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Abstract

Background: Cerebrovascular diseases (CVDs) are a major and potentially increasing burden to public health. Digital health
interventions (DHIs) could support access to and provision of high-quality health care (eg, outcomes, safety, and satisfaction),
but the design and development of digital solutions and technologies lack the assessment of user needs. Research is needed to
identify opportunities to address health system challenges and improve CVD care with primary users of services as the key
informants of everyday requirements.

Objective: Thisstudy aimstoidentify opportunitiesfor DHIsfrom clients’ and health care professionals’ perspectivesto address
health system challenges and improve CVD care.

Methods: This study used a qualitative, descriptive approach. Semistructured, in-person interviews were conducted with 22
clients and 26 health care professionalsin asingle tertiary-level hospital in Finland between August 2021 and March 2022. The
data were analyzed using a deductive and inductive content analysis.

Results: Identified opportunitiesfor DHIsin CVD care were organized according to clients, health care professionals, and data
servicesand classified into 14 main categories and 27 generic categories, with 126 subcategories of requirements. DHIsfor clients
could support the long-term management of health and life changes brought on by CVD. They could provide access to personal
health data and offer health information, support, and communication possibilities for clients and their caregivers. Health care
professionals would benefit from access to relevant patient data, along with systems and tools that support competence and
decision-making. Intersectoral and professional collaboration could be promoted with digital platforms and care pathways. DHIs
for data services could enhance care planning and coordination with novel predictive data and interoperable systems for data
exchange.

Conclusions: The combined study of client and health care professional perspectives identified several opportunities and
requirementsfor DHIsthat related to the information, availability, quality, acceptability, utilization, efficiency, and accountability
challenges of health systems. These findings provide valuable social insightsinto digital transformation and the emerging design,
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development, and use of user-centered technologies and applications to address challenges and improve CVD care and health

care.

(J Med Internet Res 2024;26:€52715) doi: 10.2196/52715
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Introduction

Cerebrovascular diseases (CVDs) are a group of neurological
conditions such as strokes (brought on by ischemia or
hemorrhage) and transient ischemic attacks (TIAs) [1]. CVDs
areone of themajor burdensto public health globally as strokes
are a leading cause of mortality and long-term disability [2].
The averagelifetime costs of stroke are around $66,956-$74,605
[3]. The tota costs of CVD are, however, estimated to rise by
the year 2047 due to improved stroke survival rates and the
aging population [4].

The use of digital health interventions (DHIs) has increased
rapidly during the last decade [5] to tackle health system
challenges, with the potential to increase the quality,
accessibility, and availability of health services [6]. Current
health care services face challenges in delivering high-quality
primary [7] and secondary prevention [8], rehabilitation [9],
and long-term support [10-12] for CVD. The European Stroke
Action Plan emphasizesthe research and devel opment of digital
systems, especially to support patients self-management in
CVD to reduce the risk of strokes and increase the quality of
care[13].

DHIs have shown promise in the primary prevention of CVD
with their growing acceptability and use by clients and health
care professionals [14]. They can increase the availability of
customized health and risk information and increase the
self-management capabilities (eg, mobility, positive emotions,
and behavior) of patients with CVD [15]. Pre- and in-hospital
specialized telestroke services (eg, remote neurological
examinations, triage, and case management) are efficient at
improving acute CVD care and subsegquent health outcomes
[16]. In addition, individually tailored delivery of
telerehabilitation, with the opportunity to view their own
progress, can engage patientswith an improved sense of control,
motor skills, and activity [17].

Clients usually have positive attitudes and acceptance toward
DHIs[5]. Patients with CV D value the provided benefits of the
availability of quality information and accessto their own health
data, supportive supervision of rehabilitation [18], connection
to people, and managing everyday life[19]. However, theimpact
of DHIs is affected by internal (eg, motivation and social
challenges) and external (eg, practical and technical barriers)
factors [17], as well as cognitive and functional challenges
hindering usage [19].

Health care professionals are members of the health workforce
who deliver health services[20]. They generally value DHIs as
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improving communication with clients and other health care
professionals, with improvements for care planning,
coordination, and workflow management [21]. DHIs that meet
health care professional requirements are also vital, as poor
usability and functionality add stress and reduce motivation for
use [22]. Health care professionals do see the necessity of
digitalization for improving CVD care[23], but little is known
about the various requirements they have for DHIs to deliver
high-quality care, especially in the acute CVD context.

Previous research hasidentified that DHIs are seldom designed
from the primary user perspective to address specific health
needs [24], which can lead to potential health disparities and
reduce benefitsgained [25]. Therefore, more qualitative research
isrequired toidentify how technology can address health system
challenges from both the client and health care professional
perspectives.

The aim of this study was to identify opportunities for DHIs
from the client and health care professional perspectives to
address health system challenges and improve care in CVD.
The research question was as follows. What kind of
requirements for DHIs do clients and health care professionals
have in CVD care?

