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Abstract

Background: Theroleof telemedicineinintensive care hasbeenincreasing steadily. Tele-intensive care unit (ICU) interventions
arevaried and can be used in different level s of treatment, often with direct implicationsfor theintensive care processes. Although
a substantial body of primary and secondary literature has been published on the topic, there is a need for broadening the
understanding of the organizational factors influencing the effectiveness of telemedical interventionsin the ICU.

Objective: This scoping review aims to provide a map of existing evidence on tele-ICU interventions, focusing on the analysis
of the implementation context and identifying areas for further technological research.

Methods: A research protocol outlining the method has been published in IMIR Research Protocols. This review follows the
PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews). A core
research team was assembl ed to provide feedback and discuss findings.

Results: A total of 3019 results were retrieved. After screening, 25 studies were included in the final analysis. We were able to
characterize the context of tele-ICU studies and identify three use casesfor tele-1CU interventions. The first use caseis extending
coverage, which describesinterventions aimed at extending the availability of intensive care capabilities. The second use caseis
improving compliance, which includesinterventionstargeted at improving patient safety, intensive care best practices, and quality
of care. Thethird use case, facilitating transfer, describes telemedicine interventions targeted toward the management of patient
transfersto or from the ICU.

Conclusions: The benefits of tele-ICU interventions have been well documented for centralized systems aimed at extending
critical care capabilitiesin acommunity setting and improving care compliancein tertiary hospitals. No strong evidence has been
found on the reduction of patient transfers following tele-ICU intervention.
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Introduction

Telemedicine has been increasingly used in intensive care, and
approximately 15% of intensive care beds in the United States
currently partake in telemedical programs [1-3]. A range of
rationales for the implementation of telemedical systems in
intensive care has been suggested. Tele-intensive care unit
(ICU) technol ogies have been used to address staffing shortage
in intensive care and as a cost-effective response not only to a
lack of intensive care availability in some areas but also as a
means of increasing adherence to evidence-based best practices
using benchmark performance data[3-5].

The American Telemedicine Association defines tele-ICU as
“anetwork of audiovisual communication and computer systems
that provide thefoundation for acollaborative, interprofessional
care model focusing on critically ill patients’ [3]. Tele-ICU
interventions are varied, can be offered in different levels of
intensive care service, and can be customized to meet the
specific intensive care needs of hospitals [3,5-7]. For example,
sometele-I CU systems provide 24/7 remote monitoring staffed
by intensivists, while other systems provide scheduled remote
intensivist consultations during nighttime only.

The main characteristics of tele-ICU systems have been well
described in the literature. First, technical architectures can be
described as centralized or decentralized. Centralized
architecture features acommand center, or acockpit, connecting
one or multiple centers. Decentralized systems (also named
virtual consultant) allow one-on-one connections without the
need for central coordination [3]. Second, staff allocation and
availability can vary (eg, day presence or 24/7) [8]. Third, the
mode of interaction between telemedicine teams and bedside
staff may allow various levels of staff reactivity (reactive vs
proactive to patient alerts) and intervention scope (minimal
intervention allowed vs full discretion on patient care) [4].
Several guidelines, such asthe US[3] or the German Guidelines
for Telemedicine in Intensive Medicine [9], provide genera
recommendations on aspects of equipment, staffing, and
organization for implementing tele-ICU systems.

A significant body of primary and secondary literature has been
published on ICU telemedical interventions [10]. To date, 9
systematic reviewsand 9 other review types have been published
on this topic [11], as well as 3 meta-analyses with a focus on
medical outcomes (eg, hospital mortality and length of stay)
[12]. In previous reviews, the results of tele-ICU interventions
have been characterized as heterogeneous [13,14]. Although
positive medical outcomes could be detected in some
interventions, other contexts could only demonstrate mixed or
no positiveresults at all [4,14,15]. Authors have suggested that
the context of implementation may be afactor in explaining the
variability of these results. We define context of implementation
as the clinical structures and processes where telemedical
interventions are deployed [16]. It has been suggested that the
efficacy of tele-ICU interventions is dependent on where and
how they are deployed in the organization [6,10], and there is
a need for broadening the understanding of the organizational
factors influencing the efficacy of tele-ICU interventions [8].
We found that no previous study has attempted to provide a
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review of current evidence by systematically analyzing the
implementation setup and context.

This scoping review seeks to address a research gap on the
characterization of the context of implementation for tele-ICU
interventions [14,17]. The first objective is to characterize the
implementation context of tele-ICU interventions with a
consistent set of domains on hospital organization. The second
objective isto characterize the configurations and structures of
tele-CU systemsin relation to their context of implementation.
The third objective is to describe the outcomes of tele-ICU
interventions and to characterize current evidence according to
their intervention contexts.

Methods

A research protocol for this review was published in IMIR
Research Protocols in December 2020 [11], which was
developed in accordance with the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) and best practices advanced
by Arksey and O’ Malley [18] and the Joanna Briggs Institute
[19]. The method included the steps identification of relevant
studies, selection of study, data charting, and data collating.

For the step identification of relevant studies, a search for
peer-reviewed studies in the databases Web of Science Core
Collection, MEDLINE, ERIC, PsycINFO, PSYNDEX,
CINAHL, and IEEE was performed without date restrictions.
Manual searches were performed additionally to identify gray
literature. The search query was developed according to the
guidelines of the Peer Review of Electronic Search Strategies
and included keywords on the topics of intensive care and
telemedicine. The full queries are provided in Multimedia
Appendix 1. The search records were downloaded in the
reference software Citavi version 6 (Swiss Academic Software).

In the step selection of study, both titles and abstracts were
screened, and studies not dealing with arelevant topic or method
were removed. Resultswere then screened to find articleswhere
the PICO (Patient, Intervention, Comparison, Outcome)
framework could be identified. We included articles with at
least three of the PICO criteria summarized in Textbox 1.
Studies concerning interventionsin neonatal and pediatric ICUs
were excluded from this scoping review.

In the step data charting, article information was collected and
classified into extraction sheets according to the five domains
defined in the review protocol (see Textbox 2).

