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NHS England manages one of the largest healthcare systems in the world, providing healthcare services through acute hospitals, community healthcare providers, mental health organisations, and specialist treatment centres. Every day, millions of patient interactions generate large volumes of operational, clinical, workforce, and financial data. This information is stored in different operational systems such as Electronic Patient Records (EPR), Patient Administration Systems (PAS), workforce management systems, and financial applications.
Although these systems effectively support day-to-day healthcare operations, they do not provide a single, integrated view of healthcare performance across England. As a result, senior leaders can find it difficult to monitor patient flow, workforce capacity, treatment costs, waiting times, and overall organisational performance.
This report has been prepared as an external data warehousing consultant for NHS England. It explains how a data warehouse can integrate information from multiple operational systems into a single central repository to support strategic decision-making. The report compares Online Transaction Processing (OLTP) systems with data warehouses, explains the data warehouse architecture and Extract, Transform and Load (ETL) process, discusses the role of data marts for different management teams, and presents an appropriate star schema and implementation plan. The proposed solution will help NHS England improve patient care, optimise resource utilisation, enhance operational performance, and support evidence-based decision-making while allowing existing operational systems to continue running without disruption.
.
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Online Transaction Processing (OLTP) systems are designed to process and manage large volumes of day-to-day operational transactions efficiently and accurately. NHS England currently relies on several Online Transaction Processing (OLTP) systems, including Electronic Patient Records (EPR), Patient Administration Systems (PAS), workforce management systems, and financial systems. OLTP systems are designed to support day-to-day healthcare operations by processing large numbers of transactions quickly and accurately. Examples include recording patient admissions, booking appointments, updating clinical records, managing staff schedules, and processing financial transactions. These systems focus on current operational data and are optimised for fast data entry and updates.
In contrast, a data warehouse is a central repository that integrates data from multiple operational systems for reporting, analysis, and strategic decision-making rather than day-to-day transaction processing. Data from multiple operational systems can be integrated into a central repository through the Extract, Transform and Load (ETL) process [1]. During ETL, data is extracted from source systems, cleansed to remove errors and inconsistencies, transformed into a consistent format, and loaded into the data warehouse for analysis. This allows information from different departments and organisations to be combined into a single, consistent view.
A key difference between OLTP systems and a data warehouse is their purpose. OLTP systems support operational activities, where data warehouse supports analytical activities through tools such as Online Analytical Processing (OLAP), dashboards, and performance reports. While an OLTP system may show the details of an individual patient admission, a data warehouse can analyse thousands or millions of patient records to identify trends, monitor performance, and support organisational planning.
For NHS England, investing in a data warehouse would provide significant benefits. By consolidating patient, clinical, workforce, operational, and financial data from different NHS systems, senior leaders would gain a comprehensive view of healthcare performance across regions and services. This would enable the organisation to identify patient flow bottlenecks, monitor bed utilisation, manage workforce capacity, analyse treatment costs, track waiting times, and make evidence-based decisions. Therefore, OLTP systems and data warehouses serve different but complementary purposes: OLTP systems support daily healthcare operations, while data warehouses provide the analytical insights needed for strategic management and long-term improvement.

Table 1: Comparison of OLTP Systems and Data Warehouses

	Feature
	OLTP (Online Transaction Processing)
	Data Warehouse

	Purpose
	Supports day-to-day business operations
	Supports reporting, analysis, and decision-making

	Data Type
	Current operational data
	Historical and integrated data

	Users
	Doctors, nurses, administrators, reception staff
	Managers, executives, analysts, and decision-makers

	Transactions
	Large numbers of simple transactions
	Complex analytical queries

	Data Sources
	Usually one operational system
	Multiple integrated systems

	Structure
	Highly normalised databases
	Dimensional models (Star Schema)

	Performance Focus
	Fast inserts, updates, and deletes
	Fast reporting and data analysis

	Examples in NHS England
	EPR, PAS, workforce systems, financial systems
	Enterprise healthcare data warehouse

	Typical Questions
	“What is this patient's appointment time?”
	“What are the waiting time trends across all NHS regions?”

