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Summary box

 ► Continuous acute care surveillance using digital 
platforms in South Asia is feasible.

 ► Clinician-led co-development and evaluation can 
facilitate adoption of digital platforms into existing 
health systems.

 ► Information captured through the digital platform 
enables evaluation of existing patient care at facility 
and national level, facilitates participation of low-in-
come and middle-income countries in international 
research and empowers clinicians to identify priori-
ties for care improvement.

AbSTrACT
Lack of investment in low-income and middle-income 
countries (LMICs) in systems capturing continuous 
information regarding care of the acutely unwell patient 
is hindering global efforts to address inequalities, both 
at facility and national level. Furthermore, this of lack of 
data is disempowering frontline staff and those seeking to 
support them, from progressing setting-relevant research 
and quality improvement. In contrast to high-income 
country (HIC) settings, where electronic surveillance 
has boosted the capability of governments, clinicians 
and researchers to engage in service-wide healthcare 
evaluation, healthcare information in resource-limited 
settings remains almost exclusively paper based. In this 
practice paper, we describe the efforts of a collaboration 
of clinicians, administrators, researchers and healthcare 
informaticians working in South Asia, in addressing the 
inequality in access to patient information in acute care. 
Harnessing a clinician-led collaborative approach to design 
and evaluation, we have implemented a national acute 
care information platform in Sri Lanka that is tailored 
to priorities of frontline staff. Iterative adaptation has 
ensured the platform has the flexibility to integrate with 
legacy paper systems, support junior team members in 
advocating for acutely unwell patients and has made 
information captured accessible to diverse stakeholders 
to improve service delivery. The same platform is now 
empowering clinicians to participate in international 
research and drive forwards improvements in care. During 
this journey, we have also gained insights on how to 
overcome well-described barriers to implementation of 
digital information tools in LMIC. We anticipate that this 
north–south collaborative approach to addressing the 
challenges of health system implementation in acute care 
may provide learning and inspiration to other partnerships 
seeking to engage in similar work.

InTroduCTIon
Disparity in quality of care is increasingly 
recognised as important causes of excess 
mortality and morbidity in acute healthcare 
internationally. In South Asia, services essen-
tial to the management of acute conditions—
surgical, medical and critical care—are 

becoming increasingly available in the 
region, given the rising burden of non-com-
municable disease. Data from LMICs—
although limited—suggests that outcomes 
for acutely unwell patients are poorer when 
compared with high-income countries 
(HICs).1 2 Increasingly, the inability measures 
continuous information to evaluate routine 
care and empower stakeholders to identify 
priorities for improvement is acknowledged 
as an important missing link in health system 
infrastructure.3

In HICs, national evaluation of outcomes, 
benchmarking of quality indicators and 
patient experience are driving care improve-
ment and the way resources and services are 
delivered in acute care.4 In low-income and 
middle-income countries (LMICs), the lack 
of reliable facility level and national infor-
mation has hampered attempts to contin-
ually evaluate the quality of care, hindered 
implementation of quality improvement 
initiatives and disempowered clinicians from 
identifying local research priorities. There 
has been little investment in health systems 
infrastructure or training for clinicians and 
administrators seeking to evaluate care in 
LMICs5 (figure 1).3 5 6 In addition, systematic 
information pertaining to patient experience 
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Figure 1 Existing pathways and bottlenecks for information flow and proposed enhanced systems following mHealth platform 
implementation for acute and critical care.

and recovery following acute or critical illness is virtually 
non-existent in LMIC settings.7–9

While there is much in the literature to recommend 
what data should be collected,7 10 11 there is limited 
practical advice or examples on how day-to-day clinical 
information can be successfully captured, especially in 
overstretched and under-resourced LMIC settings.1 It 
is noticeable in HIC settings that healthcare providers 
and researchers have increasingly turned towards tech-
nology and digital surveillance in order to achieve the 
breadth and saturation of continuous information 
needed to improve care. The worldwide digital boom 
in accessible mobile technology and internet connec-
tivity over the last 5 years has been most pronounced in 
South Asia and regions of sub-Saharan Africa.12 Digital 
(mHealth) tools to connect remote communities, most 
notably in health promotion and primary disease preven-
tion, have been shown to have an impact on patients’ 
self-education and adherence to treatment. In contrast to 
these community settings, application of similar systems 
in acute and tertiary care in LMIC have been less well 
explored.9 13 14 Instead, disparate, paper-based systems 
persist, with patient records remaining ununified as 
patients move through the healthcare system, not only 
delaying the delivery of clinical care but also hindering 
efforts by clinicians seeking to prognosticate, bench-
mark and improve care.15 Complex routes to admission, 
heterogeneous populations, diverse patient journeys and 
the need to synthesise often high volumes of clinical and 
laboratory information from multiple sources further 
hinder efforts to apply technology in the acute setting, 
especially in LMICs.

