limit 
their malpractice liability if they perform telemedicine to out-of-state patients. If 
they are able to confine their treatment plans and diagnoses to their home state, they 
limit their exposure to lawsuits brought in states across the country. Physicians that 
are not able to limit their care to their home state should be diligent in knowing 
another state’s legal requirements regarding patient care.

 Conclusion

In summary, the integration and use of telemedicine and telehealth will continue to 
expand. Though the law and regulatory guidance surrounding the practice of tele-
medicine is still developing, it will undoubtedly grow as well. It should be expected 
that governments will continue to implement new regulations, and courts will con-
tinue to define the scopes and duties of physicians practicing telemedicine and tele-
health. Thus, practitioners should continue to stay abreast of all changes as it will 
allow themselves to best position their practice for the future while also mitigating 
their exposure to potential liability or sanctions.

Disclaimer This information has been prepared for informational purposes only and does not 
constitute legal advice. Reading of this information does not create an attorney–client 
relationship.
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 History of Telemedicine Business Planning

For many years, organizations have struggled to understand business planning for 
telemedicine programs. In the early 1990s, starting in 1991, the federal government 
funded telemedicine programs through grants administered from the Office of Rural 
Health Policy, the Health Care Financing Administration (HCFA), now the Centers 
for Medicare and Medicaid (CMS), the Agency for Healthcare Research and Quality 
(AHRQ), and the National Institute of Health (NIH). These early funding programs 
gave multi-million-dollar grants to rural health care organizations to set up tele-
medicine programs in rural areas with little or no access to specialty health care 
services such as cardiology, pulmonary medicine, neurology, and others. Early tele-
medicine programs were successful in implementation and proving the feasibility 
and practicality of using distance-care technologies, but paid little or no attention to 
the business aspects of a telemedicine program or how to sustain the program after 
grant funding. Many early telemedicine programs also paid clinicians a stipend of 
$60.00, which was a part of the grant-funded budget, to incentivize clinicians to 
provide consults via telemedicine in a world of little or no health plan reimburse-
ment. In the early years of telemedicine, few health plans, including government 
and private payers, reimbursed for care delivered via telemedicine. Therefore, it was 
imperative that telemedicine programs in the early 1990s paid clinicians from grant 
funds. The resulting problem was that when grant funds ran out, clinicians stopped 
using telemedicine. Rural communities who began to depend on the services pro-
vided via telemedicine found themselves suddenly without the specialty health care. 
Over time, federally funded telemedicine programs began to fall by the wayside 
after the 3-year grant funding cycle, unless additional grant funding was secured.
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In 1997, the Office for the Advancement of TeleHealth (OAT), Health and Human 
Services (HHS), Washington, D.C., offered a grant funding cycle with the intent to 
look at programs that could test the feasibility and practicality of implementing 
TeleHealth in an integrated health care delivery system, such as Marshfield Clinic, 
Intermountain Health, and others. This grant funding cycle, called the 1997 
TeleHealth Network Grant Program (TNGP), included a 3-year grant that required 
an initial application and Year 02 and Year 03 business plans to be developed and 
implemented, thus paving the way for business planning in TeleHealth for the 
first time.

The early business plans focused mainly on sustainability plans to ensure that 
services started as a result of grant funding were carried on after the grant cycle 
completed. Sustainability plans included activities that implemented billing and 
coding for telemedicine services, converting grant-funded positions to enterprise- 
funded full-time equivalent (FTE) positions, and initiating contracts for network, 
services, and other functions of the infrastructure that supported the delivery of care 
via telemedicine.

Another early program that helped to bring in additional revenue was the 
Universal Services Administration Company, a private enterprise dedicated to 
administering the Rural Health Care (RHC) fund, the Federal Communications 
Commission (FCC) Pilot Program, and the newer FCC Health Care Connect Fund. 
These FCC programs attempted to add a fiscal impact to telemedicine programs by 
rebating back to the health care organization monies paid to telecommunications 
carriers for broadband access. Although these federal rebate programs infused badly 
needed dollars back into telemedicine programs, the monies were not a long-term 
solution to financial stability or business planning.

The early business plans from OAT’s TNGP grantees assisted telemedicine pro-
grams in moving toward a business approach but did not result in many organiza-
tions reaching sustainability. A few programs took business planning seriously and 
actually started telemedicine initiatives with a business plan in place, primarily 
focused on covering costs associated with an operating budget. Little was done to 
project revenue based on growth potential or increasing opportunities through 
increased market share.

It was not until the mid-2000s that organizations began searching for the perfect 
business plan for telemedicine. Early business models focused on traditional reve-
nue/expense budgeting financial modeling, which rarely posed a positive revenue 
case for moving forward with a telemedicine initiative. What has been learned over 
the years is that traditional budgeting methods of telemedicine do not work to jus-
tify a telemedicine program and organizations must look to other methods of justi-
fying and sustaining a telemedicine initiative.

In addition, modern-day telemedicine programs have a variety of business plan-
ning approaches specific to the individual model of telemedicine being used. Models 
of telemedicine include traditional, online, store-and-forward, concierge, self-help, 
artificial intelligence (AI), and remote monitoring. Other health care services that 
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use telemedicine include health coaching, care management and coordination, and 
transitions of care. Today’s modern business planning approaches use modern big 
data analytics, market analysis, value-based purchasing, and traditional fee-for- 
service reimbursement to calculate the financial impact of a telemedicine initiative.

 Current Telemedicine Business Planning

What telemedicine organizations have finally understood is that business planning 
for a telemedicine initiative is exactly the same as planning for any other health care 
service. The same fundamental business planning steps apply in determining a go- 
no- go decision for telemedicine, which also includes the critical steps of writing 
down what is known and putting it all together!

The Small Business Association recommends that a business plan must include 
the following elements:

• Executive summary—a snapshot of the business
• Company description—describes what the business does
• Market analysis—research on the industry, market, and competitors
• Organization and management—the business and management structure
• Service or product—the products or services being offered
• Marketing and sales—how the business will be marketed and the sales strategy
• Funding request—how much money will be needed for next 3–5 years
• Financial projections—supply information like balance sheets
• Appendix—an optional section that includes résumés and permits [1]

To apply these principles to telemedicine, one just needs to think of the program 
at hand and then think through, research, plan, and design, based on the elements 
listed above. In addition, the telemedicine program would also apply these elements 
with a health care organization in mind. What telemedicine organizations often fail 
to do is plan for 3–5 years, or underestimate the market, or incorrectly gauge capac-
ity of providers to use the service or have time to see patients. Let us begin to apply 
these principles to some of our telemedicine models described above.

 Traditional Live Two-Way Interactive Audio and Video

The most common use of telemedicine prior to the development of direct-to- 
consumer (DTC) messaging and email consults was traditional telemedicine. 
Traditional telemedicine is when the patient and provider are present at the same 
time but are in different locations, and are using two-way audio and video at band-
widths sufficient to mimic in-person care. In traditional telemedicine visits, the 
practitioner is able to conduct a history and physical exam appropriate to make a 
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diagnosis for a new patient and evaluate and gauge progress of established patients. 
Typically, traditional telemedicine is used by practitioners for services that are reim-
bursed in a fee-for-service environment, but may also be used in contractual ser-
vices, which are explained further in the chapter. Using our business plan model, we 
apply the principles to traditional telemedicine in this manner. Table 10.1 outlines a 
template to develop a business plan using the principles noted above.

Table 10.1 Traditional telemedicine business plan

Element Research data/examples/summary
Summary of 
the program

Examples: To extend the organization’s service area in a specific specialty; to 
reduce the cost of outreach; to provide services without brick-and-mortar 
expenses or conducting outreach; to assist with retaining certification in such 
programs as Bariatric Surgery

Program 
description

Examples: To convert or provide services via TeleHealth (traditional live 
interactive) through broadband connections to other health care organizations, 
referring partners, affiliates, outreach sites, using full exam capabilities, for 
the purposes of maintaining or improving access, lowering cost, and 
improving retained earnings.

Market 
analysis

Examples: Is there a market for the telemedicine specialty service? Is 
expensive outreach being converted to economical telemedicine? Is there a 
need that exceeds capacity and can telemedicine help alleviate that need by 
practicing more efficiently? Do you have Is there competition for the same 
service in the marketplace? Is someone already providing the service in the 
same area? Can the telemedicine organization do it better? How?

Organization 
and 
management

Examples: Traditional telemedicine works the same as in-person care is the 
most efficient and economical in that manner. Use the same scheduling 
system, with the same appointment master with a telemedicine appointment 
type, book the same amount of time as in-person care, use the same 
documentation tools/system/EHR, bill and code the same as in-person care 
(unless regulatory requirements are for different CPT/HCPCs codes or 
modifiers)

Service or 
product

Examples: Live interactive two-way audio and video telemedicine 
consultations, encounters, visits, and care to referred or primary patients of 
specialty practices.

Marketing and 
sales

Examples: May not be applicable in situations where cost avoidance is the 
biggest driver of the service. To build practices, using the organization’s 
marketing strategy is the same for telemedicine as in-person with different 
messaging. Wider catchment area, need to network with primary care 
practices, and making it easier for patients to get care are the primary 
marketing pitches for traditional telemedicine.

Funding Examples: Funding for traditional telemedicine includes funding for 
telemedicine clinical video for providers and full exam telemedicine carts for 
patient sites. Once the initial investment in telemedicine technology is made, 
ongoing funding includes funding for operations (Telehealth coordinator, 
support technical staff) and maintenance and support for technology.

Financial 
projections

Examples: The cost of traditional telemedicine is calculated through 
activity-based costing that calculates the cost of the resources consumed by 
the telemedicine consult. Most financial cost projections for traditional 
telemedicine are in the form of cost savings and cost avoidance. Examples 
are shown later in the chapter.
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 Activity-Based Costing

Activity-based costing is a method to calculate the actual cost of an activity based 
on the number and type of resources consumed [2]. The use of activity-based cost-
ing allows for and includes the financial calculations of all costs associated with the 
activity. Most health care organizations use revenue over expense for financial proj-
ects. However, a revenue over expense calculation does not consider actual resources 
consumed by a single activity, but rather calculates all expenses incurred applied to 
all revenues earned.

In telemedicine, calculating how much a single telemedicine visit costs considers 
all activities and resources consumed. For instance, in a 15-min telemedicine con-
sult (activity), one would calculate the costs associated with the resources used 
(practitioner, nurses, telepresenters, EHR, reception, scheduling, technology, etc.), 
broken down into one (1)-min increments. Table 10.2 shows an example of calcula-
tions based on activity-based costing of a telemedicine consult versus an in- 
person visit.

One can see that providing services to patients over telemedicine is less costly to 
the organization than seeing the patient in-person. Many clinicians also comment 
that seeing a patient over telemedicine is more efficient than in-person care, taking 
less time, with higher patient satisfaction. Even when one pays for the telepresenter 
(health care person assisting the patient at the patient end) in situations where the 
same corporate entity owns both locations, the costs are still comparative to in- 
person care (adding back in the support staff costs at $23.45 [45 min of time] only 
raises the costs $7.79, which is significantly lower than the costs associated with 
outreach). In addition, providers who use traditional telemedicine interspersed into 
their daily in-person schedule see more patients per clinic day than in physical out-
reach, which decreases the number of hours in an outreach clinic day due to travel. 
If one considers all these factors, the financial impact of traditional telemedicine is 
calculated in Table 10.3.

Table 10.2 Cost of 30-min telemedicine versus in-person visits

Resources In-person Telemedicine
Physician – average salary per hour = $250 = $4.16 per minute $125 $125
Support staff – average salary + benefits = $65,000 = $.52 per 
minute

$15.66 $0

Scheduling/reception – average salary $35,000 = $.28 per minute $8.41 $8.41
EHR costs $.25 $0.25
Technology software license $0.00 $1.00a

TelePresenter costs $0.00 $0.00b

Indirect costsc $5.00 $2.00
Total $154.32 $141.66

aCost for concurrent use video license per use
bTelepresenter costs are added only when the provider organization owns the patient site
cIndirect costs are always lower when telemedicine is used as the exam rooms, consumables, 
HVAC, etc. are not consumed as the patient is not present
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One can see that conducting outreach is infinitely more expensive than staying at 
the home base clinic and seeing patients via telemedicine. In addition, the revenue 
model is equally compelling. When one looks at the different payer sources and the 
contractual revenue produced per visit, clearly outreach costs the organization more 
in expenses that are not covered by revenue. The model is “reducing losses” versus 
trying to gain additional revenue. In addition, when the remote site (patient site) is 
not owned and operated by the consulting organization, the cost of the telepresenter 
is eliminated, making the case even better for economic savings when telemedicine 
is used. For clinicians who are interventionalists, such as interventional cardiolo-
gists or surgeons, who do outreach to sites where interventions or surgery are not 
possible, the potential losses for conducting physical outreach become extreme.

Typically, organizations do not use activity-based costing to conduct the finan-
cial analysis of outreach versus staying at the home office and using telemedicine 
instead. In addition, activity-based costing is rarely used to analyze the financial 
component of any health care initiative in general. Understanding how much some-
thing costs is paramount to a good financial analysis of a telemedicine initiative.

Using activity-based costing to identify the true costs of telemedicine initiatives sup-
ported by a sound business plan using the business plan elements listed above for any 
telemedicine initiative results in a successful go-no-go decision and plan for moving 
forward. Applying these elements to any of the models of telemedicine leads to success.

Scaling a traditional telemedicine program thus is dependent on provider access 
and is calculated to grow with the same formulas as used to simply grow an office 
practice. The higher the demand and time commitment needed to cover the patient 
sites, the more providers are needed. Typically, a provider is added when practices 
are 98% full and time to next available appointment goes beyond a set number of 
days, typically three.

Table 10.3 Total financial impact of telemedicine visits versus in-person care

Resources In-person Telemedicine Outreach
Physician – average salary per hour = $250 = $4.16 per 
minute

$125 $125 $125

Support staff – average salary + 
benefits = $65,000 = $.52 per minute

$15.66 $0.00 $15.66

TelePresenter (same as support staff) 45 min $0.00 $23.75 $0.00
Scheduling/reception – average salary $35,000 = $.28 
per minute

$8.41 $8.41 $8.41

EHR costs $.25 $0.25 $0.25
Technology software license $0.00 $1.00* $0.00
TelePresenter costs $0.00 $0.00** $0.00
Indirect costs*** $5.00 $2.00 $50.00
Travel costs $0.00 $0.00 $100.00
Lost productive time**** $0.00 $0.00 $800.00
Total $154.32 $165.41 $1099.32

* Per unit cost for visit
** Only paid when the organization owns the patient site
*** HVAC, sq ft lease, etc
**** Loss of time in office (revenue) when provider has to travel to outreach site
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 Remote Patient Monitoring

Remote patient monitoring (RPM) is the use of technologies to monitor patients 
wherever the patient may reside or live temporarily or permanently. The technolo-
gies collect physiological data or answers to questionnaires, and transmit that data 
to the health care team electronically. Some RPM provides a communication chat 
feature, reminder systems for medication, appointments, and activities, and pro-
vides patients with educational materials and videos. Such RPM features and func-
tionality are focused on early symptom management and reducing complications in 
a high, at, or near-risk patient populations. Risk populations are those persons who 
are at risk for developing a complication that may go untreated for some time and 
then result in a lengthier more costly treatment course or hospitalization. Grouping 
such patient populations and providing a care team that coordinates and communi-
cates health care needs to and with the patient is commonly called care coordination 
and is typically a part a primary care-based patient-centered medical home (PCMH) 
approach.

The value of the fundamental tenets of primary care is well established. This 
value includes higher health care quality, better whole-person and population health, 
lower cost, and reduced inequalities compared to health care systems not based on 
primary care. The PCMH moves beyond primary care as it is practiced now, to 
include new approaches to organizing practice to enhance its responsiveness to local 
patient needs [3]. RPM fits well into a PCMH approach to managing risk 
populations.

Planning for a remote patient monitoring program is not different than traditional 
live interactive telemedicine, when considering the business plan elements and 
activity-based costing. One must first start with the costs associated with the pro-
gram. Most costs fall into two categories of resources consumed—nursing staff and 
equipment. There are several reimbursement models for RPM which are imbedded 
in the fee-for-service world or in the new approaches CMS has taken in 2019 to the 
use of RPM as a non-telemedicine initiative to improve quality and reduce compli-
cations in its high-risk Medicare population [4]. The financial impact of using RPM 
in all models can be seen in Table 10.4.

One can see that with one registered nurse monitoring 125 high-risk patients in 
one month, the revenue potential versus the actual cost of 41 hours of nursing time 
to review data shows a profit. In addition, there are 38 hours of care left over in the 
month for other nursing activities that may or may not draw additional revenue.

Now add in the cost of technology and one can see that with the lease cost of $99 
per month for technology, a 30-day episode of care generates an additional cost of 
$12,375 for RPM equipment. As technology innovation continues, the cost of such 
RPM devices is going down rapidly as more consumer devices are being used 
appropriately and with good validity, to monitor patients in the home. With our 
example of the basic care coordination fee-for-service 99486–99489 CPT codes 
revenue minus the cost of equipment, the cost of the RPM care coordination pro-
gram is $8,971.89 to the health care system.
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But, not all is lost. With additional revenue sources for RPM for 2018 and 2019 
and forward, care coordination programs now have additional revenue potentials. 
Starting with adding in the revenue for 99091, Table 10.5 shows the additional cost 
benefit of using RPM in a care coordination or PCMH strategy.

For the value that RPM brings to the health and well-being of the patient and for 
clinical and population health outcomes metrics for the health care organization, a 
cost of $1,957 per month is pennies considering the overall benefit. However, the 
entire financial impact is not yet finished.

Table 10.5 Additional RPM revenue potential: 125 high-risk patients

Activity-Based Costingm Calculation of Cost/Revenue CCM with new 99091

RN salary
$65,000 salary and 
benefits ($31.25/h, $.52/min)

Time spent with 
patient

20 min per month $10.42

# of patients 125 125 × 20 min = 2500 min = 41 h of care = × 
1.5 = 61.5 h of care/month

CCM payment 125 patients × 
$42.60

$5,325

Remote 
monitoring pmt.

125 patients × $59 $7,375 ($12,700 total)

Total cost of RN (61.5 h at 
$31.25/h)

$1,921

Net revenue $5,325–$1,921.87 $10,778
Hours of care left 
over

38 h (1 week) Value = $1,187

Cost of equipment $99 per month $12,375
Net revenue −$1,957

Table 10.4 Financial impact of the use of RPM with activity-based costing

Activity-Based Costing Calculation of Cost/Revenue Without New 99091

RN salary
$65,000 salary and 
benefits ($31.25/h, $.52/min)

Time spent with 
patient per month

20 min $10.42

# of patients 125 125 × 20 min = 2,500 min = 41 h of care = × 
1.5 = 61.5 h of care/month

Payment 125 patients × 
$42.60

$5,325

Total cost of RN (61.5 h at 
$31.25/h)

$1,921.87

Net revenue $5,325–
$1,921.87

$3,403.13

Hours of care left over 38 h (1 week)
Total cost of 
equipment

$99 monthly 
lease fee

$12,375
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Many health organizations have risk contracts with payers and CMS or state 
Medicaid agencies to improve quality while reducing costs associated with a spe-
cific high-risk population. Shared savings programs in health care result in a split of 
the savings health plans experience when providers, who typically shoulder the 
majority of the risk, also are paid back a part of the health plan savings. In a 30% 
shared savings agreement, the bonus or incentive payment back to the health care 
organization can be quite impressive, and certainly make up for the $1,957 in cost.

CMS talks about shared savings in relation to its Accountable Care Models (ACO).

The Shared Savings Program offers providers and suppliers (e.g., physicians, hospitals, and 
others involved in patient care) an opportunity to create an Accountable Care Organization 
(ACO). An ACO agrees to be held accountable for the quality, cost, and experience of care 
of an assigned Medicare fee-for-service (FFS) beneficiary population. The Shared Savings 
Program has different tracks that allow ACOs to select an arrangement that makes the most 
sense for their organization.

The Shared Savings Program is an important innovation for moving CMS’ payment 
system away from volume and toward value and outcomes. It is an alternative payment 
model that:

• Promotes accountability for a patient population.
• Coordinates items and services for Medicare FFS beneficiaries.
• Encourages investment in high quality and efficient services [5].

Table 10.6 shows the cost benefits of a RPM strategy with care coordination in a 
shared savings program with payers. The calculations assume one kit per patient 
and add-in cost of one RN for 125 high-risk patients at $125,000 salary and benefits 
(regional).

One can see that in a shared savings or bonus/incentive program contract with 
health plans or government payers, the use of RPM can be used successfully to 
garner millions of dollars in additional retained earnings above and beyond the cost 
of the program itself.

Scaling a RPM program is based on calculating the number of patients the health 
care team can care for in terms of risk stratification. One RN can care for 125 high- 
risk patients in a care coordination and RPM program. As the need increases, the 

Table 10.6 Shared savings calculations in RPM for 125 patients

Number of 
patients

Average cost of 
hospitalization

# of 
hospitalizations 
per year

Cost burden 
to health plan

Shared 
savings 
program at 
30%

Average cost 
of remote 
monitoring

1 $17,000 3 $51,000 $16,830 $1,900
125 $17,000 3 $6,375,000 $2,103,750 $190,000
125 + RN $17,000 3 $6,375,000 $2,103,750 $290,000
1 $17, 000 7 $119,000 $39,270 $1,900
125 $17,000 7 $14,875,000 $4,908,750 $190,000
125 + RN $17,000 7 $14,875,000 $4,908,750 $290,000
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number of nurses increases as well. One Medical Director is needed for the pro-
gram, and one advanced registered nurse practitioner is needed per daytime shift for 
a care coordination and RPM program (2.4 FTEs annually).

 Direct-to-Consumer

Direct-to-consumer telemedicine is the most rapidly growing model of telehealth 
and is driven and dominated by the for-profit sector [6]. Direct-to-consumer (DTC) 
telemedicine allows patients from their home, office, school, and even their cars, to 
access a provider online and on-demand. Typically, DTC is a cash-based health care 
system where the patient uses a credit card or other e-payment option to pay for care, 
usually around $49 to $95 depending on the type and level of care desired. Primary 
care, urgent care, and behavioral health are the most common specialty services 
using online DTC with dermatology, a growing service as well. While DTC is a sub-
set of telemedicine, in 2019, DTC represents the largest segment of telemedicine.

DTC is a model where any person in any state can access a provider licensed in 
that state, without having a previously established patient–provider relationship. 
Patients go online, search the internet for a health care visit “now,” and select among 
a plethora of online care providers. Some providers are companies whose sole pur-
pose is to provide online care and have no brick and mortar offices or locations. 
These types of DTC companies are typically investor driven with the need to 
increase value for shareholders. Other forms of DTC include direct-to-enrollee 
(employee) (DTE) and direct-to-patient (DTP). DTE strategies are often employed 
by health plans and third-party administrators (on behalf of self-ensured employ-
ers), who are looking to decrease costs by diverting enrollees from primary care, 
urgent care centers, and the emergency department, when sudden illnesses occur, 
such as colds, flu, rashes, pinkeye, etc. If a health plan can spend a nominal per 
member per month rate or a fixed fee per click (per online visit), then the health plan 
typically can save $100 to thousands of dollars by avoiding the primary care pro-
vider visit or a visit to an emergency department.

DTP is often used as a strategy for meeting metrics for programs such as 
Accountable Care Organizations, Merit-based Incentive Payment System (MIPS), 
or the Medicare Access and CHIP Reauthorization Act of 2015 (MACRA) or any 
other quality/cost merit payment system. When health care systems are paid or 
incentivized by keeping an assigned patient population healthy or on a health con-
tinuum, out of the hospital and emergency department, and better connected to pri-
mary care, the health system benefits from a DTP strategy. By using online care, 
patient portals, and other messaging systems for patients to contact their providers 
first before accessing care through high-cost access points, the health care system 
keeps costs down while increasing quality and avoids patient leakage. Most often, 
emergency department and urgent care visits are avoided, and patients are treated at 
home through self-care strategies and sometimes, with the addition of a called-in 
prescription. By avoiding hundreds of thousands of dollars of costs to the payer(s) 
by diverting these emergency department and urgent care visits to telephonic or 
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online care, the health plan experiences a higher incentive payment at the annual 
reconciliation.

A DTC telemedicine program is one of the costliest telemedicine initiatives to 
start. The issue is that 24×7×365 day coverage or some portion thereof needs to be 
staffed by a minimum of registered nurses and advanced practice registered nurses 
in order to provide the customer service expected and the level of professional 
expertise to deal with the patient’s problems and to prescribe if needed. Calculating 
the number of calls per hour on a bell-shaped curve is another challenge and is 
dependent on market needs. At a minimum, one registered nurse and one back-up 
registered nurse and one nurse practitioner and one back-up nurse practitioner are 
needed to start the service. To cover all shifts, 8.4 full-time equivalents (FTEs) are 
needed per professional group. In addition, physician providers should be available 
for on-call support to nurse practitioners, thus increasing the overall costs. For a 
DTC start-up, these professional providers must be in place in order to start a pro-
gram and to ensure coverage and quick response to patient requests for a visit.

In addition, a DTC initiative needs software that can on-board patients, collect 
fees, conduct insurance verification and collect co-pays, and provide all the neces-
sary components for patients to enter health information and for clinicians to sched-
ule, document, and respond. Management and quality reporting are often 
requirements for such online software products. Fees for software can range from 
$100 per provider per month for unlimited calls to thousands of dollars per year for 
organizations, with additional fees per click.

Some health care organizations who desire a DTC program partner with existing 
for-profit DTC companies. In this relationship, a health care organization will sign 
a contract with a DTC company to cover all or a portion of the 24 hour day or the 
seven day week. Again, the financial impact is a cost to the budget with no guaran-
teed revenue stream until calculations can be made after the first year.

In a DTP or DTE program, the value can be calculated as the avoidance of high- 
cost access points and diverting patients back to primary care or to the health plan’s 
own DTE program. In these models, staffing has the same requirements, but in the 
DTP programs, many of the professional staff needed for the program are already 
on-call for primary care and internal medicine practices, staffing urgent care cen-
ters, or are interested in staffing extra shifts for the DTP program. The most cost- 
effective way to implement DTP in an existing health care organization is to staff 
from existing resources while building the financial outcomes over the first year. 
Nurse triage call centers with nurse practitioner back-up can handle most of what is 
needed in a DTP program. Any organization with care coordination in place or the 
PCMH model can benefit from implementing simple software to allow the patient 
to connect with the health care team and request a visit. Transitional care programs 
experience the same benefit from using a DTP strategy in the first 60 days post dis-
charge to avoid re-admissions and give the patient an alternative to emergency visits 
if complications arise.

Using the same business planning principles from traditional telemedicine, one 
can put together a strategy and plan for implementing a DTC/DTP/DPE program. 
Table 10.7 outlines the business elements to consider and some comments on each.
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Although activity-based costing is important in all health care initiative, the 
break-even point is of greater value in the DTC program. Calculating costs and 
price can be done via activity-based costing using the same calculations as above. 
Table 10.8 represents the resources and costs associated with one online care visit 
(typically taking 7–12 min, calculated at 10 min).

Table 10.7 Business planning elements for DTC

Element Research data/examples/summary
Summary of 
the program

Examples: To extend the organization’s market share by providing DTC 
options; to increase competitive advantage in the market by offering a DTC 
program; to compete with other health systems and online care providers in 
the market and prevent patient leakage; to increase the quality outcomes of 
MIPS and MACRA incentive payment programs.

Program 
description

Examples: To provide online urgent and primary care services to patients in 
the regional market place (or patients of the health care system or patients 
enrolled in chronic care management, etc.) and avoid unnecessary urgent care 
and emergency department visits.

Market 
analysis

Examples: Is there a market for the online DTC service? Is there competition 
in the marketplace? Is someone already providing the service in the same 
area? Can you do it better? How?

Organization 
and 
management

Examples: Online DTP telemedicine requires a 24×7×365 staffing plan similar 
to nurse triage centers. A Director is required to manage the program and to 
oversee staffing, quality, clinical standards and guidelines, and all components 
of a health care service. Registered nurses would answer the first call and 
escalate when needed to an APN or physician. Documentation is typically 
inside the DTC software program as an abbreviated visit note or in the 
organization’s EHR. Revenue cycle management is dependent on the billing 
philosophy, but typically involves a credit card or other electronic payment 
system.

Service or 
product

Examples: Artificial intelligence, telephonic, or live interactive two-way audio 
and video telemedicine visits.

Marketing 
and sales

Examples: To build practices, using the organization’s marketing strategy is 
the same for telemedicine as in-person with different messaging. Wider 
catchment area, better access, lower cost, and convenience primary marketing 
pitches for DTC.

Funding Examples: Funding for DTC is required for staffing, software, malpractice 
insurance, some indirect building costs, and other health care service related 
costing. The biggest funding need is for staffing which initially will be much 
higher than revenue for the first year. Investment funding is most often used to 
start a DTC program. DTP and DTE programs are started with enterprise 
funding and existing staffing until revenue streams, including incentive and 
bonus payments, are received.

Financial 
projections

Examples: Financial metrics for DTP, DTC, and DTE are typical revenue/
expense and the use of break-even analysis. Essentially, the financial impact is 
the number of widgets provided at what cost as compared to the actual 
revenue. Organizations implementing a DTC program should calculate the 
break-even (BE) point, the time to get to BE and at one point positive cash 
flow is expected. Secondly, the DTC program must calculate at what point in 
revenue is it anticipated to pay-back investors. For a DTP or DTE program, 
the BE point is that point at which revenue is covering costs, and is typically 
the goal, as the bonus and incentive payments are the key revenue.
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In a pure model of financial analysis, one would set the price of the online con-
sult higher than the costs of doing the consult, to gain a profit. In other situations, 
where just covering the cost of the consult is the goal, one would set the price near 
the cost point. However, in DTC programs, typically, the cost of the professional 
provider is calculated based on the need to pay the provider either to be on call and 
a per click rate, or a higher per click rate and no call. When the telemedicine pro-
gram can pay the provider a per click rate with no on-call stipend, the costs are less.

In most DTC programs, a provider can conduct about five to seven visits per 
hour. With a projected price of $49 per consult (based on industry average), the 
DTC program could generate $294 of revenue per hour. Costs are outlined in 
Table 10.9, showing the difference in revenue and break-even for a DTC program 
based on professional staffing and payment models.

As can be seen, increasing the price per visit in a for-profit DTC program 
decreases the number of required visits to get to break-even. In addition, changing 
any one of the variables produces a different result in the number of visits required 
for break-even. Each individual program must do this analysis in order to determine 
the financial impact and drivers of the decisions being made. DTP and DTE pro-
grams may have different needs based on economics of the program but certainly 
should know how much the program costs to run and what potential incentive and 
bonus payments, as well as avoidance of penalties, can be actualized through imple-
mentation of the program. A shared savings program that pays a bonus or incentive 
payment of $2.5 million dollars per year more than covers the cost of the DTP 
program.

Scaling a DTC program is based on the number of calls per hour, documentation 
requirements, ease of use of the software, the number of states to be covered, and 
the time from patient contact to connecting with a provider. Patients use online care 
options for the convenience and timeliness of care, “I want it today, and I want 
it now.”

Online care patients do not want to wait hours or at times, even 20 min to reach 
a provider. DTC programs must be staffed and scaled to meet the consumer demands. 

Table 10.8 Calculating the cost of a 10-min DTC visit

Resources

DTC online 
visit cost 
physician

DTC 
online 
visit cost 
for APN

DTC 
online visit 
cost per 
click MD

DTC 
online visit 
cost per 
click APN

Physician – average salary per 
hour = $250 = $4.16 per minute 
(APN salary per hour = $85 = $1.42 
per minute or $14.20 per visit)

$40.16 $14.20 $0 $0

Physician per click rate = $25.00 and 
APN per click rate = $15.00

$25.00 $15.00

Online care software costs $7.00 $7.00 $7.00 $7.00
RN staffing costs – $65,000 salary 
and benefits ($31.25/h, $.52/min)

$5.20 $5.20 $5.20 $5.20

Indirect – management, overhead, etc. $7.00 $7.00 $7.00 $7.00
Total $59.36 $33.40 $44.20 $34.20
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Metrics to use are the minimum staffing requirements noted above for each state of 
licensure (providers need to be licensed in each state where the patient resides, 
either through a licensure compact agreement or primary sourced licensure applica-
tions), the length of time from initial visit request to contact with a provider, and the 
market expectations. DTP and DTE programs may have slightly different goals for 
scaling a program as the populations are often more limited than a DTC program, 
and can be oftentimes, more predictable. Holidays, weekends, nights, and other 
special events often generate more requests for visits for all three direct-to-care 
options. Staffing and scaling for these episodic events must be considered in addi-
tion to volume scaling when expansion is desired or experienced.

 And What If None of That Matters!

There are times when telemedicine just makes good business sense. There are times 
when setting the price lower than the costs makes good business sense. There are 
times when logic flies out of the window. Good practical business decision making 
in health care at times defies the best of business and financial planning.

Table 10.9 Break-even and revenue analysis for DTC

Cost of online consult salaried provider
Physician
Salary $59.36 × # of 
visits/h (5) = $296.80
Revenue $49 × # of visits 
(5) = $294.00
Net Loss $2.80

APN
Salary $14.20 × # of visits/h (5) = $71.00
Revenue $49 × # of visits (5) = $294.00
Net Gain $223.00

Cost of online consult per click rate
Physician
Salary $25.00 × # of 
visits/h (5) = $125.00
Revenue $49 × # of visits 
(5) = $294.00
Net gain $169.00

APN
Salary $15.00 × # of visits/h (5) = $75.00
Revenue $49 × # of visits (5) = $294.00
Net gain $219.00

Break-even points on type of provider and price
DTC online visit 
physician staffed

Salary = $240,000 + indirect costs of the program 
($832,000) = $1,072,000
Break even = $1,072,000/$49 per visit = 21,877 visits

DTC online visit APN 
staffed

Salary = $185,000 + indirect costs of the program 
($832,000) = $1,017,000
Break even = $1,017,000/$49 per visit = 20,755 visits

DTC online visit per 
click MD

Salary = 5 visits per hour × 2080 h of work (1 
FTE) = $260,000 + indirect costs of the program 
($832,000) = $1,092,000
Break even = $1,092,000/$49 per visit = 22,285 visits

DTC online visit per 
click APN

Salary = 5 visits per hour × 2080 h of work (1 
FTE) = $156,000 + indirect costs of the program 
($832,000) = $988,000
Break even = $988,000/$49 per visit = 20,163 visits
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For instance, a psychiatrist used telemedicine in his practice in Northern 
Wisconsin despite the ability to get paid for the service, because it was the right 
thing to do for patients. The health care organization billed when it could, collected 
what it could from the patient, but otherwise, provided the service regardless of the 
patient’s ability to pay.

A health care system in Central Illinois decided to launch a DTC program for 
urgent and primary care and use its own clinicians to staff the program. When the 
planning committee was asked at what price point would they like to be at, the Vice 
President of Operations said “$27.” When the consultant said that $27.00 was a bit 
low for the market, the Vice President indicated that the health care system across 
the street had DTC for $27 a visit and there was no ability to go higher. Twenty- 
seven dollars was it, even though the health system would lose money on every visit.

An emergency department initiated DTC for patients who showed up during 
high peak times and had non-urgent conditions identified in triage. These patients 
were diverted to a DTC company who had a kiosk at the entrance of the Emergency 
Department. Although the health care system lost revenue from diverting these 
patients to DTC, the value gained in reducing the backlog and risk associated with 
patients waiting far outweighed the lost revenue.

Home health agencies have been using RPM for decades without a penny of 
reimbursement, as RPM helps to improve efficiencies, reduce the number of unnec-
essary trips to patient homes, and identify early changes in a patient’s condition, 
without traveling to the home. In any situation, where patients’ conditions may be 
unpredictable, where populations are at risk, or where readmission potential is high, 
RPM is of value despite the ability to get paid for the actual service itself.

Sometimes, it just makes good sense to use a distance-care strategy to help alle-
viate the burden of access on patients, backlogged practices, and costs of outreach. 
When health care becomes too difficult to access or provide in a physical environ-
ment, one needs to look at strategies in telemedicine initiatives to determine value 
and cost. It’s not always about the money.
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 Background

We live in an amazing time, where the whole world is at our finger tips. With a few 
keywords typed into a search engine, we can visit anywhere in the world. We can 
get information about the best place to eat, to stay, the sites to see while we are 
there, the current news feeds, and, of most importance, access to health information. 
We may be searching for a doctor, the best cure for whatever ails us, or we may in 
fact be able to virtually link to our physician from our home to the big city. 
Telemedicine and telehealth, which are not entirely the same, do encompass the 
intent of providing healthcare when there is a distance between the provider and 
patient. There are a wide variety of definitions for telemedicine and its various syn-
onyms [1]. Some of these definitions come from professional societies like the 
American Telemedicine Association,1 the American Medical Association,2 and the 
American Academy of Family Medicine.3 The federal government has several 
definitions based on the legislative intent of the department or agency that utilize it 
for unique populations and/or then general public, which makes a single definition 
somewhat allusive [2].

1 American Telemedicine Association  – https://www.americantelemed.org/resource/why- 
telemedicine/
2 American Medical Association  – https://www.ama-assn.org/practice-management/digital/how- 
definitions-digital-health-differ
3 American Academy of Family Physicians  – https://www.aafp.org/about/policies/all/telemedi-
cine.html

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56917-4_11&domain=pdf
https://doi.org/10.1007/978-3-030-56917-4_11#DOI
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Regardless of how telemedicine and telehealth are defined, it has spread across 
the landscape of American healthcare unevenly. Like traditional healthcare, there is 
a maldistribution of resources and the equity and access are extremely dissimilar 
[3]. Khairat et al. indicated that rural residents have significantly lower health status 
than urban counterparts, but this can be ameliorated via virtual urgent care [3]. What 
then is virtual urgent care and can it be applied to the management of chronic dis-
ease? Virtual care is when a patient receives care from a physician or healthcare 
provider when they are separated by some distance. Davis et al. reported in 2019 
that virtual care was shown to be highly effective in treatment of sinusitis and in fact 
antibiotic utilization drops when telemedicine is used [4]. Bashshur et al. indicated 
that telemedicine intervention in chronic conditions such as congestive heart failure, 
stroke, and chronic obstructive pulmonary disease has proven to be useful [5].

Over the past several decades, telemedicine and telehealth have become more 
widespread due in part to higher speed broadband and cellular phone service. It has 
been applied to nearly every clinical discipline. This phenomenon has been realized 
in rural areas on a global scale [6]. Telemedicine in rural areas has been shown to be 
valuable tools in rural hospitals [7], and according to a Speyer et al.’s systematic 
review and meta-analysis in 2018, telehealth services can be just as effective as 
face-to-face encounters concomitant with access, and time and cost savings to the 
patient and the overall health system [8].

Here we are in the twenty-first century, and significant differences still remain 
between rural and urban areas. The vastness of the American West (Fig. 11.1) illus-
trates the stark differences to those of the big city. Douthit et al. discuss some of the 
important barriers to healthcare in rural America such as supply chains, lack of 
trained physicians, and insufficient transportation [9]. Health disparities continue to 
exist throughout the USA [9], and while the integration of technology in these areas 
can be quite effective, there still remain challenges of individuals accepting care this 
way. While Call et al. reported in 2015 that technology, regulations, and physician 
buy in are often cited as barriers [10]. While academic institutions around the USA 

Fig. 11.1 Rural areas near 
Sedona, Arizona. 
(Courtesy C Doarn 
collection)
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are beginning to grasp the possibilities that telemedicine and telehealth bring to 
healthcare, it is often challenging to accept paradigm shifts that they are too disrup-
tive [11, 12].

While this section could go on and on, it is best to lay out the remainder of this 
chapter along specific and relevant points including policy, payment, trust, transpor-
tation, access, applications of technology, and future healthcare delivery systems for 
rural America.

 Rural Health Policy

The majority of the US population lives within urban settings or close enough to 
gain access to a wide variety of services, including health services. It is estimated 
that approximately 19% of the US population live in rural areas. A rural area is 
defined by the US Census Bureau4 as those areas that are sparsely populated. We 
think of farmland and large swathes of forested and unforested land, which equates 
to more than 95% of the entire US landmass. Figure 11.2 illustrates the 2010 US 

4 United States Census Bureau  – https://www.census.gov/library/stories/2017/08/rural-
america.html

Urbanized Areas and Urban Clusters : 2010
0 500 Miles

0 100 Miles

0 100 Miles 0 50 Miles

Urbanized Area

Urban Cluster

Source: U.S. Census Bureau, 2010 Census Urban Area Delineation Program

Fig. 11.2 2010 Census urbanized areas and urban clusters. (Courtesy: U.S. Census Bureau)
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Census for Urbanized Areas and Urban Clusters. Those areas that are not green or 
purple are designated rural, and while there are more than 3000 counties across the 
US, a little over 1800 are mostly or completely rural. It is the population in these 
counties that has limited access to care, including emergency services and specialty 
care. This is key in America’s frontier state of Alaska and for American indigenous 
populations [13]. The health of this population is managed by the Indian Health 
Service. Advanced telemedicine technology has been demonstrated effectively in 
rural Arizona as a direct result of US Government interaction [14].

Access to simple services like childbirth care is at a clear disadvantage in rural 
areas [15] as is primary care [16]. Bashshur et al. commented on the empirical foun-
dations of telemedicine interventions in primary care that showed telemedicine 
could be as effective as face-to-face interactions [17].

So, if there is a need and it has been shown to work and can alleviate costs, what 
are the last barriers to overcome wide distribution? [9, 13] Cary et al. discuss their 
work on the benefits and challenges of delivery rehabilitation via telemedicine to 
Veterans who live in rural areas [18]. Furthermore, Adcock et al. developed a model 
for acute stroke care in West Virginia, which has a scarcity of services and resources 
to address stroke patients [19]. Is it bandwidth, is it fear, is it quality, is it access to 
technology what is it really that is limiting the widespread adoption in rural 
America? Lin et  al. address some of these—cost reimbursement and technical 
issues—in their 2018 Health Affairs article [20].

While each state is responsible for its citizenry, the US Government sets Federal 
policy that drives state and territorial policies and regulations. This task is accom-
plished by vetting economic, political, social, legal, ethical, and administrative fac-
tors; and involves a whole host of individuals and organizations. One area is health 
information technology (HIT), which involves electronic health records, decision 
support systems, telehealth, etc.

The Office of the National Coordinator (ONC), which is part of the US 
Department of Health and Human Services (HHS), supports broadband penetration 
and connectivity to rural areas. The Federal Office of Rural Health Policy (ORHP) 
provides training and curriculum resources for communities to adapt technologies 
to meet the needs of rural communities. Programs exist to showcase and to encour-
age communities to adopt HIT, and according to Buntin et al., “HIT has the poten-
tial to improve the health of individuals and the performance of providers, yielding 
improved quality, cost savings, and greater engagement by patients in their own 
health care” [21]. HIT helps all healthcare professionals remain current on health 
information and support efficiency in healthcare delivery, patient engagement, and 
management of patients and their health.

The ORHP was established in 1987 as Section 711 of the Social Security Act and 
has four main tasks:

 1. Keep HHS apprised of issues related to rural health and rural hospitals;
 2. Coordinate with HHS activities related to rural health;
 3. Establish and maintain rural health information resource (like a clearing-

house); and
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 4. Administer grants, cooperative agreements, and contracts to support technical 
assistance and rural health activities.

There are several other Federal organizations that work with ORHP, including 
the Agency for Healthcare Research and Quality, the Centers for Disease Control 
and Prevention, the Centers for Medicare and Medicaid Services, the Health 
Resources and Services Administration, the Indian Health Services, the Medicaid 
and CHIP Payment and Access Commission, the Medicare Payment Advisory 
Commission, the US Department of Agriculture, the US Department of Housing 
and Urban Development, the US Department of Transportation, and the Veterans 
Health Administration Office of Rural Health.

Each of the Federal agencies, departments, and offices advocates for rural health 
issues. In addition, there is a whole host of organizations that have an interest in 
rural health at the national and state levels.

In summary, there are organizations at the federal, state, and local levels that 
formulate policy in regards to rural populations and healthcare services available for 
that populace. While rural areas represent significant challenge, including remote-
ness, lack of resources, and other social determinants of health, telemedicine and 
telehealth show great promise in helping ameliorate the challenges rural American 
experiences [22–24].

 Payment

Healthcare expenses are not universally the same across the American healthcare 
landscape. When resources are scarce, the price often is much higher (e.g. pineapples 
are cheap in Hawaii but quite expensive in Maine). Of course, the cost of care is based 
on the kind of care sought. If you live in rural America and require emergent care, 
ambulance or air car (helicopter) will be very expensive. Figure 11.3 is illustrative of 
a road in Wyoming about 200 miles from Yellowstone National Park. The people that 
live near this road will require several hours drive in any direction to get definitive care 
at a level 2 or 3 trauma center and even longer to a level 1 trauma center.

Fig. 11.3 Rural road 
in Wyoming
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Healthcare cost can be episodic or continuous. Managing acute or chronic dis-
eases is based on a wide variety of factors including access to care, access to 
information, access to appropriate technology, and access to pharmaceuticals. In 
March 2020, during the COVID-19 pandemic, simple medical instruments such 
as ventilators were in short supply. But this pandemic cemented the rationale that 
telemedicine could be highly effective in managing many patients from their 
homes. In fact, the Centers for Medicare and Medicaid Services (CMS) issued a 
broad wavier to support telehealth reimbursement. This was laid out in the recent 
legislation P.L. 116-123 “Coronavirus Preparedness and Response Supplemental 
Appropriations Act, 2020.”5

In rural areas, individuals with sufficient bandwidth can be remotely monitored 
[12, 25]. Stensland et al. reported that rural healthcare provider’s payment policies 
from CMS are influenced by the shortage of skilled physicians or services as com-
pared to urban areas [26]. Furthermore, Conway et al. posited that care coordination 
in the frontier (rural) communities helps improve patient outcomes and reduce 
costs [27].

 Trust

Face-to-face interactions between patients and their providers encompass an under-
lying element of trust that the healthcare providers are trained and know exactly 
what they are doing. Telemedicine and telehealth are both synchronous and asyn-
chronous, and while the synchronous may be face to face, it is across a video-based 
platform. So, the patient and provider must be comfortable with this kind of interac-
tion. Velsen et  al. used the Patient Trust Assessment Tool (PATAT) to quantitate 
patient’s trust in telemedicine services [28]. While Velsen et al. applied this in an 
anticoagulation web service, they stated the PATAT could be used as a benchmark 
to any service [28].

There are also ethics involved as well. Voeman et  al. discussed the idea that 
patients should receive good reasons to trust telecare services [29]. While telemedi-
cine and telehealth can be seen as cost cutting or cost savings, the quality of care 
must remain the same or better. In research by Mort et al., a framework and the ethi-
cal implications for elder individuals were reviewed [30].

The key part of telemedicine and telehealth in rural or urban areas is that the 
interaction between the patient and provider is of the same standard and quality as 
a face-to-face interaction and convenience to the patient. Zholudev et al. conducted 
a study of 400 hematuria evaluations with 300 via teleurology and 100 face to face. 
They compared three criteria: transportation, clinic operations, and patient time. 
The result indicated a cost savings of $124/encounter [31].

5 Coronavirus Preparedness and Response Supplemental Appropriations Act, 2020. Wikipedia, 
March 17, 2020.
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 Transportation

As shown in Fig. 11.2 above, there are significant distances for many Americans to 
gain access to definitive care. Transportation is challenging for many in states like 
Alaska, where it might take a chartered plane to get to a hospital. In New Mexico, 
Del Rio et al. performed a Health Impact Assessment in Dona Ana County along the 
border with Mexico [32]. They found that providing a bus service would add benefit 
to the population, including access to care, food, education, and economic 
opportunity.

In Bashshur et al., the authors cover a wide range of subjects that can be amelio-
rated with solving transportation challenges in rural areas [33]. There are known 
inequities in care with uneven quality and fragmentation of services. While some of 
this is related to distribution of services and the demographics of the population, 
much of it can be solved with access. This was shown to be effective with the Papago 
Indians in southern Arizona in early 1970s [14]. Access via broadband can in many 
cases reduce the unnecessary and expensive transportation of patients. Telestroke 
and telemental health are excellent examples of this paradigm [5, 17, 19, 23, 31, 
34, 35].

 Applications

Telemedicine and telehealth have been and continue to be applied in every clinical 
discipline and in every corner of the world. While rural areas may not see the level 
of complexity as a large academic medical center, there has been a number of unique 
applications.

Telemedicine and telehealth have been applied in pediatrics in rural areas in trau-
matic brain injury [36], pediatric obesity [37], and pediatric surgery [38]. In South 
Carolina, Sundstrom et al. used telehealth to increase contraceptive access [39], and 
in Oklahoma, Sorocco et al. looked a home-based primary care by integrating home 
telehealth [40]. Oest et al. reviewed emergency department services to understand 
the perceived utility of telemedicine. They found at high demand psychiatric care, 
cardiology, and neurological services in the rural hospital in the Midwest [41]. An 
Australian study by Scriven et al. demonstrated a need for remote pain management 
through a multisite review [42].

Teledermatology [43], teledentistry [44], diabetes [45], and telemental health in 
Alaska among Veterans [46] are but a few successful examples of the utility of tele-
medicine and telehealth in rural America.

 Future Applications

While telemedicine and telehealth are firmly entrenched in America’s healthcare 
landscape, challenges and barriers remain. Chandrashekar et al. discuss the elimina-
tion of barriers of portable licensure [47]. The issue with cross state licensure 
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continues to evolve, and the state compacts have provided some help, but neverthe-
less it remains an issue. The recent COVID-19 pandemic has the potential to greatly 
alter medical care and specifically access to it. The response we have seen world-
wide would not be possible without advanced technology in computing power, 
information technology, sensors, artificial intelligence, and robotics. Robots have 
been applied in medicine and in rural settings [48], and some researchers in Arizona 
have studied the use of smartphones in surgery [49].

Each of these tools that have been presented and the wide variety of applications 
are only a small sample of what has been occurring in rural America and in other 
parts of the world. The fundamentals of medicine have not changed; it is just the 
new tools that have been applied [50]. As healthcare continues to evolve with these 
tools, it will become more integrated such that rural healthcare will be in lockstep 
with urban care [51].

 Conclusion

The frontier of America can be defined in many ways, and regardless of how it is 
defined, it is always rural. Traditionally, urban areas have much more of everything 
than rural areas. There have been document fragmentation issues with healthcare, in 
quality, quantity, access, and equity. However, telemedicine and telehealth concom-
itant with other advancing technologies show great promise in ameliorating these 
issues. These tools, applied correctly, can be beneficial to all Americans, regardless 
of geography or zip code. After all, every American was provided access to electri-
cal power as early as 1935 with the Rural Electrification Act. Nearly 90 years later, 
no American should be without access to appropriate medical care.
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 Introduction

Forms of governance and arrangements for oversight can be critically important determi-
nants of the successes and sustainability of telemedicine programs regardless of their 
sizes, which range from large multi-national programs down to small programs involving 
a small cluster of telemedicine service providers and/or service users [1–4]. Fine-tuning 
of a telemedicine services’ organization chart regarding the political realities of the envi-
ronments in which stakeholders will deliver or utilize telehealth services can have long-
term rewards. This may be especially true in the United States where experience shows 
that university-based telemedicine programs’ priorities can be misaligned with the priori-
ties of their parent university’s healthcare entity. Experience has shown that unless suit-
able bi-directional communication with higher authorities, such as a state legislature or a 
state department of health services, is established at the time of the founding of a tele-
medicine program, and baked into the telemedicine program’s organization chart and 
oversight mechanisms, the telemedicine program is more likely to fail than succeed.

In 1996, Arizona embarked on an experiment in governance (little more than a 
“tweak” in existing university’s state government policy) for its recently funded 
university-based state-wide telemedicine program. The Arizona State Legislature 
took the initiative of creating the state-wide Arizona Telemedicine program with the 
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specific aims of: (1) encouraging, and supporting, the build-out of a dedicated 
healthcare telecommunications network to support the delivery of specialty medical 
services to Arizona’s underserved rural communities; and (2) to promote the expan-
sion of Arizona’s rural healthcare workforce. The first step was the creation of a 
rural telecommunications infrastructure for healthcare [5–7].

In 1996, broadband telecommunications were virtually non-existent in rural 
Arizona. Several Arizona Governors, including Fife Symington III and Rose 
Mofford, had been unsuccessful in attracting large telecommunication companies to 
do business in rural Arizona. In the early 1990s, the state’s only medical school was 
in Tucson, Arizona, 115 miles southeast of the state capitol in Phoenix. The legisla-
ture tasked the University of Arizona’s College of Medicine’s Dean with finding a 
solution to the telecommunications challenges.

In 1996, initial enabling legislation created funding for what the state legislature 
labeled the “Arizona Rural Telemedicine Network (ARTN),” a name that stuck and 
is still attached to the annual funding of the program. The Medical College’s then 
Dean James Dalen created the Arizona Telemedicine Program (ATP), a new admin-
istrative unit at the University of Arizona, to house the ARTN.  ATP has a large 
portfolio of healthcare services, innovative educational programs, research activi-
ties, and federal grants [7].

The Arizona Telemedicine Council’s (ATC) creation was agreed upon by the 
Chairs of the Appropriations Committees of Arizona House of Representatives and 
Arizona Senate. The ATC was designed to provide the ATP with a direct reporting 
relationship to the Arizona State’s Legislature, on the Arizona State Capitol Campus. 
The general principles for the ATC had been conceived by the director-designate of 
the ATP, Ronald S. Weinstein, MD, as a requirement for his recruitment as ATP 
Founding Director (Fig. 12.1). It was understood that the ATP was to be a part time 
job, in addition to his responsibilities as Head of the Department of Pathology in the 
University of Arizona’s College of Medicine-Tucson and Pathologist-in-Chief at 
University Medical Center in Tucson. However, it eventually became his full-time 
job 11 years later, in 2007, when he stepped down as a pathology department head 
after 32 years in that position at two different medical schools, first in Chicago and 
then in Tucson, AZ.

Mr. John Lee, an Assistant Director at the AZ State Legislature’s Joint Legislative 
Budget Committee (JLBC), who had state university budgets in his portfolio, dis-
cussed Dr. Weinstein’s requirement for a direct channel though which to commu-
nicate with the Arizona State Legislature with him by telephone. Dr. Weinstein 
outlined what he wanted to accomplish and expressed his concerns over the capa-
bility of research universities to accommodate some programs’ whose primary 
constituencies resided outside of the walls of the university, such as rural commu-
nities and the Arizona state prisons where telemedicine was expected to address 
access to care issues, which were a healthcare concern in the state at that time. Dr. 
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Weinstein trained as a cancer scientist and pathologist at Harvard and the 
Massachusetts General Hospital in Boston and regarded these institutions as being 
insular in the 1960s when he had trained there. Having worked with university 
budgets, Mr. Lee understood his concerns.

Their invention was the Arizona Telemedicine Council (ATC). To address these 
concerns, Mr. Lee and Dr. Weinstein came up with the idea of creating the ATC as 
a blue ribbon “non-statutory overarching authority.” Dr. Weinstein insisted that ATC 
meetings be on the Arizona State Capitol Campus. He had worked at the US Capitol 
in Washington, DC, as a college student and appreciated the value of the “halo 
effect” of state and the federal capitol campuses. Since academic, governmental, 
and commercial buildings are designed with large atriums at the fronts of buildings, 
often for the singular purpose of gaining “public trust,” Dr. Weinstein reasoned that 
holding ATC quarterly meetings on the Arizona Capital Campus, especially in the 

Fig. 12.1 Founders of the Arizona Telemedicine Program, June 1996 at the Arizona Health 
Sciences Center, Tucson, Arizona. Left to right: Richard A.  McNeely, Director, Biomedical 
Communications and Co-Director of the Arizona Telemedicine Program, Ronald S. Weinstein, 
MD, Co-founder and Director, Arizona Telemedicine Program, Arizona Representative Lou Ann 
Preble, Arizona Representative Robert “Bob” Burns, Co-founder Arizona Telemedicine Program 
and Chair, and Co-founder of the Arizona Telemedicine Council, Rachel Anderson, Director, 
Arizona Health Sciences Medical Library, and John Lee, Assistant Director, Joint Legislative 
Budget Committee, Arizona State Legislature. A statue of Hippocrates is seen in the background. 
(Reproduced with permission from [8]) 
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JLBC Board Room, would add to the perceived legitimacy of the ATC and its 
implied authority. In addition, Mr. Lee and Dr. Weinstein also agreed that the ATC 
would meet quarterly (January, April, July, and October) for 2-hour lunch meetings. 
ATC meetings would have all the trappings of a “public meeting.” The JLBC has its 
own small red brick building across the street from the Arizona State Capitol, 
1.6 miles from downtown Phoenix. Mr. Lee would propose to Representative Bob 
Burns that the current chairs of the Arizona State Legislature’s House and Senate 
Appropriations Committees, or their successors, chair these two-hour meetings. Dr. 
Weinstein would create the agenda, with input from stakeholders. Agendas would 
be pre-published before the meetings, as is required for “public meetings” at the 
State Legislature, and minutes of the previous ATC meeting would be presented to 
the Director of the ATC at the time of the next meeting.

At the time of the creation of the ATC, Representative Bob Burns, the co-spon-
sor for the enabling legislation for the ATP, and his counterpart in the Arizona State 
Senate both agreed to co-chair these meetings. To his great credit, Representative 
Burns (ret.) has continued to do so for the next 23 years, even after he termed out 
of the House, was elected to the AZ State Senate, and was immediately selected as 
Chair of Senate Appropriations, and State Senate President, in his fourth term as a 
Senator, and then elected onto the Arizona Corporation Commission, for which he 
is currently Chairman. Bob Burns remains the face of telemedicine in Arizona 
today from the perspective of the Arizona state government. Governance of the 
ATP was divided up in a highly creative manner. The ATP would report to the ATC 
for programmatic oversight and to the Arizona College of Medicine for fiduciary 
oversight.

Under the joint leadership of Dr. Weinstein and (currently) Arizona Corporation 
Commission Chairman Bob Burns, the ATP has expanded into one of the largest, 
most comprehensive university-based telemedicine and telehealth programs in the 
United States (Fig. 12.2).

The ATC meetings serve as a showcase for current independent telemedicine 
programs in operation throughout Arizona as well as emerging telemedicine tech-
nologists and innovative healthcare service delivery models. It provides a forum 
for discussing legal, regulatory, and reimbursement issues, and prospective legis-
lation (Fig. 12.3). In addition, the ATC provides a platform for presentations by 
telemedicine medical devices and telehealth, robotics, Artificial Intelligence, and 
automation advances in the healthcare industry. Arizona-based telemedicine com-
panies are encouraged to make presentations on their visions for the industry. The 
ATP’s federally funded programs, as well as state and federal funding opportuni-
ties are openly discussed. The ATP has been a magnet for federal grant and con-
tracting funding.

The following analysis of the interrelated ATP and ATC covers a 15-year period 
(2003–2018).
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Fig. 12.2 Activities Chart for the Arizona Telemedicine Program (upper tier, center). The Arizona 
Telemedicine Program (ATP), founded in 1996, reports to The University of Arizona, in Tucson, 
AZ (upper tier, left) for fiduciary purposes and the Arizona Telemedicine Council (ATC) (upper 
tier, right) for programmatic review. The ATC, also founded in 1996, is a non-statutory over-arch-
ing authority (red asterisk/dotted bi-directional arrow) which meets quarterly on the AZ State 
Capitol Campus, in Phoenix. The “Arizona Rural Telemedicine Network” (lower tier left) is oper-
ated by ATP. By 2006, it linked 160 sites in 70 communities. The ATP’s T-Health Institute, in 
downtown Phoenix, AZ, houses its T-Health Amphitheater (lower tier, 2nd from the left (Upper 
photo–Video-wall layout for an Interprofessional Education and Collaborative Practice [IPECP] 
exercises; Lower photo–“Community Briefing on Telemedicine” for Phoenix-area executives)), a 
multi-purpose video-conferencing facility used by dozens of organizations each year. In addition, 
In addition, the T-Health Institute developed innovative medical science curriculum for K-12 and 
college students [9–12]. The HRSA-funded Southwest Telehealth Resource Center (lower tier, 3rd 
from the left) is also operated by the ATP. Its territory (map; red box) includes Arizona, Colorado, 
New Mexico, Nevada, and Utah. National components of the Telehealth Resource Center consor-
tium are the Center for Connected Health Policy (CCHP) and the Telehealth Technology 
Assessment Center (TTAC). The International Telemedicine Division of the ATP was organized in 
2000 [13, 14]. The ATP provided technical assistance for the Republic of Panama’s Telemedicine 
and Telehealth Program, from 2000 to 2009. Dr. Weinstein in Kyoto, Japan, (lower tier, right, upper 
photo; Dr. Weinstein is in the front row, 2nd from the right, next to Dr. Jame McGee, Chair of 
pathology at Oxford University, UK, who 1st to the right) at a meeting of leaders in telepathology 
from Japan, Poland, Germany, United States, and Great Britain, in 2000. Dr. Weinstein and an ATP 
associate director are pictured with families at a telemedicine clinic on a native Panamanian reser-
vation in rural Panama (lower tier, right, lower photo) [15]
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 ATC Membership

The members of the ATC serve for open-ended terms. Many come from the govern-
mental, agency, public, and/or educational sectors (Fig. 12.4). Membership of the 
Arizona Telemedicine Council is regarded as a significant honor in Arizona. 
Corporate Commissioner Burns and Dr. Weinstein select, and invite, members. Mr. 
Burns and Dr. Weinstein keep two factors in mind: (1) maintaining a balance of 
individuals with “corporate memory” of the development of the Arizona telemedi-
cine programs and of the telemedicine industry; and (2) the value of having mem-
bers with a broad range of relevant job descriptions and skill sets. Candidates are 
often invited to attend ATC meetings before they are recruited as members. One 
litmus is the capability of an individual to leave one’s “corporate identity outside the 
door” of the JLBC conference room.

Fig. 12.3 Quarterly meeting of the Arizona Telemedicine Council in the Board Room of the Joint 
Legislative Budget Committee of the Arizona State Legislature on the Arizona State Capitol 
Campus, in Phoenix, Arizona. State Senators Robert “Bob” Burns (Chairing the meeting) and 
Amanda Aguirre are at the far end of the table. Ronald S. Weinstein, MD, Director of the Arizona 
Telemedicine Program, is speaking at the head of the table (left, standing)
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 Analysis of the Arizona Telemedicine Council

Industries represented on the ATC. Figure 12.5 shows the distributions of industry 
classifications of the current 39 members of the ATC. The single largest percentage 
of ATC members had jobs in the healthcare industry.

The largest percentages of healthcare industry workers came from telemedicine 
service organizations (20%), private telemedicine practices (20%), healthcare net-
works (12%), and universities practices (12%) (Fig. 12.6).

Over half of the healthcare slice consisted of practicing physicians, nurses, den-
tists, and dietitians, while hospital management also well represented (Fig. 12.7).

 Government Attendees

The second largest category of ATC members (12%) had jobs in government 
(Fig. 12.8). The government job sub-classifications (Fig. 12.8) included current and 
former legislators (71%) and government agency employees (29%).
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Fig. 12.4 “Dual Track” shared oversight of the Arizona Telemedicine Program (ATP) by the 
University of Arizona’s College of Medicine and Arizona Telemedicine Council (ATC). Birds eye 
view of this hybrid set-up is shown in this figure. Upper right shows the distribution of ATC current 
39 members. Lower right shows the leadership of the ATC. Mr. Burns, as co-founder of the ATP 
and ATC, substitutes for the House Appropriation Committee Chair when available, which is most 
of the time for the past 23 years
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the distributions of job classifications of the current 39 members of the ATC and illustrates the fact 
that ATC members are drawn from a broad spectrum of industries
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The presence of current, and former, legislators present at the ATC meetings 
provides an opportunity for open communication between the professionals in the 
field, such as physicians, nurses, insurers, and the state legislature.

 ATC Presenters

ATC quarterly meeting agendas consist of ATP updates by the ATP Director and 
ATC moderator, Dr. Weinstein; presentations on a series of legislative, regulatory, 
and reimbursement issues; overviews of newer telehealth applications; and tele-
health industry updates. Over half of the speakers are invited one-time speakers 
(Fig. 12.9).

Figure 12.10 shows the number of meetings members on the council have 
attended with some attending for more than a decade (Fig. 12.11). Over the 15-year 
period, over half of ATC members have attended a minimum of six meetings, Dr. 
Weinstein being at all 58 meetings and Corporate Commissioner being at 52 of the 
58 meetings.
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Having the same leadership present in the council was also critical. This continu-
ity of the same leadership in the council has allowed for the maintenance of goals 
and provided a foundation for the relationships within the council to develop.

The ATC meetings have an important role in showcasing telemedicine, telehealth, 
and digital medicine to a very broad spectrum of interested groups ranging from 
community leaders and healthcare advocacy groups, to principals in healthcare 
related start-up companies. The ATP is a national leader in federally funded digital 
medicine research and in telehealth-enabled distance education. Many different 
interested individuals and groups are invited to attend ATC meetings as spectators to 
learn about diverse facets of the telehealth and digital medical industries (Fig. 12.12).

 Retrospective Longitudinal Analysis of ATC Attendance

Meeting attendance per meeting by attendees (blue line in Fig. 12.13) and members 
(orange line in Fig. 12.13) reflects the interest and commitment made by their com-
munities to guide telemedicine in Arizona to help alleviate the healthcare disparities 
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Fig. 12.12 Profiles of single ATC meeting attendees (2003–2018). The ATC meetings serve as a 
showcase for the telemedicine industry. Often attendees from industry come to a single ATC meet-
ing. Not infrequently, other employees of an individual company come on other occasions
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and make a difference in their communities. On average, meetings have 28 attend-
ees in the room (room seats 43 people) and 11 are ATC members. Some meetings, 
however, have reached 41 attendees of which 15 are ATC members. There is no 
apparent correlation between meeting quarters (January, April, July, or October) 
and the level of attendance.

Overall, the consistency of the same leadership and members has strongly con-
tributed to the impact made by this council since it has provided a foundation for 
friendships and understanding within the ATC along with stability and structure. 
Without stability and long-lasting relationships, the ATP wouldn’t have been able to 
integrate into the capital as easily since consistency turned out to be the key. 
Cumulatively, ATC has had 70 members (Fig. 12.14).
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 Frequency of ATC Consideration of Legislation

Lastly, since legislation is addressed in the ATC repeatedly through presentations 
and discussions, the ATC remains closely linked with the Arizona Legislature. This 
link helps preserve the council since it provides current and past legislators a moti-
vation to continue to attend the meetings. More importantly, it allows for the council 
to communicate to the healthcare legislators what is needed for the industry and 
what currently is working or not. The legislators benefit from knowledge that the 
ATC members bring while the ATC members benefit from being able to directly 
communicate with current Arizona legislators.

It was concluded via this longitudinal 15-year study, overall, legislation is dis-
cussed in over half the summer, winter, and spring meetings. In the fall meeting 
though, legislation is not as frequently discussed as the legislative session is 
adjourned for the year. Per year there are approximately four quarterly meetings, 
though some were not held (Fig. 12.15).

 ATC Leadership: The Burns–Weinstein Partnership

We acknowledge that the Burns–Weinstein partnership is unusual in terms of the 
ranges of shared interests of Mr. Burns and Dr. Weinstein coming into their leader-
ship roles for the ATP. They are also the same age and perceive that they are at the 
similar stages in their careers.
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Mr. Burns and Dr. Weinstein were schooled in government, although at different 
stages of their lives and from somewhat different perspective. They understood the 
important roles that legislative staffs have in linking constituents to governmental 
resources.

