
DATA RESOURCES

Using clinical images for research and linking them to 
other routinely collected clinical data is challenging be-

cause of the following reasons:
1. A clinical picture archiving and communication sys-

tem (PACS) is (quite rightly) designed and optimized for 
clinical care rather than research. A clinical PACS makes it 
easy to find all images for a particular patient, but it is not 
designed to facilitate searching for images with particular 
characteristics, such as section thickness, scanning proto-
col, contrast agent, and patient medication.

2. Reuse of clinical images for research requires de-iden-
tification, yet identifiable data can be present in many areas 
of the associated Digital Imaging and Communications in 
Medicine (DICOM) file metadata and/or may be present 
within the pixel data itself and therefore “burned onto” the 
actual image.

3. Reuse can require approval from multiple data con-
trollers, and the complexity of de-identification increases 
the risk of rejection of applications for research given the 
amount of work the data controller may have to do to en-
sure that no identifiable data are released.

4. Ground truth or reference standard data developed 
by one research project are not easily shared with other 
research projects because of both the technical and data 
governance challenges of doing so when data are sensitive.

We have addressed these four challenges by collecting 
routinely captured radiology images from the Scottish pop-
ulation, linking these data to longitudinal electronic health 
records, and building a software platform and end-to-end 

service to support researchers in accessing de-identifiable 
cohort-specific subsets of the data for research. There is a 
single data governance application process for accessing the 
resource (although the data were captured by multiple data 
custodians), and the software platform can store and share 
ground truth and annotations from one research project 
with another (provisional on consent to share).

Materials and Methods

Ethics
Public Health Scotland has a generic ethics approval for a 
research database. This covers the collation, linkage, and 
secondary use of data held by Public Health Scotland and 
analyzed within the secure environment of the National 
Safe Haven (NSH). No ethical approval was required to 
build this database. The Health and Social Care Public 
Benefit and Privacy Panel (PBPP) approved the applica-
tion requesting data access to bring the data over from 
the national PACS into a research database to be held in 
the NSH.

Data Resource Collection
Access to “analytics-ready” extracts of the archive is 
through the Scottish Medical Imaging (SMI) Service, 
part of the electronic Data Research and Innovation Ser-
vice (eDRIS) team (1) within Public Health Scotland.

The SMI Archive holds some 2.47 billion DICOM 
images in 94.9 million series across 57.3 million studies 
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There are 2 182 123 female patients (13 167 604 unique study 
identifiers) and 2 081 040 male patients (11 265 313 unique 
study identifiers) recorded in the SMI Archive. Because the pop-
ulation of Scotland is approximately 5.5 million, this means that 
about 1.2 million people have never undergone a radiologic ex-
amination (approximately 22% of the population). Patient years 
of birth range from 1900 to 2020, with a median year of birth of 
1960–1970 (aggregated data). Information on patients’ ethnici-
ties is shown in Table 2.

Of patients with scans, 94.2% have associated longitudinal 
health care records. As might be expected, the percentage of pa-
tients who appear in different longitudinal health care records 
differs depending on the type of record (eg, 16.8% of patients 
have linked cancer records, 22.3% of patients have linked mater-
nity-related records, and 92.4% of patients have linked hospital 
outpatient records).

Resulting Dataset

Data Resource Use: Study Dataset Extraction and Cohort 
Assembly
We have worked for the past 7 years to build a suite of software 
tools for hosting and managing more than 3 petabytes of data 
from different sources (both imaging data and longitudinal 
electronic health records) (3). An end-to-end service to extract 
researcher-specified, relevant cohorts of data from the large 
data resources and share these with researchers within a secure 
environment is provided by eDRIS. Data extracts can be re-
quested for a given study based on DICOM tag data, routinely 
collected clinical data (eg, prescribing, hospital admissions), 
the researcher’s existing cohort, and/or the results of natural 
language processing classification of structured reports. Extrac-
tion is performed by an eDRIS analyst using tools specially 
developed by PICTURES (4) to derive the study population 
from clinical data (5) (eg, age >40 years with any lung cancer 
diagnosis). The study cohort can be further refined by the ana-
lyst (eg, patients with CT chest images showing lung nodules) 
and can include concepts derived from the processing of any 
structured reports associated with the images in the study. We 
are developing support for cohort assembly from pixel data di-
rectly (eg, by running an image classification algorithm).

Nind et al (3) provided an architectural description of the 
open-source software tools (5,6) supporting data management 
and cohort extraction. In summary, there are three zones within 
the architecture, as shown in Figure 2.

