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Zusammenfassung 

Hintergrund: Neue digitale Gesundheitstechnologien könnten patientenbezogene Out-

comes verbessern und die Arbeitsbelastung des Personals reduzieren. Ihre Einführung 

in die klinische Routinepraxis auf Intensivstationen verläuft jedoch schleppend. Im Kon-

text der Implementierung eines neuen Patientenmonitoringsystems auf einer Intensivsta-

tion untersuchten wir Erwartungen des Personals an die Monitoring-Technologie, vali-

dierten sie und entwickelten ein Implementierungsframework für digitale Gesundheits-

technologien auf Intensivstationen. 

Methoden: Wir verfolgten einen explorativen Mixed-Methods Forschungsansatz. Die Da-

tenerhebung umfasste semistrukturierte Interviews, Feldbeobachtungen und Fokusgrup-

pen, die induktiv und deduktiv analysiert wurden, sowie einen Onlinefragebogen, der de-

skriptiv ausgewertet wurde. Das Implementierungsframework wurde induktiv und deduk-

tiv aus der Datengrundlage heraus sowie aufbauend auf evidenzbasierten Rahmenwer-

ken entwickelt. 

Ergebnisse: Das Personal wünschte sich für ein zukünftiges Patientenmonitoring draht-

lose Sensoren, höhere Benutzerfreundlichkeit und ein optimiertes Alarmmanagement. 

Sie bewerteten viele falsch-positive Alarme problematisch und forderten mehr Training 

mit neuen Geräten. Auch in der Validierungsstudie wurden zu viele falsch-positive Alarme 

(n=60, 70% wählten "stimme voll zu" oder "stimme zu") und zu viele Sensorkabel (n=66, 

77%) bemängelt. Das Personal befürwortete den Einsatz von Patientenfernüberwachung 

um früher alarmiert zu werden (n=55, 65%), und von durch Künstliche Intelligenz ge-

stützte Entscheidungshilfesystemen für die Früherkennung von Komplikationen (n=67, 

79%). Für eine höhere Nutzung solcher Systeme seien Interoperabilität (n=79, 93%), Be-

nutzerfreundlichkeit (n=78, 93%) und mehr Schulungen (n=75, 90%) sinnvoll. Zur Ver-

besserung der Implementierung sollten qualitativ hochwertige und regelmäßige Mitarbei-

terschulungen, ein klares Leitungsengagement für das Projekt und Feedbackmöglichkei-

ten vorhanden sein. Das Implementierungsframework für digitale Gesundheitstechnolo-

gien auf Intensivstationen enthält Strategien, die vor, während und im allgemeinen Kon-

text der Implementierung angewandt werden können, wobei die Benutzerfreundlichkeit 

und Anpassungsfähigkeit der Intervention, die Einbeziehung des Personals, die Kommu-

nikation und die Evaluierungsstrategien im Mittelpunkt stehen. 
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Schlussfolgerungen: Die Implementierung digitaler Gesundheitstechnologien in spezi-

alisierten Settings wie Intensivstationen muss sorgfältig geplant werden. Im Fokus steht 

die Einschätzung der Anpassungsfähigkeit der Technologie, die mit nutzerzentrierten Me-

thoden verbessert werden sollte, u.a. durch die Einbeziehung des interdisziplinären Per-

sonals und eine klare Kommunikation des Projekts. Zudem sollten Anforderungen für die 

Implementierung kontinuierlich neu eingeschätzt werden. Das Framework kann Verant-

wortlichen in der Implementierungspraxis als Leitfaden dienen. 
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Abstract 

Background: In the context of the digital transformation of healthcare, technologies such 

as tablet-based remote patient monitoring systems promise to improve patient-related 

outcomes and reduce workload of healthcare staff. However, the introduction of novel 

digital technologies into routine clinical practice, e.g. in intensive care units (ICUs), is still 

lagging behind. In the context of implementing a remote patient monitoring system, we 

aimed to explore expectations of ICU staff regarding patient monitoring, validate them, 

and develop an implementation framework for digital health technologies in the ICU. 

Methods: We followed an exploratory research approach using mixed methods. The data 

collection included semi-structured interviews, field visits and focus groups; and an online 

cross-sectional survey to validate the insights gained. We derived the implementation 

framework applying inductive and deductive analysis. The deduction was oriented to-

wards the categories of the Consolidated Framework for Implementation Research and 

the Expert Recommendations for Implementing Change. 

Results: Staff expectations regarding novel patient monitoring solutions included intro-

ducing wireless sensors, enhanced usability and optimized alarm management. Many 

false positive alarms due to poor alarm hygiene were considered problematic, more train-

ing with new devices was demanded. In the validation study, staff members stated that 

high rates of false-positive alarms (n=60, 70% chose “Strongly agree” or “Agree”) and too 

many sensor cables (n=66, 77%) would disturb patient care. They supported using re-

mote patient monitoring for earlier alerts (n=55, 65%) and artificial-intelligence-powered 

clinical decision support systems for early detection of complications (n=67, 79%). To 

promote usage of such systems, respondents suggested more interoperability (n=79, 

93%), high usability (n=78, 93%) and more training with technologies (n=75, 90%). High 

quality and regular staff training, clear leadership commitment and feedback opportunities 

for staff should be installed for improved implementation. The presented framework com-

piles strategies to apply before, during and in the general context of the implementation, 

focussing on usability and adaptability of the intervention, staff involvement, communica-

tion, and evaluation strategies. 

Conclusions: The implementation of digital health technology in specialized settings like 

the ICU requires a high level of staff resources and commitment. It is important to test the 
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adaptability of the technology and improve it with a user-centered approach in design and 

implementation. The implementation involves interdisciplinary staff engagement, clear 

communication of the project, and continuous assessment of implementation require-

ments and conditions should be continuously reassessed. The presented framework may 

guide implementation leaders towards sustainable and user-centered introduction of dig-

ital health technology in the ICU. 
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1 Introduction 

Despite the potential to improve outcomes, efficiency, and costs, the digital transfor-

mation of healthcare is lagging far behind compared to other sectors (Thiel et al. 2018; 

World Health Organization 2019). In the intensive care unit (ICU), staff is used to working 

with a multitude of electronic devices such as hospital information systems, organ re-

placement devices and, on a daily basis, the patient monitoring system. However, most 

of the technologies in use were invented in the 1970s and have not been substantially 

updated since then (Gardner et al. 2014). With today’s developments in Artificial Intelli-

gence (AI) research and computer science, a data-rich environment like the ICU seems 

predestined for the application of AI algorithms analyzing monitoring data in real time to 

predict complications or wireless remote patient monitoring solutions that stay with the 

patient after discharge from the ICU. First applications in that regard are being tested 

already today (De Cannière et al. 2020; Hashimoto et al. 2020; Kilic 2020). However, 

these technologies have not found their way into clinical routine yet and are only imple-

mented in context of research projects or in single hospital sites (Mirsadeghi et al. 2016; 

Nagaraj et al. 2017; Chee et al. 2021; Chen, Pu, and Wang 2021; De Corte, Van Hoecke, 

and De Waele 2022).  

Implementation of digital health technologies is lagging due to reasons on many levels: 

On a macro (national) level, a lack of legislations, a complicated market access and (ag-

gravating) finance models hinder digital health technology introduction (Thiel et al. 2018). 

On a meso- (healthcare provider-) level, missing interoperability and high implementation 

and maintenance costs are major barriers (Wachter 2016; Lennon et al. 2017). On the 

micro (hospital ward) level, we see that health professionals’ adoption and usability of the 

technologies influence implementation negatively (von Dincklage et al. 2017; Marcial et 

al. 2019; García et al. 2020). Yet, a breakdown of the specific reasons and targeted so-

lution strategies for the context of ICUs do not exist. 

The Consolidated Framework of Implementation Research (CFIR) is a mean to assess 

the implementation of an intervention into healthcare settings (Damschroder et al. 2009) 

and consists of five domains: (1) Intervention characteristics, (2) Outer setting, (3) Inner 

setting, (4) Characteristics of individuals and (5) Process, whilst each domain contains 

several sub-domains. To improve implementation efforts, Powell et al. published the Ex-

pert Recommendations for Implementing Change (ERIC), a compilation of 73 strategies 
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that were selected through a modified Delphi process with a panel of 73 experts in imple-

mentation science (Powell et al. 2015). For implementation research and practice, the 

research group around Laura Damschroder and Byron J. Powell published a tool to match 

CFIR-domains with ERIC strategies, which provides a prioritization of ERIC strategies 

best addressing respective CFIR-based barriers to implementation (Waltz et al. 2019). 

Ultimately, guidelines and frameworks for implementation of interventions in healthcare 

settings do exist, however, we lack evidence and recommendations for the specific use 

case of implementing digital health technologies in an ICU setting.  

We aimed to explore the implementation of digital health technologies with the example 

of a remote patient monitoring system in an intensive care setting.  

 

Objectives:  

1. As part of this, we assessed clinical requirements and barriers to the implementation 

of a remote patient monitoring system and explored concerns, and perceived challenges 

of ICU staff on patient monitoring as well as their suggestions for future technological 

improvements.  

2. We aimed to validate the findings of objective 1 in a larger cohort, putting focus on 

aspects of patient monitoring potentially disturbing patient care, the use cases for AI in 

the ICU, and whether ICU staff is willing to improve their digital literacy or contribute to 

improvement of existing technologies.  

3. Finally, we aimed to evaluate the implementation of a novel digital technology after the 

implementation trial and to develop an implementation framework for digital health tech-

nology in the ICU. 
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2 Methods 

Study design and overview of methods used  

We followed an exploratory mixed-methods research approach. The qualitative part in-

cluded semi-structured interviews, field visits, and focus groups to explore the research 

field and develop hypotheses. An online cross-sectional survey was conducted to validate 

the hypotheses and insights gained through the preceding qualitative methods.  

Methods described in this section were part of the publications: 

Poncette A-S, Spies C, Mosch L, Schieler M, Weber-Carstens S, Krampe H, Balzer F. Clinical Require-

ments of Future Patient Monitoring in the Intensive Care Unit: Qualitative Study. JMIR Medical Informatics 

2019 Apr 30;7(2):e13064. [doi: 10.2196/13064] 

Poncette A-S, Mosch L, Spies C, Schmieding M, Schiefenhövel F, Krampe H, Balzer F. Improvements in 

Patient Monitoring in the Intensive Care Unit: Survey Study. J Med Internet Res 2020 Jun 19;22(6):e19091. 

