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Abstract
Background: Despite promising developments in eHealth, a critical gap remains in understanding how to design and
implement digital self-management interventions that effectively align with users’ needs and the complex context of recovery
after treatment in the intensive care unit (ICU).
Objective: This study aimed to develop and iteratively refine a digital self-management intervention for post–intensive care
recovery and to explore related user experiences and usability among individuals with lived ICU experience.
Methods: A multimethod participatory development process was used including individuals with lived ICU experience (both
survivors and family members) and health care professionals involved in ICU recovery. Between April 2022 and July 2026,
guided by the Center for eHealth Research and Disease Management Roadmap consisting of 5 phases, data were collected
through inspiration sessions and feedback rounds, individual interviews, usability testing, and pilot use, with qualitative
data analyzed thematically and quantitative data analyzed descriptively. Findings from each phase informed the subsequent
development steps and were revisited when necessary. The study focused on the specification and iterative refinement of
the intervention’s core components based on identified values and contextual requirements, complemented by preliminary
indicators of usability and descriptive usage metrics.
Results: Through stakeholder engagement, key functionalities were defined, including structured recovery information, easy
24-7 access, and guidance in navigating care. Two digital self-management modules, the ICU-RecoveryPointer for ICU
survivors and the ICU-FamilyCoach for family members, were developed comprising (1) structured information aligned
with the different phases of ICU recovery, (2) concise information tiles with layered content for more in-depth background
information, (3) patient-reported e-monitoring features, (4) tailored suggestions addressing recovery challenges and emotional
processing, (5) an e-diary with a timeline summary function, and (6) a comprehensive content library. During the pilot phase,
the ICU-RecoveryPointer reached 33 linked accounts, with 27 users logging in at least once, whereas the ICU-FamilyCoach
reached 66 accounts, with 90 monthly unique-user observations. Usage was primarily concentrated on the information tiles,
suggesting that users mainly accessed the informational content within the modules.
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Conclusions: Two digital self-management modules were designed through a participatory and iterative development process,
supporting individuals with lived ICU experience during the recovery trajectory. Preliminary user experiences and usage data
provided initial insights into usability and engagement, while also highlighting the need for further evaluation before broader
implementation.
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Introduction
Digital technology is rapidly transforming health care,
offering opportunities to improve personalized care, treatment
accuracy, patient safety, and workflow efficiency [1,2].
Ultimately, the goal is to improve quality of life and support
better health outcomes by developing and implementing
digital technologies that facilitate value-based health care
and improve continuity of care [3,4]. To address this goal,
it is increasingly important in today’s world that people
are more in charge of their own health care, ranging from
preventive strategies and home care to end-of-life situations
and shared decision-making in intensive care treatments.
Supportive interventions applied through eHealth provide
structured technical applications and processes to follow these
trends [5,6]. Within the broad field of eHealth, the present
study focuses specifically on the development of a digital
self-management intervention.

An intensive care unit (ICU) is one of the most high-
tech and specialized units in hospitals, providing advanced
interprofessional treatment for critically ill patients [7,8].
This group is characterized by multiple morbidities and
complex care needs, placing significant demands on accurate
prediction and clinical decision-making under conditions of
outcome uncertainty [9], which often extend beyond ICU
discharge [10,11]. ICU survivors might experience complex
recovery needs that necessitate adequate information and
supportive care when transitioning to home [12]. Impairments
in the physical, cognitive, psychological, and social domains
could restrict daily functioning and deleteriously influence
quality of life, with mental health playing a predominant role
[13,14]. Approximately 50% of ICU survivors develop new
or worsening health-related problems across these domains,
collectively referred to as post–intensive care syndrome
(PICS), which may persist for months or even years [15-17].
The ICU experience may also negatively affect the well-being
of family members, ranging from legal representatives to the
broader circle of relatives and close friends [18].

Following the uncertain and demanding ICU trajectory,
20% to 40% of family members experience psychological
distress, commonly described as PICS-family (PICS-F) [19,
20]. These long-term symptoms of PICS and PICS-F are
interrelated [14].

Despite a growing awareness of long-term burdens of
post-ICU sequelae and the availability of guidelines and
recommendations for multimodal rehabilitation approaches
[21,22], ICU recovery services remain fragmented, and
effectiveness measures remain inconclusive [23-25]. A gap

in care, particularly characterized by limited information
provision and insufficient communication about the recovery
trajectory, has been identified as a shortcoming of current
health care systems [26,27]. Moreover, most post-ICU clinics
invite (only a selection of) survivors and family members at
2 to 3 months after discharge, thus limiting ongoing profes-
sional support [28,29]. These inadequacies highlight the need
for accessible and scalable approaches that empower these
individuals with lived ICU experience. Digital solutions may
offer a means to support self-management and continuity of
care throughout the recovery trajectory.