Mr. Burns entered politics to deal with regulatory issues negatively affecting the 
chain of pre-K education centers he operated with his wife. Dr. Weinstein had a life- 
long interest in government. He had been a student leader and actively participated 
in mock legislatures in high school. In college, although a pre-medical student, he 
competed successfully for a Ford Foundation-funded summer internship in the US 
House of Representatives which was awarded to the Union College (Schenectady, 
New  York) student with the highest grade in the “Introduction to Government” 
course. Dr. Weinstein spent the summer of 1959 in Washington, DC, participating in 
the management of constituent relations in the office of an up-and-coming 
Congressman from Upstate New  York. As a bonus, he attended the hearings of 
Senator McClellan’s “United States Senate Select Committee on Improper Activities 
in Labor and Management” featuring Senator John F. Kennedy, a member of the 
committee and its select subcommittee (on “racketeering”) and candidate for the US 
Presidency in 1960, and his 34-year-old younger brother Bobby Kennedy, Chief 
Council of the Select Committee and future Attorney General and then New York 
Senator. Weinstein shared a birthday with Bobby Kennedy (November 20) who was 
just 13 years his senior. Jimmy Hoffa, the President of the Teamsters’ Union, testi-
fied at length, and the mob of his Teamster supporters were in the audience over a 
period of several days. These were “showcase” hearings which were electrifying 
theater from Dr. Weinstein’s perspective. For three consecutive days, Dr. Weinstein, 
a 21-year-old soon-to-be college senior, sat behind Jackie Kennedy, Senator 
Kennedy’s wife, seated in the front row of the audience, who had spent her 30th 
birthday the weekend before the hearings at the Kennedy family horse farm in 
Virginia. He chatted with members of the Kennedy family entourage who sur-
rounded him in the audience. Later in life, he served on the Board of Directors of a 
Kennedy family foundation.

Mr. Burns and Dr. Weinstein both had long standing interests in computers nur-
tured during their respective US military services, Mr. Burns as an Aviation 
Electronics Technician, in the US Navy, and Dr. Weinstein as a Major in the US Air 
Force Medical Corp during the Vietnam War. In 1962, after completing his stint in 
the US Navy, Mr. Burns became a computer programming analyst at the General 
Electric Company, in Phoenix, Arizona. Ironically, Dr. Weinstein’s father had 
worked as a mechanical engineer at the General Electric Company’s headquarters in 
Schenectady, New York, during World War II. Family rumor had it that his father, 
H. Edward Weinstein, may have worked on designing the trigger mechanism for the 
atom bomb exploded in Hiroshima. As a lead programmer, Mr. Burns successfully 
wrote computer code for a broad range of clients including software systems for 
plants in the electrical generation, fuel distribution, paper, petrochemical, and steel 
industries. Dr. Weinstein received his training in computer science auditing courses 
at the Air Force Institute of Technology at the Aerospace Medical Researcher 
Laboratories at Wright-Patterson Airforce Base in Fairborn, Ohio, while he was in 
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service as a Major in the US Air Force with a day-time job as Vice Chair of Pathology 
in the Division of Toxicology at the Aerospace Medical Research Laboratories. He 
gained experience with BASIC, FORTRAN, and COBOL programming languages, 
computer system design, and the use of a relatively portable Hewlett-Packard 9700 
computer with punched paper reels for data input, and a Burroughs B-3500 com-
puter, with IBM punch cards used for their data input. While he was stationed at the 
Aerospace Medical Research Laboratory in his role as a toxicologist, he found that 
a fuel oxidizer, mono-methyl hydrazine, exposure was causing hemolytic anemias 
in young airmen working in Titan missile silos [16]. After completing his military 
service, he became Chair of Pathology at Rush Medical College and Rush-
Presbyterian St. Lukes’ Medical Center in Chicago, Illinois, at age 36. His focus 
was on cancer research. In Chicago, his research group published often cited papers: 
(1) linking P-glycoprotein expression to invasion and metastasis in human colon 
cancers; and (2) demonstrating that perturbation of the lipid bi-layer in cancer cell 
membranes can reverse P-glycoprotein-induced multi-drug resistance, a potential 
pharmacological breakthrough [17, 18].

With the encouragement of the Rush leadership, which was promoting university 
technology transfer in the early 1980s, Dr. Weinstein, partnering with his business-
woman sister, Beth Newburger, co-founded one of the first PC-based high school 
education software companies. They caught the crest of the early personal computer 
wave of activity in computer-based education in the early 1980s. Dr. Weinstein per-
sonally designed the software for one of the first successfully marketed Scholastic 
Aptitude Test (SAT) preparation course study products, incorporating one of the 
first computer study games and including a ground-breaking product manual. Their 
OWLCAT company was acquired by Digital Research Inc., a pioneering California 
software company, in 1984.

Next, responding to a crisis in National Cancer Institute clinical trials, involving 
high levels of interobserver variability in surgical pathology diagnosis being ren-
dered by expert uropathologists supporting urinary bladder cancer clinical trials, Dr. 
Weinstein had invented, patented, and successfully commercialized computer- 
driven robotic telepathology in the mid-1980s, and is known today as the “father of 
telepathology.” His Corabi International Telemetrics, Inc. (i.e., “Corabi” is Dr. 
Weinstein’s wife’s family name), and a companion family-owned company, Apollo 
Telemedicine, became suppliers of telepathology equipment to the United States 
Department of Veterans of Affairs, in 1996. This was adopted as the telepathology 
platform for the longest sustainable telepathology service in the United States [19–
21]. Therefore, Mr. Burns and Dr. Weinstein each had years of prior experience in 
developing computer applications and, in addition, decades of experience as small 
business owners, by the time they met in 1996.

Their shared interests in public service were also significant components of 
both of their careers. Mr. Burns is one of the most successful politicians in Arizona 
history (approximately 28 years of service as an elected official). Dr. Weinstein has 
been president of six professional organizations and is President-Emeritus of the 
American Telemedicine Association as a “pioneer” in the field of telemedicine. 
Mr.  Burns, and his wife, ran a successful pre-school education business for 
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27 years. Dr. Weinstein was awarded his first National Institutes of Health grant as 
a first-year resident at the Massachusetts General Hospital and was an academic 
department head for 32 years. He has had continuous federal research support for 
54  years, nearing a record in that category. He also had a long-time interest in 
university technology transfer and spun out five start-up companies while a full-
time employee of universities (Fig. 12.16).

 Challenges

Inventing a robust but nuanced form of governance for a telemedicine and telehealth 
program can be challenging for creators of telemedicine programs, both large and 
small [1–5]. Alignment of the expectations and needs of future stakeholders within 
the framework imposed by governance arrangements for a lead organization can be 
a daunting task.

 Is the ATC Zoom Compatible?

COVID-19 will put the institutionalization of the ATC as an Arizona quasi-agency, 
dedicated to maintaining a communication channel between the university-housed 
ATP, in Tucson, and the AZ State Legislature, in Phoenix, to the test. The ATC held 
its April 2020 quarterly meeting as a “virtual” meeting, over Zoom, for the first 

Fig. 12.16 Ronald S.  Weinstein, MD (left) and Robert “Bob” Burns (right: as an AZ State 
Senator) acknowledging receipt of the highly regarded The University of Arizona’s “2012 
Technology Innovator Award” for their work in creating and developing the state-wide Arizona 
Telemedicine Program. Three hundred invited guests, faculty members, and graduate students 
attended the University of Arizona’s “Innovation Award Luncheon” which honored the Arizona 
Telemedicine Program’s co-founders, at The University of Arizona Student Union, in Tucson, 
Arizona, with a glass artists plaque (being held by Dr. Weinstein) and a monetary award of $10,000. 
This was used to support the ATPs’ Sir William Osler Summer Fellowship Program for College 
and High School Students and the development, testing, and implementation of regular school year 
K-12 medical science courses [9, 11–13, 22, 23]
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time. This ATC meeting on Zoom had 70 attendees which set an attendance record 
for the ATC but, noticeably, with a reduced number of ATC members in attendance. 
On the one hand, ATC was no longer constrained by the 43-seat capacity in the 
Board Room in the JLBC building on the state capitol campus. Also, the ATC was 
readily available for rural participants hundreds of miles away, if they had access to 
the broadband internet. On the other hand, using Zoom, the ATC sacrificed almost 
all of the personal networking that typically took place at in-person ATC quarterly 
meetings in the past and, arguably, even kept the ATC focused on its “primary mis-
sion” of supporting rural telemedicine for over two decades. Lively discussions and 
the questioning of presenters were notably absent. The 10-minute ATC lunch breaks, 
during which time even “frantic networking” took place in-person, were sorely 
missed by the “virtual” attendees. Not only were the shared commitments to the 
telemedicine mission highly valued by the ATC members and non-member attend-
ees alike over many years, the thought of losing long-term professional and personal 
friendships, the by-products of these ATC meetings, is sad to contemplate.

It remains to be seen if ATC “virtual” meetings will become the new normal for 
the ATC.  In fact, we will see if this shift in strategy, going “virtual,” negatively 
impacts the long-term viability of the ATC itself. One way or the other, our initial 
impression is that Zoom has its limitations with regards to professional networking. 
The unique environment created within the ATC over the years is, already, sorely 
missed! Hopefully that’s limited to the “old-timers.”
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13Telehealth Patient Portal: Opportunities 
and Reality

Ronald C. Merrell

 Introduction

A patient portal is defined as a secure website that offers patients a convenient 
access to personal health information with an Internet connection secured by user-
name and password or some other security step. This information can include a long 
list of pertinent and personal information. The portal is a gateway to the aggregate 
medical information of the patient with the conviction that medical information is 
the property of the patient who has right to access and interact with the medical 
personnel generating the information. At the basic level, the portal is an access for 
patient to their electronic health record. The most basic interactions are to update 
contact information, review charges, make payments, confirm insurance benefits 
and coverage, and download and complete necessary forms [1].

The effort to have patients maintain their own records electronically has not been 
very successful. Simply storing your own records apparently did not meet patient 
expectations, and it is not entirely clear why! The portal is more, richer, a dialogue 
and guide through the complexity of health care [2]. The electronic data will include 
recent medical encounters, discharge summaries, medications prescribed, allergies, 
and immunizations. The data set also includes laboratory results, radiology reports, 
and pathology findings. Patients can interact with medical personnel and arrange 
elective appointments or request prescription refills. The patient can also report 
interim changes in their status, symptoms, and interventions that might be unknown 
to the portal site. They can securely correspond with their doctors and nurses and 
may message to ask for clarification of reports. They can also report apparent errors 
in their data and visits as they read their reports. They are provided with medical 
information about their condition, information about upcoming procedures and 
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tests, and behavior modification programs of worth in improving their condition, 
compliance, and well-being.

The power of the patient portal to improve health care and personal involvement 
is enormous. The portal offers information, engagement, and empowerment for 
patient-centered care. It may seem that the introduction of the patient portal is only 
eclipsed by sliced bread as a positive good in our era. But are there any challenges? 
Portals are offered by essentially every health system in the United States and in 
Europe where there are even considerations for national portals. The decision- 
makers really like this portal thing, but reservations remain with caregivers and 
patients [3, 4]. Many of the concerns have been addressed in the 15 or so years of 
portal development and applications. This chapter explores some of the special 
issues, challenges met, those that remain, and the opportunities yet to be realized.

There was a long-held belief that medical records were the private property of 
doctors and hospitals. That belief is no longer valid. Records are the property and 
responsibility of health-care entities, but patients have every right to access and 
sharing. Decades ago, when records were paper, the MD Anderson Cancer Center 
took a bold approach to records management by giving patients full access. When 
patients checked in for appointments, they went to medical records, and their com-
plete charts were pulled and given to the patient. Newly diagnosed patients had a 
thin record, and this they carried by hand to their appointments. The heroes of the 
center were those who were long-term survivors whose records were of such dura-
tion and consequent volume that they had to be carried about in little red wagons! 
These patients were held in high esteem by those just beginning their trek into 
cancer survival and gave visible proof that the trek might be toward a happy 
outcome.

Despite the advantages of portals, there is always the matter of patient use. Build 
it and it may be thoroughly ignored. I recall the situation at a major VA hospital 
when electronic records were scheduled to launch. Months had been spent on teach-
ing, cajoling, and refining the excellent record ready for use. However, the medical 
staff was reluctant and combative. I recall as a member of the staff that it was gener-
ally agreed that the senior physicians would just transfer the responsibility to house 
staff. Certainly, there was frustration in the administrative offices. There turned out 
to be no problem at all at launch date. The staff was informed ever so gently that in 
order to demonstrate their role in patient care and thereby qualify for their income 
the record would be completed as indicated by the staff member personally. When 
even the most curmudgeonly of the senior staff saw the innovation as necessary for 
employment, they quickly joined in, and no problems ensued. It is difficult to imag-
ine giving patients no choice, but the use of the portal can certainly be presented in 
an inescapably advantageous way!

In a similar vein, the record should never be seen as a way to extract additional 
labor and time from a busy staff. Revolt or disuse might follow. Talk, survey, con-
vince, and make it real that the portal is going to save time and permit more mean-
ingful allocation of time with patients. Then not only is the patient engaged, 
informed, and empowered, but that mantra extends to all users of the technology. 
Just as patients should be invited to interact with quality surveys, so should all the 
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users in order for the portal to evolve gently toward an ever more useful tool. Thus, 
the health-care and administrative users feel a sense of ownership.

The access to records has important features distinct from personal notes of care-
givers that might be reviewed by insurance carriers or courts. The records must 
recognize that the words should be understandable to the patient and never dispar-
age. The record is an open statement of the best in professional assessment and 
should reflect the clinician’s respect for patient and devotion to accuracy. The best 
records recognize the reader and the needs of the reader whether that reader is a 
patient, colleague, administrator, or regulator. Common advice to medical person-
nel just starting to create records is they should pretend the entry is to be read out in 
court to a hostile jury! Similar advice would be to pretend you are reading the mate-
rial out loud to your patient and family members.

The purpose of the portal should be understood by all from the outset. The pur-
pose is to facilitate interactions with patients and meet the high objective to engage, 
inform, and empower patients. The outcome is clear. The portal should reflect and 
seek an improvement in care. Certainly, an effective portal should be expected to be 
a tool for patient recruitment and retention. Indeed, the portal should also be a tool 
to enhance effective business practices for billing and collection. It should be obvi-
ous in the portal what the patient is being charged for what service. The portal 
should be a device to effectively manage the time of clinicians through facile 
appointments and follow-up. Indeed the material on the portal document should be 
in compliance with all pertinent regulations for care and billing. None of these 
objectives is particularly paramount and all may be considered in balance. A portal 
designed to maximize collections at the expense of patient information will fail. The 
portal must serve all involved effectively and easily.

How should the portal be designed and made useful? First the portal should be of 
value to health-care personnel, management people, and the patient. It should be 
easy to use, timely, and highly interactive. The interfaces should be intuitive and 
cover many levels of patient sophistication. The benefits of the portal to patients 
should be obvious and reinforced regularly. The information on the portal must be 
timely. Notes from clinicians should be posted promptly preferably on the day of 
service, and transcription should be of the highest quality. Dictating notes later or 
any reliance on handwritten information should be abandoned. Thus, a patient can 
review what transpired and be reinforced in the recommendations. Should the note 
lead to questions on the part of the patient, interactive components should encour-
age patients to correspond with the clinician and clarify issues recognized by the 
patient based upon the visit and encourage to request clarification of anything con-
fusing or not recalled from the visit. The portal is not a way to protect clinician time 
from patient intrusion but to make the interactions more efficient and effective. This 
is a bold new way to create and edit clinical information. The interaction should 
allow patients to promptly make arrangements for follow-up appointments or plans 
for inpatient care. Preoperative instructions and instructions for upcoming tests 
should be clear and concise. The portal should encourage patients to evaluate their 
recent care and make suggestions. This interaction could be a powerful element of 
quality control and assessment of patient outcomes from patient perspective. 
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Furthermore, patients should be encouraged to send messages if they feel they have 
a change in their status such as a change in symptoms, interim operations, or other 
critical events such as cardiac or hospitalizations that would otherwise be unknown 
to the managing clinicians at the portal site. Certainly, patients should report adverse 
reaction to medications or apparent lack of effectiveness of what was been pre-
scribed and the addition of other medications by other clinicians to their regimen. 
Messaging to the site is obviously beneficial as well as messages emanating from 
the portal site. Reminders about appointments, timely notes to prepare for care, 
timely requests for current perceived status, and simply queries as to well-being can 
be accommodated. This can be marvelously personal! Messaging can also alert 
patients to new reports and science about their condition, changes in recommenda-
tions, recalls, and educational materials. The portal can and should be a rich and 
highly personal conversation with and for our patients. That is one of the strengths 
that has invited creativity from all parties and made the portals acceptable.

A successful portal should be extensively tested and validated before introduc-
tion. This is the time to expand the inquiry as to purpose, acceptability, and imple-
mentation. Certainly, the portal should be assessed regularly for quality and needed 
revision. However, patients do not like improved and therefore now unfamiliar web-
sites. There should be few changes over time if the portal is well designed. Changes 
might be out of sight but not a regular interruption of cues. The adage should be 
recalled. The enemy of good is better! It should be clear in portal design that there 
is every effort to maintain privacy. In order to achieve this, the portal should require 
a username and password. However, invitation to hacking can be minimized. The 
greatest asset to hackers is name, birthday, and social security number. Can these 
not be eliminated in terms of access? Recent legislation has made the Medicare 
number different from social security number [5]. The portal at the time of design 
can address the important matters of compliance for insurance and regulators and 
needed interface for meaningful use. The portal should be designed to accept 
imported medical information from other caregivers and send data to other caregiv-
ers at different sites with the agreement of the patient. Patients should be notified 
that their information relevant to an upcoming appointment was received and that 
correspondence with other caregivers has happened. The portal ideally represents a 
very busy place for exchange between patients, various caregivers, and data sources 
to limit the waste of time at the actual physical interview and examination. Insurance 
numbers need not be posted up front but stored at an appropriate part of the file. The 
same may be said of birthdays [6]. I recently reported the highly inappropriate ques-
tions asked by a prominent portal such as confirming remote real-estate transactions 
for self and family [7]. What has that to do with username and password to the 
portal? There is a temptation to recruit enormous amounts of information that might 
be of much greater interest to the scoundrels of the Internet than pertinent to patient 
care. Calls to patients from office personnel may not be effective or best represent 
the desire of caregivers to be thorough and helpful. Recently I had an arrhythmia. I 
was sent for an ultrasound study and waited a few days for a report. When I got the 
call back, the nurse told me my study was normal. What about the arrhythmia that I 
still had? I asked for a copy of the report and picked it up at the office. I indeed had 
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frequent premature atrial contractions and occasional ventricular contractions. The 
ejection fraction was normal in fact, and the heart wall was moving in an acceptable 
manner. I never had contact with the cardiologist who interpreted the study. Never 
met her. Never had a call from primary care physician suggesting things I might do 
to alleviate the situation. Being a physician, I knew pretty much what to do. What if 
I had been a mechanic? Patients should receive reports on major tests from people 
qualified to interpret the data and advise. It is unreasonable to assume that patients 
can look at complex metabolic data and understand the implications, reassuring or 
otherwise. Radiology reports can be obtuse to other physicians simply by their 
nature. Explaining the implications of a brain lesion, cardiac catheterization, com-
puted tomogram of the pancreas, etc. should be done by a competent physician. This 
is necessary not only when the report says something that will change a life such as 
tumor margin or type but also the robust and lengthy reports on lab values where the 
news may not be so bad but indeed subject to outrageous interpretation by a fright-
ened patient. Now the data are posted on the electronic health record in real time. 
What keeps the patient from seeing it before the physician has called? Aha! The 
flagged items on lab reports, path reports, etc. should come to the attention of the 
ordering physician promptly and allow at least early notification and interpretation 
with a personal phone call. Now would it not be great to have a videoconference in 
these circumstances?

The patient is the consumer of the information in the portal. What happens if the 
patient needs help from a caregiver or family member? I know a man 75 years of age 
in our area who has a powerful family history for dementia. Of late he has been 
showing signs of dementia with forgetfulness and difficulty with conversation and 
ordering his priorities. He continues to drive, shop, and manage his financial affairs. 
Recently matters took a turn. He had some symptom and called to make an appoint-
ment with a specialist in a city some several hours drive from his home in rural 
America. He told his family he had an appointment, and no one thought much of it 
since he had multiple medical conditions and many doctors. He returned from the 
day trip and his wife asked him for a report. He could not remember the symptom 
that prompted the call for an appointment. He could not remember the specialty of 
the consultant or name. He could not remember what he asked the doctor or what 
the specialist told him. His wife reconstructed the situation by finding his appoint-
ment card and calling the office. Thereafter the family including RN daughter is 
committed to accompany him to all medical encounters. How would this have 
worked as the patient became more confused and is communicating through a por-
tal? With patient permission and periodic review, family members and caregivers 
really need to have access through the portal with the same assurance of privacy as 
the patient.

There are numerous providers of software for patient portals. Most are highly 
reputable purveyors of electronic medical records. Electronic record programs do 
not automatically translate into workable patient portals. There should be planning 
starting with the purpose and usability of the interface. The user is not a highly 
trained medical caregiver or medical record expert. The user is of varied levels of 
skill and little can be assumed as to ability to interface. For success extensive testing 
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and modification is required. Legal, business, and medical professional people as 
well as panels of potential users should work with programmers and designers. 
Certain portions of the portal data should be accessible for downloading, and inter-
action with primary care and other caregivers should be carefully programmed into 
the software. The early efforts at patient portals faced many challenges, but it may 
be said that now the portals are largely excellent although there are many shortcom-
ings in the expectations outlined above [8–11].

Current reports about portals most often deal with specialty applications and 
populations [12, 13]. Pediatrics, geriatric, chronic disease management, pregnancy, 
cancer, and rehabilitation are all areas of active application. Preoperative instruction 
and postoperative surveillance put patients and surgeons in a continuum of care not 
in place previously. There is no apparent solution for the illiterate, poorly informed, 
naive, and generally underserved. Efforts for portals that expand beyond health sys-
tems to national programs are underway and will prove difficult. Extension to small 
offices and remote sites and response to alerts or red flags will continue to require 
great attention.

There are opportunities beyond special application that invite vigorous attention. 
Patient portals could be embellished by the best in telemedicine videoconference 
clinics. Data from home monitoring could readily be fed into the database for review 
as well as instant analysis and trending analysis. The portals could also be the object 
of artificial intelligence to anticipate needs of the individual patient. Also, games 
and other behavioral tools could be appended to the information aspects of the por-
tals. These are applications of proven worth as free-standing health initiatives.

There are numerous research opportunities to aggregate portal data with protec-
tion of privacy to explore best practices, disease trends, population statistics, and 
signs of illegal behavior on the part of health-care groups. Practice compliance 
research should be of great interest.

Patient portals are not new. They have not reached their potential and steadily 
deflect their detractors with increasingly favorable performance. The structure of 
the portals should not be simply accepted in any way that might compromise patient 
care. They are so important that they simply must be held to a high expectation and 
continually improved to be a seamless link between patients and caregivers with the 
objective of improved care and efficiency.
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14Technology Enabled Remote Healthcare 
in Public Private Partnership Mode: 
A Story from India

K. Ganapathy and Sangita Reddy

 Introduction to Technology-Enabled Remote 
Healthcare (TeRHC)

A solution is not a solution unless it is universally available to anyone, anytime, 
anywhere at an affordable cost without compromising quality. This is easier said 
than done. It is universally known and accepted that providing healthcare in subur-
ban and rural areas, particularly in developing countries, is more than a challenge. 
Paradoxically the “third world” does not have to follow the advanced countries, not 
even piggyback or even leap frog. After all, how much can a frog leap! Today 
emerging economies like India are pole-vaulting. There are no technology-enabled 
legacy systems to disinherit. Advances in information and communication technol-
ogy are mind- boggling. The Jugaad approach is making TeRHC a reality. This flex-
ible approach to problem-solving, using limited resources in an innovative way or a 
simple work- around, signifies creativity – a form of frugal engineering at its peak.

 Telehealth in India: The Beginnings

The challenges in evangelising the very concept of telehealth, creating the necessary 
awareness and persuading the various stakeholders in a then non-existing ecosys-
tem, to agree to even pilot projects, were so daunting that it was extremely difficult 
at that time, to collect reliable data, analyse the data and publish the observations. 
Publications then were limited [1–6]. In what subsequently became a highly down-
loaded article [7], the principal author demonstrated that as of Sep 2014, 
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935 million Indians lived in areas where there was not a single neurologist or neu-
rosurgeon. This confirmed the general observation that specialists’ distribution in 
India is totally lopsided. Two decades ago the authors among others realised that 
telemedicine would be the only way to bridge the enormous urban-rural health 
divide. Passion and persistence have at last started yielding dividends. Telehealth is 
slowly being accepted in the community. India’s 11th Five-Year Plan (2007–2012) 
allocated about US$50 million to telemedicine. In the subsequent 12th Five-Year 
Plan, telemedicine has been recognised as a distinct entity. The major telemedicine 
service providers/supporters in India include Apollo Hospitals, Arvind Eye Care 
System, Sankara Nethralaya, Sanjay Gandhi Postgraduate Institute of Medical 
Sciences, Sri Ramachandra Medical College and Narayana Hrudayalaya among 
many others. Indian Space Research Organisation had initially played a major role 
in providing satellite connectivity [8]. The primary author [9] had earlier pointed 
out that awareness, perception and attitude of healthcare providers, even in rela-
tively isolated states like Himachal Pradesh, towards mobile health (mHealth), sug-
gested that healthcare providers were ready to use information and communication 
technology to provide virtual healthcare. In spite of major operational challenges, 
non-availability of quality healthcare in mountainous isolated, inaccessible, sparsely 
populated regions has been addressed successfully, deploying telehealth [10].

 Public Private Partnerships in Healthcare: An Introduction

To have access to the highest attainable standard of healthcare is a fundamental right 
of every human being. In this context, universal access to healthcare assumes prime 
importance. The World Health Organization advocates that health systems adopt 
universal coverage. This is to ensure that everyone can avail health services and are 
protected from associated financial risks. However, universal healthcare delivery 
poses a significant challenge for policymakers. The public sector is generally per-
ceived to have reduced innovative skills. The private sector on the other hand is 
perceived to look for compensation, for additional efforts and taking higher risk. 
Technological features are becoming so sophisticated that public authorities may 
not possess the know-how to conceive, build and operate them in a future-ready 
mode. Synergies with private players are therefore recommended. Fortunately, 
investors are now looking at investments that in addition to financial returns also 
yield social benefits. Government has a choice of being a provider, contributing to 
building infrastructure and directly managing operations or pay for healthcare ser-
vices provided by private players. Given the changing landscape, incorporating 
technology solutions into PPP projects is a complex undertaking, particularly for 
long-term contracts, which integrate care across multiple levels.

A PPP is a government service or private business venture, which is funded and 
operated through a partnership of government and one or more private sector com-
panies. Governments are encouraged to adopt several key factors while initiating 
PPP, to ensure sustainability. These include (1) building of trust; (2) having clearly 
defined objectives and roles; (3) time commitment; (4) transparency and candid 
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information, particularly in relation to risk and benefit; (5) contract flexibility; (6) 
technical assistance or financial incentive behind procedural arrangements; and (7) 
the awareness and acceptability of structural changes related to responsibility and 
decisions (power and authority) [11].

Partnership is a synergistic relationship between two or more individuals or 
organisations that share mutual liabilities with some expected benefits. Availability 
of resources in terms of manpower and finance, legal and regulatory framework, 
transparency, accountability, commitment and mutual understanding is most needed. 
Neither public nor private sectors alone have been perspicacious enough to attain 
the goals and objectives of the healthcare industry. Constant surge in healthcare 
costs has made it difficult for any single organisation to provide quality and afford-
able services independently. This has enhanced scope for public and private sectors 
to collaborate [12]. PPPs in healthcare are an important element of the World Bank 
Group’s response to country health challenges. These are reflected in various 
reports. From 2004 to 2015, the Bank Group had approved 78 projects that provided 
support for health-related PPP operations [13].

The next big “PPP health” would include the microelectronics sector, pharma, 
biotech and medtech. The PPP Innovative Medicines Initiative (IMI) was funded by 
the European Commission and through in-kind contributions from pharmaceutical 
companies has a budget of more than €3 billion. This confirms that solutions to 
health challenges do not lie with one specific group. The future is patient-centred 
and integrated, with a significant role for digital technologies [14]. PPP as a solution 
for integrating genetic services into healthcare of countries with low and middle 
incomes has also been proposed [15].

According to the projections of the ICT Health Observatory of the Milan 
Polytechnic, savings of at least 6.8 billion euros for a year could be achieved through 
extensive use of digital healthcare in critical areas of the National Health Service. 
Savings made possible by deploying technology may be partially used to finance 
PPP smart investments. The transition to smart technologies is inevitable and will 
have a significant impact on healthcare processes and their governance. New actors, 
networks and innovation are already challenging consolidated health governance 
practices [16]. International organisations like the World Health Organization, 
European Union and the Organisation for Economic Co-operation and Development 
promote PPPs in order to ensure the construction of a national e-health infrastruc-
ture [17].

Establishment and management of robust telemedicine and digital health PPP 
programmes presupposes a focus on overall digital health framework, financing and 
affordability, data standards, information security, project planning and implemen-
tation, evaluation and establishing a transparent procurement process [18]. By 
leveraging private sector expertise, financing, capacity, systems and management 
discipline, public health systems have been able to revive many aborted projects. 
PPPs must be designed within the local context and aligned with a country’s national 
or local healthcare policies and delivery strategy. Clearly defined and measurable 
output-based performance standards will need to be defined that specify the end 
goal. Private partners want flexibility to incorporate new ways of achieving desired 
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patient and financial outcomes as conditions evolve [19]. Both public and private 
providers deliver health services, each with their particular virtues and liabilities.

Nigel Crisp has pointed out in his book Turning the World Upside Down [20] that 
advanced countries could benefit from technologies/solutions developed in and for 
low-resource settings. Incorporating technology into PPP projects requires exper-
tise across clinical, legal, technology and contract management. Decision-makers 
must think long-term and consider how technology can be used to take healthcare 
delivery to new levels, e.g. deploying telemedicine systems to extend access to 
healthcare to remote populations, with little access to transportation, and allowing 
clinicians to monitor and treat patients in lower-cost distributed clinic settings. 
Political will is arguably the most critical enabling condition for PPP projects. 
Changes in political philosophies when a new political party takes over after an 
election can have significant impact – up to and including halting of projects. The 
private sector will not invest resources and time into bidding on PPP projects if 
public sector commitment is not assured. Governments worldwide have undertaken 
some or even all of the responsibility for financing and delivering health services, 
either at subsidised rates or free of cost, at the point of utilisation. Given systemic 
deficiencies in government health programmes as well as the spiralling costs of an 
expensive, inequitable and often unregulated private sector, the concept of PPPs has 
emerged as a policy option in which the healthcare needs of people could be met 
more effectively if both sectors worked together [21]. Genesis of most PPPs is the 
inability of the public sector in reaching out to a particular target group by virtue of 
its geographical position or difficulty in working with high-risk groups [22].

A United Nations Economic Commission for Europe (UNECE) standard on best 
practice in relation to the management of PPP programmes in telemedicine and 
digital health has been advocated. This would include (a) providing guidance on 
efficient and effective project delivery of telemedicine and digital health PPP proj-
ects and (b) assessing different models of PPP in telemedicine and digital health – 
using feedback from markets where PPP programmes have been established.

 PPP in Healthcare: A Global Perspective

Literature review reveals that many countries have started adopting PPP in health-
care. In Ireland primary care centres, network has been increasingly implemented 
by relying on the private sector. This has resulted in a more commercialised network 
subject to financial risks associated with PPP [23]. Experiences of institutional 
PPPs within the Italian National Health Service (Sistema Sanitario Nazionale) have 
been reported [24]. Public-private sector partnership has helped make available tele-
medicine in Jamaica [25]. Kenya Healthcare Federation through its PPP is now 
focusing on scaling up delivery of healthcare [26]. In a study executed in Korea, Lee 
concluded that non-profit, non-governmental organisations, the central government, 
the private sector and public healthcare services were the groups interested in PPP 
healthcare [27]. In New Zealand PPP has been introduced for specific diagnostic 
procedures. Sakowska et  al. have reported that wait times for both specialist 
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outpatient assessment and colonoscopy were significantly reduced in the province 
of Geelong [28]. Several reports on PPP and healthcare have originated from 
Pakistan [29–31]. Reports on PPP and healthcare have been published from the 
Philippines [32, 33]. In recent decades, Portugal witnessed the private sector 
increasingly extending their engagement in health services with the public sector. 
This relationship originated from the legal framework enabling agreements and PPP 
[34]. In an interesting observation, Purcărea et  al. opine that “marketing” is an 
essential and important component of PPP in healthcare. They point out that 
Romanian medical system is in the process of a cultural change, which takes time, 
patience and perseverance, despite the unpredictability and resistance that it faces 
inevitably. A painful period of transition with total quality management is essential 
before PPP in healthcare is accepted [35]. Telemedicine has been enabled in rural 
Yakutia Sakha, Republic of Russia, through a PPP [36]. Kula et al. in a study of PPP 
in healthcare in South Africa opined that private for-profit sector is engaged in proj-
ects closely aligned to current health system reform priorities. Factors that increase 
the likelihood of interactions being successful included (a) increasing the govern-
ment’s capacity to manage PPP; (b) choosing PP interactions that are strategically 
important to national goals; (c) building a knowledge base on what works, where 
and why; (d) moving from pilots to large-scale initiatives; and (e) harnessing the 
contracting expertise in private providers and encouraging innovation and learning 
[37]. Since the inception of the Spanish National Health System, hospital care has 
also been purchased from private not-for-profit or for-profit providers, usually com-
plementing public provision. Administrative concessions awarded to the private 
provider in 1999 were not renewed in April 2018. The authors reiterate that it is 
another example that PPP in healthcare is to a large extent governed by changing 
political considerations [38]. Kamugumya et al. discussed various barriers hinder-
ing implementation of PPP for reproductive and child health services at the district 
level in Tanzania [39]. A study from Turkey evaluated opinions and evaluations of 
stakeholders in the implementation of PPP models in integrated health campuses 
(city hospitals). Majority interviewed believed that PPP was relevant in Turkey with 
an appropriate finance model. Most positive views were expressed by public and 
private sector stakeholders, while some negative views were voiced by NGO repre-
sentatives [40]. Interestingly Turkey’s largest PPP in healthcare is an integrated 
health campus costing US$1.3 billion [41]. In 2005, the Turkish Ministry of Health 
allowed the private sector to build and operate new hospitals under build-lease- 
transfer model. A PPP department was established, to share risks and to utilise expe-
rience of the private sector. With launch of the PPP Integrated Health Campuses 
Programme in 2007, the Turkish Ministry of Health has its own PPP management 
system to design, build, finance and operate large-scale, regional hospitals and 
trauma centres around the country with a 10 billion USD investment [42]. In a study 
from Uganda, Joloba et  al. demonstrated the potential of PPP collaborations to 
assist patient care by strengthening laboratory systems. Increased access to drug- 
susceptibility testing was achieved by integrating specimen transport networks to 
maximise resources [43]. In a publication in 2016, Sadeghi et al. after reviewing 
publications on PPP in healthcare from the United Kingdom, Spain, Canada, Turkey, 
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Australia, Lesotho and one project in Iran conclude that duration of the projects 
ranged from 12 to 40 years in different countries, depending on the model [44]. 
Some experts opine that the crisis in the National Health Service, United Kingdom, 
has been created by a mixture of government underfunding and privatisation and 
marketisation of services, which have left services fragmented and profits diverted 
out of healthcare to promote PPPs [45]. Generally, implementing PPP projects in 
healthcare had valuable outcomes for governmental hospitals. Healthcare spending 
in the Gulf Cooperation Council (GCC) is about $69.4 billion in 2018, according to 
Deloitte. Understandably, a significant beneficiary of PPP in the GCC and around 
the world should be, and is, healthcare. As healthcare costs increase, there is added 
pressure on governments to look for private capital and expertise. According to an 
estimate in PwC’s 2018 “PPPs in Healthcare” report, there are roughly 600 health-
care infrastructure projects or assets in the world, of which the vast majority are 
PPPs [46]. According to a report from the Ministry of Foreign Affairs of the 
Netherlands, the Dutch government spent 48.3  million euros on 54 PPPs with 
African countries like Mozambique, Rwanda and Burundi as well as other countries 
like Indonesia and Mongolia [47]. Even a backward country like Afghanistan has an 
e-health network supported physically and financially through a PPP. With just 2 
doctors for every 10,000 people, it is difficult for the country’s 32 million people to 
obtain timely access to quality healthcare. The French Medical Institute for Mothers 
and Children and the Aga Khan University Hospital in Karachi provide the clinical 
expertise; the Aga Khan Health Service in Afghanistan manages the hospitals in the 
provinces of Bamyan and Badakhshan for Afghanistan’s Ministry of Public Health, 
and the private sector, through Roshan Telecom, supplies the telecommunication 
services. Aga Khan Development Network health resource centre provides the tech-
nical expertise underpinning the initiative [48].  Many governments in Africa are 
seeking to establish PPPs for financing and operation of new healthcare facilities 
and services [49]. The planning and operation of a high-profile case in Maseru, 
Lesotho, has been evaluated to discuss problems specific to low-income and middle- 
income countries [50]. PPP has demonstrated significant contributions in develop-
ing a more competent laboratory workforce, reinforced laboratory systems and 
improved treatment efficiencies by significantly reducing turnaround time to pro-
vide accurate laboratory results to patients afflicted by deadly diseases, such as 
multidrug-resistant TB and HIV. Such PPPs have not just improved efficiencies in 
the countries where they exist; it has also provided a successful model for other low- 
income countries to consider [51, 52]. Sajani in a paper on PPP in Bangladesh 
points out that the country has achieved near universal coverage in immunisation 
thru PPP [53]. A PPP project deploying telemedicine in the design-build-finance- 
operate (DBFO) mode where the private sector designs, finances and operates the 
facility during the term of the lease and charges user fees for the lease period has 
been described in Belarus, Russia [54]. Successful pilot studies have led to a 
country- wide mobile telemedicine project in a PPP mode between the Botswana 
government, a private telecommunications partner and a local IT company [55]. 
PPP projects in healthcare from Brazil, Canada and China have been reported [56–
58]. Beijing New Century International Hospital for Children was the first 
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specialised children’s hospital operating on international standards. This PPP model 
was dedicated to providing comprehensive and quality healthcare service to new-
borns, infants, schoolchildren and teenagers. It has yielded many benefits enabling 
efficient use of resources to better serve patients with more targeted care [59]. PPPs 
have been most successful in Canada, where they work well with the country’s 
single-payer health system. In the United States, the PPP market is still in its early 
stages, but it shows promise. The new $2 billion Centre Hospitalier de l’Université 
de Montréal (CHUM) is the largest healthcare project in North America. Canada 
has a strong record in healthcare PPPs. Between 2003 and 2011, more than 50 
public-private hospital projects alone, valued at more than 18 billion Canadian dol-
lars, have taken place. In Ethiopia PPPs for specific healthcare services (e.g. malaria 
control) through partners and the national malaria prevention control programme 
have been suggested [60].

 PPP in Healthcare: The Indian Scenario 

India has a long history of PPPs in health with most of the national health pro-
grammes partnering with non-profit and for-profit organisations. In India, the new 
Companies Act of 2013 mandates corporates to spend 2% of their profits on CSR 
activities. The government is now partnering with the private sector, leading to 
improvement in healthcare delivery through a combination of good infrastructure, 
current technology and the best available medical expertise [61]. Global 
management- consulting firm McKinsey & Company has recommended PPP for 
improving healthcare delivery in India by 2022. A possible road map to achieving 
healthcare objectives under the Five-Year Plan was presented. Adopting the payer 
role could slow down growth of public beds. However, this could be resolved by 
adopting PPP models [62].

PPP in the Indian healthcare sector is growing exponentially. Impressive techno-
logical innovations and advancements, complemented by favourable government 
policies, have considerably helped improve quality of life. Several parts of India 
still remain at a disadvantage, lacking affordable access to healthcare services. High 
operational costs and insufficient investments have affected quality of healthcare 
services and accessibility. The confluence of resources of the private sector and the 
organisational capacities of the public sector are making PPP a potential game 
changer. If utilised well, the government, through this model, could successfully 
standardise healthcare, while maintaining a high quality of services [63].

The National Health Policy (NHP) 2017 of India envisages building a strong 
partnership between the government and private organisations to strengthen overall 
functioning and efficiency of the health system. An investment of Rs 150,000 crore 
(US $20 billion) is required, of which 80 per cent is likely to come from the private 
sector, primarily under the PPP model. The Indo UK Institute of Health (IUIH) the 
largest PPP project in India in healthcare believes that PPP is the way forward to 
improve healthcare in India. PPPs in health segment can work when the risk is 
shared. It cannot be a one-sided game with benefits taken by one partner and risks 
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borne by the other. In many cases, the private sector is the dominant provider. A real 
PPP is one on a level-playing field. Terms have to be fair, and the risks have to be 
equally divided, only then will it be a level-played game [64]. Scope of PPP initia-
tives in India includes disease surveillance, purchase and distribution of drugs, 
national disease control program, management of primary health centres, medical 
education and training, engaging private sector consultants, pay clinics, R&D 
investments, telemedicine, health cooperatives and accreditation. Opportunities for 
private player participation in PPP models in Indian healthcare system include facil-
ity development, management and operations management (MOM), capacity build-
ing, training, financing mechanism, IT infrastructure development and inventory 
management [65]. Pleas for promoting PPP model for healthcare services have been 
made at a ministerial level. A mechanism of single-window clearance involving dif-
ferent ministries has also been proposed [66]. PPPs in India deploying technology 
to enable remote healthcare (telehealth) is a recent phenomenon [67]. Recent publi-
cations are optimistic that telemedicine is set to grow in India over the next 5 years 
[68] and e-health in India will result in reaching the unreached [69].

India has become a vibrant testing ground for health market innovations. The 
Indian government is looking at PPPs, as one of the key vehicles to meet India’s vast 
health challenges and capitalise on existing private sector capacity. PPPs can com-
bine government-level patient volumes with private efficiency, providing lower-cost 
and higher-quality care. The road to establishing a successful PPP is filled with 
challenges – from identifying the right stakeholders and models and managing part-
nerships and expectations to contracting, payment systems and legal protections 
[70]. PPP in digital health is addressing many key challenges. National eHealth 
Authority (NeHA) and Integrated Health Information Program (IHIP) are some of 
the new initiatives in the field of digital health. These have led to the notification of 
EHR standards in 2013 (revised in 2016). In a concept note on PPP issued by the 
Ministry of Health and Family Welfare, government of India, in 2005, it was stressed 
that attention should be paid to accessibility and coverage in rural areas, better man-
agement of existing infrastructure and ensuring adequate number and quality of 
healthcare professionals. It was pointed out that private sector provision of health-
care was as high as 70%. The health service market had evolved into two distinct 
streams: private sector for those who could afford to pay and public sector for those 
with limited means. The health sector has represented a significant investment mar-
ket for PPPs since the inception of private finance initiative (PFI) in 1992. The same 
note referred to three key health PPP procurement programmes in the United 
Kingdom (UK). All of them were driven by a range of different public sector 
requirements, policy initiatives and outcomes  – PFI hospitals, National Health 
Service (NHS) Local Improvement Finance Trust (LIFT) and independent sector 
treatment centres (ISTCs) [71].

India is well positioned to give exemplary digital health solutions through 
PPPs. The world’s largest healthcare programme, Ayushman Bharat, is one such 
example [72]. PPP initiatives taken by the Indian government include (a) 
Yeshasvini health scheme in Karnataka, (b) Arogya Raksha scheme in Andhra 
Pradesh and (c) telemedicine initiative by Narayana Hrudayalaya in Karnataka. 
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The government of Karnataka, the Narayana Hrudayalaya hospital in Bangalore 
and the Indian Space Research Organisation initiated a telemedicine project called 
“Karnataka Integrated Telemedicine and Tele-health Project” (KITTH), which is 
an online healthcare initiative in Karnataka [73]. Teleradiology Solutions a 
Bengaluru-based company was accredited by the Singapore Ministry of Health to 
provide teleradiology services to hospitals and diagnostic centres in Singapore. 
This joint venture had dramatically reduced the report turnaround time in 
Singapore from 2 to 3 days to less than an hour. Tripura a state in a remote part of 
northeastern India have their X-rays contemporaneously interpreted in real time 
from 23 sites by 50 specialist radiologists from a central reporting centre located 
in southern India. Similar PPPs have made remote radiology available 24/7 to 
healthcare providers across tier 2 cities and remote markets in India. Other PPP 
initiatives started by the Indian government include (a) emergency ambulance 
services scheme in Tamil Nadu (b); Urban Slum Health Care Project, Andhra 
Pradesh; and (c) Rashtriya Swasthya Bima Yojana – the last has been implemented 
in 25 states of India [74].

Inadequacies in outreach and unaffordability coupled with escalating healthcare 
costs have aggravated the problem of receiving healthcare. PPP model has the 
potential to ease the impasse. Deficiencies in infrastructure, human resources (HR) 
and financial inability are being addressed by the spread of Rashtriya Swasthya 
Bima Yojana and National Rural Telemedicine Network (NRTN) jointly. Fair price 
shops are also an effective tool in reducing cost of treatment. The NRTN covered 
three levels: networking primary health centres (PHCs) to district hospitals (level I), 
district hospitals to state/super-specialty hospitals (level II), interconnected state/
super-specialty hospitals (level III) and also mobile units connected to nearest PHCs 
and district hospitals (level M), all connected through high bandwidth fibre-optic/
satellite connection. Medical opinions, consultation, diagnosis and surveillance are 
possible at a very cost-effective and efficient manner through telemedicine network 
spread across the country [75].

The present system of providing rudimentary services in the government sector, 
leaving high-tech care largely to the private sector, has been questioned, especially 
when public funds are used to subsidise private providers. PPP can be an effective 
means of providing rational, affordable and comprehensive care to the entire popu-
lation, provided that the private partners are chosen with care. Current evidence 
suggests that the best private partners are the not-for-profit entities like self-help 
groups. Some authors opine that medical care privatisation can result in adverse 
health impacts [76]. Others contend that private participation is sought not for lack 
of funds but for lack of managerial and technical ability [77]. After identifying gaps 
in public health delivery in rural areas, the Confederation of Indian Industry (CII) 
reported that PPP can help improve the healthcare delivery system [78]. In a study 
of 13 states where PPP was used in managing PHC, Pal et al. conclude that PPP has 
now become an increasingly popular option in healthcare delivery system in India 
[79]. Corporates are actively participating in health programmes utilising manda-
tory corporate social responsibility funds. This increases opportunity for improving 
healthcare delivery through PPP [80].
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The government of India has laid down guidelines for facilitating entry of the 
private sector in the healthcare space at the district level, through PPP models. 
Public think tank NITI Aayog, along with technical assistance from the World Bank, 
has charted out guidelines for PPP that states can choose to opt for, as health is a 
state subject. The decision to create model concessionaire agreements (MCA) for 
PPP in health sector was taken in March 2016. The centre of the MCAs is the dis-
trict hospitals, and the focus is on preventing, diagnosing and treating non- 
communicable diseases (NCDs) like heart and lung diseases and cancer in tier 2 and 
3 cities [81].

Variations in level of access and quality of healthcare service delivery have led to 
massively disparate outcomes among states and even districts in India. Accessibility 
and coverage in rural areas are difficult, given the diversity in geographical terrain. 
Inaccessible areas are also the most backward areas. Providing medical services to 
these regions is indeed a challenge. In this context, networking the existing facilities 
through telemedicine facilities will immensely help in reaching out to even a remote 
primary health centre. Availability of demographic and clinical information at the 
point of care can significantly influence the choice of clinical intervention and con-
sequently the clinical outcome. Regional and national data repositories can be made 
accessible through web-based smartcard applications or an IT backbone. Private 
players with expertise and managerial experience in deploying huge ICT networks 
to link the healthcare units across the country can significantly contribute to increas-
ing the access and improving quality of healthcare across India [82]. Defining 
parameters to evaluate PPP projects in healthcare will enable conditions for the 
success of a partnership, enhancing the probability of better implementation, 
intended outcome and improved resource utilisation [83].

 Specific State Government Initiatives in Healthcare PPP

In the state of Jharkhand – an area characterised by a low average income, high 
tribal population, high incidence of poverty and little social development – PPPs in 
healthcare are starting to make a difference [84]. The state’s medical infrastructure 
faced severe constraints, with demand for specialists outpacing supply by 95 per 
cent. New advanced diagnostic centres are now located in small tier 2 and tier 
3 towns, providing much needed health services to a mostly rural and tribal poor 
population. Twenty-four district hospitals and the three state-owned medical col-
leges were part of this PPP. In 2014, the government of Jharkhand set out to change 
this. With International Finance Corporation of the World Bank Group, the state 
structured its first health PPP and set up a network of modern diagnostic centres to 
provide comprehensive radiology and pathology. With better technology, efficiency, 
skilled health staff and speedy service, 3.5 million residents per year benefited from 
better primary and preventive healthcare, including basic and advanced diagnostics 
in oncology, cardiology, urology and other pathology services at affordable prices. 
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A “hub and spoke” PPP model – in which services are distributed and routed into 
and out of a central location – was used. Two leading pathology service providers, 
SRL Limited and Medall Healthcare, signed 10-year concession contracts to build, 
operate and transfer the facilities back to the state government. A joint venture 
between Manipal and Philips signed a concession contract with the state govern-
ment to set up radiology services across all the state districts [85].

Chiranjeevi Yojana (CY) is a PPP between the state and private obstetricians in 
the state of Gujarat, which commenced in 2007. The state pays for institutional 
births of most vulnerable households (below poverty line and tribal) in private hos-
pitals. An innovative remuneration package has been designed to disincentivise 
unnecessary caesareans. The target beneficiary group is widened through this initia-
tive [86]. The government of Karnataka issued a formal policy on PPP in 2000 for 
NGOs to manage PHCs. This enabled Dr Sudarshan of the Karuna Trust to start 
doing yeoman service [87]. Karnataka also demonstrated the impact of a PPP on the 
continuum of HIV care among adults enrolled at a private hospital/ART link centre. 
PPP models of ART delivery improved HIV treatment initiation and loss to follow-
 up without compromising the effectiveness of treatment [88].

Similar initiatives of people like retired Colonel CS Pant (Uttaranchal mobile 
health clinic), Dr KJR Murthy (Mahavir Trust Hospital in Hyderabad), Mr MA 
Wohab (boat-based mobile health services in the Sundarbans of West Bengal) and 
Dr Haren Joshi (Shamlaji Hospital in Gujarat) have inspired partnership initiatives. 
Geographical and topographical limitations in accessing health services by the peo-
ple in Uttaranchal and in the Sundarbans prompted innovative health delivery mech-
anisms by local private agencies [89]. OTTET telemedicine network with the 
support of the government of Odisha has successfully been implementing telemedi-
cine project throughout the state to bridge the gap of demand-supply mismatch, 
doctor-wise and facility-wise, to provide healthcare at the doorsteps to a population 
living in far-flung areas of 51,000 villages of Odisha. OTTET rolled out a platform 
in technical collaboration with School of Telemedicine and Biomedical Informatics 
(The National Resource Center), SGPGI, Lucknow [90].

Bihar a low-income and third most populous state in India involved the private 
sector in partnerships through the National Rural Health Mission as early as 2005. 
During 2006–2007, PPP in radiology (X-ray and ultrasound) was implemented 
across 38 districts, from primary health centres to the district hospitals. In addition, 
many other ancillary services were also provided. The authors however point out 
serious issues in quality of services and non-adherence to the contractual agreement 
[91]. West Bengal government initiated an innovative PPP telemedicine pilot ven-
ture in Mousani, a small island in the Sundarbans with 30,000 inhabitants. It is 
being implemented through a partnership with the Namkhana Panchayat Samiti (of 
which Mousani is a part), the South 24 Parganas district magistrate and a private 
firm Global Healthcare on a sustainable low-cost model [92]. It has brought health-
care within the reach of every consumer by optimum use of technologies enabling 
connected health and providing continuum of care.
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 Technology-Enabled Remote Healthcare: Challenges 
on the Field

 TeRHC: Conceptualisation

As there was no precedent whatsoever and nothing to fall back on, frugal innovation 
was the key word. Programme implementation started with planning optimum 
human resources and proper training. Improving stakeholder participation, increas-
ing problem assessment capacities and developing local leadership to promote the 
programme in the community were critical. Tools used for community outreach 
included deploying banners and hoarding for promotion of awareness cum screen-
ing camps and door to door universal health screening. The aim was to achieve a 
radical cultural transformation. Technology and clinical management resources 
alone would not have sufficed. Following a need assessment study, a turnkey solu-
tion, end-to-end, on a programme management approach with measurable mile-
stones and monthly reports was initiated. A devoted passionate team of telemedicine 
specialists, clinicians and programme managers using HR from the local commu-
nity identified and circumvented hosts of issues. This resulted in delivery of afford-
able quality healthcare to anyone, anytime, anywhere. Standard operating procedures 
(SoP), service-level agreements, accountability, responsibility, defining measurable 
goals, regular auditing, deploying objective impact assessment tools, performance 
indicators, grievance redressal mechanisms and escalation and evaluation matrices 
were used. Creating a motivated team to administer and implement well thought out 
SoPs, with good “man management”, helped fulfil primary objectives of delivering 
remote healthcare.

As this was a first of its kind initiative, strategic decision-making was deployed. 
To compound the concerns, the beneficiaries, who had been living in a world of 
their own for decades, were at the “bottom of the pyramid”. The consultants were 
urban super-specialists working in a state-of-the-art, future-ready, JCI-accredited 
hospital. A major cultural transformation had to be effected. Challenges included 
(a) convincing the community that a healthcare provider could appear on a screen, 
make a diagnosis and advise treatment; (b) convincing the beneficiaries that virtual 
consultants would be able to empathise with them; (c) convincing the very few 
complacent doctors at the remote centre that this new service would not undermine 
their status and importance and that instead of being a threat, the new service would 
only be helping them; and (d) convincing the government that a radical exponential 
cultural transformation among all the stakeholders could be executed, (e) that the 
programme would be cost-effective and need based using appropriate technology 
and (f) that the programme would be totally transparent, accountable, responsible 
and open to external third-party audit.

Delivering hitherto undelivered services was a major challenge for Apollo 
TeleHealth Services (ATHS). This highly technical project required considerable 
inputs from telemedicine specialists with an in-depth domain expertise. No infor-
mation was available on how an isolated community, totally unfamiliar with virtual 
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healthcare, would accept this new delivery system. Concept of “staying healthy” 
was alien to the existing culture. Proactive measures had to be introduced to modify 
health-seeking behaviour. Technology acceptance was a major concern. Apollo 
Hospitals was staking its reputation spending considerable human resources, effort 
and time without the usual return on investment. Benefitting the community and 
making the impossible possible were the primary objective. Several indirect costs 
were absorbed by ATHS.

 Strategy and Planning to Introduce TeRHC

These included:

 (a) Creation of virtual OPs at predetermined times and days, depending on local 
convenience. Specialist telecamps would ensure maximum utilisation of the 
specialist’s limited time. Generally, a specialist gets “turned on” by seeing more 
patients.

 (b) Tele-OP clinics for comprehensive primary and preventive healthcare services.
 (c) Tele-super-speciality consultation services, tele-emergency services, tele- 

laboratory services, community outreach and tele-social health education pro-
grammes and teleradiology reporting were additional services.

 (d) Customised electronic medical records systems would enable detailed analytics 
and impact analysis.

 (e) For emergency patients, the primary objective was to avoid expensive, logisti-
cally complex transfers to higher centres especially if they could be managed at 
the tele-emergency centre itself. The proposed Apollo tele-emergency system 
would be linked in real time to support the front-line medical system. Initial 
stabilisation before transferring the patients to the nearest higher centre was a 
secondary objective.

 (f) A list of deliverables was offered to the government. Non-functioning of tele-
medicine equipment for more than 5 working days, even in the remote isolated 
mountainous areas, would be considered as failure in delivery of services.

 (g) In practice, it would be extremely difficult, if not impossible, to get Hindi- 
speaking consultants available at short notice for highly subsidised compensa-
tion from quaternary centres. Enthusiasm and willingness of younger doctors 
would be more. They would also see in this an opportunity for increasing their 
own knowledge, experience and popularity. It was decided to build redundancy 
into the system, so that at no time would there be a shortage of consultants.

 (h) A list of all drugs available and not available in the remote centres would be 
provided to the teleconsultants.

 (i) Backup plans were made for mobilising equipments in time, facing treacherous 
roads and landslides and temperatures of −25C during winter. Figure  14.1 
shows the way to reach the telehealth centre at Kaza; Fig. 14.2 shows telehealth 
centre at Kaza, Keylong, Pangi and Bharmour.
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 (j) Total transparency ensured accountability to the government, who could also 
monitor the programme. Remote consultations would ensure functional learn-
ing, with a scope for improvement at all levels.

 Supportive Steps to Ensure Utilisation of Services in a PPP Mode

This was addressed by having a full-time employee in each centre dedicated exclu-
sively for community outreach. Mass communication methods, with customised, 
cost-effective, need-based information, were deployed. A rigorous, detailed stan-
dard operating procedure ensured that all factors were taken into account. Non- 
familiarity with hardware and software and reluctance to use the new tools were 
addressed by training and retraining, ensuring constant skilling and upskilling. 
Relearning and unlearning were emphasised. Government employees are transfer-
rable. Newly trained resources may get transferred or may go on leave, and this may 
affect the stringent deliverables of ATHS. Even at the conceptualisation stage, the 
government was requested to permit human resources for this project, to be employ-
ees of ATHS. Managers would not be able to ensure accountability and responsibil-
ity from existing government employees, who could even view the telehealth service 
as an additional work. As a private organisation, ATHS could provide performance- 
based incentives. The resources would be closely monitored remotely and a carrot 
and stick policy actually implemented.

Fig. 14.1 Way to reach telehealth centre at Kaza

Fig. 14.2 Telehealth centres at Himachal Pradesh – Kaza, Keylong, Pangi, Bharmour
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 Training

Training and re-training was a major component of the project for ATHS staff and 
government employees associated with the project.

Subjects covered included (a) clinical areas, (b) IT, (c) community linkage, (d) 
attitudinal change and (e) patient delight aspects. Change management and work-
flow process re-engineering were new to the staff in the centres where telehealth 
was to be introduced. As telehealth services were hitherto non-existent in the con-
ventional government health system, it was proposed to blend this and create a 
workflow process, which would be integrated with the existing government health-
care system. The SoP included a section on training, with details on course content, 
method of delivery and method of evaluation. HR provisioning included inducting 
an existing medical resource team into a training programme for capacity building. 
After an intensive 3-month training at Chennai, a telehealth coordinator/facilitator 
and two telehealth community linkage coordinators, all initially recruited from the 
local community, were posted in the mountainous areas of Kaza and Keylong. 
Training components include fundamentals of information and communication 
technology, clinical induction, simulation and soft skills. Field teams were inducted 
into the system after 3 months of training in basics of telehealth. Training covered 
basics of telemedicine and telemedicine equipment, familiarity with tele- 
emergencies, trouble shooting for managing Internet connectivity, petty cash 
accounting, management information system (MIS) and reporting and community 
linkage programmes. The staff were taught the nuances of presenting a clinical 
problem, in an emergency situation, thru videoconferencing. Figure  14.3 shows 
general training in progress at Chennai; Fig. 14.4 shows medical training of staff 
before deployment in remote areas.

 Setting up Tele-Emergency Services

A comprehensive ideal list of 113 items was provided for setting up tele-emergency 
services. It was emphasised that as time was of the essence and a good emergency 
response centre should be well-equipped as a stand-alone unit, it would be prudent 
to have duplication of some equipments. A well-integrated teleconsultation unit 
with remote diagnostic devices (digital 12 lead ECG, spirometer, stethoscope, point 
of care diagnostics) and seamless Internet connectivity of 512 Kbps enabled tele- 
emergency service (TES) implementation. X-ray films developed at the remote 
casualty centre (digital X-ray machines were not available) were scanned and sent. 
The TES system blended seamlessly with the very limited emergency services theo-
retically available. The emergency set-up followed Joint Commission International- 
prescribed protocols. The telemedicine solution had to take into account enormous 
cultural differences, language issues, patient and doctor requirements, inclement 
weather and isolated geographical location. No reliable statistical data was available 
to even guestimate the types of specialties that need to be provided, or even a very 
rough incidence and prevalence of secondary/tertiary diseases in the community. 
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Though attendance at the existing government OP was high, 150–300 people daily, 
it was felt that for the majority, a hospital visit was more an outing and an occasion 
for social intercourse rather than for attending to medical problems per se. As this 
was a new initiative which neither the doctor nor the patient is familiar with, it was 
felt that there would not be more than 20–30 requests for emergency teleconsulta-
tions per month from each centre at least during the first few months. Providing 
immediate services for such a very small number only compounded the problem.

 Contact with Community

Resource persons would make as many physical visits as possible to the community 
members and distribute simple, public-friendly, profusely illustrated information 
booklets, which would highlight and simplify the entire telemedicine process and 
explain at length its advantages. They would provide information, which would 

Fig. 14.3 General training in progress at Chennai
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assist the community in reducing travel to distant locations saving money and 
enabling the community to access seamless healthcare services, through the exist-
ing government health system. Major change management issues were initially 
faced with the local staff, who perceived telehealth as a threat. Limited infrastruc-
ture, multiple dialects, poor health-seeking behaviour and total unawareness of tele-
health compounded the challenges. Technology provided virtual specialists on a 
screen – but making available drugs prescribed and tests requested was extremely 
difficult. Making sophisticated urban teleconsultants constantly use generics for 
limited medicine available and avoiding multiple and sophisticated investigations 
were also difficult.

 Cost-Effectiveness

The government had been willing to spend INR 25 million annually (355,000 US$ 
as compensation to make available 10 specialists for the district.) These salaries 
were almost triple of what is normally paid. In spite of these inducements, it was not 
possible to persuade doctors to physically reside in the district. Additional expenses 
were incurred on helicopter evacuations for ill patients. The total cost of the tele-
health project during the first 15 months, with its major societal impact, for two 

Fig. 14.4 Medical training of staff before deployment in remote areas
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centres was INR 23 Million. A sample survey of 105 users of the telehealth services 
indicated that in addition to saving considerable effort, time, physical discomfort 
and emotional stress INR 8.7 Million would have been spent in travel alone for 
obtaining perhaps suboptimum healthcare for this small group. The non-tangible 
benefits are literally priceless and cannot be quantified including the happiness that 
a caring government has facilitated quality accessible healthcare, at no cost to the 
end user. Benefits to the environment include reducing carbon print, as about 100 
ambulance trips of 150 km and probably 5 helicopter evacuations have already been 
avoided in the initial 9 months.

 Challenges in Communication

Dedicated customised highly subsidised very small aperture terminal (VSAT) satel-
lites were provided by BSNL (largest network provider of the government of India 
(www.bsnl.co.in). The authors implemented a novel reliable 24/7 premium package 
with a committed bandwidth of 512 Kbps uplink and 512 Kbps downlink. Normally, 
expensive C-band satellite or intermediate Ku-band satellite connectivity would 
have been other options. Ku-band is less reliable in terms of committed bandwidth. 
24 × 7 seamless, totally dependable, reliable broadband high-speed Internet con-
nectivity was ensured. Minimum bandwidth compatible hardware and software 
were deployed. From a clinical patient management perspective, “just enough” 
bandwidth always available was better than ideal bandwidth not totally reliable. 
Redundancy was built into the system with an additional independent backup net-
work. Due to security reasons, as these centres were very close to the Indo China 
border, private network operators are not allowed to provide services here. Measuring 
performance is essential in understanding, if the network is working as intended and 
its effect.

 Assessing Performance

All telemedicine systems should provide information about set-up and running 
costs, as understanding cost-effectiveness is crucial for ensuring sustainability. 
Measuring the performance of a system is only one aspect of its overall evaluation. 
A telemedicine network does not exist in isolation. It is a component or subsystem 
within an organisation. Measurement includes selecting the characteristics to be 
measured, choosing a suitable method to measure that characteristic, collecting the 
data, analysing the collected data, making decisions on the basis of the results and 
implementing those decisions. “Performance” criteria would differ for each stake-
holder – perspective being different for the patient, telehealth coordinator, telecon-
sultant and financial officer. Societal perspective could be totally different. The 
context is critical in measuring the impact of a telehealth network. To the inhabit-
ants of an isolated sparsely populated district like Lahaul and Spiti, ATHS has made 
a tremendous difference, for the simple reason that there was no other option. From 
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an audit perspective, the absolute numbers (of money spent and patients who have 
utilised this service) may not, in the first few years, fully justify the cost incurred. 
One could customise a wide range of indicators and metrics that might be relevant 
to the measurement of performance. Indicators “indicate” impact, but they do not 
attempt to quantify that impact, whereas metrics are “numerical indicators” that 
allow the impact to be quantified. A combination of indicators and metrics is there-
fore needed. Indicators could include (a) utilisation (how busy is the network?), (b) 
quality (how good are the responses?), (c) usability (how easy is the system to use? 
trouble shooting technical problems?) and (d) patient outcomes.

 Societal Influences

Local champions play an important part in overcoming barriers, through opportu-
nistic exploitation of technological and financial options. Telehealth usage fluctu-
ates between medical and administrative operations, in response to internal needs 
and contextual dynamics. Sustainability of telehealth is affected by existing struc-
tures and processes of the healthcare delivery system, policy frameworks, commu-
nication and technology costs and physician and patient acceptance. A telehealth 
service is sustainable when it has been absorbed into the routine healthcare delivery 
system. Collaboration within the institution, developing alliances within the com-
munity, developing external partnership, identifying critical services, engaging 
external specialists, developing shared vision, exploiting funding opportunities, 
exploring technological options and improving administrative processes are all 
equally important. This approach makes the whole greater than the sum of its parts. 
Implementation of telemedicine requires rethinking and redesigning of the func-
tions, structure and culture within the organisation to achieve major improvements 
in cost, quality, service and speed. The main objectives should include developing 
new business processes that support and improve the delivery of services and con-
tinually evaluating the enterprises’ structure and operations to achieve more respon-
sive systems.

 Barriers to Adoption of Telemedicine

These include technology integration, interoperability, standardisation, security, 
time constraints and financing. As the history of telemedicine depicts, governments 
can provide technology, but unless health professionals are proactive, the equipment 
will not be used. Health professionals’ perceptions, together with organisational and 
cultural structures affecting health, legal issues, technical difficulties, time, conve-
nience and cost, are critical. Hurdles relate to reimbursement, policies governing 
telecommunication and information technologies, development and licensure. 
Issues pertaining to healthcare organisations influence telehealth adoption. 
Telehealth adoption is a complex behaviour determined by a large set of psychoso-
cial factors [93]. Studying telemedicine quality from a patient perspective, as 
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consumer and indirect user, is needed from a healthcare business perspective. 
Patient opinions shape the marketplace and may be missed by an organisation or 
provider if not specifically studied. One reason for low utilisation rates could be 
dissatisfaction with the telemedicine encounter experience.

 Illustrations of Mega TeRHC Projects in PPP Mode in India, 
Executed by ATHS

Figure 14.5 shows distribution of TeRHC projects in PPP mode in India.

 Telehealth in the Himalayas

The Himachal Pradesh government telehealth services programme operationalised 
by ATHS was a first of a kind PPP telehealth care programme in South Asia [94]. 
This programme provides much-needed primary, secondary, specialty, super- 
specialty and emergency consultations virtually, from Chennai and Hyderabad up to 
2950 km away. The remote telemedicine centres are physically located in four iso-
lated locations situated at heights of 12,500–7000  feet in the Himalayan moun-
tain range.

At Kaza and Keylong, temperatures go down to −25C. During winter, the roads 
are blocked for 4–5 months due to major snowstorms and landslides. Established 
initially as a proof of concept technology-enabled service delivery model, it is now 
a time-tested program. The programme allows patients to get remote videoconference- 
based consultations supported by online, real-time and remote peripheral 

Fig. 14.5 Shows distribution of the various PPP projects deploying Telehealth spread over India
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diagnostics. This programme links emergency and specialty experts from Apollo 
Hospitals with state-of-the-art telehealth centres set up by ATHS in the regional 
government hospitals using dedicated satellite bandwidth connectivity. In a first of 
its kind publication, it was shown that delivering tele-emergency services in inhos-
pitable terrains in a public-private partnership mode is doable and is welcomed by 
the community [95]. Preventive healthcare services like tele-cervical cancer screen-
ing, under the supervision of obstetrician and gynaecologist from Apollo Hospitals, 
are also being provided at Kaza and Keylong. Figure 14.6 gives details of the vari-
ous milestones achieved in this project. The objective of this telemedicine pro-
gramme is to create a conducive environment in remote and difficult to access areas 
and to provide the required healthcare support system. This programme has reduced, 
difficult travel for patients to distant locations seeking healthcare, saving effort, 
time and money.

