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Abstract

Background: The Collaboration for Research, Implementation, and Training in Critical Carein Asia (CCA) isimplementing
acritical care registry to capture real-time data to facilitate service evaluation, quality improvement, and clinical studies.

Objective:  The purpose of this study is to examine stakeholder perspectives on the determinants of implementation of the
registry by examining the processes of diffusion, dissemination, and sustainability.

Methods: This study is a quaitative phenomenological inquiry using semistructured interviews with stakeholdersinvolved in
registry design, implementation, and use in 4 South Asian countries. The conceptual model of diffusion, dissemination, and
sustainability of innovations in health service delivery guided interviews and analysis. Interviews were coded using the Rapid
Identification of Themes from Audio recordings procedure and were analyzed based on the constant comparison approach.

Results: A total of 32 stakeholderswereinterviewed. Analysis of stakehol der accountsidentified 3 key themes: innovation-system
fit; influence of champions; and accessto resources and expertise. Determinants of implementation included data sharing, research
experience, system resilience, communication and networks, and relative advantage and adaptability.

Conclusions: Theimplementation of the registry has been possible due to effortsto increase the innovation-system fit, influence
of motivated champions, and the support offered by accessto resources and expertise. Thereliance onindividualsand the priorities
of other health care actors pose a risk to sustainability.

(J Med Internet Res 2023;25:e41028) doi: 10.2196/41028
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Introduction

Methods

The Lancet Global Health Commission on High-Quality Health
Systems concluded that high-quality health systems could save
over 8 million lives in low- and middle-income countries
(LMICs) each year [1]. The ability to capture and use data to
drive research and practice improvement is a core element of
any high-quality health system[2]. Robust real-timeinformation
systems and registries, as well as individuals with strong
research skills, underpin the effective use of data for learning
through service evaluation, quality improvement, and clinical
studies [1,2]. Unfortunately, the infrastructure to capture
real-time datais largely absent from health systemsin LMICs,
and this remains a substantial barrier to the improvement of
care[1,3].

The Wellcome-funded Collaboration for  Research,
Implementation, and Training in Critical Care in Asia (CCA)
is acommunity of practice seeking to address this absence by
implementing a cloud-based critical care registry distributed
through nationally owned networks in 9 Asian countries [4].
The registry has been co-designed with stakeholders using an
agile approach, whereby devel opment isdriven by user feedback
[5-7]. A core set of data is captured contemporaneously with
clinical care, enabling real-time feedback [8]. Characteristic of
modern, high-quality registries, the CCA registry isresponsive
to evolving prioritiesand hasfacilitated observational research,
pandemic surveillance, and clinical trials[9-11].

Implementing registries and health information systems to
support high-quality health systems is complex, and varied
outcomes have been reported [12,13]. Researchers have
examined determinants of registry implementation, focusing
largely on experiences in high-income settings and on
small-scale projects in LMICs driven by stakeholders from
high-income countries [14-18]. In LMICs, chalenges to
implementation have included limited local buy-in, a lack of
technical expertise, inadequate hardware, and an unstable power
supply [3,16,17]. Little research has examined how
organizational cultures, heath system priorities, and
infrastructureinfluence registry implementationin LMICs, and
thusfurther exploration iswarranted [14,19,20]. There are also
recent cals, including from the Lancet Commission on
High-Quality Health Systems and recent expert commentaries,
to study data use within health systems in diverse settings and
examine the factors influencing the scale-up of digital health
innovation in practice [1,2,18,21-23].

Drawing on interviewswith stakeholdersinvolved in the design,
implementation, and use of the CCA registry, this article
examines the determinants of implementation by examining
processes of diffusion, dissemination, and sustainability of the
registry in 4 South Asian countries.

https://www.jmir.org/2023/1/e41028

Study Design

The study team conducted a qualitative phenomenological
inquiry using semistructured interviews, drawing on the
conceptual model of diffusion, dissemination, and sustainability
of innovations in health service delivery [14]. The conceptual
model comprises 7 key domains that determine successful
diffusion, dissemination, and sustainability of innovations:
innovation attributes, adopters and adoption process,
communication and influence, inner context, outer context,
implementation and sustainability, and linkage between
components of the model [14]. This model was selected for its
halistic, real-world approach.

Innovation

Theinnovation isacritical care registry, a cloud-based mobile
and desktop data capture application used to provide real-time
dataon care activity, case mix, and outcomes. Dataare collected
by designated data collectors (DCs), who are either clinical or
nonclinical site staff or affiliated with the national registry team.
Theregistry isindependent of hospital information systemsand,
as such, represents an additional tool for sites to use for their
own priorities, including service evaluation and research. The
registry is described further in Multimedia Appendix 1 using
the Template for I ntervention Description and Replication [24].

Settings

The study was conducted in 4 countries within the CCA that
expressed interest in participating in the research: India, Nepal,
Pakistan (lower-middle-income economies), and Afghanistan
(low-income economy). Hospital beds per capita are estimated
at fewer than 200 per 100,000 for all 4 countries [25]. There
are 1.5, 2.3, and 2.8 adult critical care beds per 100,000
population in Pakistan, India, and Nepal, respectively [25]. Data
on critical care bedsare not currently availablefor Afghanistan.

Each country in the network adapts the CCA registry to their
priorities and manages it as their own national registry with
financial support from the CCA. The Pakistan Registry of
Intensive Cark (PRICE) commenced in August 2017 and now
includes 70 units [6]. The Indian Registry of IntenSive Care
(IR1S) was established in January 2019 and has 34 contributing
units [7]. The Nepal Intensive Care Registry Foundation
(NICRF) started in September 2019 and currently includes 14
units. The critical care registry was initiated in Afghanistan in
August 2020 and, at present, covers 20 units. The characteristics
of the included sites and registries are outlined in Multimedia
Appendix 1.

