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Chapter 8
Tele-ICU

Zeid Kalarikkal and Shaun L. Thompson

�Introduction

The US healthcare system is the most expensive in the world, and critical care ser-
vices represent a significant fraction of this expense [4]. ICU services consume an 
estimated 10% of hospital costs at over $81 billion dollars annually [4]. Inpatient 
admissions requiring ICU stay cost approximately $61,800 on average, about 2.5 
times more than a stay without ICU care [5]. Given the increased scrutiny of health-
care resources, newer methods are needed to improve the efficiency of care for 
patients in the ICU.

Care of critically ill patients by intensivists has shown to improve both ICU 
length of stay and mortality [6]. The Society of Critical Care Medicine recom-
mends that an intensivist, usually unit-based, have the authority to intervene and 
directly care for critically ill patients in urgent and emergency situations [7]. The 
demand for critical care services in the United States is anticipated to increase due 
to aging of the population and the 35% shortfall of intensivists that is anticipated 
by 2030 [6].

ICU staffing models have been a subject of much debate. A systematic review 
and meta-analysis of 52 composite studies by Wilcox showed that access to inten-
sivists and high-intensity staffing models are associated with reductions in ICU and 
in-hospital mortality [2]. However, around-the-clock staffing models still remain 
controversial as within the high-intensity staffing cohort, the same systematic 
review reported no survival benefit for continuous around-the-clock coverage ver-
sus daytime-only coverage [2]. These findings were also shown by Kerlin et al. in a 
systematic review and meta-analysis where nighttime intensivist staffing was not 
associated with reduced ICU patient mortality [8]. Realistically, it may be difficult 
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for many hospitals to even have high-intensity daytime coverage due to lack of 
patient volume, lack of financial resources, and/or availability of intensivists. This 
disparity is magnified when focused on rural medicine. Rural populations are more 
likely to be underserved due to access to critical care services. Mohr et al. found 
that in Iowa, a state in the Midwest United States with a large rural population, most 
ICUs did not meet the Leapfrog standard for ICU staffing. This standard requires 
daytime coverage by board-certified intensivists and overnight access to an inten-
sivist by telephone. It also requires a minimum 5-minute bedside response by a 
non-critical care physician, advanced practice provider, or specially trained 
nurse [9].

Tele-ICU is one of the ways the medical community hopes to solve the imbal-
ance in supply and demand. It is defined as the provision of care to critically ill 
patients by healthcare professionals located remotely [10]. Tele-ICU services are 
meant to leverage, not replace, the need for bedside clinical expertise in the diagno-
sis, treatment, and assessment of various critical illnesses while allowing fewer 
intensivists to provide care to a larger number of critically ill patients. Modern tele-
medicine primarily occurs in centers that house intensivists, advanced practice pro-
viders, and nurses who either provide continuous around-the-clock coverage or 
during evening and weekend hours exclusively. They have the ability to access all 
patient data such as medical records, laboratory tests, and radiographic studies. 
Concurrently, they have the ability to remotely monitor vital signs and facilitate 
communication with bedside clinicians and other providers via computerized audio-
visual approaches [11]. Additionally, Tele-ICU also requires a communication net-
work to be established between the physical ICUs and the Tele-ICU monitoring 
center. These monitoring centers are typically located in areas with higher than 
average population densities of intensivists.

�Models of Tele-ICU

There are three main models upon which Tele-ICU systems are designed: central-
ized, decentralized, and hybrid. Overall, there is much more literature available 
describing centralized models and review articles that describe implementation of a 
Tele-ICU system do so from the point of view of a centralized model [11].

�Centralized Model

A centralized system is often referred to as a continuous high-intensity or active 
system. It is described as a team of healthcare care providers at a discrete site moni-
toring and intervening on a large population of critically ill patients. This closely 
resembles a hub-and-spoke model and offers clinicians the ability to integrate large 
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amounts of data from within a hospital system as well as from different hospital 
systems. It often provides computer-generated alerts, notifications, and clinical 
decision support algorithms [1]. It also provides the ability to highlight individual 
patients by acuity and to intervene on one patient at time while simultaneously 
monitoring a large patient population. Understandably, this more advanced system 
comes with associated higher costs and requires centralized location of the Tele-
ICU team (see Fig. 8.1).

