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Abstract 

The increase in the number of critically-ill patients with complex medical history is 

expected to be a strain on available intensive care resources, with hospitals facing mul-

tiple challenges in maintaining an adequate level of intensive care service and quality. 

In this context, telemedicine interventions have been used to address some of these 

challenges. Such interventions rely on audio-visual systems connecting bedside staff at 

the ICU with a remotely-located care team.  

The medical and economical results of prior analyses have been in some cases positive 

but overall heterogeneous. A range of contextual factors and barriers exists that influ-

ences the effectiveness of telemedical interventions. The objective of this thesis was to 

advance the understanding of these factors and barriers by investigating evidence 

about intensive care telemedicine. Building on the published results of a literature re-

view, this synopsis brings into the focus the use case of ERIC, a tele ICU intervention 

implemented at Charité – Universitätsmedizin Berlin, which is discussed in light of cur-

rent scientific evidence.  

The thesis followed the scoping review method. First, a research protocol was published 

in a peer-review journal. The protocol described the literature search strategy and the 

steps for selecting relevant studies, extracting data from these studies, and finally chart-

ing and analyzing the extracted data. Once the protocol was published, the review was 

completed.  

Synthesis of the data resulted in the definition of use cases for telemedicine in critical 

care. The ERIC intervention was classified in the use case Improving Compliance. Inter-

ventions in this use case aim at enhancing the adoption of best practices and improving 

both patient safety and quality of care. A robust body of evidence exists that intensive 

care telemedicine is effective at improving compliance. However, several implementa-

tion barriers were identified that may prevent telemedical interventions from fulfilling 

their full potential. The lack of system interoperability, which limits the ability of systems 

to communicate with one another, was highlighted as one of such barriers. Staff ac-

ceptance was identified as another key determinant of the success of telemedical inter-

ventions. Several strategies are available to mitigate the impact of these barriers which 

include targeted communication, training and definition of processes for the involved 

teams. Future research should help define how to effectively implement them. 
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Zusammenfassung 

Die steigende Zahl kritisch kranker Patienten mit komplexen Krankheitsverläufen 

stellt eine zunehmende Belastung des Gesundheitssystems dar. Krankenhäuser stehen 

dabei vor der Herausforderung, die Qualität der Behandlung auf höchstem Niveau zu 

halten. In diesem Zusammenhang wurden vielerorts telemedizinische Intervention um-

gesetzt, welche mithilfe audiovisueller Systemen ärztliches und pflegerisches Personal 

einer Intensivstation mit einem räumlich entfernten Zentrum verbinden.  

Sowohl die medizinischen als auch die ökonomischen Ergebnisse früherer Untersu-

chungen waren in einigen Fällen positiv, aber insgesamt heterogen, wobei eine Reihe 

von Faktoren und Barrieren identifziert wurden, die die Effektivität telemedizinischer In-

terventionen beeinflussen. Ziel dieser Studie war es, das Verständnis für diese Faktoren 

und Barrieren zu verbessern. Aufbauend auf den publizierten Ergebnissen einer Litera-

turrecherche wurde in diesem Manteltext der Anwendungsfall ERIC untersucht. ERIC 

stellt eine an der Charité – Universitätsmedizin Berlin implementierte telemedizinische 

Intervention auf einer Intensivstation dar, die im Lichte der aktuellen wissenschaftlichen 

Evidenz diskutiert wurde.  

Die vorliegende Arbeit folgte der Scoping-Review-Methode. Zunächst wurde ein Proto-

koll publiziert, welches die Strategie der Literaturrecherche, die Schritte zur Auswahl re-

levanter Studien, die Extraktion von Daten aus diesen Studien und schließlich die Dar-

stellung und Analyse der extrahierten Daten beschrieb. Die Synthese der Daten führte 

zur Definition von Anwendungsfällen für Telemedizin in der Intensivmedizin. Die ERIC-

Intervention wurde in den Anwendungsfall Improving Compliance eingeordnet. Die In-

tervention in diesem Anwendungsfall zielt darauf ab, die Anwendung von Best Practices 

und eine Verbesserung Patientensicherheit und Behandlungsqualität zu erreichen. Es 

existiert umfassende Evidenz, dass Telemedizin in der Intensivmedizin die Compliance 

wirksam verbessert. Es wurden jedoch mehrere Implementationsbarrieren festgestellt, 

die der Entfaltung des vollen Potentials telemedizinischer Maßnahmen entgegen ste-

hen. Als eines dieser Hindernisse wurde die fehlende Interoperabilität der Systeme 

idenfiziert, die die Fähigkeit der Systeme zur Kommunikation untereinander einschränkt. 

Die Akzeptanz des Personals wurde als weitere wichtige Determinante für den Erfolg 
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telemedizinischer Maßnahmen genannt. Verschiedene Maßnahmen, um die Auswirkun-

gen dieser Hindernisse abzumildern, können zur Anwendung kommen, darunter ge-

zielte Kommunikation, Schulung und Definition von Prozessen für die beteiligten Teams 

Es sollte Gegenstand zukünftiger Studien sein, die Wirksamkeit dieser Maßnahmen zu 

untersuchen. 
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1. Introduction 

Firstly, this section defines intensive care medicine and presents the issues facing in-

tensive care infrastructure. It then defines the concepts of intensive care telemedicine 

and introduces the potential of tele ICU interventions. Finally, this section presents the 

research gap and explains how it will be addressed in the thesis.  

1.1 Defining the issues facing intensive care medicine  

i. Characterizing intensive care medicine  

According to the definition by Zimmerman et al., intensive care utilizes “specialized staff 

and teams to provide care […] to critically ill patients with life-threatening conditions […] 

using protocols and principles to reverse pathophysiologic processes” [9]. Intensive care 

patients typically suffer from acute organ failure or are under monitoring after receiving 

a major procedure [1]. Intensive care is delivered in Intensive Care Units (ICU), a spe-

cialized area of the hospital. The World Federation of Societies of Intensive and Critical 

Care Medicine defines the ICU as “an organized system for the provision of care to criti-

cally ill patients that provides intensive and specialized medical and nursing care, an en-

hanced capacity for monitoring, and multiple modalities of physiologic organ support 

[…].” [2]. There are both general ICUs (or “medical-surgical” ICUs) that deliver care for a 

wide range of patients and diagnoses, and specialized ICUs targeting specialty-specific 

diagnoses (i.e. cardiology or neurology). 

ICUs can be described as resource-intensive settings. Firstly, we highlight the required 

staffing resources. The nursing staff is composed of nurses with qualifications in inten-

sive care medicine. ICUs are characterized by a high ratio of nurse-to-patients, typically 

of 1 to 2 [3]. The physician staff is composed of intensivists, which are physicians with 

specialty training in the treatment of conditions seen in critically ill patients [3]. Both Ger-

man and American guidelines for intensive medicine recommend the presence of physi-

cians with specialty training in intensive care at the bedside. Additional medical staff 

may also include other specialties such as respiratory therapists and pharmacists [1].  

Secondly, we highlight the costs of intensive care. The expense of maintaining an inten-

sive care infrastructure is significant. According to an estimate by Vranas et al., Inten-

sive care amounts to 15% of the overall hospital costs in the United States [4] 
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ii. Rising demands on intensive care infrastructure 

More than 2 million patients receive intensive care treatment annually in Germany [5]. 

Current demographic trends in countries with high standards of living are characterized 

by population aging and longer life expectancy. Based on these trends, available projec-

tions indicate that demand for intensive care medicine is likely to keep increasing in the 

future [3]. This spending is concentrated on a small group of patients. Studies have 

shown that approximately half of the costs are concentrated on 10% of ICU patients [6]. 