In the step data collating, summarizing, and reporting, the
information was organized and clustered into an evidence map.
The evidence map provided a summary of the scoping review
results. During the review process, a core research team was
created to provide feedback and discuss findings. The research
team was composed of adoctoral researcher with abackground
in health economics (author CG), a medical data science
professor (author FB), amedical informatics professor (author
MB), an anesthesiol ogist with intensive care specialty and main
coordinator of atele-lCU project (author BW), an anesthesiology
researcher with a specialty in digital health (author ASP), a
professor of digitalization (author DF), and an anesthesiol ogist

JMed Internet Res 2021 | vol. 23 | iss. 11 | €32264 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guinemer et al

with intensive care specialty (author RM). The research team  provide insights, and discuss results. Differing views were
was asked to consider the information from data charting, resolved through discussion until consensus was reached.

Textbox 1. PICO (Petients, Intervention, Comparison, Outcomes) criteria.

Patient

Participants provided telemedical intensive care.

I ntervention

Telemedical system implemented with one more an intensive care units (ICUs).
Comparison

Comparison with the standard of care without tele-ICU intervention.
Outcomes

All outcomes eligible for inclusion.

Textbox 2. Data charting domains.

I mplementation context

A. Clinical focus

Level of intensive care specialization. Generalist (medical intensive care unit [ICU], surgical ICU) or specialized clinical focus (ie, sepsis, cardiology,
neurocritical).

B. ICU type
Level of intensivist involvement in patient care. Defined by staffing model of ICU (ie, open vs closed ICU models).
C. Hospital type

Category of hospital involved intele-ICU intervention (ie, tertiary or community hospital). Community hospitals are defined as nonfederal, short-term
general hospitals under 500 beds [20].

D. System configuration

Technical architecture (ie, centralized vs decentralized), staff allocation (ie, continuous vs scheduled), and mode of communication of the tele-ICU
system (ie, high or low dataintensity).

E. Implementation rationale

Main rationa e provided in the study for tele-ICU intervention, use case for telemedical system in the ICU.

Results duplicates. After screening, 104 records were eligible for
full-text analysis and 25 were included in the final analysis.

Selection of Relevant Studies

The flowchart in Figure 1 outlines the records yielded by the
search. A total of 3019 results were retrieved, including 489
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. PICO: Patient, Intervention, Comparison,
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Characteristics of Tele-lCU Studies Included in the
Scoping Review

The 25 studiesincluded in this review were published between
2004 and 2019. Out of 25 articles, 21 (84%) referred to tele-1CU
implementation within the Unites States, while the remaining
papers described implementation in Germany, India, Australia,
and Saudi Arabia. Regarding the research methods used in the
studies, we found that 21 articles used pre-post comparison
designs, of which only 7 included a control group. The pre-post
design has been described as a quasi-experimental research
design [12,21], for which a random assignment of patients
between treatment and control group was not performed. The
remaining 4 publications used other methods, such asinterrupted
time series, and half of theseincluded acontrol group. Wefound
no examples of randomized controlled trials.

Results From Data Charting
Table 1 summarizes the data charting results for the 5 research
domains and provides definitions for each category.

First, we outline results for the domains pertaining to context
of implementation (domains A to C). For domain A, most
telemedical implementations did not have a specific clinical
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focus (n=21, 84% of the studies), with only a few cases of
specialized interventions. For domain B, tele-ICU interventions
were predominantly implemented in | CUs featuring aspects of
the open model. In these interventions, the primary physicians
or surgeons retained full responsibility for the patient (n=10,
40% of the studies) or with limited intensivist involvement only
(n=9, 36% of cases open/closed). Regarding domain C, although
44% (n=11 studies) of interventions were implemented in
tertiary hospitals, alarge subset was in community settings and
in organizations spanning both tertiary and community hospital
settings.

Second, concerning the system configuration resultsin domain
D, centralized architectures (eg, tele-lCU Command Center)
were the predominant implementation setup. Relating to the
staffing model, the continuous care setup was used in 13 (52%)
of the studies, where the remote care team assumes constant
patient monitoring. Scheduled interventions (eg, daily intensive
care rounds) were found in 9 (36%) cases. Finally, most
telemedical systems (n=19, 76%) enabled remote real-time
access to patient data. To summarize this information, we
classified the system configurations into three clusters, as
outlined in Figure 2.
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Finally, concerning the implementation rationale defined in
domain E, three main use cases were defined for tele-ICU
interventions. We classified 13 (52%) publications under the
use case 1 summarized by the term extending coverage. In this
group, studies cited intensivist shortage, need for additional
intensivist coverage, and extension of intensivist resources as
arationalefor theintervention. A total of 10 (40%) studieswere
classified under use case 2, summarized by the term improving

Table 1. Datacharting results: interventions and context.

Guinemer €t d

compliance. Inthisgroup, studiescited theincreasein adherence
to compliance with care bundles, clinical practice guidelines,
or care quality initiatives as the main rationale. We classified
two studies in use case 3, summarized by the term facilitating
transfer. Studies in this category cited the screening or
monitoring of patients prior to transfer to or from an ICU asthe
main rationale.

Domain and category Definition

Studies (N=25), n (%)

Implementation context

Clinical focus

General No speific clinical focusidentified (MICU? SICUP) 21(84)

Specialized Specific clinical focus (ie, sepsis, cardiology, neurocritical) 4 (16)
ICUC type

Open Primary physician has full-time responsibility for patient care 10 (40)

Open/closed Features of both open and closed models 9 (36)

Closed Intensivists available with full responsibility for patient care 6 (24)
Hospital type

Tertiary Tertiary care institutions or teaching hospitals 11 (44)

Mixed Care organization spanning tertiary and community settings 4(16)

Community Community hospitals or small medical facility 9(36)

Not available N/AD 1(4)

System configuration
Continuous Continuous patient critical care monitoring 5(20)
Mixed Continuous monitoring including scheduled rounds 9 (36)
Scheduled Scheduled consultation at regular interval. Virtual rounds. 9 (36)
Not available Insufficient information provided 2(8)
Centralized Tele-ICU Command Center or Hub centralizing patient care 19 (76)
Decentralized Distributed architecture without centralized hub 5(20)
Not available N/A 1(4)
Direct access Direct staff remote access to patient data 18 (72)
Limited access Limited staff remote access (screen sharing) to patient data 4 (16)
Not available N/A 3(12)
Implementation rationale

Coverage Intensivist shortage, provision of extended coverage 13 (52)
Compliance Adherence and compliance to critical care guidelines 10 (40)
Transfer Patients screening or triage for transfers to or from ICU 2(8)

8\ICU: medical intensive care unit.
bsicu: surgical intensive care unit.
CICU: intensive care unit.

