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TELEMEDICINE IN THE INTENSIVE CARE UNIT

A Technology Assessment

INTRODUCTION

The California Technology Assessment Forum (CTAF) was asked to assess the evidence for the use of
telemedicine in the Intensive Care Unit (ICU). Many hospitals do not have twenty-four hour coverage of their
intensive care units by physicians trained in critical care medicine (intensivists) even though observational
data report improved outcomes at ICUs staffed by intensivists. Demographic trends suggest that there will
be more patients requiring ICU care, but not enough intensivists to meet the demand. Centers staffed by
intensivists that monitor patients in multiple ICUs electronically and consult with their clinical staff offer the
potential to improve access to the expertise of critical care specialists and improve patient outcomes with
greater efficiency than having intensivists on site at each ICU. However, outcomes might be inferior
because the intensivists are not present to directly examine patients and to perform necessary tests and

procedures.

BACKGROUND

The intensive care unit (ICU) and critical care specialists

Intensive care units in the United States treat about six million patients annually.’2 Not surprisingly, patients
in the ICU have higher mortality and consume more resources than those elsewhere in the hospital. For
patients admitted to the ICU, their average mortality in the ICU ranges from 8 to 10%?3, their hospital

mortality is approximately 16%?¢, and their average 30-day mortality is approximately 18%.°

Studies have demonstrated that patients in the ICU have a lower risk of dying and shorter stays in both the
ICU and hospital when specialists in critical care medicine (intensivists) care for the patients.56 The
Leapfrog Group highlighted ICU staffing as one way to decrease hospital mortality and set out guidelines for
intensivist coverage of ICUs.”#8 Intensivists are physicians trained in medicine, surgery, or anesthesia who
receive an additional two to three years of training in critical care medicine.® Board certification in critical
care medicine began in most states in the 1980s. Ideally, intensivists would be involved in the care of most
patients admitted to the ICU. Unfortunately, there are insufficient intensivists to meet the demand and the

imbalance between the projected supply and demand for intensivists is expected to continue through at
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least 2020.% ICU telemedicine has been proposed as one way to address the imbalance between the

projected supply and demand for intensivists care.

Intensive Care Unit Telemedicine or the electronic ICU (elCU, Tele-ICU)

The electronic ICU is a center staffed by intensivists who provide some level of care for patients in one or
more intensive care units via audio, video, and other electronic links in order to provide continuous access
to highly trained specialists. The electronic ICU does not need to be physically located near the ICUs. The
remote site is often referred to as the command or support center. Staff in the command center have real-
time access to patients medications, vital signs, telemetry, laboratory results and radiographic imaging. In
addition, there may be some form of software support triggering alerts when changes in any of the
monitored parameters cross some threshold. Intensivists at the command center work closely with
physicians, nurses, and staff who are physically located in the intensive care units. The staffs at the

command center and at the ICU interact via two-way systems that provide full audio-visual communication.

The first tele-ICU was established in Virginia in 2000, but adoption has been slow. Several factors are
thought to contribute to the slow adoption. An electronic ICU command center costs between $6 and $8
million dollars to set up and an additional $300,000 to $500,000 at each hospital.’? Until recently there have
been few published studies documenting the effectiveness of the eICU in improving outcomes and
controlling costs. There may be hospital administration, physician and staff resistance to the loss of control

and changes in workflow at individual institutions considering the adoption of an elCU model."?
TECHNOLOGY ASSESSMENT (TA)

TA Criterion 1:  The technology must have final approval from the appropriate government

regulatory bodies.

Monitoring systems used in electronic intensive care units are composed of networks of audiovisual
communication capabilities (cameras, real-time video feeds and videoconferencing) and computer systems
including clinical management software that provide 24/7 patient and surveillance information at the
patient’s location (hospital ICU) to the remote care location. Patient monitoring systems are generally
classified as Class Il devices by the U.S. Food and Drug Administration (FDA) and are approved via the
510(k) approval process. Patient monitoring systems can be found under product codes LNX (Computers

and Software, Medical), MSX (Network System and Physiological Monitors, Communication) and MWI MSX
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(Network System and Physiological Monitors, Communication). Some examples of elCU monitoring
systems are Phillips VISICU (501k approval in 2000), MetaVision Suite (iMDsoft Ltd.) (501k approval in
2002), and the Remote Presence Robotic system (InTouch Health) (510k approval in 2008).

