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Zusammenfassung

Zusammenfassung

Hintergrund: Neue digitale Gesundheitstechnologien kdnnten patientenbezogene Out-
comes verbessern und die Arbeitsbelastung des Personals reduzieren. lhre Einfuhrung
in die klinische Routinepraxis auf Intensivstationen verlauft 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 fur 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 wiinschte sich fur ein zukinftiges Patientenmonitoring draht-
lose Sensoren, hohere Benutzerfreundlichkeit und ein optimiertes Alarmmanagement.
Sie bewerteten viele falsch-positive Alarme problematisch und forderten mehr Training
mit neuen Geraten. Auch in der Validierungsstudie wurden zu viele falsch-positive Alarme
(n=60, 70% wahlten "stimme voll zu" oder "stimme zu") und zu viele Sensorkabel (n=66,
77%) beméngelt. Das Personal befurwortete den Einsatz von Patientenferniiberwachung
um friher alarmiert zu werden (n=55, 65%), und von durch Kunstliche Intelligenz ge-
stutzte Entscheidungshilfesystemen fur die Friherkennung von Komplikationen (n=67,
79%). Fur eine hohere Nutzung solcher Systeme seien Interoperabilitat (n=79, 93%), Be-
nutzerfreundlichkeit (n=78, 93%) und mehr Schulungen (n=75, 90%) sinnvoll. Zur Ver-
besserung der Implementierung sollten qualitativ hochwertige und regelméafige Mitarbei-
terschulungen, ein klares Leitungsengagement fur das Projekt und Feedbackmdglichkei-
ten vorhanden sein. Das Implementierungsframework fur digitale Gesundheitstechnolo-
gien auf Intensivstationen enthalt Strategien, die vor, wahrend und im allgemeinen Kon-
text der Implementierung angewandt werden kénnen, wobei die Benutzerfreundlichkeit
und Anpassungsfahigkeit 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 sorgfaltig geplant werden. Im Fokus steht
die Einschatzung der Anpassungsfahigkeit der Technologie, die mit nutzerzentrierten Me-
thoden verbessert werden sollte, u.a. durch die Einbeziehung des interdisziplinaren Per-
sonals und eine klare Kommunikation des Projekts. Zudem sollten Anforderungen fur die
Implementierung kontinuierlich neu eingeschatzt werden. Das Framework kann Verant-

wortlichen in der Implementierungspraxis als Leitfaden dienen.



Abstract

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 (Al) research and computer science, a data-rich environment like the ICU seems
predestined for the application of Al 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 Canniere 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; Garcia 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 Al 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):€13064. [doi: 10.2196/13064]

Poncette A-S, Mosch L, Spies C, Schmieding M, Schiefenhdvel 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):€19091.
[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):22866. [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 Al 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
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The Ethics Committee of Charité-Universitdtsmedizin 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
(Sp02), pulse rate (PR), end-tidal carbon dioxide (etC0O2), 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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Patient, 1 Bed 1

98 70 12

Patient, 2 Bed 2

98 71 12 39

Patient, 3 Bed 3

98 71 12 39

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):€13064. [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-
guent 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, Schiefenhdvel 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):€19091. [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; Lidecke 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 — Universitatsmedizin 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).

VIl Semistructured interviews with VIl web-based ) ‘
. . . ) Field observations,
key stakeholders in the clinical guestionnaires using a - :
. : informal discussions
implementation process likert-type scale

: .. ..

Inductive coding

summary: Summary:
Strategies to barriers and
improve facilitators to
implementation implementation
[ ]
v
ERIC strategies CFIR domains

Deductive analysis

CFIR-ERIC implementation strategy
matching tool

v

Implementation framework for digital health technology in the ICU

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):€13064. [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 Al-powered CDSS included lack of confidence in these
technologies and fear of losing clinical skills if relying solely on the results of an Al 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.

Intuitive but
advanced
. features
Gr‘aphlf:al . difficult to In emergency,
Reduces visualization  “set up intuitiveness more
patient of vital important than
safety Trend analysis ~ Parameters functionality
False alarms not used in preferred
induce stress patient
and distraction monitoring
Due to lack Wirel
of resources or ngﬁfﬁasa’sive
; 3
unsatisfactory <\ ficient alarm interoperable
training management monitoring

Current patient
monitaring

sensors needed

Future patient

monitoring
Entanglement of Reduces noise
monitoring cable pollution
endangers Small tablet or
patients mobile phone
as remote
monitering useful
Optimizes alarm
management
Lack of trust g
n "?:VELd‘g;tal Implementation
echnology
barriers Ambivalent attitude
toward CDSS

Plausibility of CDSS
essential to estimate
validity

Fear of novel digital

technology Lack of awareness of

novel digital CDSS reduces false
technology alarms

Increased workloads

Losing clinical skills

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, Schiefenhdvel 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):€19091. [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).

Aspects of patient monitoring disturbing patient care

Many false alarms without _ o * o
consaquanca (n=86) 1 e _ o
Lack of usability (n=85)- I 27% 26% - 34%

15%

Lack of interoperability _ o, o,

Too many sensor cables (n=85)- 4'}4 28% _* 19%
Lack of staff training in _ o
patient monitoring (n=85) - 2 ‘ 32% - e

50%  40%  30%  20% 10% 0%  10%  20% 30% 40%  50% B0%  70%  B80%  90%  100%

. Strengly disagree Disagree Agree . Strongly Agree Undecided

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 (h=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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Improvements for future patient monitoring

Non-invasive sensors (n=83)- 1Iﬁ 13% | 26% _ 26%
Reduction of false alarm _
Remote patient monitoring, eg, _ 20% 230 26%
via smartphone, tablet (n=86)
Hospital standard operating
management (n=86)

More staff training on patient | . 13% ‘ 38% 26%

monitoring (n=85)
50%  40%  30%  20%  10% 0%  10%  20%  30%  40% 50%  60% 70%  80%  90%  100%

. Strongly disagree Disagree Agree . Strongly Agree Undecided

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).

Use cases for remote patient monitoring

On-call duty (n=84)- - 10% 27% - 20%
*
6% 40% 21%
In case of responsibility for _ 49% * 15%
several wards (n=83)
pue e _ e - o

100% 90% 80% 70% B0% 50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50% B0% 70% 80% 90% 100%

To be alerted earlier (n=84)-

B strongly disagree Disagree Agree . Strongly Agree Undecided

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 Al could pro-
pose guidelines for therapy and diagnostics (n=66, 78% chose “Strongly agree” or
“Agree”; Figure 8).

Use cases for clinical decision support systems

Intelligent alarm management _
Early detection of _ 5% 529 * 13%
complications (n=85) .
Early detection of increased _ A6% * 19%
mortality (n=85) 6%
Intelligent proposal of _ % 519 * 17%
guidelines (n=85) °

50%  40%  30%  20%  10% 0%  10%  20%  30%  40% 50% 60% 70%  80%  90%  100%

. Strongly disagree Disagree Agree . Strongly Agree Undecided

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 Al.

Aspects that promote usage of CDSS
Transparency of artificial _ 53% * 17%
intelligence (n=85) °
Interoperability eg, with E 3
patient data management _
system, patient monitoring, 1% 54% 6%
ventilater (n=85)
*
High usability (n=84)- 36% 7%
_*
o

Regular support, eg, training _ 4% 47%

courses, workshops (n=83) 6%

50%  40%  30%  20%  10% 0%  10%  20% 30% 40%  50% 60% 70%  80%  90%  100%
. Strongly disagree Disagree Agree . Strongly Agree Undecided
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).
Attitude towards novel digital technology
I
21%

| want to be involved in the
development of new digital - 13% 33%
technologies for ICU (n=86)

I would like more time in N
day-to-day life to learn about _ * o,
new digital technologies ' 33% - 27%
(n=85)

| do not trust new digital _ *
technologies (n=86) - Ak % 28%
The introduction of new
digital technologies to ICU - 33% N 35%
reduces clinical skills (n=86) 9%

100% 90% 80% 70% B60% 50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

. Strongly disagree Disagree Agree . Strongly Agree Undecided

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):€22866. [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, etC0O2)
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.
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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

Intel‘vention CharaCteI‘IStICS |nterventi0n 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
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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.
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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
guestionnaire 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- Purposely re-examine the implementation
gies Develop a formal implementation blueprint
Audit and provide feedback

Provide interactive assistance Facilitation
Provide clinical supervision

Adapt and tailor to context Promote adaptability
Develop stakeholder interrelation- Identify and prepare champions
ships 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).

Context Before Implementation
Collect and analyze data related
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l been considered successful
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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 VitalSync™ 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 Al-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 Al-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 Al-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 Al-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 Al 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 Al-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 Al 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, Al 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 Al 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)

Leitfadengestutztes Interview — Vor Nutzung von Vital Sync

Haben Sie noch Fragen zum Hintergrund der Mitarbeiterbefragung?
[[CEBREAKER] Welche Rolle spielt das aktuelle Monitoringsystem fiir Sie generell?

[Status quo] Wie oft interagieren Sie mit dem Uberwachungssystem in lhrem Arbeitsalltag?
Was gefallt Ihnen an dem aktuellen Monitoring-System? Welche Funktionen nutzen Sie (z.B. Alarmgren-

zen, Trendanalyse)? Was wirden Sie an dem System &ndern?
[Neues System] Wie sieht das Monitor-System der Zukunft fir Sie aus? Welche Funktionen hat es?

[Visualisierung] Welche Rolle spielt die graphische Visualisierung (auch in Relation zur Zeit = Trend) der
Parameter fir Sie? Sollte die Visualisierung der Parameter und die Trendanalyse eine wichtigere Rolle bei

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

[Fern-Uberwachung] Was halten Sie von Fern-Uberwachung der ITS-Patienten? In welchen Situationen
spielt die Ferniberwachung eine wesentliche Rolle in Ihrem Arbeitsalltag? (z.B. beim Schicht-Wechsel,

Ubergabe des Patienten, Abwesenheit vom Patienten)

[Clinical Decision Support (CDS)] Haben Sie schon mal was von CDS gehdrt? Wie wirden Sie sich fuhlen,
wenn eine Software Empfehlungen zu Ihrer Therapie abgibt? Wirden Sie diese in Ihre Therapieplanung

miteinbeziehen?

[Usability] Welche Rolle spielt die Bedienbarkeit von Monitoringsystemen fir Sie? Was ist fur Sie wichtiger:
Bedienbarkeit oder Anzahl der Funktionen? Denken Sie ein groRes oder ein kleines Tablet wére besser fur
Ilhre Nutzungszwecke geeignet? Ware ein Zugang uber 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 fur sehr zufrieden)? Arbeiten Sie auch in anderen Bereichen? Wie IT-affin

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

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

ITS fur sinnvoll? (5 Sterne fiir sehr sinnvoll)
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Appendix 2: Online-Questionnaire. Source: (Poncette, Mosch, et al. 2020a)

Confidential

1)

2)

Page 1 of 16

Patienten-Monitoring in der Intensivmedizin

Liebe Kolleginnen und Kollegen,

mit dieser Umfrage machten wir einschatzen was Ihnen beim Patienten-Monitoring auf der Intensivstation (ITS)
wichtig ist und was Sie sich von einem zukinftigen Patienten-Monitoring wiinschen. Diese Substudie ist Teil der
SARPI Studie "Staff Acceptance of Remote Patient Monitoring on ICU®. Mit Ihren Umfrageergebnissen méchten wir die
Patientensicherheit erhdhen und die Arbeitsbedingungen auf der Intensivstation verbessern.

Die Teilnahme dauert ca. 10 Minuten und ist ancnym und freiwillig. Aus der Umifrage kénnen keine arbeitsrechtlichen
Konseguenzen abgeleitet werden und Sie kinnen zu jedem Zeitpunkt abbrechen bzw. Fragen auslassen. Eine
Leistungs- cder Verhaltenskontrolle erfolgt nicht. Alle fur die Auswertung notwendigen Daten inklusive der
personenbezogenen Daten (Alter, Beruf) werden in elektronischer Form auf dem KAl-Klinikserver hinterlegt und nach
10 Jahren vernichtet. Die Ethikkommission (EAL_031_18) und der Personalrat haben der Befragung zugestimmt.

Im Anschluss an diese Umfrage kdnnen Sie bei einem Gewinnspiel mitmachen, bei dem ein 50,- Euro Bahngutschein
unter den Umfrage-Teilnehmerinnen verlost wird. Fir Rickfragen stehen wir natirlich jederzeit zur Verfliigung (E-Mail
oder Tel. 631185).

Vielen Dank fir Ihre Unterstitzung!

AG Date Science in Perioperative Care

Prof. Dr. Dr. Felix Balzer (Studienleiter)

Dr. Akira-Sebastian Poncette (Studienkoordinator)

Ich bin damit einverstanden, dass im Rahmen des cben [ Einverstanden
genannten Forschungsvorhabens personenbezogene Daten

von mir datenschutzgerecht gespeichert, analysiert

und ananymisiert verdffentlicht werden.

Arbeiten Sie derzeit regelmaBkig im Ola
intensivmedizinischen Bereich (an mehr als Z Tagen
pro Monat)?