The use of digital technologies and AI in the ICU has
the potential to optimize decision-making [30] and resource
allocation [31]. Hybrid models that incorporate eHealth,
such as telehealth or digital consultations, may help over-
come barriers such as low attendance rates for in-person
ICU recovery clinics and transportation difficulties among
ICU survivors [32]. An innovation with a “digital recov-
ery pathway,” including individualized goal setting, appears
promising [33,34]. Other initiatives address a self-guided
coping skills training program delivered via a native mobile
app platform [35], a virtual exercise class followed by a
support group [36], therapist-led partner-assisted cognitive
behavioral writing therapy [37], and virtual reality–based
intensive psychological interventions [38,39]. Together, these
developments demonstrate the potential of digital interven-
tions to support ICU recovery [40]. However, the respon-
sibility for long-term follow-up and coordination of care
frequently shifts to primary care, where general practition-
ers and other primary care professionals may play a cen-
tral role in monitoring, addressing, and organizing treatment
for ongoing health-related impairments [41]. With limited
knowledge in the ICU recovery domain, these primary
care roles seem insufficiently incorporated into existing
health care systems. As a result, many digital ICU recov-
ery initiatives focus on hospital-based support, with limi-
ted incorporation of perspectives from stakeholders across
the broader care continuum, including primary care and
community services.

Despite promising developments in eHealth, a critical
gap remains in understanding how to design and implement
digital self-management interventions for ICU recovery that
adequately align with users’ needs and preferences and
the complex context of recovery after treatment in ICU,
particularly when professional support is not continuously
available.

The aim of this study was to develop and iteratively refine
a digital self-management intervention for post–intensive care
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recovery and to explore related user experiences and usability
among individuals with lived ICU experience.

Methods
Study Design
A multimethod participatory development process was used
to conduct the study with a good fit between technological,
human, and contextual factors [42]. This practical approach
aligns with the iterative and exploratory nature of early-
stage intervention development. To maximize public and
patient involvement, representatives of the Dutch Foundation
Family and Patient Centered Intensive Care (FCIC), including
the patient organization IC Connect, were involved in the
research team from the outset and contributed to the study
design and conduct of study materials. An a priori proto-
col has been published [43]. Reporting of the current study
followed the Guidance for Reporting Intervention Develop-
ment Studies in Health Research (GUIDED) [44]. In addition,
relevant items from the Guidelines and Checklist for the
Reporting on Digital Health Implementations (iCHECK-DH)
were addressed to enhance transparency regarding digital
health components (Multimedia Appendix 1) [45,46].

No hypothesis testing was performed, as the objective was
intervention development rather than effectiveness evalua-
tion. The study focused on the specification and iterative
refinement of the intervention’s core components based on
identified values and contextual requirements, complemented
by preliminary indicators of usability and descriptive usage
metrics.

Study Participation and Recruitment
Study participants comprised 2 participant groups, described
as stakeholders and end users. Stakeholders were individu-
als or representatives who were involved in, affected by,
or able to influence the development and implementation of
the intervention [47,48], whereas end users were individuals
for whom the intervention was intended, in particular ICU
survivors and their family members.

Stakeholder Representatives
A purposive sampling strategy was used to recruit stake-
holders as active collaborators throughout the development
of the intervention. Health care professionals involved in
ICU recovery nationwide, both within hospital settings
and primary care, were identified through the research-
ers’ professional networks and through snowball sampling.
Recruitment continued until at least 1 representative or,
where possible, multiple representatives from each rel-
evant discipline were included. These disciplines com-
prised intensivists, ICU nurses, physiotherapists, speech
and language therapists, psychologists, social workers, and
general practitioners. In addition, the chairs of Foundation
FCIC and IC Connect participated as representatives of
individuals with lived ICU experience. Stakeholder roles
varied across the different phases of the project according
to their expertise, interest, availability, and relevance to

the specific development activities. In line with stakeholder
theory, stakeholders were mapped in an exploratory manner
by the research team (LCMV, MvM, and MSvdS) according
to their relative levels of power, legitimacy, and urgency,
which together informed their salience within the develop-
ment process (Multimedia Appendix 2) [49]. To capture a
broad range of perspectives, stakeholders were invited to
reflect on priorities, identified values, and preliminary design
types of the intervention and to contribute to discussions and
decision-making during the iterative process.

End Users
Adults (aged >18 years) with lived ICU experience (ICU
stay>48 hours) were recruited through multiple channels.
Depending on the development activity, family members
were invited by researchers through telephone contact from
4 hospitals in the southwestern Netherlands or approached
during the ICU admission of their loved one. ICU survi-
vors were recruited nationally through peer support groups,
the IC Connect newsletter, and social media. No explicit
restrictions were applied regarding time since ICU discharge.
For pragmatic reasons, only participants who were able to
communicate proficiently in Dutch were included. However,
participation was recommended only for individuals who
self-assessed that they were sufficiently recovered to discuss
their ICU experience. No predefined selection criteria were
used regarding age, gender, educational level, or cultural
background to maximize diversity within the study sample,
data collection, and analysis. Family members were eligible if
they had been present during the ICU stay and were legally
responsible at the time of admission. Bereaved families were
excluded.
Guiding Framework
The Center for eHealth Research and Disease Management
(CeHReS) Roadmap was used as the intervention develop-
ment and implementation framework to guide and structure
the development, implementation, and evaluation of the
intervention [50]. The road map, established by the Center
for eHealth and Wellbeing Research, consists of 5 phases:
contextual inquiry, value specification, design, operationaliza-
tion, and summative evaluation. The phases are connected
through formative evaluation circles, representing a process
of going back and forth as long as needed in a flexible
and agile development approach. Furthermore, the road map
facilitated a multidisciplinary team, representing all relevant
perspectives (such as target groups including users and
health care professionals, designers, technicians, engineers,
managers, and researchers) to ensure more diversity in
expertise, skills, and knowledge, as well as offering a base
for a close-fitting collaboration between users, technology,
and context. The road map was adapted pragmatically to fit
the context of the study.
Study Process
Throughout all phases of the development process, between
April 2022 and July 2026, multiple interrelated activi-
ties were conducted, including desk research, a literature
review, surveys, individual and focus group interviews,
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inspiration sessions, usability testing, and pilot use (Multi-
media Appendix 2). The present article primarily reports
the activities and findings from the value specification,
design, and operationalization phases, which were informed
by individual and focus group interviews and inspira-
tion sessions. Researchers acted as process facilitators
and methodological leads, coordinating stakeholder engage-
ment and synthesizing the findings into preliminary design
considerations. The intervention was developed on an
existing web-based eHealth platform, Quli (Quli BV), which
provided the underlying technical infrastructure, including
secure authentication, content management, and communica-
tion functionalities. Rather than developing a new platform,
the project focused on designing and iteratively refining
the intervention content, navigation, functionality, and user
interface within this existing environment. The platform
was selected because it was already implemented within
the participating health care network and complied with the
required privacy and security standards for digital health care
applications (Multimedia Appendix 3).
Data Collection