TA Criterion 1 is met.

TA Criterion 2: The scientific evidence must permit conclusions concerning the effectiveness of

the technology regarding health outcomes.

The Medline database, Embase, Cochrane clinical trials database, Cochrane reviews database and the
Database of Abstracts of Reviews of Effects (DARE) were searched using the key words “telemedicine,”

‘remote telemonitoring,” “remote ICU,” and “elCU.” The results were crossed with the results from a search
on “critical care” and “intensive care.” The search was performed for the period from 1945 through
September 2011. The detailed search criteria are shown in the Appendix. The bibliographies of systematic
reviews and key articles were manually searched for additional references. References were also solicited
from the manufacturers and local experts. The abstracts of citations were reviewed for relevance and all

potentially relevant articles were reviewed in full.

The search identified 380 potentially relevant studies (Figure 1). After elimination of duplicate and non-
relevant references including reviews and animal studies, the search identified ten articles describing eight

case series.'22 There were no randomized trials and no studies with concurrent controls.
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Figure 1: Selection of studies for inclusion in review

380 potentially relevant
references screened

49 duplicate citations excluded
279 excluded: not randomized; reviews,
v abstracts only; other interventions

52 abstracts for assessment

26 studies excluded
(Editorials, reviews, abstracts, no
v clinical outcomes)

26 studies for full text review

A 4

16 studies excluded: no primary data

A 4

A 4

10 publications describing 8 case
series with historical controls (pre-
post) were included in the
assessment

Level of Evidence: 4.

TA Criterion 2 is met.

TA Criterion 3: The technology must improve net health outcomes.

The most important patient-centered outcome is total mortality. Patients admitted to the ICU have very high
mortality, so it is feasible to perform studies with mortality as the primary outcome. It is also important to
look at hospital mortality because patients could be prematurely transferred out of the ICU, leading to lower
ICU mortality, but higher hospital mortality. Similarly, it is important to examine both the length of stay (LOS)
in the ICU and in the hospital as a whole, when using LOS as a measure for improved efficiency of care.
Ideally, 30-day mortality would be reported as a useful way to standardize the outcome. Other important
outcomes would be patient and family satisfaction with care and communication, because remote

monitoring has the potential for less effective communication with the family.
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All of the studies included in this assessment are non-randomized, historical cohort comparisons between
patients in one or more ICUs after the adoption of remote telemonitoring and patients from the same ICUs
prior to the adoption of remote telemonitoring. Table 1 summarizes the characteristics of the study. The
study sites are geographically diverse and included a mix of medical ICUs, surgical ICUs and mixed
medical-surgical ICUs. Some of the ICUs were located at large, urban teaching hospitals while others were
located at small institutions in rural locations. Some had full time intensivists on site during the day and were
using telemonitoring for coverage at night and on the weekends. Others had no intensivists on site at any
time. One small study reported on rural pediatric ICUs using a consultation-as-needed model.'s Because
outcomes in these pediatric population are quite different from those in the adult population and because
this study represented telemedical consultation, rather than monitoring, it will not be included in any of the
summary statistics presented below. For example, the ICU mortality in the pediatric ICU was only 2.6%,®
which is much lower than that reported by any of the other studies. There was also clinical heterogeneity
among the adult ICUs studied. Prior to the intervention, mortality in the ICUs varied from a low of 6.6% to a
high of 15.8% and the average length of stay varied from 2.6 to 6.4 days. The average Acute Physiology
and Chronic Health Evaluation (APACHE) score for patients in the ICUs, a standard ICU risk assessment

tool with higher numbers indicative of a greater risk for dying, varied from 38 to 57.