To be effectively adopted within health systems, such 
innovations must harmonise with existing workflows, 
empower users, minimise user risk, optimise use of 
existing resources and augment evidence-based clinical 
management.4 9 12 The ability to integrate with existing 
or scaled national health information programmes is also 
essential if technologies are to be transferable with future 
traction beyond the existing infrastructure. These onerous 
requirements -often underestimated even in HIC- can 
seem insurmountable in resource-limited settings, where 
existing barriers to the adoption of such systems include 
cost, variable technology infrastructure and a perceived 
lack of value among busy clinicians.1 14 In addition, over-
burdened frontline staff are often unable to engage with 
such systems, perhaps due in part to the perceived enor-
mity of behavioural change, task shift and burden of data 
capture that is potentially required.1 14 Furthermore, 
frontline clinicians also highlight the limited opportuni-
ties available to develop the necessary skills to heuristically 
evaluate care improvements in their healthcare facility.16

In this article, we draw from our experiences on 
designing, implementing and evaluating a clinician-led 
national digital mHealth information platform in acute 
care settings in Sri Lanka. We aim to share lessons on 
how successful engagement of clinicians in develop-
ment and evaluation of the platform can help overcome 
the potential barriers to adoption described above. We 
also consider how this experience in Sri Lanka is now 
informing implementation and scaling of the platform in 
Pakistan, and how the methodology has potentially wider 
relevance for others seeking to address the information 
deficit for improving acute care in other LMICs.
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Figure 2 Cycle of implementation and co-evaluation.

Figure 3 Network for Improving Critical care Skills Training 
user interface.

SeTTIng
Nestled in South Asia, Sri Lanka has seen rapid economic, 
industrial growth and urbanisation in the last decade.17 
Sri Lanka has outperformed neighbouring countries in 
public health and social welfare with high rates of literacy 
(91%), the lowest maternal mortality and the presence of 
a robust public health network, coordinated through the 
Ministry of Health.3 The country is experiencing growth 
of commercial and services industry from a predomi-
nantly agricultural past. As in other LMICs, non-com-
municable disease burden is on the rise resulting in 
increasing demand on tertiary services, including but not 

limited to cardiovascular, surgical, obstetric, emergency 
and critical care.18

ApproACH
To address the deficits in granular information for both 
clinical care and for facility-level healthcare evaluation, 
an international not-for-profit collaborative consisting of 
clinical researchers, administrators and healthcare infor-
mation technologists constructed a clinician-led, acute 
care digital mHealth platform (Platform for Reporting 
Outcomes, Epidemiology, Clinical Trends, and Surveil-
lance). Motivated by an ambition to address the need 
for data-driven healthcare improvement that empowers 
users, the platform was developed using a cycle of imple-
mentation, co-evaluation and feedback.13 To support 
evaluation of adoption, qualitative enquiry founded in 
technology adoption frameworks were utilised to guide 
understanding of potential social and behavioural influ-
ences of the team.17

design
Working directly in partnership with the Ministry of 
Health, clinicians and administrative end users, a minimal 
data set was derived based on previous work undertaken 
by the collaboration.7 19 This minimum data was purpose-
fully narrow to enable coalesced deployment of the plat-
form across acute care facilities including critical care, 
surgical and perioperative care and acute medicine.20 
Diagnoses, procedures and comorbidities were described 
using commonly used, context-specific terminology, 
offering users words and phrases synonymous with 
existing practice. Inbuilt mapping to universally compat-
ible coding (International Statistical Classification of 
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Figure 4 Quality dashboards in the ward setting help nurses improve completeness of vital sign reporting during adoption.

Figure 5 Acute care mHealth platform adopted in an 
inpatient setting in Sri Lanka.

