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Preface

The story of telemedicine in the ICU starts back in Cleveland, Ohio, in 1975 when 
the Department of Anesthesiology at the University Hospitals of Cleveland (UH), 
affiliated with Case Western Reserve University Medical School, installed a two- 
way audiovisual link between UH and Forest City Hospital (FCH). At the time, 
FCH was a 102-bed private hospital in Cleveland that was operated by African- 
American physicians and served a largely African-American patient population. 
FCH was on the verge of bankruptcy when the project began and had few specialists 
on the medical staff to treat patients in the seven-bed ICU.  Engineers at Case 
Western Reserve University built a novel telemedicine link that enabled specialists 
from UH to consult on patients in the operating room, neonatal nursery, and ICU at 
FCH. In the first publication of its kind in 1977, lead author Betty Lou Grundy, MD, 
an intensivist at UH, described the ICU telemedicine technology as follows:

A mobile color camera at FCH is connected to cabling in the ICU by nurses without the aid 
of a technician. Upon activation, the camera is remotely controlled by the consultant. Video 
signals are transmitted by wide-band helium-neon laser or by microwave. The UH consul-
tant has control of the transmission mode. He views the FCH ICU on a 19-inch color screen. 
Two 9-inch monochrome screens on the unit at FCH allow users there to see both the UH 
consultant and themselves as they appear on camera. Audio signals are transmitted by 
cable; sound level is adjustable at UH and FCH [1].

The tele-ICU model would now be described as a centralized tele-ICU command 
center with a single spoke site, closed architecture, and portable telemedicine end 
point at the originating site [2]. The program included a scheduled care delivery 
model with once-daily rounding and no continuous, proactive, or reactive patient 
monitoring. Despite these limitations, the technology and workflow were surpris-
ingly contemporary with synchronous audiovisual telecommunications, remote far- 
end camera control, a mobile telemedicine cart, and multidisciplinary nurse-driven 
telemedicine bedside rounds.

At noon each day, a nurse at Forest City Hospital positioned and activated the mobile cam-
era unit, whereupon the University Hospitals consultant controlled the camera remotely 
(pan, tilt, zoom, focus, iris aperture). The nurse reported on those patients to be seen and 
noted the consultant’s initial suggestions. She then moved the camera out of the relative 
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privacy of the nursing station and from bedside to bedside, introducing physician and 
patient via the telemedicine link. The consultant observed patients and conversed with those 
well enough to speak, often making additional recommendations of care on the basis of 
information gained during audiovisual contact [3].

The study authors included anecdotal responses and survey data on the accep-
tance of ICU telemedicine from the perspective of the FCH patients, private attend-
ing physicians, and nursing staff. According to the authors, most patients were 
satisfied with the telemedicine program and were able to make personal connections 
with the consulting remote intensivists.

A surprisingly direct patient/physician relationship was often established via the telemedi-
cine link. Several patients smiled and waved at the consultant from a distance as the mobile 
camera unit was being moved around the ICU. Patients frequently thanked the remote con-
sultant for visiting. They often inquired as to the consultant’s welfare and made solicitous 
personal comments [1].

The project ran into significant problems, however, in building relationships with 
the ICU nursing staff and private attending physicians. The UH intensivists sought 
to build a trusting relationship between the FCH and UH providers through several 
important actions. The first was creating a requirement that both the patient and the 
attending physician consent to having the patient seen by the tele-intensivist prior to 
first patient contact. The second was to invite the nurses, house staff, and attending 
physicians to participate during bedside telemedicine rounds. The third was to have 
all of the UH intensivists visit FCH in person at least once prior to telemedicine 
visits and to set up a weekly on-site educational conference so the originating site 
providers and distant site providers could have regular in-person meetings. Despite 
these efforts, the communication between the UH and FCH providers was adversely 
impacted by cultural and staffing considerations.

The attitudinal survey revealed that many of the private physicians at FCH were not well 
acquainted with telemedicine. Most of them regarded inadequate communication within 
FCH and between FCH and UH as the most serious handicap to the project. They thought 
the potential of telemedicine as an educational tool was great and had not been adequately 
exploited. Some physicians expressed resentment at the idea that they might be offered 
advice from the ‘Ivied Tower,’ but several thought attending physicians should attend the 
telemedicine ICU rounds more often [1].

The UH tele-intensivist functioned in a consultant role to make suggestions on 
patient care, but the private attending physician still retained autonomy to decide 
whether or not to heed this advice. Because the attending physician rarely attended 
bedside rounds, it was typically up to the bedside nurse or house officer to relay 
recommendations from the tele-intensivist to the private physician. Over the 
18-month period that the program continued from 1975 to 1977, the tele-intensivists 
performed 1548 remote consultations for 395 patients. They made a total of 3267 
treatment recommendations during this period, but only 30% of these recommenda-
tions were carried out by local staff at FCH [2].

Almost all of the consultant’s contact, in person or by telemedicine, was with nursing per-
sonnel who could not implement suggestions for medical care without orders from Forest 
City physicians. Relationships between facilities were hampered by these manpower 
 constraints; opportunities for face-to-face discussion either in person or via interactive tele-
vision were rare [2].
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Aside from having to chart new territory with the telemedicine technology, the 
UH tele-intensivists also had to navigate an uncertain regulatory landscape before 
issues related to proxy credentials, telemedicine privileges, clinical guidelines for 
appropriate use of telemedicine, and malpractice coverage were defined and 
resolved. The UH consultants were also careful not to initiate discussions of inter- 
hospital transfer for ICU patients at FCH unless the private attending physician first 
requested that transfer be considered. In addition, the tele-intensivist had to be 
mindful not to recommend tests and procedures that were not available locally at 
FCH. Reading between the lines of the published account, one can surmise that the 
first tele-intensivists had to walk an ethical fine line between their duty to provide 
appropriate patient care and the political landscape.

The question of professional liability for telemedicine consultants in anesthesiology was 
explored by a lawyer and by the liability insurance carrier for the University anesthesiolo-
gist group. No precedents were found. Though the insurance carrier agreed to cover the 
anesthesiologists’ telemedicine consultations for the price of one additional anesthesiolo-
gist’s liability insurance premium per year, many University anesthesiologists remained 
concerned about medicolegal risks, partly because the standards of care at the small hospi-
tal differed in some respects from the standards of care in the critical care units at the ter-
tiary care facility [3].

These pioneering tele-intensivists also faced economic uncertainties created by a 
combination of very high initial costs for the technology and infrastructure, lack of 
payer reimbursement for professional fees, and unknown return on investment. As 
with many tele-ICU programs, the first tele-ICU was funded by the grant support 
from the US federal government which paid for the equipment and training but did 
not reimburse for the physician time.

Development and installation of the original hardware cost approximately $100,000 and 
maintenance costs were approximately $35,000 for the 18-month period. Because the sys-
tem was also used for consultations in the operating room and newborn nursery, we allotted 
one-third of these costs to the critical care project – $12.72 per intensive care bed/day… 
We did not assess costs of physician services; these were either donated by the University 
Hospitals consultants or paid through Public Health Service grant support [3].

In 2018 dollars, the original telemedicine equipment would have cost a budget- 
busting $468,412.00, which is almost ten times the start-up cost per monitored bed 
at this point. Understandably, the cost of the project led to significant problems with 
sustainability after the conclusion of grant funding, especially in a financially 
strapped hospital on the verge of bankruptcy. In fact, the project ultimately con-
cluded 6 weeks before FCH closed its doors in 1977.

Another challenge faced by investigators in this first tele-ICU project was the 
ability to obtain reliable data and analyze it in a way to determine the impact of 
telemedicine on metrics like mortality, complication rates, and length of stay. 
Because the tele-intensivists were unable to directly intervene in patient care and 
their recommendations were variably enacted by the treating physicians, the impact 
of the program was difficult to measure. In fact, there was at least a correlation 
between the implementation of tele-intensivist recommendations and patient mor-
tality such that patients were more likely to die when the tele-intensivist’s recom-
mendations went unheeded.
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Though in-hospital mortality (7%) remained stable, outcome varied directly with the impact 
of telemedicine on patient care. Patients for whom a greater proportion of consultant’s sug-
gestions were implemented were more likely to survive and less likely to be left with new 
permanent disability [3].

The vivid and detailed narrative descriptions of the first tele-ICU program in the 
two initial publications [1, 3], in many ways, reinforce how much and how little has 
changed over the past 40 years. Many of the same challenges and uncertainties that 
were present in 1975 – malpractice coverage and reimbursement, project implemen-
tation, high start-up cost, questionable financial and clinical benefits, lack of con-
crete metrics of success, cultural barriers to adoption, technological problems, 
integration into bedside care pathways, acceptance by on-site personnel, and role 
confusion – will sound very familiar to the readers of this book. It is striking how 
many of these issues remain unresolved today. In fact, these same issues are the 
backbone of the book you are about to read, and each of the ensuing chapters will 
focus on these areas.

Although many issues with tele-ICU have remained constant over the past 
40 years, much has changed as well. After the conclusion of the first landmark tele- 
ICU project, at least as far as the medical literature reflects, tele-ICU then under-
went a long period of dormancy stretching into the late 1990s. By that time, 
computer and network technology had advanced far enough that early electronic 
medical records, remote telemetry monitors, and video-teleconferencing technolo-
gies enabled the centralization of medical care. In 1997, a group of intensivists from 
the Johns Hopkins Hospital began a tele-ICU coverage of a ten-bed surgical ICU in 
a hospital in Northern Virginia [4]. In this intervention, tele-intensivists provided 
around-the-clock coverage of the remote ICU from home computers which included 
synchronous video teleconsultation with the patients, rounds with the ICU staff, and 
remote access to lab results and diagnostic imaging.

This experience with tele-ICU led to the founding of the company VISICU in 
1998 by two intensivists from the Johns Hopkins. By 2004, the VISICU concept 
included simultaneous management of patients in multiple ICUs by a tele- intensivist 
at a centralized location along with some rudimentary proactive patient monitoring 
[5]. This set the stage for what would now be called a centralized tele-ICU model 
with open architecture and a preemptive care delivery model within a hub-and- 
spoke network. Further, the development of the flagship eICU® product then led to 
Philips acquiring VISICU in 2007 with subsequent domination of the tele-ICU mar-
ket through much of the previous decade.

The last 10 years have seen significant expansion in the number of tele-ICU pro-
grams, technology platforms, and provider networks as well as increasing adoption 
from healthcare organizations and providers. In addition, the jointly released guide-
line on tele-ICU operations from the American Telemedicine Association and the 
Society of Critical Care Medicine [6] has helped to clarify standards of practice and 
make tele-ICU more mainstream. Finally, changes in US regulation and payment 
for tele-ICU services have continued to evolve in more supportive ways, including 
proxy credentialing, creation of the Interstate Medical Licensure Compact, and 
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release of the G0508 code for telemedicine-based critical care from the Centers for 
Medicare and Medicaid Services.

Telemedicine has been considered the “future of medicine” for so long that it has 
quietly transformed into the present of medicine, particularly in the ICU. As tele- 
ICU programs continue to evolve, hospital administrators and providers now face 
important choices and challenges related to practice models, staff roles, regulatory 
and legal issues, technology and design features, and payment models. Organizations 
considering investment in new ICU telemedicine programs need to be aware of the 
different staffing models, the challenges of building homegrown programs versus 
contracting for services, and the impact of state laws and payer policies on the reim-
bursement for tele-ICU services. These issues will be reviewed in Part I of 
“Telemedicine in the Intensive Care Unit.”

Although the practice of telemedicine in the ICU has been growing over the last 
40 years, high-quality evidence for the impact of telemedicine on patient outcomes, 
quality and safety metrics, and patient satisfaction have lagged behind. Part II of the 
book will review the current state of the evidence for and against ICU telemedicine 
based on clinical trials, before-and-after implementation studies, and observational 
data. In addition, this section will review the potential costs and savings associated 
with building a new tele-ICU program to assist with business planning. Finally, 
appropriate metrics for tracking and improving the quality of telemedicine practice 
and the patient experience will be discussed.

Part III of the book will dive deeper into specific use cases for telemedicine in the 
ICU including well-established practices like telestroke as well as emerging tele-
medicine programs in pediatrics and cardiac intensive care. This section also reviews 
the use of telemedicine technologies for early treatment of declining patients with 
sepsis and prehospital coordination with paramedics and first responders. The use of 
telemedicine to bring medical specialists to the bedside for consultation in general 
ICUs will also be discussed.

The focus of this book will be on the implementation of ICU telemedicine pro-
grams with particular attention to practical issues faced by providers and hospital 
administrators who are leading new telemedicine programs. This book is the most 
current, comprehensive review published to date and will serve as a practical guide 
to building tele-ICU programs. I hope you learn as much by reading it as I did edit-
ing this book. I will close this introduction with the final words from the first tele- 
ICU publication in 1977.

Present problems of telemedicine in critical care stem less from inadequate technology than 
from inadequate ways of using available systems. Technical innovations can free us from 
limitations of time and space only when we develop innovative professional and adminis-
trative patterns of use [1].

Honolulu, HI, USA  Matthew A. Koenig
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Chapter 1
The Tele-ICU: Formative or Out-of-Date 
or Both? Practice Models and Future 
Directions

H. Neal Reynolds

 Basic Issues

The American Hospital Association 2014 annual survey [1, 2] noted that the USA 
has 5686 hospitals. Essentially all acute care hospitals have at least one ICU with 
nearly 55,000 critically ill patients cared for each day. From 2006 to 2010, the 
number of critical care beds in the USA increased 15%, from 67,579 to greater 
than 80,000 [3]. ICU care is expensive and generally estimated as 30% of total 
hospital costs [4].

 History of the Tele-ICU

Historically, the tele-ICU concept is approaching the half century mark. The tele- 
ICU was first conceptualized in the 1970s by Grundy [5, 6]. Subsequently, the tele- 
ICU concept and reality has grown rapidly following the first commercial system 
installation in Norfolk, Virginia, in 2000 [7, 8]. The initial drivers for the expansion 
of the tele-ICU evolved from a shortage of intensivists [9–13], a general physician 
misdistribution [14, 15], recognized value of intensivists [16–19], and pressure 
from the private business sector LeapFrog recommendations [20]. An extensive 
review of the tele-ICU experience from 2004 through 2013, completed by Coustasse 
[21], included more than 35 studies over a 9-year period which revealed the follow-
ing: 16 studies demonstrated shortened ICU length of stay (LOS), 11 studies showed 
greater adherence to “best practice” protocols, 7 studies demonstrated improved 
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financial performance of the ICU, 4 found greater teamwork or “team-ness,” and 5 
studies described “improved patient care” without further specification. The recent 
tele-ICU literature further supports significantly reduced mortality based upon two 
meta-analyses [22, 23]. The process literature is now being followed by calls pro-
moting the tele-ICU as the preferred business model [24–28]. However, despite an 
initial rapid expansion of tele-ICU of 101% per year from 2003 to 2007, the subse-
quent growth rate has declined to 8% per year between 2006 and 2010 [29]. The 
concept, process, and recommendations have now been formalized in the American 
Telemedicine Association Tele-ICU guidelines [30].

 Pressures for Change in the Tele-ICU

Evolving patterns in Medicare reimbursement including “pay for performance,” 
“value-based purchasing,” “Hospital Readmission Reduction Program” [31], “pop-
ulation health,” and Accountable Care Organizations [32] are all driving the focus 
away from inpatient care. Consequently, hospital-based telemedicine initiatives 
may be more focused on remote patient monitoring [33] or the Patient-Centered 
Medical Home [34].

There is no explicit CMS direct physician reimbursement for tele-ICU services, at 
least as those services are most commonly provided [35, 36]. It is hard to accumulate 
the mandatory 30 minutes or greater time for the remote physician who is making 
sequential 3–5  minute visits, trying to create the necessary documentation, while 
covering a large volume of patients. Evolution to alternative billing by the minute, 
such as billing for anesthesia time [37], may be an alternative, but currently no such 
impetus exists. Consequently, the tele-ICU often exists as a recognized cost center 
for a hospital and justified by the hoped-for cost savings generated including shorter 
LOS. However, the cost and benefit ratio remains unclear. Kumar [38] in a 21-year 
retrospective review and seven-facility prospective study found that the first year of 
implementation can cost from $50,000 to $100,000 per monitored bed and could save 
$3000 or could cost $5600 per ICU patient. Others [39] have cited even more pessi-
mistic estimates, suggesting a 24% daily cost increase and as much as 43% increase 
cost per case and ineffectiveness for the less sick. However, the same group found 
value for the sicker patient populations. As is cited in other articles [40], support of a 
tele-ICU program is dependent upon many variables beyond simple finances, includ-
ing personal disposition of the current hospital CEO or resistance of internal hospital 
groups. Ultimately, internal hospital support may be CEO personality-dependent 
based on his or her perceptions of “doing what is best for the patient” versus popula-
tion-based impact versus caring for the “sicker patients.” Nonetheless, commercial 
markets project a “sturdy” growth for the tele-ICU from a US$500 million market-
place in 2015 to $2.5 billion market predicted by 2024 with greater global growth 
already at $1.2 billion in 2015 rising to $5.8 billion in the same time frame [41].

Of the ongoing expenses after initial implementation, physician and advanced 
practice provider staffing is the largest fraction. The University of Massachusetts 
study reported ongoing yearly staffing costs of almost $2.3 million (72%) of a total 
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$3.1 million annual operating costs [25]. When initially conceived, the tele-ICU 
was to be intentionally placed in a location that is remote from the physical ICUs so 
that the intensivists could be available to all covered ICUs. With mounting cost 
pressures and intermittent needs of “hands” on-site, some may adopt hybrid models 
with the tele-ICU immediately adjacent to the system-led ICU such as the Eastern 
Maine Medical Center Model [42]. Finally, there is always generic pressure from 
industry for change. According to Kaiser Permanente Medical Group, 86% of CEOs 
consider themselves “disrupters” with technology being the major disruptive force 
and some moving rapidly forward, others proceeding with caution [43].

 Pressures Against Change in the Tele-ICU

There are three general types of changes with evolution of the tele-ICU. The first 
would be evolving “TO” the tele-ICU, the second would be evolving to 
“DIFFERENT” tele-ICU technology, and the third would be “ABANDONING” the 
technology altogether.

Regarding the first type of reluctance to evolve to the tele-ICU, physicians may 
be “Luddites” to a degree. The Luddites allegedly protested “industrialization” fear-
ing time spent in learning new technology would be wasteful and the technology 
could replace their jobs [44]. Perhaps more relevant is the concept of “Neo- 
Luddites” – those who would slow the advancement of technology in favor of a 
return to the simpler life [45]. Kruse [46] has nicely tabulated organizational and 
staff reluctance to adoption of telemedicine in general. The leading organizational 
barrier is cost, whereas the reluctance from staff centers around staff being “techni-
cally challenged” and a general “resistance to change.”

Regarding evolution to a different tele-ICU model, once tele-ICU technology is 
selected and installed, there will be administrative reluctance to abandon expensive 
legacy technology despite being outdated, cumbersome, and slow. Typical installa-
tion for the leading vendor product is about $50,000 per monitored bed. Subsequently, 
once a technology is learned, the consumer may be reluctant to learn yet another 
technology [47].

Finally, closure of current tele-ICU programs does occur. The prime driver for 
closure is likely to be the balance of expense versus perceived benefit. It is virtually 
impossible to currently find data defining the frequency of tele-ICU closure much 
less driving forces leading to closure.

 The Business of Technology

The homogeneity of tele-ICU technology stems from litigation launched by the 
founding vendor, apparently intended to control the growth of competition in the 
early 2000s [48]. As a result, there was essentially no growth in competition, allow-
ing a single vendor to take a dominant hold of the market for a decade. Although the 
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patent infringement case was dismissed in 2010 [49], one vendor was left with the 
leading market share. As a result, most studies of the structured tele-ICU care deliv-
ery model employ Philips/VISICU® technology. The leading tele-ICU technology 
went live in 2000 [50] and is largely unchanged since that time except for some 
updates. As part of the initial patent application, the acronym “eICU®” became a 
registered trademark [51]. As a consequence of dominating the market share and 
registering the name “eICU®,” this registered trademark became the common street 
name for any tele-ICU program and was perceived as synonymous with all 
tele-ICUs.

Subsequently, an effort evolved to educate the medical public on decision points 
when designing a tele-ICU [42]. A lexicon for the tele-ICU was written [52] to pro-
vide users with the breadth of characteristics necessary when deciding on a system. 
From that lexicon, two concepts had staying power: (1) centralized versus decen-
tralized design and (2) open architecture versus closed architecture. The “central-
ized” model for the tele-ICU describes the Philips/VISICU® model with a remote 
“bunker” staffed “continuously” with connectivity to one or more ICUs. By com-
parison, the “decentralized” tele-ICU does not have a distinct “bunker,” but rather, 
care providers are positioned at sites of convenience such as private offices, home, 
or operating from mobile devices [53]. “Closed architecture” versus “open architec-
ture” refers to the connectivity of the technology. Closed architecture is defined by 
dedicated lines such as T3 lines from a “bunker” to the medical facility limiting 
point-to-point access to only those within the “bunker.” “Open architecture” 
describes a system supporting access to the remote patient from many sites and 
ultimately mandates internet connectivity.

 Personnel Staffing the Tele-ICU

 The Physician Supply

American Association of Medical Colleges (AAMC) posted the 2016 update [54] 
regarding predicted physician supply and demand. Although not focused on critical 
care medicine (CCM), the estimated shortfall of physicians by 2025 is predicted to 
range from 61,700 to 98,700 and could be as high as 125,200 under worst-case 
scenarios. By 2030, over 20% of the US population will be older than 65 years of 
age, the population known to be the greatest consumers of healthcare services and 
critical care services.

Reports in the early 2000s [9, 11] suggested a manpower undersupply of critical 
care physicians of around 30,000. A more recent Health Resources Services 
Administration (HRSA) study/prediction actually suggests an oversupply of critical 
care physicians by the year 2025 [55]. Recently, a trend has evolved with more 
medical students choosing emergency medicine (EM) residencies and many doing 
an additional critical care fellowship. Data from the National Residency Matching 
Program [56] indicates that, from 2000 to 2015, there has been a near-doubling of 
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EM residency training programs from 971 to 1821. With nearly 100% match rate, 
predictions are for a near-doubling of EM physicians entering the workplace. In 
2009, the American Board of Internal Medicine (ABIM) and the American Board of 
Emergency Medicine [57] established a pathway for EM physicians to gain concur-
rent board certification in CCM and EM [58, 59]. Currently, there are approximately 
20 US programs with combined EM and CCM training. Additionally, the number of 
pulmonologists seeking combined pulmonary-CCM training has risen 17% per year 
from 118 to 135. New pathways to achieve critical care board certification have 
evolved for EM-trained physicians that include surgical critical care (boards from 
the American Board of Surgery [ABS]), neurocritical care (certified by the United 
Council for Neurologic Subspecialties), and an anesthesia pathway (American 
Board of Anesthesiology). Ultimately, there appears to be a major easing of the 
shortage of critical care capable physicians on the horizon.

 Traditional Tele-ICU Coverage

At the initiation of the first commercial tele-ICU program, the intent was to provide 
24/7/365 physician and nursing coverage remotely as diagramed in Fig. 1.1.

This staffing paradigm has proven challenging. Because there was a national 
shortage of intensivists, it had been equally challenging to staff the tele-ICU pro-
grams. At any given time, a long list of tele-ICU intensivist jobs is readily available 
[60–63]. As is true of much of the staffing in the tele-ICU, it is impossible to deter-
mine the current tele-ICU physician need, positions that go unfilled, or longevity of 
the tele-ICU physician. However, the presence of literature supporting alternative 
staffing models supports the belief that there is currently a shortage of bedside and 
tele-ICU intensivists.

Tele-ICU

Typical MD/RN Hierarchy

MD: Intensivist

eRN eRN eRN eRN

Fig. 1.1 Traditional tele-ICU staffing model with the physician intensivists supervising care 
through trained tele-ICU critical care nurses
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 Staffing the Tele-ICU with Non-intensivist Physicians

LeapFrog has promoted the adoption of bedside intensivists when possible and the 
tele-ICU when the intensivists cannot be physically available. Due to the current 
paucity of trained intensivists, LeapFrog [64] has promoted alternative staffing 
models to include:

Physicians board-certified in medicine, anesthesiology, pediatrics, emergency medicine, or 
surgery, and who have:

•  Completed training prior to the availability of a subspecialty certification in critical 
care; and

• Provided at least six weeks of full-time ICU care each year.

Others have proposed that hospitalists [65, 66] with additional training and 
intensivist backup could direct critical care services in some community hospitals. 
The benefit of this “pyramidal hierarchy” lies in the ability of a single intensivist to 
cover even more ICU beds with nursing staff managing the majority of monitoring 
and screening and non-intensivist physicians managing more complex issues and 
able to write orders with overall intensivist oversight (Fig. 1.2).

 Staffing the Tele-ICU with Advanced Care Providers

There has been a relatively recent movement to employ advanced care providers in 
the physical ICU [67–69] particularly when under the direction of a trained intensiv-
ist. Therefore, extension of this same staffing model to the tele-ICU would seem 
equally feasible. The benefit of advanced care providers is the ability to give thera-
peutic orders while avoiding hiring higher-cost non-intensivist physicians (Fig. 1.3).

Centralized Tele-ICU

Pyramidal MD/MD/RN Hierarchy

MD: Intensivist

MD: Non-Intensivist

eRNeRNeRNeRNeRNeRNeRNeRNeRN

MD: Non-Intensivist MD: Non-Intensivist

Fig. 1.2 Alternative tele-ICU staffing model leveraging an intensivist over a greater number of 
patients/hospitals with the use of non-intensivist physicians providing the direct supervision over 
trained tele-ICU critical care nurses
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 Clinical Coverage Options

A flexible tele-ICU program may be able to offer various coverage models with 
some option of cost savings. The highest level of coverage with 24/7/365 remote 
monitoring may be best suited for rural facilities with no on-site intensivist or pul-
monary coverage whatsoever. For programs with existing on-site daytime coverage, 
the tele-ICU could go live during evening hours only. Tele-ICU nursing options 
could also be independently tailored to the needs of a particular ICU (Fig. 1.4). 
Certain options exist combining the evening-only tele-ICU coverage for the week 
days and the 24/7 intensivists for the weekends.

 Turning “Night to Day”

Perhaps the most innovative evolution of staffing is to ensure that the care providers 
are always working during their personal daytime shift. There is data suggesting 
that nighttime providers may be less experienced, and outcomes could be impacted 
[70]. There is significant physiologic impact upon the “shift worker” manifesting as 
sleep disturbances, increased accidents and injuries, and social isolation for nurses 
[71, 72] and physicians [73]. The concept of “turning night to day” was most 
recently promulgated from Emory University in Atlanta. The program links 
US-based tele-ICU programs with a tele-ICU program at the Royal Perth Hospital 
on the west coast of Australia. The Australian site is 12–13 time zones from the east 
coast of the USA [74–77]. Functionally, the US facility receives nighttime coverage 
from Australian providers who are working during their respective daytime shift 
and vice versa. Ultimately, all care providers are working during their daytime pro-
viding night coverage half a world away. A similar program has been in existence 
for several years with Avera eCare®. The Avera eCare® links to Tel Aviv, Israel, 

Tele-ICU

MD/ACP Hierarchy

MD: Intensivist

ACP ACP ACP ACP

Fig. 1.3 Alternative tele-ICU staffing model employing advanced care providers (ACPs) super-
vised by intensivists
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which is 8 hours later than the South Dakota home site of Avera eCare. The Tel Aviv 
tele-intensivists provide tele-ICU coverage during the night hours in Sioux Falls, 
South Dakota (Fig. 1.5).

 Business Models

Fundamental questions of the ultimate business model for the tele-ICU exist. Should 
the tele-ICU continue as an independent entity within a medical system, evolve to a 
stand-alone program outside the medical system, or be incorporated into a larger 
telemedicine program. Designing for the present or future mandates considerations 
of vertical or horizontal scaling [78]. “Horizontal scaling” [79] also known as “scal-
ing out,” in business, means adding more discrete but different service lines. 
Alternatively, “vertical scaling” [80], also known as “scaling up,” translates to 
increasing the capacity of existing entities or service lines. An example of a horizon-
tal scaling model could be adding alternative services to the tele-ICU such as neu-
rology, postoperative care, pharmacology support services, palliative care services, 

100% RN & 100% MD Tele-ICU Coverage (most costly)

8:00 AM 8:00 AM12:00 noon 8:00 PM 11:00 pm

Clinical  Coverage Options

eRN

MD-Intensivist

eRN

eRN

100% RN with 50% MD Tele-ICU Coverage
50% reduction in Physician salaries

50% RN and 50% MD Tele-ICU Coverage
50% reduction in overall salaries

MD-Intensivist

MD-Intensivist

Fig. 1.4 Options for hours of coverage and personnel
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and behavioral health  – all based from a telemedicine center that subsumes the 
tele-ICU.

In some cases, with horizontal scaling, tele-ICU programs or programs begin-
ning with other focuses have evolved to “virtual hospitals.” An example of horizon-
tal scaling is Avera eCare [81] – a virtual hospital in Sioux Falls, South Dakota, 
which evolved initially from a consult service then to a tele-ICU-focused program. 
The Avera tele-ICU, now more generally known as Avera eCare, includes eCorrec-
tional Care, eBehavioral Care, eEmergency Care, ePharmacy, eSchool Health, eSe-
nior Care, eSpecialty Consultations, and eHospitalist programs. Similarly, the 
virtual hospital at Intermountain Healthcare in Utah incorporates 35 individual tele-
medicine programs including tele-ICU, tele-neonatal consultations, telestroke, 
behavioral health evaluations, and other services [82, 83]. In Chesterfield, Missouri, 
the Mercy Virtual Care Center exists in a stand-alone, four-story building providing 
tele-ICU, telestroke, tele-sepsis, tele-hospitalists, and remote patient monitoring for 
homebound patients with chronic illnesses all while touting “no beds” [84]. The 
Mercy facility is a 125,000-square-foot, $54 million-dollar structure working to 
meet or exceed the CMS goals of reducing cost of care and keeping patients out of 
the brick-and-mortar hospitals [85].

Forces that drive the development of vertical scaling are essentially the same as 
the forces that drove the initial development of the tele-ICU: shortage of intensiv-
ists. Programs desiring to establish a tele-ICU program may discover that they are 
not able to recruit intensivists to staff a “bunker” when using the centralized model. 
Consequently, an organization may have deployed the hardware and software tech-
nology but seek physician and nursing coverage from elsewhere. Corporate tele- 

Tel Aviv, Israel

Sioux Falls, SD, USA

Atlanta,Ga, USA

Perth, Aust.

Fig 1.5 “Turning night into day”: extremely remote coverage of tele-ICUs (map modified from 
Google Maps)
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ICU has evolved and is currently doing business such as Advanced ICU Care® 
which is advertised to be the “first external tele-ICU solution” providing the “man-
power” when “manpower” is not otherwise available. The Advanced ICU Care pro-
gram has installations in at least 65 hospitals and health systems, sites in at least 24 
states, five operations centers (plus three special arrangements), and a staff of 140 
focused clinicians [86] (Fig. 1.6).

The concept of scaling up or out is presented here as if these are independent 
entities. In fact, a horizontally scaled program may be requested to provide more of 
an established service  – that is, to vertically scale within a horizontally scaled 
program.

Recently, one group in the state of Maryland proposed a different horizontal 
scaling model for the extension of critical care services (Fig. 1.7) from “the scene” 
through emergency transport to the Emergency Department, operating room, and 
the ICU [87]. Maryland was the first state with a statewide trauma program and a 
statewide helicopter medical evacuation program [88] with a long-established 
infrastructure that includes the Maryland Institute for Emergency Medical Services 
System. Since most critical care services pass through the Emergency Department 
environment and with the lines between the Emergency Department and the ICU 
becoming blurred, this could represent horizontal scaling from the Emergency 
Department or the ICU. The concept was to begin critical care with active physi-
cian input beginning at the scene, continuing through all phases of transport, and 
into the hospital. The direct benefit is immediate physician input to care and a 
degree of continuity of care. An ancillary benefit is the creation of documentation 
directly without the risk of translational changes via handoffs among many care 
providers.

Tele-ICU

Tele-ICU

Vertical Scaling:
“Scaling Up”

Adding additional Critical Care Med
Coverage

The Corporate Tele-ICU model

Horizontal Scaling:
“Scaling Out”

Adding additional Services Lines
The VIRTUAL HOSPITAL model

Tele-ICU

Tele-ICU

Tele-ICU

Tele-ICU

Tele-ICU

Tele-ICU

eSpecialty Consultation ePharmacy eEmergency eCorrectional Health eHospitalists eBehavioral Health eSchool Health eSenior CareTele-ICU

Fig. 1.6 Vertical and horizontal scaling of telemedicine programs either initially based upon the 
tele-ICU concept or subsequently incorporating tele-ICU into a larger scaled program

H. N. Reynolds



13

 Project ECHO®

Project ECHO® (Extension for Community Health Outcomes) was launched in 
2003 with the intention to “de-monopolize” medical knowledge and improve quality 
of care to the underserved. Initially focused on a single disease entity, hepatitis C, the 
program has expanded to de-monopolize knowledge for at least 100 different disease 
states in over 31 countries. The concept is simple. Experts at a “hub” could share 
information with remote care providers in a case-presentation or question- and- 
answer format on a weekly basis using the “hub-and-spoke” capabilities [89, 90].

The tele-ICU was initially established on a hub-and-spoke model. While not all 
current tele-ICU models are based on this functional model, those that are could 
spread and share medical knowledge using Project ECHO® concepts. Currently, 
there are no tele-ICU programs providing the Project ECHO® Model (personal 
communication, ECHO Institute); however, there are significant hub-and-spoke 
programs that do share knowledge such as:

 1. EMS/Trauma – University of Utah
 2. Burn and Soft Tissue Injury – University of Utah
 3. Integrated Care – Northeast Ohio Medical Center (NEOMED)
 4. Long-Term Care – University of Rochester
 5. 10 ECHO projects providing for quality improvement training

Now in the era of “population health,” medical centers are responsible to keep 
their community of patients healthy. The tele-ICU model, particularly if expanded 
into a horizontally scaled program, is ideally suited and situated to educate a com-
munity of healthcare providers, improve quality of care, and support the “Patient- 
Centered Medical Home.”

Vertical Scaling

Horizontal Scaling

TeleMedicine
Center
Tele-ICU

Tele-Scene Tele-Mobile
Emergency
Department
ED-ICU

ED-Tele-ICU

Operative
suite

ICU

Fig. 1.7 Horizontal scaling of the tele-ICU into the realm of scene care, the mobile environment, 
through the Emergency Department and operative suite until arrival in the ICU
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 Unanswered Questions

There remains a series of unanswered questions regarding the tele-ICU. The follow-
ing is not meant to be an all-inclusive list but rather raises a few concerns or thoughts.

 1. The ideal structure has never been defined. There are no comparative studies of 
centralized versus decentralized tele-ICU programs.

 2. The best staffing model has never been defined. There are no studies that guide 
which clinician type is the most cost-effective and/or clinically effective.

 3. The coverage model remains to be defined. Is the 24/7/365 model better than 
12/7/365 with in-person intensivists during daytime hours? Are there programs 
that only require weekend coverage versus programs that only require nighttime 
coverage? Would the episodic consultation model/demand response model be 
adequate in some cases?

 4. With a changing “manpower supply,” is there indeed a “manpower” shortage – 
which was the primary driver for the evolution of the tele-ICU  – or will the 
newer HRSA projections correctly predict an eventual oversupply?

 5. Conversely, does the tele-ICU solve the manpower shortage or just exacerbate 
the demand as programs try to meet the LeapFrog guidelines?

 6. What is the best business model? Judging from the success of programs that have 
chosen horizontal or vertical scaling, remaining as an isolated tele-ICU may not 
be the most optimal design.

 7. When will hospital-based tele-ICU programs become part of the “population 
health” initiative and assume community education as a priority, i.e., the ECHO 
Model?

 Summary

The tele-ICU concept and process is now well established and highly functional. 
Long-term viability may be dependent upon adopting different staffing models, dif-
ferent functional models, or different business models. With the apparent domina-
tion of a single tele-ICU product line, many will assume that there is only a single 
product line. Those new to the technology should learn the variables (lexicon) and 
make investments and staffing decisions based upon new business models, flexibility 
of design that accounts for the “manpower” availability, needs of the “manpower,” 
and the overall programmatic goals. The world no longer has just one “Black 
Sedan.”
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Chapter 2
Remote Proactive Physiologic Monitoring 
in the ICU

Venktesh R. Ramnath and Atul Malhotra

Key Points
• Intensivist-associated benefits in ICU outcomes are limited by predicted 

manpower shortages and increased critical care data, which led to enthusi-
asm for remote proactive physiologic monitoring (RPM)-based technology 
solutions, now a burgeoning market.

• The use of predictive analytics in critical care is at a tipping point as artifi-
cial intelligence, data science, and related disciplines make new clinical 
decision support (e.g., “Sepsis Sniffer”) and the Internet of Things possible 
in the “smart ICU.”

• Centralized and decentralized RPM tele-ICU vendors offer continuous, 
reactive, or scheduled care RPM models with differentiation based on cost, 
ease of implementation, and analytics capability to drive outcomes.

• Regardless of the RPM/tele-ICU platform chosen, impact upon remote and 
bedside provider workflows should be examined and collaborative team-
work emphasized.

• Administrators looking to use RPM and tele-ICU systems should seek to 
integrate them into a larger, institution-wide health IT vision and empha-
size compatibility and interoperability between new and existing technol-
ogy, operations, and workflows.
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 Critical Care in Crisis

• Existing intensivist staffing strategy is inadequate

Management of critically ill patients admitted to the intensive care unit (ICU) is 
at a crossroads. Though most studies indicate that ICUs staffed by intensivist physi-
cians have improved ICU outcomes, including lower mortality [1, 2], most critical 
care in the USA is not delivered by intensivists [3]. One factor is the availability of 
intensivists, a problem that will likely worsen as the US population continues to age 
and demand for critical care expertise rises [4]. Further demands upon existing 
intensivist physicians are due to hospital expansion of ICU bed to hospital bed ratios 
as part of acute care services [5]. Together, these factors have created a “crisis” in 
the critical care workforce [6].

• Rising critical care data compound the need for expertise

Concurrent with shortcomings in access to critical care expertise, the types and 
amount of data that are available for the critical care physician to make care plans 
have escalated dramatically. This is due to a rapid advancement over the last decade 
in computer processing speeds and high-speed-internet-based technologies that 
have made the use of smartphones, cloud computing, and mobile data networks 
almost ubiquitous [7]. As a result, business practices of many nonmedical industries 
from retail to finance have become “disrupted” [8]. Following suit, the healthcare 
industry is now being increasingly influenced by rising availability, reliability, and 
quantities of digital data.

• Critical care and digital data: the rise of remote proactive physiologic monitor-
ing (RPM)

Since ICU care involves multiple data sources and specialized personnel who 
may not be readily available in person, many have advocated for the use of remote 
proactive physiologic monitoring (RPM) technologies to address both access to 
expertise and provision of critical care decision support. As we will explain, RPM 
can be used to improve access to expertise in various ways, including direct audio-
visual connections to remote intensivists via a video teleconference (VTC) plat-
form, surveillance monitoring of physiologic changes, and decision support for 
clinicians by virtue of sophisticated analytic software and displays.

• What exactly is RPM?

RPM is defined as the collection (using digital technologies) of personal health 
data from a person in one location (e.g., ICU) and transfer of such information elec-
tronically to a different location where these data can be analyzed and used by health-
care providers to evaluate and create care recommendations [9–11]. As a whole, 
RPM incorporates various aspects of the “digital health” spectrum, which includes 
population health management, big data and analytics, telemedicine, consumer 
engagement, digital medical devices and apps, and personalized medicine [12]. 
Use of RPM in the ICU has been invoked as a possible solution to the intensivist 
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workforce gap by improving patient triage to the ICU (e.g., Modified Early Warning 
System) [13] and through enhanced use of existing limited resources without increas-
ing the supply of intensivists [14]. Furthermore, given that substantial healthcare 
costs are allocated to the ICU setting [15], new use of technology is expected to 
improve the overall value of ICU care.

Components of RPM include patient sensors, telecommunications platforms, 
data storage, analytics applications, and information displays with associated inter-
ventions (see Table  2.1). Sensors can acquire or receive information and can be 
obtained via invasive or noninvasive, digital or non-digital, manual or passive input, 

Table 2.1 Types of RPM ICU components, types, and examples

Components Types Examples

Data capture Invasive sensors
Noninvasive sensors 
(e.g., wireless or wired 
devices and “wearables”)
Manual input by operator 
(via smartphone app, 
EMR, etc.)
Social media feed
VTC

Indwelling brain electrodes, blood 
sampling monitors [18]
Therapeutic “wearable” devices (e.g., 
indwelling brain electrodes, hearing aids, 
insulin pumps, transcutaneous electrical 
nerve stimulation (TENS))
Diagnostic “wearable” devices (e.g., pulse 
oximeters, blood pressure monitors, 
wearable patches, ECG leads, activity 
trackers)
“Eatable” sensors (e.g., pill sensors for 
gastrointestinal bleeding [19])
EMR notes
Ultrasound probes

Data transmission Wireless (WiFi)
Wired
Mobile network
Satellite
Bluetooth
ZigBee
Nearfield
Infrared
Ultrawide band

TCP/IP internet protocols
Coder-Decoder (CODEC) compression 
software
T-carrier lines
3G/4G/5G

Data storage (central) EMR
Cloud storage and services

Epic, Cerner, McKesson, Allscripts
Amazon Web Services, Oracle, IBM, 
Google, Apple

Data analytics, 
artificial intelligence- 
based algorithms

Population health analysis
Identification of 
opportunities for 
intervention (e.g., deviation 
from established norms)

APACHE, SAPS scoring
Compliance and metric analysis

Data display and 
recommended 
treatment 
interventions

“Smart,” logic-based 
clinical and operational 
decision support
Dashboard-based alerts

Discharge Readiness Tool [20]
“Sepsis Sniffer” [21]
Irrelevant alarm reduction

APACHE Acute Physiology and Chronic Health Examination, EMR electronic medical record, 
SAPS Simplified Acute Physiology Score
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and/or real-time versus asynchronous means. For example, a device implanted in 
the brain can provide real-time data through an invasive electrode [16], while a 
wireless respiratory monitor may never be required to touch the patient’s skin. 
Telecommunications can be through wired (e.g., T-carrier lines), wireless (WiFi), 
mobile network, satellite, infrared, ultrawide band, ZigBee, nearfield, or Bluetooth 
connections [17] and ensure Health Insurance Portability and Accountability Act 
(HIPAA) and other security compliance. Data storage must exist locally (within the 
device itself) as well as at the remote site where all device data are housed and ulti-
mately examined for generation of treatment recommendations and statistical anal-
yses (e.g., severity-adjusted acuity scores like Acute Physiology and Chronic Health 
Examination (APACHE)). Some digital devices, such as smartphones apps and 
wearable sensors, combine these capabilities and are able to monitor, record, trans-
mit, and even provide treatment interventions.

• Use cases of RPM in the ICU are promising but still early-stage

How are these technologies used in the ICU? Many RPM technologies are still 
being tested in proof-of-concept and feasibility studies, but effective devices and 
strategies have emerged that use disease-specific approaches. Specific feasibility 
studies include the use of tele-electrocardiogram and tele-angiography [22, 23] in 
acute coronary syndrome, tele-echocardiography in congenital heart disease [23, 
24], tele-delirium assessments via mobile devices [25], safety during transport of 
acutely ill [26], sleep disorder surveillance [27, 28], patient mobility [29], sedation 
levels [30], pressure ulcer monitoring [31–33], tele-electroencephalogram in epi-
lepsy [34–38], and hyperbaric treatment [39]. RPM interventions have also applied 
to improving hand hygiene in the ICU [40].

When individual, disease-specific RPM technologies are grouped into collective 
strategies for delivering comprehensive ICU care, however, options narrow consid-
erably. This finding is primarily due to the difficulties in integrating products that 
have been engineered and studied in diverse ways without overlapping or common 
standards, goals, or approaches. As a result, many disease-specific RPM technolo-
gies are wedded to particular technology ecosystems in which they were created. 
For example, there are differing quantities and types of mobile health apps that are 
specifically designed for Apple iOS or Android smartphone operating systems, but 
not both [41]. As a whole, integrated RPM platforms are still in a state of infancy.

 RPM and Data Analytics in the ICU

• RPM is a major step towards the Precision Medicine goal of personalized, data- 
driven critical care

Interest in RPM took a large step forward with the introduction of the Precision 
Medicine Initiative of the National Institutes of Health [42, 43]. In early 2015, 
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President Obama laid the groundwork for a new approach to medicine and research in 
which care plans and treatment algorithms could be tailored to an  individual person’s 
unique makeup based on genetic, environmental, and lifestyle factors. In the 
President’s words, “Doctors have always recognized that every patient is unique, and 
doctors have always tried to tailor their treatments as best they can to  individuals. You 
can match a blood type – that was an important discovery. What if matching a cancer 
cure to our genetic code was just as easy, just as standard? What if figuring out the 
right dose of medicine was as simple as taking our temperature?” [43].

By using RPM and other digital health strategies, a new emphasis on creation of 
personalized care plans has now emerged in the ICU. Patient and context-relevant 
care plans can incorporate data from medical records and genomic, environmental, 
and even social media-based sources [44]. Along these lines, some have called for 
collecting digital patient health data to create a “digitized self” that could be shared 
with researchers and clinicians, who could then identify precise therapies [45]. 
Reflecting such enthusiasm, the global ICU RPM technology market is projected to 
grow with a compound annual growth rate at almost 20% from 2013 to 2024, with 
a projected overall value in North America of $2.5 billion [42].

• RPM data and artificial intelligence in critical care: dawn of a new era in 
 decision support

Given the ongoing effects of Moore’s Law upon processing power, RPM digital 
devices and enhanced cloud server storage capacities have allowed for exponen-
tially growing repositories of health data, raising prospects for insights mined from 
such “big data.” As a result, fields such as computer science, data science, and sta-
tistical analysis of large data sets have taken a special relevance in healthcare. In 
particular, artificial intelligence (AI) approaches such as deep learning and machine 
learning algorithms have shown much promise [16, 46–48], including better ICU 
patient acuity-based scoring and outcome predictions [20, 49], reduction of false 
arrhythmia alarms [50], predicting central-line bloodstream infections [51], and 
improved sepsis outcomes in the ICU [21, 52, 53].

One example is the Sepsis Sniffer [21], a detection and alert system that utilizes 
rules-based algorithms using EMR data to identify two key components of severe 
sepsis management: its presence and associated delays in recognition and treatment. 
The sepsis detection component of the algorithm uses multiple parameters gleaned 
from the EMR based on the physiology of sepsis (orders for body fluid cultures for 
suspicion of infection): white blood cell count, temperature, respiratory rate, and 
heart rate (markers of systemic inflammatory response syndrome (SIRS)); blood 
lactate levels and systolic blood pressure (signs of organ hypoperfusion-related dys-
function); and fluid-resistant low blood pressure readings and use of vasopressors 
documenting clinical shock. The delay in recognition and treatment component is 
based on lactate and central venous pressure (CVP) values only. Using both recur-
sive data partitioning (a statistical modeling method) and an iterative process to 
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refine the algorithm, the Sniffer had a sensitivity of 80% and specificity 96% for 
detection of severe sepsis. It was then used to demonstrate that 68% of patients had 
a delay in recognition of treatment component such as not having lactate and CVP 
measurements done in a timely manner. In addition, the Sniffer showed that the 
existence of low systolic blood pressure had the greatest predictive value for detect-
ing severe sepsis [21].

Riding this momentum, we appear to be at a tipping point, given that 86% of 
hospitals now use some form of AI in their operations, with applications ranging 
from claims collection to clinical decision support [54]. In the ICU, the need for 
“smart” approaches to the rising data collection is inescapable.

• RPM makes “The Internet of ICU Things” a realistic possibility

The “Internet of Things” (IoT) is a description of how activities and objects 
of daily life continue to be transformed by the power of data from mobile com-
puting technologies coupled with cloud-based storage servers, high-speed inter-
net connectivity, and analytics platforms. Like “smart grids” that aim to improve 
utilization, efficiency, and reliability of electricity use [56], IoT now appears 
within reach in healthcare [57, 58], including the ICU, and depends on the use 
of RPM. Bhatia [55] introduced and implemented an ICU IoT framework that 
showed both high anomaly recognition and low false positive rate (~3%) com-
pared to manual and audiovisual monitoring practices. The ICU IoT they pro-
pose includes the following features: data acquisition and synchronization, 
event classification and cloud server-based storage, information mining and 
analysis, and presentation of notifications to the physician provider (Fig. 2.1). 
Numerical, graphic, and textual data from patients are assigned attributes that 
are grouped into datasets and classified into “events” (such as physiologic val-
ues (e.g., vital signs), discrete therapies (e.g., medications and procedures), 
environmental factors (e.g., ambient noise and air quality), behavioral stigmata 
(e.g., stress), or diet features (e.g., type of nutrition). These events are then 
stored in cloud servers where they can be mined and analyzed, with eventual 
notification via alerts to the medical provider [59]. This IoT model is the natural 
extension of the informatics foundation well described by Halpern [17], in 
which he describes the steps toward creating the informatics backbone of the 
“smart ICU” through the use of the following: a wired and wireless device infra-
structure, data connectivity hardware, automatic identification tags, adapters for 
interoperable data sharing, and ICU middleware (e.g., servers and applications) 
such as real-time locating systems, decision support, VTC, and smart displays 
(Fig. 2.2). With this scaffold in place, the various RPM technologies, IoT strate-
gies, and AI-based algorithmic analyses (such as “just-in-time learning” [60]) 
can create an integrated technological approach that achieves the goals of 
Precision Medicine [61].
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 Current Comprehensive Tele-ICU Options

Although many RPM strategies to date have focused on feasibility and single appli-
cations, some integrated RPM platforms have demonstrated benefit in particular 
ICU populations under an umbrella term of “tele-ICU.” These tele-ICU systems 
often integrate various different RPM components, such as real-time, high- definition 
VTC, EMR and imaging access, physiologic data acquired from sensors, secure 
data storage centers, and clinical decision support functionalities. In neurocritical 
care [62], iSyNCC provides patient monitoring and information and clinical deci-
sion support. There are other similar applications in neonatal care [63–66], pediatric 
care [65, 67], and cardiac care [23].

In general, tele-ICU systems for adult patients can be categorized as centralized 
or decentralized, employ open or closed architecture, and utilize either continuous, 
reactive, or scheduled care models [68, 69].

 Centralized Monitoring Tele-ICU

• CM systems provide a hub-and-spoke platform and continuous, reactive, and/or 
scheduled care models

CM tele-ICU systems usually involve a hub-and-spoke structure in which RPM 
data (e.g., vital signs, EMR, picture archiving and communications system (PACS), 
VTC-based communication) are continually transmitted from all monitored ICU 
beds in the spoke ICU through high-fidelity, fixed T1-carrier connections to a dedi-

Step 1

Install robust wired and wireless infrastructure

Step 2
Install tracking and data acquisition hardware

Step 3
Attach Auto-Identification (Auto-ID) tags to all data sources

Step 4

Attach adaptors and/or computers to
medical device data output ports

Step 5

Install middleware (servers/applications) on
hospital and ICU networks

Fig. 2.2 Steps in creating 
an informatics foundation 
in the “smart” ICU. (From 
Halpern [17])
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cated team in the hub command center. The RPM data are constantly analyzed using 
sophisticated clinical information system (CIS) software to generate acuity scores, 
assess compliance with evidence-based care standards [70, 71], and create elec-
tronic displays. Using such information, the remote providers have the ability to 
make immediate and proactive interventions according to the recommendations of 
the analytic software. While reactive (i.e., upon request) or scheduled care models 
are possible, most CM systems employ a continuous care model in which the hub 
team constantly processes data inputs and intervenes in real-time. Actual or poten-
tial clinical problems can be visualized through acuity-based patient dashboards 
generated by the CM software, and the hub team can provide support via telephone 
and/or VTC for any questions from the on-site providers.

• CM tele-ICU systems demonstrate improved outcomes through early recognition 
of critical disease and improved protocol compliance

Use of CM systems has been associated with clinical outcome improvements, 
including enhanced sepsis management like the “Sepsis Sniffer” and “Sepsis 
Prompt” [21, 52, 72–75], adherence to lung protection goals [76, 77], prevention 
of ventilator-associated pneumonia [71], improved outcomes in ST-segment eleva-
tion myocardial infarction [78], and ventilator bundle compliance [79]. ICU sur-
vival benefits have also been observed [80, 81]. Furthermore, the wealth of 
actionable data from these CISs opens new opportunities in resource utilization, 
such as appropriately triaging patients into and out of the ICU [20, 82]. One such 
example is the Discharge Readiness Score (of the Philips eCareManager®) that 
utilizes calculated APACHE and/or Simplified Acute Physiology Score (SAPS) 
severity scores [20, 83], trends in clinical markers, benchmarks, and other data to 
indicate appropriate timing for discharge from the ICU care setting [20, 79]. In 
these ways, CM tele-ICU systems appear to be a major step toward the Precision 
Medicine goal of the “smart ICU.”

• CM tele-ICU vendors offer enterprise-level, end-to-end products

CM tele-ICU systems are largely offered by vendors as a comprehensive, end-to- 
end enterprise-level package including hardware, software, and project manage-
ment personnel to facilitate implementation. Some companies like Banner Health 
and Advanced ICU Care also offer telehealth providers for an installed CM tele- 
ICU system. Major vendors of CM tele-ICU products are global and include GE 
Healthcare (Chalfont St. Giles, UK) and Philips Healthcare (Andover, MA), which 
owns Philips-VISICU (Baltimore, MD). Smaller vendors include iMDsoft® 
(Dusseldorf, Germany) and INTeleICU (Chennai, India). Philips-VISICU offers an 
end-to-end solution including provision of hardware, software, and project manage-
ment resources. Hardware is offered at cost from Philips itself or third-party ven-
dors, while the software (eCareManager®) is a strictly proprietary product. 
iMDsoft® offers a software overlay that integrates with native EMRs to provide an 
early warning dashboard display using RPM data streams.
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• CM tele-ICU systems drawbacks: high cost, required resources, and time to 
implement

One chief disadvantage of CM tele-ICU systems is cost, with initial startup esti-
mates ranging from $50,000 to $100,000 per ICU patient bed [42, 84]. Another is 
time to full implementation, since enterprise solutions often require many months to 
prepare effectively and execute the launch. Therefore, committing to a CM tele-ICU 
platform requires significant investments in new hardware, software, and man-
power, which can provide difficulties to smaller hospitals on a tight budget.

 Decentralized Tele-ICU

• DC systems emulate the bedside consultant experience through reactive or 
scheduled care models only

DC tele-ICU systems most often involve a standalone platform in which a por-
table, mobile VTC device is used for direct bedside care through an open architec-
ture design in which single or multiple providers can deliver care without being 
required to be in a single location. In this way, reactive or scheduled care models are 
primarily possible with DC systems as they mirror traditional clinical settings in 
which a clinician arrives at the bedside at the request of a referring provider (con-
tinuous care models require a separate system). The DC tele-consultant appears at 
the bedside on a VTC screen (i.e., positioned on a mobile robot or cart, desktop, or 
tablet), interviews the patient, and performs a physical examination with the help of 
an on-site medical provider (e.g., nurse). The tele-consultant reviews relevant 
patient health information in data repositories that are almost always separate from 
the VTC technology (e.g., EMR, PACS). In this way, the tele-consultant workflow 
is almost identical to a live consultant, except that the interview and exam are done 
remotely with the help of an on-site clinical provider. Clinical decision support, 
unlike CM tele-ICU systems, relies on existing IT systems that are traditionally 
EMR-based.

• DC tele-ICU vendors offer many different hardware and software options

DC tele-ICU system hardware device options include autonomous mobile robot 
units (e.g., InTouch Health (Santa Barbara, CA)), semiautonomous robot units (e.g., 
Double Robotics (Mountain View, CA), Suitable Technologies (Palo Alto, CA), 
Vgo (Cambridge, MA), VSee (Sunnyvale, CA)), cart-based units (e.g., Cisco (San 
Jose, CA), Lifesize (Austin, CA), Polycom (San Jose, CA)), and handheld tablets 
(e.g., Apple iPad®, Microsoft Surface Pro®). Separate software purchase is usually 
unnecessary, as most devices have their own embedded software allowing connec-
tions through available internet networks, but hospitals must ensure that high-speed 
internet connectivity (at least 1 MBPS) is available through either fixed ports in 
patient rooms or wireless access points to avoid signal interruptions. Patient exami-
nation “peripheral” devices include tele-stethoscopes, and ultrasound monitors can 
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be helpful in direct patient evaluation. However, most DC-based patient examina-
tion primarily relies on the power of the VTC interface (particularly the resolution 
of camera zoom, which is often 10× to 12×) in conjunction with direct patient con-
tact by on-site providers’ “surrogate hands” [68].

• DC tele-ICU systems are relatively inexpensive and flexible

The main advantages to DC tele-ICU systems involve cost and flexibility. Device 
prices generally continue to decrease over time, given the low barriers to market 
entry of competitors and evolving manufacturing costs, and are device-specific. 
Tablets are generally $500–$2000 while mobile robot units are $5000–$10,000 and 
cart-based units range from $10,000 to $100,000 (based on available MSRP infor-
mation). From a technical standpoint, introducing a DC device, which usually oper-
ates independently from other health IT infrastructure, can be relatively 
straightforward provided that high-speed internet connectivity is available. As a 
result, time to initial implementation can be minimal. Maintenance costs include 
hardware and software upgrades but are often included in purchase contracts.

• DC tele-ICU drawback: lack of integrated IT/analytics platform to drive 
outcomes

The main drawback of DC tele-ICU systems is the lack of an integrated CIS to 
allow seamless analytics-based intervention via a continuous care model. Instead, 
each remote provider must access RPM data separately via health IT platforms 
(e.g., EMR), which are often limited in functionality as they are frequently not engi-
neered for population health-based analytics. While the ultimate efficacy upon clini-
cal outcomes of DC systems is currently unclear (in comparison to CM tele-ICU 
systems which have been better studied [85]), it is also important to recognize that 
direct comparison studies between continuous and reactive care models have yet to 
be performed [86].

 Bespoke (Hybrid) Models of Tele-ICU

Given the limitations of current vendor offerings in CM (i.e., cost of resources, time 
to execute) and DC (i.e., lack of CIS) tele-ICU systems, some have turned to create 
their own hybrid systems, often trying to incorporate advantages of both systems 
while minimizing respective downsides. For example, Navy Medical Center [87] 
created an early warning dashboard emulating a CM tele-ICU system with purchase 
of VTC equipment from third-party vendors and integrating them alongside other 
RPM devices with the legacy CliniComp EMR. Banner Health (Phoenix, AZ) cre-
ated iCare™ that allows interoperability between devices across their multistate 
clinical network. iMDsoft® provides a software overlay product that allows legacy 
EMR systems to create customizable dashboards, while hospitals choose hardware 
options and provide their own internal IT support personnel. Disaster management 
models involving telemedicine often purport the importance of both CM and DC 
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tele-ICU elements [88]. EMR vendors themselves (e.g., Epic (Verona, WI), Cerner 
(North Kansas City, MO)) are now developing their own tools to match the competi-
tion, like the APeX EMR used by the University of California at San Francisco that 
is capable of machine learning algorithms to improve sepsis outcomes [53]. Along 
these lines, larger academic medical institutions like UC San Diego Health are 
exploring mobile VTC solutions to complement and spur innovation in EMR capa-
bility. These developments have put pressure on the larger vendors of CM tele-ICU 
systems to provide “lighter” options to address the growing market niche for a more 
versatile, effective, and less costly solution.

 Launching a Tele-ICU Program: Impact Upon Clinicians 
and Their Respective Workflows

In any tele-ICU system, clinical workflow and operations in both on-site and remote 
locations are important to understand to promote continuity of care. The following 
are some important points for clinicians to keep in mind in CM as well as DC tele- 
ICU systems:

 Remote Tele-Clinicians

• Remember that credentialing/privileging requirements can be burdensome. This 
can be an overlooked point, but time, effort, and expense are required to com-
plete and maintain hospital-based requirements at all potential care sites, espe-
cially if care crosses state borders [89].

• Understand the remote team structure. The number of individuals (nurses/inten-
sivists/clerical staff) and reporting structure should be well defined and under-
stood by all team members. CM usually involves multiple members, while DC 
can involve either single or multiple providers. Team-building activities are 
important to build morale and efficiency of the remote team.

• Expect to document tele-interventions and encounters. Most clinical interven-
tions require EMR documentation in the medical record, which can be labor- 
intensive, particularly with higher numbers of beds monitored.

• Learn to utilize bedside providers as “surrogate hands” [68]. This is often chal-
lenging in both CM and DC systems. Expect a learning curve to proficiency, 
patience, and time spent to direct and obtain exam findings from a bedside in- 
person nurse. Proper training is crucial, especially for high stress situations such 
as cardiac resuscitation protocols and other urgent clinical deteriorations.

• Beware of alarm fatigue. Depending on the sophistication of embedded analytics 
and “smart” systems that can reduce clinically irrelevant alarms [50, 90], alert 
frequency can be substantial [71, 91] in CM and DC systems alike.
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• Be familiar with expectations regarding coding and billing for services. While 
most users of tele-ICU systems currently do not submit bills for a variety of 
 reasons [89], some do. DC models are more aligned with reimbursement if the 
geographic and other criteria are met [89].

• Participate in team-building exercises with on-site staff. Developing a “How can 
we help?” customer service-oriented approach is essential in both DC and CM 
systems. Create call schedules with continuity of providers so that familiarity 
between on-site and remote providers can grow.

 On-site Clinicians

• Welcome tele-staff as part of the local care team. Tele-ICU staff are most often 
seen as extensions to local teams to provide extra resources in terms of specialist 
input for complex cases and a “second pair of hands” for routine surveillance and 
nurse charting [92–94].

• Expect changes in call coverage and local staffing structure. Given new access to 
critical care tele-specialists, availability of on-site physicians (especially at 
night) may be different [94]. Also, on-site staffing may include the introduction 
of advanced practice providers (i.e., nurse practitioners or physician assistants) 
to assist in bedside care needs.

• Review documentation from tele-ICU staff. On-site staff should expect to review 
notes made by remote tele-ICU staff frequently to be aware of any interventions, 
changes in care goals, and deviations from evidence-based standards that 
occurred.

• Learn how to be effective “surrogate hands.” On-site providers will often be 
asked to develop and perform physical exam skills under the direct coaching of 
a remote physician and/or provider. Comfort and confidence come with 
practice.

• Be open to feedback and communication. Picking up the phone to ask for help 
and being receptive to feedback from “anonymous” providers can feel awkward 
at first but improves with time and familiarity. When on duty, using face-to-face 
visualization on the VTC whenever possible can help.

Considerations for administrative and clinical leaders to improve the relationship 
between on-site and remote providers:

• Identify physician, nursing [95], and other champions who have prior experience 
and enthusiasm for telemedicine and technology and provide tangible support 
for their efforts (e.g., funding, protected time).

• Create a plan for transparent communication [96, 97] and feedback through the 
pre-implementation, implementation, and post-implementation phases of roll-
out. Clear designation of competencies [76] and roles of the remote and on-site 
providers can avoid “diffusion of responsibility” issues with multiple providers 
dedicated to the same task(s) that can lead to inadvertent neglect [98].
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• Emphasize ongoing staff training. Increase familiarity with online data, alarms 
[99], and audiovisual connections for consultation and monitoring, with 
 one-on- one and single patient experiences [100]. Consider use of virtual simula-
tors [88, 101] and role-reversal exercises for both on-site and remote staff [97].

• Foster team and relationship building prospectively through encouragement of 
direct communication and visualization, continuity of staffing, arrangement of 
periodic in-person visits (on-site visits by remote staff as well as on-site provider 
visits to the remote staff location), and social engagements between all staff.

 Making the Right Choice for Your Institution:  
Where Administrators Should Focus

Given the plethora of tele-ICU products, a thoughtful approach is important. 
The following key points should be considered:

 1. Value proposition: What is the main driver behind taking on a change to the sta-
tus quo and how urgent is the need? Examples include improving population- 
based ICU clinical outcomes [102], reducing patient transfers, mitigating burnout 
levels in on-site staff, improving ICU bed utilization [103], and closing ICU 
coverage gaps.

 2. Operational assessment: How many ICU beds, units, hospitals, and hours of cov-
erage (daytime/nighttime) are being considered? How many staff members are 
needed in the tele-ICU? CM tele-ICU systems often see financial economies of 
scale when more than 75 ICU beds are envisioned for coverage, while DC can be 
helpful in lower patient loads. Some vendors offer trial periods, subscription 
models, upgrade packages, and rentals in addition to direct purchase [96]. 
Credentialing- by-proxy [89] and tele-proctoring (for focused and ongoing pro-
fessional practice evaluation requirements) should be considered. Remember 
that success of any tele-ICU system is contingent upon pre- and post- 
implementation periods as much as during the initial rollout itself.

 3. Emphasize interoperability within the entire health IT ecosystem. Interoperability 
of RPM hardware and software is important in order to minimize technology and 
workflow silos. An initial technical point is to understand how extant WiFi, cel-
lular, Bluetooth, mobile, and satellite network capability in and around the 
hospital(s) can and will impact RPM technologies of a planned tele-ICU system. 
Next, one should examine the impact of interoperability upon technology work-
flows. For example, DC tele-ICU systems usually offer standalone VTC services 
and, from an analytics standpoint, are largely independent of native EMR sys-
tems and thereby generally cannot harness the power of integrated CIS met-
rics that can improve outcomes. On the other hand, CM tele-ICU systems offer 
CIS- based interventions but also heavily depend on compatibility between 
devices and data streams for optimal results.
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• Synchronize and coordinate hospital-wide RPM approaches and departmental 
IT systems as much as possible to optimize overall system efficiency.

Some specific considerations regarding interoperability should be highlighted. 
First, continuous care models using CIS (whether as part of a CM system or an 
adjunct to DC system) require full integration between legacy IT systems and 
analytic software to realize the full potential [58]. Reduced or partial integration 
hamstrings functionality and can detract from utilization by providers with 
strong consequences on overall efficacy [104]. Second, tele-ICU systems should 
synchronize with other similar technology-driven efforts elsewhere in the hospi-
tal to minimize overall costs and enhance continuity of analytics-driven care to 
maximize system-wide gains. The EarlySense system in the Veterans 
Administration is a low- acuity early warning system that involves sensors placed 
in patients’ beds, bedside monitors, central display station, and proprietary ana-
lytic tools to prevent ICU admissions [105]. Other examples include the use of 
tele-ICU-like RPM systems for rapid response team support [106], progressive 
care units [107], and even general medical/surgical ward units [108]. Third, tele-
ICU technology should include capacity to interface easily with nonclinical tech-
nology systems in order to reduce data stream conflicts and broaden the data 
spectrum available for analysis. Indeed, health data sharing across disparate 
devices, which is promoted by the Integrating the Healthcare Environment initia-
tive (www.ihe.net), has yielded notable benefits. For example, the University of 
Utah gained valuable insight when using computer system to analyze data from 
various sources (e.g., ICU supplies, laboratory ordering, imaging and other diag-
nostic tests, medication orders) eventually finding that surgical ICU costs 
amounted to $1.43 per minute [109]. Cismondi found that AI-based modeling 
could reduce unnecessary lab tests in the ICU by around 50% [110]. With such 
clarity, “smart” use of existing resources is possible, akin to “just- in- time” 
approaches seen in the supply chain management in the manufacturing industry 
since the 1970s [111].

• Encourage interoperability with regional and national networks.

Similarly, promoting interoperability beyond the hospital (i.e., intra-institution, 
inter-hospital, intra-network (regional, national)) contexts is important, to extend 
gains based on facilitated information sharing across a wider set of patients. For 
institutions seeking to grow and leverage population health-based gains, seamless 
information sharing between all the member institutions is essential, with the 
Veterans Administration leading new efforts through promotion of the Open 
Application Programming Interface Pledge [112]. By engaging in such public- 
private partnerships, new innovative ideas are likely to surface as experiences and 
approaches are shared with others in the regional and national health system facing 
similar challenges.

• Anticipate any new technology to be launched in the medium (1–5-year) time 
frame.
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Finally, it may be worthwhile to examine if any new or expanded technologies 
are envisioned in the near future (1–5-year time frame). Examples might include 
upgrading or switching an EMR platform, launching a new secure messaging appli-
cation [113], purchasing a new set of ventilators or monitors, changing data server 
hosting, or studying a new technology (e.g., blockchain, augmented/virtual/mixed 
reality). If so, attention should be made to consider interoperability concerns in the 
short, medium, and long term.

 4. Prioritize compatibility of tele-ICU systems with existing clinical workflows, 
operations, and technology.

Technology does not exist in a vacuum. In both CM and DC tele-ICU systems, 
the interoperability of RPM products and data sharing platforms must be coordi-
nated with clinician interventions to maximize overall benefits. Studies continue to 
show that the more the tele-ICU system is used, the more the benefits may accrue 
[71, 81], especially if a direct intervention or logistic center is involved [114, 115]. 
Therefore, it is important to focus upon the usability and compatibility of technol-
ogy with existing clinical (and other) workflows and communication between pro-
viders [116]. Focus groups involving all stakeholders to a planned tele-ICU system 
should take place to understand all the current and potential pain points. This would 
include not just physicians (especially those who regularly admit to the ICU, such 
as surgeons, hospitalists, critical care intensivists, and cardiologists) and nurses 
[95], who would be the highest users of the tele-ICU service, but also ancillary staff 
such as pharmacists as well as administrators.

• Who are the potential proponents and detractors of a tele-ICU program?

In addition, scrutiny must be placed on who will be directly or indirectly affected 
by launching a tele-ICU program. Who will lose or dissuade others from using 
tele- ICU and who will gain or promote its use? This is a key consideration, since 
the success of the tele-ICU program will depend on the strength and balance of 
local champions and detractors [71, 95, 117]. Some key issues to consider from 
enacting a tele-ICU system include the local staff response to remote providers and 
the effect upon staff in non-ICU wards, who may now need to handle higher acuity 
patients [118].

Tele-ICU implementation should also synchronize existing contract-based 
services to minimize friction during transition. For example, if the RPM system 
will replace or impact a specific service line (e.g., intensivist staffing), contrac-
tual adjustments should be anticipated in advance, particularly with external pro-
vider groups. By recognizing that business transparency is a major market 
challenge in healthcare, administrators should avoid using multiple different and 
simultaneously operating IT platforms in order to reduce redundancy, confusion, 
and cross- competition for resources [57]. Finally, the public policy landscape 
should be compatible with the tele-ICU plan, given implications on licensing and 
restrictions on the use of telemedicine, including billing practices depending on 
state [89].
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 5. Reflect on longer-range strategic vision: What role does technology play? 
Remember overall tele-ICU and health IT trends.

From a global market perspective, tele-ICU systems are still in their infancy [42]. 
Given the current interdependence of technology with human resources, there still 
remains some uncertainty about the true effectiveness of tele-ICU alone, since they 
are considered “just one aspect of the health information technology bundle.” [96]. 
To date, CM tele-ICU systems demonstrate unclear cost-effectiveness [119], though 
financial gains may increase if technology is complemented by a decision support 
model in which RPM information was used to triage patients as well as deliver care 
[115]. In other words, technology alone is not enough.

Overall health IT trends are pointing toward increased options in healthcare data 
storage and analysis. Hospitals, which have traditionally been the location for patient 
data server hosting and other IT services, are now moving to outsource such activities 
to third parties in order to save costs and improve operational efficiency by streamlin-
ing workflows to core competencies [57]. Current market trends in the tele-ICU tech-
nology product space favor growth in software over hardware [42, 57] which suggests 
that the greatest gains will be seen by using software analytics that leverage existing 
hardware to optimize economies of scale. Many cloud computing vendors reliably 
meet governmental regulations and data privacy and security requirements, thereby 
allowing increased market entry of offerings such as software as a service (SAAS), 
platform as a service (PAAS), and software as a medical device (SaMD) products for 
health data analysis. The decisions of various large tech companies (e.g., Apple, 
Amazon, IBM, Google) to enter the health analytics space further substantiate this 
trend [47, 120]. As noted earlier, EMR vendors such as Epic are also developing their 
own internal tele-ICU dashboards and electronic triage tools. For these reasons, we 
are in the midst of a sea change in ICU health IT and data analytics.