The interventions varied as well. Some interventions had intensivists taking call from home with online
access to some clinical data and other information, such as progress notes, provided solely via scanned
images. Other interventions had true central command centers with real-time continuous monitoring of
patients 24 hours a day including live video feeds of the patients and direct access to the electronic medical
record and physician order entry systems. Even when the telemonitoring systems allowed for continuous
monitoring and software alerts for worrisome trends in the data, the authority of the remote intensivist to act
varied widely. In some cases the intensivist could only intervene in emergency situations while in others
they could initiate the evaluation of new problems, adjust the rates of intravenous fluid and drug

administration, order routine medications and tests, and ensure that ICU best practices were being followed.

The primary outcomes of the studies are summarized in Table 2. In all but one case,? both ICU and hospital
mortality and LOS decreased with implementation of the telemonitoring system. The study that failed to
demonstrate a reduction in mortality (Morrison et al, 2010) had the lowest ICU mortality prior to the
intervention (6.6%). The ICUs in this study were at large, urban hospitals with onsite intensivists. It is
possible that they had a culture of quality improvement in place, so that best practices in ventilator
management, central line antisepsis, stress ulcer prophylaxis, deep venous thrombosis prevention, and
pharmacy oversight were already in place and the telemonitoring intervention had little room for

improvement.
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Figure 2 is a forest lot that summarizes the impact of telemonitoring on mortality in the ICU. The summary
estimate (0.80, 95% CI 0.67 to 0.97) represents an overall 20% reduction in mortality. However there is
significant heterogeneity among the six studies contributing to that estimate (12 = 65%, p=0.013). Two of the
co-authors of the earliest publications?3*4 (Rosenfeld et al, 2000; Breslow et al, 2004) work for the
manufacturer of one of the commercial systems for electronic ICU’s and the results from these two studies
appeared somewhat different from the results of the other studies, so all of the forest plots (Figures 2
through 5) will include subgroups segregating these two studies as well as the summary results that
combine the results from these two studies with the others. The smaller benefits reported in subsequent
studies may also reflect secular trends with improvements in the management of critically ill patients in all
ICUs based on what has been learned over time and not some unrecognized bias in these studies. In the
subgroup of more recent studies, the summary estimate is still statistically and clinically significant (15%
reduction in mortality). The test for heterogeneity is no longer statistically significant (p=0.105), but the 12 is
still large at 51%. Figure 3 summarizes hospital mortality across the studies. Again, when all studies are
combined, there is a significant 20% reduction in mortality, but significant heterogeneity. Among the more

recent studies, there is a 16% reduction in hospital mortality with borderline heterogeneity.

Figures 4 and 5 summarize the ICU LOS and the total hospitalization LOS. In both cases, the two earliest
studies showed much greater reductions in LOS than the more recent studies. The more recent studies

failed to demonstrate significant reductions in overall LOS and had highly significant heterogeneity.
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Table 1: Pre- Post Studies of ICU Telemonitoring — Study Characteristics

Study Location Type of ICU Telemonitoring authority Pre-intervention Pre-intervention | Severity | Manufacturer
ICU mortality ICU LOS support
# ICU sites Intensivist on staff? Monitoring
Rosenfeld 2000 Maryland? SICU Variable 9.8% 2.7 41 Yes
1 Yes Continuously available
Breslow 2004 Virginia MICU, SICU Variable 8.6% 43 39 Yes
2 Yes Overnight
Marcin 2004 Northern CA Pediatric ICU Consult 2.6% NR NR No
1 No Intermittent
Thomas 2009 Gulf Coast MICU, SICU Variable 9.2% 43 NR No
6 Some yes, some no Overnight
Zawada 2009 Midwest M/SICU Full authority NR 3.8 38 No
15 No Continuous
McCambridge Pennsylvania MICU Full authority 15.8% 4.1 57 No
2010
3 Yes Continuous
Morrison 2010 Chicago MICU, SICU, M/SICU Variable 6.6% 2.6 49 No
4 Yes Continuous
Lilly 2011 3 MICU, 3 SICU, 1 mixed Proactive 10.7% 6.4 45 No
7 Yes Continuous

* By APACHE score
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Table 2: Pre- Post Studies of ICU Telemonitoring — Study outcomes