Caring for cohorts of older patients with complex cases is therefore likely to represent a 

strain on future intensive care infrastructure [2]. 

While the care needs are growing, the characteristics of intensive care cases are also 

evolving. Because of the rising number of cases, there are now growing cohorts of pa-

tients that have survived an ICU stay [7]. These survivors are exhibiting symptoms that 

have been called Post Intensive Care Syndromes (PICS) [24]. According to the defini-

tion by Rousseau et al., this syndrome includes a range of “physical, mental and neu-

rocognitive disorders that negatively affect […] the quality of life in survivors of critical 

illness” [8]. The growing prevalence of PICS poses an additional challenge to intensive 

care medicine. Prevention strategies in intensive medicine are needed to mitigate the 

long-term effects of intensive care treatments.  

iii. Unequal distribution of intensive care resources 

While the need for complex intensive care is increasing, the financial resources and 

workforce are limited and not equally distributed. 

Firstly, intensive care infrastructure presents significant variations between countries. A 

comparison of the number of available intensive care beds shows that a country like 

Germany has three times more beds per capita than the United States [9]. A study by 

Wunsch et al. also showed that there is a great deal of variation in the practice and or-

ganization of intensive medicine between North America and Western Europe [9]. In the 

United States, the open ICU model of care is more prevalent. In this model, the admit-

ting medical staff (i.e. surgeon, hospitalist) maintains responsibility for the patient, in-

stead of being automatically transferred to a trained intensivist. According to estimates, 

only 10% to 20% of hospitals in the United States have a dedicated intensivist on staff 

[11]. Most other high-income countries such as Germany have a different intensive care 
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model. In this model intensivists are responsible for patient care during the stay in the 

ICU [13]. This care model is referred to as the closed ICU model.  

The variations in the practice of intensive medicine are also notable between large and 

small hospitals. Large hospitals such as tertiary hospitals in urban centers have a higher 

caseload and access to more extensive resources to maintain a larger intensive care 

infrastructure. In contrast, small hospitals, such as community or rural hospitals have 

limited financial and human resources to sustain the rising demands while maintaining 

adequate quality standards [1]. Studies have shown that disparities in the quality of care 

between ICUs have been significant in the United States [3]  

1.2 Definition and uses of telemedicine in intensive care  

i. Definition and significance of telemedicine in intensive care  

Telemedicine is defined as “the use of telecommunications for medical diagnosis and 

patient care” [10]. A wide range of telemedical applications has been developed in many 

fields of medicine. In critical care medicine, telemedical systems (or tele ICU systems) 

have been in use since the first trials in the late 1970s [11]. The use of telemedicine in 

intensive care has grown continuously and become more widespread since the 1990s. 

Recent studies in the United States have suggested that tele ICU systems can be found 

in approximately 15% of intensive care beds [11–13]. In Germany, no official statistics 

are available on the prevalence of telemedicine in ICUs. 

The term tele ICU system is used to refer to systems enabling the practice of Tele ICU 

medicine which is defined as the remote delivery of care to a critically ill patient by spe-

cialized healthcare personnel [4]. The American Telemedicine Association defines tele 

ICU systems as “a network of audiovisual communication and computer systems that 

provide the foundation for a collaborative, interprofessional care model focusing on criti-

cally-ill patients”[7]. There are two main components to this definition. On the one hand, 

the technology component defines the equipment and the system architecture. On the 

other hand, the process of care component defines how participants will use the tech-

nology. The next section presents these two components in more detail.  
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ii. Tele ICU system technology and care processes  

This section introduces the main technical characteristics of the tele ICU systems. De-

tailed technical guidelines for implementing telemedical systems are provided in the 

guidelines for intensive care telemedicine [7,18]. 

Firstly, we describe the equipment that is commonly found in telemedical interventions. 

Tele ICU systems are composed of communication devices installed at the bedside, 

which include cameras, microphones, and speakers that are mounted on semiautono-

mous portable units [14]. A secure connection enables the transmission of audio and 

video between the bedside and the remote telemedical location. At the remote telemedi-

cal center, staff can access monitors equipped to enable communication with bedside 

staff.  

Secondly, we also describe the characteristics of the tele ICU system architecture. The 

main model found in the literature is the centralized tele ICU model [14]. This architec-

ture features a tele ICU center (or telemedical cockpit), equipped with communication 

units connecting one or multiple remote ICUs. The centralized model is illustrated in Fig-

ure 1.  

 

Figure 1. Centralized tele ICU system  

Source: Adapted from Deisz, Telemedizin in der Intensivmedizin – Möglichkeiten und Grenzen 

einer Innovation, 2016 [20] 
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The decentralized model (or the virtual consultant model) consists of direct connections 

between a remote physician and the ICU. This architecture enables staff to conduct a 

remote consultation from another location in or outside the premises of the hospital, 

without a tele ICU center [7]. This model is illustrated in Figure 2.  

 

Figure 2. Decentralized tele ICU system  

Source: Adapted from Rogove, How to Develop a Tele-ICU Model?, 2012 [21] 

 

iii. The case of ERIC, a tele ICU intervention at Charité  

This section highlights the technical characteristics of the intervention ERIC - Enhanced 

Recovery after Intensive Care. This intervention consists of telemedical rounds between 

on the one hand the intensivists and intensive care nurses located at an ICU center, 

and on the other hand, the treating physicians and nurses located at the bedside. Two-

way audiovisual communication between the telemedical center and the remote ICUs is 

facilitated by the use of robots (“mobile cart device”). The mobile devices enable the ex-

pert team at the center to visualize the patients and the monitoring devices as well as to 

discuss the case during telemedical rounds [8]. These rounds include a discussion with 

the remote team about compliance with a set of quality indicators.  

Figure 3 illustrates the semiautonomous unit used at the bedside in the ERIC interven-

tion. This robot enables the medical personnel to see the patients and communicates 

with the bedside team from the remote center to conduct teleconsultations.  

  



Introduction 9 

 

Figure 3. Tele ICU semiautonomous cart  

Source: Adrion C et al.[15]. 

 

1.3 Addressing the research gap about telemedical intensive care interventions  

i. State of research on tele ICU interventions 

An extensive body of literature has been published on the topic of tele ICU interven-

tions. In total, nine systematic reviews and nine other types of literature reviews have 

been published on the topic. These publications have primarily concentrated on summa-

rizing the efficacy of ICU telemedical interventions in improving medical outcomes [1]. 

Results from this evidence synthesis suggest that tele ICU interventions led to a general 

reduction in ICU and hospital mortality [2]. Firstly, concerning the effects on mortality, 

earlier reviews by Young et al. found that the implemented tele ICU systems resulted in 

a reduction in ICU mortality without significant change in overall hospital mortality [16]. 

These results were confirmed by a meta-analysis from 2019 by Chen et al., in which a 

reduction in both ICU and hospital mortality was found [17]. Secondly, reviews synthe-

sized results for length of stay (LOS), which was reduced at the level of the ICU accord-

ing to Chen et al. [17]. No positive results were found for the overall hospital LOS.  

Despite some positive effects on mortality and length of stay, Venkataraman et al. have 

highlighted the heterogeneity of the tele ICU intervention results [18]. Although the tele 

ICU interventions led to positive clinical outcomes in some cases, results have also 

been inconclusive in several other contexts [23]. A large study by Kahn et al., based on 

insurance claim data in the United States, concluded that significant variations exist 
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concerning the effect of tele ICU intervention on mortality [3]. Some tele ICU interven-

tion studies have reported mixed or non-significant results. This lack of improvement in 

medical outcomes has led some authors to call for further research on the efficacy of 

tele ICU interventions [19].  

ii. Identification of a gap in research  

This section presents the research gap that was addressed in the thesis. As we estab-

lished in the previous sections, existing scientific literature has primarily focused on as-

sessing the overall efficacy of telemedical interventions. Adalovic et al. noted that exist-

ing systematic reviews and meta-analyses have not addressed the aspects of configu-

rations of tele ICU systems in depth [24]. In a research agenda for ICU telemedicine, 

Kahn et al. mentioned that further research was needed to better understand the struc-

tures and processes at play in the telemedical interventions. The terms structures and 

processes in this context refer to the modification of the intensive care organization and 

the process of care that are associated with tele ICU interventions [3,4]. Kahn et al. 

noted that the “true value of ICU telemedicine lies not in whether the technology exists 

but in how it is applied […] and how it affects workflow and team integration” [20].  