Iterative Refinement
Data collection activities were conducted iteratively using
an agile development process, in which findings from each
activity informed the subsequent development steps and
were revisited when necessary to refine and optimize the
digital self-management intervention to fit the complex ICU
recovery context [51,52]. Different sources were triangula-
ted and synthesized through researchers’ team discussions,
in which emerging insights were compared to enable a
comprehensive understanding of the context and implemen-
tation of the digital self-management intervention. The
preliminary digital self-management intervention was refined
based on stakeholder feedback until the design was consid-
ered sufficiently mature for pilot testing among end users.
Decisions regarding the content, structure, and prioritization
of potential elements were made based on a combination
of practical considerations and alignment with the technical
possibilities. Project governance and security measures are
described in Multimedia Appendix 3.

Inspiration Sessions and Feedback Rounds
Several inspiration sessions were conducted to explore user
values, expectations, and preferred functionalities for digital
post-ICU recovery support. The sessions were moderated by
MSvdS, DS-S, EB, and MSvdV and included ICU survivors
(3 online sessions, total n=22), family members (4 in-person
focus group meetings, total n=18), and health care profes-
sionals (3 online sessions, total n=35) separately. Using
a structured topic guide covering proposed functionalities
(Multimedia Appendix 4), participants discussed desirable
intervention features and priorities. The identified values and
preferred functionalities informed the development of the
subsequent survey and the initial design requirements for the
intervention.

Interactive feedback rounds were conducted to obtain
initial feedback on the usability and perceived fit of the
prototype within post-ICU recovery care. The sessions were
moderated by MSvdS, DS-S, EB, and MSvdV and involved
primary health care professionals (n=3) and family members
(n=3). Participants reviewed the prototypes and provided
feedback on usability, navigation, content, and alignment with
real-world care pathways. The findings were used to refine
the prototype prior to subsequent usability testing.

Interviews
Individual interviews were conducted to explore health care
professionals’ perspectives on the role, content, and added
value of a digital self-management intervention for ICU
recovery. The interviews were moderated by EB and MSvdV
and included ICU nurses (n=13) and intensivists (n=3)
involved in ICU follow-up care. A semistructured interview
guide was used to explore perceived needs, opportunities, and
barriers for digital recovery support (Multimedia Appendix
4). The findings informed the identification of professional
values and requirements for the intervention design.

Usability Testing
Cognitive walk-throughs were conducted to evaluate the
usability, understandability, and ease of navigation of the
refined prototype. The sessions were moderated by DS-S,
EB, and MSvdV and included ICU survivors (n=10) and
family members (n=8). Two participants with mild intellec-
tual disabilities were pragmatically recruited from a group of
existing users of a personal health environment for people
with Down syndrome. No additional formal eligibility criteria
were applied. Both participants were independently living
adults who already used a personal health environment in
their daily lives. They participated voluntarily and provided
informed consent themselves. No adapted consent procedure
or additional ethical safeguards were applied, as they were
able to provide consent independently. Participants completed
predefined tasks using the prototype while being guided by a
researcher and recording their observations and feedback in
a structured worksheet. The walk-throughs assessed whether
the prototype could be used intuitively in realistic recovery
situations and whether its content, structure, and navigation
supported step-by-step use. The findings informed the final
refinement of the prototype prior to pilot implementation.

Task-based usability tests were conducted to evaluate
whether the intervention could be used effectively in realistic
care scenarios. ICU professionals (n=4) and family members
(n=5) completed predefined tasks using the intervention and
provided feedback on usability, navigation, and overall user
experience. The findings informed the refinements of function
requirements before pilot implementation.