IN/A: not applicable.

https://www.jmir.org/2021/11/e32264

RenderX

JMed Internet Res 2021 | vol. 23 | iss. 11 | €32264 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 2. Clustering system configurations.

Centralized Staff
allocation
System Architecture
Configurations type
Decentralized Staff

I ntervention Outcomes

This section presentsresults on the range of outcomesthat were
found in the studies on ICU implementation, which are
summarized in Table 2.

First, asignificant subset of studies provided results on at |east
onemedical outcome. Effect of tele-ICU intervention on length
of stay (LOS) was reported in 21 (84%) studies. This outcome
was defined as the number of inpatient days for the episode of
care in the ICU or in aggregate in the hospital. Results on
mortality rates were provided in 19 (76%) studies, including
ICU and hospital mortality. In 12 studies, reductionin LOSwas
found to be significant. Reduction in mortality was significant
in 13 studies. Second, 8 (32%) studies measured the rate of

Table 2. Datacharting results: outcomes.

W
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Continuous ]
Configuration Cluster 1

Mixed Centralized Continuous

Interventions

n=14

Configuration Cluster 2

Scheduled

Centralized Scheduled
Interventions
- n=4

Configuration Cluster 3
Scheduled

Decentralized Scheduled
Interventions

~ | n=5

(Not Available: n = 2)

adherence to best practices and guidelines implementation,
summarized by the term compliance. A large subset indicated
a statistically significant increase in the level of adherence to
ICU standards. Third, under the header economics, 9 (36%)
studies provided results regarding cost-eff ectiveness of tele-| CU
interventions. In this subset, 6 (67%) studies reported
interventions as being cost-effective. Lastly, 2 studies in the
category transfer measured changes in rate of patient transfer
following intervention. One study measured the number of
transfers within the same facility (eg, for preadmission
diagnostic) and another the number of transfers to another
facility (eg, for advanced care). Finaly, we note that none of
the studies included patient satisfaction scores. These results
are summarized as an evidence map in Figure 3.

Qutcome category Reporting on outcome, n Of which reporting positive results, n
Length of stay 21 12

Mortality 19 13

Compliance 8 7

Economics 9 6

Transfer 2 1
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Figure 3. Evidence map [22-46]. ICU: intensive care unit; LOS: length of stay.
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Discussion

Principal Findings

This scoping review provided an overview of the literature on
telemedical interventionsin the ICU. Based on a set of defined
domains, we were able to characterize the context of tele-ICU
studies and identify three use cases for tele-1CU interventions.
This analysis aimed to identify common features within the
heterogenous use of telemedical systems. Recent research
findings relevant for implementation under each use case were
outlined.

The first use case, extending coverage, included interventions
aimed at increasing intensive care coverage in contexts where
it is not (or only partially) available at the bedside. This use
case was found predominantly in community hospitals having
limited onsite critical care capacity. The second use case,
improving compliance, included interventions targeted at
improving patient safety, intensive care best practices and
quality of care. These interventions were found primarily in
tertiary care context. The third use case, facilitating transfer,
included telemedicine interventions targeting toward the
management of patient transfers to or from the ICU.

Use Case: Extending Coverage

I nterventions were predominantly found in community hospitals
and in mixed community/tertiary contexts (eg, hospital groups
spanning one or several community branches). Tele-ICU
systemsin this use case have been used to address specific issues
related to the delivery of critical care in community and rural
areas. Particularly in the United States, recent surveysindicate

https://www.jmir.org/2021/11/e32264
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that hospitalists (ie, physicians whose main focusis on general
medical care of patients who are hospitalized [47]) are till the
main physician in rural and community settings, reflecting a
general shortage in intensive care staffing [48]. Although
community hospitalsface difficultiesin hiring qualified critical
care personnel, some of them are subject to minimum
requirements to have full intensivist staffing during the day
[49,50]. In underserved areas, tele-ICU implementation can
therefore represent a valuable solution for the onsite provision
of intensive care expertise [51].

The predominant tele-1CU system configuration in this use case
was a centralized system featuring continuous remote staff
intervention from a workstation, with direct involvement in
patient care (configuration cluster: centralized continuous
monitoring). Team cooperation and sharing of responsibility
over patient care between the bedside and remote team are
central issuesin thistype of configuration. Our analysis showed
that different modalities of a remote care team have been
implemented. In someinterventions, the main role of the remote
team was to consult and advise the bedside team (Zawada et a
[23], McLeroy et a [28], and Al-Omari et al [32]; n=3, 12% of
studies), whereas in other cases, remote staff were granted a
different level of authority on patient care at the discretion of
the bedsideteam (Sadakaet a [29], Morrison et a [27], Thomas
[24], Willmitch et al [26], Franzini et a [25], and Breslow et al
[22]; n=6, 24% of studies). Achieving an appropriate degree of
cooperation between bedside and remote care has been described
as asuccess factor of telemedical interventions[10,52]. Recent
literature on the impact of tele-ICU interventions suggest that
effectiveness is enhanced when comanagement and clear
autonomy of the remote care team are alowed [10,36].
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Particularly for intensive care nurses, thereisaneed to establish
clear rules of engagement to avoid conflicting orders between
bedside and remote teams [53]. A recent ethnographic review
also indicates that the perceived value of the intervention by
bedside staff is a contributing factor to the success of the
intervention [ 14]. The core research group discussed in particular
the aspect of bedside physician’s trust in the remote specialist.
Asan example, situations where an experienced physician of a
nonacademic hospital in a rural area collaborates with a less
experienced physician at auniversity hospital telemedical center
canraisetheissuesof perceived value and trust between remote
and bedside personnel. Therefore, the involvement of bedside
staff during planning, system implementation, and training is
recommended to enhance organizational acceptance [54,55].
As part of the implementation process, actions targeted at team
cohesion (eg, team building) and use of standardized
communication practices between teams can enhance the
implementation of new workflows [56,57]. Implementation of
health technology can lead to changes in work practice inside
the care team, in particular for nursing and support staff [58].
Clear definition of theroles, responsibility, and composition of
the team should therefore be addressed early on during the
planning of the intervention.