�Decentralized Model

A decentralized system allows a remote intensivist to virtually visit one patient at a 
time from a remote location that can be anywhere the intensivist chooses. There is 
no established central monitoring facility, and monitoring is done from the provid-
ers’ computer or laptop. It typically involves computers, tablets, and smart phones 
equipped with camera, speakers, and microphones located at sites of convenience 
for the physician [12]. The provider in this model communicates directly with an 
ICU team member who is at the bedside. This model provides much more limited 
information and lower-level intensity of interventions as compared to a centralized 
system, leading it to be referred to as a point-to-point passive system (see Table 8.1). 
This allows healthcare systems to provide intensive care at much lower costs. 
However, it is a reactive consultative model, without the ability to integrate different 
data streams.
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Fig. 8.1  Hub-and-spoke 
model of centralized 
Tele-ICU model
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�Hybrid Model

The hybrid model is one that combines features of both the centralized and decen-
tralized models. This model is not utilized as frequently and, thus, is not as well 
studied in regard to outcomes and effectiveness in comparison to centralized and 
decentralized systems. It resembles a centralized model; however the intensivists 
are separate entities that combine as a single virtual practice.

�Staffing for Tele-ICU

Staffing may vary greatly depending on the Tele-ICU model being implemented 
with centralized models having more intense requirements. Additionally, the care 
model being used can have a significant impact on staffing needs. A continuous care 
model implies around-the-clock monitoring in real time that allows for monitoring 
of all ICU patients. A scheduled care model is also a type of care model used where 
dedicated times are previously identified for physician rounding and is typically set 
for 6 to 8 hours after a daytime ICU team has ended their shift. There is a reactive 
staffing model, where Tele-ICU staff respond on an as-needed basis such as for 
unstable patients, new admissions, or requests for ICU consultation [1, 12].

The centralized facility must be staffed by intensivists, nurses/advanced practice 
providers (APPs), and clerical assistants. This is independent of staffing at the ICU 
being monitored. The number of staff at each monitoring center depends on the total 
number of ICUs being covered as well as patients being monitored. Currently, rec-
ommendations suggest 60 to 125 patients for each intensivist, 30 to 40 for each 
nurse, and 50 to 125 for each clerical assistant [13].

Additional factors that can impact hours include academic versus community 
settings, availability of residents in-house, and hours of intensivist staffing at the 
bedside. Most centralized monitoring centers will provide continuous nursing and 
physician coverage 12 to 19 hours a day during the week and 24 hours a day on the 

Table 8.1  General comparison of the centralized and decentralized model

Characteristic Centralized Decentralized

Open architecture Possible Mandatory
Closed architecture Most commonly Not workable
Physical monitoring site Yes Not usually
Cost of installation Higher Lower
Operational costs Higher Lower
Complexity of installation Higher Lower
Smart alarms Yes Bedside RN functions as “alarm”
Concurrent EMR Generally yes No
Provider mobility Not usually Greater mobility

Reynolds and Bander [13]
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weekends. The nurses and clerical assistants typically cover 12-hour shifts, while 
intensivists work in shifts of 9 to 12 hours. Most intensivists maintain bedside clini-
cal responsibilities as well when not scheduled to provide Tele-ICU service, while 
some intensivists choose to work Tele-ICU full time [3].

The intensivists’ responsibilities can be categorized as routine and unscheduled. 
Routine responsibilities include evaluation of all new ICU admissions and monitor-
ing of existing patients. Unscheduled responsibilities include responding to emer-
gencies and identifying emerging problems [13]. As such, Tele-ICU physician 
engagement can be classified as high level or low level. High-level involvement 
includes emergency interventions such as direction of cardiopulmonary resuscita-
tion, guidance for invasive airway management, and adjustment to other life-
sustaining interventions. Low-level engagement of Tele-ICU intensivists includes 
non-emergent interventions such as reviewing results of blood tests ordered and 
electrolyte replacement. A low-level model would typically focus on emergency 
interventions and some minor interventions only; it typically would not include 
changes or modifications to existing therapies [1].

�Financial Considerations

Every Tele-ICU program requires a well-developed financial business plan that can 
be significantly different for a centralized vs decentralized model. Areas of potential 
savings to a hospital system include decreased length of stay (LOS), decreased time 
on mechanical ventilation, and ICU triage 24  hours a day, among other indirect 
potential benefits.