 Telehealth in Andhra Pradesh Mukhyamantri Arogya Kendram 
(e-UPHC) (182 Centres)

To address the need for providing essential primary and specialist healthcare services 
for the urban poor, living in slum areas, selected urban primary health centres 
(UPHCs) were upgraded to electronic UPHCs by incorporating telehealth services. 
These centres provide basic services and, harnessing technology, deliver a spectrum 
of remote specialist services including cardiology, orthopaedics, endocrinology and 
general medicine through telemedicine. Spread across nine districts in the state of 
Andhra Pradesh, 182 e-UPHCs were commissioned [96]. Each centre is remotely 
connected to Apollo Hospitals, Hyderabad. By leveraging benefits of communication 
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technology, this first of a kind PPP initiative has extended the outreach of a quater-
nary care hospital, bringing specialised care to the doorsteps of the underprivileged. 
The initiative is a part of the National Health Mission (NHM), a government of India 
programme. NHM envisages meeting healthcare needs of the urban population with 
focus on urban poor, thus reducing out-of-pocket expenses for treatment. In recogni-
tion of the benchmarks set up, 18 more centres have been added to this project by the 
government. Table  14.1 gives details of various services rendered from October 
2016. Figure 14.7 shows patients waiting and a teleconsultation in progress.

 Tele-Ophthalmology (MeEK): 115 Centres

Another major PPP project executed by ATHS for the government of Andhra 
Pradesh is the Mukhyamantri e-Eye Kendram or MeEK project. One hundred fif-
teen existing community health centres/vision centres run by the Department of 
Health and Family Welfare, government of Andhra Pradesh, in 13 districts were 
identified. State-of-the-art tele-ophthalmology services were introduced by 

Table 14.1 MAK services snapshot – as of Apr 2020

MAK services snapshot – Apr 2020
Parameter Mar’20 Apr’20 Cumulative
Total consultations 2,58,020 1,03,481 1,03,42,380
General op consultations 2,31,563 99,420 93,51,018
Specialist teleconsultations 26,457 4061 9,91,397
Unique patients treated 41,571 18,859 24,66,124
Repeat consultations 2,16,449 84,622 78,76,256
Lab referrals 46,967 11,245 17,83,091
Lab tests 1,88,312 35,795 72,17,4538
ANC visits 11,936 6208 4,23,600
Immunization visits 16,608 8147 9,33,713

Source: Government of Andhra Pradesh http://www.euphc-ap-gov.in/

Fig. 14.7 e-UPHC in Andhra Pradesh: outpatient waiting and teleconsultation
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ATHS. The low ophthalmologist-patient ratio of 1:10,000 is further compounded by 
the urban-rural health divide. Acute shortage of optometrists in rural India results in 
millions developing visual impairment, unnecessarily, due to lack of access to eye 
care services in their community. Early diagnosis and initiation of corrective mea-
sures could prevent the irreversible condition at which individuals often present 
themselves now. By making available free, quality eye care services in the commu-
nity itself, the government is fulfilling a major requirement. The specific problems 
addressed include high-quality evaluation of refractive errors for tens of thousands 
of individuals, providing them with quality-monitored spectacles and remote fun-
dus screening to enable early referral to higher centres for definitive treatment. 
Implementing this in 115 rural centres in 13 districts and maintaining a “customer 
delight” milieu were indeed a humongous task. Being a first of a kind initiative in a 
PPP mode made the problem even more challenging. Ensuring continuous quality 
control, constant compliance and adherence to strict deliverables closely monitored 
by the government in a consortium environment, to about 2000 individuals a day, 
8 hours daily, 6 days a week, would aptly describe the scenario.

Each tele-ophthalmology unit has a paramedical ophthalmic officer (PMOO). 
One equipment assistant (EA) per centre ensured maintenance of the automated 
digital equipment including non-mydriatic fundus camera, auto-refractometer, lens-
ometer and other equipments. Administrative support from district managers super-
vised by a programme manager ensured achievement of all objectives. Apollo 
TeleHealth manages the project electronically through electronic medical record 
keeping, digital transmission of images captured from the equipment for eye screen-
ing and digital reports sent remotely. Practical measures to comply with the strict 
TAT (turnaround time) are deployed. The impact, 1,460,786 have had their eyes 
screened during the last 24  months. 1,132,154 spectacles have been distributed. 
1,372,446 refraction checks have been done and 351,643 fundus images examined 
remotely. Figure 14.8 shows eye evaluation in a remote centre and Table 14.2 gives 
details of services rendered. Figure 14.9 illustrates the real-time dashboard in the 
public domain.

 Other Telehealth PPP Projects

 Jharkhand Digital Dispensaries Programme [97]
The government of Jharkhand understanding the need for more doctors and 
improved medical facilities decided to launch telemedicine through digital dispen-
saries (Fig.14.10). Consultants in general medicine, dermatology, gynaecology and 
paediatrics would initially be available virtually. Basic laboratory investigations 
would be provided. One hundred digital dispensaries in 22 districts were identified. 
ATHS was chosen as the service provider to implement, operate and manage the 
digital dispensaries for 5 years. The service commenced on 20 Feb 2019. As in other 
PPP projects with ATHS, a dashboard (http://jhdd.ind.in/) gets updated in real time. 
This total transparency ensures confidence among all stakeholders that public 
money is well spent. It also ensures credibility of the healthcare provider and their 
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operational competence. Numbers speak for themselves. They reflect the satisfac-
tion of the beneficiaries. In the first 15  months alone, 328,648 teleconsultations 
were done. Figure 14.10 displays a typical dispensary; Fig. 14.11 shows screenshot 
from real-time government dashboard – details of remote healthcare in 100 digital 
dispensaries in Jharkhand.

 Uttar Pradesh Telemedicine Programme
In order to provide timely and quality specialty healthcare services, the Department 
of Medical Health and Family Welfare, Government of Uttar Pradesh (UP), 

Fig. 14.8 Eye evaluation in remote centre

Table 14.2 Tele- ophthalmology 
data as of 23 May 2020

S. no Data Cumulative
1 No. of patients registered 1,460,786
2 Fundus examination done 351,643
3 Reports finalised 318,312
4 Patients referred to higher 

centre
90,428

5 Spectacles ordered 1,132,154
6 Spectacles delivered to patients 1,098,518

Source: Government of Andhra Pradesh http://enethraap.
phc.ind.in/
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overcame existing challenges by deploying Telemedicine. ATHS was selected as the 
“Service Provider”, to render Specialty Teleconsultations at specified Community 
Health Centres (CHCs) in the State. The primary objective of the UP telemedicine 
programme was to provide specialist healthcare services, especially in rural areas. 
The programme is currently being implemented by ATHS across 114 Community 
Health Centres (CHCs). Secondary (specialty) healthcare services are made avail-
able virtually through CHCs. This results in reduction of out of Pocket (OOP) 
expenditure, unnecessary travel and cost. From 20 May 2019 when the services 

Fig. 14.9 Example real-time dashboard MeEK project as of 23 May 2019. (Source: Government 
of Andhra Pradesh http://enethraap.phc.ind.in/)

Fig. 14.10 Typical digital dispensary at Jharkhand
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commenced till 23 May 2020, 141793 specialty teleconsultations were provided. 
Only 5% were referred to a higher centre. Reducing the number of patients at higher 
centres, one of the objectives of the telemedicine programme, appears to have been 
achieved. Figures 14.12 and 14.13 shows Snapshots of UP Telemedicine Dashboard

Uttar Pradesh teleradiology PPP program With increased acceptance and appli-
cation of technology in healthcare and acute shortage of radiologists throughout 
India particularly in suburban and rural India, teleradiology thru a PPP mode would 
bring immense benefits. The UP teleradiology programme provides access to expert 
and specialist radiology reporting services, especially for the rural areas. Systematic 
implementation of operational activities, beginning from site development and 
installation of IT equipment to training of human resource and trial testing for 
assessing functional status of centres, has led to commissioning of 127 teleradiol-
ogy centres in rural UP – a mammoth undertaking by any standards. Figure 14.14 
shows training of teleradiology facilitators.

Stringent Tturnaround Ttime (TAT) is an important parameter to evaluate suc-
cess of the programme. To maintain consistency in service delivery, TAT for inter-
preting, diagnosing and reporting for non-emergency cases was fixed at 6 hours. For 

Fig. 14.11 Government dashboard – details of remote healthcare in 100 digital dispensaries in 
Jharkhand. (Source: Government of Jharkhand http://jhdd.ind.in/)

Fig. 14.12 Snapshot of UP Telemedicine Dashboard updated in real time as of 23 May 2020. 
(Source: Government of Uttar Pradesh http://uptm.ind.in)

K. Ganapathy and S. Reddy
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emergency cases TAT was 2 hours. This was achieved in 97.3% Continuous training 
to radiographers stationed at all teleradiology centres and continuous quality checks 
reduced the number of studies that could not be reported, because of deficiencies in 
the uploaded X-ray images, to 2.7%. Attempts are being made to reduce this further. 
However, considering the age of the X- ray machines and the suboptimal infrastruc-
ture in the isolated geographical areas, this is not surprising. A real- time Ddashboard 
link http://uptr.ind.in ensures transparency and opportunity for instituting immedi-
ate corrective measures. About 33,000 X-ray images have been scanned and trans-
mitted digitally for remote reporting (average 360 images per day). Service uptime 
has been 99.1%.

 National Thermal Power Corporation (NTPC)

NTPC is one of the biggest public sector units in India. The NTPC Bongaigaon 
Thermal Power Plant (BgTPP) located in Salakati village of Kokrajhar district in 
the state of Assam provides a significant part of India’s thermal energy. Providing 
quality, affordable, accessible, 24/7 healthcare including specialties for only 2500 
families inside an isolated remotely located, disturbed area close to the Indo China 

Fig. 14.13 Snapshot of UP Telemedicine Dashboard updated in real time as of 23 May 2020. 
(Source: Government of Uttar Pradesh http://uptm.ind.in)

Fig. 14.14 127 Teleradiology centres – training of teleradiology facilitators

14 Technology Enabled Remote Healthcare in Public Private Partnership Mode…

http://uptr.ind.in/
http://uptr.ind.in/
http://uptm.ind.in


224

border is a major challenge. The NTPC telehealth services programme is an initia-
tive of NTPC Ltd implemented by ATHS deploying current information and com-
munication technology (ICT) coupled with trained human resources and diagnostics 
[98]. Under this programme, primary, specialty, super-specialty and emergency 
teleconsultations are provided to NTPC employees and their family members. A 
pharmacy with essential medicines operated by a trained pharmacist, physiotherapy 
services with a dedicated physiotherapist and a digital X-Ray unit with a trained 
radiographer complement the services offered. X-ray images are remotely evaluated 
from Chennai 2500  km away. To promote preventive health-seeking behaviour, 
health profiling of NTPC employees and social health education sessions are organ-
ised. Risk categories are identified based on specific health parameters and residents 
grouped into one of four risk categories. High- and medium-risk patients are moni-
tored continuously. The objective is to provide a personalised continuum of care 
health model. Figure 14.15 shows telehealth services rendered at NTPC as of 07 
May 2020; Fig. 14.16 shows the telehealth centre at NTPC.

General Physician Tele
Consultations

Total: 1548

Initiation of
Services

Specialty Tele
Consultations

Total: 1645

Overall Tele Consultations
Total: 3922

Pharmacy
From January 2018 to

7th May 2020:
Pharmacist has

attended to patients
5331 times

Laboratory
From April 2018 to

7th May 2020:
15269 tests done

12th
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7th
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2020

7th
May
2020

7th
May
2020

7th
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2020

Tele Emergency
Total: 729

NTPC BONGAIGAON, TELE HEALTH SERVICES

Fig. 14.15 Telehealth services rendered at NTPC as of 07 May 2020

Fig. 14.16 Telehealth centre NTPC
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 TUVER: Beneficiaries of TeRHC at Tuver

With a vision to provide sustainable, comprehensive and quality healthcare ser-
vices, the University of Pittsburgh (UoP) Business of Humanity (BoH) in associa-
tion with Apollo Telemedicine Networking Foundation (ATNF), Safeworld Rural 
Services (SRS) and Narottam Lalbhai Rural Development Fund (NLRDF) has initi-
ated Tuver Health and Wellness Centre (THWC) project [99]. The THWC project 
envisages to promote health and wellness among the rural communities in and 
around Tuver village, Gujarat. The THWC project is unique, as it is a combination 
of healthcare and digital services. It not only looks at improving access but also 
aims at achieving self-sustainability, especially with inclusion of solar power. The 
final goal of the project is to empower “bottom of the pyramid” individuals, to 
improve quality of life and contribute towards overall development. Remote health-
care is provided to a far-flung isolated area using Internet services. The pictogram 
below (Fig.  14.17) summarises what has been achieved in the last 15  months. 
Figure 14.18 shows promotion of health literacy in progress.

 Technology-Enabled Mega Screening thru CSR Funding: NCD 
Screening Programme

To facilitate a paradigm shift from “illness to wellness”, ATHS focused on promot-
ing preventive healthcare deploying technology-enabled selective NCD screening 
for specific populations. Screening camps were conducted for hypertension, diabe-
tes, obesity and anaemia. ATHS is the implementation partner of a “get active” 
programme. This programme is for prevention and control of NCDs, using screen-
ing and health education tools. This programme is being implemented across seven 
cities in India – Bangalore, Chennai, Delhi NCR, Pune, Kolkata, Vijayawada and 

Tuver Health & Wellness Centre Program

February 1st 2019 to April 30th 2020

Teleconsultations Laboratory Social Health
Education

(SHE)

Pharmacy Common
Services
Centre

Health
Profiling

1436 776 824 977 740 3560

Fig. 14.17 Pictogram detailing services at Tuver as of 30 April 2020
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Coimbatore. Stakeholders or social groups targeted under this initiative include 
individuals from lower-income groups in urban slums and industrial workers. 
Features unique to this service include data collection through integration of infor-
mation technology (IT) and clinical decision support software module. Figure 14.19 

Fig. 14.18 Promoting health literacy at Tuver

Fig. 14.19 Details of technology-enabled screening camps pan-India as of 31 Jan 2020
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gives details of the number of beneficiaries pan-India, Provision of real-time onsite 
teleconsultations in the camps, to participants who are identified “at risk” and par-
ticipants already affected with NCDs is a first. Health education sessions are regu-
larly conducted, using customised audio-visual content (in local vernacular 
language) on NCDs, to women participants in urban slums along with assessment 
of knowledge retention.

The programme is a “corporate social responsibility” initiative of a multinational 
company “Landmark” [100].

34,302 Teleconsultations were done in camp mode (Fig. 14.20) as of 19 October 
2019. Teleconsultations are provided in the screening camp for participants identi-
fied with elevated HbA1C and lipid profile values. Teleconsultations are being pro-
vided to allay fears and improve adherence to treatment. All processes are performed 
through an online-automated system, which enables capturing of data at source and 
provides decision support. Participants provided with teleconsultations are being 
followed up for adherence to treatment and initiation of preventive measures. This 
study of 34,302 update beneficiaries from six centres pan-India has proved that 
providing teleconsultations in a camp mode is doable [101]. Connecting in real 
time, to a doctor remotely, in an NCD screening camp, offering immediate counsel-
ling, advice and even an e-prescription, is a value-added service and a 
differentiator.

 Lessons Learnt and Conclusions

Nothing can stop an idea whose time has come. It has taken two decades, but we 
believe that we are reaching that critical mass essential for a successful take off. 
Persistence, passion and a continuing belief in oneself is what keeps one going, in 
spite of what at one time appeared to be unsurmountable odds. What started as a 
hobby today has become a large division of a mega conglomerate corporate hospital 
group. This would not have been possible but for the enormous vision of the 

Fig. 14.20 Teleconsultation from camp
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leadership, who like Nostradamus, were able to look into the future. The confidence 
reposed in the operational team acted as a stimulus for the latter. Today the team 
consisting of almost 3000 individuals (including all project staff) facilitates about 
5000 teleconsults a day. Ten million lives have been touched by the remote health-
care division of the Apollo Hospital Group. We are pleased that we have been an 
evangelist par excellence motivating many, many other organisations to embrace 
telehealth and make remote healthcare a reality in India. We are confident that soon 
telehealth will be integrated into the core of the healthcare delivery system in India.
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a Continuum of Health Services

The global community is facing the “digital transformation of healthcare” with the 
integration of telehealth and telemedicine, incorporation of electronic health 
records, and interoperable health information exchange. This remarkable transfor-
mation is having an impact on countries around the world and for patients of all 
ages [1–3]. There are several international and national organizations with an inter-
est in promoting telehealth, sharing knowledge, and assisting in ongoing develop-
ment of telehealth programs in the global community and with individual countries 
(Fig. 15.1).

These associations include the International Society for Telemedicine and 
eHealth [4]; American Telemedicine Association (ATA) and its international chap-
ters [5]; the Swinfen Charitable Trust (SCT) [6]; Doctors Without Borders or 
Medecins Sans Frontieres (MSF) [7]; regional telehealth associations, such as the 
“Asociacion Iberoamericana de Telesalud y Telemedicina” (AITT) [8]; and tele-
health associations or societies in specific countries, such as in Australia, European 
countries, Russia, China, Japan, the Middle East, Africa, and many others. The time 
zone differences between countries create challenges and opportunities for tele-
health collaboration. Providing 24-hour coverage is possible, for example, when 
providers in time zones that are 12 hours apart, so that night coverage in one time 
zone can be covered by providers 12 hours apart when it is daytime in their location. 
Teleradiology programs such as NightHawk [9] took advantage of those time zone 
differences using radiologists in the different time zones in Australia, the United 
States, and Europe. Emory University in Atlanta is placing their own faculty and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56917-4_15&domain=pdf
https://doi.org/10.1007/978-3-030-56917-4_15#DOI
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nurses in Perth, Western Australia, to cover the night call monitoring in the Atlanta 
area hospitals for which they are responsible and relieving some of the night call 
burden of the Georgia-based critical care staff [10].

Telehealth can be used to address global health issues as outlined by the World 
Health Organization (WHO) [11–13] and the 17 Sustainable Development Goals 
(SDGs) published in 2015 [14]. These SDGs replaced the Millennium Development 
Goals (MDG) published in 2008 [15]. The SDGs that are particularly relevant for 
telehealth application include Goal 3, “Ensure healthy lives and promote well-being 
for all at all ages”; Goal 4, “Ensure inclusive and equitable quality education and 
promote lifelong learning opportunities for all”; and Goal 17, “Strengthen the 
means of implementation and revitalize the global partnership for sustainable devel-
opment.” For telehealth to have an impact, other issues need to be addressed, includ-
ing access to clean water, adequate nutrition, waste management, access to power, 
electricity, and the Internet (Fig. 15.2).

Telehealth can also be used in dealing with life-threatening or debilitating infec-
tious communicable disease outbreaks, epidemic or pandemics, as well as endemic 
infections and diseases, such as HIV/AIDS, malaria, dengue, tuberculosis, hepatitis, 
leishmaniasis, Chagas, and other tropical diseases. The spread of those disease can 
be mitigated through rapid sharing of knowledge and appropriate interventions. The 
threats of Ebola, Zika, SARS, and other outbreaks can utilize telehealth networks in 
addressing those life-threatening outbreaks and the serious associated morbidities 
and mortality.

Telehealth and telemedicine can be used for disaster response and useful when 
there is a need for international response and availability of expertise to address the 
medical issues encountered, or triage, particularly when the existing healthcare 
infrastructure is damaged or the medical issues become overwhelming for local 
providers or there is a need to transfer patients to other facilities or other countries 
that have the capacity to manage those medical problems or injuries [16, 17]. These 

Fig. 15.1 Global health. 
(Reproduced from https://
earthobservatory.nasa.gov/
images/565/earth-the-blue-
marble, NASA)
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approaches have been applied effectively after earthquakes, hurricanes, flood, and 
other natural or man-made disasters. To more effectively and efficiently use tele-
health in a disaster, telehealth should be included in disaster preparedness planning 
so that systems and the needed infrastructure needed can be deployed and quickly 
put in place for adequate response.

There is a wide spectrum of ways to utilize telehealth that represents a contin-
uum of care. Each approach should be complimentary in the coordination and con-
tinuity of care in the international community. Furthermore, appropriate and 
effective international collaboration can build better relationships and strengthen 
mutual understanding. Those applications include (1) education, case reviews, and 
simulations, (2) telementoring and tele-supervision, (3) teleconsultation and 
e- consults including specialty services along with direct patient evaluation and 
management, (4) Web-based second opinions, (5) mobile health (mHealth) and 
Internet of Medical Things (IoMT), (6) asynchronous store and forward, (7) remote 
patient monitoring, and (8) future development of artificial intelligence along with 
decision support. All of these approaches apply to international telehealth as well 
outlined below.

 Education, Case Reviews, and Simulation

 (a) The ECHO model
The Extension for Community Health Outcomes (ECHO) is an example of a 

model using telehealth technologies for education and case reviews directed 
toward primary care providers related to common complex health problems that 
improve knowledge and confidence in managing patients with a spectrum of 
medical disorders [18–23]. This model is being adopted by countries around the 
world and offers an important component of the spectrum of telehealth and can 
be part of the continuum of providing and extending access to healthcare knowl-
edge and services using communication and information technologies 
(Fig. 15.3).

17 Goals that can create significant transformation globally that address improving the quality
of life and health of people around the world

Fig. 15.2 The United Nations (UN)/World Health Organization (WHO) Sustainable Development 
Goals (SDGs): (https://www.un.org/sustainabledevelopment/)
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a

b

Fig. 15.3 (a) A typical ECHO session with a panel of experts interacting with multiple primary 
care providers (Used with permission from Project ECHO/ECHO Institute). (b) TeleECHO ses-
sion. (Used with permission from Project ECHO/ECHO Institute)
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When this model exceeds the knowledge, time, and skills of the primary care 
provider, specialty electronic consults and direct patient evaluation and man-
agement can also play an important role in providing care locally and fill gaps 
in specialty care not otherwise available.

 (b) Simulations
Simulations have been used with high-fidelity mannequins and virtual real-

ity environments to allow a safe environment to learn, reinforce training, and 
provide a safe environment to make mistakes and learn from those mistakes and 
thus be better prepared for actual events in which they may not commonly 
encounter. A program called “child ready” helps local providers in their com-
munity use simulation for education and training in dealing with life-threaten-
ing emergencies in children such as serious medical problems or trauma [24]. 
Experts can observe, advise, and provide feedback during the virtual simulation 
exercises. This can be part of a telemedicine program for consultation and triage 
and when and how to access real-time consultation with pediatric emergency 
experts (Fig. 15.4).

Virtual reality environments can also be used with participants joining in the 
virtual world from different locations and other countries over distance to pro-
vide opportunities for team interaction and again create a safe environment to 
make mistakes and learn with expert observation, advise, and feedback [refs 
and images]. There is evidence that these experiences can also improve knowl-
edge and performance during actual events [25–31] (Fig. 15.5).

 1. Telementoring and tele-supervision
 (a) There are several models of providing virtual mentoring and supervision 

using telehealth technologies. Experts can transmit their procedures for edu-
cation and training for students or providers with less experience interested 
in applying these procedures to their patients. Furthermore, real-time super-
vision can be provided virtually by having experts available to view and 
advise others when doing the procedure, as if they were present in-person 
during the procedure and virtually looking over the shoulder of those 

Fig. 15.4 Child ready: 
providing simulation 
training and direct 
consultation in the 
emergency room of distant 
hospitals
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 performing the procedure. The Children’s Heart Hospital in Ukraine has 
used this approach in the operating room during open-heart operations where 
a more experienced expert surgeon can observe and supervise a more junior 
surgeon during the surgical procedure (Fig. 15.6).

 (b) Similar procedures using telehealth have been applied in critical care for 
demonstrating a procedure or supervising other providers during the proce-
dures that are emergent but where there may not have been significant 
experience.

 2. Teleconsultation/e-consults and direct patient evaluation and management
 (a) Specialty services

Real-time video has also been used to evaluate, diagnose, and assist in 
management of patients with experts from other countries or facilitate spe-
cialty interaction within a country from a medical center to providers and 
their patients in distant rural or remote locations. Videoconferencing systems 
provide the means to interact with patients directly in real time for evalua-
tion, diagnosis, and management. These systems also can provide methods 
for follow-up and ongoing care particularly when those services are not 

Fig. 15.5 Virtual reality: 
collaborative team training 
across international 
boundaries with 
participants entering the 
virtual reality environment 
from locations around 
the world

Fig. 15.6 Tele- supervision/ 
telementoring in the 
operating room during 
open-heart surgery on an 
infant (Kiev, Ukraine)
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available locally. In addition, emergent and urgent needs for evaluation and 
treatment can be facilitated through videoconferencing interactions and also 
support more appropriate triage decisions [32–39] (Figs. 15.7 and 15.8).

 3. Web-based second opinions
Asynchronous systems have also been applied for evaluation and manage-

ment recommendations, as well as second opinions from experts in support of 

Fig. 15.7 Real-time 
teleconsultation for 
maternal- fetal medicine 
transmitting fetal 
ultrasound in real time

Fig. 15.8 Demonstrating 
real-time 
videoconferencing 
in Ukraine
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primary care providers facing unusual or complex medical problems with which 
they may not have adequate knowledge or experience or simply desire reinforce-
ment regarding their diagnosis or management approach. As noted earlier, Web- 
based programs, such as the Swinfen Charitable Trust (SCT) [6] and Doctors 
Without Borders (MSF) [7], use this type of platform for locations round the 
world, particularly in low- and middle-income countries and where connectivity 
may be limited. Primary care providers can transmit patient information and 
even images to assist the expert consultants to assess the patient and make diag-
nostic and management recommendations in context with the capabilities avail-
able locally (Figs. 15.9 and 15.10).

 4. mHealth, use of cell phones, and Internet of Medical Things:
The mobile cellular phone and associated communication networks are being 

applied in countries around the world [40–56]. A multitude of cellphone applica-
tions have been developed to build upon these cellular phone networks. In some 
countries this may be the most effective communication network for telehealth 
or certainly complimentary to other broadband options.

 5. Store and forward
Capturing images, storing them, and forwarding to an appropriate expert for 

evaluation also can play an important role and may be the best option when 
 real- time interaction may not be necessary and improve efficiency in timely eval-
uation. This can be particularly useful in bandwidth limited environments. 
Applications for store and forward have included (1) radiology for evaluation of 

Fig. 15.9 Swinfen Charitable Trust expert consultation Web site
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radiologic images, such as X-rays, CT scans, MRI, mammography, or ultra-
sound, (2) pathology and evaluation of macro- and microscopic specimen 
images, (3) dermatology for evaluation of skin abnormalities such as rashes or 
possible skin cancers such as melanoma, and (4) retinal images in the evaluation 
of potential diabetic retinopathy or retinopathy of prematurity. These approaches 
have provided more timely and effective evaluation leading to earlier diagnosis 
and subsequent appropriate intervention without which delays in consultation 
and evaluation may be significantly long [57, 58].

 6. Remote patient monitoring
Remote patient monitoring (RPM) is playing a more important role in moni-

toring and surveillance of individual patient medical data to provide improved 
detection of abnormalities and better continuity of care. An increasing array of 
wearable devices provides the means to capture that data and transmit to other 
providers for evaluation and response when necessary. Creating systems for pat-
tern recognition and appropriate thresholds for detection of abnormalities also 
can assist in more effective screening and involve healthcare professionals only 
when needed for evaluation and intervention and thus lessen the burden of data 
overload [59, 60].

 Steps in Planning and Implementing an International 
Telehealth Program

There are several steps in planning and implementing a telehealth program in spe-
cific countries and effective integration into their health system:

 1. Identifying a collaborative partner or partners within the country
 2. Performing a needs assessment and identifying gaps that can be addressed 

through telehealth

Fig. 15.10 Specialty 
consultations are possible 
via telemedicine such as 
evaluation of this child 
with a club foot
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 3. Assessment of existing conditions
 4. Determining workforce needs
 5. Integration into workflow
 6. Technical plans
 7. Documentation and integration into health information systems
 8. Addressing legal and regulatory issues
 9. Development of a business and sustainability plan
 10. Determine the metrics and measures that demonstrate the impact of telehealth 

and return on investment (ROI)
 11. Development of a continued quality improvement (CQI) plan

These steps are critical in the successful implementation and maintenance of 
a telehealth program within a country and between countries. This outline can 
be used as a checklist when developing a collaborative international telehealth 
program with other countries and is similar to previously published guideline 
for humanitarian international telehealth program development [61].

 1. Finding a collaborative partner(s) from the country with which you plan to work
Each country is unique, and a collaborative partner or partners from the 

country with which one is working should be identified since they would know 
the culture, health and wellness perspectives, the existing healthcare system, 
and political infrastructure necessary to effectively integrate telehealth into the 
country’s healthcare delivery system. This partner can facilitate interaction 
with appropriate authorities and existing government agencies and leadership, 
such as the ministry of health, the ministry of foreign affairs, interested aca-
demic centers and universities, and other stakeholders ensuring appropriate 
integration in current and longer-term strategic plans for ongoing development 
of the country’s healthcare system (Fig. 15.11).

 2. Needs assessment and identifying gaps that can be addressed through telehealth
A systematic assessment and determination of the priority healthcare needs 

and identification of gaps in care within the country are critical in the appropri-
ate application of the tools of telehealth that can be effectively addressed. Often 
the ministry of health has data on specific causes of mortality and morbidity in 
the population and assists in prioritizing the targets for using telehealth. In 
many countries, their aging population and associated noncommunicable 
chronic diseases, such as diabetes, chronic heart failure, chronic obstructive 
pulmonary disease, asthma, cancer, psychiatric disorders, and dementia, 
become existing challenges that can be addressed via telehealth and enhance 
access to care. Other issues include enhancing maternal and children’s services 
[3] that improve the outcomes of pregnancy, including improved approaches to 
managing delivery and maternal emergencies through sharing knowledge and 
appropriate treatment that can be realistically applied within a specific country 
and newborn resuscitation, with education and training programs such as 
Helping Babies Breathe/Helping Babies Survive [62]. In countries such as 
Nigeria, seven hundred newborn babies die per day. Basic resuscitation tech-
niques can be taught and applied that can significantly improve survival.

D. C. Alverson
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 3. Existing conditions assessment
 (a) Health system capabilities

It is important to determine the existing healthcare and information 
technology and communication workforce that is available to support the 
telehealth program and technologies. Without an adequate workforce, the 
telehealth program cannot be implemented and used effectively. If there are 
identified gaps, a plan for training the needed workforce should be devel-
oped and could be approached through collaborative relationships with 
other countries with the training and care skills required as noted in the 
workforce planning, #4.

Also, there should be an understanding of the use of traditional healers 
and healing practices in each country and how they can be incorporated and 
made complimentary to conventional medical practice. Traditional medi-
cine has usually been accessed for hundreds of years and utilized by many 
in the population. An example of successful integration of traditional and 
conventional medicine is demonstrated in clinics such as “La Clinica 
Alternativa” in Otovalo, Ecuador, and proves to be widely accepted by the 
community for accessing healthcare (Figs. 15.12 and 15.13).

This should be recognized when applying telehealth in a specific coun-
try. Furthermore, it is important to realize that “one size doesn’t fit all” and 
there is a need for flexibility in defining and addressing healthcare 
needs [63].

Fig. 15.11 Kathmandu University School of Medicine international collaborative team
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 (b) Communication network options
A major challenge in implementing telehealth programs is having ade-

quate communication networks or broadband that can support the technology 
and connect the providers and users of the telehealth application being con-
sidered. Investigation regarding the existing communication infrastructure 
and networks is also critical to determine the capacity to support the program 

Fig. 15.12 Traditional healers and conventional healthcare providers working together: La 
Clinica Alternativa in Otovalo, Ecuador

Fig. 15.13 Traditional healers in the jungles of Ecuador and Peru
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or needs for enhancement. Access to the Internet may be difficult or only 
intermittent. Options can be addressed in the technical planning.

 (c) Access to power for the devices being considered
Another challenge is understanding access to power and electricity that 

exists to support the technologies being considered. Many countries may 
have only intermittent access to electricity, and in more remote rural com-
munities, it is even more difficult and they rely upon generating electricity 
if connection to a power grid may not exist.

 (d) Other possible in-country telehealth programs and opportunities for 
collaboration

It is common to find that there are other telehealth-related efforts within 
a country, and a careful survey is needed to determine what other programs 
are in place or being developed. This creates opportunities for collabora-
tion, better coordination, complementary initiatives, and avoidance of 
unnecessary duplication of efforts

 4. Determine workforce needs: internal and external to that country
As noted in the existing conditions assessment, if gaps in the workforce are 

identified that would be required to support the telehealth program, a plan for 
filling those workforce needs should be developed through further training and 
educational efforts that could be supported through the telehealth program and 
possible filling of those gaps with medical expertise from other countries, par-
ticularly for gaps in specialty care. Using a collaborative approach, the need to 
transfer patients to other countries for evaluation and care or follow-up care 
after a procedure in another country could be avoided which offers better sup-
port for patients and their local healthcare providers and avoids expensive travel 
expenses, alleviating a burden on the country’s healthcare system and costs.

Additionally, telehealth platforms provide a system for e-consults and sec-
ond opinions to determine the best options for evaluation and management of 
patients in the country, and that can be realistically applied considering the 
resources available. Ongoing training of the users becomes important in main-
taining and sustaining the telehealth system and the technology being utilized.

 5. Integration into workflow
For telehealth to be effectively implemented and used, these systems need be 

integrated in the common and routine processes and procedures of the local and 
distant healthcare providers. This can include scheduling and registering 
patients for telehealth encounters that follow methods for in-person encounters. 
In addition, access to patient healthcare information and documentation of the 
encounter should be considered, including integration with any existing or 
planned electronic health record as noted in #7. The healthcare staff and provid-
ers need to be familiar with the telehealth system and determine how best to fit 
into their workflow.

 6. Technical plan
 (a) Determine the most appropriate and affordable technology needed to sup-

port the telehealth applications. Consider a technology industry partner 
familiar with the spectrum of technologies that can be best applied to sup-
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port a defined need and be integrated into the environment using these 
tools, including adequate trained individuals at both the consulting and 
patient/provider sites and adequate connectivity and electricity to support 
those tools. Whatever technology is implemented, appropriate and ongoing 
training in the use of the equipment or software is critical to ensure sustain-
ability and address the anticipated turnover in personnel using the tele-
health systems. Training and education in the use of the technologies being 
deployed as an ongoing effort that supports utilization address turnover and 
onboarding of new users.

 (b) Determine communication networks needed to support the telehealth tech-
nologies and programs: cellular networks, satellite, microwave, and fiber 
and hybrid connections related to middle and last mile links from networks 
to the local or rural sites using the telehealth technologies being applied or 
considered. This communication infrastructure is critical in supporting the 
overall telehealth system and its usability.

 (c) Determine scalability and potential expansion of sites and specific health 
applications. Many telehealth programs appropriately start with pilot appli-
cations to determine the feasibility of using the technologies to address a 
specific health issue. Thus, changes can be made as needed and provide the 
data to demonstrate the effectiveness of the telehealth application. When 
successful, these pilots can serve as a model for expansion of the program 
to other sites or for addressing other health needs.

 7. Documentation and integration with possible health information platforms
An electronic health record (EHR) and a system for health information 

exchange (HIE) to provide interoperability across different EHRs may need to 
be considered if they exist. Often, in many countries, documentation is still 
done in writing, and methods of accomplishing this, when telehealth is used, 
should be determined. However, more countries are planning or implementing 
EHRs or HIEs, and this can be addressed and planned for integration into the 
telehealth program being developed.

 8. Address medical-legal and regulatory policies, procedures, and requirements: 
licensure, credentialing, and malpractice insurance

Each country may have unique regulatory and legal requirements for provid-
ing telehealth services, particularly when services are bring provided by out-of- 
country healthcare providers. It is mandatory that those requirements be 
appropriately addressed. This may include appropriate licensing, credentialing, 
and privileging of healthcare professionals providing care via telehealth. It is 
also prudent for telemedicine that healthcare providers have adequate malprac-
tice insurance and risk management systems that cover them in the event of an 
untoward patient outcome.

 9. Develop a business plan that considers sustainability
The resources required for maintaining and expanding the telehealth system 

and its health applications should be developed. Often humanitarian efforts are 
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initially used to support a telehealth application or pilot project. Some vendors 
may initially offer technology for a project. However, a business plan to sustain 
or enhance the program should be developed. Options may include ongoing 
support through the country’s social security health system or other subsidies. 
Other options may include ongoing support from humanitarian organizations. 
Billing and reimbursement for the services may be possible, as well as specific 
contracts between government or academic institutions for receiving or provid-
ing telehealth services. Although grants can be a useful catalyst to initiate a 
telehealth program, without a business plan for sustainability, programs cannot 
be maintained after the grant is completed.

 10. Determine the metrics and measures that demonstrate the impact of the tele-
health program

It is important to determine the metrics and measures that demonstrate the 
impact of the telehealth program and return on investment (ROI). Those mea-
sures can include improvement in the patient’s and provider’s experience, 
improvement in healthcare outcomes for patients and populations being served, 
and cost savings or avoidance through the use of telehealth.

The National Quality Forum (NQF) outlined the guidelines for evaluation 
and the domains that should be addressed [64].

The World Health Organization (WHO) has also outlined Sustainable 
Development Goals (SDGs) [14]. Many of these can be addressed and tele-
health applied to assist in meeting those goals. Appropriate data, collection, and 
analysis can be extremely useful in demonstrating the effects of a telehealth 
program and ROI that also supports the importance of sustaining or expanding 
the  telehealth program. Collaborative research and evaluation can also involve 
exchange of faculty, healthcare providers, and students (Figs. 15.14 and 15.15).

 11. Develop a continued quality improvement (CQI) plan
The ongoing evaluation to ensure possible enhancements in the telehealth 

program and technologies used requires an ongoing effort. Identifying prob-
lems and need for improvement is important to ensure the quality of the pro-
gram. Additionally, new and improved technologies and software can be 
anticipated and should be applied as appropriate. Future advances in health 
information systems and use of artificial intelligence are likely to play an 
important role in enhancing healthcare diagnosis and management and should 
be incorporated in future telehealth programs.

These steps as outlined are critical in planning, implementing a sustainable 
international telehealth program, and making it work. Although many health-
care issues are common across the international community, each individual 
country’s healthcare needs, cultural perspectives, and systems for delivery are 
often unique. Those components should be addressed when developing a tele-
health program for each country [65–71]. When integrated successfully, tele-
health can enhance the quality of life and health of people around the world.
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Fig. 15.14 Exchange of students
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 Historical Context

Technology has always played a role in healthcare. From antiquity to the present 
time, humans have interacted with one another through a variety of communication 
modalities to address healthcare needs. From cave paintings to smoke signals to 
papyrus to books to text messaging, we have adapted tools, technologies, and pro-
cesses to meet our needs and to effectively understand and manage our health. 
Today of course, innovation has taken society to a whole new level. We communi-
cate across the globe instantaneously. We watch movies on our smartphones or even 
our smart watches. We can add small devices to our smartphones that can make 
them medical devices such as spirometer or a mini microscope. The list goes 
on and on.

These advancements have been brought on by the technological revolution of the 
twentieth century and the early twenty-first century. Up until the time of Laennec 
(ca 1816) and Semmelweis (ca 1846), the concepts of medical care were much dif-
ferent than today. While not “Dark Ages”-like, there were still many unknowns in 
medicine at the time. No one really understood the etiology of disease or what bac-
teria or virus was. Medical education was not structured as it is today. Those who 
did practice medicine did so as gentlemen and were considered the individual who 
might have all the answers. They developed “standards of care,” which were to be 
adhered to by all who called themselves physician. Figure  16.1 illustrates a 
nineteenth- century physician making house calls. The patient looks to the traveling 
physician with anticipation that he may perhaps help her alleviate her malady.

Standards of care began to be questioned in the early part of the nineteenth cen-
tury. In 1816, a “standard of care” was for the physician to lay his head upon the 
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patient’s chest to hear heart and lung sounds. The first female patient to refuse this 
procedure led her physician, Rene Theophile-Hyacinthe Laennec, to develop the 
monaural stethoscope [1]. It took nearly 100 years for the stethoscope to become 
commonplace in clinical practice.

A second vignette is one of handwashing and puerperal fever. Ignaz Semmelweis, 
a physician in Vienna, observed a significant number of maternal deaths after child-
birth. Unbeknownst to him, his patients were being infected by bacteria being trans-
ferred from cadaveric remains. He was employed as physician at a teaching 
institution and went directly from the teaching anatomy lab to the delivery room 
without washing his hands. The midwives of Vienna did not have the same level of 
mortality due to this crucial step of handwashing. Semmelweis instituted handwash-
ing in his hospital with soap and chlorine, and while he saw a decrease in patient 
death, his colleagues thought he was not stable – this was not the “standard of care” 
[2]. A physician colleague, Charles Meigs, even quipped “gentleman did not have 
dirty hands.” Semmelweis was pushed out, eventually institutionalized, and died of 
sepsis. His idea of handwashing took several years to become standard practice.

In the late nineteenth century, there were those who thought everything that 
needed to be invented had already been invented and there was not much room for 
improvement. In fact, Heinrich Rudolf Hertz (Fig. 16.2), a German physicist, proved 
that electromagnetic waves existed but was not exactly sure of their utility. Hertz’s 
experiments proved James Clerk Maxwell’s theory about electromagnetic waves. 

Fig. 16.1 Nineteenth- 
century physician making 
a house call
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Hertz posited the following in 1880 “I do not think the wireless waves that I have 
discovered will have any practical application.” We obviously use this concept every 
day in almost everything we do.

In 1901, Georg Kelling of Dresden, Germany, developed and tested what has 
become known as laparoscopy [3, 4]. But the wide adoption of it in surgical practice 
took nearly 90 years to become commonplace. Minimally invasive surgery took off 
in the mid-1990s, and that led to the development of robotic-assisted surgery with 
Computer Motion (Zeus) and Intuitive Surgical (da Vinci). Telemanipulation in sur-
gery was even thought of in the 1920s (see Fig. 16.3).

While technology development rapidly increased during the post-World War II 
era and the ensuing Space Race and Cold War, teaching in medical schools was also 
changing, although perhaps not as fast [5]. William Osler, a founding physician of 
Johns Hopkins Hospital, worked in the early twentieth century to lead medicine into 
a new paradigm in education, training, and clinical practice [6].

Over the course of the nineteenth and twentieth century, innovation in computing 
power, image acquisition, photography, communications, informatics, and data 
storage has changed all of human life. These tools are critical in bringing the 
nineteenth- century physician to the twenty-first-century patient through seamless 
technologies. Telemedicine and telepresence are two disciplines that have benefited 
from this un-seemingly endless growth in technology and innovation.

By introducing telemedicine, telehealth, e-health, m-health, robotics, artificial 
intelligence (AI), etc. into public health practice and public health education, 

Fig. 16.2 Letter stating his concerns on his discovery, and photograph of Heinz Hertz
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society and the healthcare systems have benefited. Bernhardt discusses the vital 
importance of science and communications in public health in his 2004 manuscript 
entitled “Communication at the Core of Effective Public Health” [7]. He goes on to 
state that Healthy People 2010 defined health communication as “…the art and 
technique of informing, influencing, and motivating individual, institutional, and 
public audiences about important health issue” [8].

 Development of Telemedicine and Telepresence

Throughout history, the patient and physician or healthcare provider have not always 
been in the same place. Figure 16.4 is the front cover of technology-based publica-
tion from 1924. This photo captures the essences of healthcare delivery at a dis-
tance. What is interesting in this photo is that the fax machine on the right was 
invented in 1971 and the television (center) in 1939. “Maybe” is absolutely correct, 
as we do this all the time today.

Telemedicine of course did not really become a “thing” until the late 1950s into 
the 1960s. At the time, there were several government-funded initiatives with aca-
demia and of course the human spaceflight programs of the United States (US) and 
the Union of Soviet Socialist Republics (USSR). From a technological push, these 
two programs really drove the development of telemedicine, which was used to sup-
port humans in space and on the transit to the moon and back as well as monitor the 
astronauts during surface operations on the Moon [9]. Telemedicine has also been 

Fig. 16.3 Cover of 
Science and Invention 
illustrates a physician and 
nurse with a distal patient 
(ca 1925)
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used in the military [10] and, as Bashshur et al. reports, in chronic diseases among 
almost every clinical practice [11–13].

The ability to operate a device wirelessly involves the concept of telepresence. 
This has evolved into a very useful tool in many other applications, including under-
water operations, surgery, and unmanned aerial vehicles (UAVs)  – also known 
as drones.

The development of much of this capability was done so in support of a need. 
Today, innovation less from government-funded initiatives and more from new 
startups, industry investment, and philanthropy play a much bigger role – consider 
SpaceX, Google, Microsoft, and Amazon, although, investment in technology 
remains at very high levels as evidenced by the continuous introduction of new 
technologies. Imagine your packages or pizza being delivered to your home by 
a drone!

Fig. 16.4 Cover of the 
1924 issue of Radio News
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 Telemedicine

Some will posit that telemedicine has been around a long time. However, initially, 
telemedicine or the concept was applied in earnest with radio waves between 
Australia and the Antarctic in the mid-1920s and over these past 100 years or so; 
telecommunications and information systems have greatly enhanced our ability to 
send images, text, video, or data sets in many instances across great distance with 
little trepidation and often at lightning speed [14]. But it was not until the mid-1950s 
that telemedicine was applied in psychiatric cases in Nebraska [15], the space pro-
grams of the USA and USSR [9], in disasters from1985 until the present time [16, 
17], in the operating room and surgical care [18–20], and from extreme and remote 
areas including alpine [21], high desert [22], and jungles [23, 24].

While there are thousands of manuscripts that have been published in the last 
25 years, they cannot all be listed here. There are two premier specialty journals on 
telemedicine – the Telemedicine and e-Health Journal, published by Mary Ann Liebert 
Publishing, and the Journal of Telemedicine and Telecare, published by the Royal 
Academy Press. In addition, now that telemedicine and telehealth are in the mainstream 
of medicine, there are scientific papers in a wide variety of specialty clinical journals.

Beginning in the early 1990s, federal funding for telemedicine really began to 
expand through grant-funded research and technology development, driven in large 
part by new capabilities offered by the Internet, the World Wide Web, and comput-
ing power. Today, we can send a full CT scan across a 5G network in seconds. An 
individual, buried in the rubble of a collapsed building, can text their location, aid-
ing first responders in their rescue. And as Latifi et al. have demonstrated, the appli-
cation of telemedicine addressing trauma and emergency medicine has been shown 
to add great value [25–27].

 Mobile Health

As smartphones have become widespread, they have also become powerful and 
extremely useful tools in not only our everyday lives but in how we manage our 
health. There are apps for almost everything. In healthcare, the future of medicine 
may be the smartphone. This was reported by Foster et al. in 2017 [28]. Of course 
the actual evidence is not quite there but the utility is certainly on the rise. A search 
of the term “smartphone apps in medicine” yielded 759 results which ranges in 
scope from mental health, cancer, pain management, menstruation tracking, to dia-
betes, to name a few.

The point is that each generation of smartphone that is made available to the 
consumer has more capabilities with concomitant increases in utility, utilization, 
and reliability – that is just since 2007. However, studies have shown that while 
utilization has increased, there is still little understanding of the motivating factors 
that foster sustainability [29].
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 Sensors

The human body has a vast array of sensing capabilities. Over the years, we have 
developed a wide variety of sensors that can detect a vast array of things, each 
helping us in some way. My favorite is the lane assist sensor on new cars – the one 
that tells you there is a car in the lane next to you. Today, sensors can be embedded 
in nearly everything we do. They are in our phones and appliances. They can be 
in our domicile telling us that there is too much carbon monoxide or carbon diox-
ide in the air. Many sensors can be integrated into the smartphone that can track 
our steps, monitor our blood sugar, and monitor our respiratory volume, gait, 
tremors, etc. While there are multiple examples, the work by Hsu et al. discusses 
wearable sensors in poststroke patients [30]. There is literally no limit to what can 
be sensed. Wearable devices and the Internet of Things have been integrated into 
telemedicine and telehealth, and this will further “digitize” medicine and health-
care [31, 32].

 Robotics

The inset figure (Fig. 16.5) is rather far-fetched but is illustrative of where tech-
nology is pushing us. Manufacturing has used robotic systems for several decades 
now, but in medicine, the adoption has been a little slower. Robotics has been 
integrated into healthcare and in the surgical care. There are several companies 
that have developed robotic-assisted devices, and while they are mostly operated 
by humans, there are some that are sort of on their own. The Rumba comes 
to mind.

Fig. 16.5 A robotic labor 
and delivery physician 
(Star Wars)
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 In Healthcare

In the early 2000s, several companies developed remotely controlled devices that 
could be driven from one patient room to another (Fig. 16.6). These have been suc-
cessfully deployed in military hospitals, hospitals, and nursing facilities. These 

Fig. 16.6 Commercial robots currently on the market (courtesy of InTouch)
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systems can check on the status of patients with the provider linked via a video 
teleconferencing system that permits the physician to remain at his/her location and 
monitor patients at a distant site [33].

 Robotics in the Operating Room

During the 1990s, two companies battled for supremacy in surgical robotics that 
would support minimally invasive surgical procedures. Both company’s founda-
tions were based on technologies developed in part which were Computer Motion’s 
“Zeus platform” and Intuitive Surgical’s “da Vinci platform” [34].

The operating room as seen in Fig. 16.7 has changed significantly because of 
technology. First, there is electricity, and second, the windows do not open. 
Telemedicine has also found its way into the operating room [18]. AI and robotics 
have been integrated into the operating room for both surgical care and surgical 
education [35, 36].

Furthermore, Jell et al. report that as the new 5G cellular network roles out, it 
may be a significant adjunct to both telemedicine, telepresence, and of course sur-
gery, minimizing latency and improving performance for command and control of 
imagery and clinical efforts [37].

Fig. 16.7 Operating theater in the late nineteenth century
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 World Wide Web

We can only imagine how painful life might be today without the utility of the 
World Wide Web. The Web and all the associated capabilities provide enormous 
benefits and, as with any other technology, challenges. In1960, Joseph Licklider’s 
paper, entitled “Man-Computer Symbiosis,” wrote “….augment human intellect by 
freeing it from mundane tasks….” [38]. He discussed at great length the symbiotic 
relationship between humans and machines that perhaps might improve human 
thinking, including problem-solving. Several years later, he coauthored a paper with 
Welden Clark, entitled “On-Line Man Computer Communication,” in which they 
describe a networked future [39].

These early concepts set the stage for the Advanced Research Projects Agency 
(ARPA) to develop ARPA net (ARPANET) in the late 1960s. ARPANET was cre-
ated to permit multiple computers to communicate with a single network. In the 
1970s, Transmission Control Protocol/Internet Protocol (TCP/IP) was developed by 
Robert E. Kahn and Vinton Cerf as a communication model for data transmission 
between multiple networks. Over the next two decades, a wide variety of govern-
ment and commercial entities developed networks for scientist to share information.

Tim Berners-Lee, a British computer scientist, is credited with inventing the 
World Wide Web. In 1990, working at CERN in Switzerland, he developed the first 
Web browser – World Wide Web – later named Nexus. Berners-Lee’s work led to 
the development of Mosaic – later known as Netscape at the National Center for 
Supercomputing Applications at the University of Illinois, Champaign). Today, of 
course we are all familiar with several well-known browsers on our computers and 
phones. This year (2020) marks the 30th anniversary of Berners-Lee invention.

While the Web has changed all of humanity and access to it continues to grow, 
there are, however, some key challenges that must be addressed for the Web to be 
truly worldwide in its reach and its potential. These include the following: (1) con-
tent gap, (2) technology gap, and (3) research gap [40]. Perhaps the Web will reach 
its potential in the coming decades as these challenges are ameliorated. We certainly 
could not function successfully and timely in American society without it. Just 
imagine going back to the days when you had to go to the library for information. 
Today, you can get it on your smart phone.

 Artificial Intelligence

It has taken millennia for humans to understand and adapt to an ever-changing envi-
ronment, to communicate and to survive in extreme environments, all with immense 
struggle and amazing reward. Since the beginning of the computer age, engineers, 
computer scientists, and researchers have been making computer systems smarter. 
This has been done in large part to support automation and making things easier for 
all of us. As these systems get smarter, they also can begin emulating or mimicking 
human behavior and thought. An AI system can add tremendous value in medicine 
and public health. AI will take in external data, analyze it, rationalize it, and act. A 
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recent New York Times article (January 1, 2020) reports that AI can provide doctors 
a much faster and perhaps better diagnosis of breast cancer [41]. Yu et al. discuss 
breakthroughs in AI technology and how it is being used in biomedical applica-
tions [42].

AI capabilities are being embedded in everything we do: self-driving cars, bank-
ing, inventory control, etc. For healthcare, AI is seen as effective and transformative 
tool for communicating with patients, managing their healthcare, and teaching [42–
45]. While the future is promising and unlimited for AI in healthcare, we must 
always be cognizant of security and reliability of these systems.

 Electronic Health Records

Electronic health records (EHRs), electronic patient records (EPRs), and/or elec-
tronic medical records (EMRs) are relatively new additions to the healthcare indus-
try. Each is different but can and does overlap. Data is collected through some kind 
of interface that is linked to a database where the data are stored in a secure environ-
ment. Access is via a credential that is unique to each user, usually a user ID and 
password. The stored data can be easily accessed and permits analytical tools to be 
applied with significant output that can improve outcomes in the management of an 
individual’s health.

While adoption continues to march forward, usually at great expense, the value 
may be in question [46]. In addition, some have reported that the value is question-
able [47], and yet there are those who have found tremendous value in their applica-
tion [48]. Jensen et al. report that large data sets have proven to be very useful in 
both research applications and clinical care [49].

Regardless of your opinion on the utility of these tools, they are integral to our 
healthcare systems around the world. Many of the current systems continue to be 
refined, including interfacing with telemedicine, telehealth, and e-health technolo-
gies, which further enhance the record.

 Education and Distance Learning

Sitting in a classroom or watching and learning from a teacher with sage advice and 
expertise are ways of learning. Utilizing new tools – the Web, smartphone apps, 
immersive environments such as virtual reality, etc. – provides a new and perhaps 
more effective pedagogical environment in which to learn new skills and competen-
cies. Figure 16.8, Thomas Eakins painting of the Agnew Clinic in 1889, is illustra-
tive of how we have taught for hundreds of years, perhaps even millennia. Another 
very effective way of training is on the job training.

Video technology permits easy access to the teaching arena or operative theater, 
the latter being one of startling isolation. A student can see exactly what the profes-
sor or preceptor sees, the same angle and the same vantage point. In medical educa-
tion, Osler fundamentally changed how residents were taught [6]. Distance learning 
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and telementoring have ensconced themselves firmly in the educational paradigm 
and remain current in application in academia and in many other venues.

Gruson et al. describe an e-learning platform for training stakeholders in labora-
tory medicine [50]. Gleason et al. studied telementoring in geriatrics for nurses and 
social workers in skilled nursing facilities [51]. This type of continuing medical 
educational approach is of great importance in maintaining skills and learning new 
approaches or protocols for caring for patients. This approach also adds value for 
improving education of medical students through the use of telemedicine [52]. 
Telementoring has been used in a wide variety of applications from space explora-
tion [53] to surgical procedures in austere environments [54].

Aside for Web-based training, Project Extension for Community Healthcare 
Outcomes (ECHO) has been an excellent adjunct for training and education. An 
expert panel was assembled in 2018 to review the evidence base on the utility and 
effectiveness of ECHO and ECHO-like models [55]. Project ECHO has been useful 
and successful in building capacity for managing complex clinical cases in rural and 
underserved areas [56].

 Conclusion

Advances in technology have provided ample opportunity for change in healthcare. 
What was once the purview of the few (physicians and the like) is now readily and 
ubiquitously available for the masses. We can search the Web for information 

Fig. 16.8 Thomas Eakins – The Agnew Clinic 1889
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without physically setting foot in a library. We can ask sites like WebMD simple 
questions about our condition, and we receive detailed descriptions often accompa-
nied by images and videos that further explain. This was not possible 2–3 genera-
tions ago, and it is readily available to anyone who has a computer and Internet 
access [57].

The application of telemedicine in education, clinical care [58], space, military, 
humanitarian crisis, and disasters [59] continues in earnest. While some have begun 
referring this discipline to e-health rather than telemedicine or telehealth [60], the 
state of telehealth continues onward [61]. Challenges will always be a part of change, 
but change prevails, and innovation makes the system, all systems, better [62].
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 Introduction

The Arizona Telemedicine Program (ATP) was established in 1996, to improve the 
access to healthcare resources throughout rural Arizona. To do this the ATP designed 
and implemented:

 1. A giant 160 site, 70 community telecommunication network, using asynchronous 
transfer mode methods on T1 carriers, an application service provider business 
model adapted from the software industry where it was commonly used in the 1980s.

 2. The Arizona Telemedicine Council, to provide a consistent and direct line of 
communications between the ATP and the Arizona State Legislature.

 3. An international award-winning state-of-the-art “e-classroom of the future” at its 
T-Health Institute in downtown Phoenix, AZ, in which to provide training for the 
healthcare industry on uses of telemedicine and telehealth in medical and nurs-
ing practice [1–4].

Since the successful rollout of its original broadband telecommunications net-
work, the ATP has expanded its program goals in order to maintain and expand its 
telecommunication network, support telemedicine research and education, and 
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serve as the headquarters of the Southwest Telehealth Resource Center (SWTRC), 
a HRSA (Health Resources and Services Administration)-funded telemedicine 
resource center for its region [5–14].

In 2014, the Arizona Telemedicine Program created two new, complimentary 
programs, intended to promote the direct-to-hospital (DTH) telemedicine services 
industry and provide it with an academic home: (1) an annual national “Service 
Provider Showcase” (SPS) meeting and (2) the Telemedicine/Telehealth Service 
Provider Directory (SPD) [15]. The SPS and SPD were run in tandem for 4 years. 
The SPS was discontinued after 4 years, as planned, and the SPD would continue 
indefinitely. These two entities were envisioned as having reciprocal relationships 
and would link the evolving DTH telemedicine service industry with academic 
medicine and telemedicine research. Each would showcase aspects of the DTH 
industry and, hopefully, catalyze its growth. This was an ambitious undertaking 
since the plan was to create both programs, SPS and SPD, without increasing the 
size of the ATP staff, which consisted of 16 FTE employees at that time.

The SPS was a medical meeting for both the healthcare industry which focused 
on all aspects of the delivery of specialty care services into hospitals and clinics by 
outside telemedicine service vendors. The ATP was experienced in creating and 
managing professional meetings including the prior successful series of four correc-
tion telemedicine meetings, held in Arizona a decade before. The new series of SPS 
meetings and the SPD would be jointly marketed. Marketing of the SPS meetings to 
exhibitors was coupled with recruiting of telemedicine service provider companies 
to list their companies in the SPD which was for free. Furthermore, facets of the 
emerging DTH industry were topics for consideration at plenary lectures, panel 
discussions, and poster presentations. At the time SPS was created, no other profes-
sional conferences in the United States were dedicated exclusively to the DTH 
industry.

At the same time, rural Arizona hospitals were becoming increasingly interested 
in partnering with third party specialty telemedicine services from commercial tele-
medicine service vendors. Awareness of that option was being driven by the dra-
matic demonstration of successes of the tele-stroke option, a service requiring the 
diagnosis and treatment of ischemic stroke patients within a “golden hour” in order 
to prevent progression of the stroke process. That could be accomplished at rural 
hospitals using tele-stroke service vendors to provide a tele-neurologist to carry out 
a remote physical examination and a distant tele-neurovascular radiologists to ren-
der the CT diagnosis at a distance. Table 17.1 reflects the growth of the SPS industry 
over the timeframe that SPS meetings were held (2014–2018) (Table 17.1; Figs. 17.1 
and 17.2).

As the popularity of the Telemedicine and Telehealth SPS grew, so did the growth 
of the online Service Provider Directory. Currently 168 companies are listed in the 
directory and we receive requests to be listed on a weekly basis.

“Advancing Telehealth Partnerships” was the tagline for SPS. Our initial goal 
was to assist healthcare organization to partner with a vendor service provider. 
Networking was a key to the partnership; our conference agenda was designed 
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Table 17.1 ATP/SWTRC-sponsored Service Provider Showcase (2014–2018)

Name Location Date Attendees Abstracts Exhibitors
# SPD 
listings

Service 
Provider
Showcase 
2014

Hyatt regency,
Phoenix, AZ

October 
6–7
2014

243 ----- 36 16

Service 
Provider
Showcase 
2016

Hyatt regency,
Phoenix, AZ

June 
21–22
2016

386 29 40 75

Service 
Provider
Showcase 
2017

Hyatt regency,
Phoenix, AZ

October 
2–3
2017

385 38 41 104

Service 
Provider
Summit 
2018a

Renaissance Hotel, 
Glendale, AZ

October 
8–9
2018

393 35 45 122

-------- -------- Year 
2020

-------- -------- -------- 168

aName changed in 2018

Fig. 17.1 Co-chairs of SPS, Dr. Dale Alverson (left) and Dr. Elizabeth Krupinski (middle), inter-
viewing vendor Alan Pitt, chief medical officer of Avizia (right, video screen) during “lighting 
rounds” at the SPS meeting. They are in the expo hall, broadcasting their string of focused “what’s 
new?” interviews back to the lecture hall during the SPS’s “lighting rounds.” These proved to be 
popular, and informative, events and an efficient way to introduce SPS conference attendees in the 
lecture hall to the 40 exhibitors at SPS 2017. SPS, Telemedicine and Telehealth Service Provider 
Showcase. (Image reprinted from [16])
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around learning about this new industry. SPS certainly elevated this new industry. 
Not only did we see cultivation of networking between one healthcare organization 
and one service provider, but we saw healthcare organizations networking and part-
nering with multiple service providers. We even saw service providers networking 
with other service providers to help expand their reach.

The SPD was designed to provide healthcare system telemedicine service users 
critical information about DTH organizations at a single, reliable, web site.

In 2015, the SPD, a joint venture of the ATP and SWTRC, came online.
The SPD was established with the expressed purpose of providing rural and 

urban hospitals a resource for identifying and connecting with clinical commercial 
telemedicine service companies to which they could outsource specialty medicine 
consultations (Figs. 17.2 and 17.3). By 2018, it was estimated that the SPD repre-
sented a significant number of the commercial telemedicine/telehealth companies 
delivering specialty medical services to healthcare organizations. Some of these 
companies gradually offered direct-to-consumer (DTC) telemedicine service prod-
ucts but that segment of the telehealth industry was outside of the areas of interest 
of either the ATP or the SWTRC at the time (Figs. 17.2 and 17.3). Table 17.1 reflects 
the growth of the DTH telehealth industry over a 4-year period, from 2014 to 2018. 
Since then, there has been a dramatic increase in the market share of the DTC slice 
of the telemedicine and telehealth service industry.

Fig. 17.2 2018 Telemedicine and Telehealth Service Provider Summit. Upper left: vendor in the 
exhibit hall demonstrating a new telemedicine cart. Upper right: former director of the Arizona 
Department of Health Services posing a question to a panel in the lecture hall. Lower left: panel 
members Alexis Gilroy, JD, H. Neal Reynolds, MD, and Nathaniel Lackman, JD, discussing a 
question from the audience. Lower right: poster presentation during a break in the program
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 Introduction to the Service Provider Directory (SPD)

The SPD was designed to assist users in locating specific specialty medicine ser-
vices and ancillary healthcare services [17]. In practice, a user could filter and sort 
through the SPD of companies using lists grossly describing 4 of the 87 variables 
gathered to characterize each company. The four variables are the state to which the 
service will be delivered, the specific teleservice being sought, customer base, and 
ancillary services. After selecting one or more of these variables, a list of companies 
is generated, all sharing the characteristics the SPD user had selected. From this list, 
the user can further investigate each company by opening their SPD profile, which 
shows all 87 variables that make up the directory. An instructional training video on 
how to use the SPD can be accessed from the SPD home page (Fig. 17.4).

Upper left, “Introduction-Service Provider Directory” video; upper right, word 
cloud representing the frequency of service offerings across 129 telemedicine service 
provider companies; lower left, criteria selection in four categories, “Services In” 
(location of the insourcing hospital or clinic), “Tele-services,” “Customers,” and 
“Ancillary.” In this example, the user has selected “Arizona,” “Telepsychiatry,” 

Fig. 17.3 Screenshot of the Service Provider Directory home page. Logos: upper left, Service 
Provider Directory; upper right, Logo for the Service Provider Summit; upper middle, Arizona 
Telemedicine Program (ATP) and Southwest Telehealth Resource Center (TRC). Bottom: “Search 
the Directory” with four columns (left to right): “Service In (location),” “Tele-services,” 
“Customers,” and “Ancillary Services” [13]
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“Rural hospitals,” and “Patient education” as topics of interest. At the time of writing 
of the chapter (May 28, 2020), this search yields a set of 12 out of 163 companies for 
further assessment by the SPD user. Each company’s web site can be immediately 
accessed by clicking on the company’s listing in the SPD. Lower right: closing screen 
of the video “Overview: Service Provider Directory” video [15, 16, 18].

The primary aim of this chapter is to analyze the SPD’s database to characterize 
the telemedicine/telemedicine direct-to-hospital service industry (Fig. 17.3). A lim-
itation of the study is that accrual of data included in this survey ended on June 4, 
2018, approximately 2 years ago. On the other hand, the study does provide a snap-
shot of the telemedicine/telehealth service industry as it existed before the recent 
COVID-19-related DTC telehealth surge in telemedicine, and telehealth clinical 
activity began to dominate the telemedicine service industry.

 Methodology

 Criteria for Inclusion of Companies in the Service 
Provider Directory

Since the primary reason for creating the SPD was to foster connections between 
telemedicine/telehealth clinical service providers and healthcare organizations in 
need of specific specialty services, telemedicine service companies are only listed if 
they meet four criteria. First, they must provide medical or clinical specialty 

Fig. 17.4 Screenshots from an instructive video on the uses of the Service Provider Directory
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services and/or ancillary services that “touch” the patient. Second, they serve, or be 
willing to serve, intermediary organizations such as hospitals. Third, they currently 
provide services in at least one US state. Fourth, they employ or contract with other 
service providers. Companies may also provide DTC telemedicine and telehealth 
services, in addition to organizations such as hospitals.

 Solicitation of Companies

In late 2014, the ATP/SWTRC began identifying telemedicine/telehealth service 
provider companies, via email, phone, and in person, to start the directory. Once 
found, service providers were then solicited to be listed within the directory. 
Interested companies then used a 32-item SurveyMonkey form, to describe them-
selves and the services they provide. Until 2018, these efforts actively continued as 
part of daily business and networking of ATP/SWTRC after attending multiple tele-
medicine/telehealth conferences.

To maintain the directory, the ATP/SWTRC maintains contact with listed compa-
nies. Through this effort, companies can update their directory listing upon request. 
At least once per year, companies are solicited for updated information. This analy-
sis was of the 129 telemedicine service companies listed in 2018. At the time of the 
writing of this chapter, in May 2020, there are currently 168 listed companies.

 Directory Analysis

This analysis was conducted using 18 selected variables of the 2018 SPD’s underly-
ing database: company name, company type, payment model, targeted customers, 
teleservices, ancillary services, method of connection, EHR compliance, HIPAA 
compliance, headquarter address information (5 variables), states serving, provid-
er’s location (states), licenses (states), and planned expansion (states). Variables 
with complex observations, such as the list of teleservices offered per company, 
were disaggregated and collectively listed in two columns. For example, the vari-
able “teleservices” listed company names in the first column and their respective 
services as individual observations in the second column. Variables with simple 
observations were formatted using the same two-column method. All lists were ana-
lyzed using Microsoft Excel’s Pivot Table function and relevant statistical equations.