Diseases and Related Health Problems 10th Revision and 
Systematized Nomenclature of Medicine),21 22 facilitates 
research and increases the shareability of the information 
for future collaborative studies. Vital signs (eg, measure 
of mentation, respiratory rate, pulse, temperature, blood 
pressure), basic biochemical, haematological and micro-
biological measures were captured, with trends high-
lighting abnormal measures within the patient profile. 
Patient-reported measures of quality of life following 
discharge (EQ5D)23 were captured through the platform 
by a trained support officer using telephone follow-up.

The user interface is designed to be navigated as 
patients progress through their journey of care. For 
example, information pertaining to presentation and 
reasons for admission are visible on the clinician’s home 
screen following login, and information can be edited 
throughout the patients treatment progression. Edits are 
stored sequentially ensuring an audit trail of informa-
tion. Laboratory test and physiological observations can 
be added sequentially and are viewed in a single window, 
aiding treatment decision-making.

Offline functionality and visual alerts for connec-
tivity and data synchronisation status within the plat-
form helped minimise the challenges of intermittent 
internet connectivity and provides confirmation to users 
that information entry and upload was successful. This 
visual reassurance was an important step in building trust 
between users and the technology.

Co-designed desktop and tablet dashboards, using 
non-proprietary analytics software and a business 
analytics tool visualise trends for individual patients and 
aggregate groups tailored to reflect the user’s priorities. 
For example, automated visual alerts were applied to 

abnormal physiological measures, helping nurses and 
doctors identify potentially unwell patients. Simultane-
ously and in real time, admission, occupancy and infor-
mation regarding length of stay were made available 
to hospital management and administrators seeking to 
optimise organisational aspects of care, staffing, elective 
surgeries and critical care bed capacity. This information 
is visible through desktop and mobile devices.

Implementation
The platform was implemented at the invitation of and in 
partnership with clinical teams, hospital administration 
teams, professional bodies (eg, professional colleges) 
and ministry departments. The collaborative drew on 
methods from the disciplines of improvement and 
behavioural science (human factors) and engineering to 
help identify drivers and barriers to adoption.17 23 Facil-
itator-led focus groups were used to support early phase 
adoption alongside a traditional cycle of implementation 
and evaluation (plan, do, study, act) (figure 2).

Clinical setting champions (often senior nurses well 
placed to facilitate the behavioural change needed for 
adoption, given their central role in the daily organisa-
tion of patient care) were trained to lead implementation 
in their clinical area. They supported peer training and 
troubleshooted technical or task allocation challenges 
and challenges in the daily utilisation of the platform. A 
site coordinator made daily visits to the clinical settings 
during the initial implementation phase (2 weeks), 
liaising with the local champion and supporting the team 
with using the platforms features. Following initial imple-
mentation, day-to-day support was provided remotely via 
telephone to review progress, identify new barriers to 
sustainable use and identify processes of care where the 
platform may add value.

evAluATIon
Adoption
The platform has been successfully adopted in 56 
acute healthcare facilities (including 102 intensive 
care units) in Sri Lanka and supports the only national 
intensive care registry in South Asia (figure 3), which 
commenced in 2012 took 2 years to scale nationally. 
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Scaling of the platform across acute care was driven 
by frontline stakeholder engagement and on an invita-
tion basis. Seven sites dropped out during implementa-
tion, citing concerns regarding sharing of information. 
Recruitment remains active. Completeness of reporting 
of information is validated weekly by cross-referencing 
aggregate admission numbers and this is then reported 
through the visual dashboard and as part of a monthly 
individualised summary for each centre.

Clinician-led adoption, using locally driven cycles 
of implementation and qualitative interviews, enabled 
identification of drivers and acceptable solutions to 
key barriers; burden of data collection, integration 
into workflow and the potential for legal implications 
of transition from paper to digital documentation. 
Focus group discussion with frontline users (nurses 
and doctors) led to iterative adaptation of the platform. 
Adaptation included development of aggregate reports 
on completeness of vital sign reporting which provided 
positive reinforcement and direct feedback during the 
adoption phase (figure 4).8 24

Focus groups including nurses, doctors and allied 
healthcare professionals elicited potential barriers such 
as time taken to enter and find information at critical 
steps (admission, ward round and discharge) in patient 
care. Feedback from users led to the addition of an 
editable and auditable ‘reason for admission’ field and 
the ‘diagnosis field’ mapped to international classifica-
tion being placed in the discharge section of the user 
interface. Trends in physiological variables, common 
presentations and patient groups at high risk of adverse 
events were highlighted, facilitating treatment eval-
uation and providing objective data for ward rounds, 
empowering the nurses role in monitoring of unwell 
patients and supporting communication between team 
members.

