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Problem Direct application of digital health technologies from high-income settings to low- and middle-income countries may be
inappropriate due to challenges around data availability, implementation and regulation. Hence different approaches are needed.
Approach Within the Viet Nam ICU Translational Applications Laboratory project, since 2018 we have been developing a wearable device
forindividual patient monitoring and a clinical assessment tool to improve dengue disease management. Working closely with local staff at
the Hospital for Tropical Diseases, Ho Chi Minh City, we developed and tested a prototype of the wearable device. We obtained perspectives
on design and use of the sensor from patients. To develop the assessment tool, we used existing research data sets, mapped workflows and
clinical priorities, interviewed stakeholders and held workshops with hospital staff.

Local setting In Viet Nam, a lower middle-income country, the health-care system is in the nascent stage of implementing digital health
technologies.

Relevant changes Based on patient feedback, we are altering the design of the wearable sensor to increase comfort. We built the user
interface of the assessment tool based on the core functionalities selected by workshop attendees. The interface was subsequently tested
for usability in an iterative manner by the clinical staff members.

Lessons learnt The development and implementation of digital health technologies need an interoperable and appropriate plan for data
management including collection, sharing and integration. Engagements and implementation studies should be conceptualized and
conducted alongside the digital health technology development. The priorities of end-users, and understanding context and regulatory
landscape are crucial for success.
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Introduction

Artificial intelligence and digital health technologies are
improving clinical services, and are facilitating the decen-
tralization of health care. Within low- and middle-income
countries, opportunities for applying these innovations are
rapidly being realized for diagnostics, patient monitoring
and aiding clinical decision-making.! However, significant
barriers to implementation remain, including data sharing
and individual rights to privacy, algorithmic bias, end-
user interpretability and accountability.” To date, research
addressing these barriers has mainly been conducted in
high-income settings,’ and direct application of these find-
ings to low-and middle-income health-care settings is often
inappropriate, given significant differences in context and
resource availability.>*

Here, we share our experience in conducting multidis-
ciplinary research for the development and implementation
of digital health technologies in Viet Nam. We outline chal-
lenges encountered and describe specific findings around
real-world implementation. Our approaches and methods
are applicable to similar settings and provide insights on
design considerations from a low- and middle-income
country perspective.

Local setting

In Viet Nam, a lower middle-income country, opportunities
exist to apply artificial intelligence and digital health tech-
nologies to improve health outcomes, especially for many
infectious diseases, which exert significant burdens on the
health-care system. The Vietnamese health-care system is in
the nascent stage of implementing digital health technologies.®
For example, electronic medical records are being introduced
for routine clinical use. In contrast with high-income settings
where electronic medical records data is routinely generated,
availability of such data in our setting is limited. While infor-
mation on heterogeneity between health-care settings exists,
care pathways, strategic health system priorities, infrastructure
and capacity for individual settings remain poorly character-
ized, hampering the estimation of resources required and the
development of an implementation plan of new digital health
technologies.”*

Approach

The Viet Nam ICU Translational Applications Laboratory
(VITAL) project, funded by the Wellcome Trust, started in
2018. The project aims to reduce morbidity and mortality from

* Oxford University Clinical Research Unit, 764 Vo Van Kiet Street, District 5, Ho Chi Minh City, 72708, Viet Nam.

® Centre for Antimicrobial Optimisation, Imperial College London, England.
¢ Hospital for Tropical Diseases, Ho Chi Minh City, Viet Nam.

4 Centre for Bio Inspired Technology, Imperial College London, England.

¢ Department of Information Science, University of Otago, New Zealand.

" Department of Health of Ho Chi Minh City, Viet Nam.

Correspondence to Sophie Yacoub (email: syacoub@oucru.org).