06-11-2018 15-05 projectredeap.org hE DCEP’
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Page 2 of 16
Diese Umfrage bezieht sich auf das aktuelle Patienten-Monitoring der Firma Philips der
Intensivstationen der Klinik fir Anasthesiclogie m.5. operative Intensivmedizin CCM/CVK.
Stimme gar nicht  Stimme nicht zu Tefls/Teils SHmme zu Stimme sehr zu
ZU
3)  Mit dem aktuellen O o O ] @
Patienten-Monitoring bin ich
zufrieden.
4) Das aktuelle o o o o o
Patienten-Monitoring
gewahrleistet eine hohe
Patientensicherheit.
5) Ich fiihle mich sicher im Umgang o ] o ] o
mit dem Patienten-Monitoring.
Confidential
Page 3 of 16
Folgende Aspekte des Patienten-Monitorings storen die Patientenversorgung:
Stimme gar nicht  Stimme nicht zu Teils/Teils Stimrme zu Stimme sehr zu
ZU
6] Viele Falsch-Alarme, die keine o 2 i o )
Konsequenz haben (z.B. durch
Messfehler, Artefakie, falsche
Einstellung)
7}  Mangel an - O ] 8] o o
) ﬁ%%ugiezfzan ﬂenr%ggﬁﬁg (z.B. mit o o . ] ]
Beatmungsgerat, COPRA)
9) Zu viele Sensorenkabel ] O O ] ]
(Kabelsalat bei
Patienten-Transport)
10} Fehlende Personal-Schulung in ] i i ] ]
Patienten-Monitoring
Confidential
Paged of 16
Das aktuelle Patienten-Monitoring auf der ITS sollte durch folgende MaBnahmen verbessert
werden:
Stimme gar nicht  Stimme nicht zu TeilsTeils Stimme zu Stimme sefir zu
Zu
11} Kabellose Sensoren O O 9] O O
12} Nicht-invasive Sensoren (z.B. fir o O . o ]
Hamoglobin)
13) Reduktion der Falsch-Alarm ] O o ] ]
Haufigkeit
14) Patientenferniberwachung z.B. i 8] i i i
dber Smartphone, Tablet
15) Klinikstandard fiir ] O O O -]
Alarm-Management
16) Mehr Fortbildungen zu O o} O ] O

Patienten-Monitering
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Confidential

17)

18)

19)

20)

21)

PageSof 16

Alarm-Einstellungen des Patienten-Monitorings

nie
Bei Schichtibergabe Obergebe i
ich die eingestellten
Alarmgrenzen mindlich weiter.

Die &larmeinstellungen (z.B. -
Alarmgrenzen) werden
dokumentiert.

lch verwende das voreingestelite -
Patienten-Monitoring Profil, chne
Grenzwerte zu verandern.

Bei Untersuchungen am -
Patienten setze ich die Alarme
am Monitor auf "Pause”.

Ich passe die Alarmeinstellungen O
patientenindividuell an.

Confidential

22)

23)

24)

23)

26)

selten

O

o}

gelegentlich

O

o

immer

Fage 6 of 16

Alarme des Patienten-Monitorings

nie
Ich fiihle mich dberfordert von ]
ZU vielen Alarmen.

Es kommt vor, dass ein kritischer ]
Alarm dberhért und somit
wverpasst wird.

Alarme, die immer wieder ]
angehen, ignoriere ich mit der
Zeit,

In manchen Schichten gibt es so 8]
viel zu tun, dass ich nicht schnell

genug auf Alarme reagieren

kann.

Kritische Alarme werden schnell ]
und deutlich wahrgenommen

und fihren zu sofortigem

Handeln.

selten

gelegentlich

O

o

immer
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Confidential
Page 7 of 16
Falsch-Alarme des Patienten-Monitorings (z.B. durch Messfehler, Artefakte, falsche
Einstellung)
Stimme gar nicht  Stimme nicht 2u Teils/Teils Stimme zu Stirmme sehr zu
ZU

27) Falsch-Alarme erschweren die (] 0 ] o ]
Versorgung von Patienten.

28) Falsch-Alarme reduzieren mein ] o ] - ]
Vertrauen in die Alarme.

29) Wieviel Prozent aller Alarme sind Ihrer Meinung nach
Falsch-Alarme (z.B. durch Messfehler, Artefakte,
falsche Einstellung)? 0% 100%

[PMace a mark on the scals abowve)

Confidential
Page 8 of 16

Falsch-Alarme: Welcher Sensor bzw. welches Gerat generiert lhrer Meinung nach generell die
haufigsten Falsch-Alarme?

ABP=Arterieller Blutdruckmessung
NIBP=Nicht-invasive Blutdruckmessung
Temp.=Temperatur
Beatmung.=Beatmungsmaschine
Sp02=Pulsoxymetrie
EKG=Elektrokardiogramm

ABF ER Temp. Beatmung Spoz EKG
30) Am haufigsten - O [ O O §)]
31) Am zweit-haufigsten O O 8] o O O
32) Am dritt-h3ufigsten 0 O . . O )]
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Alle Alarme: Welcher Sensor bzw. welches Gerat generiert lhrer Meinung nach generell die
haufigsten Alarme (richtige und falsche Alarme)?

ABP=Arterieller Blutdruckmessung
NIBP=Nicht-invasive Blutdruckmessung
Temp.=Temperatur
Beatmung.=Beatmungsmaschine

ABF HIBF Temp. Beatmung Spoz EKG
33) Am haufigsten O o o ) o o
34) Am zweit-haufigsten O O O ] O O
35) Am dritt-hufigsten O o ] ] O o

Confidential

Page 10 of 16

Fur das Patienten-Meonitoering der Zukunft wansche ich mir zusatzlich folgende Gerate:

Stimme gar nicht  Stimme nicht 2u Teils/Teils Stirmme zu Stimme sehr zu
U
36) Smartphone o i i . ]
37) GroBes Tablet O o O O O
38) Kleines Tablet 8] . . . ]
39) Smartwatch O O O o o
40) Allgegenwartiges o 9] 9] 9] i

Zentralmonitoring z.B. durch
Augmented Reality Brille
(erweiterte Realitat)
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In folgenden Situationen kann die Fern-Uberwachung der Patienten mithilfe Smartphones oder
Tablets nutzlich sein:
Stimme gar nicht Stimme nicht zu Teils/Teils Stimme zu Stimme sehr zu
ral|
41) Im Bereitschaftsdienst O O O o o
42) Um schneller alarmiert zu o o ] ) ]
43) BEMYe antwortung fir mehrere o o o o o
Stationen
44) In der Pause (z.B. beim O O ] ] O
Friahsticken)
Confidential
Page 12 of 16
Was ist lhre Einstellung zu neuen digitalen Technologien in der Intensivmedizin?
Stimme gar nicht  Stimme nicht 2u Teils/Teils Stimme zu Stimme sehr zu
U
45) Ich machte mehr iiber neue i ] i . ]
digitale Technologien fir die ITS
erfahren.
46) Ich machte neue digitale O O o o O
Technologien fur die ITS
mitgestalten.
47} Ich hatte gerne mehr Zeit im ) ] ) ] ]
Alltag um neue digitale
Technologien kennen zu lernen.
48) Neuen digitalen Technologien -] ] -] ]
traue ich nicht.
49) Die Einflhrung newer digitaler
Technologien auf die ITS
verringert die klinischen
Fahigkeiten.
Confidential
Page 13 of 16
Folgende klinische Entscheidungshilfe-Systeme basierend auf Kunstlicher Intelligenz wurde
ich in Zukunft gerne nutzen:
Stimme gar nicht  Stimme nicht zu Teils/Teils Stimme zu Stimme sehr zu
U
50) Intelligentes Alarm-Management i i i i i
(z.B. automatische
Alarmgrenzen, Trendalarm)
51} Fritherkennung von ] ] ] ] 9]
Komplikationen (z.B. Sepsis,
akutes Nierenversagen)
52) Friherkennung erhdhter
Mortalitat
53) Intelligenter Vorschlag von

Leitlinien {z.B. bei Antibiotika,
Delir)
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Confidential

Page 14 of 16

Was wurde Sie motivieren klinische Entscheidungshilfe-Systeme basierend auf Kunstlicher

Intelligenz regelmaBig auf der ITS zu nutzen?

Stimme gar nicht  Stimme nicht zu TeilsTeils Stimme zu Stimme sehr zu
U

54) Machvollziehbarkeit der O O O O O
kidnstlichen Intelligenz

55) Wernetzung z.B. mit COPRA, ) ] ] ] ]
Patienten-Monitoring,
Beatmungsgerat

56) Hohe Benutzerfreundlichkeit o o O o o

57) RegelmaBige Unterstiitzung z.B. ] 8] 9] 9] 9]
Schulungen, Workshops

Confidential
Page 15 of 16
Fragen zu Technik-Affinitat.
Stimme gar nicht  Stimme nicht zu Teils/Teils Stimme zu Stimme sehr zu
U

58) Ich beschaftige mich gern - o o o )
genauer mit technischen
Systemen.

58) Ich probiere gern die Funktionen o o o o ]
neuer technischer Systeme aus.

60) Es genigt mir, dass ein o . . . )
technisches System funktioniert,
mir ist es egal, wie oder warum.

61) Es geniigt mir, die o o o ) ]

Grundfunktionen eines
technischen Systems zu kennen.

Confidential

Page 16 of 16

62) In welcher Berufsgruppe sind Sie derzeit tatig?

[] ArztfArztin in Weiterbildung

[ Facharzt/-arztin fir Andsthesiclogie

[ Zusatzbezeichnung Intensivmedizin

[ Zusatzbezeichnung Notfallmedizin

[ Zusatzbezeichnung Schmerzmedizin

[ Gesundheits- und Krankenpfleger/ -in

[ Fachpflegekraft fir Intensivpflege und Andsthesie
[ Rettungssanitater/in

O Atmungstherapeut/in

63) Geschlecht:

) weiblich

) mannlich

) divers

) keine Angabe

64) Zu welcher Altersgruppe zahlen Sie?

) 1B-24 Jahre
() 25-34 Jahre
) 35-44 Jahre
) 45-54 Jahre
() 55-64 Jahre
() =65 Jahre

B65) Sonstige Kommentare zur Umfrage
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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. | am satisfied with the current patient monitoring system. Inner Setting - Implemen-
Likert scale 1= not correct at all - 5 = completely correct ?ﬁgﬂg?'mate: Tension for

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

3. What should be changed? Inner Setting - Implemen-
Graphical representation tation Climate: Tension for
Change

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

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 | Inner Setting - Implemen-
advantages. _tf\tion Climate: Compatibil-

ity

Intervention  characteris-

tics: relative advantage

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

5. I personally find the implementation of remote patient monitor- | Inner Setting - Implemen-
ing in intensive care important. tation Climate: Relative

Likert scale: 1= not correct at all - 5 = completely correct Priority o
Individual Characteristics -

knowledge and beliefs
about the intervention

6. Why do you find the introduction of remote patient monitoring | Inner setting - Implementa-
(not) important? tion Climate: compatibility,

relative priority

Individual characteristics -

knowledge and Dbeliefs

about the intervention

VitalSync remote patient monitoring system
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7. 1find 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

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

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

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

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 Dbeliefs
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. | 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. alot 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. | 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, | am able to adapt well to new situations and chal-
lenges.
Likert scale: 1= not correct at all - 5 = completely correct

Cl: Self efficacy

30. Technology acceptance Neyer et al.

Individual Characteristics:
self efficacy

Demographic data

31. Qualification

a. Physician in postgraduate specialization
Specialist in anaesthesiology
Additional qualification in intensive care medicine
Additional gqualification in emergency medicine
Additional qualification in pain medicine
Nurse
Specialist nurse for intensive care and anaesthesia

@ ~opocm
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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. | am satisfied with my job.
Likert scale: 1= not correct at all - 5 = completely correct

CI:  individual
change

stage of

Technical readiness according to Ney et al.
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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 The installed beta version of the system only offered

quality 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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Trialability

Adaptability

Complexity

fessional group (5 not correct at all or not quite cor-
rect,) [...].

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 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).

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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Inner setting

Structural characteristics

Networks and communi-
cations
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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.

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.

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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Implementation climate
- Tension for
change

Implementation climate
- Compatibility

Implementation climate
- Relative priority

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 ).

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.

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

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

Implementation readiness
- Leadership en-
gagement

Implementation readiness

- access to infor-
mation and
knowledge

Individual characteristics

Knowledge and beliefs
about the intervention

Appendix

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.

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.

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.

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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Self-efficacy

Individual stage of change

Process

Planning

Engaging

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.

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.

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).

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

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

Engaging

Engaging

Executing

Opinion leaders
- Peers

Opinion leaders
- Experts

Formally ap-
pointed internal
implementation
leaders

Appendix

There was a lack of persisting initiatives to engage
staff in the implementation process such as regular
staff training and information events.

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

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

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

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

Develop a formal im-  |Staff should be informed of the implementation project
plementation blueprint |and its aims in order to increase motivation to apply
the new technology.

Audit and provide feed-|Feedback discussions with staff and project leaders
back 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- |Persistent leadership engagement and the nomination
vision 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

Develop stakeholder in-
terrelationships

Recruit, designate, and
train for leadership

Appendix

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.

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

Model and simulate
change

Involve executive
boards

Inform local opinion
leaders

Identify and prepare
champions

Train and educate stake-
holders

Conduct ongoing trai-
ning

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

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

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.

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.

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.

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 |The personnel should be informed of the implementa-
meetings 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- |During training, staff should be informed of the imple-
cal data to providers  |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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Change physical struc-
ture and equipment

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.

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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Abstract

Background: In the intensive care unit (ICU), continuous patient monitoring is essential to detect critical changes in patients”
health statuses and to guide therapy. The implementation of digital health technologies for patient monitoring may further improve
patient safety. However, most monitoring devices today are still based on technologies from the 1970s.

Objective: The aim of this study was to evaluate statements by ICU staff on the current patient monitoring systems and their
expectations for future technological developments in order to investigate clinical requirements and barriers to the implementation
of future patient monitoring.

Methods: This prospective study was conducted at three intensive care units of a German university hospital. Guideline-based
interviews with ICU staff—35 physicians, 6 nurses, and 4 respiratory therapists—were recorded, transcribed, and analyzed using
the grounded theory approach.