Mobile accessibility of information has been an essen-
tial feature of the platforms usefulness in the acute-care 
setting enabling acute care teams a reliable mechanism 
to record, view and communicate information as the 
patient and the clinician move from emergency depart-
ment, ward, critical care, surgery and clinic during 
daily care (figure 5).

Features for saving information as PDF for printing 
were added in response to user feedback, to enable 
information sharing with patients and community 
services on discharge. Printing options also helped 
reduce anxiety over the perceived legal superiority of 
paper over electronic records and integrating digital 
and hand written information in paper-based medical 
records. The platform was further used to facilitate 
training and governance meetings, providing clinicians 
with accessible information to review care processes, 
such as recognition of sepsis postoperatively, and time 
from referral to intervention in acute cardiac care, and 
to direct learning regarding clinical presentation and 
diagnosis. Furthermore, nurses reported an improved 
nurse and patient relationship, giving patients a greater 

feeling of safety by having information regarding their 
care visible.

These adaptation based on user feedback reflect the 
dynamic nature of acute care workflow which necessi-
tates information to be accessible to healthcare workers 
and patients throughout their continuum of care. As 
barriers to adoption have been addressed in an itera-
tive manner, implementation in new sites in both Sri 
Lanka has become increasingly efficient with little or no 
new barriers to adoption in the clinical settings arising. 
This may suggest that the barriers and facilitators to 
adoption of technology in these settings are somewhat 
universal and the solutions potentially transferable.

utilisation
Service evaluation
The platform has assisted clinicians in the care of over 
100 000 patient episodes, from critical care admission, 
through to outcomes at 30 days following discharge.24 
The digital intensive care unit (ICU) platform has 
increased availability of variables for benchmarking 
acuity of admissions and supported the validation of 
prognostic models.11 19 20 25 The platform has also facil-
itated participation in international multisite obser-
vational studies on ventilation management.26 Prior 
studies attempting to answer similar questions in this 
setting have highlighted challenges of lack of informa-
tion, missing outcomes and small data sets. The plat-
forms ability to increase availability of routine clinical 
information, address known potential barriers to tech-
nology adoption and subsequent evaluation of clinical 
care is an important step forward in establishing health 
systems in LMICs equipped to evaluate and improve 
care.

Service delivery
Real-time aggregate information generated by the plat-
form supports a 24-hour national bed availability system 
which has assisted clinicians locate ICU beds for over 
3700 patients.11 24 27 The system has highlighted barriers 
to successful patient transfer including geographic 
distance of the available bed from the referral centre 
and clinical instability of the patient. Nurses, who are 
often early adopters of the platform report value in 
access to information on ward activity, acuity and staff 
to patient ratios, which, displayed on desktop dash-
boards have helped them overcome existing burden of 
collecting and reporting this information manually as 
part of existing monthly organisational reports.

Decision support in acute clinical care
In the acute care setting, the adapted mobile version 
of the digital platform has empowered nurses and 
doctors to adopt digital vital sign reporting (500 000 
observations) in busy ward settings.28 Adaptation of 
an early warning score has helped identify over 4800 
deteriorating ward patients by flagging patients who 
have deranged physiology on admission, for whom 
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increased frequency of vital signs monitoring may be 
beneficial.26–28

Health system research
The platform has enabled national and interna-
tional research in prognostic modelling in acute 
care (including for sepsis), the external validation of 
severity of illness models and related risk stratification 
tools.19 20 25 29 Risk stratification of surgical patients, 
incidence of postoperative complications, description 
of quality of life for patients following critical illness 
and surgery and patient experiences and satisfaction 
following critical care admission have also been eval-
uated.30 Focus group discussion with frontline users 
during implementation has engaged stakeholders in 
further care evaluation. Using the platform implemen-
tation as a lens, clinical teams are gaining insights into 
the existing processes in patients care. For example, 
in acute care wards, the dashboards visual display of 
the location of patients with abnormal vital signs is 
prompting nurses to consider reorganisation of the 
location of unwell patients within the ward to an area 
designated for closer observation or with the availa-
bility of continuous monitoring.