Pilot Testing
The initial uptake and use of the intervention were explored
based on the anonymized usage metrics provided by the
platform supplier. These metrics, derived from the platform’s
usage logs, included account activation, log-in frequency, and
access to the different intervention modules.
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The findings from all research activities were synthesized
within the successive CeHReS development phases and are
therefore presented in the Results section according to the
stages value specification, design, and operationalization.
Qualitative Synthesis
Qualitative data obtained from inspiration sessions and
feedback rounds were analyzed using a pragmatic quali-
tative approach. Data from the interviews and usability
testing, the file name, date, participant ID, basic demographic
information, form and duration of interview, and specif-
ics of the setting were stored in Microsoft Excel format.
The audiotapes were transcribed verbatim in TXT format
using Atlas.Ti 25 (Lumivero) and stored in the REFI-QDA
format. After a check by the principal investigator regard-
ing accuracy, these audiotapes were destroyed. The analysis
used a pragmatic, inductive approach focusing on identifying
recurring values, needs, experiences, usability issues, and
suggestions relevant to intervention development. Findings
were coded and organized into conceptually related categories
(EB and MSvdV) and were discussed within the research
team. The findings were finally synthesized into overarch-
ing themes that directly informed subsequent intervention
development and prototype refinement.
Statistical Analysis
For quantitative data in pilot testing, a data dictionary was
developed in advance to define the dataset and its varia-
bles. Demographic characteristics were not collected, as the
intervention was not designed as a data collection tool and
users were not asked to complete additional registration forms
or questionnaires for research purposes. Indicators of usability
and descriptive usage metrics are presented as frequencies
and counts. No inferential statistical analyses were performed,
as the aim of the study was a descriptive evaluation of
usability and usage patterns.
Rigor and Reflexivity
The moderators of the qualitative meetings (DS-S, EB, MvM,
MSvdS, and MSvdV) ensured that all participants had the
opportunity to express their views. All moderators had prior
training and experience in facilitating qualitative interviews.
They used standardized topic guides tailored to the specific
aims and target groups. The meetings, which were conduc-
ted both online and in person, were documented through
field notes and audio recordings to ensure transparency
and traceability. Brainstorming and inspiration sessions were
summarized in written reports, whereas individual and focus
group interviews were transcribed verbatim.

The multidisciplinary research team contributed comple-
mentary expertise to uphold methodological rigor. EB, a
registered nurse and PhD candidate trained in nursing
science, contributed expertise in qualitative data collection
and analysis. MSvdV, a registered nurse with experience in
coordinating an ICU follow-up clinic, and DB, an individual
with lived ICU experience, provided practice-based perspec-
tives. MSvdS, a medical doctor and initiator of an in-person
ICU follow-up clinic, served as the overall project lead. DS-S,
with a background in digital design, contributed experience

in interviewing individuals with low digital literacy and
coordinated the inspiration sessions. LCMV, professor of
emergency and critical care, provided oversight of the
integrity of the study activities and project timelines. MvM, a
psychologist and former ICU nurse, contributed expertise in
qualitative research in this field and supported the methodo-
logical and practical aspects of the study. Reflexivity was
supported through regular debriefings and interdisciplinary
discussions within the research team, during which interpre-
tations were critically discussed and refined. Furthermore, a
quality advisory board, consisting of experts in ICU care,
implementation, and eHealth, met on 4 occasions during the
project. This board provided independent advice to monitor
the study progress, ensure methodological rigor, reflect on
interim findings, and safeguard the usability of the digital
self-management intervention.
Ethical Considerations
The Medical Ethics Committee of the Erasmus University
Medical Center Rotterdam, the Netherlands, granted approval
for the study (MEC-2022‐0153 for the contextual inquiry
study and MEC-2022‐0741 for program development and
evaluation). The committee evaluated the research proposal
and determined that the stipulations outlined in the Dutch
Medical Research Involving Human Subjects Act were not
applicable to the current research plan. The study was
diligently conducted in adherence to the ethical principles
delineated in the Declaration of Helsinki (64th World Medical
Association General Assembly, Fortaleza, Brazil, October
2013).

Informed consent was obtained from all participants
upon enrollment and reviewed verbally before data collec-
tion started. They were informed that participation was
entirely voluntary and that they could decline to answer
any questions or withdraw from the study at any time
without providing a reason and without any consequences.
No financial compensation was provided for participation.
The researchers had no direct therapeutic or clinical rela-
tionship with the patients or their relatives. Participants’
emotional boundaries were respected by avoiding overly
intrusive or distressing questions. Given the possibility
that discussing the ICU admission could evoke distressing
memories, professional support from experienced ICU nurses
was available during and immediately after the meeting.
The coordinating investigator (psychologist and ICU nurse),
a clinical psychologist, and an independent ICU clinician
were available to provide support and appropriate referral if
needed.

Results
Value Specification
The value specification phase directed the translation of
users’ needs into prioritized values for the digital self-man-
agement intervention. The stakeholder group considered the
findings from the contextual inquiry (Multimedia Appendix
2) and reached broad agreement on the key values and
priorities, which served as input for the specific design
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requirements of the digital self-management intervention,
defining its core elements in terms of content and presen-
tation (Table 1). These values were then translated into
tailored content modules, structured signposting for rele-
vant health care professionals, and a user-friendly interface
enabling flexible, self-paced use. In addition, presentation

requirements emphasized the provision of structured and
easily accessible information, guided routes to psychological
and social support besides physical recovery management,
and features that minimize search burden, while ensuring
that the digital intervention complements rather than replaces
personal contact with health care professionals.

