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[bookmark: _Toc235988912]Introduction
This report has been prepared from the perspective of an external data warehousing consultant advising NHS England. The first part presents the strategic case for introducing a data warehouse, explaining how it could improve reporting and decision-making while working alongside existing systems such as the Electronic Patient Record (EPR) and Patient Administration System (PAS).
The report then develops this proposal into a practical technical design. It covers the main data sources, star schema, data marts, ETL process, and data quality and governance requirements. Together, these elements provide a clear foundation for developing a secure, reliable and scalable data warehouse for NHS England.

[bookmark: _Toc235988913]Task 1: The Strategic Case for a Data Warehouse
Prepared for the Chief Executive and Board of NHS England
[bookmark: _Toc235988914]1.1 OLTP Systems versus a Data Warehouse
NHS England relies on operational systems such as the Patient Administration System (PAS) and Electronic Patient Record (EPR) to support everyday activities, including booking appointments and recording diagnoses. These Online Transaction Processing (OLTP) systems are designed to process individual transactions quickly and accurately, such as patient admissions, test results and invoices [1]. Their highly normalised database structures reduce duplication and maintain data consistency.
A data warehouse serves a different purpose. Instead of processing individual transactions, it combines historical data for reporting, analysis and decision-making. For example, it can answer broader questions such as how bed occupancy has changed over time or which specialties are contributing most to the elective care backlog.
The warehouse integrates data from EPR, PAS, workforce and financial systems into a single environment designed for efficient analysis [2]. For the Board, this provides a reliable historical view of organisational performance, supporting decisions on capacity, treatment costs, demand and future healthcare pressures that individual operational systems cannot provide alone [3].

[bookmark: _Toc235988915]1.2 Data Warehouse Architecture and the ETL Process
The proposed NHS England data warehouse would follow the layered architecture shown in Figure 1, consisting of source systems, a staging and ETL layer, the enterprise data warehouse, subject-specific data marts, and a business intelligence and reporting layer.
Source layer: The warehouse would collect data from existing systems rather than replace them. EPR and PAS would provide patient and clinical data, while workforce, finance, community and mental health systems would provide additional information. Data would normally be extracted on a scheduled basis to minimise disruption to operational activities [4].
Staging area and ETL: As shown in Figure 2, ETL moves data from source systems into the warehouse. Data is first extracted into a staging area, where it is cleaned and standardised. This includes validating NHS numbers and ICD-10 codes, standardising hospital names, and identifying duplicate or incomplete records. Records that fail validation are sent to a data quality exception log. Cleaned data is then loaded into the warehouse's fact and dimension tables.
Separating analytical processing from live operational systems reduces the impact on EPR, PAS and other systems used for day-to-day healthcare delivery.
Enterprise warehouse and data marts: Once loaded, the integrated data supports data marts for areas such as finance, workforce, operations and clinical quality. These provide focused dashboards and reports for senior decision-makers [5].
Refresh frequency: Overnight or several-times-daily updates should be sufficient for most strategic reporting, with more frequent refreshes introduced where timely information, such as bed occupancy, is required.
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Figure 1. Proposed NHS England data warehouse architecture, showing data flow from OLTP source systems through ETL and the enterprise warehouse to data marts and business intelligence reporting.
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Figure 2. Proposed NHS England ETL process, showing the Extract, Transform and Load stages, including data validation and exception handling.
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A data mart is a focused part of the wider data warehouse that is designed to meet the information needs of a particular group of users. Rather than requiring senior managers to search through large amounts of warehouse data, NHS England could provide separate data marts that present the information most relevant to each leadership role. Although each mart would have a different focus, they would all draw from the same integrated data warehouse and use common definitions.
Chief Executive: An executive data mart would provide a high-level view of NHS performance across clinical, operational and financial areas. It could include key performance indicators (KPIs) such as referral-to-treatment (RTT) waiting times, bed occupancy, patient safety incidents and overall budget performance. These indicators could also be compared across regions and Trusts, allowing the Chief Executive to identify areas experiencing capacity pressures or poor performance [6]. This would support strategic decisions about resource allocation, service improvement and future healthcare demand.
Finance Director: A finance data mart would focus on the financial performance of NHS services. It could provide information on cost per treatment, tariff income, budget variance, agency staffing costs and other workforce expenditure. By using the same shared dimensions as the rest of the warehouse, financial information could be compared with clinical and operational activity. This would help the Finance Director understand where costs are increasing and whether resources are being used effectively [7].
Medical Director: A clinical quality data mart would provide information needed to monitor patient care and clinical performance. Measures could include readmission rates, mortality indicators, theatre utilisation, patient safety incidents and outcomes by diagnosis or procedure. This would allow the Medical Director to identify trends, compare services and investigate areas where clinical performance may require improvement.
The main advantage of these data marts is that they would all use the same integrated warehouse and shared definitions. This would reduce the risk of different departments reporting conflicting figures for the same performance measure. As a result, the Chief Executive, Finance Director and Medical Director would have a consistent and reliable evidence base for making coordinated decisions about NHS performance, costs and quality of care [8].