Participants

The stakeholdersinvited to participate in the study represented
the entire registry development team (DT) and implementation
team (IT), as well as clinical leads (CLs) and DCs from a
convenience sample of participating units (Figure 1). Data
saturation was achieved with the planned convenience sample,
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s0 no further individuals were interviewed. Stakeholder roles
and the implementation process are described in Multimedia
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Appendix 1.

Figure 1. Organogram of the Collaboration for Research, Implementation, and Training in Critical Care in Asiateam structure and stakeholders. The

stakeholder groupsinvited to participate in the study are detailed in black.
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Ethics Approval

The study was approved by the Oxford Tropical Research Ethics
Committee (reference 544-20). Participants were invited to
participate via email, informed of the study objectives and
voluntary nature of participation, and provided audio-recorded
informed verbal consent. Participant confidentiality was ensured
by not including identifying information in written notes and
storing all study materials on password-protected electronic
files. This study is reported in accordance with the Standards
for Reporting Qualitative Research (Multimedia Appendix 1)
[26].

Procedures

Interviews were conducted between June 2020 and February
2021 via web-based audio conferencing (Zoom Video
Communications Inc) by 3 trained researchers (13, TT, and VP)
in English or by a coinvestigator in the local language using a
translated interview guide. 1IJand TT have clinical experience
in critical care and were involved in the CCA registry’s
implementation and design. VP has experience conducting
qualitative research in Asia but was not involved in registry
implementation. The interview guide (Multimedia Appendix
1) was informed by the domains of the conceptual model
adapted to the characteristics of theregistry [14]. Promptswere
added throughout the study to explore emerging themes.

All interviews were audio-recorded and coded with the Rapid
| dentification of Themesfrom Audio recordings procedure[27].
Recordingswere divided into 3-minute segments, each of which
was coded using domains of the conceptual model, and
deidentified noteswere directly entered into the extraction table.
Non-English interviews were reviewed in the local language
and coded by the original interviewer together with VP, who
entered notes into the extraction table in English [28].

https://www.jmir.org/2023/1/e41028
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Data Analysis

Coded data were analyzed based on the constant comparative
approach [29]. Comparisons were drawn across different sites
and stakeholders, and attention was paid to conflicting accounts
and outliers. Trustworthiness was enhanced by the involvement
of additional team members in the analysis and refinement of
themes, including those with extensive experiencein qualitative
research (CP and AB) and those leading the CCA registry
development (RH). Debriefs between interviews and the
inclusion of researchers without involvement in registry
implementation were used to challenge existing assumptions.
Credibility was enriched by checks to ensure themes were
adequately comprehensive and by respondent checking at the
end of each interview.

Results

Overview

A total of 32 participants were interviewed (Table 1): 15
site-level staff (CLsand DCs); 8 national I T members (national
leads [NLs] and implementation coordinators); and 9 members
of the central registry IT and DT. All the individuals who were
approached agreed to participate. More mal e participants were
interviewed (62.5%), and participants' time working with the
CCA registry ranged from 2 weeks to over 2 years. Interviews
lasted between 32 and 84 (mean 51.5 min, SD 11.8) minutes.
In total, 27.5 hours of interviews were analyzed.

Figure 2 summarizes the implementation of the registry as
characterized by participants. Registries in India, Nepal, and
Pakistan were started by NL s by approaching the registry team,
whereasthe NL in Afghanistan was identified through existing
collaborations. In-country diffusion and dissemination occurred
through NLsidentifying potential CLsviaexisting collaborators,
or less frequently, clinicians would approach the registry team
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after seeing output, such as a publication. Once a CL decided
to adopt the registry, approvalswere sought and resources were
put in place prior to commencing data collection. All NLs and
IT members provided examples of how registry adoption was
either delayed or blocked dueto difficultiesin gaining approvals
from hospital management. Once collected, clinical data were
reviewed for quality and completeness using dashboards, and
some CLs used the data for management reports and research
output. Data validation and registry adaptation to site
requirements (eg, unit of measure changes) occurred daily at
the start of its use and subsequently weekly or monthly.
Participants described 1 instance of a unit abandoning the

registry.

Table 1. Characteristics of participants.

Tolppaet a

Analysis of stakeholder interviews identified 3 key themes of
implementation (Figure 3): innovation-system fit, influence of
champions, and access to resources and expertise.
Innovation-system fit refers to whether the registry is aligned
with existing ways of working and values. Influence of
champions alludes to the CLs and NLS (ie, “champions’)
ability to sufficiently influence organizations to enable
implementation. Finally, access to resources and expertise
describes how access to software, hardware, data governance
expertise, and human and financial resources was essential for
implementation. These themes were born out of 21 topics
(italicized throughout the results) raised in interviews and further
categorized as 5 determinants presented in the remaining results.

Characteristics

Participants, n (%)

Sex
Female
Male
Clinical background
Yes
No
Timeworking with the registry?
<6 months
6-12 months

>12 months

12 (37.5)
20 (62.5)

18 (56.3)
14 (43.8)

6 (18.9)
7(21.9)
19 (59.4)

3t the time of the interview.

Figure 2. Implementation of the Collaboration for Research, Implementation, and Training in Critical Carein Asiaregistry as reported by participants

(dashed lines represent less frequent processes).
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Figure 3. Topics, determinants, and themes of implementation.
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Data Sharing

The implications of sharing patient data raised concerns at
several levels within sites and made registry implementation
harder. Department heads, concerned about the potential impact
on their unit's reputation, were viewed as hindering
implementation by not granting necessary approvals. Clinical
staff expressed fears about data security, particularly regarding
mortality data, and occasionally prevented external DCs from
entering their unit. Participants indicated that senior clinicians
were concerned about data sharing because it would challenge
their position within the hospital hierarchy. A lack of
institutional policiesand experience with data sharing prompted
concerns by hospital management because they were uncertain
how data would be managed and feared the data would belong
to someone else.

