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ABSTRACT: Intensive care unit telemedicine (tele-ICU) is technology enabled care delivered from off-site locations that was developed to address
the increasing complexity of patients and insufficient supply of intensivists. Although tele-ICU deployment is increasing, it continues to cover only
a small proportion of ICU patients. This is primarily due to expense, with first-year costs exceeding $50,000 per bed. Meta-analyses of outcomes
indicate survival benefits and quality improvements, albeit with significant heterogeneity. Depending on the context, a wide range of estimated
incremental cost-effectiveness ratios reflects variable effects on cost and outcomes, such as mortality or length of stay.
Tele-ICUs may fit within a hybrid model of care to complement high-intensity ICU staff coverage. However, more research is required to foster
consensus and determine best practices. This review summarizes data on tele-ICU structure, operations, outcomes, and costs. Evidence was
extracted from meta-analyses, with secondary data from Cleveland Clinic’s tele-ICU experience.

INTRODUCTION

Critical care is resource intensive and demands meticulous
process control. The complexity of intensive care unit (ICU)
support has increased due to aging demographics and surgical
advances.1 This is especially magnified for cardiovascular patients
with the expansion of mechanical cardiac support. Improved
outcomes are predicated with early recognition of illness in
tandem with defined care processes. Also, patient–physician
ratios, timing of admission, and staffing models all interplay to
affect outcomes.2,3 Even so, growth projections indicate an
insufficient supply of intensivists to meet future demand.4
Research has shown more favorable outcomes with highintensity staffing models that include closed units and/or
mandatory intensivist consultation. For example, Pronovost
et al. showed reduced hospital mortality with high-intensity
coverage.5 Despite this, 24/7 onsite intensivist coverage is
controversial. Wallace et al. reported enhanced quality and
risk-adjusted mortality, whereas Wilcox et al. found no ICU
mortality benefit for 24/7 versus daytime coverage.6,7 Kerlin et
al. also reported no survival benefit with 24/7 coverage in a
2017 meta-analysis.8 In a cardiac surgery cohort, Kumar et al.
found that 24/7 intensivist coverage (versus resident physician
coverage with intensivist backup) neither improved mortality nor
ICU length of stay (LOS).9 However, sepsis, renal failure, blood
product use, and hospital LOS were reduced.
There is a possibility that 24/7 coverage may benefit subsets of
patients, but the optimal contexts remain undefined. Regardless,

limited availability of intensivists and increased costs may make
24/7 models untenable. Accordingly, ICU telemedicine (teleICU) has been proposed to increase access to critical care
expertise.10 This review examines evidence for the use of teleICU including its structure, operations, outcomes, and costs.
METHODS

A narrative review was chosen for the research design to
encompass a comprehensive view.11 Evidence was abstracted
from systematic reviews and meta-analyses in PubMed, PMC,
EMBASE, and Cochrane Reviews along with state-of-the-art
reviews, observational studies, and key historical publications.
Referenced statistics are presented from the original
publications, and information about Cleveland Clinic’s tele-ICU
is included to provide relevant perspective.
POTENTIAL FOR TELE-ICU

The premise for tele-ICU is that remote video visualization
of patients and biomedical devices and access to electronic
medical records (EMR) confers an advantage to the teleintensivist relative to the on-call intensivist, depending on
verbal relay of information by the bedside caregivers. TeleICU platforms leverage algorithms to scrutinize patient
data, combining physiological parameters with clinical risk
factors to predict deterioration and provide decision support.
Insights afforded by embedded risk-prediction algorithms
and push-notification dashboards may facilitate more efficient
interventions to reduce ICU risk. Thus, the tele-intensivist can
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Figure 1.
The operational structure of a tele-ICU program based on the experience at Cleveland Clinic. tele-ICU: telemedicine intensive care unit; CT: computed
tomography; APRN: advanced practice registered nurse; RN: registered nurse; EMR: electronic medical records; IABP: intra-aortic balloon pump; ECMO:
extracorporeal membrane oxygenation; LVAD: left ventricular assist device

augment conventional coverage in multiple ICUs where onsite
support is unavailable and bridge gaps in nocturnal care.
HISTORICAL DEVELOPMENT