Methods

Study Design

A qualitative, descriptive, phenomenol ogical approach was used
with semistructured interviews and content analysis techniques
to describe client and health care professional primary user
perspectives of DHIs in CVD care [26]. The study was
conducted in one of the major tertiary-level hospitalsin Finland
providing comprehensive acute CVD care. The hospita is
located in the geographically largest hospital district area for
speciaized medical carein Finland [27] with ahigh prevalence
of CVD [28]. Finland is one of the leading countries in
digitalization, with high national eHealth maturity in health care
[29] and anational information system service (Kanta Services)
with archiving of electronic patient data [30].

Recruitment

The participants were recruited with convenience sampling.
The inclusion criteria for the patients were as follows: adults
(aged 18 years and older) with diagnosed ischemic stroke or
TIA (163.0-63.9, G45.0-G45.9, 160, or 161.0-61.9), an in-patient
at the acute neurological ward, and able to give an informed
consent. Patients were first assessed for eligibility by the ward
staff. If eligible, patients were approached by astudy nurse (RL)
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after obtaining preliminary informed consent. Patient refusals
(n=62) were related to the patient’s assessment of not being
able to answer the questions or not feeling well enough, length
of interview, or lack of time due to an upcoming hospital
discharge.

The inclusion criteria for the health care professionals were
adults (aged 18 years or older) directly involved in CVD care
at the acute neurological ward or at a CVD diagnostic and
rehabilitation ward. The criteria were broad to ensure the
representation of the various professionals involved in CVD
care. The hedlth care professionals were contacted face-to-face
or by email for recruiting by the study nurse. The number of
refusals was not documented, but high workload was the most
common reason for refusals.

Data Collection

Data were collected between August 2021 and March 2022 to
recruit enough patients and hedth care professionas to
comprehensively answer the research question. Participants
were recruited until data saturation [26]. Semistructured
individual interviews were conducted once in Finnish by an
experienced study nurse (RL, registered nurse) in aprivate room
at the hospital. The study nurse had no prior relationship with
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the participants. Separate topic guideswere used for participants
based on previous studies [31-33]. The interviews were
recorded, with no additional field notes made. The duration of
the clients' interviews varied from 19 to 72 minutes and the
duration of the health care professional interviews varied from
11 to 89 minutes.

Data Analysis

The interview transcripts were coded and categorized using
NVivo qualitative data analysis software (version 1.6.1; QRR
Internationa Pty Ltd). Thedatawerefirst sorted into open codes
with a unit of analysis being a thought pattern [34]. In
accordance with the World Health Organization (WHO)
categorization [20], opportunities for DHIs were deductively
organized according to overarching groupings based on the
targeted primary user (clients, heath care providers, health
system managers, and data services) and classified according
to main categories and generic categories [35]. The
subcategories (ie, requirements for DHISs) were then defined
inductively [34]. A categorization exampleispresented in Table
1. The analysis with all aforementioned stages was conducted
by the corresponding author (HH) and verified by authors (KM
and M J) with methodological and research expertise.

Table 1. Example of the content analysis categorization and related quotations from the interview data.

Main category and generic
category

Subcategory

Examples of quotations

Targeted client communication

Health information Accessibility .

H20: ...video content and all that. Reading all that text and picking things up and adopting

them can be so limited, that it would be easier if someone would speak it. And it would be
easily available at that moment when you are alert...

H25: ...An app or a computer system, where you can straightforwardly move things forward.
That will guide it step by step. But | think they should be in a figurative formwith only a few
things at a time. Because CVD patients often have that difficulty in comprehension...simple
with also that picture asa clue, not necessarily only verbal. | think, itisright for that building

of everyday life, especially at the hospital discharge phase it would be important.

«  P19: They could come to your phone, for example a counselling video to your e-mail or
something. That would be easy to watch it from there then. And would be easier to read than
some centimeter thick booklet on the same matter that could be seen on video in 5 to 10

minutes.

Alertsand reminders  Daily tasks .

H16: Of course, | wish that there could also be those types of daily tasks and all, like have

you thought about this and done that.. .eat this and a tip of the day and stretch. Do not drink

alcohol today.

«  PO: Of course, the application could belike, it is 16 and a half degrees warm, sun is shining,

go for awalk.

« P1: You could always add some kind of exercise application, a pedometer and so forth.. that
nags if you have not exercised enough.

Ethical Considerations

The study was conducted according to the national guidelines
for good ethical conduct [36]. Approvals were obtained from
the Ethics Committee of Northern OstrobothniaHospital District
(Decision No: 46/2021) and from the Northern Ostrobothnia
Hospital District Board (Decision No: 30/2021). Written consent
was obtained prior to the interviews. Anonymity was ensured
by using ID numbers. All research data were stored in digital
password-protected files. Any dataused in this paper have been
lawfully acquired in accordance with the Nagoya Protocol on
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Accessto Genetic Resources and the Fair and Equitable Sharing
of Benefits Arising from Their Utilization to the Convention
on Biological Diversity.

Rigor and Reflexivity

The participants were purposefully selected and recruited until
data saturation to improve credibility [26] with an appropriate
sample size of informants concerning the phenomenon. The
analysis was verified by 2 researchers with results discussed in
the research group, thus establishing dependability. I n addition,
thefirst author had accessto only | D-numbered transcriptswith
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no prior connection to the participants, which reduced bias.
Confirmability and dependability were ensured by comparing
transcripts with the findings to ensure the representation of the
participants’ views and verify the process. Several quotations
from various participants were provided to represent

Table 2. Demographic characteristics of the study participants.