[doi: 10.2196/19091] 

Mosch LK, Poncette A-S, Spies C, Weber-Carstens S, Schieler M, Krampe H, Balzer F. Creation of an 

Evidence-Based Implementation Framework for Digital Health Technology in the Intensive Care Unit: Qual-

itative Study. JMIR Formative Research 2022 Apr 8;6(4):e22866. [doi: 10.2196/22866] 

 

Addressing objective 1., we conducted a qualitative study based on semi-structured in-

terviews that were analyzed using a grounded theory approach (Poncette, Spies, et al. 

2019). In order to validate and specify identified problems with patient monitoring as well 

as barriers and facilitators for the implementation of digital tools and AI in the ICU (objec-

tive 2.), we conducted a cross-sectional survey study via an online questionnaire 

(Poncette, Mosch, et al. 2020a). Finally, we applied an abductive research approach, 

specifying and elaborating previously established theories and generating new additional 

hypotheses, resulting in an implementation framework for digital health technologies in 

the ICU (objective 3, (L. K. Mosch et al. 2022). 

Ethics approval and consent to participate 

https://doi.org/10.2196/13064
https://doi.org/10.2196/13064


8  Methods 

   

 

The Ethics Committee of Charité-Universitätsmedizin Berlin, Germany, approved this 

study (EA1/031/18). Participation in the study was voluntary. Informed consent was ob-

tained from the participants in written form for all sub-studies and was available at all 

times.  

Setting and technical setup 

The study was conducted in the context of the pilot implementation of the Virtual Patient 

Monitoring Platform Vital Sync 2.4 developed by Medtronic plc, Minneapolis, United 

States. This system was installed in the post anesthesia care unit (PACU), one of the four 

intensive care units of a large German university hospital that was the setting of this study. 

The PACU had a capacity of ten beds, five of which were equipped with the Vital Sync 

monitoring system from May 2018 until June 2019.  

The monitoring system consisted of two sensors (pulse oximetry and capnography) con-

nected by a cable link to a bedside module that displayed the measured parameters and 

transmitted the data to remote devices (central monitor at the nurse station and six tablet 

computers). It was installed as a secondary monitoring system, primarily using the Philips 

IntelliVue patient monitoring system at the time of the study (MX800 software version 

M.00.03; MMS X2 software version H.15.41-M.00.04). 

The vital parameters measured by the system were peripheral capillary oxygen saturation 

(SpO2), pulse rate (PR), end-tidal carbon dioxide (etCO2), and respiratory rate (RR) at a 

frequency of 1 Hz. On the home screen, which provided an overview of all admitted pa-

tients, all values for the measured vital parameters were displayed numerically (see Fig-

ure 1). In the bedside tile view of each patient, SpO2 and etCO2 were also displayed 

graphically on the user interface.  
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Figure 1. Home screen view with patient tiles and measured vital signs of the patient monitoring 

platform VitalSync. SpO2=peripheral capillary oxygen saturation, PR=pulse rate, etCO2=end-

tidal carbon dioxide, RR=respiratory rate. Taken from: (Medtronic 2017a; 2017b) 

Over the course of one month (March 2018) prior to the use of the system, technical 

briefings, and training on the use of the device were provided to ICU staff (i.e., physicians, 

nurses, and respiratory therapists). In addition, two workshops were held for all ward staff 

to clarify questions and solve problems in the application. For the duration of the whole 

implementation process, technical support was provided as needed.  

Research Team  

Pursuing a largely qualitative research approach, we put focus on interdisciplinarity within 

the research team, guaranteeing a multitude of perspective on the research topic. The 

team consisted of a Dr. med. candidate (LM); a postdoctoral researcher with a back-

ground in anesthesiology, intensive care medicine, digital health and geriatrics (ASP); a 

professor for medical data science, who is a consultant anesthesiologist and a computer 

scientist (FB); a psychologist (HK); a senior Human Factors student with a background in 

engineering (LS); a professor of ergonomics with a PhD in Human Factors and Industrial 

and Organizational psychology (MF); two medical doctors with a background in data sci-

ence (MSCHM), and anesthesiology (FS); the head nurse (MSCHI); the ICU senior con-

sultant (SWC); and the department’s head of staff (CS). 
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Data Collection and Analysis 

1) Pre-implementation interview study: assessing clinical requirements for pa-

tient monitoring in the ICU 

The methods described in this section were part of the following publication:  

Poncette A-S, Spies C, Mosch L, Schieler M, Weber-Carstens S, Krampe H, Balzer F. Clinical Re-

quirements of Future Patient Monitoring in the Intensive Care Unit: Qualitative Study. JMIR Medical 

Informatics 2019 Apr 30;7(2):e13064. [doi: https://doi.org/10.2196/13064] 

The interview guide (see Appendix 1) was developed by the research team by consulting 

the existing literature and discussing the research question in interdisciplinary focus 

groups and narrowed it down to seven guiding questions. Two pilot interviews were con-

ducted to test the question order and validity; however, this did not alter the interview 

guide. Prior to usage of the patient monitoring system (April and May 2018), LM and ASP 

conducted 15 semi-structured interviews with ICU staff (five physicians, six nurses, four 

respiratory therapists, 7/15 female, 8/15 male). Attention was paid to achieving an even 

distribution of occupations, ICU work experience, and gender when composing the sam-

ple. The median length of interviews was 13 minutes (range 8-26).  

Interview transcripts were analyzed applying a Grounded Theory approach (Strauss and 

Corbin 1990), meaning line-by-line coding of all three different transcripts with subse-

quent categorization and classification in a code system. The code structure was elabo-

rated, specified, and adjusted through the analysis of the resulting transcripts. Qualitative 

analysis was performed by AP and LM, who regularly discussed the code system until 

mutual agreement was achieved. Findings were obtained through summarization of the 

code system in text and consolidation of the core statements in a sunburst diagram (see 

Figure 4). Relevant and representative quotes were translated into English and added to 

the manuscript of the publication (Poncette, Spies, et al. 2019).  

2) Validation survey study: improvements and requirements for patient moni-

toring in the ICU 

The methods described in this section were part of the following publication:  
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Poncette A-S, Mosch L, Spies C, Schmieding M, Schiefenhövel F, Krampe H, Balzer F. Improvements 

in Patient Monitoring in the Intensive Care Unit: Survey Study. J Med Internet Res 2020 Jun 

19;22(6):e19091. [doi: 10.2196/19091] 

Between November and January 2019, a web-based 36-item-questionnaire (see Appen-

dix 2) was administered to nursing and medical staff in the four ICUs (N=270; 177 nurses, 

93 physicians). The survey items were generated through analyzing findings of the pre-

implementation interview study (Poncette, Spies, et al. 2019) and consolidated in focus 

group discussions within the research team. Items were created using an ordinal re-

sponse format with a 5-point Likert scale. Pilot testing and pretesting with intensive care 

nurses and physicians were conducted to filter out redundant items and improve clarity, 

item order, and overall usability of the questionnaire. Experienced intensivists assessed 

the content and clinical validity of the survey items and topics.  

Data cleaning and analysis was undertaken with R (R Foundation for Statistical Compu-

ting,(Wickham and RStudio 2019; Lüdecke et al. 2020; R Core Team 2018). We calcu-

lated the medians and their 95% bootstrap confidence intervals for each survey item us-

ing a bootstrap resampling procedure. For the bootstrap sampling distribution, 15,000 

bootstrap samples per item were created. An item median was considered statistically 

significant if the 95% bootstrap confidence interval of the median did not contain 3, indi-

cating the response "undecided." To compare the distributions of item responses of phy-

sicians and nurses, chi-square tests were used. Here, a two-sided P value <.05 was con-

sidered statistically significant. 

  

3)  Developing an implementation framework for digital health technologies in the ICU  

The methods described in this section (see Figure 2 for an overview) were part of the 

following publication:  

Mosch LK, Poncette A-S, Spies C, Weber-Carstens S, Schieler M, Krampe H, Balzer F. Creation of an 

Evidence-Based Implementation Framework for Digital Health Technology in the Intensive Care Unit: Qual-

itative Study. JMIR Formative Research 2022 Apr 8;6(4):e22866. [doi: 10.2196/22866] 

 

Data collected and/or analyzed with this approach for this third sub-study included (1) 

results from sub-studies 1 and 2, (2) seven interview transcripts, (3) seven online Likert-
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scale questionnaires, and (4) field observations and informal discussions among the re-

search team (see Figure 2). The interview guide for semi-structured interviews was de-

veloped on the basis of findings from previous studies (Poncette, Meske, et al. 2019; 

Poncette, Spies, et al. 2019; Poncette, Mosch, et al. 2020b) and the categories of the 

CFIR (Damschroder et al. 2009) (see Appendix 3). We conducted pilot interviews with 

ICU physicians, which did not alter the interview guide. Seven semi-structured interviews 

with ICU staff (three physicians, three nurses, one respiratory therapist) took place be-

tween June and November 2019. We took care to ensure that all professional groups 

were represented and that preferably persons were interviewed, who had participated in 

the stage 1 interviews. The number of respondents was limited because they should have 

held key positions in the ICU (e.g., head nurse, senior physician, staff with high work 

hours in the respective ICU) supervised the implementation process, received feedback 

from other staff on working with the system and the implementation process. As part of 

the interview guide, participants answered a 47-item online questionnaire including a 

technology commitment scale (Neyer, Felber, and Gebhardt 2012)see Appendix 3). The 

items were created to make participants’ opinions on the implementation process com-

parable and matchable with the CFIR categories, using a 5-point Likert-type scale as an 

ordinal response format (options: not correct at all, not quite correct, partly correct, quite 

correct, and completely correct). We pilot tested the interview guide and questionnaire 

with two ICU physicians, discussing the clarity, relevance, and order of the items. This 

did not lead to any changes in the interview guide or the questionnaire. The study data 

were collected and managed using REDCap electronic data capture tools hosted at Char-

ité – Universitätsmedizin Berlin (Harris et al. 2009; 2019). 