 Geospatial Analysis

Latitude and longitude for headquarters for individual companies were found after 
aggregating each company’s address information into one variable and running said 
variable through Geocode, a Google Sheets add-on. Latitude and longitude infor-
mation were then exported to QGIS, where they were plotted on top of a US state 
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map layer, obtained from www.gadm.org [17]. Major US cities from Esri’s data and 
maps were then added [19] and used as visual reference points.

For variable geospatial association, companies were joined to the states in which 
they provided services to, using Microsoft Access’s Simple Query function. The 
resulting query was made up of three columns: (1) company name, (2) state, and (3) 
variable. Each observation of these lists was then used as a metric, which we define 
as a service provision unit (SPU). SPUs can be conceptualized by imagining the 
following example: if company A offers two services to three states, in total the 
query would yield a list with six observations or SPUs. The purpose of using SPUs 
is to count the number of companies offering a service in a specific state. Once 
determined, SPUs for states’ tele- and ancillary services were then associated with 
a graduated color scheme and then coupled with their respective geometry on the 
US state map layer [19].

 Telemedicine/Telehealth Market Analysis

 Gross Description of Companies

Using a multiple choice-multiple answer question in the SPD company listing form, 
companies were asked to describe themselves. Eighty-four percent of companies 
indicated they were medical specialty service providers to healthcare providers; and 
57% were medical specialty service providers to non-healthcare systems, such as 
prisons. Nearly 25% of companies classified themselves as patient education/
engagement service providers.

Focusing on the business characteristics of companies, 55% of companies 
reported using a fee for service payment model, while just over 10% reported using 
a subscription business model, and 1.5% reported using both.

These data indicated that most of the telemedicine/telehealth companies listed in 
the SPD supplement specialized services within larger healthcare systems.

 Targeted Customers

The two most reported targets for marketing of telemedicine and telehealth services 
were rural hospitals and urban/suburban hospitals, accounting for more than 85% 
and 75% of companies listed within the SPD, respectively. The third most stated 
target market was private physician practices, at 65%. In addition, DTC telemedi-
cine services were reported to be provided by 55% of SPD companies, a surpris-
ingly high percentage in June 2018. This indicated that the DTC industry was 
already well developed by June 2018.

Considering the gross description of companies (above), this makes sense and 
supports the idea that most telemedicine/telehealth companies support the provision 
of specialty services both within larger organizations as well as DTC telehealth.

R. S. Weinstein et al.

http://www.gadm.org


283

 Teleservices

Of the 70 services surveyed in the directory listing form, the lowest number of ser-
vices offered by a company was 1, while the maximum was 69. On average, com-
panies were found to provide 9 to 10 telemedicine and /or telehealth services. The 
most popular services, psychiatry and mental health, were provided by 44% and 
41% of companies, respectively. Remote patient monitoring and mobile health 
(mHealth) were reported to be offered by 30% of companies. Services associated 
with chronic diseases, such as diabetes, neurology, and cardiology, were reported 
being offered by 25–27% of companies. Specialties under the general practice 
umbrella, including pediatrics, primary care, urgent care, integrated care, and inter-
nal medicine were reported being provided by 18–26% of companies.

Collectively, these data indicate the presence of a strong association between 
telemedicine/telehealth and mental health, primary care, and subspecialties of pri-
mary care related to chronic diseases.

 Ancillary Services

Ancillary services are defined as services that support the provision of telemedicine 
and telehealth. Using the SPD data entry form, eight ancillary services were sur-
veyed. In total, 58% of SPD companies reported providing ancillary services. The 
top three ancillary services were patient education, offered by more than 41% of 
companies; patient engagement, provided by more than 37% of companies; and 
distance education, offered by more than 25% of companies.

 Language Services

Of the 129 companies listed in the SPD in June 2018, 4 companies reported they 
focused exclusively on language interpretation, which is classified as an ancillary 
service in SPD. Some language interpretation services were offered by a total of 
15% of companies.

 Telemedicine Systems Used to Connect to Customers

In aggregate, companies reported using 57 specific telemedicine systems to connect 
with customers. An average company used only one or two platforms. Of these 
systems, nearly 19% of companies reported their systems were proprietary, while 
17% reported their systems were platform agnostic. Vidyo, Cisco, and Polycom 
were the top three third-party specific telemedicine systems, used by 16%, 13%, and 
10% of the telemedicine service companies, respectively.

It is noteworthy that 72% of companies reported their telemedicine services can 
be incorporated into an electronic health record, of which 41% were certified by the 

17 Survey of the Direct-to-Hospital (DTH) Telemedicine and Telehealth …



284

Office of the National Coordinator (ONC). Nearly all telemedicine service compa-
nies (93%) listed in SPD claimed that their patient information system complies 
with Health Insurance Portability and Accountability Act (HIPAA) and Health 
Information Technology for Economic and Clinical Health (HITECH) Act.

 Comprehensive List of Teleservices and Ancillary Services

Although thousands of telemedicine and telehealth academic articles have been 
published, none describe a comprehensive list of services. It is for this reason that 
we utilized the SPD database to derive such a list.

In the SPD listing form, companies are surveyed about which services they offer, 
using a multiple choice-multiple answer list of 70 teleservices and 8 ancillary ser-
vices. Open text space was also provided for telemedicine and telehealth service 
companies to report additional telemedicine and telehealth services they currently 
provide.

Upon analyzing company details, it was found that all the healthcare services 
ATP and SWTRC included in the multiple choice-multiple answer question were 
offered by at least one company. Furthermore, upon review of the “other teleser-
vices” companies stated they offer, no services were found that were not included in 
the SPD listing.

Tables 17.2 and 17.3 detail the comprehensive lists of teleservices and ancillary 
services, listed in SPD as of June 2018.

Table 17.2 A comprehensive list of teleservices offered in June 2018

Addiction Allergy Audiology Bariatric medicine Burn

Cardiology Chronic disease 
management

Dementia Dentistry Dermatology

Diabetes Emergency medicine Endocrinology Epilepsy Gastroenterology

Genetics/genetic 
counseling

Geriatrics Gynecology Hematology Hepatology

Homecare Hospice Hospitalist ICU (intensive care 
unit)

Infectious disease

Integrated care Internal medicine Long-term care Maternal care Menopause care

Mental health Microbiology Mobile health 
(mHealth)

Neonatology Nephrology

Neurology Neuropsychological 
testing

Nursing Nutrition Obstetrics

Occupational 
therapy

Ophthalmology Orthopedic surgery Otorhinolaryngology 
(ENT)

Pain management

Pathology Patient monitoring 
(remote)

Pediatrics Pharmacy Physical therapy

Podiatry Preventive care Primary care Psychiatry Psychology

Pulmonary 
medicine

Radiology Rehabilitation Rheumatology Sleep medicine

Sonography Speech language 
pathology

Stroke Surgery Toxicology

Trauma Urgent care Urology Weight control Wound care
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 Cross-Referencing Teleservices with the American Board 
of Medical Specialties

During the analysis of the SPD directory, two questions were posed: first, what 
specialty would a clinician be classified as if they offered a given service? Second, 
what specialty boards are associated with the provision of care using tele- and ancil-
lary services?

To better understand the teleservice and ancillary service provision among medi-
cal specialties, each service was cross-referenced with the American Board of 
Medical Specialties [20] or select allied health fields. The number of services were 
pooled per board and used to create the word cloud seen in Fig. 17.5.

Through this analysis, it was found that providers who belong to general practice 
specialty boards, internal medicine, gynecology, pediatrics, and family medicine, 
are the greatest users of telemedicine services.

 Geospatial Processing

 Headquarter Distribution
After vectorizing companies’ headquarters on a map, a nearest neighbor vector 
analysis was run. It was found that headquarters were significantly clustered, with a 

Table 17.3 List of ancillary services offered in June 2018

Patient 
education Patient engagement

Distance 
education

Language interpretation 
service

Support 
groups

Continuing medical 
education

Health call center Continuing education

Fig. 17.5 Specialties of users of telemedicine and telehealth services. This word cloud is based on 
pooled numbers of services per board
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nearest neighbor index of 0.382 and z-score of −13.43. Based on visual inspection, 
referencing Esri’s city coordinates [17, 19], multiple companies were found to be 
located around Seattle, San Francisco, Los Angeles, Phoenix, Dallas, Houston, 
Atlanta, Miami, Jacksonville, DC, and Minneapolis.

This may suggest the location of companies’ headquarters, and their respective 
service footprint may be determined by population density, indicative of case vol-
ume, and/or telemedicine policies.

 Teleservices and Ancillary Services
The primary finding of geospatial analysis was that nearly all 70 teleservices and 8 
ancillary services were found to be available in all 50 states, provided by at least one 
company, tele-addiction not being provided by any service provider in Utah, 
Vermont, or Washington.

Analyzing this further, we used SPUs to determine the presence of tele- and 
ancillary service pooling. The resulting maps are seen in Figs. 17.6 and 17.7.

Like the clustering of companies’ headquarters, service pooling may be a result 
of population density, case volume, and/or telemedicine legislative policies. 
Furthermore, these maps illustrate telemedicine/telehealth service disparities.

Legend
Teleservice Provider HQ

Teleservice Provision Units

250 - 300

300 - 350

350 - 400

400 - 450

450 - 500

500 - 550

550 - 600

600 - 650

Cumulative Teleservice Provision

Fig. 17.6 Cumulative teleservice provision, measured using service provision units

Legend

Ancillary Service Provider HQ

Ancillary Service Provision Units

30 - 40

40 - 50

50 - 60

60 - 70

70 - 80

80 - 90

90 - 100

100 - 110

Cumulative Ancillary Service Provision

Fig. 17.7 Cumulative ancillary service provision, measured using service provision units
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 States Served, Provider Location, Licenses, and Planned Expansion
Comparing the lists of states which companies provide services to and the lists of 
states in which providers are located, it was found that 35% of companies offer 
services in the states where their providers reside. Thirteen percent of companies 
provide services to less states than where their providers are physically located. 
And, 53% of companies provide services beyond the states in which their telehealth 
service providers reside.

Focusing on the list of states in which companies have providers licensed, 43% 
of companies practice in the same number of states as they are licensed. Thirty-four 
percent of companies have more state licenses than what they reported practicing in.

By independently comparing the states of planned extension to currently served, 
service provider locations, and licensed, it was found that 7% of companies plan to 
expand to states where they hold unused licenses.

Collectively, these data imply an association between medical licensure and the 
growth of telemedicine/telehealth service provision.

 Summary

As an innovative leader in telemedicine, the Arizona Telemedicine Program and 
Southwest Regional Training Center created the Service Provider Directory (SPD), 
an online directory used to foster connections between healthcare administrators 
and commercial telemedicine/telehealth service providers. With its continued cura-
tion and sustained expansion, it serves as one of the most comprehensive resources 
for seeking commercial teleservices. In 2018, the directory was estimated to include 
approximately 25% of the commercial telemedicine/telehealth service provider 
companies. It is for this reason we believe that the directory was an accurate repre-
sentation of the telemedicine/telehealth market, contained enough data to be statisti-
cally significant, and used to identify market trends through a standalone analysis. 
Prior to the aggregation and analysis of these data, basic market trends and statistics 
were largely only known by service provider companies themselves and the experi-
ence of industry leaders.

 Findings

According to our analysis of the SPD, an average company was fee for service and 
indicated targeting 10 customer types on a multiple choice-multiple answer list, the 
most frequent being medical specialty service provider to healthcare providers and 
non-healthcare systems. On average, a company offered 9–10 teleservices, with the 
most frequently provided services being psychiatry, mental health, and remote 
patient monitoring. Relatedly, an average company also provided 1–2 ancillary ser-
vices, patient education and patient engagement being the most popular. Companies 
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provided services to an average of 18 states. States with the most service provision 
units were California, Arizona, and Texas. Service delivery was reported to be done 
using two connection methods, on average. Nearly all companies reported their 
services could be integrated into an electronic health record and are HIPAA and 
HITECH compliant. Only 41% of companies said they use an EHR that is ONC 
certified.

Tables 17.1 and 17.2 list the 70 teleservices and 8 ancillary services, used to 
survey companies during the company listing process. These services were used as 
answers on a multiple choice-multiple answer question, surveying what services 
each company provides. All found to be provided by at least one company.

When all 70 teleservices were cross-referenced with the specialties and subspe-
cialties of the American Board of Medical Specialties, it was found that more tele-
services were related to the boards of pediatrics, internal medicine, and family 
medicine than any other, as can be seen in Fig. 17.5. This may indicate a significant 
number of providers that use telemedicine are related to general practice.

The two most significant findings of this chapter are related to the geospatial 
analysis of the SPD. First is the discovery that nearly all 70 services and all 8 ancil-
lary services were available in all 50 states, the only shortfall being that tele- 
addiction not being specifically available in Utah, Vermont, or Washington. 
However, due to addiction medicine being a subspecialty under preventive medicine 
[6], which is available in all 50 states, we feel confident that the provision of care, 
under one service or another, is available across the United States.

Second is the creation and application of a methodology that identifies telehealth/
telemedicine service disparities. This methodology used service provision units 
(SPUs), which we defined as a service provided within a specific state by a single 
company. Using SPUs as a unit of measure, we aggregated all SPUs for every tele- 
and ancillary service to create Figs. 17.6 and 17.7. The darker green the state, the 
more teleservices and companies providing those services within the state. 
Furthermore, these maps can be disaggregated by a selected service to determine 
the number of companies providing said service per state. In practice, this can be 
used as a metric within public health or a means for business planning.

 Implications of Findings

The implications of the findings described in this chapter can be summarized in 
three points. First, in 2018, telemedicine/telehealth was transitioning from an 
independent niche market; second, the directory was an accurate representation 
of the market; and third, medical licensing was a significant challenge for service 
providers.

Although the average commercial telemedicine/telehealth company was found 
to provide 9–10 teleservices and 1–2 ancillary services to 18 states, these statistics 
do not paint a completely accurate picture of the market. Rather, the market was 
polarized. For example, only 28% of the companies in the SPD offer ten or more 
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services, while 59% offer five or less, with 25% offering only one. Similarly, 41% 
of companies do not offer any ancillary services, and 54% of companies provide 
services to eight or less states. We chose not to exclude companies with larger tele-
medicine footprints from this analysis, because they accounted for a significant por-
tion of the directory, and we predict companies will continue to grow in this way. 
Startup companies, capitalizing on niche markets, are getting acquired, partnered, 
or merged by larger companies. An interesting example of this can be seen when 
looking back at a 2017 snapshot of the directory, when InTouch, a large company, 
acquired a smaller company C30 Telemedicine, which provided acute tele- 
neurology, tele-stroke, distance education, and patient engagement to six states 
[21]. Since 2018, four of the companies within the SPD have also been involved in 
acquisitions, InDemand Interpreting being acquired by Stratus, Aligned Telehealth 
being acquired by American Well, and InSight Telepsychiatry merging with Regroup 
Telehealth [22–25]. Considering this collectively we think that the years surround-
ing 2018 were a transitional period for telemedicine, from independent niche to 
supply and demand.

As stated on the home page of the SPD, its purpose is to serve as a resource for 
hospital and healthcare administrators to expand and improve their institution’s 
healthcare services [15]. With 129 commercial companies listed in 2018, which col-
lectively provide 70 teleservices and 8 ancillary services to all 50 states, we argue it 
fulfills its objective quite well. The question then arises, “does the SPD only repre-
sent the commercial clinical telemedicine/telehealth market, or does it represent the 
clinical market as a whole?” The main difference between included and excluded 
clinical provision-based companies is companies that provided services in tandem 
with larger organizations were listed and companies that operated independently for 
the sole purpose of DTC telemedicine were not. The most obvious answer to the 
earlier question is that the clinical commercial market was based on the inclusion- 
exclusion criteria. However, after reviewing the 21 companies of GoodRx’s 
Telehealth Marketplace, a directory which connects patients with DTC telehealth 
service providers, we found their listings are comparable to the larger companies 
that have historically acquired, partnered, or merged with niche companies [26]. 
Examples of this include HealthTap acquiring Docphin, MDLive acquiring 
Breakthrough Behavioral, and Teladoc acquiring both TelaDietitian and 
MedecinDirect [27–30]. From these examples and the cross listing of two compa-
nies between GoodRx Telehealth and the SPD, which now offer both clinical com-
mercial services (also called “direct-to-hospital” telemedicine and telehealth) and 
DTC services, despite its exclusion-inclusion criteria, we think the SPD serves as an 
accurate snapshot of the entire 2018 telemedicine/telehealth “clinical market,” illus-
trating the transition from clinical commercial (direct-to-hospital) to DTC telemedi-
cine and telehealth as the largest segment of the telemedicine/telehealth industry 
[31, 32]. Significant growth of DTC telemedicine companies was observed to the 
extent that it warranted a formal definition within a recent Frequently Asked 
Question section in a telemedicine/telehealth industry-related congressional report 
[33, 34].
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In a separate 2016 congressional report, it was suggested that one of the greatest 
policy challenges for the growth of telemedicine/telehealth is medical licensure, the 
report specifically stating “…state licensure requirements may be inhibiting broader 
use of telehealth, with as many as 4 out of 5 states requiring out-of-state clinicians 
providing telehealth services to be medical licensed in the state where the patients 
reside” [35]. Given that our data indicate 7% of companies planned to expand to 
states for which their providers already have medical licenses, we agree. Later in the 
document, the authors state that the Federation of State Medical Boards drafted an 
interstate licensure compact, which would solve this problem [35]. To date, the 
Interstate Medical Licensure Compact (IMLC) includes 29 states [36]. As participa-
tion in the IMLC expands, we think telemedicine companies’ service footprints will 
grow, and the telehealth disparities among states, illustrated by a lack of ubiquity in 
Figs. 17.2 and 17.3, could be mitigated.

Currently, the ATP’s and SWTRC’s SPD is listed at both the Center for Medicare 
and Medicaid Services (CMS) and the Health and Human Services (HHS) web sites 
as telehealth and telemedicine resources [37, 38].
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 Introduction

Telemedicine for trauma and emergency or teletrauma care (TCC) has been in use 
for decades. It can be difficult to keep up with its developments. The telepresence of 
an expert can save the patient’s life, restore the healthcare teams’ confidence, and 
save the day. The initial experiences with teletrauma in caring for the critically ill 
and injured trauma patients and in reducing the overall cost of trauma care have 
been rewarding and successful [1]. The acceptance of teletrauma by trauma sur-
geons, referring physicians, nurses, and other providers, as well as by patients, has 
been excellent. The telepresence of trauma surgeons through the teletrauma system 
provides the missing segment of care in rural hospitals. Furthermore, during tele-
trauma sessions, experts can often identify significant knowledge gaps and the need 
for instituting new outreach educational programs in such hospitals. As technology 
becomes friendlier and cheaper, the concepts of teletrauma, telepresence, and telere-
suscitation continue to evolve and to become more integrated into the modern care 
of trauma and surgical patients.

While telemedicine has been advocated for and used during all three phases of 
disaster management (pre-disaster phase, acute post-disaster phase, and post- 
disaster phase) [2], in this chapter we will concentrate only on trauma, burns, and 
emergency medicine.
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 A Case for Telemedicine for Trauma: Disparity in Trauma Care

Most hospitals around the world that provide care to injured patients are not “dedi-
cated” trauma centers. Worse, most trauma centers are concentrated in major urban 
settings, while the rural world has little or no tools and support to provide advanced 
trauma care. This means that much of the population is not immediately covered by 
specialized trauma systems and thus is vulnerable to trauma, emergencies, and 
disasters. Most trauma systems are located in the cities and regions with the greatest 
population densities [3]. Branas et al. [4] noted that 190 level I, 255 level II, and 258 
level III trauma centers are located throughout the United States (i.e., 1.5 level I and 
II and 2.4 level I, II, and III trauma centers per million population). Those numbers 
may appear impressive and certainly cover most Americans, yet 46.7 million 
Americans still do not have access to a trauma center within the first hour of an 
emergency [4]. Those uncovered Americans live mostly in rural areas and are more 
likely to die or become severely disabled as compared to their urban counterparts 
[5]. Other researchers have also reported that the more trauma centers are clustered 
together, fatality rates are lower. Moreover, in this study, counties without a trauma 
center had higher population density than counties with a trauma center (5.7% ver-
sus 1.2%, p < 0.01) [3].

The southwestern region of the United States has the lowest number of trauma 
centers. In Arizona, trauma accounts for 66% of all deaths reported in the state. 
Furthermore, of the 24,000 Arizonans who are severely injured each year, 40% do 
not reach a designated trauma center within the “golden first hour” [1]. Clearly, in 
rural areas, trauma access is limited; the nearest trauma center is often more than a 
hundred miles away. Most rural communities without specialized trauma systems 
have much higher morbidity and mortality rates. For example, although only 
23–25% of the US population lives in rural America, 56.9% of deaths caused by 
motor vehicle crashes (MVCs) occur in the rural population [6]. As a result, rural 
patients are at a greater risk of traumatic death than urban patients [7]. In fact, 
patients involved in MVCs in rural America have twice the mortality rate as urban 
patients with the same injury severity score [7, 8]. This mortality rate represents the 
serious disparity in trauma care provision.

A systematic review and random effects meta-analysis of 35 studies demon-
strated that uninsured patients were more likely to die than privately insured patients. 
Furthermore, these authors demonstrated that the African-American population was 
associated with higher odds of death when compared with the Caucasian popula-
tion. But disparity in providing trauma care is much more pronounced in low- and 
middle-income countries. In a recent study, patients with geographic disparities and 
low-income level increased in-hospital mortality for patients with major torso 
trauma even in a system of healthcare insurance [9].

Many factors have been identified for this disparity in trauma care between rural 
and urban America. First, rural emergency rooms with low-volume trauma care 
often have limited experience with major trauma, lack of adequately trained person-
nel, and limited requirements for continuing medical education, all of which may 
lead to serious management errors [10–13]. Second, trauma patients in remote 
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locations lack immediate access to subspecialty care (such as trauma surgeons, neu-
rosurgeons, and orthopedic, vascular, or cardiac surgeons). Creating sophisticated 
and advanced trauma systems to cover the entire country, while desirable, is impos-
sible and impractical.

This major disparity between urban and rural trauma care must be eliminated. If 
we have a sophisticated and advanced trauma teletrauma program, its applications 
could cover the entire spectrum of care, from the site of injury (prehospital care), to 
the site where the patient is seen first (the rural hospital), to the tertiary hospital or 
dedicated trauma center (definitive care).

 Decision on the Fly and with No Data

Currently, trauma surgeons and trauma centers provide consultation over the tele-
phone for patients in rural or community hospitals. Often, however, such advice is 
based on limited, if not outright wrong, information. No one knows better than 
trauma surgeons what we hear on a daily basis when we are consulted for a trauma 
patient. Of course, this depends on the training and the experience of the referring 
staff. Often, as receiving consultants attempt to assess the situation over the tele-
phone with scant information, they recommend the minimum diagnostic test and 
transfers to trauma centers, only to find out that the description from the referring 
hospital was not as “advertised” or that the injuries were minor. My most memora-
ble story was when a referring staff told one of my partners that the Glasgow Coma 
Scale (GCS) of a trauma patient with head trauma was 2.

Furthermore, the inability even to recognize injuries or the lack thereof often 
results, understandably, in their simply “playing it safe” by transferring injured 
patients. As a result, patients might receive no care at all at first, or preliminary poor 
care, before being subjected to a sometimes unnecessary and almost always expen-
sive transport to another facility.

When teletrauma services are in place, the consultant(s) have the ability to see 
the patient directly, perform or witness the primary and secondary survey of the 
patient, view the vital signs and other medical records, and assess radiologic images 
when indicated. Together with the referring physician and/or other healthcare pro-
viders, telephone consultants can make the appropriate treatment decisions. 
However, such success can be accomplished only if small emergency rooms or 
other centers in rural areas have access to major trauma centers and trauma sur-
geons 24/7.

 What Is Expected from Telemedicine for Trauma

Telemedicine for trauma and emergency is expected to facilitate the basic resuscita-
tion, airway, transfusion, and other essential trauma-related procedures that ensure 
safe transportation of patients [2]. The initial goal of virtual management is to 
ensure brain protection (in cases of head injury), secure the airway, and maintain 
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blood pressure (in all critically injured patients). While these seemingly simple pro-
cedures may be taken for granted in major trauma centers, they will prevent major 
morbidities and mortality. Many rural hospitals often are ill-staffed and clearly 
unable to care for the sickest and most injured patients. Yet, they often undergo 
major workups, only to be transferred to the tertiary hospitals and trauma centers. 
Only the most important diagnostic tests such as chest XR and pelvis XR should be 
done in unstable patients. Other diagnostic studies can be done based on the ability 
of referring centers but not in the centers where the results of these test will not 
change patient care in the local hospital. Above all, teletrauma helps prevent unnec-
essary and highly costly transportation of certain patients, lessening the economic 
impacts on patients, their families, and the entire healthcare system. Teletrauma 
supports the basic elements of safe treatment and initial evaluation. One has to real-
ize though that for critically ill trauma patients, use of telemedicine does not 
decrease transfer rate [14]. Of the 9281 trauma patients, 2837 were treated in an 
emergency department (ED); telemedicine use did not reduce interhospital transfer. 
This is never the sole or main mission of telemedicine though. Those who do not 
need to be transferred should remain in the small hospitals. Such a finding was 
recently reported by our group [15].

 Prehospital Telemedicine

Previously, we have described how the wireless telemedicine system that linked 
moving ambulances with trauma and emergency centers would facilitate and 
advance the care of critical trauma patients. Such a model would also help dispatch 
emergency resources for incident command, accident management, medical triage, 
and mechanical assessment of the scene for the trauma team [16]. While, this sys-
tem is no longer in place, mostly due to changes in leadership and telemedicine 
champions, it is worth reviewing here, as it was the first system of mobile telemedi-
cine from fire department ambulances.

The city of Tucson, the Tucson Fire Department, and the University of Arizona 
Medical Center trauma center deployed the ER (emergency room)-Link system that 
allowed physicians to be virtually present at the scene and/or in the ambulance, 
while a patient was being transported to the hospital ER [17]. The system provided 
emergency dispatchers and responders with a view of the incident scene(s), so that 
they could assign additional emergency resources for incident management. It 
ensures near-constant two-way audio-video and medical data transmissions between 
the attending paramedic in the ambulance and the trauma and ER medical person-
nel. Communication was accomplished via the regional traffic control and city com-
munications infrastructure based on wireless technology. Telepresence at the 
incident scene(s) was possible by cameras mounted externally on the emergency 
vehicle. Those cameras, in conjunction with existing highway cameras operating 
along the freeway or at intersections, provide command and control video to the 
regional E-911 centers and emergency department. The video images facilitate the 
dispatch and management of emergency resources.
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The key components of the ER-Link system in Tucson were the robustness of the 
network and the reliability of its connectivity. However, it was very complex and 
required constant technical support. While the program in Tucson is no longer 
active, we learned a great deal during this project. We were ahead of our time which 
is a great place to be.

Technological advances, and particularly the spread of Internet, have made it 
possible to connect ambulances with hospital in many countries and regions [18]. 
These authors conducted a retrospective analysis of all primary emergency missions 
with telemedicine consultations to 11 mobile ambulances and demonstrated that it 
is safe and technically feasible. Only 6 of 6265 patients experienced adverse events, 
but none were due to teleconsultations. Technical malfunctions during two-way 
voice communications occurred in 1.9% during two-way real-time vital data trans-
missions. These are exceptionally good results. Furthermore, this group reported 
that a total of 6.43% presented a life-threatening condition, and the majority of 
patients (69.08%) was treated on-site by the tele-emergency medical services (EMS) 
physician and subsequently transferred to a hospital. However, almost 8% 
(489/6265) were neither treated on-site nor transferred to the hospital. The superb 
results the authors report may be due to robust technical support and significant 
educational and checklist use [19].

The technical aspect of using cellular networks for 3G/4G networks has been 
greatly improved with setups that allow to increase the available bandwidth and 
redundancy [20]. A recent systematic review of prehospital telehealth utilization 
concluded despite positive trends; telehealth utilization in prehospital emergency 
care is fairly limited given the sheer number of EMS agencies worldwide [21].

 Earlier Teletrauma Experience

The first attempt to simulate the use of telemedicine in real-time trauma resuscita-
tion was in 1978 by Dr. R.  Adams Cowley, who staged a disaster exercise at 
Friendship Airport in Baltimore, in an aged DC-6 aircraft, using old and cumber-
some satellite technology [2].

Years later, Rogers et  al. reported their use of a teletrauma service in rural 
Vermont where 68% of that state’s population lives in rural areas [22] . Their initial 
experience with 41 teletrauma consultations was very encouraging. Of 41 patients 
seen via the teletrauma system, 31 were transferred to a tertiary care center. For 59% 
of the patients, transfer was recommended immediately, because of their critical 
condition; 41% of transfers were accomplished by helicopter. In three patients, tele-
trauma consultation was considered lifesaving. The most common recommenda-
tions from the teletrauma consultant concerned patient disposition; for example, for 
15% of the patients, the consultant recommended keeping them at the referring 
facility. Other recommendations included suggestions for diagnostics (such as 
obtaining or foregoing a computed tomography scan) and for additional therapeu-
tics (such as placement of a nasogastric tube, placement of a chest tube, or transfu-
sion of blood).
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Other investigators have described various applications of teletrauma in rural 
settings, such as the management of orthopedic injuries, including the evaluation 
and treatment of extremity and pelvic injuries [23–28] . In one study, 68 of 100 
patients referred for teletrauma were able to remain in the rural community hospital 
with pelvic fractures. That outcome certainly has major cost implications, minimiz-
ing the number of costly transfers to major medical centers, increasing the use of 
local healthcare facilities, and avoiding the array of social and financial issues 
involved with treating patients away from their families [1, 29–32]. The clinical 
accuracy of teletrauma has also been affirmed.

Of our own first 59 patients evaluated [1], 50 (85%) came from the program’s 
first hospital (Douglas, Arizona). Overall, 35 (59%) of the patients were treated for 
trauma and 24 (41%) for general surgery. Of the 35 trauma patients, 32 (91%) suf-
fered blunt injuries; 3 (9%) suffered penetrating injuries. The most common injuries 
were, overwhelmingly, either orthopedic injuries or closed head injuries; several 
intra-abdominal and thoracic injuries also occurred.

In our series, of the 27 trauma patients transferred to the University of Arizona, 
8 (30%) underwent surgery, and 19 (70%) received nonoperative care. For trans-
ferred patients, the average injury severity score was 10 (range, 1–41); the average 
patient age was 34.3 years (range, 1.5–80). Of the 27 transferred trauma patients, 18 
(67%) were discharged home directly from the trauma room. Of the 9 (33%) admit-
ted for inpatient treatment, 6 were discharged to long-term care facilities. The aver-
age length of stay for transferred trauma patients was 5.5 days (range, 1–30).

The telepresence of the trauma surgeon was considered lifesaving in 6 of our 
patients: 5 (14%) of the 35 trauma patients and 1 (4%) of the 24 general surgery 
patients (that 1 patient had a necrotizing soft tissue infection). A total of 17 patients 
(29%) were kept in the rural hospitals (8 trauma patients and 9 who underwent gen-
eral surgery). Treating patients in the rural hospitals avoided transfers, saving an 
average of $19,698 per air transport or $2055 per ground transport. The most mem-
orable case of teletrauma was my first case [16].

An 18-month-old girl was the only survivor of a severe car crash with three 
fatalities in Agua Prieta, Sonora, Mexico [16]. She was brought to Douglas Hospital 
in Arizona, 3 hours after the car crash, in critical condition. She was hypotensive; 
her oxygen saturation was at 70%; she had a Glasgow Coma Scale score of 7, mul-
tiple visible injuries to the head, and bilateral lower extremity fractures with no 
intravenous access. The physician on call in Douglas intubated the patient success-
fully, but once she was intubated, the saturation was not coming up as expected. 
Worse still, with each bagging, her systolic blood pressure would get lower, and her 
saturations would get lower as well. The chest radiography clearly demonstrated 
that the endotracheal tube was deep in right lower lobe. Pulling the endotracheal 
tube back solved the problem of saturations. Her grossly dilated stomach was 
decompressed with a nasogastric tube.

Getting intravenous access in shocked patients is always difficult as all the veins 
are collapsed. The only choice is accessing central veins, such as femoral, jugular, 
subclavian vein, or osseous access. In a shocked patient, femoral access is the fast-
est and the safest. However, this was the physician’s first “femoral stick” in a child. 
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Using telemedicine, I guided her successfully through femoral line placement. Once 
she gained access, we were able to transfuse the patient with packed RBC. The arte-
rial blood gas analysis showed severe acidosis (base deficit 10, from acute blood 
losses, hemoglobin 5.8 gr/dL). After the patient was placed on the helicopter for a 
150 km ride, the joyful but exhausted and pale-looking physician turned to the cam-
era, her face filling the screen, and said: “Thank you so much for being with us here 
today. Without you, this child would have died.” I thanked her, then congratulated 
her and her nursing staff and all others that were involved in saving this child’s life 
and told her that she had done great and heroic work. To this day, I remember her 
face and the hope in her eyes. A couple of years ago, I learned that my patient is a 
happy teenager now.

The University of Mississippi Medical Center reported its experience using tele-
medicine and the impact on trauma care. Over 5 years at that center, 814 traumati-
cally injured patients were grouped as follows: 351 in the pre-teletrauma era and 
463 in the teletrauma era. In the pre-teletrauma era, those 351 patients were trans-
ferred directly from the local community hospital for definitive care to a trauma 
center. In the teletrauma era, those 463 patients were the focus of virtual consulta-
tions, and 51 of them were triaged to the trauma center. The implementation of 
teletrauma in rural hospitals shortened patients’ length of stay in local hospitals and 
dramatically decreased local hospitals’ costs. Moreover, teletrauma significantly 
improved rural hospitals’ evaluation and care of trauma patients. More severely 
injured trauma patients were identified and more rapidly transferred to the trauma 
center [32]. At the University of Mississippi study, 83% of the referring doctors and 
61% of the trauma surgeons thought that the teletrauma consultations improved 
patient care. In addition, 67% of all the doctors thought that the consultations could 
not have been performed as well by telephone. That study demonstrated the effec-
tive use of teletrauma for consultations, for delivery of expert opinions, and for 
determining the need to transfer patients to the trauma center. Both patients and the 
referring doctors in those rural communities benefited greatly from the expertise 
that teletrauma made possible at a distance

 Most Recent Teletrauma Results

The largest trauma telemedicine study was reported by Mohr et al. [14]. Between 
2008 and 2014, authors reported a total of 9281 trauma patients seen in North 
Dakota Critical Access Health (CAH) EDs, of which 31% (n = 2837) were seen in 
hospitals that had an active telemedicine connection. Of those, 11% (n = 301) of 
patients had the telemedicine provider consulted by the local CAH for help with 
patient management or arranging interhospital transfer. Patients seen by telemedi-
cine were transferred more (13.1% vs. 8.5%, difference = 4.6%, 95% CI = 2.3% to 
6.9%). As expected, transferred patients when compared to those non-transferred 
had significantly more severe injuries (mean ISS = 7.8 vs. 3.7) and had more head 
injuries (19.2% vs. 11.4%), chest injuries (12.2% vs. 7.7%), difference = 4.5%, 95% 
CI = 2.2% to 6.7%, and required more resuscitative interventions (e.g., endotracheal 
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intubation [7.6% vs. 1.1%]) and chest tube placement [1.9% vs. 0.6%]. Two most 
common types of injuries transferred were penetrating trauma and burn patients, 
which reflect the human capacities in rural North Dakota.

Another major French study, with a total of 23,710 patients, had telemedicine 
consultations in the region; 36% had head or spinal injuries, while 30% were used 
for stroke [33]. These authors report that the number of patients examined by tele-
medicine and admitted for head or spinal injuries also increased over the 13-year 
period (12% vs. 21%), while interhospital transfers were halved for both patholo-
gies. Telemedicine networks facilitate acute-phase neurological assessment and pre-
vent unnecessary secondary interhospital transfers. This was demonstrated by our 
group as well [15, 34]. A case series study of patients [34] with isolated head and 
spine injuries was conducted at the Department of Neurosurgery at the National 
Trauma Center of Tirana, in Albania, between January 2014 and December 2016 
that serves the entire country via a telemedicine network. Patient demographics, 
associated diagnostic testing, mechanism of injury, whether the patient was trans-
ferred or was maintained for further observation in the referring hospital, length of 
hospital stay, and operative management and discharge status of those transferred to 
trauma center were included. In addition, the referring hospital, recommendations 
by consulting team, and the mode of teleconsultation synchronous (i.e., live), asyn-
chronous (i.e., store and forward), or a combination of the two (i.e., live and store 
and forward used) were reported, as well as the date and time of each teleconsulta-
tion. In this study, the asynchronous technology (store and forward) accounted for 
the majority of the teleconsultations (84%), while the live plus store-and-forward 
technique was employed in 15% of the cases. Sixty-six percent of patients did not 
require transfer to the tertiary hospital. Four patients who were advised to stay in the 
regional hospital by the teleconsultation service were transferred to the tertiary 
hospital.

As in most traumas, 70% of patients who underwent teleneurotrauma consulta-
tions were males and the mean age was 43.8 years old. Nearly 32% were 60 years 
or older, and 16% were 15 years or younger. Nearly 88% of the patients were taken 
to the hospital by ground emergency medical services. Of patients transferred to the 
University Hospital of Trauma (tertiary hospital), 12% were transported by helicop-
ter or emergency medical service ambulance. Of the patients seen in the regional 
hospitals, 76% had brain injuries and 23% had spinal injuries. Nearly 97% were 
blunt trauma. The most common mechanism of injury was fall from height (47%) 
followed by motor vehicle crashes (38%). Eleven percent of patients suffered inten-
tional injuries. Sixty-three percent of the injuries occurred in motor vehicles, 32% 
at home, and 5% at the workplace. No illness other than injuries at the time of 
admission was reported in 97%. Of those transferred to the tertiary hospital, 71% 
had brain injuries and 29% had spinal injuries. Nearly 88% were blunt injuries, of 
which 48% were caused by fall from heights and 34% by motor vehicle crashes. 
Interestingly, the majority of transferred patients (91%) to tertiary trauma center 
underwent nonoperative treatments at the regional hospital. Of those who under-
went surgery, the majority of patients (56%) were operated for fractures in 9%, 
thoracic injuries in 3%, craniectomy in 6%, and craniotomy in 18%. The median 
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length of stay in the intensive care unit was 1 (0–8) day, and in the hospital, it was 2 
(1–39) days.

A subsequent follow-up study (15) combined with our initial report of 146 
patients reported (34), of 590 teleconsultations for neurotrauma, most patients 
(76%) did not require a transfer to the tertiary center, and 187 were transferred and 
treated locally by non-neurosurgeons [15]. Analysis by diagnosis indicated that 
most cases of low severity were not transferred, whereas higher severity cases were 
twice as likely to be transferred (P < 0.05). The mean age of patients was 43.31 years 
with a median of 46.5 years (range, 1–93 years); 449 patients (76.23%) were male, 
and 140 patients (23.77%) were female. In one patient, the sex was not recorded. A 
number of interesting elements came to light during the analysis of these patients.

 1. Telemedicine for trauma does not burden the trauma center. The average number 
of teleconsultations was 12.5 cases per month (monthly average range, 8.5–16). 
Following a gradual increase during the first 2 years, the number of consultations 
taking place each month is now stable at 14–16 cases per month. This steady rate 
is indicative of the maturity and stability of the teleneurotrauma program. The 
maximum number of teleconsultations in a day was four cases.

 2. Most traumas happen during the daytime and does not overload the night team 
on call. Of 590 teleconsultations, 417 patients were seen during regular business 
hours (8:00  AM–4:30  PM), and only 173 patients were seen at night and on 
weekends.

 3. Most suspected head and spine injury patients can be treated at local hospitals 
without a neurosurgeon. Of the 590 patients with isolated head and spine inju-
ries, only 187 were transferred to the tertiary facility (31.69%), whereas 403 
were treated in the local hospital (68.31%). The mean age of transferred patients 
was 45.12 years, whereas the mean age of patients treated locally was 42.47 years 
(P < 0.05).

Moreover, analysis by diagnosis demonstrated that most cases with low severity 
(ICD-10 codes S00, S01, and S02) were not transferred (<20% referral rate), 
whereas cases with higher severity (in particular, S06, S07, and S09) were twice as 
likely to be transferred (almost 40% referral rate) (P < 0.05); based on these studies, 
we can conclude that structured and coordinated telemedicine for neurotrauma 
increases access to care for neurosurgery patients in countries that do not have wide-
spread neurosurgery services.

 Sustainability of Teletrauma Programs

We have previously published the requirement for a successful teletrauma program. 
While technology has changed dramatically, it still requires careful planning, a 
highly sophisticated telemedicine network, and technical support on a 24-hour 
basis. In addition, buy-in from each member of the multidisciplinary team is manda-
tory, because it represents a new paradigm for providing services.
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Ongoing education on the use of any teletrauma system is extremely important. 
It is imperative that the staff at both the University of Arizona and the rural hospitals 
are trained continuously through interactive training sessions, online training mod-
ules, on-site training manuals, and a 24/7 help line. The software’s design should be 
as intuitive as possible.

Establishing a teletrauma system has other benefits that are difficult to scientifi-
cally measure. Local physicians and nurses take comfort in knowing that they can 
have a trauma surgeon “present” on a moment’s notice. One of the most important 
elements of sustaining a teletrauma program is continuous education of healthcare 
providers. Hands-on education of physicians and nurses in providing trauma care is 
a substantive advantage; everyone can learn different approaches from patient to 
patient. In a rural setting, such education becomes difficult, because of the high 
turnover in staff members. A myriad of educational programs can be done “virtu-
ally,” but nothing substitutes for face-to-face interaction.

The first case in any new teletrauma program is the most important; efforts 
should be made to ensure it goes smoothly. As the local physicians gain experience 
and interact repeatedly with trauma surgeons, they master an advanced decision- 
making process that is directed toward endpoint resuscitation and modern 
techniques.

Establishing a teletrauma program is a complex process, but for injured and criti-
cally ill patients, it can potentially reduce mortality, morbidity, and cost. However, 
for such a program to become a sustainable part of the clinical fabric and of every-
day practice, we have learned that certain requirements are essential.

The user interface of a teletrauma system needs to be addressed upfront. Nurses 
and physicians may find the system intimidating, even avoiding it because of its 
perceived complexity. A two-step training program should be developed to first 
introduce the basic usage of the system and then move on to its advanced features. 
Training should be available anytime at the request of the rural hospital and should 
include the information technology (IT) department at each hospital. Involving the 
IT department is of paramount significance for basic assistance as well as for help 
with troubleshooting.

In addition to solving technical difficulties, attending to several human factors is 
key to the success and use of a teletrauma system. First, complete buy-in from all 
parties involved is critical, including the doctors, nurses, and IT staff in the rural 
hospitals. Without this buy-in, the program will face many obstacles and challenges 
and much resistance. Second, a champion for teletrauma must be identified in the 
rural hospital, someone to act as a catalyst and a pivotal stakeholder for the system’s 
use and implementation. Third, support and training for each site must be plentiful, 
positive, and continuous, allowing all staff members to be confident in their use of 
the system. In the training program we implemented, any of the sites could request 
a training session for the staff, anytime, which helped overcome the inherent fear of 
a new technology.

Once established, a successful teletrauma program will become an integral part 
of trauma care. In addition to providing state-of-the-art care to trauma patients on a 
moment’s notice, it will mean significant cost savings for the entire medical system. 
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If the program is genuinely accepted by the participating hospitals, caregivers, and 
insurance companies, the quality of trauma patient care will be considerably 
enhanced. The trauma surgeons at the central location must feel fully comfortable 
and confident in their ability to supervise and manage trauma resuscitation in a 
remote site; likewise, the referring healthcare providers at the remote site must feel 
valued and respected as essential, well-trained members of the team. Finally, sus-
tainability of teletrauma programs should not be left to individuals, but rather should 
be institutional and truly sustainable. With departing of local champions, the next 
leader of the trauma program or hospital may neglect it, completely.

 Conclusion

Teletrauma is a major tool in trauma care and has significantly increased access to 
care and trauma education. Trauma resuscitation can be performed successfully and 
safely using telemedicine principles, when guided by and under the direct supervi-
sion of a trauma surgeon. Furthermore, major trauma centers can render direct help 
in primary resuscitation of trauma victims to small hospitals that do not have trauma 
specialists—potentially reducing costs, preventing unnecessary transfers, and pro-
moting early transfers, when indicated, to a level I trauma center. Investments in 
effective technology and creation of substantial networks are needed, along with 
ongoing creativity and cooperation among trauma surgeons, emergency medicine 
physicians, and other healthcare workers striving to save and enhance the lives of 
trauma patients.

Finally, we can conclude that low-cost telemedicine solutions to provide struc-
tured and coordinated telemedicine for trauma are an excellent approach to ensure 
access to care for neurosurgery in countries that do not have widespread neurosur-
gery. Nearly 70% of patients do not require transfer to trauma centers and can be 
managed by local physicians.
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19Telemedicine for Burn Care: 
The Commonsense Telemedicine

Dylan Stewart, Joseph R. Turkowski, and Rifat Latifi

 Introduction

The use of telemedicine for burn care seems simply intuitive. Burn assessment has 
a highly visual component, providers with burn expertise are highly concentrated, 
and technological capability is expanding. No other surgical discipline would seem 
more amenable to the use of telemedicine than modern burn care. Through tele-
medicine, burn surgeons should be able to make a relatively accurate assessment of 
burn size and depth and help guide decisions regarding referral to a burn center and 
utilization of costly transport resources. Surgeons can also assist remotely with the 
acute phase of burn critical care management. The postoperative management of 
major burns and the chronic wound management of less serious, nonoperative burns 
also can have a highly efficient telemedicine component. In this chapter we will 
concentrate on the current status of telemedicine in burn management.

Burns continue to be a major cause of mortality and morbidity worldwide, par-
ticularly in developing countries. According to the World Health Organization 
(WHO), almost 200,000 thermal injury-related deaths occur each year worldwide 
[1]. An astounding 96% of the deaths resulting from fire occur in low-income and 
low middle-income countries (LIC and LMIC) [1–4]. In addition to the mortalities, 
millions of people suffer from nonfatal burn injuries with significant morbidity that 
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often are devastating [1]. For example, in India, over one million people are moder-
ately or severely burned every year. In Bangladesh, 173,000 children are moderately 
or severely burned every year. Furthermore, in Bangladesh, Colombia, Egypt, and 
Pakistan, 17% of children with burns have a temporary disability, and 18% have a 
permanent disability. Burns are the second most common injury in rural Nepal, 
accounting for 5% of disabilities [1]. Burns are not only a problem in developing 
countries. In 2011, over 486,000 burn injuries occurred in the United States (US) 
with approximately 40,000 requiring hospitalization [2].

Not only do burns have high morbidity and mortality rates, but they also inflict 
high economic damage. In the USA alone, estimated medical costs associated with 
burn care approximated $1.5 billion in 2010 [3]. Indirect costs, such as days lost at 
work, totaled another $5 billion [3]. These lost wages, coupled with commitment of 
family resources and extended wound care burden, contribute to the devastating 
impact that burns have on the lives of individuals. The WHO has created the burn 
prevention and services report that documents several prevention and rehabilitation 
strategies that can be used to circumvent the problems associated with burn care [4]. 
One specific problem with the treatment of burns is providing adequate wound man-
agement in LIC and LMIC [1]. An individual who has suffered from a moderate and 
survivable burn is at much higher risk in a LIC or LMIC. An individual in a high- 
income country with the same sort of burn would receive adequate post-injury treat-
ment. This problem is due to inadequate resources to provide burn care in remote 
and/or poor regions and has great potential for improvement with telemedicine.

Even in the USA, geography can be challenging. Although the number of yearly 
burns in the USA has declined significantly since the 1970s, the number of burn 
centers has declined as well [2]. This has created serious geographical gaps in pro-
viding access to burn care. Only 69% of the US population lives within 4 hours from 
a verified burn center [5]. For the geographical area, encompassing much of upstate 
New York and eastern Pennsylvania, there are only three burn centers that are hun-
dreds of miles away from one another. This disparity of burns centers leaves large 
portions of the rural population in New York with no immediate access to burn care. 
In remote and poor environments, without telemedicine, the intensive management 
and monitoring that burn care requires are not possible. Telemedicine provides a 
unique opportunity to monitor and provide teleconsultation for wound and burn 
management. The goal of this chapter is to discuss current successful telemedicine 
initiatives for burn care and to provide practical guidance for establishing successful 
burn and wound care telemedicine programs.

 Opportunities for Telemedicine in Burn Care

Greatly improved survival and enhanced outcomes for patients treated at modern 
highly specialized burn centers are undisputed. With the impressive success of 
improving prevention strategies and public awareness, burn incidence in general has 
steadily declined in many countries, triggering a decrease in the number of active 
burn centers.
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Subsequently, the expertise needed to obtain favorable outcomes has become 
increasingly centralized within a diminishing number of centers of excellence. Burn 
centers are covering ever-larger referral areas. They are routinely running at or near 
capacity and are facing mounting financial challenges [6]. In parallel, access to 
specialized burn care has become more difficult, being restricted by distance and 
resources for many people known to suffer increased risks of burn injuries and mor-
tality and living in poverty or in rural medically underserved communities [7, 8].

Whenever a burn patient reaches a local hospital, physicians on-site may have 
limited familiarity with burn treatment. Under such circumstances, assessment and 
treatment in consultation with a remote burn specialist using telemedicine technol-
ogy become highly valuable [6, 7].

Instant visual communication together with electronic exchange of interactive 
video, digital photography, medical information, and electronic health records 
extends the expertise of burn centers to peripheral hospitals with limited or no 
access to specialized burn care [6, 7]. Assessment of transmitted digital images by a 
specialist may lead to significantly different courses of burn care, including appro-
priately deferring intubation, significantly changing fluid resuscitation rates, chang-
ing the route and timing of referral, and avoiding over-triage and unnecessary 
transfer of patients over long distances [7].

Telemedicine for burns has made it possible for the patients to access specialists 
and receive healthcare services even when there is a limited financial resource; 
therefore, by this technology, distance loses its importance [8].

The use of telemedicine for wound and burn care, while prevalent to an extent, has 
not been used as extensively as it has for other areas of medicine, such as intensive care; 
however many studies have documented the usefulness of telemedicine in burn and 
wound care [9–11]. For example, Saffle et al. [10] conducted a comparison trial of burn 
patients, 80 of whom used telemedicine services and 28 of whom used traditional ser-
vices, and found that telemedicine was an effective way to treat burn patients. With the 
rapid increase in technological advances, it is important to ensure that digital images 
are accurate and provide a clear representation of the actual wound. Ong has provided 
a list of recommended methods for remote wound assessment using digital images [12].

As the utility of telemedicine continues to gain adherence and acceptance, sev-
eral aspects of its use specifically to the care of burn patients deserve special 
attention.

 Burn Size and Severity Assessment

A number of studies revealed a significant difference between the experienced and 
inexperienced physicians when estimating the burn size [13–15]. Incorrect assess-
ment may lead to invalid decisions that increase healthcare expenses and decrease 
the quality of healthcare services [9, 13, 16]. Unnecessary fluid resuscitation [9], 
unnecessary endotracheal intubation, and both under- and over-triage decisions 
about transferring the patient to specialized burn centers are among inappropriate 
decisions that are caused by inaccurate assessment and diagnosis [17].
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According to a study conducted in the USA, the estimation of the burn size made 
by the referring physicians was about 6% more than the burn size assessment by the 
specialists. Estimation of the burn size according to the total body surface area 
(TBSA) index was higher in 30% of the cases and lower than normal in 13% of the 
cases [9]. Moreover, up to 29% of patient transfers were found unnecessary, and 
their referral was found to waste valuable resources [16]. Due to the visual nature of 
burn injuries and the possibility of external observations, it is possible to use imag-
ing techniques to assess and diagnose burn injuries [14, 18]. Numerous studies dem-
onstrated that the results of burn size estimation and assessment through imaging 
techniques and telemedicine are very close to the results of the face-to-face assess-
ments and diagnosis [19, 20]. Various findings indicated that using telemedicine to 
assess and diagnose burn injuries results in saving time and money, increasing pro-
ductivity, reducing unnecessary referrals, and choosing the right and most efficient 
method for patient transfer.

Consequently, it can improve the overall quality of healthcare services and 
patient care management [14, 16–18, 21]. Roa et al. performed a study to evaluate 
the quality and density of burn patients’ digital images to use it in telemedicine 
applications. They reported that digital images are economical and easily transfer-
able, and obtaining these images did not cause tension nor anxiety in the patients. 
They also demonstrated that diagnoses made based on these images were highly 
valid and that digital photography could be used as an efficient and appropriate 
method to diagnose burn injuries [19, 22].

Numerous imaging tools have been introduced for burn clinical diagnosis; how-
ever, the use of these tools outside the specialized burn centers is limited due to their 
cost [14]. As a result, low-cost tools such as mobile phones are preferable. To have 
a preliminary assessment and diagnosis of burns, Shokrollahi et al. evaluated the use 
of mobile phones for digital photography in telemedicine [14]. The results of this 
study revealed that the low cost, lack of need for specific infrastructure or training, 
and transferring images without losing quality were among the benefits of using this 
device. The usability of this method has been proven for minor burn injuries. 
However, the screen resolution of mobile phones is as important as its camera qual-
ity. In addition, privacy concerns and medicolegal aspects are other issues that must 
be taken into account when using mobile phones [14, 19].

Other methods for transferring digital images include e-mail, instant photo shar-
ing using the Internet infrastructure, and videoconferencing [16]. Simons noted that 
the main difficulties of digital imaging in telemedicine technology are related to a 
lack of access to the thickness, flexibility, and swelling of the wounds [23]. The high 
likelihood of telemedicine inaccessibility during natural or man-made disasters is 
another problem of this technology [18]. It is worth mentioning that despite the 
weaknesses noted above, the use of telemedicine for different purposes is increasing 
in the specialized burn centers [21], and it has been suggested that wound digital 
imaging would be a substantial part of telemedicine in the future.
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 Over- and Under-Triage

Unfortunately, errors in estimation of burn size and severity, particularly by nonspe-
cialist inexperienced clinicians, are commonplace; patients are often transferred to 
burn centers with overestimation of burn size or severity, excessive or inadequate 
fluid resuscitation, and airway support that at times is deemed inappropriate [10, 
24–27]. Evaluation is becoming even more difficult with the decreasing familiarity 
of most physicians with burn treatment and the widening gap in expertise between 
burn centers and many smaller, particularly rural, hospitals. Telemedicine for initial 
burn assessment, one of the most important factors determining the path of burn 
care, has been demonstrated to improve accuracy of triage as well as initial fluid 
resuscitation, allowing correct evaluation of burn victims by determining the 
urgency and need for transfer to a specialized burn center and avoiding unnecessary 
costs [17, 25, 28–32].

At present, fewer and fewer local physicians have any familiarity with burn care 
and out of caution may needlessly send minor burns to specialized centers for care 
[10, 31]. Most burns, however, can be treated at local general hospitals, while few 
require the highly specialized care of a burn center [31]. With fewer burn centers 
servicing larger catchment areas, unnecessary referrals might not only overwhelm 
system resources but are also time and resource demanding [13, 31]. Even though 
collaboration between a burn center and a rural primary care trauma center is a 
controversial concept and may seem to flout the dogma of providing burn care only 
at specialized centers, telemedicine may allow less-experienced surgeons to treat 
and follow-up those patients more appropriately [28, 29, 33].

By reducing the incidence of over-triage and transporting only those patients 
who truly require specialized care, resources can be better spent and used when 
truly needed, which may also reduce costs [13, 31, 34]. Cost analysis studies have 
also demonstrated savings by decreasing the likelihood of inconvenient and pro-
longed unnecessary referrals, particularly when aeromedical transport is required. 
However, economic benefits in smaller nations and for centers with small catchment 
areas are less clear [10, 13, 28, 29, 31, 33].

 Adequacy of Virtual Examination of Burn Injuries at a Distance

Extent and depth of the burn injury are mainly assessed by visual inspection. These 
factors are very important for selecting the most appropriate type of emergency 
treatment required, as well as the place and method for the patient’s disposition [11, 
22]. In the absence of a skilled burn specialist, a transmitted picture of the injury is 
worth a thousand words. Technological advances from analogue to digital images 
have rendered documentation of the visible external nature of burn injuries appro-
priate and extremely reliable [11].
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Transmission of digital images for the remote diagnosis of burn injuries has been 
advocated as early as 1999 [11]. Since that time, visual communications with digital 
technology has progressed tremendously. Today, digital images, whether static or in 
motion, form a major part of a great variety of modern communication systems. 
Since digital technology allows near instantaneous transmission of images through 
an information network from a referring hospital to a remote specialized tertiary 
center, telemedicine has emerged as a modality of particular value in conditions for 
which assessment is primarily a visual skill [18, 20, 22]. To expedite clinical 
decision- making without reliance on oral descriptions given over the phone, digital 
images are well suited for evaluation by either synchronous (“interactive”) video-
conferencing or asynchronous (store and forward,) imagery, with much greater con-
fidence [16, 25, 31]. Images can be stored, reviewed, and accessed from any 
computer terminal allowing senior input to be obtained for immediate advice on 
management.

 Avoiding Unnecessary Intubations

With the emphasis on the airway, breathing, and circulation (ABC) in advanced 
trauma life support and the advanced burn life support recommendation to have a 
low threshold for intubation of patients with facial burns, there has been an increase 
in the number of patients arriving to burn units intubated.

In contrast, previously, patients had a lower rate of intubation: in a study of 740 
patients admitted to a single burn unit between 1972 and 1975, no patient arrived 
intubated [24]. Thirty-six patients in this study required intubation on arrival at the 
burn center. In contrast, a study conducted at a regional burn center between 2000 
and 2003 revealed that 26% arrived intubated [34]. Although the concerns about 
airway edema and losing the ability to intubate a patient with burns are real, intuba-
tion is not a risk-free procedure. Risks of intubation include difficulty or inability to 
intubate, accidental extubation, atelectasis, pneumothorax, nosocomial infection, 
tracheal injury, and death.

Most of the decisions on whether burn patient should be intubated are often made 
before the patient arrives at the burn center and in some cases before the patient 
arrives at a non-burn center hospital. Often the people making these decisions have 
little training in burns and limited experience in making critical airway decisions in 
burn patients. The removal of mandatory burn training from surgery residency pro-
grams only serves to compound the problem. We as a burn community need to 
provide guidance to these pre-burn center caregivers to minimize unnecessary intu-
bations, while protecting patients who legitimately need early intubation to protect 
their airway.

A study of 111 patients who were intubated and transported more than 90 miles 
to a regional burn center found that 53.1% of patients were able to be extubated in 
the first 24 hours and 64.8% were extubated by hospital day 2 [35].

Romanowski et al. hypothesized that many intubations performed before burn 
center transport are unnecessary. They conducted a retrospective review of all adults 
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who were intubated before burn transfer and survived to discharge from August 
2003 to June 2013. Intubations that had 2 or fewer ventilator days (i.e., potentially 
unnecessary intubations) were compared with those lasting longer than 2 days. Data 
collected included age, ventilator days, length of stay, % TBSA burn, % second 
degree, % third degree, % second-degree face burn, % third-degree face burn, and 
origin of burns. A total of 416 patient met inclusion criteria. Of these, 129 patients 
(31.0%) were intubated less than or equal to 1  day, and a total of 171 (40.1%) 
patients remained intubated for less than or equal to 2 days [36]. The authors con-
cluded that many unnecessary intubations could expose burn patients to serious 
complications, and they proposed guidelines for intubation in the pre-burn center 
setting. It is incumbent for burn physicians to guide these decisions with the goal of 
keeping patients safe, while avoiding unnecessary intubations. Although there is no 
current published data, it seems extremely likely that with the guidance afforded by 
telemedicine, it would be possible to significantly lower the number of unnecessary 
intubations.

 Overusage of Aeromedical Transport

In recent years, widespread support for regional trauma systems has led to increased 
use of aeromedical transport of patients. However, the real benefits of air transport 
for trauma and burn patients remain poorly defined. Saffle et al. reviewed all burn 
patients transported by air during 2000 to 2001 [13]. Each patient was classified as 
being most appropriate for air, ground, or family transport. In addition, a decision 
was made regarding whether telemedicine evaluation of the patient before transport 
could have significantly altered initial treatment decisions. In the study, 225 acutely 
burned patients were transferred from referring hospitals in 9 states, at a mean dis-
tance of 246 air miles. Mean burn size calculated by burn center physicians was 
19.7% total body surface area, whereas referring physicians’ mean estimate was 
29% total body surface area. In 92 cases, over- or underestimation of burn size by 
referring physicians of as much as 560% or decisions regarding performance of 
endotracheal intubation suggested that telemedicine evaluation before transport 
might have significantly altered transport decisions or care. Air transport charges 
exceeded hospital charges in 21 cases. The authors concluded that frequent discrep-
ancies in burn assessment contribute to overuse of air transport. The ability to evalu-
ate burn patients by telemedicine may have the potential to assist decisions regarding 
transfer, avoid errors in initial care, and reduce costs [13].

Roman et al. conducted a 5-year retrospective analysis of patients transported by 
helicopter EMS (HEMS) and ground transport (EMS). They found that within the 
cohort transported by HEMS, 53% of patients suffered smaller burns, compared 
with 73% transported by EMS, and that 1/4 of those transported via HEMS with 
smaller burns were discharged from the ED after burn consultation, debridement, 
and dressing. The average cost per helicopter transport was US$29 K. They con-
cluded that accurate triage and burn center consultation before scene transport or 
hospital transfer could help identify patients not benefiting from HEMS yet safely 
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transferrable by ground, or better served by early clinic follow-up, which would 
reduce cost without compromising care in this cohort [37].

 Telemedicine for Pediatric Burn Care

Centers adept and capable for providing pediatric burn care are even more scarce, 
despite the high disease burden of burn in the pediatric population, especially chil-
dren under 5 years of age [2]. The costs associated with pediatric burn care are high 
[38], and the avoidance of unnecessary admission could have significant cost sav-
ings and more efficient use of burn center resources. Though costs associated with 
inpatient pediatric burn care are high, outpatient care comes with significant costs 
as well. Nearly 90% of children with burns are treated as outpatients [2], but this 
treatment may involve multiple visits for dressing changes, with the potential need 
for long distance travel and the burden of missed days of both school and work. 
Telemedicine for pediatric burn care would be expected to have all the same advan-
tages as for adult burn care, with perhaps an even greater opportunity to prevent 
over-triage and provide cost savings. Despite these possible advantages, there is a 
paucity of literature examining the deployment of telemedicine in this setting. 
McWilliams et al. describe extensive experience with a pediatric telehealth program 
in rural Western Australia [39]. A retrospective examination of their data over a 
period from 2005 to 2013 showed that with over 4000 telehealth burn reviews, 364 
transfers to the regional pediatric burn center were avoided, 4905 hospital days were 
saved, and in 1 year alone over AUD 1.8 million was saved. An important addition 
to the authors clinical burn review was a regional education program for rural pro-
viders, offered over the same telehealth network [39]. Integration of both clinical 
and educational programs seems to be a very novel idea with excellent potential for 
both sustaining and improving a telemedicine burn effort.

Another excellent initiative in pediatric burn telemedicine was reported by 
Garcia et  al. [40]. They formed a multidisciplinary team to create a smartphone 
application that was offered to parents at the first emergency department or clinical 
visit. Smartphone savvy parents were then able to communicate in almost real time 
with pediatric burn experts, without the lag time associated with weekly or biweekly 
clinic visits, which allowed the study to document faster wound healing times. The 
authors also suggest that given the ubiquitous nature of smartphones, using this 
technology rather than a “hub and spoke” model of telemedicine will have more 
widespread applicability [40].

Pediatric burn telemedicine is likely to continue to expand, given many of its 
obvious advantages. Burn center with combined adult and pediatric populations 
should design their telemedicine programs to fit the needs of both patient cohorts.
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 Outpatient Burn Telemedicine

In the outpatient long-term follow-up and burn rehabilitation phase, telemedicine 
consultation service using digital imaging provides cost-effective valuable advice 
which is especially valuable for patients who live great distances from the burn 
center, as telemedicine eliminates the inconvenience and costs of frequent and dif-
ficult journeys by the patient to the specialized center. It may also be used for con-
sultation and advice about limited burn injuries [21, 25, 30, 33]. Yoder et al. found 
that patients were satisfied with the use of videophone technology for follow- up 
burn care treatment [41]. Yoder’s study utilized commercial-off-the-shelf (COTS) 
technology that worked in conjunction with the home phone lines of patients. This 
is one example of an inexpensive and convenient way to use telemedicine, in areas 
that provide land telephone line service. In areas where landlines are not available, 
mobile technology may be more convenient. For example, Knoblich et al. describe 
using a Nokia cell phone to obtain images of a burn victims wounds for follow-up 
treatment [11].

 Global Efforts for Burn Telemedicine

Whereas telemedicine may have the greatest potential for improving the lives of 
people in developing countries, it is in this setting that the greatest challenges are 
encountered. The major difficulty in providing effective wound care in LICs and 
LMICs is that many of these countries do not often have the infrastructure to pro-
vide videophone or even mobile phone services; however, many of these countries 
are beginning to acquire access to these technologies. The World Health Organization 
has worked with many of its member states to create the infrastructure that is needed 
to provide effective telemedicine options [42]. The implementation of successful 
telemedicine programs is an ongoing global effort.

The Grossman Burn Foundation established the first telemedicine burn treatment 
center in Indonesia [43]. This treatment center is located in Kusuri, Indonesia, a 
LMIC with a gross national income per capita of $3420 [44]. Women in Southeast 
Asia have the highest rate of burn deaths in the world, accounting for 27% of global 
burn deaths [4]. They have the highest rates of burn deaths in the region, accounting 
for 70% of burn deaths [4]. The Grossman Foundation has collaborated with several 
international partners to provide effective solutions for burn and wound manage-
ment. These solutions include telemedicine. The Grossman Foundation telemedi-
cine center in Indonesia trained local doctors to use the equipment which will be 
housed at the facility in Indonesia and serves as a prime example of a successful 
effort in a challenged locale.
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 Principles for Establishing a Burn Telemedicine Program

The ideal teleburn unit should be an integral part of a modern burn center. The 
American Telemedicine Association (ATA) has published guidelines for telemedi-
cine in burns. These guidelines include in-depth coverage of every aspect of a tele-
burn center, including administrative requirements for telemedicine networks; 
human resources management; privacy and confidentiality; federal, state, and other 
credentialing and regulatory agency requirements; fiscal management; ownership of 
patient records; patient rights and responsibilities; documentation protocols; net-
work security; equipment use; and research protocols [45].

 Policies and Protocols/Agreement Required

With each policy and protocol, all personnel, contractors, and members of a clinical 
medicine group will need to complete appropriate credentialing that includes secu-
rity policies, personnel policies, and technical policies that ensure the confidential-
ity and integrity of data are maintained. Inclusion of local legal policies is necessary 
in these agreements.

 Technical Requirements

The ATA has published a list of technical standards as well [46]. While live consul-
tations are very important, store and forward can be very useful in burn manage-
ment. For live consultations, technical requirements include high-quality network 
communications. Data communication networks can include local area networks 
(LAN) that interconnects hosts in small areas such as a building; small office/home 
office (SOHO) networks, which is similar to a LAN but has less hosts; metropolitan 
area network (MAN) which connects multiple sites; or a wide area network (WAN), 
which interconnects multiple sites over long distances [47]. Another form of con-
nectivity is that of T-carrier lines. T-carrier lines are high-speed digital network 
transport services that support both voice and data transmission. Recent advances in 
satellite technology allow for portable satellite applications. Broadband global area 
network (BGAN) is one example of portable satellite applications. It uses a com-
pact, portable satellite terminal that is easy to set up and use. The International 
Telecommunication Union (ITU) has also defined several standards for videocon-
ferencing equipment [48, 49]. Videoconferencing can be used for educational pur-
poses, consultation following surgery, surgical telementoring, trauma and emergency 
medicine situations, and discussion among multidisciplinary teams.