The impact of Tele-ICU on overall ICU costs varies in the literature. Two previ-
ous studies reported detailed financial information that reported contradictory 
results as to whether Tele-ICU improved costs and clinical outcomes [14, 15]. Yoo 
et al. performed a cost-effective analysis of Tele-ICU systems and concluded that 
the current application of a centralized Tele-ICU is cost-effective under most cir-
cumstances [3]. However, this may have some variation based on severity of patient 
illness. A 2010 study on the cost-effectiveness of Tele-ICU across six intensive care 
units in a large healthcare system showed that the cohort of patients with lower 
disease severity had increased expense per patient and was not effective [15]. 
Patients with higher disease severity, however, showed decreased hospital mortality 
without increasing costs significantly. The authors showed that for this sub-group of 
patients, costs increased by $2895 per patient after Tele-ICU implementation which 
was not statistically significant while decreasing hospital mortality by 11.4% [15].

For rural hospitals, the importance of high ICU bed utilization is paramount as 
underutilization can represent a significant financial burden on a healthcare sys-
tem. The primary aim of such hospitals is often to maintain an ICU at nearly full 
capacity with appropriate patients. Being part of a Tele-ICU program may allow a 
rural hospital to potentially retain patients who might have otherwise been trans-
ferred to a larger, higher-acuity facility. However, this purported benefit was not 
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consistent with the findings of Pannu et al. who noted that inter-hospital transfers 
actually increased post-implementation of a Tele-ICU program and were attributed 
primarily to transfers from less specialized ICUs. There was no relation to illness 
severity [16].

Tele-ICUs have mostly been unable to charge for intensivist services that they 
provide, so their costs can only be recouped through improved efficiency. However 
there have been significant efforts made to address this issue by the American 
Telemedicine Association. Breslow and colleagues showed that reductions in the 
patients’ average length of stay (LOS) translated to a 24.6% decrease in cost per 
case, and this resulted in a $3.1 million benefit to the hospital over the 6-month 
study period [17]. A financial analysis of Tele-ICU at the University of Pennsylvania 
showed similar results with a decrease in ICU and hospital LOS leading to an esti-
mated reduction in costs of up to $3.8 million dollars per year [18]. The most 
detailed financial analysis to date was performed by the Massachusetts Technology 
Collaborative in conjunction with the New England Healthcare Institute [19]. In this 
analysis, the University of Massachusetts Memorial Medical Center (UMMMC) 
implemented a Tele-ICU within its medical center and placed the technology into 
two smaller community ICUs. The change most affecting the financial results was 
the reduction in LOS, which decreased by approximately 20% [19]. The actual 
financial effects of a Tele-ICU are, however, difficult to measure because account-
ing systems are designed to measure direct billing and reimbursement rather than 
actual costs or indirect savings. Despite the paucity of financial analyses that have 
been conducted and completed, a number of healthcare systems have and continue 
to make large investments in Tele-ICUs which is likely due to the potential of a 
well-implemented Tele-ICU system to impact positive change on a healthcare sys-
tem in terms of costs and quality of care.

�Barriers to Implementation

There are five commonly cited barriers to adoption of a Tele-ICU system: high 
capital and operating costs, unproven return on investment, clinician resistance, 
lack of interoperability with EMR systems, and lack of documented outcomes 
[19]. It is estimated that establishing a Tele-ICU system can cost from 6 to 8 mil-
lion dollars in upfront capital costs. On the other end, it can cost a single facility 
approximately $300,000–500,000 dollars to acquire and install the Tele-ICU tech-
nology required to allow monitoring by an established service. Also, reports sug-
gest that it costs approximately 1–3 million dollars per year to maintain a command 
center [19]. The annual contracting fee to a command center for subscribing hos-
pitals can vary from $23,000 to $40,000 per year [19]. Additionally, there are 
limited research findings available for hospitals to help guide the decision on 
whether or not to adopt a Tele-ICU program. Research that is available is mostly 
applicable to the particular ICU setting and hospital system in which they were 
studied [19].
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�Outcomes from Utilization of Tele-ICU

According to a consensus statement from the Critical Care Societies Collaborative, 
Tele-ICU outcomes should be evaluated from the perspective of the provider, 
patient, and healthcare system (see Fig. 8.2) [20].