Recognizing this trend can aid decision-making about tele-ICU investment and 
where the longer-term return on investment lies. For example, some institutions 
may find it better to devise a more custom-fit solution by partnering with a cloud 
storage and data analytics company or invest in a robust EMR platform that has 
embedded ICU analytics capabilities, in conjunction with a DC VTC interface for 
the face-to-face component. Others may find higher value in selecting an estab-
lished CM tele-ICU vendor product if many hospitals in a given network have 
aligned objectives and health IT structures that would make such a transition more 
straightforward.

 Common Pitfalls for Physician Leaders and Administrators

 1. Avoid making decisions based on a limited perspective. When choosing a DC or 
CM system, use a wide lens when considering system-based health IT, clinical 
operations, and market trends.

 2. Do not underestimate how much team-building and trust-sharing is required 
to launch and sustain a successful tele-ICU program. Remember to incent and 
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support tele-ICU champions, since an effective champion will weather criticism 
from peers and promote adoption, help anticipate and troubleshoot problems, 
and augment overall program sustainability.

 3. Don’t forget interoperability and compatibility. This is the sweet spot for choos-
ing something that works today, tomorrow, and beyond.

 4. Think of your tele-ICU as a startup business. There are no “failures” in entrepre-
neurship. Too often, valuable projects lose support because hard targets are not 
met. Learn from the mistakes made. As the startup adage goes, “fail frequently 
and quickly” in order to home in on more sustainable successes for the long term.

 Summary

Use of RPM in an ICU setting, whether it be a comprehensive tele-ICU solution or 
disease-specific approaches, is here to stay. We have discussed the importance of the 
various RPM strategies and how integration, interoperability, and compatibility 
from various standpoints lie at the heart of a successful move forward toward the 
development of a “smart” ICU and IoT. As with all healthcare endeavors, the people 
involved – in the case of the tele-ICU, remote and on-site providers – are a central 
component, and fostering this relationship is vital. As we move further into the 
twenty-first century, the capability of technology-driven clinical decision-making 
will likely increase exponentially with the power of AI, data science, and other 
tools. Even in such scenarios, however, people will need to work together in creative 
and mutually supportive ways to achieve the most that technology has to offer.
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Chapter 3
Reimbursement and Payment Models 
for Tele-ICU

Herbert J. Rogove and Jordana Bernard

Telemedicine has reached the inflection point where acceptance and utilization have 
accelerated its growth from the early adopter to the early majority stage. From 
Geoffrey A. Moore’s classic book about the stages of technology acceptance, it is 
clear that telemedicine has crossed the chasm [1].

With the advancement of a clinical delivery system such as the tele-ICU plat-
form, questions abound. In particular, since 2017, new billing codes have been pub-
lished by the Centers for Medicare and Medicaid Services (CMS). For years the 
Medicare Payment Advisory Commission (MedPAC), which considers and com-
ments upon new billing codes, had not recognized nor recommended a billing code 
for tele-ICU until recently. The purpose of this chapter is to provide a step-by-step 
approach to billing in the context of third-party payers.

Similar to the clinical practice of caring for the critically ill, a logical and system-
atic approach to coding and billing should occur first and foremost. Fundamental 
questions should include: what type of insurance does the patient have, do tele-
health parity laws exist within the state where the patient is located, is the patient in 
an eligible geographic region, and does the cost of billing justify the reimburse-
ment? These and many other questions will be addressed in this chapter starting 
with an understanding of the primary payers and existing legislation.

H. J. Rogove (*) 
Residential Connected Health, New York, NY, USA 

J. Bernard 
Policy and Public Affairs for InTouch Health, Santa Barbara, CA, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11569-2_3&domain=pdf


46

 The Payers

Reimbursement for telemedicine for Medicare, Medicaid, and the private payers 
will be reviewed. The Veterans Administration (VA) will not be considered other 
than the fact that the VA has developed a very advanced telehealth presence and 
demonstrates how the barrier of interstate licensing is removed from the practice of 
telemedicine.

 Medicare

Telehealth reimbursement emerged when the Balanced Budget Act of 1997 (BBA) 
mandated Medicare coverage of telehealth care and funded federal telemedicine 
demonstration projects throughout the country [2]. Although it was passed in 1997, 
payment was not required to begin until 1999 [2]. The law sets up some significant 
policy barriers facing telehealth providers seeking reimbursement from Medicare 
including the need for a Medicare physician to be with the patient at the time of the 
video consultation, and the fees had to be shared between the consulting and 
 referring physician.

In 2000, the Benefits Improvement and Protection Act (BIPA) was passed 
and expanded Medicare’s coverage of telehealth [2]. The BIPA law included the 
following changes:

 1. Defining telehealth visits as occurring between an originating site and 
distant site

 2. Extending coverage for federal demonstration projects and non-metropolitan 
statistical areas

 3. Eliminating the fee-sharing requirement by allowing the distant-site practitioner 
to get the current fee amount for the service provided and the originating site to 
get a facility fee

 4. Eliminating the need for a tele-presenter
 5. Expanding telehealth services to include direct patient care, physician consulta-

tions, and office psychiatry services
 6. Permitting the use of store-and-forward applications for Alaska and Hawaii fed-

eral telemedicine demonstration projects
 7. Specification of the type of provider who may be reimbursed by Medicare for 

services provided via telehealth

The Medicare Improvements for Patients and Providers Act of 2008 (MIPPA) 
added the following types of facilities to their eligible originating sites [2]:

 1. Hospital-based or critical access hospital-based renal dialysis centers
 2. Skilled nursing facilities
 3. Community mental health centers
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The Bipartisan Budget Act of 2018 (BBA) expanded the coverage of telehealth 
services under the physician fee schedule to include the treatment of acute strokes 
in urban areas. BBA also expanded flexibility for Medicare Advantage plans to add 
additional costs of telehealth services in their annual plan bid amounts. Finally, the 
act permitted accountable care organizations that accept the financial risk to bill 
Medicare for telehealth services originating from the patient’s residence and urban 
areas [3].

Accelerated adoption of telehealth and the introduction of approved CMS codes 
have seen the approval of 95 codes in 2018 up 7 from 2017. Critical care telehealth 
codes were first introduced in January 2017 [4].

A persistent reimbursement barrier relates to the qualifications of originating 
sites discussed below. With the passage of coverage laws for acute stroke patients 
not restricted by the originating sites geographical limitations, payment for 
telestroke care in urban areas will begin in January 2019.

For those patients who have Medicare Advantage (MA), these patients are 
 covered for telehealth similar to the fee-for-service (FFS) in traditional Medicare. 
In fact, MA patients may have coverage beyond FFS. Recent telehealth legislation 
supports more avenues to receive payment for telehealth care [5].

The critical steps for ensuring patient and provider qualifications for coding and 
billing for Medicare tele-ICU services include the following:

 1. Originating Sites
The first step in consideration of billing for a tele-ICU visit is to verify the eli-
gibility of the Medicare beneficiary. Eligibility means that the patient is in a 
facility that meets the definition of an originating site. CMS has defined these 
sites as either in a county outside of a metropolitan statistical area (MSA) or in 
a health professional shortage area (HPSA). Who determines if a site is in one 
of these areas? It is the Health Resources and Services Administration (HRSA) 
which advises CMS for HPSA classification. The US Census Bureau deter-
mines the MSA or non-MSA areas. To check on eligibility, go to the HRSA 
Data  Warehouse [6]. The current list of originating sites and facility fees are in 
Tables 3.1 and 3.2 [7].

Table 3.1 Authorized 
originating sites [6]

Offices of physicians and providers
Hospitals
Critical Access Hospitals (CAHs)
Rural Health Clinics
Federally Qualified Health Centers
Hospital-based or CAH-based renal dialysis centers (including 
satellites)
Skilled nursing facilities (SNFs)
Community mental health centers (CMHCs)

Note: Independent renal dialysis facilities are not eligible origi-
nating sites
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Additionally, originating sites can only be physician offices, hospitals, critical 
access hospitals (CAH), rural health centers, skilled nursing facilities (SNF), 
federally qualified health centers (FQHC), community mental health centers, or 
hospital-based dialysis facilities. In January 2019, mobile stroke units and the 
patient’s home will be added to this list for specific services such as telestroke 
and home dialysis evaluation.

One exception to the above criteria is the federal telemedicine demonstration 
projects approved by the Secretary of Health and Human Services. This rare 
exception removes the geographic restrictions described above.

For hospital inpatients, payment for the originating site facility fee must be 
made outside the diagnosis-related group (DRG) payment, since this is a Part B 
benefit, similar to other services paid separately from the DRG payment [8].

It is essential to check on the eligibility of a site as these may change by an 
annual adjustment based on the preceding year ending on December 31.

 2. Distant-Site Practitioners
For the healthcare practitioner who is providing the tele-ICU service to the origi-
nating site, the same criteria for billing exist as in-person critical care. Not only 
are intensivists and other physicians eligible but also nurse practitioners (NPs), 
physician assistants (PAs), clinical nurse specialists (CNSs), and registered dieti-
tians. A full list of distant-site practitioners is in Table 3.3 [4].

 3. Tele-ICU Services Defined
CMS defines telehealth as a real-time interactive audiovisual communication 
between the healthcare professional from the distant site and the patient at the 
originating site [4]. It explicitly does not include asynchronous or store-and- 
forward telehealth with the exception of federally qualified telemedicine demon-
stration projects in Alaska and Hawaii.

 4. Claims
Submission of claims to the state-specific Medicare Administrative Contractor 
(MAC) is similar to the process for an in-person intensivist or qualified 

Table 3.2 Originating site 
fee [7]

2002 (baseline) $20.00
2015 $24.83
2016 $25.10
2017 $25.40
2018 $25.76

Table 3.3 Distant-site 
practitioners [4]

Physicians
Nurse practitioners (NP)
Physician assistants (PA)
Nurse-midwives
Clinical nurse specialists (CNSs)
Certified registered nurse anesthetists
Clinical psychologists (CP) and clinical social workers (CSW)
Registered dietitians or nutrition professionals
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 practitioner. While the claim forms are the same, there are Current Procedural 
Terminology (CPT) and Healthcare Common Procedure Coding Systems 
(HCPCS) codes that may be different and require detailed attention and under-
standing. While many of the codes are similar, the distinction is the CPT codes 
which were developed by the American Medical Association (AMA), and the 
HCPCS codes were developed by the Centers for Medicare and Medicaid (CMS) 
both for the same reason, for reporting medical procedures and services.

As of January 2017, new critical care codes were introduced. The new HCPCS 
code G0508 is for the initial physician-to-patient encounter that typically defines 
a 60-minute communication with patient and providers utilizing a telehealth 
platform. For a subsequent visit, typically 50 minutes in duration, the HCPCS 
code G0509 is used. Interestingly, these codes are considered telehealth consul-
tations when ironically the in-person consultation codes were eliminated in 2010 
by the CMS [4]. Table 3.4 lists all the most frequently used reimbursement codes 
and national averages for reimbursement for the year 2018 [9].

As ICU patients reach a point when they are not critically ill and do not qual-
ify for a critical care code, in-person intensivists use the subsequent hospital care 
codes 99231-33. One must be cognizant when billing for tele-ICU patients that 
these codes may only be utilized every 3 days. It seems that the better alternative, 
at this time, is to utilize HCPCS G0406-08 which is a follow-up for inpatient 
telehealth consultation furnished to beneficiaries in hospitals or SNFs. After 
communication with Noridian Healthcare Solutions (NHS), one of the MACs, 
there may be lack of clarity about the correct coding for tele-ICU care as the 

Table 3.4 Tele-ICU reimbursement (national averages) [9]

Code Description
Fee schedule 
for CY 2018

G0508 Telehealth consultation, critical care, initial, physicians typically 
spend 60 minutes communicating with the patient and providers via 
telehealth

$204.12

G0509 Telehealth consultation, critical care, subsequent, physicians typically 
spend 50 minutes communicating with the patient and providers via 
telehealth

$197.28

G0406 Follow-up inpatient consultation, limited, physicians typically spend 
15 minutes communicating with the patient via telehealth

$39.24

G0407 Follow-up inpatient consultation, intermediate, physicians typically 
spend 25 minutes communicating with the patient via telehealth

$73.44

G0408 Follow-up inpatient consultation, complex, physicians typically spend 
35 minutes communicating with the patient via telehealth

$105.48

99231 Subsequent hospital care services (focused), with limitation of one 
telehealth visit every 3 days

$39.96

99232 Subsequent hospital care services (expanded), with limitation of one 
telehealth visit every 3 days

$74.16

99233 Subsequent hospital care services (detailed), with limitation of one 
telehealth visit every 3 days

$106.20

Q3014 Telehealth originating site facility fee $25.76
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patient improves from their critical status. NHS has referred the authors to the 
AMA website [10, 11] to review the CPT codes and descriptors and allow CMS 
to realign use of the new telehealth codes with the actual tele-ICU patient care 
model. It is the authors’ understanding, based upon current descriptions of care, 
that the majority of subsequent inpatient hospital care services require in-person 
visits to facilitate the comprehensive, coordinated, and personal care that medi-
cally unstable, acutely ill patients require on an ongoing basis. Also, one must 
understand whether there is a limitation to the use of the G0406-08 codes if the 
teleintensivist has entered into a more direct management capacity rather than a 
consultative role. Perhaps since the tele-ICU codes are recent and the current 
volume may not yet be high enough for adequate interpretation, CMS may pro-
vide coding clarity for teleintensivists in the future.

Also, before the implementation of a tele-ICU program, consideration should 
be given about whether the billing entity represents intensivists from the same 
group that is providing in-person care or an independent Physician Service 
Organization (PSO) intensivist group, with a different National Provider 
Identification (NPI) number. The PSO may be providing tele-ICU care for gap or 
supplemental coverage for the in-person intensivist group. Based upon the new 
tele-ICU code, one needs to understand if a bedside intensivist bills 99291, can 
the teleintensivist later bill G0509 (second 50  minutes of critical care) if the 
patient is in need of critical care management when they cover for the in-person 
intensivist? The inverse applies in the case in which the teleintensivist provides 
the initial encounter and the bedside intensivist later sees the patient in need of 
additional critical care. What complicates this scenario is if the bedside and 
teleintensivist groups are separate entities. In this situation, each has a different 
NPI provider number. At this time the authors were unable to acquire an appro-
priate clarification from CMS, so this remains an area of uncertainty.

Modifiers are a necessity to include with coding as they inform CMS that the 
physician encounter is a telehealth visit from a distant site. As of January 1, 
2017, place of service (POS)-2 must be included for Medicare claims [12]. The 
POS-02 code has replaced the GT modifier in most circumstances. The only use 
of the GT modifier became effective on January 2018 for distant-site physicians 
billing for the CAH Optional Payment Method. The Optional Payment Method 
means the physician reassigns his or her billing rights to the hospital and there-
fore cannot bill for professional services. The CAH bills on behalf of the telein-
tensivist, and the payment is 80% of the Medicare Physician Fee Schedule (PFS).

The pitfalls for billing for tele-ICU services are not unlike in-person intensiv-
ists. Meticulous documentation of the patient and practitioner encounter is vital 
and includes the reason for the consultation. Critical is the inclusion of the POS- 
02 code for all Medicare claims. Be mindful that multiple days or weeks in the 
ICU may demonstrate that the first days are consistent with the critical nature of 
the patient’s condition. However, as the patient stabilizes or shows signs of 
recovery and is headed for ICU discharge, the failure to submit the appropriate 
level of care such as a follow-up consultation or subsequent hospital visit rather 
than a critical care code may raise a red flag resulting in an audit. It is essential 
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to abide by legal and ethical standards for billing tele-ICU visits since these new 
codes are likely to draw heightened scrutiny from regulatory bodies.

 5. Alternative Payment Models (APMs)
The one area of joint agreement between Medicare, Medicaid, and the private 
payers is the need to replace the fee-for-service volume-based model with a 
value- based system.

It is under alternative payment models (APMs) that telehealth has the oppor-
tunity to prove itself as a means to be a quality-driven, value-enhanced system of 
healthcare delivery. Tele-ICU care is undoubtedly a prime example of meeting 
the needs especially in light of the increasing shortage of intensivists.

APMs will disrupt fee-for-service by combining quality and cost targets into 
the determination of reimbursement [13]. Examples are accountable care organi-
zations (ACOs) where annual cost quality targets are expected and bundled pay-
ment quality and cost targets are determined at 30-, 60-, or 90-day care periods.

It is with APMs that high-cost care, such as in the ICU, offers the most oppor-
tunities to improve value. For example, with both in-person and tele-ICU care, 
compliance with guidelines will potentially lead to decreasing inappropriate 
tests, accelerated ventilator weaning, and the early sepsis treatment bundle 
among other quality metrics and bundles associated with critical care.

Medicare Shared Savings Programs (MSSP), part of the Affordable Care Act, 
introduced the concept of ACOs and have expanded to include similar models 
that can be incorporated into telehealth programs.

Next Generation ACOs, which assume financial risk, have a telehealth waiver 
which eliminates the rural geographic restrictions of the originating sites, includ-
ing a patient’s home and for the use of asynchronous telehealth such as teleder-
matology and teleophthalmology [14]. Billing for these services is the same as 
billing for any Medicare service and can be found under the Medicare claims 
processing manual section on payment for telehealth services [15]. Now, these 
ACOs may be able to bill in urban settings.

Medicare Advantage Value-Based Insurance Design (VBID) as of January 
2017 has allowed seven states to test enrollee cost sharing and design for high-
value clinical services that have the highest potential to positively impact an 
enrollee’s health [16]. As of 2018, the number of states will have increased to 
ten. MA patients already have more flexible telehealth coverage than tradi-
tional Medicare patients. With the introduction of remote patient monitoring 
under VBID, one could predict growth of follow-up for ICU patients especially 
those who suffer from post-ICU syndrome. Seeing these patients would afford 
the opportunity for intensivist interaction at the patient’s home rather than hav-
ing the patient travel to a clinic. The cost savings for both the patient and the 
in-person clinic (e.g., a decrease in time, support staff, and rent) would be 
significant.

A broader question to consider is how can FFS be transitioned into a valued-
based system? Some will argue that such a system may still contain an element 
of FFS. A value-based system may take portions of FFS and combine bundled 
payments, capitation, and increased financial risk sharing [17].
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For a tele-ICU program, financial risk sharing can be accomplished through 
the contract between the hospital and teleintensivist group. A threshold percent 
of an achieved metric will determine if the physician receives a bonus or a pen-
alty. Examples including response time for calls utilizing the Leapfrog teleinten-
sivist response of 5 minutes 95% or more of the time, bundle compliance, 
utilization of a checklist, compliance with the Surviving Sepsis Guidelines, and 
a satisfaction survey may all be utilized as contractual incentivize metrics. 
Telemedicine and other forms of remote communication have improved out-
comes for many types of patients, including those in remote ICUs in both metro-
politan and rural areas and thus should be reimbursed [18].

The authors’ experience would suggest that the intensivist group in conjunc-
tion with the payer or hospital agrees upon the method in which the shared sav-
ings will be determined. Mutually agreed-upon value metrics must be clearly 
articulated. It is imperative before the start of a tele-ICU program to be sure the 
payer or hospital can access and provide the needed data. The teleintensivist 
group must be in a position where data exchange is bidirectional and in a prede-
termined time frame. Having the performance data along with the targets should 
be available for physician review so that any adjustments in the clinical program 
can be made. Refinement of any process requires the constant monitoring of data 
and the ability to be facile in making any needed changes. Finally, the providers 
should always do their financial risk assessment to look at any potential down-
side that might have an adverse monetary impact. There are many unforeseen 
variables in the care of the critically ill, so an eyes wide open approach is 
encouraged.

The Society of Critical Care Medicine called together a task force of aca-
demic leaders in critical care medicine in 2016 to develop a strategy for value-
based care [19]. The task force concluded that organizations should be integrated 
both horizontally and vertically, align strategy and operations with the parent 
health system, and include a solid understanding of finance and risk to position 
for success in a value-based world [19].

 Medicaid

At the state level, Medicaid is not restricted by the federal rules for telemedicine 
under Medicare. In fact, CMS allows each state to set its own Medicaid reimburse-
ment policies for telemedicine as long as the rules satisfy federal requirements of 
“efficiency, economy, and quality of care” [20].

Because states have the flexibility to determine their coverage and payment poli-
cies, no two state’s policies are alike, resulting in wide variations across all 50 states 
and the District of Columbia. However, similar to Medicare’s rules for payment, the 
following factors may play a role when determining whether a telemedicine service 
will be covered and reimbursed under Medicaid: the type of service being delivered 

H. J. Rogove and J. Bernard



53

by telemedicine, the type of healthcare practitioner at the distant site, the setting and 
location of the patient at the time services are delivered, and the technological 
modality used to deliver services. States may also determine how much to reim-
burse for professional services, whether to reimburse for a separate facility fee to 
the originating site or additional costs associated with telemedicine visits such as 
transmission charges and technical support [21].

To determine if there is reimbursement for tele-ICU services in the state of prac-
tice, go to the online Medicaid provider/claims manual to see if the critical care codes 
for services delivered by telehealth are listed as eligible for payment. Also, state 
Medicaid policies will indicate which modifiers and place of service codes must be 
used when submitting claims for professional services. See Table 3.5 for an example 
of a state-based Medicaid policy for tele-ICU services in California [22, 23].

With a rapidly evolving policy environment, it can be challenging to stay apprised 
of regulatory changes that may impact the billing rules and requirements for the 
telemedicine services delivered. Current information on telemedicine reimburse-
ment laws and policies for all 50 states and the District of Columbia can be found at 
the Center for Connected Health Policy, the National Telehealth Policy Resource 
Center [24], and the American Telemedicine Association [25].

 Private Payers

Interest in telehealth has been growing among commercial insurers over the last 
several years. The reimbursement structure for telemedicine under commercial 
plans also varies widely between payers and state laws. However, many commercial 
plans cover and pay for telemedicine services to some extent [5]. For example, 
Anthem Blue Cross Blue Shield of California’s telemedicine policy follows the 
coverage rules and fee schedule set by Medicaid under the California state statute. 
When California Medicaid (Medi-Cal) is “silent” about reimbursement for a spe-
cific service, then Anthem follows Medicare rules and pays when the service is 
listed as a Medicare-approved telemedicine service.

Some states have enacted payer parity laws to address private insurance coverage 
for telemedicine services. These laws are often referred to as “telehealth parity” 
laws. As of May 2018, 38 states and the District of Columbia have enacted 

Table 3.5 California Medicaid Telehealth Policies (May 2018) [23, 24]

Does not limit the type of setting or the type of practitioner
Requires consent and now verbal consent has replaced written consent
Reimburses for professional services delivered from the distant site at a rate equal to in-person 
care when services use (1) interactive, two-way audio-video communications and (2) the 
appropriate HCPCS codes G0508 or G0509 with GT or 95 modifiers.
Reimburses the originating site (patient location) facility fee when billed with code Q3014
Reimburses the transmission cost for services delivered via audio-video communications when 
billed with code T1014 (up to 90 minutes per patient, per day, per provider)
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 telehealth payer “parity” or “partial parity” legislation. See Table 3.6 for a listing of 
these states.

There are significant variations among state parity laws, but generally, parity 
legislation addresses coverage and access to telemedicine services [26]. Telemedicine 
coverage laws require commercial payers to cover services delivered by telemedi-
cine to the same extent the plan already covers in-person services [27].

In addition to addressing coverage for telemedicine services, some state parity 
laws also address payment parity. Full payment parity legislation enables the prac-
titioner to be reimbursed for telemedicine services equal to the rate had the service 
been provided to the patient in the traditional in-person setting. Partial payment 
parity laws only require payers to cover a narrowly defined area, such as mental 
health, on the same basis as in-person care. Here are two excerpts from telehealth 
commercial payer laws to illustrate different ways states have addressed coverage 
and payment policies in their statute:

Delaware (18 Del Code, Title 1, Chapter 33, Sec. § 3370)

This law has explicit language ensuring full payment parity for telemedicine ser-
vices delivered in the state:

An insurer, corporation, or health maintenance organization shall reimburse the treating 
provider or the consulting provider for the diagnosis, consultation, or treatment of the 
insured delivered through telemedicine services on the same basis and at least at the rate 
that the insurer, corporation, or health maintenance organization is responsible for coverage 
for the provision of the same service through in-person consultation or contact [28].

Mississippi (Miss Code Ann. § 83-9-351, 83-9-353)

This law could be interpreted as payment parity; however, the language is not 
explicit.

All health insurance plans in this state must provide coverage for telemedicine services to 
the same extent that the services would be covered if they were provided through in-person 
consultation [29].

Table 3.6 States with telehealth parity laws (as of May 2018) [25, 26]

Alaskaa Georgia Maryland New Hampshire Tennessee
Arizona Hawaii Michigan New Jersey Texas
Arkansas Indiana Minnesota New Mexico Utaha

California Iowa Mississippi New York Vermont
Colorado Kansas Missouri North Dakota Virginia
Connecticut Kentucky Montana Oklahoma Washington
Delaware Louisiana Nebraska Oregon
District of Columbia Maine Nevada Rhode Island

aPartial parity law
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Similar to Medicaid, one must check with the private payer or locate the payer’s 
online claims manual in the state of practice to determine if the critical care codes for 
services delivered by telehealth are eligible for payment. In some cases, payer policies 
regarding coding and modifiers for telehealth services may be different than Medicare.

Finally, in 2017 the AMA introduced a new modifier for telehealth services to 
patients who have private insurance, not Medicare [30]. Modifier 95 was defined as 
synchronous telemedicine services rendered via a real-time interactive audio and 
video telecommunications system. The modifier can be added to E&M codes such 
as 99231-33 for subsequent visits for a consultation. A clinical example would be a 
45-year-old woman with pneumonia and acute respiratory failure who was extu-
bated 3 days ago and is now stable, so her private insurer was billed 99231-95 for 
the tele-ICU follow-up consultation visit.

State-Based Alternative Payment Models (APMs)

Commercial payer policies including telehealth often follow the lead of CMS by 
implementing APMs or value-based care models such as ACOs and bundled pay-
ments. A majority of payers have stated strategies and goals toward value-based 
reimbursement models as a means to improve care coordination and patient out-
comes and reduce healthcare spending [31].

 What Else Do Intensivists Need to Know?

As of February 2018, the physician or practitioner who furnishes the emergency 
department or initial inpatient consultation via telehealth cannot be the physician of 
record or the attending physician, and the emergency department or initial inpatient 
telehealth consultation would be distinct from the care provided by the physician of 
record or the attending physician [15]. Thus, the patient cannot be admitted to the 
teleintensivists service. In most facilities, it will be the hospitalist who is the physi-
cian of record. When no hospitalist is present, then it would be the customary in- 
person admitting service to which the patient is assigned.

Utilization of a tele-ICU critical care code seems directed to programs that pro-
vide daily rounds on a continual basis which is consistent with a decentralized form 
of telehealth. The sum total of direct patient care must be the defined as 60 minutes 
to be eligible for coding G0508. It would seem that, in a centralized model such as 
the Philips eICU which provides more of an episodic form of care, the G0508 code 
would rarely if ever be utilized.

Documentation requirements should be no different than in-person ICU care. 
This most certainly includes the documentation of the reason for the consultation. 
To avoid claims rejection, all of the requirements of the critical care and E&M codes 
must be met. Also, adding the POS-02 code if Medicare or Medicaid and modifier-
 95 if a commercial payer is essential.
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Technology requirements should include a platform that maintains a flawless record 
of connectivity. The vendor should maintain a help desk that is real-time and available 
24/7/365. Anything less is unacceptable when providing patient care in an ICU setting. 
Quality metrics such as uptime and percent of failed consults due to technical issues 
should be tracked to ensure the highest level of connectivity is maintained.

Privacy for patient information means meeting HIPAA requirements and is no 
different when employing telehealth. It is important to consider that employment of 
telehealth technology is in itself no guarantee of patient privacy. Utilization of an 
encryption process alone does not provide adequate security, so a deep understand-
ing of how a vendor provides security is imperative. If a vendor is Health Information 
Trust Alliance (HITRUST) accredited, then the security of health information meets 
the highest of standards [32].

Another pitfall for teleintensivist billing would include the recent findings by the 
Office of Inspector General (OIG) during a recent audit of 2014 and 2015 claims 
[33]. What prompted the audit was the significant increase in claims between 2001 
and 2015 plus the number of physician claims where there was no claim from the 
originating site as reported in a 2009 Medicare Payment Advisory Commission 
study. The OIG found that 31% of the physician claims reviewed did not meet 
Medicare requirements. The specifics were beneficiaries who were at non-rural 
sites, providers who were ineligible, beneficiaries who were at unallowable origi-
nating sites, services that were by unallowable means of communication, non- 
covered services, and a physician located outside of the United States [34].

Finally, for teleintensivists and others who wish to see how relative value units 
(RVUs) impact reimbursement, it is necessary to compare the onsite and telehealth 
work or wRVU. Most physicians are aware that there are three components that 
comprise the RVU. These are the physician work, the practice overhead, and the 
malpractice coverage. The latter two are dependent upon geographic location of the 
physician thus leaving the wRVU as a constant number across all specialties and 
geographic physician locations. The wRVU for the onsite physician utilizing the 
99291 code is 4.5 per unit, whereas, for the teleintensivist, the wRVU for the G0508 
telemedicine critical care code is 4.0 [35]. One can only surmise at this time that 
CMS has determined that they value the work of the onsite intensivist as greater 
than the teleintensivist. For additional critical care time, the 99292 wRVU is 2.25 
per unit, and the G0509 is 3.86 [35]. The authors were unable to uncover the ratio-
nale for the determination of the teleintensivist wRVU, but perhaps the 99292 being 
a 30-minute period of time compared to the 50  minutes required for the G0509 
explains the difference in values.

 What Do Administrators Need to Know?

Hospital administrators, by nature of providing leadership in a challenging health-
care environment, typically ask about costs first. This mindset was accepted standard 
practice until recently. As the early adopters have seen and understood how tele-
health has augmented in-person care and helped to expand catchment areas, 
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telemedicine programs are more mainstream now than ever before. The fundamental 
question should not only be centered around return on investment but should be 
focused on what a health system or hospital will lose if they have no telehealth offer-
ing. Continuity of care from inpatient to clinic to patient home utilizing telemedicine 
will become the core of hospitals and health systems that are recognized leaders who 
have optimized their chances to survive the economic realities of healthcare.

Spoke or originating site hospitals, particularly in rural locations, will score 
heavily in their community if patients can be cared for in their local ICU. Utilizing 
teleintensivists first to triage and determine whether a higher level of care is required 
is an important starting point. Maintaining them near home will be well received 
and appreciated by the patient and their family who may not have the time or 
finances to visit their loved ones at major medical centers hours away.

A second factor for originating sites is that they can bill a facility fee if they meet 
payer requirements. The fee may be increased annually and based upon the Medicare 
Economic Index (MEI). For Medicare patients, the fee is separately billed under Part 
B. The fees are updated annually and can be found in the Medicare Physician Fee 
Final Rule published in November of the year before its implementation [7]. HCPCS 
code Q3014 should always be utilized on claims for the originating site facility fee.

Administrators should be aware of the distinction of billing between originating 
and distant sites. The originating site where the patient is located can, of course, bill 
the site fee, and the distant site can bill on behalf of the teleintensivist for the physi-
cian component. The importance is to avoid duplicate billing.

One of the significant issues healthcare organizations face is the financial agree-
ment between the sites. Often, the distant site (e.g., academic or tertiary medical 
center) must decide if there will be a charge to the originating site for the tele-ICU 
services. Some distant sites will not charge as there are often transfers to their site for 
procedures or higher levels of care. Receiving patients that require procedures and a 
higher level of care may offset the startup and maintenance costs. Sometimes a third 
party or PSO provides care as there may not be enough physicians at the distant site 
to cover critical care needs. Finally, sometimes there will be a hybrid model of both 
a distant-site teleintensivist and PSO physicians (representing the distant site) to pro-
vide the needed care at the originating site. The financial model should be worked out 
before a program’s implementation. Items for discussion should include the fees for 
physician services. Currently, because of Medicare geographic restrictions, billing 
may not be allowable so physician charges to the originating site will either be a per 
diem fee, a per consult fee, or a combination of charges. As FFS transitions into 
value-based care, as discussed above, risk sharing will be part of these contracts.

 Financial Considerations to Provide Services to Other 
Healthcare Organizations

In today’s world, an intensivist, who in most cases is pulmonary–critical care 
trained, may have additional responsibilities including sleep medicine, outpatient 
clinic, and procedure commitments. In addition to clinical duties, such as ICU 
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rounds, there are often added responsibilities for teaching, research, and administra-
tive assignments. Now, added to this long list is telemedicine. It is easy to under-
stand that even with well-staffed physician groups at academic and nonacademic 
hospitals, coverage for tele-ICU services may need an external workforce to aug-
ment tele-ICU coverage to other hospitals or healthcare organizations. There are 
critical financial considerations with whatever staff model fulfills the need. Here are 
some considerations:

• As introduced above, will the service provided be an offering that may benefit 
the distant healthcare system from patient referrals and the originating site by 
keeping their patients? The financial discussion centers around whether the ser-
vice will be no charge, breakeven, or profitable for the distant site. One can argue 
this should be an included service with no additional charges. Others may charge 
a fee only based upon the actual cost of providing the service. One never wants 
to operate with a negative balance sheet nor miss the opportunity to offset costs 
by receiving reimbursement from third-party payers. Whatever financial  direction 
is chosen, a detailed monetary analysis to ensure that the distant site does not 
suffer a noteworthy fiscal drain on their operations is paramount.

• Submitting claims to third-party payers is discussed above, but an understanding 
of limitations based on geographical restrictions is vital for tele-ICU program 
development.

• If a PSO is involved, then one is usually working with a for-profit organization 
which calculates the cost per day and the number of beds being covered. The 
pricing can be based upon 24/7/365 or gap coverage dependent upon the number 
of hours of coverage provided. Factored into the physician reimbursement, the 
PSO also has the burden of malpractice coverage, state licensure, and credential-
ing. Also included for the administrative costs of the PSO are accreditation, 
scheduling, invoicing, claims submission of billing, and the personnel for a qual-
ity improvement program to develop the strategy and implementation of the 
agreed-upon metrics.

• The receiving or distant-site hospital should consider not only the metrics of 
decreasing length of stay and survival statistics but also the gain in number of 
patients who no longer need to be transferred. This is an important metric that 
should be considered in the ROI of a tele-ICU program.

• Discussion of quality metrics should be part of the PSO-hospital (or healthcare 
organization) contract, and details should be considered before program imple-
mentation. This aspect of the contract is vital as the evolution of value-based 
outcomes will contain financial rewards or penalties. Focusing on cost, access, 
outcomes, and experience reflects four areas of importance in determining a suc-
cessful tele-ICU program.

The critical care community is tasked with the onerous responsibility of collec-
tively understanding the real costs and savings associated with tele-ICU programs. 
This responsibility is a shared responsibility for the hospitals requesting this service 
as well as for the providers.
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 Conclusion

The telehealth reimbursement policy environment is rapidly changing and moving 
in a positive direction. Today Medicare, Medicaid, and private payers offer reim-
bursement for tele-ICU based upon the location, but up-front planning is key to 
putting in place billing processes that capture available payment opportunities and 
comply with applicable federal and state rules and regulations for telehealth.

Part of the Bipartisan Budget Act of 2018 includes payment in 2019 of telehealth 
care for acute stroke patients in metropolitan as well as rural locations. This legisla-
tion will hopefully be the catalyst for expanded reimbursement for other telehealth 
services for patients in metropolitan areas, which currently comprise 77% of 
Medicare FFS beneficiaries [5].

Strict attention to the rules and details when submitting charges is imperative. 
Submitting claims for telehealth services is more complicated than bedside 
encounters as CMS regulations require place of service codes and currently limit 
visits to two-way interactive video visits in non-Metropolitan areas. There are dif-
ferences between coding for Medicare, Medicaid, and private payers which all 
teleintensivists must account for in billing for their services. Being prepared for 
this new world order of expanding use and incorporation of tele-ICU care will 
necessitate a thorough understanding of the financial implications before the 
implementation of a program.
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Chapter 4
Legal and Regulatory Issues 
with Telemedicine Practice in the ICU

Kimberly L. Rockwell and Alexis S. Gilroy

 Introduction

The regulatory and legal considerations pertinent to the provision of tele-ICU are 
robust and require careful consideration prior to implementing a tele-ICU program. 
Legal and regulatory topics governing telemedicine are primarily based in state-law 
authority (e.g., licensure, standard of care, prescribing authority, etc.), but several 
notable federal legal and regulatory considerations are often applicable (e.g., data 
privacy and security, remote monitoring device approvals, prescribing of certain 
medications, etc.). Importantly, many state and federal laws pertaining to the provi-
sion of health services via telemedicine are experiencing ongoing change, expan-
sion, and specification, which require providers and institutions engaged in 
telemedicine to stay apprised of and monitor legal changes and correspondingly 
adapt ongoing programs to maintain compliance. Given this evolving legal and reg-
ulatory environment, this chapter provides a framework for highlighting the various 
state-specific legal and regulatory topics that are applicable to the tele-ICU frame-
work, but providers and their advisors should review such topics relevant to 
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applicable jurisdiction(s) and consider the latest legal and regulatory actions and 
guidance available on the topics. For purposes of providing non-exhaustive exam-
ples, this chapter outlines several telemedicine-specific statutes, rules, and regula-
tions applicable to tele-ICU outlays, including licensure and credentialing, data 
security and privacy, technology considerations, state restrictions on telemedicine 
care delivery, utilization of advance practice providers in the delivery of telemedi-
cine services, business arrangement considerations, liability considerations, and 
specific issues to international telemedicine outlays.

 State Licensure Issues

As a rule, healthcare providers practicing telemedicine across state lines must be 
licensed in every state in which patients receive their services. The Tenth Amendment 
relegates health and safety policy to the states. Accordingly, each state has vested 
medical boards with the power to require licenses for practicing medicine. 
Consequently, both medical and osteopathic boards across the USA require physi-
cians engaging in telemedicine to be licensed in the state in which the patient is 
located at the time of the service [1]. This is pertinent to physicians in both central-
ized and decentralized models of tele-ICU if those physicians are servicing patients 
across state lines. Unfortunately, the physician licensure requirements and related 
renewals for any given state can be quite idiosyncratic and onerous, including high 
fees, criminal background checks, differing applications and documentation, letters 
of recommendation, certified copies of medical school and residency diplomas, 
various continuing educational requirements, tests, interviews, and other items. 
Such requirements make it time-intensive and expensive for physicians to achieve 
and maintain licensure in multiple states. There are, however, at least two rays of 
hope to this interstate licensing barrier that specifically affect physicians practicing 
telemedicine: state-specific telemedicine certificate/licensure and interstate medical 
licensure compact participation.

First, nine states  – Alabama, Louisiana, Maine, Minnesota, New Mexico, 
Oklahoma, Ohio, Oregon, and Texas – issue special telemedicine licenses or certifi-
cates [2–12]. Such certificates or special licenses generally permit an out-of-state 
provider to render telemedicine services if certain conditions are met including that 
the provider (i) holds an active and unrestricted license to practice in another state, 
(ii) cannot open a physical office in the state or meet with patients in the state, and 
(iii) submit to jurisdiction and maintain compliance with the laws of the state pro-
viding the registration. For example, the Minnesota requirements provide that, in 
addition to not opening an office in the state, the physician cannot meet with patients 
in the state or take phone calls from patients within the state [5]. The statute also 
requires that the physician registers with the state medical board once per year as a 
telemedicine provider [5]. Unfortunately, this type of special telemedicine registra-
tion appears to be waning in popularity and use among the states, as some, like 
Tennessee, Montana, and Nevada, have revoked such options [12].
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Despite the waning popularity of telemedicine-specific state registrations, there 
is another potential avenue to expedite multistate licensure for physicians engaged 
in interstate telemedicine services. In 2014 an Interstate Medical Licensure Compact 
(“Compact”) was advanced by the Federation of State Medical Boards as an expe-
dited process for licensure among states participating in the Compact. The Compact 
provides participating physicians with a full license to practice in each Compact 
state they select. The Compact, now active and operationalized through an indepen-
dent commission, is a binding agreement among participating states. The indepen-
dent commission, comprised of representatives of certain member states, was seated 
in October 2015 and began issuing letters of qualification in April 2017 [13]. 
Table  4.1 lists the specific physician eligibility criteria for participating in the 
Compact. As of June 2018, 21 states – Alabama, Arizona, Colorado, Idaho, Illinois, 
Iowa, Kansas, Maine, Minnesota, Mississippi, Montana, Nebraska, Nevada, New 
Hampshire, Pennsylvania, South Dakota, Utah, West Virginia, Washington, 
Wisconsin, and Wyoming – had adopted the Compact by legislation and are actively 
participating [13]. Five additional states had passed legislation, and participation in 
the Compact was currently in process but not yet active – District of Columbia, 
Maryland, Pennsylvania, Tennessee, and Vermont [13]. Finally, proposed legisla-
tion to adopt the Compact was pending in five additional jurisdictions – Georgia, 
Kentucky, Michigan, New York, and South Carolina – some of which may have 
adopted the legislation at the time of this publication [13]. To take advantage of the 
Compact, a physician must submit an application, prove eligibility with applicable 
documentation, and submit a $700 fee [13]. Once the physician is approved, the 
physician may obtain licensure in any of the participating states but must still pay 
the state-specific licensure fees [13].

As a corollary to state licensure requirements, only providers who are engaged in 
the “practice of medicine” as defined by a particular state are required to obtain licen-
sure, which most likely includes mere physician-to-physician consultation in most 
states. Every state has its own definition of what it means to practice medicine,  typically 

Table 4.1 Physician eligibility criteria for licensure via the Compact

The physician:
  Is a graduate of an accredited medical school or a school listed in the International Medical 

Education Directory
  Passed each component of the applicable medical licensing examination within three attempts
  Successfully completed approved graduate medical education
  Holds specialty certification or a time-unlimited specialty certificate
  Possesses a full and unrestricted license to engage in the practice of medicine issued by one 

of the member states approved to serve as a state of principal licensure under the Compact
  Has no criminal history
  Has no history of disciplinary action against a medical license
  Has never had a controlled substance license or permit suspended or revoked
  Is not under active investigation by a licensing agency or law enforcement authority

Interstate Medical Licensure Compact: A faster pathway to medical licensure, available at http://
www.imlcc.org/do-i-qualify/ (accessed June 15, 2018)
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based in statute, and often incorporating the concepts of (i) diagnosis, (ii) treatment, 
and (iii) prescribing for any disease or physical condition [14]. These state definitions 
are often intentionally broad but not all health-related activity amounts to the practice 
of medicine. Within the tele-ICU context, however, even mere consultation by an out-
of-state provider who does not otherwise issue orders or prescriptions would likely be 
considered the practice of medicine in most jurisdictions and, thus, require state licen-
sure. And though some states provide exception to licensure for provider-to-provider 
consultations, these exceptions are, by and large, intended for use only in rare and 
extraordinary circumstances and not as a safe harbor for a business model focused on 
the provision of ongoing medical services. Michigan, for example, limits the exception 
to consultations involving “an exceptional circumstance” [15], while Wyoming requires 
consulting physicians to notify the state medical board prior to their collaboration and 
limits the duration of their licensure exemption to a specific number of days [16, 17]. 
Thus, all providers engaged in delivering patient care via tele-ICU outlays must achieve 
and maintain licensure in each state where a patient receives that care.

 Credentialing and Privileging

 Credentialing

Credentialing is the process of reviewing and verifying the educational, training, 
and professional history of healthcare providers interested in providing patient care 
services at a healthcare facility. As a condition of state facility licensure, states typi-
cally require healthcare facilities to credential all providers prior to granting the 
provider privileges on the medical staff at the facility. Private and government pay-
ers similarly require healthcare facilities to credential providers as a condition of 
participation. Finally, the Joint Commission (“TJC”) also requires participating 
facilities to credential providers. To comply with state, payer, and TJC credentialing 
requirements, providers engaged in delivering remote tele-ICU services are often 
required to be credentialed at the facility where the patient is located as well as the 
facility where the provider is physically located. This duplicative credentialing gen-
erates significant cost and requires often unnecessary time delays, which can be a 
significant barrier to adoption of telemedicine programs.

To address the downsides of this duplicative credentialing process and to facili-
tate greater adoption of telemedicine programming, the Centers for Medicare and 
Medicaid Services (“CMS”) adopted a rule in July 2011 allowing for “credentialing 
by proxy” of telemedicine providers [18]. Under this rule, CMS expanded its condi-
tions of participation rules so the originating site (i.e., the site where the patient is 
located) might, at their option, rely upon prior credentialing of the distant site (i.e., 
the site where the tele-ICU provider is located). Any originating site that is a 
Medicare-participating hospital with a telemedicine program may take advantage of 
this credentialing by-proxy mechanism, and eligible distant sites may be either 
Medicare-participating hospitals or TJC-accredited telemedicine entities.
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Though this by-proxy credentialing process is optional, CMS requires the origi-
nating site and distant site to utilize a specific type of agreement to employ the 
model – the “by-proxy agreement.” The by-proxy agreement must contain certain 
and specific features including, for example, ongoing reporting requirements by the 
originating site on clinical outcomes data (see Table 4.2 for a summary of require-
ments). And, while not required by the CMS rule, facilities engaging in by-proxy 
credentialing often find it helpful to incorporate agreement terms to address indem-
nification, confidentiality, records ownership, and physician withdrawal or resigna-
tion procedures. Notably, the by-proxy agreement is subject to review during audits 
and surveys – including TJC surveys – to confirm compliance with Medicare’s con-
ditions of participation.

The credentialing by-proxy mechanism can reduce go-live time from several 
months to several days for originating sites, allowing telemedicine providers to start 
delivering services more quickly and significantly reducing originating site start-up 
costs. Notwithstanding, few originating sites currently take advantage of this 
streamlined process. Because originating sites retain the ultimate responsibility for 
the privileging decisions of telemedicine practitioners delivering services at its 
facility, originating sites may be hesitant to rely upon the credentialing decisions of 
another institution. Furthermore, an originating site cannot take advantage of the 
credentialing by-proxy mechanism unless its bylaws so provide. And finally, while 
CMS credentialing by-proxy rules are mostly in harmony with TJC by-proxy cre-
dentialing requirements, TJC adopted a requirement in 2011 requiring both the 
originating and distant sites to be accredited by TJC to take advantage of the by- 
proxy credentialing process [19]. This additional requirement may limit the ability 
of originating sites to take advantage of by-proxy credentialing as telemedicine 
companies seek accreditation through alternative means. Ultimately, however, to 

Table 4.2 By-proxy agreement requirements

Agreement is written
Clearly identifies the scope of services provided and assures they are being provided in a “safe 
and effective manner” (applies only if distant site is a non-hospital entity)
Requirement that distant site utilizes credentialing and privileging procedures that meet the 
standards for Medicare-participating hospitals (applies only if distant site is a non-hospital 
entity)
Includes a current list of privileged practitioners subject to the by-proxy arrangement with scope 
of privileges
Requirement that each practitioner is licensed in the state of the originating site.
Requirement that distant site provide evidence of internal performance review of each 
practitioner subject to the by-proxy agreement
Requirement that originating site sends performance information, including adverse event 
information, and all complaints received about each practitioner are subject to the by-proxy 
arrangement

Department of Health & Human Services, Centers for Medicare & Medicaid Services, “Telemedicine 
Services in Hospitals and Critical Access Hospitals (memorandum), July 15, 2011, available at 
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/SurveyCertification 
GenInfo/downloads/SCLetter11_32.pdf (accessed June 18, 2018)
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the extent that originating sites can take advantage of the streamlined by-proxy 
credentialing procedures, it can reduce administrative burden and overhead in its 
start-up of tele-ICU services.

 Scope of Telemedicine Provider Privileges

When engaging tele-ICU providers, the originating site must consider the scope of 
privileges that will be granted to tele-ICU providers who achieve credentialing. 
Studies of various tele-ICU models indicate that some tele-ICU originating sites 
require tele-ICU providers to issue orders and prescriptions directly into patient 
records, while other programs require the tele-ICU providers to make recommenda-
tions to on-site clinicians who then submit the orders [20]. Granting telemedicine 
providers a full scope of privileges to issue orders and prescriptions for patients 
directly into the originating site patient health record presents both risks and bene-
fits versus using the tele-ICU providers in a more consultative role. The benefits of 
permitting tele-ICU providers to engage in a full scope of ordering privileges at the 
originating site include greater efficiency in initiating and implementing the orders 
and offloading the required work from on-site clinical staff. But, there are a host of 
legal risks and concerns with this practice model that entities wishing to engage in 
tele-ICU programming should consider at the outset.

First, the originating site hospital will absorb liability exposures for the care 
provided at its facility by tele-ICU providers. Limiting tele-ICU providers to issuing 
recommendations in consultation rather than permitting these providers to issue 
direct patient care orders creates some degree of separation between the recom-
mending tele-ICU physician and the direct clinical decision-making process, 
thereby potentially reducing liability exposure. Furthermore, the ordering physician 
bears responsibility for ensuring that the order is properly applied and that the 
results of any diagnostic studies are evaluated and acted upon in a timely manner. 
These monitoring and follow-up responsibilities are much more easily executed by 
on-site personnel, which implicate patient safety and liability exposure.

Second, involving multiple physicians in active patient care, especially with mul-
tiple handoffs, is known to increase the risk of clinical errors and other patient safety 
events. This risk is theoretically greater when remote physicians are involved in the 
ordering process because (i) remote physicians may be unaware of formulary, proce-
dure, and diagnostic study limitations and restrictions at the originating site; (ii) there 
may be role confusion as to which clinicians are responsible for follow-up on results 
of those orders or patient monitoring following medication administration; and (iii) 
it may be more difficult for remote physicians to ascertain all relevant and necessary 
clinical information prior to issuing such orders. Because patient adverse events may 
be the result of such issues, the originating site and tele-ICU providers may be inher-
iting greater liability for those clinical decisions. While  telemedicine certainly does 
not, in and of itself, present a hindrance to the relevant standard of care (and could in 
certain circumstances advance the standard of care), these practical issues highlight 
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the importance of written policies and protocols among originating sites and tele-
medicine organizations for anticipating and managing these issues.

Third, individual states may place certain limitations on telemedicine providers 
in the context of issuing orders. Such limitations are reviewed in more detail in sec-
tion “State-Specific Requirements Pertaining to Telemedicine Services” of this 
chapter but may include technology-specific requirements for performing examina-
tions, prohibitions on prescribing certain medications, and others, which may 
increase the administrative burden and complexity of engaging tele-ICU providers.

Fourth and finally, CMS and private payers have specific policies and regulations 
governing the medical necessity justifications for inpatient admission and other 
types of orders. These policies and regulations could potentially impact originating 
site and tele-ICU provider reimbursement if tele-ICU providers do not adhere to 
such policies and regulations. Furthermore, payers and CMS may prohibit client 
hospitals from seeking reimbursement for certain orders placed by remotely con-
sulting tele-ICU physicians.

For each of these reasons, originating sites and tele-ICU providers should care-
fully consider the scope of privileges that the originating site should grant to remote 
tele-ICU providers who have been approved for credentialing.

 State and Federal Privacy and Data Security Laws

The practice of telemedicine is especially vulnerable to exposing private patient 
health information due to its reliance on electronic data collection and storage along 
with the frequent distant data transfer necessary in telemedicine workflows. The 
addition of remote patient monitoring data exchange in the tele-ICU context further 
advances this exposure given the magnitude of digital data involved and flowing 
across multiple networks. Entities engaged in implementing tele-ICU programs 
must be mindful of several federal and state statutes and regulations that address 
these patient privacy and data security concerns.

 The Health Insurance Portability and Accountability Act

Since its enactment in 1996, the Health Insurance Portability and Accountability 
Act (“HIPAA”) dictates the privacy and security regulatory framework to protect 
identifiable patient health information when it is collected and shared by “covered 
entities” such as healthcare providers and health plans. HIPAA’s privacy rule estab-
lishes limits on the use and disclosure of patient health information, while HIPAA’s 
security rule imposes technical, physical, and administrative safeguards that must 
be implemented to protect the integrity and confidentiality of electronic patient 
health information. Table 4.3 is a non-exhaustive summary of some of the relevant 
and specific requirements under HIPAA’s privacy rule and security rule. Every 
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healthcare provider and entity providing supportive tele-ICU services to such 
healthcare providers must ensure strict compliance with HIPAA as it relates to all 
tele-ICU devices, data transmission, and data storage sites under its control to avoid 
fines, penalties, and other sanctions.

 The Health Information Technology for Economic  
Clinical Health Act

In 2009, the Health Information Technology for Economic Clinical Health Act 
(“HITECH”) extended several HIPAA privacy and security requirements to certain 
“business associates” that “create, receive, maintain, or transmit” identifiable health 
information while performing a service or function on behalf of a covered entity. 
Though most patient-facing tele-ICU vendors likely qualify as HIPAA “business 
associates” subject to these regulations, it remains a nuanced and situation-based 
question, depending upon multiple variables. Table  4.4 provides a non-exhaustive 

Table 4.3 Various requirements of HIPAA privacy and security rules

HIPAA privacy rule HIPAA security rule

•  The Privacy Rule protects all “individually 
identifiable health information” held or 
transmitted by a covered entity or its business 
associate, in any form or media, whether 
electronic, paper, or oral

•  A covered entity must obtain the individual’s 
written authorization for any use or disclosure 
of protected health information that is not for 
treatment, payment, or healthcare operations

•  A covered entity is permitted to use and 
disclose protected health information, without 
an individual’s authorization only for a specific 
and narrow set of purposes

•  A covered entity must make reasonable efforts 
to use, disclose, and request only the minimum 
amount of protected health information needed 
to accomplish the intended purpose of the use, 
disclosure, or request

•  For internal uses, a covered entity must develop 
and implement policies and procedures that 
restrict access and uses of protected health 
information based on the specific roles of the 
members of their workforce

•  The Security Rule requires covered entities 
to maintain reasonable and appropriate 
administrative, technical, and physical 
safeguards for protecting electronically 
protected health information (e-PHI)

•  Entities must ensure the confidentiality, 
integrity, and availability of all e-PHI they 
create, receive, maintain or transmit

•  Entities must identify and protect against 
reasonably anticipated threats to the 
security or integrity of the information

•  Entities must protect against reasonably 
anticipated, impermissible uses or 
disclosures and ensure compliance by their 
workforce

•  Entities must ensure the integrity and 
availability of e-PHI by ensuring that e-PHI 
is not altered or destroyed in an 
unauthorized manner and that it is 
accessible and usable on demand by an 
authorized person

•  Covered entities must review and modify 
their security measures to continue 
protecting e-PHI in a changing 
environment

U.S. Department of Health & Human Services, Summary of the HIPAA Privacy Rule, last revised 
May 2003, available at https://www.hhs.gov/sites/default/files/privacysummary.pdf (accessed June 
18, 2018); U.S. Department of Health & Human Services, Summary of the HIPAA Security Rule, 
last revised July 2013, available at https://www.hhs.gov/hipaa/for-professionals/security/laws-
regulations/index.html (accessed June 18, 2018)
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summary of certain considerations for determining whether an entity is considered a 
“business associate” under HIPAA. Both originating and distant-site entities should 
consult with advisors knowledgeable in the application of the business associate rule 
to ensure that all required parties to a tele-ICU arrangement are aware of and compli-
ant with HIPAA and HITECH regulations. As a practical matter, many originating site 
hospitals will require ICU vendors to enter into a business associate agreement, obli-
gating the ICU vendor (at least contractually) to meet certain privacy and security 
requirements of HIPAA and notice obligations of a breach within specific time frames.

 State Privacy and Security Requirements

In addition to federal HIPAA and HITECH privacy and security requirements, tele- 
ICU providers must consider state-specific privacy and security laws in both the 
originating site and distant-site state jurisdictions. According to the National 
Conference of State Legislatures, all 50 states and the District of Columbia have 

Table 4.4 Considerations for determining whether an entity is a business associate under HIPAA

“A business associate is a person or entity that performs certain functions or activities that 
involve the use or disclosure of protected health information on behalf of, or provides services 
to, a covered entity.”
Business associate functions and activities may include:
  Claims processing or administration
  Data analysis
  Processing or administration
  Utilization review, quality assurance
  Billing
  Benefit management
  practice management
  Repricing
Business associate services may include:
  Legal
  Actuarial
  Accounting
  Consulting
  Data aggregation
  Management
  Administrative
  Accreditation
  Financial
There are certain specific and technical exceptions to exempt certain entities from being 
considered a business associate notwithstanding its provision of services or functions requiring 
the use or disclosure of protected health information

The US Department of Health & Human Services, Business Associates, last updated July 2013, 
available at https://www.hhs.gov/hipaa/for-professionals/privacy/guidance/business-associates/
index.html (accessed June 18, 2018)
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adopted privacy-specific legislation [21]. Some of these state rules necessitate 
greater security measures than those required by HIPAA [21]. California, for exam-
ple, enacted a statute in 2009 requiring a provider to protect against unauthorized 
access to patient medical information – which goes beyond the HIPAA require-
ments that cover only unauthorized uses or disclosures [22]. Because federal law 
does not preempt more demanding state patient-related privacy and security stan-
dards, tele-ICU providers may need to implement additional security controls and 
procedures to assure compliance with requirements in multiple state jurisdictions.

 Tele-ICU Device Technology, the FDA, and Safety

Tele-ICU service delivery requires extensive technology and hardware – including 
electronic medical records, audiovisual technologies, remote patient monitoring 
devices, and, in many cases, robots controlled by the remote provider that are 
designed to travel from bed to bed to evaluate sick patients. In 2013, there were 175 
active robotic devices, 56 of which were known to be supporting ICU patients in 25 
North American ICUs [23]. Such devices are often subject to the regulation of the 
Food and Drug Administration (“FDA”) pursuant to the Food, Drug, and Cosmetic 
Act of 1938 and the Medical Device Amendments of 1976. The FDA’s role is to 
ensure device efficacy and patient safety. To fulfill this role, FDA requires that 
device manufacturers implement robust quality and performance controls. Among 
other things, device manufacturers must register with the agency and may be 
required to seek pre-market approval from FDA for certain devices by demonstrat-
ing device safety and efficacy with clinical data. Regulated manufacturers must also 
adhere to the agency’s “current good manufacturing practices” as well as other 
aspects of the agency’s quality framework. And finally, manufacturers may be 
required to track and report adverse events and issue recalls when patient safety 
issues are uncovered. Healthcare providers who employ such medical device tech-
nology on behalf of patients must remain mindful of a device manufacturer’s FDA 
obligations and ensure that all employed technology is warranted to comply with 
applicable FDA standards and regulations. Further, hospitals employing these tech-
nologies are encouraged to develop internal policies and procedures for monitoring 
and reporting adverse patient safety events involving the technology.

 State-Specific Requirements Pertaining  
to Telemedicine Services

The majority of states have adopted statutes or regulations specifically addressing 
the delivery of healthcare services by telemedicine technologies. The specific 
requirements and restrictions vary significantly from state to state in both content 
and scope. But the categories of statutory and regulatory restrictions and require-
ments that entities engaging in tele-ICU services must consider include platform 
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technology restrictions, requirements for physical examinations, telepresenter 
requirements, informed consent requirements, ordering and prescribing prohibi-
tions, and standard of care thresholds adopted by the originating site jurisdiction. 
This section addresses each of these categories, in turn.

 Technology Restrictions

Many states dictate the types of technology that providers may utilize in delivering 
telemedicine services within the state to accomplish the state’s requirements for 
remotely establishing a provider-patient relationship. While some of the most per-
missive states expressly permit the use of asynchronous store-and-forward platforms 
in addition to more traditional real-time video and audio technologies, others only 
permit real-time audiovisual communication between the provider and the patient for 
at least the first encounter between the two. California, for example, is one of the 
more permissive states from this standpoint, while Arizona is one of the most restric-
tive. California expressly permits the use of “asynchronous store and forward” tech-
nologies in the delivery of telemedicine services [24], while Arizona expressly 
requires real-time audiovisual technologies to deliver telemedicine services [25]. 
Other states, such as Illinois and Michigan, are silent on the types of technologies 
either specifically permitted or prohibited. In such “silent” states, providers may 
engage in telemedicine services using a variety of technologies but are open to scru-
tiny by state medical boards without the certainty of explicit statutes or regulations 
on which to rely. Many tele-ICU programs utilize some form of real- time platform, 
whether it includes audio, visual, or just physiologic data such as cardiac monitoring 
or vital signs. As such, most tele-ICU programs are likely to meet the technology 
requirements of most states. Nevertheless, providers should be mindful of states that 
require real-time audio and visual components to engage in telemedicine services.

Potentially applicable to some tele-ICU programs, some state telemedicine prac-
tice standards exempt purely consulting providers from the application of the 
requirements. For example, Florida’s medical board rule on delivering services 
using telemedicine specifically carves out consulting providers from the regulation 
[26]. However, activities such as direct ordering and prescribing by remote provid-
ers are likely to impair the utilization of these consultant exemptions, even where 
the orders are part of a consult activity, as the state regulators may view the order 
and prescription activities as beyond that of a typical consulting-only provider.

 Physical Examination Requirements, Telepresenters, 
and Issuing Prescriptions

Many states have adopted vague requirements to conduct a “reasonable” or 
 “adequate” physical examination prior to ordering or prescribing treatment for a 
patient via telemedicine. Though nearly every state at this point has amended its 
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laws so that this physical examination requirement does not require an in-person 
physical examination, several states remain silent on the topic, while others retain 
Board of Medicine or Board of Pharmacy regulations that could be interpreted to 
require in- person examination or similar elements in order to write certain prescrip-
tions. Some states, such as Ohio, exempt telemedicine providers from this require-
ment if the patient is receiving care at a hospital or when an on-site healthcare 
provider (i.e., a “telepresenter”) is present with the patient at the initial telemedicine 
encounter [27].

By their very nature, tele-ICU programs involve the active engagement of on-site 
physicians or other practitioners actively providing direct patient care. Furthermore, 
for tele-ICU programs engaging tele-ICU providers in a purely consultative model 
of care, whereby telemedicine providers do not actively issue orders and prescrip-
tions but rather provide guidance to on-site providers to issue such orders, this type 
of legal restriction would not necessarily be relevant or compliance should be easily 
achieved. That said, facilities looking to engage remote tele-ICU providers in issu-
ing patient orders and prescriptions or to completely replace on-site intensive care 
physicians are advised to carefully consider the state-based physical examination 
requirements of the originating site jurisdiction. This is especially apparent for tele- 
ICU providers who are consulted to issue prescriptions for controlled substances 
and other drugs with increased abuse potential, which may be outright banned by 
states such as Minnesota which bans teleprescriptions for muscle relaxants, drugs 
containing butalbital, and controlled substances among others [28]. It is also impor-
tant to remember that controlled substance prescribing is an issue of federal law 
under jurisdiction of the Drug Enforcement Administration (“DEA”) pursuant to the 
Ryan Haight Act [29, 30]. But even while a telemedicine provider may be able to 
meet one of the exceptions within the federal requirements for prescribing con-
trolled substances, providers must still maintain compliance with more restrictive 
state telemedicine laws and regulations on prescribing controlled substances.

 Informed Consent

Given that telemedicine involves a mode of healthcare delivery with which many 
patients are unfamiliar, informed consent is both a best practice to mitigate general 
liability claims and a specific requirement by many state regulators. A number of 
states require some type of specific informed consent prior to the provision of tele-
medicine services. For example, Arizona, California, Kentucky, Louisiana, 
Mississippi, Nevada, Texas, and Vermont all require some form of written or verbal 
consent or affirmation in connection with a telemedicine engagement [31–38]. 
While model forms have been published by various organizations, providers must 
be mindful that specific informed consent requirements vary from state to state. 
Additionally, some government and private payers, especially Medicaid, also 
require telemedicine providers to adhere to specific processes and recording require-
ments with regard to obtaining patient-informed consent for telemedicine services. 
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As such, entities engaged in providing tele-ICU care should develop specific 
informed consent processes tailored to the ICU setting originating site state regula-
tions, and payer requirements.

 Standard of Care

Under historical standard of care constructs, the notion of physician discretion is 
central and judged against whether the data gathered would reasonably avail a phy-
sician of the necessary information given the attendant facts and circumstances to 
make an appropriate diagnosis and treatment decision. Not surprisingly, state regu-
lators recognize that a physician’s medical decision-making may be inhibited to 
some degree by the remote nature of the patient-physician encounter. As such, some 
state-specific regulations specifically address the standard of care to which physi-
cians are subject when engaged with a patient by means of telemedicine. With the 
notion that a physician engages in telemedicine at his own risk, many states expressly 
indicate that physicians engaged in providing telemedicine services will be subject 
to the same standard of care as applied to in-person encounters, such as Minnesota 
[39]. This type of standard imports another risk on tele-ICU providers who must 
subsume the risks associated with what can be in certain circumstances less robust 
clinical information and examinations. Many states also adopt specific standards of 
engaging in telemedicine encounters to mitigate the associated risks. Such stan-
dards include the prescribing restrictions, technology requirements, and other spe-
cific conditions described earlier in this section with which physicians must comply 
or be subjected to medical board sanctions. As such, providers and entities engaged 
in providing tele-ICU services must be mindful of the specific standard of care pro-
mulgated by the state where the originating site is located. Here again, it can be 
helpful to develop applicable policies and protocols to manage the risks of engaging 
in remote telemedicine practice. Such procedures and policies should be derived 
from evaluating the activities necessary to meet the standard of care for particular 
telemedicine workflows used in tele-ICU among a team of clinicians (preferably 
involving some from an independent organization).

 Utilization of Non-Physician Providers as Tele-ICU Providers

Studies indicate that telemedicine models enable greater levels of delegation to non- 
physician providers [40]. Indeed, it is clear that current tele-ICU programs utilize 
non-physician providers, including critical care nurses, to provide tele-ICU services 
remotely [20]. Many states place specific restrictions on the utilization of non- 
physician providers in the delivery of medical services. These restrictions can 
include specific requirements for the use of non-physician providers in the delivery 
of telemedicine, specific supervision requirements, and specific types of agreements 
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that must be executed in order to utilize non-physician providers. Such restrictions 
often render the utilization of non-physician providers challenging, at best, for 
 tele- ICU vendors.

 Restrictions on Non-Physician Providers Engaging 
in Telemedicine

Generally speaking, telemedicine-specific statutes and regulations in several 
states are under the jurisdiction of state medical boards and pertain only to the 
provision of telemedicine services by physician providers [41]. In states where the 
statutes and regulation neither expressly prohibit nor permit non-physician pro-
viders to engage in telemedicine, tele-ICU providers should take caution and con-
sider the overall posture of the state regulatory bodies before engaging 
non-physician providers in delivering tele-ICU services. Many states expressly 
permit nurse practitioners, physician assistants, and other types of non-physician 
providers to engage in telemedicine practice in addition to physicians [42, 43]. 
Few states expressly prohibit non-physician providers from engaging in telemedi-
cine services, but the supervision and other practical aspects of utilizing non-
physician providers (discussed below) can indirectly restrict utilizing such 
non-physician providers. Tele- ICU programs should be sure, before engaging 
non-physician providers to deliver medical services via telemedicine, that the spe-
cific non-physician provider to be utilized is permitted to practice telemedicine 
within the state and the bounds of that permission.

 Specific Supervision Requirements

Every state has published statutes and regulations specific to the supervision of and 
delegation to non-physician providers though the specifics of those statutes and 
regulations vary significantly from state to state. The statutory and regulatory provi-
sions, typically in place for years prior to telemedicine capabilities, include several 
different aspects of non-physician provider supervision. For example, some states, 
such as Georgia, explicitly limit the number of specific types of non-physician pro-
viders that a physician may supervise at any one time [44]. Approximately 22 states 
and the District of Columbia provide independent practice authority to nurse prac-
titioners, while the remaining states require some level of physician supervision of 
nurse practitioners [45]. Some states require on-site or continuous supervision of 
certain types of non-physician providers, while other states permit remote supervi-
sion so long as the physician is available by telephone or electronic communication 
at all times. Colorado, for example, requires on-site supervision of physician assis-
tants [46], while Florida permits physicians to remotely supervise physician assis-
tants as long as the physician is continuously available through telecommunication 
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technologies [47]. As one of the stricter states with regard to supervision of physi-
cian assistants, Colorado does not even permit a physician to supervise Colorado- 
licensed physician assistants unless the physician has “a regular and reliable physical 
presence in Colorado” [46]. Many states also explicitly indicate the types of quality 
assurance activities, chart countersignature processes, and prescriptive authority 
review protocols that physicians must implement when supervising a non-physician 
provider. Various of these state requirements may make it challenging for tele-ICU 
providers to engage in decentralized tele-ICU models with non-physician providers 
or to engage non-physician providers entirely. Some states, however, explicitly 
exempt certain types of healthcare facilities (e.g., hospital facilities, public health 
facilities, or facilities providing services to low healthcare access areas) from cer-
tain supervision requirements. As such, these idiosyncratic statutory and regulatory 
structures must be carefully reviewed by tele-ICU providers prior to engaging non- 
physician providers to ensure compliance with the originating site jurisdictional 
requirements in that regard. Direct engagement with the relevant state agencies may 
be helpful to obtain formal or informal approval to advance supervision programs 
discussed with the regulators, especially in jurisdictions demonstrating a desire to 
advance telemedicine activities though operating under dated legislative and regula-
tory requirements.

 Delegation Agreements and Authority

In the event that a tele-ICU provider has decided to utilize non-physician provid-
ers to engage in delivering tele-ICU services, the tele-ICU should (as a best 
practice) and may be required under state law to execute a delegation and super-
vision agreement with the non-physician provider. Such agreements should 
include, among other things, clinical protocols, bounds of the supervisory rela-
tionship, emergency procedures for consultation, and quality assurance and chart 
review protocols. Several states require such delegation and supervision agree-
ments to be filed with the respective state board, while other states require pro-
viders to make the agreements available to state boards upon request. Tele-ICU 
providers should review state-specific regulations and statutes related to the 
scope, content, and review procedures for such agreements prior to engaging the 
non-physician provider.

 Business Arrangement Considerations

Hospitals looking to engage with an existing tele-ICU provider or entities looking 
to engage as a tele-ICU vendor must be cognizant of various business arrangements 
that may run afoul of state or federal laws and regulations related to physician pay-
ment, business organizational structure, and other business practices.
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 State Corporate Practice of Medicine and Fee-Splitting Laws

The organizational structures used by tele-ICU vendors are varied. While many tele-
ICU programs originate from an affiliation with an academic medical center, there 
are many privately owned, independent tele-ICU vendors as well. This is important 
because more than half of the states in the USA prohibit the corporate practice of 
medicine and/or fee-splitting arrangements among healthcare providers [48, 49].

State corporate practice of medicine laws prohibits non-licensed persons or enti-
ties from dictating the provision of professional medical services. In other words, 
these states require that only licensed healthcare professionals have control over the 
provision of professional medical services and must, therefore, not be employed or 
controlled by non-healthcare professional individuals or entities. Similarly, state 
fee-splitting prohibitions restrict healthcare professionals from sharing revenue 
with non-healthcare professionals or entities. These laws are intended to protect the 
profession of medicine from laypersons who would interfere with the provider’s 
medical decision-making. And though some states have adopted exemptions to 
these laws for traditional healthcare entities such as hospitals and health mainte-
nance organizations, the practical result of these laws is that many tele-ICU vendors 
must take specific steps in certain jurisdictions to organize and execute services 
utilizing business models that conform with such specific state restrictions.