 How to Perform Teleconsultations

Most burn centers receive patients from the medical centers of the area or region. 
Some of these centers take patients from across the international borders as well. 
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Having in place protocols and agreements regarding how to conduct consultation 
for burns is an important aspect for a smooth and coordinated care. As we have 
described in the previous chapters, there are guidelines in place for any staff mem-
bers performing teleconsultation [50]. First, privacy and confidentiality should be 
taken into account; therefore, the location should be in a small room dedicated to 
providing teleconsultation services. Privacy must be ensured by either locking the 
door or placing a “Do Not Disturb” notice on the door. While the normal teleconsul-
tation office may be set up much like a standard clinical space, telemedicine for 
burns may be done from the trauma and resuscitation units in the emergency depart-
ment or on occasion from the scene itself. Nonetheless, care should be provided to 
ensure privacy both for the referring physicians and patients during the consultation 
process. ATA clinical guidelines to provide telemedicine for burn have been 
designed to cover every aspect of burn, and the recommendations are categorized by 
the character of the burn injury [45]:

 1. Acute burns – major systems with a high burn percentage.
 2. Acute burns – small single burn with low-percentage coverage.
 3. Follow-up visits.

Other aspects of the teleburn guidelines include technical guidelines and com-
munication, image acquisition, videoconference, data storage, and others elements. 
While principles of telemedicine for burns remain unchanged, some of these techni-
cal aspects of practice evolve with technical development.

 Referring the Patient for Consultation

As alluded above, protocols and agreements detailing how and when to conduct 
consultation for burns are an important aspect for a smooth and coordinated care. 
Ideally, verified burn centers will maintain written agreements with hospitals that 
refer patients for further treatment to a burn center regarding the usage of a tele-
medicine consult.

 Billing and Documentation

The rules for billing for services apply to all telemedicine consultations and should 
be regulated between the institutions, providers, and insurance companies. 
Documentation must be solid and should become a permanent part of the medical 
records as in all telemedicine consultations.

 Saving the Data
Data security and accessibility are essential to a successful telemedicine program 
[24]. Several protocols should be established for saving and use of data. These pro-
tocols include authentication, encryption, access control, integrity, confidentiality, 
auditing and accounting system, and security policy. User control has to be 
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established for every stage of access to the system. Encryption, or scrambling trans-
mission of data, should be carried out using a “behind the scenes” algorithm or 
program. A policy that is strictly adhered to that incorporates effective procedures 
to maintain confidentiality, data integrity, and security should be established.

 Reporting the Data
When reporting the data, all rules regarding confidentiality and security of the data 
are paramount.

 Summary and Recommendation

The implementation of successful telemedicine programs for burn care has been 
slow [6]. The use of store-and-forward programs to transmit digital images for 
wound and burn monitoring [23] has been shown to be effective. The use of video-
phones [9] has also been shown to be effective for monitoring of burn and wound 
patients. Even a web-based wound-monitoring program has been established to pro-
vide a platform to assess multiple data [24]. However, establishing these sorts of 
programs in LICs and LMICs, where effective tele-wound care is needed for popu-
lations living in remote or high-poverty areas, will be more difficult. With the help 
of the World Health Organization and foundations such as International Virtual 
e-Hospital [25] and the Grossman Burn Foundation [4], establishing successful 
tele-wound programs is more likely to occur in developing countries. The ATA pro-
vides clear guidelines to help burn centers develop this exciting resource.
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 Introduction

The management of critically ill patients has transformed incredibly over the last 
few decades. Part of this transformation has been our increased knowledge of man-
aging the most critically ill patients. The most important transformation has been 
technological advances which make it possible to manage the most critically ill 
patients such as sustaining life while waiting for transplants and remote monitoring 
and intervention in situations where ICU staff is limited.

According to the 2015 American Hospital Association annual survey, in the 
USA, there were 4862 acute care registered hospitals and 5229 ICUs with 94,837 
ICU beds (14.3% of ICU beds/total beds). Of these ICU beds, 46,490 are medical- 
surgical beds in 2644 units; 14,731 are cardiac beds in 976 units; 6588 are other 
beds in 379 units; 4698 are pediatric beds in 307 units; and 22,330 are neonatal beds 
in 920 units. The median number of beds in medical-surgical, cardiac, and other 
units was 12, with 10 beds in pediatrics and 18 in neonatal. Fifty-two percent of 
hospitals had 1 unit, 24% had 2 units, and 24% had 3 or more units [1].

The establishment of ICU and technological advances, while associated with 
significantly reduced mortality (a 35% relative decrease in mortality for ICU admis-
sions from 1988 to 2012), is associated with serious cost. According to the Society 
of Critical Care Medicine (SCCM) website data, the annual cost of critical care 
between 2000 and 2010 has increased by 92% (from $56.6 billion to $108 billion). 
The 2010 costs represent 13.2% of hospital costs, 4.1% of national health 
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expenditures, and 0.72% of gross domestic product. Intensive care unit (ICU) costs 
per day in 2010 were estimated to be $4300 per day, a 61% increase from the 2000 
cost per day of $2669 [1].

Overall, there has been a dramatic change in modern hospitals [2]. Most care 
required, even surgical care, is done in ambulatory fashion so that only truly criti-
cally ill patients are hospitalized. In US ICUs, five million patients are admitted 
annually. 20–40% of US ICU admissions require mechanical ventilation support 
[1], and it is expected that the number of patients requiring ICU admission will 
continue to grow, particularly with the growing elderly population as elderly patients 
who undergo major surgeries require postoperative intensive care.

According to a report [1] from the US Centers for Medicare and Medicaid 
Services Healthcare Cost Report Information System (HCRIS), the number of 
critical care beds in the USA increased by 17.8% from 2000 to 2010. The major-
ity of the growth in critical care bed supply is occurring in a small number of US 
regions that have large populations, fewer baseline ICUs per 100,000 capita, 
higher baseline ICU occupancy, and increased market competition. Additionally, 
between 2000 and 2010, the greatest percentage of ICU beds increased in the 
neonatal sector (29%), followed by adult beds (26%). Of the 103,900 ICU beds 
in 2010, 83,417 (80.3%) were adult, 1917 (1.8%) were pediatric, and 18,567 
(17.9%) were neonatal.

According to the study of Wallace DJ et  al. that included 4457 hospitals, the 
majority of intensive care bed growth occurred in teaching hospitals (net, +13,471 
beds; 72.1% of total growth), hospitals with 250 or more beds (net, +18,327 beds; 
91.8% of total growth), and hospitals in the highest quartile of occupancy (net, 
+10,157 beds; 54.0% of total growth) [3]. The greatest odds of increasing ICU beds 
were in hospitals with 500 or more beds in the highest quartile of occupancy 
(adjusted odds ratio, 18.9; 95% CI, 14.0–25.5; p < 0.01) and large teaching hospitals 
in the highest quartile of occupancy (adjusted odds ratio, 7.3; 95% CI, 5.3–9.9; 
p < 0.01).

In other words, only major hospitals around the world can afford to find intensiv-
ists that provide quality intensive care due to the shortage of physicians in certain 
specialties (i.e., intensivists, neurologists).

While there is a large number of ICU beds in the USA, there is a misdistribution 
of ICU beds. Of the 2814 acute care hospitals studied, by Halpern et al., 1469 (52%) 
had intensivists, while 1345 (48%) had no intensivists [4]. Compared with hospitals 
without intensivists, hospitals with privileged intensivists were primarily located in 
metropolitan areas (91% vs 50%; p < 0.001) and at the aggregate level had nearly 3 
times the number of hospital beds (403,522 [75%] versus 137,146 [25%]), 3.6 times 
the number of ICU beds (74,222 [78%] vs 20,615 [22%]), and almost 2 times as 
many ICUs (3383 [65%] vs 1846 [35%]).

The above information clearly set the stage for new solutions providing lifesav-
ing critical care through telemedicine and telepresence of intensivists both as pri-
mary caregivers or as an additional set of eyes on the patients.
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 Telemedicine for Intensive Care Units

Telemedicine has increased access to care everywhere, but particularly in low- and 
middle-income countries and in specialized care sectors [5–11]. Tele-ICU has 
proven to be the most beneficial of all fields of clinical telemedicine in reducing 
mortality and morbidity. Telemedicine for intensive care units has become popular, 
in particular in organized major health systems. As the elderly population grows, so 
will the demand of intensive care and the need for intensivists. However, there is a 
major shortage of intensivists caring for these patients, and thus telemedicine for 
ICU has been promoted [12] and subsequently demonstrated [13] as a solution to 
advancing critical care and access to intensivists. With the help of tele-ICU, inten-
sivists can manage a number of patients, often in different geographical areas, at the 
same time.

A tele-ICU offers the expertise of specialists and intensivists through a dedicated 
secure network system comprised of one central location hub that provides support 
for several off-site ICUs. Patients are remotely monitored by physicians or nurses. 
Accordingly, the primary benefit of telemedicine is the ability to provide high-end, 
structured, evidence-based guidelines that allow for directed medical care at multi-
ple sites from a distance [13–22]. Patients are monitored live from a command and 
control center using audio and video connectivity [23–25], assisted by evidence- 
based medicine guidelines and protocols and created by the telemedicine industry 
which were based on major societies and association guidelines. According to the 
official website, over 4.25 million patients have been monitored by tele-ICU pro-
grams across the USA [26]. A recent update from the Tele-ICU Committee of the 
Society of Critical Care concluded that tele-ICU care is an established mechanism 
to leverage critical care expertise to ICUs and beyond, but systematic research com-
paring different models, approaches, and technologies is still needed [27].

Moreover, tele-ICU is mostly driven by clinical decision support systems 
(CDSS), applications of machine learning (ML) algorithms to critical care, and 
opportunities to integrate ML with tele-ICU CDSS. The enormous quantities of data 
generated by tele-ICU systems is a major opportunity for data-driven research [28]. 
While machine learning and artificial intelligence will continue to play a major role 
in the future, the role of clinical expertise at the bedside is irreplaceable at this 
moment and will continue to be so [29].

 Prevalence of Tele-ICU and Models of Operations

Tele-ICU is becoming more and more prevalent, although the exact number of tele- 
ICU beds is unknown. Despite tele-ICU adoption and growth, only a minority of 
critically ill patients in the USA are taken care of through tele-ICU [30].

A 2014 study examined tele-ICU deployments between 2002 and 2010 using 
data from the Centers for Medicare and Medicaid Services and has demonstrated 
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that the number of hospitals adopting tele-ICUs increased from 16 (0.4%) to 213 
(4.6%), while covered beds increased from 598 (0.9%) to 5799 (7.9%) [31]. In 
2014, formal ICU telemedicine programs supported around 11% of nonfederal hos-
pital critically ill adult patients [13].

The tele-ICU database on more than 200 hospitals and over 139,000 ICU patients 
across the USA with wide-ranging clinical data and diagnoses was studied by Essay 
et al. [32]. Most commonly, tele-ICU is used for mixed medical-surgical ICU, fol-
lowed by patients with cardiovascular conditions (>20%) and patients with neuro-
logical or respiratory illness (>15%).

 The Benefits and Effectiveness of Tele-ICU in Reducing 
Mortality and Morbidity

The published literature has demonstrated a number of benefits on the use of tele- 
ICU including decreased mortality and length of ICU stay [33], particularly in mor-
tality rates among the sickest population although there is a lack of randomized, 
controlled, blinded studies.

While a number of papers have reported improved outcomes, I agree with Yoo 
et al. that the best results from the use of tele-ICU are achieved in select situations 
[34]. These authors found that the best cost-efficiency results were achieved when 
tele-ICU was applied to 30–40% of highest risk patients. Other authors have 
reported significant savings in a large healthcare network [35]. Yet, measuring tele- 
ICU impact and how it affects outcomes in critically ill patients is not an easy task. 
It requires taking into consideration that there are multiple factors affecting the 
overall outcomes of critically ill patients [36]. For one, the impact tele-ICU has on 
mortality is variable, but tele-ICU enhances the compliance with bundle care [37] 
and may affect the system-wide centralization of the intensive care [38].

Chen J et al. studied 19 studies about the pooled effects and demonstrated that 
tele-ICU programs were associated with reductions in ICU mortality (15 studies; 
risk ratio [RR], 0.83; 95% confidence interval [CI], 0.72 to 0.96; P = 0.01), hospital 
mortality (13 studies; RR, 0.74; 95% CI, 0.58 to 0.96; P = 0.02), and ICU length of 
stay (9 studies; mean difference [MD], −0.63; 95% CI, −0.28 to 0.17; P = 0.007). 
Interestingly these authors did not find any significant association between the 
reduction in hospital length of stay and tele-ICU programs.

One early meta-analysis showed that telemedicine, compared with standard of 
care, is associated with lower ICU mortality and hospital mortality [39]. Moreover, 
these authors concluded that continuous patient-data monitoring, with or without 
alerts, reduced ICU mortality versus those with remote intensivist consultation only 
but effects were statistically similar (interaction P = 0.74). Effects were also similar 
in higher- (RR, 0.83; 95% CI, 0.68 to 1.02) versus lower-quality (RR, 0.69; 95% CI, 
0.40 to 1.19; interaction, P = 0.53) studies. Reductions in ICU and hospital length 
of stay were statistically significant (weighted mean difference [telemedicine- 
control], −0.62 days; 95% CI, −1.21 to −0.04 days and −1.26 days; 95% CI, −2.49 
to −0.03 days, respectively; I2 >90% for both).
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A retrospective, single-center study by Ramakrishnan et  al. revealed that the 
addition of a nighttime intensivist via tele-ICU did not lead to a statistically signifi-
cant improvement in mortality (hospital and ICU) and length of stay (hospital and 
ICU) [40].

Lilly et al. reported the effects of nonrandomized ICU telemedicine interventions 
on crude and adjusted mortality and length of stay (LOS) [41]. This study included 
118,990 adult patients from 56 ICUs in 32 hospitals from 19 US healthcare systems. 
Lilly et al. found that after adjustment, hospital and ICU mortality in the ICU tele-
medicine intervention group, and hospital LOS and adjusted ICU LOS was reduced 
by 1.1 days among those who stayed in the ICU for ≥7, ≥14, and ≥30 days, respec-
tively. The authors reported that timely review of patients, with timely use of perfor-
mance data, practice of ICU best practices, and (4) quicker alert response times 
were factors affecting mortality rate and LOS.

There is a need for multi-institutional randomized clinical trials in this evolving 
field, as optimal tailoring of tele-ICU programs still remains unclear. For ICUs with 
intensivists, do we need every patient to be monitored by both staff at the bedside 
and tele-ICU? Should only certain severity scores trigger the need for additional 
tele-ICU assistance? Or perhaps, tele-ICU should be used only where there is no 
intensivist present in the unit. Furthermore, there is a need for structured study in 
order to definitively understand and quantify the benefits of tele-ICU [42].

 Challenges and Barriers Implementing Tele-ICU

As with any other telemedicine service implementation, tele-ICU has its own chal-
lenges and barriers. These can be structured into cost, human factors (staffing 
acceptance), and reporting and selecting the patients and setting that will most ben-
efit from tele-ICU care. In the following pages, I will discuss these three issues.

 Cost of Tele-ICU

Some argue against the cost-effectiveness of tele-ICU programs [43]. These authors 
reviewed the cost per bed for patients before and after the implementation of a tele- 
ICU in five hospitals within a large nonprofit group. The cost per bed for patients 
included software and hardware implementation. Costs per patient increased 28%. 
Hospital costs per case increased 43%. Because the sickest of the patients had lower 
mortality and length of stay, these authors suggest cautious implementation of tele- 
ICU programs and possibly for the sickest of patients only [43]. Specifically, the 
best benefit-to-cost ratio has not been defined. Others have suggested further finan-
cial analysis [44].

It has been reported that initial cost is approximately $50,000 to $100,000 per 
tele-ICU bed [45]. These authors concluded that tele-ICU approaches may reduce 
the ICU and hospital mortality, shorten the ICU length of stay, but have no 
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significant effect on hospital LOS.  Implementation of tele-ICU programs’ initial 
costs and long-term cost-effectiveness is still unclear.

In a study simulation analyses among four types of ICU in urban tertiary (pri-
mary analysis), urban community, rural tertiary, and rural community, Yoo et  al. 
found a U-shaped relationship between the economic efficiency and selected tele- 
ICU use among all four hospital types [34]. Optimal cost-effectiveness was achieved 
when tele-ICU was applied to the 30–40% highest-risk patients among all ICU 
patients (incremental cost-effectiveness ratio  =  $25,392 [2014 US dollars] per 
extending a quality-adjusted life year) in urban tertiary hospitals (primary analysis). 
Their further break-even analyses indicated that cost saving was more feasible when 
reducing ICU medical care cost, rather than lowering the cost to operate telemedi-
cine alone. This is in line with the author’s previous study which concluded that 
telemedicine in the ICU is cost-effective in most cases and cost saving in some 
cases [46].

 Staff Perception and Building the Bedside and Tele-ICU Team

Intensive care units are staffed by the best and brightest critical care physicians, 
nurses, and physician’s assistants (PAs). Adding a new set of eyes to existing ICU 
staffed by intensivist and critical care nurses may be helpful but may also poten-
tially cause problems. As in any other form of telemedicine, the concept and syn-
drome of “Big Brother watching” can have serious consequences and will affect the 
trust among the team members and make the adaptation process of tele-ICU diffi-
cult. Involving both teams (tele-ICU and bedside team) to work together for the 
good of the patients into one integrated team is a difficult process and has to be done 
professionally, with mutual collaboration.

We at Westchester Medical Center have a robust e-ICU covering over 100 ICU 
bed over 3 campuses 24/7. This is additional service provided to our patients and 
clinical staff at the bedside. However, in order to better integrate the tele-ICU with 
clinical staff (physician and nurses), we have started handoffs between the team at 
the bedside and tele-ICU, as well as other initiatives, such as having the intensivist 
rotate through the surgical and medical intensive care units for week at a time. This 
improves greatly the relationship required for optimal work between the teams. 
Moreover, there is a need for leadership of clinical services to work together with 
tele-ICU teams and agree on the workflow, particularly in busy services such as 
trauma and surgical intensive care units. As others have pointed out in the early 
days of e-ICU, there was a process of acceptance of staff of e-ICU, and there is an 
ongoing need for education, coordination, and developing interpersonal relation-
ships and systems. If these processes are not taken care of, the tele-ICU will not 
have major effects on patients care and will not be accepted by ICU staff at the 
 bedside.

Numerous studies have been conducted on staff perception, usability, and satis-
faction with tele-intensive care units. For example, physicians expressed that they 
were extremely satisfied [47]. Others found that there was an increase in satisfaction 
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among nursing team members, particularly during nighttime hours [48]. Physicians 
felt they could better manage critically ill patients, were more equipped to commu-
nicate with bedside care teams, and were better able to provide reassurance to fami-
lies [49]. The change from traditional face-to-face nursing to the use of telehealth 
calls for local agreements and further discussions among professionals on how this 
change will be accepted and implemented into practice [50] in order to improve 
nursing perceptions of working conditions and communications.

Overall, the majority of studies that included quantitative and qualitative data 
provides support for the use of telemedicine in intensive care settings, although one 
earlier study found that some nurses felt that the transition from bedside caregiver 
to information manager can be difficult [51]. Fewer studies that provide evidence 
for patient satisfaction are available. Evidence suggests that patients report higher 
satisfaction with tele-ICUs; however, vigilance of staff and nurses in the use of these 
services plays a role in patient satisfaction [36, 52].

 Other Challenges of Implementation of ICU

While implementation of tele-ICU has expanded dramatically, there are a number of 
challenges to implement tele-ICU, both in developing countries and developed 
countries. These challenges include financial, legislative, attitudinal, and cultural. 
Despite these barriers, with the advancing of technological option and as technol-
ogy becomes cheaper, the use of tele-ICU will also grow. These challenges include 
financial, legislative, attitudinal, business plans, distance and geographical, and cul-
tural. While the benefits of tele-ICU programs outweigh the risks associated with 
them, the barriers need to be overcome to allow for successful establishment and 
integration of tele-ICU services.

 Policies and Protocols and Patient (Setting) Selection

Tele-ICU protocols and procedures are based on the institutional policies and the 
setup. Most practices require 12–24 hours of telepresence of critical care specialist. 
Providers such as physician’s assistants, nurse practitioners, or residents are usually 
involved in the site where patients are present, in addition to bedside critical care 
nurses. Scheduled bedside rounds and rounds on demand are done. The main point 
is the fact that critical care specialist has access to both visual and audio and all the 
data and medical records. In addition, most of the tele-ICU models use guidelines, 
protocols, and algorithms to manage certain critical conditions. Many authors have 
suggested that only the sickest and most critically ill patients will benefit from being 
tele-ICU patients. I fully agree with this notion but want to note that ICUs without 
in-person intensivists could also greatly benefit from tele-ICU.

Few places use telemedicine for ICU as a “second set of eyes” and do not bill for 
tele-ICU services. While there is difficult justification for the long-term sustainabil-
ity of such practices, if tele-ICU improves outcomes, then this is truly justifiable. 
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Major academic institutions that have a number of satellite-type hospitals with ICUs 
but without intensivists or that are short-staffed or have mid-level coverage are most 
likely the best examples of the necessity of remote tele-ICU services.

 Summary

Tele-ICU has dramatically improved the access to ICU patients remotely by inten-
sivists. Although it is not clear which patient population will be best served by tele- 
ICU, I agree with the authors who suggest that only the sickest patients should be 
attended by tele-ICU. There is no question that tele-ICU is a must-have for hospitals 
that do not have 24/7 ICU in-person coverage such as smaller and community hos-
pitals. The tele-ICU team should take full charge and responsibility for ICU patients 
and should not simply serve to write an admit note or wait for alarms to go off. 
While the initial cost may be prohibitive for many hospitals, technology is rapidly 
advancing and becoming less expensive. The most common finding among all stud-
ies reviewed was a reduction in mortality rates and LOS. These are the goals to keep 
in mind when establishing a successful tele-ICU program.

In their provocative review of the current status of tele-ICU entitled “When Will 
Telemedicine Appear in the ICU?,” Avdalovic and Marcin concluded that although 
the clinical footprint of telemedicine in ICU has grown over the past 20 years, there 
has been a relative slowing of implementation of telemedicine for ICU [53].

I believe, however, that the future of tele-ICU is bright. Tele-ICU practices must 
be incorporated on a day-to-day basis, and we must display creativity in reaching 
for integrative approaches with bedside teams in order to make the practice truly 
functional and useful. The focus should not only be on integrating artificial intelli-
gence and advanced technologies but on being truly present, reviewing the patients 
often, and caring for them as though their life depends on us. Because depend 
it does.
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 Introduction

Telehealth is increasingly utilized and becoming a common standard in the 
delivery of care for pediatric patients. Over the past two decades, the use of 
telehealth has developed and spread from small pilots to its current use which 
includes a broad variety of models of care [1]. Its use is also expected to con-
tinue to increase as technologies improve and costs of equipment and hardware 
become more affordable. Telehealth applications are a practical means of deliv-
ering or augmenting pediatric- focused care to remote locations that is conve-
nient for patients and families or where providers may not otherwise be available 
[2–6]. The use of telehealth allows providers the ability to be “virtually present” 
in remote clinics, hospitals, and homes as if they were physically present. The 
technology allows virtual access to high- definition patient views, treating pro-
viders, family, as well as remote patient monitoring of medical equipment and 
devices. In addition, with the availability of home devices, mobile health, 
eHealth, and telehealth technologies are providing the means to more proac-
tively and nonintrusively monitor infants, children, and adolescents in the era of 
“remote patient monitoring.”

While telehealth is becoming a part of the solution to increase convenience of 
care and decrease disparities in access to primary and specialty care providers, it is 
not meant to always replace in-person care or obviate the need to have children 
treated in regionalized centers. Instead, numerous clinical programs across the 
country are leveraging telehealth and remote monitoring technologies to augment 
and better care for children in a variety of clinical scenarios [3]. In this chapter, we 
will review and discuss evidence of how telehealth can be used across the spectrum 
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of pediatric care. Specifically, we will review how telehealth can be used for ambu-
latory care, behavioral and mental health, school-based health, hospital-based care 
(including labor and delivery and newborn care as well as emergency care services), 
and finally, direct to consumer models of care.

 Telehealth in Pediatric Ambulatory Care

The application of telehealth to deliver outpatient subspecialty consultations to chil-
dren living in rural communities was among the first use cases in pediatric care. 
These “provider-to-provider” telehealth consultations connect a patient visiting 
their primary care provider to a distant specialist over live video. Ambulatory tele-
health consultations have been successfully used in pediatric specialties most ame-
nable to video such as psychiatry and behavioral health, developmental pediatrics, 
neurology, and endocrinology [7]. Other ambulatory applications that are amenable 
to store-and-forward telehealth applications, including dermatology and cardiology, 
have also been used as a convenient way of providing provider-to-provider consul-
tations [7].

Many published articles on the use of telehealth in the ambulatory setting report 
strong patient, caregiver, and provider satisfaction [8–10]. Obvious advantages that 
have been documented in the literature include reductions in patient and physician 
travel time and out of pocket expenses for patients and families. Telehealth in pedi-
atric ambulatory care has also been shown to sometimes reduce the costs of health-
care, by simultaneously bringing together the primary care provider and the 
specialist so that diagnostic and therapeutic plans can be agreed upon in a more 
efficient manner [11]. In some cases, the use of telehealth in the ambulatory setting 
has reduced the need for additional office visits and has mitigated the need for 
urgent care and emergency department encounters [12].

Because care can be delivered in a more convenient manner, the use of telehealth 
can enhance access to subspecialty care for children with special healthcare needs, 
particularly those living in rural underserved communities [13]. Pediatric subspe-
cialists are largely concentrated in urban areas, and certain pediatric subspecialists 
are particularly limited. In standard practice, the referral process to connect a patient 
with a subspecialist involves numerous steps, whereby any breakdowns in a single 
step in the series can impede care access and care quality. Lost referral placements, 
long appointment wait times, long travel distances for families, and poor communi-
cation and handoffs between providers are some of the many barriers. Telehealth 
can mitigate these challenges by virtually bringing the subspecialist into the local 
primary care clinic [14]. The geographic access and utilization disparities are damp-
ened with the application of telehealth in this context. In fact, pediatric telehealth 
programs have extensive geographic reaches that span across states, multistate 
regions, and even nationwide [7].
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In addition to improved access and utilization, research published in peer- 
reviewed journals has shown that telehealth consultations in the ambulatory setting 
can facilitate more rapid diagnoses and treatment plans and improve clinical out-
comes. As an example, pediatric tele-neurology consultations are a specific tele-
health application that has been shown to have significant patient benefits. Many 
pediatric neurological conditions require rapid diagnosis and treatment initiation, 
but the geographic and socioeconomic disparities impede the ability of many chil-
dren to have timely access to a pediatric neurologist. Pediatric tele-neurology has 
been shown to improve patient outcomes for diagnoses including epilepsy, trau-
matic brain injury, and behavioral disorders [15].

Store-and-forward is a type of telehealth application that is applicable when syn-
chronous video-based telehealth visits are not feasible or necessary. Store-and- 
forward telehealth ambulatory visits are an asynchronous telehealth application, 
whereby electronic communication, such as messages or images, is transmitted 
between the primary care provider and subspecialists. A primary care physician can 
upload and securely send a consultation question with associated case description 
and images [16]. In this way, store-and-forward telehealth can replace initial consul-
tations or subsequent visits with subspecialists. Since these ambulatory visits are 
not live, this type of subspecialty use of telehealth can be more feasible by permit-
ting flexibility in when the electronic material is reviewed and managed [14].

Tele-dermatology is another widely used application of store-and-forward. The 
most common pediatric tele-dermatology diagnoses include atopic dermatitis, rash, 
benign nevi, and acne [17]. Tele-dermatology is particularly valuable to children 
given the pronounced lack of access to pediatric dermatologic services due to both 
a shortage of pediatric dermatologists and insurance-based disparities in access. 
The use of tele-dermatology to obtain dermatologic subspecialist consultation has 
been shown to not only reduce barriers to access but also yield high rates of diag-
nostic concordance [11, 17].

Another model of care that uses telehealth in the ambulatory setting is specifi-
cally focused on primary care provider education and case reviews as opposed to 
direct patient care. Project ECHO (Extension for Community Healthcare Outcomes) 
was formed to employ telehealth more broadly to enhance chronic disease manage-
ment in rural New Mexico [18]. This model uses telehealth telecommunication to 
link expert specialist teams at typically academic hubs with community primary 
care clinicians. Frequent ECHO educational encounters using a provider-focused 
curriculum that sometimes combine patient case presentations result in a mentoring 
and educational model to elevate the level of expertise and care provided in remote 
areas. While Project ECHO was originally described in the care of patients with 
hepatitis C, it has expanded to allow primary care providers and specialists to work 
collaboratively as a team to address a variety of chronic conditions [19]. A variety 
of ECHO models are supported throughout the country, including specific programs 
sponsored by the American Academy of Pediatrics [20].
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 Telehealth in Pediatric Behavioral and Mental Health

It is estimated that nearly 20% of children and adolescents in the United States ages 
9–17 report some degree of mental and/or behavioral health problems. Unfortunately, 
these health issues are frequently not recognized and underappreciated. It is well 
documented that primary care providers identify only a small proportion or these 
children and young adults [21, 22]. Even for these patients that are identified, sig-
nificant barriers exist in the referral process, including lack of available specialists, 
insurance restrictions, appointment delays, and stigma [23]. These obstacles are 
even more troublesome in rural areas where access to child and adolescent psychi-
atric, behavioral, and psychological services is exceedingly poor. The dearth of 
resources for these children and adolescents with mental health concerns places a 
significant burden on primary care providers and the family members of the afflicted 
patient to identify and access behavioral and mental health specialists.

The use of telehealth to provide behavioral and mental health treatment can 
address some of the access issues. This modality has been well validated as feasible 
for mental health diagnosis, assessment, and treatment for children and adolescents 
[24–26]. Telehealth for behavioral and mental health has been used to diagnose and 
treat a variety of disorders in children and adolescents, including attention deficit 
hyperactivity disorder, autism spectrum disorder, depression, obsessive-compulsive 
disorder, and substance abuse, including opioid addiction [24, 25, 27]. And because 
of the modality, these services increase access because they can be delivered to a 
variety of settings, including community health outpatient settings, primary care 
settings, schools, day care centers, juvenile justice, and child welfare settings [24, 
28]. Simultaneously, telehealth facilitates improved collaboration with increased 
frequency between pediatric mental health providers and other professionals, 
including school staff and primary care physicians [29].

There have been several published reviews on the use of telehealth in the treat-
ment of children and adolescents in need of behavioral and mental health consulta-
tions [30–32]. These reviews discuss the utility of telehealth in both clinical mental 
health emergencies and scheduled outpatient encounters. The published data on 
nonurgent consultations note that the use of telehealth requires several changes to 
practice compared to adult models of care, cultural values, rapport-building, phar-
macotherapy, and psychotherapy. Particular to scheduled behavioral and mental 
health visits, infrastructure accommodations at the patient site including space and 
staffing to conduct developmentally appropriate evaluations and treatment planning 
with parents and community services are important. For urgent and emergency 
behavioral and mental health consultations, again, the literature is generally sup-
portive of the quality and timing of telehealth consultations even suggesting that 
consultations over telehealth can be more cost-effective and efficient than the cur-
rent standard of care with in-person visits [32]. For recommendations on operations, 
the American Telemedicine Association has produced practice guidelines for the 
use of telehealth for behavioral and mental health encounters among children and 
adolescents [33].
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 School-Based Telehealth

School-based health centers have provided healthcare in school settings since the 
late 1960s. With the identification of new models of care to further expand compre-
hensive services to children, the application of telehealth to school-based health 
centers emerged in the late 1990s [34]. Subsequently, the use of school-based tele-
health has more than doubled in the past 20 years [35]. Data from the 2016–2017 
National School-Based Health Care Census identified that 267 of the 2317 school- 
based health centers were exclusively telehealth-based. In comparison, 2013–2014 
census data identified four school-based health centers that were exclusively 
telehealth- based [35].

School-based telehealth was initially implemented to address the lack in access 
to and often fragmented care that many children face in rural and underserved areas. 
Children living in underserved communities are at higher risk of not having regular 
health maintenance visits and typically receive care from multiple settings includ-
ing schools, medical offices, family planning centers, mental health clinics, and 
emergency departments [36, 37]. This fragmented care model creates a lack in the 
continuity of care, is time-consuming, and puts children at higher risk from being 
chronically absent from school, experiencing suspension, or dropping out of school 
[38, 39].

School-based telehealth is an appropriate response to meet these needs. Services 
offered through school-based telehealth typically include primary care, mental 
healthcare, social services, oral healthcare, reproductive health, nutrition education, 
and vision services [35]. Providing these services helps to reduce many barriers that 
families in underserved communities face such as transportation, time, costs, and 
lack of continuity of care [35].

School-based telehealth has been associated with improved health outcomes 
including preventive screening for oral health, vision, substance use, and nutrition; 
increased vaccinations; increased access to and use of mental and behavioral health 
services; decreased high-risk behaviors; and decreased emergency department use 
[40, 41]. School-based telehealth has also been shown to show promise in improv-
ing health benefits among children with asthma on Medicaid [42]. The presence or 
use of the centers is also associated with improved student achievement outcomes 
and improved feelings of connectedness to the learning environment for students, 
parents, and school personnel [43, 44].

Future opportunities for school-based telehealth services can include novel mod-
els of care delivery. For example, one such model is using school-based telehealth 
for directly observed therapy to ensure patient adherence to treatment. Most studies 
on telehealth directly observed therapy have involved management of adult; how-
ever, asynchronous or synchronous telehealth directly observed therapy could be 
used for children during school hours [41]. Such application of telehealth would 
simultaneously decrease the resources required by health departments and increase 
the convenience for families.

Importantly, school-based telehealth applications pose unique and special con-
siderations. Given that telehealth delivery involves contracts between school 
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systems and healthcare providers, specific policies for these services need to be 
developed to ensure that both Family Educational Rights and Privacy Act (FERPA) 
and Health Insurance Portability and Accountability Act (HIPAA) regulations are 
met [45].

 Telehealth for Labor and Delivery and Newborn Settings

Telehealth is recently becoming integrated into labor and delivery and newborn set-
tings for a variety of clinical applications [46]. Pediatricians and pediatric subspe-
cialists like neonatologists, genomic medicine experts, and pediatric surgeons can 
become involved in providing consultations to obstetricians and during labor and 
delivery if there are anticipated congenital, metabolic, or other abnormalities such 
as malformations [47]. Some of the uses include consultation during labor when 
complications or the need for transfer are anticipated as well as during the newborn 
period such as for neonatal resuscitation assistance, tele-echocardiography consul-
tations, tele-ophthalmology consultations, or discharge/transfer assistance and fam-
ily involvement [48–55]. The ability to access neonatologists and expert neonatal 
care contributes to improvements in outcomes. Given that neonatal expertise is 
regionalized, telehealth is an appealing modality for reducing healthcare disparities, 
particularly for rural and underserved communities.

Because newborn nurseries and/or hospitals providing level I and level II new-
born care are less equipped for children needing a higher level of care, there tends 
to be the approach of transferring newborns if there is any concern. This “err on the 
side of caution” approach is safe but results in over-triage and many newborns being 
transferred than may be necessary. If telehealth is used under these circumstances, 
one might suspect that costs and transfer rates could be significantly decreased with 
the use of telehealth for newborn consultations. Indeed, some research has shown 
that the use of synchronous telehealth for video-assisted consultations was associ-
ated with a 20–30% reduction in a newborn’s risk of being transferred [56, 57]. As 
expected, because of the reduction in transfers, the use of telehealth resulted in sig-
nificant cost savings [56, 57].

In addition to having a positive impact on otherwise healthy newborns, telehealth 
is used on newborns in need of emergent care and consultation. Providers at rural 
and community hospitals often do not have as much opportunity for practice of their 
resuscitation skills as providers at larger centers and are, therefore, often unable to 
provide the high level of care needed in an emergency. Education through telehealth 
can bring additional training opportunities to these rural sites in a low-resource 
model in order to better prepare them for advanced neonatal resuscitation [58]. 
Telehealth also offers the opportunity to immediately bring a more experienced 
team to newborns to provide support or even lead the resuscitation. Telehealth can 
also be used to train and assist in the performance of emergent procedures occasion-
ally required during a neonatal resuscitation including airway management, needle 
thoracentesis, and umbilical line placement [59]. Telehealth can provide unique 
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opportunities to significantly increase the quality of neonatal resuscitation and sta-
bilization in rural or community hospitals.

A new wave of telehealth technologies for neonatal support is emerging through 
home-based programs utilizing videoconferencing and mobile health technologies. 
Home-based programs allow for families to care for their babies, most commonly 
preterm babies who otherwise would require NICU hospitalization. While at home, 
families are able to manage care such as tube feeding, breastfeeding, and bottle 
establishment with the support of NICU nurses and physicians through a telehealth 
app or videoconferencing [60]. These types of programs have unique benefits in not 
only reducing the length of stay within hospitals but increasing family-centered care 
providing tools that strengthen the parent-child relationship and increased confi-
dence in the caregivers’ decision-making [60].

 Pediatric Emergency Telehealth Services

The majority of children seeking emergency care is seen in EDs with a pediatric 
volume of fewer than 15 children per day [61]. These EDs are, at times, inade-
quately equipped to care for pediatric emergencies, with physicians, nurses, phar-
macists, and support staff that are often less experienced in caring for critically ill 
children [62–65]. The relative lack of equipment, infrastructure, and personnel 
experienced in delivering specialty care to children may result in delayed or incor-
rect diagnoses and suboptimal therapies and medical management [66–68]. As a 
consequence, children often receive lower quality of care than children presenting 
to EDs in regionalized children’s hospitals [69–72]. In fact, children presenting to 
EDs with lower level of readiness to care for pediatric emergencies are associated 
with increased odds of mortality [73]. Moreover, children are at high risk of over- 
triage, whereby they are unnecessarily transferred to a subsequent hospital. Upward 
of 39% of pediatric transfers is avoidable [74–78]. This over-triage imposes distress 
and burden to patients, families, and providers. Furthermore, under-triage can also 
occur and impose significant patient safety risks.

Fortunately, the use of telehealth in emergency settings has produced positive 
outcomes, demonstrating the ability of telehealth use to overcome some of these 
recognized pediatric emergency challenges. Research suggests that the use of tele-
health to virtually bring the consulting physician to the ED bedside can improve the 
consulting physician’s ability to remotely assess the patient’s illness severity and 
medical needs, thereby facilitating improved patient, family, and utilization out-
comes [79–81]. Research demonstrates that telehealth consultations, in comparison 
to standard telephone consultations, result in patients receiving higher overall qual-
ity of care [2, 82]. Telehealth pediatric emergency consultations have been shown to 
result in lower rates of medication errors when compared to both telephone consul-
tations and no consultations [83]. Finally, among critically ill children requiring 
transfer to another hospital for definitive care, data suggest that the use of telehealth 
can help patients arrive more stable to the accepting pediatric ICU compared to 
when pre-transfer care is made over the telephone [84].
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There is also evidence that pediatric emergency telehealth use can address the 
considerable transfer triage problems. Research supports that when pediatric critical 
care physicians provide telehealth consultations to seriously ill children in remote 
and rural EDs, the initial care and management of these patients will not only be 
higher but also inappropriate transfers will be reduced. Specifically, the use of tele-
health has shown to reduce the overall rates of transfer of children, particularly 
those with very low measures of severity of illness, by approximately 20% [85]. 
Increased adoption of pediatric emergency telehealth applications will allow for 
more children to be treated in their local EDs rather than unnecessarily transferred 
to a children’s hospital. By reducing unnecessary transfers, telehealth helps to 
reduce the associated excessive stress, burdens, and safety risks.

Telehealth application in the emergency setting can also directly improve the 
patient and family experience. Research suggests that telehealth use for pediatric 
emergencies can lessen family stress [86, 87]. The virtual presence of the consulting 
physician at the patient’s bedside permits enhanced family-centeredness of care 
through improved information sharing, shared decision-making, and coordination 
[88]. Telehealth allows for the family to participate in conversations between the ED 
and consulting physician, which allows for increased family understanding, reassur-
ance, and trust. As such, research has shown that parents of children in the ED are 
more satisfied when telehealth is used for consultations compared to the telephone 
[2]. In fact, pediatric emergency telehealth applications have been reported as fea-
sible and well liked among not only patients and parents but also remote providers 
and specialists [2, 89].

Regarding the adoption of pediatric emergency telehealth services, the majority 
of EDs that receive these telehealth services is EDs not staffed by board-certified 
pediatric emergency medicine physicians or pediatricians [90]. Therefore, tele-
health is largely used in the EDs with limited access to pediatric expertise. Pediatric 
emergency telehealth users most frequently report using telehealth for patient place-
ment and transfer coordination (80%); other frequent uses include assistance with 
treatment and assistance with diagnosis of conditions [90].

 Direct to Consumer Telehealth

One of the most rapidly emerging uses of telehealth in pediatric care is “direct to 
consumer” or “direct to patient” telehealth. This type of telehealth connects a pro-
vider over video directly to the patient/family when the patient is not located in an 
originating site, such as a clinic or hospital. Patients can be located at home, at 
work, at school, or elsewhere [54, 91, 92]. For the encounter, a telehealth applica-
tion directly connects the provider to the patient on their personal computer, tablet, 
or smart phone. As one can imagine, the convenience for this type of visit is signifi-
cant but can be limiting given the fact that many aspects of an office visit may not 
be readily available given infrastructure limitations, including vital signs and assis-
tance with a local provider during the physical exam.
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Direct to consumer pediatric telehealth has been increasing as it has been shown 
to result in high patient/parent satisfaction given the convenience of care. There is 
also some evidence that the care provided using this model can result in more effi-
cient and appropriate care. For example, during an acute illness, there is some evi-
dence that these encounters can obviate the need to an urgent care facility or 
emergency department [93, 94]. Also, these visits have been shown to be very 
appropriate for follow-up from ambulatory encounters, medication change follow- 
ups, post-surgical checks, or post-discharge follow-up, particularly for patients and 
families that live in faraway rural communities.

However, direct to consumer telehealth care must be delivered directly to fami-
lies within the context and inside the medical home. That is, care must be patient- 
centered, comprehensive, team-based, coordinated, accessible, and focused on 
quality and safety. This can only be accomplished if the direct to consumer model 
of care includes some connection to the primary care team. Ideally, the providers 
would be familiar with the patient and have access to their medical record [95]. 
Some research has found that when direct to consumer telehealth visits are provided 
outside of the medical home and exclude the primary care provider, children are 
more likely to inappropriately receive therapies such as antibiotics and less likely to 
receive guideline-concordant management compared to children treated in person 
[96, 97]. There is even some evidence that these visits, when conducted outside of 
the medical home, result in more utilization and higher costs of care [94, 96].

Although stand-alone episodic care offered to families using telehealth is appeal-
ing to some payers and tech-savvy patients for convenience and affordability, the 
loss of continuity, variable quality, and limited data on safety are substantial [94, 
98–101]. Care models, as outlined by the American Academy of Pediatrics, need to 
support the patient-centered medical home to avoid these potentially negative con-
sequences [95, 102]. When provided within the medical home, these models of care 
can contribute to safe, patient-centered, timely, effective, efficient, and equita-
ble care.

 Conclusion

Application of telehealth to pediatric care services is feasible and effective. Pediatric 
telehealth can significantly improve provider satisfaction, patient and family experi-
ence, quality of care, patient safety, and costs of care. As technology advances and 
telehealth services become increasingly ubiquitous, expansion of telehealth applica-
tions and increased adoption of various telehealth models of care have the potential 
to drastically improve pediatric healthcare access and care quality. Importantly, tele-
health can overcome many of the geographical and socioeconomic disparities that 
exist and prevent children from receiving optimal comprehensive healthcare.

Telehealth will increasingly become a standard part of the healthcare system. As 
the telehealth landscape evolves, health providers must incorporate into their tele-
health practices the up-to-date practice guidelines, position statements, and recom-
mendations from professional organizations such as the American Telemedicine 
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Association [45]. As pediatric telehealth applications expand, continued rigorous 
research is needed to evaluate these care models in order to optimize their imple-
mentation and effectiveness.
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 Introduction

Many children and adolescents with behavioral health concerns do not receive any 
intervention, let alone evidence-based treatments delivered by behavioral health 
specialists [1]. Pediatric behavioral telehealth interventions have steadily increased 
the opportunity for youth and their families to receive services not previously acces-
sible. This is particularly true for families living in rural areas, underserved com-
munities, families that do not have access to adequate mental health insurance, and 
families with limited transportation options [2]. Further, behavioral telehealth inter-
ventions provide the opportunity for increased attendance to sessions by diminish-
ing the financial and temporal barriers of travel and time from work as well as 
offering access to a therapist outside of the community via health clinics and 
schools, which may be less stigmatizing than traditional mental health settings. 
Ultimately, telehealth services have increased the supply of psychotherapy or 
behavioral approaches to support children and their families in coping with a range 
of challenges. Similarly, pediatric tele-psychopharmacology has a growing evi-
dence base [5], with results described in other chapters.

With adults, the research base regarding behavioral telehealth interventions has 
exponentially grown over the past few decades. Child providers draw lessons from 
this information as well as a growing child research base. The authors first summa-
rize research to date related to interventions using videoconferencing to address (1) 
psychopathology in general clinical child cases, (2) issues in pediatric psychology, 
and (3) Applied Behavior Analysis (ABA) and developmental concerns. Similar to 
previous search criteria [3], studies were included if they (1) consisted of 
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videoconferencing applications across the child and adolescent age range; (2) 
included individual psychotherapy, pediatric psychology interventions, or a devel-
opmental concern; (3) included videoconferencing as the method of intervention; 
and (4) consisted of real-time videoconferencing across devices regardless of set-
ting. Studies were excluded if they (1) used web-based or eHealth interventions as 
a primary method for service delivery, and/or (2) focused solely on education/train-
ing or population description. Telebehavioral studies informing diagnostic accuracy 
and on assessment are very important areas in telehealth but are beyond the scope 
of the chapter.

 Clinical Child Therapy

The studies that have addressed clinical child interventions using videoconferenc-
ing are summarized in Table 22.1. While interest in child telebehavioral health ser-
vices has grown over the last 5  years, there are a limited number of additional 
clinical child studies from previous reviews [4]. Overall, the evidence continues to 
support the use of videoconferencing-delivered therapies across child externalizing 
and internalizing disorders, within the context of consensus-based child telemental 
health guidelines [5] and best practices [6].

There is also emerging literature about the use of videoconferencing to deliver 
the empirically supported Parent–Child Interaction Therapy (PCIT) [7]. Comer 
et al. [8] suggested that videoconferencing may be a good fit for PCIT because the 
PCIT therapist is not in the same room as the family for most of the intervention and 
is monitoring from another room and providing real-time feedback to the parent(s) 
through a bug-in-the-ear device. They randomized 40 young children with disrup-
tive behavior disorders to two conditions—PCIT delivered through videoconferenc-
ing to the home and PCIT delivered onsite in the clinic. After treatment, the 
intent-to-treatment analyses found that 70% of children treated with the telebehav-
ioral intervention showed treatment response, and at 6-month follow-up, over half 
continued to show treatment response. Limitations were noted around the need for 
a larger sample size and noninferiority designs. With these positive results, there is 
growing national and international interest in PCIT over videoconferencing, includ-
ing PCIT delivered to the school setting [9]. Similarly, Dadds et al. [10] completed 
two randomized controlled trials with children exhibiting conduct problems. They 
found that the effects of the therapist-assisted online parenting interventions (that 
included videoconferencing) were similar to the onsite clinic-based interventions, 
with positive outcomes across outcome and process measures and promising 
effect sizes.

Early telebehavioral work suggests positive outcomes for teletherapy interven-
tions for children with Attention-Deficit Hyperactivity Disorder (ADHD) [4]. As 
part of a large randomized trial for children with ADHD (CATTS; [11]), Tse et al. 
[12] reported findings from a subsample of 37 children. All families received phar-
macotherapy through videoconferencing. Twelve families received caregiver train-
ing over videoconferencing and 25 received the intervention in-person. They found 
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Table 22.1 Clinical child therapy using videoconferencing

Study Population
Sample description 
& sample size

Study 
design Findings

Carpenter 
et al. 
(2018) [22]

Anxiety N = 14 youth
Mean age: 
9.85 years

VC 
feasibility

Family-based CBT for child 
anxiety delivered to the home 
setting via VC. The 
intervention was feasible and 
acceptable. Treatment gains 
were largely maintained at 
3-month follow-up 
evaluation

Comer 
et al. 
(2017) [15]

OCD N = 22 youth
Mean age: 
6.5 years

RCT, VC 
vs. F2F

Family-based CBT for OCD; 
outcomes similar for VC and 
F2F at posttreatment and 
follow-up

Comer 
et al. 
(2017) [8]

Disruptive 
behaviors

N = 40 youth
Ages: 3–5 years

RCT, VC 
vs. F2F

Similar outcomes for 
in-person PCIT vs. i-PCIT at 
posttreatment and follow-up

Dadds 
et al., 2019 
[10]

ODD, 
Conduct 
Disorder

Study 1: N = 133 
families (rural)
Ages = 3–9 years
Study 2: N = 73 
families (urban)
Ages = 3–14 years

RCT, VC 
vs. F2F

Study 1: VC group attended 
more treatment sessions than 
F2F. Study 1 & 2: Significant 
reduction in child clinical 
disruptive behavior disorder, 
child oppositional behavior, 
and mother internalizing 
symptoms pre–post for both 
VC and F2F groups. No 
significant differences 
between groups. Study 2: VC 
group reported higher 
treatment satisfaction that 
F2F

Fox et al. 
(2008) [23]

Juvenile 
offenders

N = 190 youth
Ages: 12–19 years

VC 
pre–post

Youth increased goal 
achievement in areas of 
health, family, and social 
skills

Himle et al. 
(2012) [24]

Tic disorders N = 18 youth
Ages: 8–17 years

RCT, VC 
vs. F2F

Across groups, significant 
improvements in tic 
behaviors and strong ratings 
for acceptability and 
therapist–client alliance. No 
differences between 
treatment groups

Kirkman 
et al. 
(2016) [25]

ODD and 
Conduct 
Disorder

N = 47 youth
Ages: 3–12 years

VC vs. F2F 
pre–post

At posttreatment, parent who 
had received either 
intervention reported a 
significant reduction in 
oppositional behaviors and 
ADHD symptoms. Effects 
were maintained at 3 months

(continued)
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Table 22.1 (continued)

Study Population
Sample description 
& sample size

Study 
design Findings

Myers 
et al. 
(2013) [26]

ADHD N = 223 youth
Ages: 5–12 years

Feasibility 
of RCT

The trial demonstrated the 
feasibility of conducting an 
RCT. The treatment included 
an individual therapy 
component in which the child 
psychologist used VC to 
supervise local therapists

Myers 
et al. 
(2015) [11]

ADHD N = 223 youth
Ages: 5–12 years

RCT, VC 
vs. F2F

Children in both service 
models improved; however, 
children assigned to the VC 
service model improved 
significantly more

Nelson 
et al. 
(2003) [27]

Depression N = 28 youth
Ages: 8–14 years
M = 10.3 years

RCT, VC 
vs. F2F

VC and in-person CBT-based 
intervention demonstrated a 
comparable reduction in 
depressive symptoms

Nelson 
et al. 
(2006) [17]

Depression N = 28 youth
M = 10.3 years

RCT, VC 
vs. F2F

Treatment yielded significant 
improvement for depression 
in both conditions, with no 
between group differences

Nelson 
et al. 
(2012) [28]

ADHD N = 22 youth
M = 9.3 years

VC 
feasibility

No factor inherent to the VC 
delivery mechanism impeded 
adherence to national ADHD 
guidelines

Reese et al. 
(2012) [29]

ADHD N = 8 youth
M = 7.6 years

VC 
pre–post

Using Group Triple P 
Positive Parenting Program 
over VC, families reported 
improved child behavior and 
decreased parent distress

Sayal et al. 
(2019) [18]

Depression, 
self-harm

N = 22 youth
Ages: 16–30 years

RCT, VC 
vs. usual 
care

Study found to not be 
feasible (N = 4 completed 
VC intervention) due to 
recruitment/retention barriers 
with high risk, severely 
depressed population

Sibley 
et al. 
(2017) [13]

ADHD N = 20 youth
Ages: 11–16 years

VC 
Feasibility

Families reported high 
satisfaction, and treatment 
integrity and fidelity were 
acceptable. Parents and 
teachers reported reductions 
in ADHD symptoms and 
organization, time 
management, and planning 
problems from baseline to 
posttreatment

(continued)

A. D. Monzon et al.



351

similar outcomes across measures of attendance, satisfaction, and their children’s 
ADHD-related behaviors and functioning. Sibley et al. [13] reported similar prom-
ising results in a preliminary unrandomized investigation of delivering parent–teen 
therapy for ADHD through videoconferencing to 20 adolescents with ADHD and 
their parents. The Supporting Teens’ Autonomy Daily (STAND) intervention, ten 
60-minute manualized family therapy sessions, was delivered via videoconferenc-
ing. They summarize their findings as follows:

 1. Most families completed a full course of treatment and intervention fidelity and 
integrity was acceptable.

 2. Delivering the intervention was feasible, with minor technological difficulties.
 3. Therapeutic alliance was acceptable.
 4. Key mechanisms of change appeared to be engaged.
 5. ADHD symptoms changed at a rate similar to face-to-face trials; and families 

were satisfied with treatment.

Table 22.1 (continued)

Study Population
Sample description 
& sample size

Study 
design Findings

Stewart 
et al. 
(2017) [21]

Trauma N = 15 youth
Ages: 7–16 years

VC 
Feasibility

Trauma-focused cognitive– 
behavioral therapy (TF-CBT) 
delivered to underserved 
trauma-exposed youth via 
VC. Results demonstrated 
clinically meaningful 
symptom change 
posttreatment

Storch 
et al. 
(2011) [30]

OCD N = 31 youth
Ages: 7–16 years
M = 11.1 years

Waitlist 
control, VC 
vs. F2F

VC was superior to F2F on 
all primary outcome 
measures, with a significantly 
higher percent of individuals 
in the VC group meeting 
remission criteria than the 
F2F group

Tse et al. 
(2015) [12]

ADHD N = 22 youth
Ages: 5.5–12 years

RCT, VC 
vs. F2F

Caregivers in both conditions 
reported comparable 
outcomes for their children’s 
ADHD-related behaviors and 
functioning, but caregivers in 
the VC group did not report 
improvement in their own 
distress

Xie et al. 
(2013) [31]

ADHD N = 22 parents 
children 
M = 10.4 years

RCT, VC 
vs. F2F

Parent training via VC 
showed same degree of 
improvement in disciplinary 
practices, ADHD symptoms, 
and overall functioning as 
F2F.

Note: VC Videoconferencing, F2F Face-to-Face, RCT Randomized Controlled Trial, M Mean
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The adolescent-focused therapy is particularly promising given the negative out-
comes often associated with ADHD in adolescence and adulthood [14] and the bar-
riers to onsite treatment with this age group.

Innovative research is also emerging concerning home-based telemedicine for 
pediatric OCD. Comer et al. [15] found promising results from the first controlled 
trial evaluating videoconferencing to deliver real-time treatment for early-onset 
OCD. The family-based CBT intervention showed strong engagement and satisfac-
tion, with over 90% of youth in the intervention completing the full course of treat-
ment. The empirical findings suggest high therapeutic alliance and very high 
satisfaction. At treatment conclusion, approximately three-fourths of the telebehav-
ioral intervention group showed an “excellent response.” Response rates in the 
intervention group were similar to those found in previous work evaluating the 
clinic-based OCD intervention. While the authors acknowledge limitations with the 
sample size in the pilot RCT, findings support the overall feasibility and acceptabil-
ity of the intervention.

In relation to videoconferencing interventions for childhood depression, much 
comes from an extrapolation for effective use of similar empirically supported 
depression therapies (e.g., Cognitive behavioral therapy (CBT)) with adults [16]. An 
early pilot randomized trial suggested an eight-session CBT intervention for child-
hood depression was equally effective in the videoconferencing and the control con-
ditions [17]. Sayal et al. [18] noted overall barriers to trials with severe depression 
and self-harm span onsite and videoconferencing interventions. Luxton et al. [5] out-
line safety best practices in telepractice, including with children and young adults.

Similarly, guidance concerning videoconferencing interventions related to anxi-
ety disorders [19] and to trauma [20] often comes from adult telebehavioral litera-
ture. Stewart et  al. [21] presented a promising pilot study of trauma-focused 
cognitive–behavioral therapy (TF-CBT) delivered using videoconferencing with 15 
trauma-exposed youth. They found treatment effects comparable with TF-CBT 
delivered in an in-person, office-based setting.

 Pediatric Psychology Interventions

The authors summarize pediatric psychology interventions using videoconferenc-
ing in Table 22.2. Telehealth interventions for pediatric populations have increased 
over the last decade and a growing number of families report a preference for 
telehealth- based treatment services [32]. Telehealth services provide an ideal oppor-
tunity for families of youth with chronic conditions to receive continuing education 
or intervention because these services are low burden and more accessible. In a 
study by Tschamper and Jakobsen [33], families of youth with epilepsy indicated 
they preferred videoconferencing as opposed to face-to-face meeting, for exchang-
ing information and reducing the frequency of misunderstanding between medical 
providers and the families. Further, medical providers can assess health outcomes 
more frequently and facilitate near real-time monitoring and feedback for patients 
who are unable to attend recurrent clinic visits. Telehealth approaches can aid the 
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Table 22.2 Pediatric psychology intervention using videoconferencing

Study Population
Sample description 
& sample size Study design Findings

Anderson 
et al. (2017) 
[37]

Anorexia 
nervosa

N = 10
Ages: 13–18

VC 
feasibility

Recruitment and retention 
of participants for VC was 
acceptable. Participant 
weight increased 
significantly from pre- to 
postintervention. Comorbid 
psychological symptoms 
(i.e., depression, self- 
esteem) showed significant 
improvements at the 
6-month follow-up

Bensink, 
et al. (2008) 
[34]

Pediatric 
cancer

N = 8 youths
Not reported

VC 
feasibility

Using VC over videophone 
to families with a child 
diagnosed with cancer, the 
study noted technical 
feasibility and high parental 
satisfaction

Clawson 
et al.
(2008) [38]

Pediatric 
feeding
Disorders

N = 15 youths
Ages: 8 months to 
10 years

VC 
feasibility

VC was feasible with the 
pediatric feeding disorder 
population and resulted in 
cost savings

Davis et al. 
(2013) [39]

Pediatric 
obesity

N = 58 youths
Age: 5–11 years
M = 8.6 years

RCT, VC vs. 
F2F 
physician 
visits

Both groups showed 
improvements in BMI, 
nutrition, and physical 
activity, and the groups did 
not differ significantly on 
primary outcomes

Freeman 
et al. (2013) 
[40]

Diabetes 
adherence

N = 71 youths
VC M = 15.2 years
F2F M = 14.9 years

RCT, VC vs. 
F2F

No differences were found 
in therapeutic alliance 
between the groups

Glueckauf 
et al. (2002) 
[41]

Pediatric 
epilepsy

N = 22 youths
M = 15.4 years

RCT, VC, 
F2F, and 
telephone

All groups improved in 
psychosocial problem 
severity and frequency and 
child prosocial behavior, 
with no significant 
differences across groups. 
No differences in adherence 
between the groups were 
noted

Hommel 
et al. (2013) 
[36]

IBD, 
adherence

N = 9 youths
M = 13.7 years

VC pre–post The VC approach resulted 
in improved adherence and 
cost savings across patients

Lipana 
et al. (2013) 
[42]

Pediatric 
obesity

N = 243 youths
M = 11 years

Pre–post, 
VC, and F2F

Using a nonrandomized 
design, the VC group 
demonstrated more 
improvement than the F2F 
group in enhancing 
nutrition, increasing activity, 
and decreasing screen time

(continued)
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Table 22.2 (continued)

Study Population
Sample description 
& sample size Study design Findings

Marker 
et al. (2019) 
[43]

Type 1 
diabetes

N = 43 families
Ages: 1–6 years

VC 
feasibility

High attendance, low 
attrition, and high parent- 
reported satisfaction with 
group-based telemedicine 
intervention to reduce fear 
of hypoglycemia

McCrossan 
et al. (2007) 
[44]

Congenital 
heart 
disease

N = 66
Ages: 15–542 days

RCT, VC vs. 
phone vs. 
F2F

VC was technically feasible 
and is safe for families of 
children with congenital 
heart disease. Clinical 
assessment of the patient 
was rated as at least 
adequate in 94% 
consultations in the VC 
group compared with 64% 
in the telephone group.

Morgan, 
et al.
(2008) [45]

Congenital 
heart 
disease

N = 27 parents
Child ages: 
0–25 months

RCT, VC, 
and 
telephone

The VC approach decreased 
parent anxiety significantly 
more than phone, and 
resulted in significantly 
greater clinical information

Mulgrew 
et al. (2011) 
[46]

Pediatric 
obesity

n = 25 youth
Age: 4–11 years

VC 
feasibility

No significant difference in 
parent satisfaction between 
consultations for weight 
management delivered by 
VC or F2F

Patton et al. 
(2020) [35]

Type 1 
diabetes

N = 43 families
Mchild = 4.4 years; 
Mparent = 35.2 years

RCT, VC 
pre–post, 
3-month 
follow-up vs. 
waitlist

Significant reduction in 
hypoglycemia fear, trend 
toward reduction in parent 
stress frequency compared 
to waitlist (pre–post). 
Significant reduction in 
hypoglycemia fear, 
parenting stress frequency 
and difficulty (3-month 
follow-up). Significant 
reduction in hemoglobin 
A1c pre–post for children 
who entered trial above 
target range

Shaikh, 
et al. (2008) 
[47]

Pediatric 
obesity

N = 99 youth
Ages: 1–17 years

VC pre–post VC consultations resulted in 
substantial changes/
additions to diagnoses. For a 
subset of patients, repeated 
VC consultations led to 
improved health behaviors, 
weight maintenance, and/or 
weight loss

(continued)
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medical team in extending care to patients and their families without requiring them 
to stay at or near the hospital. Bensink and colleagues [34] discussed how videocon-
ferencing modalities aid in providing additional support regarding referral, schedul-
ing upcoming appointments, and collecting certain data in families of pediatric 
oncology patients recently discharged. The studies included in Table 22.2 spanned 
a wide range of chronic and acute childhood illnesses (e.g., oncology, type 1 diabe-
tes, pediatric obesity, epilepsy, cystic fibrosis, and pediatric sleep disorders) and 
used multiple pediatric psychology interventions, such as cognitive–behavioral 
strategies to promote coping and strategies to enhance treatment adherence [35]. As 
with clinical child interventions, findings were overall positive for feasibility, satis-
faction, and outcome, although definitive statements are difficult in light of the lim-
ited number of studies, small sample sizes, and limited replication.

In addition to consultation services, pediatric psychology interventions deliv-
ered via telemedicine are increasingly being tested to promote self-care adherence 
in patients with different chronic illnesses (i.e., inflammatory bowel disease, type 
1 diabetes, obesity). In one study, a tailored multicomponent nonadherence inter-
vention provided preliminary efficacy to improve medication adherence in adoles-
cents with inflammatory bowel disease [36]. These telehealth interventions have 
the potential to reach a larger patient population and patients who otherwise might 
be unable to access in-clinic interventions (e.g., rural or medically underserved 
families). Efficacy trials are beginning to demonstrate that these interventions are 
just as efficacious as face-to-face interventions in clinic. Interestingly, the interven-
tions summarized in Table 22.2 primarily targeted one to two specific treatment 
goals, or address issues as they came up through a consultation model. The tailored 
nature of these studies likely adds to the growing evidence toward efficacy due to 
specific behavioral outcomes and increased attendance rates among youth and their 

Table 22.2 (continued)

Study Population
Sample description 
& sample size Study design Findings

Tschamper 
et al. (2019) 
[33]

Epilepsy N = 5
Ages: 5–12 years

Qualitative 
review

VC communication with 
multidisciplinary team 
preferred vs. F2F

Wilkinson 
et al. (2008) 
[48]

Cystic 
fibrosis

N = 16 youth
Not reported

RCT, 
videophone 
vs. F2F

No significant differences in 
quality of life, anxiety 
levels, depression levels, 
admissions to hospital or 
clinic attendances, general 
practitioner calls or 
intravenous antibiotic use 
between the two groups

Witmans 
et al. (2008) 
[49]

Sleep 
disorders

N = 89
Ages: 1–18 years

VC 
feasibility

Patients were very satisfied 
with the delivery of 
multidisciplinary pediatric 
sleep medicine services over 
VC

Note: VC Videoconferencing, F2F Face-to-Face, RCT Randomized Controlled Trial, M Mean
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families. Large-scale efficacy trials will be necessary to determine the full impact 
of these interventions on medication adherence, treatment adherence, and health 
outcomes.

 Developmental Pediatric Interventions

The authors summarize developmental pediatric interventions using videoconfer-
encing in Table  22.3. The use of videoconferencing-based telehealth to provide 
developmental pediatric diagnosis and intervention has increased in recent years. 
Studies confirming this trend were conducted largely with children with autism 
spectrum disorders (ASD) (see previous systematic reviews [50–52]). ASD is a neu-
rodevelopmental disorder characterized by impairments in social communication 
and restrictions in behaviors or thought patterns [53]. Early diagnosis and early 
intervention are both critical in the prognosis for children with ASD and other 
developmental delays [54, 55]. Early diagnosis can potentially lead to early inter-
vention, which should involve evidence-based practices (EBP) (e.g., Functional 
Analysis (FA), Functional Communication Training (FCT), naturalistic teaching, 
discrete trial teaching) that are based on principles of applied behavior analysis 
(ABA). However, there are many barriers impeding both early diagnosis and access 
to early intervention, resulting in delayed diagnosis [56] and delayed or no EBP- 
based intervention after a diagnosis of ASD [57]. One common barrier is the lack of 
appropriately trained professionals who can provide the diagnosis and/or EBP; this 
scarcity of qualified providers is greatly exacerbated in rural areas [58, 59].

The majority of the studies of ASD and videoconferencing-based telehealth has 
focused on behavioral assessment and intervention-based research. One study 
explored providing cognitive–behavioral intervention via telehealth to treat anxiety 
experienced by youth with ASD, a common comorbid condition for ASD [60]. The 
rest of the studies examined provided behavior analytic interventions/EBPs to treat 
the core symptoms of ASD via telehealth videoconferencing. Training and utilizing 
parents and other professionals to implement EBPs via telehealth is an important 
and effective way of addressing the lack of qualified providers and increasing access 
to services. In particular, training parents as therapists in behavioral intervention has 
been widely accepted as a parent-mediated intervention option that dates back to the 
mid-20th century. Parents as therapists are particularly meaningful for the treatment 
of ASD and are considered an EBP. ASD is considered to be a lifelong disability 
that may require different levels of support [61]. Additionally, empowering parents 
of children with ASD with the knowledge and skills to support their children at 
home and in the community can have a positive impact on the generality and main-
tenance of the intervention effects [62, 63].