In 1977, a study by Grundy et al. demonstrated feasibility of
tele-ICU from an academic medical center to a private hospital.12
This observational study showed the potential for tele-intensivist
consultation and scheduled tele-ICU rounds. In a more recent
feasibility study of home-based intensivists using advanced
telemedicine tools for surgical ICU patients, Rosenfeld et al.
showed reduced severity-adjusted ICU and hospital mortality, ICU
complications, LOS, and cost savings from averted complications.10
Although tele-ICU adoption has grown since these earlier
studies, to date they support only a minority of critically ill
patients in the United States. A 2014 study examined tele-ICU
deployments between 2002 and 2010 using data from the
Centers for Medicare and Medicaid Services (CMS).13 The
number of hospitals adopting tele-ICUs increased from 16
(0.4%) to 213 (4.6%) while covered beds increased from 598
(0.9%) to 5,799 (7.9%). Lilly et al. confirmed this growth in their

2014 study showing that tele-ICUs supported patients in 11%
of non-federal U.S. hospitals.14 Tele-ICUs now support various
patient populations, including medical, neurological, cardiac,
and surgical patients in both urban and rural settings.
Opportunities for Cardiovascular Emergency and Critical Care
Telemedicine adoption has improved emergency cardiac care,
and consensus guidelines have emphasized multiple time-based
interventions to optimize patient outcomes.15 These include
(1) prehospital diagnoses of acute myocardial infarction with
electrocardiogram transmission, (2) monitoring of patients with
chronic heart failure, (3) long-distance device assessment/
control (pacemakers, defibrillators, extracorporeal membrane
oxygenation, left ventricular assist devices, and intra-aortic
balloon pumps), (4) continuous monitoring and interventions
for cardiac arrhythmias, (5) transmission of echocardiography
images for consultation, and (6) online patient consultation
and triage to higher levels of care. Additionally, in the context
of higher-severity illness, the need for care integration,
and advances in specialized cardiovascular care, Na et al.
demonstrated an association between cardiac intensivist127

JOURNAL.HOUSTONMETHODIST.ORG

METHODIST DEBAKEY CARDIOVASC J

REVIEW

directed care and severity-adjusted reductions in mortality.16
Clearly, potential exists for expanding tele-ICU support of
cardiac critical care patients, enhancing 24-hour care and
reducing response times for complex issues.
TELE-ICU PROGRAM DESIGN

Components
Tele-ICU delivers technology-enabled care from a remote
command center. At its simplest, mobile platforms provide ondemand, two-way, audiovisual (AV) communication between
ICUs and the tele-ICU center. Typical infrastructure is more
complex and involves a tiered system of fixed AV communication,
access to EMRs, telemetry, and imaging systems for data
retrieval and documentation, plus risk stratification and
decision support (Figure 1).17 In the United States, there is one
predominant system called Philips eICU (Royal Philips).18
Staffing
There are two tele-ICU staffing models to date: hospitals staff
their own centers with intensivists, nurses, and other personnel
(depending on institutional needs and limitations), or the
center is outsourced to other hospitals or independent firms
that support networks of ICUs. Regulatory requirements for
licensure and credentialing impose significant constraints for
interstate networking.
In 2014, Cleveland Clinic developed and gradually deployed its
own telemedicine platform called eHospital. It features a riskstratification dashboard with EMR context synchronization and
two-way AV functionality (Figure 1). Two teams of intensivists,
nurse practitioners, and ICU nurses provide nocturnal support
to almost 300 beds across 11 hospitals in the health system,
including cardiac surgery patients at three tertiary ICUs.
Operations
Tele-ICU platforms provide overviews of ICU patients to
optimize clinical care and assure quality. The tele-intensivist
oversees the execution or necessary modification of patients’
care plans aided by risk stratification and notification
dashboards. However, hands-on clinician involvement for
technical procedures, such as endotracheal intubation or
central vascular access, still requires onsite providers in the
hospital or access to on-call intensivists.
Costs
Cost is a primary driver influencing tele-ICU deployment. A
systematic review of related costs by Kumar et al. in 2013 noted
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variable implementation and operational costs ranging between
$50,000 and $100,000 per ICU bed for the first year.17 These
included costs for hardware, installation, software licenses,
staffing, and other operational expenses. Further, there was
heterogeneity in variable costs ranging from a decrease of $3,000
to a $5,600 increase per patient. These financial considerations
will change given the recent approval of reimbursement for teleICU by CMS, albeit with geographic restrictions.
OUTCOMES