Data Linkage
SMI image extracts can be linked at an individual level to 
other health care datasets available within the NSH using 
the Scottish community health index number, a unique nu-
meric identifier allocated to each patient on first registration 
with the Scottish health care system (5). Such health care 
datasets include hospital records (Scottish Morbidity Re-
cords [SMR]00 and SMR01), maternal and neonatal records 
(SMR02), the Scottish cancer registry (SMR06), prescribed 
and dispensed drugs (6), and mortality records; a full list 

and essentially mirrors the national PACS data archive for 
the entire country. It covers 36 imaging modalities, includ-
ing CT, MRI, PET, structured reports, radiography, and US. 
These are images collected through routine clinical care across 
all the 14 National Health Service (NHS) health boards 
within Scotland, hence providing wide coverage of the Scot-
tish population. The CT, MRI, PET, and structured report 
modalities (approximately 75% of the studies within the ar-
chive) have been curated and are available for researchers to 
access (Table 1). The remaining modalities are being curated. 
Detailed descriptions of the SMI fields are available from the 
SMI Research Dataset (2).

The initial dataset spans from January 1, 2010, to August 31, 
2018 (process to update the archive is ongoing). Figure 1 shows 
the total number of DICOM studies by modality and year. Be-
cause the data are available for only a fraction of 2018, the vol-
ume of studies for the year is less than the previous year.

Abbreviations
AI = artificial intelligence, DICOM = Digital Imaging and Com-
munications in Medicine, eDRIS = electronic Data Research and 
Innovation Service, NHS = National Health Service, NSH = Scot-
tish National Safe Haven, PACS = picture archiving and commu-
nication system, PBPP = National Health Service Scotland Public 
Benefit and Privacy Panel, SMI = Scottish Medical Imaging

Summary
The Scottish Medical Imaging (SMI) Archive is a collection of 
population-based, medical radiology images from real patient records 
for use in health care research and the development or validation of 
artificial intelligence algorithms within the Scottish National Safe 
Haven. The images are linkable to other routinely collected electronic 
health care records (such as hospital, prescribing, birth, and death 
data).

Key Points
 ■ The Scottish Medical Imaging Archive is a collection of popula-

tion-based, routinely collected medical radiology images available 
to researchers for use within the nationwide Scottish safe.

 ■ This archive provides access to “analytics-ready” extracts for im-
ages between January 1, 2010, and August 31, 2018, which can be 
used for health care research and the development or validation of 
artificial intelligence algorithms.

 ■ This archive is fully compliant with the U.K. Data Protection 
Act and preserves patient confidentiality using pseudonymization 
techniques.

 ■ An archive of 57.3 million radiology studies linked to their medi-
cal records from the whole Scottish population has been made 
available for research within a trusted research environment on a 
cost recovery basis.

 ■ The end-to-end service to access the data is provided through the 
electronic Data Research and Innovation Service team (https://
www.isdscotland.org/Products-and-Services/eDRIS/Scottish-Medical-
Imaging-Service/).

 ■ An open-source software platform hosts and manages the data, 
providing the capability to extract relevant images based on com-
plex cohort definitions and to capture research annotations and 
ground truth.

Keywords
MRI, Imaging Sequences, Ultrasound, Mammography, CT, Angiog-
raphy, Conventional Radiography
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within the NSH, Scotland’s national trusted research environ-
ment. Researchers can build their own software stack and import 
this into the NSH to be linked to the data. The NSH is a locked-
down environment adhering to the five safe principles of trusted 
research environments: safe data, projects, people, settings, and 
outputs (8,9). Access to the internet is controlled, and disclosure 
controls are applied to any data to be exported.

To preserve patient confidentiality and ensure that all research 
with SMI linked data are fully compliant with the U.K. Data 
Protection Act (9), the eDRIS team applies pseudonymization 
techniques on data extracts for researchers’ use. All personally 
identifiable information is removed from linked datasets, and 
patient identifiers are replaced with unique pseudoidentifiers. 
SMI data are available to researchers affiliated with U.K. public 
sector organizations, and requests can be made to provide access 
to those outside the United Kingdom. For more information re-
garding application and costs, contact eDRIS (1). Details of the 
metadata can be found at the SMI Research Dataset (2).

The dataset is “open” because, given a successful PBPP ap-
plication, access to the data will be provided. The PBPP applica-
tion process is an independent process that reviews whether the 
project is in the public interest and ensures that patient confi-

dentiality is maintained. There is no require-
ment to collaborate with the specific research 
group who developed the platform or to pay 
for access via a commercial company, as might 
be expected for a “closed” dataset. If a group 
wishes to develop a commercial artificial intel-
ligence (AI) product, providing the product at 
a discounted price to NHS Scotland may be 
required because the product will have been 
trained on data from this population.

is available from the Scottish National Data Catalogue (7). 
Other externally produced datasets from clinical trials, local 
health boards, disease registries, and nonhealth administra-
tive data can also be linked.