The interviews were conducted in a quiet and neutral environment (clinicians' offices on 

hospital grounds) and took place outside of regular ward shifts. Recordings of the inter-

views were transcribed verbatim by LM and were reviewed by ASP. From May 2018 to 

March 2020, the research team met throughout the implementation process to discuss 

progress, preliminary findings, and research strategy. This helped to improve auditability 

and reflexivity as well as minimize bias as much as possible (Noble and Smith 2015).  To 

gain a more comprehensive understanding of the clinical implementation process and 

staff interactions with the system, LM also conducted field observations in the form of 

observations during shifts, which added field notes and memos to the data analyzed for 
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this study. A summary of the field research findings was published by Poncette et al. in 

2019 (Poncette, Meske, et al. 2019). 

 

Figure 2. Overview of methods used for sub-study (3). ERIC=Expert Recommendations for Im-

plementing Change, CFIR=Consolidated Framework of Implementation Research, ICU=Intensive 

care unit. Taken from: (L. K. Mosch et al. 2022) 

To develop a framework of practical, evidence-based, yet specific recommendations for 

implementing new, digital technologies in the ICU, we chose the approach of systematic 

combining, as described by Dubois et al. (Dubois and Gadde 2002). In systematic com-

bining, a case observation, empirical evidence, and an existing theory are assessed, 
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aligned, guided, and directed toward a generalizable framework. It involves inductive and 

deductive methods of analysis and is characterized by the continuous matching of the 

four components (the case, the empirical world, the theory, and the framework) that leads 

to the ongoing specification and refinement of the framework. 

As part of this, interview transcripts were analyzed inductively, using a thematic analysis 

(Boyatzis 1998; Fereday and Muir-Cochrane 2006). This resulted in summaries of (1) the 

evaluation of the implementation process and (2) strategies to improve implementation.  

Those were subjects to the next, deductive step of the analysis, which connected the 

existing theory and evidence (CFIR and ERIC strategies) with the case observation (Dam-

schroder et al. 2009; Powell et al. 2015). CFIR domains and ERIC strategies served as 

code system templates for the deductive part of thematic analysis, whereas summaries 

on strategies to improve implementation were analyzed with the ERIC strategies code 

system and summaries of barriers and facilitators to implementation were analyzed with 

the CFIR domains code system. All steps of inductive and deductive analysis were per-

formed with MAXQDA 2020 qualitative data analysis software (VERBI Software 2022).  

 

Figure 3. Systematic combining. Taken from: (Dubois and Gadde 2002) 

Finally, the proposed implementation framework for digital health technology in the ICU 

was developed (3) based on the CFIR- and ERIC-guided analysis.  
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For prioritization of implementation strategies, we applied the CFIR-ERIC Implementation 

Strategy Matching Tool (“Strategy Design” 2016; Waltz et al. 2019), which maps strate-

gies to CFIR domains, and took findings from field observations and informal research 

team discussions into account. Both ERIC-strategies that were congruent with staff sug-

gestions from (2) and ERIC strategies that improved important CFIR-domains from (1) 

became part of the framework. Field observations and the research group's informal dis-

cussions helped prioritizing the findings and interview suggestions in the context of the 

implementation process. A temporal perspective was added, and recommendations were 

specified to the ICU environment (see Figure 13). 
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3. Results 

1) Pre-implementation interview study: assessing clinical requirements for pa-

tient monitoring in the ICU 

The results depicted in this paragraph, qualitatively screening requirements for patient 

monitoring in the ICU from the perspective of ICU staff, represent the findings of the fol-

lowing publication:  

Poncette A-S, Spies C, Mosch L, Schieler M, Weber-Carstens S, Krampe H, Balzer F. Clinical 

Requirements of Future Patient Monitoring in the Intensive Care Unit: Qualitative Study. JMIR Med-

ical Informatics 2019 Apr 30;7(2):e13064. [doi: 10.2196/13064] 

 

In evaluating the current monitoring system (see Figure 4, yellow), analysis of interviews 

with ICU staff revealed that usability factors such as intuitiveness and visualization were 

very relevant to staff in the context of daily use of the monitoring system in clinical routine. 

Trend analysis was rarely used, either by nurses, physicians, or respiratory therapists. 

Interviewees rated inadequate alarm management as well as the entanglement of moni-

toring cables as potential patient safety issues. The nurses and respiratory therapists 

interviewed confirmed routinely adjusting alarm thresholds according to patient condition, 

nonetheless situations in which multiple alarms are triggered at the same time would oc-

cur regularly and cause stress for both patients and staff. This was said to be caused by 

a high number of false alarms due to error-prone sensors, but also to patient-related fac-

tors (movement, arbitrary removal of monitoring parts) and to the lack of "alarm hygiene". 

i.e., regularly adjusting alarm thresholds, (de-)selecting parameters for alarms, resulting 

from low staffing levels and lack of time to set alarm thresholds. 

For a future system (see Figure 4, green), again, the importance of high usability and 

intuitiveness was emphasized, which especially in emergency situations would ensure 

patient safety. Wireless, non-invasive, and interoperable monitoring sensors were de-

sired; the use of mobile phones for remote patient monitoring and alarm management 

optimization were suggested; and clinical decision support systems (CDSS) based on 

artificial intelligence were considered useful.  

Perceived barriers to implementation (see Figure 4, red) of novel technologies such as 

remote patient monitoring and AI-powered CDSS included lack of confidence in these 

technologies and fear of losing clinical skills if relying solely on the results of an AI system, 
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for example. In addition, staff feared an even greater workload from setting up and run-

ning the technologies. Lack of awareness among critical care staff of available digital 

technologies and their potential benefits, as well as satisfaction with the current system, 

were also cited as potential barriers to implementation. More instructions and training with 

the new devices were demanded by staff. 

 

Figure 4. Perceptions of current (yellow) and future (green) patient monitoring in the intensive 

care unit and implementation barriers of novel monitoring solutions (red). CDSS = Clinical Deci-

sion Support System. Taken from: (Poncette, Spies, et al. 2019)  

2) Validation survey study: improvements and requirements for patient moni-

toring in the ICU  

The results described in this section were part of the following publication:  
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Poncette A-S, Mosch L, Spies C, Schmieding M, Schiefenhövel F, Krampe H, Balzer F. Improvements 

in Patient Monitoring in the Intensive Care Unit: Survey Study. J Med Internet Res 2020 Jun 

19;22(6):e19091. [doi: 10.2196/19091] 

In total, 86 of the 270 ICU physicians and nurses completed the survey questionnaire. 

The majority (n=66, 77% chose “Strongly agree” or “Agree”) stated they felt confident 

using the patient monitoring equipment, but that high rates of false-positive alarms (n=60, 

70% chose “Strongly agree” or “Agree”) and the many sensor cables (n=66, 77% indi-

cated “Strongly agree” or “Agree”) interrupted patient care (see Figure 5).  

 

 

Figure 5. Distribution of survey responses regarding aspects of patient monitoring disturbing pa-

tient care. Statistical significance is indicated with an asterisk (*). Taken from: (Poncette, Mosch, 

et al. 2020a) 

Regarding future improvements, the respondents asked for wireless sensors (n=80, 93% 

chose “Strongly agree” or “Agree”), to reduce false-positive alarms (n=80, 93% chose 

“Strongly agree” or “Agree”) and supported hospital standard operating procedures 

(SOPs) for alarm management (n=53, 62% chose “Strongly agree” or “Agree”, see Figure 

6).  
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Figure 6. Distribution of survey responses regarding improvements for future patient monitoring. 

Statistical significance is indicated with an asterisk (*). Taken from: (Poncette, Mosch, et al. 

2020a) 

Most respondents indicated, remote patient monitoring would be useful for earlier alerting 

(n=55, 65% indicated “Strongly agree” or “Agree”) or when they were responsible for mul-

tiple wards (n=62, 74% chose “Strongly agree” or “Agree”, see Figure 7).  

 

Figure 7. Distribution of survey responses regarding use cases for remote patient monitoring. 

Statistical significance is indicated with an asterisk (*). Taken from: (Poncette, Mosch, et al. 

2020a) 

Artificial intelligence used in CDSS for ICUs would be applicable for early detection of 

complications (n=67, 79% chose “Strongly agree” or “Agree”) and an increased risk of 
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mortality (n=60, 71% indicated “Strongly agree” or “Agree”); in addition, the AI could pro-

pose guidelines for therapy and diagnostics (n=66, 78% chose “Strongly agree” or 

“Agree”; Figure 8).  

 

Figure 8. Distribution of survey responses regarding use cases for clinical decision support sys-

tems. Statistical significance is indicated with an asterisk (*). Taken from: (Poncette, Mosch, et al. 

2020a) 

Interoperability (n=79, 93% chose “Strongly agree” or “Agree”), usability (n=78, 93% in-

dicated “Strongly agree” or “Agree”), high transparency (n=66, 78% indicated “Strongly 

agree” or “Agree”; Figure 9) and staff training (n=75, 90% chose “Strongly agree” or 

“Agree”) were essential to promote the use of AI.  

 

Figure 9. Distribution of survey responses regarding aspects that promote usage of clinical deci-

sion support systems. Statistical significance is indicated with an asterisk (*). CDSS=Clinical de-

cision support system. Taken from: (Poncette, Mosch, et al. 2020a) 
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The majority wanted to learn more about new technologies (n=70, 81% chose “Strongly 

agree” or “Agree”) for the ICU and required more time for learning (n=55, 65% indicated 

“Strongly agree” or “Agree”). The statement “I do not trust new digital technologies” was 

disagreed with or strongly disagreed with by 59 respondents (69%, see Figure 10). 

 

Figure 10. Distribution of survey responses regarding the attitude of staff towards novel digital 

technology in the intensive care unit. Statistical significance is indicated with an asterisk (*). Taken 

from: (Poncette, Mosch, et al. 2020a) 

3) Implementation Framework  

The results depicted in this paragraph were part of the following publication:  

 

Mosch LK, Poncette A-S, Spies C, Weber-Carstens S, Schieler M, Krampe H, Balzer F. Creation of an 

Evidence-Based Implementation Framework for Digital Health Technology in the Intensive Care Unit: 

Qualitative Study. JMIR Formative Research 2022 Apr 8;6(4):e22866. [doi: 10.2196/22866] 

 

The implementation of a remote patient monitoring was evaluated. We identified two ma-

jor domains: (1) implementation process and (2) strategies to improve implementation. 