Results: Evaluating the current monitoring system, ICU staff put high emphasis on usability factors such as intuitiveness and
visualization. Trend analysis was rarely used: inadequate alarm management as well as the entanglement of monitoring cables
were rated as potential patient safety issues. For a future system, the importance of high usability was again emphasized; wireless,
noninvasive, and interoperable monitoring sensors were desired: mobile phones for remote patient monitoring and alarm
management optimization were needed; and clinical decision support systems based on artificial intelligence were considered
useful. Among perceived barriers to implementation of novel technology were lack of trust, fear of losing clinical skills, fear of
increasing workload, and lack of awareness of available digital technologies.

Conclusions: This qualitative study on patient monitoring involves core statements from ICU staff. To promote a rapid and
sustainable implementation of digital health solutions in the ICU, all health care stakeholders must focus more on user-derived
findings. Results on alarm management or mobile devices may be used to prepare ICU staff to use novel technology, to reduce
alarm fatigue, to improve medical device usability, and to advance interoperability standards in intensive care medicine. For
digital transformation in health care, increasing the trust and awareness of ICU staff in digital health technology may be an
essential prerequisite.

Trial Registration: ClinicalTrials.gov NCT03514173; https://clinicaltrials. gov/ct2/show/NCT03514173 (Archived by WebCite
at http://www.webcitation.org/77T 1HwOzk)

(JMIR Med Inform 2019;7(2):el3064) doi: 10.2196/]1 3064
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Introduction

Methods

Background

In decades to come, demographic developments and an
increasing number of comorbidities will lead to an ever-rising
number of chronically ill patients in need of intensive care
treatment [1]. Moreover, health care institutions are highly
challenged with rising workloads, due to a shortage of medical
staff and an increasing financial burden [2]. Within this context,
rapid and sustainable implementation of advanced digital
technologies could mitigate this development.

Continuous monitoring of patients is one of the most essential
components in intensive care medicine: first, to notice critical
changes of patients’ health statuses, and second, to guide daily
intensive care therapy [3]. Its implementation led to significant
improvements in patient safety in the intensive care unit (ICU)
[4]- Notably, in comparison with other medical devices, patient
monitoring is used by a multidisciplinary team of physicians,
nurses, and respiratory therapists.

With advances in information and communication technologies
(ICTs) and medical device technologies, new options for patient
monitoring are being introduced that may potentially improve
patient safety [5]. However, most of the monitoring devices
used today, such as the electrocardiogram (ECG) or invasive
blood pressure measurement, were already available in the
1970s, using alarm thresholds for single sensors [6,7]
MNowadays, technologies to remotely monitor patients are
available, such as wireless monitoring sensors (eg, ECG, pulse
oximetry [£,9], and hemoglobin [ 10]), noninvasive measurement
of hemodynamic parameters (eg, blood pressure and cardiac
output [11]), as well as mobile communication devices (eg,
mobile phones and tablets) [12-14]. Furthermore, clinical
decision support systems ( CDSS) based on artificial intelligence
can assist physicians by analyzing multiple parameters to detect
early indications of sepsis, respiratory failure, or bleeding

[15.16].

Despite these technological developments, the introduction of
novel patient monitoring applications in the ICU remains a
lagging process compared to other industry sectors [17.18]. The
manifold reasons for this could be rooted in a mismatch of
expectations and assumptions by clinical users and
manufacturers about novel patient monitoring [19,20].

Aim

This qualitative study evaluated statements by [ICU
staff—physicians, nurses, and respiratory therapists—on current
patient monitoring. This study also evaluated the staff’s
expectations for future technological developments to explore
clinical requirements and barriers to the implementation of a
novel monitoring system. We aimed to explore desires, concerns,
and perceived challenges of ICU staff on patient monitoring
that may stimulate rapid and sustainable technological adaption
in the ICU.

bittp: 'medinform. pmirorg 20192/ e | 164"

N

Ethics Approval and Consent to Participate

Ethical approval for this study was provided by the ethics
committee of the Charite’—Universita tsmedizin Berlin,
Germany (EA1/031/18). All participants gave their consent
pricr to the study.

Setting

This study was conducted at three ICUs of a German university
hospital as a preliminary study of the implementation of the
Vital Syne virtual patient monitoring platform 2.4, developed
by Medtronic ple. This new system was installed in one of the
three ICUs to monitor patients remotely and was utilized after
completion of data collection for this study. In all three ICUs,
the Philips IntelliVue patient monitoring system was installed
at the time of the study (MXS00 software version M.00.03;
MMS X2 software version H.15.41-M.00.04). The COPRA 5
patient data management system (PDMS), developed by COPRA
System GmbH, was used in all ICUs.

Research Team and Study Design

The research team consisted of a postdoctoral researcher with
a background in anesthesiology, geriatrics, intensive care
medicine, and digital health (ASP); a senior medical student
with a strong affinity for digital health (LM); a professor for
digital health, who is a consultant anesthesiologist and a
computer scientist (FB); a psychologist (HK): a head nurse
(M35); the ICU senior consultant (SWC); and the department’s
head of staff (CS). To maintain reflexivity, the research team
challenged established assumptions in discussions and shared
diaries throughout the study.

We chose an inductive, exploratory, qualitative research
approach using semistructured interviews as described elsewhere
[21-23]. The inductive approach allowed us to simultaneously
collect and analyze data to see if any pattems emerged that
would influence the study design.

Data Collection

Between April and May 2018, ASP and LM conducted
face-to-face semistructured interviews with 5 physicians (4
women, 80%), & nurses (2 women, 33%), and 4 respiratory
therapists (1 woman, 25%) from the ICU. The median of ICU
experience was 4 years (range 2-15) for physicians, 6 years
(range 1-14) for nurses, and 9 years (range 2-18) for respiratory
therapists. Purposive sampling was employed to ensure an
evenly distributed variety of professional staff.

The interview design was based on the research question and
developed by the research team through consultation of further
experts from intensive care medicine and psychology. Pilot
interviews did not alter the questions. The developed questions
were used as a guide for the interviews, giving the interviewers
the freedom to change their weight or phrasing (see Textbox
1). Additionally, the order of the first three questions could be

IMIR Med Inform 2009 | vol. 7 iss. 2 | 213064 | p. 2
(page mumber mof for cilalian prrpases)
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changed. The interviews were conducted during breaks between
patient care in the ICU, were recorded and transeribed verbatim
by the interviewers, and were reviewed by the researcher who
had not done the transcription. Median interview length was 13
minutes (range 8-26).

Data Analysis

After the completion of five interviews, we began analyzing
the data through an inductive approach by means of the
grounded theory [24]. Codes that were generated through
line-by-line coding of three particularly different interviews
resulted in a category system (see Multimedia Appendix 1) that
was adjusted and extended by analyzing further interview
transcripts (see Multimedia Appendix 2). All coding was
performed using the Max(QDA 2018 qualitative data analysis
software. The first five interviews were coded twice by two
independent researchers (ASP and LM). Inconsistencies between
coders were discussed in meetings among the research team

Textbox 1. Guide for intensive care staff interviews.

Poncette et al

until a mutual agreement was achieved. All following transcripts
were coded by one researcher and the codes validated by another
researcher.

After completion of coding, the research team reviewed and
summarized each core statement to extract themes that were
relevant to the study objective. Throughout the process of data
analysis, the weight and phrasing of all questions and the order
of the first three questions asked during the interviews were
adapted using a feedback loop as previously described [25] (see
Figure 1). Data collection was finalized when no new codes
were identifiable from new interviews [26]. Out of each
category, representative statements were selected and translated
into English.

The datasets generated and analyzed during this study are not
publicly available due to reasons of data privacy; however, they
are available from the corresponding author (FB) upon
reasonable request.

Interview guestions:

hawe?

s What is more important to you: usability or number of features?

+  How often do you interact with the current patient monitoning system and which features do you use?

+  Regarding the current patient monitoring system. is there anything that you find particularly useful? What suggestions for improvement do you

+  Civen endless financial and technical resources, what would your future patient monitoring system look like?
s  Would you consider using a tablet for your clinical work regarding remote patient monitoring? In which situations would you use 1t?
s Would you consider using a clinical decision support system for vour clinical routine?

¢ In your clinical workflow, 1s it important to have a graphical visualization of patients’ vital parameters and their trends? Do you consider trend
graphics of the patient monitoring system useful for shift handovers?

Figure 1. A feedback loop adapted the weight and order of the interview questions through parallel data collection and evaluation as previously described

[25).

Interview
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Core

Transcript
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Codes
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Category
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Results

Summary

This qualitative study was constructed based on 15 interviews
with ICU staff regarding the complexity of patient monitoring
in the ICU. According to our study objectives, resulting codes

btp:medinform pmirorg 20192 el 3064/

=N

System

were classified into three main categories: (1) current patient
monitoring, (2) future patient monitoring, and (3) barriers to
implementation of novel patient monitoring. In the sunburst
diagram (see Figure 2), the 12 most-relevant themes (middle
ring) within the three categories (inner ring) are visualized and
specified {outer ring).
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Figure 2. Within three categories (inner ring), 12 themes (middle ring) were identified and specified (outer ring) to reflect the requirements of a novel
patient monitoring technology from the view of intensive care staff. CDSS: clinical decision support system.

Most participants saw a need for improvement of patient
monitoring in the ICU through novel technology. not only for
enhanced efficiency in routine processes, but also to improve
patient safety, quality of care, staff satisfaction, and quality of
life for patients in the ICU as well as after discharge.
Self-evaluation by participants regarding technological savviness
using a Likert scale, with scores ranging from 1 (no affinity for
technology) to 5 (high affinity for technology), resulted in the
following median scores: physicians, 3.5 (range 2.0-5.0): nurses,
2.8 (range 1.5-4.0); and respiratory therapists, 3.8 (range
3.5-5.0).

Current Patient Monitoring

The interviewed ICU staff rated the software usability of the
current patient monitoring as good with special emphasis on
intuitiveness and uniformity. Standard features such as display
of vital parameters and configuration of alarm thresholds were
easy to use, however. advanced settings were considered
difficult to set up without training.

http://medinform jmirorg/2019/2/c 13064/
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It's sometimes very difficult to get all the parameters

that I actually want on a monitor...Partly it's very

complicated to be able to adjust the monitor quickly

and effectively. So I often have the situation that I am

called in by the nursing staff because they don't

manage to display the parameters on the monitor that

I would like to see. And then it costs me 200 minutes

of work that is wasted during the day. [Interview 13,

physician]
For the visualization of single parameters, a graphical curve
was stated to be essential for faster clinical interpretations and
to ensure the validity of sensor measurements. All professional
groups stated that they rarely use trend analysis on the patient
monitoring device. Instead, the PDMS was used., as it provides
other clinical data along with trends of vital parameters.

Conceming patient monitoring features used by ICU staff. alarm
management was mentioned most frequently. Nurses and
respiratory therapists would regularly adjust alarm thresholds
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to current patient conditions. However, alarm fatigue or “cry
wolf” situations (ie, multiple alarms going off at the same time)
were considered as a major deficit of the current system, leading
to stress in patients and staff and, potentially, reduced patient
safety. Reasons for this were stated as (1) technical: difficult to
distinguish between false and critical alarm, and susceptibility
to error of the ECG, peripheral capillary oxygen saturation
(Sp0;), and end-tidal carbon dioxide (etCO,) sensors; (2) patient
related: interference of artefacts related to delimum (ie,
movement), sepsis (ie, centralized circulation), or high
perspiration; and (3) ICU staff related: inadequate alarm hygiene
due to lack of staff training with patient monitoring and lack of
staff resources.

Alarm management is rather a big problem in the
intensive care unit; some people set the alarm limiis
very tightly, which often leads ro false alarms.  think
it’s important to work on the alarm management
within the team...especially at night, also the sound
Jor the patients. When the patient is supposed o sleep
and then the monitor beeps all the time... [Interview
pl2, nurse]

Too little alarm hygiene is being done. This is not due
to the laziness of the people, but simply due to the
staff situation; there are oo few nurses, ioo few
doctors. Therefore, it just beeps very often. And the
monitor can't distinguish; is this critical or not? It
gets its limits set, and if vou've had an alarm five times
because the patient is moving, and therefore the heart
rate is supposedly elevated, you won't ook at it the
sixth time, but maybe there is something else. Yes,
that’s a bit of a problem, because one or the other
critical sitavion is only recognized very lare.
[Interview 11, respiratory therapist]
Long distances and an angled architecture of the ICU along
with missing additional patient monitoring displays at strategic
positions (eg. corrdor and doctor’s office) were indicated to
possibly lead to critical situations. Furthermore, all interviewees
eriticized the entanglement of cables, especially in situations
such as bedding and transport, posing a major patient safety

issue.

Future Patient Monitoring

Participants from all professional groups emphasized the
importance of intuitiveness and usability of a future patient
monitoring system, especially in an emergency, with options
to add more advanced and individual settings.

So if vou want to use something like thar, it would be
good to have more functions and individualize
it..Because, I think to myself, it is precisely because
of the fact thar there are so many differemt
professional groups on the move here, that a senior
physician in the department may also have completely
different things thar he finds important than perhaps
a respivatory therapist or another specialist.
[Interview 12, respiratory therapist]

It all has to be self~explanatory in my eves because
we have too many devices that are complicated, so it
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would be nice if' it was very userfriendly. [Interview

7. respiratory therapist]
Future conceptions were more accurate in measurements, while
at the same time less invasive, wireless, and with better
interoperability between medical devices; for example, access
to PDMS through patient monitoring.

How do you imagine the monitoring system aof the
Sfuture? [Interview 11, interviewer]
Capture maore values with less effort. So less invasive
and a linle more accurate, ves. [Interview 11,
respiratory therapist]
In any case, a wireless transmission of the monitor
would be grear. Because this would of course have a
clear advantage for the patient in terms of mobility.
[Interview 12, respiratory therapist]
Participants from all interviewed professional groups believed
that using mobile communication technology, such as tablet
computers or mobile phones, as remote patient monitoring
devices could increase patient safety, reduce the length of stay
in the ICU, and improve job satisfaction.