Harkonen et d

authenticity. The Consolidated Criteriafor Reporting Qualitative
Research (COREQ) [37] has been used to provide reliable
reporting (Multimedia Appendix 1). The demographic
characteristics of participants are provided to improve
transferability (Table 2).

Characteristic Clients (n=22), n (%) Health care professionals (n=26), n (%)
Sex

Female 7(32) 21(81)

Male 15 (68) 5 (19)
Age group (years)

20-39 2(9) 14 (54)

40-59 8(36) 12 (46)

60-79 7(32) 0(0)

80 and older 5(23) 0(0)
Highest academic degree

Primary education 8(36) 0(0)

Vocational training 9(41) 3(12)

Undergraduate degree 5(23) 10(38)

Graduate degree 0(0) 13 (50)
Working status

Student 1(5 N/A2

Employee or entrepreneur 9(41) N/A

Retired 12 (55) N/A
Profession

Practical care nurses N/A 4(15)

Registered nurses N/A 9(35)

Physiotherapist or speech therapists N/A 3(12)

Physician or psychologists N/A 10(38)
Prior cerebrovascular symptoms

Yes 6 (27) N/A

No 16 (73) N/A

3N/A: not applicable or available.

Results

Characteristics of Participants

A total of 46 participants were interviewed (Table 2). Most
(16/22, 73%) of the clients have recently experienced their first
CVD. The hedth care professionals were physicians or
psychol ogistswho specialized in neurology or neuropsychol ogy,
registered nurses, practical care nurses, and physiotherapists or
speech therapists.

Identified opportunities for DHIs in CVD were organized
according to the clients, health care professionals, and data
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services, and they were classified into 14 main categories, 27
generic categories, and 126 subcategories. The identified
opportunitiesfor DHIswererelated to information, availability,
quality, acceptability, utilization, efficiency, and accountability
of health systems.

Clients
The opportunities of DHIs for clients were classified under 5
main categories. targeted communication, untargeted

communication, peer communication, personal health tracking,
and on-demand information services (Table 3).
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Table 3. Identified opportunities and requirements of digital health interventions for clientsin cerebrovascular disease care.

Main category and generic category

Subcategory

Targeted client communication

Health information

Alerts and reminders

Diagnostic results

Untargeted client communication

Untargeted health information

Client-to-client communication

Peer groups for clients

Per sonal health tracking

Access to own medical records

Self-monitoring of health or diagnostic data

Active data capture or documentation

On-demand information services

Look-up of health information

Evidence-based information
Availability

Accessibility

Adaptability

Tailorability

Visualization of care pathway
Multimedia content
Personalized tasks and activities
Convenient timing

Involving caregivers
Multimodality

Contacting client groups

Color coding of reference values
Motivation support

Games

Customized message intervals
Personalization

Daily tasks

Informing caregivers

Mobile access
Long-term follow-up

Multimodality

Remote self-management counselling groups
Support platforms

Networks

Disease and symptom targeted groups
Caregiver targeted groups

Mobile access to EMR? or Kanta Services
Access for caregivers

Wearables and personal health tracking devices
Connectivity to mobile client applications
Feedback

Mobile or computer client application
Checklists

Diaries

Symptom checkers

Instruments

Mobile scanners

Color coding of reference values
Symptom checker and guidance
Individual goas

Activity tracking

Tasks

Feedback

Rewarding

3EMR: electronic medical record.
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Targeted Client Communication

The subcategories of requirements for targeted client
communication were inductively formed under 3 generic
categories. health information, aerts and reminders, and
diagnostic results. The DHIs should provide long-term access
to multimodal (client applications, websites, or digital care
pathways), evidence-based, CVD-related health, well-being,
and service information before (primary prevention) and after
CVD (follow-up). The health care professionals could assign
clients (based on the personal health tracking data) to asuitable
modality; prescribe tasksand activities; and provide counseling,
education, and guidanceto support the clients’ self-management,
care, and rehabilitation. The DHI's should enabl e self-monitoring
with visual feedback (eg, graphs and numeric data). The
information should be provided conveniently and adaptively
based on choices, as described by 2 participants.

You could use an app and one part of it could be
counselling using video material. It would be good if
that app could be used before getting sick and
afterwards, so it could be versatile in that way.
[Health care professional 4]

...You could decide yourself when, at what moment
you would use the app. Or when you have energy for
rehabilitation...If you are tired when somebody is
coming to counsel you, then you may not get
everything out of it. You could time it better. [Patient
g
The transmission of health information should be tailored
according toindividual needs (eg, disease, personal challenges,
risk factors, functioning capabilities, and stage of care pathway)
and include audiovisual content (eg, pictures, comics, movies,
and speech), as demonstrated by 1 participant.

If you want multimedia content, then some form of
electronic application or a web page or something
could be good in that sense. It could have videos and
some spoken content on a subject... It would be good
for those people whose comprehension has taken a
hit... CVD can include visual field defects, or with
older patients, there could be a cataract or something
else...so something you can listen to would be really
good. [Health care professional 13]

Involving caregiverswasimportant, with information to support
and guide them on the CVD care pathway. Information should
be provided on CVD-related changes in the patient’s mental
health, personality, and functioning, as well as information on
the availability of services (eg, peer-support networks).
Caregivers should have information on how to support the
patient, but also their own well-being.

