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ABSTRACT 

	Aims: To evaluate the implementation status, utilisation gaps, and integration challenges of key health information technology platforms at the National Hospital of Sri Lanka, and to identify priority issues and propose evidence-informed strategies to improve system integration and hospital-wide adoption.
Study design: Descriptive institutional study with a qualitative dominant mixed-methods approach.
Place and Duration of Study: National Hospital of Sri Lanka, Colombo, between May 2024 and October 2024.
Methodology: Data were collected using multiple methods, including semi-structured key informant interviews, staff discussions, field observations, and document review. Participants included consultants in health informatics, medical officers, radiology and laboratory staff, and frontline healthcare workers. A consensus-based prioritisation process using the Nominal Group Technique was applied to identify the most critical implementation issue. Root cause analysis was conducted using a fishbone framework. Qualitative data were analysed using thematic analysis with triangulation across data sources.
Results: The assessment revealed uneven implementation of digital platforms across the hospital. The hospital health information management system was partially implemented, mainly in outpatient and emergency settings, while inpatient utilisation remained minimal. The picture archiving and communication system was fully operational and widely used, demonstrating high acceptance and improved access to imaging. A hospital-wide laboratory information management system was absent. Six major implementation gaps were identified, with fragmented and inconsistent system utilisation ranked as the most critical issue. Root cause analysis identified contributing factors across people, process, environment, technology, and policy domains, including inadequate infrastructure, limited training, lack of standardised workflows, poor interoperability, and delays in administrative and funding processes.
Conclusion: Despite the presence of multiple digital platforms, their fragmented and inconsistent utilisation limits the effectiveness of the hospital’s digital health ecosystem. Addressing these challenges requires coordinated implementation, strengthened infrastructure, improved interoperability, and sustained capacity building to achieve effective and sustainable digital transformation.
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1. INTRODUCTION 

Health information technology has become a fundamental component of modern hospital management and clinical care. In large tertiary care institutions, digital platforms such as hospital health information management systems, picture archiving and communication systems (PACS), and laboratory information management systems (LIMS) can improve the efficiency, continuity, quality, and safety of patient care by streamlining workflows, reducing duplication, supporting timely access to information, and strengthening managerial decision-making (Alolayyan et al., 2020). These systems are particularly important in high-volume hospitals, where fragmented documentation and delayed information transfer can adversely affect both clinical and administrative performance (World Health Organization, 2019).
The National Hospital of Sri Lanka (NHSL), Colombo, is the country’s largest tertiary care hospital and the national referral centre under the Ministry of Health. It accommodates more than 3,400 beds across multiple specialised units and manages a very high patient load, including more than one million outpatient visits annually (The National Hospital of Sri Lanka, 2023). As a major treatment institution and training centre, NHSL requires robust and well-integrated digital information systems to support service delivery, continuity of care, diagnostic efficiency, and hospital management (Medical Statistics Unit Ministry of Health, 2021).
Several important digital platforms have already been introduced at NHSL. The Hospital Health Information Management System (HHIMS) has been operational in selected areas such as the Accident and Emergency Unit, the outpatient department, and some clinics. It supports patient registration through the Personal Health Number and provides selected digital clinical functions, including electronic prescribing in some settings (Information and Communication Technology Agency of Sri Lanka, 2024). However, its wider rollout across inpatient and diagnostic units has been limited by server constraints and inadequate hardware.
The PACS represents one of the hospital’s most successful digital implementations. Introduced in March 2022, it is fully functional in radiology-related services and allows clinicians to order and view radiological investigations, including X-rays, computed tomography scans, magnetic resonance imaging, and mammography (The Sunday Times, 2019). The system is integrated with HHIMS and has substantially reduced dependence on physical imaging films while improving access to diagnostic information (Redtone MEX, 2025). By contrast, NHSL still lacks a hospital-wide LIMS. A limited internal laboratory system is used in some units, but it is not standardised, scalable, or interoperable with the other major digital platforms. A preliminary assessment by the health informatics team has already identified the infrastructure and financial requirements for a comprehensive LIMS implementation, but progress remains dependent on funding approval (The National Hospital of Sri Lanka, 2024).
Despite these advances, the overall implementation of digital health platforms at NHSL remains fragmented. Different units use different combinations of paper-based and digital workflows, interoperability between systems is only partial, and utilisation is inconsistent across departments. The lack of a fully integrated digital environment reduces efficiency, creates duplication, delays information flow, and limits the hospital’s ability to fully realise the benefits of digital transformation (Kruse et al., 2016; Sheikh et al., 2015). These gaps are especially important in a large tertiary hospital, where disconnected systems can affect not only routine administration but also patient safety, continuity of care, diagnostic turnaround time, and institutional planning.
A systematic evaluation of implementation status, operational gaps, and integration barriers is therefore necessary to inform institutional planning and guide practical improvement. The present study was undertaken to assess the implementation of key health information technology platforms at NHSL, with particular focus on HHIMS, PACS, and LIMS, and to identify the major barriers to their effective and coordinated use across the hospital. The specific objective of the study was to evaluate the current implementation status, gaps, and integration challenges of these systems and to generate evidence-informed recommendations for improving their effectiveness and hospital-wide adoption.