{ absolutely believe it fremore parient monitoring] is
a step in the right divection. It benefits the patients,
after all. And in the best case, it makes the work
easier. [Interview p02, nurse]
A reduction of stress through remote patient monitoring, in both
ICU staff and patients, was pointed out and justified by
optimized alarm management (ie, the possibility to cancel false
alarms from a mobile device and, thus, less noise pollution).

And if 1 also had the option of canceling [false]
alarms while sitting at the PC without having to run
to the central system, | think that would make life
easier for me. And above all, it would protect the
patient. You da nor ignore false alarms, or other
alarms, which you interpret as false alarms—which
can be life-threatening—and that the patient is
perhaps less stressed, i he does not hear these alarms
constantly at his own bed.__Ithink I'm also preventing
delirium. [Interview 13, physician]

To reduce distractions of doctors by false alarms, interviewees
also proposed an alarm filtering system by the nursing staff and
critical alarm transmission to the doctor's mobile device.

If you get distracted by other things again and
again...d think you accomplish less in the time vou
have. And, therefore, related to your gquestion, af
course it is important that you get alerted, but in the
end, | see the nursing staff as a certain filter
[Interview 2, physician]
For [external staff and new staff members], I acrually
don't find that bad ar all. That they can just say, “OK,
{ press a button and know...when the alarm comes,
that goes to the doctor..” And that this makes them
maore relaxed and they don't have to search for him.
[Interview &, nurse]
A point of criticism of remote patient monitoring was the fear
of less interprofessional communication and less patient contact
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when the physician is informed via a mobile device and the
alarms are canceled remotely. To achieve better teamwork
regarding alarm management, training in interprofessional
communication was considered necessary.

I alse find that a bit difficult, because then the
cammunication fust breaks down a bit. Because [ like
ta go ta the doc and say, “Hey, here, I noticed thar,
showld { do something now? " [Interview 8, nurse]

Staff expectations regarding the implementation of a CDSS,
including artificial intelligence in monitoring, were ambivalent,
however, an automatic adjustment of alarm thresholds through
trend analysis and the CDSS was suggested. Critical attitudes
resulted from lack of trust in the CDSS: the interviewees stressed
plausibility to estimate the validity of CDSS recommendations
in their clinical work routine.

And if I don't understand the plvsiology behind ir,
also in humans, and only stick to these theorerically
calewlated values theve, then I think mistakes will
occur. 8o a  basic  education in  the basic
understanding of physiology and also of technology,
how  these  limiis  and  parameters  and
recommendations arise, should be absolutely there.
[Interview 13, physician]
In terms of hardware design for remote patient monitoring,
several interviewees of all professions agreed that a large tablet
was applicable for stationary use because it would provide a
better overview. However, most of the interviewed staff said
they would prefer using a small device, even their own mobile
phone, which would offer greater mobility since the pockets of
the scrubs are too small for larger devices.

If { had o carry it [the tablet] with me all the time,
then it would have to be the size of a scrubs pocket.
[Interview 3, nurse]

If it is stationary, then rather large [display] io
provide a good overview. [Interview 8, nurse)

Barriers to Implementation of Novel Patient
Monitoring
We identified a lack of trust in technology as the greatest barrier

to the implementation of novel patient monitoring devices in
the ICUL.

I think it's important to be at the patient’s bedside,
look at the patient, and not just rely on some kind of
monitoring. [Interview 10, physician]
ICU staff feared the implementation of new technology in the
ICU that would increase workloads in a setting where time and
resources are already scarce.

We have a lot of leasing staff fexternal siaff], and we
are a newly assembled team—I think ir [new
technology] would still be difficult to implement here
ar the moment. [Interview p02, nurse]
They demanded more time for using advanced features and for
training in new medical devices.
If I had more time, then § would like to have more
Sunctions [in patient monitoring] and we must be
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trained more intensively for using the new [medical]
devices. [Interview p02, nurse]
While satisfied with the current system, ICU staff reported that
new technology seems very complex and they often did not
foresee its benefit. By using new technology, they were afraid
to lose their clinical skills and have less direct contact with the
patient.

{ think that we should use owr brain, and that it makes
sense 1o be able to rely on your own senses in case
af"a power failure, darkness, or wharever: [Interview
10, physician]

Well, I think that the more you ger taken off [by
technology], the more vou stop thinking. And then an
ECG electrode falls off, and people think the patient
is asystolic and start to resuscitate. [Interview 4,
nurse]

Additionally, lack of awareness and education of ICU staff
about current technological developments was identified as a
potential barrier to implementation.

Discussion

Principal Findings

This qualitative interview study provides valuable insights into
the understanding of the complexity of patient monitoring in
the ICU. For the ICU staff, the current patient monitoring system
was intuitive to use for vital sign monitoring, but other features
were difficult to set up due to lack of training and staff shortage.
Further, ICU staff rated alarm fatigue and entanglement of
cables as major threats to patient safety.

For future developments, a more interoperable, intuitive patient
monitoring system was demanded with options to add advanced
and individual features depending on the patients’ or users’
needs. Vital parameter measurements and alarms should be
more specific, while being noninvasive and less obtrusive (eg,
wireless). Interestingly. interviewees recognized mobile phones
with a large screen as a potential remote patient monitoring
device, which could reduce noise pollution, increase patient
safety. and lead to enhanced job satisfaction. Additionally, a
CDSS based on artificial intelligence could optimize alarm
management if plausible for the ICU staff. For a more rapid
infroduction of novel patient monitoring solutions in the ICU,
participants demanded more training in new medical devices.

As a major barrier to the implementation of novel patient
monitoring, lack of both trust and awareness for nowvel,
innovative technology was identified. Interviewees also admitted
to being afraid to lose their clinical skills as a result of having
less interprofessional communication and less contact with the
patient due to novel patient monitoring technology.

False Alarms Endanger Patient Safety

Whereas alarm management is the main feature of patient
monitoring used at the study sites, currently neither regular staff
training nor a framework for alarm management is established.
In the context where “cry wolf” situations with multiple alarms
going off at the same time have become the standard
environment in the ICU, this is an alarming insight [27]. Of all
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auditory alarms, up to 99% have been described to be false
alarms that do not change patient treatment [2&]. These false
alarms are a product of a complex interplay between the
patient’s condition, the users’ competence, and the technical
features of the patient monitoring system. False alarms
desensitize clinical staff to critical alarms (ie, alarm fatigue)
and pose a major patient safety issue, leading to alarm-related
patient deaths every year [29]. According to our study results,
patient safety might also be compromised through the constant
noise pollution that induces interruptions, stress, and
concentration difficulties among the ICU staff.

Although several strategies have been developed to reduce false
alarms in the ICU [12,28-31], implementation into a clinical
routine is still lacking. Notably, the reduction of alarms due to
alarm management strategies ranges from 24% to 88.5% per
ICU, indicating the effectiveness of such strategies, including
staff training for any ward that uses patient monitoring devices
[32-34].

Interoperability and Usability of Devices in Intensive
Care

Today, most acute care medical devices are not designed to
interoperate  [18]. Remarkably, our results indicate that
requirements for future patient monitoring are steadily increasing
to more than just monitoring the vital parameters. ICU staff
demand a patient monitoring device to interoperate with other
medical devices for detailed comparisons of vital parameters
and trend analysis in the context of medication, ventilation,
fluid balance, and more, as recently suggested by Flohr et al
[35]). This could optimize workflow and reduce redundant
documentation in the ICU.

In terms of usability, ICU staff expressed their demand for
intuitive and reactive systems for clinical use. Although the
implementation of electronic applications in health care dates
back more than a decade, usability—referring to the efficient,
effective, and safe use of technology—is still not fully optimized
for clinical use [36.37]. In the ICU, digital applications should
not induce stress. Instead. their use should focus the user for
efficient, effective, and safe work. In usability research, various
simple and low-cost methods are available that should be applied
by anyone working in medical device development [38].

For both interoperability and usability, regular adaptation and
application of medical device communication (ie, Institute of
Electrical and Electronics Engineers [IEEE] 11073) and
technical standards (ie. Intemational Electrotechnical
Commission [[EC] 60601) to current developments might
minimize use-related hazards and risks to patients and ICU staff
[39.40].

Maobile Phones in Intensive Care Routine

The use of tablet computers with access to electronic medical
records or multiparameter monitoring has been perceived as
beneficial in inpatient settings [35,41). However, for ICU staff,
large tablets were too bulky to carry around due to the small
pockets of their scrubs; they instead preferred small tablets that
are portable [42] or larger mobile phones for remote patient
monitoring in the ICU. This finding may influence further device
developments for the ICU and the operating room where scrubs
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are wormn. Recently released foldable mobile phones could be
an approach to combine the advantages of pocket-size and
large-screen devices [43]. As industry stakeholders are already
developing apps for mobile devices in the ICU, more
interdisciplinary studies are necessary to obtain early feedback
from clinicians, developers, and engineers [12,14].

In the move toward a widespread implementation of
telemedicine and remote patient monitoring technology into
various health care sectors including the ICU, the mobile phone
or tablet computer could easily be deployed for these tasks. [CU
staff claimed that the length of stay in the ICU could be reduced
through the utilization of remote patient monitoring, which is
in line with several recent studies on telemedicine [44.45].

Clinical Decision Support Systems for Alarm
Management

Integration of novel medical devices and technological advances
result in a steadily growing amount of data that are being
analyzed by ICU staff daily, thus making automated systems
based on artificial intelligence a necessity for the future.
Although various research projects are focusing on CDSS in
the ICU, translation into the clinical routine is lagging far behind
[15.46-49].

In our study, participating staff stated that they would utilize a
CDSS only if it was plausible and underlying algorithms were
readily understandable. A physician also indicated that
appropriate training for the application would be useful to avoid
misuse. Taking into account that most CDSS are based on
complex machine learning methods, explaining the underlying
mechanism to intensivists might be challenging. However,
participants expressed the necessity to optimize detection of
false alarms with a CDSS. Thus, a self-leaming alarm system
via machine learning might be practicable for the near future
[50].

Furthermore, according to interviewees, trend-based alarms
might be a useful complement to the traditional threshold-based
alarms; this is consistent with a publication by Charbonnier et
al, who was able to reduce 33% of false alarms by using a
trend-based alarm system in the ICU [51].

Building Trust in Information and Communication
Technology

The most disruptive implementation of [CT in intensive care
medicine in the recent past has been the introduction of
tele-ICUs, which has been accompanied by several staff
acceptance studies [21,52,53]. With the implementation of
tele-ICU technology in existing ICUs, ICU staff are not only
confronted with novel ICTs, but also with changes in clinical
processes, such as teamwork, communication, and staff
structure. This is due to the fact that therapy decisions are
influenced by external experts, who might be unfamiliar to the
ICU staff on site. In this constellation, trust has to be formed
first toward the new ICT and in a second step toward the
external experts [21]. With respect to our study, similar concerns
were reported: after trust in ICTs are established, ICU staff nust
also get familiar with the CDSS, in contrast to the external (ie,
human) experts. Notably, our results did not show any influence
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of prior experience with technology on the formation of trust
[54].

We conclude that ICU staff are ready and willing to use
more-advanced ICT devices in intensive care routine.
MNevertheless, without adequate and regular training in novel
technical and digital devices, even in alarm management, the
full potential of digitization will not have been exhausted.

Digital Literacy

#As suggested in recent publications, governments, health care
institutions, and universities should include digital health care
in the curriculum of high schools, as well as in medical and
nursing schools, to ensure that future health care professionals
acquire digital literacy [55.56). Our finding of low
tech-savviness among ICU staff indicates that regular staff
training with novel medical devices, software, and mobile phone
apps may be beneficial for successful implementation of future
patient monitoring devices [20,57,58].

Innovation in health care derives from interdisciplinary
teamwork with developers and medical engineers [59].
University hospitals, especially, should empower ICU staff to
pursue academic research in the context of ICT implementation
in the ICU.

Design Thinking in Health Care

In the context of digitization in health care, novel digital systems
often fail after implementation as a result of a lack of user
involvement [39). The importance of validation of novel digital
health solutions through early and continuous user involvement
is often underestimated by the industry, hospitals, and
governments [55]. Reasons for this include lack of financial
resources, delays in time to market, or ignorance about how to
validate a digital health product [59]. One way to mitigate this
issue might be the design-thinking framework as a systematic
process that priontizes empathy for the users with the aim to
develop a more comprehensive and effective solution [60]. In
situations where the users cannot point out their needs, analyzing
their behaviors through a more user-centered qualitative method
such as design thinking can provide invaluable insights about
their unmet desires [60].

Poncette et al

Limitations

Through the use of a qualitative interview study design, we
could identify several novel findings on the themes of patient
monitoring from the perspective of ICU staff. However, as a
descriptive approach, quantification of statements is not possible
by design. When interpreting the results, it is erucial to take
into account the small number of participants of a single hospital
(ie, three ICUs) and possible biases due to the selection of
participants. This makes the generalization to other hospital
settings or countries difficult. A follow-up, quantitative,
survey-based study with a larger cohort may be conducted on
the basis of this study to further consolidate the results.

Moreover, it is not possible to draw conclusions about whether
a novel patient monitoring system can improve patients’ quality
of life or quality of care in the ICU. Interdisciplinary
investigations with patients, their relatrves, health care providers,
and technicians (ie. IT and engineering) might shed light on
this question. Finally, a bias due to the implementation of the
Vital Sync virtual patient monitoring platform cannot be
excluded with certainty.