	Main Benefit
	Efficient daily operations
	Strategic planning and performance monitoring


NHS England relies on OLTP systems to support daily healthcare activities such as patient registration, appointment scheduling, workforce management, and financial processing. However, these systems are not designed to provide a consolidated view of performance across the organisation. A data warehouse addresses this limitation by integrating information from multiple sources into a central repository. This enables senior leaders to analyse trends, monitor service performance, identify operational bottlenecks, and make evidence-based decisions to improve healthcare delivery.
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A healthcare data warehouse allows information from different NHS systems to be combined into a single central repository. According to the research paper, healthcare organisations generate large amounts of data from Electronic Health Records (EHRs), laboratory systems, radiology systems, administrative systems, and monitoring devices. In NHS England, similar data would come from Electronic Patient Records (EPR), Patient Administration Systems (PAS), clinical systems, workforce management systems, and financial systems.
The proposed NHS England data warehouse architecture consists of five main layers. The first layer contains the operational source systems, including Electronic Patient Records (EPR), Patient Administration Systems (PAS), clinical systems, workforce management systems, and financial systems. These systems continue to support daily healthcare operations such as patient admissions, appointments, workforce scheduling, and financial processing.
The second layer is the Extract, Transform and Load (ETL) process. During extraction, data is copied from the source systems. During transformation, the data is cleansed, standardised, validated, and converted into a consistent format before being loaded into the Enterprise Data Warehouse.
The third layer is the Enterprise Data Warehouse, which integrates information from multiple NHS systems into a single repository designed for reporting and analysis.
The fourth layer consists of subject-specific data marts, such as Finance, Operations, and Clinical Quality, which provide tailored information for different management teams.
The fifth layer contains Online Analytical Processing (OLAP), dashboards, and reports that enable senior managers to analyse waiting times, workforce capacity, treatment costs, patient outcomes, and overall NHS performance.



























Figure 1. Proposed NHS England Data Warehouse Architecture
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Figure 1. Proposed NHS England Data Warehouse Architecture
Figure 1 illustrates how data flows from NHS operational source systems through the ETL process into the Enterprise Data Warehouse, where data marts support OLAP analysis, dashboards, and management reporting.
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 NHS England collects large amounts of information every day from different operational systems, such as Electronic Health Records (EHRs), laboratory systems, pharmacy records, patient admissions and financial systems. According to the reviewed research, storing this information in one central clinical data warehouse allows hospitals to combine data from different sources into a single, reliable database. Before the data are stored, they pass through an Extract, Transform and Load (ETL) process, which cleans, standardises and integrates the information to improve its quality and accuracy. Once the data warehouse has been created, smaller data marts can be designed to provide information that matches the needs of different managers. The Chief Executive requires a data mart that provides an overall view of NHS England's operational performance across regions and healthcare services. This data mart should include information such as the number of patient admissions, waiting times, bed occupancy, emergency department performance and patient satisfaction. These reports help the Chief Executive understand how well NHS England is performing, identify areas that need improvement and make strategic decisions about future services. By using a dedicated data mart, reports can be produced quickly without searching through all the data stored in the main warehouse.
The Finance Director requires financial information to monitor organisational performance and resource utilisation. A financial data mart should contain details about treatment costs, department budgets, staff salaries, equipment spending and overall hospital income and expenditure. This information allows the Finance Director to monitor costs, control budgets and ensure that NHS resources are used efficiently. 
The Medical Director needs a clinical data mart that focuses on patient care and treatment outcomes. It should include diagnoses, laboratory results, infection rates, readmission rates, length of hospital stay and treatment success. These reports help doctors and clinical managers monitor the quality of healthcare, identify medical trends and improve patient safety. The clinical data warehouses support disease surveillance, healthcare analytics and evidence-based decision-making by providing accurate and integrated clinical information.
In conclusion, data marts allow NHS England to deliver tailored information to different senior managers while using the same central data warehouse. This improves reporting, supports evidence-based decision-making, and enables faster strategic planning without affecting operational systems.
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Operational systems used by NHS England, such as Electronic Patient Records (EPR), Patient Administration Systems (PAS), workforce management systems, and financial systems, are designed using normalised database structures. In a normalised database, information is divided into many related tables to minimise data duplication and maintain data integrity. This design is highly efficient for processing daily healthcare transactions such as patient admissions, appointment bookings, clinical updates, and discharge records. However, answering complex analytical questions often requires multiple table joins, making reporting slower and more difficult.
In contrast, a data warehouse uses a dimensional model, most commonly a star schema, which is designed specifically for fast reporting and business analysis. A star schema contains a central fact table that stores measurable business events, surrounded by several dimension tables that provide descriptive information. 
For NHS England, the fact table can store patient activity measures such as treatment cost, length of stay, waiting time, and number of procedures. The surrounding dimension tables contain information about patients, hospitals, time, diagnoses, treatments, staff, and healthcare services.
This structure allows NHS managers to analyse healthcare performance from different perspectives without affecting operational systems. Compared with a normalised OLTP database, a star schema reduces the number of table joins, simplifies analytical queries, improves reporting performance, and supports faster evidence-based decision-making across NHS England.
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The NHS England data warehouse will receive data from both internal and external source systems. Internal data sources include Electronic Patient Records (EPR), Patient Administration Systems (PAS), clinical systems, workforce management systems, financial systems, laboratory systems, pharmacy systems, and appointment systems. These systems provide operational, clinical, workforce, and financial information required for reporting and analysis.
External data sources include Office for National Statistics (ONS) population data, UK Health Security Agency (UKHSA) public health information, NHS Digital reference datasets, and national clinical coding standards such as ICD-10. These external sources provide demographic information, public health statistics, and standardised coding that improve data quality and support consistent reporting across NHS England.
Together, these internal and external systems provide the integrated information required for the ETL process before the data is loaded into the Enterprise Data Warehouse.
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NHS England generates large volumes of operational data every day from Electronic Patient Records (EPR), Patient Administration Systems (PAS), laboratory systems, workforce platforms and financial systems. These sources will be integrated into a central data warehouse through an Extract, Transform and Load (ETL) process that cleanses, standardises and consolidates the data.
The recommended design for the warehouse is a star schema. This structure places a central fact table at the core, surrounded by dimension tables. It is specifically optimised for fast analytical queries and multi-dimensional reporting — the opposite of the highly normalised structures used in operational systems.