Study N Months Severity* ICU Mortality Hospital Mortality ICU LOS Hospital LOS
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
Rosenfeld 2000 225 201 8 4 41 38 9.8% 1.5% 11.6% 4.5% 2.7 2 9.2 9.3
Breslow 2004 1396 744 12 6 39 38 8.6% 6.3% 12.9% 9.5% 4.3 3.6 12.8 11.1
Marcin 2004 116 47 11 24 7.5 9.6 2.6% 2.1% NR NR NR NR NR NR
Thomas 2009 2034 2108 32 25 35 34 9.2% 7.8% 12.0% 9.9% 4.3 4.6 9.8 10.7
Zawada 2009§ 188 2445 12 30 38 44 NR NR NR NR 3.8 2.1 10.1 7.8
McCambridge 2010 954 959 16 10 57 58 15.8% 11.5% 21.4% 14.7% 4.1 3.8 9.1 9.2
Morrison 2010 1371 1430 4 4 49 47 6.6% 7.4% 9.9% 10.1% 2.6 3.2 7.7 7.9
Lilly 2011 1529 4761 22 13 45 58 10.7% 8.6% 13.6% 11.8% 6.4 4.5 13.3 9.8

*APACHE 111 score for all except Marcin 2004 (PRISM I1I), Thomas 2009 (SAPS II)
§ Only data from the tertiary care hospital could be abstracted from the paper.
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Figure 2: Mortality in the intensive care unit

Meta-analysis for ICU mortality by Manufacturer Support

Study %
D RR (95% Cl) Weight
T
1
0 1
1
1
Thomas 2009 —— 0.85 (0.69, 1.03) 21.54
1
1
McCambridge 2010 —— 0.72 (0.58, 0.91) 20.01
1
1
Morrison 2010 —— 1.12 (0.85, 1.46) 17.87
1
1
Lilly 2011 —— 0.80 (0.68, 0.95) 23.06
1
Subtotal (I-squared = 51.2%, p = 0.105) O 0.85 (0.73, 0.99) 82.48
1
1
I
1
1 I
[
1
Rosenfeld 2000 - | 0.15 (0.05, 0.50) 2.25
1
Breslow 2004 — 0.73 (0.53, 1.02) 15.28
[
Subtotal (l-squared = 84.3%, p = 0.012) '<>> 0.37 (0.08, 1.75) 17.52
1
1
N 1
Overall (I-squared = 65.3%, p =0.013) @ 0.80 (0.67, 0.97) 100.00
i
1
1
NOTE: Weights are from random effects analysis 1
1
| | [
.05 1 il 1.5 2
Favors elCU Favors Control

The small black diamonds represent the point estimates for the individual studies. The horizontal black line is the 95% confidence interval for the estimate. The vertical black line
at relative risk of 1 indicates no difference between the two groups and the dashed vertical line represents the summary estimate for all of the included studies. Estimates to the left
of that line favor the eICU. The blue diamonds represent the summary estimates for the two subgroups and for all studies combined: the midpoint is the point estimate and the left
and right tips represent the 95% confidence interval. Subgroup 0 indicates the subgroup of studies without manufacturer representation among the authors; subgroup 1 indicates
studies with manufacturer representation.

10
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Figure 3: Mortality in the hospital

Meta-analysis for Hospital Mortality by Manufacturer Support

Study %

D RR (95% Cl) Weight
|

0 1
1
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Thomas 2009 —?— 0.82 (0.69, 0.98) 21.19
1