Conclusions

This qualitative study involves core statements by [CU staff in
the analysis of current and novel patient monitoring applications
in the ICU. In order to introduce more sustainable digital health
solutions in the ICU, health care stakeholders might have to
focus more on user-derived findings than top-down speculations.
By valuing the opinions of health care providers, we may gain
their trust to implement novel systems.

In particular, the results on alarm management and mobile
devices in the ICU may be used (1) by health care organizations
to prepare 1CU staff for digital transformation, (2) by research
institutes to reduce alarm fatigue, (3) by industry players to
embrace medical device usability, and (4) by political
stakeholders and decision makers to advance interoperability
standards in intensive care medicine.

Our findings should motivate other researchers to conduct
qualitative patient- and user-centered research in health care,
especially before developing or implementing premature
technological solutions.
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Abstract

Background: Due to demographic change and, more recently, coronavirus disease (COVID-19), the importance of modern
intensive care units (ICU) is becoming apparent. One of the key components of an ICU is the continuous monitoring of patients'
vital parameters. However, existing advances in informatics, signal processing, or engineering that could alleviate the burden on
ICUs have not yet been applied. This could be due to the lack of user involvement in research and development.

Ohjective: This study focused on the satisfaction of ICU staff with current patient monitoring and their suggestions for future
improvements. We aimed to identify aspects of monitoring that interrupt patient care, display devices for remote monitoring, use
cases for artificial intelligence (Al), and whether ICU staff members are willing to improve their digital literacy or contribute to
the improvement of patient monitoring. We further aimed to identify differences in the responses of different professional groups.

Methods: This survey study was performed with ICU staff from 4 ICUs of a German university hospital between November
2019 and January 2020. We developed a web-based 36-item survey questionnaire, by analyzing a preceding qualitative interview
study with ICU staff, about the clinical requirements of future patient monitoring. Statistical analyses of questionnaire results
included median values with their bootstrapped 95% confidence intervals, and chi-square tests to compare the distributions of
item responses of the professional groups.

Results:  In total, 86 of the 270 ICU physicians and nurses completed the survey questionnaire. The majority stated they felt
confident using the patient monitoring equipment, but that high rates of false-positive alarms and the many sensor cables interrupted
patient care. Regarding future improvements, respondents asked for wireless sensors, a reduction in the number of false-positive
alarms, and hospital standard operating procedures for alarm management. Responses to the display devices proposed for remote
patient monitoring were divided. Most respondents indicated it would be useful for earlier alerting or when they were responsible
for multiple wards. Al for ICUs would be useful for early detection of complications and an increased risk of mortality: in addition,
the Al could propose puidelines for therapy and diagnostics. Transparency, interoperability, usability, and staff training were
essential to promote the use of Al The majority wanted to learn more about new technologies for the ICU and required more
time for learning. Physicians had fewer reservations than nurses about Al-based intelligent alarm management and using mobile
phones for remote monitoring.

Conclusions: This survey study of ICU staff revealed key improvements for patient monitoring in intensive care medicine.
Haospital providers and medical device manufacturers should focus on reducing false alarms, implementing hospital alarm standard
operating procedures, introducing wireless sensors, preparing for the use of Al, and enhancing the digital literacy of ICU staff.
Our results may contribute to the user-centered transfer of digital technologies into practice to alleviate challenges in intensive
care medicine.
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Introduction

Background

In the near future, continuous monitoring of patients’ vital signs
will play an increasingly important role in alleviating the burden
on the health care system caused by demographic change and,
more recently, coronavirus disease (COVID-19) [1]. Both lead
to an increased number of critically ill patients requiring
intensive medical care, including mechanical ventilation and
patient monitoring. However, existing advances in informatics,
signal processing, or engineering have not yet been applied to
patient monitoring [2], making it primarily an alarm system
notifying health care providers whenever a patient's parameter
deviates from preset values that are considered safe. To
accelerate technology transfer into elinical routine, it may be
beneficial to include users' pain points and suggestions for
research and development.

Patient monitoring can be applied across almost all health
sectors, which underlines its importance and the potential offered
by digitalization. First, patients can monitor themselves
preventively (eg, for atrial fibrillation), even with a consumer
product such as the Apple Watch [3]. Second, remote monitoring
of patients over long distances is a crucial component of
telemedicine, which is becoming increasingly widespread in
most areas of medicine [4]. Third, patient monitoring might
soon be mandatory in general wards due to a shift in inpatient
clientele toward the more critically ill [5,6]. Finally, patient
menitoring produces high-frequency data that are a valid and
essential source for clinical decision support systems (CDSS)
based on artificial intelligence (AlI), opening up many
possibilities for precision medicine [7].

In the intensive care unit (ICU), as one of the most
technologically enhanced medical areas, staff have used
monitoring technologies over decades. In a previous qualitative
study from our research group, ICU staff demanded wireless,
noninvasive, and interoperable monitoring sensors and improved
alarm management for a future patient monitoring system [8].
Mobile phones were desired as displays for remote patient
monitoring, and CDSS based on Al was considered useful. To
validate these inclinations in a larger cohort, we designed this
survey study of ICU staff.

Aim

This survey study focuses on ICU staff members’ satisfaction
with the current patient monitoring system and their suggestions
for future technological improvements. In particular, we aimed
to identify the aspects of patient monitoring that disturb patient
care, the display devices most appropriate for the ICU for remote
patient monitoring on the hospital premises, the use cases for
Al in the ICU, and whether ICU staff is willing to improve their

bttp:wwens ymicorg 202006 | 9091

N

digital literacy or contribute to product improvement. With
regard to the multiprofessional structure of ICU teams, we
further desired to uncover differences in perspectives between
different health professions in the ICU.

Methods

Ethics Approval and Consent to Participate

The ethical approval for this study was granted by the Ethics
Commission of the Charité - Universititsmedizin Berlin
(EA1/031/18). Participation in the survey was voluntary. Prior
to the study, all participants provided their written consent.

Setting

This survey study was performed with ICU staff from 4 ICUs
of a German university hospital, between November 2019 and
January 2020 as a substudy for the implementation of the virtual
patient monitoring platform Vital Sync 2.4 (Medtronic ple).
This new system was implemented between May 2018 and June
2019 in one of the 4 ICUs as a secondary patient monitoring
system to remotely monitor patients via tablet computers. As
the primary patient monitoring system, the Philips IntelliVue
patient menitoring system (Koninklijke Philips NV; MXE00
software wversion M.00.03; MMS X2 software wersion
H.15.41-M.00.04) was used in all 4 ICUs at the time of the
study. COPRA 6 (COPRA System GmbH) was used as the
patient data management system (PDMS).

Study Design

We chose a cross-sectional survey design, and developed a
web-based questionnaire [9,10]. Survey item generation was
initiated through the analysis of a preceding qualitative interview
study with ICU staff about clinical requirements of future patient
monitoring, and was saturated in focus group sessions within
the research team [8]. Items were then grouped into topics, and
5 to 6 items per topic were anticipated. We chose a 3-point
Likert-type scale as an ordinal response format, with the options
“Strongly disagree™ (score=1), “Disagree” (score=2),
“Undecided™ (score=3), “Apgree” (score=4), and *“Strongly
agree” (score=3). In pretests with associated research colleagues,
redundant items were eliminated without removing whole topics.
Pilot testing was conducted face-to-face with experts from
intensive care medicine, with a focus on the clarity, relevance,
and arrangement of the items into topics as well as the usability
of the web-based questionnaire. Experts also assessed content
validity (ie, whether all aspects of the topic were accurately
covered by the questionnaire) and clinical validity (ie, whether
the questionnaire measured the intended research topic). The
final questionnaire {Multimedia Appendix 1) contained 36 items
grouped into & topics:
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» ICU staff experience with the current patient monitoring
system

*  Aspects of patient monitoring that disturb patient care

Improvements for future patient monitoring

Suggestions for remote patient monitoring display devices

Use cases for remote patient monitoring

Use cases for CDSS based on Al

Aspects that promote the usage of CDSS based on Al

«  Attitude of ICU staff toward novel digital technology

Additionally, respondents indicated their age group, profession,
and technical affinity. For the latter, we used the Affinity for
Technology Interaction Short (ATI-8) scale [11] and reduced
the options from a 6-point scale to a 5-point Likert-type scale
due to usability issues. Other items in the questionnaire focused
on alarm management, which was the subject of another study
and is not reported here.

Data Collection

Data collection took place over a period of 2 months (November
2019 to January 2020) on an invitation basis. The sampling
frame was defined as the 270 nurses and physicians working in
the 4 ICUs the day before data collection began; in total, there
were 177 nurses and 93 physicians. An email containing a
detailed description of the study and the web address of the
survey was sent to them. Study data were collected and managed
using REDCap electronic data capture tools hosted at Charité
~ Universititsmedizin Berlin [12,13].

To increase the survey response rate, participants were offered
the opportunity to take part in a raffle to win a €50 (US £56.04)
voucher for a train ticket after survey participation. Additionally,
2 reminder emails were sent to all participants 2 and 5 weeks
after the initial email was sent. Finally, small handouts with a
brief description of the study, the URL for the questionnaire,
and a QR (quick response) code were given to ICU staff on site.

Data Analysis

We cleaned and analyzed the data with R (R Foundation for
Statistical Computing) in combination with the packages
tidyverse, psych. and sjPlots [14-17]. Inferential calculations
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were performed with the infer package [18]. For each of the 36
five-point items, we calculated the medians and their 95%
bootstrap Cls by deploying a bootstrap resampling procedure
as previously deseribed [19,20]. For the bootstrap sampling
distribution, we created 15,000 bootstrap samples per item. An
item median was considered statistically significant when the
95% bootstrap confidence intervals of the median did not include
3, which indicates the response “Undecided.” To compare the
distributions of item responses of physicians and nurses, we
used chi-square tests. Here, a two-tailed P value <05 was
considered statistically significant.

Results

Overview

This survey study is based on a questionnaire with 36 items
regarding patient monitoring in the ICU, addressed to ICU staff.
The actual response rate was 39.6% (107/270); however, only
86 responses from 62 nurses and 24 physicians were analyzable
due to missing data. The ratio of male to female respondents
was almost equal (42 men, 41 women, 3 not specified). The
largest age categories were represented by participants aged 25
to 34 years (n=32, 37%) and those aged 35 to 44 years (n=28§,
33%). Self-reported technical affinity (ATI-5) was rated with
a mean of 3.4 (5D (.8%) and a median of 3.5 (range 2.9-4.1) on
the 5-point Likert-type scale, with a Cronbach of 0.83 (95% C1
0.76-0.89).

The questionnaire results are presented as grouped Likert plots
(Figures 1-8) [16], where one group represents one topic. An
item median was considered statistically significant {items
marked with an asterisk) when the 95% bootstrap Cl of the
median did not include 3, which indicates the response
“Undecided” (Multimedia Appendix 2 shows item medians and
bootstrap Cls). To improve readability, and in contrast to the
questionnaire, the answer option “Undecided” is presented on
the far right. Multimedia Appendix 3 contains the raw data, and
Multimedia Appendix 4 shows the distribution of item responses
of physicians and nurses.

Figure 1. 1CU staff experience with current patient monitoring. An asterisk indicates statistical significance. ICU: intensive care unit.
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Current Patient Monitoring

ICU Staff Experience

Most of the ICU staff who took part in the online survey were
satisfied with the current patient monitoring system and felt that
it ensured high patient safety, even though the median responses
did not differ significantly from the option “Undecided” Figure
1). The majority stated feeling confident in using the patient
monitoring system (n=66, 77% chose “Strongly agree” or
“AEI'EB”:L
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Aspects Disturbing Patient Care

The majority of respondents indicated that the patient monitoring
systern’s high rate of false-positive alarms (n=60, 70% chose
“Strongly agree” or “Agree”™) and high number of sensor cables
(n=66, 77% indicated “Strongly agree™ or “Agree™) interrupted
patient care. The opinions about detrimental effects elicited by
a lack of interoperability, lack of staff training, and low usability
of the patient monitoring system were split (Figure 2).

Figure 2. Aspects of patient monitoring disturbing patient care in the ICU. An asterisk mdicates statstical significance. ICU: intensive care unit.
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Suggestions for Future Patient Monitoring

Improvements for Future Patient Monitoring

For future patient monitoring, almost all of the ICU staff
surveyed requested wireless sensors (=80, 93% chose “Strongly
agree” or “Agree”) and a reduction in false-positive alarms
(=80, 93% chose “Strongly agree™ or “Agree™). False-positive
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alarms may occur due to measurement errors, artifacts, or
incorrect settings (Figure 3). Furthermore, respondents wanted
a hospital standard operating procedure (SOP) for alarm
management (n=53, 62% chose “Strongly agree™ or “Agree™).
The median responses for the items “MNoninvasive sensors.”
“Remote patient monitoring,” and “More staff training on patient
monitoring” did not significantly differ from the option
“Undecided.”

Figure 3. Improvements for future patient monitonng in the ICU. An asterisk indicates statistical significance. ICU: intensive care unit.
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Display Devices and Use Cases for Remote Patient
Monitoring

According to the survey results, none of the proposed display
devices were desired by ICU staff (Figure 4). The use of
smartwatches or augmented reality { AR) glasses in the ICU was
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rejected by 72% (n=60) and 64% (n=353) of respondents,
respectively (those who chose “Strongly disagree™ or
“Disagree”). With regard to the use of mobile phones for remote
patient monitoring, nurses strongly rejected it, while physicians
had a neutral attitude toward it.

Figure 4. Suggestions for remote patient monitoring display devices in intensive care medicine for usage on hospital premises. An astensk indicates

statistical significance.
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(n=62, 74% chose “Strongly agree” or “Agree™; Figure 5).
Although not statistically significant, most respondents preferred
a remote patient monitoring device for on-call duty, but did not
find it useful while taking breaks.