A typical contractual structure used by many private, independent telemedicine 
vendors (and even hospitals in some jurisdictions) to comply with state corporate 
practice of medicine doctrines is that of a management or administrative services 
arrangement. Under this type of arrangement, a general corporation provides all 
administrative and management services and equipment, technology, and facilities, 
while the licensed professionals – operating through an affiliated but unowned, pro-
fessional corporation – practice medicine and provide medical services. This model 
is often referred to as the “friendly-PC” or PC/MSO structure. While this type of 
arrangement can successfully mitigate corporate practice of medicine and fee- 
splitting risks, the arrangement must be carefully crafted, entrusting key clinical 
decisions to licensed physicians and may require multiple tailored professional cor-
porations if the services are provided across multiple jurisdictions. Further, hospi-
tals advancing telemedicine services across different jurisdictions increasingly 
desire to operate utilizing a friendly-PC structure as it mitigates concerns for hospi-
tal facility licensing in multiple jurisdictions (in addition to mitigating impacts to 
the existing state facility licenses) and allows for more streamlined operations 
through a central business entity for the telemedicine business line.

 Federal and State Anti-kickback and Self-Referral Laws

The federal laws and regulations referred to as the “anti-kickback statute” [50] 
makes it a crime for anyone to offer cash or in-kind payment as an award or induce-
ment to healthcare professionals (or for healthcare professionals to accept such 
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award or inducement) for ordering or prescribing any healthcare services or prod-
ucts purchased through federal programs such as Medicare, Medicaid, or Tricare. 
The federal self-referral law (known as the “Stark Law”) [51] prohibits healthcare 
professionals from referring patients to or prescribing healthcare products from an 
entity with which the provider has a financial interest. Additionally, nearly every 
state has adopted state analogs to these anti-kickback laws and Stark Law. In addi-
tion to protecting consumers and payers from potentially fraudulent activities by 
healthcare providers, these laws serve, like state corporate practice of medicine and 
fee-splitting laws, as a mechanism to shelter healthcare professional clinical 
decision- making from financial or commercial influence by nonprofessionals. The 
practical effect of these laws is that all remuneration flowing from any healthcare 
entity or individual to a healthcare provider – including salary, bonuses, and all in- 
kind remuneration such as leased office space, equipment, and the like – must be 
evaluated for compliance with these laws.

Given these restrictions and requirements, arrangements involving (often expen-
sive) donation or provision of telemedicine equipment at originating sites should be 
carefully considered as part of tele-ICU arrangements. The Office of Inspector 
General has indicated, for example, that a telemedicine vendor who provides dis-
counted or free equipment to an originating site for the provision of telemedicine 
services could potentially run afoul of the federal anti-kickback statute in certain 
circumstances [52]. Thus, tele-ICU vendors and originating sites must take a 
thoughtful approach and seek advice of counsel when structuring their  arrangements 
to ensure compliance with state and federal anti-kickback and self-referral laws.

 Liability Considerations

The breadth of state and federal laws and regulations applicable to the provision of 
tele-ICU services makes the liability associated with non-compliance real and sig-
nificant. Liability for non-compliance may arise from state medical board investiga-
tions and sanctions or federal agency investigations related to business arrangements, 
organizational structure, or inappropriate billing for tele-ICU services. In addition 
to these state and federal legal and regulatory compliance-based risks, healthcare 
providers are faced with the professional liability risks of engaging with relatively 
new and emerging medical delivery outlays that involve remote clinical care. Each 
of these liability considerations are discussed in this section.

 State Board Sanctions

State medical boards have the authority and prerogative to investigate providers and 
entities engaged in the provision of tele-ICU services in the state for compliance 
with state laws and regulations associated with business entity structure, 
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telemedicine technology requirements, practice of medicine restrictions, supervi-
sion of non- physician providers, and more. Many states have been quite active in 
pursuing investigations of and sanctions against telemedicine providers for a variety 
of these issues in recent years, although most are in the context of more novel 
“direct-to- consumer” telemedicine operations in contrast to more long-standing and 
generally clinically accepted tele-ICU practices. As of June 2018, the authors are 
not aware of any state actions against providers of tele-ICU services specifically.

 Fraud and Abuse Issues

Both state and federal agencies have been increasingly active in evaluating tele-
medicine outlays in recent years for issues such as false advertising and physician 
incentive arrangements. While not specific to tele-ICU, recent notable state and 
federal actions provide insight for tele-ICU service organizations. On the federal 
level, the Department of Justice (“DOJ”) chose to include Riordan, Lewis & Harden, 
Inc., a private equity firm, in its prosecution of a False Claims Act case against 
Diabetic Care Rx, one of Riordan’s portfolio companies [53]. The violations alleged 
by the DOJ include forwarding patient information to telemedicine providers who 
worked on a per-consult basis and who had no physical or perhaps even verbal con-
tact with the patient, in order to drive up short-term revenue from referrals [53]. On 
the state level, New York recently settled a dispute with DirectLabs and LabCorps 
regarding the testing of direct-to-consumer laboratory services [54]. These services 
were considered to be in violation of New York laws requiring laboratory tests to be 
carried out at the request of licensed medical practitioners. Of particular note was 
the process by which DirectLabs provided services to consumers. DirectLabs would 
automatically generate request forms using the name of a licensed chiropractor who 
had never had contact with the patient, charging only a $24 “access fee” [54]. 
Ultimately, while the authors are not aware of tele-ICU specific actions as of June 
2018, it is instructive for programs to review telemedicine-specific fraud and abuse 
actions to be sure that certain arrangements have not already triggered federal or 
state authority scrutiny.

 Professional Liability Risks

Providers understandably express concern that practicing via telemedicine in the 
management of critically ill adults could increase the frequency of malpractice 
claims and costs [23]. This concern is based upon the remote nature of the care 
being delivered, the limitations of the technology in providing all of the clinically 
relevant information to make informed medical decisions, and the fear that provid-
ing services via telemedicine puts providers in a less-defensible position [23]. 
Certainly, those concerns are important liability and patient safety considerations 
when designing tele-ICU programming and privileging of tele-ICU providers as 
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discussed above. As of June 2018, however, there have been no cases published in 
the legal literature pertinent to services delivered in the tele-ICU context. This does 
not preclude the possibility that there have been cases that are settled prior to mak-
ing it to court. But, at least one large case study to date indicates that the tele-ICU 
program, which utilizes continuous monitoring, direct observation of patients by 
tele-ICU providers, direct order writing by tele-ICU providers, and rigorous timely 
documentation review and action plans, has experienced a reduction in the fre-
quency of ICU-related malpractice claims [23]. The case study is based upon a large 
multistate, nonprofit healthcare system that implemented tele-ICU services cover-
ing 450 ICU beds located in five states [23]. Implementation of the tele-ICU pro-
gram throughout this system was associated with a reduction in ICU-related claims 
volume to less than half of what it had been prior to implementation of the continu-
ous monitoring tele-ICU program [23]. Although this case study and lack of pub-
lished malpractice cases involving tele-ICU services is promising, it is too early at 
this stage to draw conclusions that any model of tele-ICU care is expected to either 
increase or reduce the frequency and costs of professional liability claims.

 Professional Liability Insurance Coverage

The scope of professional liability insurance coverage is generally dictated by con-
tract, not state statutes or regulations. And while some professional liability insurers 
provide special riders for telemedicine coverage, many would historically only 
cover claims for face-to-face encounters for which the insurer agreed to cover the 
provider. Professional liability insurers may not even be licensed in states where 
patients are receiving telemedicine services from the provider. That said, a few 
states have proposed or adopted legislation requiring professional liability insurers 
to insure telehealth services in the same manner as they would the underlying face- 
to- face services. Hawaii, for example, requires that “every insurer providing profes-
sional liability insurance for a health care provider shall ensure that every policy 
that is issued, amended, or renewed in this State on or after January 1, 2017, shall 
provide malpractice coverage for telehealth that shall be equivalent to coverage for 
the same services provided via face-to-face contact between and health care pro-
vider and a patient” [55]. At minimum, tele-ICU providers must ensure that the 
provider’s professional liability coverage extends to telemedicine services and care 
delivered to patients in the originating site jurisdiction.

 The American Telemedicine Association Guidelines  
for Tele- ICU Operations

While various industry organizations have published models and guidance over 
recent years pertaining to telemedicine practice generally, the American 
Telemedicine Association published its Guidelines for TeleICU Operations in 2014 
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and updated them in 2016 (“ATA’s Tele-ICU Guidelines”) [56, 57]. Among other 
things, the ATA’s Tele-ICU Guidelines touch upon many of the legal requirements 
and restrictions discussed in this chapter and serve as a helpful guidance document 
and comprehensive checklist for entities looking to implement tele-ICU program-
ming. But equally as important, because industry guidelines often serve as the basis 
for standard of care considerations, the ATA’s Tele-ICU Guidelines could poten-
tially serve as a document for state regulators and state courts to view as informing 
the standard for tele-ICU programming and the standard of professional conduct for 
practitioners engaged in the provision of tele-ICU services. Importantly, the 
American Telemedicine Association is the largest telemedicine-focused industry 
organization and represents a large number of industry leaders and healthcare pro-
fessionals, which makes its guidance document a natural resource for state regula-
tors and courts when evaluating complaints or allegations against tele-ICU programs. 
As such, entities looking to implement tele-ICU programming would be well 
advised to consider the ATA’s Tele-ICU Guidelines in designing their programming. 
Table 4.5 lists some of the specific categories of tele-ICU programming included in 
the ATA Tele-ICU Guidelines and should be considered by programs looking to 
implement Tele-ICU programming.

 International Telemedicine Outlays and Considerations

Telemedicine outlays have proven to be successful in providing a variety of health-
care services to developing countries in need of readily available specialty health-
care providers [58]. There has also been at least one case report of an international 
tele-ICU program implemented in 2012 in Syria, a conflict area that was “too risky 
for direct engagement of even the most dedicated humanitarian organizations” 
[59]. These international outlays carry trans-jurisdictional legal risks and 

Table 4.5 Categories included in the ATA’s Tele-ICU Guidelines

ATA’s Tele-ICU Guideline categories

Administrative guidelines: These touch upon key leadership positioning; messaging; human 
resource management; healthcare professional licensure; privacy considerations; maintaining 
legal and regulatory compliance; fiscal management; and quality assurance programs
Clinical application guidelines: These guidelines touch upon the different types of service 
models and when and how they should be implemented; the types of patients that can be cared 
for; staffing models; workflow considerations; defining staff roles and responsibilities and 
integrating on-site and remote staff; orienting staff and maintaining professional competency; 
documentation in the heath record; educating families and patients about tele-ICU services and 
obtaining informed consent
Technical guidelines: These guidelines touch upon minimum requirements for technology 
platforms; mobile device use by healthcare professionals; data security measures; and infection 
control procedures

Davis et al. [57]
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requirements similar to interstate outlays. This includes licensure requirements, 
telemedicine- specific restrictions, prohibitions or exemptions, data privacy legal 
requirements, and the like. The laws of many countries are, perhaps unsurprisingly, 
silent on the issues of licensure for international healthcare professionals and 
telemedicine- specific considerations. But several countries have adopted laws to 
actually facilitate the import of international telemedicine outlays into their respec-
tive countries. Saipan, for example, provides an explicit exemption from licensure 
for consulting by foreign licensed professionals and permits the delivery of health-
care services via a variety of remote technologies [60]. Moreover, international 
laws related to telemedicine are rapidly evolving as new technologies emerge and 
countries seek to capitalize on the telemedicine promise of greater access to vul-
nerable and low- access individuals across the globe. Entities exploring the option 
of implementing an international tele-ICU program must review country-specific 
laws related to licensure, telemedicine technology platform restrictions, data pri-
vacy and security laws, and other applicable laws and regulations prior to imple-
menting these programs.

Practical checklist for evaluating legal consideration for Tele-ICU services

Evaluate whether the activity involves the practice of medicine or another regulated profession
Understand the applicable providers involved; confirm state licensure requirements and any 
corporate practice limitations in the states where you anticipate patients may be at the time of 
the service
Develop appropriate disclosures, terms of service, consents, privacy notices, and other 
documentation supporting a consistent demonstration of your proposed activity
Given the locations where you plan to provide the telemedicine services (e.g., the location of the 
patients), understand state-specific requirements for establishing the provider relationship, 
telemedicine-specific practice standards, and remote prescribing
Consider establishing a clinical team to evaluate the appropriate standard of care given the 
anticipated telehealth use case (see ATA and other industry guides as references) and a plan for 
ongoing quality review and updates
Consider technology that assists with compliance (e.g., verifying patient location, video or 
biometrics requirements, patient consent requirements)
Consider policies and training for medical staff on appropriate activities consistent with the 
standard of care and proposed activity to maintain compliance with legal and regulatory 
requirements
Make appropriate provisions for emergency situations, follow-up, and continuity of care 
(especially in any “direct care” offerings)
Develop a method for continuing to track requirements for multistate services (requirements 
evolve frequently)
Develop ongoing education and training around compliance topics (state-specific requirements, 
privacy and security requirements, standard of care best practices)
Evaluate specific reimbursement coverage eligibility and billing requirements
Consider payer contracts and incorporate appropriate provisions and engage with managed care 
contracting and compliance team to effectuate appropriate updates and ongoing coverage
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Chapter 5
Nursing and Provider Roles 
in the Tele-ICU

Timothy N. Liesching and Yuxiu Lei

 Introduction

In the current technology revolution, one can easily communicate via video to fam-
ily and friends across the world as if they were next door. It would seem, therefore, 
that implementing a tele-ICU should be straight forward, but it is far from simple 
because developing a well-coordinated tele-ICU extends far beyond the technol-
ogy. It requires considerable strategic and operational planning. Such planning 
begins with establishing the right multidisciplinary team that includes caregivers 
(providers, nursing, and other clinicians) in addition to hospital administrative, 
technology, and operational personnel. Much of the strategic vision and opera-
tional planning will be addressed elsewhere in this book, but here we will consider 
the details of provider and nursing roles that should be considered while planning 
a tele-ICU program. Understanding these roles upfront is essential to a successful 
tele-ICU program.

Before exploring provider and nursing roles in the tele-ICU, it is important to 
understand the different tele-ICU models as clinical roles differ between such mod-
els and how these different models are staffed. The two major types of tele-ICU 
practice models, centralized and decentralized [1], are described in detail in Chap. 1. 
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As shown in Fig. 5.1, the centralized tele-ICU model typically delivers continuous 
ICU care monitoring for a defined period of time such as 8, 12, or 24 hours per day 
to the originating site where the patients are located in the local physical ICUs. This 
model has also been referred to as the “Hub and Spoke” model with the “Hub” 
being the remote site and the “Spoke” being the originating site where the patient is 
located. The decentralized model is different as it typically involves scheduled care 
such as consultation, scheduled rounding, or response care in which patient evalua-
tions are triggered by a specific alert or clinical event [1].

The caregivers in these two models include both providers and nurses. The tele- ICU 
team in the centralized model often includes one tele-intensivist and several tele-ICU 
nurses who proactively perform continuous monitoring according to a predetermined 
time period. In the decentralized care model, an intensivist, or a specialty physician, or 
an advanced practice provider (nurse practitioner or physician assistant) is located in a 
clinic unit, office, or home and accesses the remote ICU patients through a two-way 
audio-video system usually according to a predefined schedule.

a

b

Fig. 5.1 Tele-ICU models (a) Centralized tele-ICU: A physician in tele-ICU center. 
(b) Decentralized tele-ICU: A physician in office or home
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 Roles and Responsibilities During Strategic Planning 
and Implementation

Former US President Dwight Eisenhower was known for saying that “plans are 
worthless, but planning is indispensable.” Likewise, the strategic and operational 
planning is the key to implementing a successful tele-ICU program. Members of 
such a planning team must include executive leadership, IT personal, human 
resources (including medical staff office), and other administrative representatives 
to address fiscal, documentation, and quality matters discussed elsewhere in this 
book. ICU clinicians and nurses should also be involved early in the design and 
implementation of the tele-ICU [2]. In fact, their participation in the Strategic 
Planning Team is essential for a successful program. Strategic Planning Team mem-
bers should be chosen for their leadership in collaborative relationships that focus 
on transforming the delivery of quality care [3, 4].

Strategic planning takes time. It is not uncommon for the process to take 
1–3 years to get a program from the conceptual phase to full implementation. The 
first steps of this process should include understanding the current care model and 
establishing specific program goals within a defined standard of care [1]. When 
exploring how to implement such goals, careful consideration must be given to the 
financial, quality, provider/nursing workforce implications, technological and insti-
tutional resources, and politics [5]. While provider and nursing members of the 
Strategic Planning Team have meaningful input on the financial aspects of a pro-
gram, perhaps their biggest contribution lies with the quality of care, assessing the 
human resources needed for program implementation, ensuring the technology is 
“clinician friendly,” and navigating institutional politics.

Provider and nursing members of the Strategic Planning Team carry the responsi-
bility to ensure that the program’s goals are not only best practice but that the deliv-
ery system is reliable and can be operationalized without execution risk. Knowledge 
of the patient population, current care delivery model and protocols, and best prac-
tice/standard of care will be important in this phase. It is necessary to evaluate the 
relevance of the current metrics measured and if any new metrics are necessary, as 
well as how the addition of tele-ICU is expected to improve the metrics [5].

With their clinical knowledge and experience, provider and nursing members of 
the Strategic Planning Team can provide guidance on workforce matters from the 
perspective of both the tele-ICU end and the local ICU sides. For example, does the 
remote tele-ICU location require to be staffed by MDs/DOs or critical care advanced 
practice providers and do current critical care providers have the capacity and will-
ingness to participate; if not, what are the implications of recruiting new providers? 
[5] How recommendations from the tele-ICU team are carried out on the local end 
when it pertains to specific procedural recommendations, such as central line place-
ment or intubations, also must be considered in the context of local resources. On 
the local ICU end, consideration needs to be given to whether the current MD/DO 
and nursing staff are capable of participating in tele-ICU care, how they maintain 
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their bedside clinical expertise [5], and whether implementing a tele-ICU program 
will change the type of patient cared for in the local ICU such that the severity of 
illness extends beyond the clinical expertise of the local staff.

Most of the technological aspects may seem unimportant to the clinical leader-
ship during the planning phase. However, the role of the provider/nursing leaders is 
imperative when the team is choosing a platform. Clinician knowledge is needed to 
evaluate each platform being considered for its clinical relevance and reliability. 
Only the clinical leadership can comment on whether a specific platform provides 
the necessary information to the tele-ICU provider and back to the local ICU to 
make an impact in patient care. Platforms also must be easy to use so that both the 
tele-ICU and the local providers can access each other without difficulty. In order to 
ensure program success, the provider and nursing members of the Strategic Planning 
Team should not shy away from insisting on making clinical relevance, reliability, 
and ease of use a priority when working with other members of the team in choosing 
a platform.

It will be important to gain the insight of the frontline ICU staff – not only for 
their practical input but to begin building support for a tele-ICU program [2, 6]. In 
order to select the most suitable service for a hospital, frontline physicians and 
nurses should be provided opportunity to understand the different models and pro-
vide input on their tele-ICU program. Surveying nurses on existing challenges in 
their current critical care practice and possible opportunities for improvements, for 
example, can yield valuable insight and result in engaged staff eager to participate 
at the time of implementation. Asking physicians to provide opinions about the dif-
ferent tele-ICU service models and their expectations on patient outcomes can pro-
vide the Strategic Planning Team helpful guidance to which model may be more 
likely to be successful. The Strategic Planning Team can collect input from frontline 
nurses and physicians to help identify the best fit for the specific ICU and the desired 
outcomes [7].

After the tele-ICU Strategic Planning Team makes decisions about the tele-ICU 
service model, nurses and physicians may be involved in more detailed aspects of 
workflow. A well-thought-out coordinated workflow is required in order to provide 
a meaningful ICU evaluation. In the case of an isolated critical care consult evalua-
tion, the workflow starts with requesting the consult and notifying the consultant, 
who needs to have a workflow of how to remotely evaluate the patient and obtain the 
appropriate history and medical information. The consultant will then need a way to 
document his or her recommendations and communicate them to the bedside nurs-
ing staff and providers. There also needs to be a process for ordering tests and/or 
procedures. Orchestrating these steps requires developing workflows and educating 
all providers of the workflows well before implementation. There is not likely any 
single solution to organizing workflows that works as the best solution for all ICUs. 
One needs to consider local protocols and resources. Clinical representatives from 
both the originating and remote ends of the tele-ICU along with the tele-ICU medi-
cal director and operations director participating in clinical process design work-
shops may be helpful [8].
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Finally, clinical leaders on the Strategic Planning Team should ensure that the 
detailed aspects of any workflow can be delivered by frontline clinicians reliably 
and without significant burden in excess of their current clinical responsibilities. 
Planning a complicated workflow may run the risk of low colleague engagement 
which will certainly hinder a program’s success. In short, provider and nursing par-
ticipation on the Strategic Planning Team is imperative as their input is needed to be 
sure that the tele-ICU is operationalized in a way that consistently provides added 
valuable patient care without unnecessary burden to staff.

Pre-initiation planning, when done well, is time consuming and labor intensive. 
Many programs have found it useful to assign a full-time point person to coordinate 
the multiple aspects of the planning phase and the implementation of the tele- 
ICU. Developing an education and training plan will need to be included in the 
implementation plan particularly for local critical care staff so that it is understood 
how tele-ICU services are provided. During this training and education phase, it is 
important for providers and nurses from the monitoring center to visit and meet the 
bedside teams on the local “side of the camera” during implementation so that they 
become familiar with each other as colleagues and build trust in person before meet-
ing for the first time via a camera over patient care [8, 9]. A tele-ICU coordinator 
who can help organize the early planning stages, workflow development, education, 
and training, as well as facilitate introduction and familiarization among clinicians 
who will be on either end of the camera, will make a meaningful contribution to the 
program. Table 5.1 summarizes the roles during planning a tele-ICU program.

 Operational Roles and Responsibilities

Nurses and physicians play essential roles in the tele-ICU operation. We will focus 
on their daily responsibilities in patient care from both remote and originating sites.

 RN Roles in Centralized Model

In a centralized tele-ICU model, nurses in the remote site cover patient care 24 hours 
a day, 365 days a year [4]. Tele-ICU nurses practice “telenursing,” defined as “the 
practice of nursing over distance using telecommunications technology” [4]. Tele- 
ICU nurses must possess high-level skills in communication, collaboration, 
decision- making, systems thinking, and computer literacy, in addition to qualifica-
tions as critical care nurses. Tele-ICU nurses’ major role is making virtual rounds 
via the camera and assessing all patients [11]. They maintain standard monitoring 
such as electrocardiography and hemodynamic values and access to medical 
records, diagnostic images, and laboratory results. They use a color-coded acuity 
system to categorize patients on the basis of physiologic criteria and therapeutic 
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measures. They respond to alerts and alarms based on the lab results and vital signs. 
They interact with patients and family via the audio-video system. Tele-ICU nurses 
assist the bedside nurses as a second set of eyes and ears to observe patients [12]. 
They have instant access to the same information as bedside nurses via print and 
electronic resources. Tele-ICU nurses can also draft a detailed admission note or 
make notes in the electronic medical record, which is available promptly to all care 

Table 5.1 Roles during planning a tele-ICU program

Topic Nursing and provider role Example

Goals Understand the current ICU 
services and define specific 
goals desired that need to be 
achieved by a tele-ICU 
solution

Identify that current ICU has inadequate ICU 
provider available at night to answer medical 
management issues. Goal: Develop a remote 
tele-ICU program that provides access to a 
critical provider for management questions on 
all ICU patients at night

Tele-ICU 
model

Learn the pros and cons of 
various tele-ICU models, 
and analyze how their 
clinical outcome can 
contribute to addressing the 
program’s goal

If overnight critical care management is needed, 
are the services so episodic that a decentralized 
model will suffice or does the frequency and 
acuity of the critical care management issues 
require more continuous monitoring with a 
centralized model

Quality Determine Whether the specialty and qualification of 
remote provider fits the acuity of patients in local 
ICUs

Workforce 
needs

Evaluate and determine Remote nurse rounding twice during night or 
local nurse calling a remote tele-intensivist 
according to situation

Technology Evaluate technology 
solutions with reliability and 
ease of use in mind

Choose the software ( e.g., using historical ICU 
data of WBC, hematocrit, hemoglobin, platelets 
to develop a customized alert system [10]) and/
or hardware (e.g., mobile bed, mobile robot, 
mobile cart)

Local drivers 
and politics

Commit to understanding 
and addressing institutional 
drivers and politics to 
improve buy-in and adoption

Invite tele-ICU providers or company officials to 
speak, discuss the possible collaboration to 
improve patient outcomes, and reduce costs

Workflows Design workflows that are 
simple and reliable

A tele-ICU physician evaluates a patient with 
septic shock and, among other recommendations, 
determines that the patient would benefit from 
central venous access to deliver vasoactive 
drugs. A predetermined workflow at the local 
level is established so that it can be activated 
immediately; the patient can received the 
recommended action in a timely manner

Education/
training

Encourage adequate 
education and training. Set 
expectations. Encourage 
provider and nursing in 
person collaboration prior to 
implementation

Organize workshops, e-learning, surveys, team 
meetings
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providers from the remote site or originating site in the electronic medical record. 
Tele-ICU nurses promptly respond to questions and requests from bedside staff. For 
example, a bedside nurse may request a tele-ICU nurse to watch over another patient 
while the bedside nurse transports a patient off the unit to diagnostic tests.

In the new tele-ICU clinical care environment, tele-ICU nurses do not replace 
bedside nurses. The bedside nurse remains responsible for direct patient care [1]. 
The bedside nurse has a “second set of eyes” from tele-ICU nurses that provide 
clinical surveillance and support [12]. With mutual respect, bedside nurses may 
want to optimally use tele-ICU services including tele-nurses and tele-intensivists. 
Bedside nurses can push a button to activate tele-ICU service in many situations. 
For example, the bedside nurse may admit a patient from the emergency room at 
midnight when there is no on-site intensivist. A tele-ICU nurse can draft the admis-
sion note, while the bedside nurse is settling the patient’s bed and taking vitals. The 
bedside nurse can request the tele-intensivist to check on the patient and order emer-
gency medications or therapy. The bedside nurse also needs to educate the patient 
and family about the tele-ICU services and obtain consent from the patient and 
family to use tele-ICU services.

Bedside nurses at the originating site may participate in tele-ICU rounds. The 
night-shift tele-ICU nurse may give the bedside nurse (who just takes a new shift 
in the morning) an update of patient acuity status during the tele-ICU round. The 
bedside nurse also can learn about patients’ recent interventions and ongoing 
treatment or plan from the tele-ICU intensivist who is leading rounds. Or the bed-
side nurse can get an update about patient status before the routine on-site rounds 
from the tele-ICU staff during the tele-ICU sign-out process as a pre-rounding 
activity. Most ICUs (80%) with a tele-ICU service reported <50% of providers 
and services have interactive (between tele-ICU staff and physical ICU staff) 
sign-out for all patients [13]. The tele-ICU intensivist can brief the interventions 
that he or she ordered for most unstable patients during off-hours. Such interac-
tive pre-rounding processes help the bedside nurse better prepare to present the 
patient during on-site interdisciplinary rounds and decrease the duration of on-site 
rounding time. The tele-ICU nurse also can participate in the on-site rounds to 
assist the bedside nurse present the patient. For example, the tele-ICU nurse can 
tell the tele-ICU alerts and tele-ICU interventions that occurred when the bedside 
nurse was not present.

 MD Roles in Centralized Model

Intensivists in tele-ICU are board-certified physicians with privileges and creden-
tials in each participating hospitals. They provide oversight as well as interventions. 
A typical workflow includes (1) evaluating all new patients, (2) regular monitoring 
of the patients, (3) responding to “SmartAlerts,” (4) supervising guideline and pro-
tocol management, (5) adjusting therapy to achieve objectives of care plans created 
by the bedside team, (6) responding to emerging or acute problems, and (7) being 
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available to bedside physicians, house staff, and nurses [14]. The tele-intensivist 
prioritizes the issues and performs routine rounds in the physical ICUs via the real-
time audio-video system [12]. The tele-intensivist evaluates patients’ status using 
vital signs, progress notes, and lab results that are the same as on-site physician use. 
The frequency of tele-rounding depends on the acuity level of the patient. Most 
patients are reassessed every 1–4 hours according to acuity or as needs emerge [12]. 
As patient care conditions are identified, changes to the plan of care are discussed 
directly with the bedside team. The tele-intensivist may participate in the pre-round-
ing activity at his or her sign-out process before the on-site interdisciplinary round. 
During the pre-rounding activity, the tele-intensivist can brief the patients’ acuity 
status, interventions, and further recommendations. The tele- intensivist may lead 
on-site interdisciplinary rounds with the beside team including nurses, residents, 
and pharmacists.

A tele-ICU service is not designed to replace local services, but to augment care 
through the leveraging of resources and the standardization of processes [1]. The 
ICU physician (intensivist, primary care physician, hospitalist, resident) is respon-
sible for direct critical care with his or her regular schedule before implementation 
of tele-ICU. Optimal tele-ICU performance is strongly dependent on the partner-
ship and integration between the tele-ICU and physical ICU team. A collaborative 
care delivery model should be established and maintained in order to achieve shared 
outcomes [1]. How physicians in the originating ICU collaborate with tele-ICU 
services should be already planned before implementation of tele-ICU [3]. Normally 
when an intensivist is available in the physical ICU, there is no need to schedule 
tele-ICU services. However, the on-site intensivist may have an effective and 
directed handover meeting with the tele-intensivist, who is taking over the night 
shift. Standardization of such handover processes may help improve the communi-
cation efficiency, accelerate patient care, and reduce medical errors [15]. An on-call 
attending intensivist overnight may have chances to interact with the tele-intensivist 
on emergency cases or critical clinical decisions. The primary care physician in the 
originating site may be contacted by a tele-intensivist regarding a patient’s specific 
medical history during his/her off-hours. Specialty physicians including cardiolo-
gists, pulmonologists, neurologists, oncologists, anesthesiologists, and surgeons 
may co-manage ICU patients with the tele-intensivist according to the patients’ 
specific comorbidities and acuity.

Approximately 83% of hospitalists have clinical responsibilities in the ICU 
[16]. Because of the shortage of intensivists in rural ICUs, hospitalists are increas-
ingly involved in critical care delivery [17]. However, the hospitalist in the ICU 
may not be able to deliver sufficient critical care to patients with high complexity 
and acuity. They may have to practice medicine beyond their scope of training and 
experience and without enough support from a board-certified intensivist. In the 
ICU with no on-site intensivist, the hospitalist may collaborate with tele-ICU 
intensivist to perform interdisciplinary rounds. Hospitalists who follow their 
patients in the ICU can request the tele-intensivist’s assistance in effective symp-
tom management or consult with the tele-intensivist for urgent treatments. For 
example, the hospitalist can request the tele-intensivist to assist when performing 
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central line insertion, arterial line insertion, intubation, or diagnostic ultrasound. 
Residents working in ICUs felt that tele-ICU not only improved patient care but 
benefited their training specifically with regard to ventilator management, initial 
management of an unstable patient, code supervision, and respiratory failure rec-
ognition [14]. Residents may also collaborate with the tele-ICU intensivist to per-
form interdisciplinary rounds.

 RN Roles in Decentralized Model

In the decentralized tele-ICU model, there is no specific center to perform tele- 
services. This practice model is rather a process [1]. The on-site nurses participate 
in the scheduled virtual rounds, via traditional telephone or robotic tele-presence 
(RTP), which enables a direct face-to-face rapid response by the physician. The on- 
site nurses communicate better, are able to be involved in decision-making, and 
therefore improve work satisfaction when using RTP in scheduled remote rounds 
[18, 19]. The on-site nurses present the patients under their care and raise questions 
and concerns about patients’ status or treatments. The on-site nurses also can acti-
vate tele-services by telephone, pager, or RTP in case of emergency. The calling/
paging protocol should have been established before contracting a decentralized 
tele-ICU service [20]. Bedside nurses are familiar with calling/paging criteria such 
as unstable intracranial pressure, deterioration of Glasgow Coma Score, refractory 
hypotension, or hypoxemia. They report to the remote provider the patient’s status, 
vital signs, and lab results and coordinate the treatment that is recommended by the 
remote provider. On-site nurses at the patient location provide hands-on assistance 
and may, if trained appropriately, serve as surrogate examiners. For example, the 
bedside nurse can shine a light into the pupils of an unresponsive patient or evaluate 
motor responses. The remote provider may or may not be able to view the patient’s 
EMR directly. The on-site nurse may need to pull up images or lab results for the 
remote provider. If the remote provider is not able to document the tele-service 
directly in the patient’s EMR, the on-site nurse will need to document the interven-
tions in the patient’s EMR.

 MD Roles in Decentralized Model

The remote provider in a decentralized model (Fig. 5.1b) could be an intensivist, 
other specialty physician, or advanced practice provider. The remote provider uti-
lizes telephone, computer, two-way audio-video system, or a mobile robot from 
various locations – clinic, office, or home – to provide clinical services. For exam-
ple, physicians may use a mobile robot to perform off-shift rounding in the ICU 
from home [18–20]. The physician can activate the robot using software on his 
computer at home during nights or on weekends. The robot can patrol each room, 
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and the physician can be displayed on the robot screen (Fig. 5.2) to enable face-to- 
face communication with patients and families, bedside nurses, and residents. The 
physician can review trends of physiologic variables such as cardiac output and 
treatment goals such as heart rate control and collaborate with bedside nurses and 
residents. In addition to routine patient rounds and ICU admissions, the remote 
physician can respond to the emergency calls or pages by activating the mobile 
robot using the computer from home. The mobile robot can also be used for ICU 
resident mentoring and education and family counseling.

 Management Roles and Responsibilities

 Operational Management

The tele-ICU medical director needs to overcome strong resistance to work with 
physicians and nurses in the physical ICU to empower the tele-ICU physicians to be 
actively engaged in patient management decisions [21]. The tele-ICU executive 

Hospital

Home

Fig. 5.2 A physician using a remote robot to examine the patient
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leadership should recruit leaders who can implement and sustain care models that 
support collaborative relationships between remote and originating sites to achieve 
the goal of enhancing patient care [1]. The tele-ICU medical director may work with 
the physical ICU director to achieve this goal through multiple strategies [12], such 
as (1) shared tele-ICU/physical ICU staff meetings, (2) providers from the remote 
site visiting the originating site and providers from the originating site visiting the 
remote site, (3) formal staff liaison positions, and (4) forming a partnership commit-
tee that allows providers from remote and originating sites to meet and identify 
potential problems and solutions [12]. The physicians and nurses in the originating 
site and remote site can learn about each other’s qualifications and experiences 
through these mechanisms.

The organizations must also create guidelines about tele-ICU roles and respon-
sibilities, appropriates staffing models, hours of operation, methods of communi-
cation, procedures around routine and emergency care delivery, and chain of 
command for escalation processes [1]. The providers from both remote and origi-
nating sites can work together as a team to develop protocols for the criteria for 
emergency tele- ICU activation, the methods for efficient communication, medica-
tion orders, therapy orders, resolving conflicts, etc. All protocols should be devel-
oped with the goals of achieving timely and appropriate management of patients 
with high acuity.

 Communication

Communication between providers is extremely important in the high acuity and 
complex environment of caring for critically ill patients. Skilled and efficient com-
munication is associated with better outcomes of patient safety [22]. The efficiency 
and accuracy of clinical information exchange between remote and originating site 
providers is the pivotal point of timely and successful versus delayed and failed 
intervention. Standardized communication tools provide a framework to organize 
messages. SAFE (Situation/Assessment/Findings and Figures/Express and Expect) 
was developed at Baylor University Medical Center [23]. The SAFE report was 
developed by interviewing experienced nurses and physicians about the effective 
communication style in their collaboration of patient care. If bedside nurses adopt 
the SAFE tool to communicate with tele-ICU physicians, they prepare for the dia-
logue and include information to be obtained and activities to be completed before 
calling. The bedside nurse then follows the structures in the table to report to the 
tele-ICU physician: S is the Situation, a very brief and focused description of what 
is happening now and what prompted the call. A is Assessment, the nurse’s clinical 
impression of the patient’s specific problem. F is Findings and Figures, explicit 
relevant data, or evidence that supports or leads to the clinical impression. E is 
Express and Expect, which instructs the nurse to engage in dialogue about interven-
tions to address the patient needs, such as orders for tests, medications, and treat-
ments, or asking the physician to come see the patient.

5 Nursing and Provider Roles in the Tele-ICU



98

SBAR is an acronym for Situation, Background, Assessment, Recommendation, 
a technique that can be used to facilitate prompt and appropriate communication 
[24]. SBAR may be a better communication tool for tele-ICU practice with complex 
situations requiring a clinician’s immediate attention and action [25]. SBAR is a 
simple, straightforward tool:

• Step 1-S: Describe the Situation  – What is the patient’s current status? For 
example, HR 130, RR 22, sinus tachycardia on the monitor.

• Step 2-B: Include important Background information – What are the circum-
stances or medical history leading up to the situation? For example, the patient 
was admitted for COPD exacerbation.

• Step 3-A: Add your Assessment – What do I think the problem is? For example, 
acute respiratory distress.

• Step 4-R: Conclude with your Recommendation – What therapy or medication or 
procedure should we provide to the patient? For example, endotracheal intubation.

Once a standard communication tool has been adopted between the tele-ICU and 
physical ICU, the provider will expect the information in this format, and the 
speaker can communicate the message more efficiently. Many other communication 
tools for structuring written communication in the medical field have been devel-
oped such as SOAP (Subjective, Objective, Assessment, Plan) and APIE 
(Assessment, Plan, Intervention, Evaluation). SBAR may be the most appropriate 
communication tool for tele-ICU considering the urgency of clinical events in the 
ICU and widespread adoption of this tool. The standardized SBAR communication 
format can also be built into the communication software used for both originating 
and remote tele-ICU sites [26]. Clinical communication software, such as Vocera 
[27], can be used to communicate between remote and originating site providers 
either with voice or HIPAA-compliant secure text.

 Medical Translation

For patients located in rural, underserved areas with high numbers of non-English 
speaking residents, a multi-lingual physician from a tele-ICU program will enhance 
the communication and therefore speed up diagnosis and treatment. There is 
immense inefficiency and potential danger in miscommunication between tele-ICU 
physicians and non-English-speaking patients. However, it is impossible to hire 
tele-clinicians who can speak all of the languages that patients are speaking. 
A  remote medical translation service can solve this language barrier. Tele-health 
interpretation is a type of medical translation service that takes place during a tele-
health appointment [28]. The interpreter is connected electronically with the tele-
clinician and the patient. The interpreter will translate whenever the clinician or the 
patient says something so that everyone can understand each other throughout the 
appointment. Telephonic interpretation is the most practical way to connect the 
interpreter, clinician, and patient due to its low cost and convenience. Video inter-
pretation is necessary for deaf or hearing-impaired patients [28]. American Sign 
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Language (ASL) services provide remote video interpreting. The interpreter for 
tele-ICU services should have specialized training in medical terminology. The ini-
tial set-up with a reputable language service provider can be incorporated in either 
tele-ICU center or originating site. To protect patients’ confidentiality, the medical 
translation service provider should be HIPAA compliant.

 Documentation and Billing

The procedures for clinical documentation of tele-ICU services must be estab-
lished in compliance with organizational legal and risk management oversight [1]. 
The tele-ICU physicians, nurses, or pharmacists shall be able to write notes using 
direct interfaces between the tele-ICU and hospital EMR system, laboratory, 
pharmacy, and bedside monitor system. The goal of such documentation should 
be clarity of the tele-ICU clinical intervention and a complete clinical picture 
based on the available data in the tele-ICU. Documentation of tele-ICU services 
in the EMR should be prioritized to ensure the seamless flow of information 
between patient information systems to enhance clinical support and promote 
continuity of care.

The care team in the originating ICU site activates the tele-ICU service. The tele- 
ICU nurse reviews the patient information and documents a tele-ICU admission 
note in the patient’s EMR. The tele-ICU intensivist can use a document template 
with structured data for the tele-consultation report. The document’s header must 
contain at least the following: patient information; contact details of primary physi-
cian, private duty nurse, and other participants; document creation date; duration of 
service; and author identification [29]. The tele-ICU progress notes include patient’s 
status change and acuity, the medication order, interaction with the patient and on- 
site care team, resolution, and care plan. The tele-ICU pharmacist documents the 
medication order, dosage, frequency, IV rate, etc.

Currently third-party payers do not pay for many tele-ICU services, especially 
those that employ centralized models. Hospitals need to budget for the cost of tele- 
ICU physicians and nurses who provide services from remote sites for patients in 
the originating ICUs [21]. As reviewed in Chap. 11 of this book, financial benefits 
may be achieved by increased case volume or reduced cost because of shortened 
length of ICU stay or reduced critical care complications [30]. The Current 
Procedural Terminology (CPT) codes for in-person critical care billing, as shown in 
Table 5.2 [31], are not applicable for tele-ICU services yet. The reimbursement rate 

Table 5.2 Critical care billing CPT codes [31]

CPT Code Definition

99291 Critical care, evaluation and management of the critically ill or critically injured 
patient; first 30–74 minutes

99292 Critical care, evaluation and management of the critically ill or critically injured 
patient; each additional 30 minutes (list separately in addition to code for primary 
service)
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for critical care physicians at the originating site decreases as the length of ICU stay 
increases [32]. The physician time spent in activities outside of the unit such as 
telephone calls taken at home or office may not be reported as critical care. In 2008, 
in response to a request for new CPT codes to report tele-ICU services, the American 
College of Chest Physicians, American Thoracic Society, and the Society of Critical 
Care Medicine were asked to collect data to determine the pattern of usage for tele- 
ICU codes [33]. The survey data were collected from those centers monitoring 
patients in academic and community hospitals in urban, suburban, and rural set-
tings. The survey showed that, per site per 12-hour shift, about 1.75 tele-ICU 
encounters could have been billed as critical care CPT code 99291 if the services 
had been provided in-person at the originating site. In this centralized model, the 
majority of tele-ICU services involved tele-ICU intensivists guiding patient care 
through nurses and other providers at the bedside and required far less than 30 min-
utes per episode.

Hospitals most commonly contract with a tele-ICU service center. The tele-ICU 
center pays the tele-ICU intensivist ($160–200/hour in 2007) [34] and nurses for 
providing remote coverage of ICU patients. In the centralized service model, the 
tele-ICU intensivist and nurses document the services. In decentralized service 
models, the on-site provider or nurse who requests the tele-ICU service typically 
documents in the patient’s chart. The remote physician may then file a report or time 
card for documentation and reimbursement of the tele-consultation from the origi-
nating site. In this model, tele-ICU services are provided to the originating hospital, 
not directly billed to patients, and are considered part of the operational cost of the 
hospital [34].

Although physician reimbursement for telemedicine services is increasingly 
common [35, 36], few payers currently reimburse for critical care services provided 
via telemedicine, given the importance of bedside assessment in the ICU as well as 
concerns about overutilization and devaluation of critical care services [34].

 Common Pitfalls

 Acceptance and Common Issues

Young et al. reviewed staff acceptance of tele-ICU coverage and found that staff 
generally accepted the tele-ICU coverage with satisfaction score of 4.2–4.5 out of a 
five-point Likert scale (1 = poor acceptance, 5 = high acceptance) [37]. Nursing 
staff showed stronger resistance initially, but acceptance may improve over time [2, 
38]. The bedside nurses might not take advice from tele-ICU nurses and might be 
reluctant to request tele-ICU services. Nurses could face conflict when advice 
offered remotely conflicts with treatment prescribed by ICU attending physicians 
[2]. There is need to focus on nursing education to adopt tele-ICU services [39, 40]. 
In a decentralized model, the majority of physicians believe that remote patient care 
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is either “very valuable” or “valuable” in improving patient care and patient/family 
satisfaction [41].

The common problems for nurses were identified as follows [2, 8, 37]:

• Bedside nurses refused to take advice from tele-nurses or tele-clinicians.
• Advice offered by tele-ICU conflicted with treatment prescribed by ICU attend-

ing physicians.
• Bedside nurses avoided seeking help from tele-ICU proactively or only passively 

waited for tele-ICU services.
• Perception that tele-ICU “spied upon” them.
• Tele-ICU services interrupted their work and increased workload.
• More experienced nurses felt that tele-ICU is only helpful for new nurses.
• Low quality of audiovisual equipment and unfriendly technical system.
• Bedside nurses fear that tele-ICU nurses will replace them.

The common problems identified by physicians were as follows [37]:

• No need for tele-ICU services.
• Originating site physicians felt that tele-ICU failed to recognize when help was 

really needed.
• IT interface/security challenges.
• Physicians from originating site would not accept the tele-ICU interventions.
• Low quality of audiovisual system.
• Tele-ICU physicians had challenges of physical stress and boredom.
• Tele-ICU physicians became frustrated by the inability to directly intervene and 

by resistance encountered from originating site staff.
• Originating site physicians felt increased workload and responsibilities.
• Interruptions from tele-ICU services.

The success of collaboration between tele-ICU and physical ICU starts with ini-
tial visionary leadership and direction at the organizational level before the imple-
mentation of the tele-ICU program [3]. More specifically, the success depends on 
the organizational acceptance of tele-ICU, sufficient education and training, neces-
sary clinical transformation of bedside practices, and clarification of responsibilities 
and authorities of each role involved in the collaborative care of ICU patients.

 Differences of Opinion Between Remote and Bedside Providers

Sometimes advice offered remotely may conflict with treatment prescribed by ICU 
attending physicians [37]. The opinion about the diagnosis, treatment plan, medica-
tion or therapy, or end-of-life decision-making may differ because of considering 
different aspects of the patient’s current status, past medical history, pathology or 
radiology interpretation, or patient code status. Conflicts between ICU intensivists 
may also be associated with burnout and depression for intensivists [42]. 
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The conflict between tele-ICU and physical ICU intensivists may be more stressful. 
According to American Telemedicine Association (ATA) guidelines [1], the execu-
tive leadership must be appropriately positioned in the organization before or during 
the implementation of tele-ICU program. The leadership must participate in key 
decision-making forums with the authority to make necessary decisions. Either tele- 
ICU physician or bedside physician must resolve conflicts while focusing on patient 
safety and care quality. They may report to the tele-ICU program leadership with a 
mechanism that is nonpunitive and sensitive to assuring that the close collaborative 
relationship between the tele-ICU and ICU staff is not compromised.

Good communication involving primary care physicians, subspecialty consul-
tants, pharmacists, pathologists, radiologists, nurses, and the patient and family is 
key to resolving conflicts. Physicians at both the remote and originating sites need 
to understand the source of conflicts first. If there are differing opinions about the 
diagnosis, for example, the providers can seek an opinion from the originating site 
pathologist or radiologist. Through discussion involving all the necessary person-
nel, a consensus regarding the diagnosis can be achieved. Conflict regarding medi-
cations or treatment strategy may be resolved by referring to specific guidelines or 
evidence-based protocols.

 Where to Start

 Read the Guidelines

In order to establish a common set of standards to ensure the safe delivery of tele- 
ICU care, all involved personnel should review the relevant guidelines for tele- 
ICU.  The ATA updated the guidelines for tele-ICU operations in 2016 [1]. By 
definition, tele-ICU is not a separate medical specialty, but a tool or system to 
deliver critical care. Tele-ICU cannot replace local services, but augment care 
through the leveraging of resources and standardization of processes. The guideline 
emphasizes the collaborative relationships between originating and remote ICU 
sites to enhance patient care. The organization must create guidelines for such col-
laboration including the roles and responsibilities of staff at both sites, leadership, 
operation hours, communication pathway, workflow, and patient safety reporting. 
Tele-ICU staff must also follow the regulations to protect patients’ privacy and con-
fidentiality when managing the patients’ medical records. The documentation of 
tele-ICU clinical interventions must be integrated in the EMR system and in com-
pliance with organizational legal and risk management.

The ATA guideline advises incorporation of tele-ICU operations into ICU prac-
tice guidelines by other organizations such as Society of Critical Care Medicine, 
American Association of Critical-Care Nurses (AACN), the American College of 
Chest Physicians (ACCP), and the Critical Care Societies Collaborative. AACN 
provided guidelines for tele-ICU nursing practice [4]. Tele-ICU nurses must possess 
high-level skills in communication, collaboration, decision-making, systems 
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 thinking, and computer literacy, in addition to the knowledge, skills, and abilities 
required for bedside critical care nursing. The patient is the central component of all 
interactions between tele-ICU nurses and staff at the originating site. Tele-ICU 
nursing leaders, in collaboration with tele-ICU nursing staff, create policies to stan-
dardize tele-ICU procedures such as virtual rounding, patient and family communi-
cation and education, monitoring and response to alerts and alarms, management of 
bedside emergency situations, patient care hand-offs, documentation, debriefing 
about cases/events, downtime procedures, escalation processes to address real-time 
care concerns, etc.

 Learn from Others

Lehigh Valley Hospital and Health Network (LVHHN) launched a tele-ICU pro-
gram in 2004 [43, 44]. From 7 PM to 7 AM, a tele-intensivist and two critical care 
nurses work in the tele-ICU monitoring center located in Allentown, Pennsylvania. 
The tele-ICU monitoring center is equipped with multiple computer monitors 
(Fig. 5.3) [43]. The bedside nurses use the MetaVision charting system for auto-
matic bedside data entry for vital signs, IV dosing, etc. The tele-intensivist and tele- 
nurses have bedside access to updated patient data. They can have a customized 
view of each patient, use note-writing tools to write progress notes into the EMR, 
read images through an interface with digital radiography, and order medications or 
treatments via an interface with computerized data entry (Fig. 5.4). In an example 
case, a patient (Joe) was transferred to an ICU bed after 7 PM. The ICU bed was 
equipped with high-resolution video, two-way audio, and an electronic bedside 
charting system. A bedside nurse (Sarah) came to measure Joe’s vital signs and 
noted worsening tachypnea. Following the ICU protocol, Sarah pushed the button to 
activate tele-ICU services. The tele-nurse (Teresa) received the alarm and reported 
to the tele-intensivist (Dr. M) that Joe had a high respiratory rate. After reviewing 
the clinical findings with Sarah and looking at Joe’s chest x-ray, Dr. M suspected 
decompensated congestive heart failure. Dr. M activated the audio-video system to 

Fig. 5.3 A tele-ICU team is working in the tele-ICU monitor center in Lehigh Hospital
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examine Joe with Sarah’s assistance. Joe was able to interact with Dr. M on the 
screen at bedside (Fig. 5.4). After evaluating Joe and confirming the clinical find-
ings, Dr. M told Sarah that he was ordering IV furosemide and a nitroglycerin drip. 
Dr. M also told Sarah that if Joe did not significantly improve after an hour, he 
would likely require endotracheal intubation. Dr. M entered the orders in the elec-
tronic software. The hospital pharmacy received the order, and Sarah started Joe on 
the medications according to the order.

References

 1. Davis TM, Barden C, Dean S, et al. American telemedicine association guidelines for TeleICU 
operations. Telemed J E Health. 2016;22(12):971–80.

 2. Kowitlawakul Y. The technology acceptance model: predicting nurses' intention to use tele-
medicine technology (eICU). Comput Inform Nurs. 2011;29(7):411–8.

 3. Zapatochny Rufo RJ.  The virtual ICU: pathway to improved performance. Nurs Manag. 
2009;40(1):39–42.

 4. American Association of Critical-Care Nurses. AACN Tele-ICU nursing practice guidelines. 
Aliso Viejo: American Association of Critical-Care Nurses; 2013.

 5. Reynolds HN, Bander JJ.  Options for tele-intensive care unit design: centralized versus 
decentralized and other considerations: it is not just a “another black sedan”. Crit Care Clin. 
2015;31(2):335–50.

Fig. 5.4 Tele-ICU intensivist interaction with ICU patient

T. N. Liesching and Y. Lei



105

 6. Westbrook JI, Coiera EW, Brear M, et  al. Impact of an ultrabroadband emergency depart-
ment telemedicine system on the care of acutely ill patients and clinicians' work. Med J Aust. 
2008;188(12):704–8.

 7. Bartolini E, King N. Emerging best practices in tele-ICU Care Nationally. A NEHI ISSUE 
Brief/November 2013, https://www.nehi.net/writable/publication_files/file/nehi_issue_brief_
final_emerging_best_practices_for_teleicu_1_.pdf.

 8. Mullen-Fortino M, DiMartino J, Entrikin L, Mulliner S, Hanson CW, Kahn JM.  Bedside 
nurses' perceptions of intensive care unit telemedicine. Am J Crit Care. 2012;21(1):24–31; 
quiz 32.

 9. Stafford TB, Myers MA, Young A, Foster JG, Huber JT. Working in an eICU unit: life in the 
box. Crit Care Nurs Clin North Am. 2008;20(4):441–50.

 10. Janz BA, Saeed M, Frassica J, Clifford GD, Mark RG. Development and optimization of a 
critical care alert and display (CCAD) system using retrospective ICU databases. AMIA Annu 
Symp Proc. 2005:994.

 11. Williams LM, Hubbard KE, Daye O, Barden C. Telenursing in the intensive care unit: trans-
forming nursing practice. Crit Care Nurse. 2012;32(6):62–9.

 12. Goran SF. A second set of eyes: an introduction to tele-ICU. Crit Care Nurse. 2010;30(4):46–
55; quiz 56.

 13. Lilly CM, Fisher KA, Ries M, et  al. A national ICU telemedicine survey: validation and 
results. Chest. 2012;142(1):40–7.

 14. Ries M. Tele-ICU: a new paradigm in critical care. Int Anesthesiol Clin. 2009;47(1):153–70.
 15. D'Empaire PP, Amaral ACK. What every intensivist should know about handovers in the inten-

sive care unit. Rev Bras Ter Intensiva. 2017;29(2):121–3.
 16. Lindenauer PK, Pantilat SZ, Katz PP, Wachter RM. Hospitalists and the practice of inpatient 

medicine: results of a survey of the National Association of Inpatient Physicians. Ann Intern 
Med. 1999;130(4 Pt 2):343–9.

 17. Sweigart JR, Aymond D, Burger A, et al. Characterizing hospitalist practice and perceptions of 
critical care delivery. J Hosp Med. 2018;13(1):6–12.

 18. Rincon F, Vibbert M, Childs V, et  al. Implementation of a model of robotic tele-presence 
(RTP) in the neuro-ICU: effect on critical care nursing team satisfaction. Neurocrit Care. 
2012;17(1):97–101.

 19. Bettinelli M, Lei Y, Beane M, Mackey C, Liesching TN. Does robotic telerounding enhance 
nurse-physician collaboration satisfaction about Care decisions? Telemed J E Health. 
2015;21(8):637–43.

 20. Vespa PM, Miller C, Hu X, Nenov V, Buxey F, Martin NA. Intensive care unit robotic telepres-
ence facilitates rapid physician response to unstable patients and decreased cost in neurointen-
sive care. Surg Neurol. 2007;67(4):331–7.

 21. Center NEHIMTCHT. Tele-ICUs: remote management in Intensive Care Units. https://www.
nehi.net/writable/publication_files/file/tele_icu_final.pdf. 2007.

 22. Goran SF, Mullen-Fortino M. Partnership for a healthy work environment: tele-ICU/ICU col-
laborative. AACN Adv Crit Care. 2012;23(3):289–301.

 23. Dixon JF, Larison K, Zabari M. Skilled communication: making it real. AACN Adv Crit Care. 
2006;17(4):376–82.

 24. SBAR. https://en.wikipedia.org/wiki/SBAR. Accessed on March 2018.
 25. Improving Clinical Communication Using SBAR. Available online. http://www.1000livesplus.

wales.nhs.uk/sitesplus/documents/1011/T4I%20%283%29%20SBAR.pdf. Accessed March 
2018.

 26. Pimintel DM, Wei SH, Odor A. A software communication tool for the tele-ICU. AMIA Annu 
Symp Proc. 2013;2013:1139–48.

 27. Clinical communication software. https://www.vocera.com/products/secure-texting-collabo-
ration. Accessed on March 2018.

 28. Lahiere B. Telehealth interpretation: help for rural non-english-speaking patients. Posted on 
Mar 24, 2017 at 10:41 pm. http://blog.spoken-here.com/telehealth-interpretation-providing-
quality-healthcare-options-for-rural-areas. Accessed on 23 March 2018.

5 Nursing and Provider Roles in the Tele-ICU

https://www.nehi.net/writable/publication_files/file/nehi_issue_brief_final_emerging_best_practices_for_teleicu_1_.pdf
https://www.nehi.net/writable/publication_files/file/nehi_issue_brief_final_emerging_best_practices_for_teleicu_1_.pdf
https://www.nehi.net/writable/publication_files/file/tele_icu_final.pdf
https://www.nehi.net/writable/publication_files/file/tele_icu_final.pdf
https://en.wikipedia.org/wiki/SBAR
http://www.1000livesplus.wales.nhs.uk/sitesplus/documents/1011/T4I (3) SBAR.pdf
http://www.1000livesplus.wales.nhs.uk/sitesplus/documents/1011/T4I (3) SBAR.pdf
https://www.vocera.com/products/secure-texting-collaboration
https://www.vocera.com/products/secure-texting-collaboration
http://blog.spoken-here.com/telehealth-interpretation-providing-quality-healthcare-options-for-rural-areas
http://blog.spoken-here.com/telehealth-interpretation-providing-quality-healthcare-options-for-rural-areas


106

 29. Finet P, Gibaud B, Dameron O, Le Bouquin Jeannes R.  Relevance of health level 7 clini-
cal document architecture and integrating the healthcare enterprise cross-enterprise document 
sharing profile for managing chronic wounds in a telemedicine context. Healthc Technol Lett. 
2016;3(1):22–6.

 30. Lilly CM, Motzkus C, Rincon T, et al. ICU telemedicine program financial outcomes. Chest. 
2017;151(2):286–97.

 31. Critical Care, Evaluation and Management Services (99291, 99292) Reimbursement Policy. 
https://www.modahealth.com/pdfs/reimburse/RPM041.pdf Accessed March 2018.

 32. Ries M. Evaluating tele-ICU cost--an imperfect science. Crit Care Med. 2016;44(2):441–2.
 33. McCambridge MM, Tracy JA, Sample GA. Point: should tele-ICU services be eligible for 

professional fee billing? Yes. Tele-ICUs and the triple aim. Chest. 2011;140(4):847–9.
 34. Hoffmann S. Counterpoint: should tele-ICU services be eligible for professional fee billing? 

No. Chest. 2011;140(4):849–51.
 35. Brown NA. State medicaid and private payer reimbursement for telemedicine: an overview. J 

Telemed Telecare. 2006;12(Suppl 2):S32–9.
 36. Whitten P, Buis L. Private payer reimbursement for telemedicine services in the United States. 

Telemed J E Health. 2007;13(1):15–23.
 37. Young LB, Chan PS, Cram P. Staff acceptance of tele-ICU coverage: a systematic review. 

Chest. 2011;139(2):279–88.
 38. Grundy BL, Crawford P, Jones PK, et al. Telemedicine in critical care: an experiment in health 

care delivery. JACEP. 1977;6(10):439–44.
 39. Pfrimmer DM, Roslien JJ. The tele-ICU: a new dimension in critical care nursing education 

and practice. J Contin Educ Nurs. 2011;42(8):342–3.
 40. Barden C, Davis TM. The tele-ICU: a new frontier in critical care nursing practice. AACN Adv 

Crit Care. 2012;23(3):287–8.
 41. Reynolds EM, Grujovski A, Wright T, Foster M, Reynolds HN. Utilization of robotic “remote 

presence” technology within North American intensive care units. Telemed J E Health. 
2012;18(7):507–15.

 42. Embriaco N, Hraiech S, Azoulay E, et al. Symptoms of depression in ICU physicians. Ann 
Intensive Care. 2012;2(1):34.

 43. YouTube: iMDsoft’s tele-ICU: remote critical care coverage around the clock. https://www.
bing.com/videos/search?q=youtube+tele-icu+intensivist&view=detail&mid=CB6931B6C10
77281B229CB6931B6C1077281B229&FORM=VIRE.

 44. Lehigh Valley Hospital to Begin Using New State-of-the-Art Technology for Intensive Care 
Patient. Published for medical staff of Lehigh Valley Hospital. Medical Staff Progress Notes. 
https://scholarlyworks.lvhn.org/cgi/viewcontent.cgi?referer=https://www.bing.com/&httpsred
ir=1&article=1121&context=progress_notes. April, 2004;16(4).

T. N. Liesching and Y. Lei

https://www.modahealth.com/pdfs/reimburse/RPM041.pdf
https://www.bing.com/videos/search?q=youtube+tele-icu+intensivist&view=detail&mid=CB6931B6C1077281B229CB6931B6C1077281B229&FORM=VIRE
https://www.bing.com/videos/search?q=youtube+tele-icu+intensivist&view=detail&mid=CB6931B6C1077281B229CB6931B6C1077281B229&FORM=VIRE
https://www.bing.com/videos/search?q=youtube+tele-icu+intensivist&view=detail&mid=CB6931B6C1077281B229CB6931B6C1077281B229&FORM=VIRE
https://scholarlyworks.lvhn.org/cgi/viewcontent.cgi?referer=https://www.bing.com/&httpsredir=1&article=1121&context=progress_notes
https://scholarlyworks.lvhn.org/cgi/viewcontent.cgi?referer=https://www.bing.com/&httpsredir=1&article=1121&context=progress_notes


107© Springer Nature Switzerland AG 2019 
M. A. Koenig (ed.), Telemedicine in the ICU, 
https://doi.org/10.1007/978-3-030-11569-2_6

Chapter 6
Structure and Design of the Tele-ICU

Spyridon Fortis and Matthew R. Goede

 How to Build a Centralized Tele-ICU Program 
from the Ground Up

Building an ICU telemedicine program is not a uniform process, and its character-
istics may vary depending on the needs of the ICUs supported by the tele-ICU. Large 
telemedicine vendors that provide service to several ICUs located in unrelated 
healthcare systems may need to adjust their operation and provide various levels of 
support to each ICU depending on the individual needs [1, 2]. On the other hand, 
telemedicine programs built to serve the needs of a small group of hospitals (e.g., 
hospitals affiliated with university medical centers or hospitals within a single 
health system) may provide similar service to all ICUs and may serve as a reference 
point to unify best practice across all locations [3].

In this section, we provide “practical” information on how to build a centralized 
tele-ICU program regarding (a) staffing requirements, (b) technology requirements, 
(c) designing tele-ICU hub, and (d) considerations for ICUs that will receive 
 tele- ICU services.
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 Tele-ICU Staffing Requirements and Delineation of Roles

Some tele-ICUs are built to provide critical care expertise to ICUs with no intensiv-
ist [2, 4] while others to improve quality of care in high-resource ICUs of large 
tertiary facilities [5], or a combination or spectrum of the two. The staffing levels are 
therefore based on the services delivered at the individual sites. Telemedicine pro-
grams focusing on providing critical care expertise to sites without intensivists on- 
site will need to have a higher tele-physician-to-tele-nurse ratio. ICUs with available 
intensivists, at least during some portions of the day, may benefit from tele-ICU 
programs staffed predominantly by critical care nurses who are responsible for 
ensuring adherence to best-care practice. In some studies, large urban medical cen-
ters with in-house intensivists experience greater benefit from tele-ICU than rural 
small hospitals [5, 6]. Thus, adherence to best-care practices is a valuable deliver-
able of tele-ICU that impacts patient outcomes. Other innovative telemedicine pro-
grams have adopted a model that provides critical care in various settings [7] like 
the postanesthesia care unit [8] or the emergency department, identifying those 
patients that are suitable for ICU admission and monitoring those patients awaiting 
transfer to the ICU [9]. Other programs have expanded to patients in long-term 
acute care facilities to help with mechanical ventilator management [10]. It is hard 
to establish one standard staffing model for all tele-ICU environments. The role of 
tele-ICU nurses and physicians varies depending on the care model and the bipartite 
agreement between bedside ICUs and the telemedicine team. The ICU telemedicine 
care models according to the American Telemedicine Association (ATA) [11] are:

• Continuous care model. Continuous care model involves continuous monitor-
ing of the patients without interruption 24/7 or for a specific period of the time 
(e.g., during off-hours).

• Scheduled care model. In scheduled care models, telemedicine consultations can 
be provided during scheduled time periods, e.g., during morning rounds.

• Reactive care model. In the reactive model, telemedicine staff may not be readily 
available but may be alerted by pager, phone call, etc.

These care models may be combined in various ways. For example, a tele-ICU 
may provide support based on the reactive care model during daytime hours when 
in-house intensivists are available at the bedside and based on the continuous care 
model during the night when the on-site critical care physicians are not available. 
The leadership of both the bedside ICU and the ICU telemedicine program should 
discuss prior to implementation what models of tele-ICU should be implemented. 
A  written bipartite agreement that outlines the responsibilities of tele-ICU staff 
should be available. The authority of tele-ICU staff to intervene should be clearly 
defined and agreed upon by both parties. Direct intervention is associated with bet-
ter ICU outcomes compared to monitoring and notifying the bedside staff, and 
therefore, this model is preferable [12]. Regular discussions between the two parties 
are essential. Ideally, visits of telemedicine leadership to the bedside ICUs and bed-
side ICU leadership to the tele-ICU clinical room before implementation help to 
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clarify roles and abilities and identify the optimal care model [13]. Identifying the 
most appropriate care model is critical as it improves satisfaction in both bedside 
and remote staff. Having an easily available operation manual, e.g., on a frequently 
updated website, can facilitate the smooth operation of tele-ICU services as large 
tele-ICU programs that involve several unrelated ICUs may not provide the same 
service at the various ICUs. The manual should include information regarding the 
role of telemedicine staff for each ICU, along with contact and staffing information 
about the bedside ICUs and the remote hospitals’ clinical capabilities, e.g., medical 
residents are in-house at night.

 Role of Remote Nursing Staff

As in the physical ICU, the tele-ICU nurses are the “gatekeepers” of the unit. In 
general, one tele-ICU nurse is utilized for 20–70 monitored ICU beds [14, 15] and 
is responsible for initial assessments, ongoing evaluation, and advocacy for the 
safety and health of the patient. While there are no firm guidelines on the nurse-to- 
patient ratio, the needs of the site and the care model will set what will be a safe and 
efficient workload.

In continuous care models, remote nursing staff monitor physiological data, 
often using automated prediction tools that are built into the tele-ICU software. 
With the assistance of the computer algorithms, nurses are able to detect early signs 
of patients’ deterioration and alert the bedside staff or the tele-intensivist (early 
warning model) [15, 16].

In several telemedicine programs, remote nursing staff ensure adherence to best- 
care practice and that may explain the improved outcomes in several tele-ICU pro-
grams after telemedicine implementation [3, 5, 17, 18]. Tele-ICU nursing staff 
support the local ICUs to ensure compliance in the following evidence-based prac-
tices: ventilator bundle, healthcare-associated infection, pressure ulcer prophylaxis, 
deep vein thrombosis prophylaxis, daily sedation interruption, glucose control, and 
cardiac prophylaxis. Table 6.1 shows the components of evidence-based practices in 
a typical ICU telemedicine program. When a compliance issue is detected, the tele- 
ICU nurse may inform the bedside staff or the tele-intensivist.

Tele-ICU nurses can also review new admissions and help with systematic acuity 
scoring, organ dysfunction scores, sepsis screening, and dietary assessment – often 
within the tele-ICU software. They may provide useful information to the tele- 
intensivist or bedside staff regarding the patient medical history, hospital admission, 
laboratory data, etc.

As many tele-ICUs recruit nurses with significant clinical and especially ICU 
experience, the tele-ICU nurses can serve the role of resource nurse to the bedside 
ICU nursing staff. Tele-ICU has the capability of extending many ICU nurses’ 
careers by allowing them to continue in a clinical ICU role past a point when they 
can no longer physically perform a bedside nursing role.
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 Role of Remote Intensivists

For tele-ICU programs with less than 120 ICU beds, one intensivist is usually ade-
quate. An additional intensivist can be added for programs with more than 120 beds 
[14, 15]. According to American Telemedicine Association guidelines, one intensiv-
ist could monitor 100–250 patients depending on the program operation [11].

In a continuous care model, the tele-ICU nurse or the telemedicine software 
alerts the tele-intensivist about derangements in physiological data. Physicians may 
communicate with bedside staff, discuss the case, and provide recommendations or 
may act directly depending on the bipartite agreement. The role of the remote inten-
sivist may vary among various types of patients. Direct intervention staffing models 
may apply for medical patients, but monitoring and co-management staffing model 
may apply for patients that require specialized knowledge and skills like surgical or 
transplant patients. If direct intervention is selected, written protocols should be 
available to the tele-ICU, especially in patients with specialized care plans (cardio-
thoracic, bariatric, or neurosurgical).

In a continuous care model, remote intensivists may also review new ICU admis-
sions depending on the bipartite agreement. In ICUs with no intensivist, the hospi-
talist may contact the remote intensivist, discuss the case, and formulate the 
appropriate plan. In ICUs with daytime intensivists, during the day, the tele- 
intensivist may review the chart, participate as a second opinion on rounds, ensure 
that best practices are implemented, participate in nutrition and antibiotic steward-
ship efforts, ensure that the care plan made on rounds had the intended effects, and 
receive sign-out from the bedside team at the end of the day shift. During the night, 
the remote intensivist may review new admissions with residents or hospitalists that 
are in-house.

In a scheduled care model, the remote intensivist acts as a consultant who 
reviews  the cases with the bedside team, usually during rounds, and provides 
recommendations.

Table 6.1 Evidence-based 
practices supported by ICU 
telemedicine

Adherence to lung-protective ventilation in acute 
respiratory distress syndrome
Catheter-associated urinary tract infection bundle
Cardiac prophylaxis
Central line-associated blood stream infection bundle
Daily sedation interruption
Deep vein thrombosis prophylaxis
Glucose control
Pressure ulcer prevention bundle
Sepsis bundle
Ventilator care bundle (bed elevation, stress ulcer 
prophylaxis, etc.)
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A surprisingly large amount of clinical care can be provided via telemedicine 
given the correct access to the electronic medical record (EMR) and high-definition 
bedside video teleconferencing (VTC) equipment. The main hindrance to delivery 
of critical care is the inability to lay hands on the patient and perform procedures.

 Role of Advanced Practice Providers

The presence of nurse practitioners and physician assistants in ICUs is increasing 
[19]. Several tele-ICU hubs are staffing with advanced practice providers, in par-
ticular, at times where the remote sites have intensivists in-house. Utilizing advanced 
practice providers instead of physicians can reduce the operational cost of the tele- 
ICU substantially. Their focus is frequently on best-care practice adherence. 
Advanced practice providers may be responsible for ensuring adherence to, and the 
implementation of, best-care practice that is beyond what critical care nurses with 
effective care protocols can provide, e.g., mechanical ventilation and hemodynamic 
augmentation. There are some tele-ICU hubs that are staffed exclusively by 
advanced practice providers. A potential disadvantage of that model is that remote- 
site staff may often prefer to tele-consult with a physician instead of an advanced 
practice provider. Another potential disadvantage is the lack of a standard training 
pathway for advanced practice providers to obtain critical care expertise and skills.

 Role of Administrative Staff (Relationships with Third-Party 
Provider Networks)

A significant amount of administrative time and workload is necessary to maintain 
the licensure, credentialing, and organizational compliance of the tele-ICU provid-
ers. Depending on the range of the program, sites that are covering multiple health-
care networks over multiple states will frequently need to employ individuals whose 
main responsibility is to maintain a working knowledge of the applicable laws, 
bylaws, regulations, and timelines to ensure smooth and continuous availability of 
providers. As billing options become available for tele-consultation and the delivery 
of acute inpatient telehealth, insurance contracts, and accountable care organization 
(ACO) memberships, will also have to be maintained. Maintaining various accounts 
that allow access to the EMR, picture archiving and communication systems 
(PACS), and clinical information systems (CIS) can also take a significant amount 
of time and a good working relationship with the various site information technol-
ogy (IT) personnel.

Another administrative need is to maintain contracts and working relationships 
with software and hardware vendors. Technology invariably will fail or need to be 
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upgraded. The smooth operation of the tele-ICU clinically requires a significant 
amount of advanced planning when it comes to implementing or replacing software 
and in-room equipment.

 Technology Requirements

Smooth operation of ICU telemedicine requires uninterrupted function of VTC and 
access to the EMR, physiologic monitoring, and other systems that store radio-
graphic images, electrocardiograms, etc. All interfaces should be user-friendly. 
Access to the patient end (bedside) should be uninterrupted and reliable [20]. 
Technical support and service lines should be available 24/7.