There are two major types of outcomes associated with the behavior analytic 
intervention studies. One is the interventionist (parent/professional) outcome and 
the other is the child outcome associated with children with ASD. Interventionist 
outcome measures often included one or multiple of these components: fidelity of 
implemented EBP skills, knowledge acquisition, social validity on usability, 
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Table 22.3 Developmental pediatric interventions using videoconferencing

Study Population

Sample 
description & 
sample size

Study 
design Findings

Heitzman 
Powell et al. 
(2013) [70]

Autism N = 7 parents
Youth age not 
reported

VC 
pre–post

Parents increased their 
knowledge and self-reported 
implementation of Applied 
Behavior Analysis (ABA) 
strategies

Hepburn 
et al. (2016) 
[60]

Autism and 
anxiety

N = 33 youth 
ages: 
7–19 years

VC vs. 
waitlist 
control

Families reported high 
acceptability of the VC 
intervention, however issues 
with the technology impeded 
some sessions. Families 
reported improvements in 
anxiety and parents reported 
more competence 
posttreatment

Ingersoll 
et al. (2016) 
[71]

Autism N = 28 
families
Ages: 
1–6 years

VC vs. 
control

The VC group parents 
reported increases in their 
positive perceptions of their 
child, in their child meeting 
language targets, in their 
child’s social skills

Lindgren, 
et al. (2016) 
[72]

Autism and 
developmental 
disabilities

N = 94
Ages: 
1–7 years

In-home 
therapy vs. 
clinic-
based VC 
vs. and 
home-
based VC

Each intervention significantly 
reduced problem behaviors 
from pre- to posttreatment in 
all 3 groups, and treatment 
acceptability based on parent 
ratings was high for all 
groups. Total costs for 
implementing treatment were 
lowest for home VC, but both 
VC models were significantly 
less costly than in-home 
therapy

Monlux 
et al. (2019) 
[73]

Fragile X N = 8 youth
Ages: 
3–10 years

VC 
pre–post

Rate of problem behaviors 
decreased pre–post; high 
parent-reported acceptability 
and treatment integrity

Reese et al. 
(2013) [74]

Autism N = 21 youth
Ages: 
3–5 years

VC vs. F2F 
diagnostic 
evaluation

VC similar to in-person 
evaluations in reliability, 
diagnostic accuracy, reported 
symptoms, and satisfaction

Simacek 
et al. (2017) 
[75]

Autism and 
Rett
syndrome

N = 3
Ages: 
3–4 years

VC 
feasibility

All the children acquired the 
targeted communication 
responses. The findings 
support the efficacy of 
telehealth as a service delivery 
model to coach parents on 
intervention strategies for 
their children’s early 
communication skills

(continued)
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acceptability, engagement, and/or satisfaction, and secondary measures such as 
parental stress and depressive symptoms. Child outcome measures often included 
parent- reported child behavior measures such as the Vineland Adaptive Behavior 
Checklists and observational data on targeted skill deficits (e.g., increased child 
demands or requesting) or problem behavior (e.g., decrease in self-injurious 
behavior).

All studies reported positive outcomes in at least one of their outcome measures, 
showing that delivering EBPs via videoconferencing is a promising treatment deliv-
ery option. However, it is worth noting that the quality of the studies, group design, 
and single subject design was in general weak, using the Evaluative Method for 
Evaluating and Determining Evidence-Based Practices in Autism [64, 65]. It is 
imperative that future research employs more rigorous evaluation methodologies 
and procedures, for both group design and single subject design studies. In addition, 
it is important for future research to examine the long-term effects of both interven-
tionists’ skill maintenance and child outcome measures with longitudinal studies.

Future developmental behavioral pediatric research should also expand the age 
range and targeted skills and challenges of participating children with ASD, consid-
ering most of the studies focused on early intervention of children under 6 years old. 

Table 22.3 (continued)

Study Population

Sample 
description & 
sample size

Study 
design Findings

Suess et al. 
(2016) [76]

Autism N = 5
Ages: 
2–7 years

VC 
feasibility
Ppre–post

Across participants, problem 
behaviors reduced by 
approximately 65.1% and 
independent task completion 
increased by approximately 
34.3%

Vismara 
et al. (2013) 
[77]

Autism N = 8
Ages: 
18–45 months

VC 
feasibility
single- 
subject, 
multiple- 
baseline 
design

Parents rated VC with 
therapists as highly important 
for understanding how to use 
the intervention in their daily 
life. Parents reported having a 
better understanding and 
appreciation for helping their 
child learn new skills at home

Wacker 
et al. (2013) 
[78]

Autism N = 20
Ages: 
2–6 years

VC 
feasibility

The capacity to identify social 
functions of problem behavior 
and the length of assessment 
in VC were comparable to 
direct service delivery in 
children’s homes. The VC 
delivery model provided a 
cost-effective alternative 
strategy for delivering 
behavioral services

Note: VC Videoconferencing, F2F Face-to-Face, RCT Randomized Controlled Trial, M Mean
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As young children with ASD age, they often face more challenges due to increased 
social and behavioral expectations and decreased resources and support [66, 67]. 
They need more support in developing skills such as social skills, self- management 
skills, and independent living skills [68]; they also need more support in coping 
with comorbid conditions such as anxiety, depression, and ADHD as they are at a 
much higher risk of developing these conditions [69].

 Conclusion

The growing evidence base in child behavioral interventions goes hand-in-hand 
with innovative delivery systems such as telebehavioral health services delivered 
through videoconferencing. As digital natives, children and adolescents offer a 
promising population for telehealth interventions. Overall, the studies presented are 
promising across process measures and patient outcome measures, and across clini-
cal child, pediatric psychology, and applied behavior analysis/developmental stud-
ies. Overall, the studies note use of readily available, secure technologies with 
limited technical difficulties. Most studies also translated an intervention validated 
in the onsite clinical setting to the outreach telebehavioral setting. Interventions 
were informed by child telebehavioral health best practices and guidelines [5], 
including safety best practices. Many studies noted the unique advantages of the 
telehealth system in allowing the child and/or parent to engage in the intervention in 
their lived environment, with the goal that this may assist in lasting behavior change.

Because of the nature of telebehavioral health services to rural/underserved 
areas, sample size continues to be a limitation noted by many of the studies reviewed 
in the chapter. The rapidly evolving technologies and models of health care delivery 
(e.g., medical homes, Affordable Care Organizations, etc.) are further challenges 
and opportunities for telebehavioral research. Emerging implementation and dis-
semination models that explore factors that inform which intervention works under 
what conditions may be a particularly useful avenue for future research, such as 
work exploring the facilitators and barriers to the adoption of ADHD guidelines 
[28]. Such implementation research may be especially helpful in teasing apart what 
telehealth setting (e.g., home, school, primary care, community mental health cen-
ter, etc.) may be the most effective service with different diagnoses and patient/
family needs.

Other areas of emerging work are group interventions, including support group 
interventions as well as group therapy interventions. For example, Patton et al. [35] 
developed a group-based parent intervention for parents of young children with type 
1 diabetes, which may inform group-based telebehavioral interventions with other 
chronic illnesses and child clinical concerns. Future studies may also explore the 
impact of multiple technologies on intervention effectiveness, such as use of both 
synchronous videoconferencing and asynchronous online materials [21].

The elephant in the telemedicine room is the worsening workforce shortages 
across behavioral specialists. The telebehavioral interventions described have the 
potential to increase access, but much need remains. Pairing these emerging 
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telebehavioral interventions with innovative workforce strategies, including tele-
mentoring/Project ECHO (Extension for Community Healthcare Outcomes), is 
another avenue for future evaluation. Finally, the federally funded Telehealth 
Resource Centers (telehealthresourcecenter.org) and the related Telebehavioral 
Health Center of Excellence (tbhcoe.org) offer many opportunities to share lessons 
learned from child telebehavioral health studies with healthcare audiences, child-
serving systems, diverse communities, and consumers.
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 Introduction

Telepsychiatry refers to provision of psychiatric care services with telecommunica-
tions technology. Synchronous telepsychiatry (STP) or a live, two-way videocon-
ferencing model has become synonymous with telepsychiatry, but multiple models 
using various technologies have also been used and studied. As psychiatric assess-
ments primarily rely on a verbal history and audiovisual mental status exam, STP is 
a theoretically valid assessment tool. Additionally, the shortage of psychiatrists in 
the United States, especially certain subspecialists, and their concentration in high- 
resource regions, places telepsychiatry in a position to mitigate regional gaps and 
limit transportation costs.

Despite growing popularity, need, implementation, and models, the practice of 
telepsychiatry has not been standardized and suffers from a relative lack of high- 
quality research. In the United States, the most significant barrier to implementation 
remains reimbursement, as there are gaps in Medicare coverage and Medicaid cov-
erage varies between states. Lack of interstate coverage standards is particularly 
challenging here because many large health systems may be delivering remote psy-
chiatric care across state lines. Additionally, telepsychiatry only becomes sustain-
able after a certain patient volume [1], limiting expansion to smaller systems. The 
Veteran’s Affairs (VA) telepsychiatry system is the exception that proves the rule; as 
a singular reimbursement system and large-scale implementation has enabled it to 
become sustainable and standardized [2–4]. Despite an incompletely developed 
system, telepsychiatry has significantly increased mental healthcare access in the 
United States [1].
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This chapter will provide a broad overview of telepsychiatry and cover the (1) 
history, (2) technology and methods, (3) models and settings, (4) effectiveness, (5) 
practice guidelines and training, (6) legal and ethical concerns, and (7) digital health 
interventions.

The discussion will be largely limited to the United States, but some relevant 
foreign studies will be referenced. Although the initial literature review was limited 
to 2002, earlier literature will also be included here.

 History

The first documented use of clinical telepsychiatry was from the University of 
Nebraska and emerged from a one-way, closed circuit television used for medical 
education in the 1950s [5]. With funding from the National Institute of Mental 
Health (NIMH), the program expanded later to include interactive audio between 
the Nebraska Psychiatric Institute and other regional hospitals so that lecturers 
could answer questions. In 1959, an interactive audiovisual system was created, 
which was used in 1964 to link the Nebraska Psychiatric Institute with Norfolk 
State Hospital. By the late 1960s this same model linked Veteran’s Administration 
hospitals to the network. The NIMH funded a similar audiovisual telepsychiatry 
project at Dartmouth Medical School in 1968 [5].

Concurrently in 1968, Massachusetts General Hospital used a bidirectional tele-
vision transmission system to deliver psychiatric services to Logan International 
Airport [6]. This system enabled the psychiatrist to tilt, zoom, and pan the remote 
camera. The paper describing it [6] contains the first known usage of the term “tele-
psychiatry” [7]. Another early published telepsychiatry project was from Mount 
Sinai School of Medicine to a child clinic in East Harlem [8]. These programs were 
closed when federal funding dried up in the 1970s [5], and telepsychiatry programs 
did not receive much attention clinically or in the literature until the growth of the 
Internet and associated audiovisual technologies in the 1990s.

Since that time telepsychiatry has expanded in scope and practice both in the 
United States and abroad. With increased appreciation of the discrepancy between 
need and availability of psychiatric care, particularly in underserved and rural areas, 
interest in telepsychiatry continues to grow.

 Technology, Setup, and Technique

On each side of the typical videoconferencing system, there will one or two display 
screens, one microphone, speakers and/or headsets, a video camera, and a coder–
decoder (codec) for compression/decompression and audiovisual synchronization. 
Remote camera control is recommended [9] so that the operator can pan, tilt, and 
zoom the camera on the patient. Internet Protocol (IP) networks have generally 
replaced point-to-point connections (fraction T-1 or ISDN) [10], but satellite net-
works are also used in some remote sites [9]. Consistent with Health Insurance 
Portability and Accountability Act of 1996 (HIPAA) requirements, 128-bit 

M. Garofalo et al.



367

encryption must be provided. Unless otherwise specified, STP programs described 
here transmit data at a minimum bandwidth of 384 Kbps. This bandwidth is the 
recommended minimum specified by the American Telemedicine Association 
(ATA), and has been shown to be significantly more acceptable to users than 128 
Kbps and more cost effective than 768 Kbps [9]. Geriatric assessments are more 
sensitive to bandwidth due to common patient sensory deficits and cognitive assess-
ment tools with written visual components such as the Mini Mental Status Exam [2].

The physical space is important to facilitate a therapeutic encounter and ensure 
privacy. Audio is ideally transmitted between soft, “quiet” rooms with carpeting, 
draperies, sound panels, etc. [7, 9]. The ATA specifies minimum lighting of 150-foot 
candles and recommends a spectrum close to daylight [9]. Blue backdrops may be 
used [9]. The clinician and patient’s locations are both considered examination 
rooms and subject to the same privacy standards [9]. As such, all present parties on 
each side must be identified prior to examination [9]. All participating parties must 
be accommodated in the camera view [7, 9], including parents and caregivers [7].

Videoconferencing techniques will vary according to patient demographics and 
conditions [2, 7, 9, 11]. One universal barrier to rapport and assessment is the 
impossibility of maintaining mutual eye contact because the camera is always 
placed above or below the monitor [7]. By alternating gaze from the camera to the 
monitor, the clinician can facilitate rapport, but may have to formally inquire about 
the patient’s ability to initiate or maintain eye contact if it is unclear [7].

For more technical requirements and recommendations, refer to the ATA’s 2010 
policy guidelines [9] and the American Academy of Child and Adolescent 
Psychiatry’s (AACAP) 2017 telepsychiatry clinical update [7].

 Models and Settings

Telepsychiatry in the United States exists in many settings, including (1) outpatient, 
(2) inpatient, (3) consultation–liaison (C–L), (4) emergency, (5) schools, (6) correc-
tions, (7) home-based, and (8) nursing homes. Electronic delivery models extend 
beyond STP and include asynchronous telepsychiatry (ATP) and “curbside” consul-
tations [12]. Novel digital interfaces such as mobile applications [13–16] will be 
discussed in the digital health interventions section. Due to lack of a standardized 
database, the overall prevalence of United States telepsychiatry programs is 
unknown, as is the percentage breakdown for settings and populations.

 Outpatient

The primary outpatient telepsychiatry model is direct care interactive videoconfer-
encing. Patients in this model are evaluated and treated by a psychiatrist. The pro-
viders operate from a central location and patients present to regional offices. 
Providers directly write prescriptions and patients follow-up with the same pro-
gram and clinical findings are documented in the central electronic medical 
record (EMR).
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This direct care model is appropriate for higher need and more complicated psy-
chiatric patients who are already connected with the psychiatric system. However, 
as the vast majority of psychiatric assessments and treatments occur in the primary 
care setting, telepsychiatry can, and does, provide a valuable resource for expert 
consultation, follow-up as needed, and training [12, 11]. In these models, the pri-
mary care physician (PCP) utilizes psychiatrists to aid assessments, guide interven-
tions, and provide medical education. This “task sharing” approach, with technology 
functioning to leverage psychiatric services, has been implemented and studied in 
rural areas in the United States [11].

The most evidence-based model in the United States is the collaborative care 
model [12]. Collaborative care functions by connecting patients, PCPs, and psy-
chiatrists through behavioral health care managers. STP can be used for the initial 
consult and follow-up as needed for patients with high and middle psychiatric 
needs. The psychiatrist communicates with the PCP via telephone and/or email to 
communicate diagnostic findings and treatment recommendations. High need 
patients can continue to be followed by consulting psychiatrists via STP, while mid-
dle needs psychiatric patients may be followed with more STP or asynchronous 
telepsychiatry (ATP). ATP involves a video-recorded primary care encounter which 
is reviewed by the psychiatrist for assessment and treatment recommendations. 
Both STP and ATP have been shown to improve outcomes and provide educational 
benefits for PCPs [12]. ATP is more cost effective and is evidence-based for middle 
needs psychiatric patients [12].

Lower-needs psychiatric patients can benefit from informal “curbside” consults 
in which a PCP remotely discusses a case with a psychiatrist who provides guidance 
for diagnosis and management [12]. Roughly 33% of PCP’s psychiatric needs can 
be met with this system and it does improve patient care and PCP skills [12].

Stepped care systems in which more intensive psychiatric interventions are 
implemented according to patient needs have been studied abroad, but the evidence 
base for telepsychiatry is limited to one study [12].

 Consultation–Liaison

Although remote medical–surgical hospitals have limited access to inpatient psy-
chiatric consultation, literature on C–L telepsychiatry is limited [17]. The University 
of Pittsburgh Medical Center has been using telepsychiatry (mainly synchronous 
videoconferencing) to cover C–L consults at a remote satellite hospital and retro-
spectively (2014–2016) studied patient demographics, reasons for consult, diagno-
ses, recommendations, longitudinal volume of requested consultations, and 
follow-up [17].

The most commons consultation questions were altered mental status, mood, and 
decisional capacity. The most common primary diagnoses were delirium, dementia, 
and mood disorders, but 12 diagnostic categories were utilized as either primary or 
secondary diagnoses. Most recommendations were for studies or medication 
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initiation, changes, or discontinuation. Two patients were referred for inpatient psy-
chiatric care and nearly half for outpatient follow-up. Volume of consultation 
requests increased throughout the study period, perhaps indicating a positive 
response from inpatient physicians. Of note, this telepsychiatry program was grant 
funded, as managed care does not reimburse telepsychiatry in Pennsylvania [17].

 Emergency

Emergency departments (EDs) in the United States are increasingly burdened by 
patients with primary psychiatric complaints [18] and have become the frontline 
access points for many psychiatric patients [19]. EDs in rural and underserved areas 
often lack on-call psychiatrists and behaviorally trained staff, leading to substan-
dard care, substandard follow-up, increased costs, pressure to admit for psychiatric 
complaints, and decreased ability to address medical emergencies [18, 19]. By 
improving access, telepsychiatry may mitigate the above issues, but the literature 
base is sparse [20].

Emergency telepsychiatry operates as a consulting service delivered via STP, 
usually from a central hub [18–22]. The evaluating psychiatrist provides a diagnos-
tic impression and recommendations for disposition, discharge medications, social 
services, and follow-up.

In 2009 South Carolina implemented an emergency telepsychiatry program and 
studied outpatient follow-up, rate of hospitalization after ED assessment, length of 
stay if admitted, inpatient costs if admitted, and total health care costs [18]. Over 
7000 telepsychiatry recipients were matched with and compared to controls who 
did not receive telepsychiatric services. The only metric without statistically signifi-
cant difference was the 30-day total health care cost. Differences between groups in 
30- and 90-day outpatient follow-up remarkably demonstrated favorable results for 
the telepsychiatry group (46% versus 16% and 54% versus 20%, respectively), 
while decreases in hospitalization rate and inpatient length of stay for the telepsy-
chiatry group were modest [18].

The need for emergency child and adolescent telepsychiatry may be even more 
pronounced, as child and adolescent psychiatric emergency presentations, hospital-
izations, and suicidal/self-injurious behaviors have significantly increased in the 
United States during this century [23]. Pediatric EDs also suffer from lack of behav-
ioral resources and there is a massive shortage of child and adolescent specialists. 
As a result, psychiatric care in traditional pediatric EDs can be unsafe, and low 
reimbursement for child and adolescent psychiatric emergency evaluations all but 
precludes specialized programs. Institutions with psychiatric emergency programs, 
such as a Comprehensive Psychiatric Emergency Program (CPEP), are primarily 
designed for adults and can be unsafe and ill-suited for the child and adolescent 
population [23].

The limited available data from the United States and Canada support emergency 
child and adolescent psychiatry as a way to decrease ED length of stay and cost 
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while also increasing patient and family satisfaction [23]. Data on safety and other 
clinical outcomes is limited, but one prospective Canadian study [21] on 60 assess-
ments of primarily Aboriginal children showed a statistically improvement in 
patient satisfaction compared to a face-to-face control population. There was no 
significant difference in other clinical outcomes. This study suffered from signifi-
cant demographic and diagnostic differences between the control and study 
groups [21].

 Schools

More children receive mental health care in schools than in outpatient clinics [7], 
but access to psychiatrists in schools is limited. Telepsychiatry has been success-
fully used to close this gap, but confidentiality issues and prescribing protocols 
represent significant hurdles [7].

 Corrections

In 2016 it was estimated that upwards of 350,000 people with severe psychiatric 
illness were in state prisons or jails at a given time, a number far exceeding all psy-
chiatric inpatients at a given time [24–26] and creating a massive need for psychiat-
ric care in the correctional setting. Telepsychiatry has been used in adult [27] and 
child [7] corrections.

Data on correctional systems telepsychiatry is limited. One literature review 
[27], which included five randomized controlled trials (RCTs), was only able to 
identify 345 subjects in efficacy studies and found that the studies were rife with 
methodological issues, such as poor controls. Nevertheless, patient and provider 
acceptance were generally high [27]. To mitigate sometimes unavoidable confiden-
tiality issues, the article suggests that telepsychiatry via telephone should be com-
pared head-to-head with interactive videoconferencing [27].

 Home-Based

Patients with mobility issues, difficulty tolerating in-person care, or frequent physi-
cal relocation may benefit from home-based STP [7, 2, 28]. Specific care must be 
taken to avoid or mitigate high-risk situations and patients with a history of severe 
adverse reactions to therapy are not appropriate [28]. However, this model has been 
studied in child and adolescent [7], geriatric [2], and general adult [28] populations, 
although data on efficacy and safety is scarce. Privacy issues provide a barrier for 
the child and adolescent population [7], while some geriatric patients find home- 
based telepsychiatry to be more private [2].
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 Nursing Homes

Although literature on nursing home telepsychiatry is mostly limited to descriptive 
studies, data does suggest that this model may have be clinically feasible, cost- 
effective, efficient, and acceptable to patients [2]. Initial concerns about geriatric 
patients’ familiarity with technology, cognitive impairment, and sensory deficits 
(auditory and visual) are generally alleviated with high bandwidth connections and 
standardized scales for cognitive impairment, depression, and psychosis have been 
reliably applied [2].

 Effectiveness

There have been over one hundred published studies on telepsychiatry’s clinical 
effectiveness, particularly STP [1, 29, 30]. Despite the impressive number of stud-
ies, the vast majority are small, descriptive, or retrospective studies. Prospective 
studies, including RCTs, are less common. The prospective studies performed gen-
erally utilize equivalency methods and/or noninferiority methods to compare tele-
psychiatry to care as usual (primary care or waitlists) or face-to-face assessments 
[3]. Endpoints studied include patient and/or provider satisfaction, diagnostic reli-
ability/validity, symptom reduction, rehospitalization rates, and medication compli-
ance [1, 30, 31].

Many populations have been studied including, but not limited to, child and ado-
lescent [7], geriatric [2], correctional [27], ethnic [1], and developmentally disabled 
[32]. In addition to assessments and medication management, studies also exist on 
psychotherapy outcomes and include systematic reviews and meta-analyses [33, 
34]. Although most effectiveness data are on STP, effectiveness of ATP and other 
telecommunications delivered care (mobile apps) have also been studied [14–16, 1].

Results thus far for all of the above metrics and populations have generally sup-
ported the hypothesis that telepsychiatry is at least comparable to face-to-face 
assessment and superior to treatment as usual [1, 3]. Some disorders, such as autism 
spectrum disorder, may be more suited for telepsychiatry than face-to-face, although 
more study is needed [1]. Intriguingly, patients have been more satisfied and accept-
ing toward telepsychiatry than providers, as providers have expressed concern over 
therapeutic rapport [3]. It is also likely that some patients may only have experience 
with telepsychiatry, while providers are more experienced with face-to-face.

Although telepsychiatry has been shown to meet minimum standards of broad 
acceptability as well as favorable treatment outcomes and diagnostic reliability, 
Hubley et al. [3] express concerns over the literature, particularly reliance on self- 
report, selection biases, insufficient blinding and small sample sizes. Nevertheless, 
the overwhelmingly favorable evidence warrants more nuanced studies that guide 
implementation by quantifying the types of assessments and interventions suited for 
specific conditions and settings [3]. Hilty et  al. [1] point out the need for more 
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high-quality prospective and condition specific studies. To conclude, telepsychiatry 
clearly meets acceptability standards for patient satisfaction, diagnostic reliability 
and validity, and basic treatment outcomes for multiple populations and settings, but 
data is insufficient to establish evidence-based telepsychiatry specific standards 
of care.

 Practice Guidelines and Training

Although, for the above reasons, telepsychiatry clinical standards of care follow 
face-to-face standards, practice guidelines have been proposed by the ATA [9] and 
American Academy of Child and Adolescent Psychiatry (AACAP) [7]. This section 
will cover administrative, population specific, treatment, safety, and training guide-
lines for STP.

Before initiating a telepsychiatry program, a needs assessment must be con-
ducted, and appropriate sites identified [7, 9]. General office support staff must be 
available to facilitate encounters and institutional administrative processes and pro-
tocols formally established and followed [7, 9]. Specific topics include, but are not 
limited to, infection control, credentialing, training, quality improvement, prescrib-
ing, documentation, billing/coding, and confidentiality. The system must include 
redundant technology. Safety is a legitimate concern and institutional safety proto-
cols, including for psychiatric and medical emergencies, must be established and 
should follow procedures for any face-to-face system with additional communica-
tion systems readily available and known. Vaithilingam’s unpublished account [35] 
of a telepsychiatric emergency involving a concealed weapon outlines these issues. 
Note that recommendations only specify that institutional administrative policies 
and protocols be established, as no specific national guidelines are available.

There are no specific contraindications to telepsychiatric assessments and treat-
ments [7, 9] and services may be requested and/or performed at the discretion of the 
psychiatrist and/or consulting physician. As specified earlier, diverse populations 
and illnesses with specific needs receive telepsychiatry services. Psychotherapy and 
medication management services should follow general psychiatric standards of 
care [9].

Geriatric patients may have sensory issues and/or be unfamiliar with technology. 
Therefore, they will benefit from a bandwidth of at least 384 Kbps and, possibly, 
enhanced audiovisual definition [9, 2]. All populations receiving remote cognitive 
testing must have access to qualified ancillary staff to administer tests [9].

As telepsychiatrists may reside and originate from areas dramatically different 
from served patient populations, it is recommended that cultural/ethnic differences 
are considered [9]. Firearm ownership and safety is a specific, sensitive issue that 
telepsychiatrists must be prepared to discuss [9]. Community-based mental health 
outreach workers can breach the gap between telepsychiatrists and patients and edu-
cate the provider [11].

Guidelines for children and adolescents largely follow those for the general pop-
ulation, but it is recommended that those patients are provided larger rooms, toys, 
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and a table to promote comfort, accommodate parents, and enable observation of 
play and motor skills [9]. Setting specific issues, such as knowledge of schools and 
correctional facilities, and appropriate communication with them, as well as poten-
tially hostile/abusive family settings must be considered [7]. Some developmentally 
disabled populations may not be able to tolerate the interactive platform and require 
face-to-face services [7].

Given the expanding role of telepsychiatry in providing access to care, it is evident 
that there is need for telepsychiatry education in Graduate Psychiatry Residency 
Training programs; however, the consensus within the literature is that programs are 
lagging behind the evolving standard of care. Further, telepsychiatry training is not 
well established or standardized [7, 9, 10, 36]. Training in telepsychiatry is not a 
requirement for psychiatry residents in the United States and the Accreditation 
Council for Graduate Medical Education (ACGME) competencies for technology are 
limited to the use of the EMR [10]. There is concern that without formal preparation, 
psychiatrists may be reluctant to take up an unfamiliar practice that requires specific 
clinical skills [37]. Despite the absence of any streamlined education for early psy-
chiatrists, professional guidelines for telemedicine and telepsychiatry do exist [10].

A Canadian team identified three barriers to telepsychiatry training in Graduate 
education:

 1. Competencies are not well defined.
 2. Teaching methods for training in tele psychiatry are undetermined.
 3. There is no clear vision for how telepsychiatry training should be integrated into 

existing curricula and rotations [37].

One way to mitigate this problem is by introducing an “elective” which would 
allow residents to gain experience in telepsychiatry. A group in East Carolina rec-
ommended that electives be reserved for senior residents so that the primary focus 
is on learning the challenges and unique aspects of using technology, once basic 
interviewing and psychotherapeutic and pharmacology practice have been mastered 
[10]. They went on to suggest that training should also involve associated readings 
that includes medical–legal issues, ethical concerns, logistic challenges, and guide-
lines on the industry standards [10].

In another residency program, trainees were required to complete a six-month 
outpatient telepsychiatry rotation in their second year. Their model was unique in 
that it included a mix of in-person and instant messaging supervision by an attend-
ing [38]. Residents preferred this method of communicating with their supervisors 
because it gave them a sense of autonomy [38]. At the same time, they were able to 
discuss treatment decisions without interrupting the session. This protocol also 
allowed residents and attendings to communicate efficiently and handle difficult 
clinical situations in real time [38].

At our training program in Westchester County, New  York, telepsychiatry 
training is integrated into the third-year outpatient curriculum. Telepsychiatry 
practice is considered integral and on par with face-to-face contact and residents 
flow freely back and forth between modalities. Supervision is focused on 
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identifying the similarities, differences, and clinical challenges inherent in both 
frameworks. Residents report that they appreciate the autonomy and relative 
equivalence of both treatments, and appreciate the advantages of access to remote 
patient populations, but can feel unprepared for the complexities of telepsychiatry 
early in their outpatient year, particularly with more challenging patients. This 
requires vigilance by supervisory staff, who are always available to intervene in 
person when the resident is challenged with an individual encounter. As an educa-
tional tool, the residency program is developing telepsychiatry mock scenarios in 
order to help prepare residents for their clinical encounters, which focuses on 
practice with the technology, establishing rapport with this medium, and collabo-
rating with remote “hub” staff in managing difficult crisis situations, such as sui-
cidality and aggression. Furthermore, telepsychiatry education is integrated into 
the lecture-based curriculum.

Overall, few telepsychiatry training experiences for residents have been evalu-
ated, thus, it is difficult to determine which approaches are the most effective in 
educating trainees [37]. It has been speculated that the use of telepsychiatry to treat 
marginalized and underserved populations during residency can promote a sense of 
responsibility and interest post residency [10]. Furthermore, the Department of 
Veterans Affairs suggest that residents that participated in this type of experience 
continued with the Department of Veterans Affairs after graduating, and thus tele-
psychiatry experience was a useful recruitment tool [39].

 Legal and Regulatory

There are significant legal and regulatory issues that relate to the practice of telepsy-
chiatry. Primary among these are the issues of informed consent, privacy, and civil 
commitment for individuals who require but do not agree to acute inpatient hospi-
talization. Informed consent should be obtained prior to any telepsychiatry encoun-
ter, and many state regulatory bodies mandate various forms of informed consent. 
Informed consent should include presentation of the benefits and limitations of the 
telepsychiatry encounter, including but not limited to options to see a provider in 
person when available as well as the important issue of maintaining privacy. In our 
health system, for instance, patients sign consent for telepsychiatry interventions 
upon entering relevant emergency departments, acute care, and outpatient programs 
where telepsychiatry is utilized. However, prior to or at the beginning of each 
encounter, the patient’s consent to continue is affirmed. There are cases in which the 
patient is unable to provide informed consent, particularly where the patient has an 
acute psychotic or manic disorder, is grossly paranoid, or when they have significant 
neurocognitive impairment. In those instances, if telepsychiatric consultation is the 
only modality available, it may be used on an emergency basis. However, when pos-
sible, the patient should have a face-to-face encounter with a clinician at the next 
available opportunity. Occasionally, patients refuse telepsychiatry (<1% in our 
experience), in which case every effort is made to allow them to see a provider face- 
to- face, which will inevitably increase waiting time.
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States vary widely in their laws governing involuntary commitment [40]. 
Generally, states require the presence of acute dangerousness to self or others, and 
some allow “grave disability” (or inability to care for oneself) as a requirement to 
hold an individual for safety and/or treatment against their will. The ability to invol-
untarily commit an individual via telepsychiatry is not universally articulated across 
state jurisdictions and we were unable to find a review of this issue. In New York 
State, a practitioner who is conducting a telepsychiatry consultation in the emer-
gency setting is, with the exception of a small number of pilot programs, not permit-
ted to fill out legal forms or sign for involuntary commitment. Thus, psychiatric 
consultation conducted by telepsychiatry can only be utilized as a recommendation 
to appropriately designated, onsite practitioners to fill out the legal commitment 
forms. Anecdotally, pilot projects that allow the telepsychiatrist to fill out and sign 
legal commitment forms for New York State have not encountered major hurdles; 
however, this practice has not received formal approval.

 Digital Health Interventions

Digital health interventions (DHIs) such as computer programs, mobile applica-
tions, clinician-to-patient remote messaging, and Internet forums have been pro-
moted as means to improve mental health access, utilization, compliance, patient 
comfort, monitoring, efficiency, cost-effectiveness, and personalization [13, 15, 29,  
41]. Programs have been created to target conditions such as anxiety disorders, 
depression, psychosis, eating disorders, attention deficit hyperactivity disorder 
(ADHD), autism spectrum disorders, neurocognitive disorders, and post-traumatic 
stress disorder (PTSD) [15, 29]. Target populations include general adults, geriat-
rics, caregivers, and child and adolescents. Despite the theoretical benefits and num-
ber of programs, a robust evidence base has been precluded by the dynamic nature 
of these programs, their heterogeneity, and low-quality research.

DHIs targeting the child and adolescent population have been studied in the most 
depth [37, 41] and a 2016 systematic and meta-review [15] identified and studied 
147 distinct DHIs. The article aimed to study the evidence base for treatment effects, 
cost-effectiveness, usability, access, acceptability, and compliance. Programs were 
divided based on symptom targets, including anxiety and depression, eating disor-
ders, ADHD, autism, PTSD, and psychosis. Programs ranged from sit-down com-
puter programs to mobile applications. Games, computerized cognitive behavioral 
therapy (cCBT), remote monitoring, and conference were some of the studied 
modalities.

Anxiety and depression DHIs hold a majority market share for child and adoles-
cent patients and have the most robust evidence base [37]. The most clinically effec-
tive programs involved cCBT with face-to-face augmentation and therapist-facilitated 
support. Studies on depression generally targeted patients subthreshold for diagnosis 
and/or mild- moderate symptomatology, while some anxiety studies included patients 
carrying an anxiety disorder diagnosis. Consistently positive treatment outcomes 
were not found for the other diseases.
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Across the board, cost-effectiveness has not been established for the child and 
adolescent population, although qualitative evidence suggests both direct and indi-
rect return on investment benefits [37]. Acceptability, compliance, and usability 
have not been consistently established either [15]. However, the rapid increase in 
programs, heterogeneity, poor study quality, and lack of standard taxonomy has 
complicated our understanding of DHIs.

Increasing access to psychosocial interventions for psychosis is an area of inter-
est, as acute pharmacological management alone is insufficient to prevent relapse 
and facilitate functional recovery [38]. Unfortunately, multiple barriers have hin-
dered access to these interventions. DHIs provide some promise for closing this gap.

An Australian systematic review on user-led DHIs targeting psychosis [13] stud-
ied 12 appropriate articles from a pool of 38 potentials. Areas of interest were 
acceptability, usability and feasibility, and treatment effects. In controlled environ-
ments, web-based psycho-education and CBT were acceptable and feasible for 
most schizophrenic patients, as was real-world psycho-education with social media. 
Favorable treatment effects were supported for web-based CBT targeting positive 
symptoms and online therapy, peer/expert support, and social networking for 
depression and social connectedness. Digital monitoring may help to prevent relapse 
and hospitalizations and a personalized SMS-based program may improve positive 
symptom severity and social networking. Positive results for functional outcomes 
were not supported [42]. Most studies were found to be poor quality. One intriguing 
program enables psychotic patients to create and modify an avatar in order to reduce 
distress associated with auditory hallucinations [13].
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 Telecardiology

In this chapter, we aimed to make an overview of recent applications of telecardiol-
ogy in primary and specialized care, as well as to give examples of our practice in 
telecardiology. Our group is part of a Brazilian public telehealth network, the 
Telehealth Network of Minas Gerais, a partnership among seven public universities, 
with broad experience in cardiology. Since 2005, more than 4.9  million tele- 
electrocardiograms have already been analyzed, as well as 3693 Holter, 655 ambu-
latory blood pressure monitoring, and 133,284 teleconsultations. We have been 
working on different clinical decision support systems and short message service 
(SMS) programs.

 Telecardiology in Primary Care

In primary care, teleconsultations, tele-diagnosis, and tele-education, applied in an 
integrated manner, possibly associated with tools such as decision support systems 
(DSS), may improve the quality of care for cardiovascular diseases, especially 
hypertension, atrial fibrillation, heart failure, and acute myocardial infarction. In 
remote municipalities with few inhabitants, primary care is often the only level of 
local healthcare and may receive patients with acute cardiovascular disease in an 
outpatient setting, especially in large countries with less integrated systems with 
difficult patients’ removal to a more complex healthcare unit. Thus, telecardiology 
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in primary care may improve the quality of care not only for chronic diseases, but 
also may support the emergency care for acute coronary diseases and arrhythmias.

Tele-regulation may support primary care to qualify access to specialized care. 
The applications of telecardiology in primary care will be briefly reviewed.

 Health Promotion and Prevention

In cardiology, health promotion actions for primary and secondary prevention of 
cardiovascular diseases have an outstanding impact in morbimortality, and may be 
associated with significant cost reduction in healthcare expenses due to the decrease 
in specialized consultations, hospitalizations, and emergency hospital admissions 
[1]. Telemedicine may be useful in controlling risk factors for coronary artery dis-
ease, such as improving blood pressure (BP) control [2–5], reducing glycohemoglo-
bin in diabetic patients [6–8], and improving lipid profile [9, 10]. Furthermore, it 
may help to reduce weight, body mass index (BMI), and waist circumference in 
obese or overweight patients [5, 11–13] as well as increasing the success of smok-
ing cessation programs [14].

Several modalities of telemedicine can assist in this regard, such as mobile phone 
text or audio messaging systems, which have shown positive results in medication 
adherence, change in eating habits, and physical activity in patients with hyperten-
sion, diabetes, obesity, or patients who had an acute myocardial infarction (AMI) 
[13, 15]. Twenty-four-hour monitoring services are becoming more frequent 
through the development of pieces of equipment which are linked to telemedicine 
systems, such as a stethoscope, balance, digital thermometer, BP monitors, remote 
monitoring of vital signs, and implantable electronic devices [16, 17]. Even simple 
watches have been transformed into monitoring systems with technology to report 
heart rate, presence of arrhythmias, stress level (analyzing humidity and skin tem-
perature), optical BP monitoring, and physical activity [18, 19]. There are several 
applications which are now available for the guidance of healthcare professionals, 
patients, or even for self-care [16].

 Decision Support Systems

Decision Support Systems (DSS) add knowledge and information of specific 
patients for physicians, other healthcare professionals, or patients themselves to 
improve the quality of the treatment and patient outcomes (www.healthit.gov/topic/
safety/clinical decision support). The Community Preventive Services Task Force 
recommends using these systems in the prevention of cardiovascular diseases. Such 
recommendation is based on low-to-moderate quality of evidence, which show an 
increase in cardiovascular risk factors screening; antiplatelet therapy prescription 
for primary prevention; and also, healthy diet, physical activity, and smoking cessa-
tion counseling [20]. It may have wide application in primary healthcare, but results 
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are still inconsistent when considering its clinical impact, with few isolated studies 
demonstrating an increase in smoking abstinence, adherence to drug treatment, and 
physical activity engagement, and a slight reduction in BMI (mean reduc-
tion = −0.10) [21].

Regarding emergency room (ER) admissions, hospitalizations, and cardiovascu-
lar events, studies have shown no consistent impact so far, but further studies are 
required. In one study, which assessed an educational strategy for health profession-
als associated with DSS alerts compared to an isolated educational strategy, lower 
mortality rates were observed in the intervention group [22].

 Teleconsultation

Teleconsultation can be defined as a second opinion system that allows information 
exchange between distant healthcare professionals and local healthcare profession-
als to discuss a clinical case when a specialist is not locally available (Fig. 24.1) 
[23]. They can be synchronous/real-time (with simultaneous interaction; by video, 
web conference, telephone, or toll-free telephone number) or asynchronous/store- 
and- forward, in a time-independent basis (Fig. 24.1).

Teleconsultations may have great applications in primary care to support health-
care professionals in remote and resource-constrained areas, including timely access 
to correct medical information, quality improvement of the diagnosis and treatment 
process, increased physician trust, and significant improvement in the total quality 
of healthcare [24]. As a tool with potential to increase primary care resolution, it 
may be incorporated into the workflow of primary care units as a part of the 

Fig. 24.1 Representation 
of the teleconsultation  
service
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regulatory process of the municipality. Thus, it represents an efficient way to reduce 
waiting times for a face-to-face appointment with a cardiologist.

There are still few studies on the impact of teleconsultations on hard outcomes, 
such as mortality. A systematic review by Liddy et al. [25] cited a randomized study 
comparing patients who had had teleconsultation to those who had been offered a 
traditional referral. The authors assessed the impact on death, myocardial infarction, 
catheterization or emergency angioplasty, and ER visits. The teleconsultation group 
was more likely to have an appointment with the cardiologist and fewer ER 
admissions.

Continued education and professional qualification are other benefits of the tele-
consultations, as well as a reduced sense of isolation, for the professionals who 
work in remote areas.

Overall, patients and medical professionals appear to be satisfied with telecon-
sultation services [26–28]. However, the quality of the service should be assessed 
periodically using predetermined criteria to ensure sustained positive effects 
(Fig. 24.2) [29]. Our group recently published a paper describing a methodology to 
analyze the quality of teleconsultations [24].

The methodology started with a literature review to analyze methodologies that 
had already been used to evaluate the quality of asynchronous teleconsultations in 
the following databases: Medline, Lilacs, and Scielo. In Medline, the following 
descriptors were used: telemedicine, remote consultation, medical audit; and terms: 
teleconsultation, audit, quality. In Lilacs and Scielo corresponding terms were used. 
Due to the lack of studies analyzing teleconsultation in the literature, it was neces-
sary to develop our methodology. With this purpose, specialists from our group 
were consulted and an initial version was developed, tested, and improved over 
time, resulting in the criteria showed in Table 24.1.

We established five domains which represented important items to be assessed:

 1. Quality: Technical and scientific knowledge based on the best online available 
evidence, point-of-care information summaries, and guidelines from the 
Brazilian Ministry of Health.

 2. Objective: Focus and details which are required for an answer to be complete.
 3. Ethics: If the teleconsultant has an ethical behavior.
 4. Courtesy: If the teleconsultant is polite when answering a query.
 5. Grammar: Adequacy of grammar and vocabulary basic rules).

Planning and
preparation

Defining strategies to
keep the improvement

Defining strategies to
improve

Selecting criteria
for audit review

Measuring level of
performance

1

2

34

5

Fig. 24.2 The audit cycle. 
(Adapted from Benjamin 
A, 2008)
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Each category received a score from 1 to 3 from the lowest to the highest grade.
This methodology has been used for feedback of the teleconsultation team and 

continued improvement of our service (Fig. 24.2). It can be easily replicated in other 
services worldwide to guarantee high quality of periodic auditing and may have 
positive impact to the quality of services provided by large-scale telemedicine 
services.

 Tele-Regulation

The demand for specialist referrals is growing worldwide, surpassing what most 
services can offer in terms of specialists’ consultation, and thus waiting lists are 
becoming increasingly longer [30]. Telehealth interventions, especially when 
involving tele-regulation, have shown a great impact in reducing waiting times, 
qualifying demands to avoid unnecessary referrals [31–33]. By using guiding pro-
tocols, tele-regulation enables to classify the demand for specialized care according 
to a risk classification, and the final decision regarding referrals’ priority is a joint 
decision between both the attending and the tele-regulator physician [30–33].

 Telediagnosis

Tele-electrocardiography is a very popular modality in telecardiology, as it is a sim-
ple exam and requires low-cost technology for transmitting files easily, even with 
slow Internet connections (Fig. 24.3). It can be easily incorporated into the primary 
care routine, due to its great utility and technology suitability for places with basic 
infrastructure in poor and remote areas [34, 35]. Twenty-four-hour Holter monitor-
ing and ambulatory blood pressure monitoring (ABPM) are other exams which have 
been analyzed by telecardiology services.

Recently, Artificial Intelligence (AI) has helped large electrocardiogram data-
bases to facilitate the execution of the exam reports, as well as to increase their 
accuracy. Decision support systems qualify care, with the potential to improve the 

Fig. 24.3 Telediagnosis 
service in the primary care 
units in Brazil
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management of patients with cardiovascular diseases, such as hypertension, atrial 
fibrillation, and heart failure.

Tele-echocardiography has also shown to be a promising strategy to enable access 
to initial cardiology investigation, early diagnosis, prioritization of referrals, and orga-
nization of waiting lines in healthcare systems. Initial evidence for its use comes from 
population-based screening studies, such as in rural India, where more than 1000 
echocardiograms were performed in about 11 hours and sent to the cloud computing 
with good agreement between preliminary field diagnosis and expert reports (k = 0.85) 
and an alarming 16% rate of significant abnormalities (including 32.9% of heart valve 
abnormalities) [36]. Evidence also suggests that even in high- income regions such as 
the United Kingdom, population-based echocardiographic screening in primary care 
by non-specialists proved to be an attractive strategy, with clinically significant (mod-
erate-to-severe) valve disease observed in 6.4% of asymptomatic population aged 
≥65 years, with prevalence associated with socioeconomic factors [37]. The strategy 
may be especially useful in low-income countries, where presumably there is a high 
burden of undiagnosed cardiovascular disease and limitations in the provision of spe-
cialized care, including conventional echocardiography. The tele-echocardiography 
strategy was initially tested in Brazil in a rheumatic heart disease screening program 
(study PROVAR: Rheumatic Valve Disease Screening Program), which established a 
research protocol acquisition routine at the research level simplified with portable and 
ultraportable devices by paramedics (nurses and technologists), uploaded to dedicated 
cloud computing system for expert storage and remote interpretation [38, 39]. In addi-
tion to remote diagnostics, telemedicine was also used for training health profession-
als on basic principles of echocardiography through interactive online modules. The 
effectiveness of online training has been demonstrated even by the accuracy of these 
professionals for the basic diagnosis of rheumatic heart disease [38]. In this project, 
there was a high prevalence of subclinical rheumatic heart disease (4.2%), a signifi-
cant finding considering the impact of the disease on public health [40].

Telediagnosis exams should be submitted to periodic audits, to guarantee the 
quality of the services (Fig. 24.2).

 Tele-Education

Remote educational activities in cardiology for healthcare professionals may help 
improving the quality of care. Patient-focused educational activities should also be 
encouraged for their empowerment.

 Specialized Care

 Heart Failure

There is extensive literature on the use of telemedicine strategies to monitor patients 
with heart failure (HF), aiming to reduce hospitalizations, which are associated with 
increased morbidity, mortality, and costs. Additionally, there is evidence it may 
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increase the patients’ empowerment. Interventions range from using traditional 
technologies, such as structured telephone support, telemonitoring using innovative 
technologies with implantable or wearable devices, DSS, and machine learning to 
predict complications [41–43]. Although evidence is variable, overall there is a 
positive impact. However, the application of these strategies in clinical practice is 
still very limited by regulatory, logistical, and financial restraints [44].

Telemonitoring can be either invasive or noninvasive. Sensors are tools which are 
increasingly embedded in smartphones and other mobile devices, and are capable of 
detecting, recording, and responding to specific data, for instance, patients’ vital 
signs. Sensor’s logging can generate large data sets that can be transmitted in real 
time to healthcare professionals [45]. As many multi-professional intervention pro-
grams often have geographical, economic, and bureaucratic barriers, telemonitoring 
may be a solution to promote better care for patients with HF [41].

Evidence about structured telephone support and noninvasive telemonitoring in 
HF patients was summarized in a Cochrane systematic review, which included 41 
studies. Structured telephone support has shown to reduce all-cause mortality (RR 
0.87, 95% CI 0.77–0.98; n = 9222) and HF-related hospitalizations (RR 0.85, 95% 
CI 0.77–0.93; n = 7030), both with moderate quality of evidence. As for telemoni-
toring, it also reduced all-cause mortality (RR 0.80, 95% CI 0.68–0.94; n = 3740) 
and HF-related hospitalizations (RR 0.71, 95% CI 0.60–0.83; n = 2148), both with 
moderate quality of evidence [45].

In another meta-analysis [46], which assessed 26 studies, 2506 patients were fol-
lowed by telemonitoring, including the transmission of vital signs, a time- dependent 
effect was observed. Short-term follow-up (up to 180  days) demonstrated better 
results in hard outcomes, including mortality, which were not achieved with a fol-
low- up for a period longer than 1 year. On the other hand, telemonitoring has not 
shown to reduce hospitalization, regardless of the follow-up time. An increase in ER 
visits was observed in the telemonitoring group, thus, it raises the question of how 
an intervention that does not reduce hospitalization can impact on mortality. Perhaps 
early detection of decompensating sign encourages patients to seek medical atten-
tion, which can be promptly treated with diuretics and vasodilators without the need 
for intensive therapy.

The evidence regarding length of hospital stay is even more controversial as 
among seven structured telephone support and nine telemonitoring studies, only one 
study of each intervention observed a significant reduction in length of hospital stay. 
However, a much more noteworthy number of studies, 9 of 11 structured telephone 
support and 5 of 11 telemonitoring, reported significant improvements in quality of 
life and welfare. Three of nine structured telephone support studies and one of six 
cost-monitoring telemonitoring studies noted a reduction in cost, and two telemoni-
toring studies reported cost increases due to the cost of the intervention and increased 
medical management. Seven of the nine studies that assessed knowledge about HF 
and self-care behaviors observed significant improvements. Although acceptability 
among participants was observed between 76% and 97%, a decrease in participants’ 
adherence over time can be challenging. In this review, adherence rates varied 
between 55.1% and 65.8% for structured telephone support and 75% and 98.5% for 
telemonitoring [45].
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The benefit of telemonitoring in HF was recently confirmed by the publication of 
“The Interventional Telemedical Management in Heart Failure II (TIM-HF2)” 
study. This was a prospective, randomized, and multicenter clinical trial in which 
1571 HF patients with New York Heart Association (NYHA) functional classifica-
tion II or III or those who had been hospitalized for heart failure within 12 months 
prior to randomization and with ejection fraction (LVEF) of 45% or less were ran-
domly assigned to remote management or just usual care lasting up to 393 days 
[47]. Patients assigned to remote patient care lost an average of 17.8 days per year 
due to unplanned cardiovascular hospital admissions compared to 24.2  days per 
year for patients assigned to usual care. All-cause mortality had a hazard ratio (HR) 
0.70, 95% (CI 0.50–0.96; p = 0.0280) in favor of telemonitoring, but cardiovascular 
mortality was not significantly different between the two groups (HR 0.671, 95% CI 
0.45–1.01; p = 0.0560) [47].

New devices which monitor intracardiac pressures have the most compelling 
evidence for the use of telemonitoring and are related to the use of more advanced 
technologies. CardioMEMS is a device implanted percutaneously in the pulmonary 
artery that transmits central pressure values   to a platform. When pulmonary artery 
pressure levels reach values   above a certain threshold, the physician receives an 
alert and a trend statement indicating pulmonary congestion or low cardiac output. 
Other devices for right ventricular implantation are already in experimental use. The 
“CardioMEMS Heart Sensor Allows Monitoring of Pressure to Improve Outcomes 
in NYHA Class III Heart Failure Patients (CHAMPION)” study [48] evaluated HF 
patients with NYHA function capacity III in 64 United States centers, who were 
randomized to use an electronic central unit that receives hemodynamic data from 
CardioMEMS or for control group treatment. In the monitored group, doctors used 
daily data from pulmonary artery pressure measurements to guide treatment. At the 
mean follow-up of 15 months, there was a 37% reduction in the rate of HF-related 
hospitalizations compared to the control group [49].

 Hypertension

Telemonitoring strategies can also be applied to control BP. They are frequently 
confused with the self-monitoring BP approach. Studies which evaluated antihyper-
tensive medication titration using self-monitoring present contradictory results; 
moreover, the precise role of telemonitoring on self-monitoring is unclear.

Several studies have demonstrated that hypertension telemonitoring strategies 
with clinical pharmacist involvement have a beneficial short- and medium-term 
impact on BP control. Margolis et al. [50] evaluated the effect of this intervention 
after a 54-month follow-up in a randomized cluster study of 16 primary care cen-
ters, which involved 450 patients (228 in telemonitoring and 222 in usual care). The 
intensive telemonitoring intervention has shown sustained effects on BP control for 
up to 24 months (12 months after the end of the intervention), losing longer-term 
efficacy [50].
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The INTERACT study was a randomized controlled trial in which 303 patients 
using oral antihypertensive and/or hypolipidemic medication were allocated to 
receive or not SMS text messages. The group receiving text messages improved 
adherence to the prescribed medication at 6 months compared to the patients who 
did not receive any messages. Overall, there was a 16% improvement in medication 
adherence [50, 51].

In the TASMINH4 study, 1182 patients were randomly allocated (1:1:1) for anti-
hypertensive titration by the attending physician who used clinical readings (usual 
care group), performing monitoring alone (self-monitoring group), or using tele-
monitoring self-monitoring (telemonitoring group). It has been observed that the 
use of BP self-monitoring to support antihypertensive therapy in the treatment of 
individuals with poorly controlled hypertension in primary care results in lower 
systolic BP without increasing the workload of the healthcare team. After 1 year, 
patients whose medication was adjusted using self-monitoring, with or without tele-
monitoring, had significantly lower systolic blood pressure than those who received 
office-adjusted BP treatment. Blood pressure in the telemonitoring group for medi-
cation titration has a faster decrease (at 6 months than the control group), an effect 
that is likely to reduce cardiovascular events even further and may improve manage-
ment [52, 53].

A Cochrane systematic review [54] aimed to establish the effectiveness of mobile 
phone interventions to improve medication adherence for primary prevention of 
cardiovascular disease in adults. Participants were recruited from primary care units 
or outpatient clinics in high-income countries (Canada, Spain) and middle- and 
high-income countries (South Africa, China), but interventions received varied 
widely. One trial evaluated an intervention focused on adherence to blood pressure 
medication, provided exclusively through the SMS, whereas a different intervention 
involved blood pressure monitoring combined with feedback provided via smart-
phone. The authors judged the body of evidence for the efficacy of mobile phone–
based interventions as poor quality with regards to objective outcomes (blood 
pressure and cholesterol). Considering two studies which evaluated medication 
adherence along with lifestyle modifications, one reported a slight improvement in 
lowering low-density lipoprotein cholesterol (LDL-c), while the other found no 
benefit whatsoever. A study (1372 participants) of a text-based intervention for 
adherence showed little effect in systolic blood pressure reduction for the interven-
tion group which received informational-only text messages, and uncertain evi-
dence of benefit about the second intervention model which provided additional 
interactivity with participants. One study examined the effect of blood pressure 
monitoring combined with a mobile phone text-messaging system and reported 
moderate benefits on systolic and diastolic blood pressure. There was conflicting 
evidence from two trials aimed at adherence to medication along with lifestyle 
advice using multicomponent interventions. While the former found great benefits 
on blood pressure levels, the latter showed no such effect. The authors concluded 
that there is poor quality evidence regarding the effects of mobile phone interven-
tions to increase adherence to prescription drugs for primary prevention. In 

24 Telecardiology



390

conclusion, there is currently uncertainty about the effectiveness of such interven-
tions based on this review.

 Emergency Services

Telemedicine has different applications in emergency services, including electro-
cardiogram transmission, which can be associated with synchronous teleconsulta-
tion, to assist the early diagnosis and management of acute coronary syndrome 
(ACS) cases (Fig. 24.4) [55].

Decision support systems could also to aid in the diagnosis, management, and 
prediction of cardiac complications in patients with ACS [56], prehospital bedside 
ultrasound image transmission, [57] and image transmission and support in the 

Telemedicine on emergency acute care

Situation B

Situation A

SUBTITLES

Situation C

EKG, without
physician

EKG, with
physician

PCI
Hospital

PCI
Hospital

Non-PCI
Hospital

Non-PCI
Hospital

THE HUB

RAU RAU RAU RAU RAU

data and information transmission
patient transfer
remote attendance unit
percutaneous coronary intervention

RAU
PCI

ambulance with EKG without
physicians
ambulance with EKG and
physicians

Fig. 24.4 Schematic 
representation of 
telemedicine for 
emergency acute care. 
Treatment strategies using 
telemedicine are shown for 
Acute Coronary Syndrome 
(ACS). EKG: surface 
electrocardiogram. 
Situation A: The patient 
goes to the nearest RAU 
for own means, or calls the 
prehospital care service 
and is taken to the RAU for 
a basic ambulance without 
electrocardiograph. 
Situation B: The patient 
calls the prehospital care 
service and an ambulance 
without a doctor, but with 
an electrocardiograph 
provides the care. Situation 
C: The patient calls the 
prehospital care service 
and an ambulance with a 
doctor and an 
electrocardiograph 
provides the care

M. S. Marcolino et al.



391

diagnosis and management of patients with stroke [58]. The use of DSS could 
increase adherence to ACS patient management guidelines recommendations, but 
evidence on its impact on clinical outcomes is still lacking [58].

 Telecardiology on Myocardial Infarction Systems of Care
Myocardial infarction systems of care aim to integrate prehospital, hospital, and 
hemodynamic services where patients with acute myocardial infarction (AMI) 
are managed in a given region to optimize their management. This system is 
proposed to better delineate these patients’ care, involving early diagnosis, pre-
hospital care, initial treatment, thrombolytic use, referral to a specialized hospi-
tal and post-event follow-up. It aims for high quality, effective, and safe care for 
patients with AMI, optimizing resources and reducing disparities in access to 
care [56, 59].

Telemedicine services play a crucial role in AMI systems of care as they facili-
tate communication from the physician in a low-complexity emergency unit or hos-
pital and prehospital healthcare professional with cardiologists at a hub or 
hemodynamic center hospital that will receive the patient. Cardiologists may assist 
in the following:

 1. Analyzing and interpreting the electrocardiogram in order to obtain an accurate 
and early diagnosis of ST-segment elevation myocardial infarction [54, 60]

 2. Guidance on the best management, helping to decide if there is indication of 
thrombolytic use and other medications by using synchronous teleconsultations 
[55, 60]

 3. Monitoring the patient’s clinical condition through telemonitoring, with syn-
chronous data transmission [60]

In patients submitted to primary PCI, prehospital electrocardiogram, and trans-
mission to PCI center can decrease treatment time, by direct admission of the patient 
in the catheterization laboratory, bypassing the ER [55].

A typical telemedicine system of care consists of a specialized center (hub) and 
multiple remote care units distributed within a geographic region (spoke centers), 
connected bidirectionally with the help of a communication channel (Fig. 24.4). 
The specialized center can be a cardiology referral hospital, an ambulance regula-
tion service, or a telemedicine center. Some AMI systems of care are comprised of 
more than one specialized center, each with certain remote units with regional 
 coverage [61].

In recent years, the use of telemedicine tools in AMI has soared worldwide. A 
recent meta-analysis included studies in Europe (11), North America (8), South 
America (5), Asia (9), and Australia (2) with 16,960 patients. There was a moderate 
quality of evidence that the use of telemedicine strategies plus usual care reduces 
in-hospital mortality by 37% (relative risk [RR] 0.63 [95% CI 0.55–0.72]), with a 
number needed to treat (NNT) of 29 (confidence interval [CI] 95% 23–40), when 
compared to usual care without telemedicine. This analysis also showed poor qual-
ity of evidence that this intervention reduces door-to-balloon time (mean difference 
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28 (95% CI −35, −20) minutes), 30-day mortality (RR 0.62 [95% CI 0.43–0.85]) as 
well as long-term mortality (RR 0.61 [95% CI 0.40–0.92]) [55].

 Management of Oral Anticoagulant Users

Self-management strategies have been associated with a significantly lower risk of 
ischemic stroke compared with treatment with direct oral anticoagulants, while no 
significant differences were observed for major bleeding or mortality. However, 
decreased vigilance is a potential problem in detecting patients who are unable to 
take care of their treatment. A structured education program is required for all stake-
holders (patients, their caregivers, and healthcare professionals), as well as an 
increased quality control system [62–64].

 Cardiac Rehabilitation

Guidelines recommend cardiac rehabilitation for patients after myocardial infarc-
tion, percutaneous coronary intervention (PCI), or coronary artery bypass graft 
(CABG) surgery. However, it is still underused, with only 14–31% of participants 
among all eligible patients. Difficulties in patient access to attend face-to-face ses-
sions and high costs are important barriers [65]. In this sense, telehealth interven-
tions using information and communication technologies to enable remote 
rehabilitation programs can overcome barriers to access while preserving clinical 
supervision and individualized exercise prescription [66].

In a systematic review that included 11 studies, the type of intervention proposed 
was highly variable and included the use of mobile or desktop applications, biosen-
sors, and interventions using fixed-line phone calls. The interventions involved pre-
scription and/or performance monitoring and adherence. All interventions included 
feedback, education, psychosocial support, and/or change behavior via fixed-line 
phone calls, mobile messaging, email, website, online tutorials, or online chat [67].

It was observed that the level of physical activity was higher in the intervention 
group compared to usual care. As for face-to-face rehabilitation, telehealth interven-
tions were more effective for physical activity improvement, exercise adherence, in 
lowering diastolic blood pressure and LDL-c levels, with low to moderate quality of 
evidence. The telehealth rehabilitation was similar to face-to-face rehabilitation 
with regards to aerobic exercise levels and other modifiable cardiovascular risk 
 factors [67].

The Telehab III study was a prospective multicenter randomized controlled clini-
cal trial with cardiac rehabilitation patients. There were 140 patients randomly allo-
cated to a 24-week tele-rehabilitation together with usual rehabilitation group and a 
usual rehabilitation group only. The additional intervention which involved tele- 
rehabilitation contributed even further to improvements in physical activity and 
quality of life and may induce persistent health benefits [68].
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In a Chinese clinical trial, 98 NYHA classes I to III HF patients were randomized 
to either a home exercise training program via teleconsultation for 8 weeks or usual 
outpatient follow-up. Significant statistically improvements were observed in the 
experimental group regarding quality of life and 6-minute test compared to the con-
trol group. The results corroborate that physical training programs via teleconsulta-
tion is an effective alternative method for cardiac rehabilitation [69].

The REMOTE-CR is a non-inferiority randomized controlled trial which tested 
costs and effects of a real-time teleconsultation cardiac rehabilitation in 162 HF 
patients and demonstrated that it is a cost-effective alternative to increase the scope 
of rehabilitation [70].

Home cardiac rehabilitation may be an alternative to increase patient engagement 
in the program by offering greater flexibility and options for activities. Therefore, it 
is a reasonable choice which can suit the patient’s values   and preferences, and can be 
implemented in their daily routine [71]. The association of tele- rehabilitation with 
conventional rehabilitation was more effective and efficient when compared to the 
conventional rehabilitation program only, promoting a reduction in readmissions rate 
due to cardiovascular causes and increasing quality of life [68, 72].

 Remote Monitoring Using Implantable Devices

Pacemaker telemonitoring showed no significant improvement in the quality of life 
and number of cardiovascular events; however, events were detected and treated 
earlier, thus reducing hospitalization and hospital visits (routine and emergency). 
Moreover, it was cheaper than the in-hospital follow-up [73].

Another form of implantable monitoring can be performed using implantable 
cardiac defibrillators (ICDs) or resynchronization devices. Some of these devices 
may have multiparameter monitoring software such as thoracic impedance and 
right ventricular filling pressure measurements captured by the electrode on the 
right ventricle. A groundbreaking 2008 study suggested that the use of such devices 
had clinical benefit in 92 NYHA class III patients [74]. Later, the IN-TIME study 
tested a similar strategy using multiparameter monitoring devices (ICDs and resyn-
chronization devices). In this study, the parameters studied were events such as 
ventricular and atrial tachyarrhythmia, a low percentage of biventricular pacing, 
increased frequency of ventricular premature beats, decreased patient activity, and 
intracardiac electrogram abnormalities. If these parameters had any abnormalities, 
the system triggered phone calls to a specific contact. The group allocated for 
remote monitoring showed a significant reduction in combined clinical outcome 
and total mortality [75].

Other similar studies also demonstrated a reduction in combined clinical out-
comes, often related to a decreased need for face-to-face visits [76]. Results from an 
unselected population cohort study also indicate benefits of using information 
obtained from remote monitoring with ICD/cardiac resynchronization therapy 
(CRT) on mortality [77]. However, a meta-analysis with 11 randomized trials 
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evaluating 5703 patients showed no consistent results on clinical outcomes. In this 
meta- analysis, telemonitoring devices were associated with a reduction in the total 
number of visits (planned, unplanned, and ER) (RR 0.56; 95% CI 0.43–0.73, 
P < 0.001); however, hospitalization rates from cardiac causes (RR 0.96; 95% CI 
0.82–1.12, P = 0.60) and the composite endpoints of ER, unplanned hospital visits, 
or hospitalizations (RR 0.99; 95% CI 0.68–1.43, P = 0.96) was similar between the 
groups. Total and cardiac mortality were also similar between groups [78].

 Telecardiology Monitoring and Management

Cost and quality in a telecardiology service are strictly related to the monitoring and 
management of the process. To have adequate control of cost and quality it is neces-
sary to establish the management framework based on Key Performance Indicators 
(KPI). Monitoring KPI variations, corrective actions are taken to reach the estab-
lished goals.

There are two types of KPIs: those related to the final goals or objectives of the 
whole process (high-level KPIs) and those related to the subprocesses or activities 
necessary to achieve those goals (low-level KPIs). Initially, high-level indicators 
and respective goals must be defined based on the objective to be reached. In a sec-
ond step, those KPIs are deployed according to the subprocesses to have control of 
every step along the main process. The deployment level has to compromise moni-
toring cost and amount of information: A very deep deployment results in detailed 
information but has a high monitoring cost.

To demonstrate the use of KPIs in telecardiology, it will be considered as an 
example a Tele-Electrocardiogram Service: ECG signal is collected in remote sites 
and sent to a diagnostic center to be analyzed by a cardiologist. Then a diagnostic 
report is sent back to requesting doctor. The main objective of such service is to 
produce a precise diagnostic report rapidly at low cost. The subprocesses involved 
to reach such objectives are ECG data collection and transfer, medical analysis, and 
report delivery. Based on these premises it is possible to establish the high-level 
KPIs and to deploy them in subprocess KPIs.

 High-Level KPIs for a Tele-ECG Service

Based on the main objective of the tele-ECG service to produce a precise diagnostic 
report rapidly at low cost, it is possible to establish the following KPIs:

 1. Production: The number of diagnostic reports made in a specific time interval, 
usually by month, and the accumulated number of reports. These KPI allows 
evaluation of the acceptance of the service and to scale future needs of labor and 
infrastructure.

 2. Response time: Defined as the time interval between the ECG data, it is intro-
duced in the system and the diagnostic report is available to the requesting 
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 doctor. To reduce this KPI it is necessary to control each time step between these 
two events.

 3. Report precision: This KPI depends on how precision evaluation is measured. In 
a specific quality control system, different cardiologists reevaluate a predeter-
mined number of reports. The percentage of discordances can be used as KPI 
precision measurement.

 4. Unitary report cost: Corresponds to the total expenditure in a specific time inter-
val, usually in a month, divided by the total number of reports produced in the 
same time interval. A precise control of this KPI requires its deployment in each 
type of cost and activity. This KPI is usually compared to the savings concerning 
the face-to-face exam cost.

 Deployment of High-Level KPIs for a Tele-ECG Service 
(Low-Level KPIs)

Once the high-level KPIs and their goals are established, it is necessary to obtain 
more detailed information regarding the subprocesses leading to main goals. The 
deployment of those high-level KPIs has to consider the following factors affecting 
the KPI:

 1. Production: Depends on the number of remote sites implemented and the num-
ber of exams per site. The deployment of this KPI results in the following KPIs, 
for example:
 a. Percentage of service coverage defined as the number of implemented sites 

divided by the number of viable sites in a geographic area to be implemented
 b. The number of exams per site
 c. Percentage of service utilization defined as the number of sites using the ser-

vice divided by the number of implemented sites
 2. Response Time: The response time depends on the following subprocess 

time KPIs:
 a. Sending time defined as time interval between EGC data sent by remote site 

and acceptance by the system (it measures the quality of Internet 
infrastructure)

 b. Waiting time for report defined as the time interval between ECG data accep-
tance by the system and ECG data file opening by the cardiologist

 c. Report time corresponding to the time between data file opening and report 
availability

 d. Visualization time by the requesting doctor after report availability
 3. Report precision: The quality of the report mainly depends on the cardiologist 

and the report time. Consequently, the KPI percent of discordances can be 
deployed:
 a. Percent of discordances by cardiologist
 b. Percent of discordances by report time (usually those below a specific 

report time)
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 4. Unitary report cost: Cost has different sources such as labor, equipment mainte-
nance, utilities, depreciation, etc. The unitary report cost KPI can be deployed as:
 a. Unitary labor cost
 b. Unitary maintenance cost and etc.