(Submitted: 11 November 2022 — Revised version received: 16 March 2023 — Accepted: 22 March 2023 — Published online: 26 May 2023 )

Bull World Health Organ 2023;101:487-492

doi: http://dx.doi.org/10.2471/BL1.22.289423 487



Lessons from the field

Applying artificial intelligence and digital health technologies, Viet Nam

infectious diseases by using innovative
technology and clinical approaches to
improve the management of critical
care. This multidisciplinary project is a
collaboration between the Hospital for
Tropical Diseases; Oxford University
Clinical Research Unit in Ho Chi Minh
City; Imperial College London; Uni-
versity of Oxford and other partners.
The implementation site is the 550-bed
public Hospital for Tropical Diseases,
which is a referral centre for infectious
diseases for the south of Viet Nam.

As a part of the project, we have
been conducting research and imple-
mentation studies to investigate the
role and utility of novel digital health
technologies for improving the manage-
ment of dengue, a major public health
issue in Viet Nam. Our work includes
the development of a novel wearable,
and an artificial intelligence-driven
electronic clinical decision support sys-
tem, namely D-SCAPE (dengue severity
classification and prediction wearable)
and D-CAT (dengue clinical assessment
tool), respectively.

In collaboration with engineers at
Imperial College London, we developed
a wearable prototype that could optically
obtain plethysmograms. While this first
protoype did not display any data col-
lected, our aim is that future protypes
will show pulse, oxygen saturation and
trends in haematocrit levels. We tested
the prototype on 50 dengue patients ad-
mitted to the implementation hospital,
and we explored patients’ perspectives
on design and use of the sensor. We also
collected physiological data including
pulse, pulse wave and oxygen saturation,
from 250 hospitalized dengue patients
with different severity grades, using a
commercial wearable named SmartCare
(SmartCare Analytics, Oxford, England)
to develop artificial intelligence models
for dengue physiological monitoring.

The development of the assessment
tool consisted of training and testing
artificial intelligence models alongside
implementation work, which included
landscape exploration, user interface
design and stakeholder usability test-
ing. To develop the artificial intelligence
predictive algorithms, we used existing
research data sets, including pooled
data from 8000 Vietnamese patients
collected over 19 years. Concurrently,
we conducted a multistage qualitative
study to better understand existing
health-care pathways and the possible
impact of the interventions on these
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pathways. First, we mapped workflow
and clinical priorities in our setting to
characterize differences in management
between patient cohorts which could
affect deployment.” We then organized
10 in-person interviews and two work-
shops with hospital staff who directly
care for dengue patients, to explore
their perspectives towards dengue and
their needs and desired functionalities
of tools for improving disease manage-
ment. We used the information obtained
to guide the system frontend design.
Finally, we conducted 50 separate obser-
vations of 15 clinicians to evaluate the
usability of the assessment tool.

We engaged with hospital stake-
holders during the project’s conceptu-
alization phase as well as throughout
the project operation. We also actively
attended digital health technology
workshops to engage with government
authorities and policy-makers including
the Vietnamese health ministry.

Relevant changes

We are working on refining the designs
of the digital health technologies in
our project. Based on patient feedback,
we are altering the wearable sensor to
increase comfort. After the workshop
participants had selected the core
functionalities of the assessment tool,
we built the user interface, which sub-
sequently was tested for usability in an
iterative manner by the clinical staff
members.

Lessons learnt
Data

Despite the potential of using artificial
intelligence models developed from
pooled data, we found seasonality and
disease prevalence affected our model
performance.® These findings highlight
the need for continuous data collection
methods to sustain model performance
for dengue tools. As the data avail-
ability and quality issues hindered the
application of automated pipelines for
data collection, pre-processing and
sharing in our project, we emphasize
the importance of strengthening the
capacity for electronic medical records
transition and interoperability. We are
therefore facilitating the upgrade of cur-
rent hospital electronic medical records
to comply with the HL7 Fast Healthcare
Interoperability Resources, an inter-
national industry standard, which will
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facilitate health data exchange across
different systems.