Just the thought that their data iswith somebody is...
(Clinicians) are not comfortable with that. That’sthe
reason why we don’t have many registries, because
people will not share data. [NL2]

I have failed to come across a hospital whose policy
would help us in establishing the registry. This is
primarily either due to their own system being in
place and they don’'t want to share that data, or due
to the policy not existing regarding what to do with
the patients data. [CL5]

https://www.jmir.org/2023/1/e41028
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Although data sharing concerns affected the innovation-system
fit within hospitals, participants described how concerns were
successfully addressed by housing datalocally and emphasizing
registry security features through champion-led dialogue. They
also explained how the IT's data governance expertise was
leveraged to support sites establish proceduresin line with local
policies.

Resear ch Experience

Based on the experiences of NLs and I Ts, implementation was
easier, and adopters were more supported in hospitals where
individuals had research experience. A lack of institutional
research policies or guidelines and limited experience with
existing registries additionally hampered implementation
because hospital management was uncertain about registry
governance. After implementation, the generation of output was
hindered by uncertainty regarding the relevance of data for
clinicians and institutions.

There are not many registries like this. So, everyone
is not sure how this registry will be controlled, or
who will be supervising, or who will be taking
ownership of the registry. [CL3]

Our head of department of anesthesia...has taken
some training on patient safety and quality,
informatics. He helped me, because he understood
the importance of having a data set and the registry.
[NL3]
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Although a lack of research experience decreased
innovation-system fit and meant that fewer existing resources
were available to national teams to support implementation,
participants described how the registry’'s simplicity, the
influence of champions with research experience, and support
from I Ts helped overcome this problem.

System Resilience

The ability of institutions to respond and adapt to changing
circumstances (ie, the resilience of their system) helped and
hindered registry implementation. Implementation was
hampered by political instability. One participant explained
how strikes led to doctor resignations that disrupted
implementation; another related how gaining government
approval was affected by unpredictable political events (see
NL4 excerpt quote below). Saff attrition affected registry
sustainability: the loss of a CL led to a case of registry
abandonment, and the loss of DCs resulted in a pause in data
collection.

(The site) decided to withdraw from the registry
because the site director went to Australiain pursuit
of his own career and the people who took over in
that hospital were either not interested or not able to
sustain the effort. [NL1]

| booked 2 appointments with the Health Minister.
But the thing is that...he was thrown out of the
Ministry for no reason. Now | amlooking for someone
who can help us with (gaining approvals). [NL4]

Participants explained how competing priorities, such as the
COVID-19 pandemic, threatened registry sustainability because
resources were diverted, particularly if the relevance of the
registry was not appreciated by hospital management. However,
COVID-19 also served as an impetus for decision-makers to
engage in data collection, and thus, despite travel restrictions
and an increased workload, the number of registry sites
increased during the pandemic. Funding received through the
CCA wasessentia for establishing and sustaining DCs, national,
and centra teams. Networking initiatives facilitated
implementation through the sharing of learning and resources.

The registry fit better in resilient systems that can adapt to
change. According to participants, resilience was built by
creating a community of practice within the registry network,
having champions use their influence to navigate systems, and
having I Ts provide human resources.

Communication and Networks

Formal networking initiatives organized by I Tsand preexisting
professional relationships were cited as substantial enablers of
registry diffusion and dissemination. Where an existing
connection did not exist, CLs and NLs reported building
personal connections with key individuals, such as department
heads and opinion leaders, to be crucial to enable diffusion and
dissemination. CLs and DCs explained that knowing peersin
their country had successfully implemented the registry
increased their motivation. Some unitswere skeptical of external
individuals and international networks, which made diffusion
and dissemination harder.

https://www.jmir.org/2023/1/e41028
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One CL reported that the implementation of the registry was
opposed by afew senior clinicians because they did not want
a system that would increase their accountability. Motivated
CLs and NLs described how their seniority and good working
relationships facilitated implementation. CLs and DCs
emphasized how the supportive relationship with the 1Ts
facilitated implementation and promoted collaboration within
and outside of each country.

When we recruit another site in the same country, it
usually works better that the approach has been
through another clinical lead...because it's coming
from one of their colleagues. [IT1]

| wasfortunate to also get a chance to go to Bangkok
(to the CCA project kick-off meeting). That is where
my interest really picked up, that people are very
motivated and they really want things to go
somewhere. That was primarily the reason | started
pushing (the registry) here. [CL1]

Relative Advantage and Adaptability

Parti cipants viewed the ability to reinvent the registry—to adapt
it to varied contexts—to be important in helping with
implementation. The registry could be used for different
purposes, including pandemic surveillance, quality
improvement, and trials, aswell asrefined to remove or rename
variables to reflect local practice. Registry reinvention was
prioritized by the DT, which acknowledged that keeping up
with demandswas challenging but vital for implementation and
user confidence.

When we have something that the collaborators need,
| think it’s better to do it because if we stop that thing
(from being done), they will stop the data collection
and also struggle with those things. [DT2]

The simplicity of the registry was another important feature that
hel ped with implementation. CLsand DCsdescribed how it did
not require speciaist technical or medical knowledgeto operate,
and reported that registry data were more comprehensive and
simpler to access than paper records. The observable value of
the registry, in terms of publications and professional
development opportunities, further motivated champions and
encouraged new sitestojoin.