Implementation of tele-lCU systems has been advanced as a
solution for community hospitals facing the challenge of
sustaining the cost of maintaining alocal 1CU with high standard
of care. Economic evaluations of tele-ICU interventions are
therefore an important aspect for consi deration in the community
settings. With tele-1CU systems, community hospitals have the
potential to treat patients with a higher case mix index locally
and at lower cost [51]. At the same time, high cost of tele-ICU
systems has been described asabarrier to implementation [59].
Our finding indicates that studies on cost-effectiveness in this
use case have not yielded uniform results. Theincluded studies
in this review have used heterogeneous approaches to estimate
savings and revenue increase following tele-ICU
implementation. We corroborate previous observations
concerning the lack of transparency and comprehensive data
on costs, which hinder comparisons and clear statements
regarding cost-efficacy [59,60].

Use Case: Improving Compliance

In this use case, ICU systems were primarily configured as
scheduled daily rounds from atele-ICU center (configuration
cluster centralized scheduled interventions; n=4, 16% of studies)
and decentralized systems allowing expert remote consultations
(configuration cluster decentralized scheduled interventions,
n=5, 20% of studies). Interventions in the use case are mainly
focused on advancing adherence to best practices in the ICU
and increasing patient safety. They consisted in establishing
critical care processes in which the remote care teams monitor
relevant quality indicators (eg, prophylaxis for stress ulcer,
ventilator-associated pneumonia, or deep vein thrombosis). In
our analysis, there is some evidence that ICU interventions are
conducive to higher adherence to best practicesin the ICU and
enhance patient safety, thereby corroborating earlier
observations on efficacy [51]. We found that most evidence for
this type of intervention has been reported in tertiary care
hospitalswith aclosed or mixed ICU model. Additional research
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would be needed to understand how this type of intervention
could be beneficial in other hospital contexts. The review
highlighted an intervention specialized on prevention of sepsis
(Deisz et al [42]), for which compliance to the care bundle was
found to remain low [61,62].

We hypothesizethat the efficacy of theseinterventionsis derived
from acombination of changein the care process (eg, increased
use of reminders and checklists) and the use of decision support
systems (eg, smart alerts). Tele-ICU systems are conducive to
real-time benchmarking of performance and allow targeted
actions to enhance compliance and care quality. Surveillance
systems can improve resource allocation by allowing for more
rapid response time and faster escal ation of the most acute cases
[54]. Additionally, tele-1CU systems have been shown to reduce
alarm fatigue through triage and curation of automatic alerts by
remote care teams [51,59]. In recent literature, the potential of
population management systems allowing targeted interventions
on patients with high risk factors has been highlighted [63].
Significant amount of data generated by tele-ICU systems can
beleveraged for the devel opment of advanced applications[64].
A recent systematic review on telemedicine with clinical
decision support for critical care indicated the need for further
research on the use and efficacy of advanced applications in
units equipped with telemedical systems[65].

Use Case: Facilitating Transfer

Interventions in this use case are aimed at supporting patient
transfers between hospitals (ie, referral to higher level hospital)
and monitoring patients during admission in the ICU from
another department (eg, emergency department). This form of
intervention has been described in the literature as consultative
critical care services[66]. One study in the review documented
the benefit of these interventions for patientsin the emergency
department with suspected sepsis diagnosis [54]. Based on the
studies in the review, we can corroborate previous reports that
no strong evidence has been found regarding the benefit on the
number of transfers for this type of interventions [67].

Limitations

Our approach has multiple limitations. First, the studiesincluded
in the review used heterogeneous research methods. Authors
provided varying degree of details to describe the intervention
setup and implementation context. Aspects such as staff
interaction and level of autonomy have been provided only in
a limited number of studies, so that our ability to draw
generalizable conclusions on these aspects of tele-ICU
interventions has been limited. Second, relying on the expertise
of the core research group to complete the data charting was
qualitativein nature and potentially subject to bias. A discussion
process section was established to mitigate the interpretation
biasin our approach. Third, the scope of thisreview waslimited
to the implementation of tele-ICU systems for adult patients,
and critical care telemedical interventions have also been
documented in pediatrics and neonatology. Some of our
conclusions might therefore not be applicable to these settings.

Conclusion

TeleICU systems have been deployed in numerous
implementation contexts, which we characterized in threemain
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use cases. The benefits of tele-ICU interventions have been well
documented for centralized systems aimed at extending critical
care capabilities in community settings and improving care
compliance in tertiary hospitals. This scoping review provides
teamsinvolved in theimplementation of tele-CU systemswith
an overview of existing evidence on the technology. It highlights

Guinemer €t d

different critical care context. This review aso mentions areas
for future research on tele-ICU interventions. Furthermore, the
framework for describing the implementation context used in
this scoping review could be used for analyzing other types of
telemedical interventions or other domains of intervention (eg,
traumatol ogy, pediatrics, neonatology).

factors that are conducive to successful implementation for

Acknowledgments

We acknowledge support from the German Research Foundation and the Open Access Publication Funds of
Charité—Universitdtsmedizin Berlin. ASP is a participant in the Digital Clinician Scientist Program funded by the
Charité—Universitdtsmedizin Berlin and the Berlin Institute of Health.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Search queries for peer-reviewed studies in literature databases.
[PDFE File (Adobe PDF File), 54 KB-Multimedia Appendix 1]

References

1.  Caples SM. Intensive care unit telemedicine care models. Crit Care Clin 2019 Jul;35(3):479-482. [doi:
10.1016/j.ccc.2019.02.004] [Medline: 31076047]

2. Becker C, Frishman WH, Scurlock C. Telemedicine and tele-I CU: the evolution and differentiation of anew medical field.
Am JMed 2016 Dec;129(12):e333-e334. [doi: 10.1016/j.amjmed.2016.05.045] [Medline: 27576079]

3. DavisTM, BardenC, Dean S, Gavish A, Goliash |, Goran S, et al. American tel emedicine association guidelinesfor Telel CU
operations. Telemed J E Health 2016 Dec;22(12):971-980. [doi: 10.1089/tmj.2016.0065] [Medline: 27508454]