As noted by Lilly et al., studies about tele ICU interventions have not sufficiently focused 

on understanding the structural and processual factors that are associated with positive 

intervention results [21]. The purpose of this thesis was to improve the understanding of 

these structural factors. We provided an analysis of the implementation context of tele 

ICU interventions and of the tele ICU system characteristics to understand what influ-

ences these have had on the efficacy of tele ICU interventions.  

In addition to the gap in research about implementation context, we also identified a 

need for more research on tele ICU from a perspective outside Northern America. As 

remarked by Vranas et al., there is an insufficient number of publications about the im-

plementation of ICU telemedicine outside the United States [4]. As discussed earlier, in-

tensive care medicine in the United States presents some specificities such as the ICU 

open model that are not found in other developed countries. For this reason, the thesis 

aimed at examining tele ICU interventions from the perspective of the Charité – Univer-

sitätsmedizin Berlin.  
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iii. Approach for addressing the research gap  

Our approach to addressing the research gap is divided into two parts. In part one, we 

synthesized existing evidence on intensive care medicine by completing a scoping re-

view. This scoping review was published in the Journal of Medical Internet Research 

(JMIR), a leading peer-review journal for digital medicine. The work on the scoping re-

view was supported by a core research team. This core team was assembled with a 

range of expertise in intensive care, medical informatics, literature research, and digiti-

zation. It included a professor for medical data science (Felix Balzer, MD.), a professor 

for medical informatics (Martin Boeker, MD.), an anesthesiologist with intensive care 

specialty and lead coordinator for the ERIC Program (Björn Weiss, MD.), a researcher 

in anesthesiology with a specialty in digital health (Akira-Sebastian Poncette, MD.), a 

professor for digitalization (Daniel Fürstenau, Ph.D.) and an anesthesiologist with a spe-

cialty in intensive care (Rudolf Mörgeli M.D.) [5]. The research team provided feedback 

on the scoping review findings and shared insights.  

In the second part, we analyzed and discussed an existing telemedical program at 

Charité – Universitätsmedizin Berlin, the intervention Enhanced Recovery after Inten-

sive Care (ERIC). This analysis was completed in light of the scoping review from part 

one. This approach enabled us to compare and contrast ERIC with other interventions 

found in scientific literature.  
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2. Methods 

This section explains the scoping review methods employed in this thesis. Firstly, the 

purpose and the benefits of using such methods are explained. Then, we see how the 

method was used to address the research question of the thesis. Finally, we present the 

extension of the scoping review methods used for the analysis of the ERIC intervention.  

2.1  Rationale for the scoping review method 

i. Scoping reviews as an evidence synthesis method  

According to the definition by the Joanna Briggs Institute, evidence synthesis is defined 

as “the evaluation of research evidence and opinion on a specific topic to aid in decision 

making in healthcare” [22]. In light of the exponential growth in the number of scientific 

publications, the activity of evidence synthesis has grown in relevance [23]. Evidence 

synthesis has been described as an essential activity for establishing evidence-based 

practices in the healthcare system [24].  

In health research, the activity of evidence synthesis is materialized through the publica-

tion of literature reviews. In a literature review, researchers seek to summarize pub-

lished evidence on a topic according to transparent and reproducible methods. Reviews 

are now regularly featured in leading scientific journals. Systematic reviews have be-

come the most prominent type of literature review [23]. 

Over the last decades, other literature review types have emerged and have been used 

as new tools for evidence synthesis. The scoping review is one of these newer types of 

reviews which started being formalized in the early 2000s. Scoping reviews are a type 

of literature research that, similarly to systematic reviews, follow a structured process. In 

a scoping review, researchers aim at summarizing evidence from a range of different 

interventions, clarifying research concepts, and identifying research gaps. According to 

Peters et al., scoping reviews are especially appropriate “when a body of literature has 

not yet been comprehensively reviewed or exhibits a large, complex, or heterogeneous 

nature […]” [24].  

While systematic reviews concentrate on synthesizing evidence from a narrow set of 

similar interventions, scoping reviews take a broader approach and can include a more 

heterogeneous set of interventions. According to Munn et al., scoping reviews are “an 
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ideal tool to determine the scope […] of a body of literature on a given topic and […] an 

overview (broad or detailed) of its focus” [25]. 

There is now an extensive body of guidelines and methodological publications describ-

ing the process for writing scoping reviews. The first methodological framework for 

scoping review was proposed in 2005 by Arksey and O’Malley [26]. This seminal publi-

cation proposed a framework containing five essential steps constituting the scoping re-

view approach.  

ii. Addressing the research gap with the scoping review approach  

We now explain why the scoping review approach was appropriate for addressing the 

research gap. The scoping review method allowed us to consider a wide range of differ-

ent telemedical interventions. As we mentioned in the introduction, tele ICU interven-

tions are not standardized but they can be implemented in a variety of configurations. 

Scoping reviews are well-suited for examining evidence from such an emerging field of 

research where new methods or technologies are being implemented. The scoping re-

view method allowed us to compare and contrast different types of tele ICU implemen-

tations. The scoping review method also allowed us to consider a wide range of differ-

ent evidence. As noted by Peters et al., “to support the greater breadth of scoping re-

views, a variety of study designs are usually included.” [24]. Thanks to this inclusive ap-

proach, we were able to analyze the context and the characteristics of a variety of im-

plemented tele ICU systems.  

iii. Important features of a scoping review  

In this section, we explain what the important components of a robust scoping review 

are and how they were featured in the thesis.  

The first important feature is for authors to demonstrate that they follow a clear and re-

producible research method when writing the review. To ensure transparency of the 

process, research methods should be specified in detail before starting the actual work 

on the review. There should be a description of the process for identifying the relevant 

studies, selecting the studies, and collecting information from the studies. It is now an 

established practice for authors to write a research protocol. This protocol should de-

scribe the objectives, methods, and processes to be employed during the review.  

A second important feature is for authors is to publish the research protocol at the be-

ginning of the review. Any modification of the method needs to be documented in the 
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final review manuscript. It is possible to publish the protocol in an online register or a 

scientific journal. For this thesis, the research protocol was published in the Journal of 

Medical Internet Research - Research Protocols (JMIR Res Protocol), a sister journal of 

the Journal of Medical Internet Research. This approach afforded us the advantage of 

having the methods peer-reviewed at the beginning of the scoping review research. 

A third important feature is for authors to use established reporting standards. The Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) is a re-

porting guideline containing 27 items. The guideline was originally developed to assist 

authors of systematic reviews in communicating the rationale for the review, the meth-

ods used, and the results. First published in 2009 for reporting systematic reviews, the 

PRISMA guideline has grown in popularity and is now widely endorsed by the research 

community [27]. For our scoping review, we used the template PRISMA-ScR, an exten-

sion of the original PRISMA checklist that was designed for the reporting of scoping re-

views [28].  