Fact table – Fact Patient Activity The grain of the fact table is one row per finished inpatient episode or outpatient attendance. Key measures stored in this table include:
Number of admissions / attendances
Length of stay (days)
Elective waiting time (days)
Treatment / episode cost
Tariff income
Clinical outcome indicators (e.g. 30-day readmission flag)
Dimension tables These provide the descriptive context that allows managers to analyse the measures from different perspectives:
	Dimension
	Key attributes
	Purpose

	Dim Patient
	NHS Number, age band, sex, ethnicity, deprivation
	Patient characteristics

	Dim Organisation
	Trust, hospital site, ward, ICS, region
	Location and organisational hierarchy

	Dim Date
	Day, week, month, quarter, financial year
	Time-based trend analysis

	Dim Diagnosis
	ICD-10 code, chapter, clinical grouping
	Case-mix and clinical analysis

	Dim Treatment
	Procedure / service type, specialty
	Activity and pathway analysis

	Dim Staff
	Role, grade, specialty, team
	Workforce and productivity analysis


Master data, metadata and aggregates
Master data (patients, staff, organisations, reference codes) changes infrequently and is managed centrally.
Metadata records definitions, data lineage and quality rules.
Aggregate tables (for example monthly activity and cost by Trust and specialty, or rolling RTT performance) are pre-calculated so that Board-level dashboards respond quickly without scanning millions of individual records.
This star schema design gives NHS England a single, consistent analytical model. Senior leaders can examine performance by region, hospital, specialty, diagnosis or time period without affecting the operational systems that support day-to-day patient care.