Data Resource Access
Researchers can request pseudonymized, linkable SMI data by 
contacting the eDRIS team. Each research proposal is assigned 
an experienced research coordinator, who will guide researchers 
through the selection of appropriate data items and any limita-
tions applicable to the proposed study, as well as guidance on 
the completion of the PBPP application process for approval to 
access NHS Scotland data.

For an application requesting images linked to other data to 
the PBPP, the mean time from submission to approval is 66 days. 
When the time taken for applicants to respond to queries from 
the panel is deducted, the mean approval time is 21 days. Sub-
mission to PBPP occurs when the eDRIS research coordinator, 
based on their knowledge and experience, agrees with the appli-
cant that their application is of a suitable standard.

Once the PBPP approves the research study, data are extracted 
and provided to researchers through individual project accounts 

Table 1: Image, Series, and Study Count for the Largest Modalities in the 
Scottish Medical Imaging Archive

Modality No. of Images No. of Series No. of Studies

CT 1 787 245 067 12 909 599 3 261 004
MRI 480  422 586 15 878 418 1 539 189
Structured reports 38 942 746 28 204 125 27 160 301
Computed radiography 21 193 120 20 050 406 14 182 921

Figure 1: Graph shows the number of studies per modality within the Scottish Medical Imaging Archive by year of imaging. Be-
cause the data are available for only a fraction of 2018, the volume of studies for this year is less than for the previous year.

http://radiology-ai.rsna.org
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oGy) (13). Chest radiographs, MR images, and CT scans of 
hospitalized COVID-positive and COVID-negative patients 
were provisioned to the U.K. National COVID-19 Chest Im-
age Database (14).

Discussion
The SMI data resource is a population-scale, heterogeneous 
dataset of radiology images linked to longitudinal health care 
records. An end-to-end service helps researchers access subsets 
of the data relevant to their particular study within a trusted 
research environment.

There are many strengths of this resource:
1. The Scottish population is a relatively stable population 

with comparatively little immigration or emigration (the non-
UK born population is 9.7%) (15).

2. The population is relatively unhealthy compared to 
other Western European countries, for example, there are no 

The dataset has been created through routine health care pro-
vision without the consent of the participants for their health 
data to be shared for research purposes. Because of linkage to 
longitudinal health care records, in many cases it is not possible 
to ensure that the images and associated data are fully anony-
mous. In such cases, it is not possible within the U.K. laws of 
common duty of confidentiality and the U.K. Data Protection 
Act (9) to make these data available for direct download; there-
fore, access is provided within the NSH environment. The NSH 
environment allows analysis and AI development, but the data 
itself cannot be exported. Only a specific subset of the dataset is 
provided to answer the specific research question (eg, foot radio-
graphs are not provided for a study investigating or training on 
lung MRI examinations). The environment and data are pro-
vided on a cost recovery basis (ie, the NHS data controllers do 
not charge for access to the dataset, but there are associated costs 
to provide the services needed for the research project).

Example Studies
The resource is live and available for access, and it 
is being used by many research groups. Current ap-
proved studies include the development and valida-
tion of the CT clock tool for estimating the time of 
ischemic stroke onset (10), whole-population auto-
mated reading of brain imaging reports in linked 
electronic health records (11), making retinal im-
ages from chain retail optometrists’ research ready 
and linkable to other data with the Scottish Col-
laborative Optometry–Ophthalmology Network 
E-research (SCONe) (12), and linking brain imag-
ing to the cohort of professional rugby and football 
players (Football’s InfluencE on Lifelong Health and 
Dementia risk: Late Outcomes and Neuroradiol-

Table 2: Ethnicity of Patients in Scottish Medical Imaging Archive

Ethnicity No. of Patients 

African 8787 (0.2)
Asian, Asian Scottish, or Asian British 54 517 (1.3)
Caribbean or Black 3902 (0.1)
White 3 081 204 (72.1)
Mixed or multiple ethnic group 9414 (0.2)
Other ethnic group 11 699 (0.3)
More than one group recorded (not “not known”) 22 116 (0.5)
Declined to indicate ethnic group or not known 615 805 (14.4)
No recorded ethnic group or no associated EHR 464 254 (10.9)

Note.—Data in parentheses are percentages. EHR = electronic health record.