2. material and methods

2.1 Study design and setting  
A descriptive institutional study with a qualitative dominant mixed-methods approach was conducted to evaluate the implementation status, utilisation gaps, and integration challenges of hospital information technology platforms at the National Hospital of Sri Lanka (NHSL), Colombo.
NHSL is the largest tertiary care hospital in Sri Lanka, functioning as the apex referral centre under the Ministry of Health. The hospital accommodates over 3,000 inpatient beds and provides a wide range of specialised services, including emergency care, outpatient services, radiology, laboratory services, and subspecialty clinical units. Given its scale and complexity, NHSL represents an appropriate setting for evaluating digital health system implementation in a high-volume tertiary care environment. 
2.2 Study period
The study was conducted over a period of approximately six months, from May 2024 to October 2024, during a structured institutional training placement in medical administration.
2.3 Study scope and systems assessed
The study focused on three major health information technology platforms currently implemented or planned at NHSL:
· Hospital Health Information Management System (HHIMS)
· Picture Archiving and Communication System (PACS)
· Laboratory Information Management System (LIMS)
These systems were selected due to their central role in clinical workflows, diagnostic services, and hospital information management.
2.4 Study population and participants
A purposive sampling approach was used to select participants with direct involvement in the implementation, management, or utilisation of the selected digital platforms.
Participants included:
· Consultants in health informatics 
· Medical officers involved in planning and quality improvement
· Consultant radiologists and radiographers
· Medical laboratory technologists
· Medical officers, nursing officers and frontline clinical staff from selected units
In addition, informal discussions were conducted with a broader group of healthcare workers to capture user-level experiences and operational challenges.
2.5 Data collection methods
Data were collected using multiple complementary methods to ensure triangulation and improve the validity of findings.
2.5.1 Key informant interviews
Semi-structured interviews were conducted with selected key informants. An interview guide was used to explore:
· System functionality and utilisation 
· Perceived benefits and limitations 
· Implementation challenges 
· Integration between systems 
Interviews were conducted in person and key points were recorded and summarised for analysis.
2.5.2 Staff discussions
Informal and structured discussions were held with clinical and non-clinical staff working in:
· Accident and Emergency Unit 
· Outpatient Department 
· Clinic settings 
· Inpatient wards 
These discussions focused on practical experiences with system use, workflow integration, and operational barriers.
2.5.3 Field observations
Direct observations were conducted in selected service areas, including:
· Accident and Emergency Unit 
· Outpatient clinics 
· Radiology department 
Observations focused on real-time workflows, system usage patterns, and interactions between digital and paper-based processes.
2.5.4 Document review
Relevant institutional documents were reviewed, including:
· Internal reports related to HHIMS, PACS, and LIMS 
· System implementation plans 
· Administrative communications and technical assessments 
This helped to validate findings from interviews and observations.
2.6 Problem identification and prioritisation
Identified issues were compiled from all data sources and categorised into thematic domains.
A structured prioritisation process was then conducted using a consensus-based approach among stakeholders (Nominal Group Technique). Problems were assessed based on:
· Impact on patient care and service delivery 
· Frequency of occurrence 
· Feasibility of intervention 
The most critical issue was identified through this process to guide further analysis.
2.7 Root cause analysis
The prioritised problem was analysed using a cause-and-effect (fishbone) framework.
Root causes were categorised under five major domains:
· People factors (knowledge, attitudes, training)
· Process factors (workflow design, standardisation)
· Environmental factors (workload, physical constraints, operational context)
· Technology factors (infrastructure, system functionality, interoperability)
· Policy factors (governance, regulations, resource allocation)
This structured approach enabled the identification of underlying systemic barriers rather than surface-level issues.
2.8 Data analysis
Qualitative data from interviews, discussions, and observations were analysed using thematic analysis. Data were coded and grouped into key themes related to:
· System utilisation 
· Integration challenges 
· Operational barriers 
· Organisational constraints 
Findings from different data sources were triangulated to ensure consistency and credibility.
2.9 Ethical considerations
This study was conducted as part of a postgraduate training programme in medical administration and involved the assessment of institutional processes rather than patient-level data. The study was undertaken with the knowledge and administrative approval of the Head of the Institution, the Deputy Director General of the National Hospital of Sri Lanka.
No identifiable personal or patient information was collected. Participation of staff in interviews and discussions was voluntary, and information was used in an anonymised and aggregated manner. As the study did not involve human subjects or clinical interventions, formal ethical approval was not required.