We have a responsive system, which | liketo think is
a living platform. | think it's perhaps the most
important (factor), that it's a platform, which can
adapt and evolve. [I T3]

Previoudy we didn't have any records. We would

transfer everything into the medical records

department and we would not get it back. But now

we are collecting it, we are maintaining it and | think

thiswill help usin many ways. [DC2]
Participants explained how the registry was advantageous for
government health policies and the priorities of professional
bodies. Unfortunately, engagement with them was not always
conducive. One commonly cited reason for this was that the
registry was seen as competition because it either directly
competed with an existing or planned project or undermined
the authority of the government or professional organization.
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Discussion

This study describes stakeholder perspectives on the
implementation of a critical care registry in units across 4
countries in South Asia. Examining registry implementation
highlighted 3 key themes: innovation-system fit, influence of
champions, and access to resources and expertise.
Implementation, therefore, was possible in settings where the
registry aligned with usual ways of working, where achampion
was present to promote implementation, and where those
implementing the registry had accessto expertise and technical,
human, and financial resources. These resonate with findings
from other research and expert commentaries on digital health
innovation implementation [12,13,18].

Innovation-system fit was promoted by the simple, user-friendly,
and adaptable nature of the registry, as well as its relative
advantage over previous ways of working, attributes that have
been consistently shown to increase the likelihood of
implementation [12-14]. Although the registry itself was a
relatively simpletechnical innovation, it brought with it notions
of datasharing and research that interfered with existing val ues,
thus reducing system fit. This lack of fit was exemplified by
reluctance to share data in the context of nascent institutional
data sharing and research policies. These redlities in the
implementation settings and beyond will hamper the
operationalization of registries as well as high-quality health
systems, which depend on research literacy and supportive
governance structures [1,2,18,23]. A few individuals were
skeptical about the registry, viewing it as an outside agenda,
which also reduced innovation-system fit. This is not new;
previous implementation studies have shown a lack of
ownership, user engagement, and acceptance of systems seen
to be implemented by “outsiders’ or in a top-down manner,
such as government initiatives with alarge scope and mandate
[14,16,17,30]. However, the CCA registry does not have a
centrally driven mandate for sites. Instead, it provides an
adaptable registry for stakeholders to pursue their priorities,
ensuring better innovation-system fit.

Champions, motivated to pursuetheir prioritieswith theregistry,
played a key role in addressing concerns about
innovation-system fit by encouraging well-connected clinicians
to take ownership of the registry. In fact, a champion-led
approach was essential throughout implementation because
these individuals built networks to promote dissemination,
worked to overcome bureaucratic and institutional barriers
preventing adoption, and navigated hurdles threatening
sustainability. Our study reinforces and exemplifies the
importance of local leadership and ownership and the role of
championsin enabling implementation, as highlighted by many
others[12,14,16]. However, champions are not the only actors
that influence the implementation of innovationsin health care.
Thus, a champion-led approach does not remove competing
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priorities and tensions among different groups, such as
government and professional bodies [17,31]. Without
reconciliation of these tensions, the sustainability of theregistry
isat risk, asthese groups have substantial influence on system
resilience[3].

Access to resources, expertise, and peer support through the
CCA community of practice was vital in enabling the
champion-led approach to implementing the registry.
Collaboration provided encouragement and motivation to
individuals, promoted system resilience, and supplied resources
that were otherwise unavailable to stakeholders [3]. However,
reliance on the CCA for funding and other resources raises
questions about sustainability, particularly in the face of
challenges such as political instability, staff attrition, and
pandemics[32]. Additionally, reliance on afew champions does
pose questions regarding sustainability, scalability, and
representativeness. Nonethel ess, expansion to new sites despite
the COVID-19 pandemic is areason for optimism.

Strengthsand Limitations

This study’s strengths include the use of a theory-based
analytical framework for evaluation and the inclusion of
stakeholders with varied lengths of time participating in the
registry [12]. A key limitation was the absence of nonadopters,
those who abandoned the registry, and representatives of
government and professional bodies in the interviews.
Dissenting perspectives could have provided additional insight
and represents a valuable avenue for further inquiry [31].
However, this study aimed to understand the perspectives of
those that completed implementation to understand
context-relevant determinants of implementation, which help
current stakeholders in registry implementation. The
convenience sample of sites additionally introduced bias;
however, the impact is suspected to be minimal as included
siteswere diverse in geographical location, size, and unit type.
Lastly, high-quality health systems require data not only to be
collected but also analyzed and used to inform cycles of learning
[1,2]. This aspect was not fully explored in our study, as CCA
stakeholders were focused mainly on implementation at the
time of the interviews. Registry long-term sustainability and
use of data should therefore be explored in subsequent
evauations.

Conclusions

The CCA registry has been implemented to support the
development of high-quality health systems in Asa
Implementation has been possible because the registry can be
adapted to fit the systemsin which LMIC clinicians work, and
implementation was enabled by the influence of motivated
champions, shared expertise, and accessto additional resources.
In view of reliance on individuals and competing priorities of
other health care actors, questions about sustainability remain
and will be explored further in future research.

This study was funded by the Wellcome Innovations Flagship Program Award (grant 215522/7/19/Z). The study sponsor had ho
role in study design, conduct, data interpretation, report writing, or the decision to submit for publication. We would like to give
thanksto all of our participants, who volunteered their time to take part in this study, and all stakeholdersin the Collaboration of

https://www.jmir.org/2023/1/e41028

JMed Internet Res 2023 | vol. 25 | 41028 | p. 7
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Tolppaet a

Research Implementation and Training in Critical Care in Asia, Mahidol Oxford Tropical Medicine Research Unit, Bangkok,
Thailand (CCA) for their ongoing collaboration, including the named investigators below. Please note that individual affiliations
can be found in Multimedia Appendix 1.