2.2  Presentation of the scoping review method 

The scoping review followed a methodological framework advanced by Arksey and 

O’Malley [26]. This framework is divided into five main steps which are (1): “identifica-

tion of the research question”, (2) “identification of relevant studies”, (3) “selection of 

studies”, (4) “data charting”, and (5) “data collating” [26]. 

i. Step 1: Identification of the research question 

In the research protocol, we formulated the main research question which is: “what are 

the benefits of using telemedicine technology in intensive care?”[5] This main question 

was followed by three sub-questions that explored the aspects of the implementation 

context more specifically. The first sub-question asked if some implementation contexts 

lead to more positive outcomes for telemedicine in intensive care? The second sub-

question asked if there are ICU configurations that are more suitable for some imple-

mentation contexts? The third sub-question asked, “what types of outcomes exist for 

tele ICU implementation, and to what extent they have been researched in-depth?”[5]  

Building on the research questions, we defined three research objectives for the scop-

ing review. The main objective was to characterize the tele ICU interventions and their 

implementation context.  
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ii. Step 2: Identification of relevant studies 

Step 2 of the scoping review methodology consisted in identifying relevant studies by 

searching scientific literature databases. As indicated in the guideline by the Joanna 

Briggs Institute, the search strategy aims to be as comprehensive as possible [24]. All 

inclusion and exclusion criteria of the search were documented in the research protocol. 

The search contained sets of keywords on of intensive care and telemedicine as shown 

in Table 1.  

Table 1. Search Query Keywords 

Source: Adapted from Guinemer et al. Telemedicine in Intensive Care Units: Protocol for a Scop-

ing Review. JMIR Res Protoc 2020 [5] 

 

The search was performed in the databases web of Science Core Collection, MEDLINE, 

ERIC, PsycINFO, PSYNDEX, CINAHL, and IEEE. A similar search query was used for 

all databases after minor syntactic adjustments. The search was done without date re-

strictions. Selected languages were English, French, German, and Spanish. In addition 

to the database searches, an online manual search was completed to find grey litera-

ture.   

iii. Step 3: Selection of studies 

Step 3 consisted of selecting relevant studies from the search results. After removing 

duplicates, a first screening round was completed. Studies were selected based on their 

titles, abstracts, and index terms. In a second screening round, the remaining studies 

were screened based on full-text analysis. The full-text screening was designed to find 

studies in which the PICO framework (Patient, Intervention, Comparison, Outcome) in 

Table 2 could be identified.  

 

 

 

Topic  Search Keywords  

Intensive care  

 

ICU, intensive care unit, intensive care, acute care, critical 

care  

Telemedicine  

 

tele ICU, remote presence, virtual ICU, ehealth, mhealth, 

digital health, telemedicine, telecare, telehealth, digital inter-

vention 
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Patient  Participants provided telemedical intensive care 

Intervention Telemedical system used with at least one intensive care unit 

Comparison Comparison with the standard of care without tele ICU intervention 

Outcomes  All outcomes eligible for inclusion 

Table 2. PICO Criteria 

Source: Adapted from Guinemer et al. Telemedicine in Intensive Care Units: Protocol for a Scop-

ing Review. JMIR Res Protoc 2020 [5] 

 

We included articles in which at least three of the PICO criteria were found. Additionally, 

studies concerning interventions in neonatal and pediatric ICUs were excluded during 

the full-text screening. 

iv. Step 4: Data Charting 

According to the scoping review guidelines by Tricco et al., data charting consists of 

creating “comprehensive data charting forms to extract the relevant information from the 

included sources of evidence”[28]. Data charting forms were developed to collect infor-

mation on domains of investigation. The domains were developed and improved based 

on feedback from the core research team. 

In total five domains were defined and for each domain, several possible categories 

were defined (Table 3). The first three domains described the implementation context of 

telemedical interventions (A to C). Domain D focused on System configuration while do-

main E concentrated on the implementation rationale. 
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Domains Description  
Im

p
le

m
e

n
ta

ti
o

n
 C

o
n
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x
t 

A. Clinical  

focus 

Level of intensive care specialization. Possible categories are:  

i. Generalist (MICU, SICU), or 

ii. Specialized clinical focus (i.e., sepsis, cardiology, neurocritical).  

B. ICU type Level of intensivist involvement in the care of patients. Categories are: 

i. “Closed”, intensivists have full responsibility for patient care, or 

ii.  “Open”, admitting medical staff (i.e. surgeon) maintains responsi-

bility for the patient, or 

iii. “Open/closed”, open model is in place alongside the closed model.  

C. Hospital 

type 

Category of the hospital involved in tele ICU intervention. Categories are: 

i. “Tertiary” designated tertiary care institutions and teaching hospi-

tals, or 

ii. “Community” for community hospitals and small medical facilities in 

rural or suburban settings, or 

iii. “Mixed” when a combination of the two first categories was found.  

D. System  

configuration 

Characteristics of the tele ICU system configuration. Categories are: 

i. Technical architecture (i.e., centralized vs. decentralized),  

ii. Staff allocation (i.e., continuous vs. scheduled), or 

iii. Mode of communication of the tele ICU systems (i.e., high or low 

data intensity). 

E. Implementation  

rationale  

Main rationale provided in the study for tele ICU intervention. Codification of 

the rationale and expected benefits cited for the telemedical intervention. 

Table 3. Data Charting Template 

Source: Adapted from Guinemer et al. Telemedicine in Intensive Care Units: Protocol for a Scop-

ing Review. JMIR Res Protoc 2020 [5] 

 

To test the methodology and ensure consistent results, a calibration exercise was com-

pleted with a sample of randomly selected studies. This pilot test was completed before 

the work on data charting for the full sample was started.  

v. Step 5: Collating, summarizing and reporting results  

The fifth step consisted in collating, summarizing, and reporting results from the review. 

During this step, the results from data charting were tabulated in a format that was con-

sistent with the objectives of the review [28]. To provide a user-friendly overview of the 

findings, we presented the results in an evidence map. According to the definition by 
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O’Leary et al. evidence map is a tool to “produce a visual representation and critical as-

sessment of the review landscape for a particular […] topic or question”[29]. The evi-

dence map in this review provides an overview of the included studies, the implementa-

tion context, and the results.  

2.3  Extension of the scoping review methods for the analysis of the ERIC inter-

vention  

This section presents the methods employed in the thesis for the analysis of the ERIC 

intervention. The purpose of extending the method was to compare and contrast the 

case of ERIC with other tele ICU studies found in the scoping review. We aimed at iden-

tifying which insights from the scoping review were particularly applicable to the case of 

ERIC.  

To that end, the data-charting template of the scoping review shown in Table 3 was 

used to describe the characteristics of ERIC and its implementation context. ERIC was 

mapped according to the five domains defined in the data charting template of the scop-

ing review. A key source of information to complete this work was the protocol for a con-

trolled trial of the ERIC intervention published by Adrion et al. [15]. The results of this 

extension are presented in section 3.4.  
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3. Results 

3.1  Results from step 3 –“ Identification of relevant studies” 

After screening the 3024 results, the search yielded a final sample of 25 studies. These 

were published between 2004 and 2019. 84% of the studies were from the United 

States. Other countries include Germany, India, Australia, and Saudi Arabia. Concern-

ing the research methods, most studies used pre-post comparison designs. This 

method is classified as a quasi-experimental research design, in which there is no as-

signment of patients between the study and control group [35,36].  

Figure 4. PRISMA flowchart  

Source: Adapted from Guinemer et al., Telemedicine in Intensive Care Units: Scoping Review. J 

Med Internet Res 2021 [34] 
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3.2  Results from step 4 - “data charting” 

This section shows results from data charting according to the five domains shown in 

table 3 in section 2.2.  