Alerts and reminders should inform, recommend, and guide
clients about their health status, risk factors, self-management
(eg, medication, diet, exercise, and appointments), rehabilitation,
and emergency situation (eg, acute CVD) assessment. This
could be done by messaging color-coded reference values (eg,
traffic lights) for their health data and visualization of the
relation of their actionsto risk reduction. Theinformation could
be personalized based on patient datain the form of games and
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personal tasks provided with customizable messaging intervals
based on the client’s needs, as demonstrated by 2 participants.

It could have information such as CVD signs and
reminders. It could be game-like, so for example it
could test whether you identify things, and it could
have tips on what to do if something happens. [Health
care professional 5]

Additionally, mobile access to long-term diagnostic results
could help clientsto follow their self-management. In addition,
the DHIs should include alerts and reminders to inform
caregivers of the client’s situation and of emergencies.

Untargeted Communication

The subcategories of reguirements for untargeted
communication were inductively formed under 1 generic
category: untargeted health information. DHIs should provide
genera CVD-related information (eg, prevention, signs and
symptoms) to the public via different multimodalities of 1-way
communication (television, sociad media, and web-based
materials).

Client-to-Client Communication

The subcategories of requirements for client-to-client
communication were inductively formed under 1 generic
category: peer groups for clients. Peer groups could be in the
form of remote self-management (eg, smoking and weight)
counseling groups, peer networks, and on platformsthat enable
the sharing of experiences. Peer groups could betargeted based
on the client’sdisease or symptomsto create group unison with
their own peer support for caregivers.

Personal Health Tracking

The subcategories of requirements for personal health tracking
were inductively formed under 3 generic categories: access to
the patient’s own medical records, self-monitoring of health or
diagnostic data, and active data capture and documentation.
Access to the patient’s own health data at Kanta Services was
important, but the DHIs should aso provide maobile access to
electronic medical records (EMRs) for clients and caregivers.
The self-monitoring of health and diagnostic data (eg, heart
rhythm, neurological status, sleep, physical activity and
movement, blood pressure, and blood glucose) could be
performed by wearables or persona health tracking devices
with connectivity to their own client applications. Feedback
from client applications could hel p the assessment and reaction
to the patient’s own condition as described by 1 participant.

We should identify atrial fibrillationsand other atrial
arrhythmias...I think there could some kind of smart
watch applications, that could have an alarmfor those
patients with an irregular heart rate. [Health care
professional 5]

Active data capture or documentation of personal health
monitoring and self-management (eg, physical exercises, CVD
risks, symptoms, pain, and sleep) data should be done using
different client applications, checklists, diaries, symptom
checkers, and instruments (ie, questionnaires) for clients to
evaluate their situation, as described by 1 client.
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...If there was some kind of easy to use application,
for example a food diary, then you could follow it
yourself, and check if you have stayed on it or not.
[Petient 19]

On-Demand I nformation Services

The subcategories of requirements for on-demand information
services were inductively formed under 1 generic category of
looking up health information. DHIs could provide support for
clients' decision-making and self-management. Mobile product
scanners could be used to identify medications and foods with
additional color coding (ie, traffic lights) indicating
recommended food consumption. Features such as individual
goal setting, personalized feedback, and rewards (points or
material goods) for tasks and activities could support making
better lifestyle choices (eg, deep and exercise). These DHIs
could also be useful to caregivers as family members might
often have similar activity habits. Clients could use Q&A
services with a health care professional or chatbot contact, and

https://www.jmir.org/2024/1/e52715
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symptom checkerswith visualization toolsand alertsto support
clientsand caregiversin their hel p-seeking (eg, acute CvD and
physical or mental health conditions), as demonstrated by 1
participant.

For the caregiver, there could be an application, for
instance, showing whether there are signs of limb
function, whether the mouth is drooping, or if there
aresignsof dizziness...It should bein plain language,
with a design that immediately shows you the values
as our NEWS score and what to do... For instance,
it might tell you to immediately call an emergency
number and so on. [Health care professional 4]

Health Care Professionals

The opportunities of DHIs for clients were classified under 6
main categories: client health records, decision support,
telemedicine, training, prescription and medication management,
and |aboratory and diagnosticsimaging management (Table 4).

JMed Internet Res 2024 | vol. 26 | €52715 | p. 7
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Harkonen et al

Table 4. Identified opportunities and requirements of digital health interventions for health care professionalsin CVD? care.