The members of the CCA are Ali Abbas, Santosh Acharya, Subhash Acharya, Zabihullah Adeeb, Shital Adhikari, Noorullah
Ahmadzai, Aftab Ahmed, Itefag Ahmed, Anum Akram, Tanvir Alam, Liaquat Ali, Basit Ali, Mohsin Ali, Ihtisham Ali, Syed
Muneed Ali, Basit Ali, Samad Ali, Samina Amatya, Ashley Aniyakunj, AfiaArshad, Diptesh Aryal, Ali Asghar, Udara Attanayake,
Ghulam Rahim Awab, Mirwais Azizi, Tamanna Bajracharya, Sabi Bajracharya, Premnath Balakrishnan, Naseebullah Barekzai,
Musteshan Bashir, AnitaBashya, Abi Beane, NishaBhandari, BinaBhattarai, BinitaBhattarai, Chinmayee Bhise, DishaChandel,
Usha Rani Chandramohan, Muhammad M obin Chaudhary, Sujata Chauhan, Kamran Cheema, Saradha Chirravuri, Sri Darshana,
Rita Das, Jeeya Deuja, Sabina Dhakal, Krisha Dheke, Arjen M Dondorp, Layoni Dullewe, Nilmini Dullewe, Ahmed Farooq,
Basanta Gauli, Sangita GC, Babita Ghimire, Hashim Ghouri, Kaumali Gimhani, Adnan Gul, Sneha Gupta, Kalpana Gurung,
Saeeda Haider, Fakhir Raza Haidri, Rashan Haniffa, Imran ul Hag, Madiha Hashmi, Muhammad Hayat, Asilah Hedayat, Fivzia
Herekar, |gba Hussain, Muhammad 1brahim, Mohammad Imran, Pramodya | shani, Augustian James, | ssrah Jawad, Devachandran
Jayakumar, Arther John, Roshni Kafle, Asmita Kaini, Kavita Kamineni, Muhammad Kamran, Revathi Kandeepan, Rakshya
Karki, Bipin Karki, Roshni Karki, Bini Kayastha, Srijana Kayastha, Shirish KC, Kahita Khadka, Osama Khalid, Faizan Khan,
Rashid Nasim Khan, Shereen Khan, Farman Ali Khan, Amir Khan, Farhan Khan, Ahmed Khan, Quratul Ain Khan, FasihaKhan,
Sushil Khanal, Kishor Khanal, Saleh Khaskheli, Zafar Igbal Khatak, Amin Khawaja, Muhammad Nasir Khoso, Aneela Altaf
Kidwai, ChamiraKodippily, Zakia Kohistani, Sabin Koirala, Kanchan Koirala, Kasi Chinni Krishna, Bharath Kumar Krishnarao,
Nikita Kulaye, Atul Kulkarni, Vinod Kumar, Ashok Kumar, Mukesh Kumar, Sanjay Lakhey, Rakesh Lakshmappa, Angela
Lamichhane, Alina Lamichhane, Karthik Shivani Lokeshappa, SubekshyalL uitel, Crystal Maharjan, Manisha M aharjan, Radhika
Maharjan, Sachita Maharjan, Radhika Maharjan, Subina Maharjan Yashu, Bimala Make, Sharmila Mali, Irfan Malik, Pragjina
Malla, Kishore Mangal, Shahryar Magsood, Suresh Babu Masilamani, Meghena Mathew, Magsood Meher, Kashif Memon,
Zubair Mohamed, Meharnegar Hagyar Mohammadi, Nadeem Muneer, Sadia Ghulam Mustafa, Himasha Muvindi, Mazhar Ali
Nagvi, Mohammad Naveed, Omar Nazeer, Rehan Niazi, Sajjad Orakzai, Hem Raj Paneru, Vrindha Pari, Shreya Pathak, Srigti
Patodia, Rajyabardhan Pattnaik, Pratibha Paudel, Anna Paul, Christopher Pell, Swastika Phuyal, Arati Phuyal, Luigi Pisani,
Asmita Pokhrel, Merina Pradhan, Krishna Priya, Dilanthi Priyadarshani, Disna Pujika, Mathew Pulicken, Suamira Qabulio,
Ahmad Seyar Quraishi, Ebenezer Rabindrarajan, Arslan Rahatullah, Namrata Rai, Lalit Rajbanshi, Pujan Rajbhandary, Pratheema
Ramachandran, Nagarajan Ramakrishnan, Lakshmi Ranganathan, Ahmed Ranjha, Thalha Rashan, Aasiyah Rashan, Sumayyah
Rashan, Darshana Rathod, Ali Raza, Ashim Regmi, Yasir Rehman, Attaur Rehman, Fawadur Rehman, Sairah Sadaf, Guldad
Khan Safi, Dawood Safi, Hamid Safi, Nawal Salahuddin, Jodat Saleem, Thirumalai Sambath, Nayyara Sameen, Ajith Samy,
Kasturi Sanyal, Raymond Savio, Jaganathan Selvanayagam, Minal Shah Naseem Ali Shah, Imtiaz Ali Shah, Jhonsan Shahzad,
Mohiuddin Shaikh, Faheem Shaikh, Roshni Shakya, Asia Shamal, Maryam Shama Ghalib, Saraswoti Sharma, Muhammad
Sheharyar, Ilyas Shehzad, Ahmad Zekria Sherzai, Madhu Shree, Raju Shrestha, Rajani Shrestha, Sabita Shrestha, ShubhaKalyan
Shrestha, Sheela Shrestha, Pramesh Shrestha, Namrata Shrestha, Anjana Shrivastava, Urvi Shukla, Huda Siddiqui, Pratima Sigdel,
Rana Imran Sikandar, Kabita Sitoula, Anusha Subedi, Sarita Tamang, Arshad Tagi, Moazzam Tarar, Akash Thakrani, Anand
Thakur, Kaveri Thapa, Mandira Thapa, Roshni Thapa, Bharath Kumar Tirupakuzhi Vijayaraghavan, Pradip Tiwari, Timo Tolppa,
Swagata Tripathy, Ishara Udayanga, Syed Hidayat Ullah, Balgji Venkatachalam, Ramesh Venkataraman, Deepak Vijayan,
Ehtisham Waheed, Nanu Waiba, Renu Younjan, Muhammad Ashraf Zia, and Ahmed Zia.