Furthermore, we acknowledged
the use of large secondary data sets for
model development could introduce
hidden biases that are difficult to detect
and account for in our models.” While
patient diversity and large cohort size
from pooled data were beneficial in
providing a representative sample over
time, the narrow scope and homogenous
nature of research data can adversely
affect the downstream generalizability
and real-world performance of artificial
intelligence models.” We are therefore
continuing to refine our models using
data from our prospective ongoing
studies to validate the clinical utility and
generalizability, and to reduce biases.
Furthermore, population groups un-
derrepresented or excluded in research
data represent significant challenges
to address health inequity."’ Therefore,
continuous real-world evaluation is
needed to ensure clinical utility and
improve the performance through con-
tinuous learning.

Implementation

New digital health technologies need to
be sustainable, pragmatic, interoperable
and aligned with existing health-care
processes,'! as well as solving real-life
problems that matter to the population.
To ensure that the project fulfilled these
points, we discussed with stakehold-
ers before the implementation, and
conducted several activities through-
out the development of the digital
health technologies. Interviews with
individual health-care workers around
decision-making processes during the
development revealed insights about the
usability of the clinical decision support
systems, and the need to balance clinical
usefulness and digital complexity of the
tool. Clinicians highlighted that digital
health technologies should not signifi-
cantly alter existing pathways in terms of
data entry and patient flow.” As process
mapping revealed different patient flow
between adult and paediatric patients,
the implementation of the assessment
tool should thus have flexibility ac-
cording to the age of the patient.” Data
entry to two electronic systems (hospital
electronic medical records and the as-
sessment tool) would discourage uptake
of the new tool in clinical practice. We
therefore recommend developers of
digital health technologies to consider
strategies for system integration into
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existing electronic medical records to
maximize uptake and sustainability.
Furthermore, to increase long-term
uptake, we asked about patients’ per-
ceptions towards the wearable sensor,
and we learnt that the patients and
their relatives expressed concerns that
its use would reduce interactions with
health-care workers. Although digital
literacy and the role of technology in
many low- and middle-income country
settings are increasing at a significant
pace, better understanding of attitudes
towards digital health technologies is
needed. An implementation research ap-
proach is therefore crucial in any digital
health technology project, and should
ideally run alongside development of the
technology to better guide the iterative
development and delivery.

During the project we had difficul-
ties in recruiting local artificial intelli-
gence researchers, hence local research
capacity needs to be boosted through
collaboration with local academic
institutions, as well as investment in
higher education. Another important
and complex challenge to the viability of
many digital health technology projects
in low-resource settings is the migration
of digital practitioners to high-income
settings.

Regulation

Recent released policies focusing on
enhancing electronic medical records
interoperability, picture archiving, and
systems to support communications
between health-care bodies,” provide
an opportunity to develop digital health
technologies within our setting. These
policies facilitate the digital transfor-
mation, by increasing data availability
and interoperability between systems.
We engaged with government authori-
ties and policy-makers, including the
health ministry, early on in our project
to better understand the priorities and
infrastructure investment. We found
that policy-makers were receptive to
our experience and supported plans on
future roll-out.

Artificial intelligence-enhanced
applications in health care can only
create impact providing they exist
within a legal and regulatory framework.
Understanding these environments is
important in facilitating collaboration
and safeguarding users.* In Viet Nam,
we have found that the availability of lo-
cal guidelines supporting development
of novel digital health technologies is
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Box 1.Summary of main lessons learnt

An interoperable and appropriate plan for data management including collection, sharing

and integration is important.

Engagements and implementation studies should be conceptualized and conducted
alongside the digital health technology development.

The priorities of end-users and understanding context and regulatory landscape are crucial

for success.