[bookmark: _Toc235988917]1.4 From OLTP Normalisation to Dimensional Modelling
Operational systems such as PAS typically use third normal form (3NF), where information is divided across several related tables. This reduces data duplication and helps maintain accuracy and consistency during everyday transactions, such as patient admissions and appointment updates. However, this structure is less suitable for large-scale reporting because answering analytical questions may require data to be joined across many different tables.
Data warehouses use a different approach known as dimensional modelling, commonly organised as a star schema. As shown in Figure 3, FACT_PATIENT_ACTIVITY acts as the central fact table and stores measures such as length of stay, treatment cost, waiting time and readmissions. It connects to dimensions such as DIM_PATIENT, DIM_STAFF, DIM_HOSPITAL and DIM_TIME, which provide the descriptive information needed to analyse patient activity from different perspectives [9].
[image: ]For the IT Director, the main advantage is that this structure simplifies reporting and reduces query complexity. Analysts can access relevant information more easily without navigating numerous operational tables. This makes the warehouse more suitable for business intelligence and allows clinical, operational and finance teams to analyse performance more efficiently.

Figure 3. Simplified NHS England star schema showing FACT_PATIENT_ACTIVITY and its related dimension tables.
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Prepared for NHS England's technical and information governance teams, following Board approval of the data warehouse initiative.
[bookmark: _Toc235988919]2.1 Source System Identification
The proposed data warehouse would combine data from NHS England's main operational systems. EPR and PAS would provide patient activity and demographic data, while clinical, workforce, financial, community and mental health systems would supply information on care, staffing and costs.
GP referrals and ICS commissioning data could also be included to provide a wider view of patient pathways. External sources, including ICD-10 and OPCS-4 coding standards, NHS performance data and demographic statistics, would support consistent and reliable analysis [10].

[bookmark: _Toc235988920]2.2 Star Schema Design
NHS England requires both detailed patient-level analysis and higher-level monthly performance reporting. For this reason, a fact constellation, made up of related star schemas that share conformed dimensions, is recommended. As shown in Figure 4, this approach allows different fact tables to support different reporting needs while maintaining consistent definitions across the warehouse.
The grain of each fact table must be clearly defined. FACT_PATIENT_ACTIVITY would contain one row for each patient episode, providing detailed information about individual healthcare activity. In comparison, FACT_MONTHLY_PERFORMANCE would contain one row for each hospital, service type and month, allowing performance to be monitored over time. Slowly changing dimensions would also be used where historical information needs to be preserved, such as when a staff member changes department.
The main dimensions would include DIM_PATIENT for patient information, DIM_STAFF for workforce details, DIM_HOSPITAL for Trust, hospital and regional information, and DIM_SERVICE_TYPE for different categories of healthcare services. DIM_TIME would support analysis by date, month, quarter and financial year. Using these dimensions across multiple fact tables would help maintain consistent definitions throughout the warehouse.
FACT_PATIENT_ACTIVITY would store measures such as length of stay, treatment cost, waiting time and readmissions. FACT_MONTHLY_PERFORMANCE would provide aggregated measures such as total admissions, average waiting times, bed occupancy, readmission rates and total costs. Sharing conformed dimensions between these tables would ensure that detailed clinical reports and executive dashboards use the same underlying definitions and can be compared consistently.
The design would also be flexible enough to support future expansion. For example, FACT_WORKFORCE could be introduced to analyse staffing, overtime and sickness absence, while FACT_FINANCE could support reporting on expenditure, tariff income and budget variance. These additions could reuse the existing dimensions without requiring the warehouse to be redesigned.
Finally, surrogate keys would be used as internal warehouse identifiers rather than relying directly on source-system identifiers. Patient information would also be protected through appropriate pseudonymisation and role-based access controls, supporting the data governance requirements discussed in Section 2.5 [11].
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Figure 4. NHS England fact constellation showing shared dimensions between patient activity and monthly performance fact tables.