Figure 5. Use cases for remote patient monitoring on hospital premises for intensive care medicine. An asterisk indicates statistical significance.
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In the future, survey respondents would use a CDSS in the ICU
that predicts complications (n=67, 79% chose “Strongly agree”
or “Apree”) or the risk of mortality of patients (n=60, 71%
indicated “Strongly agree” or “Agree™) as that intelligently
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proposes guidelines for therapy and diagnostics (n=66, 78%
chose “Strongly agree”™ or “Agree™; Figure 6). Respondents
were inclined to use it for alarm management. Physicians had
fewer reservations in using a CDSS with intelligent alarm
management than nurses.
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Figure 6. Use cases for clinical decision support systems based on anificial intelligence in the 1CU. An asterisk indicates statistical significance. 1CLU:

intensive care unit.
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Among the factors that users found essential for the use of
CDSS, high interoperability (n=79, 93% chose “Strongly agree™
or “Agree”) and high usability (n=78, 93% indicated “Strongly
agree” or “Agree”) were deemed most essential. These were
followed by the offer of regular staff training with the
technology (n=75, 90% chose “Strongly agree” or “Agree™)

and high transparency of the system (n=66, T8% indicated
“Strongly agree” or “Agree”; Figure 7). Most physicians and
nurses agreed that regular support (eg, training and workshops)
promotes the use of CDSS; more physicians chose “Strongly
agree,” while more nurses chose “Agree.”

Figure 7. Aspects that promote the usage of clinical decision support systems based on artificial intelligence in the ICU. An asterisk indicates statistical

significance. ICU: intensive care unit.
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Attitude Toward Novel Technology

Owerall, survey respondents were open-minded toward novel
technology; among the respondents, 81% (n=70) wanted to
know more and 65% (n=55) needed more time to learn about

Bt wrwens mir.org 20206/ e 19091/

N

it(“Strongly agree™ or “Agree”; Figure 8). The majority (n=59,
69%) disagreed or strongly disagreed on the item “[ do not trust
new digital technology.” Although not statistically significant,
50 respondents (59%) wanted to be involved in the product
development of novel digital technologies.

J Med Intermet Res 2020 | vol. 22| iss. 6 | e1909] | p. &
(parge mumber maf for cifiafion moposes)



Publikationen

91

JOURNAL OF MEDICAL INTERNET RESEARCH

Poncette et al

Figure 8. Attitude of 1CL staff towards novel digital technology. An asternisk mdicates statistical significance. [CU: mtensive care unit.
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Discussion

Principal Findings
This survey study of ICU staff provides a substantial
understanding of the needs and expectations of patient

monitoring systems in intensive care medicine from the user’s
perspective { Textbox 1). Although respondents were confident

in using the current patient monitoring system, the high rate of

falze alarms and the numerous sensor cables were found to
potentially interrupt patient care. ICU staff demanded wireless
sensors, fewer false alarms, and a hospital SOP for alarm
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management. Notably, the median replies on display devices
for remote patient monitoring did not differ significantly from
the option “Undecided,” except for the items “Smartwatch™
and “Ubiquitous monitoring, eg, through AR.” which were both
declined. Remote patient monitoring was classified useful for
earlier alerts or when responsible for several ICUs. Respondents
would use a CDSS based on Al to predict complications, detect
increased risk of mortality, and propose guidelines. High
transparency, high interoperability, high usability, and regular
staff training were all aspects that would promote its usage.
Regarding digital literacy, ICU staff was eager to learn more
about digital technology and spend more time with it.

Textbox 1. The five most anticipated improvements for patient monitoring by intensive care unit staff.

Reduction of false alarms

L]
¢  Implementation of hospital alarm standard operating procedures
e Introduction of wireless sensors
L]

«  Enhancement of staff members” digital literacy

Intreduction of a clinical decision support system based on artificial intelligence

Lessons Learned From Today's Patient Monitoring

Notably, we have not observed a proactive call to pioneer new
technologies and integrate their respective digital gadgets (eg.
smartwatch and AR ) into clinical care. Rather, [CU staff looked
forward to improvements in the functionality of existing
technologies. In line with previous publications, respondents
reported that the high rate of false alarms interrupted patient
care and demanded a hospital SOP for alarm management [21].
In several studies, implementation of such an alarm management
SOP reduced the alarm rate significantly [21,22]. Further
temporal analysis of the alarm frequencies per sensor as
previously described [23] may find causes for the high rate of
false alarms.

It has been reported that cable entanglement is a problem in not
only ICUs, but also other places where patients are monitored,
such as in operating rooms [24]. Wireless sensors for monitoring
vital signs have been tested and implemented several times on

btep:www jmicong 202006 | 9091/
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stepdown units [6,25). In many cases, technical requirement
analysis (eg, Bluetooth connectivity and interference with other
medical devices) was conducted more than a decade ago [26,27].
However, implementation into intensive care routines is still in
its infancy [28]. Reasons for this may be the costs associated
with developing novel wireless sensors for a high-reliability
environment such as the ICU, and technical challenges
associated with the need to recharge sensors regularly. In the
meantime, cord wraps may facilitate patient transfer with patient
monitoring [29].

Remote Patient Monitoring in Intensive Care Medicine

Remote patient monitoring enables clinicians to collect health
data via vital sign sensors from patients at location A and
electronically transter this information to location B, where
specialists access the data and give health care providers at
location A recommendations for managing their patients [4].
Although this is well established in the outpatient sector between
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the patient's home and the physician [30]. the question remains
whether this ean be supportive to working conditions and patient
care in the ICU without a telemedicine context.

Contrary to our preceding qualitative study results, opinions
regarding the need for remote patient monitoring in the ICU
were divided [8]. There are several industry providers that allow
ICU patients to be monitored remotely from anywhere on the
premises of the hospital [31-33). However, scientific evidence
of the utility of these devices (eg, for increasing patient safety)
seems to be missing. For now, we can summarize that the
advantages of on-premise remote patient monitoring for
intensive care medicine have to be further quantified by
measures such as the reduction of alarms, and improved patient
outcomes such as a reduction in patient length of stay.

CDSS in Intensive Care Medicine

As the amount of data as well as the complexity of diseases and
treatment of ICU patients are increasing, it seems reasonable
to augment the abilities of ICU staff by implementing CDSS
based on Al in the ICU. Our results indicate that most of the
topics proposed (eg, prediction of mortality, prediction of
complications, or proposal of guidelines) were seen as potential
use cases for CDSS by ICU staff. For these and several other
instances, algorithms already exist that could be adjusted for
real-time data [34].

On the path toward implementing CDSS based on Al in
intensive care medicine, several barriers have to be overcome
[35]. With the introduction of the electronic health record and
PDMS in the ICU, the first step has been taken to establish the
technical infrastructure, but these systems need to be optimized
in interoperability and data quality to act as the basis for
complex machine leaming processes. To utilize the power of
Al as soon as possible, hospital providers should focus on
developing data science departments, and introduce standards
in implementing novel CDSS tools to rapidly address technical,
legal, ethical, and privacy issues.

Transdisciplinary Research and Development

Clinical teams in ICUs are used to working closely together in
multidisciplinary teams. This could be advantageous when
adding further professions to the team for transdisciplinary
research and the development of medical devices for intensive
care medicine [36]. Our survey results show that ICU staff
members are open to learning more about technology and are
even willing to support product development in some cases.
Thus, a clinical data scientist with formal medical training could
be part of the ICU team as well as the product development
team alongside engineers from a medical manufacturer [22,37].
This transdisciplinary approach should be piloted in further
studies, to assess the effects on mutual exchange and innovation
potential.
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As much as the transdisciplinary approach is supported. blunt
confidence in user feedback will mainly improve existing
devices, as our study prominently indicates, which does not
necessarily foster the discovery of disruptive technologies [38],
such as avatar-based patient monitoring [39,40] or smart glasses
[41]. More than cooperation, transdisciplinarity refers to the
development of common theories, mutual observation, and
search for challenges and needs [42]. Hackathons (weekend
innovation events) are an excellent playground for
transdisciplinary work, and participation should be encouraged
and remunerated by medical manufacturers and hospital

providers [43].
Limitations

With this survey study among [CU staff, we identified the most
anticipated improvements for patient monitoring in the ICU
from the user perspective. However, several limitations apply
to this study. It is important to note that the developed
questionnaire did not include questions of established reliability
or validity; the data were collected at a single hospital in
Germany; the number of participating physicians was small,
making statements about group comparisons susceptible to
coincidence; and the response rate was moderate. Due to the
online collection of data, the participation of ICU staff with less
technical affinity may have been reduced. Further studies
including a sample size calculation and randomized sample
collection would reduce the risk of bias.

Whether the findings (eg, introducing wireless patient
monitoring sensors) actually lead to an improvement in working
conditions and patients” quality of life or quality of care in the
ICU can only be ascertained by further studies. Finally, a bias
due to the deployment of the Vital Sync virtal patient
monitoring platform in 1 of the 4 ICUs cannot be ruled out with
certainty.

Conclusion

This survey study among [CU staff revealed anticipated key
improvements for patient monitoring in intensive care medicine
from the user perspective. We did not observe a proactive call
to pioneer new technologies and integrate their respective digital
gadgets (eg, smartwatch and AR) into clinical routine. Instead,
ICU staff looked forward to improvements in the functionality
of existing technologies. Particularly, hospital providers and
medical device manufacturers should focus on reducing false
alarms, implementing hospital alarm SOPs, introducing wireless
sensors, preparing for CDSS based on Al and enhancing the
digital literacy of ICU staff. In the medium term, our results
may contribute to the user-centered transfer of digital
technologies into practice to alleviate challenges in intensive
care medicine, such as those recently caused by COVID-19.
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Abstract

Background: Digital health technologies such as continuous remote monitoring and artificial intelligence-driven clinical
decision support systems could improve clinical outcomes in intensive care medicine. However, comprehensive evidence and
guidelines for the successful implementation of digital health technologies into specific clinical settings such as the intensive care
unit (ICU) are scarce. We evaluated the implementation of a remote patient monitoring platform and derived a framework proposal
for the implementation of digital health technology in an ICL.

Objective: This study aims to investigate barriers and facilitators to the implementation of a remote patient monitoring technology
and to develop a proposal for an implementation framework for digital health technology in the 1CU.

Methods: This study was conducted from May 2018 to March 2020 during the implementation of a tablet computer-based
remote patient monitoring system. The system was installed in the ICU of a large German university hospital as a supplementary
monitoring device. Following a hybrid qualitative approach with inductive and deductive elements, we used the Consolidated
Framework for Implementation Research and the Expert Recommendations for Implementing Change to analyze the transeripts
of T semistructured interviews with clinical ICU stakeholders and descriptive questionnaire data. The results of the qualitative
analysis, together with the findings from informal meetings, field observations, and previous explorations, provided the basis for
the derivation of the proposed framework.

Results: This study revealed an insufficient implementation process due to lack of staff engagement and few perceived benefits
from the novel solution. Further implementation barriers were the high staff presence and monitoring coverage in the ICU. The
implementation framework includes strategies to be applied before and during implementation, targeting the implementation
setting by involving all ICU stakeholders, assessing the intervention’s adaptability, facilitating the implementation process, and
maintaining a vital feedback culture. Setting up a unit responsible for implementation, considering the guidance of an implementation
advisor, and building on existing institutional capacities could improve the institutional context of implementation projects in
the ICU.

Conclusions: Implementation of digital health in the ICU should involve a thorough preimplementation assessment of the ICU"s
need for innovation and its readiness to change, as well as an ongoing evaluation of the implementation conditions. Involvement
of all stakeholders, transparent communication, and continuous feedback in an equal atmosphere are essential, but leadership
roles must be clearly defined and competently filled. Our proposed framework may guide health care providers with concrete,
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evidence-based, and step-by-step recommendations for implementation practice, facilitating the introduction of digital health in

intensive care.

Trial Registration: ClinicalTrials.gov NCT03514173; hitps:/elinicaltrials. gov/ct2/show/NCT03514173

(JMIR Form Res 2022;6(4):e22866) doi: | (22866

KEYWORDS

digital health: patient monitoring; intensive care medicine; intensive care unit; technological innovation; user-centered; usability;
implementation; implementation science; qualitative research; interview

Introduction

Background

In intensive care medicine, digital health technologies promise
to improve outcomes by reducing the patients’ length of stay
or preventing complications [1-3]. Continuous remote
menitoring allows early detection of deterioration in intensive
care unit (ICU) patients and therefore rapid therapeutic
intervention [4]. Algorithms used in clinical decision support
systems and early warning scores can analyze the large amounts
of data generated by ICU monitoring devices to decrease ICU
maortality and the risk of complications such as prescription
errors [5,6]. Despite the potential, the digital transformation of
health care is lagging in numerous countries for reasons that
can be ascribed at every level of the health care system. At the
macro level, weak national internet infrastructures, high market
fragmentation, and lack of legal frameworks, financing models,
and interoperability play a significant role [7-9]. At the meso
and micro levels, cumbersome operation, high costs, lack of
interoperability, information governance uncertainty, and
organizational resistance block digital health technology
implementation [10-13].

Implementation science, as an increasingly evolving discipline,
has brought about the publication of numerous guidelines and
recommendations for the implementation of digital health
technologies in health care settings by various institutions and
researchers [9,14-17]. However, still scarce is the evidence
regarding meso- and micro-level implementation and the
guidelines for the successful integration of digital health
technologies into specific clinical settings [16,18-20]. Successful
and sustainable implementation in health care requires a holistic
concept to be followed, applying meaningful strategies at all
levels [21-23]. In particular, the implementation processes of
digital health tools in German ICUs are poorly explored, apart
from the concept tele-fCU, which involves augmenting local
ICU capacity with external expertise through video consultation,
remote monitoring, and web-based access to patient data
management systems [1,24.25].