Table 1. Challenges and potential solutions in applying digital health technologies,

lessons from Viet Nam

Challenges, by stage

Potential solutions

Data and development

- Limited data availability for model
development

- Ensuring representative data is
available, and model fairness

- Strengthening capacity for data collection and
ensuring system interoperability

« Multidisciplinary collaboration (clinical, data science,
information technology) for development work;

support local workforce development and retention;
and specific focus on addressing model bias

Implementation

- Difficulties to integrate digital
health technologies in existing
health-care systems

- Enhancing uptake and behaviour
change

- Addressing concerns of end-
users and bodies regarding
familiarity of using digital health
technologies in local settings

Legal and regulatory framework

- Lack of artificial intelligence
governance capability and local
expertise

- Limited experience with
intellectual property

- Varying digital ecosystem
maturity

- Co-design of interventions with focus on integration
and minimizing disruption to workflow.

- Better understanding of health-care context through
methods including process mapping and human-
centred design

- Interventions targeting digital literacy and
engagement with relevant communities. Involve
local institutions and policy-makers during public
engagement

- Initial adoption of existing guidelines while
collaborating with stakeholders to continuously re-
evaluate their relevance to local setting

« Adoption of flexible frameworks and early
engagement in intellectual property to ensure clear
understanding of rights between stakeholders

- Sharing experiences with regulatory bodies and using

research findings to inform and co-develop policies
relevant to the setting

limited. Adapting existing guidance on
artificial intelligence developed in high-
income settings can provide important
insights,'>'* although all stakeholders
involved need to be cognizant of the
relevance and direct applicability of the
guidance. Given the fast pace of digital
health technology development in Viet
Nam, it is important to have a formal,
iterative process led at the national
level, to capture local needs and develop
necessary regulations.'? At the same
time, heterogeneity between individual
health-care settings requires that suffi-
cient support and expertise are available
for local bodies (such as research ethics
committees) for evaluation of novel
digital health technologies.

The project is still ongoing, and the
next steps in our dengue work package
are to refine the design of the wearable
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sensor based on feedback from patients;
validate the artificial intelligence models
embedded in the assessment tool; and
further explore potential pathways for
regulatory submission.

The lessons learnt (Box 1) from our
project, as well as the challenges and
potential solutions in applying digital
health technologies (Table 1) in Viet
Nam could be useful for other settings in
low- and middle-income countries. We
suggest that challenges specific to low-
and middle-income countries need to be
explicitly considered, and often require
a different approach than replicating
or extrapolating the solutions from the
high-income countries. Application of
artificial intelligence and digital health
technologies requires development
of digital infrastructure, placing local
health-care workers and stakeholders
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Résumé

Utilisation de I'intelligence artificielle et des technologies numériques en matiére de santé au Viet Nam

Probléme Transposer directement des technologies numériques en
matiére de santé des pays a revenu élevé vers des pays a revenu faible et
intermédiaire peut se révéler inapproprié en raison des défis que posent
la disponibilité, la mise en ceuvre et la réglementation des données. Par
conséquent, différentes approches sont nécessaires.

Approche Dans le cadre du projet Viet Nam ICU Translational
Applications Laboratory, nous développons depuis 2018 un dispositif
portable pour le suivi individuel des patients, ainsi qu'un outil
d'évaluation clinique visant a améliorer la gestion de la dengue. En
étroite collaboration avec les équipes locales de I'Hopital des maladies
tropicales, a Ho Chi Minh Ville, nous avons mis au point et testé un
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prototype de ce dispositif portable. Nous avons ainsi pu recueillir 'avis
des patients quant a la conception et a I'utilisation du capteur. Pour
élaborer I'outil d'évaluation, nous avons employé des ensembles de
données de recherche existantes, cartographié les processus et les
priorités cliniques, interrogé les parties prenantes et organisé des ateliers
avec le personnel de I'hopital.

Environnement local Le Viet Nam est un pays a revenu faible, ou le
déploiement des technologies numériques n'en est encore qu'a ses
débuts dans le secteur des soins de santé.

Changements significatifs En nous fondant sur les avis des patients,
nous avons modifié le design du capteur portable en vue de le rendre
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plus confortable. Nous avons également imaginé l'interface utilisateur
de I'outil d'évaluation en nous inspirant des principales fonctionnalités
sélectionnées par les participants aux ateliers. Cette interface a ensuite
été testée de maniere itérative par les membres du personnel clinique
afin d'en mesurer la facilité d'utilisation.