4. VranasKC, Slatore CG, Kerlin MP. Telemedicine coverage of intensive care units: a narrative review. Ann Am Thorac
Soc 2018 Nov;15(11):1256-1264 [FREE Full text] [doi: 10.1513/AnnalSATS.201804-225CME] [Medline: 30382786]

5. Binder WJ, Cook JL, Gramze N, Airhart S. Telemedicine in the intensive care unit: improved access to care at what cost?
Crit Care Nurs Clin North Am 2018 Jun;30(2):289-296. [doi: 10.1016/j.cnc.2018.02.010] [Medline: 29724446]

6. RogoveH.How todevelop atele-lCU model ? Crit Care Nurs Q 2012;35(4):357-363. [doi: 10.1097/CNQ.0b013e318266bdf5]
[Medline: 22948370]

7. Hassan E. Tele-ICU and patient safety considerations. Crit Care Nurs Q 2018;41(1):47-59. [doi:
10.1097/CNQ.0000000000000185] [Medline: 29210766]

8.  WelshC, Rincon T, Berman I, Bobich T, Brindise T, Davis T. Telel CU interdisciplinary care teams. Crit Care Clin 2019
Jul;35(3):415-426. [doi: 10.1016/j.ccc.2019.02.008] [Medline: 31076042]

9. Marx G, Koch T. Telemedizin in der intensivmedizin: strukturempfehlungen der DGAI. Andsth Intensiv 2015;56:257-261.

10. Kopec IC. Impact of intensive care unit telemedicine on outcomes. Crit Care Clin 2019 Jul;35(3):439-449. [doi:
10.1016/j.ccc.2019.02.002] [Medline: 31076044]

11. Guinemer C, Boeker M, Weiss B, Fuerstenau D, Balzer F, Poncette A. Telemedicine in intensive care units: protocol for
ascoping review. IMIR Res Protoc 2020 Dec 31;9(12):e19695 [ FREE Full text] [doi: 10.2196/19695] [Medline: 33382040]

12.  Koenig MA, editor. Telemedicinein the ICU. Cham: Springer; 2019.

13. KahnJM, LeTQ, Barnato AE, Hravnak M, Kuza CC, PikeF, et a. ICU telemedicine and critical care mortality: a national
effectiveness study. Med Care 2016 Mar;54(3):319-325 [ FREE Full text] [doi: 10.1097/M L R.0000000000000485] [Medline:
26765148]

14. Kahn M, Rak KJ, Kuza CC, Ashcraft LE, Barnato AE, Fleck JC, et al. Determinants of intensive care unit telemedicine
effectiveness: an ethnographic study. Am J Respir Crit Care Med 2019 Apr 15;199(8):970-979 [FREE Full text] [doi:
10.1164/rccm.201802-02590C] [Medline: 30352168]

15. Venkataraman R, Ramakrishnan N. Outcomes related to telemedicine in the intensive care unit: what we know and would
like to know. Crit Care Clin 2015 Apr;31(2):225-237. [doi: 10.1016/j.ccc.2014.12.003] [Medline: 25814451]

16. Kahn JM. ICU telemedicine: from theory to practice. Crit Care Med 2014 Nov;42(11):2457-2458. [doi:
10.1097/CCM .0000000000000596] [Medline: 25319914]

17. ReynoldsHN, Bander JJ. Optionsfor tele-intensive care unit design: centralized versus decentralized and other considerations:
itisnot just a"another black sedan”. Crit Care Clin 2015 Apr;31(2):335-350. [doi: 10.1016/j.ccc.2014.12.010] [Medline:
25814458]

https://www.jmir.org/2021/11/e32264 JMed Internet Res 2021 | vol. 23 | iss. 11 | €32264 | p. 9

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v23i11e32264_app1.pdf&filename=f2b24a1ef9f551795e899782fc7866ae.pdf
https://jmir.org/api/download?alt_name=jmir_v23i11e32264_app1.pdf&filename=f2b24a1ef9f551795e899782fc7866ae.pdf
http://dx.doi.org/10.1016/j.ccc.2019.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31076047&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2016.05.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27576079&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2016.0065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27508454&dopt=Abstract
http://europepmc.org/abstract/MED/30382786
http://dx.doi.org/10.1513/AnnalsATS.201804-225CME
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30382786&dopt=Abstract
http://dx.doi.org/10.1016/j.cnc.2018.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29724446&dopt=Abstract
http://dx.doi.org/10.1097/CNQ.0b013e318266bdf5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22948370&dopt=Abstract
http://dx.doi.org/10.1097/CNQ.0000000000000185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29210766&dopt=Abstract
http://dx.doi.org/10.1016/j.ccc.2019.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31076042&dopt=Abstract
http://dx.doi.org/10.1016/j.ccc.2019.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31076044&dopt=Abstract
https://www.researchprotocols.org/2020/12/e19695/
http://dx.doi.org/10.2196/19695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33382040&dopt=Abstract
http://europepmc.org/abstract/MED/26765148
http://dx.doi.org/10.1097/MLR.0000000000000485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26765148&dopt=Abstract
http://europepmc.org/abstract/MED/30352168
http://dx.doi.org/10.1164/rccm.201802-0259OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30352168&dopt=Abstract
http://dx.doi.org/10.1016/j.ccc.2014.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25814451&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0000000000000596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25319914&dopt=Abstract
http://dx.doi.org/10.1016/j.ccc.2014.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25814458&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guinemer et al

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

Arksey H, O'Malley L. Scoping studies: towards a methodological framework. Int J Soc Res M ethodology 2005
Feb;8(1):19-32. [doi: 10.1080/1364557032000119616]

Peters MDJ, Godfrey CM, Khalil H, Mclnerney P, Parker D, Soares CB. Guidance for conducting systematic scoping
reviews. Int JEvid Based Healthc 2015 Sep;13(3):141-146. [doi: 10.1097/X EB.0000000000000050] [Medline: 26134548]
AHA Hospital Statistics, 2020 edition. Chicago, IL: American Hospital Association; 2020.