 

Domains Categories Definition  n % total 

Im
p

le
m

e
n

ta
ti

o
n

 C
o

n
te

x
t 

A. Clinical focus General No specific clinical focus was identified (MICU, SICU) 21 84% 
Specialized Specific clinical focus (i.e, sepsis, cardiology, neurocritical)  4 16%   

Total 25 
 

B. ICU 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%   

Total 25 
 

C. Hospital type Tertiary Tertiary care institutions and/or teaching hospitals 11 44% 
Mixed Care organization spanning tertiary and community set-

tings 
4 16% 

Community Community hospitals and/or small medical facilities  9 36% 
Not Available   1 4%    

Total 25 
 

D. System  
configuration 
 

Continuous Continuous patient critical care monitoring 5 20% 
Mixed Continuous monitoring including scheduled rounds  9 36% 
Scheduled Scheduled consultation at regular intervals. Virtual rounds.  9 36% 
Not Available Insufficient information provided 2 8% 
  Total 25   

Centralized Tele ICU Command Center or Hub centralizing patient care  19 76% 
Decentralized Distributed architecture without a centralized hub 5 20% 
Not Available   1 4% 
  Total 25   

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   3 12%    

Total 25 
 

E. 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%    

Total 25 
 

Table 4. Data Charting Results – Interventions and context 

Source: Guinemer et al., Telemedicine in Intensive Care Units: Scoping Review. J Med Internet 

Res 2021 [34] 

 

In the following, we highlight findings for each domain. Firstly, we start with the imple-

mentation context domains (A to C). For domain A, most tele ICU systems in the studies 

did not have a specific clinical focus. For domain B, most ICUs were organized accord-

ing to the open model. (i.e. physicians keeping full responsibility for patient care). Re-

garding domain C, a large subset of tele ICU systems was implemented in community 

settings or spanning both tertiary and community hospitals.  
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Secondly, concerning the results for system configuration in domain D, centralized ar-

chitectures were found to be the most widespread implementation setup. Concerning 

the staffing model, continuous care configurations (i.e. constant patient monitoring) 

were found in approximately half of the studies. Scheduled interventions (e.g., daily 

rounds) were found in a third of the studies.  

Thirdly, we highlight the results for domain E about implementation rationale for which 

three use cases were defined. Approximately half of the studies were classified under 

the Use Case 1 Extending Coverage, and 40% were classified in Use Case 2 Improving 

Compliance. The remainder of the studies was classified in Use Case 3 Facilitating 

Transfer.  

3.3  Results from step five – “data collating and summarizing” 

In this section, we summarized the results from step 5 of the scoping review methods. 

We first introduce the use cases that were identified in the data summarizing. We then 

introduce the evidence map, a visual representation of the scoping review results.  

i. Presentation of the tele ICU use cases  

The results are presented under three use cases. These use cases are intended to de-

scribe the ideal-typical situations in which tele ICU systems have been found.  

The first use case Extending Coverage included interventions aiming at expanding the 

presence of intensivists in situations in which they are not (or only partially) available in 

the standard of care at the bedside. The analysis of the implementation context in the 

scoping review showed that these interventions were more prevalent in the community 

and mixed community / tertiary settings. 

The second use case is called Improving Compliance. Interventions in this use case are 

designed to enhance the adoption of best practices, patient safety, and quality of care. 

Tele ICU systems in this use case were to a large extent in tertiary care institutions. The 

interventions were principally categorized in the cluster Centralized Scheduled (sched-

uled rounds provided from a telemedical center). A few other interventions were catego-

rized as Decentralized Scheduled. In these studies, a system was put in place to enable 

the monitoring of key intensive care indicators such as monitoring of prophylaxis for 

stress ulcers, ventilator-associated pneumonia, and deep-vein thrombosis.  
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The third use case, Facilitating Transfer, included telemedical interventions enabling the 

management of patients that are coming to or leaving the ICU. Telemedical systems 

have been used in the context of transfers to a tertiary hospital (i.e. referral) or during 

internal transfers within the hospital (i.e. from the emergency to the intensive care unit).  

ii. Evidence map of the scoping review  

This section introduces the evidence map. This map provides an overview of the use 

cases along with the implementation characteristics of the studies included in the scop-

ing review. Each block of columns represents one of the five data charting domains (A 

to E) as well as one block with information about the study method. Each line in the evi-

dence map represents one of the 25 studies included in the scoping review.  

 

 

Figure 5. Evidence map of tele ICU interventions 
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Breslow, 2004 ## ## l 1396 / 744 2 ## ## ## ## ## ## ## ## ## ## ### ### ###
Zawada, 2009 ## ## 508 / 2285 15 ## ## ## ## ## ## ## ## ## ## ### ### ###
Thomas, 2009 ## ## 2034 / 2108 7 ## ## ## ## ## ## ## ## ## ## ### ### ###
Franzini, 2011 ## ## 2034 / 2108 7 ## ## ## ## ## ## ## ## ## ## ### ### ###
Willmitch, 2012 ## ## l 6504 / 18152 5 ## ## ## ## ## ## ## ## ## ## ### ### ###
Morrison, 2010 ## ## l 1371 / 2717 4 ## ## ## ## ## ## ## ## ## ## ### ### ###
McLeroy, 2019 ## ## 21 / 247 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Sadaka, 2012 ## ## 630 / 2193 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
McCambridge, 2010 ## ## l 954 / 959 3 ## ## ## ## ## ## ## ## ## ## ### ### ###
Pannu, 2017 ## ## 181 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Al-Omari, 2019 ## ## 730 / 794 5 ## ## ## ## ## ## ## ## ## ## ### ### ###
Gupta, 2014 ## ## 134 / 145 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Rosenfeld, 2000 ## ## l 427 / 201 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Panlaqui, 2017 ## ## l 337 / 188 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Hawkins, 2016 ## ## 14362 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Ruesch, 2012 ## ## 1308 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Lilly, 2017 ## ## 14,257 / 14,552 7 ## ## ## ## ## ## ## ## ## ## ### ### ###
Lilly, 2011 ## ## 1529 / 6290 7 ## ## ## ## ## ## ## ## ## ## ### ### ###
Kohl, 2012 ## ## l 466 / 1784 2 ## ## ## ## ## ## ## ## ## ## ### ### ###
Kalb, 2014 ## ## 3447 11 ## ## ## ## ## ## ## ## ## ## ### ### ###
Deisz, 2019 ## ## 1168 3 ## ## ## ## ## ## ## ## ## ## ### ### ###
Kahn, 2014 ## ## 4339 / 8938 8 ## ## ## ## ## ## ## ## ## ## ### ### ###
Vespa, 2007 ## ## 640 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Kadar, 2019 ## ## l 314 1 ## ## ## ## ## ## ## ## ## ## ### ### ###
Machado, 2018 ## ## l 314 1 ## ## ## ## ## ## ## ## ## ## ### ### ###

Extending 

Coverage

Improving 

Compliance

Facilitating 

Transfers

q q q q

Study Method  Clinical Focus ICU type Hospital System 

Configuration
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Source: Adapted from Guinemer et al., Telemedicine in Intensive Care Units: Scoping Review. J 

Med Internet Res 2021 [30] 

 

3.4  Additional results from the method extension  

This section first presents the results of the data charting introduced in section 2.3 and 

then presents an updated version of the evidence map that includes the ERIC interven-

tion.  

i. Data charting of the ERIC intervention  

Results of data charting of the intervention are presented in Table 5. Column 1 shows 

the five data charting template domains that were introduced in section 2.2 (step 4) of 

the scoping review method. Column 2 shows the categories in which ERIC was classi-

fied for each of the five domains. For example, for domain A clinical focus, ERIC was 

classified in the category Generalist ICU. Column 3 contains a summary of the infor-

mation from the study protocol of the controlled trial for ERIC published by Adrion et 

al.[31]. 