3. results and discussion

3.1 Current status of health information technology platforms
The assessment of digital health platforms at the NHSL demonstrated varying levels of implementation, utilisation, and integration across the three major systems evaluated.
The HHIMS was found to be partially implemented, with functional use primarily limited to the Accident and Emergency Unit, outpatient department, and selected clinic settings. Its use in inpatient wards remained minimal due to infrastructure constraints, including limited availability of computers and inadequate server capacity.
The PACS was the most successfully implemented digital platform. It was fully operational across radiology services and widely used by clinicians for viewing diagnostic images. The system significantly reduced reliance on printed films and improved access to imaging results.
In contrast, a comprehensive LIMS was not available at the hospital level. Although limited internal systems existed within certain laboratories, these were not standardised, scalable, or interoperable with other platforms.
Overall, the findings indicate that while digital platforms have been introduced, their implementation remains uneven, with varying levels of maturity across systems.
3.2 Situation analysis
A structured situation analysis was conducted to assess the internal and external factors influencing the implementation of digital health platforms at NHSL. The findings are summarised in Figure 1.
The key observations include:
· Strong institutional experience with PACS implementation 
· Existing digital infrastructure providing a foundation for expansion 
· Significant gaps in integration and hospital-wide adoption 
· Increasing national and institutional interest in digital health transformation