 VTC and Broadband Requirements

VTC peripheral devices such as cameras, microphones, and speakers in both the 
bedside and tele-ICU hub are required for two-way communication. Ideally, the 
resolution of the cameras should be high definition to allow accurate visual exam of 
the patient, and to be able to read the patient identification band and intravenous 
pump, along with the ability to visualize and interact with the physiologic monitors 
and mechanical ventilator screens [21]. Cameras must include remote pan-tilt-zoom 
functionality. VTC devices have usually built-in echo and noise cancellation. Some 
VTC software may not have built-in echo cancellation and may require headsets or 
additional echo cancellation hardware. Video input needs to come through an 
installed digital video card or universal serial bus (USB) ports. Technological equip-
ment for audiovisual communication may vary from proprietary hardware equip-
ment to “bring-your-own device” to meet the needs for each individual program.

For high-quality video, data may be substantial, and when bandwidth is limited, 
data should be compressed to be transmitted using a codec device or software. 
Codec hardware are more efficient [22]. H.323 is the most commonly used VTC 
standard by commercial equipment manufacturers for a codec.  The low perfor-
mance of a codec software or device may be counteracted by high-quality cameras 
or monitors with high input and output ports. Bandwidth should be adequate to 
allow high-quality audiovisual communication. The minimum bandwidth required 
for tele-ICU audiovisual communications is unknown. It should be determined after 
consultation with clinical, IT, and biomedical staff. The bandwidth requirements 
depend on the peripheral devices and the codec.

Network security may be challenging because each site firewall may block the 
other site’s network [22]. VTC hardware often have network security. When built-in 
security is not available, security can be provided by running virtual private network 
(VPN) software. If the tele-ICU hub location is not located in limited access rooms, 
timeout should not exceed 15 minutes.

S. Fortis and M. R. Goede



113

 EMR Access and Integration

The majority of ICU telemedicine programs have proprietary telemedicine software 
with clinical information systems (CIS) that integrate physiological data from real- 
time physiologic monitors and data from EMRs. The success of a tele-ICU program 
is frequently dependent on a full integration with the EMR and CIS [23, 24]. The 
most common ICU telemedicine software is eCARE (Philips). All tele-ICU soft-
ware should have tools for early recognition of physiologic derangement, early sep-
sis recognition, handy interface and sign-out that improve efficiency of monitoring 
and in general tele-ICU operation.

Some tele-ICU programs do not have these types of software and work with the 
existing EMR within the systems they monitor. In that case, tele-ICU staff needs to 
have full access to the facility’s existing CIS and EMR. Ideally, the telemedicine 
program should have full access to both. Data should be available from the time of 
admission to the hospital from any entry point.

 Access to Peripheral Devices

Peripheral devices can be fixed – attached permanently to the wall – in the patients’ 
ICU room or they can be part of a portable unit. Portable units are known as carts 
and may be used as the primary gate of communication or may serve as backup 
when the fixed peripheral devices fail. Carts operate within a wireless hospital envi-
ronment and depend on personnel to push them and navigate them in the 
ICU. Semiautonomous portable units, known as robots, are also available and may 
have the advantage of being controlled remotely [25, 26]. Fixed peripheral devices 
can be connected to the hospital network with cable or through a wireless network. 
All peripheral devices must have their own Internet Protocol (IP) address and be 
connected to the network. Commercially available devices usually have software 
for Internet connection. Portable peripheral devices should be wireless and be con-
nected to the network through a local area network (LAN) access point. That access 
point should be located in the center of the area that the portable device navigates.

 Downtime Workflows

Workflow for planned and unplanned downtime should be built prior to telemedi-
cine implementation [11]. Examples of planned downtime are construction in the 
ICU requiring temporary relocation of the ICU or planned software or hardware 
upgrades. In cases like those, a portable communication tower can serve as backup. 
Examples of unplanned downtime are Internet connectivity issues, failure of the 
tele-ICU software, facility disasters, and natural disasters. Workflow for those situ-
ations may vary depending on the care model and nature and duration of the 
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downtime. Both sides of the tele-ICU system (bedside and telemedicine) should 
have established, published, and accessible downtime policies and procedures. 
Adequate two-way communication is essential during unplanned downtimes to help 
mitigate the situation. It may be possible for the tele-ICU to function in some dimin-
ished capacity given an effectively planned downtime policy.

 Access to Imaging

Access to imaging is critical for the operation of ICU telemedicine programs [27]. 
Several vendors can offer image sharing through PACS.  Preferable, all tele-ICU 
ends should be able to communicate with a common platform, usually with the use 
of Digital Imaging and Communications in Medicine (DICOM). Integrated PACS 
with the EMR can be more efficient but that requires the tele-ICU to have full access 
to the originating site EMR. Real-time access to image files is necessary in many 
crisis situations that arise in the ICU.

 Remote Physiologic Monitoring Software

Almost every hospital has some type of remote physiologic monitoring, known also 
as telemetry, which enables the remote observation of cardiac rhythms. The difference 
between telemetry and remote physiologic monitoring needed for tele-ICU is that the 
latter receives input from several ICUs in various facilities and requires multiple phys-
iologic parameters (continuous electrocardiogram, pulse oximetry, blood pressure, 
capnography) to be followed. That again creates challenges with data transmission 
and security. Because the data volume is smaller in comparison to VTC, it is easier to 
achieve real-time high-quality physiological data monitoring. Another challenge that 
may occur is whether the telemedicine software interfaces with various physiologic 
monitors. That is critical as the telemedicine software uses real-time physiological 
data from the monitors to alert the tele-ICU staff for physiologic derangement. Large 
or multiple screens in the tele-ICU hub workstations are preferable so the tele-ICU 
staff can review real-time physiological data for several patients simultaneously.

 Designing the Workplace for Remote ICU Providers

 Tele-ICU Hub (Command Center) Architecture

Although the architecture can vary substantially from a telemedicine command cen-
ter to a physician office equipped with a personal computer, laptop, or smart device 
with headsets and the appropriate software, we will describe a typical tele-ICU hub 
that involves a clinical operations room with specialized hardware and software.
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Telemedicine hub architecture is similar in both centralized and decentralized 
programs. The hub may include several tele-ICU workstations depending on the 
size of the program and the number of beds covered. Each hub should have at least 
two workstations even if they never operate simultaneously to allow for redundancy 
in case of hardware or software failure in one of the workstations. For each worksta-
tion, adequate space is required for optimal comfort and effective working space for 
the tele-ICU staff. Workstations should not be located behind or opposed to win-
dows or opposed to other workstations as this would negatively affect VTC fidelity. 
The minimum distance between two workstations will be determined by the quality 
of microphones and headsets, along with necessary hardware space and space for 
the staff. This is important to avoid difficulties in communication between the hub 
and beside when more than one encounter is taking place simultaneously, as well as 
for patient privacy issues.

Ideally, a hub with several workstations should be hosted in a large room instead 
of multiple rooms to allow easy communication between the tele-ICU staff (tele- 
ICU nurse to tele-intensivist). This is also important for tele-ICU staff satisfaction. 
A survey in tele-ICU nurses showed that close communication between telemedi-
cine staff is associated with higher satisfaction and creates an educational environ-
ment [28]. In decentralized telemedicine ICU programs, all hubs and sub-hubs 
should have audiovisual communication towers for continuous communication 
between locations. Printers and fax machines should be available at the hub or adja-
cent rooms. Figure 6.1 shows a proposed layout for a tele-ICU hub.
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Fig. 6.1 Tele-ICU hub layout
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 Ergonomic and Employee Satisfaction Considerations

Telemedicine staff needs to be physically present in the hub at all times and for 
extended shifts. Confinement in a limited space is dissatisfying for the tele-ICU 
staff [28]. Therefore, large windows allowing for natural light are critical for staff 
satisfaction. Physical inactivity is also one of the main reasons for dissatisfaction 
among tele-ICU nurses. Ergonomic tele-ICU workstations can allow staff to shift 
between standing and sitting position while monitoring or communicating with the 
bedside ICU. Ergonomic chairs may also help alleviate complaints of back or neck 
discomfort after long shifts. It may be advantageous to obtain a formal ergonomic 
evaluation of the work area if there are multiple concerns about the working envi-
ronment. Individual ergonomic assessments for employees may reveal that special-
ized padding or equipment is needed to prevent repetitive use injuries. Compact 
exercise equipment, such as treadmills that can be interfaced with the workstations, 
may be helpful as well.

 Issues Related to Patient Privacy

In order to ensure patient privacy, workstations should not be located close to or 
opposed to each other. VTC devices that have noise cancellation headsets are pre-
ferred to help minimize the extraneous noise that occurs in the workroom. Access in 
the tele-ICU hub should be secure and limited only to the telemedicine staff. If that 
is not possible, timeout of the computers and their software should not exceed 
15 minutes.

Patients and family should be informed about the operations of the tele-ICU. In 
most tele-ICU software, there is a feature to deactivate the audiovisual  communication 
between the hub and ICU room when the patient or family declines tele-ICU 
involvement. This is an important feature in cases where the patient transitions to 
hospice or has a psychiatric or neurologic disorder, which is aggravated by the 
unique interaction that tele-ICU provides.

 Building a Collaborative Work Environment

To build a collaborative environment among tele-ICU staff, critical care nurses, 
advanced practice providers, and physicians should be located in the same room 
either physically or virtually [28]. Staffing physicians and nurses together at a single 
location is ideal. However, as one of the advantages of tele-ICU is to stretch the 
valuable resource of intensivists and critical care nurses across a wider area, it may 
be necessary to use continuous VTC between hubs to allow for ongoing real-time 
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virtual collaboration among the staff as if they are all in the same room. In large 
telemedicine centers, biographic information about the staff should be available and 
accessible to help facilitate interpersonal relationships between staff that may work 
with each other infrequently. Formal communication courses like crew resource 
management may be helpful as much of the communication may occur in a new and 
unique fashion over VTC.

 Technology Requirements for Remote Providers

In decentralized telemedicine programs, equipment may vary from tablets and lap-
tops to workstations [26]. In a typical centralized tele-ICU, the workstation con-
sists of one to two real-time physiologic monitors, one to two screens for the 
tele-ICU software, one monitor for access the EMR, and one screen for imaging, 
electrocardiograms, and other studies. Figure 6.2 shows a workstation in an Iowa 
City tele- ICU sub-hub in the Veterans Health Administration VISN 23 Regional 
Tele-ICU Program. The workstation should be equipped with headsets and camera. 
Workstations should be connected to a power outlet with backup power in case 
of emergencies.

Communication tower

PACS
monitor

EMR
monitor

Physiological monitoring

Tele-ICU software

Fig. 6.2 Tele-ICU workstation in Iowa City Veterans Affairs Medical Center
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 Originating Site ICU Design Considerations for Hospitals 
Starting New Tele-ICU Practice

The optimal architecture of an ICU has been described previously [29]. In this sec-
tion, we will focus on the optimal structure of an ICU that receives real-time tele-
medicine service. The ICU design must involve members from the hospital 
administration team, physicians, nurses, pharmacists, therapists, ancillary staff, 
architects, mechanical and electrical engineers, and members of the technology 
team.

The ICU consists of four major zones: (i) patient care zone, (ii) clinical support 
zone, (iii) unit support zone, and (iv) family support zone. Optimal design of the 
patient care and clinical support zones must be able to accommodate tele-ICU 
equipment, even when telemedicine implementation is not planned.

 Patient Care Zone

Single-patient rooms are preferable for various reasons including patient safety and 
better sleep quality regardless of tele-ICU program presence. In addition, the room 
must be single-patient to avoid mixing up patients or audiovisual problems during 
the telemedicine encounter. The room should be large enough to allow a portable 
telemedicine tower/unit, in particular if it is the primary means of audiovisual com-
munication. Ideally, the room should also be spacious enough to host the multidis-
ciplinary ICU team with family presence. This is often not feasible due to space 
restrictions. In that case, multidisciplinary rounds can take place in the clinical sup-
port zone. The entrance to the room should also be constructed to limit visual com-
munications interruption (e.g., an open door does not allow direct visual contact 
between the camera and patient). Continuous physiologic monitoring, like vitals 
and rhythm strip, and audiovisual communications are essential parts of the tele- 
ICU intervention. All contemporary ICUs have telemetry with a remote station 
where ICU staff can watch physiologic parameters without being physically in the 
patient room. That signal can be easily transmitted to another station in the tele-ICU 
hub, which can be located outside of the ICU.

The patient room should have a fixed or mobile video monitor and camera for 
VTC between the bedside and tele-ICU hub. The patient should have direct visual 
contact with the monitor from a supine position. The monitor should be large 
enough for efficient communication. The camera should be in a location that allows 
visual access to the patient, physiologic monitors, ventilator, and medication pumps 
at all times. Careful room design should limit the visual contract interruptions at a 
minimum.
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The microphone and speakers should be located in room areas that allow the 
patient and bedside staff to easily hear the tele-ICU staff without significant echo. 
The tele-ICU button for alerting the tele-ICU hub should be visible and easily acces-
sible. Figure 6.3 shows a suggested layout of an ICU room with telemedicine.

 Clinical Support Zone

The clinical support zone should be spacious enough to allow multidisciplinary 
rounds using a portable telemedicine unit if that is the preferable communication 
mechanism with the tele-ICU hub. A dedicated workroom where multidisciplinary 
ICU rounds with tele-ICU presence is preferable. The clinical support zone should 
also have a family room for communications with the tele-ICU (e.g., for end-of-life 
discussions). If there is no dedicated room for family communications or a work-
room that can serve as such, a portable telecommunication device is required. The 
designated storage area for the portable telemedicine unit (if available) should be 
easily accessible.

Window

Boom Boom

Bed

Door

Screen and camera

Fig. 6.3 ICU room layout
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 Top Questions Physicians Should Ask Before Starting  
Tele- ICU Practice

 Licensing and Credentials for Tele-Intensivists?

For physicians to practice in a particular state, they need to obtain a medical license 
for each state [30]. A tele-intensivist that works in a telemedicine programs that 
provides services in several states needs to apply for medical license in several 
states. Although there has been progress in the process of applying to several medi-
cal state boards through the Interstate Medical Licensure Compact, it is still a 
lengthy process with high cost. Similarly, credentialing in the various hospitals may 
require a lot of time. Large telemedicine programs and hospitals may often have 
dedicated staff for those matters, but rules and policies may vary and tele- intensivists 
may need to deal with this painful process. An advantage of telemedicine programs 
in the Department of Veterans Affairs (VA) is that a physician licensed to provide 
healthcare in the VA is authorized to provide care at any VA location in any state. 
More details regarding ICU telemedicine licensing and credentialing are provided 
in Chap. 4 of this book.

 Combining Telemedicine with Bedside Practice?

A common problem for physicians that practice telemedicine is how they will com-
bine that with bedside practice. Telemedicine assignments are usually for 8 or 
12 hours, while ICU staffing may occur in 1- or 2-week blocks. Intensivists may 
need to schedule several telemedicine shifts back-to-back when they are not on a 
bedside ICU rotation. Future tele-intensivists need to plan how to reach the tele-
medicine command center. Tele-ICU hubs may be located in another state and lodg-
ing may need to be arranged together with tele-ICU shifts.

 Top Questions Administrators Should Ask Before a Tele-ICU 
Practice Is Implemented

 Do I Need Tele-ICU and Why?

Being tele-intensivists ourselves (the authors of this chapter) and great supporters of 
tele-ICU, we cannot say anything other than “yes.” However, to answer this ques-
tion, we need to briefly review the benefits of ICU telemedicine. Chapter 9 of this 
book discusses in details outcomes associated with tele-ICU, but in this section we 
would like to discuss the benefits of tele-ICU from a different angle. Tele-ICU is 
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associated with a mortality benefit [1, 5, 31, 32], reduced length of stay [12, 32] and 
inter-hospital transfers [33], and likely reduced costs [34]. The ICU mortality reduc-
tion has a large range, but we would dare to say that the absolute mortality reduction 
in most tele-ICU programs ranges between 1% and 3% [5, 32]. Similarly, the length 
of stay is reduced approximately by 1 day [32].

Some studies report no benefit from tele-ICU programs [2, 35]. A very interest-
ing counterintuitive observation is that the large urban academic hospitals benefit 
the most [6]. One would expect that the small rural hospitals with no dedicated on- 
site intensivist would experience the greatest benefit [36]. Although the explanation 
for this finding is not known and it can merely reflect the heterogeneity of telemedi-
cine interventions and inherent difficulties in studying these interventions, we can 
make some assumptions. Large academic medical centers with large ICUs can 
group with a few other hospitals to create a financially sustainable program, while 
small hospitals need to create larger inter-hospital associations. The complexity in 
the operation of telemedicine programs that consist of several ICUs in unrelated 
hospitals is high, and the efficacy of tele-ICU may be low in this scenario. Why do 
large academic centers benefit from tele-ICU when they have in-house intensivists? 
This can be partially explained by an increase in best-care practice adherence like 
deep vein thrombosis prophylaxis, ventilator bundles, etc. [5]. Another reason is 
that ICUs preparing for telemedicine implementation may improve practices by 
adopting ICU protocols and policies, e.g., glucose control order sets and ventilator 
order sets [3, 5]. Apart from those benefits, early recognition and intervention of 
physiologic derangement may be another explanation for why large hospitals ben-
efit from tele-ICU coverage. A study at the University of Massachusetts showed 
allowing tele-ICU staff to directly intervene rather than monitor and notify the bed-
side team is associated with reduced length of stay [12].

In addition, ICU telemedicine program can provide benefits beyond direct tele- 
ICU care. Using proprietary software administrators can obtain data regarding ICU 
outcomes and quality measurements for their ICUs or for the entire healthcare sys-
tem [3]. This information can help strategic planning to improve care and operation 
at their facilities.

Taking all the above into consideration, we can assume that tele-ICU may 
improve outcomes via the following pathways:

• Improving the care provided by bedside ICUs by adopting protocols and 
policies

• Ensuring adherence to best-care practices
• Monitoring of ICU outcomes and quality measurements
• Intervening faster in patients with physiologic derangements
• Providing critical care expertise when the on-site intensivist is not available

Considering these potential mechanisms for tele-ICU to improve outcomes, 
administrators should decide whether they need a tele-ICU or not. Therefore, if you 
are the administrator of a single large hospital with relatively good ICU outcomes 
and you want to improve the outcomes of your ICUs, you may need to consider 
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other alternatives like assigning a critical care nurse to ensure best-care practices. If 
you are the administrator of a large health system with several hospitals, a tele-ICU 
program may improve outcomes in the low-resource hospitals by adopting proto-
cols and policies using telemedicine as a vehicle. Tele-ICU can be particularly help-
ful in large healthcare systems as it reduces cost not only by improving hospital 
outcomes but also by reducing the inter-hospital transfers to facilities outside the 
system.

 Should We Build Our Own Tele-ICU?

Obviously this question refers to administrators of large healthcare systems [3]. 
Single hospital administrators have no other choice but to purchase telemedicine 
services from an outside vendor. Large healthcare system administrators have the 
option to purchase or build their own telemedicine program. Administrators should 
make that decision based on the characteristics of their health system. Building your 
own telemedicine program may be easier around a large academic hospital that can 
serve as the command center. Building your own tele-ICU may save money, but it 
will require effort, time, and skills [3].

 What Care Model and Staffing Do We Need?

As we described above, a study at the University of Massachusetts showed that even 
in large academic centers, a continuous care model with full authority for the tele-
medicine providers to directly intervene improves outcomes [12]. Given the find-
ings of that study, one can claim that every ICU should be overseen by a telemedicine 
program. However, that is not possible and it is counterintuitive that even the most- 
staffed ICUs need tele-ICU support. In many cases, on-site staff can provide the 
services that tele-ICU provides, e.g., a nurse to ensure adherence to best-care prac-
tices or an in-house ICU nurse or a nurse practitioner to monitor physiological data 
and intervene when there is a derangement.

Having those alternatives in mind, administrators should choose a model and 
staffing of tele-ICU depending on the particular ICU needs and characteristics. 
ICUs with an in-house intensivist 24/7 may benefit from a continuous care model 
telemedicine program staffed by a tele-ICU nurse, nurse practitioner, or physician 
assistant that encourages adherence to best-care practices. ICUs with available 
intensivists only during business hours may benefit from a continuous care morel 
with tele-intensivists during the night. A reactive care model may be sufficient for 
low-resource ICUs staffed by hospitalists with low acuity patients. The bedside 
team can request the support of the tele-ICU when challenging and high-complexity 
patients are admitted.
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 Is the ICU Telemedicine Program Financially Stable 
Long-Term?

The financial sustainability of the program depends on whether it returns the cost of 
its implementation and operation. Does the tele-ICU reduce length of stay and the 
cost of ICU patients? Does it prevent inter-hospital transfers from low-resource 
hospitals to hospitals outside of the healthcare system? Administrators should take 
these questions into consideration and plan ahead to ensure that telemedicine pro-
gram can be maintained long-term. Chapter 11 of this book describes in detail the 
financial aspects of sustaining a tele-ICU program.

 How Do I Recruit Tele-ICU Staff and What Are Their 
Characteristics?

Excellent collaboration and mutual respect between the bedside and offside teams 
is crucial. For that to happen, it will be ideal for all of the tele-ICU staff to also work 
in-person at the ICUs they service though telemedicine. Often, that is not possible 
due to long distances between the tele-ICU hub and bedside ICUs and other factors 
[3]. If that is not possible, full-time experienced ICU nurses can be recruited from 
the bedside ICU for tele-ICU positions.

Since recruiting tele-ICU staff can be challenging, several telemedicine pro-
grams have solved this problem by decentralizing the operation of the tele-ICU. This 
means creating more than one tele-ICU hub where they can recruit more staff.

Nurses should have extensive ICU experience as they need to recognize patients’ 
acuity and alert the tele-intensivist or the bedside team appropriately [11]. Customer 
service skills are necessary as they often need to interact with healthcare providers 
that they have never met. Tele-intensivists should have similar skills [11]. 
Experienced intensivists are preferred because performing interventions with lim-
ited patient information and prior contact can be challenging.

 Common Pitfalls in Design and Implementation  
of a New Tele-ICU Program

 Integrating EMR and Telemedicine Software

The telemedicine software cannot integrate data from certain types of EMRs. 
Obviously, integration from ICUs with no EMR is impossible. A very common 
hurdle for the smooth operation of telemedicine programs, in particular large 
programs with several unrelated ICUs, is that they need to access several EMRs 
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[36]. As discussed above, that may increase the complexity of a telemedicine 
program and can decrease its efficiency. Administrators of telemedicine programs 
need to consider this challenge prior to implementation or expansion of a tele-
ICU program.

 Poor Collaboration Between On-Site and Off-Site Staff

Excellent collaboration between on-site and off-site staff is critical for the effi-
ciency of telemedicine programs [37]. The American Association of Critical-Care 
Nurses (AACN) identified six standards adopted by the ATA guidelines that are 
critical for the optimal functioning of a tele-ICU program: skilled communication, 
true collaboration, effective decision-making, authentic leadership, appropriate 
staffing, and meaningful recognition [11]. The ATA guidelines also emphasize that 
skilled communication, true collaboration, and effective decision-making should 
be present in every tele-ICU program. This collaboration can be compromised by 
the fact that tele-ICU and bedside staff are not related. That can be prevented by 
recruiting tele-ICU staff that maintain bedside practice in the ICUs within the 
telemedicine program [3]. Clarification of the roles and responsibilities prior to 
implementation after discussion with the bedside ICU will help define expecta-
tions for the service [13, 37]. These concepts are discussed in more detail in 
Chap. 5 of this book.

In telemedicine programs with nurse practitioners or physician assistants, bed-
side staff may request to receive support only from tele-intensivists. This is some-
thing that needs to be taken into consideration prior to implementation. Dissatisfaction 
of the bedside ICU staff may lead to changes in the composition of the tele-ICU 
staffing model by increasing the physician-to-advanced practice provider ratio and 
operational cost. Unplanned increases in the operational cost may lead to a finan-
cially unsustainable telemedicine program.

 Recruiting Telemedicine Staff

Since low-resource rural ICUs that suffer more often from inadequate intensivist 
coverage have a higher need for telemedicine, tele-ICU command centers may be 
located in areas that already have an intensivist shortage. For this reason, telemedi-
cine programs may have difficulty recruiting staff. To overcome this challenge, 
some tele-ICU programs have decentralized their programs by creating hubs in 
areas located in large urban centers that can more easily recruit tele-ICU staff and/
or leverage time zone differences.
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 Case Studies of Best Practices for Designing a New  
Tele-ICU Program

Several studies have shown that tele-ICU programs improve outcomes including 
mortality and length of stay [5, 6, 12, 33, 34]. However, as we already mentioned, it 
is difficult to define telemedicine interventions and measure their effects. In this 
section, we do not provide information about the most efficient ICU telemedicine 
program, but we present tele-ICU programs with unique characteristics: (i) a tele-
medicine program without a proprietary telemedicine software and very low cost, 
(ii) a build-your-own telemedicine program providing service to a different conti-
nent, and (iii) the University of Massachusetts ICU telemedicine program.

 A Telemedicine Program Without a Proprietary Telemedicine 
Software and Very Low Cost

Fairview health system in Minnesota created its own ICU telemedicine program 
with a command center at the University of Minnesota Medical Center that provides 
support to 54 ICU beds in 5 hospitals [3]. The creators used the 24/7 intensivist in 
the University of Minnesota Medical Center to provide support to the off-site ICUs 
during the periods in which there was no intensivist available at the other hospitals. 
No tele-ICU proprietary software or outside vendor was used, but all hospitals 
shared the same EMR. “Off-the-shelf” technology was used. These factors brought 
the implementation and first-year operational cost of the program down to $45,000 
per ICU bed [3] from $70,000 to 80,000 which is the average cost [38]. The annual 
operational cost was only $23,000 per ICU bed. A tele-ICU nurse was always pres-
ent in the command center and performed quality improvement projects during the 
off-peak hours. Although the effect of the program on ICU outcomes has not been 
published, unadjusted mortality was lower the year after telemedicine implementa-
tion compared to mortality rates prior to telemedicine implementation. The tele-
medicine program also helped to unify practice among all the ICUs within the 
health system.

 Build-Your-Own Telemedicine Program

A real pioneer telemedicine program is the one created by the Syrian American 
Medical Society to provide support to Syrian hospitals during the ongoing Syrian 
conflict [39]. The program was launched in 2012 with almost no cost. Initially, 
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the creators who are physicians practicing in USA and Canada used everyday tech-
nology like laptops, free social media, and communication applications such as 
Skype and Viber to provide support to one Syrian hospital. Tele-intensivists were 
mainly pulmonary and critical care physicians that participated in the program with-
out compensation. Later on, they purchased a commercial web-based EMR for 
$200 and expanded the program to more hospitals. In 2015, the Syrian American 
Medical Society received an $850,000 grant to expand ICU capacity in Syria includ-
ing expansion of the tele-ICU program.

 University of Massachusetts ICU Telemedicine Program

Of course, the University of Massachusetts ICU telemedicine program cannot be 
absent among the case studies for designing a tele-ICU program [5, 12]. It is prob-
ably the most studied and cited program in the USA. This model has been demon-
strated to improve outcomes including mortality and ICU length of stay. The efficacy 
of the program is based not only on best-care practice adherence but also on timely 
tele-ICU interventions for physiologic derangements [12]. This program contains 
many important elements of tele-ICU operations and roles that are now considered 
the standard of care for every telemedicine program.
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Chapter 7
Integrating Telemedicine Technologies 
in the ICU

Christian D. Becker, Mario Fusaro, and Corey S. Scurlock

 Introduction

After deciding to implement tele-ICU services, one must begin planning the 
 integration of telemedicine technologies in the ICU. This is a multifactorial pro-
cess requiring significant preparation and a multidisciplinary approach. A com-
mon mistake is to leave this in the hands of information technology (IT) and 
administrative personnel alone. Clinical leaders of both the tele-ICU and bedside 
ICUs must be involved and become key stakeholders in all forms of the tele-ICU’s 
operations, integration, and design to achieve overall success. In addition, execu-
tive sponsorship is vital, and agreement on its goal and “value” must be reached 
prior to onset of services. After go-live of the tele-ICU, the clinical leaders then 
must carefully examine and potentially redact protocols (workflows) based on out-
put metrics to constantly look for areas of improvement and new opportunities for 
the tele-ICU to add benefit. At the end of this chapter, we present a case study in 
which design of a tele-ICU combined with proven business principles led to clini-
cal and operational success.
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 Models of Tele-ICU

Two prevailing models for tele-ICU delivery are the “Continuous Monitoring Model” 
(CMM) and the “Virtual Consultant Model” (VCM) [1]. CMM is considered an active 
monitoring modality whereby a coordinated team of nurses, doctors, and clerical staff 
are fed a continuous stream of fully integrated vital signs, labs, alarms, medications, 
as well as audiovisual communication with the bedside teams to augment patient care. 
This form is important for active monitoring, outcomes data collection, process 
improvement, and intellectual support. The episodic VCM is considered a reactive 
modality, whereby a remote presence is achieved via an audiovisual device aimed at 
tele-consultation without proactive monitoring of patient data. In this model, it is typi-
cally a clinician acting alone through technology without the added benefit of support 
staff. Without the intensive monitoring of the CMM, VCM is mostly useful for pro-
viding on demand cognitive support. However, it also can be instrumental in helping 
to facilitate discharge planning [2, 3]. The biggest difference between the two models 
is that CMM has a significantly higher implementation and ongoing capital cost. 
Often one sees VCM used in low-volume centers, such as critical access hospitals, 
while the CMM model is used in integrated delivery networks (IDNs).

The main CMM tele-ICU vendors are Philips®, Cerner®, and iMDSoft®. The 
prominent VCM vendors are InTouch Health®, Avizia®, Yorktel®, and Phillips® 
among many others. Telemedicine services via phone or tablet have also become 
much more prevalent with several companies offering mobile on demand virtual 
office visit platforms. Some organizations have implemented tele-ICU services 
using an amalgam of vendors [4]. Deciding between each platform is dependent on 
the organization’s clinical needs, goals of the program, financial situation, and size 
of the institution.

 Architectural Design of the Tele-ICU

Designing the physical layout of a tele-ICU should be a multidisciplinary process 
bringing together not only members of the architectural and technology teams but 
also clinical staff. Conforming the tele-ICU design to the communication pathways 
of the multidisciplinary tele-ICU team members is essential and should include cli-
nician input from the beginning. Minimizing barriers to communication and flow of 
information upfront will pay off significantly after the program has been initiated. 
One may also wish to have visual dashboards with team goals, clinical data, etc. that 
will be clearly visible for the tele-ICU practitioners to review on a daily basis. 
Finally, details regarding ergonomics and prevention of repetitive use injuries along 
with eye and neck strain are also important.
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 Technical Integration

Tele-ICU has a myriad of functions including audiovisual communication, vital 
sign/note/lab/alert reporting, order entry, and clinical prediction tools, which are 
necessary for maximizing its effect. The most efficient way to achieve integration 
of tele-ICU technology depends on the existing hospital systems. Each native EMR 
has variable degrees to which it can fully integrate with a tele-ICU system. In some 
cases, full integration may not be necessary. In all cases, the uses of Health Level 
(HL) 7 standards are employed to allow the technical systems to communicate with 
each other. Before deciding on a platform, an important component of the planning 
process involves deciding which function(s) of the tele-ICU are most beneficial to 
the organization [5].

 Interfaces

A near complete integration of the existing EMR is recommended to achieve maxi-
mum tele-ICU utility. As mentioned above, the building of HL7 interfaces include 
the following types:

• Lab interfaces
• Vital sign interfaces
• Medication interfaces
• Notes outbound interfaces
• Order entry interfaces

These interfaces typically serve to connect the telemedicine software with the 
EMR. Their accuracy and dependability is a key component to driving value and 
scaling efficiency for the telemedicine team. Vital sign alerts, medication dosing 
guidelines, and lab alerts are wholly dependent on access to these inputs. 
Crossover of vital signs from the hospital EMR to the tele-ICU platform is criti-
cal for CMMs, as the continuous flow of vital sign data is used to compile risk 
adjustment models, generate pathophysiologic alerts, and feed quality improve-
ment databases. Complete integration is the ideal; however, it may not be feasi-
ble, and an alternative platform can be used concurrently. Because most tele-ICU 
platforms have a documentation manager and order entry, the organization must 
weigh the pros and cons of using this feature versus continuing use of the exist-
ing platform. Although double documentation should be minimized, certain 
aspects of the patient notes may benefit from redundancy across systems to facil-
itate sign out workflows.
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 Imaging

Integration of imaging clients usually consists of linking clinical decision support 
hotkeys to the native radiology software. As it takes a provider to interpret radiology 
images, tele-ICU software rarely uses the actual images in their algorithms, making 
full integration unnecessary.

 Accessory Devices

All equipment, personal devices, peripheral devices, etc. should adhere to the IT 
policies of the organization as well as being HIPAA compliant. The clinicians pro-
viding the service must ensure that, if using personal devices, they have the latest 
security patches deemed necessary by the organization [6]. If using mobile devices, 
they must be enabled with a password or some other digital security feature and 
have a timeout of less than 15 minutes. They should also feature nationally recog-
nized point-to-point encryption, be supported by ongoing maintenance plans and 
be in compliance with current infection control standards. Often, peripheral devices 
are used in patient care to supplement some of the data input regarding tele-ICU. If 
these devices are to be used, there will need to be integration achieved with a robust 
amount of IT support. Often these devices are not easily integrated with tele-ICU 
software, and the value achieved through potential perceived synergies is not 
present.

 Downtime Procedures

As with nearly all technology, scheduled and unscheduled downtime procedures 
should be developed for the tele-ICU. The goal in drafting these procedures should 
be to ensure continual services in the event of a technology failure, planned system 
maintenance, or natural disasters. Commonly used downtime procedures involving 
the following:

• Redundant centers with geographical variation to avoid the effect of weather
• Reverting to the use of telephone in cases of system failure
• Activating bedside personnel in the case of technology failure

These workflows should be drafted in collaboration with the emergency planning 
departments of the organization as they will have similar goals.
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 Other IT Considerations

For optimal audiovisual clarity and to maintain patient safety, optimal bandwidths 
must be present within the hospital or care facility to support the telemedicine 
software. This requires the input of not only the clinical team but also biomedical 
and IT teams. Once the minimal bandwidth that will support optimal audiovisual 
performance has been determined, then each endpoint should be analyzed to ascer-
tain that it conforms to these specifications. As care digitalization and convergence 
continues, healthcare IT executives, when designing their telemedicine programs, 
should not only be thinking of what their bandwidth requirements are today but 
what they will be 3 years from now. This is critical for program growth, scalability, 
and longevity.

Once the system is operational, customizations with the technology can be 
implemented to maximize tele-ICU benefits. Remote party multidisciplinary rounds 
have previously been conducted to improve ventilator usage including decreased 
ventilator duration, ventilator best practice adherence, and decreased ICU mortality 
[7]. Tele-ICU consultations have also been used internationally with a multidisci-
plinary initial evaluation of conjoined twins leading to transfer and successful sepa-
ration procedures [8]. Tele-ICU service rounds have also been implemented in 
war-torn Syria employing American and European physicians to aid in ICU care [9].

 Clinical Integration

After issues regarding technical integration of the tele-ICU are considered, then all 
eyes must be turned toward clinical integration. Often, this is more difficult than the 
technical integration and requires diplomacy and forward-thinking. Given the con-
siderable extensive upfront investment required for a tele-ICU, care must be taken 
to ensure critical design elements are instituted so that it can maximize its value 
potential.

 Implementation Pitfalls

In implementing a tele-ICU, several factors have been associated with success [10]. 
These include the following:

• Having the bedside ICU team be part of design and implementation
• Building support among staff prior to rollout
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• Tele-clinicians visiting the ICU regularly
• Having agreement on best practices
• Having periodic meetings between the bedside tele-ICU staff
• Frequent and multidisciplinary review of performance data
• The presence of multidisciplinary rounds at the bedside

Additional authors have demonstrated the need for high-intensity staffing with 
the ability to intervene on patient care as potentially important factors for tele-ICU 
success [11, 12]. Others have found a lack of strong medical leadership in the tele- 
ICU to be associated with program failure [13]. When contemplating clinical inte-
gration of a tele-ICU, workflows need to be designed to minimize actual or perceived 
disruption to clinical services as well as to focus on areas in which the tele-ICU can 
best add value through care standardization, best practice implementation, second 
opinion services, and afterhours manpower support. We suggest a stepwise approach 
to this integration with building upon initial successes.

 Workflow Redesign

Once the tele-ICU is operational, workflows must be continually examined to ascer-
tain maximal value. Since tele-ICUs generate rich operational data, they lend them-
selves well to process improvement programs (Lean, Six Sigma, etc.) and a 
standardized approach. In a large multicenter study, Lilly demonstrated that tele- 
intensivist review of the patient chart within 1 hour of arrival to the ICU was associ-
ated with both decreased LOS and risk-adjusted mortality [13]. In our tele-ICU, 
after that study’s publication, we specifically redesigned workflows to meet this 
1-hour metric as reducing LOS and mortality are two core goals of our service. 
Periodic collaborative workflow re-evaluations incorporating eICU and bedside 
ICU personnel feedback may lead to incremental improvements or modifications to 
existing workflows.

 Acceptance of Tele-ICU

Initially, some hesitation is reported among bedside staff; however, as trust forms, 
nursing satisfaction increases [14]. In a meta-analysis of tele-ICU coverage, overall 
staff acceptance was high with most tele-ICUs generating 4.2–4.5 on a standardized 
Likert scale [10]. Additionally when surveyed, residents said they wanted some 
form of tele-ICU in their post-training experience [2]. Data on family members 
acceptance suggests that a significant majority find the tele-ICU to be a positive 
feature of the overall care [2, 10]. The most common questions they generate regard-
ing tele-ICU relate to how patient privacy is maintained, how care is augmented, 
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and how the technology works [15]. The majority of family contact was noted to 
occur during the admission intake process. A study examining a remote tele- 
presence robot reports that patient family members were pleased with increased 
access to a physician during “off” hours as well as timely discharge processes [2, 3].

 Guidelines for Tele-ICU Implementation

The American Telemedicine Association (ATA) provides guidance for tele-ICU 
implementation in accordance with published best practices [6]. Several recommen-
dations have been provided relative to formulation of a mission, best practices, and 
performance improvement. Recommendations guiding the initial planning phase of 
a tele-ICU begin with the creation of a shared vision. The parties most closely 
involved are nursing, physicians from both tele-ICU and bedside ICU, hospital 
administrators, vendor employees, and tele-ICU support staff. Tele-ICU is a col-
laborative process that can be tailored to meet institutional needs [5]. A multidisci-
plinary plan for tele-ICU structure and function must be devised and then that vision 
communicated to all relevant parties. Additionally, it is recommended that tele-ICU 
leadership be positioned to participate in key decisionmaking forums and have the 
authority necessary to affect change if needed.

The ATA also has recommendations for ongoing operations on fiscal responsibil-
ity, structured workflow procedures, and quality/outcomes assessment. These 
include establishment of an operational budget to include both upfront and recur-
ring costs related to personnel, hardware/software licensing, supplies, and real 
estate. The budget should also reflect projected changes in costs. Additionally, rev-
enue projections should be established based on contributions from payer reim-
bursement, grants, and the parent healthcare system. Other sources of revenue may 
be achieved through expansion of tele-ICU services outside of the hospital system.

Workflow protocols should be established with the goal of providing evidence- 
based, high-quality, consistent care. These include workflows that define step-by- 
step guidance which addresses normal and unexpected workday patterns. These 
may include active monitoring to pick up overlooked issues with patient’s physiol-
ogy, medications, or imminent patient danger. Additional workflows might address 
steps taken when system alerts detect patient concerns or routine technical issues.

While workflows help to ensure standardization of care, outcomes reporting and 
feedback are critical for assessing the effect of various quality improvement strate-
gies. This helps to ensure the combined mission of providing high-quality patient- 
centered care while also controlling costs. ATA recommends establishment of 
metrics which are important for institutional benefit based on evidence-based prac-
tice. Those metrics should then be followed and reported to relevant parties such 
that a feedback mechanism can be implemented leading to enhanced practices and 
protocols, which lead to improved outcomes. These recommendations are in line 
with our experience and relevant literature.
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 Executive Sponsorship

As expressed in the ATA guidelines for Tele-ICU, the executive team and the clini-
cal leadership should develop a shared vision of the tele-ICU and its role in enhanc-
ing care delivery [6]. Much of the executive’s role involves:

• Communicating that vision throughout the healthcare system
• Placing the clinical leaders of the tele-ICU in key areas to affect change

Given the capital costs of creation and maintenance of the tele-ICU, a key com-
ponent of the executive team’s decisionmaking will be based on return on invest-
ment (ROI) and the sustainability of the program [16]. At this point, Medicare 
reimbursement in the ICU for telehealth services is limited to rural geographic areas 
[17], and private payer reimbursement varies based on state laws and payer policies. 
Therefore, other metrics of financial value must be defined in the creation of the 
program. These can include but are not limited to the following:

• Improved quality metrics that are a portion of value-based purchasing
• Reduced ICU nursing absenteeism
• Reduced ICU physician and nursing turnover
• Reduced transportation costs for system-wide ICU patients
• Costs savings associated with care standardization
• Costs savings associated with reduced length of stay (LOS)
• Costs savings associated with reduced litigation [13]
• Strategic positioning within the marketplace

A recent 10-year longitudinal study of 51,203 patients at an 834 bed academic 
medical center revealed that a tele-ICU combined with a capacity command center 
increased contribution margin by $52.7 million across their 7 adult ICUs [18]. Much 
of this benefit came from the adding of 1829 incremental cases. These incremental 
cases were able to flow through this existing ICU footprint of the hospital because 
of the impact that the capacity command center had on reducing LOS. If not for the 
program, the system would have had to build an additional 25 ICU beds at a pro-
jected cost of $30–60 million in capital expense.

While the benefits of a tele-ICU program can be myriad, it is important in pro-
gram development to define the three to four most important benefits and to use 
those to shape a vision with the executive leadership team prior to starting the pro-
gram. Using those benefits as a starting point to define goals and objectives for the 
program is key. Measuring and reporting on these metrics becomes a key role for the 
tele-ICU leadership team and is paramount to the overall program success.

 Case Study in Tele-ICU Success

To illustrate and put into perspective the various concepts and building blocks for suc-
cessful tele-ICU integration we have discussed above, we will highlight some of our 
successful tele-ICU clinical care standardization initiatives as well as a process 
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improvement initiative that actually targets the performance of the tele-ICU staff itself. 
At least initially, the tele-ICU is a potentially disruptive technology to existing organiza-
tional structures. For any tele-ICU-supported quality and process improvement initia-
tive, we therefore closely follow Kotter’s principles [19] for “leading change” (see 
Fig. 7.1).

A basic consensus exists in critical care on the need for consistent delivery of 
clinical best practices, which consist of five core practices with well-established 
clinical evidence:

 (a) Lung protective mechanical ventilation
 (b) Transfusion practices
 (c) Venous thromboembolism prophylaxis
 (d) Stress ulcer prophylaxis
 (e) Glycemic control

Prior to implementation of tele-ICU services at our healthcare system 
(Westchester Medical Center Health Network, Valhalla, NY), we surveyed the 
existing approaches to delivery of best practices across a variety of subspecialty 
ICUs (trauma, surgical, medical, cardiac, cardiothoracic surgical, neuroscience, 
burn, and mixed medical/surgical). We found wide practice variations between the 
different subspecialty ICUs. We therefore established a sense of urgency to stan-
dardize the approach to best practices (Step 1). Next, we gathered the multidisci-
plinary clinical leadership of all ICUs (Step 2) to reach a consensus on criteria and 
goals for best practices (Step 3) and disseminated that consensus statement among 
all team members (Steps 4 and 5). After going live with tele-ICU services, we 
gathered performance data and instituted quarterly performance reviews with each 
individual ICU as well as the system as a whole. The performance reviews included 
key stakeholders of the multidisciplinary care teams as well as administrative lead-
ership (Steps 4 through 7). As a result, we established collaborative workflows that 
informed the bedside teams about missing best practice items. In addition, the tele- 
ICU physician assumed responsibility to ensure compliance with best practices 
through an active collaborative approach with the individual bedside teams. Failure 
to provide established best practice therapies led to root cause analyses to deter-
mine where the workflow had broken down.

1.  Establish a sense of urgency

2.  Form a powerful guiding coalition

3.  Create a vision

4.  Communicate the vision

5.  Empower others to act on the vision

6.  Plan for and create short term wins

7.  Consolidate improvements
        and produce more change

8.  Institutionalize new approaches

Fig. 7.1 Kotter’s eight 
steps for “Leading 
Change”
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Quarterly performance reviews enabled the individual ICU stakeholders to 
compare the performance of “their” ICU over time and against all other anony-
mized ICUs in the system, creating a sense of urgency and competition, thereby 
fostering change and process improvement. Top performers were recognized, and 
the key elements of their collaborative tele-ICU to bedside ICU success were 
shared to benefit the underperformers (Steps 4 through 7). The collaboration 
between the tele- ICU and the different subspecialty bedside ICUs was individual-
ized according to the relative ICU-specific care delivery features in order to maxi-
mize the value of the tele-ICU to bedside ICU collaboration (Steps 5 and 6). To 
enable the effective review of a plethora of relevant performance data and to show 
data trends over time effectively, we created visually intuitive, motion charts 
which allow comparisons between ICUs in different combinations of metrics over 
time (Step 8). For example, we created a motion chart depicting the compliance 
with venous thromboembolism prophylaxis (x axis) against compliance with 
stress ulcer prophylaxis (y axis) (see Fig. 7.2). Utilizing this innovative perfor-
mance review system, we were able to incrementally increase the compliance 
rates with venous thromboembolism and stress ulcer prophylaxis to a consistent 
100% (Steps 7 and 8).

On the tele-ICU operational side, as mentioned above, there is convincing 
evidence that tele-ICU conducted patient reviews including comprehensive 
audiovisual assessments within the first hour of new patients arriving in the ICU 
are associated with reduced mortality and LOS [13]. Similar to our best practice 
approach, we created visual tools to evaluate the timeliness of our tele-ICU nurs-
ing and physician staff in evaluating new ICU patients. Operational data of the 
tele-ICU system was processed to display the average duration from admission 
to first video evaluation (X axis) as well as the average duration of that first video 
interaction (Y axis) (see Fig. 7.3). Iterative performance reviews with the tele-
ICU team as a whole as well as individual team members were again used to 
incrementally improve performance. Based on the initial video assessment times 
(Panel A for tele-ICU nurses, Panel D for tele-ICU physicians), we restructured 
the initial patient admission workflow to enable the tele-ICU to evaluate new 
ICU patients faster. Iterative performance reviews and further workflow optimi-
zations led to a dramatic improvement in video assessment times for tele-ICU 
nurses and physicians to well within the window mandated by the evidence 
(Panels C and F).

Overall, it is important to stress that the essential underlying requirement for 
most of Kotter’s steps to “leading change” is the timely use of performance data, as 
was found by Lilly [13]. The performance data has to be carefully vetted, its integ-
rity ascertained and its presentation optimized for maximum effect.

Data integrity will allow the performance reviews and quality improvement 
discussions to focus on how to improve the performance and increase the qual-
ity of clinical care rather than on the data underlying the discussions 
themselves.
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Chapter 8
Safety and Quality Metrics for ICU 
Telemedicine: Measuring Success

Ramesh Venkataraman and Nagarajan Ramakrishnan

 Introduction

The word telemedicine implies the remote diagnosis and treatment of patients by 
means of telecommunications technology. Telemedicine has been deployed in the 
ICU setting for many decades and has been given several names in the literature 
(i.e., tele-ICU, virtual ICU, remote ICU, and electronic ICU (eICU)) and offers a 
means of optimizing intensivist coverage of ICU beds. These names all imply the 
provision of care by a remotely based team, comprised of intensivists, nurse practi-
tioners, and ICU nurses through frequent two-way interactions with the bedside 
team and patients using audiovisual communication and computer systems. In this 
review, we will use the term tele-ICU to describe the use of telemedicine to provide 
ICU care.

Since the utility of tele-ICUs has been steadily increasing, one needs to be con-
scious of costs versus benefits while adding such monitoring to an existing system. 
In this chapter, we summarize the impact of tele-ICU on the safety and quality 
metrics.

 Tele-ICU Models

Quality and safety of any tele-ICU service depends on the organizational and 
 structural baseline of the ICU managed and the manner in which the tele-ICU cov-
erage is provided. A high degree of variability exists in the manner in which 
tele-ICU coverage is provided, and this heterogeneity impacts analysis on patient 
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outcomes and safety. These contextual variables include the type of hospital the 
tele-ICU service is provided to (academic vs non-academic), geographic location 
(urban vs rural), closed or open unit, etc. There are also several models of tele-ICU 
care delivery, and it is important to factor in the model of care provided when stud-
ies evaluating the quality and safety of tele-ICUs are interpreted. So, before we 
discuss the quality and safety metrics of tele-ICU, it is worthwhile understanding 
the various models of tele-ICU care delivery and the structure with which it is 
provided.

Broadly speaking, tele-ICU care can be provided as [1]:

 1. “Continuous care model” in which monitoring of patients and titration of care 
happens continuously without any interruptions

 2. Scheduled care model in which periodic consultations from a remote expert hap-
pens at prescheduled times (e.g., morning ventilator weaning rounds)

 3. Responsive or reactive care model in which virtual visits are triggered by an alert

Some models incorporate various combinations of the above. The above models 
can be delivered through two major structures – centralized and decentralized tele- 
ICU. In the centralized tele-ICU, physicians, nurses, and clerical staff are connected 
to one or multiple facilities from a remote physical structure referred to as a “com-
mand center” or “monitoring center.” In the decentralized tele-ICU, physicians and 
nurses can be located anywhere with internet access and monitor ICU patients digi-
tally with the ability to provide audiovisual support when required [2]. It is likely 
that, when tele-ICU is provided in a decentralized manner on a scheduled or reactive 
care basis, improvements in quality and safety may be more difficult to establish.

It is clear that the data from one context cannot be generalized across all tele- 
ICUs. Apart from universal quality and safety metrics common to all ICUs, specific 
metrics needed for that particular context also need to me monitored and reported to 
comprehend the true impact of the tele-ICU service provided (Table 8.1).

 Tele-ICU and Patient Outcomes

Tele-ICU care implementation should intuitively improve quality and safety of care 
provided to patients. First tele-ICU care can extend intensivist coverage to small 
rural ICUs without intensivist coverage. Second, even in ICUs with intensivists, 

Table 8.1 Impact of 
tele-ICU on patient outcomes

Tele-ICU improves compliance with best practices and 
care bundles
The impact on ICU and hospital LOS and mortality is 
inconsistent
Teleconsultation enables improvements in care process of 
acute stroke
Teleconsultation enhances compliance with early sepsis 
bundles
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tele-ICU provides for enhanced coverage time. Third, when used in a continuous 
care model, tele-ICU enables provision of proactive care by way of smart alert sys-
tems and allows for prompt interventions. Fourth, it provides for an additional layer 
of monitoring and supervision that could potentially capture errors, augment com-
pliance to best practice bundles, and enhance safety and quality. Finally, it influ-
ences the existing care process by increasing nurse and physician staffing throughout 
the day [3].

The American Telemedicine Association (ATA) guidelines recommend tele- 
ICUs to “have in place a systematic quality improvement and performance manage-
ment process that complies with all organizational, regulatory, or accrediting 
requirements” [1]. They recommend that quality metrics measured include admin-
istrative, technical, and clinical components needed for the effective provision of 
tele-ICU care. These metrics in turn should be utilized to implement technical, 
operational, and clinical changes that reflect advances in technology, practice pat-
terns, and emerging clinical evidence.

 Safety and Quality Metrics in Tele-ICU

The Critical Care Societies Collaborative categorized outcomes as provider- 
centered, patient-centered, and system-centered [3, 4] of which patient safety and 
quality belong in the patient-centered domain. Although mortality is the primary 
patient-centered outcome that matters the most and serves as the gold standard to 
ascertain the value of any intervention in the ICU, other equally important outcomes 
have been monitored and evaluated.

 Identification of Problems and Timeliness of Intervention

The first logical step in enhancing quality and safety of ICU patients is in iden-
tifying physiologic derangements in patients promptly and intervening quickly 
to reverse them. Despite proactive care being the central theme of a continuous 
tele- ICU care model, no major studies have explored the relative proportion of 
proactive and reactive patient care interventions or the response time to interven-
tion for physiologic derangements in an ICU with and without tele-ICU cover-
age. In one survey, only 6% of interventions were for preventing physiologic 
instability [5]. However, in another survey, investigators found that tele-ICU 
continuous monitoring identified gradually deteriorating trends and provided 
proactive care [6]. In a large multicenter observational study, review of new ICU 
admissions within 1  hour of admission and quicker alert response times have 
been associated with improved patient outcomes and have been used as quality 
metrics for tele-ICUs [7].

8 Safety and Quality Metrics for ICU Telemedicine: Measuring Success
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 Compliance with Evidence-Based Care Bundles

Care bundles are designed to ensure the standard of care and optimize patient out-
come by boosting the consistent implementation of a group of effective interven-
tions. Care bundles work only when there is a high level of adherence to all 
components [8]. Often in clinical practice, compliance with implementation is sub-
optimal. Common barriers for implementation include staff shortages, staff percep-
tion of increased workload, time constraints amidst providing bedside care, and 
resistance to change. Tele-ICU care can potentially help overcome many of these 
barriers. Tele-ICU care intrinsically increases patient to physician and nurse staffing 
and provides for an extra pair of eyes to verify that all elements of a given care 
bundle have been ordered and implemented on a consistent basis. The tele-ICU 
model allows for sharing of workload and increases the efficiency of time utilization 
by enabling providers to perform two equally important parallel actions simultane-
ously. When a particular aspect of a care bundle is omitted, prompt identification by 
the tele-ICU team and notification to the bedside team and/or initiating that inter-
vention when empowered can substantially increase the compliance. Most tele- 
ICUs also have the ability to capture data seamlessly, audit compliances with care 
bundle practices, and then provide frequent reports back to the bedside team. This 
feedback provides for an opportunity to constantly re-evaluate the quality bench-
marks and helps fine-tune care processes persistently improving compliance with 
care bundles and standards of care.

Many studies have reliably documented that tele-ICU implementation enhances 
compliance with various best practices in the ICU [9–12]. In one study, the tele-ICU 
program enhanced compliance and recording of three ventilator bundle components 
(i.e., head-of-bed elevation, prophylaxis for deep venous thrombosis, and stress 
ulcer prophylaxis) [9]. Similarly, in another clinical trial, the addition of a night- 
shift tele-ICU pharmacist increased the percentage of patients receiving a daily 
sedative interruption trial [10]. Timely referrals to the organ procurement agency 
increased from 45% to 92% in one study when the tele-ICU team was authorized to 
make all referrals [11]. In a retrospective study, Kalb evaluated the effect of expo-
sure to tele-ICU-directed ventilator rounds on adherence to lung protective ventila-
tion, ventilation duration ratio (VDR), and ICU mortality ratio among several 
hospitals with variable baseline compliance. This study reported a steady increase 
in the compliance rates with statistically significant improvement in the third quar-
ter after implementation [12]. More importantly, this improvement was sustained in 
the subsequent two quarters, and the tele-ICU-driven ventilator rounds decreased 
VDR and ICU mortality ratio. The tele-ICU can also function in the role of  screening 
all mechanically ventilated patients twice per day for compliance with the ventilator- 
associated pneumonia (VAP) bundle. When a component of the bundle is missing, 
the tele-intensivist would either enter the necessary order or notify the bedside pro-
viders to address the oversight. When the tele-ICU team screened all ventilator 
patients for compliance with the VAP bundle in one study, compliance to the bundle 
increased to 99%, with a significant reduction in VAP [13].
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Several studies have also evaluated the effect of tele-ICU on identification of 
sepsis and compliance with sepsis bundles [13]. Rincon evaluated the use of tele- 
ICU in defining the true incidence of severe sepsis using electronic screening for 
161 ICU beds (36,353 admissions) in 10 hospitals [14] and documented a higher 
identification rate of patients with severe sepsis. Compliance with surviving sepsis 
guidelines increased significantly during the study period, with timely antibiotic 
administration increasing from 55% to 74% (p = 0.001), serum lactate measurement 
increasing from 50% to 66% (p = 0.001), initial fluid bolus of ≥20 mL/kg increasing 
from 23% to 70% (p = 0.001), and central line placement increasing from 33% to 
50% (p = 0.001). Similarly, other studies have documented increased overall com-
pliance with sepsis bundles [15, 16].

 Mortality and Length of Stay

The studies that have evaluated the effect of tele-ICU services on important patient 
outcomes, such as length of ICU or hospital stay and mortality, have provided con-
flicting results. The variability in outcomes is largely due to variability in the type 
of client ICUs, baseline care process of the ICUs, acuity of patients, model of tele- 
ICU care provided, authority provided to the tele-ICU team, and the level of accep-
tance and implementation of the tele-ICU.

Initial research has been based on small, single-center studies with important 
limitations. In one of the early studies that evaluated outcomes related to tele-ICU, 
Grundy demonstrated that telemedicine was feasible, superior to consultations over 
the telephone, enhanced the educational value, and augmented the process and qual-
ity of care [17]. It is important to understand that, in this study, daily intensivist 
consultations via a two-way audiovisual link between a small private hospital and a 
large university medical center were utilized to provide tele-ICU care. Similarly, 
another study revealed decreased ICU complications, ICU length of stay (LOS), 
severity-adjusted ICU and hospital mortality, and ICU costs in a model of manage-
ment by an intensivist during a 16-week period using video conferencing and 
computer- based data transmission [18]. All these studies had no or minimal baseline 
intensive care staffing, were based at single centers, and utilized a scheduled care 
model of tele-ICU.

Several large studies and systematic reviews seem to suggest important clinical 
benefits from tele-ICU coverage. In a large single-center study of over 6000 patients 
(7 different ICUs on 2 campuses), the tele-ICU intervention (compared with the 
pre-intervention period) was associated with improvement in implementation of 
stress ulcer prophylaxis (96% vs 83%, odds ratio [OR] 4.57, 95% confidence inter-
val (CI) 3.91–5.77) and deep venous thrombosis prophylaxis (99% vs 85%, OR 
15.4, 95% CI 11.3–21.1); lower rates of VAP (1.6% vs 13.0%, OR 0.15, 95% CI 
0.09–0.23) and catheter-related bloodstream infection (0.6% vs 1.0%, OR 0.50, 
95% CI 0.27–0.93); reduced mortality (OR 0.42, 95% CI 0.31–0.52); and decreased 
hospital LOS (9.8 vs 13.3 days, hazard ratio for discharge 1.44, 95% CI 1.33–1.56) 
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[19]. Tele-ICU was provided continuously in this study, and the tele-ICU intensivist 
reviewed all relevant medical information for new admissions, assessed patients 
using real-time video, and augmented the admission plan if needed. Continuous 
surveillance of patients with prompt response to alarms and prompt titration of plan 
of care was performed by the off-site intensivist along with regular communication 
with the bedside team. This study reported that faster response to alarms and review 
of the plan of care on the patients admitted overnight by the remote intensivist were 
associated with improved outcomes [19].

Significantly lower ICU and hospital LOS and mortality among patients who 
received tele-ICU care was noted in another multicenter study that included various 
types of ICUs across the USA (56 ICUs in 32 hospitals from 19 US healthcare sys-
tems) using a pre- and post-assessment methodology [7]. Review of patient care by 
the remote intensivist within 1 hour of ICU admission, adherence to ICU best prac-
tices, timely use of performance data, and faster reaction times to alerts were identi-
fied as the key elements of care that were associated with improved outcomes. 
A recent meta-analysis [20] combined studies that compared telemedicine-enhanced 
ICU care versus conventional ICU care and found a lower ICU mortality with a rela-
tive risk (RR) of 0.83 (p = 0.01); lower hospital mortality (RR 0.74, p = 0.02); and 
shorter mean ICU LOS of 0.63 days (p < 0.0001) in the tele-ICU group. This meta- 
analysis found no significant decrease in hospital LOS, however. Kahn performed a 
multicenter retrospective case-control study using Medicare claims data from 2001 
to 2010 to determine the effectiveness of tele-ICU [21]. In this study, adjusted mor-
tality at 132 tele-ICU adopting hospitals was compared to 389 non-adopting control 
hospitals, with one case being matched to three controls. There was a trend toward 
improved mortality, with urban hospitals showing the most benefit [21].

Although most studies seem to demonstrate positive outcomes with tele-ICU 
implementation, some studies provide contradictory results. A large systematic 
review and meta-analysis of more than 41,000 patients (13 studies at 35 ICUs in 27 
hospitals) showed lower ICU mortality and LOS but not lower in-hospital mortality 
or hospital LOS [22]. However, this study had several important limitations. First, 
there was huge heterogeneity in the types and baseline staffing models of the cov-
ered ICUs. Second, tele-ICU provision was nonuniform across the centers with 
nearly half of the centers utilizing tele-ICU for evening and weekend coverage only. 
Third, the number of studies that provided data on in-hospital mortality was fewer 
which rendered the study underpowered for that outcome. Finally, there was a no 
consistent measurement, reporting, and adjustment for patient severity among the 
included studies.

Another multicenter before-and-after study found no significant differences in 
severity-adjusted ICU or hospital mortality or ICU or hospital LOS associated with 
the tele-ICU intervention [23]. However, in the subgroup of sicker patients, tele- 
ICU care improved survival. The tele-ICU coverage in this study, however, was 
partial (only between noon and 7 AM), and full authorization for tele-ICU providers 
to manage patients occurred only in 31% of patients, thus limiting its effectiveness. 
In another study, tele-ICU coverage did not improve ICU, non-ICU, or total mortal-
ity; hospital or ICU LOS; or hospital cost in a study of 4000 patients in two com-
munity hospitals [24]. More importantly, neither the continued presence nor the 
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higher utilization of tele-ICU improved the mortality rate. It is likely that the low 
baseline mortality of patients and the variable intensity of tele-ICU coverage negated 
any potential positive outcomes in this study. Finally, Nassar evaluated the impact 
of tele-ICU on hospital LOS and ICU, hospital, and 30-day mortality within the US 
Department of Veterans Affairs healthcare system and found no outcome benefit 
with tele-ICU monitoring and care [25]. There were remarkable differences between 
the participating ICUs in their preparedness to adopt and implement tele-ICU which 
could have confounded the results.

 Tele-ICU and Specific Patient Population

There are consistent data that telemedicine interventions in the ICU provide for 
important clinical benefits in specific patient populations. In a single-center retro-
spective review, when patients were managed collaboratively by tele-ICU intensiv-
ists along with bedside intensivists, they were moved out of the ICU faster compared 
to patients managed by the intermittently available surgical critical care group [26]. 
In a recent study done in a military hospital setting, initiation of tele-ICU coverage 
of the surgical ICU led to increased surgical admissions with higher severity of ill-
ness [27]. The authors postulated that presence of tele-ICU coverage enabled the 
surgeons to safely expand the surgical services provided to patients requiring peri-
operative ICU care, who previously may have been transferred out to another 
facility.

Another area in which teleconsultation has enabled improvements in care pro-
cesses is in the care of acute strokes. Several studies have established the value of 
tele-neurology consultation in providing urgent consultations for confirming clini-
cal findings, reviewing neuroradiological studies, and guiding treatment decisions 
regarding the role of thrombolytics for acute ischemic stroke [28–30]. Timeliness of 
care also improved in studies of sepsis treatment. In one study, when the emergency 
room was exposed to tele-ICU via an eICU cart, time to first dose of antibiotic, 
compliance with checking lactate levels, and length of emergency room stay all 
improved in sepsis patients [31].

It is intuitive that tele-ICU is likely to enhance the care processes when specific 
goals are targeted in a narrow patient population since it provides for immediate 
access to expertise, early recognition of warning signs, faster reaction time, and an 
additional layer of care delivery to scrutinize and rectify any oversights in the care 
process.

 Staff Acceptance and Performance

For any intervention to be effective, it has to be accepted widely and integrated into 
routine practice. Tele-ICU acceptance will impact its ability to improve outcomes. 
When not adopted effectively, it can potentially disrupt care flow and interfere in the 
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care provided. Tele-ICU training, understanding and expectations of the bedside 
staff, perceived need, and organizational factors such as availability of resources for 
local coordination have been identified as factors influencing the acceptance of tele- 
ICU before its implementation [32]. Studies that have evaluated staff acceptance of 
tele-ICU have provided variable results. However, most of the data is from studies 
that used a survey to assess this crucial aspect of tele-ICU care provision. One sys-
tematic review evaluated the acceptance of tele-ICU coverage among ICU staff and 
found that, despite initial ambivalence among nurses before implementation, the 
overall staff acceptance rate of tele-ICU coverage was high with a mean satisfaction 
score of 4.22–4.53 on a Likert scale of 1–5 [33].

 Conclusion

There is increasing demand for ICU beds to accommodate the sick with a simulta-
neous shortage of intensivists [34]. Tele-ICU supplementation of traditional ICU 
care allows for leveraging the existing work force for maximum coverage and aug-
mentation of quality and safety of care provided. Although the addition of tele-ICU 
service to any ICU intuitively enhances the care process, it has been a challenge to 
consistently demonstrate this improvement. Studies evaluating the effect of tele- 
ICU on quality and safety metrics predominantly seem to denote a positive effect 
on outcomes. Most studies have demonstrated a faster response to alerts, improved 
compliance with practice care bundles, and shorter duration of ICU stay. However, 
mortality benefits have been inconsistent among the studies. The continuous tele- 
ICU care model with a high level of involvement and authority to make and modify 
care plans seems to have the best impact on outcomes (Table  8.2). Intensivist 
review of new admissions within 1 hour of admission, more rapid responses to 
alerts and alarms, frequent review of performance data with the bedside team, 
higher levels of compliance with ICU best practice bundles, and frequent multi-
disciplinary rounds seem to improve patient outcomes. It is important to under-
stand that almost all studies evaluating the impact of tele-ICU on outcomes have 
important limitations in that they are either single center or use a before-and-after 
implementation design and have variable baseline staffing in the ICU or variable 
models of tele-ICU care delivery. Safety and quality outcomes of tele-ICU vary 
based on the context of care provided which must be taken into account while 
interpreting the results of these studies.

Table 8.2 Factors associated 
with improved outcomes in 
tele-ICU

Acceptance of tele-ICU model by ICU staff
Daytime intensivist staffing of ICU
Level of tele-ICU involvement in patient care
Implementation of tele-ICU recommendations by the 
bedside team
Acuity and complexity of patients

R. Venkataraman and N. Ramakrishnan
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Chapter 9
Does ICU Telemedicine Improve 
Outcomes? Current State of the Evidence

Ricardo Teijeiro and M. Elizabeth Wilcox

 Introduction

To date, the most convincing evidence to guide quality improvements in the ICU 
setting pertains to physician specialty training and medical staffing. Onsite staffing 
by intensivists has been associated with lower morbidity and mortality [1–4]. 
However, only 10–20% of ICUs in the USA are staffed by dedicated intensivists 
[5]. Each year, four million patients are admitted to an ICU, accounting for 30% 
of the costs in acute care hospitals [6]. Demand for critical care services has 
steadily increased over time, and the gap in intensivist number to meet that demand 
has only widened [5, 7]. Efficient methods for care delivery are needed. It is esti-
mated that the full implementation of telemedicine in community hospitals would 
prevent 5400 to 13,400 deaths per year, with an annual cost savings of US$5.4 
billion [8, 9].
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 Understanding the Medical Literature as It Relates 
to Telemedicine

Telemedicine has been defined in multiple ways in the medical literature; it is the 
exchange of medical information via electronic communication when distance sep-
arates the providers from their patients [10]. More specifically, tele-ICU enables the 
provision of care to critically ill patients by healthcare professionals (i.e., intensiv-
ists) located remotely. Importantly, these different definitions must be considered 
when assessing the performance of tele-ICU in the literature.

 Types of ICU Staffing Models

• Closed ICU model (high-intensity physician staffing): Mandatory transfer of 
responsibility for the care of every critically ill patient to an intensivist-led team 
or mandatory consultation by an intensivist [1, 4].

• Open ICU model (low-intensity staffing): Any physician can admit and care for 
patients without the involvement of an intensivist [1, 4].

• Decentralized tele-ICU: One or multiple medical facilities that may be accessed 
from remote sites [10].

• Centralized tele-ICU: One central ICU provides care via telemedicine and 
remote monitoring of several satellite ICUs [10].

 Types of Tele-ICU Interventions

• Active: Continuous patient data monitoring with computer-generated alerts [11]
• High-intensity passive: Continuous patient data monitoring without computer- 

generated alerts [11]
• Low-intensity passive: No continuous data monitoring [11]
• Minimal delegation: Tele-ICU could intervene only for life-threatening situa-

tions [12]
• Full delegation: Routine orders, changes to treatment plans, intervene in life- 

threatening situations [12]
• e-ICU categories [13]:

 1. Initiates only emergency interventions for life-threatening conditions
 2. Category (1) and initiates minor non-emergent therapies (e.g., electrolyte 

replacement)
 3. Categories (1) and (2) and maintains therapies in existing patient care plan 

(titrate vasopressors, wean ventilator)
 4. Categories (1) and (2) and (3) and initiates new therapies as needed

R. Teijeiro and M. E. Wilcox
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 The Impact of Tele-ICU on Outcomes

The majority of tele-ICU studies have employed a before-and-after observational 
design [12–30]. One study to date used a prospective, stepped-wedge design (see 
Table 9.1) [22]. Studies to date were structured around the hypothesis that tele-ICU 
implementation would reduce ICU and hospital mortality, as it would deliver an 
intensivist assessment to the bedside in a timely fashion. ICU mortality has com-
monly been the primary outcome in studies evaluating the impact of tele- 
ICU. Secondary outcomes evaluated would include in-hospital mortality, ICU as 
well as hospital length of stay (LOS) [14, 15, 17, 18, 31], rates of mechanical ven-
tilation [21], nursing-staff satisfaction, adherence to ICU best practices [17, 20, 32], 
and cost [13, 15, 32–34].

 Primary Outcome

To date, three meta-analyses [11, 35, 36] have pooled data from a total of 19 before- 
and- after observational studies with mixed results. Most recently, Chen and col-
leagues reported that tele-ICU reduced both ICU mortality (RR 0.83, 95% CI 
0.72–0.96, p = 0.01) and hospital mortality (RR 0.74, 95% CI 0.58–0.96, p = 0.02) 
[35], whereas Young reported an associated reduction in ICU mortality but not 
lower in-hospital mortality [36]. As effect sizes varied between studies, it is possible 
that differing technology configuration, baseline ICU organizational characteristics 
(i.e., open vs closed ICU), and case mix of the implementation site as well as dose 
of the intervention (i.e., delegated authority or full implementation) are responsible 
for discrepancies. In one of the original tele-ICU implementation studies, Vespa and 
colleagues report on the use of a robotic telepresence to facilitate physician response 
time in assessing unstable patients in a neurocritical care unit [18]. The use of 
robotic telepresence was associated with reduced latency of intensivist face-to-face 
response for urgent pages (9.2 ± 9.3 minutes) as compared to conventional care 
(218 ± 186 minutes). Response time to specific emergencies included brain isch-
emia (7.8 ± 2.8 vs 152 ± 85 minutes) and elevated ICP (11 ± 14 vs 108 ± 55 min-
utes) [18]. This intervention allowed for the covering intensivist to respond more 
quickly to pages which resulted in decreased ICU LOS and cost [18].

An alternate implementation would be the use of tele-ICU to provide inpatient 
consultation where an intensivist is not immediately available. An example of this 
model would be that from Marcin and colleagues evaluating the impact of a regional 
pediatric tele-ICU program providing live interactive consultation to a rural adult 
ICU without pediatric intensivist coverage [31]. Tele-ICU consultations were sought 
in sicker patients, and the overall satisfaction with care was high among parents and 
healthcare providers with the intervention [31]. Given that approximately 40% of 
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158

Ta
bl

e 
9.