Domains 
ERIC 

Intervention 
Source Information  

Im
p

le
m

e
n

ta
ti

o
n

 C
o

n
te

x
t A. Clinical focus Generalist ICU 

 

Inclusion of all patients aged 18 or above that 

are expected to receive treatment in a mixed, 

medical, or surgical ICU. 

B. ICU type Closed ICU  

 

Intensivists at the bedside are responsible for 

patient care. 

C. Hospital type Mixed  

 

Charité as a tertiary hospital is connected with 

hospitals in Berlin state of Brandenburg. 

D. System configuration Centralized sched-

ule intervention 

Daily, telemedical rounds using a mobile cart 

are performed from a telemedical center lo-

cated. In addition, a 24/7 on-call service is 

available. (Configuration cluster 2, see Figure 

5). 

E. Implementation 

rationale  

Improving Compli-

ance  

Intervention targeting quality improvement 

guided by quality indicators 

Table 5. Data Charting Template for ERIC 
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Source: Analysis framework from Guinemer et al. Telemedicine in Intensive Care Units: Protocol for a 

Scoping Review. JMIR Res Protoc 2020 [5]. Description of the ERIC intervention in this table extracted 

from the study protocol by Adrion et al. [31].  

 

ii. Evidence map focused on the case of ERIC  

Building on the previous data charting step, this section presents the results for the 

ERIC intervention as an extension of the scoping review evidence map. Figure 6 shows 

the characteristics of ERIC highlighted with diagonal stripes along with the characteris-

tics of similar interventions in the use case Improving Compliance.  

 

 

Figure 6. Characteristics of ERIC compared to interventions in the Improving 

Compliance cluster  

Source: Adapted from Guinemer et al., Telemedicine in Intensive Care Units: Scoping Review. J 

Med Internet Res 2021 [30]. 
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4. Discussion 

4.1 Summary of results 

The literature search of the scoping review yielded 25 relevant tele ICU studies. Data 

charting from the studies resulted in the identification of three use cases for tele ICU in-

terventions. The use cases were Extending Coverage, Improving Compliance, and Fa-

cilitating Transfer. The use cases Extending Coverage and Improving Compliance were 

the ones for which the most robust evidence was found. The ERIC intervention was 

classified in the use case Improving Compliance. The evidence map indicated interven-

tions with similar characteristics as the ERIC intervention.  

4.2 Potential and barriers of intensive care telemedicine for improving compliance  

This section discusses the potential and limitations of implementing intensive care tele-

medicine for improving compliance. Firstly, to contextualize the discussion, we exam-

ined how the objectives of improving compliance were articulated in the case of ERIC. 

Secondly, we examined the state of evidence and highlighted the potential of telemedi-

cal interventions. Finally, we considered the limitations of intensive care telemedicine 

and discuss the strategies for mitigating these limitations.  

i. Contextualization of the topics discussed in this section  

This section provides some context and detail about the specific aspects of compliance 

improvement that are targeted in the ERIC intervention. As described in section 1.1, the 

incidence of patients having long-term symptoms and a decline in quality of life after an 

ICU stay has been steadily increasing. The ERIC intervention sought to address this 

emerging health issue through telemedicine [15]. The intervention consisted in maintain-

ing a high level of adherence to intensive care quality indicators in the process of care. 

A controlled trial was launched to measure the effectiveness of the intervention in miti-

gating the PICS. Examining the controlled trial protocol helps us understand the clinical 

focus of the intervention.  

In the ERIC clinical trial protocol, the DIVI Quality Indicator set, a set of widely-accepted 

intensive care indicators in Germany, is used as the primary intervention outcome. 
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These Quality Indicators are maintained by the German Interdisciplinary Society of In-

tensive Care Medicine or DIVI - Deutsche Interdisziplinäre Vereinigung für Intensiv- und 

Notfallmedizin. The DIVI Quality Indicators are periodically updated through a consen-

sus-based peer-review process. Version 3 of the DIVI Quality Indicators which are sum-

marized in Table 6 were used in the intervention. The Quality Indicators are described 

as process indicators, which means that they measure the adherence to a certain pro-

cess of care (e.g. ‘conducting interdisciplinary clinical visits’) as opposed to an outcome 

(e.g. ‘risk-adjusted patient length of stay’). According to Kumpf et al., the strength of pro-

cess indicators resides in the fact that they are “easy to measure and do not require 

risk-adjustment for disease severity ”[32]. The Quality Indicators were also designed to 

have “practical applicability” [32] and do not require major adaptation in the process of 

care.  

 

Indicator  Definition  

1 Daily multi-professional and interdisciplinary clinical visits with documentation of daily goals 

2 Management of sedation, analgesia, and delirium 

3 Patient-adapted ventilation 

4 Early weaning from invasive ventilation 

5 Monitoring of infection prevention measures 

6 Measures for infection management 

7 Early enteral nutrition 

8 Documentation of structured patient and family communication 

9 Early mobilization 

10 The direction of the intensive care unit 

Table 6. DIVI Quality Indicators – Version 3 (2017) 

Source: Adapted from Kumpf et al., GMS German Medical Science 2020 [33] 

 

The ERIC clinical trial protocol also mentions that adherence to quality indicators has 

been lacking in domains that are critical for patients suffering from PICS. Adherence to 

lung protection strategies is one of such domains (Indicators 3 and 4 in Table 6) These 

strategies aim at preventing ventilator-associated pneumonia and the atrophy of respira-

tory muscles due to prolonged periods of artificial ventilation. The DIVI recommends 

performing early weaning from invasive ventilation by proceeding with the spontaneous 

breathing trials [32]. In the next section, we will highlight the state of evidence about 

these specific strategies.  

Additionally, the management of pain was highlighted in the literature as a critical do-

main in the mitigation of PICS. A study by Luetz et al. showed that adherence to guide-

line recommendations for managing pain, sedation, and delirium (Indicator 2 in Table 6) 
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has been insufficiently used in practice [34]. The topic of pain was mentioned by Battle 

et al. as a major source of stress for patients and a cause of complications after the re-

lease from the ICU [35]. Quality indicators for pain management require the implemen-

tation of processes for setting sedation targets and using appropriate monitoring tools 

[34]. The next section will provide some insights into the potential and limitations of such 

processes.  

ii. Discussion of evidence in the use case Improving Compliance 

In this section, we discuss the state of evidence results for the use case Improving 

Compliance from the scoping review. We thereby highlight findings on the topics that 

were identified as relevant for the case of ERIC in the previous sections.  

In the scoping review, we found compelling evidence that tele ICU interventions are an 

effective means for improving compliance. This positive effect was found across inter-

ventions with different implementation profiles. The results of the tele ICU interventions 

in the use case Improving Compliance are summarized in Figure 7. In the following par-

agraphs, we discuss the intervention results and then the process changes facilitating 

these results.  

 

 

Figure 7. Results of interventions in use case Improving Compliance 

Source: Adapted from Guinemer et al., Telemedicine in Intensive Care Units: Scoping Review. J 

Med Internet Res 2021 [30].  

 

Discussion of results 
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Positive results were found in all the studies in the use case Improving Compliance. 

Positive results were also found in all the studies reporting on adherence levels to 

guidelines. In the study by Kahn et al., tele ICU rounds led by remote nurses at a large 

tertiary hospital were designed to prompt bedside staff when an omission in the process 

of care was noted [36]. These daily scheduled screenings by the remote nursing team 

were associated with shorter mechanical ventilation time and shorter LOS. Although in a 

different setting, similar findings were found in the study by Kalb and al [37]. In this inter-

vention, telemedical care rounds were organized at a community hospital with a focus 

on lung protection strategies. This study found a higher adherence to lung protection 

guidelines as well as a reduction in risk-adjusted mortality. In the earlier study by 

Ruesch et al., a “daily management report” was used by the remote nursing staff to con-

duct “daily interdisciplinary rounds” with the bedside care team [38]. This study reported 

increased compliance with ventilator bundles and a reduction in the incidence of ventila-

tor-associated pneumonia in ICU patients.  