Figure 1: SWOT analysis of digital health platform implementation at NHSL
3.3 Identification of implementation gaps
Six major categories of implementation gaps were identified through interviews, observations, and document review:
1. Fragmented and inconsistent utilisation of digital platforms 
2. Limited interoperability between systems 
3. Inadequate IT infrastructure and device availability 
4. Insufficient technical support capacity 
5. Limited staff training and awareness 
6. Administrative and funding delays 
Among these, fragmented utilisation was observed as the most pervasive issue, affecting multiple departments and workflows.
3.4 Problem prioritisation
Using a structured consensus-based approach (Nominal Group Technique), stakeholders prioritised the identified issues based on impact, frequency, and feasibility of intervention.
The highest-ranked problem was:
“Fragmented and inconsistent use of digital health platforms across the hospital”
This issue was found to have widespread implications, including:
· Duplication of documentation (manual and digital) 
· Delays in information flow 
· Reduced efficiency in clinical workflows 
· Limited utilisation of available digital infrastructure
3.5 Root cause analysis
A root cause analysis of the prioritised problem was conducted using a cause-and-effect (fishbone) framework. The analysis identified multiple interrelated factors across five domains: people, processes, environment, technology, and policy.
As illustrated in Figure 2, fragmented system utilisation is not attributable to a single factor but results from a complex interaction of organisational, technical, and behavioural barriers.
 (
Figure 
2
: 
Fishbone diagram illustrating root causes of fragmented and inconsistent use of digital health platforms at NHSL
)[image: ]
Key findings from the root cause analysis include:
· People-related factors: Limited awareness, inadequate role-specific training, resistance to digital workflows, and absence of accountability mechanisms 
· Process-related factors: Lack of standardised workflows, parallel manual and digital documentation, and absence of routine monitoring of system use 
· Environmental factors: High patient loads, time constraints, and physical limitations affecting device availability and usability 
· Technology-related factors: Inadequate number of functional devices, unreliable network connectivity, limited technical support, and poor interoperability between systems 
· Policy-related factors: Absence of enforced hospital-wide digital health policies, lack of a unified strategy, and delays in funding and administrative processes 

3.6 Discussion 
This study highlights that the presence of digital health platforms alone does not ensure effective utilisation. Despite the successful implementation of PACS, the overall digital ecosystem at NHSL remains fragmented, limiting the potential benefits of digital transformation.
The findings demonstrate that implementation challenges are multi-dimensional, spanning human behaviour, workflow design, infrastructure, and governance (Kruse et al., 2016). Similar challenges have been reported in other low- and middle-income country settings, where digital health initiatives often face barriers related to infrastructure limitations, lack of interoperability, and insufficient training (Luna et al., 2014).
Fragmented utilisation of systems, identified as the primary issue in this study, reflects the absence of a coordinated institutional strategy for digital health integration (World Health Organization, 2019). The coexistence of manual and digital processes further reduces efficiency and increases the risk of errors and data inconsistencies.
The absence of a hospital-wide LIMS represents a critical gap, particularly in a high-volume tertiary care setting where timely access to laboratory results is essential (Sheikh et al., 2015). In contrast, the successful implementation of PACS demonstrates that well-planned, adequately supported digital interventions can achieve high levels of adoption and impact.
Addressing these challenges requires a systems-level approach that integrates:
· Infrastructure strengthening 
· Workforce capacity building 
· Process standardisation 
· Policy development and enforcement 
· Improved interoperability between platforms 
The findings of this study provide practical insights for strengthening digital health implementation not only at NHSL but also in other large tertiary hospitals in similar settings.

4. Conclusion

This study demonstrates that, despite the availability of multiple health information technology platforms at the NHSL, their implementation and utilisation remain fragmented and inconsistent across clinical units. While the successful adoption of PACS highlights the potential benefits of well-supported digital interventions, the limited expansion of HHIMS and the absence of a hospital-wide LIMS significantly constrain the effectiveness of the overall digital health ecosystem.
The findings indicate that the primary barrier is not the lack of digital systems, but the absence of coordinated implementation, integration, and governance mechanisms. Fragmented utilisation, limited interoperability, infrastructure constraints, and gaps in training and policy enforcement collectively reduce the efficiency and impact of these platforms.
Addressing these challenges requires a structured and phased approach. Key priorities include expanding HHIMS across all functional units, strengthening interoperability between HHIMS, PACS, and laboratory systems, ensuring minimum IT infrastructure and technical support capacity, and implementing standardised workflows supported by clear institutional policies. In parallel, sustained staff training and active engagement of end-users are essential to improve adoption and long-term utilisation.
A phased implementation strategy, beginning with stakeholder engagement and infrastructure strengthening, followed by system expansion, integration, and continuous monitoring, would enable practical and sustainable digital transformation within the hospital setting.
The insights from this study provide practical guidance for strengthening digital health implementation in large tertiary care institutions and may be applicable to similar resource-constrained health systems undergoing digital transformation.