Harris AD, McGregor JC, Perencevich EN, Furuno JB, Zhu J, Peterson DE, et a. The use and interpretation of
quasi-experimental studiesin medical informatics. JAm Med Inform Assoc 2006;13(1):16-23 [FREE Full text] [doi:
10.1197/jamia.M 1749] [Medline: 16221933]

Breslow MJ, Rosenfeld BA, Doerfler M, Burke G, Yates G, Stone DJ, et al. Effect of a multiple-site intensive care unit
telemedicine program on clinical and economic outcomes: an alternative paradigm for intensivist staffing. Crit Care Med
2004 Jan;32(1):31-38. [doi: 10.1097/01.CCM.0000104204.61296.41] [Medline: 14707557]

Zawada ET, Herr B, Larson D, Fromm R, Kapaska D, Erickson D. Impact of an intensive care unit telemedicine program
on arural health care system. Postgrad Med 2009 May;121(3):160-170. [doi: 10.3810/pgm.2009.05.2016] [Medline:
19491554]

Thomas EJ, Lucke JF, Wueste L, Weavind L, Patel B. Association of telemedicine for remote monitoring of intensive care
patients with mortality, complications, and length of stay. JAMA 2009 Dec 23;302(24):2671-2678. [doi:
10.1001/jama.2009.1902] [Medline: 20040555]

Franzini L, Sail KR, Thomas EJ, Wueste L. Costs and cost-effectiveness of a telemedicine intensive care unit program in
6 intensive care unitsin alarge health care system. J Crit Care 2011 Jun;26(3):329.e1-329.e6 [FREE Full text] [doi:
10.1016/j.jcrc.2010.12.004] [Medline: 21376515]

Willmitch B, Golembeski S, Kim SS, Nelson LD, Gidel L. Clinical outcomes after telemedicine intensive care unit
implementation. Crit Care Med 2012 Feb;40(2):450-454. [doi: 10.1097/CCM.0b013e318232d694] [Medline: 22020235]
Morrison JL, Cai Q, DavisN, Yan Y, Berbaum ML, Ries M, et al. Clinical and economic outcomes of the electronic
intensive care unit: results from two community hospitals. Crit Care Med 2010 Jan;38(1):2-8. [doi:
10.1097/CCM.0b013e3181b78fa8] [Medline: 19730249]

McLeroy R, Ingersoll J, Nielsen B, Pamplin J. Implementation of tele-critical care at General Leonard Wood Army
Community Hospital. Mil Med 2020 Feb 13;185(1-2):e191-e196. [doi: 10.1093/milmed/usz147] [Medline: 31247104]
Sadaka F, Palagiri A, Trottier S, Deibert W, Gudmestad D, Sommer SE, et al. Telemedicine intervention improves |ICU
outcomes. Crit Care Res Pract 2013;2013:456389. [doi: 10.1155/2013/456389] [Medline: 23365729]

McCambridge M, Jones K, Paxton H, Baker K, Sussman EJ, Etchason J. Association of health information technology and
teleintensivist coverage with decreased mortality and ventilator usein critically ill patients. Arch Intern Med 2010 Apr
12;170(7):648-653. [doi: 10.1001/archinternmed.2010.74] [Medline: 20386011]

Pannu J, Sanghavi D, Sheley T, Schroeder DR, Kashyap R, Marquez A, et a. Impact of telemedicine monitoring of
community |CUs on interhospital transfers. Crit Care Med 2017 Aug;45(8):1344-1351 [FREE Full text] [doi:
10.1097/CCM.0000000000002487] [Medline: 28481753]

Al-Omari A, Al Mutair A, Al Ammary M, Aljamaan F. A multicenter case-historical control study on short-term outcomes
of tele-intensive care unit. Telemed J E Health 2020 May;26(5):645-650. [doi: 10.1089/tmj.2019.0042] [Medline: 31436501]
Gupta S, Dewan S, Kausha A, Seth A, Narula J, VarmaA. el CU reduces mortality in STEMI patientsin resource-limited
areas. Glob Heart 2014 Dec;9(4):425-427. [doi: 10.1016/].gheart.2014.07.006] [Medline: 25592796]

Rosenfeld BA, Dorman T, Breslow MJ, Pronovost P, Jenckes M, Zhang N, et a. Intensive care unit telemedicine: alternate
paradigm for providing continuous intensivist care. Crit Care Med 2000 Dec;28(12):3925-3931. [doi:
10.1097/00003246-200012000-00034] [Medline: 11153637]

Panlagui OM, Broadfield E, Champion R, Edington JP, Kennedy S. Outcomes of telemedicine intervention in aregional
intensive care unit: a before and after study. Anaesth Intensive Care 2017 Sep;45(5):605-610 [FREE Full text] [doi:
10.1177/0310057X 1704500511] [Medline: 28911290]

HawkinsHA, Lilly CM, Kaster DA, Groves RH, KhuranaH. ICU telemedicine comanagement methods and length of stay.
Chest 2016 Aug;150(2):314-319. [doi: 10.1016/j.chest.2016.03.030] [Medline: 27048869]

Ruesch C, Mossakowski J, Forrest J, Hayes M, Jahrsdoerfer M, Comeau E, et al. Using nursing expertise and telemedicine
to increase nursing collaboration and improve patient outcomes. Telemed J E Health 2012 Oct;18(8):591-595. [doi:
10.1089/tmj.2011.0274] [Medline: 22957503]

Lilly CM, Motzkus C, Rincon T, Cody SE, Landry K, Irwin RS, UMass Memorial Critical Care Operations Group. |CU
telemedicine program financial outcomes. Chest 2017 Feb;151(2):286-297. [doi: 10.1016/j.chest.2016.11.029] [Medline:
27932050]

Lilly CM, Cody S, Zhao H, Landry K, Baker SP, Mcllwaine J, University of Massachusetts Memorial Critical Care
Operations Group. Hospital mortality, length of stay, and preventable complications among critically ill patients before
and after tele-CU reengineering of critical care processes. JAMA 2011 Jun 01;305(21):2175-2183. [doi:
10.100V/jama.2011.697] [Medline: 21576622]