Table 1. Translation of stakeholder values into requirements for a digital self-management intervention for post–intensive care recovery.
Mapped values and priorities among users Identified content and presentation requirements

Individuals with lived ICU experience in the
Dutch context

For ICUa survivors
• Accessible and clearly structured

information
• Professional guidance and referral

transparency
• Support for physical recovery
• Support for symptom understanding

For family members
• Emotional support and coping assistance
• Accessible information on post-ICU

symptoms
• Transparency regarding available

professional support

• Personalized online information
• Overview of relevant professionals
• Symptom information videos
• Rehabilitation exercise videos
• Emotional distress management support

International perspectives of ICU survivors • Personalized and tailored information
provision

• Access to professional guidance when
needed

• Opportunities for peer connection and
shared experiences

• Personalized online information
• Opportunities for e-consultations with health

care professionals
• Digital access to peer support

Priorities of ICU survivors • Positive perception and perceived
usefulness of digital support

• Accessible and inclusive digital design
• User acceptance of digital health

technologies
• Support for effective and confident

digital engagement

• Personalized online information

Perspectives of family members • Personalized and tailored information
• Opportunities for peer support and

shared experiences
• Recognition

• Personalized online information
• Digital access to peer support and narratives

Perspectives of ICU nurses engaged in follow-up
clinics • Provision of insights into ICU stay

• Validation and normalization of recovery
needs

• Guidance in navigating care

• Provision of clear, structured information
• Maintenance of personal connection
• Ensuring of low-friction usability
• Embedding of prompts and timing cues

aICU: intensive care unit.

Design

Prototype Development
The design phase involved the iterative development
of a blueprint for the digital self-management interven-
tion, building on insights from the contextual inquiry
and the prioritized values translated into concrete con-
tent and presentation requirements. The digital self-manage-
ment intervention was developed and embedded within an
existing digital health platform. Stakeholder-identified values
were translated into design requirements and subsequently
operationalized into concrete features. As an important
feature within the design, data generated and stored by users

within the platform remain the property of the individual
user at all times. Further governance, technical design, and
description of the intervention are reported in Multimedia
Appendix 3.

The initial concept of the digital self-management
intervention, depicted as a patient journey in a storyboard
(Figure 1) led to the definition of key telemonitoring
functionalities for ICU recovery support (Figure 2).

These early concepts were assessed by ICU survivors
(n=22), family members (n=18), and health care professionals
(n=35) for perceived usefulness and feasibility, resulting in a
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design with several tiles representing the preferred specifica-
tions (Figure 3).

Figure 1. Patient journey storyboard used for value specification during the development of the digital self-management intervention for post-ICU
recovery. ICU: intensive care unit.

Figure 2. Conceptual storyboard translating user requirements into digital functionalities for the digital self-management intervention for post-ICU
recovery. GDPR: General Data Protection Regulation; ICU: intensive care unit.

Figure 3. Initial prototype representing informational elements of the digital self-management intervention for post-ICU recovery. The figure
illustrates the original text-heavy prototype that participants later perceived as cluttered and difficult to read. ICU: intensive care unit.

However, this design was perceived as too cluttered,
unreadable, and visually unattractive among people with lived
ICU experience. They reported that it could be improved by
further structuring the content according to distinct phases
of the recovery process, each including relevant information.

Primary care professionals emphasized that the user interface
should prioritize clear visualization and intuitive naviga-
tion so that users can easily find relevant information and
support. Subsequent refinement led to a structured overview
with multiple tiles, each providing additional information
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or a specific functionality, such as an ICU diary or health
monitoring (Figure 4).

Figure 4. Refined design with tiles representing distinct phases of the recovery process. ICU: intensive care unit.

Three family members confirmed the relevance and com-
pleteness of key topics, such as explanations of ICU
procedures, common stress reactions, long-term symptoms
affecting recovery, and practical guidance for navigating the
post-ICU period. They emphasized the need for low-thresh-
old access, layered information, and practical support. Some
suggested features, including real-time clinical updates, were
considered valuable but not technically or organizationally
feasible at this stage. While simplified digital access was
considered essential to accommodate varying levels of digital
literacy, participants noted a tension between ease of use
and the security requirements for handling confidential health
data. Participants also stressed the importance of explicitly
connecting the intervention with primary care professionals
to ensure relevance and facilitate coordination across the ICU
recovery trajectory.

Finally, 2 digital modules were developed in a mid-
design prototype version: the “ICU-RecoveryPointer” and the
“ICU-FamilyCoach” for ICU survivors and family members,
respectively. These modules comprised the following core
elements: (1) structured information aligned with the different
phases of ICU recovery, (2) concise information tiles
with layered content for more in-depth background informa-
tion, (3) patient-reported e-monitoring features, (4) tailored
suggestions addressing recovery challenges and emotional
processing, (5) an e-diary with a timeline summary function,
and (6) a comprehensive content library. A more detailed

description and figures of the layered structure are provided
in Multimedia Appendix 3.

Usability Tests of Prototypes
Prototypes of the intervention, both the ICU-Recovery-
Pointer and the ICU-FamilyCoach, were prepared for limited
real-world use as high-fidelity mock-ups with interaction
during inspiration sessions. The full products were used for
usability testing with cognitive walk-throughs and field tests.