[bookmark: _GoBack]
Consent

Not applicable, as this study did not involve patient-level data or identifiable personal information.


Ethical approval

Ethical approval was not required for this study as it involved the assessment of institutional processes and did not include human subjects, patient-level data, or identifiable personal information. The study was conducted with administrative approval from the Deputy Director General of the National Hospital of Sri Lanka.

References

1. Alolayyan, M.N., Alyahya, M.S., Alalawin, A.H., Shoukat, A., & Nusairat, F.T. (2020). Health information technology and hospital performance: the role of health information quality in teaching hospitals. Heliyon, 6(10), e05040. https://doi.org/10.1016/j.heliyon.2020.e05040 
2. World Health Organization. (2019). Recommendations on digital interventions for health system strengthening. Geneva: WHO. 
3. The National Hospital of Sri Lanka. (2023). National Hospital of Sri Lanka. Available at: http://www.nhsl.health.gov.lk/web/index.php?lang=en (Accessed: 3 May 2025). 
4. Medical Statistics Unit, Ministry of Health. (2021). Annual Health Bulletin 2021. Colombo: Ministry of Health. 
5. Information and Communication Technology Agency of Sri Lanka. (2024). Hospital Health Information Management System (HHIMS). Available at: https://icta.lk/projects/digital-government/hospital-health-information-management-system-hhims (Accessed: 3 May 2025). 
6. The Sunday Times. (2019). New era of digital healthcare in Sri Lanka. 13 October. 
7. Redtone MEX. (2025). REDtone teleradiology. Available at: https://www.redtone.com/healthcare/ (Accessed: 3 May 2025). 
8. Kruse, C.S., Kristof, C., Jones, B., Mitchell, E., & Martinez, A. (2016). Barriers to electronic health record adoption: a systematic literature review. Journal of Medical Systems, 40(12), 252. https://doi.org/10.1007/s10916-016-0628-9 
9. Sheikh, A., Sood, H.S., & Bates, D.W. (2015). Leveraging health information technology to achieve the ‘triple aim’ of healthcare reform. Journal of the American Medical Informatics Association, 22(4), 849–856. https://doi.org/10.1093/jamia/ocv022 
10. Luna, D., Almerares, A., Mayan, J.C., De Quirós, F.G.B., & Otero, C. (2014). Health informatics in developing countries: going beyond pilot practices to sustainable implementations. Healthcare Informatics Research, 20(1), 3–10. https://doi.org/10.4258/hir.2014.20.1.3

Strengths


Full PACS implementation with hospital-wide usage
Integration of PACS with HHIMS and PHN
High acceptance among clinicians and radiologists
Reduced turnaround time and improved diagnostic efficiency
Leadership support and proactive health informatics team


Weaknesses


Opportunities


Planned hospital-wide LIMS implementation
Ministry-level attention and proposed budget allocation
Potential for enhanced interoperability among platforms (PACS, HHIMS, LIMS)
Growing national emphasis on digital health transformation
Potential cost savings and improved patient safety through better IT use


Threats


Delays in Ministry approvals and funding disbursement
High initial investment requirements for full implementation
Reliance on third-party vendors and server maintenance
Risk of hardware failures or outdated systems
Limited user training and change management planning


Absence of hospital-wide LIMS
Fragmented and standalone lab IT systems
Limited IT infrastructure in wards and clinics (insufficient PCs)
Continued dependence on paper-based reporting in some units
Lack of advanced analytics or dashboard capabilities
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