Main category and generic category Subcategory

Client health records

Longitudinal tracking of clients' health status and *  Shared EMR? for levels of care

services «  EMRintegrated CVD registry
o Indicator data collection

Manage structured clinical records «  Monitoring data transfer directly from devicesto EMR
Manage unstructured clinica records «  Capsulizing description

Routine health indicator o Health measurement kiosks

data collection and «  Electronic questionnaires

«  Systematic datacollection

management «  Targeted queries

Decision support

Prompts and aerts « Reminders
« Notifications
«  Guidelines

« Datavisualization

«  Datacombination

« EMRintegrations

«  Mobile and computer access
«  Scoring systems with alerts
« Red-timeaderts

Checklist «  Mobile and computer client applications
« EMRintegration
o  Part of patient data visualization
« Reminders

Screening « Triage
o  Treatment selection
o  Datacombining
«  Scoring tools
o Audio-visua recording and mediating
«  Movement data with wearables
«  Remote examination
«  Mobiletechnology

Telemedicine

Remote consultations «  Videoconference
«  Collaborative digital platforms
« Red-timechat
« Remotevisitsfor caregivers
»  Personal emergency response systems with client applications or remote alarm

wristbands

Remote monitoring «  Personal health monitoring device and wearable integrations
. Datatransfer to EMR and/or cloud service
« Audio-visua recording
« Alertsto health care professional
«  Automatic booking
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Main category and generic category Subcategory

Transmission of medical
data

Case management between providers

Low threshold client communication system
Caregiver client communication system
Referral requests

Need assessment requests

Appointment booking

Messaging

Health and activity data documentation
Symptom diaries

Digital care pathways and platforms

Digital care pathways

Networks

Shared calendar

Computer and mobile access
Unofficial documentation platform

Hybrid appointments
Databases
Training
Training content and reference material « Learning and training system

«  Web-based learning
o Audio-visua material

Prescription and medication management

Transmit or track prescription orders .

Laboratory and diagnosticsimaging management

Capture diagnostic .
results from digital devices

Transmit purchase data from pharmaciesto EMR

Mobile CT® scan

8CVD: cerebrovascular disease.
PEMR: electronic medical record.
°CT: computer tomography.

Client Health Records

The subcategories of requirementsfor client health recordswere
inductively formed under 4 generic categories. longitudinal
tracking of clients health status and services, managing
structured clinical records, managing unstructured clinical
records, and routine health indicator data collection and
management. Longitudinal tracking of the client’s health status
and services could be achieved by using ashared EMR onlevels
of care with an integrated CVD register and quality data
collection as described by 1 participant.

An electronic medical record with anintegrated CVD
registry, where on follow up visits, you would enter
data... [Health care professional 2]

Structured clinical records would benefit from direct health
monitoring datatransfer from devicesto EM RS, reducing manual
and duplicate documentation. Unstructured clinical records
could be managed with agreed upon capsulizing descriptions
(eg, signs of CVD) to increase the comparability between
documentation.

Routine health indicator data collection and management would
benefit from patient-reported outcomes and self-management
data (eg, lifestyle, well-being, and risk factors). The data
collection method could include public health measurement
kiosks and electronic questionnaires integrated with EMRS or

https://www.jmir.org/2024/1/e52715

delivered to smartphones. DHIs could ensure systematic data
collection from targeted client groups, and this would aso
enable health care professionals to react to needs, as described
by 1 participant.

A questionnaire that goes to certain patient group...
for instance, for the next five years, or once a year.
Also, if the users somehow report that things are not
going well, then someone would receive that
information and offer help. For example, if there has
been something like six months or a year and the
patient realizes that they are not getting better, then
that would be a dangerous moment. That would be a
good moment to offer help. [Health care professional
16]

Decision Support

The subcategories of requirements for decision support were
inductively formed under 3 generic categories. prompts and
alerts, checklists, and screening by risk or other health status.
Promptsand alerts could be provided viaan EMR user interface
on a computer or smartphone or to separate applications to
health care professionals. Prompts and alerts could support
planning, monitoring (eg, examination, CVD signs, and help
seeking), and care and rehabilitation based on evidence-based
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guidelines and protocols and CVD service information, as
described by 1 participant.

You would not have to rely on your own
self-confidence. You would get support from the
information technology. . .because sometimesit seems
that people are scared to call in...There could be a
protocol that says you need to call someone. [Health
care professional 18]

They could also be in the form of visual presentations or
combinations of monitoring dataand EMR data. Alert functions
in rea-time based on monitoring data, scoring systems,
documentation, or combinations of these could be provided to
support acute decision-making.

Checklists could be part of the user interface data visualizations
inthe EMR or separate mobile and computer client applications,
and they could support patient counseling, evaluation (eg, for
medical statements), care (eg, monitoring, examination,
consultations, laboratory- and imaging needs, care tasks) and
work shift—related duties, as described by 1 participant.

The insecurity, that have | done everything? What
could be good is that, for example in the cardiac
intensive unit, they have a featurein their own system,
sothat if you open a certain view, you get alist, where
you tick everything off. You take into account
everything that needs to be done for the patient’s
recovery... [Health care professional 24]

DHIswithtoolsfor screening could combine datafrom various
sources (eg, Kanta Services, monitoring, audiovisual, health,
and indicator data; and datafrom scoring systems) for population
or individual screening. They could be used for triage (eg,
preventive care, follow-up, immediate diagnosis, treatment, and
rehabilitation), to select between treatment or service options,
and evaluate progression. Screening features could also include
different mobile and wearable technologies to record and
mediate audio-visual and movement data for remote
examination, triaging and monitoring Ssymptom progression (eg,
aphasia or apraxia, neglect, and limb weakness) for
decision-making in acute care, and rehabilitation in CVD care,
as described by 1 participant.