Cognitive Walk-Throughs
Ten ICU survivors tested the ICU-RecoveryPointer and
responded positively to the visual design, particularly
the use of colors and tile descriptions. They appreciated
having all relevant ICU-related information available in
one place. However, some participants reported difficulties
with complex terminology used in the content. Eight family
members tested the ICU-FamilyCoach during their ICU
visit. Participants’ comments mainly addressed immediate
and practical usability needs relevant in the acute ICU
setting, such as intuitive navigation, avoidance of jargon,
clearer terminology, the use of visual aids, and direct access
to essential information. Their feedback reflected the high
cognitive and emotional burden experienced during the
ICU phase, with a clear preference for simple, actionable
information. Exemplary quotes are presented in Table 2.
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Table 2. Illustrative quotes reflecting end users’ feedback during the usability testing of the digital self-management intervention for post-ICUa

recovery.
Theme Quote
IC-FamilyCoach home screen The colours of the two tiles are very similar. It might be better to use more contrast, especially for users who are colour-

blind. [F3]b
General ICU information I think it’s a very useful and well-designed tool to gather and look up relevant information. Very well made and meaningful,

thank you! [S1]c
It would be helpful to include a visual map showing the route from the parking area to the hospital entrance, and from there
to the ICU. [F7]

Information about a (digital)
ICU diary

A beautiful concept. It helps make people aware that keeping a diary can be very useful and supportive, also for processing
everything afterwards. It is also helpful for sharing with other relatives. Good to have insight into. [F3]

Information about family
participation

How should children and grandchildren participate? What do you tell them? How old should they be to visit? And when
does it become too much for them to see? [F8]

General opinion at the ICU It lacks information about what happens afterward. What is the plan? It might be helpful to include this here as well. It
brings a lot of reassurance. And what happens if things don’t go well? [F8]

Understanding the information What a beautiful website. It clearly shows what we’ve missed. [S5]
Looks good and clear. In the PICS tile, you can click through to information on where to seek or access support. [F4]

Information about follow-up We would have liked to have had this. [S2]
In the ‘Transfer’ tile, it may be useful to indicate that visiting policies may differ on the ward. [F4]

Experiences shared by peers A video in multiple languages would help many people, and it is also important to include stories from people who had
negative experiences. [F3]

General opinion after the ICU Perhaps the ‘Transfer’ tile would be better placed under ‘On the Intensive Care,’ because the transfer process already
begins while the patient is still in the ICU. [F2]

Stress meter/stress self-
assessment

When you are very stressed, it needs to be easier, faster, and simpler. Right now, it’s a lot of information at once. [F7]
It looks good. I would not use it myself, but I can see that others would find it useful. [F9]

The advice matches my
feelings

I think it’s a very nice tool that can provide many patients and their families with clarity and support during and long after
an ICU admission. [S7]
These are helpful tips, especially because people often lose themselves when their loved one is in or after the ICU. [F2]

Opinion about the IC-
FamilyCoach

Very nice, I would be very happy with it. I would definitely use it. It is practical and clear. [F3]

aICU: intensive care unit.
bF: family member.
cS: ICU survivor.

Task-Based Usability Tests
Family members’ (n=5) feedback was reflective and informed
by their prior ICU experience. They confirmed the impor-
tance of plain-language explanations, support for emotional
processing, options to monitor stress over time, and the
inclusion of diverse peer experiences. They also pointed to
the need for multiple formats, such as photos, simple written
prompts, or paper-based materials, to accommodate differen-
ces in digital literacy and personal preference. Participants
further highlighted aspects that become more salient after the
acute phase, such as longer-term coping, meaning-making,
and access to broader informational resources.

ICU professionals (n=3) engaged in recovery emphasized
that users should be able to determine which information
becomes visible and when, depending on their needs during
the recovery trajectory. In addition, engagement should start
by acknowledging emotions that correspond to the patient’s
recovery phase, after which more detailed information and
guidance could be provided.

The combined findings of all user tests led to sev-
eral refinements aimed at improving usability and clarity,
including simplified navigation to enhance intuitive use. In
addition, content was revised to improve readability and

reduce medical terminology, ensuring accessibility for users
with varying levels of health literacy. These refinements
informed the final prototypes.
Operationalization

Informational Materials
The operationalization phase focused on planning actions for
the introduction, dissemination, adoption, and integration of
the digital self-management intervention within the intended
context. To support this process, materials were developed
to inform stakeholders about the purpose, added value,
position within health care, and target groups of the ICU-
RecoveryPointer and the ICU-FamilyCoach. These materials
included short video interviews with individuals with lived
ICU experience and health care professionals, in which they
shared their perspectives on the new digital self-management
intervention. Illustrations were created in line with the visual
identity of IC Connect (Figure 5). In addition, a web page
was created featuring informative text and images to raise
awareness of the intervention. Articles were published in
the newsletters of the patient organization IC Connect, the
ICU nurses’ association, and the medical ICU association.
Furthermore, an official public launch event was organized,
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involving key stakeholders and representatives from relevant
organizations.

Figure 5. Illustration used to promote awareness of the ICU-RecoveryPointer and ICU-FamilyCoach digital self-management interventions to ICU
survivors and family members. ICU: intensive care unit.

The ICU-RecoveryPointer has been publicly and freely
available since September 2025, with user accounts provided
upon request through IC Connect. The ICU-FamilyCoach has
been available since May 2025 in 4 hospitals in the Neth-
erlands, where accounts were provided to participants after
informed consent to participate in an evaluation study.