Clinical Outcomes
Tele-ICU interventions have been characterized and include
clinical assessments of physiological trend alerts, notification/
correction of abnormal laboratory values, and virtual rounding
by the tele-ICU team (Table 1).19-25 In one study, 80% of
interventions occurred when the onsite ICU team was absent;
although only 0.6% of interventions were described as
directly lifesaving, 57% of interventions altered the care plan.
Notably, these investigators recognized that interventions were
influenced by ICU and hospital culture, institutional protocols,
and clinical privileges of the tele-ICU team.26 Nonetheless,
in a study by Lilly et al. of 6,290 patients in seven ICUs, teleICU was associated with increased best-practice adherence,
including prophylaxis for ventilator-associated pneumonia,
catheter-related infection, stress ulcers, and deep vein
thrombosis, with similar outcomes for medical, surgical, and
cardiovascular patients.27
Early data had been mixed with regard to mortality and LOS.
In 2004, an observational study in two tertiary ICUs with
medical and surgical patients showed significantly reduced
hospital mortality (RR 0.73; 95% CI 0.55-0.95) and reduced
ICU LOS, 3.63 versus 4.35 days, (95% CI, 3.93-4.78), among
patients exposed to tele-ICU.28 In contrast, a 2009 study by
Thomas et al. examining outcomes before and after tele-ICU
implementation between 2003 and 2006 found no differences
in ICU or hospital mortality, LOS, or ICU complications after
adjusting for severity of illness.29 The authors noted that onsite
attending physicians determined the level of authority delegated
to the tele-ICU team, and minimal delegation was chosen for
66.1% of patients, thus influencing the care.
Larger recent studies were more favorable. In 2011, Young et
al.’s meta-analysis of 13 studies involving 35 ICUs and 41,374
patients (Table 2) 30 showed that tele-ICUs were associated
with decreased ICU mortality (pooled OR 0.82, 95% CI 0.660.97) and decreased ICU LOS (mean difference -1.26 days,
95% CI -2.21 to -0.30). However, tele-ICU was not associated
with lower in-hospital mortality or LOS, and heterogeneity was
significant for both ICU (I2 = 77.1%) and hospital mortality (I2 =
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84.9%). Similarly, a meta-analysis of 19
trials by Chen et al. found that tele-ICU
was associated with reductions in ICU
mortality, hospital mortality, and ICU LOS
but not with hospital LOS.31
Conversely, a systematic review by
Mackintosh et al. in 2016 assessed the
impact of tele-ICU programs with 24/7
decision support (Table 2) 32 and found
decreased hospital mortality (adjusted
OR 0.40, 95% CI 0.31-0.52). One of
those studies reported pre-post data
from 38 hospitals and 56 adult ICUs and
found that tele-ICUs were associated
with reduced ICU and hospital LOS
and mortality.32 Also in 2016, Kahn et al.
examined 132 hospitals with tele-ICUs
and 389 hospitals without tele-ICUs
using CMS data from 2001 to 2010
(Table 2).18 Controlling for hospital size,
case-mix, and geographic proximity, they
showed that ICU-telemedicine adoption
was associated with decreased 90-day
mortality compared with non-adopters
(ratio of odds ratios = 0.96, 95% CI
0.95-0.98, P < 0.001). Notably, 81.1% of
hospitals showed no difference in 90-day
mortality. A significant post-adoption
90-day mortality difference was seen in
12.2% of the hospitals, which were more
likely to have high volumes and urban
location, while 6.1% of the hospitals had
increased 90-day mortality.
Cost-Effectiveness
Cost-effectiveness analyses are
valuable in determining if tele-ICU
optimizes resource allocation in a costconstrained health system. In 2016, Yoo
et al. estimated the incremental costeffectiveness ratio (ICER) of tele-ICU
from the healthcare system perspective
using a standard decision model based
on published literature.33 Effectiveness
was quantified by cumulative qualityadjusted life years (QALYs) gained
over 5 years post-ICU discharge. The
model estimated tele-ICU to extend
0.011 QALYs with an incremental
cost of $516 per patient compared to