These qualitative findings resulted in the development of (3) a framework for implemen-

tation of digital health technology in the ICU.  

Implementation Process 

Figure 11 shows an overview of the findings regarding the implementation process eval-

uation according to the interviewed staff members. 

https://doi.org/10.2196/22866
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Staff Involvement and Communication 

The interviewed staff members stated, colleagues of all professions did not feel respon-

sible for continuously applying the remote patient monitoring system (see Figure 11, red 

section). They lacked implementation leaders, regular staff training and motivation to con-

nect patients to the device. Respondents reported that there was negative peer pressure 

not to use the monitoring system, which they associated with a lack of communication 

from opinion leaders about the intervention, along with nonpersistent engagement of 

leaders in the implementation process. The interviewees felt an unequal distribution of 

workload among the professions, with technical instructions and training being more tar-

geted toward nurses. Physicians felt even less responsible for applying the system than 

nurses. Technical instructions were not given to all staff members on the ward, there was 

a need for more training with and information about the monitoring system. The interven-

tion was perceived as imposed from outside the ICU, which was associated with the lack 

of information about the project aims and context. 

Attitude of Staff 

According to the interviewed stakeholders, the fear of losing break times, of an increase 

in workload and false alarms as well as the fear of reduced patient contact were present 

among staff members. In addition, colleagues would not apply the device on account of 

lacking the routine of using a portable device for patient monitoring. The interviewees 

claimed that the current monitoring system was sufficient, and they did not perceive a 

need for a change.   

Additional Benefit 

ICU staff did not find the monitoring system beneficial because the ICU was already cov-

ered with a monitoring system offering remote functions such as displaying parameters 

of critical patients on all bedside monitors in the case of an alarm. In addition, a high 

presence of nursing staff in the ICU would decrease the need for remote patient monitor-

ing with a portable device and the frequent (re-)transfer of patients to and from the ICU 

(as a post-anesthesia care unit) resulted in an increased workload with setting up the 

system or disconnecting patients from the system. Finally, the interviewees claimed that 

when being away from the patient’s bedside, they could not perform the necessary im-

mediate reaction to an alarm which would make remote monitoring less valuable. 

Intervention Features 
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The monitoring system was not rated high in usability by staff members, a main point of 

criticism was the inconvenience of continuously carrying the device. Furthermore, the 

patient could not be monitored with the device during their transfer (e.g., to a radiological 

examination). The four vital parameters monitored by the system (PR, RR, SpO2, etCO2) 

were not perceived sufficient in the clinical routine to evaluate a patient’s condition. The 

interviewees criticized the system’s dependency on a stable wireless network connection 

as this would limit a flexible application.  

 

Figure 11. Implementation process: 4 major categories were identified (inner ring), divided into 

themes (middle ring), and further specified (outer ring). ICU: Intensive care unit. Taken from: (L. 

K. Mosch et al. 2022) 
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Mapping of CFIR Domains 

We assigned the findings regarding the implementation process from the interview tran-

scripts (see Figure 11) and online Likert-scale questionnaires (see proof of primary data) 

to major domains of the CFIR (Damschroder et al. 2009), see Table 1 and Appendix 4). 

Table 1. Mapped Consolidated Framework for Implementation Research domains and subdo-

mains. Adapted from: (Mosch et al., 2022) 

Mapped CFIR domains Mapped CFIR subdomains 

Intervention characteristics 

 

Intervention source 

Evidence strength and quality 

Relative advantage 

Adaptability 

Trialability 

Complexity 

Inner setting Structural characteristics 

Networks and communication 

Implementation climate: tension for change, compatibility, rel-
ative priority, and learning climate 

Implementation readiness: leadership engagement and ac-
cess to information 

Individual characteristics Knowledge and beliefs about the intervention 

Self-efficacy 

Individual stage of change 

 

Process 

 

Planning 

Engaging: opinion leaders and formally appointed implemen-
tation leaders 

Executing 

 

Strategies to Improve Implementation 

Figure 12 presents an overview of the findings regarding strategies to improve the imple-

mentation of digital health technologies according to the interviewed staff members. 

Staff Involvement 

For an improved implementation, the interviewed staff members highlighted that espe-

cially in the early implementation stages, continuous technical instructions, and staff train-

ing before and after shifts would be critical. Thereby, they considered a high quality as 

essential to prime the staff’s opinion toward the intervention. In particular, project aims 



Results 25 

   

 

and context should be conveyed during staff trainings. Persistent leadership commitment 

and the designation of responsible staff members for the implementation project would 

be critical to highlight the priority of the project. In addition, the implementation culture 

and staff engagement would be improved through feedback discussions with staff and 

project leaders, while the communication should be encouraging and motivating.  

Setting 

Interviewees reported that, for improving implementation performance, the devices 

should be implemented in as many workplaces of the ICU staff as possible. ICUs with 

longer patient stays were preferred to reduce the workload for staff in setting up the sys-

tem. A normal ward or an intermediate care unit (IMCU), where staff is scarcer and tech-

nology coverage lower, was deemed more convenient for a remote patient monitoring 

technology.  

Intervention Features 

The device to be implemented should be comprehensibly beneficial for both the patient 

and the workflow, interoperable with other technologies in the ICU, and preferably wire-

less. Interviewees highlighted the need for a high intuitiveness and a clear visualization, 

ultimately, a good usability. Statements large screen, but interviewees favored a device 

that fits into the pocket of a tunic.  



26  Results 

   

 

 

Figure 12. Perceived factors improving implementation: 3 categories were identified (inner ring), 

divided into subcategories (middle ring), and enriched with concrete suggestions (outer ring). ICU: 

intensive care unit; IMCU: intermediate care unit. Taken from: (L. K. Mosch et al. 2022) 

Mapping of ERIC Strategies 

The findings regarding improvement strategies from the interviews (see Figure X) and 

questionnaire responses were assigned to 19 of 73 (26%) strategies of the Expert Rec-

ommendations for Implementing Change (ERIC (Powell et al. 2015; Waltz et al. 2015)). 

The findings were mapped to 7/9 (78%) of the clusters of the ERIC framework (see Table 

2 and Appendix 5). 
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Table 2. Mapped Expert Recommendations for Implementing Change clusters and strategies. 

Adapted from: (L. K. Mosch et al. 2022) 

Mapped ERIC clusters Mapped ERIC strategies 

Use evaluative and iterative strate-
gies 

 

Purposely re-examine the implementation 

Develop a formal implementation blueprint 

Audit and provide feedback 

 

Provide interactive assistance Facilitation 

Provide clinical supervision 

Adapt and tailor to context 

Develop stakeholder interrelation-
ships 

Promote adaptability 

Identify and prepare champions 

Organize clinician implementation team meetings 

Recruit, designate, and train for leadership 

Inform local opinion leaders 

Model and simulate change 

Involve executive boards 

Train and educate stakeholders 

 

Conduct ongoing training 

Make training dynamic 

Use train-the-trainer strategies 

Conduct educational meetings 

Support clinicians 

 

Facilitate relay of clinical data to providers 

Remind clinicians 

Change infrastructure 

 

Change physical structure and equipment 

Change service sites 

 

Proposal for an Implementation Framework for Digital Health Technology in the ICU 

The implementation framework (see Figure 13) includes 11 recommendations adapted 

from strategies of 4 clusters of the ERIC framework. It consists of 2 stages: “Before Im-

plementation” and “During Implementation”. "Context" refers to strategies that can and 

should be applied or initiated at any point in the implementation process. We understand 

this to be a circular process, that is, re-assessment and feedback enable a revision of the 

implementation strategy, adapting it to changing conditions and ensuring a sustainable 

implementation process.  

Before Implementation  

A local needs assessment should be conducted at the implementation site involving ICU 

staff from all professional groups. To learn about potential barriers and facilitators for their 
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project, implementation leaders should look for evidence on similar implementation efforts 

(Visit other sites). Simulating the implementation on a smaller scale (e.g., in an imple-

mentation unit), staff interviews and field observations can bring insight on the adaptability 

of the intervention. After these preparations, an implementation blueprint should be de-

veloped, including purpose, timeline, and outcome measures of the project. The blueprint 

should be accessible to all staff and easy to understand. To refine the implementation 

guide, conducting a strengths-weaknesses-opportunities-threats (SWOT) analysis, as-

sessing the ICUs readiness to change and further specifying potential barriers and facili-

tators of implementation are important strategies. Also, staff members from all profes-

sional groups should be determined, forming the regularly meeting clinician implementa-

tion team, being responsible for the implementation project and supporting colleagues in 

applying the technology. Finally, local opinion leaders should be informed about the pro-

ject and motivated staff should be selected as “champions” to promote the intervention. 

During Implementation  

During the implementation process, the strategies initiated before should enable a 

smooth implementation process. It should be supported by Facilitation, meaning to con-

duct regular training with the technology, to support communication among and across 

the professions regarding the intervention, and to continue informing staff about it. At the 

same time, implementation leaders should schedule feedback meetings with opinion 

leaders, the clinician implementation team and listen to feedback from staff members of 

all professional groups. Feedback given can directly improve facilitation (feedback loop, 

Figure 13), or even reveal a further need for innovation and initiate a new implementation 

project.  

Context 

At all times, implementation leaders should invest in building a network within their organ-

izations but also outside (other intensive care departments, researchers in implementa-

tion science and intensive care, medical device industry, etc.). This may help to channel 

information, enables collaborative problem solving and induces innovation. Furthermore, 

an implementation advisor from outside the ICU might bring in a different perspective and 

expertise on the implementation strategy. Finally, the establishment of an implementation 

unit, gathering interprofessional experts for the local implementation characteristics and 
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providing space and resources for simulating an implementation process is recom-

mended (e.g., in university hospitals).  

 

Figure 13. Evidence-based implementation framework for digital health technologies in the ICU. 

Strategies for improved implementation performance before (orange), during (green) and in the 

general context of the implementation project (white). CFIR: Consolidated Framework for Imple-

mentation Research; ERIC: Expert Recommendations for Implementing Change; ICU: intensive 

care unit; SWOT: strengths, weaknesses, opportunities, and threats. Taken from:  (L. K. Mosch 

et al. 2022)
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4. Discussion 

4.1  Brief summary of the results 

This dissertation, consisting of three sub-studies, analyzed the pilot-implementation of a 

digital health technology (the VitalSyncTM virtual patient monitoring platform, (Medtronic 

2017b)) and the attitudes of ICU staff regarding patient monitoring and digital health tech-

nologies (e.g., remote patient monitoring or AI-based CDSS). Finally, we developed an 

evidence-based implementation framework for digital health technology in the ICU. 