1 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

in
cl

ud
ed

 te
le

-I
C

U
 s

tu
di

es
 a

nd
 th

e 
te

le
m

ed
ic

in
e 

in
te

rv
en

tio
n

So
ur

ce

Pa
tie

nt
s 

(t
ot

al
/

in
te

rv
en

tio
n)

,
n

U
ni

ts
, 

n

A
ge

 (
ye

ar
s)

M
ea

n 
(S

D
)

Se
x

(%
 m

en
)

In
te

rv
en

tio
n

M
or

ta
lit

y,
 

R
R

 (
95

%
 C

I)
E

qu
ip

m
en

t u
se

d
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p

R
os

en
fe

ld
 e

t a
l. 

[1
4]

62
8/

20
1

1
62

 (
62

.3
)*

60
 (

55
.6

)*
61

 (
56

.3
)*

55 63
57

O
ne

 o
f 

fo
ur

 in
te

ns
iv

is
ts

 a
va

ila
bl

e 
24

/7
; i

nt
er

ac
te

d 
w

ith
 p

at
ie

nt
s 

an
d 

he
al

th
ca

re
 p

er
so

nn
el

 v
ia

 d
ed

ic
at

ed
, 

co
m

pu
te

r-
ba

se
d 

vi
de

o 
co

nf
er

en
ci

ng
 

an
d 

da
ta

 tr
an

sm
is

si
on

 e
qu

ip
m

en
t; 

av
ai

la
bl

e 
cl

in
ic

al
 d

at
a 

an
d 

st
or

ed
 

ph
ys

io
lo

gi
c 

da
ta

 w
er

e 
re

vi
ew

ed
 a

t 
re

gu
la

r 
in

te
rv

al
s;

 u
su

al
ly

 e
ac

h 
2 

ho
ur

s

0.
22

 [
0.

07
, 

0.
71

]
Sp

ac
el

ab
s 

M
ed

ic
al

, 
Se

at
tle

, W
as

hi
ng

to
n

B
re

sl
ow

 e
t a

l. 
[1

5]
21

40
/7

44
2

61
.3

 
(1

7.
7)

60
.1

 (
16

.9
)

56
49

.7
D

ed
ic

at
ed

 e
IC

U
 f

ac
ili

ty
 o

ff
 

ca
m

pu
s;

 a
ll 

pa
tie

nt
s 

in
 M

IC
U

 a
nd

 
SI

C
U

 m
on

ito
re

d 
fr

om
 n

oo
n 

un
til

 7
 

am
 (

19
 h

rs
/d

ay
) 

by
 e

IC
U

 s
ta

ff
 

(b
oa

rd
-c

er
tifi

ed
 in

te
ns

iv
is

t)
; 

at
te

nd
in

g 
(a

dm
itt

in
g 

ph
ys

ic
ia

n)
 

de
te

rm
in

ed
 le

ve
l o

f 
in

te
rv

en
tio

n 
of

 
eI

C
U

 te
am

, r
an

gi
ng

 f
ro

m
 a

ll 
de

ci
si

on
-m

ak
in

g 
au

th
or

ity
 to

 
de

le
ga

tin
g 

so
m

e 
or

 a
ll 

of
f-

hr
s 

de
ci

si
on

-m
ak

in
g 

au
th

or
ity

 to
 

in
te

ns
iv

is
t; 

re
ga

rd
le

ss
 o

f 
ca

te
go

ry
 

of
 in

te
rv

en
tio

n,
 th

e 
eI

C
U

 r
ev

ie
w

ed
 

al
l p

at
ie

nt
 d

at
a 

at
 r

eg
ul

ar
 in

te
rv

al
s 

(q
4 

hr
s)

; r
em

ot
e 

in
te

ns
iv

is
t a

ss
is

te
d 

in
 th

e 
co

nd
uc

t o
f 

al
l c

od
es

0.
73

 [
0.

53
, 

1.
02

]
V

IS
IC

U
 I

nc
. (

eI
C

U
 

C
A

R
E

),
 B

al
tim

or
e,

 
M

ar
yl

an
d

R. Teijeiro and M. E. Wilcox



159

M
ar

ci
n 

et
 a

l. 
[1

6]
42

9/
47

1
65

.8
 

(6
1.

4)
 

m
on

th
s

63
.9

 (
62

.1
) 

m
on

th
s

N
R

N
R

Te
le

m
ed

ic
in

e 
co

ns
ul

ta
tio

n 
w

ith
in

 
15

 m
in

ut
es

 o
f 

re
ce

iv
in

g 
pa

ge
 

(p
or

ta
bl

e 
te

le
m

ed
ic

in
e 

un
it 

to
 

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
D

av
is

 
C

hi
ld

re
n’

s 
H

os
pi

ta
l I

C
U

 a
nd

 5
 

co
ns

ul
ta

nt
s 

ho
m

es
);

 a
va

ila
bl

e 
24

 
ho

ur
s 

a 
da

y,
 7

 d
ay

s 
pe

r 
w

ee
k;

 li
ve

 
in

te
ra

ct
iv

e 
co

ns
ul

ta
tio

n 
w

ith
 

ph
ys

ic
ia

n,
 n

ur
se

, r
es

pi
ra

to
ry

 
th

er
ap

is
t, 

an
d 

pa
re

nt
s;

 r
ev

ie
w

 o
f 

hi
st

or
y,

 v
ita

l s
ig

ns
, l

ab
 w

or
k,

 
ra

di
ol

og
y,

 m
on

ito
ri

ng
 d

ev
ic

es
, a

nd
 

te
le

m
ed

ic
in

e 
ex

am
in

at
io

n;
 

te
le

m
ed

ic
in

e 
co

ns
ul

ta
tio

n 
w

ith
 

pe
di

at
ri

c 
in

te
ns

iv
is

t a
t t

he
 d

is
cr

et
io

n 
of

 a
dm

itt
in

g 
ph

ys
ic

ia
n

1.
06

 [
0.

13
, 

8.
87

]
Ta

nd
be

rg
 8

00
 v

id
eo

 
co

nf
er

en
ce

 u
ni

ts

H
ow

el
l e

t a
l 

[2
8]

53
47

/4
64

7
N

R
N

R
N

R
N

R
N

R
N

o 
de

ta
ils

 p
ro

vi
de

d
0.

9 
[0

.7
9,

 
1.

10
]

N
o 

de
ta

ils
 p

ro
vi

de
d

K
oh

l e
t a

l. 
[1

7]
28

11
/2

62
2

1
N

R
N

R
N

R
N

R
eI

C
U

, s
ta

ff
ed

 b
y 

bo
ar

d-
ce

rt
ifi

ed
 

in
te

ns
iv

is
ts

 to
 a

n 
ac

ad
em

ic
 S

IC
U

0.
42

[0
.2

8,
 

0.
61

]
N

o 
de

ta
ils

 p
ro

vi
de

d

(c
on

tin
ue

d)

9 Does ICU Telemedicine Improve Outcomes? Current State of the Evidence



160

V
es

pa
 e

t a
l. 

[1
8]

12
18

/6
40

1
N

R
N

R
N

R
N

R
Tw

o 
ph

ys
ic

ia
ns

 p
ar

tic
ip

at
ed

 in
 th

e 
ro

bo
tic

 te
le

pr
es

en
ce

 p
ro

gr
am

 
(R

T
P)

; l
iv

e 
in

te
ra

ct
iv

e 
co

ns
ul

ta
tio

n 
w

ith
 p

hy
si

ci
an

; R
T

P 
ro

un
ds

 
oc

cu
rr

in
g 

8 
pm

 to
 m

id
ni

gh
t o

n 
w

ee
kd

ay
s 

an
d 

at
 6

 p
m

 o
n 

w
ee

ke
nd

s;
 r

ev
ie

w
 o

f 
tr

en
ds

 in
 

ph
ys

io
lo

gi
c 

va
ri

ab
le

s 
in

tr
ac

ra
ni

al
 

pr
es

su
re

, g
ly

ce
m

ic
 c

on
tr

ol
, e

tc
. 

w
er

e 
re

vi
ew

ed
 in

cl
ud

in
g 

pr
os

pe
ct

iv
e 

ni
gh

tti
m

e 
ro

un
ds

 w
as

 
ca

rr
ie

d 
ou

t b
y 

R
T

P;
 e

ac
h 

pa
tie

nt
 

w
as

 r
ev

ie
w

ed
 f

or
 a

 m
in

im
um

 o
f 

5 
m

in
ut

es
; a

 s
ys

te
m

at
ic

 p
ag

in
g 

pr
ot

oc
ol

 w
as

 e
st

ab
lis

he
d 

w
ith

 
ge

ne
ra

l c
ri

te
ri

a 
de

fin
ed

 th
at

 w
ou

ld
 

re
qu

ir
e 

ph
ys

ic
ia

n 
co

nt
ac

t a
nd

 th
e 

re
sp

on
se

 g
oa

l t
o 

pa
gi

ng
 w

as
 

an
sw

er
in

g 
th

e 
pa

ge
 w

ith
in

 
15

 m
in

ut
es

1.
09

 
[0

.7
8,

1.
52

]
Te

le
pr

es
en

ce
 r

ob
ot

: 
In

To
uc

h 
H

ea
lth

, 
Sa

nt
a 

B
ar

ba
ra

, 
C

al
if

or
ni

a;
 I

nt
eg

ra
te

d 
in

fo
rm

at
ic

s:
 G

lo
ba

l 
C

ar
e 

Q
ue

st
, A

lis
o 

V
ie

jo
, C

al
if

or
ni

a

N
or

m
an

 e
t a

l. 
[1

9]
12

75
/9

19
1

N
R

N
R

N
R

N
R

eI
C

U
 te

am
 r

ev
ie

w
ed

 e
ac

h 
pa

tie
nt

 
an

d 
an

 e
le

ct
ro

ni
c 

di
sc

ha
rg

e 
to

ol
 

da
ily

; m
ix

ed
 M

IC
U

/S
IC

U

N
R

V
IS

IC
U

 I
nc

. (
eI

C
U

 
C

A
R

E
),

 B
al

tim
or

e,
 

M
ar

yl
an

d

R
in

co
n 

et
 a

l. 
[2

9]
18

18
/4

99
4

N
R

N
R

N
R

N
R

N
o 

de
ta

ils
 p

ro
vi

de
d

N
R

V
IS

IC
U

 I
nc

. (
eI

C
U

 
C

A
R

E
),

 B
al

tim
or

e,
 

M
ar

yl
an

d

So
ur

ce

Pa
tie

nt
s 

(t
ot

al
/

in
te

rv
en

tio
n)

,
n

U
ni

ts
, 

n

A
ge

 (
ye

ar
s)

M
ea

n 
(S

D
)

Se
x

(%
 m

en
)

In
te

rv
en

tio
n

M
or

ta
lit

y,
 

R
R

 (
95

%
 C

I)
E

qu
ip

m
en

t u
se

d
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p

Ta
bl

e 
9.

1 
(c

on
tin

ue
d)

R. Teijeiro and M. E. Wilcox



161

T
ho

m
as

 e
t a

l. 
[1

2]
41

42
/2

10
8

6
60

.2
 

(1
8.

3)
59

.3
 (

18
.7

)
51

.0
52

.9
Te

le
-I

C
U

 s
ys

te
m

 c
on

si
st

ed
 o

f 
re

m
ot

e 
of

fic
e 

in
 a

dm
in

is
tr

at
iv

e 
of

fic
es

 o
f 

he
al

th
ca

re
 s

ys
te

m
; 

eq
ui

pp
ed

 w
ith

 e
IC

U
 te

ch
no

lo
gy

 
an

d 
st

af
fe

d 
by

 tw
o 

ph
ys

ic
ia

ns
 f

ro
m

 
no

on
 u

nt
il 

7 
am

 M
on

da
y 

to
 F

ri
da

y 
an

d 
24

 h
rs

 p
er

 d
ay

 o
n 

w
ee

ke
nd

s 
as

 
w

el
l a

s 
fo

ur
 r

eg
is

te
re

d 
nu

rs
es

 a
nd

 
tw

o 
ad

m
in

is
tr

at
iv

e 
te

ch
ni

ci
an

s;
 

ro
un

ds
 c

on
du

ct
ed

 b
as

ed
 o

n 
su

bj
ec

tiv
e 

as
se

ss
m

en
t o

f 
ill

ne
ss

 
se

ve
ri

ty
 (

se
ve

re
ly

 il
l, 

ho
ur

ly
 

as
se

ss
m

en
ts

; m
od

er
at

el
y 

ill
 e

ve
ry

 2
 

hr
s;

 r
el

at
iv

el
y 

st
ab

le
 e

ve
ry

 4
 h

rs
)

0.
85

 [
0.

69
, 

1.
03

]
V

IS
IC

U
 I

nc
. (

eI
C

U
 

C
A

R
E

),
 B

al
tim

or
e,

 
M

ar
yl

an
d

Z
aw

ad
a 

et
 a

l. 
[2

0]
70

75
/6

37
9

5
N

R
N

R
N

R
N

R
R

em
ot

e 
ca

re
 c

en
te

r 
w

as
 s

ta
ff

ed
 2

4 
hr

s 
pe

r 
da

y,
 7

 d
ay

s 
pe

r 
w

ee
k,

 b
y 

1 
cr

iti
ca

l c
ar

e 
nu

rs
e 

an
d 

a 
cl

er
ic

al
 

su
pp

or
t p

er
so

n;
 in

te
ns

iv
is

ts
 w

er
e 

pr
es

en
t f

ro
m

 1
1 

am
 to

 7
 a

m
 (

20
 h

rs
 

pe
r 

da
y)

 to
 p

er
fo

rm
 v

ir
tu

al
 r

ou
nd

s 
an

d 
ev

al
ua

te
 p

ro
pr

ie
ta

ry
 a

le
rt

s 
fo

r 
vi

ta
l s

ig
ns

, l
ab

or
at

or
y 

ab
no

rm
al

iti
es

, a
nd

 g
ap

s 
in

 b
es

t 
pr

ac
tic

es
 (

Sm
ar

t A
le

rt
 p

ro
m

pt
s)

 a
nd

 
re

sp
on

di
ng

 f
or

 r
eq

ue
st

s 
fr

om
 

be
ds

id
e 

nu
rs

in
g 

an
d 

ph
ys

ic
ia

n 
st

af
f

0.
96

 [
0.

57
, 

1.
63

]
V

IS
IC

U
 I

nc
. (

eI
C

U
 

C
A

R
E

),
 B

al
tim

or
e,

 
M

ar
yl

an
d (c

on
tin

ue
d)

9 Does ICU Telemedicine Improve Outcomes? Current State of the Evidence



162

M
cC

am
br

id
ge

 
et

 a
l. 

[2
1]

19
13

/9
59

1
65

.0
64

.4
50

.1
50

.2
Fr

om
 7

 p
m

 to
 7

 a
m

, t
he

 
te

le
m

ed
ic

in
e 

te
am

 a
dm

itt
ed

 n
ew

 
pa

tie
nt

s,
 r

es
po

nd
ed

 to
 te

le
ph

on
e 

ca
lls

 f
ro

m
 I

C
U

 n
ur

se
s 

ab
ou

t t
he

ir
 

pa
tie

nt
s,

 a
nd

 r
es

po
nd

ed
 to

 
co

m
pu

te
r-

ge
ne

ra
te

d 
ev

en
ts

 
(e

m
er

ge
nc

y 
m

ed
ic

al
 r

ec
or

d’
s 

al
go

ri
th

m
ic

 e
ve

nt
 s

ys
te

m
: c

ri
tic

al
 

ch
an

ge
s 

in
 p

hy
si

ol
og

ic
 p

ar
am

et
er

s)
; 

re
sp

on
de

d 
to

 r
ad

io
gr

ap
hi

c 
ab

no
rm

al
iti

es
; p

er
fo

rm
ed

 r
ou

nd
s 

fo
r 

al
l m

on
ito

re
d 

pa
tie

nt
s 

ev
er

y 
2 

hr
s

0.
72

 [
0.

58
, 

0.
91

]
V

is
ta

co
m

 I
nc

, 
A

lle
nt

ow
n,

 
Pe

nn
sy

lv
an

ia

N
ew

 E
ng

la
nd

 
H

ea
lth

ca
re

 
In

st
itu

te
 [

30
]

92
7/

13
68

2
67

 (
17

)
66

 (
18

)
48

48
N

o 
de

ta
ils

 p
ro

vi
de

d
2.

07
 [

1.
44

, 
2.

97
]

N
o 

de
ta

ils
 p

ro
vi

de
d

So
ur

ce

Pa
tie

nt
s 

(t
ot

al
/

in
te

rv
en

tio
n)

,
n

U
ni

ts
, 

n

A
ge

 (
ye

ar
s)

M
ea

n 
(S

D
)

Se
x

(%
 m

en
)

In
te

rv
en

tio
n

M
or

ta
lit

y,
 

R
R

 (
95

%
 C

I)
E

qu
ip

m
en

t u
se

d
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p

Ta
bl

e 
9.

1 
(c

on
tin

ue
d)

R. Teijeiro and M. E. Wilcox



163

M
or

ri
so

n 
et

 a
l. 

[1
3]

40
88

/2
71

7
2

64
.4

 
(1

7.
8)

65
.1

 (
18

.6
)

64
.3

 (
19

.0
)

56
50

.9
53

.3
A

dm
itt

in
g 

ph
ys

ic
ia

n 
w

as
 

re
sp

on
si

bl
e 

fo
r 

es
ta

bl
is

hi
ng

 c
ar

e 
pl

an
; c

ho
se

 th
e 

ex
te

nt
 o

f 
in

vo
lv

em
en

t i
n 

pa
tie

nt
 c

ar
e 

pr
ov

is
io

n 
of

 e
IC

U
 c

ar
e 

te
am

 (
fo

ur
 

ca
te

go
ri

es
 f

or
 c

ar
e 

pr
ov

is
io

n 
de

fin
ed

 a
 p

ri
or

i)
; r

eg
ar

dl
es

s 
of

 
ph

ys
ic

ia
n 

ca
te

go
ry

, t
he

 e
IC

U
 

in
te

ns
iv

is
t r

ev
ie

w
ed

 a
ll 

pa
tie

nt
 d

at
a 

at
 le

as
t e

ve
ry

 4
 h

rs
, m

ad
e 

vi
rt

ua
l 

ro
un

ds
 u

p 
to

 h
ou

rl
y 

on
 th

e 
si

ck
es

t 
pa

tie
nt

s;
 e

IC
U

 c
on

du
ct

ed
 r

ou
nd

s 
ba

se
d 

on
 il

ln
es

s 
se

ve
ri

ty
; a

cc
es

s 
to

 
la

bo
ra

to
ry

 v
al

ue
s,

 a
nd

 im
ag

in
g 

st
ud

ie
s;

 n
ur

se
s 

pr
ov

id
ed

 a
dd

iti
on

al
 

tr
ia

ge
 th

ro
ug

h 
be

ds
id

e 
ro

un
ds

A
t o

ne
 s

ite
 e

IC
U

 in
te

ns
iv

is
t w

as
 

en
co

ur
ag

ed
 to

 in
te

ra
ct

 w
ith

 h
ou

se
 

st
af

f 
pr

ov
id

in
g 

su
pe

rv
is

io
n 

an
d 

“r
ea

l-
tim

e”
 te

ac
hi

ng

1.
15

 [
0.

91
, 

1.
46

]
V

IS
IC

U
 I

nc
. (

eI
C

U
 

C
A

R
E

),
 B

al
tim

or
e,

 
M

ar
yl

an
d

co
nt

in
ue

d)

9 Does ICU Telemedicine Improve Outcomes? Current State of the Evidence



164

L
ill

y 
et

 a
l. 

[2
2]

62
90

/4
76

1
7

62
 (

17
)

64
 (

16
.8

)
57

57
Te

le
-I

C
U

 in
te

rv
en

tio
n 

im
pl

em
en

te
d 

in
to

 s
ev

en
 d

if
fe

re
nt

 u
ni

ts
 in

 
st

ep
pe

d-
w

ed
ge

 d
es

ig
n;

 U
ni

t w
as

 
al

re
ad

y 
“c

lo
se

d”
 (

in
te

ns
iv

is
t-

le
d)

; 
te

le
-I

C
U

 in
te

ns
iv

is
t w

as
 a

n 
ex

is
tin

g 
m

em
be

r 
of

 h
os

pi
ta

l s
ta

ff
; o

ff
-s

ite
 

te
am

 u
se

d 
te

le
-I

C
U

 w
or

ks
ta

tio
ns

 to
 

m
on

ito
r 

5-
m

in
ut

e-
tim

ed
 m

ed
ia

n 
vi

ta
l s

ig
n 

va
lu

es
 th

at
 w

er
e 

pu
lle

d 
in

to
 e

le
ct

ro
ni

c 
flo

w
 s

he
et

; c
ar

e 
w

as
 

se
ri

al
ly

 r
ev

ie
w

ed
, r

ea
l-

tim
e 

au
di

ts
 

of
 b

es
t p

ra
ct

ic
e 

ad
he

re
nc

e 
pe

rf
or

m
ed

, r
ev

ie
w

ed
 n

ig
ht

tim
e 

ad
m

is
si

on
s,

 m
on

ito
re

d 
sy

st
em

-
ge

ne
ra

te
d 

el
ec

tr
on

ic
 a

le
rt

s,
 a

ud
ite

d 
be

ds
id

e 
cl

in
ic

ia
n 

re
sp

on
se

s 
to

 
in

-r
oo

m
 a

la
rm

s,
 a

nd
 in

te
rv

en
ed

 
w

he
n 

th
e 

re
sp

on
se

s 
of

 b
ed

si
de

 
cl

in
ic

ia
ns

 w
er

e 
de

la
ye

d;
 te

le
-I

C
U

 
te

am
 p

ar
tic

ip
at

ed
 in

 k
ey

 c
ri

tic
al

 
ca

re
 d

el
iv

er
y 

pr
oc

es
se

s 
th

ro
ug

ho
ut

 
th

e 
en

tir
e 

da
y 

(2
4 

ho
ur

s 
ev

er
y 

da
y)

0.
80

 [
0.

68
, 

0.
91

]
V

IS
IC

U
 I

nc
. (

eI
C

U
 

C
A

R
E

),
 B

al
tim

or
e,

 
M

ar
yl

an
d 

an
d 

A
PA

C
H

E
 (

C
er

ne
r 

H
ea

lth
ca

re
 S

ol
ut

io
ns

, 
K

an
sa

s 
C

ity
, 

M
is

so
ur

i)

W
ill

m
itc

h 
et

 a
l. 

[2
4]

24
65

6/
18

15
2

10
N

R
N

R
N

R
N

R
Te

le
-I

C
U

 f
ac

ili
ty

 o
pe

ra
te

s 
24

/7
 a

nd
 

is
 s

ta
ff

ed
 b

y 
on

e 
in

te
ns

iv
is

t, 
th

re
e 

cr
iti

ca
l c

ar
e 

nu
rs

es
, a

nd
 o

ne
 u

ni
t 

se
cr

et
ar

y

1.
09

 
[0

.7
8,

1.
52

]
V

IS
IC

U
 I

nc
. (

eI
C

U
 

C
A

R
E

),
 B

al
tim

or
e,

 
M

ar
yl

an
d 

an
d 

A
PA

C
H

E
 (

C
er

ne
r 

H
ea

lth
ca

re
 S

ol
ut

io
ns

, 
K

an
sa

s 
C

ity
, 

M
is

so
ur

i)

So
ur

ce

Pa
tie

nt
s 

(t
ot

al
/

in
te

rv
en

tio
n)

,
n

U
ni

ts
, 

n

A
ge

 (
ye

ar
s)

M
ea

n 
(S

D
)

Se
x

(%
 m

en
)

In
te

rv
en

tio
n

M
or

ta
lit

y,
 

R
R

 (
95

%
 C

I)
E

qu
ip

m
en

t u
se

d
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p
St

an
da

rd
 

ca
re

In
te

rv
en

tio
n 

gr
ou

p

Ta
bl

e 
9.

1 
(c

on
tin

ue
d)

R. Teijeiro and M. E. Wilcox



165

Sa
da

ka
 e

t a
l. 

[2
5]

28
23

/2
19

3
1

66
.1

 
(1

4.
5)

67
.1

 (
15

.3
)

53
53

H
os

pi
ta

l p
hy

si
ci

an
s 

w
er

e 
as

ke
d 

at
 

th
e 

tim
e 

of
 im

pl
em

en
ta

tio
n 

to
 

in
di

ca
te

 th
ei

r 
re

qu
es

te
d 

le
ve

l o
f 

in
te

rv
en

tio
n 

fr
om

 th
e 

te
le

-I
C

U
 

be
tw

ee
n 

le
ve

l I
 a

nd
 I

I 
(l

ev
el

 I
, 

te
le

-i
nt

en
si

vi
st

 c
ou

ld
 in

iti
at

e 
in

te
rv

en
tio

ns
 f

or
 a

ny
 u

rg
en

t/
em

er
ge

nt
 c

on
di

tio
ns

, e
vi

de
nc

e-
ba

se
d 

th
er

ap
ie

s,
 a

nd
 h

os
pi

ta
l-

ap
pr

ov
ed

 p
ro

to
co

ls
; l

ev
el

 I
I,

 f
ul

l 
or

de
r 

w
ri

tin
g 

pr
iv

ile
ge

s 
an

d 
fu

lly
 

m
an

ag
ed

 th
e 

pa
tie

nt
s)

0.
48

 [
0.

34
, 

0.
68

]
V

IS
IC

U
 I

nc
. (

eI
C

U
 

C
A

R
E

),
 B

al
tim

or
e,

 
M

ar
yl

an
d 

an
d 

A
PA

C
H

E
 (

C
er

ne
r 

H
ea

lth
ca

re
 S

ol
ut

io
ns

, 
K

an
sa

s 
C

ity
, 

M
is

so
ur

i)

L
ill

y 
et

 a
l. 

[2
3]

11
89

90
/1

07
 

43
2

56
62

.7
 

(1
7.

6)
62

.7
 (

17
.4

)
54

.2
54

.2
V

ar
ia

bl
e 

im
pl

em
en

ta
tio

n;
 n

o 
de

ta
ils

 
pr

ov
id

ed
0.

85
 [

0.
80

, 
0.

91
]

A
ud

io
 a

nd
 v

id
eo

 
co

nn
ec

tio
ns

, a
n 

IC
U

-f
oc

us
ed

 m
ed

ic
al

 
re

co
rd

 a
nd

 s
of

tw
ar

e 
fo

r 
de

te
ct

in
g 

ev
ol

vi
ng

 
ph

ys
io

lo
gi

c 
in

st
ab

ili
ty

 
(K

on
in

kl
ijk

e,
 P

hi
lip

s 
N

.V
.)

; n
o 

ot
he

r 
de

ta
ils

 
pr

ov
id

ed

N
as

sa
r 

et
 a

l. 
[2

6]
69

39
/3

35
5

8
67

.1
66

.5
96

.9
97

.6
In

 s
ix

 I
C

U
s,

 te
le

m
ed

ic
in

e 
st

af
f 

w
er

e 
au

th
or

iz
ed

 to
 m

on
ito

r 
pa

tie
nt

s 
an

d 
m

ak
e 

in
te

rv
en

tio
ns

 a
s 

th
ey

 d
ee

m
ed

 
ap

pr
op

ri
at

e;
 in

 tw
o 

IC
U

s,
 th

e 
m

on
ito

ri
ng

 c
en

te
r 

st
af

f 
co

ul
d 

on
ly

 
in

te
rv

en
e 

if
 r

eq
ue

st
ed

0.
82

 [
0.

59
, 

1.
12

]
N

o 
de

ta
ils

 p
ro

vi
de

d

Fo
rt

is
 e

t a
l. 

[2
7]

97
25

6/
35

11
3

30
6

64
.5

 (
0.

1)
65

.9
 (

0.
1)

96
.1

96
.7

N
o 

de
ta

ils
 p

ro
vi

de
d

0.
79

 [
0.

71
, 

0.
87

]
N

o 
de

ta
ils

 p
ro

vi
de

d

M
ed

ia
n 

re
po

rt
ed

 in
st

ea
d 

of
 m

ea
ns

. R
an

ge
 u

se
d 

to
 c

al
cu

la
te

 S
D

 s
ho

w
n 

in
 p

ar
en

th
es

is
N

R
 n

ot
 r

ep
or

te
d

*R
an

ge
 u

se
d 

to
 c

al
cu

la
te

 S
D

 s
ho

w
n 

in
 p

ar
en

th
es

is

9 Does ICU Telemedicine Improve Outcomes? Current State of the Evidence



166

US hospitals are located in rural areas (American Heart Association; Facts on US 
hospitals. http://www.aha.org/aha/resource-center/statistics-and-studies/fast-facts.
html. Accessed 25 August 2018) speaks to the possible sweeping impact that 
 tele- ICU could have with full implementation. In a study evaluating the impact of a 
15-hospital, rural, multi-state tele-ICU implementation program, smaller facilities 
reported improvements in quality of care, and, as a result, a reduced number of 
patients transferred to other hospitals [20]. With higher acuity scores, as care could 
be more comfortably provided for sicker patients, the raw mortality risk stayed the 
same or lower [20]. Of note, in the participating tertiary hospital, ICU and in- 
hospital mortality decreased as did LOS [20].

More recently, the tele-ICU intervention has been broadened to include a tech-
nology bundle that included a data monitoring system that generates alerts based on 
abnormal vital signs or trends in vital signs, in addition to audiovisual monitoring 
[12–15, 23, 26]. In these studies, patients were monitored continuously for 
12–24 hours per day, with tele-ICU physicians, nurses, and other personnel round-
ing on all monitored patients every 1–4 hours and reviewing vital signs and labora-
tory results. However, in these studies the on-site attending (open units) or intensivist 
(closed units) was able to determine the level of involvement of the tele-ICU inten-
sivist resulting in variable intervention saturation. In a study by Breslow and col-
leagues, initially most admitting physicians chose eICU category 1 or 2 in the initial 
intervention run-in period; however, by the end of it, most had chosen category 3 or 
4 [15]. In an attempt to further tease out the level of tele-ICU team involvement in 
decision-making, Thomas and colleagues studied a 60-day period for four mixed, 
open, and closed ICU models and found 1446 orders to change care [12]. Comparing 
closed ICU and open ICU models, 5.3 and 18.5 orders per day were initiated, 
respectively [12]. In the open units, 26% of orders made by the tele-ICU team were 
determined to be high-level interventions (i.e., patients were severely ill, hemody-
namically unstable) [12]. Apprehensive adoption of tele-ICU was also seen in a 
study by Morrison where initially only 20% of physicians opted for eICU category 
3 or 4, but then, after a successive implementation period, this adoption increased to 
50% [13]. Interestingly, utilization differed between implementation hospitals 
within the same study, with fewer physicians consistently choosing high-level 
involvement at one site, whereas at the other study hospital, physicians went from 
25% opting for high-level involvement to 57% by the second wave [13]. In this 
study of what might be considered late adopters of an intervention, no reduction in 
mortality was seen [13].

In a rigorous study of what might be considered early adopters, 21 healthcare 
systems known to be implementing a tele-ICU program were invited to collect 
patient-level data as well as very granular data on structural and organizational char-
acteristics of each ICU [23]. Although there was variable implementation of ICU 
admission procedures, the provision of technical support, involvement of the tele- 
ICU team on rounds, communication with caregivers, and other factors was again 
seen in this large sample of 118,990 adult patients from 56 ICUs. Adjusted ICU 
mortality was lower in the tele-ICU group (hazard ratio 0.74, 95% CI 0.68–0.79, 
p < 0.001) [23]. Although it was previously challenging to draw conclusions because 
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studies provided varying levels of detail on the dose of interventions, those studies 
with continuous patient-data monitoring (active or high-intensity passive 
 interventions) reported a significant decrease in ICU mortality (RR 0.78, 95% CI 
0.64–0.95, p = 0.01) as compared to remote intensivist consultation only (passive 
intervention) with RR 0.64, 95% CI 0.20–2.07, p = 0.45 [11]. When only active 
interventions were considered, no effect on ICU mortality was found (RR 0.86, 95% 
CI 0.72–1.03, p = 0.10) and no difference from the effect in the passive group was 
found (p = 0.62 for test of interaction) [11]. These dated subgroup analyses were 
likely underpowered to detect a true dose-response effect [11], whereas the study by 
Lilly and colleagues was able to determine that certain individual components of the 
tele- ICU, specifically (1) intensive case review within 1  hour of admission, (2) 
timely use of performance data, (3) adherence to ICU best practices, and (4) quicker 
alert response times, were responsible for the mortality reduction seen [23].

 Secondary Outcomes

A recent meta-analysis of 19 studies reported a significant reduction in ICU LOS 
(mean difference (MD) -0.63 days, 95% CI -0.72 to -0.17 days, p = 0.007) but not 
hospital LOS [35]. In a number of studies [22, 23, 25, 34], adjusted ICU LOS and 
hospital LOS were reduced after the introduction of tele-ICU.  In a large study 
(n = 6290) by Lilly, ICU LOS was reduced from a mean of 6.4 days (SD 11) to 
4.5 days (SD 6.7) from pre- to post-intervention [22]. Hospital LOS was reduced 
from 13.3 days (SD 17.1) to 9.8 days (SD 10), respectively [22]. The magnitude of 
the association of tele-ICU with shorter ICU and hospital LOS was greater for cases 
admitted after 8 PM [22]. Similar results with regard to time of admission, daytime 
as compared to evening, were found by Sadaka and colleagues [25]. Decreased 
LOS, combined with lower mortality, suggests that the bedside team when sup-
ported by the intervention may stabilize patients more quickly, facilitating recovery 
to rehabilitation and possibly expediting hospital discharge [22]. Corollary to this, 
however, several studies report no difference in ICU or hospital LOS with tele-ICU 
implementation [12, 13, 15, 26]. In fact, Thomas observed mean hospital LOS for 
the 3789 patients (91.5%) who survived to transfer was 4.3 days (95% CI 4–4.5 days) 
for the pre-intervention period as compared to the post-intervention period where 
the mean hospital LOS was 4.6 days (95% CI 4.3–4.9 days, increase of 0.3 days, 
p = 0.13) [12]. Similar results were seen for ICU LOS although different results 
were seen with high as compared to low severity of illness [12]. In another study, 
Breslow and colleagues showed that overall hospital and ICU LOS was unchanged. 
ICU and hospital LOS decreased in surgical ICU patients, whereas for medical ICU 
patients, hospital LOS was unchanged, while ICU LOS decreased [15]. In a large 
geographically dispersed network of hospitals within the Veteran Affairs Healthcare 
System (n = 6939), Nassar found no evidence that tele-ICU implementation reduced 
LOS. Stratification in this study by severity of illness also showed no significant 
difference [26].
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In a study by McCambridge, implementation of a health information technology 
bundle with tele-ICU led to a reduction in ventilator use [21]. In general, patients 
with respiratory and neurologic diagnoses were more likely to be ventilated than 
those patients with a primary cardiology diagnosis [21]. In controlling for severity 
of illness and diagnosis by system, patients with neurologic or respiratory diagnoses 
were less commonly intubated in the intervention group [21]. At the same time, 
there was no significant difference in vasopressor use between patients when con-
trolling for severity of illness of diagnosis category [21]. This might suggest that, 
with enhanced monitoring capacity, physicians are more comfortable leaving 
patients on noninvasive forms of mechanical ventilation which may contribute to 
reduced ICU and hospital LOS as well as decreased ICU-related complications 
(e.g., ventilator-associated pneumonia, ventilator-induced lung injury).

In the past decade, tele-ICU has employed an increasingly collaborative model 
of care that includes nurses, physicians, information technology, and administrative 
support personnel. Most studies measuring acceptance of the intervention have 
shown high acceptance for the increased ICU coverage. Thomas conducted a pre- 
and post-intervention attitude survey for physicians and found that the safety atti-
tudes significantly increased after implementation [12]. Tele-ICU has increased the 
bedside team’s confidence that patients were adequately covered. Another study 
conducted by Kowitlawakul measured the nurse’s attitude through a survey. This 
study revealed that tele-ICU would be beneficial in units without adequate physi-
cian coverage [37]. Further, in a survey of more than 1200 nurses conducted by the 
AACN, almost 80% of the nurses surveyed said tele-ICU gives them an opportunity 
to improve patient care, and almost two-thirds said it improved their job perfor-
mance [38]. Chu-Weininger showed that implementation of tele-ICU improved 
teamwork and the safety climate in certain units, especially among nurses [39].

Tele-ICU has consistently been associated with significantly higher rates of 
adherence to critical care best practices such as increasing appropriate and timely 
antibiotic administration, more frequent lactate measurement, and appropriate ini-
tial fluid boluses for severe sepsis [19]. Quality improvement and patient care have 
been improved by the implementation of tele-ICU and the resultant increase in 
adherence to evidence-based protocols not only for sepsis but for ventilator- 
associated pneumonia and blood transfusion [40–43]. In a study by Lilly and col-
leagues, tele-ICU implementation was associated with high rates of deep vein 
thrombosis prophylaxis and cardiovascular prevention best practice adherence as 
well as lower rates of bloodstream catheter-related infection and ventilator- 
associated pneumonia [22, 23]. In fact, the authors estimated that 25% lower hospi-
tal mortality and 30% lower ICU mortality can be attributed to adherence to best 
practices and complication measures implemented by tele-ICU [22]. In addition, 
when a patient’s condition in the ICU acutely changed, the tele-ICU team prompted 
the bedside team when the timeliness of response was deemed unsafe and recom-
mended antimicrobials and resuscitation for sepsis [18, 22, 23]. Further, it may be 
possible that tele-ICU supports more consistent ventilator weaning or a greater will-
ingness to transfer patients out of the ICU on weekends and evenings.

Interestingly, Fortis and colleagues looked at the effect of tele-ICU on inter- 
hospital transfers using approximately half a million admissions from the Veteran 
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Affairs ICU database [27]. Over a 6-year period, transfers decreased from 3.5% to 
2% in the tele-ICU hospitals. Reduction in transfers was seen across all severity of 
illness quartiles except the lowest acuity quartile, typically patients with gastroin-
testinal or respiratory diagnoses [27]. Results were consistent regardless of admis-
sion day (i.e., weekday as compared to weekend day) [27]. Furthermore, similar 
results were seen in centers with high as compared to low ICU volumes as well as 
centers with high and low baseline inter-hospital transfer volumes [27].

 Cost of Implementation

One of the main barriers to widespread adoption of tele-ICU has been its implemen-
tation costs. Estimated start-up costs would include US $2–5 million per “command 
center” with an additional US $250,000 per ICU supported by the system [30, 44]. 
The projected annual operating cost of a tele-ICU network is approximately US $2 
million, to cover ongoing maintenance, staffing, and licensing [33, 45, 46]. Advocates 
have estimated that as many as 50,000 lives and US $4.3 billion might be saved annu-
ally in the USA through more consistent intensivist staffing [46–48]. The current 
literature on tele-ICU demonstrates improved hospital financial performance and 
ICU financial performance in studies where the tele-ICU interventions were more 
active and fully integrated to the electronic medical records system or in ICUs with 
higher severity of illness [33, 45, 46, 49]. Studies showed that ICU costs were reduced 
by 25–31% in the tele-ICU intervention group [22]. Tele-ICU intervention may con-
tribute to lowering care costs by preventing complications, decreasing LOS, and low-
ering the need for long-term care facilities [22]. The analysis of the individual cost 
elements demonstrated lower routine radiology and therapy costs, fewer subspecialty 
consultations, and expedited patient management with changes in the discharge pat-
terns. Sixty-four percent of the difference in cost between the baseline and interven-
tion periods was associated with higher incidence of complications in the baseline 
periods [14]. Mechanisms for the increased cost of operations relied on additional 
testing and consultation after tele-ICU involvement, which ultimately led to delayed 
ICU transfers [13]. Taken together, the implementation start-up costs of tele-ICU 
would run a hospital around US $50–100,000 per bed [33, 46] with a cost per patient 
for the hospital varying from US $2600 to US $5600 after tele-ICU program imple-
mentation [35]. The long-term cost-effectiveness of tele-ICU remains to be explored.

 Addressing the Mixed Results of Clinical Trials Published 
to Date

The limitations of current knowledge to guide the deployment and implementation 
of tele-ICU are numerous. Misclassification of interventions limits generalizability. 
Furthermore, studies have been conducted solely in the USA. The future impact of 
tele-ICU likely depends on characteristics of the environment in which it is 
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deployed; however, the possible benefit of such an intervention may be overshad-
owed by the costs of installation and maintenance, incident malfunction, and down-
time, as well as the likely impact of redeployment of intensivists away from the 
bedside when there are already pre-existing labor shortages.

Effects of tele-ICU have been predominantly evaluated by means of before-and- 
after observational studies, from which conclusions regarding causality may be con-
founded by secular trends in case mix and other interventions (including those 
implemented at the time of the tele-ICU intervention). Consistently, observational 
studies have overestimated the effect of an intervention, and therefore widespread 
adoption of tele-ICU will depend on future studies. These studies should be designed 
when there is a robust understanding of system design and organizational factors on 
the participating facilities [50]. At the present time, existing data is insufficient to 
identify with certainty the components essential to success and how to make the 
intervention more cost-effective.

Important areas of research that would inform the design of such trials include 
[51]:

 1. Individual level patient meta-analyses of existing studies to permit adjustment 
for hospital and patient-level characteristics to identify characteristics of patients 
and centers most likely to benefit from the tele-ICU intervention

 2. Assessment of clinical equipoise (physician and nursing attitudes toward tele- 
ICU) and means to promote full adoption by qualitative methods

 3. Pilot observational studies to establish the optimal telemedicine technology con-
figuration and dose in the context of consistent structural and organizational 
characteristics before and after implementation

 Current Tele-ICU Guidelines: A Guide to Hospitals 
Considering Implementation of a Program

The American Telemedicine Association (ATA) recently published a policy state-
ment for the use of tele-ICU [10]. The purpose of this guide is to assist organizations 
in tele-ICU implementation through the provision of administrative, clinical, and 
technical guidelines. Core guidelines for tele-ICU operations as they pertain to 
administration are illustrated in Fig. 9.1 [10]. With regard to clinical application for 
the practice of tele-ICU, executive leadership, with both tele-ICU and bedside ICU 
leadership representation, should set goals for the program such as improved patient 
outcomes, leveraging resources and costs [10]. Operational hours of the tele-ICU 
team should be clearly communicated including the availability of tele-ICU phar-
macists, educators, or others who may provide hours based on program goals. 
Furthermore, the scope of tele-ICU patient service would be determined by the 
executive, ICU, and tele-ICU leadership [10]. Consensus should be reached on tele- 
ICU workflow and optimal integrated strategies specific to the site of implementa-
tion. Adequate orientation, competency, and training as to the roles and 
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Administrative guidelines

Leadership: A clear vision should be articulated by executive leadership; leaders for tele-ICU
should be recruited and appropriately positioned in order to participate in the program

implementation and integration

Human resource management: The organization shall create guidelines describing the role
and responsibilities, appropriate staffing models, hours of operation, methods of

communication and escalating procedures for tele-ICU

Health professionals: Tele-ICU professionals should be fully licensed, registered and
credentialed with their respective regulatory organization including federal and state

regulations regarding prescriptive authority

Privacy and confidentiality: Organizations will incorporate the requirements for privacy and
confidentiality in accordance with the Health Insurance Portability and Accountability Act and

Health Information for Economics and Critical Health Act

Fiscal Management: Organizations will establish a budget that will include the costs of
implementation (i.e. hardware, software, data lines, licensing fees, credentialing fees,

personnel, supplies) as well as ongoing expenses

Management of patient records and documentation: Clear processes and policies for
documentation, storage and retrieval of health records consistent with existing standards;

clinical documentation of tele-ICU team should be in compliance with organizational legal and
risk management oversight

Patient rights and responsibility: Patients and families should be informed and educated
about the role of the tele-ICU team; the tele-ICU team should be respectful with use of

audiovisual equipment in providing patient/family privacy and sensitivity

Quality and outcomes: Systematic quality improvement and performance management
processes should be in place that comply with all organizational, regulatory, or accrediting

requirements; quality indicators should include administrative, technical, and clinical
components for tele-ICU; cost information should also be collected

Research protocols: Research involving tele-ICU patients should be encouraged and supported
by the organization; research should be in compliance with the organization’s institution

research ethics review board

Physical considerations: Physical layout (including space, equipment placement, and secure
examination space) including both tele-ICU and ICU suites should be addressed early in the

planning process; input should be had from clinicians, technology engineers, and physical plant
engineers; design should consider communication essentials

Fig. 9.1 Administrative guidelines. (Adapted from: Davis et al. [10]. Used with permission.)
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responsibilities of tele-ICU should be accomplished prior to implementation [10]. 
In terms of technical guidelines for tele-ICU implementation, organizations should 
refer to the ATA Core Guidelines for Telemedicine Operations document (https://
southwesttrc.org/sites/southwesttrc.org/files/ATA%20Core%20Guidelines.pdf, 
Accessed 23 August 2018).

 Future Studies and Unanswered Questions

We suggest that differences between those studies showing a difference in ICU and 
hospital mortality or LOS and those that do not can be attributed to a number of 
factors. The earliest studies of tele-ICU explicitly noted that interventions needed to 
be more than just technology implementation to be effective. Furthermore, with 
expansion of the technology bundle over time, the emphasis has been more on care 
processes and team communication. Lilly and colleagues have overtly stated that a 
major component of tele-ICU implementation was a concerted effort for systems 
reengineering (i.e., computerized order entry, standardized protocols) in tandem 
with tele-ICU introduction [52]. It is necessary to promote a strong culture of col-
laboration between the bedside and tele-ICU staff because technology on its own is 
insufficient to yield benefit.

ICUs most likely to benefit from tele-ICU are those with comparably less robust 
infrastructure (e.g., intensivist staffing, advanced monitoring capabilities, or quality 
audit and feedback processes). In addition, tele-ICU may also be useful in hospitals 
that have ICU capacity strain [53–55], where intensivists are not caring for all criti-
cally ill patients or are not caring optimally because they have too many patients. In 
a recent effectiveness study, Kahn reported that hospitals with a significant mortal-
ity reduction with tele-ICU implementation were more likely to be large urban hos-
pitals with high annual admission volumes suggesting that academic ICUs are 
differentially influenced by strain [56]. Higher ICU daily census has been associ-
ated with decreased compliance with hand hygiene, increased incidence of 
ventilator- associated pneumonia, catheter-related bloodstream infections, and post-
operative complications [57–59]. Furthermore, the largest gains in ICU throughput, 
effectively relieving ICU strain, come from quality improvement initiatives [60]. 
These initiatives would be aptly supported by tele-ICU systems.

Determining the specific technological innovations that optimize care, however, 
must be tailored to each ICU. Better care requires better matching of ICU organiza-
tional weaknesses to tele-ICU strengths. This requires greater exploration. As a 
start, future studies adopting controlled before-and-after or stepped-wedge designs 
to control for secular trends, considering target ICUs with high patient acuity, 
 low- intensity staffing, and no audit-feedback infrastructure, would be most 
informative.
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Chapter 10
Tele-ICU Patient Experience:  
Focus on Family-Centered Care

Ann Marie Huffenberger, Rebecca Stamm, and Niels D. Martin

 Introduction

In this chapter, we explore how telemedicine can enhance the patient and family 
experience in the critical care setting. We start with a historical context for patient- 
family- centered care. We then discuss why the patient experience has become a 
strategic imperative, not only as it relates to moral, ethical, and exceptional hospital 
organization practice but also as it relates to associated financial incentives. 
Thereafter, we examine guidelines for patient-family-centered care and propose 
how centralized telemedicine operations might support hospitals within policies and 
procedures that foster patient-family connected health in the intensive care setting. 
Additionally, we propose constructs of satisfaction that are applicable for telemedi-
cine and therefore creditable in efforts to design an instrument to measure patient- 
family satisfaction within telemedicine intensive care operations. Next, we present 
a vignette of a successful telemedicine collaboration that resulted in a high degree 
of patient-family satisfaction. Finally, in closing, we promote centralized telemedi-
cine centers to begin the work of coordinating connected health activities to enhance 
patient-family-centered care 24 hours a day, every day of the year.
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 Framework for Family-Centered Care

The notion of patient-centered care was first introduced by the Institute of Medicine 
(IOM) in 2001 as a visionary goal for twenty-first century healthcare and wellness 
[1]. Almost a decade later, in 2010, when the Patient Protection and Affordable Care 
Act (ACA) was signed into law [2], organizations began committing resources to 
realizing opportunities to improve the patient experience of care. One of the major 
drivers of the commitment to improve the patient-family experience is the ACA’s 
focus on quality, thereby linking pay-for-performance incentives to value-based 
purchasing (VBP) care models.

To transform our healthcare delivery system, to achieve better health outcomes 
with more thoughtfully spent dollars, the Centers for Medicare and Medicaid 
Services (CMS) established four domains of quality under hospital VBP: safety, 
efficiency and cost reduction, clinical care, and person and community engagement. 
Person and Community Engagement is CMS’s fiscal year 2019 renaming of the 
Patient and Caregiver-Centered Experience of Care. The four domains of quality are 
measured by Hospital Consumer Assessment of Healthcare Providers and Systems 
(HCAHPS) scoring. The intent of the HCAHPS is to provide a standardized survey 
instrument and data collection methodology for measuring patients’ perspectives on 
hospital care [3]. The HCAHPS is available for distribution through authorized ven-
dors, such as Press Ganey Associates, who holds the primary portion of the market 
share [4]. The HCAHPS is broadly distributed following most adult, nonpsychiatric 
inpatient stays throughout the USA.  The HCAHPS are openly reported for each 
participating hospital with benchmarks against state and national averages. CMS 
ranks hospital performance on the approved set of measures [5], grouped into the 
respective quality domains and weighted, as represented in Table 10.1.

Each of the eight dimensions listed in Table 10.1 under Person and Community 
Engagement has defined performance standards. These standards are dynamic mea-
sures with threshold and benchmark percentage values that have been associated 
with increasing incentives. Thus, under hospital VBP, CMS rewards hospitals with 
incentive payments for the quality of care provided to Medicare beneficiaries, 
including person and community engagement [5].

Financially and operationally, a crucial factor is how CMS funds the hospital 
VBP program. It should be known that CMS funds the hospital VBP program by 
reducing hospitals’ base operating MS-DRG payments, which it has been doing 
since 2013 in an incremental fashion (Fig. 10.1). To illustrate the operational drive 
for hospitals to earn 100% VBP incentive funds, an example of net loss revenue is 
calculated with an 80% VBP funds earned (Fig. 10.2).

While the complexity of healthcare finances is a minor consideration in the day- 
to- day work of clinicians, it is imperative that clinicians have a foundational under-
standing of hospital VBP, the associated domains of quality, and the coupled 
measures and dimensions. In countless ways, the transition to value-based care has 
opened a window to boost the patient and family experience, and it is the catalyst 
for the role of telemedicine in this domain.
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Table 10.1 Hospital value-based purchasing domains, measures, and weights

Safety – 25%

Efficiency and 
cost 
reduction – 25% Clinical care – 25%

Person and 
community 
engagement – 25%

CDI: Clostridium difficile 
infection

MSPB: Medicare 
spending per 
beneficiary

MORT-30 AMI: Acute 
myocardial infection, 
30 day mortality rate

Communication with 
nurses

CAUTI: Catheter- 
associated urinary tract 
infection

MORT-30 HF: Heart 
failure, 30-day mortality 
rate

Communication with 
doctors

CLABSI: Central 
line-associated 
bloodstream infection

MORT-30 PN: 
Pneumonia, 30 day 
mortality rate

Responsiveness of 
hospital staff

MRSA: Methicillin- 
resistant Staphylococcus 
aureus bacteremia

THA/TKA: Elective total 
hip and/or knee 
arthroplasty, 
complication rate

Communication 
about medications

SSI: Surgical site 
infection and abdominal 
hysterectomy

Hospital cleanliness 
and quietness

PC-01: Elective delivery 
prior to 39 weeks 
gestation

Discharge 
information

Care transition
Overall rating of 
hospital

1.00%

16.00%

Centers for Medicare & Medicaid Services
Hospital Value-Based Purchasing (VBP)

MS-DGR Payments Withheld

14.00%

12.00%

10.00%

8.00%

6.00%

4.00%

2.00%

0.00%

FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020

1.25%

1.50%

1.75%

2.00%

2.00%

2.00%

2.00%

Fig. 10.1 Hospital value-based purchasing. Centers for Medicare and Medicaid Services pay-
ments withheld. Reductions in hospital base operating MS-DRG payments with an incrementally 
increasing proportion of lost revenue funds since 2013
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 Business Case for Critical Care Medicine

Across the USA, the stakes are high for critical care medicine as some of the largest 
costs incurred in healthcare are associated with delivery of care in an ICU. Increased 
transparency in the ranking of hospital quality and outcome metrics has provided 
patients and families with metrics that were not readily available in past years. 
There is a strong economic drive to rank a notch better than competitors whether it 
be in cardiovascular, surgical, medical, trauma, neurological, transplant, or other 
clinical services.

Telemedicine obscures regional boundaries and introduces an opportunity for 
competitors to penetrate markets in which they were never considered a threat. For 
example, small community hospitals with geographically limited ICU resources can 
implement tele-ICU to provide real-time university intensivist expertise, thereby 
rendering 24/7 oversight of critical care through contemporary technology. From a 
patient-family perspective, tele-ICU can be a game changer as it promotes high- 
quality ICU services provided to the community in which they reside. In partner-
ship, tele-ICU can rejuvenate market confidence in the community hospital [6] and, 
in that way, increase revenue [7] by supporting the right care, in the right place, at 
the right time [8], and – from a payer perspective – at the right cost. While there is 
much evidence pertaining to patient-family satisfaction with delivery of care in the 
ICU, there is a much less robust body of evidence showing how patient-family sat-
isfaction relates to the delivery of the tele-ICU. An objective starting point for this 
chapter is to review the guidelines and evidence for family-centered care in the ICU 
and thereafter consider the opportunities and evidence of tele-ICU support for 
family- centered care goals.

$52,000,000

$51,500,000

$51,000,000

$50,500,000

$50,000,000

$49,500,000

$49,000,000

Economic Influence of Hospital Value Based Purchasing (VBP)
Hospital with 50M Annual Medicare Revenue
Earning 80% of the VBP Incentive Payment

FY 2013

Medicare Revenue Amount Withheld Incentive Earned Net Loss

FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020

Fig. 10.2 The economic influence of hospital value-based purchasing on hospital revenue. As an 
example, for a hospital earning $50 million in annual Medicare revenue with the incremental 
MS-DRG annual payments withheld and 80% of the annual VBP incentive funds earned, there is 
still a net hospital loss
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 Defining Family-Centered Care in the Intensive Care Unit

In 2017, the Society for Critical Care Medicine (SCCM) published guidelines for 
family-centered care in the ICU [9]. The SCCM guidelines were endorsed by prom-
inent international organizations including the American College of Critical Care 
Medicine and the American Association of Critical Care Nurses [9]. SCCM defined 
family-centered care as “an approach to health care that is respectful of and respon-
sive to individual families’ needs and values” [9]. The SCCM established five areas 
of intervention for ICU teams to focus:

 1. Family presence
 2. Family support
 3. Communication with family members
 4. Consultations
 5. Operational and environmental issues

SCCM asserted that there is likely some combination of interventions that 
improve family-centered care outcomes even further, although there is no evidence 
to report on the synergistic effects. While the 2017 family-centered care guidelines 
do not reference the role tele-ICU clinicians, in 2015, SCCM reviewed models of 
critical care associated with improved outcomes and recommended institutional 
support for quality improvement programs as well as institutional support for tele- 
ICU operations [10].

 1.0 Family Presence

 SCCM Guidelines for Family-Centered Care: Family Presence

SCCM guidelines for 
family-centered care Opportunities for centralized tele-ICU operations

1.0 Family presence in the ICU

1.1  Open or flexible 
family presence

Provide support to schedule on-demand family visits via secure 
telemedicine infrastructure that provides connectivity by one or more 
persons from one or more sites. Schedule family for teleconference 
into interdisciplinary team rounds. Schedule family for 
teleconference during or after resuscitation efforts

1.2  Participate in 
interdisciplinary team 
rounds

1.3  Option to be present 
during resuscitation 
efforts

There is wide acceptance that family presence is fundamentally key to family 
engagement and, when paired with educational programs in the ICU, open visita-
tion has been shown to improve patient outcomes [11]. Ensuring an exceptional 
family-centered experience requires arming people with the skills, knowledge, and 
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confidence they need to participate as informed partners [12]. Notably, there are 
stakeholder perspectives to consider in supporting an increased family presence in 
the ICU, and at the forefront of those stakeholders are the patient, family, ICU clini-
cians, and tele-ICU clinicians.

Patients who are critically ill are under stress receiving care that is largely focused 
on survival, and while patients have reported family visitation as a non-stressful expe-
rience that offers moderate levels of reassurance, comfort, and calming [13], they have 
also reported preference for some degree of visitation restrictions [14]. Patients have 
reported worrying about their visitor’s travel time, disrupting their own rest, or inten-
sifying their own pain during visitation [15]. Despite the evidence confirming that the 
nuances of visitation should be addressed in policies [16] and that ICUs should have 
procedures for patients to control visitation [16], there is also evidence emphasizing 
that flexible visiting policies lead to greater patient satisfaction with care [17].

For families, patient stays in the ICU can cause stress, anxiety, and depression 
[18]. Families have reported dissatisfaction with ICU care as it relates to poor com-
munication, lack of comprehensible information, deficient emotional support upon 
entering an ICU room, and receipt of sensitive information in a location deemed not 
suitable [18]. Families have identified areas for ICU improvement that include bet-
ter communication and provision for emotional support [19] to boost decision- 
making capacity and foster some degree of control over the care processes [20]. 
Notwithstanding, there is evidence to show flexible visitation increases family sat-
isfaction and decreases family anxiety [21] and also promotes better communica-
tion that improves understanding of the patient care in ICU [22].

For ICU clinicians, open and flexible ICU visiting hours can be a challenge. It has 
been described that family presence negatively affects nursing workflows and that 
care in the ICU environment can be hindered [23]. Other nurses have conveyed that 
families can be obstacles in the provision of care, which validates their fears that 
open visitation policies increase workload demands [14]. Regardless of the chal-
lenges acknowledged, almost 80% of ICU nurses prefer unrestricted visitation poli-
cies [21], although it was reported in 2010 that 70% of hospitals had restricted family 
visitation policies [24]. Compounding the conflicts, evidence has shown that nurses 
enforced visitation policies inconsistently [16] and that discrepancies in the opinions 
and policies created contradictions and confusion between nurses and families [25].

While tele-ICU clinicians are physically located at a site distant from the ICU, 
seemingly absent and unaffected by the debate over flexible visitation, it is false to 
assume visitors do not affect the tele-ICU clinicians and their engagement with the 
ICU clinicians, patients, and families. While tele-ICU audio-video interactions use 
contemporary technology, there are human factors, such as situational awareness 
limitations, that can inhibit natural interaction between the virtual teams. For exam-
ple, while tele-ICU clinicians can see and hear the activities occurring in and about 
the patient’s bed, in practice, there are deficiencies in discerning activities that may 
be occurring outside the camera’s view such as at the foot wall (directly under the 
camera mounting) and/or at the entrance to the ICU room (behind a curtain or door). 
Additionally, because there can be uncertainly in knowing whether the person in the 
room is a family, friend, neighbor, or foe, the richness and repetitiveness of tele-ICU 
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to ICU interaction can be inhibited [26]. Without full situational context, tele-ICU 
clinicians are mindful of the risk in escalating anxieties or concerns at the bedside 
or, worse yet, breaching privacy or HIPPA considerations when communicating to 
clinicians with visitors in earshot.

For the aforementioned reasons, open and flexible visitation adds an element of 
adversity to the ICU and tele-ICU interactions. It has been described by some ICU 
nurses that tele-ICU can be intrusive and that it decreases patient privacy [27]. Tele- 
ICU nurses have expressed that ringing an audible doorbell when virtually entering 
an ICU room created frequent and repeated noise disturbance for patients and fami-
lies. Communication between the patient, family, ICU clinicians, and tele-ICU cli-
nicians can be challenging as evidenced by almost two-thirds of patients and 
families having reported that they were uninformed about existing tele-ICU opera-
tions [28]. For clinician colleagues, it is important to understand that without regu-
lar interaction, high levels of trust between team members cannot develop [29]. 
Trust is one of the predominant factors in successful collaboration, and conse-
quently, one of the principal challenges in virtual team environments [29].

There are clear opportunities to optimize telemedicine utilization in supporting 
an open and flexible family presence. Tele-visitation is the virtual transportation of 
family to the bedside [30]. It is described as widely accepted by families and associ-
ated with reductions in patient stress [31]. Tele-visitation is promising for virtual 
participation during ICU rounds, and families have reported receptiveness [32]. 
Notably, tele-visitation can circumvent visitation challenges, which have been 
described as distance to hospitals [32], work or family obligations [32], timing of 
the hospital schedule [32], lack of personal time [33], and/or cost of travel [33].

 2.0 Family Support

 SCCM Guidelines for Family-Centered Care, Family Support

SCCM guidelines for family-
centered care Opportunities for centralized tele-ICU operations

2.0 Family support

2.1  Option to assist in care of 
critically ill neonates

Provide support to schedule family access to ICU team 
members. For example, facilitate mutually agreeable timely 
family teleconference with the ICU attending physician, 
nurse, social worker, dietician, or pharmacist via secure 
telemedicine infrastructure that provides connectivity by 
one or more persons from one or more sites

2.2 Family education
2.3 Peer-to-peer support in NICUs
2.4  Family information about the 

ICU setting
2.5 ICU diaries
2.6 Reduce decisional conflict
2.7 Improve communication
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Improving communication, providing education, and reducing decisional conflict 
are family-centered priorities to strengthen family support. While there is limited 
evidence that tele-ICU has played a direct role in supporting or educating ICU fami-
lies, one might infer opportunity exists from the evidence of success outside of tele- 
ICU programs. Researchers [34] have illustrated 65 studies where telehealth had 
been used to support family caregivers. The types of patients varied but included 
patients with chronic disability [35], dementia [36], cancer [37], stroke [38], heart 
disease [39], spinal cord injury [40], brain injury [41], chronic disease [42], mental 
illness [43], and end-of-life care [44]. System tools included video conferencing, 
collaborative web-based platforms, interactive remote monitoring, and telephone 
technology such as phone calls or text messages, all of which were provided as a 
communication channel or social networking system to support families. Educational 
services have included family training by professional guides, videos, online chat 
sessions, emails, message boards, or resource rooms. Consultation services have 
included on-demand decision-making support for patients and families. Psychosocial 
and cognitive-behavioral therapy have provided problem-solving support and train-
ing to help families improve caregiving skills. Social services have provided long- 
term assistance with parenting skills to manage difficult children scenarios.

 3.0 Communication with Family Members

 SCCM Guidelines for Family-Centered Care, Communication with Family 
Members

SCCM guidelines for 
family-centered care Opportunities for centralized tele-ICU operations

3.0 Communication with family members

3.1  Interdisciplinary family 
conferences

Provide real-time collaboration with ICU care teams to support 
patient and family communication, provide tele-ICU guidance on 
clinical matters that reaffirm best practice, establish mutual trust, 
and reduce team conflict

3.2  Provide bereavement 
services

3.3  Help clinicians to 
improve self-efficacy

Tele-ICU teams have technology and clinical expertise that is aligned and posi-
tioned to facilitate virtual family conferences. While there is limited evidence that 
virtual family conferences occur in the ICU, there is evidence that virtual family 
conferences commonly occur outside of the ICU setting, with success. Family con-
ferences have been shown to improve family satisfaction with communication, 
increase trust in clinicians, and reduce conflict between clinicians and family 
 members [45]. Continual reassurance that a loved one is being cared for is  associated 
with increased family satisfaction in the ICU [45].
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Virtual interactive teleconferencing during patient rounds has been performed in 
a diversity of clinical settings with satisfied participants [46]. While patients and 
families appreciate and benefit from the personal interaction of in-person rounds, it 
is reported that tele- rounds have matched the performance of standard bedside 
rounds [47]. Additionally, almost two-thirds of queried patients preferred to be seen 
remotely by their own physician rather than by a covering colleague at the bedside 
[47]. Communication is centrally important to dying patients and their families. 
Virtual interactive teleconference has been used to support the family’s decisions 
during the dying phases of life. If the family was not present at the patient’s bedside 
when the death occurred, they have been, nonetheless, appreciative and relieved that 
the physician had a virtual presence during the patient’s death [48].

Clinicians need family-centered training to facilitate clinician-family communi-
cation. For example, some organizations train clinicians to use the mnemonic 
“value” as an essential element to improve use of tele-ICU technologies for crucial 
discussions [49]. While the use of tele-ICU resources to enhance virtual family 
communication is progressive and not yet backed by strong evidence in practice, 
researchers have affirmed for decades that a key element of family-centered care is 
assurance that the design of processes for care delivery remains dynamic and that it 
is flexible, accessible, and responsive to family needs as they evolve over time [50].

 4.0 Use of Consults

 SCCM Guidelines for Family-Centered Care, Use of Consults

4.0 Specific consultations

4.1 Palliative care consultation Provide centralized support to schedule palliative 
care, ethical, spiritual, and other specialty team 
consultations on a secure telemedicine 
infrastructure that provides connectivity by one or 
more persons from one or more sites. Train 
tele-ICU to support patients and families by acting 
in the role of family navigator 24/7/365. Close the 
loop of communication with the ICU care teams 
by documenting interventions in the medical 
record

4.2 Ethics consultation
4.3  Learning materials for psychological 

support
4.4  Social workers within interdisciplinary 

teams
4.5  Family navigators to improve 

communication
4.6 Spiritual support

The use of specialty consults in the ICU is a recommendation for family-centered 
care; however, in practice, such consults are often impeded by resource limitations or 
logistical hurdles. Although technically feasible, there is no evidence to demonstrate 
tele-ICU operations have logically facilitated and/or coordinated palliative, ethics, 
social work, psychological, spiritual, or other care consults across the telemedicine 
infrastructures in which they operate on a day-to-day basis. However, palliative tele-
consultation has been demonstrated in the home as support for traditional outpatient 
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care in remotely monitoring and managing the symptoms of patients with advanced 
cancer [51]. As well, clinical ethics teleconsultation has been demonstrated on mat-
ters of transplant and donation ethics [52]. Furthermore, hospice teleconsultation has 
been established to improve access to high-quality support services at a lower cost 
[53]. Last, spiritual care teleconsultation has been endorsed in remote locations where 
few qualified professionals exist [54]. Researchers have affirmed that skepticism 
about whether these sensitive consultative services demand a more intimate level of 
care than can be provided by telemedicine have not been evidenced in practice [53].

There is evidence to show that a fully integrated nurse empowered to facilitate 
decision-making is a beneficial family-centered care intervention that it is well- 
received by ICU clinicians and families [55]. The role has been characterized as a 
family navigator [55]. When integrated with telemedicine, this role could have a 
broader scope of access than if assigned to a single ICU. This would separate the 
family navigator role from the bedside nurse, whose primary focus is on delivering 
care. It is reasonable to infer that tele-ICU nurses could function in the role of fam-
ily navigator and could be more accessible as 24/7/365 virtual team members.

 5.0 Operational and Environmental Issues

 SCCM Guidelines for Family-Centered Care, Operational 
and Environmental Issues

SCCM guidelines for 
family-centered care Opportunities for centralized tele-ICU operations

5.0 Operational and environmental issues

5.1  Ensure standardized 
protocols

Uphold best practice protocols across ICU activities. Actively 
support ICU clinicians, guide, and mentor decision-making capacity 
to build confidence and trust. Highlight to families the benefits of 
tele-ICU as an added layer of clinical support available to loved 
ones. Encourage sleep-deprived families to go home and rest, offer 
options to coordinate on-demand telemedicine visits from home. 
Advocate for centralized monitoring of ICU environmental factors 
that negatively affect patient outcomes (noise, lighting, temp); 
remediate environmental issues in real time

5.2  Support nurses in their 
decision-making

5.3  Policies to promote 
family-centered care

5.4  Environmental hygiene 
practices

5.5  Consider family sleep 
deprivation

While there are fundamental differences in how tele-ICUs operate [56], the majority 
of tele-ICU operations aim to support the bedside clinicians in ICU decision- making 
and therefore do not have direct engagement with family members. However, stan-
dardized protocol adherence could assist in compliance with family-centered care 
goals. There is evidence to support that tele-ICU operations have had long-standing 
success in ensuring compliance with other ICU protocols, such as sepsis [57] or 
ventilator management [58].
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Tele-ICUs can directly or indirectly play a role in monitoring ICUs for environ-
mental hygiene practices to optimize the patient and family experience. This 
includes deployment of sensor devices to remotely monitor sound, light, noise, tem-
perature, and other key environmental considerations in an ICU. Sound and light 
have been previously shown to be effectively monitored remotely in the ICU setting 
[59]. As hospitals implement policies to promote family-centered care in the ICU, 
administrators should consider how tele-ICU can support the healing environment 
by ensuring compliance with environmental policies.

 Technological Considerations in Optimizing the Patient- 
Family Experience

Hospitals should consider the architectural framework of the infrastructure they 
deploy to provide tele-ICU services. From a family-centered care perspective, an 
open architecture is favorable. An adaptable infrastructure supports connectivity by 
one or more persons, from one or more sites, typically connected to cellular or 
Wi-Fi services [60]. With multiple people able to connect from the hospital, office, 
or mobile device, consultative services are easily enabled from inside or outside the 
constraints of a hospital network. This type of robust telemedicine functionality is 
superior in building the interactive, collaborative relationships that are necessary 
elements of patient and family communication success.

 ICU Design Considerations in Optimizing the Patient-Family 
Experience

Besides the “behind the walls” architectural framework, there are a few other basic 
technology considerations that are key in optimizing the patient-family experience 
with tele-ICU services. Key elements include the location of the camera, quality of 
acoustics, and placement of the display monitor. The camera itself should have a 
comprehensive wide angle for initial viewing, which will mitigate situational aware-
ness deficiencies for the tele-ICU team. Thereafter, the camera should effectively pan, 
tilt, and zoom (PTZ) to focus on specific areas, such as the patient or the ventilator.

Information technology technicians should work closely with the vendors and 
the clinicians to modify camera settings to optimize wide-angle view options. 
Camera settings may need to vary for ICU rooms that are smaller or larger and for 
ICU rooms that have ceiling height limitations. Deficiencies in the placement of the 
camera and/or the ability to provide wide-angle view options may negatively affect 
patient-family interaction. Camera placement and camera settings are an important 
element of patient-family experience with tele-ICU services.

Acoustics, including speaker placement, and configurations to diminish latency, 
minimize background noise, and provide echo suppression are all essential elements. 

10 Tele-ICU Patient Experience: Focus on Family-Centered Care



188

Speakers and microphones should be placed close to the ICU bed so that patients can 
hear and be heard. The same is necessary for families or bedside clinicians. Acoustics 
should provide high-quality performance that avoids any tendency for one person to 
speak over the other or introduces any hesitancy for another  person to speak back. 
Acoustics should be practical enough to discern individual interactive communica-
tions in times when multiple individuals are speaking, such as during an emergency 
situation. Furthermore, acoustics should be effective in ICU rooms that have height-
ened levels of background noise related to equipment, television, radio, or other envi-
ronmental considerations. Lastly, acoustics should be effective when joining multiple 
parties, from one or more sites, on a single telemedicine platform. Hospitals should 
not underestimate the finer intricacies of high-quality acoustic performance, in par-
ticular, in older ICUs that may have structural ceiling or physical plant limitations.

A third basic technology consideration is the display monitor placement. Ideally, 
clinicians can easily visualize each other without turning attention from the patient, 
and patients can easily visualize family members who tele-visit from home. It is 
common for the tele-ICU display monitor to be placed on the wall at the foot of the 
hospital bed. However, installation considerations should ensure room curtains, 
ceiling-mounted lift equipment, and other clinical equipment do not obstruct the 
display monitor. Alternate display methods include more than one display monitor, 
a mobile display monitor, and/or a display monitor that is integrated with the TV 
monitor in the ICU room.