remaining Challenges
Perhaps, the greatest challenges remain in under-
standing the more hidden barriers that prevent 
clinicians from actively using information captured 
through such platforms to drive change. Recent liter-
ature suggests that such impediments may extend 
beyond knowledge, opportunity and resource.31 
Further exploration of healthcare worker perceptions 
in resource-limited settings is needed. Similarly, the 
disparity that exists between countries in support for 
clinicians seeking to undertake research and training 
in these domains needs to be addressed.

In addition, further work is needed to engage 
researchers, clinicians, administrators, developers 
and the public regarding security, safety and risks of 
digital information. While all acknowledge the flaws 
of existing paper systems and the negligible security 
of the information that dwells dormant in healthcare 
facilities internationally, there remains anxiety over the 
potential for misuse of digital information, especially 
in LMIC. Perhaps, empowering patients to be the gate-
keepers and equal stakeholders in their information 
and in the care it informs, as pioneered with patient-re-
ported outcomes in surgical care, offers a way forward.

Transferability
The platform is being implemented across 18 intensive 
care units in four provinces in Pakistan; the collabo-
ration has shared technology, approach to implemen-
tation and solutions to the barriers to adoption in a 
South-to-South partnership.32 While Sri Lanka has 
a predominantly centralised government-led health 
system, governance in Pakistan is devolved to regional 

organisations with a higher proportion of privately 
funded facilities. The approach to stakeholder engage-
ment, frontline stakeholder driven collaboration with 
professional bodies, ministry organisation already iden-
tified as key stakeholders in Sri Lanka, is proving effec-
tive in implementation in Pakistan.

Implementation challenges in Pakistan have so far 
been minimal compared with the original registry 
rollout in Sri Lanka. Implementation in Sri Lanka 
starting back in 2012 required installing internet and 
landlines in each ICU, whereas IT infrastructure in 
Pakistan was comparatively well developed already, 
reflecting the significant growth in internet and digital 
connectivity in the region. The user-friendly mobile 
application-based platform has been easily introduced 
without the need for extensive end-user training or 
installation of software. The registry offline function-
ality has been successful in overcoming interrupted 
internet connectivity, which remains a challenge in the 
region. Sri Lanka is in the process of developing and 
implementing a national digital health information 
system. This system is currently under pilot implemen-
tation in selected facilities. The PROTECTS platforms 
ability to harmonise with existing systems has enabled 
successful co-implementation to date and we look 
forward to collaborating on future integration (online 
supplementary file).

nexT STepS
A mixed-methods evaluation of critical care outcomes 
including measures of quality of life and patient-reported 
outcomes is underway in Sri Lanka. ‘Work is currently 
underway within the collaboration to identify priori-
ties for decision support tools incorporating prognostic 
models validated and developed from the information 
captured through the platform’.

Mobile interfaces are being developed for patient-re-
ported information giving patient greater opportunity 
to participate in the decision regarding their care and 
guiding patient-led health service improvement. The 
dashboards are providing a real-time feedback to facili-
tate setting-specific research focused on evaluating and 
improving the quality of care, antibiotic use and time to 
referral for patients with myocardial infarction.19 20 26 30

Funding is being sought to scale the platform in Paki-
stan and to partner with other LMIC in sub-Saharan 
Africa, who are keen to collaborate by employing both 
the technology and methodology described here.

ConCluSIon
Adoption of digital mHealth platforms to support acute 
care in South Asia is feasible. Such platforms can help 
close the gap in availability of continuous facility level 
and national information needed for service evaluation 
and research. A collaborative approach engaging clini-
cians, researchers and healthcare informaticians offers a 
pragmatic solution to overcoming barriers to adoption, 
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disruption to workflow and user engagement. Digital 
platforms can support evaluation of existing care at local 
and national levels and empower clinicians working in 
LMIC to participate in international research. Greater 
investment in successful methodologies for health system 
improvement will improve their penetration in LMIC 
health systems. Accessible opportunities for clinicians 
and patients in resource-limited settings to set the agenda 
for research better and directly use output from digital 
platforms are required.
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