McCambridge 2010 —— 0.69 (0.57, 0.84) 19.56
1
1

Morrison 2010 1.02 (0.81, 1.27) 17.57
1
1

Lilly 2011 —— 0.87 (0.75, 1.01) 23.30
|

Subtotal (I-squared = 57.5%, p = 0.070) <> 0.84 (0.73, 0.96) 81.62
1
1
1
1

1 1
1

Rosenfeld 2000 +- : 0.39 (0.19, 0.81) 3.26
1

Breslow 2004 — 0.74 (0.57, 0.96) 15.12
1

Subtotal (I-squared = 62.4%, p = 0.103) O- 0.59 (0.32, 1.08) 18.38
1
1
1

Overall (l-squared = 57.8%, p = 0.037) 0 0.80 (0.70, 0.92) 100.00
1
1
1

NOTE: Weights are from random effects analysis 1
1

| | | |

A 5 1 15 2
Favors elCU Favors Control

The small black diamonds represent the point estimates for the individual studies. The horizontal black line is the 95% confidence interval for the estimate. The vertical black line
at relative risk of 1 indicates no difference between the two groups and the dashed vertical line represents the summary estimate for all of the included studies. Estimates to the left
of that line favor the eICU. The blue diamonds represent the summary estimates for the two subgroups and for all studies combined: the midpoint is the point estimate and the left
and right tips represent the 95% confidence interval. Subgroup 0 indicates the subgroup of studies without manufacturer representation among the authors; subgroup 1 indicates
studies with manufacturer representation.

11
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Figure 4: Length of stay in the intensive care unit

Meta-analysis for ICU LOS by Manufacturer Support

Study %

ID SMD (95% Cl) Weight
0

Thomas 2009 o 0.05 (-0.01, 0.11) 14.36
Zawada 2009 - -0.55 (-0.70, -0.40) 14.29
McCambridge 2010 * -0.06 (-0.15,0.03) 14.35
Morrison 2010 * 0.15(0.07, 0.22) 14.36
Lilly 2011 . -0.24 (-0.30, -0.18)  14.36
Subtotal (l-squared =96.7%, p = 0.000) C> -0.12(-0.31,0.07) 71.72

1
Rosenfeld 2000 —_—— -3.81 (-4.13,-3.49) 13.98
Breslow 2004 hal

Subtotal (-squared =86.7%, p = 0.008) <__>

-3.32 (-3.46, -3.19) 14.31

-3.54 (-4.02,-3.07) 28.28

Overall (I-squared =99.8%, p = 0.000) <> -1.10 (-1.82,-0.38)  100.00

NOTE: Weights are from random effects analysis

| | | I
-4 -2 0 2 4
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The small black diamonds represent the point estimates for the individual studies. The horizontal black line is the 95% confidence interval for the estimate. The vertical black line
at a standardized mean difference of 0 indicates no difference between the two groups and the dashed vertical line represents the summary estimate for all of the included studies.
Estimates to the left of that line favor the eICU. The blue diamonds represent the summary estimates for the two subgroups and for all studies combined: the midpoint is the point
estimate and the left and right tips represent the 95% confidence interval. Subgroup 0 indicates the subgroup of studies without manufacturer representation among the authors;
subgroup 1 indicates studies with manufacturer representation.

12
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Figure 5: Length of stay in the hospital

Meta-analysis for Hospital LOS by Manufacturer Support

Study %
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The small black diamonds represent the point estimates for the individual studies. The horizontal black line is the 95% confidence interval for the estimate. The vertical black line
at a standardized mean difference of 0 indicates no difference between the two groups and the dashed vertical line represents the summary estimate for all of the included studies.
Estimates to the left of that line favor the eICU. The blue diamonds represent the summary estimates for the two subgroups and for all studies combined: the midpoint is the point
estimate and the left and right tips represent the 95% confidence interval. Subgroup 0 indicates the subgroup of studies without manufacturer representation among the authors;
subgroup 1 indicates studies with manufacturer representation.

13
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A recent systematic review and meta-analysis by Young et al. came to similar conclusions.? Their meta-
analysis summarized thirteen studies, but only seven of them were published in the peer-reviewed literature.
It did not include the most recent published study included in this assessment? (Lilly et al, 2011) and one
additional unpublished study? identified by the search in this assessment. They noted significant
heterogeneity in the studies contributing to their summary estimates for mortality reductions and reductions
in LOS.

The heterogeneity observed across these studies is undoubtedly multifactorial. There were large differences
in the types of ICUs studied (rural, academic, large, small, with and without intensivists present) and in the
interventions that were implemented. In one study'®, the intervention included the introduction of a new ICU
electronic medical record with software for event notification, computer assisted physician order entry,
barcoded electronic medication administration and other enhancements that may have been responsible for
some or all of the changes observed in mortality and length of stay independent of the remote

telemonitoring component.