User Metrics
The ICU-RecoveryPointer reached 51 end users who received
access through linked accounts over the study period
(September 2025 to July 2026), of whom 45 were distinct
users. Monthly log-in activity ranged from 1 to 14 log-in
events. The ICU-FamilyCoach, the user metrics of which are

represented in Figure 6, reached 66 end users who received
access to the intervention with linked accounts in 8 months
(May to December 2025). Across the period, 90 monthly
unique-user observations were recorded. Because participants
could log in during multiple months, the monthly number of
unique users ranged from 4 to 22, accounting for 122 events
in total. Usage concentrated on the information tiles (n=565
in ICU-FamilyCoach and n=58 in ICU-RecoveryPointer).
To a lesser extent, other actions were established (tile
opens: n=45; searches: n=20; data retrievals: n=4). Self-report
features were used infrequently (diary entries added: n=13;
stress meter viewed: n=15, completed: n=5).
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Figure 6. Monthly user metrics of ICU-FamilyCoach during pilot testing, including linked accounts, unique users, log-in events, and information
page views.

Discussion
Principal Findings
The present article describes the participatory develop-
ment process and initial design of a digital self-manage-
ment intervention, specifically the ICU-RecoveryPointer and
the ICU-FamilyCoach. These modules were developed to
empower individuals with lived ICU experience to regain
autonomy after discharge and to tailor their recovery process
to their prioritized preferences and needs. Guided by the
CeHReS Roadmap, the development trajectory facilitated
close collaboration with relevant stakeholders and ensured
meaningful public and patient involvement throughout the
process.

This study yielded 3 key findings. First, involving
ICU survivors, family members, health care professionals,
and other stakeholders throughout the development proc-
ess enabled the identification of user values and contex-
tual requirements that guided intervention design. Second,
iterative co-design and usability testing supported the
development of a digital intervention that was perceived
as relevant and acceptable to its intended users. Third, the
pilot provided preliminary insights into user acceptability and
engagement, based on descriptive usage metrics and user
experiences.

The need for such a digital self-management interven-
tion is underscored by the substantial and persistent burden
experienced after ICU discharge and the lack of structured
aftercare [53,54]. Similar to a previous study, in the present
study, individuals with lived ICU experience emphasized

the importance of continuing care, managing expectations,
monitoring symptom and recovery progress, and reducing
feelings of helplessness as core elements of post-ICU services
[55]. Current users’ values addressed timely and tailored
information as a key factor in mitigating the symptoms
of PICS and PICS-F, consistent with previous research,
although informational needs and preferred timing differed
between ICU survivors and family members [56]. These
findings support the rationale for developing separate, target
group–specific modules within our digital self-management
intervention.

Although the intervention is designed to support post-ICU
recovery, introducing it during ICU admission may enhance
continuity of care by familiarizing family members with the
platform before discharge. Whether this early introduction
improves subsequent uptake and engagement during recovery
should be evaluated in future studies [56]. In contrast to
many existing online resources [57], the content of our digital
self-management intervention was based on clear, accessible
lay publications developed by the patient organization IC
Connect, making it particularly suitable for individuals with
lived ICU experience. Their active involvement throughout
the development process, both as a key stakeholder as well as
key users, further strengthened the final design. In line with
findings from other studies highlighting the added value of
engaging individuals with lived ICU experience in innova-
tion and implementation projects [32,58-60], this provides a
strong foundation for our study.

eHealth technologies should align with the needs,
preferences, routines, and context of all intended users to
support adoption and sustained use [6,32,61]. Designing
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effective interventions for a specific target group there-
fore requires insight into how individuals think, behave,
and make decisions regarding their health and well-being.
Using a highly collaborative and methodologically rigorous
approach such as the CeHReS Roadmap, the perspectives
of health care professionals involved in ICU recovery were
actively incorporated into the development process. ICU
nurses, in particular, are recognized for their ability to
build rapport, understand the burden of post-ICU recovery,
facilitate open communication, and demonstrate leadership
in value-based health care [4,62]. However, given ongoing
ICU nurse shortages and increasing workload pressures,
certain supportive tasks may need to be digitized to preserve
time for human-centered and relational care. The transforma-
tive role of digitization has accelerated the development of
digital processes that enhance workflow efficiency, perform-
ance, and resource use within nursing practice [63,64].
In this context, innovations such as the 2 digital mod-
ules, the ICU-RecoveryPointer and the ICU-FamilyCoach,
may contribute to supporting recovery while complementing
professional care delivery [65].

eHealth development comprises not only an intervention
but also processes for care organization, communication,
and knowledge exchange. Therefore, a holistic and participa-
tory development approach is needed [66], in which ICU
survivors, family members, nurses, intensivists, physiothera-
pists, broader recovery teams, primary care professionals,
and eHealth designers are actively involved throughout
the development process. Understanding the values, goals,
and preferences of all stakeholders requires more than
acknowledgment; it must be translated into action. The
digital self-management intervention was officially launched
and featured in several publicly available communication
materials. Despite the given attention, such as a social media
campaign (ICU-RecoveryPointer) and study-related efforts
to introduce the intervention (ICU-FamilyCoach), implemen-
tation of the digital self-management intervention appeared
to be difficult, given the low numbers in uptake and contin-
uous use. A limitation of the overall development process
was that the implementation strategy could have been further
strengthened, for example, by more systematically integrating
barriers and facilitators identified during earlier phases [50].
Factors that may have influenced the uptake of the inter-
vention include insufficient embedding within a structured
care pathway, lack of integration with hospital electronic
health records, and the absence of clear ownership or
responsibility for a sustainable business model. Furthermore,
2-factor authentication requirements and limited familiarity
with digital access to health care may have contributed to
resistance in using the intervention. Future research should
identify the determinants of successful implementation and
evaluate the feasibility, acceptability, and effectiveness of
the intervention. If these findings are favorable, broader
implementation and long-term sustainability, including the
development of an appropriate implementation strategy and
business model, should be explored.