ICU staff perceived usability and clear visualization as essential features of a new tech-

nology to be implemented, i.e., a remote patient monitoring system. This finding from sub-

study (1) was reproduced in the questionnaire-based validation study, where the majority 

agreed usability was essential for promoting usage of AI-based decision support tools. 

Yet, the post-implementation assessment showed that staff rated the system’s usability 

as low.  

In the pre-implementation phase, interviewees criticized many false-positive alarms re-

sulting from poor alarm management, ultimately leading to an increased stress level of 

staff and patients. Accordingly, a majority of questionnaire respondents asked for a re-

duction of false positive alarms and the implementation of alarm–management SOPs. 

The application of AI-based technologies in the ICU was considered useful by interviewed 

staff members in the pre-implementation study. In line with this, three quarters of ques-

tionnaire respondents agreed that AI-based CDSS were useful for predicting mortality 

(79%) and complications (71%).  

Among the perceived barriers to implementation were staffs’ lack of confidence and rou-

tine in competently using novel technology along with fears of a greater workload and 

losing clinical skills. These pre-implementation findings were reproduced post-implemen-

tation. Furthermore, interviewees claimed the staff would also fear a diminished personal 

contact with patients. The questionnaire study revealed that 29% of respondents were 

undecided about or agreed to the statement “I do not trust new digital technologies”.  

Consequently, in all three sub-studies, more training with and education about novel dig-

ital health technologies was requested by ICU staff. The post-implementation study re-

vealed irregular training and instructions with the remote patient monitoring system failing 

to reach all staff members, hence impeding implementation. General paucity in infor-

mation about the project and its aims led to a low engagement by staff with the project.  
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Prior to implementation, we already observed no pronounced readiness for change, 

which resulted from the lack of awareness of novel digital technology among staff, but 

also their satisfaction with the current patient monitoring system. After implementation, 

staff admitted that they preferred a different environment for implementing a remote pa-

tient monitoring system and did not see any additional benefit from the system being 

implemented. 

To avoid cost-intensive and resource-draining, unsuccessful implementation efforts, we 

developed the evidence-based implementation framework for digital health technologies 

in the ICU depicted in Figure 13 (L. K. Mosch et al. 2022). The target audience are hos-

pital managers in operational development or administration, chief medical officers and 

senior clinicians in the ICU, and implementation researchers. The strategies presented to 

improve implementation performance focus on improving four out of the five major do-

mains of the CFIR (Damschroder et al. 2009): intervention characteristics (adaptability), 

inner setting (implementation climate, networks and communications), characteristics of 

individuals (knowledge and beliefs about the intervention) and process (planning, engag-

ing, reflecting and evaluating). First, the adaptability of intervention to the setting can be 

tested through a local needs assessment, field observations and interviews with on-site 

staff, as well as visiting other implementation sites pursuing similar projects. Second, net-

works and communications and the implementation climate could be improved by forming 

a clinician implementation team, assessing the ICUs readiness to change, and informing 

every staff member (especially opinion leaders) about the implementation project through 

regular meetings, deliverables, and personal communication. Before implementation, the 

process is augmented through the development of a formal implementation blueprint. 

During implementation, the process can be driven by engaging and motivating facilitation 

and sustainably improved by a strong feedback culture. The installation of an implemen-

tation unit is recommended, e.g., in a university hospital. Here, implementation leaders 

can simulate their project in a protected environment considering local characteristics 

and/or consulting an (internal) implementation advisor.  

4.2  Interpretation of the results and classification in the existing state of research 

Usability and User-Centered Design  
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An important finding of this dissertation is the significance of the usability of digital health 

technologies for their adoption by clinicians and their successful clinical implementation 

as described before in the literature (Wade, Eliott, and Hiller 2014; Palacholla et al. 2019; 

Whitelaw, Pellegrini, and Van Spall 2020). Beyond this, poor usability of digital health 

technologies is endangering patient safety through provoking operational and technology-

induced errors (Kushniruk et al. 2005; Guise, Anderson, and Wiig 2014; Turner, Kush-

niruk, and Nohr 2017; Howe et al. 2018). However, the usability of said technologies often 

is poor (Zapata et al. 2015; von Dincklage et al. 2017; Saeed, Manzoor, and Khosravi 

2020). In a follow-up study to the work presented in this dissertation, we tested the usa-

bility of the remote patient monitoring device that was pilot-implemented as part of this 

dissertation (Poncette et al. 2022). This brought about 37 usability problems that we 

mapped, ranked, and finally targeted with a novel design solution, showing significantly 

improved usability. The plethora of usability problems could be avoided if health technol-

ogies applied user-centered design from the outset, i.e., if the end users of a technology 

were involved in its initial design and development (Middleton et al. 2013; Fidler et al. 

2015; Wiggermann et al. 2019). An approach to prevent and target usability issues - 

something widely implemented in other sectors such as engineering and transport 

(Billings 1991; Greenstein 1995) - presents the implementation framework developed in 

this dissertation. It considers aspects of human-centered design, including the evaluation 

of health technology during its clinical implementation (Melles, Albayrak, and Goossens 

2021). Strategies such as "Establish an implementation unit," "Organize clinician imple-

mentation team meetings," and "Audit and feedback" strengthen the end-user perspective 

and address human factors in implementation processes. 

Need for Education and Training  

Continuous patient monitoring devices are ubiquitous in modern ICUs. Although staff of 

all professions included in our studies reported to apply the system daily, only 77% agreed 

to feel confident using it. By itself, this suggests that ICU staff need more training on 

patient monitoring.  

Consistent with other research, we demonstrated that a lack of trust in and knowledge of 

digital technologies in the ICU is a barrier to implementation (Ross et al. 2016; Kemp et 

al. 2021). Our study shows that staff would like to see more instruction on the devices. 

However, the education of all professional groups in the ICU in the field of digital medicine 

should also be improved in order to exploit the potential of digitalization in healthcare 
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(Topol 2019; Nagle, Kleib, and Furlong 2020). In a European-wide survey, medical stu-

dents demanded more education on digital health and criticized the lack of such courses 

in medical curricula (Machleid et al. 2020). Efforts to introduce courses on digital health 

and artificial intelligence at German medical schools have since been made, but they are 

limited to individual universities and are mostly electives, i.e., not mandatory. (Poncette, 

Glauert, et al. 2020; Aulenkamp et al. 2021; L. Mosch et al. 2021). Even more urgent is 

the need for qualification with digital skills in the area of continuing medical education 

(CME) and specialty training - in Germany, for example, only 0.03% (30/87.136) certified 

CME-courses in the federal database of the German Medical Association had a relation 

with AI and there is no residency curriculum that includes learning objectives on this topic 

(L. Mosch et al. 2021).  

Other countries are further ahead in this regard: The Australian National Nursing and 

Midwifery Digital Health Capability Framework proves as an example of how digital com-

petencies can be strengthened for healthcare workers in clinical practice (Woods et al. 

2021). It complements the implementation framework developed in this dissertation in 

terms of characteristics of individuals (knowledge and beliefs about the intervention) by 

providing a guide for organizations to improve staff digital health maturity. Efforts to im-

prove the digital literacy of healthcare professionals should occur at all levels of education 

(school, university, and professional development and training) and be offered to all pro-

fessionals working together in an interdisciplinary setting, such as the ICU.  

Remote Patient Monitoring Data for AI-based Early Warning Scores (EWS) 

Our studies showed that ICU staff did not consider remote monitoring of patients in an 

ICU to be useful given the following circumstances: The added benefit was considered 

low, the ease-of-use poor, and staff feared an increased workload due to the frequency 

of setting up the system. However, application of remote monitoring was deemed benefi-

cial in other settings such as the intermediate care unit where staff coverage is lower. 

There are approaches to continuous remote monitoring of patients in general wards. 

Studies suggest that it can increase patients' sense of safety and help detect deterioration 

in patients' health earlier (Downey et al. 2018; Weenk et al. 2019; 2020; Leenen et al. 

2020). Larger cohort validation and implementation studies are needed to provide more 

accurate evidence.  

Still, continuous patient monitoring has the potential to provide dense data for implement-

ing EWS based on AI decision support, both in ICU and general ward settings. In our sub-
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study (1), ICU-staff admitted not to use trend analysis functions of the patient monitoring 

system routinely. This gap would likely benefit from utilising real-time EWS for the predic-

tion of complications or mortality (Elvekjaer et al. 2020; Youssef Ali Amer et al. 2020). 

EWS based on spot monitoring data are already in use in some hospitals and have been 

shown to reduce length of stay and admission costs, as well as predict and reduce (in-

hospital) mortality (Prytherch et al. 2010; Vincent et al. 2018; Escobar et al. 2020). With 

continuous monitoring, more accurate predictions and tailored alert strategies adapted to 

patients’ individual baseline of vital signs could be realized (Keim-Malpass et al. 2020). 

Thus, remote monitoring of patients in general wards, supplemented by an automated 

early warning system based on predictive analytics, could reduce morbidity and mortality 

associated with hospitalizations and should be the subject of further research. 

4.4  Strengths and weaknesses of the studys 

The present work provides a thorough overview of the implementation of a digital health 

technology in intensive care settings, influencing factors and, subsequently an implemen-

tation framework for novel digital technologies in the ICU. The dissertation explored an 

implementation process close to the standard practice in healthcare settings (ICUs) in 

Germany, where implementation science is still an evolving discipline. Still, this disserta-

tion is subject to limitations: 

By the qualitative study design, the results of sub-study (1) cannot be considered repre-

sentative, although some statements were quantitatively validated in the second sub-

study. Conclusions regarding the benefit of remote patient monitoring technology for pa-

tient outcomes or the quality of care in the ICU cannot be drawn based on the findings of 

this dissertation.  

Limitations of the questionnaire-based validation study (sub-study (2)) include the use of 

a non-validated questionnaire (based on the findings of sub-study (1)), a moderate re-

sponse rate and the single-center character of the study. The fact that the survey was 

conducted online may have discouraged less tech-savvy employees from participating in 

the questionnaire.  