Data Availability

The interview guide for this study is provided in Multimedia Appendix 1. Interview recordings will not be available in order to
protect participant confidentiality. All deidentified participant quotes supporting the results of this study will be made available
on request to the corresponding author. For the purpose of Open Access, we have applied a CC-BY public copyright license to
any Author Accepted Manuscript version arising from this submission.

Authors Contributions

AB, AMD, RH, 13, and TT conceptualized the study. AB, RH, 1J, VP, CP, and TT developed the methodology. VP and TT verified
the overall reproducibility of the results, and conducted management activitiesto annotate, scrub and maintain research data. AB,
VP, CP, and TT applied formal techniques to analyze study data. 1J, VP, CP, and TT conducted the research and investigation
processes. AB and RH provided the study resources, and took managerial responsibility for the research activity planning and
execution. TT wrotetheinitial draft and created the visualizations for the work. DA, AB, AMD, RH, MH, MSG, ST, and BKTV
provided supervisory oversight for the research activity planning and execution. AB, AMD, and RH acquired the financial support
for the study. All authors critically revised the manuscript. All authors had full access to all the data in the study and took final
responsibility for the decision to submit it for publication. VP and TT accessed and verified the underlying data and took
responsibility for the integrity of the data and the accuracy of the data analysis.

https://www.jmir.org/2023/1/e41028 JMed Internet Res 2023 | vol. 25 | e41028 | p. 8
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Tolppaet a

Conflictsof Interest

AB has received a salary from Wellcome. RH has received grants from Wellcome, Canadian Institutes of Health Research, UK
Research and Innovation/Medical Research Council and International COVID-19 Data Alliance. CP has received a part-time
salary from the Wellcome Trust.

Multimedia Appendix 1

Supplementary information and tables.
[PDF File (Adobe PDF File), 174 KB-Multimedia Appendix 1]

References

1. Kruk ME, Gage AD, Arsenault C, Jordan K, LedieHH, Roder-DeWan S, et al. High-quality health systemsin the sustainable
development goals era: time for arevolution. Lancet Glob Health 2018;6(11):e1196-e1252 [FREE Full text] [doi:
10.1016/S2214-109X(18)30386-3] [Medline: 30196093]

2. Patt JE, Ra M, Wienroth M. An analysis of the learning health system in its first decade in practice: scoping review. J
Med Internet Res 2020;22(3):€17026 [FREE Full text] [doi: 10.2196/17026] [Medline: 32191214]

3. EnglishM, Irimu G, Agweyu A, GatharaD, OliwaJ, Ayieko P, et al. Building |earning health systemsto accelerate research
and improve outcomes of clinical care in low- and middle-income countries. PLoS Med 2016;13(4):€1001991 [ FREE Full
text] [doi: 10.1371/journal.pmed.1001991] [Medline: 27070913]

4. CRIT CARE ASIA. Establishing acritical care network in Asiato improve care for criticaly ill patientsin low- and
middle-income countries. Crit Care 2020;24(1):608 [FREE Full text] [doi: 10.1186/s13054-020-03321-7] [Medline:
33059761]

5.  Beck K, Beedle M, van Bennekum A, Cockburn A, Cunningham W, Fowler M, et al. Manifesto for Agile Software
Development. 2001. URL: https://agilemanifesto.org/ [accessed 2022-11-25]

6. Hashmi M, BeaneA, Tagi A, Memon M1, Athapattu P, Khan Z, et al. Pakistan Registry of Intensive Care (PRICE): expanding
alower middle-income, clinician-designed critical care registry in South Asia. JIntensive Care Soc 2019;20(3):190-195
[EREE Full text] [doi: 10.1177/1751143718814126] [Medline: 31447910]

7.  Adhikari NKJ, Arali R, Attanayake U, Balasundaram S, Beane A, Chakravarthy V, et a. Implementing an intensive care
registry in India: preliminary results of the case-mix program and an opportunity for quality improvement and research.
Wellcome Open Res 2020;5:182 [FREE Full text] [doi: 10.12688/wellcomeopenres.16152.2] [Medline: 33195819]

8.  Collaboration for Research, Implementation and Training in Critical Care - Asialnvestigators, Pisani L, Rashan T, Shamal
M, Ghose A, Kumar Tirupakuzhi Vijayaraghavan B, et a. Performance evaluation of a multinational data platform for
critical carein Asia. Wellcome Open Res 2021;6:251 [FREE Full text] [doi: 10.12688/wellcomeopenres.17122.1] [Medline:
35141427]

9. CRIT Care Asia, Hashmi M, Beane A, Murthy S, Dondorp AM, HaniffaR. Leveraging a cloud-based critical careregistry
for COVID-19 pandemic surveillance and research in low- and middle-income countries. IMIR Public Health Surveill
2020;6(4):€21939 [EREE Full text] [doi: 10.2196/21939] [Medline: 33147162]

10. Aryal D, Beane A, Dondorp AM, Green C, HaniffaR, Hashmi M, et al. Operationalisation of the randomized embedded
multifactorial adaptive platform for COVID-19 trialsin alow and lower-middleincome critical carelearning health system.
Wellcome Open Res 2021;6:14 [FREE Full text] [doi: 10.12688/wellcomeopenres.16486.1] [Medline: 33604455]