[bookmark: _Toc235988921]2.3 Data Marts and Schema
Three initial data marts are recommended, each designed around a specific area of management responsibility. The marts would use subject-specific star schemas based on the conformed dimensions shown in Figure 4. Although they share the same underlying warehouse data, each mart would expose the facts and measures most relevant to its intended users.
Finance data mart: The finance mart would draw on FACT_MONTHLY_PERFORMANCE, particularly its cost measures, together with a proposed FACT_FINANCE table. These facts would be linked to shared dimensions such as DIM_HOSPITAL and DIM_TIME. The mart could provide measures including cost per treatment, tariff income, budget variance and workforce expenditure, giving the Finance Director a consistent view of financial performance and supporting the case study requirement to monitor adherence to budgets.
Operations data mart: The operations mart would primarily use FACT_PATIENT_ACTIVITY and FACT_MONTHLY_PERFORMANCE, linked to dimensions including DIM_HOSPITAL, DIM_SERVICE_TYPE and DIM_TIME. It would support measures such as bed occupancy, referral-to-treatment (RTT) waiting times, ward occupancy and elective backlog volumes by region. Bringing these measures together would help operational teams identify patient-flow bottlenecks, changes in demand and areas where available capacity may not be sufficient.
Clinical quality data mart: 
The clinical quality mart would draw mainly from FACT_PATIENT_ACTIVITY, supported by dimensions such as DIM_PATIENT, DIM_DIAGNOSIS, DIM_PROCEDURE and DIM_STAFF. It could provide measures covering readmissions, mortality indicators, patient safety incidents and outcomes by diagnosis or procedure. This would give the Medical Director and clinical governance teams a consistent basis for monitoring quality, identifying patterns and investigating variation in patient outcomes.
Where practical, these marts could be implemented as database views or materialised structures over the shared warehouse fact and dimension tables, rather than as independently maintained copies of the same data. This approach would reduce unnecessary duplication and help ensure that finance, operations and clinical teams continue to work from common definitions and a consistent evidence base, while still receiving information organised around their decision-making needs [12].
The architecture would also allow additional subject areas to be introduced without redesigning the existing model. For example, a future workforce data mart could connect a FACT_WORKFORCE table to existing conformed dimensions such as DIM_STAFF, DIM_HOSPITAL and DIM_TIME. Measures such as agency usage, overtime, vacancies and sickness absence could then be added while preserving consistency with the finance, operations and clinical quality marts already in place.

[bookmark: _Toc235988922]2.4 ETL Plan
The Extract-Transform-Load (ETL) process is responsible for moving data from NHS England's different operational systems into the data warehouse. It ensures that information from EPR, PAS, workforce, clinical and financial systems is cleaned, standardised and organised before being used for reporting and analysis. The main source-to-target mappings are shown below.









	Target Table
	Primary Source(s)
	Key Transformations

	DIM_PATIENT
	PAS / EPR
	Remove duplicates; standardise postcodes; pseudonymise patient identifiers

	DIM_STAFF
	Workforce system
	Standardise staff roles and grades; manage department changes

	DIM_HOSPITAL
	PAS reference tables
	Standardise Trust, hospital and site names

	DIM_SERVICE_TYPE
	EPR / clinical systems
	Map local service codes to a common classification

	FACT_PATIENT_ACTIVITY
	EPR, PAS, clinical systems
	Validate ICD-10 and OPCS-4 codes; calculate length of stay; identify duplicate admissions

	FACT_MONTHLY_PERFORMANCE
	Patient activity and finance data
	Aggregate by month, hospital and service; calculate performance measures and reconcile cost data



During the extract stage, new and updated records would be collected from the relevant source systems. ETL would normally run overnight or at scheduled intervals using read-only source data, helping to minimise any impact on systems used for day-to-day patient care.
The extracted data would then enter a temporary staging area, where transformation and data quality checks would take place. This could include removing duplicate records, validating clinical codes, standardising formats and matching local values to agreed NHS classifications. Patient identifiers would also be pseudonymised where required to support information governance requirements.
Finally, validated data would be loaded into the appropriate fact and dimension tables. Records that fail important validation checks would not simply be deleted. Instead, they would be recorded in a data quality exception log so that technical or data governance teams could investigate and correct the issue. This approach would help ensure that information entering the warehouse is accurate, consistent and suitable for reliable reporting.

[bookmark: _Toc235988923]2.5 Data Quality and Governance
Strong data quality and governance are essential because the NHS England data warehouse would contain large volumes of sensitive healthcare information. Accuracy and completeness should be maintained through validation rules during the ETL process. For example, NHS numbers can be checked for validity, while diagnosis and procedure codes can be validated against recognised standards such as ICD-10. Missing, duplicate or incorrect records should be identified and recorded in a data quality exception log for investigation.
Consistency is also important when information comes from different NHS systems and organisations. Conformed dimensions and agreed national reference data should therefore be used to ensure that hospitals, services, patients and reporting periods are defined consistently across the warehouse.
Patient information must be managed in accordance with UK GDPR and the Data Protection Act 2018. Appropriate measures, including pseudonymisation and secure handling of identifiable information, should be applied to reduce privacy risks [13]. Access to sensitive data should also be monitored and controlled.
Finally, role-based access control should ensure that users can only access information required for their responsibilities. For example, finance staff may need treatment cost and budget information but should not have access to identifiable clinical records unless there is a legitimate and authorised requirement [14]. Together, these controls would help NHS England maintain reliable data while protecting patient confidentiality.

[bookmark: _Toc235988924]Conclusion
In my view, introducing a data warehouse would be a valuable step for NHS England. The current operational systems are essential for managing day-to-day healthcare activities, but they are not designed to provide the wider historical view needed for strategic decision, making.
I believe the proposed data warehouse, supported by a structured ETL process, shared dimensions and focused data marts, would give NHS England's leadership more consistent and reliable information when making decisions about capacity, costs and quality of care. It would also provide a flexible foundation that could be expanded as NHS England's data and reporting needs develop in the future.
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