 Optimizing the Patient-Family Experience with Translation 
Services

There is evidence that non-English languages continue to grow as a core distribution 
of the national fabric in the USA [61]. For patients and families who do not speak 
the English language, there are commercially available certified medical interpret-
ers, who provide integrated telemedicine language interpretation [62]. Hospitals 
that deploy these telemedicine services have access to on-demand interpretation, 
which reportedly provides high-level accuracy in more than 300 spoken languages. 
Additionally, some telemedicine services provide certified medical interpreters to 
communicate with deaf and hard-of-hearing patients, something that cannot be 
done with telephonic translation services.

 Telemedicine Etiquette

The collaborative nature of virtual teams introduces an added layer of complexity to 
the ICU environment. To ensure the patient-family experience is top notch, hospitals 
must commit to addressing and resolving the challenges associated with virtual teams. 
In a recent publication, interviews conducted with ICU and tele-ICU teams, key oper-
ational and cultural barriers to success were identified as (a) unrealistic expectations 
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of the operational capabilities, (b) lack of trust, (c) poorly defined leadership, and (d) 
lack of communication policies [63]. Tele-ICU nurses reported they spend 26% of 
their time communicating, although 15% received incorrect information from ICU 
nurses and 40% were not informed about a change in patient status [64]. Tele-ICU 
nurse attributes [65] that were rated extremely important included (a) proficiency with 
software tools, (b) effective listening skills, (c) ability to foster collaboration, and (d) 
ability to prioritize patient issues. While there is little evidence to define perfect tele-
ICU etiquette, it is widely accepted that the yeoman’s work in operationalizing a well-
integrated tele-ICU is strengthening communication so that trust is established 
primarily. Researchers have advocated that tele-ICU operations consider unique strat-
egies to ensure effective communication across multiple ICU cultures [66].

 Strategies to Improve Tele-ICU Acceptance and Adoption

It is clear that successful integration of tele-ICU is a complex interprofessional 
responsibility. Researchers [67] have reported barriers to tele-ICU adoption such as 
significant variability in training, poor understanding of expectations and account-
ability, infrequent interaction, deficiencies in pivotal trust, and lack of resources 
dedicated to integration. Moreover, there is a perception that hospital executives are 
unaware of the scale of tele-ICU implementation which is a principal barrier to 
mobilizing resources to support the long-term integration of tele-ICU operations 
[67]. Actions to facilitate tele-ICU adaption include well-defined accountability, 
measures to enhance collegial teamwork, site visits to the tele-ICU, standardized 
clinical pathways, consensus on thresholds to engage the tele-ICU staff, distinct 
escalation protocols, collaboration on process improvement projects, and dedicated 
resources to support the integration of services long-term.

Despite the aforementioned challenges, signs of early adoption do occur fairly 
rapidly in many ICUs. With extensive access to patient data and remote ability to 
conduct real-time visualization, it is reasonable to infer that tele-ICU yields a unique 
and complementary form of clinical support. Notwithstanding, researchers have 
cautioned that resistance to an integrated tele-ICU solution degrades performance 
[68]. For that reason, it is advised that organizational stakeholders remain unam-
biguous with frontline clinicians about their support for the tele-ICU [69]. Hospitals 
should establish accountability for integrated operations and decide how deficien-
cies in collaboration will be tackled [70].

 How to Measure Patient-Family Satisfaction with Tele-ICU 
Program?

As tele-ICU operations continue to grow, there is a necessity to ensure the means 
are available to evaluate the success of these programs. The challenge is that patient- 
family satisfaction remains loosely defined. Without agreed upon dimensions on 
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what constitutes satisfaction with telemedicine, there is difficultly interpreting and 
comparing results of studies that have been performed [71]. While Press Ganey 
Associates has developed a telemedicine survey for medical practices, with special-
ized questions to capture deeper insights around key components of virtual visits, 
their new survey offering is not specific nor applicable to tele-ICU operations. 
Researchers [71] have defined five constructs of patient-family satisfaction identi-
fied from existing measurement instruments that may be helpful in discerning tele-
medicine satisfaction, see Table 10.2. The next step in research will be validating 
which constructs of patient-family satisfaction are applicable in designing an instru-
ment to measure patient-family satisfaction with tele-ICU operations.

 Top Questions Hospital Administrators Should Ask

To ensure success with the implementation of tele-ICU operations, hospital admin-
istrators should consider the following questions, directly aimed at maximizing the 
utility of telemedicine for enhanced patient-family satisfaction:

 1. A pervasive foundation of executive sponsorship is required and should include 
leadership from physicians, nursing, hospital operations, information technol-
ogy, finance, regulatory affairs, change management, telemedicine, and critical 
care teams. Once the sponsor team is identified:

 (a) What are the tele-ICU patient-family satisfaction goals?
 (b) What metrics will be used to measure tele-ICU patient-family satisfaction?
 (c) What formulas will be used to capture the return on investment for tele-ICU 

patient-family satisfaction?
 (d) What resources are necessary to sustain the tele-ICU patient-family satisfac-

tion goals?

 2. Is there consensus to deploy an open telemedicine architecture that is adaptable 
to communication from inside or outside the constraints of a hospital network?

Table 10.2 Constructs proposed for defining patient-family satisfaction with telemedicine [71]

System 
quality Healthcare Net benefits

Information 
quality Others

Ease of use Process Outcomes Cost Information 
completeness

Reuse

Reliability Interaction with 
provider

Service quality Ease of 
scheduling

Privacy End user 
support

Environment Treatment Comparison of 
care quality

Duration

Relationship 
with provider

Medical 
outcomes

Provider 
benefits
Usefulness

A. M. Huffenberger et al.



191

 (a) In addition to 1a, 1b, 1c, and 1d, what resources are necessary to facilitate 
secure on-demand telemedicine encounters?

 (i) What department is best prepared to manage the virtual care telemedi-
cine facilitator team?

While the stated questions may seem apparent to sound business practice, it is 
worth mentioning that a number of tele-ICU programs across the USA have termi-
nated operations because the goals, metrics, or formulas were deemed non- 
sustainable in an increasingly cost conscious market. Due diligence in planning and 
executing intelligently to broadly capture value is an operational imperative. 
Thereafter, value should be continuously reappraised in parallel with the reappraisal 
of workflows to ensure that operations remain agile enough to embrace new value 
propositions that present over time, such as Person and Community Engagement.

 Vignette to Maximize Patient Satisfaction

Mr. Reilly was admitted to the ICU overnight. He and his wife enjoyed dinner and 
a movie earlier in the evening. After the meal, he developed hives but was not ini-
tially concerned as he had no known allergies. As the movie progressed, he became 
more concerned. As he felt his hives worsening and throat become irritated, he 
wondered if his airway was becoming compromised. He and his wife drove to the 
local emergency room where, unbeknownst to them, an urban academic medical 
center had long-standing tele-ICU operations. By the time Mr. Reilly was admitted 
to the ICU, he had become increasingly anxious over whether or not he was going 
to require intubation. Given the clinical presentation, the ICU nurse felt safest to 
preemptively intubate and protect his airway. However, the ICU physician recom-
mended continuing medical management and holding off on intubation until clini-
cally mandated. The patient’s wife sensed disparity between the clinicians and 
became panic stricken with uncertainty over the best clinical approach. The bed-
side clinicians were unable to lessen tensions and summoned the tele-ICU intensiv-
ist for consultation. The tele-ICU intensivist led a virtual care team meeting. 
Perceived as an impartial expert, the tele-ICU intensivist reviewed the risks and 
benefits of immediate care options. After 20 minutes, Mr. Reilly and his wife felt 
calmer, better informed, and needed time to reflect on the situation. After another 
10 minutes, Mr. Reilly and his wife requested another meeting with the tele-ICU 
intensivist. In the short time that had passed, they felt that the symptoms had wors-
ened and early intubation should occur. The tele-ICU intensivist reassured Mr. 
Reilly and his wife that the ICU team would provide excellent care for them. All 
parties agreed to proceed with the procedure in a controlled setting. The tele-ICU 
team continued to monitor the situation overnight. In the day that followed, clini-
cians expressed gratitude for the collaboration. Upon transfer to the floor, Mr. 
Reilly and his wife expressed that the patient-family care experience was 
exceptional.
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 Conclusion

Tele-ICU operations have been an intricate part of hospital operations in the USA for 
over a decade. While these programs have been a mainstay of exceptional ICU care 
in past years, the future of connected health is logistically broader. Hospitals are 
adopting innovative solutions to achieve superior Person and Community Engagement 
outcomes. Tele-ICUs operating under a centralized hub, where ancillary resources are 
available, have full potential to support domains of community engagement. 
Maximizing the utility of telemedicine for enhanced family-centered care is impera-
tive in supporting standardized, well-coordinated, high-quality, cost- efficient care 
that has become increasingly essential to hospitals operating in value- based care envi-
ronments. FaceTime, Skype, WhatsApp, and other video solutions are increasingly 
popular for conferencing outside hospitals. Our patients, families, and clinicians need 
policies, procedures, and technologies to support in-hospital, on-demand connectiv-
ity. The connected health options for ICU care are endless: visitation, consultation, 
collaboration, harmonization, education, and care coordination – all virtually avail-
able to the patient, family, and clinical team at any time of the day or night, operation-
ally coordinated by the centralized telemedicine resource team.
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Chapter 11
Cost-Benefit Analysis of Implementing 
Telemedicine in the ICU

Sanjay Subramanian and Christopher M. Palmer

 What Is the Cost of Implementing a New Tele-ICU Program?

Implementing any technology solution entails added cost for the healthcare system. 
Hospitals looking to implement such solutions should carefully review the features 
and functionalities of all hardware, software, and associated costs and factor that 
into the use cases prior to purchasing decisions. Although the models of tele-ICU 
vary, fundamentally, costs can be broken down into the major components outlined 
below.

Costs related to technology equipment include the hardware and software instal-
lation associated with the operation. The hardware costs can vary widely depending 
on the choice of equipment and the operational structure of the tele-ICU. In one of 
the most commonly used tele-ICU systems (Philips eICU®), the hardware costs 
include fixed mounted high-definition cameras in patient rooms, cabling costs for 
the cameras, desktop computers for the remote physician/nursing workstations, 
multiple monitors for each workstation, and T1 lines for assured connectivity. The 
core audio-video technology component in the Philips system is a non-negotiable 
cost since it is tightly integrated with their proprietary software on the back end. 
Upgrades for the audio-video service may be required periodically and will result in 
additional costs.
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Additionally, some tele-ICU programs may use robots (e.g., InTouch Systems®) 
or other commercial mobile carts to facilitate care deliver in non-ICU locations. 
These carts consist of audio-video interfaces, interfaces for diagnostic equipment 
like stethoscopes, and software interface to integrate into the parent tele-ICU soft-
ware (such as Philips eCARE® software). Programs which utilize devices such as 
tablets/iPad (Apple Corp®, Samsung Corp®) in lieu of fixed cameras and desktop 
workstations will likely incur lower costs than the above fixed camera “eICU” 
model. Software costs depend on the type of system used. The commonly used 
Philips eCARE® software is a bundled product which includes licensing fees for a 
fixed number of beds, software integration costs associated with data extraction 
from the EMR, bedside patient monitoring devices, costs for utilizing proprietary 
risk adjustment software (APACHE® Cerner Corp), and server costs.

In addition, technology costs may also include commercial software solutions to 
facilitate communication (video/text/audio) between care professionals for ongoing 
workflow and operational issues. Examples of such solutions include Cisco Jabber®, 
Vidyo®, etc. An illustrative cost example for some of the IT/IS components of set-
ting up a Philips eICU is given below:

• Virtual servers for eCare: $250,000
• Charter Internet: $26,000 per year (as of 2016)
• In room audio-video equipment: $7500 per room, installation at additional cost
• Mobile carts: $12,000 each
• Sit/stand desk, electronic: $5000 each
• Computer workstations: $1300 each
• Monitors: $ 280 each
• UPS for workstations: $300 per desk

Staffing costs typically depend on the structure of the tele-ICU care delivery 
model. The predominant model in the marketplace currently consists of a “hub” or 
a “core” which consists of nurses and physicians assisted by support staff who are 
involved in remote care delivery. The number of nursing staff varies based on the 
number of patients within that tele-ICU system. Typically, ratios are one nurse for 
every 30–50 patients. The number of physicians employed at the core again is based 
on the number of beds covered by the system. On average, the physician to patient 
ratio is 1:100, with the physician being a highly leveraged resource. This staffing 
ratio will of course depend on the acuity of the ICUs being covered, and high acuity 
patients can be expected to have lower provider-to-patient ratios. Nursing wages are 
determined locally and subject to organizational wage standards and incentives. 
Additionally, nursing supervisors or charge nurses may be needed to assist with 
administrative tasks, nursing schedules, and assignments. In specific cases, addi-
tional nurses may be employed to assist with specialized tasks such sepsis surveil-
lance, best practice audits, or APACHE scoring.

Support staff may consist of staff to assist with answering calls for the remote 
location and helping triage incoming calls from various locations and information 
technology staff to assist with software/hardware maintenance, support, and trou-
bleshooting. The wages for the support staff vary and are determined by local wage 
standards. Additionally, database analysts and administrators may be employed by 
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tele-ICUs to assist with data collection, analysis, creation of a database, database 
server setup, and maintenance. Administrative personnel may be hired by tele-ICU 
systems to assist with staff management, physician licensure, finance and account-
ing, contract negotiations, strategy, and business development.

Physicians who provide tele-ICU care are most commonly paid an hourly salary 
rate between $180 and $225 per hour. If a physician is solely employed to provide 
tele-ICU services, additional costs would include usual benefits such as healthcare 
plan funding, retirement plan funding, disability and life insurance premiums, etc. It 
may be noted that current market forces favor at least a 25% additional incentive for 
tele-ICU services compared to bedside ICU services for physicians. In addition, 
nighttime coverage is paid out at a premium rate compared to daytime services. 
Over the last few years, given the concerns over sustainability of nighttime coverage 
models, tele-ICU nighttime coverage is sometimes outsourced to overseas physician 
staffing agencies located in Israel, India, Eastern Europe, or Africa where the time 
difference allows those physicians to work during daylight hours. The staffing costs 
for these outsourced models are dependent on prevailing wages for the country.

Other costs include contractual costs for vendors and licensing for applications 
and broadband coverage. Contractual relationships with technology vendors repre-
sent a common ongoing cost for tele-ICUs. The ongoing costs related to technology 
consist of support and maintenance costs for hardware and software platforms asso-
ciated with the tele-ICU system. Contractual relationships with provider networks 
may be another source of ongoing cost, depending on the staffing model. Some 
tele-ICU systems may occasionally need to outsource providers such as physicians. 
Broadband, licensing, and IT-related costs represent yet another cost for tele-ICU 
systems. In the commonly used eICU model, dedicated T1 lines and broadband 
Internet access are required to keep all computer systems operational, and the yearly 
cost for this is roughly $26,000.

 What Are the Financial Benefits of Implementing a New 
Tele-ICU Program?

In the absence of a defined insurer reimbursement model for care delivery, revenue 
sources for a tele-ICU system depend entirely on the organizational structure of the 
system/network and variable contractual relationships between entities. A few dif-
ferent revenue models appear to currently exist.

Fee-for-service remains the most common type of revenue model where recipi-
ents of the tele-ICU care delivery enter into a fee-for-service contract which is either 
based on the number of ICU beds being serviced or the number of ICU admissions. 
In the former, the tele-ICU provider charges an annual fee per bed to which the 
service is provided. The fee is essentially a pass-through cost incurred by the 
 tele- ICU service provider for the expense of setting up the technology infrastructure 
to enable care delivery and other operational expenses, with an added markup to 
maintain profitability. These costs are reportedly between $20 and $30,000 per ICU 
bed for services provided using the Philips platform.
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Shared savings models represent an alternative payment model. Conceptually, a 
shared savings model can be implemented wherein the tele-ICU provider would be 
paid a percentage of any demonstrated cost savings due to reduction in complica-
tions and reduction in ICU length of stay. It is unclear how prevalent this model 
currently is among tele-ICU providers, however.

In pay-for-value arrangements, tele-ICU providers may also enter into at-risk 
contracts, where payment is tied to achieving defined operational targets. While this 
model is theoretically attractive, there are many variables that may determine the 
outcome of interest, not all of which directly fall under the purview of the tele-ICU 
provider. Such a model is likely to be most successful when the tele-ICU functions 
as the sole provider for comprehensive ICU services with full control of upstream 
and downstream ICU care processes.

Payment can also be tied to increased ICU bed occupancy. As reported in various 
studies below, a reduction in ICU length of stay following implementation of tele- 
ICU creates added capacity for ICU patients, thus reducing the number of patients 
who may be getting transferred to outside facilities due to lack of ICU beds. The 
added ICU occupancy can elevate the case mix index for the hospital which in turn 
has a positive effect on reimbursement. Reducing ICU length of stay through tight 
management of care processes and efficient throughput driven by the tele-ICU sys-
tem can lead to a reduction in ICU length of stay [1]. Given that ICU charges are not 
reimbursed fully (e.g., Medicare reimburses about 83% of ICU charges), a reduc-
tion in length of stay can reduce the losses incurred from ICU stays for hospitals.

Reduction in ICU harm and medical errors that incur financial penalties can also 
be a source of shared savings arrangements. Cost avoidance due to reduction in ICU 
complications, reduction in length of stay due to appropriate bed utilization, and 
improved decision support could justify the investment in tele-ICU [2, 3].  As 
reviewed below, these benefits are contingent upon a very deliberate integration of 
tele-ICU services with bedside services, allowing both to function cohesively to 
achieve strategic goals. An example is the “logistics center” approach by Lilly et al. 
which allowed for greater ICU bed utilization, driving up revenues and contribution 
margin [4]. The cost avoidance reported in the literature has varied and to a large 
extent will depend on the baseline performance of the units across which tele-ICU 
is implemented. High-performance institutions which already operate on the far end 
of the performance spectrum may see less benefits. Furthermore, once the processes 
that help drive down complications and improve compliance with best practices are 
hardwired, the incremental benefit will be expected to decrease over time.

 Review of Published Studies on Cost-Benefit Analysis in  
Tele- ICU Programs

Cost-benefit analysis of ICU telemedicine implementation is not straightforward, as 
will be highlighted in the studies to follow. A few recurring issues in methodology 
should be considered whenever analyzing published results, whether they are pro/
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con tele-ICU cost-effectiveness. The first revolves around the heterogeneity of case 
definitions of ICU telemedicine in the literature. Currently there is no standard defi-
nition for ICU telemedicine. There are many different models (centralized vs. 
decentralized being the most common), and within those models, there are a pleth-
ora of remote monitoring capabilities that will impact the effectiveness of tele-ICU 
care. This is an important consideration to keep in mind when evaluating the litera-
ture and applying the results to your institution. The second involves transparent, 
accurate, and comprehensive cost reporting. Many published studies lack all three 
of these elements, making it challenging to draw strong conclusions. Additional 
points to consider are tele-ICU monitoring of academic versus community hospitals 
or a mixture of both. Variability in acuity and volume of ICU patients monitored can 
bias results related to mortality and length of stay. Cost projections based off these 
models will then need to be accounted for across different health systems if their 
patient population is not similar.

One of the first published studies to analyze ICU telemedicine implementation 
reported on cost analysis in addition to patient care outcomes. The study was con-
ducted by Rosenfeld et al. and published in Critical Care Medicine in 2000 [5]. The 
design of the study was an observational time series triple cohort study. The purpose 
of this study was to compare the prospective 16-week intervention period with two 
retrospective baseline periods of equal duration. One baseline was used to account 
for seasonal variations in critical care, and the other was used to account for any 
time-related, unit-based process improvement changes. The study site was a ten-bed 
surgical ICU in a large academic hospital. General medical patients, cardiac sur-
gery, and transplant surgery patients were not included. Exclusion criteria were as 
follows: age <16, ICU stay <4 hours, transfer from ICU to another hospital, and 
missing APACHE data. The study ICU was an open unit without onsite ICU inten-
sivist coverage. Daily ICU care was provided by house staff in addition to a surgical 
attending.

The intervention involved four intensivists providing patient care exclusively 
from their homes 24/7 for a 16-week period. Necessary equipment including cam-
eras for remote care were installed in each ICU room and in the homes of the four 
intensivists. The intensivists rounded on “select patients,” either as a consultant or a 
physician providing management services. Daily virtual rounds and frequent patient 
reviews were performed by the ICU physicians. Urgent and emergent communica-
tion with the bedside team was carried out as needed. The results of the study 
showed lower ICU mortality and ICU length of stay during the intervention period 
compared to the two baseline periods. In addition, the APACHE III observed/pre-
dicted ICU mortality and length of stay ratios were lower for the intervention period. 
Cost data are outlined in Table 11.1. Compared to both baselines, ICU-based costs 
were reduced by roughly 25–30%. Total hospital costs were also less, but this was 
not found to reach statistical significance. A large portion of the cost reduction was 
related to the decrease in complications noted in the intervention period.

Although the cost data certainly was significant in favor of ICU telemedicine, 
several factors should be considered in this study. First, given this study was 
published nearly 20 years ago, it was mostly a proof of concept design for ICU 
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telemedicine. Commercial technology and electronic medical records that are 
widely used today were not available at that time. The design of the study was 
not to prove cost-effectiveness given the limited scale of developed ICU tele-
medicine technology. Second, although the authors mentioned in the methods 
section that technology costs were accounted for, it is not readily apparent in the 
cost data tables or supplement sections, making conclusions on cost savings 
challenging. Results would also have to be taken into context given this was a 
single center study in a small, surgical ICU, in an academic environment where 
select patients were monitored by the tele- intensivists without specific mention 
of selection criteria.

A follow-up by Breslow et al. was published in Critical Care Medicine in 2004 
[6]. The authors instituted an ICU telemedicine program with commercial technol-
ogy in part to address some of the flaws in the initial study and build on the proof of 
concept established previously. The study design was a before-and-after trial com-
paring a 6-month intervention period to randomly selected patients from the year 
prior. Risk adjustment using APACHE scoring was used to compare the groups 
across the different time periods. An off-site, centralized model for patient monitor-
ing was established (referred to as the eICU), and monitored patients were located 
in two ICUs (one medical ICU and one surgical ICU) at a large tertiary care teach-
ing hospital. The bedside coverage model was slightly different between the 
two  units. Nearly all medical ICU patients were staffed by an intensivist, while 
roughly 35% of surgical ICU patients had an intensivist consulting. The ICU tele-
medicine service monitored all patients admitted to these units during the interven-
tion period, and the eICU was staffed 19 hours/day (noon–7 AM) when the bedside 

Table 11.1 ICU cost data

Baseline 1 ($) Baseline 2 ($) Intervention ($)
Intervention 
vs. baseline

Intervention 
vs. baseline 
2

ICU-based
Inpatient 
costs

7965 ± 8669 8922 ± 19,936 6273 ± 6330 0.79 
(0.0255)

0.70 
(0.0777)

Professional 
fees

3192 ± 2228 3317 ± 4349 2133 ± 1746 0.67 
(0.0001)

0.64 
(0.0005)

Total costs 11,157 ± 10,168 12,239 ± 23,448 8417 ± 7554 0.75 
(0.0022)

0.69 
(0.0308)

Hospital-based
Inpatient 
costs

13,692 ± 13,688 15,211 ± 25,294 12,690 ± 13,023 0.93 
(0.4438)

0.83 
(0.2147)

Professional 
fees

4457 ± 3265 4577 ± 5129 3244 ± 2536 0.73 
(0.0001)

0.71 
(0.0012)

Total costs 18,149 ± 16,102 19,788 ± 29,809 15,935 ± 15,033 0.88 
(0.1513)

0.81 
(0.1077)

ICU = intensive care unit
Values are mean dollars (entire ICU and hospital stay) ± SD. Comparisons between intervention 
and baseline periods show ratio of costs, with p values in parentheses
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intensivist was often not present. The level of intervention of the eICU was deter-
mined a priori (categories 1–4 of involvement), but bedside teams could not com-
pletely “opt out.”

This centralized eICU was similar to many tele-ICU models currently in use, 
with advanced audio-video equipment, access to real-time patient data, and comput-
erized decision support tools. Like the previous study, overall ICU mortality and 
ICU length of stay decreased during the intervention period. ICU mortality was 
down approximately 25%, and ICU length of stay decreased by nearly 16%. More 
robust financial data were captured and are illustrated in Table 11.2. This financial 
analysis was performed by an independent firm using financial data provided by the 
hospital. ICU variable costs per case decreased by $2500 or roughly 25%. A signifi-
cant increase in monthly contribution margin was seen, totaling nearly $525,000. 
Over a 6-month time period, this equated to $3.14 million of financial benefit. ICU 
telemedicine hardware/software costs and eICU physician staffing cost roughly 
$600,000 over the same 6-month period.

Although it was not completely clear from the data presented if this amount was 
factored into the variable costs, a sizeable financial gain is still apparent even if it 
was not. How exactly this ICU telemedicine program generated a large financial 
impact is likely multifactorial. One theory is that variable costs were reduced sec-
ondary to a decrease in length of stay, and lower daily ICU ancillary costs were also 
achieved. Factored into this equation would also be a reduction in complications 
observed which would decrease costs and length of stay. Furthermore, with increased 
bed availability, there was an increase in case volume, increasing the total contribu-
tion margin. This study was a significant step toward a better understanding of 

Table 11.2 Cost and revenue data

All patients MICU SICU
Base Intervention Base Intervention Base Intervention

Average ICU 
daily cost

$1648 $1411 $1303 $1041 $1933 $1756

Average floor 
daily cost

$389 $366 $387 $394 $390 $340

Average case 
costa

$10,444 $7871 $10,926 $8494 $9698 $6528

Average case 
revenue

$17,276 $18,510 $17,281 $16,950 $17,272 $19,964

Average case 
contribution 
margin

$6832 $10,639 $6355 $8456 $7574 $13,436

Cases per month 116.4b 124 52.6 59.8 63.8b 64.2
Contribution 
margin per 
month

$795,245 $1,319,236 $334,273 $505,669 $483,221 $862,591

MICU medical intensive care unit, SICU surgical intensive care unit, ICU intensive care unit
aCalculated from average daily ICU and floor costs and average ICU and floor lengths of stay
bSICU during the baseline period had ten beds
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modern- day ICU telemedicine program capabilities and cost-effectiveness. 
Although there were considerable strengths to this study, weaknesses related to ven-
dor funding, as well as author affiliation with the vendor as a conflict of interest, 
should be noted. Similarly, as is problematic with all ICU telemedicine studies, a 
causal relationship is challenging to prove given before-and-after study designs. 
However, conducting a randomized controlled trial of tele-ICU implementation 
would be challenging given the culture change in each ICU required and the vari-
ability that exists between different hospitals and ICUs.

Given the limited quantity of ICU telemedicine cost-effectiveness studies to 
date, Yoo et al. published an intriguing article in Critical Care Medicine in 2016 
using a simulation model to perform a cost-effectiveness analysis [7]. Recognizing 
that capital startup costs for ICU telemedicine can be exorbitant (up to $75–100,000 
per ICU bed), it is understandable that hospital administrators may be reluctant to 
institute such a program without predictive financial tools. The purpose of this study 
was to provide an economic evaluation using a hypothetical model of patients 
 monitored with ICU telemedicine and those without. Their primary objectives were 
to determine incremental cost-effectiveness in dollars and incremental cost-benefit 
(in quality-adjusted life-years [QALYs]). Using QALYs supports the theory that an 
ICU telemedicine program can impact more than just patient survival but also 
enhance their quality of life post ICU discharge [8]. These hypothetical results 
could potentially impact both policy decision-makers (federal and state payers) and 
hospital systems exploring the financial impact of starting an ICU telemedicine 
program.

In order to perform a simulation analysis, data based on prior published literature 
was used to construct parameters to run the simulation model. Two separate analy-
ses were run: a cost-effectiveness analysis and a break-even analysis. The cost- 
effectiveness analysis examined whether the incremental cost-effectiveness ratio 
(ICER) of ICU telemedicine exceeded a $100,000 threshold (not cost-effective) or 
was less than zero (indicating cost savings). This threshold is often cited in the 
medical literature as a reasonable target for determining the cost-effectiveness of an 
intervention, albeit it is a subjective determination [7]. The break-even analysis then 
analyzed the threshold values for key predetermined parameters. Their simulation 
model results estimated that tele-ICU had an approximate ICER of $45–50,000 per 
QALY compared to an ICU without telemedicine. In simplified terms, the hypo-
thetical model estimated that tele-ICU extends life with a perfect health status by 
1 year to a single ICU patient at a cost of $45–50,000 [7]. Running nearly 1000 
simulations resulted in wide confidence intervals, but nearly 67% of all iterations 
resulted in an ICER below $100,000, indicating cost-effectiveness.

The break-even analysis reported several parameters where ICU telemedicine 
would be considered cost-effective. Examples included per-patient per-hospital stay 
tele-ICU operation cost <$1560 and baseline ICU mortality without telemedicine 
that was greater than 6.3%. This hypothetical simulation model adds value to the 
existing literature regarding tangible figures and endpoints to which interested par-
ties in ICU telemedicine can consider during the decision-making process. 
Limitations of this study include the assumptions that are made from secondary 
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data. The model utilized the few existing ICU telemedicine cost reporting studies to 
create cost estimations, some of which are of questionable quality and applicability. 
This in turn makes interpreting and applying the simulated cost-effectiveness analy-
sis more challenging. Furthermore, the model was based on a centralized system of 
ICU telemedicine using data extracted from telemedicine programs using Philips 
eICU technology. Any hospital system with plans to operate under a different model 
or use non-Philips software technology would not be able to apply these projec-
tions, albeit costs would likely be lower and favor tele-ICU implementation. Finally, 
this simulation model cannot account for all variables that a tele-ICU program may 
experience, such as changes in case volume or patient transfers. These are critical 
elements that any healthcare leader would need to consider during the evaluation 
process.

One particular study that focused exclusively on ICU telemedicine cost- 
effectiveness was published in 2017 by Lilly et  al. [4]. This publication was a 
detailed financial analysis of a tele-ICU program over time. In addition, a  description 
of a logistics center operated by the tele-ICU and the impact on financial outcomes 
were detailed along with a series of care-standardization projects. The logistics cen-
ter was phased in over many years, functioning essentially as a bed ‘czar’ to coordi-
nate effective patient placement due to limited ICU availability year-round. The 
financial analysis was a before-and-after study examining a consecutive case cohort 
of roughly 50,000 ICU patients over a period of 9 years. It was conducted in a large 
academic medical center covering seven adult ICUs. The primary outcome was 
change in the annual direct contribution margin. Secondary outcomes were changes 
in case volume, annual per-case revenue, and hospital length of stay, among others. 
Finances from three separate time periods were compared: pre-ICU telemedicine 
group, ICU telemedicine group, and logistic center group.

The total annual direct contribution margin, total annual revenue, revenue per 
case, and annual case volume increased significantly from the pre-ICU telemedicine 
implementation period to the ICU telemedicine period. The contribution margin 
increase was roughly $30 million. When the logistic center time period was com-
pared to the ICU telemedicine group, a further increase in total annual direct contri-
bution margin of nearly $25 million was observed after adjustment for inflation. The 
capital costs of implementing a tele-ICU program (~$7 million) were recuperated in 
roughly 3 months based on the improved net contribution margin of $30 million 
seen with the tele-ICU program. In addition to improved clinical outcomes, this 
study showed improved financial outcomes with an ICU telemedicine program. The 
cause of this is likely multifactorial and includes increased case volume and 
increased per-case net revenue with a tele-ICU program and further enhancements 
with the addition of a logistics center (Fig. 11.1).

Creating a centralized command center for bed allocation helped decrease ICU 
length of stay, which in turn allowed for increased case volume. This concept may 
not pertain to all hospital systems that do not run at maximum ICU bed capacity but 
is a potential key benefit of ICU telemedicine implementation. Potential limitations 
to the impressive financial outcomes documented in this study may relate to the 
single center, before-and-after design. Similar outcomes may not be seen in hospi-
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Fig. 11.1 Relation of study interventions to financial outcomes. (a) The study groups are indi-
cated by color on the top bar. The pre-ICU telemedicine group is indicated by the red bar, the ICU 
telemedicine group by the blue bar, and the logistic center group by the green bar. The time in 
which some ICUs had telemedicine support, whereas others did not, is represented by the blue-red 
bar. The bar below presents the times of the interventions. The pre-ICU telemedicine group task 
forces are represented by the red bar, and the period in logistic center function that was added in a 
graded manner is represented by the blue bar. The green bar defines the times in which care- 
standardization projects were implemented. The cumulative numbers of implemented care- 
standardization projects are presented at the time designated by the arrows. (b) Case volume is 
plotted in red, and mean annual hospital LOS is plotted in red as a function of time and in relation 
to intervention bundle elements. (c) Inflation-adjusted annual case revenue is plotted in orange as 
a function of time, and annual direct costs are plotted in green as a function of time. The difference 
between annual per-care direct costs and revenue is per-case direct margin. Direct cost and revenue 
plots are presented in relation to intervention bundle elements. LOS = length of stay
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tals with different ICU bed availability or patient acuity. Regarding the temporal 
changes related to the before-and-after trial design, the tele-ICU and logistic center 
time period utilized a more efficient and effective documentation system for coding 
compared to the pre-tele-ICU timeframe. This may have led to increases in case 
revenue separate from any ICU telemedicine influence.

Future studies and unanswered questions for cost-benefit of tele-ICU programs 
are needed. As the pressure for cost containment and more efficient care delivery 
grows, reimbursement models are expected to shift more toward value-based pay-
ments and shared risk contracts and away from traditional fee-for-service models. 
The ability of tele-ICU and telemedicine in general to facilitate efficient care deliv-
ery and manage population health will likely lead to more reimbursement for 
telemedicine- based services, but how this component of reimbursement will evolve 
remains unknown.

 Answering the Question for Yourself: How to Measure Costs 
and Benefits of Your Hospital’s Tele-ICU Program?

Depending on choice of vendor, the adoption of tele-ICU may require a substantial 
up-front capital investment with ongoing costs of operation and maintenance. The 
dominant product in this domain is provided by Philips Corporation (eICU), and in 
general, $2–$5 million is the estimated cost to set up a command center and install 
a centralized tele-ICU system, with operating costs ranging from $600,000 to $1.5 
million per year, according to costs reported by various adopters. These costs may 
impede the adoption of this technology, especially with the lack of fee-for-service 
reimbursement for many tele-ICU services and uncertainties about return-on- 
investment calculations. Moreover, the return on investment is merely calculated 
using indirect clinical effects and the expected length of stay reduction. We recom-
mend that hospitals perform an exhaustive cost-benefit analysis customized to their 
unique situation rather than extrapolating data from other institutions for the rea-
sons mentioned earlier. Payback period or net present value (NPV) is a commonly 
used indicator to calculate return on investment. More specifically, the financial 
equation related to tele-ICU is desired to be the following [5]:

 
Capital cost Operating cost

Revenue from reimbursement
C

+[ ] £ + oost savings attained
é
ëê

ù
ûú  

As discussed above, the cost of tele-ICU varies depending on the setting, hard-
ware, software, training, and compatibility with other systems. Institutions should, 
therefore, create a detailed itemized list with associated costs. One study reported a 
cost of more than $2 million to set up a command center and its components [8]. In 
general, $2–$5 million is the estimated cost to set up a command center and install 
a tele-ICU system, with operating costs ranging from $600,000 to $1.5 million per 
year, according to costs reported by various adopters (unpublished communica-
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tions). On the revenue side, one study found a 10% reduction in ICU length of stay, 
creating the ability to care for one new ICU patient per day, which could result in a 
positive $2.5 million NPV.

Most studies reviewed above used length of stay and mortality to determine cost 
savings. For example, according to Rosenfeld et al., ICU costs decreased between 
25% and 31% during the intervention period, and hospital costs decreased by 
12–19% [5]. Breslow et al. hired an independent consulting firm to determine the 
financial outcome of a tele-ICU program [6]. They determined the cost of care per 
day of service and also included equipment costs, staff costs, and other costs associ-
ated with having a tele-ICU system. The report showed a 24.6% decrease in variable 
costs per patient. This decrease is probably due to a shorter length of stay in the ICU 
and improved clinical outcomes [5, 9].

The impact of an ICU telemedicine program has the potential to be far reaching, 
both clinically and financially, if it is well planned and operated with calculated 
intentions. Healthcare leaders must have a vision for their organization’s strategic 
goals and decide if telemedicine technology can affect those goals and if the addi-
tional cost is warranted [8]. The up-front capital investment in a tele-ICU program 
may be substantial, but through cost-effective care, the return on investment can be 
significant and realized quickly. It has been repeatedly shown that when ICU tele-
medicine can assist in driving down ICU mortality and shortening length of stay, 
there is a tremendous opportunity for financial gain. While the question of technol-
ogy versus human factors being responsible for these gains is debatable, the cre-
ation of a coordinated ICU care delivery system has the clear potential for significant 
financial gains [10]. Furthermore, not only can an ICU telemedicine program poten-
tially improve ICU patient outcomes, but it can facilitate outreach and growth of a 
hospital system into the community, if desired. This can be a cost-effective means 
for community hospitals to provide high-level care closer to the patient’s home 
while simultaneously off-loading the receiving hospital of lower acuity patients that 
can be safely managed elsewhere.

A detailed and careful analysis of the current ICU must be considered when 
doing a cost-effectiveness analysis pre-implementation. Not only must administra-
tors evaluate ICU mortality, length of stay, acuity scores, best practice compliance, 
and opportunities for intervening on common ICU medical errors, but they also 
should consider factors such as nursing competency, staff burnout, and the current 
culture of the ICU.  Each of these entities can have indirect effects on cost- 
effectiveness and is variable between different hospitals and ICUs.

Further cost-effectiveness research is needed to continue to evaluate the complex 
and rapidly growing ICU telemedicine venture. Studies with decentralized models, 
comprehensive financial data, community hospital focus, and a more current time-
frame would be helpful. It is likely that, as technology evolves and patient care 
moves from the bedside to the digital world, ICU telemedicine will grow with it. 
Efficient, cost-effective, and improved patient care is the goal for healthcare sys-
tems, and ICU telemedicine may prove to be a pivotal and transformative link if 
instituted wisely.
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Chapter 12
Telestroke and Neurocritical Care

Bart M. Demaerschalk

 Introduction

Telemedicine is defined as the use of medical information exchanged from one site 
to another using electronic communications in an effort to improve consumer health 
status [1] and to deliver medical and educational services [2], in hospital and clinic 
settings. Teleneurology is an emerging subspecialty in neurology [3], developed to 
improve access to neurological expertise in underserved areas.

Increasing world burden of stroke-related morbidity and mortality [4] is partly 
due to low numbers of healthcare providers and insufficient resources in rural, 
remote, and low socioeconomic areas. Telestroke is the most rapidly evolving and 
best studied application of teleneurology in the USA, with proven clinical benefits 
to provide prompt expert evaluation and treatment, thus overcoming geographical 
and temporal obstacles to access to appropriate stroke services [5, 6].

 Clinical Uses

The 2018 guidelines for acute ischemic stroke care [7] underscored the importance 
of telemedicine for the immediate assessment of patients with stroke using synchro-
nous audio-video clinical evaluations and diagnostic neuroimaging reviews to make 
quick diagnostic decisions and determinations of intravenous alteplase candidacy, 
for guidance over thrombolysis administration and for triaging patients who may be 
eligible for inter-facility transfer for mechanical thrombectomy. Similarly, telestroke 
can be used to support specialized care in telemedicine-enabled ambulances and in 
more sophisticated mobile stroke units.
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Telestroke services have been demonstrated to be valuable for deciding on patient 
suitability for intravenous alteplase treatment [8], clinical diagnostic accuracy [9], 
interpretation of brain computed tomography [10], improved stroke care delivery 
times [11], and determination of transfers to stroke centers for routine post-alteplase 
intensive care (“drip & ship”) or for intensive care management directed at patients 
with hemorrhagic stroke and transfers to a higher level of stroke center care for 
neurosurgical treatment and neurocritical care for patients with intracranial hemor-
rhage requiring hematoma evacuation or with malignant cerebral infarction in need 
of decompressive hemicraniectomy [12]. These examples of various telestroke ser-
vices have each exhibited high quality and outcomes compared to standard in- 
person assessments.

 Telestroke in the Emergency Department Setting

When patients present to remote hospital EDs with acute stroke syndromes, the 
telestroke service responsibilities include determining a correct diagnosis, quickly 
deciding on alteplase therapy eligibility and administration, and guiding transfers to 
appropriate destination stroke centers for a higher level of care or continuation of 
care.

Multiple clinical research studies have evaluated the feasibility, benefits, and risks 
of telestroke services to facilitate delivery of acute stroke treatments in EDs without 
local around-the-clock neurology coverage, when the time to intravenous alteplase 
administration is critical for improving stroke outcomes [11, 13–15]. The American 
Heart Association/American Stroke Association recommends the use of high-quality 
video teleconferencing technologies to provide a medical opinion for or against the 
use of intravenous alteplase in patients with suspected acute ischemic stroke when 
on-site stroke expertise is not immediately available [7, 16]. After telestroke network 
implementation, standard of care for acute stroke treatment with intravenous alteplase 
became more broadly available and was more frequently administered to eligible 
patients [6]. Functional outcomes and mortality are similar between specialized 
stroke center hubs and telestroke-served spoke hospitals [17, 17B].

Telestroke consultations are optimally performed using synchronous two-way 
audio-video technology supplemented by additional laboratory and teleradiology 
review. Participating sites’ ED personnel are trained to complete National Institutes 
of Health Stroke Scale (NIHSS) assessments in conjunction with the remote tele-
medicine examiner. Remote NIHSS evaluations were determined to be similar to 
on-site examinations for patients with acute and subacute stroke [18], including 
those acquired with mobile devices such as smartphones and tablets [19].

Emergency medicine provider to neurology provider telephone-only consulta-
tions can be a useful backup if technical difficulties are encountered or in instances 
and hospital environments without audio-video telestroke network connectivity [7]. 
The National Institutes of Health-funded Stroke Team Remote Evaluation Using a 
Digital Observation Camera (STRokE DOC) trial was a randomized controlled trial 
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that compared telestroke using video telecommunications technologies and remote 
review of imaging with telephone-only consultation [8]. The study was terminated 
early because telephone-only medical decision-making was determined to be infe-
rior when compared to the telestroke arm, although the rates of post-thrombolysis 
intracerebral hemorrhage were similar in the two groups [8].

Teleradiological trials have demonstrated that remote emergency viewing and 
interpretation of CT scans by telestroke physicians is reliable [20, 21]. The Alberta 
Stroke Program Early CT Score (ASPECTS) is a semiquantitative score to measure 
the volume of early ischemic changes in acute stroke. Fair inter-rater agreement 
between neurologists and neuroradiologists in ASPECTS [22] interpretation has 
been reported in telestroke programs, without significant implications on outcomes 
[20]. Imaging workflow now frequently includes more advanced multimodal neuro-
vascular imaging, if it can be completed rapidly and not increase the door-to-groin 
puncture time or delay transfers to a destination thrombectomy-capable center or 
comprehensive stroke center for endovascular therapy.

Endovascular reperfusion therapy is now recognized as a standard of care after 
large clinical trials demonstrated its value incremental to intravenous alteplase, in a 
subset of patients with large vessel occlusions [23]. Telestroke physicians may play 
a critical role in screening, triaging, and selecting patients as candidates for endo-
vascular treatment [7, 24]. Published studies reported improved triage, faster inter-
vention times, and superior outcomes in patients evaluated via telestroke prior to 
endovascular procedures [25, 26]. Telestroke networks may assist in the delivery of 
endovascular treatment to candidate ischemic stroke patients transferred from 
remote hospitals with outcomes similar to patients admitted directly to tertiary hos-
pitals [27].

If the originating site lacks post-intravenous alteplase care or vascular neurosur-
gical capabilities in selected clinical scenarios, the telestroke patients can also be 
transferred to the nearest most capable stroke center with the necessary personnel 
and resources. A priori transfer agreements and plans for patients should be estab-
lished, with careful consideration of the destination center’s capabilities for inter-
vention and monitoring, treatment time windows, and the distance and time via 
ground and air [28], so that all aspects of acute stroke care are covered in a timely, 
coordinated, and seamless manner.

For patients with hemorrhagic stroke (e.g., intracerebral hemorrhage and sub-
arachnoid hemorrhage) presenting to a rural hospital lacking neurosurgical exper-
tise, telestroke specialists may help to identify patients who are candidates for 
stabilization and emergency transport to comprehensive stroke centers for prompt 
neurosurgical and neurocritical care [29]. Despite the high mortality rates, early 
aggressive medical, surgical, and endovascular surgical interventions may improve 
outcomes for patients with hemorrhagic stroke.

Telestroke consultations are also effective for individuals who may not be can-
didates for acute stroke therapies or who may present with a stroke mimic syn-
drome [14, 30]. Approximately twenty percent of acute telestroke consultations 
are reported to be for patients ultimately diagnosed with a stroke mimic at dis-
charge [31], and nearly twenty percent of them were treated with intravenous 
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alteplase in the emergency department setting [30]. Using several tools that were 
developed for bedside determination [32] in adults and children, telestroke physi-
cians aim to reduce the unnecessary treatment with intravenous alteplase in patients 
presenting with a diagnosis other than ischemic stroke [33]. Their diagnostic 
impression, management, and disposition recommendations should be discussed 
with the referring emergency physician in order to assure effective communication 
and high-quality neurological care and to prevent unnecessary hospital 
admissions.

A consultation note documented by the consulting telestroke physician should be 
made available to the originating site. A discharge summary including a definitive 
diagnosis should be transmitted to the telestroke physician. The hospital documen-
tation is used for monitoring important quality measures concerning telestroke 
practice.

 Telestroke in Settings Spanning the Continuum of Stroke Care

In prehospital stroke care, telemedicine applications are more variable and present 
new challenges. An unassisted telestroke examination scale was evaluated with 
healthy volunteers mimicking stroke syndromes during ambulance transportation, 
and sufficiently reliable evaluations were demonstrated in a moving ground ambu-
lance using 4G connectivity [34]. Stroke expert assessments in mobile stroke units 
(MSUs) versus regular ambulances transporting patients to the closest ED have 
proven value in reducing time to IV alteplase [35, 36].

In an MSU, stroke patient examination and CT angiogram interpretation via 
telestroke open the opportunity for fast clinical decision-making for IV alteplase 
administration in the field, which is of critical importance considering that the 
reduced assessment and treatment times in the prehospital setting are associated 
with better outcomes [37]. Satisfactory connectivity (98%) and agreement on the 
alteplase decision (88%) were demonstrated in a study of simultaneous and inde-
pendent assessment by a stroke specialist in the MSU and a remote telestroke physi-
cian [38]. Decisions for subsequent transfers to either the nearest center with 
neurocritical care monitoring or the closest thrombectomy-capable center are made 
immediately after alteplase administration in the MSU.

Telemedicine for patients in the neuro-intensive care unit plays an important role 
beyond the hyperacute phase of stroke. Teleneurocritical care is valuable for preven-
tion, diagnosis, and timely management of primary neurovascular emergencies and 
secondary neurologic injuries [39]. Teleneurocritical care has demonstrated reli-
ability and improvement in patient-related outcomes [40].

The concept of an electronic stroke unit [2] refers to remote tele-neurovascular 
services for patients admitted to stroke units without continuous neurology or stroke 
coverage. This concept has somewhat limited applicability currently; however, it 
shows promise for the future.
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The domain of virtual poststroke rehabilitation was studied in home and ambula-
tory settings for serial assessments, monitoring, and timely adjustment of therapies. 
The limited quality evidence showed that tele-rehabilitation approaches were simi-
lar to conventional rehabilitation in improving activities of daily living and motor 
function for stroke survivors [41, 42]. Perceived obstacles were patients and care-
givers potentially lacking understanding of the technology and variable resources 
for virtual tele-rehabilitation networks.

Secondary stroke prevention and monitoring through telestroke services (i.e., 
virtual neurovascular clinic) is another potential application of telestroke that is 
growing in rural areas and long-term care units for patients without feasible trans-
portation options [2]. The virtual applications of transcranial Doppler ultrasound 
and carotid duplex ultrasound via teleneurosonology have also demonstrated tech-
nical feasibility in a proof-of-concept study [43]; however, its routine applicability 
in acute care or ambulatory settings warrants further investigation.

 Telestroke for Clinical Research

Telestroke encounters may assist with screening and identifying patients who may 
be potentially eligible for participation in clinical trials of novel treatments for isch-
emic and hemorrhagic stroke, neuroprotective agents, or innovative diagnostic tests. 
The subjects’ consent and randomization can occur at the originating sites immedi-
ately before transfer to a stroke center [44] or in an MSU or virtual stroke clinic 
[45]. The tele-investigators should be familiar with the eligibility criteria and 
research protocols and, when appropriate, offer the patient the opportunity to par-
ticipate in clinical trials without regard to geographical constraints. These projects 
need to comply with approved research policies, and increasingly, Institutional 
Review Boards are familiar with the adoption of digital health in clinical research.

 Telestroke for Teaching

Tele-mentoring for neurology trainees’ medical education using virtual supervision 
has emerged in numerous training programs [3]. In-person faculty supervision was 
preferred over robotic telepresence and telephone-only consultations in a study con-
ducted at Mayo Clinic [46]. Various different training methodologies are applicable 
for medical students, residents, and fellows, respectively. Different models of for-
mal incorporation of telestroke training during vascular neurology fellowship train-
ing have also been proposed [47], without any specific recommendations existing 
currently to guide training program accreditation agencies. Similarly, simulation 
training for emergency teams [48] and nursing staff [49] has been demonstrated as 
successful approaches to virtual stroke management.
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 Technological Considerations

Telestroke networks are designed as a combination of primary, secondary, and ter-
tiary care settings [1] working together to provide comprehensive in-person and 
virtual stroke care. Currently, there are two fundamental telestroke models: the dis-
tributed model and hub-and-spoke model. They include distant sites (where the tele-
medicine physician is located) and originating sites (where the patients are located). 
The services at all sites for acute stroke evaluation are generally available 365 days 
a year, 24 hours a day, and 7 days a week.

In the hub-and-spoke model, a comprehensive stroke center or academic medical 
center provides consultative expert services at remote “spoke” sites. Sub-hubs can 
also be integrated in this model, mainly consisting of small community hospitals 
that can serve as an intermediate to some spokes and are linked to the main hub [50]. 
The telestroke physicians are licensed in each state and credentialed at each of the 
hubs and at all of the spoke sites. Their services consist of time-sensitive emergency 
evaluations and clinical decisions for acute therapies and subsequent management 
in the most appropriate setting, including transfer decisions and involvement in 
clinical trials, if applicable.

In the distributive model, an independent corporation or an affiliated network of 
telestroke physicians provides services at various originating sites.

Some networks include virtual telestroke units, allowing patients to remain in the 
original hospital with access to higher-quality stroke care by providing additional 
resources like therapists and ongoing telestroke consultations [51].

Decentralized telestroke thrombolysis services have been shown to achieve simi-
lar treatment rates and time delays for a rural population as a centralized system can 
achieve for an urban population [15].

Irrespective of the model or network, well-delineated workflow protocols and 
agreements for inter-facility transfers whenever a higher level of care is indicated 
need to be established. Training and maintenance of continuous education should be 
provided to all telestroke providers and referring services (physicians, nurses, and 
ancillary staff), at both the distant and originating sites. Clinical and technical roles 
and responsibilities need to be acknowledged.

 Telestroke Quality and Outcome Metrics

An external accreditation body should conduct the telestroke network certification 
based on a review of performance, processes, and outcomes. Measures of quality 
performance should be collected in a standardized fashion and shared across the 
network, according to an agreement between telestroke sites and either a coordinat-
ing stroke center or distributed partner [28]. Every telestroke network hospital 
should participate in the collection of stroke quality measures [52].
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Current American Heart Association guidelines make suggestions for different 
telestroke metrics [28], such as process and performance, outcomes, patient and 
provider satisfaction, and technological quality. Administrative, technical, and clini-
cal quality indicators should be systematically and regularly reviewed by telestroke 
leadership in order to assure quality and improvement.

 Telestroke Network Operational Considerations

Policies and procedures for telestroke network operation and administration must 
be developed and followed to assure good quality clinical care and organizational 
success. The key stakeholders include hub and distant site physician directors, pro-
gram manager, ED stroke champions, EMS personnel, IT administrators, laboratory 
and radiology personnel, and human resources, legal, and finance personnel. 
Personalized algorithms and workflows for each setting of the telestroke consulta-
tion (ED, MSU, ICU, medical-surgical floor, outpatient) should be created and 
available to the personnel. Oversight, timely feedback, and personnel development 
are indicated to assure a telestroke program maintains competency. Patient records’ 
storage, retrieval, privacy, and confidentiality should follow HIPAA and applicable 
state laws. The American Telemedicine Association has published technical require-
ments for operation of telestroke networks [1].

Physician licensing and credentialing rules [53], infrastructure development, 
staffing, training, partnership development, fragmentation of care, limited coordina-
tion [5], and poor internet access for people living in rural areas have all been 
reported as obstacles to telestroke implementation. Different states have adopted a 
variety of policies to facilitate the adoption of telestroke services and overcome 
licensing, liability, and reimbursement challenges [54].

 Health Economic Evaluations of Telestroke

Analysis of several telestroke networks demonstrated an increase in the number of 
patients discharged home independently and reduced costs for the network hospitals 
[55], with the highest cost-effectiveness revealed in the most severe strokes cases 
[56]. Societal perspectives have similarly indicated cost utility for hub-and-spoke 
networks [57]. In resource-limited developing countries, affordable smartphone- 
based technology has been pioneered and is associated with improved outcomes 
[58]. Mobile telestroke assessment was also demonstrated to be feasible using low- 
cost components and commercial available wireless connectivity in rural settings 
[59]. Likewise, tele-neurological ICUs are described as safe and cost-saving strate-
gies that improve the timely response to neurological emergencies and decrease 
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hospital length of stay [40]. While prehospital stroke care has demonstrated cost- 
effectiveness [60], the cost-benefit analysis of MSUs remains to be determined. 
Teleneurology for patients in ambulances (in-transit telestroke) was demonstrated 
to be a scalable and affordable alternative to MSUs, with similar efficacy in diagno-
sis and treatment [61].

 Comprehensive Virtual Stroke Centers of the Future

The majority of current telestroke providers are vascular neurologists, general neu-
rologists, and neurocritical care specialists. Virtual assessment and management of 
more complex neurovascular emergencies is likely to be associated with improved 
outcomes if patients could have prompt, seamless, and integrated neuroradiological, 
neurocritical care, and neurosurgical expertise available, in addition to the vascular 
neurology opinion and coordination of care [62].

From the introduction of portable CT scanners in rural EDs [63] to multimodal 
CT imaging [64] and CT angiography in MSUs that improves patients selection, 
quality control of teleradiology interpretation is recommended in order to provide 
the best medical care to individual stroke patients [65]. Therefore, the addition of a 
tele-neuroradiologist to the virtual stroke team is commendable, especially in the 
view of more advanced neuroimaging techniques for complex neurovascular cases. 
Complex cerebrovascular conditions require emergency neurosurgical and neuro-
critical care management [40]. Early rehabilitation poststroke is also critical to 
improving patient outcomes [66]. Tele-rehabilitation starting with early dysphagia 
assessment and ending with virtual visits in long-term care facilities for therapy 
adjustments are resourceful [67, 68].

The recommendations for comprehensive stroke centers delivery of specialized 
stroke care include healthcare providers with expertise in neurosurgery and vascular 
neurology, access to advanced neuroimaging capabilities, surgical and endovascular 
techniques, ICU care, and a stroke registry [69]. Correspondingly, virtual compre-
hensive stroke networks should be multidisciplinary and follow key accreditation 
guidelines in an organized, systematic, and efficient manner. National registries that 
collect and monitor telestroke outcome measures should assure standardization of 
best telestroke practices.

 Summary

With the evolution of comprehensive stroke care, telestroke applications have also 
expanded. Virtual stroke assessments in rural and underserved urban areas have 
largely overcome the historically limited access to expeditious stroke expertise and 
currently represent the standard practice nationally and internationally.
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Chapter 13
Advances in Tele-Cardiology

Jayashree Raikhelkar and Jayant K. Raikhelkar

 Advances in Tele-Cardiology

Telemedicine is recognized as the application of modern information and commu-
nications technologies for the delivery of health services [1]. Telemedicine has 
become increasingly adopted over the past 50 years and successfully applied in a 
variety of subspecialties. Telemedicine in the field of cardiology has been continu-
ously evolving and is considered an extremely important application, allowing for 
the rapid transmission of relevant cardiovascular data such as the electrocardiogram 
(ECG) and echocardiogram (ECHO) as well as remote tele-consultation. Its earliest 
reference in the field of cardiology can be traced back to early twentieth century 
when electrocardiographic data was first transmitted over telephonic wires [2].

Progressive research in cardiac care has led to a profound decline in cardiac 
morbidity and mortality over the last 50 years. In spite of this, cardiovascular dis-
eases are still the leading cause of death in the USA with over 2000 Americans 
dying of cardiovascular causes on a daily basis [3]. With the baby boomer genera-
tion well into retirement, there has been a significant increase in the prevalence of 
coronary artery disease and chronic heart failure. It is hoped that research in the 
field of tele-cardiology will benefit this aging population and help bring the latest 
diagnostic modalities and therapies in cardiovascular medicine to the most geo-
graphically isolated patients [4].

This chapter will illustrate the current advancements and sphere of tele- cardiology 
within the realm of telemedicine and its growing number of applications to patients 
with cardiovascular disease. Tele-cardiology can be divided somewhat arbitrarily 
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into the following classification (Table 13.1) based on the location of telemedicine 
support:

Pre-hospital Tele-cardiology:

 (a) Tele-ECG triage
 (b) Pre-STEMI detection

In-Hospital tele-cardiology:

 (a) Tele-consultation
 (b) Tele-CCU

Outpatient tele-cardiology:

 (a) Tele-ECHO
 (b) Tele-heart failure
 (c) Tele-rehabilitation

 ECG Transmission

The ability to the accurately transmit recorded ECG in real time to a cardiologist for 
evaluation is one of the most crucial applications of tele-cardiology today. This is 
the critical first step in triaging patients requiring potential interventions. With wire-
less technology, ECG transmission can occur with the use of mobile phones/tablets 
at home via Bluetooth to the hospital [5]. ECG transmission can occur with or with-
out Internet access as well. Technology has been developed to record ECG signals 
as audio inputs which are then transmitted to a hospital with a landline or mobile 
phone. This allows patients without access to the Internet to have the ability to 
record and transmit data to specialized centers [6, 7].

Since the time to reperfusion is crucial to improving prognosis in patients with 
acute myocardial infarction, many studies have looked at implementation of 

Pre-hospital
tele-cardiology 

•  Tele-ECG traige
•  Pre-STEMI
   detection 

In-Hospital
tele-cardiology 

•  teleconsultation
•  Tele-CCU

Outpatient tele-
cardiology

•  Tele-ECHO
•  Tele-Heart Failure
•  Tele-Rehabilitation

Table 13.1 Classification of tele-cardiology supports
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 tele- cardiology applications in this limited period of time. Numerous studies have 
shown remote ECG transmission, such as within a moving vehicle, is achievable 
[8–10]. Tele-ECG consultation has allowed for expedited triage and abbreviated in-
hospital times in STEMI patients when compared to control groups [8–10]. 
Figure 13.1 demonstrates how an expediated strategy with EMS 12-lead ECG trans-
mission and communication with cardiac catheterization teams prior to transfer to 
hospital abbreviates emergency room consultation times and improves revascular-
ization times.

Brunetti’s study demonstrated that STEMI patients in rural areas with tele- 
cardiology evaluation had evaluation and treatment times that were comparable to 
patients living close to a PCI center [10]. The Acute Cardiac Care Association of the 
European Society of Cardiology guidelines on the pre-hospital management of 
chest pain and dyspnea have mandated the use of pre-hospital ECG with telemedi-
cine when a skilled physician is absent for ECG interpretation [11].

 Early Identification of STEMI

One of the most established roles for telemedicine in cardiology is early triage and 
management of ST segment elevation MI (STEMI), which is defined as the syn-
drome of persistent ECG ST elevation and subsequent release of biomarkers of 
myocardial necrosis [12]. In the USA, there are estimated to be over 250,000 
STEMIs presenting to the emergency department per year [13]. Although the out-
comes for patients with STEMI are improving, the 30-day case fatality rate remains 
11.4%. Thus, it remains an important public health concern [14]. Minimizing the 
time from diagnosis of STEMI to reperfusion therapy either by thrombolysis or 
percutaneous coronary intervention (PCI) has been shown to be associated with 
decreased mortality [15]. Modern healthcare systems have thus identified 

Fig. 13.1 Conventional versus expedited strategy for STEMI revascularization. (Used with per-
mission. Rao et al. [80])
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pre-hospital 12-lead ECG transmission as the standard of care documented in both 
European and American guidelines [12, 15].

Brunetti [16] reported preliminary data regarding pre-hospital transmission of 
ECG data and triage in STEMI patients. Patients with STEMI transferred by 
regional emergency services were enrolled in the study. Patients were randomized 
to receive pre-hospital ECG triage by tele-cardiology and, if required, direct transfer 
to cardiac catheterization for PCI or transfer to the emergency department where the 
diagnosis would be made. Time-to-balloon with PCI treatment within 60 minutes 
occurred much more frequently in patients triaged with tele-cardiology ECG, in 
both short- and long-distance groups versus controls (85% vs. 35%, p  <  0.001, 
+141%). One of the major limitations of this study was that it carried out at a single 
center [16].

In the MonAMI study [17], the performance of pre-hospital 12-lead ECG triage 
and emergency room activation of an infarct team significantly improved door-to- 
balloon times. The proportion of patients achieving a door-to-balloon time of 
≤90 minutes increased from 39% to 93% in the tele-cardiology supported group 
leading to a greater proportion of patients achieving guideline recommendations.

Rasmussen and colleagues demonstrated that the use of telemedicine in diagno-
sis and triage of patients to direct cardiac intervention is feasible in close to 90% of 
patients living up to 95 km or less. Patients with pre-hospital diagnosis and triage 
of STEMI could be treated with primary PCI within 120 minutes [18]. A retrospec-
tive study of 673 patients by Tanguay in Quebec, Canada, recently showed the pre- 
hospital 12-lead ECG use and activation of the cardiac catheterization lab 
preemptively led to a first medical contact-to-start of PCI time of approximately 
47 minutes and with a false-positive activation rate of only 14% [19]. Thus, the cur-
rent literature supports the use of pre-hospital ECG transmission and transfer of 
STEMI patients for treatment. This technology has expedited the treatment of a 
significant number of patients with the most serious form of acute coronary 
syndrome.

Sivagangabalan examined the efficacy of pre-hospital triage and early activation 
of cardiac catheterization teams on revascularization times and left ventricular (LV) 
ejection fractions. STEMI patients were triaged in the ambulance, in community 
hospital emergency departments, or tertiary hospital emergency departments. Those 
triaged in an ambulance had significantly decreased door-to-balloon times and 
higher LV ejection fractions compared to the other groups. In addition, this group 
has a significant long-term survival advantage [20]. Chan demonstrated that pre- 
hospital triage of patients with STEMI was an independent predictor of survival. 
Patients who were diagnosed in the ambulance instead of in the hospital more fre-
quently achieved a 90-minute door-to-balloon time benchmark (80.4% vs. 8.7%, 
p < 0.001) and lower 30-day and 1-year mortality [21].

Currently, healthcare systems in the USA are not organized in a way to encour-
age the adoption of pre-hospital ECG within their regional emergency medical ser-
vices. The one-size-fits-all approach is impractical. Before implementation of an 
organized pre-hospital ECG program into regional transport systems, it is reason-
able to explore specific community limitations and question the following concepts 
listed in Table 13.2.
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Tele-ECG has been shown to improve quality of healthcare delivery. The greater 
emphasis on tele-ECG in the STEMI diagnosis has led to the question of its cost- 
effectiveness. An observational study done by Brunetti [22] explored this issue in 
their cost analysis based in the Apulia region in Italy. Included were patients who 
called the local emergency medical services during 2012 and underwent pre- hospital 
triage with telemedicine ECG in the case of suspected acute cardiac disease. The 
ECGs were read by a cardiologist remotely. The cost of conventional hospital triage 
versus pre-hospital triage was calculated. There was a potential savings in presumed 
lives per year saved and cost per quality-adjusted life year gained [22].

Currently, there are no cost-effectiveness models to evaluate this technology. 
Davis reported the total cost to upgrade pre-hospital ECG equipment was more than 
$16,000 [23]. This included funding for a receiving station, cellular phones, and data 
cables. Other collateral costs to consider include training personnel, quality assur-
ance, and the actual organization and integration of EMS and hospital systems [24].

 Tele-Coronary Care Unit

Tele-coronary care units (CCU) are an exciting subset of tele-cardiology. The contem-
porary CCU includes patients with complicated myocardial infarction, decompen-
sated heart failure, cardiogenic shock, and refractory ventricular arrhythmias. The 
literature to date has numerous clinical trials examining the effects of tele-ICU support 
on the ICU care team model. If implemented appropriately, tele-ICU has the potential 
to significantly reduce the mortality rate, length of stay, and complication rates and 
while improving best practice adherence [25, 26]. Some tele-ICU software platforms 

Key Points
• The use of pre-hospital ECG for the diagnosis of STEMI is recommended 

and, if properly implemented, results in shortening reperfusion time and 
lowering mortality rates.

• The preferred model of interpretation of pre-hospital ECG is wireless car-
diologist interpretation.

Table 13.2 Top questions to ask before implementing pre-hospital ECG in your system workflow 
for acute coronary syndromes

1. What are the benefits of using pre-hospital ECG in patients with STEMI?
2.  What model will be used for interpreting pre-hospital ECG (computer algorithm vs. 

paramedic interpretation vs. wireless physician interpretation)?
3. Can EMS providers reliably acquire and interpret pre-hospital ECGs?
4. What training and maintenance of competency do EMS providers need?
5. What would be the systems workflow once the patient arrives to the hospital?
6.  What additional costs are expected to have pre-hospital ECG incorporated into existing 

systems of care?
7.  How can the pre-hospital ECG workflow be incorporated into our research and quality 

assurance process, and what type of regulatory oversight is necessary?
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allow for continuous, real-time transmission of patients’ vital signs. In addition, smart 
and sentry alert prompts use a combination of averages and medians to evaluate vital 
sign values over time to detect changes in heart rate, blood pressure, oxygen satura-
tion, and respiratory rate [27]. These prompts notify clinicians early, allowing for 
timely intervention by monitoring staff. In this way, tele-ICU monitoring can provide 
tele-consultation and support to bedside physicians and nurses by continuous surveil-
lance. Tele-ICU consultation in the CCU allows for continuous monitoring of vital 
signs, ECG, blood pressure waveforms, oxygen saturation (SpO2), pulmonary artery 
catheter (PAC) waveforms, as well as respirations and body temperature. The feasibil-
ity of remote surveillance was studied by Nikus [28]. In this Finnish study, remote 
monitoring of the CCU and cardiology ward was carried out by a cardiologist who had 
access to electronic medical records and digitally stored 12-lead ECGs. The telecardi-
ologist role was supportive and he/she was available for consultation and emergencies. 
The remote access to the hospital intranet and server applications proved reliable, 
secure, and technically feasible. The study indicated a potential for reducing the delay 
for diagnostic and therapeutic interventions. The study was limited by the fact that the 
cardiologist played a somewhat passive role [28].

Prompt diagnosis of acute myocardial infarction and reperfusion by interven-
tions, either PCI or thrombolysis, has been shown to reduce morbidity and mortality, 
especially in the setting of STEMI [29, 30]. The 2013 American Heart Association/
American College of Cardiology STEMI guidelines have stressed the need for inte-
grated regional medical systems to provide reperfusion therapy in rural areas [31].

As seen in Fig. 13.2, pre-hospital thrombolysis in route to the CCU with tele-
medicine support has become an important modality in achieving timely reperfu-

Fig. 13.2 Reperfusion time goals for patients after STEMI. (Used with permission. Ting, et al. [82]
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sion [32, 33]. Tele-consultation and remote interaction with emergency medical 
transport staff with a cardiologist available in the CCU have been shown to reduce 
door-to-needle and door-to-balloon time delay. This may in turn increase patients’ 
chances of survival and decrease the risks of postinfarction sequelae [34]. Tele- 
consultation with the support of wireless and mobile technology during transport 
has also been shown to be feasible [35, 36]. Integrated smartphone technology is 
now allowing for accurate interpretation of angiographic lesions and effortless com-
munication between emergency medical services and the cardiologist [7].

 Tele-Echocardiography

Cardiologists rely on echocardiography for the evaluation ventricular function, val-
vular disease, and physiological functions. Tele-echocardiography is a widely 
applied and accepted tool used between rural hospitals and tertiary care centers. 
With the advancement of telemedicine technologies, there is improved access to 
specialists capable of echocardiography interpretation. This has enabled cardiolo-
gists to guide sonographers remotely to make the correct diagnosis and formulate 
treatment plans.

Finley was the first to mention the interpretation of echocardiography by tele-
medicine support in the 1980s [37]. By 1990, there was mention of the establish-
ment of a real-time pediatric echocardiography service at a tertiary care center 
which serviced regional hospitals. The system of transmission used in this case was 
dial-up broadband video transmission. Most studies were urgent in nature. A com-
parison between transmitted images and bedside “in person” images showed little 
differences in diagnoses and the rate of unnecessary transfers.

In 1996, Trippi studied the utilization of tele-echocardiography consultation in 
emergency telemedicine [38]. In their prospective study, urgent echocardiograms 
were performed during off-peak hours (nights, weekends, and holidays) to assess 
for ventricular function, ischemia, and valvular disease. Interpretation of the echo-
cardiograms was compared to interpretation made by reviewing videotapes in a 
blinded manner. Off-site echocardiographers reviewed the images at home. 
Abnormalities were identified in more than 80% of the studies, including wall 
motion abnormalities, pulmonary hypertension, aortic dissection, valvular dysfunc-
tion, and tamponade. Telemedicine and videotape interpretations correlated 99% of 
the time and the time needed to generate official echocardiogram reports were 
reduced significantly as well. In the same year, Trippi [39, 40] also studied dobuta-
mine stress tele-echocardiography (DSTE) in a small number of low-risk patients in 
the emergency room admitted for chest pain. The echocardiogram was performed 
by nurses and sonographers. All study images (DSTEs and ECGs) were interpreted 
by a remote cardiologist. The sensitivity and specificity of dobutamine stress 
 tele- echocardiography versus clinical and cardiac catheterization findings were 
89.5% and 88.9%, respectively, with a negative predictive value for DSTE of 98.5%. 
The use of DSTE as a screening tool in the evaluation of patients presenting with 
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chest pain in the emergency department is reasonable when a skilled clinician is 
unavailable on site [39, 40].

Stress tele-echocardiography has also been used in the arena of heart transplanta-
tion. The Adonhers (Aged Donor Heart Rescue by Stress Echo) project created a 
network for second-opinion stress-echocardiography [41]. The project aimed to 
expand the heart donor pool by shifting upward the donor age cutoff limit (from 55 
to 65 years). If older donor hearts had negative stress tele-echocardiogram for coro-
nary heart disease and cardiomyopathy, they were included. The involved cardiolo-
gist sent digitized images to a central core echo lab in Pisa, Italy, for a second opinion. 
In the early years, the program to its credit provided second opinions to safely trans-
plant six donor hearts in marginal patients. The authors suggested that second-opin-
ion stress tele-echocardiography for aged donor heart selection can be done safely 
and may potentially extend the donor criteria for heart transplantation [41].

The field of pediatric cardiology has benefited greatly from the concept and 
implementation of tele-echocardiography. Neonates in smaller towns and rural 
areas have a scarcity of pediatric sonographers and cardiologists. The shortage of 
specialists in the field has preempted the early development of telemedicine services 
and led to a dramatic rise in pediatric tele-echocardiography in recent years [42]. 
Accurate remote diagnosis and the exclusion of congenital heart disease may avoid 
unnecessary patient transport and expedited care of sick neonates, thereby lowering 
mortality and cost [43–45].