Kohl BA, Fortino-Mullen M, Praestgaard A, Hanson CW, Dimartino J, Ochroch EA. The effect of ICU telemedicine on
mortality and length of stay. J Telemed Telecare 2012 Jul; 18(5):282-286. [doi: 10.1258/jtt.2012.120208] [Medline: 22802522]

https://www.jmir.org/2021/11/e32264 JMed Internet Res 2021 | vol. 23 | iss. 11 | €32264 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1080/1364557032000119616
http://dx.doi.org/10.1097/XEB.0000000000000050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26134548&dopt=Abstract
http://europepmc.org/abstract/MED/16221933
http://dx.doi.org/10.1197/jamia.M1749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16221933&dopt=Abstract
http://dx.doi.org/10.1097/01.CCM.0000104204.61296.41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14707557&dopt=Abstract
http://dx.doi.org/10.3810/pgm.2009.05.2016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19491554&dopt=Abstract
http://dx.doi.org/10.1001/jama.2009.1902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20040555&dopt=Abstract
http://europepmc.org/abstract/MED/21376515
http://dx.doi.org/10.1016/j.jcrc.2010.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21376515&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0b013e318232d694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22020235&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0b013e3181b78fa8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19730249&dopt=Abstract
http://dx.doi.org/10.1093/milmed/usz147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31247104&dopt=Abstract
http://dx.doi.org/10.1155/2013/456389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23365729&dopt=Abstract
http://dx.doi.org/10.1001/archinternmed.2010.74
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20386011&dopt=Abstract
http://europepmc.org/abstract/MED/28481753
http://dx.doi.org/10.1097/CCM.0000000000002487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28481753&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2019.0042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31436501&dopt=Abstract
http://dx.doi.org/10.1016/j.gheart.2014.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25592796&dopt=Abstract
http://dx.doi.org/10.1097/00003246-200012000-00034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11153637&dopt=Abstract
https://aaic.net.au/PMID/28911290
http://dx.doi.org/10.1177/0310057X1704500511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28911290&dopt=Abstract
http://dx.doi.org/10.1016/j.chest.2016.03.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27048869&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22957503&dopt=Abstract
http://dx.doi.org/10.1016/j.chest.2016.11.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27932050&dopt=Abstract
http://dx.doi.org/10.1001/jama.2011.697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21576622&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2012.120208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22802522&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guinemer et al

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Kab T, Raikhelkar J, Meyer S, Ntimba F, Thuli J, Gorman MJ, et al. A multicenter population-based effectiveness study
of teleintensive care unit-directed ventilator rounds demonstrating improved adherence to a protective lung strategy,
decreased ventilator duration, and decreased intensive care unit mortality. J Crit Care 2014 Aug;29(4):691.e7-691.14 [FREE
Full text] [doi: 10.1016/j.jcrc.2014.02.017] [Medline: 24636928]

Deisz R, Rademacher S, Gilger K, Jegen R, Sauerzapfe B, Fitzner C, et a. Additional telemedicine rounds as a successful
performance-improvement strategy for sepsis management: observational multicenter study. JMed Internet Res 2019 Jan
15;21(1):€11161 [FREE Full text] [doi: 10.2196/11161] [Medline: 30664476]

Kahn JM, Gunn SR, Lorenz HL, Alvarez J, Angus DC. Impact of nurse-led remote screening and prompting for
evidence-based practicesin the ICU. Crit Care Med 2014 Apr;42(4):896-904 [FREE Full text] [doi:
10.1097/CCM.0000000000000052] [Medline: 24201176]

VespaPM, Miller C, Hu X, Nenov V, Buxey F, Martin NA. Intensive care unit robotic tel epresence facilitatesrapid physician
response to unstabl e patients and decreased cost in neurointensive care. Surg Neurol 2007 Apr;67(4):331-337. [doi:
10.1016/j.surneu.2006.12.042] [Medline; 17350395]

Kadar RB, Amici DR, Hesse K, Bonder A, Ries M. Impact of telemonitoring of critically ill emergency department patients
awaiting ICU transfer. Crit Care Med 2019 Sep;47(9):1201-1207. [doi: 10.1097/CCM.0000000000003847] [Medline:
31162198]

Machado SM, Wilson EH, Elliott JO, Jordan K. Impact of atelemedicine el CU cart on sepsis management in acommunity
hospital emergency department. J Telemed Tel ecare 2018 Apr;24(3):202-208. [doi: 10.1177/1357633X17691862] [Medline:
29278979

Palabindala V, Abdul Salim S. Era of hospitalists. J Community Hosp Intern Med Perspect 2018;8(1):16-20 [FREE Full
text] [doi: 10.1080/20009666.2017.1415102] [Medline: 29441160]

Sweigart JR, Aymond D, Burger A, Kelly A, Marzano N, Mcllraith T, et al. Characterizing hospitalist practice and perceptions
of critical care delivery. JHosp Med 2018 Jan 01;13(1):6-12. [doi: 10.12788/jhm.2886] [Medline: 29240847]

Gutsche JT, Raiten JM. Staffing models for the ICU: open, closed, MD, NP, or telemedicine? Curr Anesthesiol Rep 2013
Feb 12;3(2):65-72. [doi: 10.1007/s40140-013-0010-0]

Hidalgo J, Pérez-Fernandez J, Rodriguez-Vega G, editors. Critical Care Administration A Comprehensive Clinical Guide.
Cham: Springer; 2020.

Fuhrman SA, Lilly CM. ICU telemedicine solutions. Clin Chest Med 2015 Sep;36(3):401-407. [doi:
10.1016/j.ccm.2015.05.004] [Medline: 26304277]

Wilcox ME, Adhikari NK. The effect of telemedicinein critically ill patients: systematic review and meta-analysis. Crit
Care 2012 Jul 18;16(4):R127 [FREE Full text] [doi: 10.1186/cc11429] [Medline: 22809335]

Young LB, Chan PS, Cram P. Staff acceptance of tele-|CU coverage: asystematic review. Chest 2011 Feb;139(2):279-288
[FREE Full text] [doi: 10.1378/chest.10-1795] [Medline: 21051386]

Lilly CM, Mickelson JT. Evolution of the intensive care unit telemedicine value proposition. Crit Care Clin 2019
Jul;35(3):463-477. [doi: 10.1016/j.ccc.2019.02.010] [Medline: 31076046]

Nguyen YL, Kahn JM, Angus DC. Reorganizing adult critical care delivery: the role of regionalization, telemedicine, and
community outreach. Am J Respir Crit Care Med 2010 Jun 01;181(11):1164-1169. [doi: 10.1164/rccm.200909-1441CP]
[Medline: 20224067]

Liesching T, Lel Y. Nursing and provider rolesin the tele-ICU. In: Koenig MA, editor. Telemedicinein the ICU. Cham:
Springer; 2019:87.