The sub-study (3) is also subject to some aspects that limit its generalizability and trans-

ferability to other contexts - (which was desirable to a certain extent), as it was intended 

to highlight the specifics of implementing digital health technologies in intensive care set-

tings. Still, interpretation of the findings should consider the local conditions, the small 
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number of participants (naturally limited to the persons in leadership positions in the ICU) 

and the characteristics of the intervention (poor usability, low perceived benefit). To coun-

teract these influencing factors, we drew on findings from the literature and supplemented 

the data base with in-depth field research and numerous discussions within the research 

group. Because the decision to implement the monitoring system was made prior to the 

start of the study, we were unable to evaluate the outer setting, gather insights to the 

technology development phase, nor could we undertake some of the recommended strat-

egies before implementation (e.g., conducting a local needs assessment, visiting other 

sites, testing the adaptability of the intervention). Despite this, the unsuccessful imple-

mentation seems to have proven once again the importance of these implementation 

strategies. For the same reasons as mentioned above, it was not possible to follow a 

human-centered design approach in this specific context, involving the end users in the 

development of the technology and auditing their feedback during the implementation 

process. When interpreting the results, it is also important to keep in mind that the CFIR-

ERIC matching tool needs further validation, which means that the ERIC strategies as-

signed to CFIR domains are not necessarily the best way to overcome barriers in that 

domain.  

We aimed to mitigate this limitation through repeated and targeted discussions within the 

research team, extensive field research, and analysis of suggestions from staff. A limita-

tion to the study’s scope is that the ERIC strategies do not include changes in intervention 

characteristics, which would be essential when aiming to improve implementation perfor-

mance in a user-centered design. ERIC only covers the last stages of implementation 

(planning and executing the implementation of the finalized intervention) but does not 

include the readaptation of the intervention as part of the development process. Moreo-

ver, the presented framework does not include a “post-implementation” stage. Thereby, 

we aimed to highlight the circular character of sustainable implementation – the interven-

tion and setting should stay subject to continuous re-evaluation and potential re-imple-

mentation.  

Especially in Germany, implementation research and -methods accompanying the intro-

duction of technologies in healthcare settings is not widespread. We showcased how im-

plementation research methods can help identify and close gaps in realizing the effec-

tiveness and efficiency of digital health technologies in their use. The analysis of remote 

patient monitoring system implementation, highlighting local specifics, identifies important 
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barriers and facilitators to technology adoption in intensive care. It could serve as a guide 

for clinicians and implementation leaders.  
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5. Conclusions  

For this dissertation, we thoroughly analyzed the implementation of a remote patient mon-

itoring system in an intensive care setting and derived a framework for guidance of im-

plementation leaders. The mainly qualitative research approach brought about insights 

about staff perceptions of patient monitoring, AI in the ICU and their ideas for improve-

ment of perceived problems with patient monitoring such as poor usability, high frequency 

of false positive alarms and high workload. Qualitative research in the field of digital health 

is especially important to explore the multitude of influencing factors to digital health adop-

tion and -implementation; especially regarding the domain “individual characteristics”.  

After studying an implementation project in the unique environment of the ICU, with its 

high technology density, stress levels, critically ill patients, and multidisciplinary team 

composition, we conclude that, especially in such an environment, the assessment and 

analysis of local specifics in advance of implementation is crucial, whether for operational 

or research purposes. In addition, we emphasize the importance of clear implementation 

leadership and a sound communication strategy for the project, its context, its goals, and 

its current status. The implementation framework can guide implementation leaders 

throughout the life of the project and should be subject to continuous reassessment, sup-

ported by feedback from "real-life implementers". 

Lastly, we found that usability of a patient monitoring system is crucial for ICU staff. There-

fore, user-centered design (and implementation practice) may not only improve perfor-

mance of a product, but also enhance health professionals’ trust in and awareness of 

digital health technology. Clear ideas of how to improve existing monitoring technology in 

the ICU exist among staff members – e.g., wireless monitoring, CDSS based on AI and 

implementing hospital alarm SOPs. Thus, the goal should be to implement existing strat-

egies to improve user-friendliness and reduce stress and workload when working with the 

monitoring system - rather than developing and implementing technologies past the end-

users’ needs.
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Appendix  

Appendix 1: Interview guide for sub-study 1. Source: (Poncette, Spies, et al. 2019)  

Leitfadengestütztes Interview – Vor Nutzung von Vital Sync 

 

Haben Sie noch Fragen zum Hintergrund der Mitarbeiterbefragung? 

 

[ICEBREAKER] Welche Rolle spielt das aktuelle Monitoringsystem für Sie generell?  

 

[Status quo] Wie oft interagieren Sie mit dem Überwachungssystem in Ihrem Arbeitsalltag? 

Was gefällt Ihnen an dem aktuellen Monitoring-System? Welche Funktionen nutzen Sie (z.B. Alarmgren-

zen, Trendanalyse)? Was würden Sie an dem System ändern? 

 

[Neues System] Wie sieht das Monitor-System der Zukunft für Sie aus? Welche Funktionen hat es?  

 

[Visualisierung] Welche Rolle spielt die graphische Visualisierung (auch in Relation zur Zeit = Trend) der 

Parameter für Sie? Sollte die Visualisierung der Parameter und die Trendanalyse eine wichtigere Rolle bei 

der Übergabe spielen? (Tablet-PC einem Kollegen zeigen)  

 

[Fern-Überwachung] Was halten Sie von Fern-Überwachung der ITS-Patienten? In welchen Situationen 

spielt die Fernüberwachung eine wesentliche Rolle in Ihrem Arbeitsalltag? (z.B. beim Schicht-Wechsel, 

Übergabe des Patienten, Abwesenheit vom Patienten) 

 

[Clinical Decision Support (CDS)] Haben Sie schon mal was von CDS gehört? Wie würden Sie sich fühlen, 

wenn eine Software Empfehlungen zu Ihrer Therapie abgibt? Würden Sie diese in Ihre Therapieplanung 

miteinbeziehen? 

 

[Usability] Welche Rolle spielt die Bedienbarkeit von Monitoringsystemen für Sie? Was ist für Sie wichtiger: 

Bedienbarkeit oder Anzahl der Funktionen? Denken Sie ein großes oder ein kleines Tablet wäre besser für 

Ihre Nutzungszwecke geeignet? Wäre ein Zugang über das Intranet des Krankenhauses von Nutzen? 

Sollte das Tablet einen Audio-Alarm haben? 

 

[Personenbezogene Daten] Alter, Geschlecht, Qualifikation, ITS-Erfahrung in Jahren, Wie zufrieden sind 

Sie mit Ihrem Beruf (5 Sterne für sehr zufrieden)? Arbeiten Sie auch in anderen Bereichen? Wie IT-affin 

sind Sie (5 Sterne für sehr IT-affin)?  

 

[Abschluss] Halten Sie die systematische Einführung von innovativen Patienten-Monitor-Systemen auf der 

ITS für sinnvoll? (5 Sterne für sehr sinnvoll) 
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Appendix 2: Online-Questionnaire. Source: (Poncette, Mosch, et al. 2020a) 
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Appendix 3: Translated interview guide for sub-study 3. Source: (L. K. Mosch et al. 

2022) 

Remote patient monitoring system: CFIR - adapted questionnaire 

 

Question CFIR Category  

Current patient monitoring in ICU 

1. I am satisfied with the current patient monitoring system. 

Likert scale 1= not correct at all - 5 = completely correct 

2. In my opinion, there is a need to change or improve patient 

monitoring on the ward. 

Likert Scale 1= not correct at all - 5 = completely correct 

Inner Setting - Implemen-
tation Climate: Tension for 
Change  

3. What should be changed?  

 Graphical representation  

Alarm Management  

Intuitive operation 

Less cables  

Interoperability with other devices (ventilator, PDMS, ...) 

Trend analyses 

Setting advanced functions 

Other proposed amendments:  

Likert Scale 1= not correct at all - 5 = completely correct 

 

Inner Setting - Implemen-
tation Climate: Tension for 
Change  
 

Remote patient monitoring e.g. via smartphones or tablets in the intensive care unit 

4. Remote monitoring of patients in the intensive care unit offers 

advantages. 

Likert Scale 1= not correct at all - 5 = completely correct 

 

Inner Setting - Implemen-
tation Climate: Compatibil-
ity 
Intervention characteris-
tics: relative advantage 

5. I personally find the implementation of remote patient monitor-
ing in intensive care important. 

Likert scale: 1= not correct at all - 5 = completely correct 
 

Inner Setting - Implemen-
tation Climate: Relative 
Priority 
Individual Characteristics - 
knowledge and beliefs 
about the intervention 

6. Why do you find the introduction of remote patient monitoring 
(not) important? 

Inner setting - Implementa-
tion Climate: compatibility, 
relative priority 
Individual characteristics - 
knowledge and beliefs 
about the intervention 

VitalSync remote patient monitoring system 



Appendix 47 

   

 

7. I find the use of the VitalSync System as a supplement to the 
current patient monitoring system useful.  

Likert scale: 1= not correct at all - 5 = completely correct 
 

Intervention characteristics 
- relative advantage 
Individual characteristics - 
knowledge and beliefs 
about the intervention 

8. The VitalSync system was of high benefit to my profession. 

Likert scale: 1= not correct at all - 5 = completely correct 
9. Why (not)?  

10. Using VitalSync increases patient safety in the intensive care 

unit. 

Likert scale: 1= not correct at all - 5 = completely correct 
11. Why (not)?  

Outer setting: Patient 
needs and resources 
Individual characteristics - 
knowledge and beliefs 
about the intervention 

12. In my opinion, the VitalSync System has been well integrated 

into the daily work on the ward. 

Likert scale: 1= not correct at all - 5 = completely correct 
13. What do you think was the reason for that?  

Intervention Characteris-
tics: Complexity, 
Adaptability 
Process: Executing 

Design 

14. The design of the VitalSync System is intuitive.  

Likert scale: 1= not correct at all - 5 = completely correct 

15. The design of the VitalSync System is attractive. 

Likert scale: 1= not correct at all - 5 = completely correct 

16. The design of the VitalSync System is clear. 

Likert scale: 1= not correct at all - 5 = completely correct 

IC: Design Quality and 
Packaging 

Communication of the project  

17. I feel well informed about the process of installing the Vital-

Sync System on the PACU. 