Lecons tirées |'élaboration et la mise en ceuvre des technologies
numériques en matiere de santé requierent un plan de gestion

Lessons from the field
Applying artificial intelligence and digital health technologies, Viet Nam

des données adéquat et interopérable, notamment en termes de
collecte, de partage et d'intégration. Des études sur I'engagement et
le déploiement doivent étre conceptualisées et menées parallelement
au développement de telles technologies. Tenir compte des priorités
des utilisateurs finaux, mais aussi comprendre le contexte et le cadre
réglementaire est essentiel a la réussite de ce projet.

Pesiome

anMEHEHI/Ie NCKYCCTBEHHOr O MHTEJ1EKTA U TEeXHONOrnin LIMd)pOBOFO 3A4pPaBO0OXpaHeHunA, BbeTHam

Mpo6nema lMpamoe NpumMmeHeHKe TexXHONOrU LMGPOBOTo
3APaBOOXPaHEHNMSA, 3aMMCTBOBAHHDIX M3 OMblTa CTPaH C BbICOKMM
YPOBHEM [JOXOAa, MOXeT ObiTb HellenecoobpasHbiM B CTpaHax C
HW3KUM 1 CPEIHUM YPOBHEM 10XO/a 13-3a C/IOKHOCTEN, CBA3AHHbIX
C [IOCTYMHOCTbIO IaHHbIX, BHEAPEHWEM U PerynMpoBaHvem. [o3tomy
HEOOXOAVMbI Pa3NYHble MOAXOAb.

Mopxoa B pamkax npoekTa nabopaTopuv TPaHCAALUUOHHbIX
npunoxeHwuin Ana OUT Bo BbeTHame ¢ 2018 rofja pa3pabatbiBaeTtcs
HOCMMOE YCTPOWCTBO ANA MHAMBUAYaNbHOrO MOHUTOPUHTA
NauMeHTOB WU MHCTPYMEHT KIMHUYECKOW oueHKM ansa bonee
3pdeKkTnBHOrO BegeHna bonesHu aeHre. B TecHoM CoTpyaHWueCTse
C MeCTHbIM NepcoHanom 6ONbHULBI TPOMUYECKUX HonesHew
B . XOWWMMHeE bbifl pa3paboTaH 1M NPOTeCTMPOBAH MPOTOTUM
HOCKMMOrO ycTponcTa. OT naumeHTos Obiiv NoNyYeHbl CBefeHWA
O KOHCTPYKUMW 1 UCMONb30BaHMM JaTunKka. [na pa3paboTku
MHCTPYMeHTa OLUEHKM Bblv UCMOMb30BaHbl AOCTYNHble Habopbl
[aHHbIX MCCNeAoBaHMIA, CONOCTaBneHbl paboune Npoueccs u
KNVHWYECKe NPYOPUTETLI, ONPOLLEHBI 3aMHTEPECOBAHHbIE CTOPOHBI
1 NPOBe[eHbl CEMMHAPBI C yYacTeM NepcoHasna 6obHMULbI.

MecTHble ycnoBusa Bo BoeTHame, KOTOPbBIM OTHOCUTCA K CTPaHam
CO CpeAHEeHNM3KNM YPOBHEM OX0Aa, CUCTeMA 34PaBOOXPaHEHNA
HaXOAMTCA Ha HayanbHOW CTafWMW BHeApPEeHMA TEXHONOTUI
LMPOBOro 3APaBOOXPAHEHIA.