REVIEW

BENEFITS OF TELE-ICU
Promotes evidence-based best practices through checklists and prompting19
Enhanced monitoring, early identification, and treatment of critical illness pathophysiology20
Improved coordination of care21
Increased night-time vigilance22
POTENTIAL CONCERNS OF TELE-ICU
Disruption of traditional ICU practice
Diffusion of responsibility23
Underutilization of tele-ICU (e.g., insufficient authority)
Insufficient contact between tele-ICU hub and ICU
Skepticism of ICU staff re: tele-ICU technology24
Differences between postulated and proven benefits25
Increased fixed and variable costs

Table 1.
This table depicts the rationale and concerns about tele-ICU with associated references.19-25 Tele-ICU:
telemedicine intensive care unit

ICUs without telemedicine, yielding an
ICER of $45,320 per additional QALY.
The 95% CI range of ICER estimates
spanned from -$229,016 to $375,870,
reflecting significant variability in
key outcomes among the published
studies. In a willingness-to-pay context
of $100,000 per QALY gained, their
analysis estimated that the ICER would
fall below this threshold in 66.8% of the
simulations. The wide range of ICER
estimates reflects how tele-ICU programs
in different patient populations and
settings have variable impacts on cost
and outcomes.
Acceptance of Tele-ICU
Clinician acceptance of tele-ICUs is
crucial to ensure favorable clinical

and financial outcomes. Studies of
acceptance yielded varying results
regarding perceptions of increased
workload, burdens of continuous
monitoring, and potential conflict
between bedside providers and teleICU staff. These concerns were often
mitigated following implementation of
a tele-ICU and evolution of effective
communication and utilization patterns
between the teams.34 A systematic review
by Young et al. examined 23 studies
about acceptance of tele-ICU and found
that 82.3% to 100% of respondents
thought telemedicine coverage enhanced
quality of care.35 Also, more than 60%
of resident physicians who trained in an
ICU with telemedicine support reported
a desire to work in ICUs with such
programs post-residency.
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FIRST
AUTHOR

YEAR

STUDIES #
(YEARS)

ICU #
(HOSPITAL #)

Chen31

2017

19 (2004-2014)

Mackintosh32

2016

2 (2011-2014)

|
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PATIENT # (PRE/POST)

ICU MORTALITY

110 (72)

192,265;
(156,413/35,952)

Significantly reduced (RR 0.83; CI 0.72 to 0.96;
I2 = 78%) in 15 studies

Study 1: 7 (2)

6,290 (1,529/4,761)

Study 1: Significantly reduced (OR 0.37; CI 0.28 to
0.49)

Study 2: 38 (56)

Study 2: Significantly reduced (HR 0.74; CI 0.68
to 0.79)

Wilcox7

2012

9 (2000-2012)

37 (20)

49,457
(15,587/33,870)

Significantly reduced (RR 0.79; CI 0.65 to 0.96;
I2 = 70%) in 9 studies

Young30

2011

13 (2004-2009)

35 (27)

41,374 (15,677/25,707)

Significantly reduced (OR 0.80; CI 0.66 to 0.97;
I2 = 77.1%) in 12 studies

Table 2.
Relevant meta-analyses and systematic reviews of tele-ICU outcomes.7,30-32 CI: 95% confidence interval; HR: adjusted hazards ratio; MD: mean difference; OR:
adjusted odds ratio; RR: risk ratio; I2: an estimate of heterogeneity across the included studies

Interhospital Transfers
There is interest in how tele-ICUs affect ICU referral and
continuity of care. A supporting hypothesis for tele-ICU has
been that it allows less-resourced ICUs to support patients,
thus limiting the need for transfers and overuse of tertiary care
hospitals. This, however, was challenged in a study by Pannu
et al., which found that implementation of a tele-ICU program is
associated with an increase in interhospital transfers from less
resourced ICUs36; this was not related to illness severity. There
was no such increase from ICUs with high-intensity coverage.
Similarly, the Cleveland Clinic experience has found no increase
in transfers from ICUs with high-intensity coverage. For selected
populations (e.g., pediatric ICU patients), tele-ICU appears to
be an important tool for consultation and triaging patients.37
Additional Outcomes
Tele-ICU studies have focused on clinical and financial
outcomes. Barely explored is the impact on hospital operations,
logistics, and support beyond the ICU, such as for rapid
response teams. Personnel outcomes may also be relevant,
such as intensivist and nurse job satisfaction, backup resources
for less-experienced bedside clinicians, or career extension

for clinicians physically unable to continue bedside work.
These outcomes are important because burnout, for example,
continually depletes the existing ICU workforce and exacerbates
supply constraints.38 Indeed, early data from the Cleveland Clinic
shows more than a 60% decrease in overnight pages and calls
to on-call intensivists at covered hospitals. This allows for longer
stretches of uninterrupted sleep and improved quality of life.
LIMITATIONS