Likert scale: 1= not correct at all - 5 = completely correct 

18. The purpose and goals of the VitalSync project were clearly 

communicated by the project leaders. 

Likert scale: 1= not correct at all - 5 = completely correct 
19. What would you have wished for in terms of communication 

by the project managers? 

 

Inner Setting: Networks 
and communication, Inter-
vention source, Implemen-
tation Climate: Goals and 
feedback, Learning climate 
 
Process: Planning, Enga-
ging 

20. Please evaluate how far the following factors contribute to the 

successful implementation of technologies like VitalSync from 

your perspective. 

Likert scale: 1= not correct at all - 5 = completely correct 
a. High intuitiveness  

b. Great additional benefit  

c. Low personnel turnover (constant personnel pool, lit-

tle leasing) 

d. Low patient turnover on the ward (longer stays) 

e. Reduced workload  

f. a lot of technical instructions on the system 

Intervention characteris-
tics: Relative advantage, 
adaptability, evidence 
strength and quality 
Inner setting: structural 
characteristics 
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g. All patient beds in the ward equipped with the system 

(extensive availability) 

h. Higher number of available parameters in monitoring 

21. Other factors that contribute significantly to a successful im-

plementation of the system: 

Teamwork on the ward 
 

22. I feel well integrated into the interprofessional team in the in-

tensive care unit. 

Likert scale: 1= not correct at all - 5 = completely correct 
23. The team spirit within the team on the ward is good. 

Likert scale: 1= not correct at all - 5 = completely correct 
24. The atmosphere within the team had a great influence on the 

introduction of the VitalSync System on the ward. 

Likert scale: 1= not correct at all - 5 = completely correct 

25. Please give reasons for your decision. 

 

Inner Setting: Networks 
and communication 
Process: Enganging, Exe-
cuting 

Hierarchical structures on the ward 

26. Hierarchies, both within and between professions (e.g. within 

the nursing team / between nurses and doctors) play a major 

role. 

Likert scale: 1= not correct at all - 5 = completely correct 
27. Hierarchical structures on the ward had a great influence on 

the introduction of the VitalSync System. 

Likert scale: 1= not correct at all - 5 = completely correct  
28. Please give reasons for your decision. 

Inner setting Networks and 
communications 
Process: Executing 

Adaptation to new situations 

29. In general, I am able to adapt well to new situations and chal-

lenges. 

Likert scale: 1= not correct at all - 5 = completely correct 

CI: Self efficacy 

30. Technology acceptance Neyer et al. 

 

Individual Characteristics: 
self efficacy 

Demographic data 
 

31. Qualification 

a.  Physician in postgraduate specialization 

b. Specialist in anaesthesiology 

c. Additional qualification in intensive care medicine 

d. Additional qualification in emergency medicine 

e. Additional qualification in pain medicine 

f. Nurse 

g. Specialist nurse for intensive care and anaesthesia 
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h. Paramedic 

i. Respiratory therapist 

32. How old are you?  

a. 18-24 years 

b. 25-34 years 

c. 35-44 years 

d. 45-54 years 

e. 55-64 years 

f. >65 years 

 

33. Gender  

a. female 

b. male 

c. other 

d. not specified 

34. I am satisfied with my job. 

Likert scale: 1= not correct at all - 5 = completely correct 
 

 

 
 
 
 
 
 
CI: individual stage of 
change 

 

Technical readiness according to Ney et al. 

  

https://econtent.hogrefe.com/doi/pdf/10.1026/0012-1924/a000067
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Appendix 4: Mapping of CFIR domains to summaries of codes concerning the im-

plementation performances. Source: (L. K. Mosch et al. 2022) 

CFIR Construct Summary segment and questionnaire responses 

Intervention characteristics   

  Intervention source There was a feeling among the staff that the remote 
patient monitoring system was being imposed from 
above without having an influence on being part of 
the implementation. 

Evidence strength and 
quality 

The installed beta version of the system only offered 
a limited number of vital parameters that could be 
monitored. 

Relative advantage The system was introduced to the ICU as a supple-
mentary monitoring system, which was why the staff 
did not perceive its additional value as high. 

The current monitoring system already offered re-
mote monitoring functions such as flexibly, display-
ing parameters of different patients on a bedside 
monitor 

In an ICU, the reaction to an alarm has to be imme-
diate due to the severe conditions of the admitted 
patients. 

Remotely monitoring patients while being on a differ-
ent ward or in a different part of the hospital makes 
the quick reaction impossible and, thus, is without 
consequence. 

The available vital signs were not sufficient to evalu-
ate the patient's condition satisfactorily. 

The majority stated that using the remote patient 
monitoring as a supplementary monitoring in the ICU 
was not useful (5 not correct at all or not quite cor-
rect), did not have a benefit for the respective pro-
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fessional group (5 not correct at all or not quite cor-
rect,) [...]. 

Trialability The system was introduced to the ICU as a supple-
mentary monitoring system, which was why the staff 
did not perceive its additional value as high. 

Adaptability 

  

The system was introduced to the ICU as a supple-
mentary monitoring system, which was why the staff 
did not perceive its additional value as high. 

In an ICU, the reaction to an alarm has to be imme-
diate due to the severe conditions of the admitted 
patients. 

Remotely monitoring patients while being on a differ-
ent ward or in a different part of the hospital makes 
the quick reaction impossible and, thus, is without 
consequence. 

If physicians are registering a remote alarm while 
being occupied with tasks such as placing a central 
venous catheter or performing surgery, those alarms 
remain without consequence. 

In key situations such as transport of patients, using 
the system for monitoring was not possible due to a 
large module and several cables. 

The majority stated that [...] the remote patient moni-
toring as a supplementary monitoring in the ICU [...] 
was not well integrated into the clinical routine (5 not 
correct at all or not quite correct). 

Complexity The high patient turnover in a post-anesthesia care 
unit led to a higher workload for nursing staff while 
connecting and disconnecting the system for every 
new patient. 

The tablet was perceived by some interviewees as 
too large for using it in the daily work routine. 
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A reason for not using the system was the inconven-
ience of carrying another device in already packed 
tunic pockets. 

A concern was that the device can get lost. 

Interviewees raised concerns about the system's de-
pendency on a stable WiFi connection. 

Inner setting   

  Structural characteristics Training did not reach all staff due to a complex shift 
system and a big pool of staff for two ICUs. 

The system was implemented only at five out of ten 
bedsides on one out of two ICUs. 

The high number of monitors in an ICU made an ad-
ditional tablet not necessary, according to the inter-
viewees. 

The perceived impact of the system was low be-
cause high staff presence in the ICU made the im-
plementation of remote patient monitoring superflu-
ous. 

The high patient turnover in a post-anesthesia care 
unit led to a higher workload for nursing staff while 
connecting and disconnecting the system for every 
new patient. 

Respondents claimed that in an ICU, the reaction to 
an alarm has to be immediate due to the severe con-
ditions of the admitted patients. Remotely monitoring 
patients while being on a different ward or in a differ-
ent part of the hospital makes the quick reaction im-
possible and, thus, is without consequence. 

  Networks and communi-
cations 

There was a lack of persisting initiatives to engage 
staff in the implementation process such as regular 
staff training and information events. 
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Communication of negative aspects of the interven-
tion created a negative peer pressure to not use the 
system. 

Training did not reach all staff due to a complex shift 
system and a big pool of staff for two ICUs. 

The team spirit on the ICU was stated to be good by 
the majority (7 quite correct). 

The general atmosphere within the ICU team had a 
large impact on the implementation process accord-
ing to the interviewees (5 quite correct). 

The majority stated that the aims and purpose of the 
remote patient monitoring implementation was 
clearly communicated (6 quite correct or completely 
correct ). 

  Implementation climate 
-    Tension for 

change 

The system was introduced to the ICU as a supple-
mentary monitoring system, which was why the staff 
did not perceive its additional value as high. 

The current monitoring system already offered re-
mote monitoring functions, such as flexibly display-
ing parameters of different patients on a bedside 
monitor. 

ICU staff saw no additional benefit in using the sys-
tem. 

Interviewees said to be satisfied with the current pa-
tient monitoring and do not see the need for change. 

  Implementation climate 
-    Compatibility 

Staff involvement was perceived to be more targeted 
towards nursing staff, although not being in charge 
of the implementation project. 

  Implementation climate 
-    Relative priority 

There was a lack of feeling of responsibility by staff 
members of all professions to continuously apply the 
system. 
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  Implementation climate 
-    Learning cli-

mate 

On the one hand, a leading nurse or physician was 
not identified for the implementation process by the 
staff, on the other hand, interviewees reported a lack 
of persisting initiatives to engage staff in the imple-
mentation process such as regular training and infor-
mation events. 

The high patient turnover in a post-anesthesia care 
unit led to a higher workload for nursing staff while 
connecting and disconnecting the system for every 
new patient. 

  Implementation readiness 
-    Leadership en-

gagement 

A lack of leadership engagement was reported both 
in the nursing and the medical department. 

Staff could not identify a leading nurse or physician 
responsible for the implementation process. 

  Implementation readiness 
-    access to infor-

mation and 
knowledge 

A lack of knowledge about the aims and context of 
the implementation project, and a lack of continuous 
staff training led to a negative feeling towards the in-
tervention, and a lack of motivation to engage further 
with the system. 

Individual characteristics   

  Knowledge and beliefs 
about the intervention 

Communication of negative aspects of the interven-
tion created a negative peer pressure to not use the 
system. 

A lack of knowledge about the aims and context of 
the implementation project, and a lack of continuous 
staff training led to a negative feeling towards the in-
tervention and a lack of motivation to engage further 
with the system. 

The staff was afraid of losing their break times when 
applying the remote patient monitoring system. 

Another fear was that the system creates an in-
creased workload for staff (e.g., set-up, connection) 
rather than decreasing it. 
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ICU staff claimed that remote monitoring would lead 
to less direct patient contact and thus threaten pa-
tient safety as the patient's clinical condition would 
not be evaluated adequately. 

The staff feared that additional (false) alarms would 
appear when applying the system, increasing the 
stress level and endangering patient safety. 