Five domains are essential for the implementation of digital
health in various health care settings: (1) the individual digital
health technology (eg. remote patient monitoring systems), (2)
the outer setting (eg, external regulations, laws, and patient
needs), (3) the inner setting (eg, the direct implementation
environment, social factors, networks, and communication), (4)
the individual health professionals, and (3) the implementation
process [11]. These domains were first outlined in the
Consolidated Framework for Implementation Research (CFIR),
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a well-proven tool to evaluate the implementation of an
intervention into health care settings [12,13.26-29]. Targeting
the improvement of implementation performance, the Expert
Recommendations for Implementing Change (ERIC) provide
a comprehensive compilation of strategies to boost
implementation in clinical practice [30,31]. The CFIR. domains
and ERIC strategies are coherent and synergistic and provide
meaningful guidance for implementation researchers and
practitioners; however, they require more use cases and
documentation of applications in a specific context and setting.
In addition, the present literature on implementation strategies
for digital health technologies in health care settings and
particularly the ICU is extensive and unstructured, and the
strategies reported are often poorly conceived [20,32.33).

It is unclear whether the aforementioned barriers and facilitators
to digital health implementation can be transferred into the ICU
context, given that it is a very specific setting: multiple
professional groups work together, many different technologies
are already in place, and staff stress levels are also high because
of critically ill patients requiring acute treatment, high alarm
frequency, and staffing and capacity constraints [34-36).
Concrete implementation strategies for digital health
technologies in intensive care settings are still lacking.

Objectives

This study aims to (1) investigate barriers and facilitators to the
implementation of a remote patient monitoring technology and
(2) develop a proposal for an implementation framework for
digital health technology in the ICU.

Methods

Overview

To assess the barriers and facilitators to implementing a remote
patient monitoring system, we explored stakeholder perspectives
using an abductive qualitative approach. This research design,
combining inductive and deductive elements, included
semistructured interviews with ICU leaders and key stakeholders
in the implementation process, as well as field observations and
regular feedback discussions within the research team. To
develop the presented implementation framework for digital
health technology in the ICU, we conducted a deductive analysis
by matching the collected data to the CFIR and ERIC domains.
Using the CFIR-ERIC mapping tool, we filtered out relevant
strategies to improve implementation performance. In a final
step, the strategies were ordered in a temporal sequence and
visualized in a figure [37]. The Standards for Reporting
Qualitative Research were consulted to report this research [38].
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Ethies Approval and Consent to Participate

The ethical approval for this study was granted by the Ethics
Commission of the Charité-Universititsmedizin Berlin
(EAL1/031/18). Participation in the survey was voluntary. Before
the study, all participants provided their consent.

Context and Technical Setup

We conducted this study with ICU staff from a German
university hospital over the course of the implementation of the
Virtual Patient Monitoring Platform Vital Sync (version 2.4;
Medtronic ple). The device remotely monitored ICU patients
from portable tablet computers at the hospital premises and was
supplemental to the primary patient monitoring system, the
IntelliVue patient monitoring system (MX800 software version
M.00.03; MMS X2 software wversion H.15.41-M.00.04;
Koninklijke Philips N.V.). The primary Philips IntelliVue
monitoring system displayed the vital parameters on stationary
touchscreen displays at the bedside and on a monitor at the
central nurse station. COPRA (version 6; COPRA System
GmbH) was used as the patient data management system
(PDMS); however, no data transmission from the Vital Sync
system to the primary monitoring system or PDMS occurred.

The remote monitoring system was installed between May 2018
and June 2019 in 50% (5/10) of the beds of the postanesthesia
care unit, an [CU mainly for postoperative patients that need
short-term intensive care treatment and monitoring. The system
ingluded 2 sensors (the pulse oximetry and the capnography)
that registered peripheral capillary oxygen saturation, pulse rate,
end-tidal carbon dioxide level, and respiratory rate at a
frequency of 1 Hz. The vital parameters were displayed on a
monitor at the central nurse station and were retrievable from
6 tablet computers (2 large 10.2* iPad tablets [9th generation;
Apple Inc], 2 iPad mini 4 tablets [Model A1550; Apple Inc],
and 2 Surface Pro 4 laptops [Microsoft Corporation]). A 6-digit
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code protected the iPad access, and the data were accessible
after logging into the Vital Sync website. A username and a
password protected the access to the Microsoft Surfaces.
Technical instructions of ICU staff (ie, physicians, nurses, and
respiratory therapists) into the device were conducted over a
period of 1 month. In addition, 2 workshops were conducted
for hands-on training. Additional assistance was provided as
needed. Further technical description and use of the software
can be found elsewhere [39,40].

Study Design and Research Team

This qualitative exploratory implementation study is based on
an abductive research approach, as described by Dubois and
Gadde [41] and Zainal [42]. The abductive approach of
systematic combining (containing inductive and deductive
analysis methods) specifies existing theories, refining them
according to the individual case and context. We considered
this approach essential to derive practical recommendations for
the implementation of new technology in the ICU. The
transcripts of 7 semistructured interviews and web-based
questionnaires with key stakeholders in the clinical
implementation process, the results of field observations and
informal discussions among the research group, and findings
from previcus explorations in the context of the implementation
were analyzed and applied to the CFIR domains and ERIC
strategies to develop the proposed implementation framework
(Figure 1) [43].

The research team consisted of an MD candidate (LEM); a
postdoctoral researcher with a background in anesthesiology,
intensive care medicine, digital health, and geriatrics (ASP); a
professor for digital health, who is a consultant anesthesiologist
and a computer scientist (FB): a psychologist (HK): a head
nurse (MS), an ICU senior consultant (SWC); and the
department’s head of staff (CS).

JMIE Form Res 2022 | vol. 6 | iss. 4 | 22866 |p. 3
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Figure 1. Overview of the data collection and analysis for the derivation of the proposed implementation framework for digital health technology in
the ICU. CFIR: Consolidated Framework for Implementation Research; ERIC: Expent Recommendations for Implementing Change; [CU: intensive

care unit.
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Data Collection

Our data included interview transcripts and quantifiable results
of a questionnaire with key stakeholders in the ICU, informal
meetings and discussions among the research group, field
observations, and the results of previous explorations [39,43].
The outer setting and manufacturer’s perspective were not part
of this study because we could not evaluate these domains with
the data given.

From June to November 2019, we conducted 7 semistructured
interviews with ICU staff members, including 3 physicians, 3
nurses, and 1 respiratory therapist. We used purposive sampling
with the aim of including all stakeholders who were closely
involved in the implementation process and in leading positions
inthe ICU and presenting all professional groups. The identified
study participants were key stakeholders (eg, head nurse, senior
physician, and staff member with high working time in
respective ICU) of the ICU and had closely experienced remote
patient monitoring  implementation, overseeing  the
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implementation process, receiving feedback regarding the
system from other staff members, and using the system in their
own clinical practice.

The interview guideline was deduced on the findings of a
previous study from our research group [43] and was oriented
toward the categories of the CFIR (Multimedia Appendix 1
[44]). Pilot interviews with associated intensive care physicians
did not alter the questions. The interviews were performed either
before or after patient care and were recorded and transcribed
verbatim.

The semistructured interview guideline included web-based
questionnaires containing 47 items and a technology
commitment scale [44]. We conducted face-to-face pilot testing
with ICU staff with a focus on clarity, relevance, and order of
the items. We used a 5-point Likert-type scale as an ordinal
response format, with the options not correct at all, not quire
corvect, partly correct, guite correct, and completely correct.
The study data were collected and managed using Research
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Electronic Data Capture (REDCap) tools hosted at nowvel solution in its current wversion. Factors suggested

Charité—Universititsmedizin Berlin [45,46]. Data resulting from
the questionnaire responses were collected in an overview table.

To gain auditability and enhance reflexivity in the research
process, informal meetings and discussions among the research
group and field observations occurred from the start of the
implementation in May 2018 until March 2020. These methods
helped zain a more objective perspective and minimize potential
biases that naturally arise when using a qualitative research
approach, as described by Noble and Smith [47]. Results of the
field research were published by Poncette et al [39].

Data Analysis

For qualitative analysis, we applied a hybrid approach
combining inductive and deductive coding elements, as
described by Fereday and Muir-Cochrane [48].

First, the interview transcripts were analyzed using a thematic
analysis approach, applying an inductive coding process,
meaning that themes and codes were iteratively developed and
applied to all transcripts [49]. The resulting content of the codes
was summarized to obtain the main findings and serve as the
basis for the deductive analysis, as described by Crabtree and
Miller [50].

Second, for deductive analysis, we used as code system
templates the CFIR domains and ERIC strategies, which were
grouped into 9 clusters [30.31]. Summaries from the inductive
analysis and the findings of the questionnaires were coded
according to templates (Multimedia Appendices 2 and 3). That
is, data from the web-based questionnaires were not analyzed
with quantitative methods. Specifically, the CFIR template was
used to analyze the summaries regarding implementation
performance, whereas the ERIC strategies served as a template
for analyzing the summaries of staff’s suggestions on
implementation process improvements. All coding was
performed using the Max(QDA 2020 qualitative data analysis
software [51].

Finally, the proposal for an implementing framework for digital
health technology in the ICU was derived from the results of
the CFIR- and ERIC-guided analyses. The CFIR-ERIC
Implementation Strategy Matching Tool supported the
pricritization of the derived recommendations [52]. Findings
from the informal meetings, discussions, and field observations
supported in situating the results and the interview suggestions
in the context of implementation and in supplementing objective
characteristics. We ordered the findings into a temporal

perspective.

Results

Overview

Inductive analysis of the interview transcripts revealed the two
major categories perceived performance of the implementation
and perceived jfactors improving implementation, which
contained 4 and 3 subtopics, respectively. According to the
interviewed stakeholders, the remote patient monitoring system's
implementation was insufficient owing to a lack of staff
engagement in the process and little perceived benefit from the
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improving implementation were targeting staff training, features
of the technology itself, and implementation setting,

Deductive coding revealed four major CFIR domains:
intervention  characteristics, inner seifing, individual
characteristics, and process. Regarding perceived factors
improving implementation, seven clusters of the ERIC
framework were mapped: use evaluative and iterative strategies,
provide interactive assistance, adapt and tailor to context,
develop siakeholder intervelarionships, train and educate
stakeholders, suppart clinicians, and change infrastructure.

Implementation Process
Staff Involvement and Training

The interviewees identified staff involvement and training as
being more targeted toward nursing staff, although they were
not in charge of the implementation project. According to the
interviewed stakeholders, staff members of all professional
groups lacked a feeling of responsibility to continuously apply
the remote patient monitoring system. In addition, the staff was
unable to identify a leading member in charge of the
implementation process and longed for more regular staff
training and information sessions. Interviewees reported that
opinion leaders’ communication created a negative peer pressure
not to use the system.

Interviewees said that they felt well informed about the project
initially; however, the information flow decreased equally.
Training did not reach all staff members because of a complex
shift system and a big pool of staff for 2 ICUs, whereas the
system was implemented only at 50% (5/10) of bedsides on 1
ICU. Staff perceived the system as an imposition from outside
the ICU and felt that it did not have any influence on the
implementation.

Additional Benefit

Staff did not perceive the system’s added value as high for four
reasons: First, the ICU already had a monitoring system offering
remote functions (eg, displaying vital parameters of different
patients on all bedside monitors), although it did not offer a
portable monitoring device. However, according to interviewees,
this made an additional system superfluous. Second, the high
staff presence in the ICU decreased the need to remotely monitor
patients. Third, high patient turnover in the [CU was associated
with frequent connecting and disconnecting of patients to and
from the system, resulting in an increased workload for nurses.
Fourth, remotely monitoring patients while being on a different
ward or performing a clinical intervention would make a
necessary immediate reaction to an alarm impossible.

Intervention Featires

Interviewees highlighted that the limited number of vital
parameters monitored by the system was not sufficient to
satisfactorily evaluate the patient’s condition. Furthermore, the
system’s dependency on a stable wireless network connection
raised concerns. [nterviewees perceived the tablet as too large
and inconvenient to use and carry in the tunic pockets. Finally,
the device would not allow patients” monitoring during their
transportation.
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Attitude of Staff of an increased workload (eg. system setup). They feared that

Interviewees said that they were satisfied with the current
monitoring system and did not see the need for a change. ICU
staff did not use the system because they lacked the habit and
routine of using a remote patient monitoring technology. They
were afraid of losing break times when applying the system and

reduced patient contact and false alarms might increase stress
levels and endanger patient safety. Owverall, the staff saw no
additional benefit in the technology. Figure 2 presents an
overview of the factors influencing the implementation process
from the perspective of interviewed staff members.

Figure 2. Implementation performance: 4 major categories were identified (inner ning), divided into themes (middle nng), and further specified (outer

ring . ICU: mtensive care unit.
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Mapping of CFIR Domains

The summaries of the staff interview transcripts and descriptive
data from the questionnaire responses were coded and assigned
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to four major domains of the CFIR: intervention characteristics,
inner setting, individual characteristics, and process (Textbox
I and Multimedia Appendix 2 [44]).
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Textbox 1. Mapped Consolidated Framework for Implementation Research domains and subdomains.

Intervention characteristics

s Intervention source

»  Evidence strength and quality
»  Relative advantage

»  Adaptability

e Tnalability

»  Complexity

Inner setting

s  Structural characteristics

»  Metworks and communication

Individual characteristics
»  Knowledge and beliefs about the intervention
o Self-efficacy

s Indrvidual stage of change

Process

s  Planning

s Excouting

s  Implementation climate: tension for change, compatibility, relative priority, and learning climate

»  Implementation readiness: leadership engagement and access to information

+ Engaging: opinion leaders and formally appointed implementation leaders

Strategies to Improve Implementation

Staff Engagement and Communication

According to the interviewed stakeholders, persistent leadership
engagement and nomination of specific responsible persons for
the implementation process were essential, especially in a busy
environment such as the ICU. Staff raining should be conducted
continucusly and was particularly critical in the early
implementation stages. The quality of instructions was
considered essential to influence the staff’s opinion toward the
implementation. Feedback discussions with staff, project leaders,
and a well-functioning team would increase staff engagement.
Communication of the project should be encouraging and
motivating.