Perhaps in places where a neurologist or a doctor
with a neurology specialization are not available,
then maybe some form of video imaging could be
useful for assessing symptoms and deciding on the
right treatment forms. [Health care professional 1]

Telemedicine

The subcategories of requirements for telemedicine were
inductively formed under 4 generic categories. remote
consultations, remote monitoring, transmission of medical data,
and case management between health care professionals. Remote
consultations could be used to provide various CVD-related
services synchronously to clients and caregivers such as
emergency services, follow-up appointments, rehabilitation (eg,
neurological testing and neuropsychological), counseling (eg,
coaching and adaptation training), education (eg, CVD
information and lectures) and socia work services, asexplained
by 1 participant.
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Perhaps there could be a videoconference option so
that you could see the patient and the doctor or nurse
could run the neurological tests that we do here.
Perhapsthen they could al so be followed up via video,
so there is no need to come here and wait. [Health
care professional 18]

In addition, caregiversfrom long distances could remotely visit
clients and participate in ward rounds. Remote consultations
could be in the form of videoconferencing, real-time chat
services, collaborative digital platforms for filling and
submitting administrative forms with assistance, or personal
emergency response systemswith mobile client applications or
wristbands with remote alarms.

Remote monitoring DHIs could be used to transfer data (eg, on
vital functions, blood glucose, and activity or movement) from
personal or hedth care professionals prescribed health
monitoring devices and wearables directly using integrations
with cloud services or EMR. The wearables could also be sent
for later analysis (ie, home telemetry) as a service. Remote
monitoring could also bein the form of audio-visua monitoring
combined with wearable data (eg, €l ectrocardiogram and video
monitoring of the facial area). With abnormal values, the DHI
would automatically send an aert to the health care professional
or emergency services or book an appointment for afollow-up,
as described by 1 participant.

If somebody is paralyzed, they cannot move. There
would be a device, for instance, that could send an
alarm if the patient does not move for an hour. The
patient would have given permission to usethe device
[Headlth care professional 5]

The transmission of medical data included asynchronous
messaging, referral and need assessment requests, appointment
booking, and documentation of health data and activities (eg,
self-monitoring values, symptom diaries) by the client from
different health care professionals assigned client applications,
platforms, and care pathways. The health care professional could
contact relevant client groups (eg, based on risk factors and
previous acute CVD) easily, to collect health and well-being
data, and monitor the client’s health status and progress with
the provision of information and guidance based on received
data (seethe Clients section). The possibility for alow threshold
communication system for clients and caregiversto health care
professional s was important, as described by 2 participants.

Oneidea could be a program and a connection to us.
Then the patient could ask us questions, and the
answer would come from here. There could be a
specific time reserved to defuse and answer the
questions. [Health care professional 9]

There are many kinds of CVD-patients, and some
might have communication difficulties and so on. In
such cases, the caregiver could be involved as well.
There could be a system for it, so that, if necessary,
the patient or the caregiver could send a message,
and someone could answer it... [Hedth care
professional 14]

The DHIscould enable better case management between health
care professionals by adding mutual knowledge of available
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services and about the health care professional rolesin the care
and rehabilitation of CVD. Communication between health care
professional s could be supported by computer and mobile access
platforms (eg, shared digital calendars, networks, e-mails, and
Microsoft Teams meetings). Health care professionals could
jointly monitor and communicate on client progress, with
possibilities for documenting unofficial information (eg,
thoughts and conversations with clients) and hybrid
appointments (eg, for functionality assessment), with other
health care professionals participating remotely. There is a
potential need for anational database for sharing knowledge on
DHIs (ie, rehabilitation) and a potentialy national CVD care
pathway with the interprofessional collaboration of different
health care professionals (organizations and levels of care), as
described by 1 participant.

Thereislittleinformation, that may not have updated,
on the condition of the rehabilitation patient at the
moment, so digital ways could be utilized with some
care pathways. Professionals from different units
could message better how the pathway has
progressed. [Health care professional 21]

Training
The subcategories of requirementsfor training wereinductively
formed under 1 main category: training content and reference

Harkonen et d

material. The DHIs could provide continuous education on
patient counseling via learning and training systems with
web-based learning and audio-visual material to support the
competence of health care professionals.

Prescription and Medication Management

The subcategories of requirements for prescription and
medi cation management wereinductively formed under 1 main
category: transmitting or tracking prescription orders. DHIs
could provide interoperability between pharmacy systems and
EMRs in order to track prescribed medication purchases and
provide indirect data on their consumption.

Laboratory and Diagnostics | maging Management

The subcategories of requirementsfor laboratory and diagnostics
imaging management were inductively formed under 1 main
category: capturing diagnogtic resultsfrom digital devices. DHIs
could be in the form of maobile computer tomography scans.

Data Services

The opportunities of DHIs for data services were classified
under 3 main categories. data collection, management, and use;
location mapping; and dataexchange and interoperability (Table
5).

Table5. Identified opportunities and requirements of digital health interventions for data services in cerebrovascular disease care.

Main category and generic category Subcategory

Data collection, management, and use

Data synthesis and visualizations

Automated analysis of data

L ocation mapping
Clients and households .