Figure 2. Star Schema – Fact Patient Activity
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Figure 2 illustrates a star schema in which the Fact Patient Activity table is surrounded by dimension tables that describe patients, staff, hospitals, diagnoses, treatments, and time, allowing NHS England to analyse healthcare performance from multiple perspectives.
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A data mart is a subject-oriented subset of the Enterprise Data Warehouse designed to support the reporting and analytical needs of a specific department. Rather than searching the entire data warehouse, managers access a dedicated data mart containing only the information relevant to their role. This improves reporting performance, simplifies analysis, and ensures that decision-makers work with consistent and reliable data. 
Finance Data Mart
The Finance Data Mart supports the Finance Director and financial management teams. Its fact table stores measures such as treatment cost, tariff income, budget variance, agency staff expenditure, overtime costs, and cost per patient episode. Dimension tables include Organisation, Date, Specialty, Patient Type, and Commissioner. This data mart enables managers to monitor expenditure, analyse financial performance, identify high-cost services, and support resource planning.
Operations Data Mart
The Operations Data Mart supports operational managers responsible for patient flow and service delivery. The fact table stores measures such as admissions, discharges, bed occupancy, length of stay, elective waiting times, theatre utilisation, and delayed transfers of care. Dimension tables include Organisation, Date, Specialty, Service Line, and Staff Team. This data mart helps NHS England monitor capacity, improve patient flow, reduce waiting times, and support operational planning.
Clinical Quality Data Mart
The Clinical Quality Data Mart supports the Medical Director, clinical directors, and quality improvement teams. The fact table contains measures such as diagnosis volumes, procedure volumes, 30-day readmission rates, mortality indicators, infection rates, clinical incidents, and patient outcome measures. Dimension tables include Diagnosis (ICD-10), Treatment, Organisation, Date, and Clinician. This data mart supports clinical governance, monitors treatment quality, improves patient safety, and identifies long-term healthcare trends.
All three data marts are populated from the central Enterprise Data Warehouse through controlled ETL processes. They share common dimension tables, including Organisation, Date, and Diagnosis, ensuring that reports remain consistent across departments. Using a star schema for each data mart provides fast reporting, efficient analysis, and evidence-based decision-making while allowing NHS England managers to work from a single trusted source of information.
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The Extract, Transform and Load (ETL) process is responsible for integrating data from multiple NHS England operational systems into the Enterprise Data Warehouse. The objective is to ensure that analytical data is complete, accurate, consistent, and suitable for reporting.
Extract
Data is extracted from operational systems, including Electronic Patient Records (EPR), Patient Administration Systems (PAS), laboratory systems, pharmacy systems, workforce systems, and financial systems. 
The extracted data is first copied into an Operational Data Store (ODS), allowing information from different systems to be combined without affecting day-to-day clinical operations.


Transform
Within the transformation stage, the data is prepared for analysis. Duplicate records are removed, missing or invalid values are corrected where possible, and data formats are standardised across all source systems. Clinical codes such as ICD-10 are validated to ensure consistent classification, while business rules are applied to improve data quality. Where appropriate, summary (aggregate) data is generated to improve reporting performance.
Load
After transformation, the validated data is loaded into the Enterprise Data Warehouse using the proposed star schema. Fact tables store measurable healthcare activity, while dimension tables provide descriptive information such as patient characteristics, organisation, diagnosis, and time. The data warehouse is refreshed on a scheduled basis so that managers, clinicians, and analysts have access to current information for reporting and decision-making.
ETL Workflow
1. Extract data from NHS operational systems. 
2. Load the extracted data into the Operational Data Store (ODS). 
3. Clean, validate, standardise, and integrate the data. 
4. Generate summary data where required. 
5. Load the processed data into the Enterprise Data Warehouse. 
6. Refresh data marts and dashboards for analysis. 




[bookmark: _Toc236334761]2.5 Data Quality & Governance
Data quality and governance are essential for ensuring that the NHS England Enterprise Data Warehouse provides accurate, consistent and secure information for reporting and decision-making. High-quality data improves the reliability of analysis, while effective governance ensures that data is managed responsibly throughout its lifecycle.
Data Quality
Data quality should be maintained throughout the ETL (Extract, Transform and Load) process. During extraction, data is collected from operational systems such as Electronic Patient Records (EPR), Patient Administration Systems (PAS), laboratory systems and financial systems. During transformation, data is validated, cleaned and standardised before being loaded into the data warehouse.

Key data quality activities include:
· Removing duplicate patient records. 
· Correcting missing or invalid values where possible. 
· Standardising clinical codes (ICD-10 and SNOMED CT) and organisation identifiers. 
· Applying consistent business rules when calculating measures such as length of stay, waiting times and readmission rates. 
Regular data quality monitoring should be performed using dashboards that measure completeness, accuracy, consistency and data refresh status. This allows data issues to be identified and resolved quickly.
Data Governance
A clear data governance framework ensures that information is managed consistently across NHS England. A data governance board should define data standards, approve new data sources and oversee data quality. Data stewards should be responsible for maintaining the accuracy, consistency and appropriate use of data within their departments.
Privacy and Security
Healthcare information contains sensitive personal data and must be always protected. Access to the data warehouse should be controlled using role-based permissions so that users can only view information required for their responsibilities. Data should be encrypted during storage and transmission, and all access should be recorded through audit logs.
The Enterprise Data Warehouse should comply with UK GDPR, the Data Protection Act 2018 and NHS information governance policies to ensure that patient confidentiality is protected.
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