In addition, the pre-post study design provides only weak evidence for efficacy. Changes observed in
interrupted time series experiments can be due to secular trends — in this case recent improvements in ICU
care that have been demonstrated to improve outcomes such as evidence-based protocols for ventilation2*
% prophylaxis for venous thrombosis?” and stress ulcers?, prevention of ventilator associated
pneumonia?®30, prevention of catheter associated bacteremia,3!32 and pharmacist-based reviews of
medications.333* There is clear selection bias in many of the studies: for example the APACHE severity
scores increased dramatically in several studies.822 Adjustment for the variation in case-mix helps, but

does not address concerns about residual selection bias and confounding.

| cannot put it any better than a recent review by the Critical Care Societies Collaborative in July 2011 in
Chest. % “Most studies use a before-and-after study design and are subject to numerous biases, including
unmeasured changes in case mix, temporal trends, coincident interventions, and random variation.
Additionally, ICU telemedicine often introduces multiple interventions at the same time, including audiovisual
surveillance, staffing changes, decision-support tools, and new electronic medical records. Introducing
multiple different interventions simultaneously makes it difficult to understand the specific mechanism of the
effect. These studies also do not consistently describe the organization and management of participating
ICUs prior to introducing the telemedicine program, making it difficult to put the research into clinical

context.”

In his commentary® on the meta-analysis of Young et al, Dr. Jeremy Kahn writes “Although questions

14
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remain about the effect of ICU telemedicine on patient mortality, additional before-and-after studies are
unlikely to be helpful. Single-center before-and-after studies, although useful in some settings, do not allow
for causal inference or create generalizable knowledge. Instead, we need multicenter randomized controlled
clinical trials that can better speak to causation and better delineate the potential mechanism of action.
These trials should carefully describe the ICU environment before the introduction of telemedicine and
provide sufficient detail about the telemedicine program to allow valid comparisons across centers and

sites.”

The available evidence suggests that some form of ICU telemonitoring is likely to be helpful in the right
setting. Telemonitoring systems established in smaller, isolated hospitals without regular access to
intensivists in which the remote intensivist establishes strong communication links with local providers and is
empowered to act when necessary are more likely to be successful. However, none of the studies to date

have established clear criteria for successful implementation of the electronic ICU.

TA Criterion 3 is not met.

TA Criterion 4: The technology must be as beneficial as any established alternatives.

The principal established alternative to the electronic ICU is the presence of an on-site intensivist. But as
outlined above, there is an insufficient supply of intensivists to meet the demand and it is unreasonable to
expect round-the-clock intensivists coverage in small hospitals with relatively few patients requiring ICU-
level care. Quality improvement checklists represent an efficient and promising intervention that could be
implemented in any ICU and offer a reasonable comparison for future studies of the remote telemonitoring
of ICU care.®”-40, The literature to date is insufficient to establish that intensive care unit telemedicine

improves net health outcomes.
TA Criterion 4 is not met.

TA Criterion 5:  The improvement must be attainable outside of the investigational setting.

Telemedicine systems are complex and require diligent attention to gain acceptance with the clinical staff at

15
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the remote ICUs. The published literature suggests that local physicians and nurses feel that the systems
improve both teamwork and outcomes when implemented properly.#142 Intensive care unit telemedicine has
been established in a number of real-world settings, but no clear net benefits have been demonstrated for

intensive care unit telemedicine in the observational studies performed to date.

TA Criterion 5 is not met.

16
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CONCLUSION

Multiple studies have documented that active involvement of physicians trained in critical care medicine
(intensivists) improve patient outcomes in the ICU. However the supply of trained intensivists is inadequate
to meet the growing demand. The electronic ICU, a central command center staffed by specialists with
comprehensive electronic access to multiple remote ICUs, has been proposed as one way to increase the

efficiency and reach of trained intensivists.

The literature search identified eight non-randomized cohort studies with historical controls and an additional
eight studies published as abstracts or in the non-peer reviewed literature. No level 1, 2, or 3 evidence was
identified. There was significant heterogeneity in the types of ICUs studied and in the telemedical
interventions studied. Not surprising, there was significant statistical heterogeneity in the results. Overall, the
evidence suggests that remote telemonitoring could reduce both ICU and in hospital mortality by as much
as 20%, but it remains unclear which ICUs would benefit the most from telemonitoring and what aspects of
telemonitoring add significant value. Higher quality studies, as suggested by the 2011 research agenda in
ICU telemedicine put forth by the Critical Care Societies Collaborative, are needed to identify the way

forward along this promising path.