This narrative review relied on systematic reviews, metaanalyses, and observational studies that were non-blinded,
with before-and-after designs and potential risks for bias.
We recognized the concerns about overviews of systematic
reviews that have been previously described.39 Importantly, early
tele-ICU outcomes may be overestimated, affected by other
contemporaneous improvements in ICU care (e.g., weaning
from mechanical ventilation, sedation management, and sepsis
protocols). Other options of ICU coverage now exist—such as
nurse practitioners and physician assistants—to augment ICU
teams and quality of care.37
Importantly, the benefits of tele-ICU have not been uniformly
positive.29 As cited, significant variability exists in ICU and
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HOSPITAL MORTALITY

ICU LOS

HOSPITAL LOS

COMMENTS

Significantly reduced (RR 0.74;
CI 0.58 to 0.96; I2 = 97%) in 13
studies

Signficantly reduced (MD -0.63;
CI -0.28 to 0.17; I2 = 93%) in 9
studies

No significant change (MD -0.27;
CI -1.14 to 0.59; I2 = 92%) in 8
studies

Multiple sensitivity analyses were
included: year of publication,
sample size, age, tele-ICU duration
were not significant

Study 1: Significantly reduced
(OR 0.40; CI 0.31 to 0.52)

Study 1: Significantly reduced (HR
of discharge 1.26, CI 1.17-1.36)

Study 1: Significantly reduced (HR
of discharge: 1.44, CI 1.33 to 1.56)

Study 2: Significantly reduced
(HR 0.84; CI 0.78 to 0.89)

Study 2: Significantly reduced
(20% shorter; CI 14-17%;
P <0.001)

Study 2: Significantly reduced
(15% shorter; CI 14% to 17%;
P < 0.001)

No aggregation of data; both
studies assessed with high risk
of bias

Significantly reduced (RR 0.83;
CI 0.73 to 0.94; I2 = 72%) in 9
studies with 33,183 patients

Significantly reduced (MD -0.62;
CI -1.21 to -0.04; I2 > 90%) in 7
studies with 29,837 patients

Significantly reduced (MD -1.26;
CI -2.49 to -0.03; I2 > 90%) in 6
studies

All studies used before and after
design

No significant change (OR 0.82;
CI 0.65 to 1.03; I2 = 84.9%) in 10
studies

Significantly reduced (MD −1.26
days; CI −2.21 to −0.30;
I2 = 99.8%) in 7 studies

No significant change (MD -0.64;
CI -1.52 to 0.25; I2 = 99.8%) in 6
studies

All studies used before and after
design

Table 2. Extended

hospital survival as well as LOS among published studies.
Implementation of tele-ICUs has been heterogeneous with
variable coverage models (24/7, evenings and weekends, or as
needed).23 Heterogeneity in outcomes may reflect differences
in telemedicine software, process control, training, acceptance,
and clinical privileges of tele-ICU intensivists (e.g., limited care
management delegation/authority). Given the identified need for
high-level research to improve tele-ICU, an expert consensus
collaborative has published recommendations targeting key
areas for research, including standardized methods for program
evaluation, and best practices for optimal outcomes.40
CONCLUSION

Tele-ICUs may serve within a hybrid model of care to support
high-intensity coverage and bridge the gap for nocturnal ICU
care. Tele-ICU is associated with improved ICU mortality
and decreased LOS, albeit with significant heterogeneity
among studies. It also has the potential for additional benefits,
such as enhancing cardiovascular critical care, reducing
interhospital transfers and improving staff satisfaction.
Continuing research into best practices for this technologyenhanced model of care and improved understanding of

its impact, breadth of outcomes, and cost-effectiveness is
prudent.
KEY POINTS

• Adoption of tele-ICU is increasing as part of a hybrid
model to support high-intensity critical care delivery.
• Heterogeneity among studies notwithstanding, teleICU is associated with benefits including improved ICU
mortality and decreased length of stay.
• Although cost-effectiveness of tele-ICU practice has
been demonstrated, implementation costs are still high.
• Continuing research into best practices for this
technology-enhanced model of care is prudent.
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