�Provider-Centered Outcomes

Tele-ICU can positively impact several important provider-centered outcomes. A 
systematic review of staff acceptance of Tele-ICU services found that it was viewed 
favorably by physicians and nurses. Nursing surveys report improved satisfaction 
from having access to an intensivist when needed [21]. Residents reported that Tele-
ICU improved patient care and benefited their training specifically with regard to 
ventilator management, management of unstable patients, code supervision, and 
recognition of respiratory failure [22]. Romig and colleagues evaluated the impact 
of a nocturnal telemedicine service on staff satisfaction and perceptions of quality 
care. They found that nurses exposed to Tele-ICU responded more favorably than 
nurses who were not. Specifically, they reported a positive impact on communica-
tion with other healthcare workers, psychological working condition, and educa-
tional experience [23]. This likely translates to increased job satisfaction and 
decreased turnover. The bedside intensivist also benefits through decreased number 
of overnight shifts, increased sleep quality, and lower rates of burnout [6].

Provider
centered
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-Resident education

System
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-Cost savings
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-Length of stay
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Fig. 8.2  Tele-ICU 
outcomes. (Venkataraman 
and Ramakrishnan [21])
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�Patient-Centered Outcomes

Several studies have attempted to address the impact Tele-ICU has on patient care. 
A great example of this can be seen with the impact of Tele-ICU on various best 
practices in the ICU such as stress ulcer prophylaxis, DVT prophylaxis, and adher-
ence to VAP bundle. These practices are generally well accepted as favorably affect-
ing ICU outcomes, yet there remains difficulty in achieving high rates of compliance. 
This was demonstrated by Lilly et al. who studied a large group of ICU patients and 
found generally low compliance rates [24]. The same investigators then conducted 
a pre-/post-Tele-ICU intervention study and reported an improved compliance rate 
with several common ICU best practices (see Table 8.2). In this study, they found 
that many potential complications were significantly reduced and ultimately would 
result in decreased patient morbidity and improved outcomes. This was verified due 
to the fact that they associated this improvement in best practice implementation 
with reduced adjusted odds of mortality and reduced hospital length of stay [10]. 
Youn demonstrated a Tele-ICU program-enhanced compliance with three ventilator 
bundle components, specifically head of bed elevation, deep venous thrombosis 
prophylaxis, and stress ulcer prophylaxis [25].

�System-Centered Outcomes

Cost-effectiveness and reimbursement are two of the primary system-centered out-
comes that have been studied.

Breslow et all showed that an effective Tele-ICU program can reduce ICU costs 
per patient by up to 25% [17]. This was attributed to increasing the number of ICU 
admissions per month as the average length of stay decreased after Tele-ICU imple-
mentation. This however is in direct contrast to the findings of Franzini et al. who 
concluded that average daily costs increased after implementation of a Tele-ICU 
system [15]. There is no definitive answer yet as to the economic viability of a Tele-
ICU system, and future studies are needed.

Hospitals are currently unable to bill directly for Tele-ICU services that are pro-
vided as noted previously in this chapter. Telemedicine services outside of the ICU 

Table 8.2  Best practice compliance pre- and post-Tele-ICU implementation

Best practice Pre-Tele-ICU Post-Tele-ICU OR (95% CI) P-value

Stress ulcer prophylaxis 83% 96% 4.57 (3.91–5.77) <0.001
Deep venous thrombosis 
prophylaxis

85% 99.5% 15.4 (11.3–21.1) <0.01

Ventilator-associated 
pneumonia (VAP) bundle

33% 52% 2.20 (1.79–2.70) <0.01

Incidence of VAP 13% 1.6% 0.15 (0.09–0.23) <0.01

Lilly et al. [10]

Z. Kalarikkal and S. L. Thompson



109

have been able to overcome some of the obstacles and can be easily reimbursed; 
however this has not trickled down to critical care. Given the uncertainties regarding 
the financial benefits of Tele-ICU, any progress on this front is unlikely to be seen 
for some time.

�Conclusion

The use of telemedicine to provide intensive care coverage to underserved areas is 
a burgeoning field of medicine that can provide improved care and outcomes for 
patients. It offers a way to supplement and elevate traditional bedside care and allow 
healthcare systems to face the challenges of an ever-changing healthcare environ-
ment. While research is ongoing, there is a fair amount of evidence to suggest that 
when implemented appropriately, it can improve access to timely and quality criti-
cal care. There is still considerable room for advancement in terms of reimburse-
ment for services provided and determining the optimal model to best service the 
needs of a healthcare system. However, the potential benefits and implications in 
helping to reduce morbidity, mortality, and healthcare costs are too significant to 
ignore, and further studies are required.
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