Ramnath VR, Malhotra A. Remote proactive physiologic monitoring in the ICU. In: Koenig MA, editor. Telemedicinein
the ICU. Cham: Springer; 2019:21.

Bergey MR, Goldsack JC, Robinson EJ. Invisible work and changing roles: health information technology implementation
and reorganization of work practices for the inpatient nursing team. Soc Sci Med 2019 Aug;235:112387. [doi:
10.1016/j.socscimed.2019.112387] [Medline: 31272078]

Bender W, Hiddleson CA, Buchman TG. Intensive care unit telemedicine: innovations and limitations. Crit Care Clin 2019
Jul;35(3):497-509. [doi: 10.1016/j.ccc.2019.02.011] [Medline: 31076049]

Subramanian S, Palmer CM. Cost-benefit analysis of implementing telemedicine in the ICU. In: Telemedicine in the ICU.
Cham: Springer; 2019:197.

Venkataraman R, Ramakrishnan N. Safety and quality metrics for ICU telemedicine: measuring success. In: Koenig MA,
editor. Telemedicinein the ICU. Cham: Springer; 2019:145.

Mohr NM, Hurst EK, MacKinney AC, Nash EC, Carr BG, Skow B. Telemedicine for early treatment of sepsis. In: Koenig
MA, editor. Telemedicine in the ICU. Cham: Springer; 2019.

Udeh C, Udeh B, Rahman N, Canfield C, Campbell J, Hata JS. Telemedicine/virtual ICU: where are we and where are we
going? Methodist Debakey Cardiovasc J 2018;14(2):126-133 [FREE Full text] [doi: 10.14797/mdcj-14-2-126] [Medline:
29977469]

Fortis S, Goede MR. Structure and design of thetele-ICU. In: Koenig MA, editor. Telemedicinein the ICU. Cham: Springer;
2019:107.

https://www.jmir.org/2021/11/e32264 JMed Internet Res 2021 | vol. 23 | iss. 11 | €32264 | p. 11

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0883-9441(14)00073-2
https://linkinghub.elsevier.com/retrieve/pii/S0883-9441(14)00073-2
http://dx.doi.org/10.1016/j.jcrc.2014.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24636928&dopt=Abstract
https://www.jmir.org/2019/1/e11161/
http://dx.doi.org/10.2196/11161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30664476&dopt=Abstract
http://europepmc.org/abstract/MED/24201176
http://dx.doi.org/10.1097/CCM.0000000000000052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24201176&dopt=Abstract
http://dx.doi.org/10.1016/j.surneu.2006.12.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17350395&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0000000000003847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31162198&dopt=Abstract
http://dx.doi.org/10.1177/1357633X17691862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29278979&dopt=Abstract
http://europepmc.org/abstract/MED/29441160
http://europepmc.org/abstract/MED/29441160
http://dx.doi.org/10.1080/20009666.2017.1415102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29441160&dopt=Abstract
http://dx.doi.org/10.12788/jhm.2886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29240847&dopt=Abstract
http://dx.doi.org/10.1007/s40140-013-0010-0
http://dx.doi.org/10.1016/j.ccm.2015.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26304277&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/cc11429
http://dx.doi.org/10.1186/cc11429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22809335&dopt=Abstract
http://europepmc.org/abstract/MED/21051386
http://dx.doi.org/10.1378/chest.10-1795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21051386&dopt=Abstract
http://dx.doi.org/10.1016/j.ccc.2019.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31076046&dopt=Abstract
http://dx.doi.org/10.1164/rccm.200909-1441CP
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20224067&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2019.112387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31272078&dopt=Abstract
http://dx.doi.org/10.1016/j.ccc.2019.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31076049&dopt=Abstract
http://europepmc.org/abstract/MED/29977469
http://dx.doi.org/10.14797/mdcj-14-2-126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29977469&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Guinemer et al

65.

66.

67.

Mackintosh N, Terblanche M, Maharg] R, Xyrichis A, Franklin K, Keddie J, et al. Telemedicine with clinical decision
support for critical care: a systematic review. Syst Rev 2016 Oct 18;5(1):176 [FREE Full text] [doi:
10.1186/s13643-016-0357-7] [Medline: 27756376]

Romig M, Derrett R, Latif A, Sapirstein A. Telemedicine consultation to the general ICU. In: Koenig MA, editor.
Telemedicine in the ICU. Cham: Springer; 2019:307.

Becker C, Fusaro M, Scurlock C. Telemedicine in the ICU: clinical outcomes, economic aspects, and trainee education.
Curr Opin Anaesthesiol 2019 Apr;32(2):129-135. [doi: 10.1097/AC0.0000000000000704] [Medline: 30817384]

Abbreviations

ICU: intensive care unit

PICO: Patient, Intervention, Comparison, Outcome

PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews

Edited by G Eysenbach; submitted 26.07.21; peer-reviewed by HSKim, T Koritala, B Wblfe-Piggott; comments to author 26.08.21;
revised version received 03.09.21; accepted 18.09.21; published 03.11.21

Please cite as:

Guinemer C, Boeker M, Fiirstenau D, Poncette AS, Weiss B, Morgeli R, Balzer F
Telemedicinein Intensive Care Units: Scoping Review

J Med Internet Res 2021;23(11):€32264

URL: https://www.jmir.org/2021/11/e32264

doi: 10.2196/32264

PMID:

©Camille Guinemer, Martin Boeker, Daniel Firstenau, Akira-Sebastian Poncette, Bjorn Weiss, Rudolf Morgeli, Felix Balzer.
Originally published in the Journal of Medica Internet Research (https://www.jmir.org), 03.11.2021. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research, is properly cited. The complete bibliographic information, alink to the original publication
on https://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2021/11/e32264 JMed Internet Res 2021 | vol. 23 | iss. 11 | €32264 | p. 12

RenderX

(page number not for citation purposes)


https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0357-7
http://dx.doi.org/10.1186/s13643-016-0357-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27756376&dopt=Abstract
http://dx.doi.org/10.1097/ACO.0000000000000704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30817384&dopt=Abstract
https://www.jmir.org/2021/11/e32264
http://dx.doi.org/10.2196/32264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