The ICU-RecoveryPointer and the ICU-FamilyCoach were
designed to accommodate the heterogeneity among the

involved participants; however, the composition of a highly
engaged and digital enthusiastic participant group may have
influenced the value specification and subsequent design
requirements. Therefore, the functionality of the 2 modules
may have been insufficiently appealing or supportive to keep
on track and encourage repeated use among the general target
group.

Despite the suggested benefits of digital health care in
the literature [40,67], a digital self-management intervention
may not fully align with preferences for face-to-face contact
[56,60]. A potential barrier to digital support is that its
use tends to be lower among certain populations, includ-
ing older adults, ethnic minorities, individuals with lower
socioeconomic status, those with limited health literacy,
and people living with chronic illness or disabilities [6].
In contrast, a recent study reported that ICU survivors had
sufficient digital health literacy to engage in digital recov-
ery programs [68]. Stakeholders may differ in their back-
grounds, interests, and expectations, potentially influencing
how the intervention is perceived, adopted, and integrated
into practice. A more comprehensive stakeholder analysis
could help identify and address these differences to sup-
port successful implementation. Although a broad range
of stakeholders was included, a formal stakeholder analy-
sis framework was not systematically applied. Rather than
comparing perspectives across stakeholder groups, this study
aimed to integrate complementary perspectives into a shared
set of values and design requirements for the intervention.
Nevertheless, these diverse perspectives provided valuable
insights that informed the intervention development and laid
the foundation for a rigorous participatory design process,
consistent with other digital health intervention studies [69].
By addressing informational, emotional, and practical needs,
the intervention is promising to offer a scalable approach to
complement existing ICU recovery pathways. Future research
could further explore differences in perspectives between
stakeholder groups during intervention development and
implementation. Prior to broader scale-up, a more compre-
hensive analysis of stakeholders, including policymakers,
funding bodies, and governmental organizations, is recom-
mended.
Limitations
Several limitations should also be acknowledged. First,
recruitment of participants through the patient organization
and social media may have overrepresented individuals
who experienced a particularly difficult recovery trajectory
compared with those who recovered more quickly or without
long-lasting health problems. This selection bias may have
influenced the identification of needs and, consequently, the
value specification and design requirements of the digi-
tal self-management intervention. Furthermore, recruitment
through patient organizations and social media may have
preferentially reached individuals who were more motiva-
ted or had greater interest in or familiarity with digital
health. Consequently, the perspectives of ICU survivors with
lower digital literacy or from socioeconomically disadvan-
taged groups may have been underrepresented, limiting the
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generalizability of the values and requirements identified
during the value specification phase.

Alternatively, this engagement may also have enriched the
findings by highlighting opportunities for additional recovery
support through digital means. Second, this formative study
focused on intervention development and preliminary usage
and did not assess health outcomes or clinical efficacy.
Consequently, no conclusions can be drawn regarding the
intervention’s effects on recovery or other patient- and
family-related outcomes. Third, although a broad range
of stakeholders was involved throughout the development
process, no formal, framework-driven stakeholder analy-
sis was conducted. Consequently, relevant differences in
stakeholder influence, interests, and priorities may not have
been fully captured. Fourth, no detailed business plan or
long-term budget planning was established following the
grant application, which may hinder national uptake and
sustainability of the intervention. Fifth, the implementation
strategy was relatively underdeveloped and initiated late in
the overall development process. Although a national digital
health strategy exists in the Netherlands, supporting ongoing
efforts to expand digitalization in health care, this broader

policy context was not sufficiently incorporated during the
introduction and dissemination of the ICU-RecoveryPointer
and the ICU-FamilyCoach. These challenges underscore the
importance of a forthcoming evaluation study, to further
explore feasibility, adoption, and contextual determinants of
sustained use.
Conclusion
This study describes the participatory development of a
digital self-management intervention to support recovery
after intensive care, consisting of the ICU-RecoveryPointer
for ICU survivors and the ICU-FamilyCoach for family
members. Guided by the CeHReS Roadmap, the interven-
tion was developed through iterative collaboration with
individuals with lived ICU experience, health care professio-
nals, and other stakeholders. The resulting modules trans-
late stakeholder needs into accessible digital features aimed
at supporting information provision, self-monitoring, and
navigation of recovery resources. Preliminary user experien-
ces and usage data provided initial insights into usability
and engagement, while also highlighting the need for further
evaluation before broader implementation.
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GUIDED: Guidance for reporting intervention development studies in health research
iCHECK-DH: Guidelines and Checklist for the Reporting on Digital Health Implementations
ICU: intensive care unit
PICS: post–intensive care syndrome
PICS-F: post–intensive care syndrome-family
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