11. Litton E, Guidet B, de Lange D. National registries: lessons learnt from quality improvement initiatives in intensive care.
J Crit Care 2020;60:311-318. [doi: 10.1016/j.jcrc.2020.08.012] [Medline: 32977140Q]

12. SligoJ, Gauld R, Roberts V, VillaL. A literature review for large-scale health information system project planning,
implementation and evaluation. Int JMed Inform 2017;97:86-97. [doi: 10.1016/j.ijmedinf.2016.09.007] [Medline: 27919399]

13. Cresswell K, Sheikh A. Organizational issues in the implementation and adoption of health information technology
innovations: an interpretative review. Int JMed Inform 2013;82(5):€73-e86. [doi: 10.1016/j.ijmedinf.2012.10.007] [Medline:
23146626]

14. Greenhagh T, Robert G, Bate P, Kyriakidou O, Macfarlane F, Peacock R. How to spread good ideas: a systematic review
of the literature on diffusion, dissemination and sustainability of innovationsin health service delivery and organisation.
National Co-ordinating Centre for NHS Service Delivery and Organisation. 2004. URL: https://www.cs.kent.ac.uk/people/
staff/saf/share/great-missenden/reference-papers/Overviews/NHS lit-review.pdf [accessed 2022-12-19]

15. Fottorp SA, Oxman AD, Krause J, MusilaNR, Wensing M, Godycki-Cwirko M, et a. A checklist for identifying
determinants of practice: asystematic review and synthesis of frameworks and taxonomies of factorsthat prevent or enable
improvements in healthcare professional practice. Implement Sci 2013;8(1):35 [FREE Full text] [doi:
10.1186/1748-5908-8-35] [Medline: 23522377]

16. Fraser HS, Blaya J. Implementing medical information systemsin developing countries, what works and what doesn't?
AMIA Annu Symp Proc 2010;2010:232-236 [FREE Full text] [Medline: 21346975]

https://www.jmir.org/2023/1/e41028 JMed Internet Res 2023 | vol. 25 | e41028 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v25i1e41028_app1.pdf&filename=70213186a862fb40c7509e54cb405c12.pdf
https://jmir.org/api/download?alt_name=jmir_v25i1e41028_app1.pdf&filename=70213186a862fb40c7509e54cb405c12.pdf
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(18)30386-3
http://dx.doi.org/10.1016/S2214-109X(18)30386-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30196093&dopt=Abstract
https://www.jmir.org/2020/3/e17026/
http://dx.doi.org/10.2196/17026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191214&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1001991
https://dx.plos.org/10.1371/journal.pmed.1001991
http://dx.doi.org/10.1371/journal.pmed.1001991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27070913&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-03321-7
http://dx.doi.org/10.1186/s13054-020-03321-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33059761&dopt=Abstract
https://agilemanifesto.org/
http://europepmc.org/abstract/MED/31447910
http://dx.doi.org/10.1177/1751143718814126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31447910&dopt=Abstract
http://europepmc.org/abstract/MED/33195819
http://dx.doi.org/10.12688/wellcomeopenres.16152.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33195819&dopt=Abstract
http://europepmc.org/abstract/MED/35141427
http://dx.doi.org/10.12688/wellcomeopenres.17122.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35141427&dopt=Abstract
https://publichealth.jmir.org/2020/4/e21939/
http://dx.doi.org/10.2196/21939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33147162&dopt=Abstract
http://europepmc.org/abstract/MED/33604455
http://dx.doi.org/10.12688/wellcomeopenres.16486.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33604455&dopt=Abstract
http://dx.doi.org/10.1016/j.jcrc.2020.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32977140&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2016.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919399&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2012.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23146626&dopt=Abstract
https://www.cs.kent.ac.uk/people/staff/saf/share/great-missenden/reference-papers/Overviews/NHS-lit-review.pdf
https://www.cs.kent.ac.uk/people/staff/saf/share/great-missenden/reference-papers/Overviews/NHS-lit-review.pdf
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-8-35
http://dx.doi.org/10.1186/1748-5908-8-35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23522377&dopt=Abstract
http://europepmc.org/abstract/MED/21346975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21346975&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Tolppaet a

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

MuingaN, Magare S, Monda J, Kamau O, Houston S, Fraser H, et al. Implementing an open source el ectronic health record
system in Kenyan health care facilities: case study. IMIR Med Inform 2018;6(2):€22 [FREE Full text] [doi:
10.2196/medinform.8403] [Medline: 29669709]

Schlieter H, Marsch LA, Whitehouse D, Otto L, Londral AR, Teepe GW, et al. Scale-up of digital innovationsin health
care: expert commentary on enablers and barriers. JMed Internet Res 2022;24(3):e24582 [EREE Full text] [doi:
10.2196/24582] [Medline: 35275065]

Fulop N, Robert G. Context for Successful Quality Improvement. London: The Health Foundation; 2015:9783709115015.
Dixon-Woods M. Perspectives on Context: The Problem of Context in Quality Improvement. London: The Health Foundation;
2014.