Tele-echocardiography is limited by the fact that it requires a skilled operator for 
proper ultrasound image acquisition and exam quality. In an attempt to overcome 
this limitation, Courreges [46] developed and studied a robotic tele-ultrasound sys-
tem (OTELO). The equipment consisted of two stations, an expert station where the 
remote sonographer controls a virtual probe and a patient station where a real probe 
is held by a robot and positioned on the patient. More than 50 patients at 2 different 
hospitals underwent virtual ultrasound examinations. The diagnosis made with this 
remote scanning system concurred in at least 80% of cases with the diagnosis made 
by bedside scanning. Disagreements with the final diagnosis occurred with lesions 
due to suboptimal and inadequate image acquisition.

Recent technology enables for video communication between families and their 
physicians and simultaneous live streaming of echocardiographic imaging. The 
“EchoCart” by StatVideo [47] streams over the web thereby negating the need for 
costly leased lines. It streams high definition and high frame rate echo images and 
also supports patient-to-physician interaction remotely. It is currently used in select 
tertiary centers in the USA.

In spite of inherent limitations of real-time tele-echocardiography, this modality 
has been effective in assisting with diagnostically challenging patients requiring 
complex management. For example, Otto described a case of a patient with pericar-
ditis which required tele-ultrasound consultation between cardiologists at the 
University of Texas at Galveston and staff in a research center in Antarctica [48]. 
The use of this technology prevented unwarranted medical evacuation and transfer, 
allowing the patient to receive treatment at the local center. This case highlighted 
the importance of remote tools in the delivery of healthcare to geographically iso-
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lated populations. Other exciting and interesting research applications of tele- 
echocardiography have been demonstrated on the International Space Station [49].

 Role of Telemedicine in Chronic Heart Failure Monitoring

There are currently over 5.7 million Americans with heart failure, and about 650,000 
new diagnoses are made yearly [50]. By the year 2030, there will be a projected 
increase in heart failure diagnoses by 46%, with over 8 million patients living with 
the disease [51]. This epidemic is a significant driver of healthcare expenditure. The 
cost related to healthcare services, medications, and sick days due to heart failure 
was estimated to exceed $30 billion in 2013, with the average cost of a heart failure 
admission averaging about $23,000 [52]. And notably, the Center for Medicare and 
Medicaid Services (CMS) began public reporting of all-cause readmission rates 
after a heart failure admission in 2009 [53]. In 2010, the Patient Protection and 
Affordable Care Act enacted financial penalties to hospitals with the high readmis-
sion rates within 30 days of discharge for heart failure [54]. Thus, there is a drive to 
develop new strategies to improve heart failure care overall and focus to reduce 
readmission rates.

A reported 19–25% of heart failure patients admitted to US hospitals are admit-
ted to a CCU; thus, it is vital to understand current strategies of heart failure tele- 
monitoring and its impact on critical care utilization [55].

New drug therapies and remote monitoring of heart failure patients have become 
the cornerstone in heart failure management. Due to the complex nature of heart 
failure management, intermittent remote monitoring has become very appealing and 
potentially a cost-effective way of management at home. This intermittent remote 
support includes telephone communication with advanced practice providers and 
electronic monitoring with peripheral devices along with video consultation [56].

The initial experience with remote monitoring in heart failure did not show 
promising results and the data was somewhat conflicting. Rich demonstrated that 
nursing-directed, multidisciplinary inventions including family education, medica-
tion review, and social service consultation with outpatient follow-up (individual-
ized home visits and telephone contact) reduced the rate of readmission, reduced 
cost per patient, and increased quality of life scores [57]. A clinical trial by Reigel 
in 2002, indicated that standardized nurse case management provided to sick heart 
failure patients by telephone in the first 6 months after discharge can reduce hospi-
talizations and costs and improve resource utilization and patient satisfaction [58]. 
Reigel placed a heavy emphasis on patient education. In this study, the patients’ 
clinical status was followed by registered nurses for the first 6  months after 
 discharge. The nurses were instructed to educate patients regarding their disease 
process and emphasize deterioration of illness with the help of decision support 
software [58]. A report of clinical status was sent to the patient’s physician, who in 
turn chose appropriate interventions and therapies. Hospitalization rates were low-
ered by close to 50%, thus lowering inpatient costs.
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In DeBusk’s study in 2004 [59], low-risk heart failure patients in a single health-
care system were randomized to nursing interventions (i.e., telephone surveillance) 
with regular care or regular care alone. The intervention group received symptom 
monitoring, education, and medications for heart failure with the help of a study 
protocol. Their care was coordinated with the patients’ primary care physician. 
Patients were contacted via telephone intermittently. The authors demonstrated tele- 
supported nursing care management in low-risk heart failure patients did not signifi-
cantly reduce hospitalization rates between the two groups and thus was not 
beneficial [59]. The DIAL trial was a trial comparing frequent centralized telephone 
interventions by a nurse trained in the management of chronic heart failure with 
usual care in 51 centers in Argentina [60]. The aim was to educate, counsel, and 
monitor patients through frequent telephone follow-up. The focus was adherence to 
diet, drug treatments, fluid status, and symptom monitoring. Software was used to 
determine the frequency of calls, and algorithms were used to adjust diuretic doses. 
With these interventions, there was a significant reduction in admissions for heart 
failure in the intervention group (relative risk reduction = 29%, p = 0.005), and bet-
ter quality of life was noted in this group (mean total score on Minnesota living with 
heart failure questionnaire 30.6 vs. 35, p = 0.001) as compared to the noninterven-
tion group.

A trial by Dunagan [61] randomized patients to usual care or scheduled tele-
phone calls by nurses emphasizing self-care and guideline-based therapy as pre-
scribed by primary physicians. The nurses screened for heart failure decompensation 
and changed diuretic dosing accordingly. Only structured telephone calls and tele- 
monitoring were effective in reducing the risk of all-cause mortality. The interven-
tion patients experienced a delay to encounter (hazard ratio (HR)  =  0.67; 95% 
confidence interval (CI) 0.47–0.96; p = 0.29) and reduced frequency of hospital and 
heart failure-specific readmission. Hospital costs, hospital days, and admissions 
were significantly lower in the first 6 months, but this difference was not seen at 
1 year. There was minimal impact on quality of life, functional status, or mortality.

In the TELE-HF trial (Tele-monitoring to Improve Heart Failure Outcomes), 
tele-monitoring by an interactive voice system collecting daily information regard-
ing symptoms and weights was compared to standard care [62]. In this trial of over 
1600 patients, there was no difference in the combined primary endpoint of read-
mission or death. The BEAT-HF (Better Effectiveness After Transition-Heart 
Failure) trial enrolled patients who were 50 years of age or older and recently admit-
ted with heart failure [63]. In this trial of over 1400 patients, tele-monitoring using 
a comprehensive daily electronic collection of blood pressure, heart rate symptoms, 
and weights, targeted nurse phone calls and health coaching phone calls, was found 
to be no better than usual care.

Remote monitoring in chronic heart failure currently encompasses various tech-
nologies, including structured telephone calls, videophone, interactive voice 
response devices, and tele-monitoring consultation. But no one technology has been 
proven to be consistently superior to others. In Conway’s sub-analysis and meta- 
analysis [64], two of the four modalities  – structured telephone calls and tele- 
monitoring – were found to be effective in reducing the risk of all-cause mortality 
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(relative risk (RR) 0.87, 95% confidence interval (CI) 0.75–1.01, p = 0.06 and RR 
0.62, 95% CI 0.50–0.77, p < 0.0001, respectively) as well as heart failure-related 
hospitalizations (RR 0.77, 95% CI 0.68–0.87, p < 0.001 and RR 0.75, 95% CI 0.3–
0.91, p = 0.0003, respectively). More randomized studies need to be done to focus 
on the effectiveness of remote monitoring in heart failure. Inglis looked at the effi-
cacy of tele-monitoring (TM) and structured telephone support (STS) in a meta- 
analysis in 2011. The aim was to review randomized controlled trials for all-cause 
mortality and CHF-related hospitalizations. Tele-monitoring reduced all-cause 
mortality (RR 0.66, p < 0.0001). Both TM (RR 0.79, p = 0.008) and STS (RR 0.77, 
p < 0.0001) reduced CHR-related hospitalizations and cost, as well as improved 
quality of life scores [65].

A review looking at both telephone support and monitoring of vital signs and 
data by Schmidt concluded that vital sign monitoring may lower mortality, but 
improvements in patient-related outcomes have yet to be demonstrated [66]. Both 
modalities appear to be effective, but there is no evidence that one modality is supe-
rior to the other. Koehler [67] performed a study to determine whether physician-led 
remote telemedical management (RTM) would reduce mortality in outpatient 
chronic heart failure patients (New York Heart Association class II or III). A wire-
less Bluetooth device was connected to an ECG, blood pressure cuff, and weighing 
scale in the patient’s home. Patients performed daily self-assessment with the 
devices and data was transmitted to the telemedicine center. Physicians in the center 
were available at any time for consultation and instituted treatments that they 
deemed necessary. The median follow-up was 26  months. Compared with usual 
care, there was no significant effect on all-cause mortality (RR 0.97, 95% CI 0.67–
0.41, p = 0.87), cardiovascular death, or HF hospitalization.

A Japanese study by Kotooka aimed to investigate whether an automated physi-
ological monitoring system HOMES-HF (body weight, blood pressure, and pulse 
rate) in a heart failure treatment program could reduce mortality and readmission 
rates after acute decompensated heart failure [68]. The primary endpoint was a com-
posite of all-cause death or rehospitalization due to worsening heart failure. Patients 
were randomized into either the tele-monitoring group or usual care. The mean 
follow-up period was 15 months. There was no significant difference in the primary 
endpoint, and beneficial effects of tele-monitoring were not demonstrated.

The rate of implantation of cardiac implantable electronic devices (CIEDs) has 
been on the rise. These devices are able to record patient-specific variables like 
intrathoracic impedance that can serve as surrogate markers of fluid overload. 
Unfortunately, clinical trials using these technologies have not been shown to 
change clinical outcomes to date [69, 70]. The greatest advance in remote monitor-
ing has been in the form of implantable pressure sensors as seen in Fig. 13.3. This 
is a monitoring system where information is provided by an implantable or nonin-
vasive device is transmitted to a secure server. Clinicians can access the server via 
the Internet. The clinicians can then review data, respond to overall data trends or 
alerts, and communicate medical interventions directly to the patient.

The CardioMEMS HF system (Abbott, Sylmar, California) is a wireless pulmo-
nary arterial pressure monitoring system that is implanted into a branch of the pul-
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monary artery. In the CHAMPION trial, 550 HF patients with both reduced ejection 
fraction as well as preserved ejection fraction were randomized to two groups. In 
the first group, physicians used daily monitoring of pulmonary arterial pressure in 
addition to standard care, while the second group consisted of standard care alone 
[71]. There was a 28% RR reduction in the primary endpoint of heart failure admis-
sions at 6 months. In a pre-specified analysis of patients in the CHAMPION trial 
with HF with reduced EF, patients on two guideline-directed medications showed a 
57% reduction in mortality [72]. A retrospective analysis of over 1100 patients who 
received the CardioMEMS device in a “real-world” setting showed a 45% lower 
rate of heart failure admissions 6 months after device implantation with a HF cost 
reduction of $7433 per patient [73]. There is great enthusiasm within the cardiology 
community for further developments in the field of pressure-guided remote heart 
failure management [74].

Key Points
• Remote telemedicine monitoring of chronic heart failure patients is recom-

mended to reduce readmission rates.
• Home monitoring of cardiac implantable electronic devices is feasible and 

is associated with the early detection of medical and technical events.

Constant monitoring
of the patient

Signals
transmitted
through the

internet

Secure
patient

database
Telemonitoring

and alerts

Scheduled
remote follow-up

React to alerts
Interact with patient

RV systolic and diastolic pressure
Estimated pulmonary artery
end-diastolic pressure
Change in pressure over time
Pulmonary artery pressure
Left atrial pressure
Heart rate

Patient activity
Temperature
Impedance
Respiratory rate
Rhythm abnormalities
Heart rate variability

Example of
a cardiac
monitoring
device
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Fig. 13.3 Cardiac remote monitoring systems. (Used with permission. Abraham et al. [81])
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 Tele-Cardiology Prevention

The impact of telemedicine on preventative cardiac events was not been established. 
Since telemedicine has the capability of reaching people who would otherwise be 
isolated, the possibility of obtaining epidemiological data and controlling disease and 
other factors related to health is within reach. The CAPITAL study assessed cardiovas-
cular risk and status of prevention in a Mediterranean region. This Italian study 
obtained the history and demographic information of patients and used screening ECG 
with remote telemedicine support at local pharmacies in Apulia, Italy. It concluded 
that awareness, therapy, and control of cardiovascular risk factors remain unsatisfac-
tory in this particular geographical region and there remains a large scope for improve-
ment in the control of cardiovascular risk factors with telemedicine support [75].

 Tele-Cardiology for Rehabilitation

Support with the use of tele-cardiology has been demonstrated in the field of reha-
bilitation medicine after a cardiac event (acute coronary syndrome and cardiac sur-
gery). Remote rehabilitation after cardiac surgery has been demonstrated to be 
effective and safe when compared with conventional rehabilitation [76]. Supervised 
home rehabilitation programs with nurses and physiotherapists have been shown to 
increase six-minute walking distance when compared to baseline [77]. After acute 
myocardial infarction, patients followed by telemedicine had significantly higher 
rates of survival at 1 year compared to usual care (4.4% vs. 9.7%, p < 0.0001) [78]. 
When compared directly with conventional therapy, telemedicine-supported reha-
bilitation was feasible for risk-factor modification and exercise monitoring of 
patients who would otherwise have had no access to these therapies [79].

 Conclusion

Telemedicine continues to have a broadening impact in the field of cardiology with 
many applications in acute coronary syndrome, valvular disease, and chronic heart 
failure with positive implications on admission rates, morbidity, and mortality. The 
impact is being experienced in the pre-hospital, CCU, and post-discharge environ-
ments. More research is required to evaluate the potential benefits and cost- 
effectiveness of tele-cardiology support services.

Key Point
• The use of telemedicine support is effective in healthcare delivery in 

patients with cardiovascular disease.
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Chapter 14
Telemedicine in the Pediatric ICU

S. David McSwain, John Chuo, Carley M. Howard Draddy, 
and Dana Schinasi

 History and Early Programs

Just as pediatric practice encompasses the full array of healthcare services, pediatric 
telemedicine encompasses a broad and diverse array of primary care, specialty, and 
interprofessional services [1]. This variety also extends to the areas of pediatric 
critical care, emergency medicine, and neonatology. While specialists in these areas 
often face emergent, critical, and time-sensitive situations, their expertise also 
extends to chronic conditions such as asthma, chronic lung disease, diabetes, and 
pulmonary hypertension and encompasses the full spectrum of disease severity, 
from minor skin conditions to life-threatening organ failure. As such, telemedicine 
has been applied successfully in numerous ways to complement, extend, and coor-
dinate the care by these providers.

Early programs for pediatric critical care, emergency medicine, and neonatology 
focused on the on-demand, emergent management of children presenting to (or born 
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into) remote facilities that did not have pediatric specialists available on staff [2, 3]. 
Programs in Arkansas, California, Oregon, and Vermont pioneered this approach, 
which has subsequently been successfully deployed in many other locations in the 
USA and across the globe [4–8]. The use of telemedicine also expanded beyond the 
ad hoc emergency encounter, to address a variety of other clinical and care coordi-
nation scenarios: home management and care coordination for medically complex 
children [9–12], pediatric critical care consultation to adult ICUs [13, 14], telemedi-
cine provision during critical care transport [15, 16], family involvement in critical 
care team rounds [17], family connections with their hospitalized children, health-
care education for remote providers, and more.

The use cases for pediatric critical care telemedicine-based consultation can be 
categorized based on the following characteristics: patient location, provider loca-
tion, acuity of consult, and chronicity of the condition. Patients receiving pediatric 
critical care consultation are most often located in rural community emergency 
departments (ED), where pediatric critical care telemedicine consultation is uti-
lized to assist in acute management, triage, and transfer decisions. However, ser-
vices can be provided to patients in any location, including rural community 
hospital inpatient wards, outpatient clinics, patient homes, remote pediatric and 
adult ICUs, and various locations within the consulting physician’s home institu-
tion. Home consultations and outpatient clinic consultations may be offered for 
children with chronic conditions or as follow-up to an acute inpatient admission. 
Consultation to rural community hospital inpatient wards is often an extension of 
an existing consultation program to community EDs at the same location. 
Consultation to adult ICUs has been provided as a means of keeping older pediat-
ric patients in their own communities, while consultation to remote pediatric ICUs 
can be used as a means of assessing patients in need of transfer for specialized 
care not available at the referring PICU, such as extracorporeal life support 
(ECLS) or transplant services. Consultation within the consultant’s home institu-
tion may be provided for quicker response to acute clinical situations (rapid 
response and/or codes) occurring in patients admitted to the floor, as well as for 
assessment of patients admitted to the home PICU when providers are taking call 
from home [6].

 Pediatric Critical Care Teleconsultation to Remote EDs 
and Hospital Floors

The best studied example of pediatric critical care telemedicine is pediatric critical 
care teleconsultation to remote EDs and hospital floors. Early examples of such 
programs [2, 18] demonstrated both the feasibility and the high level of provider 
satisfaction with such services. The rationale for these programs is simple to under-
stand: pediatric critical care providers practice almost exclusively in metropolitan 
and suburban areas, and yet the majority of pediatric ED visits occur at sites that do 
not have pediatric critical care expertise [19]. In a critical clinical situation, in which 
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time is of the essence and community providers often do not have the training, expe-
rience, resources, or equipment to deal effectively with critically ill or severely 
injured pediatric patients, the provision of emergent remote consultative services by 
subspecialty trained pediatric critical care physicians can have dramatic impacts on 
a variety of factors surrounding the encounter.

These programs typically involve a mobile cart-based videoconferencing end-
point on the patient side, which often includes multiple peripheral examination 
devices, most often a tele-stethoscope. Consultants connect to the patient endpoint 
using a variety of devices, including similar cart-based solutions, computers loaded 
with videoconferencing software, or mobile devices with videoconferencing appli-
cations. Providers consult from a variety of locations, depending on the predeter-
mined workflow of the service and the existing clinical practice patterns for the 
providers, including the consulting institution PICU, provider offices, dedicated 
teleconsultation rooms or stations, provider homes, or even using mobile devices 
with cellular data services to consult from anywhere.

 Pediatric Critical Care Teleconsultation to Remote ICUs

Patients in pediatric intensive care units often have conditions that require multiple 
subspecialists to consult  – not only in pediatric intensive care but also pediatric 
cardiology, pulmonology, infectious disease, rheumatology, nephrology, neurology, 
and surgery, to name a few. The availability of such consultants may not be readily 
accessible in community hospital PICUs and therefore result in over-triage or trans-
fer to quaternary pediatric centers [20]. A tele-ICU care model (episodic consulta-
tive and/or continuous monitoring) that allows a regional children’s hospital 
pediatric team to be immediately available via telemedicine and remote monitoring 
enables lower acuity children to stay in their community safely and have high 
patient satisfaction [21]. Meta-analyses studies on continuous monitoring models 
show a reduction in ICU mortality and length of stay, while there is at least a trend 
toward reduction in overall hospital mortality and length of stay [22, 23] .

 Pediatric Emergency Medicine Teleconsultation to Remote EDs

In 2010, patients under 18  years of age accounted for one-fifth of all ED visits 
nationally, with over 25 million unique visits [24, 25] Many community EDs do not 
have the capacity to support staffing subspecialty trained pediatric emergency medi-
cine (PEM) providers around the clock, with the expertise to evaluate, treat, and 
direct disposition decisions for acutely ill and injured children [19]. Children are 
often transferred to academic pediatric EDs for conditions that could be addressed 
in a community setting [26], such as orthopedic problems, bronchiolitis, and acute 
gastroenteritis. With telemedicine, many of these patients can receive the same 
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quality of care without transferring. PEM providers at academic institutions are 
increasingly connecting with community hospital EDs to provide virtual support for 
the care of these children, with the goal of keeping children with common pediatric 
conditions in their local communities, supporting the real-time management of chil-
dren with rare or complex pediatric conditions, and improving access to pediatric 
subspecialists. As the ED is often the point of entry for children requiring hospital-
ization, ED-based pediatric telemedicine has the added benefit of providing addi-
tional data to inform disposition decisions, directing admissions, and often replacing 
the need for ED evaluation prior to transfer to the inpatient unit.

 Family-Centered Care

Children do best when they are surrounded by their parents/guardians/caregivers, 
who in turn are best equipped to cope with the stress of an acutely ill or injured child 
when their support system is intact. Telemedicine technologies enable the reinforce-
ment of family-centered care in three main ways: avoiding inter-facility transfers 
thereby keeping children in their local communities whenever safe and feasible, 
improving communication between families and the consulting care team during 
remote consultations, and connecting caregivers with their hospitalized child and/or 
care team when circumstances do not allow a caregiver to stay at the child’s bedside 
throughout the hospitalization.

The burden of inter-facility transfer of a child away from his or her local com-
munity on family-centered care extends beyond the emotional and psychological 
impact. There are costs of transportation (e.g., personal vehicle, gas, ambulance 
fees), opportunity costs (e.g., reallocation of transport services for other patients), 
family costs of being transported away from their community, and redundant care at 
the accepting institution [26, 27]. A downstream effect of critically ill children hos-
pitalized away from their local communities is that parents are not consistently able 
to be present during family-centered PICU rounds. Telemedicine allows for remote 
parent participation in rounds when parents are unable to be physically present at 
the bedside, thereby enhancing parent-provider communication and offering paren-
tal reassurance [17].

 Pediatric Telemedicine Guidelines and Operating Procedures

Regardless of the clinical setting, there are unique considerations related to provi-
sion of telemedicine in the pediatric population. Guidance on the safe and effective 
practice of pediatric telemedicine was published in 2017 by the American 
Telemedicine Association [28] and endorsed by multiple professional societies 
including the American Academy of Pediatrics. Clinical practice guidelines for spe-
cific pediatric conditions and diagnoses have yet to be developed due to a lack of 
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adequate evidence base to make specific recommendations. However, much of the 
guidance available is relevant to pediatric critical care, emergency care, and neona-
tology telemedicine services. Notable considerations in pediatrics are highlighted in 
this section.

 Standard of Care

Telemedicine providers must comply with the established standard of care for any 
clinical situation as they would during an in-person encounter. A key factor in tele-
medicine evaluation is recognizing the limitations of the telemedicine encounter 
which may prevent adherence to the standard of care and referring to an appropriate 
clinical location in that event. In emergency and critical care situations, it should be 
noted, however, that an evaluation by a trained pediatric specialist which is limited 
by technical constraints may still provide a higher level of care than an in-person 
examination by a provider without the same level of pediatric expertise. As such, a 
limited telemedicine evaluation in a critical situation may actually represent an 
improvement over the standard of care in comparison to the lack of evaluation by a 
pediatric specialist. A thorough understanding of the expertise, resources, and capa-
bilities of the referring site is crucial to determining the benefits that telemedicine 
evaluation can provide. Consulting providers must also understand the constraints 
on their physical exam imposed by the use of technology and have a plan in place 
for how to address these constraints without sacrificing the standard of care. Since 
most critical care consultation services occur with the assistance of another trained 
healthcare professional at the patient location, the consulting provider can often 
leverage the physical exam findings of the on-site providers to supplement their own 
exam and aid in decision-making.

 Informed Consent

Consent procedures for pediatric telemedicine services should address potential pri-
vacy and security issues inherent in a virtual encounter, including the risks of trans-
mitting and/or storing private patient health information and images electronically. 
Informed consent should also include information on billing procedures, record 
sharing, and the relevant credentials of the telemedicine provider. While 
telemedicine- specific consent is recommended for pediatric telemedicine encoun-
ters, many emergency and critical care encounters represent a situation in which 
obtaining consent in a timely manner is either impractical or could result in a delay 
in potentially lifesaving care. Therefore, consent requirements may be waived for 
emergency encounters or may be included within the general ED consent form. 
However, in the event that written informed consent is not obtained, providers 
should introduce themselves and any other team members participating from the 
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consulting site, including their relevant credentials, and describe the purpose of the 
telemedicine encounter to the patient or patient family as appropriate at the initia-
tion of the encounter.

 Child Abuse

The evaluation of children suspected of having suffered child abuse or non- 
accidental trauma is common in critical care and emergency environments. In these 
situations, state child protective rules supersede individual HIPAA regulations for 
consent. Additionally, given the risk of disrupting the legal chain of evidence, the 
acquisition and storage of any images related to the evaluation of suspected or 
potential child abuse must follow strict, prospectively determined procedures for 
safety, security, privacy, storage, and transmission.

 Expected Areas of Growth for Telemedicine in Pediatric 
Intensive Care

 Neonatal ICU

The neonatal intensive care unit is a unique type of intensive care environment treat-
ing patients as young as 23  weeks of gestation to 1-year-old, with length of stay 
averaging much longer than typical pediatric ICU stays. Similar to PICUs, NICUs 
present opportunities for tele-transport, tele-resuscitation [29], pretransfer teleconsul-
tation before the ICU admission [30], teleconsultation, and family engagement dur-
ing the admission. Interestingly, post-discharge tele-visits may have more application 
for NICUs since most NICU patients are discharged directly from the intensive care 
unit to their primary care physicians – therefore, presenting a unique opportunity for 
post-discharge tele-visits as well as tele-signouts for medically complex infants [31].

 Acute Resuscitation Guidance

Per the Neonatal Resuscitation Program (NRP), approximately 10% of all newborns 
will need some assistance at delivery, and approximately 1% will need significant 
resuscitation [32]. The American Academy of Pediatrics Committee on Fetus and 
Newborn has defined Levels of Neonatal Care, recognizing that the availability of 
neonatal intensive care has improved outcomes of high-risk infants born either pre-
term or with serious medical or surgical conditions. Nationally, there has been a 
move toward the concept and implementation of regionalized systems of perinatal 
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care [33]. Despite these advancements and the best risk stratifications and predic-
tions, complications during labor and delivery still arise unexpectedly and can and 
will occur in level 1 facilities. Telemedicine offers a unique solution to support the 
on-site team in the care of these infants. Telemedicine provided by neonatal nurse 
practitioners and neonatologists to outlying delivery centers during acute neonatal 
resuscitation has been shown to significantly reduce the time to establish effective 
ventilation and improve provider adherence to NRP guidelines [34]. This leads to 
improved outcomes including prevention of unnecessary transfers to a higher level 
of care [29], decreasing the time interval for transport when necessary including 
streamlining the entire transport process and handoff, and shortening the time to 
initiation of passive cooling for neuroprotection when indicated [35].

 Patient Handoffs and Provider Communication

Clinicians have suggested the potential benefits of using telemedicine to improve 
the transition of care among providing teams (which includes the family provider 
role), especially for children with medical complexity that involve many subspecial-
ists, care facilities, and home caregivers. Examples include transitioning from hos-
pital to ambulatory care, pediatric to adult subspecialists, and between facilities 
where procedures and diagnostic testing are often done. A telemedicine conversa-
tion provides a better, more effective way to transmit such information. A judicious 
approach to identifying clinical situations that can most benefit from telemedicine 
is critical, both to guide implementation and reimbursement.

Children who are discharged from ICU stays often are medically complex and/or 
technology-dependent and at high risk for readmission within the first 2 weeks fol-
lowing hospital discharge [36]. Therefore, connecting the intensive care team with 
the families and/or their pediatricians shortly after leaving the hospital may uncover 
gaps in practice and knowledge, evolving medical complications, and reinforce edu-
cation. A recent report of 93 post-discharge tele-visits showed that at least 50% of 
parents reported that the tele-visits prevented them from either making a call to their 
pediatrician or visiting an urgent care facility or ED.  Conversely, approximately 
12% of the telemedicine encounters prompted additional medical evaluation and 
treatment – some were addressed to avoid an ED visit [31].

 Pediatric Urgent Care

It is estimated that 40–60% of all ED visits for children are considered non- emergent 
[37]. Stand-alone urgent care centers, which succeed by appealing to consumer 
demand and convenience, may be the most at risk of being disrupted by telemedi-
cine [38]. Convenience is a key driver for consumer interest in telemedicine, which 
has shown to be safe and effective for evaluation of uncomplicated conditions in the 
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urgent care setting [39]. As urgent care centers target the care of such low acuity 
patients, subspecialty consultation at these facilities is occasionally needed. While 
staffing in-person subspecialists may be too expensive, “on-call” availability of 
such subspecialists by telemedicine can be more cost effective. Given the challenges 
in feasibility of on-demand telemedicine consultation by pediatric subspecialists, 
organizations have explored implementation of a PICU telemedicine provider as the 
initial point of contact in these settings.

 In-Home Management of Medically Complex Children

Children discharged from neonatal or pediatric ICUs with chronic conditions such 
as bronchopulmonary dysplasia (BPD), congenital heart disease, severe asthma, 
and chronic respiratory failure requiring home ventilation are at very high risk of 
unplanned hospital readmission, high ED utilization, and carry increased rates of 
morbidity and mortality [40]. In addition, given the frequent comorbidities and 
complex social situations often associated with these conditions, these patients typi-
cally benefit greatly from a coordinated, multidisciplinary care team approach uti-
lizing multiple medical specialists, care coordinators, and other allied health 
professionals to optimize their care [41]. Home telemedicine provides a very prom-
ising means of facilitating the improved management of these complex children in 
their home environment, with the goal of reducing unnecessary ED visits and hos-
pitalizations, reducing risk of iatrogenic infections introduced by visiting healthcare 
facilities, improving overall care and care coordination, and reducing the burden on 
families to manage repeated visits to multiple different clinics and other sites of 
care. Several programs across the country have implemented or are in the process of 
implementing such services [9–12]. Key barriers to such program implementation 
include a lack of reimbursement for home telemedicine services in many states, a 
lack of reimbursement for multidisciplinary care team approaches, and the chal-
lenge of integrating the workflow for such encounters into the daily routine of mul-
tiple healthcare team members.

 Key Considerations Prior to Implementing Pediatric 
Telemedicine Programs

As hospital systems proceed with implementation of telemedicine in the pediatric 
ICU, they will encounter key questions related to cost, staffing, change manage-
ment, technology, regulatory requirements, state and federal policies, impact, and 
effectiveness evaluation in terms of operations and clinical services. The ICU 
implementation is also influenced by how leadership plans to implement telemedi-
cine across the entire organization. A recent publication on the pediatric 
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telemedicine landscape highlights key process and staffing characteristics associ-
ated with the number of services in telemedicine programs, such as presence of a 
telemedicine director, manager, technical staff, clinical champions at remote sites, 
and overall steering committee [1]. Additionally, pediatric telemedicine programs 
require formal processes to manage technical problems, regulatory compliance, 
finances, provider competency, evaluation, legal counsel, contracting, and quality 
improvement. Of these factors, the presence of clinical champions and processes to 
manage technical problems, finances, compliance, and contracts had the highest 
correlation with success. Funding sources for these programs vary, ranging from 
direct institutional investment, philanthropy, grant funding support, subscription- 
based payments, and fee-for-service models. Key barriers include provider engage-
ment, licensing, reimbursement, and business model sustainability. Generally, 
stakeholders should be engaged early and often throughout the program develop-
ment and implementation to develop workflows and maximize program acceptabil-
ity by frontline providers. In the case of pediatric telemedicine programs, 
organizations should also consider including children and caregivers in an advisory 
role. It must be emphasized that the delivery of healthcare via telemedicine – par-
ticularly in the critically ill child – carries a risk of care fragmentation, a concern 
which is acutely relevant in the pediatric population [42]. Therefore, any telemedi-
cine program must establish a connection with the medical home.
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Chapter 15
Telemedicine for Early Treatment of Sepsis

Nicholas M. Mohr, Emily K. Hurst, A. Clinton MacKinney, Emma C. Nash, 
Brendan G. Carr, and Brian Skow

Telemedicine is a tool, not a goal, and it needs to solve a real problem. Medicine is still 
about people, patients, quality of service, and processes. [1]

 Introduction

Sepsis is a life-threatening condition that affects more than 1.6 million Americans 
annually and is now recognized as a leading cause of death in US hospitals [2, 3]. In 
the USA alone, sepsis care costs over $24 billion annually, making it among the 
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most expensive acute medical conditions and responsible for more than 40% of total 
ICU expenditures [4, 5]. Despite an 18% decline in case mortality over a 15-year 
period, sepsis remains responsible for 17% of all US in-hospital deaths and is the 
leading cause of hospital readmissions [6–8].

Timely and appropriate medical care, consisting of early sepsis recognition, 
early appropriate antibiotics, and early resuscitation, has been shown to improve 
survival from sepsis [9–13]. The Surviving Sepsis Campaign is a multispecialty 
sepsis collaborative that has published guidelines for sepsis care management since 
2002 (Table 15.1) [14–17], and an updated Surviving Sepsis Bundle was published 
in 2018 [18]. A bundle related to those recommendations became a quality metric 
(Early Management Bundle, Severe Sepsis/Septic Shock, SEP-1) initially endorsed 
by the Centers for Medicare and Medicaid Services (CMS) in 2015 [19, 20]. Starting 
in July 2018, CMS began publicly reporting sepsis bundle adherence on Hospital 
Compare, the first time that these data have been publicly reported [21].

Adherence with Surviving Sepsis Campaign bundles have be associated with 
improved hospital-based mortality [22–25], but adherence with Surviving Sepsis 
Campaign recommendations remains less than 50% [26–29], potentially attribut-
able to delays in sepsis recognition, provider education, and access to sepsis spe-
cialty care [30–32]. In 2013, New York enacted legislation requiring hospitals to 
have sepsis care protocols and report outcomes. Subsequently, Seymour showed 
that adherence with recommended care in New York was associated with 4% better 
survival for every hour earlier of bundle completion, with the greatest impact being 
observed with early appropriate antibiotics [33].

Unfortunately, hospitals continue to struggle to achieve high sepsis process 
adherence. Although sepsis management requires no specialized equipment or pro-
cedural capabilities, hospitals that treat more than 500 cases annually have 36% 
better survival than those with fewer than 50 cases [34]. The same relationship has 
been observed in emergency departments (EDs), with the highest volume quintile of 
EDs having 38% higher survival than the lowest quintile for sepsis patients [35]. In 
many low-volume and rural hospitals, sepsis patients are transferred to high-volume 
centers, but even patients who are transferred to higher volume centers have 9% 
higher mortality than their counterparts whose early resuscitation was completed in 

Table 15.1 Surviving Sepsis Campaign guideline elements, incorporating recommendations of 
current guidelines for sepsis care [14]

To be completed 
within… Surviving Sepsis Campaign guideline elements

3 hours of ED arrival 1. Measure lactate level
2. Obtain blood cultures prior to administration of antibiotics
3. Administer broad-spectrum antibiotics
4. Administer 30 mL/kg crystalloid fluid bolus

6 hours of ED arrival 1.  Apply vasopressors for hypotension (mean arterial blood 
pressure < 65 mm Hg)

2.  Reassess resuscitation and volume status (central venous pressure, 
clinical exam, ScVO2)

3. Re-measure lactate if initial lactate elevated
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high-volume hospitals [36, 37]. Furthermore, patients living in rural areas have 6% 
higher mortality even if they bypass rural centers to seek care in high-volume hos-
pitals, suggesting that delays may be partly responsible for sepsis outcome dispari-
ties [38].

Telemedicine has been one promising strategy adopted in some rural hospitals to 
improve quality and efficiency of care [39–45]. Telemedicine networks provide a 
real-time, high-definition, on-demand video connection between a provider and a 
patient for the purposes of monitoring hospitalized patients, identifying deteriora-
tion, and evaluating newly arrived patients. Telemedicine networks seek to make 
tertiary-level expertise available at the bedside where it would otherwise be inacces-
sible. These systems can be installed in low-volume hospitals without access to 
specialty care or in high-volume hospitals to extend the ability of a single clinician 
to provide real-time surveillance and monitoring of a large patient cohort. As sepsis 
care quality has been an increasing focus to improve acute care outcomes, providing 
sepsis care via telemedicine has been increasingly proposed as a vehicle for dis-
seminating high-quality sepsis care in the ED, hospital floor, and intensive care unit 
(ICU).

 Telemedicine-Supplemented Sepsis Care

Telemedicine-supplemented sepsis care is the provision of care to patients diag-
nosed with or suspected of having sepsis using real-time telemedicine. This care can 
be provided by telemedicine-enabled monitoring, telemedicine-enabled nursing 
care, or telemedicine-enabled physician consultation. Implementing a telemedicine 
sepsis program most effectively occurs in an established telemedicine program. 
Telemedicine programs for sepsis are similar to other telemedicine screening and 
treatment programs for acute care conditions (e.g., myocardial infarction, stroke) 
and are often implemented in the context of an ED-based or ICU-based telemedi-
cine network.

 Tele-monitoring

Detection of clinical deterioration can be challenging, and inpatient nurses fre-
quently suffer from task switching, cognitive overload, and alarm fatigue [46–48]. 
Tele-ICU models can be integrated with artificial intelligence-based algorithms to 
identify patients experiencing subtle decline up to 12 hours prior to clinical recogni-
tion [49]. In these networks, tele-ICU nurses trained in early sepsis detection can 
continuously screen a group of up to 40 patients, decreasing time to identification 
and treatment [50]. Algorithms running in the background can utilize continuous 
physiologic data and laboratory notifications to notify tele-ICU providers of patients 
requiring detailed evaluation. Other algorithms use a more traditional medical 
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record-based notification system that initiates telemedicine consultation [51]. In 
each of these models, the value of telemedicine-based monitoring resides in having 
a clinician not tasked with bedside nursing activities who assumes responsibility for 
identifying subtle changes that may reflect evolving sepsis.

 Telemedicine-Enabled Protocolled Care

Sepsis identification is the first challenge in sepsis care. Once sepsis patients have 
been identified, though, implementing and monitoring protocol completion remains 
important. Many hospitals lack the resources needed for continuous monitoring to 
identify early sepsis. One hospital system has utilized telemedicine to screen 
patients, offer consultations, and implement established protocols for a variety of 
common emergencies including acute coronary events, stroke, and sepsis via a 
secure broadband connection. Using telemedicine-based protocols in this system 
led to a 30% decrease in sepsis mortality over 12 months [1]. Another program 
used trained ICU nurses to screen large numbers of patients admitted to ICUs over 
a 500- mile region. This program performed almost 90,000 sepsis screens over 
3 years and was able to impact elements of sepsis bundle compliance by increasing 
antibiotic administration by 19%, lactate measurement by 16%, and fluid bolus 
appropriateness by 47% [52]. One health system in Texas uses a central location to 
remotely monitor 134 beds in 5 hospital ICUs to screen for sepsis and facilitate 
timely bundle implementation. This program helps not only with clinical care, but 
also it provides a central repository of data that a multidisciplinary sepsis team can 
use to continuously review and improve protocols within their health system [53].

 Emergency Department-Based Telemedicine

The role of telemedicine in an ED differs from networks that continuously monitor 
admitted patients. These networks evaluate new patients as a discrete incident and 
provide specific care recommendations and disposition – even before a patient reaches 
the ICU. In most cases, ED-based telemedicine programs provide specific consulta-
tion by a sepsis specialist (either a critical care physician or an emergency physician) 
to aid in providing high quality and timely guideline-adherent care [51, 54]. These 
systems can be installed permanently in a specially equipped ED evaluation room, or 
they can reside on a portable cart that is wheeled into a qualifying patient’s room. In 
one network that used a portable wheeled cart, a remote critical care physician pro-
vided consultation, reducing the time to antibiotics by 40  minutes, increasing the 
proportion who had lactate measured by 9%, and shortening the ED length-of-stay. 
This project was conducted in a tertiary center, perhaps highlighting that telehealth 
consultation may supplement care in both rural and urban hospitals [54].

Telemedicine resources must also be easily accessible and rapidly available. 
Another pilot program demonstrated that real-time telemedicine consultation was 
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feasible for ED patients with both cardiac arrest and sepsis. In this program, tele-
medicine consultations were automatically triggered by certain criteria, but ulti-
mately the choice to use this resource was left to the emergency physician. The 
results of this trial showed that telemedicine provided a feasible, fast, and effective 
way to bring real-time consultants to the bedside, a crucial objective in a disease 
entity that can evolve rapidly [51].

 Cost-Effectiveness

Cost-effectiveness of telemedicine has been debated in the literature, and the cost- 
effectiveness of using telemedicine for sepsis care remains unanswered [54–57]. 
Because of the high costs and the strong association between high-quality early 
sepsis care and clinical outcomes, sepsis is one condition where early telemedicine 
use might be cost-effective. Most of the cost of telemedicine networks resides in 
high start-up costs, with ongoing incremental costs being offset in large networks 
with high usage [58]. If telemedicine-enabled care is able to reduce inpatient length- 
of- stay and shorten sepsis-associated organ failure, telemedicine may be a cost- 
effective intervention, but this effectiveness in improving clinical outcomes remains 
unproven. Likely, the impact of telemedicine will vary based on current staffing and 
pre-intervention sepsis performance [59].

 Role of Telemedicine in Achieving Quality Metrics

As more data suggest that early protocolized sepsis care influences outcomes, the 
Centers for Medicare and Medicaid Services (CMS) has published quality metrics 
and started collecting bundle adherence data [20]. Many health systems have strug-
gled to achieve sepsis metrics, with US national adherence estimated at 49% in 
2017 [29]. Public reporting has driven health systems to identify strategies, such as 
telemedicine, to improve resuscitation performance. In addition to challenges with 
implementation, the CMS-endorsed sepsis quality measure, SEP-1, has evolved, 
with annual changes that have been challenging to disseminate to frontline clinical 
staff, especially in clinical environments where sepsis is infrequently managed [60].

The difficulty and time-sensitivity of applying SEP-1 are compounded by the 
manner in which it is measured. The SEP-1 bundle requires abstracting 78 data ele-
ments from the medical record to demonstrate adherence to 8 time-sensitive bundle 
elements [19]. Qualifying as “guideline-adherent care” requires meeting all of the 
elements of this bundle – there is no credit for partial adherence [61]. Thus, the 
SEP-1 bundle is a high-stakes measure that is particularly susceptible to communi-
cation barriers, incomplete documentation, and treatment in the face of early 
 diagnostic uncertainty. The complexity of the SEP-1 bundle also highlights a poten-
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tial benefit for telemedicine  – focusing on documentation, communication, and 
quality metrics could dramatically improve bundle adherence.

Telemedicine networks can also leverage the impact of quality managers, who 
may be able to implement changes in documentation and bundle requirements rap-
idly in a small cohort of sepsis telemedicine nursing staff or clinicians. They can 
follow patients across transitions in care, reducing communication errors through 
handoffs. Additionally, operating a large network with a small cohort of providers 
can reduce variation, allowing for more consistent implementation of system-wide 
quality improvement initiatives.

 How to Design and Implement a Telemedicine-Based Sepsis 
Program

Implementing a telemedicine-based sepsis program has the potential to improve 
sepsis clinical performance and outcomes, but program effectiveness is predicated 
on successful implementation. Using a robust quality improvement framework, 
such as the plan-do-study-act (PDSA) model, can maintain focus on clinical end-
points [62]. Telemedicine should be employed as a solution to an identified sepsis 
care problem. In most cases, a sepsis telemedicine program will use the infrastruc-
ture of other telemedicine networks (e.g., tele-ED, tele-stroke, tele-ICU, tele- 
hospitalist) to leverage previous investments with a new focus.

 Define the Problem

The first step to building a sepsis telemedicine program is to define the extent of the 
problem. Sepsis programs could be designed to address any of the following 
problems:

• Inpatients are deteriorating and sepsis is recognized late, leading to medical 
emergency team activations after opportunities to intervene are missed.

• Completion of bundle-adherent care in rural emergency departments is low 
because nursing documentation of interventions is poor.

• Patients with sepsis eligible for transfer to a tertiary ICU have high mortality 
because the local tertiary care center is often full and transfers are delayed for 
12–24 hours.

• Patients have sepsis recognized in a teaching hospital, but resident physicians are 
selecting inappropriate antibiotic coverage, leading to delays in appropriate anti-
biotic administration.

The solution for each of these problems might be very different, and if that solu-
tion incorporates telemedicine, staffing, technology, and implementation might vary 
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significantly. As the problem is defined, it is important to select a specific measur-
able metric that can be tracked (e.g., bundle adherence, timeliness of transfer, delays 
in diagnosis). Ideally that metric is a process measure (such as antibiotic appropri-
ateness) that is thought to influence a patient-relevant outcome (such as mortality).

Selecting and measuring the problem first allows the quality improvement team 
to identify optimal strategies that use all available resources, of which telemedicine 
might just be one. Implementing a telemedicine program modeled after another 
health system may be effective only in as much as the problem mirrors that being 
solved by the model system.

 Select a Care Model

After the problem is defined and a tracking metric is selected, a care model should 
be designed. Sepsis telemedicine models could mirror any of the following systems 
or incorporate hybrid features of multiple systems:

• Nurse-based tele-ICU monitoring (with or without bedside clinical nursing 
documentation)

• Physician-based tele-ICU monitoring and consultation
• Emergency department-based tele-ED with emergency physician consultation
• Emergency department-based tele-ICU with critical care specialist consultation
• Dedicated consultative service (e.g., hospitalist program, tele-pharmacy)

Each of these systems offers different services, and those services will influence 
the process of care and outcomes that can be achieved. The structure of a sepsis 
telemedicine network should reflect the problem being addressed and the metrics 
being measured. For the purpose of the remainder of this chapter, we will assume 
that the sepsis system functions in a hub-and-spoke model, where telemedicine pro-
viders are centralized in a “hub” that provides services to many remote “spokes.” 
While other models can be conceived, this model is common and is used in many 
ED-based and ICU-based telemedicine applications.

 Staffing

The professional team needed for a sepsis telemedicine program includes physi-
cians (or advanced practice providers), nurses, and support specialists (including 
technical support). Specific professional team members include the program direc-
tor, telemedicine system hub clinicians, clinical educator, administrator, marketing 
specialist, data analyst, and user stakeholders (customers or telemedicine recipient 
users) (Table 15.2). Depending on the size of the program, individuals may fill 
multiple roles or additional team members may be required. Common to all team 
member roles is an understanding of the unique challenges of bedside health care 
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in the setting where the telemedicine services will be provided. For example, a 
telemedicine sepsis intervention in a rural ED must include experts who under-
stand the training, equipment, and experience available in the rural setting, and this 
baseline knowledge is different from what might be necessary in a teaching hospi-
tal ICU. Clinicians staffing rural hospitals often work alone with a small nursing 
team that may have additional responsibilities (such as working in a small inpa-
tient unit and in the ED at the same time). These roles can make the treatment of 
high-risk cases even more challenging, and these specific institutional challenges 
may be used to define the problem that telemedicine might attempt to solve [63].

Program Director The telemedicine sepsis program director provides clinical lead-
ership for the program, and in many cases this role will be filled by the telemedicine 
service medical director. Program director roles include:

• Engage and train hospital clinicians regarding telemedicine sepsis program and 
develop protocols as an administrative champion.

• Educate and serve as role model for telemedicine system hub clinicians – clini-
cally current, professional, helpful, and respectful.

• Develop and administer a performance review process and quality monitoring 
system for telemedicine system hub clinicians.

• Develop sepsis quality assurance and performance improvement metrics, report 
these metrics to clinicians, and work to improve system performance.

• Support the telemedicine program clinical educator and nurse manager.
• Serve as the liaison between hub and spoke clinicians, understanding the unique 

practice environment and serving to maintain organizational customer focus.

Hub Clinician The telemedicine system hub clinician provides real-time, audio- 
video, telemedicine consultations. The hub clinician interfaces directly with the 
spoke hospital clinicians caring for patients with suspected sepsis. Telemedicine 
system hub clinician roles include:

Table 15.2 Roles required to operate a sepsis telemedicine program

Role Responsibilities

Program 
Director

Overall project leader of sepsis telemedicine program who sets the priorities 
and evaluation criteria and leads initiatives to improve sepsis quality of care 
and performance improvement

Hub Clinician Provide reliable, evidence-based, and respectful clinical recommendations in 
the dual context of clinical care and education and contribute to protocol 
adherence and documentation to optimize institutional performance

Clinical 
Educator

Develop local or regional evidence-based treatment guidelines and provide 
ongoing training to both hub and spoke clinicians

Administrator Provide managerial support to telemedicine program, including liaison 
activities, contracts, and strategic planning

Marketing 
Specialist

Develop marketing materials to promote sepsis telemedicine program

Data Analyst Collect, analyze, and report data detailing program performance, clinical 
outcomes, and financial factors

User 
Stakeholder

Represent telemedicine spoke users in program development and ongoing 
quality improvement
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• Provide clinically current, helpful, and respectful telemedicine consultations.
• Navigate the dual role of health-care provider and local clinician educator, focus-

ing on early sepsis diagnosis, risk stratification, and treatment.
• Ensure quality sepsis care and proper sepsis documentation that maximizes bun-

dle adherence and accurate data abstraction for publicly reported quality 
measures.

• Provide consultations that are consistent with current literature and established 
institutional sepsis protocols, including familiarity with local resources and the 
local formulary.

Clinical Educator The clinical educator serves as the program’s trainer, researcher, 
and content expert. In concert with the medical director, the clinical educator devel-
ops diagnostic and care protocols and ensures they are both accurate and current. 
Clinical educator roles include:

• Develop, continuously maintain, and disseminate evidence-based sepsis clinical 
care protocols for diagnosis, telemedicine activation, treatment, and transfer for 
sepsis patients.

• Lead a team of clinical experts and hub clinician stakeholders to review, support, 
and endorse sepsis protocols.

• Review sepsis performance and provide provider-specific feedback.
• Provide end-user training in both sepsis care and telemedicine technology.

Administrator The administrator coordinates the managerial and business aspects 
of the telemedicine program. Administrator roles include:

• Provide oversight of clinical and non-clinical support staff, including managerial 
support (e.g., hire, evaluate, address problems) and strategic planning (e.g., new 
business and program opportunities).

• Serve as a liaison to health system administrators, spoke hospital medical direc-
tors, and pharmacy and laboratory managers.

• Negotiate agreements and contracts to collaborate and share data for the pur-
poses of clinical care, quality improvement, and process development.

• Understand telemedicine policy issues and advocate for sustainable telemedicine 
policy.

Marketing Specialist The marketing specialist focuses on understanding local sep-
sis care and developing a marketing and sales strategy to align the sepsis program 
with local needs. Marketing specialist roles include:

• Develop a list of potential telemedicine sites.
• Develop a communication plan and telemedicine promotional materials.
• Develop and implement stakeholder-specific marketing plans (e.g., for hospital 

board, medical directors, community partners, etc.) and communications plans.
• Promote the telemedicine program through directed marketing and mass media 

venues.

Data Analyst The data analyst collects, analyzes, and disseminates telemedicine 
clinical and financial performance. Data analyst roles include:
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• Develop and implement data collection tools to collect clinical performance, 
financial performance, and risk-adjustment factors, and provide care quality and 
financial performance reports.

• Collaborate with external groups conducting program evaluations, as 
appropriate.

User Stakeholder The user stakeholder (selected from the user base) is a critical 
component of the sepsis telemedicine leadership team, and this individual partici-
pates in program clinical design, implementation, and administration. User stake-
holder roles include:

• Contributes to the design and evaluation of clinical sepsis telemedicine 
protocols.

• Provide ongoing performance improvement feedback to program leaders, includ-
ing evaluating user feedback and aggregate clinical outcomes data.

 Sepsis Protocol Development

Central to the care of patients with sepsis are screening and treatment protocols. These 
resuscitation protocols have been developed for decades, and one successful “bundle” 
of care was associated with a 35% decrease in mortality in a randomized clinical trial 
published by Rivers in 2001 [13, 64]. These bundles have been revised since that time, 
and protocolized care has been well established as a strategy to facilitate guideline 
implementation and improved clinical care [12]. Even in the context of recent trials 
questioning the utility of the protocol originally published by Rivers in 2001 [65–67], 
many institutions continue to standardize local care through protocols.

Sepsis telemedicine programs are often built upon protocol development and 
performance tracking. These protocols are local or regional applications of the 
Surviving Sepsis Guidelines, adapting these guidelines for local formulary issues 
and systems of care and to standardize documentation [14]. These protocols are also 
designed to meet the elements of the SEP-1 process metric [19].

In addition, telemedicine networks should apply additional guidance that 
addresses [1] when telemedicine consultation should be activated, [2] how the tele-
medicine hub provider will collaborate with local medical staff, [3] what data the 
telemedicine provider might access, [4] triggers for inter-facility transfer (along 
with destination selection), and [5] facility-specific treatment protocols.

 Consultation Triggers

One significant challenge to telemedicine use is identifying which patients ben-
efit from telemedicine activation and consultation. The threshold for activation 
should be dictated by the specific problem for which the sepsis telemedicine 
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intervention was designed. Networks that are trying to improve sepsis detection 
may design consultation triggers differently from those that are trying to improve 
antibiotic selection in patients with septic shock only. Sepsis diagnosis can be 
challenging, and selecting very sensitive consultation triggers (e.g., all patients 
with fever) will necessarily involve telemedicine consultation more frequently 
than selecting very specific consultation triggers (e.g., only patients with fever 
who are hypotensive). These consultation triggers can either be provider-directed 
or automated (initiated by software screening clinical data), and although auto-
mated triggers are preferred, technical challenges have made these triggers chal-
lenging to implement.

Another important aspect of consultation trigger development is [1] accurate 
projection of telemedicine network capacity and [2] stakeholder involvement. 
Accurately projecting telemedicine volume capacity will prevent implementation of 
a consultation trigger that will overwhelm existing consultation resources. 
Stakeholder involvement remains critical to facilitating local buy-in of the sepsis 
program. Figure 15.1 shows one example of an ED-based sepsis consultation trigger 
used in rural hospitals in one telemedicine network.

 Treatment Pathways

In conjunction with the stakeholder group, developing robust sepsis treatment path-
ways should be designed to address the specific identified clinical problem (e.g., 
delayed antibiotic administration). Sepsis treatment pathways should adhere to 
accepted and up-to-date treatment guidelines, and they should consist of a checklist 
or computer-assisted tool to [1] accurately identify sepsis severity, [2] list the inter-
ventions required based on sepsis severity, and [3] guide a provider or monitor 
through an algorithm of treatment. These tools can also provide clinical documenta-
tion and become part of the medical record to meet SEP-1 bundle documentation 
requirements. Figure 15.2 shows one sample flowsheet that is used in a tele-ICU 
network for diagnosis and management of sepsis.

 Clinician Adoption

For telemedicine to improve sepsis outcomes, telemedicine protocols must be 
designed with thoughtful end-user input and then be utilized consistently and appro-
priately. Telemedicine support of sepsis care requires a deep understanding of the 
local challenges surrounding sepsis care. Thus, careful consideration of users’ per-
ceptions of clinical need and usefulness is mandatory for program success [68].

Specific program policies can improve clinician adoption of a sepsis telemedi-
cine program. A local sepsis telemedicine champion should be identified both at the 
telemedicine hub and at each participating spoke hospital. Involving end users in 
protocol development can increase use and improve adherence. It also allows hub 
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clinicians insight into local sepsis culture, drug selection and formulary issues, 
diagnostic test availability, and existing protocols – all of which help integrate tele-
medicine into local medical care. Incorporating a sepsis program into an existing 
telemedicine program can be one strategy to overcome technical barriers to use, and 
incorporating processes that encourage telemedicine use for non-sepsis cases 
increases comfort with the telemedicine platform. Some programs improve 
 familiarity with telemedicine with daily camera checks, quality improvement pro-
grams that require telemedicine consultation, and provider education using the tele-
medicine platform. Using telemedicine as a solution to a local problem can also 
facilitate adoption because users are more invested in program success. Additionally, 
a bidirectional formal post-consultation feedback process can provide metrics to 
monitor and gauge program success, allowing for continuous quality improvement 
for program staff (Table 15.3).

Suspected
Infection

ACTIVATE
Telemedicine

Usual Clinical Care Sepsis Screeninig
(2 or more)

T < 96.8, > 100.9
P > 90

O2 Sat < 90
RR > 20

WBC < 4000, > 12000

Any of the Following
Lactate > 2

(Bicarb < 18 if no
lactate available)

Platelets < 100,000
Bilirubin > 2.0

Creatinine > 2.0
INR > 1.5
PTT > 60

Order Sepsis
Workup

(including
lactate)

SBP < 90  or
MAP < 70

(triage/initial)

- or -

GCS < 15

Yes

No

No

No

No

Yes

Yes

Yes

Fig. 15.1 Telemedicine sepsis screening algorithm (Used with permission by Avera eCARE and 
the Rural Telehealth Research Center) [39]. This flowsheet clarifies sample criteria for activating a 
telemedicine consultation in an emergency department-based sepsis telemedicine program
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 Technology Considerations

The technology required for a sepsis tele-ED or tele-ICU program does not differ 
from other telemedicine uses and in many cases will be built in an existing func-
tional network. The program requires a high-speed, real-time, high-definition audio- 
video telecommunication connection. Single-button activation of the telemedicine 
consultation facilitates rapid and straightforward telemedicine consultations and 
interactions. The technology should be monitored and tested regularly to ensure 
reliable operation. To reduce the risk of operator error, local spoke hospital staff 
should be trained in proper equipment use and should routinely apply procedures 

PATIENT NAME:  ___________________________ MRN:  _________________________________ 
DATE/TIME:  _______________________________  Telemed RN:  _____________________________ 
AQOP RN:  ________________________________ Intensivist:  _____________________________  
Presentation Time:  ___________ 3 Hour Deadline:  ______________6 Hour Deadline:  ________________
*These are the CMS timelines established and certain interventions are required to be done by the 3 & 6 hour mark 

1. Circle the identified severity of sepsis: a.  sepsis b.  severe sepsis

a.     If b or c selected, continue the form.  If a selected, the form is complete at this point.

2. Identify Presentation Time (time zero):  (date/time)  __________________________       

3. Has the patient had blood cultures drawn within the last 24 hours?    YES     NO     If yes, when:  ________________________  

a.     If NO, escalate to Intensivist to order.

b.     If YES, proceed to question 4.

4. Have antibiotics been ordered or is patient currently on them?     YES    NO

a.     If no, escalate to Intensivist to order.

b.     If YES, have they been given?     YES     NO    List the abx:  ______________________________________________

c.     Date/Time 1st Dose Given of Each:  __________________________________________________________________

5. What is the initial lactic acid level?:  ___________ mmol/L   

a.     If none ordered, escalate to Intensivist to order. (Must be drawn within 3 hours of presentation time) 

b.     If initial ≥ 2.0, has a repeat lactic acid level been ordered within 6 hours from presentation time?    YES    NO    N/A  

i.     If no, escalate to Intensivist to order.  The 2nd lactic acid lab MUST be within 6 hours of presentation time.

6. Has the patient been: hypotensive? Had a lactate  ≥ 4? Physician documented septic shock?    YES    NO 

a.     If No, checklist is complete, escalate all missed measures to Intensivist at this time.

b.     If YES, assess fluids.  Continue to question 7.

7. Fluid Volume Resuscitation Assessment

a.    Calculate required fluid volume:  pt weight ____________ kg  X  30mL = _________________ mL 

b.    Determine how much volume the patient has received already:  ________________________ mL

c.    Determine how much volume the patient WILL receive per orders: _____________________ mL

d.    Will the patient receive the required 30mL/Kg fluid volumeAND within 6 hour window?     YES     NO

i.     If NO, escalate to Intensivist for more fluid orders or increase in rate in order for patient to receive

       necessary volume within 6 hours from Presentation Time.  Provide specific volume needed to total

       required mL.

ii.    If YES, move to item 8.

8. Schedule the “Acute Sepsis 6 Hr Volume Reassessment”within 6 hours from Presentation Time.

a.    Date/Time completed by Intensivist:  ________________.  *Ensure this is done in the window

9. Does the patient have new/persistent hypotensionafter/during volume resuscitation?     YES     NO

a.    If yes, escalate to Intensivist to evaluate and order appropriate IV vasopressor.  Drug ordered:_________________

b.    If no, this form is complete.  

c.    TIP:Continue to monitor for hypotension after arriving to ICU! May still need vasopressors!

c.  septic shock

Fig. 15.2 Sample sepsis telemedicine treatment algorithm (Used with permission by Avera eICU)
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that reinforce technology familiarity (e.g., weekly educational interactions or daily 
camera testing). Finally, hub telemedicine center technical specialists should ensure 
compliance with pertinent patient data protection regulations and be available 
24 hours daily for technical support.

 System Integration

A key component of successful telemedicine implementation is to utilize a tele-
medicine platform that can integrate with clinical electronic medical records 
(EMRs). Many health systems are transitioning to a uniform EMR, but legacy 
EMRs may limit the full functionality of telemedicine provider access. EMR unifor-
mity will help a telemedicine provider improve patient care and document patient 
encounters. Until full EMR interoperability exists, telemedicine providers must 
have adequate training and experience with participating hospital EMRs to be able 
to efficiently access data, order therapy, and make recommendations.

In tele-ICU environments, remote physiologic monitoring software provides 
real-time vital sign monitoring and can identify short- and medium-term trends. 
Staff are alerted to changes that might reflect clinical deterioration and can provide 
specific dedicated evaluation. This software-based clinical support system is vital to 
a telemedicine program.

Lab interfacing is also critical in a tele-ICU system. Providers should be alerted 
to abnormal lab results promptly. If the lab result demonstrates an issue that needs 
intervention, the telemedicine provider will notify the bedside provider and 
intervene.

Telemedicine documentation is a desirable aspect of a sepsis telemedicine pro-
gram. The ability to record interventions, observations, and justifications not only 
contributes to safe clinical care but also can satisfy elements of sepsis quality bun-
dles. This collaborative documentation should be designed during program imple-
mentation and will clarify the telemedicine provider’s role in ongoing clinical care.

Table 15.3 Bidirectional 
post-consultation feedback is 
an important component of a 
sustainable sepsis 
telemedicine program

Telemedicine hub to user communication

 Appropriateness of diagnosis
 Time-to-treatment targets
 Local and national peer comparisons
 Timeliness of telemedicine activation
 Protocol adherence
User to telemedicine hub communication

 Helpfulness of telemedicine provider
 Comfort with recommendations
  Appropriateness of communications with provider and 

patient
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 Funding

Although a sepsis telemedicine program may be initially funded as part of a larger 
telemedicine initiative, a business plan should still be developed when adding a new 
service line. Some telemedicine grant programs may provide funding to expand an 
existing telemedicine network or develop a new service. In many cases, though, the 
economic driver for development of a sepsis program is improved quality of care, 
with savings realized through [1] lower hospital costs (e.g., shorter length-of-stay 
and improved clinical outcomes) or [2] improved reimbursement through pay-for- 
performance contracts. Although the SEP-1 sepsis quality measure does not cur-
rently influence reimbursement, including sepsis quality measures into future 
incentive payment structures seems likely. Private and community partnerships can 
also be a successful financial sustainability option [69].

 Rural Hospital Considerations

The rural hospital considering telemedicine access (to provide sepsis care and other 
consultations) should develop a business plan that projects program cost and bene-
fit. Financial pro forma variables might include telemedicine program service fees, 
telemedicine equipment and connectivity costs, staff time and compensation, and 
indirect revenue from additional ancillary services and avoided transfers. 
Telemedicine may also reduce the need for physician backup for advanced practice 
providers staffing the rural ED [58]. Nonfinancial business plan variables might 
include sepsis case volume (and other clinical volumes that might use telemedi-
cine), current sepsis performance, hospital clinician willingness to use telemedi-
cine, hospital clinician willingness to allow protocol-driven telemedicine activation, 
additional data collection or reporting requirements, additional opportunities for 
telemedicine-based services (e.g., education, administration, record-keeping), and 
availability of dedicated fiber or T1 line access.

 What Questions Should a Hospital Leader Ask Before 
Implementing a Tele-sepsis Solution?

• How much will a sepsis telemedicine program cost (incremental cost)?
• How much time will my staff spend administering the program?
• Will I be able to use existing telemedicine resources, or is sepsis telemedicine a 

new program implementation?
• What is my total sepsis case volume within the proposed network?
• What are my current sepsis outcomes, and what problem is our telemedicine 

solution intended to solve?
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• Do local clinicians consider telemedicine an opportunity to improve care quality 
and professional collegiality, or do local clinicians consider telemedicine to be 
an intrusion into their clinical autonomy?

• If sepsis care protocols already exist, do they need to be adapted for telemedicine 
use?

• What data are to be collected to demonstrate the utility of the telemedicine inter-
vention, and what is the data collection burden for my staff?

• What training will be required for successful implementation of the entire 
program?

• Do I have sufficient technical support and high-speed Internet bandwidth for the 
sepsis program?

 Potential Pitfalls

 What Potential Pitfalls Should Be Considered when 
Implementing a Sepsis Telemedicine Program?

• Develop a sepsis telemedicine program that is not targeted at specific clinical 
quality outcomes.

• Implement a sepsis telemedicine program that is not financially sustainable for 
the health system or for the end users.

• Implement an expensive, time-consuming, or onerous telemedicine program to 
address a very rare clinical situation that is not valued by the end users [39].

• Overextend hub physicians by requiring telemedicine consultations concurrent 
with direct patient care.

• Neglect physician or patient discomfort with telemedicine technology [70].
• Develop a sepsis telemedicine program as a stand-alone service, without consid-

ering other clinical and non-clinical uses of the technology.
• Fail to develop strong trust, partnership, and collaboration between hub and 

spoke clinicians [71].
• Employ disrespectful, condescending, or unprofessional hub clinicians.
• Underestimate the clinical importance of standardized sepsis screening and man-

agement outside the telemedicine program [52].
• Fail to include all stakeholder groups in sepsis protocol development, review, and 

updates.
• Neglect to account for local hospital capabilities (e.g., diagnostic, treatment pro-

tocols, hospital formulary) during protocol development.
• Rely on an outdated evidence-based sepsis protocol or quality measure.
• Use an incomplete protocol dissemination and implementation process.
• Do not plan for regular sepsis protocol updates.
• Inadequately support the role of the program clinical educator.
• Develop a program that does not facilitate regular and constructive communica-

tion between hub and spoke providers.
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• Do not design and implement a bidirectional performance feedback process.
• Implement a program without a mechanism of tracking quality, clinical, and 

financial endpoints.

 Future Directions

The role of telemedicine in the future delivery of care for critical illness seems cer-
tain, because telemedicine is one solution to the persistent challenge of rapidly 
bringing expertise to the point of care. Centralization, a term used to describe mov-
ing critically ill patients to high-volume centers best equipped to care for them [72], 
is one solution to improving care for those with emergency care-sensitive conditions 
in remote areas [73, 74], but telemedicine enables a counter-narrative. While many 
historic attempts to improve care for rural patients focused on rural hospital bypass 
or rapid transfer of complex patients to regional centers, telemedicine enables a 
system of keeping patients in facilities near their homes while maintaining care 
quality. Centralizing care in referral centers leads both to overwhelmed tertiary cen-
ters and also to skill atrophy in smaller facilities. Ultimately, the erosion of capabili-
ties at these smaller hospitals risks the future of these facilities and can force hospital 
closures, a phenomenon that has become prevalent [75]. These closures can make 
patients’ preferences to be treated locally [76, 77] impossible to accommodate and 
can wreak havoc on local economies [78]. Bypass of local facilities can strip com-
munities of medical capabilities, increase the burden of transport for emergency 
medical services, and lead to delays in care for time-sensitive conditions. 
Telemedicine offers the possibility of delivering the right care at the right time in the 
right place and also matching patient needs with hospital capacity – a growing prob-
lem in an increasingly centralized medical system [79].

Despite the promise of telemedicine, significant barriers remain before sepsis 
telemedicine programs are fully mainstreamed. One of the most pressing policy 
challenges is establishing viable financial models. While billing codes exist for tele-
medicine consultation, significant geographic limitations may be applied, and het-
erogeneity between payers and state policies still exists [80]. This policy may limit 
telemedicine innovation in long-term care facilities and non-rural areas. Many tele-
health programs operate on a flat monthly fee or at a financial loss as a strategy to 
capture downstream revenues.

On balance, the future of telemedicine for time-sensitive emergency conditions 
like sepsis is bright. CMS has highlighted both the importance of improving sepsis 
outcomes and the broadening of telemedicine payment policy as strategic goals 
[81]. The Office of the National Coordinator has made interoperability a priority 
[82], and many companies are developing technical and organizational solutions 
such as advanced software tools and artificial intelligence to support the detection 
and resuscitation of patients with sepsis [83, 84]. As the US health-care system 
pivots toward improving the health and health outcomes of the population in a con-
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nected world, the virtual presence of experts at the bedside is likely to become an 
expanding aspect of high-quality health-care delivery.

 Case Studies

 Rural Hospital: Case #1

A 78-year-old man with a history of congestive heart failure and chronic kidney 
disease who lives in a local nursing facility presents to a rural critical access hospital 
ED with mental status changes and fever. His vital signs in the ED reveal tempera-
ture 38.4 degrees Celsius, pulse 102 beats per minute, blood pressure 128/74 mmHg, 
and oxygen saturation 97% on room air. Laboratory evaluation is remarkable for 
elevated creatinine at 2.3 mg/dL (baseline 1.6 mg/dL), pyuria present on urinalysis, 
and elevated lactate at 2.8 mmol/dl. Ceftriaxone was initiated in the ED and the 
patient was admitted to the general medicine service.

Telemedicine Perspective: This patient was evaluated quickly in a rural ED, but several 
elements of the CMS sepsis bundle were missed: no blood cultures were drawn before the 
initiation of antibiotics and “time zero” was not clearly documented. Because of those 
deficiencies, this case did not meet the criteria for credit for the SEP-1 CMS quality met-
ric. Further, the antibiotic selected would be appropriate for treatment of community-
acquired pneumonia, but his residence in a nursing facility puts him at risk for drug-resistant 
pathogens. These elements could have been identified by a telemedicine provider and 
addressed.

Time: 3 hours 35 minutes after arrival
Upon arrival to the medical floor (no ICU was available in this rural hospital), a 
local family physician reviews the case and identified blood cultures were not yet 
drawn. He appropriately orders them, but antibiotics have already been given. He 
documents in his note that time zero was the time of presentation with mental status 
changes, and he notes that systolic blood pressure is 104 mmHg.

Telemedicine Perspective: In this case, the admitting provider recognized the importance of 
documenting time zero, but he applied the old criteria in identifying that time (a time much 
earlier than would have been required). The elevated lactate was not recognized, so no 
repeat lactate was performed, and fluid resuscitation was delayed. These management and 
documentation aspects could have been identified and completed by a telemedicine 
provider.

Time: 4 hours 56 minutes after arrival
The patient’s mental status remains poor and he is increasingly confused. His sys-
tolic blood pressure drops to 82 mmHg, and fluid resuscitation is initiated with a 
500 mL bolus. The treating physician feels that his severity of illness exceeds the 
rural hospital capability and initiates transfer to a larger community hospital. Before 
transfer, a repeat lactate is ordered.

Telemedicine Perspective: In this case, the local clinician rapidly recognized clinical dete-
rioration and initiated resuscitation. This patient may benefit from more aggressive fluid 
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resuscitation, and this more aggressive fluid management is now a quality measure in the 
SEP-1 bundle (for hypotension). In this case, the clinician spends significant time arranging 
transfer, which could otherwise be done remotely by a telemedicine provider while the local 
provider is providing ongoing care.

Time: 5 hours 11 minutes after arrival
The transporting ambulance arrives to pick up the patient, but the orders that the 
admitting physician had written have not all been completed (repeat lactate had not 
been sent). The blood pressure improved slightly with the small fluid bolus but 
quickly returned to a systolic blood pressure of 84 mmHg. The family physician is 
concerned about starting aggressive fluids en route and does not feel he should delay 
transfer to place a central venous line for vasopressor therapy. The patient continues 
to get more lethargic but will still respond to painful stimulus. Oxygen saturation is 
now 92% on 2 L by nasal cannula, so local staff clear the patient for inter-hospital 
transfer.