These different categories permit to implement a cost follow-up to find the rea-
son of cost increase or reduction in order to implement corrective actions to reduce 
cost or to implement good practices in case of cost reduction.

Splitting fixed and variable cost KPIs

 c. Unitary fixed cost
 d. Unitary variable cost

allow to evaluate cost fluctuations due to exam demand variation.

Some of these KPIs, in a specific situation, demand a deeper deployment. For 
instance, a long waiting time for report can be caused by mismatch between demand 
and report production. In this case, deploying this KPI in an hourly demand KPI and 
comparing it to the hourly report production KPI, permit to adjust doctor’s avail-
ability to exam demand.

In summary, KPIs are an important tool for management of any process and for 
a Tele ECG Service it would not be different, as it has been demonstrated by actual 
application of this method by the authors. Monthly, sometimes weekly or daily, 
follow-up of the KPIs results a strict control of the service, allowing correction of 
eventual deviations from established goals. Similarly, the method can be applied to 
other telecardiology applications.
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 Introduction

Stroke is a major cause of disability and mortality in the United States, as well as 
globally [1]. Over the last few years, tremendous strides have been made in the 
treatment of acute ischemic stroke, from the US Food and Drug Administration 
(FDA) approval of intravenous tissue-type plasminogen activator (IV tPA) alteplase 
to the more recent trials demonstrating the clinical benefits of endovascular throm-
bectomy interventions up to 24  hours from symptom onset in carefully selected 
patients [2, 3]. With the rapidly changing pace of stroke care, and expansion of 
potential intervention windows [4] for patients experiencing an acute ischemic 
stroke, the idea of telemedicine specifically geared toward acute cerebrovascular 
disorders came into being, known as telestroke, with the main purpose of being able 
to provide acute stroke care remotely. While current guidelines recommend IV tPA 
for eligible patients who have symptom onset within 4.5 hours of presentation, the 
sooner it is given more brain can be potentially saved; this is known as the “time-is- 
brain” concept [5]. Telestroke can be utilized not only to provide acute stroke care 
remotely for sites which would otherwise go without expert vascular neurology 
expertise but also to help improve stroke times, while potentially improving patient 
outcomes. This chapter discusses the practical definitions of telestroke and teleneu-
rology, as well as the utility, applicability, and network strategies for these models 
of care.
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 Principles of Telestroke

 Telestroke Definitions

The term “telestroke” refers to the use of telemedicine technologies for the care of 
patients who suffer from ischemic or hemorrhagic cerebrovascular injuries. 
Telestroke can be considered a subdivision of teleneurology, which encompasses all 
neurologic care that is performed remotely. As far as teleneurology and telemedi-
cine are concerned, telestroke has been one of the fastest-growing and innovative of 
the telemedicine fields and has shown promise in all aspects of stroke care, from 
acute management and prehospital evaluations to chronic management with telere-
habilitation. In 2018, the American Heart Association/American Stroke Association 
(AHA/ASA) released recommendations and guidelines for the use of telestroke in 
acute ischemic stroke [6].

 Telestroke Networks

One of the most crucial elements of utilizing telestroke in the population is defining 
the idea of telestroke networks. A telestroke network is a method of providing 
telestroke care, and is typically divided into two different network types: the hub- 
and- spoke model and the distributive model. The hub-and-spoke model refers to a 
network that is comprised of a central “hub” site, such as primary or comprehensive 
stroke center, that then provides telestroke care to other healthcare centers, or 
“spoke” sites (Fig. 25.1). The hub sites provide not only acute telestroke care but 
can also participate with training and improvement in telestroke and traditional 
stroke workflows at spoke sites, as well as expediting transfers for patient who 
require higher levels of stroke care to the hub site. This model has been shown to be 
economically favorable and can lead to decreased costs for stroke care across the 
network [7–9]. Another network that has been described is the distributive model. 
In this setting, there is a central group of telestroke physicians (such as vascular 
neurologists) who work as part of a group and can be employed across multiple sites 
or healthcare centers. This group then provides telestroke care to centers contracted 
in that network (Fig. 25.2). Both models are described by the AHA/ASA as com-
monly used in telestroke [10].

A major goal of a telestroke network is to provide high-quality vascular neurol-
ogy expertise with acute stroke management, although certainly the network can be 
valuable in other areas of stroke care, from inpatient stroke unit management to 
rehabilitation and beyond. Telestroke participation has been associated with 
improved stroke care metrics over time for participating hospitals; this could be 
secondary to improved workflows in stroke management, educational initiatives, 
and training that can be directed by the hub site [11].
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 Devices

Many devices have been utilized in telemedicine as a whole, including smartphones, 
telephones, computers, and other mobile devices [12]. While other areas of medi-
cine have been somewhat limited by the technological capabilities of devices used 
in telemedicine, which can be inferior to in-person examinations [12], teleneurol-
ogy, and particularly telestroke, has been shown to benefit from telehealth technolo-
gies. Mobile devices such as the iPhone, when used in telestroke evaluations, has 
been shown to have a high inter-method agreement between vascular neurologists, 
as well as increased physician satisfaction and acceptance [13]. Robotics used in 

Fig. 25.1 The hub-and-spoke model of telestroke care. In this model, a hospital known as the 
hub – such as a comprehensive stroke center – employs telestroke physicians to provide care to 
multiple other hospitals or healthcare facilities, which are referred to as spokes
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telestroke assessments has also been well-accepted globally [14], although may be 
associated with slightly longer assessment times [15]. However, telestroke can be as 
efficacious as in-person evaluations in terms of outcomes, especially for sites that 
do not have vascular neurologists available on-site [16].

 Telestroke Applications

 Prehospital

While telestroke can be utilized during nearly all phases of stroke care, it has tradi-
tionally been most commonly been utilized in the Emergency Department (ED) 
setting. However, prehospital utilization of telestroke devices and workflows can 
help streamline the acute stroke assessment and expedite care for patients, and pos-
sibly reduce morbidity and mortality. It can also provide useful insights for the 
vascular neurologist regarding the overall clinical status of the patient, as well as 
help make decisions for correct triaging and routing of patients, such as to a com-
prehensive stroke center or thrombectomy-capable stroke center for patients sus-
pected of a large vessel occlusion (LVO) and need for endovascular intervention.

 Emergency Medical Services
Emergency medical service (EMS) utilization of telemedicine, particularly of 
telestroke technologies, has been an area of much interest and research in recent 
years. As EMS personnel are usually the first ones to encounter and examine the 

Fig. 25.2 The distributive model of telestroke care. In this model, multiple providers – potentially 
across multiple healthcare systems – are linked together in the network to provide telestroke ser-
vices to other sites in need, including hospitals, clinics, mobile stroke units, and others
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patient, performing remote assessments using telestroke methodologies can be a 
powerful way for other stroke team members to partner with EMS earlier in the 
course of stroke. EMS hospital prenotification of incoming acute stroke patients has 
been shown to improve various factors of care, including increasing the number of 
IV tPA–eligible patients and timelier stroke evaluation [17]. From a technological 
standpoint, two commonly utilized methods are telestroke-enabled ambulances and 
mobile stroke units (MSUs). The telestroke-enabled ambulance is a vehicle that is 
outfitted with remote audiovisual (AV) capabilities, allowing for instant communi-
cation with the telestroke physician [18]. Using these technologies, the treating vas-
cular neurologist can communicate and examine the patient, as well as communicate 
instantly with EMS personnel. MSUs, on the other hand, have the same capabilities 
as telestroke-enabled ambulances, but with the added benefit of an on-board com-
puted tomography (CT) scanner, as well as point-of-care laboratory equipment and 
medications. With the MSU, not only can the assessments be done remotely, but 
potential interventions can be performed as well, such as the administration of IV 
tPA in eligible patients, or antihypertensive agents in patients with evidence of intra-
cranial hemorrhage on CT [19]. As MSU care evolves, other pathologies have been 
identified for intervention as well, such as status epilepticus, cerebral edema from 
brain tumors, and hypoglycemia, among others [20]. While MSUs have the benefit 
of acute stroke interventions with the aid of the on-board CT scanner and point-of- 
care laboratory equipment, telestroke-enabled ambulances can be quicker to deploy, 
as well as cheaper and more cost-effective, especially in rural areas [21]. More 
recently, mobile telehealth applications have been developed specifically to facili-
tate rapid communication between EMS and accepting EDs via chat software, 
including video and audio communication. This new and rapidly changing area of 
telehealth has much promise, although research remains to be done to examine 
patient care and outcomes using such technology.

 Early Screening
Prehospital early screening of patients using remote telestroke technologies can be 
invaluable. Patient screening is important for proper treatment decisions of the 
patient, and EMS can provide valuable early insights that can potentially change 
patient management. From an acute stroke perspective, utilization of MSUs or 
telestroke-enabled ambulances can screen for the presence of an LVO using either 
the stroke severity with predefined clinical stroke scales (such as the Cincinnati 
Prehospital Stroke Scale, RACE scale, and others) or the presence of CT angio-
graphic evidence. These screening assessments can affect further treatment and 
transfer decisions, such as transfer to a thrombectomy-capable stroke centers for 
patients suspected of an LVO [22, 23].

 Emergency Department (ED)

The ED remains the key focus area of telestroke delivery. The responsibility of 
telestroke in the ED setting is multifaceted, and efficient workflows in this setting 
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are critical for proper management, triage, and decision-making for patients suffer-
ing from an acute ischemic or hemorrhagic stroke. When a patient arrives to the ED 
with suspected stroke, an alert to the consulting telestroke network is activated 
immediately. Then, the vascular neurologist on call for the network responds and 
communicates with the ED staff either through traditional methods (such as tele-
phone consultations) or with more advanced telemedicine tools, such as with smart-
phones or tablets with continuous AV communication, telemedicine platforms, 
laptop or desktop computers, or robotic telepresence devices. Regardless of the 
methodology utilized, the key goal of telestroke in the ED setting is the quick evalu-
ation of the patient for possible IV tPA, assistance with management of complica-
tions, and potential transfer decisions. Telestroke networks are designed to provide 
24/7 accessibility to expert stroke physicians, which allows for continued operation 
of a stroke center throughout the day and night.

Telestroke consultations can also help identify those with stroke-mimic syn-
dromes using various scoring systems, although a possible stroke mimic syndrome 
itself is not an absolute contraindication to IV tPA [6, 24–26].

 Neurocritical Care and Inpatient

In the hospital setting, telestroke technology can be useful for continued manage-
ment of stroke patients. Telemonitoring can be performed in the neurocritical care 
unit, inpatient stroke units, and inpatient rehabilitation centers. Applications in the 
hospital setting includes monitoring of patients who received IV tPA for complica-
tions, including orolingual edema, thrombolysis-related intra- or extracranial hem-
orrhage, hemorrhagic transformation of stroke, and malignant cerebral edema. 
Patients identified to have intracranial hemorrhage can be monitored during the 
inpatient stay for re-bleeding, vasospasm, and cerebral edema. Close monitoring 
with telestroke modalities can provide critical information on inpatients, regardless 
of whether IV tPA or endovascular thrombectomy intervention was performed. The 
telestroke network can also be called upon for acute inpatient stroke alerts for can-
didacy of treatment eligibility and further cerebrovascular workup and manage-
ment. In-hospital stroke alerts have been associated with longer treatment times 
than patients arriving to the ED [27]; telestroke protocols can potentially improve 
stroke recognition and management. It is vitally important that when implementing 
a telestroke network, careful attention is directed toward creating inpatient work-
flows for such inpatient stroke alerts in order to improve patient care.

 Telerehabilitation

With regards to posthospital care, telestroke has been studied in rehabilitation set-
tings as well. Telerehabilitation has been shown to be associated with improvements 
in motor recovery, higher cortical function, and depression [28]. Telehealth evalua-
tions for poststroke dysphagia evaluations and treatment have found to be effective 
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[29]. While telerehabilitation in the stroke population remains promising, especially 
in remote and rural areas [30], more research needs to be done to determine the cost- 
effectiveness utility of such modalities across the broader poststroke population.

 Telemedicine to Home

Home telemedicine follow-up appointments or posthospital discharge appoint-
ments are feasible for patients with many medical or surgical conditions including 
cerebrovascular disorders [31]. Telemedicine to a patient’s home is particularly 
feasible when the principle data to be gained is audiovisual, when the principle 
purposes are dialogue, counseling, and answering questions, when there isn’t an 
indication for a hands-on physical examination, and when the patient resides out of 
town/state or when there are transportation challenges. In the case of post-dis-
charge telemedicine home visits, there are opportunities to check on recovery and 
rehabilitation progress, symptoms of recurrent stroke or transient ischemic attack, 
secondary stroke prevention medication compliance, and side effects, the NIHSS 
and Modified Rankin Scale, any remaining outpatient diagnostic studies requiring 
review and communication, and to address patient and family questions. Post-
discharge home telemedicine visits may be useful to reduce the risk of early read-
missions to hospital.

 Secondary Prevention

Remote monitoring of patients for secondary stroke prevention, such as with virtual 
stroke clinics, has been an area of telestroke with much interest, as many patients in 
remote and rural areas have difficulty with obtaining continued poststroke care and 
secondary prevention. However, more research needs to be done in this area before 
recommendations can be made with regards to telestroke and secondary prevention, 
and trials are ongoing at this point in time.

 Telemedicine for Other Neurologic Conditions (Teleneurology)

While telestroke remains the most actively developed area of teleneurology, many 
other areas of neurology can benefit from the impacts of telemedicine, especially in 
hospitals and clinics that do not have constant availability of neurologists to provide 
specialized neurologic care. Teleneurology has been linked to greater community 
physician satisfaction and lower rates of patient transfers [32], as well as decreased 
costs of care and greater patient satisfaction in rural populations [33]. Teleneurology 
can provide vital services for hospitals and clinics that are unable to provide neuro-
logic care 24/7, and growth of these technological platforms will likely continue to 
grow in popularity, especially in rural and remote areas.
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 Inpatient Care

 General Inpatient
Teleneurology can be applied to the general inpatient service. Teleneurology net-
works, unlike telestroke networks, can give a broader range of neuropathology that 
can be evaluated and treated by network-affiliated remote neurologists. This can 
allow for many small and rural hospital centers to provide around-the-clock general 
neurology care. Conditions that have been provided for teleneurological care include 
epilepsy, malignant cerebral edema associated with brain tumors, delirium and 
encephalopathy, meningitis, among others. Typically, telestroke and teleneurology 
remain as separate service lines, although they can be bundled together for network 
hospitals to provide the widest range of teleneurological services. The same devices 
utilized in telestroke (such as telephones, smartphones, robots, etc.) can be used in 
general teleneurology as well. Teleneurology can be especially critical for rural hos-
pitals that are unable to staff the inpatient service with a full-time neurologist and 
allows for quick and easy access to expert neurologic care at all times of the day 
or night.

 Teleneurocritical Care
In the field of neurocritical care, telemedicine can be a valuable tool in the manage-
ment of critically ill patients. Intractable epilepsy and status epilepticus patients can 
be remotely monitored with continuous EEG monitoring, while trained epilepsy 
specialists can provide alerts and management expertise for hospitals without such 
care in-house [34]. Management of other acute neurologic conditions, such as 
malignant cerebral edema and herniation syndromes, can be implemented in a tele-
neurology network with trained neurologists, neurosurgeons, and radiologist. Coma 
scales (Glasgow Coma Scale and Mayo Clinic FOUR Score Scale) can be success-
fully applied to telemedicine examinations of patients in coma in the intensive care 
unit environment [35]. Brain death evaluations can be performed remotely using 
teleneurological services as well [36]. Teleneurocritical care can be a useful adjunct 
for facilities which do not have ready access to neurocritical care physicians and 
should be designed to work alongside existing critical care physician and workflows.

 Outpatient Care

Teleneurology has proven useful to deliver chronic neurologic care to rural patients 
at community-based outpatient clinics. For instance, veterans living in rural com-
munities of New Mexico, Colorado, Arizona, and Texas receive follow-up teleneu-
rology care at 16 rural outpatient facilities. Parkinson disease (32%), epilepsy 
(23%), headache (15%), multiple sclerosis (6%), and dementia (5%) were the most 
common neurological conditions confronted in these outpatient care appointments 
[37]. Saving time, saving money, or both, was reported by 96% of patient respon-
dents. All the providers expressed that they could deliver excellent care through 

B. Blech and B. M. Demaerschalk



409

teleneurology. A similar teleneurology outpatient experience was reported by veter-
ans in California [38].

 Remote Patient Monitoring
Teleneurology has been used for the purposes of caring and monitoring outpatient 
neurological conditions, such as in headache disorders, dementia evaluations, move-
ment disorders, epilepsy, and multiple sclerosis [39]. The idea of remote patient 
monitoring in teleneurology is a key component of primary and secondary preven-
tion strategies for remote and rural areas that may not have ready access to neurolo-
gists. Patients with chronic neurological conditions can face hurdles in mobility and 
transportation issues, further highlighting the need for cost-efficient methods for 
proper neurologic care that takes these issues into account, which teleneurology can 
play a role. Proper outpatient teleneurology care should focus on management of 
acute and chronic neurologic conditions, as well as triage of patients to correct 
facilities should the need arise for inpatient management. Some of the main barriers 
to implementation of teleneurology for management and remote monitoring of 
patients with chronic neurological conditions include lack of internet access in rural 
areas, variable familiarity with technology (especially among elderly patients), per-
ceived costs of enrolling in a telehealth practice, disruption of the traditional physi-
cian–patient relationship, billing and credentialing issues, among others [40]. As 
Internet access and telehealth technology become more ubiquitous, expectations are 
that teleneurology will continue to grow in utilization.

 Telerehabilitation
Telerehabilitation has been an area of much interest and research in recent years, 
especially as telemedicine has become more popular in general. With regards to 
neurologic disorders, such as stroke, telerehabilitation is designed to manage not 
only physical activities (such as physical, occupational, and speech therapies), but 
theoretically improve cognitive function as well. A 2017 Cochrane review examin-
ing the utilization of virtual reality (VR) in stroke rehabilitation found that VR did 
not significantly improve upper limb function when compared to conventional ther-
apies, although can be a useful adjunct to traditional therapy [41]. Although much 
research remains to be done in this area, it may prove to be a major component of 
teleneurology and telestroke in the future.

 Rural Care

One of the main focuses of telestroke, as well as teleneurology in general, has been 
to provide high-quality neurovascular care to remote and rural areas that would 
otherwise go without. Rural areas in the United States are well known to have physi-
cian shortages in general when compared to urban centers [42], and access to neu-
rologists can be difficult to come by. The root of this problem is likely multifactorial; 
costs of recruitment and retention may be too high for a small rural hospital to jus-
tify the hiring of full-time vascular neurologist, and smaller facilities may lack the 
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technological capabilities to fully service stroke patients [43]. Telestroke can pro-
vide a way for rural areas to benefit from the expertise of stroke neurologists and 
can be a more cost-effective option as well [7]. As technologic advances continue in 
the field of telehealth in general, telestroke is predicted to continue to grow and 
improve, especially in rural areas.

 Other Models of Care

 Teleneuroradiology
Neuroradiology is vital for teleneurology and telestroke networks. With regards to 
teleneuroradiology in telestroke, remote CT viewing has been shown to have excel-
lent agreement among teleneurologists and teleradiologists on the presence or 
absence of radiographic contraindications to IV tPA [44]. More recently, automated 
methods of LVO detection using artificial intelligence has become utilized in the 
emergent settings, and have been shown to have high sensitivity and negative pre-
dictive value in this regard [45]. Remote multimodal CT evaluations can be per-
formed safely in a rural network [46], which is important for determining possibly 
thrombectomy candidates in the dawn of the new era of extended windows of up to 
24 hours in select patients with LVO and perfusion mismatch on CT perfusion stud-
ies [2, 3]. Teleneuroradiology remains a key component for the proper operation of 
a telestroke network, and continued advances in image acquisition and transmission 
will further benefit the field.

 Teleneurosurgery
Telemedicine in neurosurgery has been an area of interest as well. Remote evalua-
tions of potential neurosurgical candidates with telehealth technologies can decrease 
transfer rates and lead to better utilization of resources [47]. Neuroendovascular 
models of teleneurosurgery have shown promise, and perhaps may be utilized in 
acute stroke care [48, 49]. Other areas of neurosurgery have also shown that telesur-
gery can be beneficial, including robotic endonasal telesurgery [50]. As remote 
robotic technology advances, more teleneurosurgical possibilities can be designed 
and implemented for the benefit of the teleneurology network.

 Strategies for Development

 Telestroke Network Development

Telestroke network development can be a complex process. Multiple factors need to 
be weighed before creating a network. First, it is important to define the network 
type (distributive vs. hub-and-spoke), as well as potential participating hospital cen-
ters and clinics. Technological factors, including types of equipment, need to be 
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defined. Appropriate training of both hub and spoke sites needs to be created and 
implemented efficiently. Guidelines have been published to better guide hospital, 
healthcare systems, and groups that would like to either create and join an existing 
telestroke network [51]. These include administrative guidelines (such as manage-
ment of patient data, workflows, data retrieval policies, quality, and outcome mea-
sures) as well as clinical guidelines (such as program goals, staffing models, 
operational/service hours, and integration strategies) [51]. It may be helpful for 
health centers with minimal experience with telemedicine communicate with other 
facilities that have participated with telestroke in the past for guidance on other 
inherent issues related to telemedicine delivery, such as location, technologic hur-
dles, and unique patient populations.

 Teleneurology Network Development

Similar features that are applicable to telestroke network development apply for 
teleneurology network development as well, such as network definitions (hub-and- 
spoke vs. distributive models). However, some factors in teleneurology network 
development are unique. An important factor in development includes defining the 
specific diagnoses or concerns that would be handled by the teleneurology service; 
this can include acute and chronic headache management, epilepsy and status epi-
lepticus, meningitis and encephalitis, movement disorders, and emergencies such as 
dystonic reactions, and many others. Clear activation guidelines, patient workflows, 
and transfer criteria need to be developed within the network to maximize efficient 
patient care. With severe shortages of physicians in general and neurologists in par-
ticular, especially in rural and remote areas, teleneurology services can be a vital 
service for these hospitals and healthcare centers.

 Other Important Factors

Equipment utilized by the network should be provided by the organization and 
should emphasize high-quality AV technology wherever possible. Continued educa-
tion between the hub and participating sites should be performed on a routine basis, 
as well as examination of workflows and policies in order to improve patient care 
through the network. Simulation training between hub and participating sites can be 
particularly beneficial, and has been linked to improved door-to-needle times for the 
network [52]. Constant monitoring of the network is important, as is data analytics 
and examination of factors regarding patient care, such as outcomes and quality 
measures. While the processes of creating (or joining) a teleneurology/telestroke 
network may be a daunting task, the focus should always remain on providing and 
utilizing expert neurologic care for the improvement of patient care.
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 Future Directions

 Telestroke Networks

Telestroke networks should continue to evolve. While much of the focus of telestroke 
has been delivery of acute stroke care in the prehospital and ED settings, there are 
many areas for improvement on current telestroke networks. For example, current 
patient transfer methods may be inadequate for some networks, especially in the 
setting of recent expanded windows for endovascular therapy; longer transfer times, 
especially transfers occurring nocturnally, may be associated with decreased likeli-
hood of undergoing endovascular therapy [53]. Future telestroke network directions 
should focus on continued improvement in all network parameters related to patient 
care, from prehospital care to discharge from the hospital, and beyond. Efficient 
patient care workflows need constant refining for optimization in the rapidly chang-
ing world of acute cerebrovascular care.

 Teleneurology Networks

Teleneurology networks can continue to benefit from growth of the telemedicine 
world in general. As teleneurological networks continue to grow in popularity, focus 
should be directed toward optimization of the network in general. Clear workflow 
guidelines need to be created for physicians, nursing, and other staff on proper uti-
lization of the teleneurology network. Approved indications for activation of the 
network should be disseminated by the network to participating centers. For neuro-
logical emergencies such as meningitis and status epilepticus, it is important for the 
teleneurology network to focus on ways of rapid activation when needed, and the 
utilization of high-quality AV methods wherever possible.

 Devices

 Telemedicine Devices
Technological advances have been and continue to be a major driving force of inno-
vation in telemedicine in general, as well as for teleneurology and telestroke net-
works. Although traditional methods of communication remain an important means 
of communication throughout a network (such as with telephone), recommenda-
tions are for networks to implement high-quality AV wherever possible, such as 
with high-speed video conferencing methods [51]. Tablets, in particular, can be a 
cost-effective method of teleneurology and telemedicine administration compared 
to traditional telemedicine technologies [32]. With the advent of wearable fitness 
technologies, such as smartwatches, much research has been focused on possible 
utilization of these devices with remote patient monitoring for telemedicine care 
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[54]. Other wearable sensors, such as those that are graphene-based, may be a major 
component of remote patient monitoring in the future, although scientific and engi-
neering challenges remain [55, 56].

 Telestroke Devices
Many devices marketed for telemedicine can be applied for possible telestroke uti-
lization. Some of the features that are particularly important for optimal telestroke 
usage include high-quality AV capabilities, rapid communication methods for com-
munication between bedside providers and remote telestroke physicians, as well as 
need for tools to participate with specific acute stroke evaluations, such as the NIH 
Stroke Scale. As telemedicine technology continues to improve, innovative methods 
may be uncovered for use in stroke care in the future. Wearable devices, such as 
Google Glass–based devices, has shown good inter-rater reliability when used for 
NIH Stroke Scale assessments [57]. Other mobile apps have also been released in 
recent years focusing particularly on EMS and stroke team intercommunication, 
which can prove useful for networks that have limited funds or other limitations in 
installation of traditional telestroke technologies. However, certainly more research 
needs to be done in this area before widespread recommendations can be made.

 Other Devices
Telesonography has been studied in the emergency department settings, and can be 
comparable when compared to in-person ultrasonography, although more data and 
studies are needed to evaluate its clinical efficacy [58]. Remote ultrasonography can 
include carotid duplex and transcranial doppler ultrasounds. While the benefits of 
such imaging modalities include lower cost and risk to the patient, the inherent limi-
tations of ultrasound may limit its use, such as the fact that it is operator-dependent 
and difficult to standardize protocols. More research needs to be explored in this 
area before recommendations for telensonography can be made for use in telestroke 
assessments. Other devices continue to be developed and tested, such as telehealth- 
connected patient vital monitors, stethoscopes, otoscopes, retinal scanners, among 
others. The future landscape for telehealth devices appears promising with contin-
ued innovation.

 Other Applications

Telestroke networks can also provide the means for acute stroke trial enrollment in 
a rapid manner, which can lead to more improvements in acute cerebrovascular care 
in the future [59]. Neurologic education can also be an important function of a net-
work for training, such as for medical students, neurology residents, and cerebro-
vascular fellows; the American Academy of Neurology (AAN) Telemedicine Work 
Group has released recommendations on implementation of teleneurology in 
 medical education [60].
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 Summary

Telestroke is a subspecialty of teleneurology, and one of the most widely studied 
and innovative areas of telemedicine in general. Telestroke groups, otherwise known 
as networks, are designed to provide care to multiple medical care facilities, which 
can include prehospital care (such as ground and air ambulances), Emergency 
Departments, acute stroke units, neurocritical care units, rehabilitation facilities, 
and clinics. Two types of telestroke networks include the hub-and-spoke and the 
distributive models. The hub-and-spoke model refers to a central hub (such as a 
comprehensive stroke center) that employs telestroke physicians, such as vascular 
neurologists, radiologists, and neurosurgeons, that provide care to multiple other 
health facilities, known as spoke sites. In the distributive model, a group of telestroke 
physicians may be employed in multiple locations, that then join to provide network 
support for other centers and clinics. While telestroke is a popular field, the overall 
field of teleneurology has been growing as well and can be used to provide expert 
neurologic care for multiple other indications in both the inpatient and outpatient 
settings, such as meningitis, epilepsy, multiple sclerosis, and other acute and chronic 
neurologic conditions. Teleneurology and telestroke continue to gain popularity, but 
the process of joining and/or creating such as a network can be an arduous task. The 
first step is to define the type of network, such as the hub-and-spoke or distributive 
models, the decision of which may depend on specific locale, patient population, 
and available healthcare resources. While many devices have been developed and 
utilized for the field of teleneurology and telestroke, the future of device develop-
ment in this area remains promising with a high level of innovation from the health-
care technology sector. Future directions would include further growth of existing 
telestroke and teleneurology networks and continued technological advances to 
make the process of telehealth in neurology as seamless as possible. While the pri-
mary focus has been on direct clinical applications such as patient care, it is impor-
tant to understand the full potential these technologies can offer, such as with rapid 
stroke trial enrollment, research, and educational opportunities for trainees.
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 Introduction

There are more than 10.35 million people held in penal institutions throughout the 
world [1]. The United States (U.S.) has the largest prison population in the world 
with almost 2.3 million prisoners; there are more than 1.65 million in China (plus 
an unknown number in pretrial detention or “administrative detention”); 640,000 in 
the Russian Federation; 607,000 in Brazil; 418,000 in India; 311,000 in Thailand; 
255,000  in Mexico; and, 225,000  in Iran. The countries with the highest prison 
population rate (the number of prisoners per 100,000 of the national population) are 
Seychelles (799 per 100,000), followed by the United States (698), St. Kitts & 
Nevis (607), Turkmenistan (583), U.S. Virgin Islands (542), Cuba (510), El Salvador 
(492), U.S. Guam (469), Thailand (461), Belize (449), Russian Federation (445), 
Rwanda (434), and the British Virgin Islands (425) [1]. More than 20,000 people 
worldwide are detained on death row, where many are living in inhumane condi-
tions and often follow unfair trials [2].
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The 2.3 million American prisoners in the criminal justice system are held in 
1833 state prisons, 110 federal prisons, 1772 juvenile correctional facilities, 3134 
local jails, 218 immigration detention facilities, and 80 Indian country jails, as well 
as in military prisons, civil commitment centers, state psychiatric hospitals, and 
prisons in the U.S. territories.

As of 2017, data has demonstrated that six states held at least 20% of those 
incarcerated under the state prison system’s jurisdiction in  local jail facilities: 
Kentucky (29%), Louisiana (55%), Mississippi (27%), Utah (22%), Tennessee 
(24%), and Virginia (20%). Nationally, according to the U.S. Census, Blacks are 
incarcerated five times (2306 per 100,000) more than Whites (450 per 100,000), 
followed by Hispanics (831 per 100,000). Worldwide, marginalized groups, includ-
ing foreign nationals, minorities, indigenous peoples, people with disabilities, and 
LGBTQ (lesbian, gay, bisexual, transgender and queer or questioning) people are 
disproportionately arrested and imprisoned [2]. Almost 11  million people are 
admitted to local jails annually, and on any given day more than 730,000 people are 
being held, of whom almost two-thirds are awaiting trial [3]. Yet, according to one 
report [4], the imprisonment rate for sentenced prisoners under state or federal 
jurisdiction decreased 2.1% from 2016 to 2017 (from 450 to 440 sentenced prison-
ers per 100,000 U.S. residents), and 13% from 2007 to 2017 (from 506 to 440 per 
100,000). The number of prisoners under state or federal jurisdiction decreased by 
18,700 (down 1.2%), from 1,508,100 at year-end in 2016 to 1,489,400 at year-end 
in 2017. Overall, the federal prison population decreased by 3% from year-end 
2016 to year- end 2017. Still, the sheer number of inmates in the U.S. and around 
the world at any given time is not known because a large number of inmates remain 
in the process of being sentenced, and thus are not part of the official absolute 
reported data.

 Healthcare in the Prison System

There are a number of issues with the prison population, with the provision of 
healthcare services as one of the major ones. Healthcare provision to inmates is 
complex, expensive, it’s not uniform, it is often unclear even within the U.S., and 
the cost is unknown [5]. An overview of government expenditures on prisons across 
54 countries shows that it usually amounts to less than 0.3% of their gross domestic 
product (GDP). The largest expenditure from this goes to staff and infrastructure [2].

The data from the justice department shows that for 2019 the Bureau of Prisoners 
(BOP) [6] is a complex enterprise with a large budget of over 7  billion, 35,786 
FTEs, and 36,016 positions of which 18,674 are correctional officers. This is 1.2% 
higher than the 2018 Annual Continuing Resolution amount. Only 11% of this bud-
get goes toward medical services and supplies. The provision of healthcare services 
to an ever-increasing prison population continues to be challenging and the BOP is 
faced with staffing shortages [6]. Three main factors that contribute to medical 
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staffing challenges are as follows: (1) the majority of medical school graduates do 
not go to primary care, (2) there is competition in salaries with sister federal agen-
cies (i.e. Veteran Health Administration, Department of Defense, National Institutes 
of Health, etc.), and (3) it is difficult getting qualified staff to live in the rural loca-
tions where prisons are usually located.

 Healthcare Problems and Deaths in Prison and Jail Population

Approximately 45% of prison and jail population (average age of 41 years) have 
multiple chronic conditions. A large number of inmates suffer from chronic dis-
eases, and many who have serious chronic physical illnesses fail to receive appro-
priate care while incarcerated [7]. Even worse, among the inmates with mental 
illness, most are not continued on treatments once they are arrested and sentenced. 
Five clinically based care measures to access to healthcare services has been sug-
gested: access to medical examinations, access to pharmacotherapy, access to pre-
scription medication, access to laboratory tests, and adequacy of acute care [7].

Moreover, worldwide, deaths in custody are common and preventable, with a 
mortality rate as much as 50% higher than for people outside the prisons. The most 
common causes are suicide and fatal violent clashes, with other reasons being tor-
ture or ill-treatment, infectious diseases, and ill-health [2].

Between 2001 and 2014, there were 50,785 inmate deaths in housed in U.S. state 
and federal prisons. The number of deaths in state prison was stable between 2013 
and 2014, but it increased by 11% in federal prisons. Deaths in state prisons declined 
in both California (down 13%) and Texas (down 7%) between 2013 and 2014. Yet, 
these states accounted for 20% of the state prison population and 20% of state pris-
oner deaths in 2014 [8]. In 2014, the prisoner death rate by state varied from no 
deaths per 100,000 to 631 deaths per 100,000 state prisoners. The median state-level 
mortality rate among prisoners was 267 per 100,000 state prisoners [9]. Illness 
accounted for 87% of deaths in the reported data, although it declined 2%, from 
3082 to 3031 deaths, between 2013 and 2014. AIDS-related deaths increased 23% 
during this period, and respiratory disease deaths increased by 20%. Most concern-
ing, the number of suicides in state prisons increased by 30% from 2013 to 2014, 
accounting for 7% of all deaths in state prisons in 2014, and it was the largest per-
centage of deaths due to suicide since 2001. At the same time, heart disease mortal-
ity rates among state prisoners continue to increase.

While prison healthcare systems are fascinating and complex, examining of the 
anatomy of entire prison system and the entire healthcare system intricacies of each 
clinical disciplines is a science in itself, it out of the scope of this chapter. The 
author of this chapter has had a long-standing interest in providing healthcare ser-
vices to inmates, particularly surgical care that started while in training; it has 
become a major focus while practicing in in Richmond, Virginia, Tucson, Arizona, 
and Valhalla, New York.
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 Telemedicine for the Prisoners

Telemedicine can deliver specialty medical services to remote locations in the 
prison population [6] just as it does in other situations. Currently, the BOP provides 
health services through dedicated Wide Area Network (WAN) and is performed by 
large hospital vendors. This is done both to reduce cost, and more importantly, miti-
gate security risks associated with escorted trips to community facilities. The 
Federal Medical Center in Lexington contracted with the University of Kentucky 
Medical Center for 26 specialty telemedicine clinics. The U.S. Medical Center for 
Federal Prisoners has contracted with Mercy Hospital in Springfield, Missouri, for 
more than 30 specialty telemedicine services.

The use of telemedicine for prisoners is probably the most common-sense ser-
vice. It is very costly to transport an inmate to a hospital for a visit, and it is poten-
tially dangerous; moreover, there is no reason to expose the inmate hand-cuffed and 
in an orange suit to the community of the hospitals. As someone who has personally 
taken care of many inmates in every location that I have worked, I know firsthand 
that just about every preoperative and postoperative test and exam, unless we need 
surgical intervention, can be accomplished via telemedicine. The aim of the chapter 
is to review the current status, and to explore the possibilities of the use of telemedi-
cine in prisoners, not just in the U.S., but also around the world.

For all the reasons outlined above, telemedicine for prisoners has been suggested 
and demonstrated to be beneficial, and it is becoming more popular. As early as 
1996, there were reports of a major telemedicine program for inmates in Ohio [10]. 
Other examples have ensued since. But, how often is telemedicine actually used 
today? Over half of state correctional institutions, and 39% of federal institutions, 
are using some sort of telehealth or telemedicine application [11]. The most com-
mon benefits cited were improved security, personnel safety, costs savings, and 
access to specialists. The most common barriers cited were costs of technology, 
resistance from medical personnel, lack of staff technical expertise, and difficulties 
coordinating services.

On the other hand, in Europe the use of telemedicine is dismal. Telemedicine, as 
an additional healthcare delivery model, is used only in 11 out of 28 European coun-
tries, mostly members of Northern and Western Europe. Only Romania displayed 
having a pilot project for a nationwide program of telemedicine [12]. The most 
commonly used service is teleradiology (five countries have it), followed by tele-
psychiatry and tele-ECG, which are used by four countries. Only two countries use 
teledermatology, and one has teleassistance for diabetes care. Telecardiology is 
used in Italy [13] and done in 12 state penitentiaries situated across Apulia, a region 
in southeastern Italy. Of more than 2015 ECG sent over the phone, 62% showed 
normal findings that not requiring urgent hospitalization, and 34% showed prema-
ture contraction, sinus tachycardia or bradycardia, and permanent atrial fibrillation. 
Abnormal findings requiring further clinical examination out of prison were found 
in only 4% (ventricular tachycardia, ischemic ECG anomalies).

Building a telemedicine network only between hospitals and prisons may not be 
enough as serious operational problems and bureaucratic inflexibility was reported 
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[14]. These problems include resistance on the part of hospital personnel to the 
provision of support for telemedicine without additional pay; resistance from the 
Ministry of Health to the provision of services to prisons, because the prison medi-
cal facilities are outside its official jurisdiction; inability of the national health sys-
tem to interface with the computerized record-keeping system of the Korydallos 
Prison telemedicine system in Greece; resistance from the prison staff to the imple-
mentation of the system (they considered it a threat to their authority, since they 
could no longer decide whether a particular medical complaint merited transfer of 
the prisoner to a hospital under guard); and, lack of support from the Ministry of 
Justice, who permitted lower-ranking officials to erect numerous bureaucratic 
obstacles to the implementation of the project.

In a study aimed to collate the current evidence related to the use of telemedicine 
to deliver health services within correctional setting [15], the authors found 36 arti-
cles of which 19 (53%) were published during the period of 2010–2018. Most 
papers were from the U.S. (n = 23; 64%), France, and Australia. There were 23 
descriptive studies (64%), five costing studies (14%), five experimental studies 
(14%), two mixed methods (6%), and one qualitative study (3%). The experimental 
studies were predominantly focused on mental health services (n = 4, 80%). The 
commonest telemedicine intervention used was synchronous videoconferencing 
(n = 21, 58%), while eight articles (22%) described asynchronous interventions. 
Telemedicine interventions were mainly used for mental health (n = 13), and oph-
thalmology (n = 4) disciplines.

 Clinical Disciplines Using Telemedicine

While telemedicine can be used for just about every clinical discipline, telepsychia-
try has gained popularity [16]. These authors reviewed the literature complemented 
by a semi-structured interview with a telepsychiatry practitioner, searched five elec-
tronic databases, the National Bureau of Justice, the American Psychiatric 
Association websites, and 49 sources. In addition, they examined the implementa-
tion of telepsychiatry in correctional facilities in Arizona, California, Georgia, 
Kansas, Ohio, Texas, and West Virginia to determine the effect of telepsychiatry on 
inmate access to mental health. Most telemedicine encounters were completed 
(92.8%), a treatment plan was established (97.0%), the provider perceived that the 
technology was adequate to conduct a visit (93.4%), and a follow-up telemedicine 
appointment was requested (90.8%). Another study was performed in the 
U.S. Army’s European Theater and evaluated the use of telemedicine for inmates 
[17]. One hundred and seventy-seven (n = 177) synchronous telehealth encounters 
were performed by physician assistant, nurse practitioner, and four physicians. Of 
these 177 encounters, 114 were Special Housing Unit (SHU) safety checks, and 63 
encounters were for physicals, medication management, and a variety of medical 
complaints including acute infections, abdominal pain, musculoskeletal, and der-
matological complaints. The authors found that synchronous telehealth was an 
effective option for the delivery of high-quality routine medical care for minor 
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illnesses, injuries, and other nonurgent conditions, as well as for general physicals 
and SHU checks in a correctional facility. Acceptance by providers and clinic staff 
was found to be high. Inmates were generally satisfied with their telehealth encoun-
ters, although a few inmates reported a preference to see providers in-person.

Moreover, telepsychiatry helps with increasing access to mental care [18]. A 
study from Spain [19] found that the implementation of telemedicine in Spain in the 
prison settings continued to be scarce and irregular. Others [20] reported that use of 
psychiatry, neurology, and neurosurgery consultation provided for the two central 
prisons in South India. In total, 20.7% of them had a severe mental illness, that is, 
schizophrenia and mood disorders, 20.7% with substance use disorder (alcohol and 
cannabis), 17% had anxiety disorders, while 17% presented with seizure disorder. 
Nearly 81.1% of patients (inmates) were advised pharmacotherapy, while 18.9% 
were suggested further evaluation of illness and inpatient care at the higher center. 
There are over 80,000 incarcerated high-risk inmates in the U.S. being detained in 
administrative segregation housing and who may have serious problems and require 
psychological help. Providing psychologic care to those inmates was reported as an 
important service, but it has a number of challenges [21]. Telemedicine for correc-
tional facility residents has been reported both for long-term care and for short-term 
emergencies as well [22]. A total of 530 emergency care records were reviewed with 
126 telemedicine consultations performed. Eighty-one of 126 (64%) telemedicine 
patients did not require transfer to emergency department. The average total time of 
telemedicine consultation was 30  minutes versus a 2-hour and 45-minute turn-
around time for an emergency department evaluation. Live telemedicine interaction 
has been reported for dermatologic diseases in Korean prisons [23]. Of 406 patients 
studied, the majority (91.4%) were male, and in 43% infectious disease was the 
most common type of disease, followed by eczematous disease (29.4%), and dis-
eases of the skin appendages (14.5%). Among the 187 (38.2%) patients who had a 
follow-up consultation, 162 (86.7%) showed clinical improvement, whereas 21 
showed either no change or a worse clinical outcome. The majority (n 1/4254, 
62.6%) of patients required a consultation only once, while the remainder (n 1/4152, 
37.4%) had two or more consultations.

In another study evaluating the effectiveness, efficiency, and safety of telemedi-
cine for urological care in the male prisoner population [24], the authors found safe 
and effective methods to provide general urologic care that obviated the initial in- 
person visits in nearly 90% of patients. The effectiveness of telemedicine was 
assessed by the following: (1) the concordance of TM and in-person diagnoses; (2) 
compliance with radiologic and medication orders; and (3) in-person visits saved 
with telemedicine consultation. Safety, on the other hand, was assessed by analyz-
ing the number of patients in which an emergency department visit was required 
after a telemedicine visit, and missed or delayed cases of malignancy. Telemedicine 
has been successfully used in increased testing, diagnosis, and treatment of Hepatis 
C virus (HCV) in this high-prevalence population [25]. Use of telemedicine to mon-
itor HIV has provided up-to-date, evidence-based human immunodeficiency virus 
(HIV) management, improved compliance, greater virologic suppression with med-
ication, improved CD4 T-cell counts, fewer adverse drug interactions, and decreased 
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transmission in the community [26]. Furthermore, it has become more demanding, 
it is efficient (avoids transfers and is decisive), and has a high acceptance among all 
users [27]. Moreover, telemedicine was used in the HIV population nearing release 
from an incarcerated state to connect to HIV care post release [28] and was posi-
tively received by inmates and case management agencies in the community in 
Louisiana. Telemedicine has been used for telementoring inmates with, and for, 
HCV [29] and was reported as an effective method to facilitate eligible prescriber 
status to medical doctors and upskill other clinicians in correctional facilities to 
increase the capacity to treat HCV.

Inmate satisfaction with telemedicine was also assessed [30]. Of the 299 inmates 
surveyed immediately after their teleconsultations, only 9% of 221 who completed 
questionnaires expressed dissatisfaction with telemedicine. In a study that evaluated 
provider satisfaction and patient outcomes associated with telemedicine [31], most 
providers were satisfied with telemedicine for the visit overall (87.0%), they 
believed that telemedicine improved patient prognosis (88.2%), and perceived that 
the patient was satisfied (83.0%). In this study, there were 737 patient visits, 92.9% 
were seen for either infectious disease or mental health (46.2% and 50.2%).

 COVID-19 and Prison and Jail System Healthcare

COVID-19 represents the most difficult problem to deal with in prisons and jails 
that require a major transformation of the system overall, but most importantly 
ensures timely and proper testing, social distancing, and medical care of this high- 
risk population [32]. The first case of novel coronavirus 2019 (COVID-19) was 
diagnosed at Riker’s Island, the main jail complex in New York City in mid-March, 
but within 2 weeks there were 200 more cases. The situation in other jails and pris-
ons is the same; the Cook County jail in Chicago is experiencing the same situation 
as in early April there were 350 incarcerated persons and staff members that tested 
positive [33, 34].

On February 20, 2020, there were an estimated 500 new COVID-19 cases in 
prisons in China, but the data are not available at this time. Due to many factors 
[35–37], there are significant challenges with the provision of healthcare services 
even without pandemics like this one. This pandemic, however, adds significant dif-
ficulties that have to do with the nature of incarceration, which de facto is the most 
serious form of quarantine, and potentially social distance. Yet, overcrowded jails 
and prisons cannot afford such a luxury of social distancing. Chances are that the 
prison system will continue to fail prisoners now during this pandemic and in the 
future [38].

Most recently, in an article that outlines the disproportional burden of COVID-19 
among immigrants, authors mention the use of virtual visits, but they did not give 
any further data on frequency, usefulness, or outcomes [39]. Moreover, another 
paper describing early COVID-19 in jails and prisons of the U.S. does not mention 
telemedicine at all as one of the methods to mitigate the pandemic [33].

26 Telemedicine for Prisons and Jail Population: A Solution to Increase Access to Care



426

 Conclusion

Telemedicine is invaluable for increasing access to the care of prisoners; it can, and 
should be, implemented worldwide. It is more humane, cost-effective, safer, and can 
be used for every aspect of clinical care. The current COVID-19 pandemic should 
further increase the use of telemedicine in the jail and prison population of 
2.3 million.
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“Bringing people together by rapid and abridged means is true progress,” said Ferdinand 
Lesseps (1805–1894) of the first successful Transatlantic Telegraphic Cable, “because it 
allows us to … help each other achieve a better and happier life”

F Lesseps, Address, 1868. In: Proceedings at the Banquet Held in Honor of Cyrus W 
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 Introduction

Technological advances and surgical ingenuity have made possible to integrate new 
and innovative surgical intervention. Telementoring and teleproctoring has been 
evolving over the last decade following the introduction of laparoscopic and robotic 
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surgery. Early studies have shown it to be a safe addition to traditional methods of 
teaching and brings surgical expertise to areas of need [1–5]. With wider adaptation 
of robotic surgery to perform mainstream operations in general surgery, thoracic, 
urology, gynecological, orthopedic, and other surgical disciplines, the role of tele-
mentoring has evolved further. Furthermore, with the widespread of Internet and 
increased bandwidth allows the mentor and mentee to perform complex cases while 
having discussion over minute details without disrupting surgical procedures. This 
has led to the ability to safely perform complex operations over great distances. 
Previous studies have demonstrated no difference in knowledge and skill acquisi-
tion with the use of telementoring compared with onsite traditional mentoring 
approaches [6, 7].

The Defense Advanced Research Agency (DARPA) and National Aeronautics 
and Space Administration (NASA) have been at the lead of these processes [8–10]. 
These efforts have been a key element to the development of telementoring and 
teleproctoring [10] and integrating telemedicine in the operating room [11–13].

Surgical telementoring and teleproctoring have become acceptable terms, that 
often are used interchangeably, but they are different. Teleproctoring refers to the 
supervision of an examination from a distance using telecommunication technol-
ogy, whereas telementoring is remote guidance or teaching [14].

A remote telemanipulation of any device can be done synchronously (live or real 
time) or asynchronously (store and forward) based on the application [15, 16]. This 
type of function is the basis of surgical robotics like the da Vinci system, which is 
basically a telemanipulation system, a platform for surgical proctoring and mentor-
ship. In September 2001, Professor Jacques Marescaux, who was in New York City, 
utilized a Zeus robotic system to perform a cholecystectomy on a patient in 
Strasbourg, France. This event, known as “Operation Lindbergh” was reported 
widely [16–19]. Mehran Anvari reported a series of surgical procedures between 
Hamilton and North Bay [20]. Supported by NASA Ronald Merrell explored and 
develop i-telemedicine testbeds in the jungles of Ecuador and Mt. Everest Base 
Camp [21, 22]. Others follow suit with research projects that validated the ability to 
remotely operate a surgical system in an isolated and extreme environment [23–25].

Telementoring and teleproctoring technology can be utilized in many ways. Its 
most common application being the mentoring of surgeons in new techniques to get 
them safely past their learning curve. This holds true for new surgeons fresh from 
residency or fellowship as well as seasoned surgeons introducing new procedures 
into their armamentarium. For established surgeons looking to incorporate robotic 
surgery into their practice, most hospitals require a number of proctored cases 
among a number of other requirements for credentialing. At smaller hospitals this 
often means a surgeon outside of the physician’s specialty is proctoring their cases. 
Use of telementoring technology would allow for someone with expertise and 
knowledge of the procedures and diseases being treated to proctor giving an assess-
ment of the surgeon’s proficiency, which may ultimately affect patient safety. In the 
following pages we will examine the utility of telementoring in a number of surgical 
disciplines.
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 Telementoring in Oncologic and Hepato-Pancreatico-Biliary 
(HPB) Surgery

Early adopters of laparoscopy saw the potential for telementoring and started dis-
seminating the knowledge to underserved nations through telementoring. Proof of 
principle using animal models showed that satisfaction among trainees was high 
even with a telementoring system [26–33]. Rosser et al. demonstrated the feasibility 
of telementoring over great distances from the United States to Ecuador for perfor-
mance of a laparoscopic cholecystectomy in 1999 [21].

Following the development of robotic systems for surgery, a new era in surgical 
approaches came into being [34, 35]. As mentioned above, remote robotic cholecys-
tectomy, which was first performed in 2001, established the feasibility of robotic 
telesurgery. Conversely, this also demonstrated the feasibility of robotic teleproctor-
ing without the mentor being physically present onsite. The availability of dual 
teaching or assisting console, have made possible to have mentors assist mentees 
with surgical interventions has progressed and is no longer encumbered by inability 
to provide direct assistance as in laparoscopic mentoring. Therefore, complex surgi-
cal oncology cases can also be performed with mentor instructions through remote 
telementoring and teleproctoring and no longer requires the two surgeons to be in 
close proximity to perform complex cases.

In addition, during performance of laparo-robotic surgeries, the option of aug-
mented reality can enhance and improve the mentor guidance of the surgical train-
ees. Vera et al. evaluated an augmented reality platform for assessing its utility in 
laparoscopic skills [36, 37]. With this technology, trainees learned the skill sets 
faster than traditional mentoring with similar error rates [36]. However, studies that 
evaluated telementoring are limited. Typically, they are observational in nature and 
have low number of cases or mentor–mentees and most all of them are industry sup-
ported. In a recent review by Erridge et al., about 74% of the papers reviewed dem-
onstrated only level IV evidence [1]. Similar conclusions were arrived at by the 
panel convened by Society of American Gastrointestinal Endoscopic Surgeons 
(SAGES) in 2017 [38]. Comparison of telementoring and onsite training found that 
the two approaches to offer similar clinical outcomes for the patients, although there 
are still lingering concerns as evaluations by trainees indicated that even with dual 
console usage, immediate availability of the mentor can provide demonstrations of 
hand movements when they are in close proximity [39–41].

 Telementoring and Teleproctoring in Bariatric Surgery

Traditionally, metabolic and bariatric surgeons, as in most other surgical disciplines 
learn of new techniques and technologies either during their training or from peers 
at national conferences like those sponsored by the Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES) and the American Society for 
Metabolic and Bariatric Surgery (ASMBS), among others. They then return home 
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and attempt to incorporate what they have learned into their practice, at times poten-
tially sacrificing patient safety in the name of innovation [42].

For surgeons traveling to mentor and proctor, there are drawbacks of the costs of 
travel and time taken away from their own practices. There are also regulatory 
hoops to jump through to be physically present in the operating room of a different 
hospital [43].

There is a paucity of published research of telementoring in metabolic and bariatric 
surgery. However, given the significant improvements and readily available telecom-
munications technology, remote mentoring has been proposed to mitigate some of the 
difficulties of performing live, in-person mentoring. SAGES defines telementoring as 
a “relationship, facilitated by telecommunication technology, in which an expert 
(Mentor) provides guidance to a less experienced learner (Mentee) from a remote loca-
tion.” [43] Telementoring allows practicing surgeons to receive real-time instruction 
and feedback without the disadvantages of time spent on travel and to perform a num-
ber of complex procedure, [44] but there must be adequate preparation beforehand by 
both parties engaging in the telementoring experience in order to master established 
procedures. Fuertes-Guiró et al. reported on a series of 36 patients who underwent 
laparoscopic bariatric surgery between March 2013 and March 2014, in 20 of which 
telementoring was utilized [45]. The surgeons at the three hospitals had established 
relationships with one another through prior joint clinical and operative sessions. The 
surgeons at the community hospitals had completed less than 50 laparoscopic bariatric 
cases compared to the university surgeons experience of over 400 cases. Mentored 
operations took a statistically significant shorter amount of time than non-mentored 
operations. In this study, patients’ postoperative clinical course was also telementored. 
Patients of telementored cases had a shorter length of stay by 2 hospital days, which 
was also statistically significant. Three patients from the non-mentored group suffered 
minor complications compared to none in the mentored group [45].

In 2018, Nguyen et al. published results of collaborative quality improvement 
project targeted at sleeve gastrectomy [42]. This 4-year project linked mentor bar-
iatric surgeons who have performed at least 75 sleeve gastrectomies with minimally 
invasive surgery fellow mentees. Participants were affiliated with six hospitals 
across the United States and South America, although within the US, mentors and 
mentees from the same state were paired together for medical licensing reasons. 
None of the hospitals involved required any additional credentialing or malpractice 
insurance for telementoring activities. Informed consent for telementoring was 
obtained by the operating surgeon [42].

The Karl Storz VISITOR 1® telementoring platform used mobile technology 
allowed the mentoring surgeon to view the operating room or the laparoscopic video 
image, and to telestrate or illustrate on the laparoscopic screen.

In this study, 15 mentees were able to complete the telementoring process. 
During this process, some logistical and technological limitations were discovered, 
but there were no reported intraoperative or postoperative complications, and 93% 
of mentees reported that the experience “exceeded expectations.” None of the men-
tors were dissatisfied with the mentoring experience or the visual or sound quality. 
The authors concluded that telementoring for laparoscopic sleeve gastrectomy was 
feasible and valuable to surgeons [42].
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The Michigan Bariatric Surgical Collaborative (MBSC), a statewide quality 
improvement initiative, introduced a peer coaching program in 2015. Coaches were 
chosen among the top 15 performing surgeons in the state and they were trained to 
perform coaching sessions based on video review of recorded operative cases of the 
other less performing surgeons in the state. These sessions took place at quarterly 
meetings of the MBSC [46].

Another important aspect of telementoring and teleproctoring is to extend auton-
omy in the operating room to surgical residents and fellows in training. These train-
ees can have the experience of operating on their own safely while their overseeing 
attending is watching their every move. Utilizing telementoring in this way can 
possibly increase trainee satisfaction without sacrificing patient safety. There are 
more applications in resident education. Altieri et al. utilized the telementoring for-
mat to teach residents the SAGES Fundamental Use of Surgical Energy (FUSE) 
program and directly compared it to in-person mentoring in a multi-institutional 
randomized controlled trial. Sixty-five surgical trainees from three institutions par-
ticipated in a FUSE simulation curriculum either with in person (n = 30) or remote 
(n = 35) proctoring. They found that both groups had similar and improved exami-
nation scores [47].

Rarely addressed in the literature is the role telementoring can play in global 
health. It can be used to bridge the growing disparities and behavior modification in 
surgical care in rural areas of the United States and worldwide [48]. Telementoring 
can now extend to patients and has been shown to result in improved weight loss 
outcomes and positive behavior change [49, 50].

 Low-Tech Examples of Telementoring and Teleproctoring 
in Plastic Surgery

With increasing access to healthcare even in the most remote areas of the world, 
there has been a focus to “teach how to fish” which has led to telementoring innova-
tions in surgery. While most plastic surgery, similar to other clinical disciplines, 
when in a surgical volunteer mission, training of residents and other trainees is done 
in person, due to safety and security of members of the mission [51]. Training mis-
sion was changed telementoring via video conferencing. Various technologies are 
used such as Skype that allowed us live simultaneous interviews with the doctor and 
patient [52]. This is effective for semi-elective cases when a didactic dialogue with 
the local doctors about the best treatment options. With advances in mobile tele-
phony, smartphones have become a primary tool for telementoring in many parts of 
the world, but studies are still missing. Telepresence via phones during intraopera-
tive consultations can provide live and meaningful guidance and often significantly 
affect the outcomes of such managements.

Since 2016, we have embraced a new phase in our approach to telementoring 
which places greater emphasis on broad engagement over broadband. A surgeon 
network based in sub-Saharan Africa, of over 100 physicians from 15 countries, 
increasingly relies on WhatsApp as main source of telementoring. This easy appli-
cation is available to all countries and all on phone formats and is functional with 
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minimal bandwidth. Many doctors have used this platform to ask for recommenda-
tion letters, seek information about scholarships, and showcase their successful 
operations, or ask difficult questions about patient complications and management. 
Other advantages include message encryption during transmission; allows four-way 
live video conferencing, and allows topics to be searched on the chat group via a 
simple function. Just as in the past, telemedicine was used to serve geographically 
remote areas [53, 54], mobile telephones and other devices can be used to provide 
both clinical care and telementoring.

 Telementoring and Teleproctoring in Colorectal Surgery

The advent of laparoscopic surgery in the 1990s certainly represented a unique 
opportunity for telementoring. In fact, Rosser et al. published in 1997 a prospective 
study in telementoring laparoscopic colon resections, which concluded that there 
was no difference in the performances of the surgeons as well as in the outcomes of 
the operations when mentoring was carried out with physical presence in the operat-
ing room or remotely [7]. Unlike the case of laparoscopic general surgery, the 
implementation of laparoscopic colorectal surgery has been slow and fought with 
technical difficulties [55]. A three-phase model for longitudinal mentoring of lapa-
roscopic colon resection for cancer between an academic institution and community 
hospitals was reported [56]. A 2013 review of clinical outcomes of telementoring 
identified 33 telementored operations to have been documented in the literature 
including colorectal surgery among 11 subspecialties [57]. Although on-site men-
toring remains the standard, the option of telementoring may address a number of 
challenges such as the discrepancy between number of experts and number of sur-
geons requiring mentoring, the time and resources involved in providing on-site 
mentoring in remote locations, and the current COVID-19 (Coronavirus Disease 
2019) pandemic [58].

The feedback from mentees involved in telementored operations at community 
hospitals has been enthusiastic due to increased understanding of operating room 
setup, patient positioning, appropriate instrumentation, trocar placement, and 
chronological sequentiality of surgical steps overall resulting in improved confi-
dence [59]. In addition to increasing access to care in remote areas, telemedicine has 
also improved the ability to request and provide guidance from colleagues during 
training and surgical cases [60–63].

 Telemedicine in Thoracic Surgery

The development of the da Vinci robotic platform, especially the fourth generation, 
da Vinci Xi, have allowed many thoracic surgeons to increasingly and rapidly incor-
porate robotic-assisted surgery into their daily practice as they transition from open 
to minimally invasive robotic thoracic surgery, often bypassing altogether the tech-
nically more challenging video-assisted thoracoscopic (VATS) procedures such as 
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VATS lobectomy or thymectomy. Robotic-assisted thoracoscopic (RATS) lobec-
tomy has been associated with a decrease in length of stay, blood loss, and conver-
sion to open thoracotomy as compared to VATS lobectomy [64].

In the last decade, with the introduction of the da Vinci Xi four-arm robotic plat-
form, the specialty of thoracic surgery has been one of the fastest adopters of robot-
ics greatly expanding the percentage of thoracic surgeries being performed with 
minimally invasive laparoscopic and thoracoscopic techniques [65]. Historically, 
this technology transfer and adoption has predominantly been facilitated through 
on-site case observation or proctoring, perhaps slowing this adoption of robotics 
due to the time, issues with individual host hospitals licensing and malpractice 
requirements, and the cost burden associated with travel of the mentor or mentee. 
The Society of the American Gastrointestinal and Endoscopic Surgeons (SAGES) 
has established clear guidelines on teleproctoring [43].

As video-communication technology continued to develop, further advances 
were also made in the sphere of telementoring. In 2014, Ponsky et al. reported series 
of video-assisted thoracoscopic lower lobectomy performed by surgeons under the 
telementoring guidance of pediatric surgeon mentors [66]. Subsequently, usage of 
the VisitOR1™ robot for telementoring in thoracic cases was reported by Bruns 
et al. in 2016, in which telementoring allowed two telementors in the US to guide 
surgical telementees in France to perform a thoracoscopic total thymectomy [67]. 
Both reports indicate successful completion of the attempted procedures without 
loss of connection. The telestration and laser pointer features of the VisitOR1™ 
platform was noted to be especially useful in facilitating telementoring [66, 67].

There has been a rapid increase in the adoption of robotic-assisted thoracoscopic 
surgery (RATS) by thoracic surgeons due to multiple series and the large body of 
data now showing improved outcomes such as decrease in postoperative complica-
tions and length of stay (LOS) with RATS lobectomies versus VATS or open (thora-
cotomy) lobectomies for stage I Non-Small Cell Lung Cancer [68]. Questions about 
the feasibility of robotic telementoring and telesurgery have long interested sur-
geons [69]. To date, however, a paucity of reports of thoracic robotic telementoring 
appear in the literature. Pioneers in the field, such as Robert J. Cerfolio, have pub-
lished their individual nonrandomized case series of anatomic pulmonary lobecto-
mies and segmentectomies in an attempt to share their techniques and help others 
learn from their experiences [70].

 Telementoring and Teleproctoring in Vascular Surgery

Classical telementoring and proctoring can be used in variety of situations [71, 72]. 
Endovascular surgeries, on the other hand, lends itself especially well to telementor-
ing since these procedures almost always take places with application of live video 
feeds performed in endovascular suites or hybrid operating rooms that are equipped 
with sophisticated video feedbacks capabilities. The application of telemedicine 
mentoring in endovascular interventions for abdominal endovascular aneurysm 
repair (EVAR) was first described in 1999 by Deaton et al. [73] Another example of 
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great application of teleproctoring in vascular surgery was establishing an EVAR 
program to serve patients located in a remote Swiss Canton of Ticino and separated 
by the Alps from specialized medical centers [74]. In addition, the authors con-
ducted a follow-up study prospectively comparing the telementored cohort to the 
subsequent 86 patients who underwent EVAR from 2003 to 2013 [75].

Analysis of both groups revealed no difference in perioperative mortality and 
primary technical success rate. In the recent study Lin et al., evaluated hybrid oper-
ating room integration using existing hospital network for live streaming of surgical 
procedur [76] and suggested potential cost savings on top of clear education and 
expert surgical telementoring advantages.

In 2019, Society for Vascular Surgery established a Mentor Match Program was 
established to provide resources to medical students, general surgery residents, and 
younger Society for Vascular Surgery (SVS) members interested in learning more 
about all aspect of career in vascular surgery [77]. Vascular and Endovascular 
Surgery Society similarly offers a mentoring program to surgery resident in their 
last year of training and all members within first 10 years of practice [78]. Although 
not via telementoring these programs provide potential for easy transition to 
telemedicine- based applications.

 Telementoring in Urology

Ever since Ferdinand Lesseps (1805–1894) said “Bringing people together by rapid 
and abridged means is true progress, because it allows us to … help each other 
achieve a better and happier life” on the occasion of the first successful Transatlantic 
Telegraphic Cable [79], humans searched for better way of communicating. The 
procedure generally regarded as the first true telesurgical experience in urology did 
not involve a robot but a transrectal ultrasound (TRUS) device in prostate biopsy. 
TRUS biopsy of the prostate is a cheap, reproducible, and safe bedside procedure 
but is dependent on the quality and experience of the practitioner. Rovetta et  al. 
envisioned a remote expert controlling and/or training on-site practitioners TRUS 
biopsy via digital control of the TRUS device itself [80]. In the well-publicized and 
proof-of-principle 1995 event, a Sankyo SCARA robot (Adept Technology, Inc., 
Pleasanton, CA) enabled the manual handling of the TRUS device positioned in the 
patient rectum by the on-site practitioner. There were no complications and biopsies 
were successfully “guided” demonstrating feasibility despite prohibitive costs and 
applicability. Credit for the first true telesurgical operation is given to Jacques 
Marescaux et  al. who used a Zeus (Computer Motion Inc., USA)-type marginal 
manipulator robot to perform a cholecystectomy in Strasbourg, France, from 
New  York, NY.  The 2001 procedure, famously dubbed the “Charles Lindbergh 
operation,” required the surgeon to obtain consent from the patient in Europe before 
flying to New York to perform the surgery on the Zeus device. The mean total delay 
time was just 155 minutes and a total dissection time of 54 minutes [17]. The fol-
lowing year, surgeons had the opportunity to compare robotic versus manual place-
ment of needles into a 2.5 × 3 × 4 cm silicone renal model of percutaneous stone 
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surgery in 10 possible calyces [81]. That same year, da Vinci telerobotics were used 
to demonstrate the safe and feasible application of the technique. Surgeons in 
Cincinnati, Ohio (2400 miles) and Denver, Colorado (1300 miles) performed four 
nephrectomies in pigs located in Sunnyvale, California. Using only public Internet 
cable speeds of 2.6–5.3 MB/sec, visibility during the cases was either good or inter-
mittently poor [82]. The development of the da Vinci robot was initially met with 
skepticism due to its high cost, inability to demonstrate superiority over standard 
laparoscopic techniques, and lack of benefit for military battlefield use. In the late 
1990s, urologic procedures being performed with regularity and increasing interest 
were laparoscopic donor, partial, and radical nephrectomy, adrenalectomy, pyelo-
plasty, and lymph node dissection [83–85]. All demonstrated superior short-term 
outcomes compared to their open counterparts in terms of hospital stay, pain scores, 
cosmesis, and patient satisfaction. The same was not necessarily true for radical 
prostatectomy [86]. The small confines of the pelvis, the difficulty of straight lapa-
roscopic suturing, and surgeon posture were among the variables that relegated 
laparoscopic retropubic prostatectomy to a small handful of surgeons dotting the 
globe and was never universally accepted [87]. By 1999, Guillineau et al., having 
acquired expertise with laparoscopic suturing and pelvic reconstruction in gyneco-
logic suspension procedures, re-examined laparoscopic prostatectomy from a pos-
terior and anterior approach [88, 89]. The different technique revolutionized 
laparoscopic urologic approaches to the prostate but still could not overcome diffi-
culties of surgeon posture and suture placement of a narrow, confined space of the 
male pelvis. The da Vinci platform, which enables three-dimensional visualization 
and ease of suture manipulation, was first used for radical prostatectomy by Binder 
et al., in 2000 [90]. Within a few years, robotic prostatectomy, also referred to as 
“telepresence” laparoscopic prostatectomy, had gained worldwide appeal because it 
placed a formerly unfeasible laparoscopic procedure into the hands of mortals. The 
da Vinci prostatectomy was a paradigm shift in not only prostate cancer surgery but 
almost all of urology [91–94]. Modern advances in the surgery of the kidney, pros-
tate, and bladder, now envisioned improvements that would not have been feasible 
during the “open” era. For prostatectomy, great debate exists in the optimization of 
nonthermal nerve sparing prostatectomy, single-port surgery, and the anatomic 
nuances that were really appreciated before the visualization of robotics made them 
easily appreciated [95]. For partial nephrectomy, in which warm ischemia of the 
cross-clamped kidney may play a role, robotic surgery has increased the awareness 
and feasibility of nephron sparing surgery as a standard of care for the small renal 
mass (SRM). For muscle invasive bladder cancers, robotic surgery may play a sig-
nificant role in minimizing the morbidity of the abdominal wound though still lim-
ited by the delays in recovery required of bowel surgery for urinary diversion [96, 
97]. Despite the benefit of three-dimensional imaging, range of wrist motion, and 
surgeon comfort, considerable obstacles remain to da Vinci robotic surgery includ-
ing cost, economic viability, and learning curve. The majority of large outcome 
series report that the learning curve to achieve maximal surgical results may be >40 
cases for partial nephrectomy and >100 cases for robotic prostatectomy [98, 99]. 
The combination of telepresence, telestration, and a potentially unlimited distance 
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for digital transmission illustrates the role of robotics in telesurgical education. 
Telementoring in its simplest form, of supervising and guiding laparoscopic proce-
dures, has been demonstrated since the earliest days of laparoscopic herniorraphy 
[100]. With deployment of the da Vinci 2000 in the cardiac surgical domain by 1999 
and urologic surgery by 2000, educational demands pushed technological develop-
ments to improve learning on-site and remotely [101, 102] (Fig. 27.1a, b).