17



C AT AL ANLEF

CALIFORNIA TECHNOLOGY ASSESSMENT FORUM™

RECOMMENDATION

It is recommended that use of intensive care unit telemedicine not meet CTAF TA Criterion 3 through 5 for

safety, effectiveness and improvement in health outcomes.
October 19, 2011

This is the first review of this technology by the California Technology Assessment Forum.

18
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RECOMMENDATIONS OF OTHERS

Blue Cross Blue Shield Association (BCBSA)

The BCBSA Technology Evaluation Center has not conducted a review of electronic ICUs.

Centers for Medicare and Medicaid Services (CMS)

There is not a National Coverage Determination specific to the use of electronic ICUs.

American College of Critical Care Medicine (ACCM)/Society of Critical Care Medicine (SCCM)
ACCM/SCCM has been invited to provide an opinion on electronic ICUs and to send a representative to

participate at the meeting.

New England Healthcare Institute (NEHI)
NEHI has been invited to provide an opinion on electronic ICUs and to send a representative to participate

at the meeting.

American Telemedicine Association
The American Telemedicine Association has been invited to provide an opinion on electronic ICUs and to

send a representative to participate at the meeting.
American Thoracic Society

The American Thoracic has been invited to provide an opinion on electronic ICUs and to send a

representative to participate at the meeting.

19
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ABBREVIATIONS

CTAF California Technology Assessment Forum
DARE Database of Abstracts of Reviews of Effects
FDA: US Food and Drug Administration

RCT Randomized Controlled Trial

NS Not significant

Cl Confidence Interval

NR Not reported

APACHE Acute Physiology and Chronic Health Evaluation
PRISM Pediatric Risk of Mortality

SAPS Simplified Acute Physiology Score

ER Emergency room

MD Medical doctor
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APPENDIX: Search strategy R

PubMed:

Search Most Recent Queries Time Result
#6 Search #4 AND #5 FINAL 18:52:06 183
#5 Search randomized controlled trial[pt] OR controlled 18:49:59 8751545

clinical trial[pt] OR randomized controlled trialsimh] OR
random allocation[mh] OR double-blind method[mh] OR
single-blind method[mh] OR clinical trial[pt] OR clinical
trialsfmh] OR *“clinical trial"'[tw] OR ((singl*[tw] OR
doubl*[tw] OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw]
OR blind*[tw])) OR Placebos[mh] OR placebo*[tw] OR
random*[tw] OR non-randomi*[tw] OR before after
study[tw] OR time series[tw] OR **case control*'[tw] OR
prospective*[tw] OR retrospective*[tw] OR cohort[tw] OR
cross-section*[tw] OR research design[mh:noexp] OR
comparative study[pt] OR evaluation studies[pt] OR
follow-up studiesmh] OR prospective studiesfmh] OR
controlled[tw] OR control[tw] OR volunteer*[tw] OR
longitud*[tw] OR descripti*[tiab] OR study[tiab] OR
evaluat*[tiab] OR "odds ratio’’'[tw] OR ""hazard ratio™[tw]
OR "'relative risk"'[tw] OR "risk ratio"'[tw] OR AOR[tiab]
OR RRR[tiab] OR NNT tiab] OR design*[tiab] OR
observation stud*[tw] OR observational [tiab] OR
treatment outcome OR **Outcome Assessment (Health
Care)" OR systematic OR metaanalys* OR meta-analys*

#4 Search #1 OR #2 OR #3 18:48:11 365

#3 Search ""critical care™[tiab] OR "intensive care''[tiab] OR 18:47:49 22
ICU[tiab] AND (telemedicine[tiab] OR telemetry[tiab] OR
telemonitor*[tiab] OR remote[ti]) AND (in process[sb] OR
publisher[sb] OR pubmednotmedline[sb])

#2 Search (elCU[tiab] AND technology[tiab]) OR *""remote 18:46:06 33
ICU"[tiab] OR "'tele-ICU""[tiab]