  Self-efficacy Interviewees accomplished, on average, 47 points 
on a 12–60 point technology commitment scale, 
which shows high technology commitment. 

ICU staff did not use the system because they 
lacked the habit and routine to use remote patient 
monitoring technology. 

  Individual stage of change ICU staff saw no additional benefit in using the sys-
tem. 

Opinions were split if patient monitoring improve-
ments are necessary (3 not correct at all or not quite 
correct, 4 quite correct or completely correct ), if re-
mote patient monitoring of patients in the ICU has 
advantages (1 not quite correct, 3 quite correct or 
completely correct ), and if remote patient monitoring 
in the ICU is important (2 not quite correct, 1 com-
pletely correct). 

The majority of participants stated to be satisfied 
with the current patient monitoring (6 quite correct or 
completely correct). 

Process   

  Planning There was a lack of knowledge among staff about 
the aims and context of the implementation project. 

  Engaging Staff involvement was perceived to be more targeted 
towards nursing staff, although not being in charge 
of the implementation project. 
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  There was a lack of persisting initiatives to engage 
staff in the implementation process such as regular 
staff training and information events. 

  Engaging 
-    Opinion leaders 

-    Peers 

Communication of negative aspects of the interven-
tion created a negative peer pressure to not use the 
system. 

  Engaging 
-    Opinion leaders 

-    Experts 

Physicians were perceived to be not as engaged 
with the system and to have received less training. 

  Engaging 
-    Formally ap-

pointed internal 
implementation 
leaders 

Staff could not identify a leading nurse or physician 
responsible for the implementation process. 

  Executing The frequency of staff training was very high in the 
beginning but decreased over time. Staff said to 
have felt well informed about the project initially, 
however, the information flow decreased equally. 
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Appendix 5: ERIC strategies mapped to summaries of codes concerning staff sug-

gestions for improving implementation performance. Source: (L. K. Mosch et al. 

2022) 

ERIC strategy Summary segment and questionnaire responses 

Use evaluative and itera-
tive strategies 

  

  Purposely re-examine 
the implementation 

Feedback discussions with staff and project leaders 
during implementation would increase staff engage-
ment. 

  Develop a formal im-
plementation blueprint 

Staff should be informed of the implementation project 
and its aims in order to increase motivation to apply 
the new technology. 

  Audit and provide feed-
back 

Feedback discussions with staff and project leaders 
during implementation would increase staff engage-
ment. 

Provide interactive assis-
tance 

  

  Facilitation During training, staff should be informed of the imple-
mentation project and its aims in order to increase mo-
tivation to apply the new technology. 

A well-functioning team with good team spirit was 
deemed beneficial for successful implementation. 

  Provide clinical super-
vision 

Persistent leadership engagement and the nomination 
of specific responsible persons for the implementation 
process was important for successful implementation, 
especially in a busy environment such as the ICU. 

Adapt and tailor to con-
text 
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  Promote adaptability During training, staff should be informed of the imple-
mentation project and its aims in order to increase mo-
tivation to apply the new technology. 

With regard to the Software of the monitoring technol-
ogy, interoperability with other devices such as the res-
pirator or the PDMS is important for a successful im-
plementation of a remote patient monitoring system, 
especially regarding import and export of patient data 
and visualization of parameters on one screen. 

High intuitiveness is crucial for effective implementa-
tion. 

A large screen for clear visualization is demanded, on 
the other hand interviewees favored a device that fits 
into the pocket of a tunic, e.g. a smartphone. 

The intelligent grouping and display of monitoring pa-
rameters thematically by organ systems is advocated. 
Visualization of alarms should be clearer. Intelligent 
alarm management would be beneficial. Remote pa-
tient monitoring via smartphone could work well with vi-
bration alarms. 

Availability of all standard vital sign parameters (7 quite 
correct or completely correct), high intuitiveness (6 
quite correct or completely correct) and high additional 
benefit (6 quite correct or completely correct) of the in-
tervention would facilitate implementation. 

Develop stakeholder in-
terrelationships 

  

  Recruit, designate, and 
train for leadership 

Persistent leadership engagement and the nomination 
of specific responsible persons for the implementation 
process was important for successful implementation, 
especially in a busy environment such as the ICU. 

Furthermore, communication of the project by team 
leaders and coordinators should be encouraging and 
motivating. 
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  Organize clinician im-
plementation team 
meetings 

Feedback discussions with staff and project leaders 
during implementation would increase staff engage-
ment. 

  Model and simulate 
change 

Staff should be informed of the implementation project 
and its aims in order to increase motivation to apply 
the new technology 

  Involve executive 
boards 

Persistent leadership engagement and the nomination 
of specific responsible persons for the implementation 
process was important for successful implementation, 
especially in a busy environment such as the ICU. 

  Inform local opinion 
leaders 

Persistent leadership engagement and the nomination 
of specific responsible persons for the implementation 
process was important for successful implementation, 
especially in a busy environment such as the ICU. 

Feedback discussions with staff and project leaders 
during implementation would increase staff engage-
ment. 

  Identify and prepare 
champions 

Persistent leadership engagement and the nomination 
of specific responsible persons for the implementation 
process was important for successful implementation, 
especially in a busy environment such as the ICU. 

Furthermore, communication of the project by team 
leaders and coordinators should be encouraging and 
motivating. 

Train and educate stake-
holders 

  

  Conduct ongoing trai-
ning 

Furthermore, staff training should take place continu-
ously before or after shifts and was particularly im-
portant in early implementation stages. 

High frequency of staff training would increase imple-
mentation success (5 quite correct or completely cor-
rect, 1 not quite correct). 
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  Make training dynamic The quality of the instructions was essential to posi-
tively influence the staff's opinion towards the imple-
mentation. 

Furthermore, communication of the project by team 
leaders and coordinators should be encouraging and 
motivating.  

  Conduct educational 
meetings 

The personnel should be informed of the implementa-
tion project and its aims in order to increase motivation 
to apply the new technology. 

Support clinicians   

  Remind clinicians Furthermore, staff training should take place continu-
ously before or after shifts and was particularly im-
portant in early implementation stages. High frequency 
of staff training increased implementation success. 
During training, staff should be informed of the imple-
mentation project and its aims in order to increase mo-
tivation to apply the new technology. The quality of the 
instructions was essential to positively influence the 
staff's opinion towards the implementation. Feedback 
discussions with staff and project leaders during imple-
mentation would increase staff engagement. 

  Facilitate relay of clini-
cal data to providers 

During training, staff should be informed of the imple-
mentation project and its aims in order to increase mo-
tivation to apply the new technology. The quality of the 
instructions was essential to positively influence the 
staff's opinion towards the implementation. Feedback 
discussions with staff and project leaders during imple-
mentation would increase staff engagement. 

Change infrastructure   

  Change service sites A normal ward or IMCU would be more suitable for a 
remote patient monitoring technology, as staff pres-
ence is lower and technical facilities are scarcer. Pa-
tients with a relatively weak indication for admission to 
the intensive care unit, such as postoperative monitor-
ing in a patient with sleep apnea, could thus be admit-
ted to normal ward or IMCU. 
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Wards with low staff turnover (6 quite correct or com-
pletely correct) and low patient turnover (5 quite cor-
rect or completely correct) would be more suitable ac-
cording to the majority. 

  Change physical struc-
ture and equipment 

To increase implementation performance, all beds on 
the ward should be equipped with the respective tech-
nology, equally all staff members should have access 
to a portable monitoring device (tablet, smartphone). 

The majority stated ubiquitous availability of the tech-
nology (all beds equipped) would facilitate implementa-
tion (7 quite correct or completely correct). 
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o LM überarbeitete die Codierung von 7 Interviews durch ASP,  
o LM überarbeitete das Codesystem gemeinsam mit ASP, LM entwarf 7 Summaries und  

überarbeitete 8 Summaries entworfen durch ASP, 
o LM erstellte die Figure 4, die durch ASP überarbeitet wurde. 

- Unterstützung von ASP bei der Manuskripterstellung  
o LM schrieb die Einleitung des Papers, 
o LM überarbeitete das Manuskript.  

 

Publikation 2: Poncette A-S, Mosch L, Spies C, Schmieding M, Schiefenhövel F, Krampe H, Balzer F. 

Improvements in Patient Monitoring for the Intensive Care Unit: Survey Study. J Med Internet Res 2020 

May 13; PMID:32459655. 

 

Beitrag im Einzelnen (bitte ausführlich ausführen): 

- Unterstützung von ASP bei der Datenerhebung, gemeinsam mit FS – 
o LM erstellte einen Entwurf für die Onlinesurvey  
o ASP, FS und LM erstellten die Onlinesurvey. 

- Unterstützung von ASP bei der Manuskripterstellung, gemeinsam mit MS und FS  
o LM überarbeitete das Manuskript. 

 

Publikation 3:  Mosch LK, Poncette A-S, Spies C, Weber-Carstens S, Schieler M, Krampe H, Balzer F. 

Creation of an Evidence-Based Implementation Framework for Digital Health Technology in the Intensive 

Care Unit: Qualitative Study. JMIR Formative Research 2022 Apr 8;6(4):e22866. [doi: 10.2196/22866]  

Beitrag im Einzelnen (bitte ausführlich ausführen): 

- Konzeption der Studie zusammen mit ASP, CS und FB  
o LM erarbeitete die Fragestellung der Studie gemeinsam mit ASP. 
o LM konzipierte die Methodik, unterstützt durch ASP 
o LM entwarf den Interviewleitfaden und das Online Questionnaire. 

- Selbstständige Datenerhebung und -analyse, Analyse unterstützt durch ASP  
o LM führte und transkribierte 7 Interviews,  
o LM führte Feldbeobachtungen durch, 
o LM führte die qualitative Analyse selbstständig durch (induktive Analyse der Interviews, 

deduktive Analyse mit ERIC-Framework, Anwendung des CFIR-ERIC Matching Tools), 
begleitet durch ASP (Qualitätssicherung für Qualitative Forschung durch 2. Forschenden 
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als Reviewer) 
o LM erstellte selbstständig die Abbildungen 1-4,  
o LM, ASP, HK und FB diskutierten die Ergebnisse gemeinsam, um die Reflektivität der Ana-

lyse zu erhöhen.   
- Manuskripterstellung zusammen mit ASP  

o LM schrieb das Manuskript. 
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