Data exchange and inter oper ability

Data exchange across systems

Data mining from databases and EMRa
Graphic presentations

Compressed presentations

Defined data presentation order
Preference visualizations

Speech analysis

Integration to emergency servicesline
Video analysis

Audio-visual video modification
Interpretation of CTh-scan images
Prediction from data

Data combination from databases and EMR

Wearable sensors for location tracking

Interoperability

Applications

Data exchange between governmental databases
Interoperability between Kanta Services and local databases

3EMR: electronic medical record.
beT: computer tomography.

Data Collection, Management, and Use

The subcategories of requirements for data collection,
management, and use were inductively formed under two
categories. datasynthesis and visualizations, and the automated
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analysis of data. Compressed and combined data visualizations
could be created for the planning and assessment of care and
rehabilitation with data mining from relevant databases and
from the EMR sectionsto the user interface. The visualizations
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could provide datain aspecific order (eg, chronological, clinical
specialties), or based on health care professiona preferences
(eg, recanalization therapy indicators and contraindications,
disease specificity, CVD signs, therapy evaluations) with quick
retrieval. The DHI could a so combine data (eg, medication and
vital functions) for the assessment of treatment effects, as
described by 1 participant.

The blood pressure and given medication could be
presented side by side in the same view along with
the administration route used. Then you could easily
see what has led to a certain reaction, or what has
lowered the blood pressure, what medication has been
most effective, or if some medication haslowered the
pulse too much, or whether it has been unsuitable for
the patient. [Health care professional 1]

The DHIs could provide automated analyses (eg, via machine
learning or artificial intelligence [Al]) of different data sources
to create new information to support decision-making. A DHI
could analyze the patients' speech to detect aphasia and
dysarthria via integration with an emergency service line in
acute CVD situations. The automated analysis of EKG (eg, for
arrhythmias) and CT images could increase the quality of their
interpretation. This could also combine and analyze data with
predictive recommendations for care such as recovery
prognoses, ideal rehabilitation timeframes, and risk assessments
(postthrombolysis hemorrhage and deterioration). Predictive
recommendations could also help in the treatment selection (eg,
recanalization therapy, medication, and fluid therapy), as
described by 1 participant.

Aformof support could be something where you enter
Sroke Scale scores and patient’s symptoms, and it
would also ask contraindications and all that. The
doctor would enter them there, and based on those,
it would recommend thrombolysisor not. [Health care
professional 2]

Video analysis could be used to monitor patients’ progress in
termsof CVD symptoms or rehabilitation effects. Modification
of facial audio-visual video recordings could be used in client
applications to visualize the effects of CV D signsfor the client
to increase awareness.

Location Mapping

The subcategories of requirements for location mapping were
inductively formed under 1 main category: clients and
households. DHIs could bein theform of wearable sensorsthat
could be used to track the location of missing clients.

Data Exchange and | nteroperability

The subcategories of requirements for data exchange and
interoperability wereinductively formed under 1 main category:
data exchange across systems. The DHI should enable forms
of interoperability between all health care providerson dl levels,
sectors, and districts of care, but aso between governmental
services (eg, tracking clients driving licenses and traffic
violations). Better exchange of client and health data (eg,
illnesses, recent treatments, medication, memory and cognition,
motion and functioning abilities), rehabilitation feedback, and
current caregivers' contact information would be needed to keep
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them up to date and available at relevant stages of care.
Interoperability was also found to be needed between Kanta
Services and local databases of service providers.

Discussion

Principal Findings

This study identified several opportunities for DHIs from the
primary users' perspectivesto address health system challenges
in CVD, resulting in 14 main categories, 27 generic categories,
and 126 subcategories, respectively. Theidentified opportunities
for DHIs were related to information, availability, quality,
acceptability, utilization, efficiency, and accountability of health
systems.

Theclient and health care professional perspectiveswere studied
together, with similar and complementary findings. The client
and hedth care professional primary user categories both
included opportunities and requirements for DHIs to support
communication, data sharing (eg, monitoring with wearables,
interoperability between systems, applications, and digital
devices), and decision-making (eg, checklists and symptom
checkers). Both categoriesa so included requirementsto support
the delivery of information, such as data visualization,
reminders, and aerts. These findings provide information for
the development of DHIs with functionalities that support
primary user-centered and beneficial health systems.

Comparison With Prior Work

For clients, the identified opportunities for DHIs were related
toinformation (eg, lack of quality or reliable data, lack of access
to information or data, and insufficient utilization of data and
information), quality (eg, inadequate supportive supervision),
acceptability (eg, programsthat do not addressindividual beliefs
and practices), and accountability (eg, insufficient patient
engagement). In line with the prior literature, thereis alack of
quality or reliable data from both clients and caregivers
perspectives [11,12], while client applications and digital care
pathways could improve the access to information or data [ 18]
to support self-care (eg, tracking and decision-making) from
primary to secondary prevention and beyond. However, attention
should be paid to the provision (eg, tailoring, timing,
accessibility, and multimedia) of information to address
individual health needs and practices [15,17]. The culture,
language, and literacy of clients should also be considered when
deploying DHIsin CVD care to increase acceptability [25].