#1 Search critical care[mh] OR intensive care unitsfmh] AND 18:45:52 337
(telemedicine[mh] OR telemetry[mh] OR
telemonitor*[tiab])

Note:
These terms= 0 relevant refs: Remote monitor*, CCU, electronic*[ti], Tele-ICUs

Set #4 minus set #6 = 182 refs Gloria looked thru 182 = 0 relevant
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The Cochrane Library, run date 9/16/11

ID Search Hits Edit Delete
(critical care OR intensive care OR intensive care unit OR
#1 intensive care units OR ICU):ti,ab,kw and (telemedicine OR 48 edit delete

telemetry OR telemonitor* OR remote):ti,ab,kw

(critical care OR intensive care OR intensive care unit OR
intensive care units OR 1CU):ti,ab.kw and (electronic*):ti

#3 (#LOR #2) FINAL 58 edit delete

#2 12 edit delete

Show Results in:
Cochrane Reviews [1] | Other Reviews [1] | Clinical Trials [50] | Methods Studies
[2] | Technology Assessments [1] | Economic Evaluations [3] | Cochrane Groups

[0]

File ending in 96.txt contains “Other Reviews[1]”

File ending in 39.txt contains “Clinical Trials[50]”

File ending in 99.txt contains “Technology Assessments[1]”
File ending in 56.txt contains “Economic Evaluations[3]”

Did not send
“Cochrane Reviews[1]” because the one ref is a protocol tited Telemedicine for the support

of parents of high risk newborn infants.
“Methods Studies[2]” because refs weren’t relevant.

Note:
ID Search Hits  Edit Delete
#1  (eicu OR "remote icu" OR "tele icu") 3 edit delete

Did not retrieve anything new
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EMBASE

No. Query Results

#8 #6 OR #7 FINAL 139

#7 #5 AND (morbidity OR mortality OR 'length of stay' OR 100
‘treatment outcome’)

#6 #5 AND (‘cohort analysis'/de OR 'controlled clinical 82

trial'’/de OR 'controlled study'/de OR 'evidence based
practice'/de OR 'intermethod comparison’/de OR 'major
clinical study'/de OR 'medical audit’/de OR 'observational
study'/de OR ‘prospective study'/de OR 'randomized
controlled trial'/de OR 'retrospective study'/de OR 'total
quality management'/de)

#5 #3 NOT #4 407

#4 #1 AND #2 AND (‘conference abstract'/it OR ‘editorial'/it 123
OR 'note'/it)

#3 #1 AND #2 530

#2 'telehealth’/de OR ‘telemedicine'/exp OR ‘telemetry'/exp 36650
OR 'telecommunication’/de

#1 'intensive care'/de OR 'intensive care unit'’/de 117066

Note:

Search Queries

Date
17 Sep 2011
17 Sep 2011

17 Sep 2011

17 Sep 2011
17 Sep 2011

17 Sep 2011
17 Sep 2011

17 Sep 2011

Access the Embase Info site if you have questions about this message or other features of

this service. Please do not reply to this email.

No. Query Results

#19 #15 OR #16 NOT (‘conference abstract'/it OR 'editorial'/it 293
OR 'note'/it)  looked thru 1% 125 refs, nothing relevant

#18 #15 OR #16 360

#16 #13 NOT #5 AND (morbidity OR mortality OR 'length of 167
stay' OR 'treatment outcome')

#15 #13 NOT #5 AND (‘cohort analysis'/de OR ‘controlled 262

clinical trial’/de OR 'controlled study'/de OR ‘evidence
based practice'/de OR ‘'intermethod comparison'/de OR
'major clinical study'/de OR 'medical audit/de OR
‘observational study'/de OR 'prospective study'/de OR
‘randomized controlled trial'/de OR 'retrospective study'/de
OR 'total quality management'/de)
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#14 #13 NOT #5
#13 'intensive care'/exp/mj AND #2

#11 #10 NOT #5 nothing relevant

#10 (‘eicu’ NOT 'emergency intensive’) OR 'remote icu’ OR
'tele-icu’
#9 #5 NOT #8 looked at all, nothing relevant
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