In a recent meta-analysis of all telementoring and telesurgical papers in peer 
reviewed literature, Hung et al. demonstrated that such educational attempts improve 
patient safety, better clinical outcomes, and lower costs [103]. Current 2-D telestra-
tion, whereby screen annotations drawn by an instructor are perceived elsewhere by 
the trainee, may be replaced with 3-D images (Fig.  27.2). Jarc et  al. developed 
“ghost tools” that overlay images with perceived depth onto the trainees endoscopic 
screen including pointers, hands, and “ghost” instruments [104]. Robotic surgery, 
viewed with skepticism, has moved well into the realm of standards-of-care but still 
require rigorous evaluation of safety, efficacy, economics, and feasibility [105, 106] 
Telementoring and telepresence tutoring are already being implemented to allow for 
experts in the technology to train robotic surgeons at other sites who are initiating 
those programs [107].

R

L

L

R

Fig. 27.1 (a) Telestration telementoring during robotic prostatectomy using the da Vinci Xi 
robotic platform. Contact sensor illustration on a dedicated monitor are transmitted to the visual 
display of the surgical console via the da Vinci vision cart. (b) Dual robotic da Vinci Xi platform 
demonstrating the classic telementor–telementee configuration. The dual system allows each sur-
geon to share the same videoendoscopic image while swapping the control of instruments and 
using “ghost” telestration to indicate surgical landmarks
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George Campbell (1823–1900), the Eighth Duke of Argyll, in feting Cyrus West 
Field the year of the completion of the Transatlantic Cable, also remarked that “it is 
a great comfort to scientific men to be sure that even those discoveries which for 
year, and even for centuries, remain apparently entirely useless, may at any time and 
at any moment become serviceable in the highest degree to human family.” [108] 
Thus, as the world continues to become smaller, and travel to distant worlds a real-
ity, telerobotics and its ability to deliver medical care from afar, may have its great-
est effects in the centuries to come.

 Telepresence and Telementoring in Trauma 
and Emergency Surgery

Live telementoring in the management of a critically ill trauma patient has been 
proven lifesaving [109, 110]. In a study by Latifi et al., 59 trauma and general sur-
gery patients were evaluated, wherein 35 (59%) were trauma patients and 24 (41%) 

mentee

mentor

a

b

Fig. 27.2 Ghost 
telestration. Da Vinci 
surgical console image 
showing (L) and (R) left 
and right, respectively, 
robotic needle drivers 
during bladder neck 
reconstruction after robotic 
radical prostatectomy. Also 
shown are the “ghost” blue 
cone-shaped icons (small, 
italicized “L” and “R”) 
which display direct 
movements from the 
telementor’s left and right 
hands, respectively, in a 
second console (see 
Fig. 27.1b)
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were general surgery patients. For 6 of 35 trauma patients, the telementoring via 
teletrauma consults were considered potentially lifesaving; 17 patients (29%) were 
kept in the rural hospitals (8 trauma and 9 general surgery patients).

The best example of telementoring in trauma, emergency, and ICU ae demon-
strated in a separate chapter in this book. In this chapter, in order to illustrate the 
value of telepresence for trauma or teletrauma we will recall a case from Arizona 
that has been previously reported.

 Southern Arizona Teletrauma and Telepresence (SATT) First 
of Telementoring

The use of telemedicine is long standing, but only in recent years has it been applied 
to the specialties of trauma, emergency care, and surgery. Despite being relatively 
new, the concepts of teletrauma, telepresence, and telesurgery are evolving and 
being integrated into modern care of trauma and surgical patients. The Southern 
Arizona Telemedicine and Telepresence (SATT) program was an interhospital tele-
medicine program, while the Tucson eR-link is a link between prehospital and 
emergency room system, and both are built upon a successful existing award win-
ning Arizona Telemedicine Program and the technical infrastructure of the city of 
Tucson. These two programs represent examples of integrated and collaborative 
community approaches to solving the lack of trauma and emergency care issue in 
the region. These networks will be used by trauma, but also by all other medical 
disciplines, and as such have become an example of innovation and dedication to 
trauma care. The first case of trauma managed over the telemedicine trauma pro-
gram or “teletrauma” was that of an 18-month-old girl who was the only survivor of 
a car crash with three fatalities (Fig. 27.3). The success of this case and the pilot 
project of SATT that ensued led to the development of a regional teletrauma pro-
gram serving close to 1.5 million people.

Fig. 27.3 First 
telementoring for trauma, 
Tucson, Arizona, 2004. Dr. 
Latifi assisting a local 
physician managing an 
18-month-old child 
following severe trauma
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An 18-month-old girl was the only survivor of a severe car crash with three 
fatalities in Agua Prieta, Sonora, Mexico. She was transported to Douglas Hospital 
in southern Arizona in critical condition 3 hours after the crash. She was hypoten-
sive, oxygen saturation was 70%, Glasgow Coma Scale 7, multiple visible injuries 
to the head, bilateral lower extremity fractures, and had no intravenous access. The 
trauma surgeon in Tucson on call that night received a call from the on-duty physi-
cian in Douglas, AZ, requesting help and if the patient could be transferred to 
Trauma Center at the University of Arizona in Tucson. It was her first day on the 
job, first working day as a physician post family residency, and first day in Arizona! 
She was scared. A connection was initiated with her through a state-of-the-art tele-
medicine unit. The trauma surgeon realized why she was visibly shaken; she had a 
little girl dying in her hands. The patient was hypotensive, hypoxic, in a coma, with 
multiple visible injuries to her head, and fractures of bilateral lower extremities. 
Forty-five minutes and a few occasionally nerve-racking exchanges later, the child 
was resuscitated and stable enough to be placed on the helicopter for a 150 km 
flight to Tucson. Prior to transfer, the physician in Douglas intubated the patient 
successfully, but once she was intubated, the saturation was not coming up as 
expected. Through the telemedicine link, the senior author of this chapter (RL), a 
trauma surgeon, could see the rising of the lower right chest wall with each manual 
ventilation. The chest radiography clearly demonstrated that the endotracheal tube 
was in the right lower lobe. Advising the emergency doctor at the scene, to pull the 
endotracheal tube back solved the problem of saturation. Grossly dilated stomach 
was decompressed with a nasogastric tube.

Getting intravenous access in a patient in shock is always difficult, as all the 
veins are collapsed. The only choice is accessing central veins, such as femoral, 
jugular, subclavian vein, or osseous access. In a shocked patient, femoral access is 
the fastest and the safest. However, this was this physician’s first femoral stick in 
child! Using telemedicine, the physician in Douglas was successfully guided 
through femoral line placement. Once she gained access, the patient could be trans-
fused with packed RBC. Arterial blood gas analysis showed severe acidosis (base 
deficit 10, from acute blood losses, hemoglobin 5.8 gr/dL). After the patient was 
placed on the helicopter, the joyful, but exhausted and pale-looking physician turned 
to the camera, her face filling the screen and said: “Thank you so much for being 
with us here today. Without you, this child would have died.” This image provides 
perspective in the true value of telemedicine.

During our first teleresuscitation of a severely injured patient, in Arizona, we 
learned many things about the teletrauma system and what we needed to have in 
ours teletrauma room, such as dosing medication for kids and adults, headphones 
for a physician and not a speaker phone, and the angle that we needed to place the 
camera to see the chest X-ray. Most importantly, and personally, this trauma sur-
geon reconfirmed that a calm, deliberate voice with clear directions and clear com-
munication is key in handling major trauma and bad situations. During the 
45 minutes, teleresuscitation and the long list of intervention that saved this little 
girl’s life were possible only because the trauma surgeon was able to see what was 
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happening 150 km away and how the patient was responding to each intervention, 
almost each second. The trauma surgeon left the teletrauma room, and went to the 
trauma bay and waited for the patient. The trauma team saved this child only because 
it had access to advanced technologies. Without the telemedicine technology (the 
physician in Douglas was right) this patient undoubtedly would have died. No ques-
tion about that! She was discharged to home after 14 days in the hospital. Her frac-
tures were fixed, acute respiratory distress syndrome (ARDS) resolved, she was 
smiling and behaving like any other 18-month-old child. Luckily, her parents were 
not among the dead in that fatal car crash [109, 110]. Telementoring for trauma and 
emergency surgery or emergency medicine overall is different than telementoring 
surgical cases, as we know today. For one, the emergency nature of the injury adds 
a different dimension. Second, it is rare that the trauma surgeon and the EMS pro-
vider or a physician in a remote healthcare institution know each other and work 
together often enough to be able to coordinate all that is required in saving the life 
of very sick and or injured patient.

 Telemedicine and Telementoring in Neurosurgery

Neurosurgery is considered one of the most cutting-edge and technologically 
advanced surgical practices, with an ever-growing focus on achieving safer out-
comes with increasingly common minimally invasive techniques. Traditionally, 
neurosurgery is first learned during a 7-year residency with the addition of either an 
enfolded or postgraduate subspecialty fellowship. Supplemental educational oppor-
tunities exist in the form of subspecialty society meetings, national conferences, and 
departmental skills labs offered by academic institutions. In a more recent effort to 
keep up with the pace of rapidly evolving neurosurgical practices and techniques, 
the apprenticeship model has been modified to include virtual simulation models 
and telementoring. This has been implemented for both residents in training as well 
as fellows and junior faculty looking to introduce new procedures into their surgical 
armamentarium.

Unfortunately, within the field of neurosurgery there is still a paucity of pub-
lished research on telemedicine and telementoring.

Telemedicine within neurosurgery has been most successfully implemented in 
delivery of acute stroke [112, 113] and trauma care [114]. Trials of tele-stroke, 
intracranial hemorrhage, and neurotrauma care systems have demonstrated compa-
rable outcomes, as well as reduced costs, in comparison to standard practices [115–
117]. A pooled analysis of randomized trials investigating tele-stroke care 
demonstrated improved decision-making with respect to administration of recombi-
nant tissue plasminogen activator (rt-PA) and no significant differences between the 
two groups with respect to mortality rates, outcomes, or hemorrhage [112, 113, 118, 
119]. Telemedicine has also been utilized in the treatment of chronic neurologic 
conditions. A study by Davis et al. reported success with providing remote care for 
chronic neurologic conditions to patients living in rural areas, including patients 
with movement disorders who had undergone deep brain stimulation [120]. Out of 
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the surveyed patients, 92% reported that the telemedicine service saved them poten-
tially both time and money. The authors estimated that in 354 patients, total savings 
were more than $48,000, and patient response was overwhelmingly positive, with 
95% of patients reporting that they wished to continue their neurological care via 
telemedicine [119]. The economic impact of telemedicine is from a combination of 
diminished travel times and reduced lost work time for patients, as well as avoiding 
unnecessary, expensive transfers to tertiary care centers for subspecialty consulta-
tions by physicians [119].

Telementoring has been shown to be comparable to on-site mentorship with 
respect to knowledge and skill acquisition [121, 122]. The technology used in tele-
mentoring and teleproctoring can be used to extend autonomy in the operating room 
to surgical resident and fellows in training. Importantly, this allows providers in 
low-resource settings to learn from remote world-class specialists. Mendez et al. 
utilized robotic long-distance telementoring for six neurosurgical procedures: three 
craniotomies for brain tumor resection, a craniotomy for arteriovenous malforma-
tion resection, a carotid endarterectomy, and a lumbar laminectomy. There were no 
surgical complications during the procedures, and all patients had uneventful out-
comes [123]. Virtual Interactive Presence and Augmented Reality (VIPAR) is a new 
technology that allows surgeons to deliver real-time virtual assistance and training 
in remote locations. The technology provides a hybrid perspective of local and 
remote video feeds, allowing a remote surgeon to digitally survey and comment on 
the surgical field, highlighting anatomic structures, and providing visual demonstra-
tion of operative techniques [124]. VIPAR has been utilized in both neurosurgical 
and orthopedic procedures for training of resident surgeons in regions in which 
surgeons skilled in a particular procedure are not readily available [125].

Another novel technology, the CorPath GRX system (Covindus Corp, Waltham, 
MA), is a proprietary instrument for use in the remote delivery and manipulation of 
coronary or peripheral guidewires, rapid exchange device, and guide catheters dur-
ing percutaneous coronary intervention procedures and percutaneous vascular inter-
vention procedures. Given the recent successes of this robotic system in performing 
percutaneous cardiac interventions [126, 127]. There is a growing enthusiasm about 
expanding the indications to include the emergent interventional procedures such as 
stroke thrombectomy and cerebral aneurysm embolization. In addition, for the 
potential of remote care delivery, the CorPath GRX also provides an exceptionally 
novel opportunity for telementoring in the future but these applications are still in 
their infancy.

Telementoring can also be employed in the credentialing process. Optimizing 
training of practitioners with new technology is critical to minimize the impact of 
the learning curve on safety. Oftentimes, this means a surgeon outside of the physi-
cian’s institution has to proctor a predetermined number of early procedures. Use of 
telementoring allows for an expert with knowledge of the disease process and pro-
cedure to remotely proctor and assess the treating surgeon’s proficiency. A recent 
example of this within the neurosurgical arena is well illustrated by the woven endo- 
bridge (WEB) device (Microvention, Aliso Viejo, CA); an intrasaccular flow disrup-
tor that is used to treat intracranial wide-necked bifurcation aneurysms. Successful 
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deployment of this device depends on accurate sizing in order to ensure that the 
device is under compression and presents an adequate barrier to blood inflow at the 
neck of the aneurysm. Arthur et al. presented a unique simulated training program, 
which was incorporated into the Web Intrasaccular Therapy (WEB-IT) study to 
optimize technical performance and patient safety. Surgical rehearsal with the rep-
licator enabled physicians to practice device deployment and communication with 
proctors. An additional potential benefit was the opportunity to carry out trials of 
different devices within a given aneurysm. Fluoroscopy and procedure times in the 
WEB-IT study were not significantly different between those using the simulation 
model from those under direct proctoring [128].

 Challenges of Future of Surgical Telementoring

Despite its opportunities, surgical telementoring has its own challenges, but the 
most sensitive issue is medical liability and legal aspect and logistics. Prior to 
experts committing to telementoring community-based surgeons, the legal respon-
sibility of both mentee and mentor are legally documented with detailed account-
ability for the outcome of the procedure; both mentee and mentor have had 
documented consultations and/or telemedicine consultations with the patient; both 
mentee’s and mentor’s names appear on the patient’s informed consent form; the 
mentor’s responsibility to assess the mentee’s surgical skills and equipment avail-
ability prior to implementation of telementoring program are legally documented; 
both mentee and mentor have signed agreement regarding the time and the circum-
stances under which the link could be terminated if disagreement should arise 
regarding the quality of the surgery; the leadership of both academic institution and 
community hospital have signed agreement [111].

Because of the above, the introduction of telementoring, surgeons have been ask-
ing the pertinent question, “What responsibility does the mentoring physician hold 
to the patient?” Some believe that the mentor is in a purely advising role and thus is 
not delivering any care to the patient. Others believe that the mentoring surgeon 
does indeed have a degree of control over the procedure and is in fact delivering care 
to the patient. If the latter school of thought is to be accepted as the norm, then it 
would be a requirement that the mentor hold a medical license in the state where the 
care is being delivered and proper hospital privileges at the time of the procedure. 
This can cause difficulty particularly in the United States where licensure in one 
state does not confer the ability to practice medicine in another state [43]. 
Credentialing and malpractice liability are other areas of concern. Early precedents 
have shown that hospitals can accept that a mentor is credentialed and in good 
standing at their home institution as sufficient for telementoring to occur. The men-
toring surgeon may be facing a very low risk of medical liability and thus malprac-
tice coverage is necessary [43]. In published works demonstrating the feasibility of 
telementoring in bariatric surgery, no additional malpractice coverage was sought 
after consultation with the insurance carrier [42].

Some surgeons with a desire to teach have expanded the utility of the technology 
behind one on one telementoring to perform “live surgery” on front of large 
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audiences. These are cases that, with patient consent, are broadcast live in real time. 
Through this format master surgeon are able to share their technique and decision- 
making process with fellow surgeons and trainees across various points along the 
learning curve for a procedure. However, this practice has raised significant con-
cerns. Kallmes et al. documents several ethical issues raised by the practice of live 
surgical demonstrations. Some of these problems stem from the scheduled nature of 
these events [129]. There is a fear that patients may be pressured into undergoing 
procedures to meet the scheduled demands of a live surgery event or have a neces-
sary surgery delayed. In addition, indications for procedures are sometimes observed 
to be loosened in order to procure patients for these occasions. There is also a poten-
tial for an alteration in the normal decision-making processes during live surgery 
cases. Surgeons may take shortcuts to speed cases along, even subconsciously. 
These scenarios create conflicts of interest for surgeons who want to care for their 
patient but also entertain and educate an audience.

There is very limited data to guide the surgical community in the risks and ben-
efits of live surgery. From an educational standpoint the benefits are obvious. How 
does a patient benefit from this process, if at all? Live surgery events utilizing tech-
nology sponsored by industry can have a cost benefit to a patient, which raises more 
ethical questions than it answers. More importantly, what are the risks to the patient? 
Studies of live demonstrations of retrograde cholangiopancreatography have shown 
no difference in complication rates but a trend toward more successful procedures 
in control groups compared to the live demonstration groups [129].

Despite few challenges, telementoring is an acceptable and important method to 
advancing the knowledge and surgical procedures. Technological advances will 
continue, and not be an issue, just as there were not for telemedicine advances over-
all. Mindset changes of surgeons and leaders of surgical departments will be 
required. Public education and leadership of surgery resolve to advance surgery will 
make telementoring more acceptable in the future. Finally, a successful telementor-
ing program will depend on an efficient telementoring system, with the ability to 
compress video and audio signaling, achieving an adequate transfer rate in the range 
of 128 Kbps, with an adequate time delay. Time delays of more than 500 minutes 
carry a higher risk of surgical delay and errors [130]. A virtual private secure net-
work (VPN) is also mandatory between the mentor and mentee facilities, for obvi-
ous reasons. Commercial telemonitoring systems are available: Karl Storz OR1 
Smartconnect (Karl Storz, Germany), Stryker’s Video Network Hub (Stryker, MI 
USA), etc. [44].

 Conclusion

Telementoring and teleproctoring into the operating room have become a reality, but 
are still a small portion of training new surgeons. The robotics in surgery, once seen 
with outmost skepticism, has become a standard of care have made possible wider 
spread of telementoring [131].
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28The Promise and Hurdles 
of Telemedicine in Diabetes Foot Care 
Delivery

Bijan Najafi, Mark Swerdlow, Grant A. Murphy, 
and David G. Armstrong

 Background: Public Health Significance of Diabetic Foot 
Ulcers (DFUs)

More individuals are dying of chronic noncommunicable diseases (NCD) than 
acute diseases associated with disasters, trauma, or infection. Diabetes is the 
quintessential NCD, and the prevalent and long-neglected diabetic foot ulcer 
(DFU) and accompanying lower extremity complications rank among the most 
debilitating and costly sequelae of this syndrome in both the developed and devel-
oping world [1].

Foot ulcers in people with diabetes constitute a silent, sinister syndrome. 
Approximately ten million people with diabetes mellitus (34%) will develop a DFU 
in their lifetime in the USA alone [2]. These wounds often become chronic (70% 
remain unhealed after 3 months of usual care) and can lead to amputation. Every 
1.2 seconds someone in the world develops an ulcer, and every 20 seconds someone 
loses a lower limb due to diabetes [2]. Direct healthcare costs are substantial, rang-
ing from US$3096 for a superficial ulcer to US$107,900 for an ulcer resulting in 
amputation [3].

Perhaps no complication of DFU is more significant than amputation, which 
occurs at a rate of 10% per DFU. At least 70% of amputations are potentially pre-
ventable [4]. Additionally, Hispanics and African Americans appear to be at 
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increased risk for lower extremity amputation (LEA) compared to other ethnic 
groups and may also be less likely to undergo advanced care to prevent limb loss. In 
low-income populations, the risk of major LEA is estimated to be 38% higher than 
the highest-income regions (p < 0.05) [5]. These data suggest an important gap in 
effectively managing diabetic foot ulcers, particularly among lower-income indi-
viduals, and is most important for those living in remote areas with limited access 
to interdisciplinary care.

 Promises of Telemedicine for Diabetic Foot Management

Telemedicine (also referred as telehealth, telecare, remote care, or virtual care) 
has been defined as “medicine practiced at a distance” and is mainly used for 
remote management of chronic diseases [6]. Telemedicine interactions take place 
either in real time (e.g., videoconferencing or telephone) or asynchronously (e.g., 
store-and- forward transmission of data using email). Monitoring applications 
have been either automatic (e.g., passive monitoring of activity using room sen-
sors) or have required a patient action (e.g., transmit plantar wound pictures using 
the buttons on a tablet or smartphone). Educational applications have either 
employed specially designed devices or depended on web access from PCs or 
smartphones [6].

In recent years, thanks to advances in telecommunication systems, telemedi-
cine has emerged as one the most economic and patient-friendly methods for 
delivering follow-up care to patients with DFUs [7]. Considering that some 
wounds take many months to heal and are at significant risk for infection and 
amputation, replacing regular clinic visits with a better way to remotely track 
healthy wound healing is desperately needed. This need, along with the paucity of 
wound care specialists (it is estimated that less than 0.2% of all nurses are wound 
care specialists [8]), has promoted the application of telemedicine in remote and 
rural areas.

Furthermore, it is often reported that the collaboration between primary health-
care and wound specialist is not sufficient, leading to referral delays and severe 
consequences such as emergency and hospital admission [5, 9]. Telemedicine may 
address these gaps and assist in improving communication with wound care special-
ists, increasing access to care, optimizing patient referral, reducing the need for 
transportation to outpatient clinics, and potentially reducing healthcare costs while 
improving patient satisfaction and quality of care. Increased connectivity among 
people via smart devices has made it possible to develop and implement telecare 
programs for people with diabetes-related foot problems from wound monitoring to 
DFU-prevention consultations. In particular, as health care providers searching for 
alternatives to deliver timely care to patients with diabetic foot syndrome during 
current COVID-19 pandemic, it is tempting to imagine a post-COVID future may 
lead to some positive changes in healthcare for managing diabetic foot syndrome, 
particularly in promoting the use of preventive and personalized care via tele-med-
icine care delivery model.
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 Key Barriers to Telemedicine Adoption for Diabetic 
Foot Management

The use of telemedicine to manage chronic conditions is sharply increasing world-
wide thanks to its cost-effectiveness and decreased utilization of resources, while 
providing timely, patient-centered care. Although the promise of telemedicine for 
managing chronic conditions such as asthma, heart failure, COPD, diabetes, and 
hypertension is well established, high-quality studies on the effectiveness of tele-
medicine in diabetic foot disease and wound care management are scarce, limiting 
the generalizability of most findings.

Several barriers may give healthcare executives pause when it comes to the adop-
tion of telemedicine for diabetic foot management. These include: (1) patient 
acceptability, awareness, and trust in virtual care offerings; (2) effectiveness; (3) 
quality of care delivery for remote wound management; (4) reliability compared to 
in person clinic visits; and (5) concerns around the cost to implement. These chal-
lenges and recommendations to successfully navigate them are discussed in the 
following sections.

 Patient Acceptability, Awareness, and Trust in Virtual 
Care Offerings

There are few studies that examine how the incorporation of telemedicine impacts 
the experiences of patients receiving DFU care. In-depth knowledge of patients’ 
experiences and their perception of the care provided can help evaluate whether use 
of telemedicine is an appropriate way to improve DFU care.

In 2015, Rasmussen et  al. [10] explored key organizational factors in the 
implementation of telemedicine in wound care. They conducted eight semi-struc-
tured interviews, including individual interviews with leaders and an IT specialist 
and focus group interviews with the clinical staff. A qualitative data analysis of 
the interviews was performed to analyze the healthcare professionals’ and lead-
ers’ perception of the organizational changes caused by the implementation of the 
intervention. They reported that telemedical setup enhanced confidence among 
collaborators and improved the wound care skills of visiting nurses from the 
municipality. Focus on the visiting nurses’ training was highlighted as a key factor 
in the success to securing implementation. Several concerns were also identified, 
such as lack of multidisciplinary wound care teams, patient responsibility, and 
lack of patient interaction with the physician. Finally, they concluded that tele-
medicine could provide an additional option to offer patients after an individual 
assessment of their health condition.

In 2016, Strom et al. used individual semi-structured interviews to study patients’ 
experiences with telemedicine wound care follow-up as compared to traditional 
care. Twenty-four patients were recruited and randomized in the intervention group 
(use of telemedicine, n = 13) and control group (use of traditional care, n = 11). The 
results show that competent wound management from health professionals was of 
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great importance to patients’ feelings of security during wound care irrespective of 
their type of follow-up care. They concluded that telemedicine can be an important 
supplement in the wound care process, but its efficacy will depend on whether it is 
used as intended and if continuity of care is present. They also recommended that 
education and practical training in the use of telemedicine should be given to all 
primary healthcare professionals.

In 2017, Kolltveit et al. [11] conducted a qualitative study in 10 focus groups 
across different working settings to identify what various healthcare professionals 
perceived as facilitating engagement and participation with telemedicine. They 
identified four key conditions for the successful implementation of telemedicine for 
wound care: technology and training that were user-friendly, the presence of a tele-
medicine champion in the work setting, the support of committed and responsible 
leaders, and effective communication channels at the organizational level. They 
concluded that attention to the distinct needs of each staff group is an essential con-
dition for effective implementation of telemedicine for wound care.

 Effectiveness of Telemedicine to Manage Diabetic Foot Care 
Compared to Traditional Care

There are few studies that have examined the effectiveness of telemedicine to 
improve diabetic foot care and wound outcomes. Thus, convincing evidence to sup-
port the clinical efficacy of telemedicine in wound management compared to tradi-
tional care is still lacking.

In 2015, Zarchi et  al. [12] used a prospective cluster randomized controlled 
study to examine whether the delivery of wound management advice from a team 
of wound-care specialists using telemedicine significantly improved the likeli-
hood of wound healing compared with the best available conventional practice. A 
total of 90 chronic wound patients in home care were recruited and split into 
intervention (use of telemedicine, n  =  50) and control (use of traditional care, 
n  =  40) groups. During the 1-year follow-up, complete wound healing was 
achieved in 35 patients (70%) in the telemedicine group compared with 18 patients 
(45%) in the conventional group. After adjusting for several covariates, the differ-
ence between groups was statistically significant with an adjusted hazard ratio of 
2.19. They concluded that using telemedicine is an effective method to connect 
home-care nurses to wound experts in order to improve the management of 
chronic wounds.

In 2009, Terry et al. [13] compared wound outcomes in 103 subjects with 160 
pressure ulcers or non-healing surgical wounds, who were randomly assigned into 
three groups: Group A (n = 40) received weekly visits via telemedicine consulting 
with a wound-care specialist, group B (n = 28) had weekly visits in person with a 
wound specialist, and group C (n = 35) received usual and customary care. Their 
results suggest that group A had increased time to heal, length of stay, costs, and 
visits compared with groups B and C despite similar distribution of subject charac-
teristics (e.g., age, Braden score, total activity of daily living (ADL) score, and 
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race). But group A had disproportionally larger and more numerous pressure ulcers 
and larger non-healing surgical wounds. They concluded that telemedicine is a use-
ful communication tool in wound management with its efficacy dependent on 
wound size and type. They also recognized several limitations in their study includ-
ing insufficient power and large distribution in wound severity in their recruited 
subjects.

In 2013, Vowden et al. [14] proposed the use of digital pen-and-paper technol-
ogy and a modified smartphone to remotely monitor and support the effectiveness 
of wound management in nursing home residents. To demonstrate the effectiveness 
of this program, they conducted a randomized controlled pilot study in 16 nursing 
homes, recruiting a total of 39 patients with wounds. They reported that the pro-
posed telemedicine care delivery system provided improved patient outcomes and 
that it may offer cost savings by improving dressing selection, decreasing inap-
propriate referral, and decreasing healing time. They also reported that despite 
initial anxiety related to the technology, most nursing home staff found the system 
valuable and many were keen to see the trial continue as part of routine patient 
management.

A 2015 RCT study by Ramussen et al. [15] compared telemedical and standard 
outpatient monitoring in diabetic foot ulcer patients. Patients were randomized to 
telemedical monitoring (n  =  193) or standard outpatient monitoring (n  =  181). 
Telemedical monitoring protocol consisted of two consultations in the patient’s home 
and one consultation at the outpatient clinic. Standard practice consisted of three 
outpatient clinic visits. The three-visit cycle was repeated until study end point, 
defined as complete ulcer healing, amputation, or death, for up to 1 year. While a 
trend in increasing wound healing ratio (hazard ratio  =  1.11) and reducing foot 
amputation (hazard ratio = 0.87) were found through telemedicine monitoring, these 
trend were not statistically significant (p > 0.40). However, a significant mortality 
incidence was observed in the telemedicine group (hazard ratio = 8.68, p < 0.001). 
They recommended further study to better identify these patient subgroups that may 
have a poorer outcome through telemedicine monitoring. In a critique to the 
Ramussen et al. study, Muller et al. [16] shared their experience implementing tele-
medicine with home nurses in France. They claimed that they stopped their trial 
prematurely after realizing that many of the nurses involved in their study were not 
trained to deal with chronic wounds; this specialized training is essential for the suc-
cess of telemedical wound care. Furthermore, they claimed that the quality of data 
and wound pictures were not sufficiently standardized in Ramussen et al., which may 
explain part of the negative outcomes from the telemedicine group. They further 
concluded that adequate initial training and ongoing support are essential for the suc-
cessful implementation of wound-care telemedicine.

In 2018, Smith-Strøm et al. [17] examined the effectiveness of telemedicine fol-
low- up for diabetic foot ulcer care compared to standard of care using a RCT design. 
They randomized 182 adults with DFU between the telemedicine (n = 94) and stan-
dard of care (n = 88) groups. Participants were recruited from three clinical sites in 
western Norway (2012–2016). The intervention group received telemedicine fol-
low- up care in the community; the control group received standard of care. The 
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primary end point was healing time, and the secondary end points were amputation, 
death, number of consultations per month, and patient satisfaction. Their results 
suggest that telemedicine was not inferior to standard of care regarding healing time 
(mean difference −0.43 months, 95% CI −1.50, 0.65). When comparing risk from 
death and amputation were taken into account, there was no significant difference in 
healing time between the groups (sub-hazard ratio 1.16, 95% CI 0.85, 1.59). The 
telemedicine group had a significantly lower proportion of amputations (mean dif-
ference −8.3%, 95% CI –16.3%, −0.5%), and there were no significant differences 
in the proportion of deaths, number of consultations, or patient satisfaction between 
groups; however, the direction of the effect estimates for these clinical outcomes 
favored the telemedicine group. They concluded that the use of telemedicine tech-
nology can be a relevant alternative and supplement to usual care, at least for patients 
with more superficial ulcers.

From above studies, we speculate that efficacy of telemedicine for wound man-
agement is dependent on DFU severity, size, and adequate initial training. In par-
ticular, when wounds are superficial, telemedicine could have better outcomes and 
lower costs than conventional care. On the other hand, for complex wounds, tele-
medicine could be served as a supplement to conventional care to improve commu-
nication and management plan. Irrespective of type of wound, adequate initial 
training and ongoing support are essential for the successful and cost-effective 
implementation of wound-care telemedicine.

 Efficiencies of Telemedicine for Delivery of Care  
for Foot Disease in Remote Area

Inefficiencies and communication gaps continue to hamper both effective care 
delivery and a reduction in costs while improving the quality of healthcare and 
overall population health [18]. With the rapid evolution of the healthcare industry, 
healthcare delivery organizations are leveraging innovative solutions to meet these 
challenges. Several studies have suggested that telemedicine is an effective tool to 
improve access to patients in need of diabetic foot care and facilitate the communi-
cation between wound care specialists and patients.

In 2016, Kolltveit et al. [19] explored healthcare professionals’ experience in the 
initial phase of introducing telemedicine technology in 10 different wound care 
groups, including home-based care, primary care, and outpatient hospital clinics. 
The participants reported experiencing meaningful changes to their practice arising 
from telemedicine, especially associated with improved wound assessment knowl-
edge, skills, and documentation quality. Kolltveit et al. concluded that using tele-
medicine intervention enabled the participating healthcare professionals to approach 
their DFU patients with increased knowledge, better wound assessment skills, and 
heightened confidence.

In 2017, Turnin et al. [20] examined whether telemedicine could improve health-
care access in rural areas for management of DFUs. A vehicle was equipped with a 
satellite dish and medical equipment for screening ophthalmological, renal, 
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vascular, and neuropathic damage as well as assessing the level of diabetic foot 
ulceration risk. Onboard, a nurse performed some or all of the tests on patients who 
had no diabetes review for over a year. The data were entered into a computer and 
transmitted by satellite for interpretation by designated specialists. The results were 
sent to patients, general practitioners (GPs), and diabetologists. Over approximately 
3  years, 228 screening days were held in six rural departments; in total, 1545 
patients were screened and 93.4% were diagnosed with type 2 diabetes. Of these, 
17–32% of tests detected pathologies including 18.7% diabetic retinopathy, 31.9% 
microalbuminuria, 17.2% lower limb arteriopathy, 28.3% peripheral neuropathy, 
and 28.2% high risk of foot ulceration (grade 2: 20.6% and grade 3: 7.6%). They 
concluded that telemonitoring-enabled screening a larger number of patients in 
need of urgent care and thus helped to improve healthcare access through its innova-
tive organization and use of satellite technology.

 Reliability of Telemedicine Compared to In-person Visit

Very few studies compared head-to-head telemedicine care and in-person care. 
Telemedicine for wound care is mainly dependent on the quality of wound pictures. 
For instance, even with high-quality images, assessing the need for debridement and 
detecting infection may be limited.

In 2007, Binder et al. [21] conducted a case series study including 16 patients 
with 45 leg ulcers of different origins. After an initial outpatient visit when the leg 
ulcers were assessed and classified, teledermatological follow-up was done by 
home care nurses. Relevant clinical information and one to four digital images of 
the wound and surrounding skin were transmitted weekly via a secure website to an 
expert at the wound-care center who assessed the wound and made therapeutic rec-
ommendations. They claimed that 89% of transmitted images (644 out of 707) had 
excellent or sufficient quality for giving confident therapeutic recommendations. 
They concluded that the acceptance of telemedicine for wound care treatment rec-
ommendations from wound experts is very high, and thus, telemedicine offers great 
potential for long-term wound care.

In 2011, Bowling et al. [22] compared the ability of wound inspection from 
images with in-person inspection. They requested two clinicians to document 
clinically relevant features from 20 different wound images captured using a 
novel imaging system that provided three-dimensional wound images, including 
wound area and depth. Next, the wounds were inspected in person, and the results 
were compared with the documented notes. They reported an overall agreement 
for remote versus in-person assessments but noticed lower agreement on subjec-
tive clinical assessments, such as value of debridement to improve healing. This 
was linked to a limitation of the imaging technique to capture certain characteris-
tics such as moistness and exudation. However, they reported that clinicians gave 
positive feedback on visual fidelity and concluded that the three-dimensional 
wound images could accurately measure and assess a diabetic foot wound 
remotely.
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 Cost-Effectiveness of Telemedicine for Diabetic Foot Care

The ideal goal of telemedicine is to facilitate a productive interaction between 
patient and healthcare provider in order to achieve improved treatment results at 
lower treatment costs. Although several studies have examined the benefits of tele-
medicine in both improving outcomes and facilitating interactions between patients 
and specialists, few studies examined whether telemedicine could also reduce the 
cost of care compared to conventional face-to-face patient consultation.

In 2007, Litzinger et al. [23] examined the potential benefit of telemedicine in 
reducing the need for wound ostomy continence (WOC) nurse visits with a 2-year 
prospective study design. In their study, home health aides trained in telehealth 
technology assisted with the evaluations of severe wounds using video teleconfer-
encing equipment that enabled the WOC nurse to evaluate wounds from a remote 
location. This decreased the travel time for the WOC nurse increased the frequency 
of specialized wound consultations, and facilitated the development of comprehen-
sive treatment plans for multiple patients. They recruited 35 patients receiving mul-
tiple wound care evaluations, averaging 7 visits in the first year and 11.3 visits in the 
second year, for a total of 470 virtual visits. In their estimates of savings from tele-
medicine, they reported 421.2  hours of saved nursing visits, a cost reduction of 
US$9449, miles not traveled totaling 30,500 (reducing costs by an additional 
US$11,875.87 for mileage reimbursement), and travel time saved totaling 
916.8 hours (reducing costs still further by US$20,850). After deducting the admin-
istrative cost, they claimed that the net program savings were US$25,208. However, 
this did not factor in the costs of teleconferencing equipment.

In 2008, Dobke et  al. [24] evaluated the impact of telemedicine consults on 
patients with chronic wounds by recruiting 30 patients from long-term care skilled 
nursing facilities who were referred to the ambulatory wound-care program for 
wound assessment and preparation of management plans. To facilitate communica-
tion with a surgical wound care specialist, telemedicine feedback was provided 
prior to face-to-face consultation to 15 randomly selected patients. The telemedi-
cine consult included virtual consultation with a field wound nurse who provided 
remote wound assessment, described rationale for the suggested wound manage-
ment with emphasis on wound risk projections, and explained the prevention and 
benefits of surgical intervention. The telemedicine impact was measured by assess-
ing the duration of the subsequent face-to-face consultation and patient satisfaction 
with further care decisions as well as by validation of a decisional conflict scale. 
Their results suggested a significant reduction in duration of face-to-face direct con-
sultation by an average of 70% and an average of 46% improvement in patient sat-
isfaction rate. They concluded that telemedicine consults preceding face-to-face 
evaluation improved patient satisfaction and understanding of their care as well as 
increased the perception of shared decision making regarding wound care.

In 2013, Sparsa et al. [25] proposed the use of telemedicine to manage chronic 
wounds (leg ulcers, pressure ulcers, and diabetic ulcers) in older adults living in 
retirement homes. Specifically, they explored whether telemedicine intervention for 
wound care could reduce the number of ambulance transports; 10 establishments 
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were provided with a digital camera and their own secure e-mail address in order to 
allow photographs to be sent anonymously. They documented the number of tele- 
expertise consultations given, the chronic wound type, the number of hospitaliza-
tions or medical consultations, and the number of ambulance trips avoided over 
2 years. During this period, photographs of 34 patients presenting with 26 chronic 
wounds (10 pressure ulcers, 2 diabetic foot ulcers and 14 leg ulcers) received tele-
medicine consultations. They concluded that this program helped avoid 20 trips for 
patients, enable rapid hospitalization of nine patients, and provide timely wound 
management for patients residing in establishments for the elderly.

In 2016, Fasterholdt et al. [26] conducted the first randomized controlled trial 
study to compare cost-effectiveness of telemedicine versus standard monitoring in 
patients with diabetic foot ulcers in southern Denmark. A total of 374 patients were 
randomized to either telemonitoring or standard monitoring. Telemonitoring con-
sisted of two tele-consultations in the patient’s own home and one consultation at 
the outpatient clinic; standard monitoring consisted of three outpatient clinic con-
sultations. The two groups did not present significant differences in terms of demo-
graphic and clinical characteristics. Although the amputation rate was similar in the 
two groups, a reduction in cost was observed thanks to telemonitoring care on aver-
age by €2039 per patient over a 6-month period. The difference in cost was related 
to total staff time used on outpatient consultation, amounting to 156 minutes for the 
telemonitoring group versus 266 minutes in standard group. However, the observed 
reduction in cost wasn’t statistically significant, and thus they concluded that a tele-
monitoring service of this form had similar costs and effects as standard monitoring.

 Future Directions

Telemedicine is getting “smarter” thanks to artificial intelligence (AI) and con-
nected in-home devices including smart wearables, voice-enabled technologies, and 
smartphones [27–29]. With the help of AI, patients can be prompted to check their 
feet, glucose levels, or weight, and enter the results into mobile patient portals. Even 
better, they can transmit the results to their physicians in real time. These fast- 
growing, low-cost, and widely available resources can help predict one’s risk for 
foot ulcers, infections, peripheral arterial disease, frailty, and other diabetes- 
associated complications, ultimately saving limbs and lives [29, 30].

One of the fast-developing infrastructures promising to revolutionize the diabetic 
foot care industry is the Internet of Things (IoT) [31]. It is expected that 50% of 
healthcare over the next few years will be delivered via virtual platforms. This has 
accelerated the development of a new market named “digital wellness,” which com-
bines digital technology and healthcare [31]. Digital technology–based healthcare is 
regarded as a natural choice for remote, home-based, and long-term care of patients 
with chronic conditions due to its low cost, high accuracy, and continuous monitor-
ing and tracking capabilities.

IoT involves a system of devices, machines, or anything with the ability to transfer 
data without the need for a human to implement the communication [32]. Fueled by the 
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recent adaptation of a variety of enabling wireless technologies such as radio- frequency 
identification (RFID) tags, wearable sensors, and actuator nodes, the IoT has stepped 
out of its infancy to become the next revolutionary technology in transforming the 
Internet into a fully integrated “Future Internet” [32]. As we move from World Wide 
Web (www; static pages web) to Web2 (social networking web) to Web3 (ubiquitous 
computing web), the need for data-on-demand using sophisticated intuitive queries 
increases significantly. What has made IoT the next big thing is not just its machine-to-
machine component, but the potential of sensor-to-machine interaction. With the 
increasing development of health sensors, there is a growing opportunity to utilize IoT 
for medical data collection and analysis. It is expected that integration of these tools 
into the healthcare model has the potential of lowering annual costs of chronic disease 
management by close to one-third [33]. While the use of IoT for medical applications 
is still in its infancy, significant business decisions have recently been taken by major 
information and communication technology companies like Google, Apple, Cisco, and 
Amazon to position themselves in the IoT landscape. For example, in 2014, Novartis 
partnered with Google to develop sensor-technologies like a smart lens and a wearable 
device to measure blood glucose levels [34]. In 2017, Amazon partnered with Merck 
and Luminary Labs on the Alexa Diabetes Challenge with the goal of improving the 
experience of people living with diabetes using Alexa (cloud-based voice service) 
devices [29, 35]. As the IoT continues to develop, further potential exists to develop 
and facilitate management of chronic conditions at home, including effective strategies 
for both the prevention and healing of diabetic foot disease.

Recently, a few technologies adopted the concept of IoT to provide preventive 
care for diabetic foot disease and reduce the need for regular clinic visits [27, 30]. In 
2017, Frykberg et al. [36] proposed a smart mat based on the telehealth concept that 
could address the limitations of previous thermography tools. They studied a novel 
in-home connected foot mat (Podimetrics Mat™, Somerville, MA, USA; Fig. 28.1) 
for remote monitoring of plantar temperature that may be used to predict DFU risk 
and better stratify those in need of urgent foot care. This simple-to-use system was 
designed to require no configuration or setup by the user who simply had to step on 
the mat with both feet for 20 seconds daily. Using an embedded cellular component, 
the collected data are streamed to a cloud. Using an image processing tool, an inte-
grated program compares the temperature profile between feet. In their study, they 
demonstrated that a threshold difference of ≥2.22 °C between corresponding sites on 
opposite feet correctly predicts 97% of DFU with an average lead time of 37 days. 
Adherence to the mat was high with 86% of participants using the mat at least three 
times per week with an average use of five times per week. While this accuracy and 
lead time could be sufficient to better target those who need urgent care, the technol-
ogy suffers from an important limitation: While the 2.22 °C threshold provided 97% 
sensitivity, it yielded just 43% specificity [36]. Increasing the threshold value 
increases specificity but decreases sensitivity. However, the observed high sensitivity 
and sufficient lead time (37 days) seem to be promising for both effective triaging 
and coaching the user to alter their behavior to reduce DFU risk.

There are other digital health developments that could supplement telemedicine 
technology with practical information to detect feet at risk of DFU and extend 
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ulcer- free days. Siren Care (Siren Diabetic Socks, Neurofabric, Siren Care Inc., San 
Francisco, CA; Fig. 28.2) [37] is an example of such recent developments; they use 
smart textiles to continuously monitor plantar temperature and then engage patients 
to reduce risk. However, the acceptability of these technologies and their advantage 
compared to a daily single point assessment like the Podimetrics Mat remain to be 
studied. Similarly, new technologies enable temperature measurements of shoe 
insoles and simultaneous assessment of plantar pressure, temperature, and lower 
extremities joint angles [38]. These technologies may 1 day improve the triaging of 
those at a high DFU risk and eventually assist with personalized prevention recom-
mendations via telemedicine.

Fig. 28.1 Summary of Frykberg et al. [36] study: In a prospective cohort observational study of 
patients in foot ulcer remission, Frykberg et al. [36] demonstrated that 20 s of daily monitoring 
plantar temperature using a smart mat (Podimetrics LLC, MA, USA) and an asymmetry tempera-
ture of greater than 2.22 °C enables predicting incidence of ulcer recurrence with 97% accuracy 
and an average lead time of 37 ± 18 days (mean ± standard deviation). In this study, 129 eligible 
subjects were recruited and followed for up to 34 weeks, leading to 53 incidents of DFU. Then, 
using machine learning, an optimum threshold of 2.22 °C was identified to yield a trade-off 
between longest lead time and detection with highest accuracy. This technology could be used as 
an add-on to telemedicine, as collected data could provide practical information to health profes-
sionals to provide personalized consultation to prevent incident of DFU or schedule clinic visits for 
a detailed examination. (This figure was created based on the Frykberg et al. study [36])

Fig. 28.2 Siren Socks enable continuous and remote plantar temperature monitoring, which may 
be used as an early warning system for DFU. This data could be used by healthcare professionals 
to provide personalized recommendations for daily physical activities or preventative actions to 
perform before a foot ulcer develops. (This figure was created based on Reyzelman et al. study [37])
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Thanks to advances in smartphones, mobile applications, and smart wearable 
sensors, the ability to continuously and simultaneously measure multiple values 
associated with DFUs has become a reality. These technologies enable remote mon-
itoring that can be used by health professionals to provide consultation and educa-
tion via telemedicine in order to effectively prevent DFU. Smart flexible sensors 
implanted in socks or insoles combined with digital health apps have paved the way 
for monitoring plantar tissue stress [39] during activities of daily living. In 2017, 
Raviglione et al. [40] proposed the concept of daily monitoring of plantar pressure 
in people at risk of DFU using a smart textile (Sensoria socks, Sensoria Inc., 
Redmond, WA, USA; Fig. 28.3a). Their system contained a textile pressure sensor 
attached to a stretchable band, hardware that collects data and transmits them via 
Bluetooth to a smartphone, a cloud-enabled data collection-and-storage app, and a 
clinician-facing web dashboard that displays the collected data. They concluded 
that this technology could determine optimal offloading in the community setting 
and assist with DFU prevention. This concept may also be a useful add-on to tele-
medicine as this remotely collected data would be easily accessible by health pro-
fessionals and could be used to make personalized recommendations for DFU 
education and prevention. Recently, Sensoria and Optima (Optima Molliter, 
Civitanova, Italy, Fig. 28.3b), an Italian offloading company, collaborated to design 
the MOTUS Smart Boot, which facilitates real-time offloading efficacy assessment 
and weight-bearing physical activity dosage management. The technology could be 
transformative for effective management of DFU as practical information to man-
age plantar wounds – including offloading adherence and level of weight-bearing 
activities taken with and without offloading – can be remotely collected and accessed 

Textile-based sensors to
monitor plantar pressure

Inertial sensor, battery, and communication unit

Sensoria sock+Sensoria App MOTUS Smart Boot

a b

Fig. 28.3 (a) Sensoria socks (Sensoria Fitness Inc., Redmond, WA, USA) monitor plantar pres-
sure under three plantar regions of interest including the heel, first metatarsal head, and fifth meta-
tarsal head. They include an anklet that snap to socks’ sensors for transmitting data. (b) Optima 
and Sensoria teamed up to design a smart offloading boot named MOTUS Smart Boot that facili-
tates the real-time monitoring of offloading efficacy and daily dosage of weight-bearing activities 
.Both technologies could be adopted for telemedicine consultations as they allow remote monitor-
ing of mechanical risk factors such as plantar pressure and level of weight-bearing activities. These 
remote measurements could serve as digital biomarkers of DFUs and can be utilized by healthcare 
professionals to provide personalized consultation to prevent or mange DFU. (Images provided 
from Sensoria with permission to publish)

B. Najafi et al.



467

via a secure cloud. The collected information could be shared with healthcare pro-
fessionals for effective consultation via telemedicine, which in turn may improve 
adherence to offloading or dosage management for harmful weight-bearing physi-
cal activities; this could ultimately contribute to decreased wound healing times [29, 
41]. While the clinical validity of this offloading is unclear at the time of drafting 
this chapter, the added value it may provide should be confirmed in future clini-
cal trials.

 Conclusions

We live in a world where technology is increasingly integrated into every aspect of 
our lives. With the miniaturization of processors, advancements in sensor technolo-
gies, consistent availability of electrical power, ubiquitous Internet access, and sig-
nificant strides in machine learning and artificial intelligence, emergent solutions 
are being developed to improve healthcare delivery, patient satisfaction, and popula-
tion health across different disciplines while reducing the cost of care.

While still in its infancy, recent studies have suggested that delivery of care via 
telemedicine is acceptable, reliable, and comparably effective to an in-person visit 
but its efficacy depends on type and severity of wounds as well as adequate initial 
training. It may also promote patient involvement, care coordination, and effective 
communications between patients and caregivers. In particular, the combination of 
telemedicine, wearables, mobile health, and IoT enables reducing in-person visits 
and allows physicians to remotely monitor patients, track patient adherence, detect 
the early stages of medical conditions, and triage those who need immediate super-
vised care. In addition, the use of supplementary information via remote monitoring 
of DFU risk factors and digital biomarkers could empower healthcare professionals 
to provide personalized consultations via telemedicine; this may improve accept-
ability, efficacy, and ultimately adoption of these technologies for delivery of care 
to patients with or at-risk of DFU.

Telemedicine can be also used to supplement diabetic foot care by providing 
both educational and motivational support. While this application of the technology 
for diabetic foot care is still in its infancy, and its cost-effectiveness is debated, with 
the exponential speed of technological development and increase in technology 
investment for healthcare applications it is anticipated that healthcare and care 
delivery for chronic conditions such as diabetic foot disease will undergo dramatic 
changes in the near future.

In particular, the COVID-19 pandemic exposes our health care system’s weak-
nesses for timely care delivery for patients with diabetic foot disease. For instance, 
this outbreak shows that traditional healthcare delivery models for managing chronic 
illness like diabetes are not at scale to handle situations like the global COVID-19 
crisis. Because people with diabetes represents a fragile population, it is recom-
mended to avoid unnecessary diabetes-related hospital admissions to reduce the risk 
of COVID-19 exposure in the hospital. This is disrupting the best practices for 
preventing diabetes-related complications including diabetic foot ulcer. As health 
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care providers searching for alternatives to deliver timely care to patients with dia-
betic foot syndrome, it is tempting to imagine a post-COVID future may lead to 
increased acceptability and at scale adaptation of telemedicine to improve preven-
tive care, smartly triage those who need to be seen in outpatient or inpatient clinic, 
and supporting acute and subacute care at home [42]

Effective adoption of telemedicine for diabetic foot care, will require (1) user- 
friendly technology; (2) sufficient training for healthcare professionals, especially 
during its initial phase; (3) ongoing healthcare professional telemedicine training; 
(4) enthusiasm for using telemedicine by healthcare professionals, patients, and 
caregivers; and (5) improved robustness of the intervention plan for remote manag-
ing of diabetic foot disease. An important first step in accomplishing all of these will 
be to increase the awareness of the value-added telemedicine offers; we hope this 
chapter will mark another important step in doing so.
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 Introduction

Each of you may have a specific idea of what an austere or extreme environment is. 
A place with limited resources – electrical power, transportation, knowledge, tele-
communication, basic medial capabilities, etc. Perhaps a health condition or the 
resultant impact of a disaster, a pandemic, or even danger. There are many places 
around the world (and even above it) that are austere and, in many cases, extreme.

Over the past several decades and even into antiquity, humans have found them-
selves in geographical places where there is very little to support survivability. With 
the advent of telecommunications in the late nineteenth century and the seemingly 
unabated growth in information technology, the world appears to be more connected 
than ever. Information, regardless of subject, can be available at our fingertips. Yet 
access to and availability of healthcare services may still be a challenge for many, 
regardless of their location.

The integration of telecommunications and information systems has provided a 
platform for healthcare services, including remote monitoring, guidance, effective 
clinical management, and education by eliminating the barriers of distance, time, 
and geography [1–3]. While many of these locations are considered austere, tele-
medicine and telehealth have been integrated and utilized to support individuals in 
those environments. Some efforts are mission critical, some support research initia-
tives, and some focus on providing healthcare to areas that are devoid of basic ser-
vices or much-needed clinical expertise.

Each of the examples presented here are illustrative of how telemedicine and 
telehealth have been and continue to be deployed in austere and often extreme envi-
ronments [4–6].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56917-4_29&domain=pdf
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 Space

The most extreme and austere environment is human spaceflight. Aside from the 
United States (U.S.), the Union of Soviet Socialist Republics (USSR), and the 
Peoples Republic of China, no other nation has yet launched humans to low Earth 
orbit. Only the U.S. has sent humans to the moon, and that was more than 50 years 
ago. From the earliest days of space exploration, men and women who have flown 
in space have been linked to medical personnel on the ground. In fact, the very first 
application of telemedicine in space was with a dog named Laika, who was sent 
aloft by the USSR on Sputnik 2 in 1957 (Fig. 29.1) [5, 8]. Laika’s vital signs were 
monitored from the ground during her flight at a perigee of 131 miles and apogee 
of 1031  miles (an elliptical orbit). This early development and application of 
telemetry provided the framework for monitoring astronauts and cosmonauts dur-
ing spaceflight and in the case of the American program, monitoring the astronauts 
on the surface of the moon during the Apollo missions from 1969 to 1972 (See 
Fig. 29.2).

Over the past six decades, space exploration has involved hundreds of individu-
als who have lived and worked in space. Space stations and spacecraft are several 
hundred miles above the Earth, and the environment is considered both extreme and 
austere. While there has been an increase in onboard medical capability from the 
early 1960s, there is critical link to medical personnel and authority on the ground. 
Telemedicine is a key component of human spaceflight and has been used effec-
tively since the very early 1960s [8–10].

Fig. 29.1 Laika in the 
contaiment unit on an 
SS20 Intercontintental 
Ballistic Missile. (Courtesy 
of Roscosmos)
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 Battlefield

In the early 1990s, the U.S. military had not fully embraced the concept of integrat-
ing telemedicine into battlefield medicine [11]. The U.S. Army began to explore the 
use of telemedicine in faraway places like Somalia [12]. The U.S. Navy began to 
integrate teleradiology in the mid-1990s [13]. This early work lead to the develop-
ment of a multimillion dollar–funded effort known as the U.S. Army’s Telemedicine 
and Advance Technology Research Center (TATRC) [14]. This multiyear effort, 
mostly through Congressional earmarks, helped usher in changes in protocols and 
new technologies, deployed at various echelons of care across the world.

In the mid-1990s, Dr. Richard Satava, a program manager at the Defense 
Advanced Research Projects Agency (DARPA), began discussing virtual reality and 
telepresence to support military medicine [15]. His work at DARPA was also instru-
mental in the development of robotic surgery with Stanford Research Institute and 
the eventual commercialization of da Vinci robotic surgical system [16]. Similar 
work with other robotics systems, funded in part by National Aeronautics and Space 
Administration (NASA), also resulted in a competing platform in the late 1990s – 
Computer Motion’s Zeus platform [16].

Fig. 29.2 Alan Shepherd 
with medical watches for 
wireless telemetry to 
ground controllers. 
(Courtesy of NASA)
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With each successful military engagement, regardless of the theater, telemedi-
cine and telehealth have become fully integrated in military medicine. No matter 
where a warfighter may find themselves, there is some form of capability to reach 
back from the extreme and austere environment they may be deployed to [17]. This 
might have included war zones like Iraq or Afghanistan or ships at sea or even 
humanitarian missions (Fig. 29.3).

If a warfighter is injured and cannot return to their assigned post or they become 
a veteran, the Department of Veteran’s Affairs provides a plethora of telemedicine 
and telehealth capabilities to support care such as posttraumatic stress disorder 
(PTSD) across 19 geographically dispersed Veterans Integrated Service Networks 
(VISNs) [18].

While militaries around the world may have been late adopters and integrators of 
telemedicine and telehealth, they now fully embrace it and, in many cases, espe-
cially in the U.S., have been pioneers in developing new technologies and 
approaches [14].

 Alpine

Ever since Sir Edmund Hillary and Sherpa Tenzing Norgay summited Mt. Everest 
in 1953, there has been a steady increase in climbing expeditions to achieve what 
only a few can. Every climber must start their mission from Everest Base Camp 
(south side in Nepal at 17,589 ft or north side in Tibet at 16,900 ft). The majority of 
teams approach the summit from Nepal (Fig.  29.4). Supplies, including medical 

Fig. 29.3 US military field hospital
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supplies, are carried overland and up to Base Camp by Sherpas and yaks (domesti-
cate bovines). Base camps are both extreme and austere. A medical rescue is pretty 
challenging and very expensive.

In 1996, a group of climbers perished on the mountain. One of the team mem-
bers, Jon Krakauer wrote a book about this alpine disaster – Into Thin Air [19]. 
Krakauer was on Rob Hall’s climbing team. Those that perished were impacted by 
weather, schedule, and supply problems, notably oxygen. In 1998 and 1999, a 
research collaboration, involving the NASA Commercial Space Center at Yale 
University and The Explorer’s Club, explored the possibility of integrating tele-
medicine to determine if it might serve as a significant tool in preventing morbidity 
and mortality on the world’s highest mountain. The research group conducted real- 
time physiological monitoring of select climbers [7, 20, 21]. The team even reviewed 
an emergency ophthalmological case of a Sherpa via a real-time, low-bandwidth 
video conference [22].

Other research on Everest, including ultrasound [23] and some teleradiology 
[24] has been conducted. While much of this research has focused on climbers, the 
population of the Himalayas also require healthcare. Telemedicine has been 
deployed and studied in Nepal for acute and chronic care as well as emergency care 
[25, 26].

Fig. 29.4 Climbers 
ascending Everest
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Today’s telemedicine and telehealth technology can be easily deployed in moun-
tainous terrain that is characterized by austerity and isolation. However, it must be 
well thought out as there remains many geographical and weather challenges.

 Jungle

Many individuals, indeed entire populations who live in remote jungles of Central 
and South America, Africa, and other equatorial regions of the world, must have 
access to healthcare. While many may see the shaman or medicine man for natural 
healing, modern medicine has found its way into these remote and austere environ-
ments [27]. Over the past century or so, teams of medical personnel (doctors and 
nurses) travel to various countries around the world to support primary care in a 
variety of clinical disciplines and surgery.

In the late 1990s and early 2000s, our research team, led by Ronald Merrell and 
funded by NASA, embarked on a variety of research initiatives designed to explore 
telemedicine in low resource settings. While the Everest work was mentioned 
above, the focus here is on surgical care in Ecuador. A research team made episodic 
trips in concert with the Cinterandes Foundation. The villages visited were charac-
terized by remoteness with austere conditions: one with limited electrical power, 
telecommunications, reliable medical supply chain, and adequately trained health-
care personnel. Surgical care was conducted in a mobile facility (Fig. 29.5). During 

Fig. 29.5 Surgeons at work in a mobile facility in Ecuador
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a variety of surgical cases, the local surgical team (remote) was in communication 
with individuals back at the university in the US. Cases involved remote anesthesia 
[28], telementoring [29], and intermittent surgical services in primary care [30].

While the utility and efficacy of telemedicine in jungle regions of Ecuador has 
been well documented, work in Panama, Brazil, and central Africa also showcases 
the successful application of telemedicine in austere environments. In Latin 
America, countries may very well require a health systems approach to further 
expand and integrate telemedicine across all of Central and South America [31]. 
Developing a top-down strategy may be key in establishing telemedicine in 
Panama [32].

Brazil, a key emerging player on the world stage has begun to really embrace 
telemedicine and telehealth [33]. While challenges remain, research has shown that 
there are no barriers to monitoring health along the Amazon or in the Amazon. In 
2008, an individual swam the entire Amazon River from high in the mountains at 
Atalaya, Peru to the Atlantic Ocean at Belém, Brazil. Over 66 days, the medical 
research team used telemedicine to provide medical support his swim [34]. 
Furthermore, telemedicine has been applied for tuberculosis and leprosy in several 
austere and inhospitable locals [35, 36].

Surgical care in remote regions of Kenya using Internet-based technology dem-
onstrated cost-efficiency for prescreening patients [37]. Figure  29.6 illustrates 

Fig. 29.6 US-based surgeons in Kenya linked to the US via telemedicine
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surgeons in an operating theater in Kenya linked to consultants in Richmond, 
Virginia.

A significant amount of research has been conducted worldwide in austere envi-
ronments. The results continue to push healthcare forward. Healthcare tools that 
would not have been common is austere and remote environments are now more 
readily available, including ultrasound [38] and other digital solutions.

 Ships at Sea/Oil Rigs

In early 2020, at the beginning of the COVID-19 pandemic, there were several 
cruise ships that were impacted by both death and severe illness brought on by the 
virus [39, 40]. Passenger ships and naval vessels may very well be stocked with 
medical personnel and a variety of medical capabilities, but they still depend on 
telemedicine for access to definitive care or at least guidance. In some cases, cruise 
ships may not have a physician on board [41]. The U.S. Navy utilizes telemedicine 
from its ships at sea, especially for injuries and infectious diseases [13, 42, 43].

While maritime telemedicine is provided to ships at sea and the medical care 
capability may not necessarily be austere, emergency evacuation is not an easy task 
due to many factors, including location, hostile forces, weather, etc. This same 
thought applies to oil rigs. Much has been published on health care issues in the 
North Sea and the Gulf of Mexico and how telemedicine is used to support the 
crews who live and work in these very remote locations [44–46].

While naval vessels are under the authority of the flag and nation for which they 
sail, other vessels must be aware of legal and medico-legal issues that may arise. 
This involves the ship’s captain contacting Telemedical Maritime Assistance Service 
when there is a medical need [47]. While telemedicine may be challenging, both the 
captain and the consulting physician have responsibilities with legal implications.

 Disasters and Pandemics

When a disaster strikes, most of the world is not prepared [48]. Infrastructure is 
damaged or destroyed, including buildings, telecommunications, medical support, 
transportation, etc. (see Fig. 29.7). Basic resources are no longer readily available, 
thus, the austere nature of the environment. Morbidity and mortality rise sharply, 
and the survivors are left to deal with what might be unimaginable conditions, 
which fosters posttraumatic stress disorder [49]. Disasters are impactful immedi-
ately, but it is the aftermath and its toll on public health and life itself where the need 
lies [50].

Over the past several decades, telemedicine has been applied in the aftermath of 
earthquakes, hurricanes, tsunamis, humanitarian response to refugees, and most 
recently to a highly infectious virus COVID-19. One of the first applications of 
significant size was the Soviet Armenia earthquake in 1988. Telemedicine was 
deployed and was shown to be highly effective [8, 51, 52]. This system, once it was 
up and operating post disaster, was easily adapted to respond to a second disaster in 
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Ufa, Russia. Telemedicine in disaster management plays a significant role [53–55]. 
Médecins Sans Frontières has used telemedicine effectively through many of its 
various deployments of physicians and medical teams [56] and field hospitals in 
disaster regions also incorporate telemedicine [57].

While there is a plethora of work in the field of deploying telemedicine, the com-
monality is that each catastrophic event, regardless of destruction, morbidity, and 
mortality, is extreme and austere. Medical personnel and the supply chain are 
destroyed, delayed, or not working at all. Telemedicine provides a level of comfort 
to those on the frontline by those who are remote. They provide guidance, expertise, 
and a virtual helping hand when there is no other alternative.

Often disasters are related to some natural or manmade occurrence. It is not often 
that a virus or bacterium can bring an entire world to the throws of chaos and eco-
nomic calamity. Highly infectious diseases like the coronavirus (COVID-19) run 
through populations quickly bringing mortality and despair. Up to this point, wides-
cale adoption and integration of telemedicine in a normal healthcare system was 
challenging regardless of the location of the patient and providers. Telemedicine 
basically went from 0 to 60 in a matter of seconds. Whole health systems increase 
their utilization by thousands of percentages. Telemedicine has been widely adopted 
across the world in an effort to alleviate the pressure on the health care system [58]. 
A quick search on PubMed (on May 27) indicates over 16,490 manuscripts on 
COVID-19 have been published in 2020. Before 2020, there were none. The pan-
demic may very well linger for some time, affecting the entire populations of the 
world, and it will be the effective use of telemedicine that will be significant adjunct 
to our healthcare workers and all of us as well.

Fig. 29.7 Encasement of Chernobyl nuclear power station, Ukraine
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 Nursing Homes/Assisted Living

As individuals we may eventually end up in an assisted living facility, nursing home 
or perhaps require hospice care. Regardless of where these facilities are located, the 
residence often feel isolated. While these facilities are staffed by nurses, the medical 
care capabilities are often austere. Transportation to definitive care may require sig-
nificant coordination and may not be timely. This is where technology in sensors, 
robotics, and telemedicine come into play [59]. Geriatricians can utilize telemedi-
cine to monitor and manage the elderly population effectively [60]. Gillespie et al. 
reported on standards for evaluation and management of telemedicine in nursing 
facilities [61]. In addition, a variety of robotic systems and sensors have been 
deployed and studied as part of the ecosystem for the elderly [62, 63].

While independent living is encouraged, challenges for individuals remain. 
Telemedicine offers capabilities that can enhance and enable us to remain in our 
homes or facilities that permit monitoring of physical and mental state. Even in a 
large metropolitan area, a person’s home may in fact be austere and challenging for 
that individual to obtain the necessary care needed and expected.

 Conclusions

In 1968, as the Apollo spacecraft came around the dark side of the moon, the Earth, 
that blue dot in the starlit blackness of space, was home to billions of people. The 
Earth looked small juxtaposed to space. While Earth appears large to us, it is indeed 
smaller today, not in size but in the interconnectedness we experience. Information 
and communications technologies have lessened the austereness of our world, by 
enabling us to communicate in real time. This chapter provided a very informative 
review of how telemedicine has been applied in austere conditions. From space and 
the battlefields to elder care, telemedicine has been applied successful. Over the past 
century or so, telemedicine and telehealth have evolved in stature and capability. 
While there have been barriers placed in front of its path, including technological, 
political, or economical, they seem to have been removed during the COVID-19 
pandemic. Whether they return and hamper consumerism remains an unknown. 
Sometimes telemedicine is the only way to get medical attention.
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