Clients with CVD need access to EMRs to manage their own
health data [18]. This study elaborates that clients need to be
able to access and use information (eg, laboratory values) as
well as behavioral, health, and well-being data, along with
decision-support tools (eg, symptom checkers and checklists).
Furthermore, there is a need for self-monitoring and
documentation supporting engagement for self-management
before and after an acute CVD to reduce the occurrence [38],
recurrence [39], health care costs[7] of CVD, and resource use
[40] in health care.

In line with the previous literature, thereisalack of supportive
supervision for caregivers [11,12]. Correspondingly, client
applications and communication systems are rarely used by
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caregivers [41]. According to this study, DHIs could offer
information and communication systems to caregivers,
highlighting the need to support caregivers in digitalization.
Interestingly, the need for mutual client and caregiver DHIs
was also expressed, which could be beneficial as
psychoeducational interventions engaging both client groups
have been found to relieve the caregiver burden, and improve
the patient’s quality of life, functional independence, family
functioning, and health care service use [42], reveding avalid
areafor future research and devel opment.

For health care professionals, the identified opportunities for
DHIswererelated to information (eg, lack of quality or reliable
data, communication roadblocks), quality (eg, insufficient
continuity of care, health worker competence, poor adherence
to guidelines), efficiency (eg, inadequate workflow management,
poor planning, coordination of care), and accountability (eg,
poor accountability between the levels of the health sector).

Thereisalack of quality data, where registries and electronic
guestionnaires could be used to collect data (eg, patient-reported
outcome and self-management data), to support benchmarking
of CVD care for the monitoring and improvement of stroke
services nationally [43] and increase accountability. In addition,
health kiosks [44] could be implemented for non-tech-savvy
individuals (lack of device or digital literacy) to collect clinical
measurements for population information. Remote monitoring
(eg, wearables and integrations) of traditional and novel
measurement values (eg, oxygen saturation,
electroencephal ogram, and movement) with functions to alert
health care professionals, could improve accessto reliable health
data, increase the quality of follow-up and thus, reduce health
care use, hospitalization, and mortality [45,46].

In line with previous research [11,21], there were
communication roadblocks between clients, caregivers, and
health care professional s due to traveling distances and lack of
contact information, along with the lack of planning and
coordination of care after acute CVD [8,9]. Telemedicine (eg,
telerehabilitation, follow-up, and digital counseling) could
provide low-threshold client communication systems as well
as intersectoral and professiona collaboration platforms to
increase coordination and continuity of care. According to the
participants, digital care pathways could provide combined
systemsfor monitoring, communication, and bringing together
the relevant health care professionals for service provision in
CVD care.

The need to support competence and adherence to guidelines
along with improvements in workflow management were
identified. In line with the previous literature [47-49], the
participants in this study identified the need for digital
decision-support tools, especially in the prehospital and acute
phase of CVD to screen (triage), perform acute diagnoses, select
treatment, and monitor symptoms and conditions. Supportive
features such as information provision, instructional guidance,
and client-specific data were included in the decision-support
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tools which are associated with successful technological
interventions [50]. Despite their acceptability, there exists a
lack of evidence on the effectiveness of support systems for
clinical decision-making, warranting further research [51].

For data services, the identified opportunities were related to
information (eg, insufficient utilization use of information or
data) and efficiency (eg, poor planning and coordination, and
delayed provision of care). Poor planning and coordination were
identified in CVD care, with requirements of DHIs highlighting
the importance of interoperable EMRs and health management
information systems on all levels and sectors of health care, as
functioning health information exchange can secure the
coordination of care and improve the quality of care and health
outcomes [52,53]. In addition, traditional and novel (eg, video
and speech analysis) data sources could be used with Al,
machine learning, and data mining technologies to create
predictive data on the course and outcomes of CVD [54,55].
This could accelerate decision-making and planning for the
efficient provision of care. Asthereislimited dataontheclinical
applicability of Al solutions in CVD care, the primary user
requirements of this study could be used along with rigorous
validation research to support need-based development, as Al
has the potential to improve health outcomes [54].

Strengths and Limitations

This study has some limitations. The results may not be
transferableto al CVD care contexts, asthe clientsin this study
were patients with ischemic stroke and TIA, and health care
professionals worked mainly in the acute hospital care of these
patients. The clients were also interviewed in acute phases of
their CVD care which could affect their cognition and
perceptions. DHIs were not identified for all of the WHO
categories, and especialy not for the health system managers
primary user group. Thiscould be dueto the study not targeting
health care managers and that the interview topic guides were
not designed according to the WHO categorization. On the other
hand, the results of this study were similar to previous studies,
adding credibility. The foremost strength of this study is the
combination of the client and hedth care professional
perspectives to identify DHIs suited for primary user needs.

Conclusions

This study identified several opportunities for DHIsto address
health system challenges in CVD care. The identified
opportunities were related to information, availability, quality,
acceptability, utilization, efficiency, and accountability. DHIs
are needed to provide long-term reliable health information,
support, and communication possibilities to clients and their
caregivers. Health care professionals can benefit from DHIs
that provide access to relevant data to inform care and clinical
decision-making with the support of interdisciplinary work in
the care of CVD on all levels and sectors of health care. These
opportunities and requirements provide valuable insights into
the digital transformation and thus, the emerging use of digital
technologies for health in cerebrovascular care.
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