Telemedicine Perspective: As this patient is clinically deteriorating, he has quickly exceeded 
the comfort and capacity of the local hospital. This patient may now remain hypotensive for 
the duration of the 90-minute transport without having received adequate fluid resuscitation 
or hemodynamic support. Telemedicine could have provided expert consultation with a 
critical care physician who could have suggested additional elements of resuscitation prior 
to transfer and recommended ongoing therapy during the transport period. The telemedi-
cine physician can also provide additional communication with the receiving hospital to 
ensure that records are transferred appropriately and that critical elements of the resuscita-
tion are completed. Finally, a telemedicine provider could have performed nursing docu-
mentation so that the single bedside nurse can complete elements of care prior to transfer.

Time: 7 hours and 14 minutes after arrival
En route to the community hospital, dopamine infusion was initiated by the trans-
ferring paramedic and is being infused at 10 mcg/kg/min by peripheral IV.  One 
additional liter of fluid was administered. Blood pressure is now 92/54 and oxygen 
has been titrated up to 5 L per minute. Repeat laboratory evaluation is performed 
and another liter of fluid is given. A central venous line and arterial line are placed, 
and dopamine is replaced with norepinephrine.

Telemedicine Perspective: This patient was transferred at a period in his disease when he 
was very unstable. Ideally, resuscitation and stabilization, including central venous line 
placement and likely intubation, could have occurred prior to transfer. Telemedicine can 
provide expert evaluation and recommendations that might have led to completion of his 
resuscitation sooner, and may prevent subsequent organ failure and deterioration.

Time: 8 hours 32 minutes after arrival at the first hospital
New laboratory studies demonstrate a lactate of 4.6 mmol/dL, creatinine of 3.1, and 
white blood cell count of 16.2 x 103 cells/mL.  Antibiotics administered prior to 
transfer were unclear in the paperwork that accompanied the patient, so vancomycin 
and piperacillin/tazobactam are initiated and norepinephrine is weaned to 8 mcg/
min after additional fluid resuscitation. The patient’s mental status and oxygen 
exchange improve, but hemodynamic indices suggest that fluid resuscitation should 
continue.
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Telemedicine Perspective: In retrospect, this patient decompensated from inadequate early 
management. Unfortunately, he had persistent kidney injury and a prolonged ICU stay, 
although he did not require intubation. Outcomes in sepsis are strongly related to the timeli-
ness of early resuscitation, which in this case was delayed over 8 hours. Telemedicine is one 
solution to identify and intervene on these patients earlier and provide expert consultation, 
documentation assistance, and transfer assistance in a low-resource setting already stretched 
to provide very complicated medical care.

Key Issues
 1. In this case, inadequate early resuscitation contributed to clinical deterioration 

which necessitated emergency transfer.
 2. Information was lost through transitions of care and led to duplicate therapy.
 3. Documentation elements required for quality metrics change, and the treating 

clinician was using an outdated definition for a condition that he treats 
infrequently.

 4. Rural hospital staff had too much to do to complete all tasks prior to transfer. 
Offloading documentation and arranging for emergency transfer to a telemedi-
cine provider can aid local clinicians in focusing on patient care.

 5. Increased variability and lack of protocolization in care contributed to missing 
standard elements of early sepsis resuscitation.

 6. Delays in resuscitation did not meet the elements of guideline-adherent sepsis 
care.

 Tertiary Hospital: Case Study #2

A 78-year-old female with a past medical history of end-stage renal disease, type II 
diabetes mellitus, rheumatoid arthritis, and dementia presents to a tertiary hospital 
emergency department from an outpatient dialysis center with hypotension, fever, 
and lethargy. She just started hemodialysis 3 weeks ago and had not missed any ses-
sions until today, when her hemodialysis session was aborted because her initial 
blood pressure was 87/42. She has been dialyzed through a tunneled dialysis cath-
eter, but the entry site is now erythematous, and the dialysis technician expressed 
pus from the insertion site. A 500 mL fluid bolus was initiated prior to ambulance 
transfer, and paramedics initiated bilevel positive airway pressure (BiPAP) for an 
oxygen saturation of 88%.

On arrival in the ED, her vital signs include temperature 38.3 degrees Celsius, 
heart rate 114 beats per minute, blood pressure 88/40 mmHg, respiratory rate 26 
breaths per minute, and oxygen saturation 86% on room air. Her laboratory evalua-
tion is remarkable for white blood cell count of 3.2x103 cells/mL, pCO2 68 mmHg, 
and lactate of 4.2 mmol/L. Her chest x-ray is notable for moderate bilateral pleural 
effusions. She was restarted on BiPAP for volume overload with hypoxic and hyper-
capnic acute respiratory failure. Blood, urine, and sputum cultures were sent and 
ceftriaxone and azithromycin were administered intravenously. The treating emer-
gency physician documented time zero as the time the lactate resulted. Vital signs 
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improved after one liter of normal saline bolus and the patient was admitted to the 
intensive care unit. A second liter of fluid was ordered, but had not been adminis-
tered prior to ICU transfer.

Telemedicine Perspective: This patient was evaluated very quickly, but several elements of 
the CMS sepsis bundle were missed or documented inappropriately. First, time zero was 
inappropriately recorded as the time the lactate resulted, but criteria were actually met on 
arrival since the patient was on BiPAP. Additionally, while antibiotic coverage for commu-
nity acquired pneumonia was initiated, this dialysis patient with evidence of line infection 
should have been administered broad-spectrum antibiotics with coverage for drug-resistant 
organisms.

Time: 3 hours and 26 minutes after arrival
Upon arrival to the ICU, the patient’s blood pressure was 96/54 mmHg with a mean 
arterial pressure of 68 mm/Hg. The patient was reported by the ED provider to have 
received 2.5 liters of normal saline (30 mL/kg). Antibiotics had been administered 
and blood cultures were drawn before antibiotics had been given. Repeat lactate had 
not yet been drawn. This patient no longer appeared able to protect her airway and 
the attending intensivist decided to intubate her.

Telemedicine Perspective: Although the care provided in the ED was very complete, the 
communication between the ED and the ICU was incomplete. The volume of fluid admin-
istered was reported to be adequate, but the reported volume was higher than was actually 
given. Vital signs are improving.

Time: 4 hours and 9 minutes after arrival
After successful intubation, the chest x-ray demonstrated diffuse pulmonary edema 
consistent with volume overload and correct placement of the endotracheal tube. 
The patient’s blood pressure remained low after intubation (62/30  mmHg). 
Norepinephrine infusion was initiated; a triple lumen central venous line and arte-
rial catheter were placed.

Telemedicine Perspective: The bedside provider is still not aware that fluid resuscitation is 
likely inadequate, which a telemedicine provider with continuity would be able to docu-
ment and report.

Time: 5 hours and 32 minutes after arrival
Central venous line placement was difficult and took longer than expected. After 
catheters had been placed, the provider reviewed the medical record and realized 
that the second liter of normal saline had been ordered but not administered. The 
provider ordered another liter of normal saline to infuse over the next hour to meet 
the 6-hour bundle criteria.

Telemedicine Perspective: When this case was abstracted for the SEP-1 measure, the docu-
mentation suggested that care was not in compliance with the bundle because time zero was 
not correctly identified and fluid resuscitation was delayed. A telemedicine provider or 
nurse could have prompted the physician to complete fluid resuscitation earlier, identify 
sepsis earlier, and the telemedicine provider could have documented additional elements to 
support the clinical documentation.
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Key Issues
 1. In this case, resuscitation performance was very good, but a simple miscommu-

nication between providers led to failure on the SEP-1 metric.
 2. In many tertiary care centers, staff physicians are providing care alongside resi-

dents, students, and other care team members. Ensuring that all of those team 
members are educated in the documentation required for SEP-1 bundle compli-
ance (especially with trainees rotating through the hospital) can be difficult, and 
telemedicine solutions can help to standardize the care provided and the docu-
mentation of that care.

 3. Staff physicians may also have other responsibilities outside the ICU (clinic, 
procedures, etc.), so providing minute-by-minute monitoring to evaluate 
response to care may not be available without a telemedicine network.

 4. Bundle criteria could have been met if time zero were identified correctly.

Conflicts of Interest EKH and BS work for Avera eCARE, a provider of ED-based and ICU- 
based telemedicine services. BGC serves as a senior policy advisor for the US Department of 
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Chapter 16
Prehospital Telemedicine and EMS 
Integration

Haydon M. Pitchford, Marcus C. Divers, Sherita N. Chapman, 
and Andrew M. Southerland

 Introduction

Providing the most appropriate care to patients wherever they are and as soon as 
they access the medical system is the goal of prehospital medicine. The last 50 years 
has seen a drastic evolution of prehospital medicine in the United States. Gone are 
the days of unregulated transport of the sick and injured, having been replaced by a 
new paradigm of bringing the hospital to the patient and providing interventions at 
the site of illness. The evolution of prehospital medicine has been in tandem with 
the evolution of various technologies used by prehospital personnel to communicate 
with base hospital staff. Prehospital telecommunication originated with basic telem-
etry and radio designed to allow physicians more clear information on a patient’s 
condition prior to their arrival at the hospital. Today, telemedicine has evolved with 
the potential to provide real-time audiovisual communications in the prehospital 
setting with applications in stroke, transport destination and diversion, and com-
munity paramedicine among others.

Developing and implementing a telemedicine program in the prehospital envi-
ronment pose a number of unique challenges. Communication infrastructure, avail-
ability of resources, provider training for both in and out of hospital personnel, 
mobility, and experience are of specific concern. Successful programs are tailored 
to the workflows of the existing prehospital system, simultaneously addressing a 
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local healthcare need while remaining aware of possible local constraints and limi-
tations. In this chapter we will discuss the varying needs, challenges, and successful 
methods for integrating telemedicine in the prehospital environment. For the pur-
pose of clarity, prehospital herein refers to any encounter prior to arrival at the final 
receiving hospital or facility.

 Background

The need for prehospital emergency medical services (EMS) personnel to contact 
hospital-based physicians has always been present but limited by environment and 
technology. EMS personnel cannot operate under their own certification or licenses 
in the field without express consent from a physician operational medical director 
(OMD) who determines the scope of clinical practice and provides medical control. 
OMDs often utilize both “online medical control” for direct patient care orders and 
“off-line medical control” where the EMS provider is able to perform interventions 
without direct authorization using predetermined protocols [77]. Therefore, it has 
always been necessary for EMS personnel to have a way to contact a physician for 
orders regarding patient care, typically via phone or radio communications, to the 
receiving or base hospital. As the complexity of hospital care has advanced, so has 
the need for more advanced technology in prehospital communication.

One of the first examples of prehospital telemedicine was the need to transmit 
electrocardiography from the field to assist in the early identification of patients 
who would benefit from advanced coronary care [82]. This technology was later 
popularized by the television show Emergency! in the 1970s during which para-
medic firefighters contacted the fictional hospital often while transmitting telemetry. 
This was accomplished by using a device called a “biophone” (see Fig. 16.1), which 

Fig. 16.1 Early BioPhone 
[94]
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was capable of transmitting both radio communications and telemetry at the same 
time in a portable kit [92]. The original BioPhone used in the television series was 
later donated and displayed at the Smithsonian Institution’s National Museum of 
American History [32].

Case Study
One high-profile case of an early prehospital telemetry system was when for-
mer President Lyndon Johnson suffered a myocardial infarction while visiting 
his daughter Lynda, in Charlottesville, Virginia. On April 6, 1972, President 
Johnson awoke in the middle of the night complaining of chest pain. Johnson 
had experienced a near fatal heart attack before, so he quickly recognized the 
need for immediate medical attention. The emergency department at the 
University of Virginia hospital was contacted, and cardiologist Dr. Richard 
S. Crampton was alerted, who then contacted the Charlottesville-Albemarle 
Rescue Squad. Dr. Crampton requested that the rescue squad first travel to the 
hospital to collect both himself and the mobile telemetry and defibrillation 
device before responding to the former president’s location. With this portable 
equipment, Dr. Crampton performed an electrocardiogram on the former 
president in the home before personally transporting him directly to the coro-
nary care unit at the University of Virginia [51].

President Johnson did not stay in the hospital for long, however. After just 
5 days, Johnson was transferred home to his ranch in Texas, with his electro-
cardiogram monitored remotely by Dr. Crampton throughout the entire flight. 
It is believed that this made former President Johnson the first patient to be 
transferred by an airborne coronary care unit [2]. Once arriving home, physi-
cians continued to monitor the former president’s electrocardiogram reading 
remotely. Following these events President and Mrs. Johnson helped provide 
financial support for further prehospital cardiac research enabling greater 
access to the advanced clinical tools the former president benefited from [20].

As late as the 1970s, the training of ambulance attendants in the United States 
was largely unregulated, and most training was largely limited to a Red Cross first 
aid course at most [27]. Prior to this period, the focus of EMS was transport and 
not the provision of direct medical care. Therefore, the ability to transmit and 
interpret telemetry was a significant development, opening the door for EMS pro-
viders to deliver meaningful medical care rather than just transport. The entire 
field soon underwent massive changes, requiring more structured training pro-
grams and standards. Compared to today, the National EMS Scope of Practice 
model considers electrocardiographic monitoring and interpretation an essential 
skill [59].
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 Use Cases for Prehospital Telemedicine

 Prehospital Telestroke

Acute stroke is a critically time-sensitive disease in which shorter times from stroke 
onset to treatment are associated with better patient outcomes [22]. Delays in acute 
stroke treatment manifest as increased long-term disability and death with corre-
sponding burden and costs for the individual, family, and society at large. A number 
of factors, both pre- and in-hospital, play a role in the delay to treatment. While 
efforts to improve in-hospital workflows with the goal of decreasing performance 
metrics such as door-to-needle time have been successful, improving the prehospi-
tal portion of the acute stroke continuum poses unique challenges. Augmenting the 
interaction between EMS and hospital providers via telemedicine offers an oppor-
tunity to address a number of these challenges.

The widespread successful application of telestroke in the emergency room 
setting throughout the world has led a number of programs to explore a range of 
services and delivery models including mobile ambulance-based telestroke (see 
Table  16.1). The ambulance-based application of telestroke was initially pio-
neered by the TeleBAT group at the University of Maryland in the early 2000s. 
The TeleBAT telemedicine platform consisted of commercial components with a 
parallel array of four digital cellular phones using 2G cellular network transmit-
ting data in a store and forward method. The study demonstrated a high-inter-rater 
reliability and reduction in time to treatment. However, notable limitations 
included instability of transmission, actor scenarios rather than real patient 
encounters, and comparison of treatment time with historic control patients.

In 2009, the AHA/ASA scientific statement reviewing the evidence for telestroke 
models hypothesized that providing stroke expertise to an ambulance via teleconfer-
encing technology could increase diagnostic accuracy, provide earlier resource 
mobilization, and increase appropriate triage for timelier stroke treatment. However, 
there was not sufficient evidence for a specific recommendation that time [69]. 
Since that time, there have been a number of studies evaluating the feasibility and 
reliability of ambulance-based telestroke. Early research yielded conflicting results 
on feasibility, but wireless cellular technologies and teleconferencing applications 
have advanced substantially in the last several years and continue to improve. As 
seen from table 16.1, the feasibility of ambulance-based telestroke has improved 
with the support of current cellular technologies (e.g., 4G network, portable mobile 
devices, and advanced mobile video conferencing platforms). These results, while 
preliminary, demonstrate that commercially available and widespread mobile 
devices could be readily incorporated into a mobile, ambulance-based telemedicine 
program with a secure teleconferencing platform.

Triage of patients to appropriate facilities and early activation or “prenotifica-
tion” or “prealert” of in-hospital specialty teams is a key function of emergency 
medical services personnel for time-critical illnesses and injuries. EMS prenotifica-
tion is associated with more rapid hospital diagnosis, improved quality metrics, and 
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Table 16.1 Chronology of ambulance-based telestroke

Author Type of study Telemedicine platform
Data 
network

Data 
transmission 
method

LaMonte et al.
2000
North America [41]

Pilot feasibility 
study – 
simulation and 
real-time 
patient

Existing open system 
commercial components 
with parallel array of four 
digital cellular phones

2G Store and 
forward

LaMonte et al.
2004
North America [42]

Simulation 
feasibility 
study

Existing open system 
commercial components 
with parallel array of four 
digital cellular phones

2G Store and 
forward

Liman et al.
2012
Europe [47]

Simulation 
feasibility 
study

Prototype mobile 
telemedicine device 
(VIMED CAR)

3G Mobile, 
real-time 
audio-video

Bergrath et al.
2012
Europe [7]

Prospective 
pilot feasibility 
study

Portable data transmission 
unit (peeg-box) with four 
parallel data channels 
connected to video camera 
and audio communication 
devices

2G and 
3G

Real-time 
audio-video 
and still 
pictures

Van Hooff et al.
2013
Europe [93]

Pilot feasibility 
simulation 
study

Commercially available 
hardware with web-based 
telemedicine platform

4G Mobile, 
real-time 
audio-video

Wu et al.
2014
North America [90]

Pilot feasibility 
simulation 
study

Existing portable 
telemedicine unit – 
RP-Xpress system, zoom 
camera and microphone with 
speakers, Verizon 4G LTE 
jetpack

4G Mobile, 
real-time 
audio-video

Eadie et al.
2014
Europe
[55]

Pilot feasibility 
simulation 
study

Omni-hub communications 
system, tablet-based, Verizon 
SIM card, MotionX GPS, 
antennae

2G and 
3G

Mobile, 
real-time 
audio-video

Lippman et al.
2016
North America
[48]

Technical 
observational 
study

Off-the-shelf, tablet-based 
telemedicine system, Cisco 
jabber

4G Mobile, 
real-time 
audio-video

Chapman et al.
2016
North America [75]

Pilot feasibility 
simulation 
study

Off-the-shelf, tablet-based 
telemedicine system, Cisco 
jabber

4G Mobile, 
real-time 
audio-video

Itrat et al.
2016
North America [35]

Prospective 
observational 
study

Existing portable 
telemedicine unit – 
RP-Xpress system
Mobile CT scanner

4G LTE Mobile, 
real-time 
audio-video

Espinoza et al.
2016
Europe [23]

Pilot feasibility 
simulation 
study

Prototype platform using 
laptop, Mobotix camera, and 
IXSyS software

4G Mobile, 
real-time 
audio-video

(continued)
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Table 16.1 (continued)

Author Type of study Telemedicine platform
Data 
network

Data 
transmission 
method

Belt et al.
2016
North America
[5]

Prospective 
pilot feasibility 
study

Existing portable 
telemedicine unit – InTouch 
Xpress system

4G Mobile, 
real-time 
audio-video

Barrett et al.
2017
North America [4]

Proof-of-
concept 
feasibility 
study

Off-the-shelf, tablet-based 
telemedicine system

4G LTE Mobile, 
real-time 
audio-video

Chapman Smith 
et al.
2018
North America
[74]

Pilot feasibility 
and usability 
simulation 
study

Off-the-shelf, tablet-based 
telemedicine system with 
PTZ camera and microphone 
with speaker

4G LTE Mobile, 
real-time 
audio-video

better patient outcomes [9, 43, 53, 67]. Additionally, over and under triage can have 
deleterious effects clinically and financially for patients and health systems [49, 66]. 
Patients transported to a facility that cannot effectively manage their condition place 
a resource burden on that facility while care is initiated and interfacility transport is 
coordinated. Patients overtriaged to a specialty center instead place excess strain on 
limited resources that may need to be redirected elsewhere. This leaves emergency 
medical services personnel in the position of needing to make the decision of which 
facility to transport a patient to with limited information and assessment 
capability.

Many times the first people to respond to a 911 call will be individuals that are 
trained to the EMT Basic level and perform as such on a volunteer basis [83]. 
Imagine an EMT Basic in a rural area who volunteers for 12 hours a week at an 
agency that averages 700 calls for service a year. They were dispatched along with 
a CPR certified driver to assess a patient presenting with an altered level of con-
sciousness, the only paramedic staffed unit in the region is on another call for ser-
vice and not available to assist. The EMT basic performs a Cincinnati Prehospital 
Stroke Scale and finds the patient is experiencing left arm weakness, slurred speech 
and was last known to be well less than four hours prior. This EMT Basic then has 
the responsibility to make the determination of whether or not to transport this 
patient 30 minutes by ground to the Acute Stroke Ready Hospital or to activate criti-
cal care air medical services for expedited transport to a Comprehensive Stroke 
Center. In this scenario, inappropriate triage is a very real concern.

If this patient is transported by ground to the ASRH hospital and is then found to 
have been a candidate for thrombectomy, there is a significant increase in the amount 
of time until they reach definitive treatment with delays nearing 100 minutes. 
Further, this delay both reduces the chances the patient would be a candidate for 
endovascular therapy and reduces the likelihood of benefit. Conversely, if this 

H. M. Pitchford et al.



287

patient is evacuated by an air medical team to the comprehensive stroke center only 
to later find that she was not a candidate for thrombectomy or was experiencing a 
stroke mimic, she will suffer consequences as well. This includes responsibility for 
the heavy financial burden of an air ambulance fee, combined with the increased 
risk that is innate to helicopter transport.

A good physical assessment is key in early identification of a patient experienc-
ing a critical pathology and this is especially true in stroke. Several scales have been 
designed and validated to help providers recognize stroke in the field (See 
Table  16.2) [65]. Unfortunately, the sensitivity for EMS provider impression of 
stroke ranges anywhere from 44% to 91%, with diagnostic accuracy affected by 
presence of motor symptoms and whether or not a scale was utilized [11]. 
Additionally, rural emergency medical services personnel are less likely to use or be 
familiar with one of these scales compared to urban services [52]. With recent lit-
erature emphasizing the benefit of thrombectomy for patients suffering from large 
vessel occlusions, a high-quality assessment is needed to ensure these patients 
receive maximum benefit [8].

This scenario is not uncommon in the United States prehospital system for both 
stroke and other pathologies. It is established that utilization of critical care helicop-
ter transport can be beneficial for carefully selected patients, especially for those 
with long transport times to specialty centers [81]. There is a problem with identifi-
cation and therefore overutilization, however, with Sequeira et al. finding that as 
much as 32 percent of scene flights requested for stroke from the field were for 
mimics [71].

With the tension between early activation of specialized resources to ensure as 
many eligible patients receive treatment as possible and reducing costly overutiliza-
tion of these same limited specialty resources, there is an opening for decision sup-
port tools. In the realm of prehospital telestroke, there are two primary forms, a 
dedicated mobile stroke unit or MSU that is often staffed in a single central location 
by specially trained staff or is facilitated through telemedicine equipped general 
service ambulances.

It is feasible to perform an NIH Stroke Scale with off-the-shelf technology 
through a video telemedicine link facilitated by equipment kept in a single kit and 
not necessarily hardwired into the ambulance itself. In this paradigm, EMS provid-
ers were guided through the NIHSS assessment with a vascular neurologist on the 
other end of the feed at a remote location [75]. Since the time of that study, at least 
one program has operationalized this into clinical practice [45].

It shows that it is not necessary for a stroke-trained physician to be present in the 
ambulance at the time of the assessment and that the assessment performed is highly 
correlated with that of the one performed upon arrival at the receiving facility. While 
treatment with IV tPA could not be safely administered without further imaging, 
destination triage, alerting of the receiving stroke team, and guidance in the man-
agement of both stroke and other neurological conditions mimicking stroke are not 
out of the realm of possibility. A further advantage to this setup is that the applica-
tions would go beyond telestroke. In the past few years, a number of portable tele-
medicine kits have been made available for a variety of purposes.

16 Prehospital Telemedicine and EMS Integration
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 Mobile CT Stroke Units

The first clinical trials of mobile stroke units (MSU) were in Germany with a trial 
published by Walter et al. finding that it was feasible to provide guideline-adherent 
and etiology-specific treatment of acute stroke at the site of the emergency [87]. In 
addition to standard ambulance equipment, this original mobile stroke unit con-
tained a lead-shielded computed tomography unit, a system allowing for transmis-
sion of imaging to the base hospital, and point-of-care testing. The unit itself was 
staffed by a paramedic and a physician trained in stroke medicine. Following the 
results of the German trial, mobile stroke units were developed and implemented in 
other areas with a number of mobile stroke units now operating in the United States. 
Follow-up studies show that mobile stroke units are both feasible and that tPA and 
other stroke-specific treatment can be initiated earlier with their utilization [26]. 
While mobile stroke units are becoming more common, questions remain about 
patient-centered outcomes, rural versus urban implementation, and overall cost- 
efficiency [40, 76]. There are a number of ongoing studies powered to assess patient 
outcomes and cost-effectiveness whose results will inform the expansion of mobile 
stroke unit programs [10].

While MSUs advance the concept of “bringing the hospital to the patient,” this is 
not without cost. A mobile stroke unit may cost anywhere from 500,000 to 1000,000 
to develop and an addition 950,000 to 1200,000 to operate per year [12]. Most early 
studies involved a neurologist or some other stroke-trained physician on board the 
mobile stroke unit, but several studies show that using mobile telemedicine improves 
cost-efficiency [76]. Houston, Texas, found that a telemedicine-based assessment 
by a vascular neurologist is reliable and accurate when compared to one on board 
the MSU itself [91].

 Community Paramedicine and Mobile Integrated Healthcare

Community paramedicine or mobile integrated healthcare is a model of health-
care delivery where EMS providers take on an expanded role to fill local health-
care gaps. There are various levels of EMS providers with different scopes of 
practice and training (see Table 16.3). Given the ubiquity of emergency medical 
services even where access to healthcare is scarce, EMS providers are in the 
unique position to provide expanded access to community health resources. These 
programs are gaining in popularity, but questions remain both regarding the safety 
and liability and legality of expanding the role of EMS providers. Some programs 
have successfully utilized telemedicine to address these concerns, providing 
needed oversight and support. Groups such as the National Rural Health 
Association and the National Association of EMS Physicians have issued position 
statements supporting community paramedicine implementation, with appropri-
ate oversight [89].

16 Prehospital Telemedicine and EMS Integration
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Programs have addressed some of the inherent oversight problems with commu-
nity paramedicine by utilizing telemedicine. According to a survey published by the 
National Association of Emergency Medical Technicians in April of 2018, 26% of 
programs surveyed reported using telemedicine technology in some way to facili-
tate the goals of their local program [30]. Though most data available is still in the 
preliminary phase, it appears that the use of telemedicine for this purpose is both 
feasible and results in adequate patient satisfaction [33]. Real-time AV connections 
between a paramedic and advanced practice provider help bring a connected care 
team to communities that need more access to providers.

 Alternate Destinations and Emergency Department Avoidance

A complex issue facing both community paramedicine and conventional 911 emer-
gency medical services is how to handle patients that have activated 911 with a con-
dition where transport by ambulance to the emergency department is not necessary. 

Table 16.3 Overview of emergency medical technician (EMT) training and scope of practice [59, 
84, 86]

Emergency medical 
responder and EMTa

Advanced EMT or 
EMT intermediatea Paramedica

Level of 
training

Basic Intermediate Advanced

Approximate 
hours of 
training

120–150 hours 1000 hours 1200–1800 hours

Medication 
training

Oxygen, may assist 
patient with certain 
medications already 
prescribed to them, 
like oral glucose, 
nitroglycerin, and 
epinephrine auto 
injectors

Protocolized 
administration of 
certain medications 
including some 
narcotics, narcotic 
antagonists, 
nitroglycerine, 
intramuscular 
epinephrine, 
intravenous glucose, 
and nebulized 
medications

Expanded list of medication 
defined by local operational 
medical director. Includes 
intravenous and intraosseous 
medication, vasoactive 
medications, blood products, 
and thrombolytics

Interventions 
and 
psychomotor 
skills

Fundamental 
assessment, airway 
adjuncts, bag mask 
ventilation, splinting, 
basic bandaging, 
spinal immobilization

Advanced assessment, 
airway management 
with multi-lumen 
airways. In some areas, 
EMT-Is are eligible for 
advanced training such 
as ACLS and are 
trained to perform 
endotracheal intubation

Advanced assessment; EKG 
interpretation; definitive airway 
management including tracheal 
intubation, cricothyroidotomy; 
needle decompression; 
management of certain medical 
devices like central lines, 
BiPAP, and capnography; and 
blood chemistry analysis

aLocal regulation may reference prehospital providers’ level of responsibility by different names; 
this chart is to serve as a general overview with the understanding there may be significant varia-
tion at the local level
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For much of its existence, the paradigm of emergency medical services and prehos-
pital care within the United States involved transport of the patient to the emergency 
department of a local hospital by necessity. The “you call, we haul” version of pre-
hospital medicine was further entrenched with a number of state regulatory bodies 
mandating that transport to an emergency department is required for any patient who 
has activated 911. This combined with increasing call volumes and an increase in 
non-emergent calls has put significant strain on EMS systems and emergency depart-
ments nationwide with one study by Weaver et al. finding a 31% increase in unneces-
sary calls for service from 1997 to 2007 [54]. As the population of the United States 
increases and ages, calls for service, both necessary and unnecessary, should be 
expected to increase. A position paper by the National Association of EMS Physicians 
and American College of Emergency Physicians states that it may be appropriate to 
transport non-emergent patients via alternate methods to alternate locations [57].

Reducing the number of unnecessary ambulance transports and emergency depart-
ment visits could have significant public health benefits. Alternative dispositions for 
these patients include anything from the patient remaining at their residence with the 
responding crew assisting with setting up a follow-up appointment later or diverting 
to another outpatient site of care such as a primary care office via ambulance or taxi 
rather than the emergency department. Unfortunately, there is not currently enough 
evidence to say that EMS providers can make the determination of whether or not 
these alternate destinations are safe for the patient to be transported to on their own 
[68]. Historical trends show a disparity in EMS provider impression of patient’s need 
to be seen in the emergency department when compared to either emergency physi-
cian or admissions statistics, with further review being needed to make a determina-
tion one way or another [18]. In the same NAEMSP/ACEP paper referenced prior, it 
lists oversight by the agency medical director, appropriate training of providers and 
assurances that whatever alternate destination is chosen is done so with medical 
necessity in mind [68]. One solution to these conditions is to use telemedicine to help 
guide destination determination, thus allowing additional oversight and safety.

ETHAN Program Case Study (Alternative Destination)
The city of Houston, Texas, has successfully implemented and published on their 
experience in addressing this problem. Dubbed the Emergency Telehealth and 
Navigation (ETHAN) program, and with partnerships between the Houston Fire 
Department, the University of Texas Health Sciences Center, and other stakehold-
ers, the program brings decision support directly into the scene of an emergency call 
[29]. Using a tablet that is stocked on every ambulance and emergency vehicle, a 
paramedic is able to contact an emergency physician by way of a HIPAA compliant 
video feed. The emergency physician on the other end of the call is then able to 
access the patient’s field medical record created by the paramedics and provide 
guidance on disposition. Depending on the outcome of the assessment, several 
options are available ranging from the emergency physician scheduling an appoint-
ment at a community primary care clinic and scheduling a taxi to referring the 
patient to the ED with the originally dispatched ambulance crew [29]. In the first 12 
months of the program being implemented, they found a 56% reduction in the num-
ber of patients transported to the emergency department when compared to the con-
trol group, without a significant difference in patient satisfaction [44]. In recent 
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studies, 58% of patients have approved of EMS transporting to alternative destina-
tions for lower acuity issues and 86% want EMS to have better access to their health 
records [56, 57].

 Interfacility Transport

Interfacility transport is another area where the unique challenges of out of hospital 
medicine could be addressed with telemedicine. Patients are often transported 
between hospital facilities when they require a higher level of care or specialty care 
not offered at the primary facility. These patients may be on medications or need 
monitoring of parameters that are outside of the normal scope or comfort zone of 
EMS providers. Interfacility transport teams may consist of a variety of crew compo-
sitions, such as utilizing nurses, respiratory therapists, or even physicians to facilitate 
specialty transport for specific patient populations. Transport duration is an indepen-
dent predictor of patient safety events [72, 79]. Therefore providing support and over-
sight to these transport teams is necessary for patient safety. The National Association 
of EMS Physicians states that interfacility transport requires oversight by a supervi-
sion physician, which can be challenging in resource-limited areas and during long 
geographic transports [73]. Telemedicine offers a way to provide medical oversight 
for interfacility transport from a central supervising provider in a tertiary location.

Despite this patient population being more complex and often requiring advanced 
intervention, it is not always necessary for a physician to be physically present for 
the transport itself. In 1989 McCloskey et al. published a series of 166 cases with a 
physician-staffed pediatric critical care transport team, finding that physician-only 
procedures were performed only in 9% of cases, and the transporting physician 
believed that the transport would have been successful without a physician present 
for 46% of cases [36]. In 2018 Kawaguchi et al. published an article with similar 
findings, showing that there was not a significant difference in patient outcomes 
with an increased use of physicians for transport in pediatric patients [38].

Arkansas Children’s Hospital Case Study (Interfacility Transport)
As non-physician specialty teams gain in experience and are able to function with 
more autonomy without physicians at the bedside, they will still need access to 
medical control for especially complex cases and to give patient update reports. This 
may be more difficult than conventional medical control given a patient’s complex 
presentation, limitations of voice contact and the medical control physician may be 
from a specialty without specific expertise in transport medicine. Research on utiliz-
ing advanced telemedicine during specialty care transports is limited. Stroud and 
Moss from Arkansas Children’s Hospital’s pediatric transport team Angel found that 
by utilizing native iPad software FaceTimeⒸ between the transport team and receiv-
ing PICU physician, significantly more interventions were performed in the 
FaceTimeⒸ group than in the standard phone call group. Although not statistically 
significant, there was also a decrease in PICU admissions in the FaceTimeⒸ group 
[78]. More research is needed, but there is potential for application into other 
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specialty care groups to provide support to transport teams in complicated cases, 
while reducing the need to utilize physicians for transports unless absolutely 
necessary.

 Summary of Current Prehospital Use Cases Utilizing 
Telemedicine (Table 16.4)

Table

Program type
Use case/
studies Purpose Potential benefits Key barriers

Prehospital 
mobile 
telestroke

iTREAT, [75]
MSU [10, 91]

Improve prehospital 
diagnosis, routing 
triage, and treatment 
times for acute stroke 
patients

-  Early 
identification of 
stroke

-  Early activation 
of specialty 
resources

-  Faster onset to 
definitive 
treatment times

-  Telemedicine- 
only systems 
have relatively 
low start-up cost

-  Reimbursement 
for in ambulance 
telemedicine 
treatment

-  Advanced systems 
have large start-up 
cost

-  Prehospital 
agency buy-in

Community 
paramedicine

Supporting 
on-call 
primary care 
physician [16]

Enables EMS 
providers to use 
telemedicine for 
increased oversight in 
order to improve 
access to primary 
care services in low 
access areas

-  Increase access 
to healthcare 
services among 
underserved 
populations

-  Give PCPs the 
ability to serve a 
larger 
geographical area

advanced 
paramedicine 
training needed
improved autonomy 
for trained EMS 
provider

Alternative 
destinations

Project 
ETHAN [29]

Reduce non- 
emergency transport 
to emergency 
departments and 
proper triage for 
appropriate treatment

Reduced 
unnecessary 
transports
Reduced 
emergency 
medical service 
system burden
Improve access to 
appropriate 
healthcare 
resources

Large prehospital 
presence 
involvement 
required by health 
system

Interfacility Neonatal 
transport [78]

Provide up-to-the- 
minute guidance for 
complex pathology 
during transport

Provide support to 
transport teams 
managing complex 
patients

Technology 
considerations, 
communication in 
aircraft is difficult

16 Prehospital Telemedicine and EMS Integration



294

 Implementing a New Telemedicine Program for Prehospital 
Consultation Within a Healthcare System

In order to properly implement a prehospital telemedicine program, several key 
factors should be considered when deciding how to scale a program to fit your 
needs and size. Shown in Table 16.4 are examples of current programs using pre-
hospital telemedicine and should be considered when implementing a program. 
Top barriers for an organization implementing new telemedicine-based programs 
tend to be cost, effectiveness, efficiency, and workflow, and all these barriers should 
be addressed prior to implementation, during the planning and consideration phase 
[57]. We will go over ways to address these issues as well as others that might come 
up when planning a prehospital telemedicine program for your organization or 
institution. After an organization assesses the need for a prehospital telemedicine 
program, one needs to exam several main considerations: program model, staffing, 
provider adoption, best-fit technology, start-up, and ongoing funding and 
regulations.

 Staffing Considerations

Hospital systems developing a prehospital telemedicine program need to consider 
the added burden these programs would have on their current workflow and staffing. 
An in-depth service analysis should be done to determine the approximate volume 
of patients being transported by ambulance who would utilize the service and factor 
that with the increase in time consulting tele-providers would need to properly per-
form an en route assessment. For instance, emergency medicine physicians are 3 
times more likely than the average provider to develop burnout, so having a firm 
grasp on the extra burden that could be placed on the system is a good way to avoid 
resistance and improve the effectiveness of the implementation process [6]. A 
proper physician to patient ratio is also needed in the critical care environment to 
ensure safety and quality of care [88].

Pilot testing with smaller populations will also give a better representation of the 
utilization of the new service. Pilot testing is a great tool to confirm the need for a 
prehospital telemedicine program by looking at utilization rates by EMS agencies 
and patient outcomes before scaling up to a fully functioning program. Since EMS 
systems are widely disparate, personalizing implementation to one’s specific area 
and workforce is crucial.

In addition to being familiar with levels of EMS certification (see Table 16.2), it 
is also important to be familiar with system staffing models. While the majority are 
fire department based, others may be operated by the municipality, law enforce-
ment, a local health system, or a private third-party vendor. Whichever agency pro-
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vides EMS for an area will possess a unique history and relationship with the local 
health systems that must be considered when developing a program. In the case of 
third-party EMS agencies, for example, there may be additional legal considerations 
depending on the terms of their contract.

Prehospital staffing models pose unique considerations. In most areas ambu-
lances are only staffed with two personnel, one driver, and one provider of varying 
levels of training. More resource-rich areas may dispatch a fire department appara-
tus along with an ambulance, providing extra staff to assist with care. Other depart-
ments may only send a single ambulance staffed with two providers regardless of 
the type of call for service. In the latter case, a program will need to use a telemedi-
cine system that is easy to deploy, low maintenance, and portable to facilitate effi-
cient prehospital care.

Contrast this with a more resource-rich system with a fire department apparatus 
responding with an ambulance to every call with as many as six paramedics on the 
scene. While it is still necessary for the telemedicine application to be low mainte-
nance, larger and better staffed departments will have more well-trained individuals 
to assist with the logistics of deploying the technology while simultaneously admin-
istering patient care.

 Provider Adoption

Another vital staffing component is having a clinical and/or an administrative 
“champion(s)” for prehospital telemedicine [16]. Having a champion in each par-
ticipating department, both in hospital and out, is an important factor for a telemedi-
cine start-up program [14]. Some of the top barriers for staff adoption of telemedicine 
are technically challenged staff, resistance to change, and poor program design [70]. 
While having a champion in each department may help alleviate some of these 
obstacles, one should also administer an extensive training program for new sand 
current staff to ease program implementation [39].

A key point to remember when implementing a program in the prehospital realm 
is that the initial release of the program will conflict with standard workflows and 
protocols and may be seen as extra work for field providers. While most EMS pro-
viders feel a video link would be a helpful tool during transports, ease of use remains 
a high priority [17, 60]. To address this component, successful start-up requires 
input shared between program developers and the target prehospital providers. For 
instance, many hospitals have dedicated prehospital liaisons managing EMS educa-
tion and outreach who should be included in start-up. If an organization does not 
have a specific prehospital liaison, one should identify an individual with the target 
prehospital agency to participate in start-up and rollout. Ultimately, emergency 
responders utilizing the program should be able to provide nuanced feedback on 
implementation and adoption strategies before and after implementation in the field.
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 Technology Considerations

Prehospital medicine necessitates time and efficiency more than any other aspect 
along the continuum of care. Regardless of the purpose of a prehospital telemedi-
cine program, the technology needs to be easy to use and quick to deploy and should 
require minimal troubleshooting during regular use. This is especially true for a new 
program, where complicated technology and maintenance requirements may alien-
ate EMS providers from participating in the new workflow. For instance, telemedi-
cine equipment chosen for a prehospital program should be rugged, portable, and 
compact. In one study, the Mayo Clinic consolidated their various telemedicine 
platforms and saw improvements in provider satisfaction and decreased reported 
technical issues by 24% [39].

When choosing the components for a prehospital telemedicine platform, existing 
stationary systems may not easily translate to the ambulance environment. For 
instance, there may be local or state EMS regulations limiting the type of equipment 
that can be deployed in an ambulance. This may require consulting with various 
telemedicine vendors and testing multiple setups in order to arrive at an acceptable 
mobile telemedicine platform.

Successful prehospital telemedicine necessitates a high fidelity, live stream 
audiovisual connection that can be maintained during ambulance transport. As the 
ambulance is traveling, the connection will need to jump from one cellular tower to 
another. This can result in data loss and a reduction in feed quality (i.e., jitter). Some 
private companies have developed software solutions that help maintain session 
persistence, which is the seamless transition between data connections. Essential to 
a successful start-up, extensive testing should be done on the connectivity in an 
EMS network service area prior to clinical implementation [49, 74]. This testing 
may require partnership with local cellular and wireless providers to develop a cov-
erage map along EMS routes, particularly in rural areas [48].

A further consideration is the availability of useable cellular infrastructure and 
bandwidth. While a coverage area may be adequate for everyday civilian use, net-
works may become saturated during high-density events slowing data transfer (i.e., 
packet loss). One solution to this problem is a recently developed program called 
FirstNet designed for first responders and safety personnel such as police, fire, and 
EMS.  FirstNet is an independent authority within National Telecommunications 
and Information Administration (NTIA) that “will enable robust data communica-
tions between all members of the EMS team in the field and in facilities, and the use 
of sophisticated diagnostic, treatment and remote medical consultation devices for 
emergency, non-emergency transport, and community paramedicine care” [60]. The 
FirstNet network currently runs off the existing AT&T network, where it can pro-
vide “preemption” or prioritization for designated devices when the network is oth-
erwise saturated. First responder initiatives like FirstNet will further enable the 
implementation and expansion of prehospital telemedicine programs [60].

Lastly, national programs to expand broadband coverage such as the Federal 
Communications Commission’s 5G FAST Plan and Connected Care Pilot 

H. M. Pitchford et al.



297

Program will further accelerate infrastructure development for prehospital tele-
health [24, 25].

 Start-Up Funding/Ongoing Funding Models

In addition to technological innovation, implementation of prehospital telemedicine 
programs requires innovation in funding models to support sustainability. Many 
early pilot programs have relied on grant funding to establish feasibility, particu-
larly in rural areas, such as from the Health Resources and Services Administration 
(HRSA) and the Federal Communications Commission (FCC). Expensive initia-
tives like mobile stroke units equipped with CT scanners may be cost prohibitive, 
particularly for smaller, rural hospitals and EMS agencies in limited-resource health 
systems [11, 15, 76].

Even with low-cost models and more competition among telemedicine vendors, 
clinical implementation and further expansion will require legislation and policy 
amendments to support prehospital telemedicine as a billable service for participat-
ing providers and hospitals. Of great import for the expansion of telestroke  programs, 
the Furthering Access to Stroke Telemedicine (FAST) Act adopted by Congress in 
2018 expands the definition of the geographical originating site for billable telestroke 
encounters [1]. Additionally, a recent policy proposal issued by CMS sought public 
comment on expanding the originating site for telestroke encounters to “mobile 
stroke units” [15]. In the current schema, reimbursement for prehospital teleconsul-
tation in the ambulance requires that the hub tele-provider must be the emergency 
physician at the receiving facility in order to bill for the encounter.

Even with the potential lack of reimbursement, several studies have been done to 
show a cost-benefit of a functioning prehospital telemedicine program either for 
stroke care or ED diversion [11, 17]. As telemedicine is more widely adopted and 
implemented broadly, newer billing models should be available with innovation in 
physician fee schedules. Importantly, this also requires physicians and professional 
organizations to publish about the evidence base and consensus regarding the impact 
of prehospital telemedicine on better patient outcomes and resultant cost savings.

 Regulations

Regulations that govern interaction between hospital and emergency medical ser-
vices personnel depend on the context of the interaction, with medical direction 
being one of the most important aspects to consider in the context of a prehospital 
telemedicine program. EMS providers attain cognitive and psychomotor knowl-
edge through the completion of education programs that are based off published 
standards. The two primary frameworks are the National EMS Scope of Practice 
and the National Registry of Emergency Medical Technicians [59, 61]. Completion 
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of these programs does not denote the capability to operate autonomously but 
illustrates a baseline knowledge. Instead, certification and licensure occur at a state 
level with credentialing of providers taking place at a local agency level. Emergency 
medical service providers practice with the authorization of a physician medical 
director and cannot operate without this authorization. The operational medical 
director (OMD) provides direct and indirect oversight of clinical operations. 
Indirect oversight, or “off-line” medical direction, is conducted through a detailed 
set of standardized protocols, which the physician develops, reviews, and pub-
lishes in conjunction with agency leadership. On occasion, an EMS provider will 
need to perform a procedure or administer a medication that falls outside of those 
agency protocols. On those occasions, the provider will call either the OMD or a 
surrogate, usually another emergency physician, and get “online” medical 
direction.

Per federal law, in order for an EMS provider to administer any class of con-
trolled substance in the course of their clinical care outside the physical presence of 
a medical director, a standing order must be issued that is adopted by one or more 
medical directors of that particular agency [34]. In the current paradigm of emer-
gency medical services within the United States, physician medical directors are 
generally, but not exclusively, emergency physicians that have experience in the 
prehospital environment. Requirements vary from state to state, with most requiring 
the physician to be Board eligible or certified in emergency medicine or else be 
actively involved in the provision of emergency care of patients and the completion 
of an EMS medical direction course [62, 63, 85]. Both the American College of 
Emergency Physicians (ACEP) and the National Association of EMS Physicians 
(NAEMSP) have published position papers denoting the importance of physician 
medical direction [3, 58].

As the role of both telemedicine and prehospital medicine expands, providers 
from specialties other than emergency medicine will be in positions to offer medical 
direction to prehospital personnel. Thus it is worth mentioning that EMS personnel 
are not restricted to only receiving medical direction from their agency’s operational 
medical director. Since it is necessary for prehospital providers to have the ability to 
contact medical direction for consultation or orders outside standard protocols at all 
times, most agencies have specific base stations that have been selected by that 
agency’s medical director as an approved source of online medical direction. A base 
station is defined as a hospital emergency department or healthcare facility that is 
designated to provide EMS personnel with direct medical oversight [19]. These 
base stations can be contacted by EMS personnel for direct medical oversight as a 
surrogate for the agency’s operational medical director. The use of any one receiv-
ing facility as a base station is variable at the local level. Some agencies will use one 
central facility as a base station for all online medical direction, while others will 
designate all receiving facilities as base stations.

Providing medical direction may create a liability exposure for medical directors 
or their surrogates, but there is little case law on the subject. Possible avenues of 
liability could come from instructing EMS providers to operate outside their scope 
of practice, beyond their level of training or deviating from the standard of care [31]. 
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There are a variety of relevant laws and state statutes that provide a degree of immu-
nity to both EMS providers and medical direction physicians, often with the caveat 
being willful or wanton misconduct [21]. California state code 1799.104 reads that 
“(a) No physician or nurse, who in good faith gives emergency instructions to an 
EMT-II or mobile intensive care paramedic at the scene of an emergency, shall be 
liable for any civil damages as a result of issuing the instructions. (b) No EMT-II or 
mobile intensive care paramedic rendering care within the scope of his duties who, 
in good faith and in a non-negligent manner, follows the instructions of a physician 
or nurse shall be liable for any civil damages as a result of following such instruc-
tions” [13, 21]. Additionally, most states have “Good Samaritan” laws that offer a 
degree of protection to those offering emergency medical assistance [50].

As specialties outside of emergency medicine begin to have more interaction 
with field providers via telemedicine, it is imperative that individuals providing 
medical direction are aware of the specific capabilities and limitations of those they 
are working with. Developing a relationship with the receiving emergency depart-
ment and individual agency operational medical directors can facilitate safe and 
effective medical direction. Establishing good relations with your area EMS agen-
cies is a key to making sure all parties know their role in caring for patients in emer-
gency situations.

Beyond medical direction, different state regulations may exist that can limit the 
scope of a prospective prehospital telemedicine program because prehospital medi-
cine is evolving faster than regulations can keep up with. Community paramedicine 
provides a clear illustration of this problem, where language in statutes may prevent 
expanding prehospital provider’s scope of practice or function. The result has been 
a discordance in legal regulations, program aims, and even officials’ understanding 
of the regulations themselves. A 2018 review of state regulations on community 
paramedicine and survey of emergency medical services officials in each state 
found a disparity between regulation and survey answers. Of their predefined survey 
of community paramedicine skills, the concordance of survey responses between 
EMS providers and regulation ranges from 13% to 96% depending on the skill [28]. 
This disparity highlights a mixture of factors ranging from inadequate knowledge of 
state regulation among EMS providers and the simple fact that regulation has not 
yet caught up to this rapidly expanding subfield.

These issues will likely fade with time as prehospital medicine becomes a more 
established paradigm, but until then careful consideration of applicable laws and 
regulations is prudent.

Mount Sinai Visiting Doctors Case Study (Expanded Role of EMS Providers 
to Augment System Resources with Telemedicine)
Many states have strict definitions of what an EMS provider’s scope of practice is 
and whether it may be expanded, with some states limiting the care that EMS is able 
to provide to only acute and emergency care. New  York is one such state [39]. 
Nevertheless, there are still ways to make expanded use of EMS even where con-
ventional community paramedicine programs would not be feasible. The Mount 
Sinai Visiting Doctors program in New York City did so by integrating non-911 
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EMS units into their workflow by providing a 16-hour training course to paramedics 
and additional training on medical direction to primary care physicians in the pro-
gram [16].

When a patient calls in requesting assessment, the on-call physician may opt to 
send a non-911 ambulance to the patient’s home to facilitate a remote assessment 
and treatment. Upon arrival at the patient’s home, the EMS providers perform a 
patient assessment with a real-time telemedicine link to the MSVD physician, and 
because the paramedic’s scope of practice is not changed, regulatory challenges 
were avoided. After the assessment the patient and healthcare providers make a 
shared decision about appropriate disposition. The program has shown early suc-
cess with high patient and provider satisfaction and a reduction in patients being 
sent to the emergency department.

 Conclusion

As the clinical paradigm for emergency care evolves in parallel with a vast expanse 
in access to mobile health technology, we will continue to see a growth in applica-
tions of prehospital telemedicine in a wide range of clinical fields such as stroke, 
neonatal care, and trauma among others. The future success of these novel telemedi-
cine programs requires thoughtful integration with emergency medical systems and 
a nuanced understanding of available mobile technology, broadband infrastructure, 
and pertinent protocols and regulations. Ultimately, the sustainability and growth of 
prehospital telemedicine will depend on innovation in funding models that support 
reimbursement for ambulance-based encounters that will incentivize hospitals and 
providers to expand new programs. Hopefully, prehospital telemedicine will con-
tinue to grow as another method of delivering resources and expertise beyond the 
walls of the hospital, to patients all along the continuum of care.
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Chapter 17
Telemedicine Consultation  
to the General ICU

Mark Romig, Robert Derrett III, Asad Latif, and Adam Sapirstein

 Introduction

When the concepts and technology of telemedicine are applied to the aspects of 
remote care in the ICU, it is called tele-ICU. The idea of using telemedicine to 
improve the care of critically ill patients was clearly stated as early as 1982 [1]. 
Arguably, the first major tele-ICU intervention to use modern technology, research 
design, and demonstrate effectiveness did not take place until 1997 [2]. The results 
of this study, conducted at a community hospital affiliate of Johns Hopkins, were 
published by Rosenfeld and colleagues in 2000 and showed reductions in mortality 
and costs of care [2]. It is clear even in this earliest telemedicine work that tele-ICU 
care is largely consultative. By using the word consultative, we mean that the tele- 
ICU is supportive of the work that is performed in the physical ICU. This contrasts 
with active management of critically ill patients. Indeed, one of the rationales of 
creating tele-ICU systems is to provide consultative intensivist staffing to under-
staffed ICUs. It is the nature of critical care that active management requires 
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frequent and high-intensity physical interactions. These interactions require the on-
site presence of highly trained and experienced nurses and other medical profes-
sionals who have the skills and judgment to perform physical exams and procedures. 
It is possible for tele-ICU clinicians to perform some elements of active manage-
ment such as documentation, provider safety double checks, family meetings, and 
order entry. However, the vast majority of activities are consultative in that they 
require the tele-ICU clinicians to communicate with the ICU team to provide or 
alter care.

As indicated above, the idea of a tele-ICU consultation is somewhat amorphous 
and can be a place holder for a large variety of interactions. It is also true that tele- 
ICU systems are not uniquely defined. However, it is clear that the best functioning 
of tele-ICU systems manage technology, processes of care, and culture in an 
established and engineered framework (see, e.g., [3, 4]). It is also clear that in 
order to provide any sort of telemedicine consultations to critically ill patients, a 
mature and reliable system must be established. In the current era of telemedicine, 
it seems unlikely that such a system will be used exclusively for critical care 
consultations.

There are numerous telemedicine models and almost any of them could be 
applied to tele-ICU consultation. The gold standard for tele-ICU care is a dedicated 
in-room audiovisual system with continuous, around-the-clock coverage staffed by 
physicians and nurses. In contrast, because many highly staffed ICUs have physi-
cians on-site during working hours, they choose to provide tele-ICU services during 
just the nighttime hours. In these models, the tele-ICU team is dedicated exclusively 
to the care of ICU patients. Robotic or mobile audiovisual carts are used to provide 
telemedicine service in units (or locations) where fixed camera installations are 
impractical or too costly (Fig. 17.1). These mobile solutions are well established as 
working models for telemedicine consultations [5, 6]. Finally, with the nearly uni-
versal deployment of electronic medical records (EMRs), it is possible for a remote 
intensivist to conduct telephone consultations with on-site providers. This telephone 
model is not even as robust as the long-standing model of the on-call intensivist, and 
we will not consider it further in our discussions. We will assume that any meaning-
ful, real-time consultation of critically ill patients will include both audio and visual 
channels of communication.

The value a tele-ICU system brings to hospital operations is highly dependent on 
the anticipated use cases for the implementation. Intensivist staffing has been asso-
ciated with lower general ICU patient mortality [7]. Based on these and other data, 
it was suggested that tele-ICU should be a standard, when needed, to bolster ICU 
staffing and improve clinical outcomes [8]. When tele-ICU was implemented for a 
16-week period in a surgical ICU, the mortality rate, complication rate, length of 
stay, and ICU costs all improved [2]. This ICU was considered to be staffed at a 
low-intensity, as there were no on-site intensivists, and it is unclear if adding tele-
ICU to an ICU that is already highly staffed would result in the same reduction in 
complications. The case for consultative critical care has not been teased out of the 
complex models that currently exist for tele-ICU.
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 How Can Telemedicine Facilitate Consultation to Improve 
Patient Care?

 Triage Decisions

Triage decisions can be facilitated and improved using telemedicine when highly 
specialized care is required. Examples of this exist in neonatology [9], pediatric 
ICU [10, 11], burn care [12, 13] (where 84% reported using some form of telemedi-
cine usually to improve burn care or triage decisions), and neurology [14]. The body 
of evidence for using telemedicine in consultation for stroke diagnosis and therapy 
is the most robust [15].

Fig. 17.1 RP-7 Robot 
(InTouch HealthSanta 
Barbara, CA). Self-
propelled robot with 
bidirectional audiovisual 
communication is one 
method of engaging with 
patients in tele-ICUs
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Unnecessary inter-hospital transfers waste healthcare resources, jeopardize 
patient safety, and may be burdensome to families. Telemedicine deployed 
across a hospital system or geographic region may give referral centers a means 
to evaluate patients prior to transfer. Of these patients, a subset may be identified 
which do not require intensivist care, and thus transfer. Likewise, telemedicine 
can bring intensivist expertise to the bedside and thus obviate the need for trans-
fer. The Veterans Administration deployed a telemedicine system to provide 
remote access to patients in 52 small, community, regional ICUs [16]. Over a 
4  year period, 97,256 were admitted to these ICUs, and they experienced a 
reduction in the rate of transfers to their tertiary care center from 3.46% to 1.99% 
[17]. This reduction was not associated with an increased risk of mortality 
(Fig. 17.2).

 Specialist Consultation

Telemedicine has also been considered as a tool to improve access to subspecialty 
care in the ICU. Remote neurology consultation and tele-stroke care is a well- 
established practice to improve the delivery of time-sensitive therapies associated 
with improved stroke outcomes [15]. This topic is covered in depth in Chap. 12. 
Infectious disease specialty consultation is common in the ICU, and telemedicine 
may have a role in improving the access to infectious disease consultation particu-
larly in low-resource environments [18]. The Infectious Disease Society of America 
supports the use of telemedicine to improve access to infectious disease providers; 
however there has been no research specifically examining the impact of infectious 
disease teleconsultation on ICU outcomes [19].
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Fig. 17.2 Thirty-day unadjusted mortality in transferred and non-transferred patients in the TM 
ICU and non-TM ICUs. The comparison between pre-TM and post-TM periods was performed 
using χ2 analysis. TM telemedicine. (Reprinted with permission from Fortis et al. [16]. Copyright 
2018 by the Elsevier Inc.)
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The consultative model of telemedicine is well established at Johns Hopkins 
through the efforts of Johns Hopkins Medicine International (JHI). JHI focuses on 
the global expansion of Johns Hopkins Medicine to support care and improvement 
globally. Using this platform, we have been able to provide specialist consultations 
to external critical care units across a wide array of disciplines. Typically, a patient 
has an unexplained clinical condition or is not responding to therapy and is located 
at an outside ICU that has a relationship with a telemedicine center. In these situa-
tions, the background case information is usually transmitted asynchronously to an 
expert intensivist, surgeon, or medical specialist. This allows the specialist consul-
tant at Johns Hopkins to review the patient’s history in detail prior to the actual 
teleconsultation. With this preparation, the consultant conducts a consultative meet-
ing with the remote team. Traditionally, this sort of consultation was performed over 
the phone. However, with improved technology, shared medical records platforms, 
and healthcare systems integration, these consultations can now be performed with 
synchronous, real-time review of patient data including lab data, radiographic 
images, and video linkage of physical exams (Fig. 17.3). There is no doubt that this 
kind of interaction provides a deeper shared understanding of the patient and helps 
the consultant and ICU team to develop a care plan. While exact data for the Johns 
Hopkins International experience is not yet published, a survey of activities shows 
that the majority of consultations are conducted in oncology and a significant frac-
tion take place for neurosurgical or neurological diagnoses (personal communica-

Remote area

•    Data collection
•    Data Transfer

Information technology

Specialist centre

•    Superspecialist
•    Specialist
•    Nurse

Fig. 17.3 Basic concept of telemedicine: transmitting and receiving data in a healthcare environ-
ment. (Reprinted with permission from Hao et al. [45]. Copyright 2014 by the Springer International 
Publishing.)

17 Telemedicine Consultation to the General ICU



312

tions RD). Other specialty consultations by the Johns Hopkins program include 
allergy and immunology, endocrinology, dermatology, cardiology, infectious dis-
ease, gastroenterology, nephrology, rheumatology, psychiatry, and pulmonology. 
All of the surgical subspecialties have been able to use this platform to provide 
consultative care. While JHI consultations are provided on an ad hoc basis, it is 
important to note the emerging trend of establishing tele-ICU centers that are geo-
graphically time shifted from the target ICUs. This allows the tele-ICUs to monitor 
the remote ICUs at night while it is daytime locally [20].

Bedside psychiatric evaluation of the critically ill patient is challenging. Patients 
often experience cognitive and behavioral symptoms due to their disease process, such 
as delirium or traumatic brain injury. Likewise, sedation and analgesic medication regi-
mens can limit the effectiveness of a psychiatric evaluation. These issues are unlikely to 
be any less of confounders when telemedicine is introduced. The value of telepsychiatry 
itself remains in question, and the advent of new mobile mental health applications is 
further challenging this approach [21]. In our opinion, it is unclear whether the telepsy-
chiatry model can or should be translated to the patient in the ICU setting.

Tele-ICU nursing is not generally considered a consultative service because the 
most common application of a tele-ICU system is to add an additional level of 
monitoring for all patients within the ICU. Nurses are essential telemedicine staff in 
this model and clearly function as specialists in the intricacies of critical care nurs-
ing. In such a setting, tele-ICU nurses may also provide the most important role in 
consultative care. These nurses continuously perform virtual rounds for a set of 
patients, typically 30–35 in number [22]. In addition to monitoring the alerts gener-
ated by the tele-ICU system, tele-ICU nurses may monitor compliance with care 
pathways and quality indicators. Perhaps even more important is the potential of an 
experienced tele-ICU nurse to provide nursing consultations to the bedside nursing 
team [23]. As the average experience of a bedside critical care nurse continues to 
decrease, the value of a nursing consultation is likely to increase over time and 
could have major impacts on quality of care, nursing satisfaction, and burnout [24, 
25]. There is evidence suggesting that bedside critical care nurses feel less anxiety 
when they have the ability to consult with an experienced tele-ICU nurse, and we 
will discuss this in greater detail below.

 Tele-sitting

The incidence of agitated delirium in the ICU is very high and has a major impact 
not only on patient outcomes but also ICU operations. The current approach to care 
of delirious patients is to minimize sedatives and maintain a high nurse-to-patient 
staffing ratio or employ a bedside sitter to prevent an agitated patient from self- 
harm. In situations where sitters are not available, patients may be cared for in the 
ICU setting simply by using a nurse to monitor and intervene during periods of 
agitation. There is now a growing use of virtual or tele-sitters to remotely monitor 
multiple, at-risk patients. This simple application of telemedicine systems may have 
profound impact on ICU throughput and manpower costs [26].
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 Best Practices Oversight

Failure to provide evidence-based best care practices is a significant contributor to 
morbidity and mortality in the ICU [27]. Improving the reliable delivery of the pro-
cesses of care aimed at reducing preventable harm can improve patient morbidity 
and mortality. Telemedicine may have a role in improving process compliance for 
best care practices in the ICU. We performed a study of a purely consultative tele-
medicine care model using an audiovisual tele-ICU implementation. In this study, 
the tele-ICU team communicated deficiencies in best care practices to the ICU team 
but did not perform documentation or write any orders. We examined compliance 
with best practice care processes before and after implementation [28]. The major-
ity of care processes showed a positive trend toward compliance with many reach-
ing statistical significance. Compliance with both mechanical (93.6% to 98.2%) and 
pharmacologic (80.8% to 88.8%) deep vein thrombosis prophylaxis improved sig-
nificantly. Daily sedation interruption improved from 69.7% to 85.5% and compli-
ance with an oral care regimen improved from 69.7% to 90.9%, both of which were 
statistically significant (Fig. 17.4). Most striking, compliance with Joint Commission 
guidelines for restraints improved significantly from 38.7% to 82.7%. Interestingly, 
during this same time period, compliance with the head of the bed greater than 30 
degrees, regular repositioning, and gastrointestinal ulcer prophylaxis trended down, 
although this was not significant. This study was performed in a highly staffed ICU 
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in an academic tertiary center, and we expect the magnitude of these improvements 
would be even greater in a lower resourced ICU.

The effects of adhering to best practices may be profound in terms of patient out-
comes and care efficiency. ICU telemedicine appears to benefit hospital throughput 
by decreasing length of stay. In a 1 year study, seven academic ICUs were examined 
using a stepped-wedge design [29]. Patients were allocated to either a pre- or post- 
tele- ICU intervention group, based on the rollout of the tele-ICU intervention in their 
ICU. Length of stay was decreased from 13.3 to 9.8 days per patient after the initia-
tion of tele-ICU. Likewise, the mortality rate in this period decreased significantly 
from 13.6% to 11.8%. These improvements may be the result of improvement in 
processes of care. Adherence to best practices such as deep vein thrombosis preven-
tion and stress ulcer prophylaxis were improved during this period, which may be the 
underlying driver for the improvements in length of stay and mortality. The authors 
of this study also make the case that a proper tele-ICU implementation requires 
“reengineering” the process of ICU care. This reengineered ICU may lead to improve-
ments that cannot be attributed to any one specific intervention or consultation [29].

 Value and Costs of Tele-ICU Implementation and Impact 
on Consultations

Typically, tele-ICU systems are implemented “on top of” current ICU resources. 
They require significant capital and operational expenditures which are not offset 
by a reduction in other fixed costs. Therefore, the economic goal of tele-ICU sys-
tems is to achieve a return on investment through reduction of marginal costs by 
improving patient outcomes and more efficient resource utilization. Improvements 
in metrics such as length of stay and readmission rates may be associated with 
significant costs savings to a hospital system. Several research studies have tried to 
evaluate the savings that may be elicited from a tele-ICU system by extrapolating 
the deferred costs from a reduced length of stay. One study reported a 10% reduc-
tion in length of stay which was extrapolated to a $2.5 million value [30]. Another 
study employed an independent consulting firm to estimate that their 30–34% ICU 
length of stay reduction was comparable to a 25–31% reduction in ICU costs and a 
12–19% reduction in hospital costs [2]. These cost savings, however, are difficult 
to generalize as they are financial extrapolations on clinical data and costs may vary 
across geographic regions. It is important to note that all of the financial analyses 
of tele- ICU were conducted at a time when there was essentially no reimbursement 
for telemedicine services. Over recent years, the value of telemedicine consultation 
is increasingly recognized by insurers, and this appears to be spurring implementa-
tion of telemedicine systems and their utilization [31, 32]. Therefore, if current 
trends in reimbursement continue, we expect that tele-ICUs may be able to provide 
value not only through cost avoidance but also through recovering costs with 
billing. The path to billing for specialty consultation appears to be much more 
clear now.
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The costs to start-up a tele-ICU have previously been evaluated in a number of 
studies and are consistently found between $50 and 100,000 per ICU bed in a closed 
tele-ICU model with proactive monitoring [33]. The University of Massachusetts 
Medical Center System has one of the largest and best researched tele-ICU systems. 
This group provided a detailed cost accounting for both the one-time costs associ-
ated with starting a ~ 100-bed tele-ICU and annualized estimate of the recurring 
costs for maintaining tele-ICU activities [34]. The initial implementation costs were 
about $7 million, of which approximately 40% were used for physical capital costs. 
The remainder of the costs can be categorized as software licensing, project man-
agement, and consulting fees. These costs are reflective of an era in which inte-
grated EMRs were not typical. Currently, EMR adoption is near universal, and most 
major EMR vendors are embedding telemedicine capabilities within their systems. 
These capabilities can be used as part of a tele-ICU system. Thus, in the present day, 
we expect that some of the software licensing, consulting, and network costs will be 
reduced by adopting telemedicine components of an existing EMR. Cost account-
ing based on these new assumptions has not been published and may be difficult to 
disambiguate from the bundled costs of maintaining multifaceted medical records 
systems.

However, staffing costs remain the largest component of the ongoing costs of any 
telemedicine system. The same University of Massachusetts group determined 
these costs were about 90% of system sustainment. Unlike capital costs, staffing 
costs are likely to have increased since these estimates were made. Indeed, using the 
University of Massachusetts data, we estimate that in 2010, each tele-ICU bed will 
cost approximately $25,000 per year. If the goal of the tele-ICU system is to provide 
specialist consultation, this will require an additional cost for access and time for 
specialists.

 Barriers to Tele-ICU Consultation

Since the earliest implementation of tele-ICUs, bedside nurses and physicians have 
demonstrated reluctance to accept the advice of or ask for consultation with tele- 
ICU clinicians. For example, in a large, comprehensive trial conducted in five dif-
ferent hospitals, physicians granted treatment authority to the tele-ICU for only ~ 
30% of the ICU patients [35]. However, this same group compared safety attitudes 
before and after tele-ICU implementation and found that it improved teamwork and 
safety climate in some ICUs, especially among nurses [36]. Technology assessment 
tools have been used to determine the drivers of both physicians’ and nurses’ atti-
tudes toward the use of tele-ICU. Nurses were influenced by the perceived ease of 
system use and felt that tele-ICU could be beneficial in ICUs without high levels of 
physician staffing [37], while physicians were not concerned with ease of use but 
had attitudes that were driven by their perceptions of the usefulness of the system 
[38]. These staff perceptions regarding telemedicine implementations may have a 
number of impacts on successful tele-ICU adoption and staff satisfaction. In a 
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survey of 93 nurses from 3 academic ICUs, 72% of nurses felt that a nocturnal tele-
ICU implementation improved patient survival, but only 47% believed that tele-ICU 
reduced medical errors [39]. A small percentage had concerns that tele-ICU was 
intrusive (11%) and left staff feeling as if they were being spied on (13%). Most 
interesting, 61% of nurses reported being more likely to contact the tele-ICU physi-
cian if they knew that physician, and 79% felt that it was important to personally 
know the tele-ICU physician.

Nursing perceptions of the impact of tele-ICU on quality of care and staff satis-
faction have also been studied with a prospective, controlled method [40]. Nursing 
staff in a surgical ICU were surveyed prior to and after a 2-month tele-ICU imple-
mentation and found to have improved perceptions of effectiveness, communica-
tion, relations, job satisfaction, and burnout. In the same institution, another surgical 
ICU that was used as a control and completed the survey tool without any interven-
tion did not show the same improvements in perceptions as the study ICU. In this 
implementation, the tele-ICU was staffed by clinicians that already worked within 
that ICU and were familiar to the bedside staff.

Job satisfaction and reduced burnout is strongly correlated with improvements in 
staff retention. Thus, tele-ICU has the potential to indirectly reduce costs associated 
with staff turnover such as recruitment and training; however, this effect has not 
been directly studied. It is notable that, in both of these studies, either the bedside 
staff was familiar with the tele-ICU staff or felt that such a relationship was an 
important factor in their decision to engage with the tele-ICU. This relationship may 
be an important and unrecognized factor in successful tele-ICU implementation but 
has not yet been studied in a controlled manner.

 Discussion

There are many factors that are leading inexorably to the expansive development of 
telemedicine systems. These factors include the adoption of EMRs and the ability to 
integrate population-based monitoring into this platform, the decreasing costs of 
hardware for implementation, the building evidence that telemedicine adds value 
and should be directly compensated by insurers, and the acceptance of extended 
multidisciplinary care teams for the care of the critically ill patient. Leaders in criti-
cal care have recently pronounced that telemedicine will become universally avail-
able in the ICU [41].

We can anticipate that, as technical capabilities advance, there will be an associ-
ated increase in the demands for critical care telemedicine. These demands are 
likely to take on forms that are distinct from the customary models of the tele-ICU. 
It is interesting to consider that the driving force behind the original development of 
the tele-ICU was that it could mitigate ICU staffing shortages. Over recent years, 
there is a growing awareness that certain diseases may be detected and treated before 
they rise to the level of critical illness. Evidence of this phenomenon is seen in the 
early detection and treatment of sepsis using predictive analytics [42]. Coupled with 
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the awareness that early intervention may forestall the need for ICU admission is the 
increasing array of remote sensor systems. These systems provide high-fidelity, con-
tinuous patient monitoring without the requirement for ICU admission. Thus, we are 
close to achieving the ability to provide meaningful, routine critical care consulta-
tion beyond the ICU. This ability can be used to improve early intervention, limit 
geographic disparity, and react to disaster situations. The ability to use telemedicine 
to prevent the need for ICU admissions may be extrapolated from improved out-
comes when telemedicine was used in a progressive care unit [43].

Defining the roles and organizational structure for using telemedicine to provide 
critical care consultation is essential in extending the expertise of the critical care 
clinicians beyond the walls of the ICU. Technology and telemedicine services can 
provide consultative care almost anywhere, but alone, they cannot provide critical 
care. It is important to emphasize the distinction between critical care delivery and 
critical care consultation. There are essential features of an ICU that are required to 
provide critical care, and these include a dedicated physical space [44]. We believe 
that a robust tele-ICU system, staffed by ICU clinicians and overseeing care in the 
ICU, is needed for the most responsive and impactful telemedicine critical care 
consult service. Only such a system can assure the full spectrum of consultative 
activities that we have described. Indeed, this system will be able to leverage invest-
ments in telemedicine so that consultations are used to assure timely therapy, appro-
priate triage, and use of the physical ICU to its maximal capabilities.
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