OcyLiecTB/ieHHble nepeMeHbl Ha 0CHOBaHMM OT3bIBOB MaLUMEHTOB
C Lenbio MOBbIWEHWA yo06CTBa UCNOMb30BaHNA Obina M3mMeHeHa
KOHCTPYKLMA HOCMMOTO aTunka. Ha OCHOBaHWM BbIOPaHHbIX
YYaCTHUKaMM CEMMHAPa OCHOBHBIX GYHKLIVOHAbHbBIX BO3MOMKHOCTEN
6bi1 pa3paboTaH NoNb30BaTENbCKUI UHTEPDENC MHCTPYMEHTa
oLeHKu. Bnocnenctsumn nHtepdelic bbin npoTecTrpoBaH Ha yaobCTBO
MCMNOSb30BaHNA UTEPATVBHBIM CMIOCOOOM COTPYAHUKAMM KITMHUKNA.
BbiBogbl [1nA pa3paboTkM 1 BHEAPEHMA TEXHONOMMIA LIdGPOBOro
3[PaBoOOXPaHeHnA HeobXoaMM GYHKUMOHANbHO COBMECTUMDII
1N COOTBETCTBYIOWMIA NAaH yNnpaBneHnsa AaHHbIMK, BKOYanA
cbop, obMeH 1 MHTerpaumio. ViccneaoBaHmna Mo BOBNEUEHWIO U
BHEPEHWIIO [OMKHbI Pa3pabaThiBaTbCA 1 MPOBOAUTLCA NMAPaNNeNbHO
C pa3paboTKol TEXHOMOTUI LMGPOBOTO 3APABOOXPAHEHNS.
MpropuTETHI KOHEUHBIX MOMb30BaTeNeN 1 NOHUMAHKE KOHTEKCTa
1 HOPMAaTUBHO-MPaBOBO 6a3bl UMEIOT pellaiolliee 3HavueHve A
JOCTVIKEHUS yCrexa.

Resumen

Aplicacion de la inteligencia artificial y las tecnologias sanitarias digitales en Vietnam

Situacion La aplicacion directa de las tecnologias sanitarias digitales
desde los entornos de ingresos altos a los paises de ingresos bajos y
medios puede resultar inadecuada debido a los problemas relacionados
con la disponibilidad de datos, la implementacion y la regulacion. Por
consiguiente, se necesitan enfoques diferentes.

Enfoque Dentro del proyecto Viet Nam ICU Translational Applications
Laboratory, se esta desarrollando desde 2018 un dispositivo ponible
para la monitorizacion individual del paciente y una herramienta
de evaluacion clinica para mejorar el manejo de la enfermedad del
dengue. En estrecha colaboracion con el personal local del Hospital
para las Enfermedades Tropicales de Ciudad Ho Chi Minh, se desarroll6
y probd un prototipo del dispositivo ponible. Se obtuvo la opinién
de los pacientes sobre el disefo y el uso del sensor. Para desarrollar
la herramienta de evaluacion, se utilizaron conjuntos de datos de
investigacion existentes, se trazaron flujos de trabajo y prioridades
clinicas, se entrevist6 a las partes interesadas y se organizaron talleres
con el personal del hospital.

Marco regional En Vietnam, un pais de ingresos medios bajos, el
sistema sanitario se encuentra en una fase incipiente de implantacion
de tecnologfas sanitarias digitales.

Cambios importantes A partir de los comentarios de los pacientes, se
ha modificado el disefio del sensor portdtil para aumentar su comodidad.
Se cre¢ la interfaz de usuario de la herramienta de evaluacion segun
las principales funciones que seleccionaron los asistentes al taller.
Posteriormente, los miembros del personal clinico comprobaron la
usabilidad de la interfaz de manera iterativa.

Lecciones aprendidas El desarrollo y la implementacién de Ia
tecnologia sanitaria digital necesitan un plan interoperable y adecuado
para la gestion de datos, que incluya la recopilacién, el intercambio y la
integracion. Los compromisosy los estudios de implementacion deben
conceptualizarse y llevarse a cabo junto con el desarrollo de la tecnologia
sanitaria digital. Las prioridades de los usuarios finales y la comprensién
del contexto y el panorama reglamentario son fundamentales para
lograr los objetivos.
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