Setting

It was reported that equipping all beds in the ward with the
technology and all staff members with portable monitoring
devices would increase the implementation performance. A
normal or intermediate care unit (IMCU) could be more suitable

bittps://formative. pmar.ong 202 2422 2RE66
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for a remote patient monitoring technology owing to a lower
staff presence and scarcer technical facilities. Interviewees
suggested that patients with a relatively weak indication for
admission to the ICU could be admitted to a normal ward or
IMCU and be monitored remotely. The implementation of
technology concerning ICU  patients would be more
straightforward in a ward with more extended patient stays, as
short stays imply more work to install the system.

Intervention Features

High effective
implementation, as stated by the interviewees. A monitoring
solution without cables would increase usability and perceived
benefit. Opinions on the device size varied: a clear visualization
needs a large screen, but interviewees favored a device that fits
into the pocket of a tunic. Software interoperability with other
devices (eg, the respirator or the PDMS) would be essential.
Figure 3 presents an overview of the strategies to improve the
implementation of digital health technologies according to the
interviewed staff members.

intuitiveness  would be crucial for
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{page mumber maf for cileiion prrposes)



104 Publikationen

JMIR FORMATIVE RESEARCH Mosch et al

Figure 3. Perceived factors improving implementation: 3 categories were identified (inner ring), divided into subcategories (middle ring), and enniched
with concrete suggestions (outer ring). ICU: intensive care unit; IMCU: intermediate carc unit.

implementation and quantifiable questionnaire responses
Mapping of ERIC Strategies (Textbox 2 and Multimedia Appendix 3). The segments were
Of the 73 ERIC strategies, 19 (26%) were mapped to the assigned to 78% (7/9) of the clusters of the ERIC framework.
summary segments concerning staff suggestions for
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Textbox 2. Mapped Expert Recommendations for Implementing Change clusters and strategies.

Use evaluative and iterative strategies

s  Purposely re-examine the implementation
s Develop a formal implementation blueprint
s Aundit and provide feedback

Provide interactive assistance
» Facilitation

+  Provide clinical supervision

Adapt and tailor to comtext

+  Promote adaptability

Develop stakeholder interrelationships

+  ldentify and prepare champions

s  Organize clinician implementation tecam mectings
s  Recruit, designate, and train for leadership

o Inform local opinion leaders

s  Model and simulate change

»  Involve executive boards

Train and educate stakeholders

+ Conduct ongoing training

s Make traming dynamic

s  Use train-the-trainer strategics

+  Conduct educational meetings

Support clinicians
+  Faalitate relay of clinical data to providers

»  HRemind clinicians

Change infrastructure
s  Change physical structure and equipment

s Change service sites

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

The developed implementation framework includes 11
recommendations derived from ERIC strategies belonging to 4
clusters of the ERIC framework. A temporal perspective was
added, and recommendations were specified to the ICU
environment (Figure 4). Our recommendations are targeted
toward hospital administrations, leading clinicians in the ICU,
and implementation researchers—individuals responsible for
the implementation process of new digital health technology in
the ICU. Before implementation, 7 strategies, such as conduct
local needs assessment, visit other sites, or promaoie adaptability,
should be completed. During the implementation process, we
recommend applying the ERIC strategies facilitation and audit
and provide feedback continuously. The strategies promare
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network weaving and wse an implementation advisor should
optimize the implementation setting’s context. Optimally, an
implementation unit with experts for the local implementation
characteristics should be established. Several factors influence
the choice of the time to start the implementation process, and
an implementation advisor should be consulted to adapt these
factors to the context and local needs. Regular feedback by ICU
staff regarding the implementation process, illustrated in Figure
4, through the feedback loop can lead to a further need for
innovation and ideas to implement digital health technologies.
The implementation is a circular process; therefore, we did not
include an after implementation phase. Continuous re-evaluation
triggers a new entry into the implementation strategy and thus
leads to a sustainable implementation environment that is always
adapted to new needs.
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Figure 4. Strategics resulting from the CFIR-ERIC Implementation Strategy Matching Tool and the mapping of staff suggestions for improving
implementation to the ERIC strategics before (orange) and during (green) implementation and in the general context of the implementation (yellow).
CFIR: Consolidated Framework for Implementation Research; ERIC: Expert Recommendations for Implementing Change; ICU: intensive care unit;

SWOT: strengths, weaknesses, opportunitics, and threats [52).

Context Before Implementation
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During Implementation
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ISCuUsSsIion : e T ; ;
local settings (ie, visit other sites, promote network weaving.
Principal Findings and use an implementation advisor) [13,21]. Initiators of an

Taking the example of a remote patient monitoring system, this
study confirmed critical barriers to the implementation of new
digital health technologies in the intensive care setting
[11,13,53]. The proposed implementation framework for digital
health technology in the ICU includes practical strategies to
overcome these barriers while using facilitators from the ERIC
clusters that can be applied before and during implementation
and in the general context of an implementation.

Before implementation and in the general context, sharing use
cases and building upon existing best practices are crucial

https-//formative. pmir.ong/2022/4/c22866
N

implementation project should lay out its details. aim, and
context before implementation (develop a formal implementation
blueprint). Transferable discoveries from these strategies and
the strategies we propose to be applied before implementation
(promote adaptability. conduct local needs assessment, assess
Jor readiness, and identify barriers and facilitators) could be
used to improve the adaptability and needs orientation of the
intervention. Adaptability and user-centered design have been
identified as key facilitators of digital health implementation in
other settings [11,53,54]. To create the respective conditions,
developers and providers of digital health technologies should
actively participate in the implementation processes by taking
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advantage of the valuable feedback from clinical stakeholders
and adapting their products in the spirit of user-centered design
[55-57]. Therefore, our proposed implementation framework
suggests several strategies to enhance the involvement of clinical
stakeholders directly (organize clinician implementation team
meetings, inform local opinion leaders, and identify and prepare
champions), in line with the proposed strategies for other
implementation settings [58,59].

During implementation, ensuring a transparent communication
of the project’s aim and context (audit and provide feedback)
is as critical as an effective faciliration to improve staff
involvement and to promote and sustain implementation.

Sustainable implementation practice means to include the
aforementioned aims and strategies in the general context of
implementation practice. We propose the strategies wuse an
implementation advisor and establish an implementation wnit
to improve the implementation environment and the local
conditions for a fast, efficient, and sustainable implementation
of technology that focuses on the needs of users and patients
and adds value. These processes should always be re-evaluated
to readapt interventions following the changing needs
[58.60,61).

Implementing Technology in the ICU

For decades, the ICU has been equipped with high technology
to support staff with continuous menitoring of patients’ vital
signs, application of medication, documentation (eg, PDMS),
or diagnostics (eg, ultrasound and bronchoscopy). However,
the implementation of innovative technology in a demanding
and hectic environment such as the ICU is a challenge [62].
This has been prominently shown by various projects, more
recently, through the nse of telemedicine in the ICU [63],
necessitating frameworks for the implementation of such
endeavors.

Reported digital health implementation efforts in the ICU rarely
involved the use of developed implementation frameworks [64].
This could be due to a lack of both implementation expert
consultation and framework transferability into clinical routine.
Current frameworks for the design and implementation of digital
health technologies are based on best practices and, if
evidence-based, need to be validated [30,63]. Our study provides
an explicit approach to target implementation challenges and
optimize innovation flows and adaptability in the complex
environment of an [CU. Further optimization by saturating
theories with practical experiences from clinical translation is
erucial for the development of a scalable and agile framework
for the implementation of digital health technology in the ICU.

Internet of Things, Interoperability, and Data Security

Especially in ICU settings, where various technical devices
continuously generate data, the amount of data that can be
analyzed and processed is growing rapidly [66-68]. With
growing amounts of data to analyze and process, the adoption
of the Internet of Things (IoT) in health care is a promising
approach to alleviating issues such as high staff stress levels,
alarm fatigue, and even medical errors [69,70]. ICUs, in
particular, use many different end devices that could be
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integrated into a fog-, edge-, or cloud-based loT network for
fast and efficient data processing [71,72].

To enhance the capacities of cloud systems, interoperability has
become increasingly important, especially in relation to IoT
infrastructures [ 73,74]. Holistically implemented, interoperable
technologies could alleviate the burden on staff by reducing
documentation time, and easier data retrieval can facilitate
therapy and diagnosis [75]. The lack of interoperability of the
remote patient monitoring system may have presented a barrier
to its implementation. Consistent with findings from other
research [53,76], our results show that health care staff support
the implementation of interoperable, intelligent monitoring
interfaces.

When harnessing the potential of interoperable IoT networks
and implementing them in health care settings, a secure and
reliable IT infrastructure is required [77,7%]. Cybersecurity in
health care organizations should be fostered through the
definition of cybersecurity duties, sufficient funding, and the
application of state-of-the-art measures to reduce the risk of
cyberattacks [79.80]. For instance, blockchain technology
combined with IoT-enabled smart devices using interoperable
fog/edge and cloud computing networks can enable secure,
instantaneous data transmission and processing while reducing
costs and network delays [70,71].

Implementation Units

With aforementioned promised benefits, health care providers
will experience the need to implement new digital health
technology into their infrastructures in the decades to come
[63,81-83]. They have to be abreast of the latest digital health
technologies to select the appropriate technology for the specific
area of application and to plan and execute the implementation
process, requiring an effective and efficient approach to
implementation.

The question arises as to which staff position is responsible for
overseeing, evaluating, and adapting recent evidence and
strategies in implementation science to the local context. As
suggested, internal and external implementation experts should
be involved as early as possible [30]. With the introduction of
a unit for implementation as a central starting point for any
implementation project, resources for redundant project planning
or ineffective implementation could be spared and invested
elsewhere. The extent to which these units will be invelved in
the ICU design. for example, should be assessed individually.
Beyond the consultation and proposal regarding innovations,
such a unit could assess the usability of devices and the
adaptability of the intervention before procurement [84] or foster
exnovation and deimplementation of outdated or useless
technology.

Implementation Frameworks

Implementation science is a young discipline that has developed
over the last 2 to 3 decades [%5]. Nonetheless, numerous
implementation frameworks, either for specific health care
settings or for general guidelines, have been published during
this period [26,64,86-88]. Other implementation frameworks
and strategies for health care are nonspecific in terms of either
the intervention targeted [26,64], as they refer to evidence-based
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practices [89], or technology [90-92]. Looking at intensive care
medicine, implementation frameworks are widely limited to the
implementation of evidence-based practices [93,94]. Explicit
guidelines for the implementation of novel digital health
technologies in the special ICU environments are lacking.

The implementation framework at hand was developed through
an interdisciplinary approach, is specific to the ICU setting, and
considers relevant particularities in terms of digital health
technology implementation.

Limitations

The research team was only able to obtain a limited view of the
entire implementation project. The decision to implement the
system was made before the study began, which prevented
conducting front-end exploration of the implementation setting
or evaluation of the external setting and vendor perspective. [t
was not possible to pursue a user-centered design and
implementation in this specific context. However, our study
provides valuable insights into the process of implementing
digital health technology in the ICU and highlights important
application strategies while planning an implementation project.
In particular, we identified explicit pitfalls for implementation
processes in the specific clinical environment of an ICU and
solutions to overcome them.

The interpretation of the results should consider that the
CFIR-ERIC mapping tool needs further validation and evidence.
Thus, the mapping of strategies to the major barriers might not
reflect the best strategy to tackle the respective barrier. We
sought to overcome this limitation through profound discussions
at meetings within the research team, extensive field research,
and analysis of suggestions from staff to improve the
implementation performance.

A limitation 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
performance 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
inglude the readaptation of the imtervention as part of the
development process.

Finally, the fact that every ICU has unigue structural and
sociotechnical features, as well as the number of interviewees,

Mosch et al

could limit the general validity of derived findings. As we
investigated an explicit use case in an ICU, potential
interviewees were limited because we identified and interviewed
the key stakeholders throughout the study. This study depicts
an implementation project in intensive care medicine that is
close to the standard practice in Germany, where implementation
science is still an evolving discipline. However, it is specific to
the setting in which it was conducted (ICU, country, and health
system), and translation of our findings to other contexts is
limited and should be done with these specificities in mind. In
terms of continuous reassessment, our proposed framework
may need further validation and evaluation in ICU or IMCU
settings to fully realize its potential for optimization of
implementing digital technologies.

Conclusions

We propose an implementation framework for digital technology
in the ICU, which entails practical and evidence-based strategies
to improve the implementation process. The ICU provides an
exceptional setting for the introduction of digital health
technology: the stress level of staff is high, and the ICU team
is composed of multiple different professions using the same
technologies.

The proposed framework outlines strategies to be applied before
and during implementation and in the general context of
implementation. Before implementation, the need for innovation
and potential interventions should be carefully assessed by
imvolving all clinical stakeholders with clear implementation
leadership. Interventions should be needs-oriented,
user-centered, and adaptable to changing circumstances. During
implementation, a clinical implementation team should ensure
transparent, inclusive, and motivating staff communication
regarding the project and continucus feedback through local
opinion leaders and champions. To ensure efficient management
of resources and time, we recommend optimizing the general
context of implementation practice in the ICU and the health
care institution by involving an implementation advisor, ideally
in consultation with an implementation unit of the same
institution. Our proposed framework should encourage health
care institutions to implement modern digital technology in
ICUs and facilitate clinicians and implementation advisors in
the practical execution of implementation projects in ICU
settings.
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