Discussion of Process changes 

In addition to the positive results, studies in the use case Improving Compliance also 

provided insights on the process changes facilitating the tele ICU intervention results. 

Firstly, the organization of frequent patient rounds was found to be in most studies a key 

component of the intervention. The patient rounds were organized for the care teams to 

discuss cases. In the intervention study by Lilly et al., the early review of care plans 

within an hour of admission and frequent team-based review of cases was described as 

a key factor in the effectiveness of the intervention [39]. Different types of patient rounds 

were found. A model with daily scheduled patient rounds, similar to the ones in the 

ERIC intervention, was found in the studies by Kahn (2014) and Deisz (2019) In several 

interventions in the use case Improving Compliance, patient rounds were supplemented 

with the use of prompts and reminders from the remote to the bedside team in case of 

an omission [40]. 

Secondly, tele ICU interventions were described as instrumental for reinforcing the 

tracking of quality indicators in the ICU. Systematic tracking of indicators enables the 

monitoring of performance and the establishment of benchmarks. The use of bench-

marks enables to implementation of targeted actions to improve compliance and contin-

ually re-assess care processes based on performance data [40]. A study by Lilly et al. 

about reengineering intensive care processes suggests that the use of benchmarking 

data was effective at reducing mortality [39]. 
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As explained by Kalb et al., ICU interventions engender modifications of long-estab-

lished care patterns in the ICU [37]. In summary, telemedicine can be used as a tool to 

drive change in ICU organizations to improve quality management [41].  

iii. Identified barriers to intervention efficacy  

In this section, we elaborate on the factors acting as barriers to the efficacy of tele ICU 

intervention in the domain of compliance. We highlight in particular the topic of system 

interoperability as a potential barrier to the success of tele ICU interventions. According 

to Lehne et al., interoperability is defined as “the ability of two or more systems […] to 

exchange information and to use the information that has been exchanged”[42]. To 

function properly, tele ICU systems require a constant exchange of information between 

the remote site and the bedside. At the minimum, this exchange consists of a two-way 

audio and video stream.  

However, to realize the full potential of the intervention in terms of improving compli-

ance, additional data exchanges between participating hospitals are required both in 

real-time and asynchronously. This data exchange may include the sharing of vital pa-

rameters and system alerts that rely on data from the patient health records. As high-

lighted by Bender et al., maintaining interoperability between different hospitals across 

organizational boundaries is a complex and time-consuming undertaking [43].  

Without adequate system interoperability, the exchange of data between the tele ICU 

sites cannot take place automatically. This may require personnel to perform manual 

data entry into a specific tele ICU reporting platform since the data cannot be synchro-

nized from the hospital health record system. Such tasks can be both time-consuming 

and burdensome for bedside staff and negatively impact the acceptability of the inter-

vention. The issue of interoperability should therefore be addressed early in the plan-

ning of the intervention.  

4.3 Integration of telemedical interventions in intensive care infrastructure  

This section discusses the issue of the acceptance by medical staff involved in the inter-

vention. Firstly, we contextualize the discussion by explaining how acceptance is rele-

vant to the case of ERIC. Secondly, we highlight findings from the scoping review on the 

topic of acceptance. Finally, we outline topics for future research in the area. 
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i. Contextualization of the topic discussed in this section  

In this section, we explain how the topic of intervention acceptance is relevant to the 

case of ERIC. As explained in section 1.2., ERIC can be described as an intervention 

with a centralized architecture. The intervention included a telemedical cockpit estab-

lished between Charité – Universitätsmedizin Berlin (comprising the campus Mitte, Vir-

chow, and Benjamin Franklin) and 11 partner ICUs located in Berlin and the surround-

ing state of Brandenburg. All combined, the hospitals participating in the ERIC interven-

tion receive an average of 150 000 ICU admissions each year [8]. 

Since the launch of the intervention in 2018, the network of participating hospitals was 

extended. During the COVID-19 pandemic, additional hospitals in Berlin treating 

COVID-19 patients were added to the platform, within a program called SaveBer-

lin@COVID-19 [44]. The program was also extended internationally with hospitals in 

Uzbekistan and South Africa, for which Charité – Universitätsmedizin Berlin provides 

counseling to local ICU care teams [44].  

As mentioned in section 3.4, this intervention is characterized by a mixed hospital set-

ting, in contrast to the other interventions classified in the use case Improving Compli-

ance. The mixed hospital setting is defined as an intervention between a tertiary hospi-

tal, such as Charité – Universitätsmedizin Berlin, and one or several community hospi-

tals, such as the Krankenhaus Waldfriede in Berlin. In this setup, the Charité – Universi-

tätsmedizin Berlin steps into the role of a center of excellence for other hospitals. In ex-

change, the participating hospitals benefit from the expertise and resources of the tele-

medical center to maintain a high level of intensive care quality locally.  

Given the characteristics of the intervention and the addition of new ICUs to the tele-

medical platform, we found that acceptance is particularly relevant in the case of ERIC. 

In the next section, we highlight insights from the scoping review on that topic.  

ii. The issue of intervention acceptance and mitigating strategies  

An adequate level of collaboration between remote and beside teams is an essential 

component in achieving the potential of tele ICU interventions. As noted by Vranas et al. 

the quality of the collaboration between the remote and bedside teams is a factor in the 

effectiveness of telemedical interventions [4].To enable an adequate level of collabora-

tion, the intervention needs to be accepted by all involved participants, and in particular 

by bedside staff [45]. 
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In the scoping review, we noted that for interventions such as ERIC, the activity of the 

remote team can elicit ambivalent reactions from the bedside. As explained by Bender 

et al., care personnel can “feel threatened and scrutinized by telemedicine providers” 

[43]. In some cases, the bedside team can have the perception that the remote team is 

intruding and, to some extent, disrupting the established care routine. Such mispercep-

tions can create a lack of trust and be a source of conflicts between teams that share 

responsibility for patient care. To mitigate the risks of misperception, some preventive 

measures can be put in place. These measures can be implemented by the team in 

charge of leading the tele ICU intervention. In the following paragraphs, we provide ex-

amples of such measures.  

Firstly, as highlighted by Kahn et al. in an ethnographic study about the implementation 

of tele ICU systems, the value of the intervention needs to be perceived by the bedside 

personnel [46]. The benefits of the intervention should be highlighted by targeted com-

munication and dedicated training. Beyond the communication efforts, the acceptance 

can also be enhanced by engaging the bedside teams in the early phases of the plan-

ning and rollout of the intervention [21]. As highlighted by Becker et al., it should be a 

priority to promote team buy-in and trust at the start of the intervention [12]. 

Secondly, the acceptance of the intervention should be reinforced by clarifying the inter-

actions between the bedside and remote teams. As explained by Young et al., the es-

tablishment of clear rules and standards defining the role of both the remote and bed-

side teams is conducive to better staff acceptance of the intervention [16]. 

iii. Further research into intervention acceptance 

In this section, we highlight the aspects of team acceptance for which further research 

would be necessary. First, there is a need for research to clarify how to optimally train 

the remote and bedside teams regarding their respective roles and responsibilities. In 

the ERIC intervention, an on-the-job training program was delivered using the multipli-

cator principle [15]. Further research in the domain would be helpful to understand the 

strategies and best practices for disseminating such knowledge and skills to both the re-

mote and bedside teams.  