Yapa HM, Bérnighausen T. Implementation science in resource-poor countries and communities. Implement Sci
2018;13(1):154 [FREE Full text] [doi: 10.1186/s13012-018-0847-1] [Medline: 30587195]

Chu KM, Weiser TG. Real-world implementation challenges in low-resource settings. Lancet Glob Health
2021;9(10):e1341-e1342 [FREE Full text] [doi: 10.1016/S2214-109X(21)00310-7] [Medline: 34418381]

Fagherazzi G, Goetzinger C, Rashid MA, Aguayo GA, Huiart L. Digital health strategies to fight COVID-19 worldwide:
challenges, recommendations, and a call for papers. JMed Internet Res 2020;22(6):€19284 [FREE Full text] [doi:
10.2196/19284] [Medline: 32501804]

Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. BMJ 2014;348:91687 [FREE Full text] [Medline:
24609605]

Phua J, Farug MO, Kulkarni AP, Redjeki IS, Detleuxay K, Mendsaikhan N, Asian Analysis of Bed Capacity in Critical
Care (ABC) Study Investigators, the Asian Critical Care Clinical Trials Group. Critical care bed capacity in Asian countries
and regions. Crit Care Med 2020;48(5):654-662. [doi: 10.1097/CCM .0000000000004222] [Medline: 31923030]

OBrien BC, Harris 1B, Beckman TJ, Reed DA, Cook DA. Standards for reporting qualitative research: a synthesis of
recommendations. Acad Med 2014;89(9):1245-1251 [FREE Full text] [doi: 10.1097/ACM.0000000000000388] [Medline:
24979285]

Neal JW, Neal ZP, VanDyke E, Kornbluh M. Expediting the analysis of qualitative datain evaluation: a procedure for the
Rapid Identification of Themes from Audio recordings (RITA). Am JEval 2014;36(1):118-132. [doi:
10.1177/1098214014536601]

Baumgartner 1. Handling interpretation and representation in multilingual research: a meta-study of pragmatic issues
resulting from the use of multiplelanguagesin aqualitative information systemsresearch work. Qual Rep 2012;17(42):1-21
[FREE Full text] [doi: 10.46743/2160-3715/2012.1717)

Glaser BG. The constant comparative method of qualitative analysis. Soc Probl 1965;12(4):436-445. [doi: 10.2307/798843]
Gladwin J, Dixon RA, Wilson TD. Rejection of an innovation: health information management training materials in east
Africa. Health Policy Plan 2002;17(4):354-361. [doi: 10.1093/heapol/17.4.354] [Medline: 12424207]

Greenhalgh T, Stramer K, Bratan T, Byrne E, Russell J, Potts HW. Adoption and non-adoption of a shared electronic
summary record in England: a mixed-method case study. BMJ 2010;340:¢3111. [doi: 10.1136/bmj.c3111] [Medline:
20554687)

Surana S, Patra R, Nedevschi S, Brewer E. Deploying arural wireless telemedicine system: experiences in sustainability.
Computer 2008;41(6):48-56. [doi: 10.1109/mc.2008.184]

Abbreviations

CCA: Coallaboration for Research, Implementation, and Training in Critical Carein Asia
CL: clinical lead

DC: data collector

DT: development team

IRIS: Indian Registry of Intensive Care

IT: implementation team

LMIC: low- and middle-income country

NICRF: Nepal Intensive Care Registry Foundation

NL: national lead

PRICE: Pekistan Registry of Intensive Care

https://www.jmir.org/2023/1/e41028 JMed Internet Res 2023 | vol. 25 | e41028 | p. 10

(page number not for citation purposes)


http://medinform.jmir.org/2018/2/e22/
http://dx.doi.org/10.2196/medinform.8403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29669709&dopt=Abstract
https://www.jmir.org/2022/3/e24582/
http://dx.doi.org/10.2196/24582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35275065&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-018-0847-1
http://dx.doi.org/10.1186/s13012-018-0847-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30587195&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(21)00310-7
http://dx.doi.org/10.1016/S2214-109X(21)00310-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34418381&dopt=Abstract
https://www.jmir.org/2020/6/e19284/
http://dx.doi.org/10.2196/19284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501804&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=24609605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609605&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0000000000004222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31923030&dopt=Abstract
https://journals.lww.com/academicmedicine/Fulltext/2014/09000/Standards_for_Reporting_Qualitative_Research__A.21.aspx
http://dx.doi.org/10.1097/ACM.0000000000000388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24979285&dopt=Abstract
http://dx.doi.org/10.1177/1098214014536601
https://nsuworks.nova.edu/cgi/viewcontent.cgi?article=1717&context=tqr
http://dx.doi.org/10.46743/2160-3715/2012.1717
http://dx.doi.org/10.2307/798843
http://dx.doi.org/10.1093/heapol/17.4.354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12424207&dopt=Abstract
http://dx.doi.org/10.1136/bmj.c3111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20554687&dopt=Abstract
http://dx.doi.org/10.1109/mc.2008.184
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Tolppaet a

Edited by R Kukafka; submitted 14.07.22; peer-reviewed by N Adhikari, M English, N Adhikari; commentsto author 04.10.22; revised
version received 25.11.22; accepted 14.12.22; published 06.03.23

Please cite as:

Tolppa T, Pari V, Pell C, Aryal D, Hashmi M, Shamal Ghalib M, Jawad |, Tripathy S Tirupakuzhi Vijayaraghavan BK, Beane A,
Dondorp AM, Haniffa R, Collaboration of Research Implementation & Training in Critical Care in Asia Investigators
Determinants of Implementation of a Critical Care Registry in Asia: Lessons From a Qualitative Sudy

J Med Internet Res 2023;25:e41028

URL: https.//wwww.jmir.org/2023/1/e41028

doi: 10.2196/41028

PMID:

©Timo Tolppa, Vrindha Pari, Christopher Pell, Diptesh Aryal, Madiha Hashmi, Maryam Shamal Ghalib, Issrah Jawad, Swagata
Tripathy, Bharath Kumar Tirupakuzhi Vijayaraghavan, Abi Beane, Arjen M Dondorp, Rashan Haniffa, Collaboration of Research
Implementation & Trainingin Critical Carein Asialnvestigators. Originally published in the Journal of Medical Internet Research
(https://mww.jmir.org), 06.03.2023. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and license
information must be included.

https://www.jmir.org/2023/1/e41028 JMed Internet Res 2023 | vol. 25 | e41028 | p. 11
(page number not for citation purposes)

RenderX


https://www.jmir.org/2023/1/e41028
http://dx.doi.org/10.2196/41028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