Secondly, the impact of tele ICU intervention on medical personnel has not been inves-

tigated in depth [18]. As noted by Kopec et al., the “quality of life, retention, and longev-

ity of bedside intensivists and critical care nurses has not been investigated” [19]. It 
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would be beneficial that research investigates how tele ICU intervention affects the work 

of the intensivists and intensive care nurses.  

Thirdly, beyond the perspective of bedside and remote personnel, intervention ac-

ceptance by other participants in the intervention should also be the topic of further in-

vestigation. As we noted in the scoping review, little research was found about the ac-

ceptance of tele ICU intervention by the patients or the patients’ relatives. It would be 

beneficial to better understand how such interventions are perceived and how these 

may affect the success of the intervention. For example, the topic of quality of life of pa-

tients during and after the ICU intervention has not been widely investigated [19].  

4.4 Strengths and limitations of this research 

This section provides an overview of the strengths and limitations of our analysis. We 

start by outlining the strengths of the thesis. Our scoping review is the first of its kind on 

the topic of tele ICU interventions. The strength of this research lies in providing a syn-

thesis of existing evidence on tele ICU interventions with a strong focus on implementa-

tion context and system configuration. The definition of a consistent set of domains ena-

bled us to identify three use cases from the literature. This approach allowed to provide 

analysis and recommendations that are specific for each use case. The evidence map 

provided a user-friendly document for personnel involved in the planning, implementa-

tion, and evaluation of tele ICU interventions at Charité – Universitätsmedizin Berlin and 

beyond. Another strength of this thesis resides in the analysis of the ERIC intervention. 

This analysis allowed us to discuss insights that are relevant for Charité – Universi-

tätsmedizin Berlin.  

Several limitations to this research should also be highlighted. First, several studies in 

the review did not use consistent reporting standards for describing the intervention and 

the outcomes. Some studies are lacking details on system configuration, setup, and ra-

tionale for implementation. This limited our ability to assess some aspects of the inter-

vention, such as the autonomy of the remote team. Second, to complete the scoping re-

view a core research group was assembled. The group provided feedback during data 

charting and discussion of the results. Although the insights from the team were invalua-

ble, this qualitative approach is possibly subject to bias in the interpretation of the infor-

mation from the studies. Strategies were put in place to mitigate the risk of bias. For ex-

ample, the review process included steps to have the information checked by more than 
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one reviewer. Third, the search strategy defined in the research protocol targeted stud-

ies about tele ICU interventions for adult patients. Telemedical systems have also been 

implemented in other areas such as pediatric and neonatal care. A specific analysis 

would be required to understand interventions in these areas.  
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5. Conclusions  

In this thesis, we investigated current evidence on telemedical interventions in intensive 

care using the scoping review method. We then analyzed and discussed the case of the 

ERIC intervention at Charité – Universitätsmedizin Berlin in light of the findings of the 

scoping review and current scientific literature on the topic.  

Firstly, we conclude that there is robust evidence from intervention studies that intensive 

care telemedicine is effective at improving compliance. Implementing tele ICU systems 

can be instrumental in increasing adherence to intensive care guidelines. The thesis 

presented the mechanisms by which this positive effect can be achieved. Telemedical 

interventions are conducive to the development of new care processes and the estab-

lishment of a culture of compliance in the ICU. Telemedicine can be described as a val-

uable tool for hospitals to address the current and future challenges facing intensive 

care medicine.  

Secondly, we observed that multiple implementation barriers exist which prevent tele-

medical interventions from fulfilling their full potential. Lack of system interoperability 

was highlighted as one of such barriers. The expansion of intensive care telemedicine, 

which was observed during the COVID-19 pandemic, has reinforced the need for ad-

dressing this complex and multi-faceted barrier. 

Thirdly, we highlighted that staff acceptance represents an important component in the 

success of telemedical interventions. Intensive care telemedicine, which was described 

as both a technological and an organizational innovation, involves modifications of the 

care processes in the ICU. We discussed how these process modifications can benefit 

from high adherence from clinical personnel, and in particular staff at the bedside. 

Based on the results of the scoping review, strategies might be proposed to foster inter-

vention acceptance, which may include targeted communication, on-the-job training, 

and clarification of the roles and processes for the involved teams. We suggested areas 

for future research to reinforce the implementation of such strategies.  
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6. List included in the studies of the scoping review  

Short Name Title Country Ref. 

Sadaka, 2012 Telemedicine intervention improves ICU outcomes United States [47] 

Morrison, 2010 Clinical and economic outcomes of the electronic intensive care unit: results from two 

community hospitals 

United States [48] 

McCambridge, 

2010 

Association of health information technology and teleintensivist coverage with de-

creased mortality and ventilator use in critically ill patients 

United States [49] 

Willmitch, 2012 Clinical outcomes after telemedicine intensive care unit implementation United States [50] 

Pannu, 2017 Impact of Telemedicine Monitoring of Community ICUs on Interhospital Transfers United States [51] 

McLeroy, 2019 Implementation of Tele-Critical Care at General Leonard Wood Army Community 

Hospital 

United States [52] 

Zawada, 2009 Impact of an intensive care unit telemedicine program on a rural health care system United States [53] 

Thomas, 2009 Association of telemedicine for remote monitoring of intensive care patients with mor-

tality, complications, and length of stay 

United States [54] 

Franzini, 2011 Costs and cost-effectiveness of a telemedicine intensive care unit program in 6 inten-

sive care units in a large health care system 

United States [55] 

Lilly, 2017 ICU Telemedicine Program Financial Outcomes United States [56] 

Breslow, 2004 Effect of a multiple-site intensive care unit telemedicine program on clinical and eco-

nomic outcomes: an alternative paradigm for intensivist staffing 

United States [57] 

Kohl, 2012 The effect of ICU telemedicine on mortality and length of stay United States [58] 

Lilly, 2011 Hospital Mortality, Length of Stay, and Preventable Complications Among Critically Ill 

Patients Before and After Tele ICU Reengineering of Critical Care Processes. 

United States [59] 

Kalb, 2014 A multicenter population-based effectiveness study of teleintensive care unit-directed 

ventilator rounds demonstrated improved adherence to a protective lung strategy, 

decreased ventilator duration, and decreased intensive care unit mortality 

United States [37] 

Ruesch, 2012 Using nursing expertise and telemedicine to increase nursing collaboration and im-

prove patient outcomes 

United States [38] 

Hawkins, 2016 ICU Telemedicine Comanagement Methods and Length of Stay United States [60] 

Gupta, 2014 eICU reduces mortality in STEMI patients in resource-limited areas India [61] 

Deisz, 2019 Additional Telemedicine Rounds as a Successful Performance-Improvement Strat-

egy for Sepsis Management: Observational Multicenter Study 

Germany [62] 

Kahn, 2014 Impact of nurse-led remote screening and prompting for evidence-based practices in 

the ICU* 

United States [36] 

Al-Omari, 2019 A Multicenter Case-Historical Control Study on Short-Term Outcomes of Tele-Inten-

sive Care Unit 

Saudi Arabia [31] 

Rosenfeld, 2000 Intensive care unit telemedicine: alternate paradigm for providing continuous inten-

sivist care 

United States [63] 

Panlaqui, 2017 Outcomes of telemedicine intervention in a regional intensive care unit: a before and 

after study 

Australia [64] 

Vespa, 2007 Intensive care unit robotic telepresence facilitates rapid physician response to unsta-

ble patients and decreased cost in neurointensive care 

United States [65] 

Kadar, 2019 Impact of Telemonitoring of Critically Ill Emergency Department Patients Awaiting 

ICU Transfer 

United States [66] 

Machado, 2018 Impact of a telemedicine eICU cart on sepsis management in a community hospital 

emergency department 

United States [67] 
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