Figure 2: High-level architecture of Scottish Medical Imaging platform. There are three zones: the Secure Data Management Zone, the De-
identified Zone, and the Analysis Zone. Within the Secure Data Management Zone, an identifiable copy of all the raw DICOM files is hosted along 
with a database containing a copy of the DICOM tag metadata. A microservices pipeline manages all processing, including transferring metadata 
to the De-identified Zone and images to the Analysis Zone. Within the De-identified Zone, the electronic Data Research and Innovation Service 
(eDRIS) team builds the cohorts required for each research project and links data. The Analysis Zone is where researchers log onto a virtual environ-
ment to carry out their research on a copy of the data provided for their specific project. The unidirectional arrows show that the data travels in only 
one direction. However, metadata and processes or tools can travel back to the other zones to support future cohort-building capabilities. DICOM 
= Digital Imaging and Communications in Medicine, GPU = graphics processing unit, PACS = picture archiving and communication system, RDMP = 
Research Data Management Platform.
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as additional information for cohort creation or as additional 
derived data variables that can be offered to future researchers, 
so the annotations available for the resource increase over time. 
In addition, several ongoing projects are focused on classifying 
image subsets (eg, body part, scan type, compression detection).

In conclusion, the SMI data resource is available for interna-
tional researchers and innovators to perform health care research 
and for the development or validation of AI algorithms. We wel-
come the opportunity to collaborate to enhance the capability of 
the resource and will respond to new user requests.
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Western European countries whose females have a lower life 
expectancy (16).

3. The NHS provides excellent longitudinal health care re-
cords (linked by the community health index for decades). 
Images have been collected from different health boards using 
different scanner types and processes, thus providing highly het-
erogeneous real-world data, well suited for training robust, gen-
eralizable AI algorithms.

4. As the images are population-wide, the bias in the data 
is minimal, as the number of scans is proportional to the scans 
requested to provision routine health care.

5. The ability to link the clinical imaging data relatively easily 
to other datasets is highly advantageous.

There are also several limitations of this data resource:
1. The Scottish population is not ethnically diverse (approxi-

mately 96% White) (16).
2. AI models might accidentally encode personal data, which 

may later be susceptible to external hacking (eg, reverse engi-
neering training data). We are researching effective disclosure 
control methods for AI models (17) to support extraction from 
the NSH, but this process is not yet implemented in production.

3. At present, no automated methods prevent three-di-
mensional reconstruction of a face from images of the head 
(governance rules prohibit this), nor are there restrictions on 
the extraction of images of people who have unique condi-
tions (or uniquely identifying features like tattoos) that could 
allow reidentification. Cases of this nature still require sub-
stantial manual inspection by eDRIS analysts before such 
data can be released.

4. Stratifying images by sequence type (eg, T1-weighted im-
ages, T2-weighted images) and/or body part is a challenge with 
relying solely on clinically gathered DICOM tag data. We are 
developing methods to improve this (eg, algorithmic cross-refer-
encing with pixel and/or structured report data).

We are working to enhance the resource with future develop-
ments including the following:

1. Additional years of data: At the time of publication, the 
SMI Archive is a single snapshot of all radiology images taken 
in Scotland between January 1, 2010, and August 31, 2018. 
However, we are bringing the archive up to date and setting up 
a regular feed to update the resource from the Scottish national 
clinical PACS.

2. Additional modalities of data: As researcher demand dic-
tates and resource allows, we will process and make available ad-
ditional DICOM modalities. The first addition will cover the 
radiography modalities (computed radiography, digital radiogra-
phy, and panoramic radiography).

3. Additional DICOM tags: As researcher demand dictates 
and resources allow, we intend to make additional DICOM 
tags available as variables that can be selected as part of research 
cohort construction. The review process for tag promotion will 
consider aspects such as overall demand, future use and benefits 
for PHS, and future research requests.

4. Annotation and enrichment of data: Research and de-
velopment work within the PICTURES program is exploring 
capturing annotations and ground truth from researchers. We 
will use this feedback to augment and enrich the archive, either 
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search Environment and Enclave for Hosting Open Original Science Exploration 
(TREEHOOSE). 2022-2022 (sprint). Funder: MRC – DARE. Co-I (£202,664); 
Alleviate: Hub for Pain (Pain Research Data Hub – UKRI and Versus Arthritis 
Strategic Priority Fund (SPF) Advanced Pain Discovery Platform). 2021-2024. 
Funder: MRC. Co-PI. Total Award: £2,000,000; CO-CONNECT: COVID - Cu-
rated and Open aNalysis aNd rEsearCh platform. 2020-2022. Funder: MRC. Co-
PI. Total Award: £4,091,229; Linking and Mapping Primary Care Data for Study-
ing COVID-19 in the Community (COVID-19 call). 2020-2021. Funder: 
Tenovus. Co-PI. Awarded amount: £20,000; National COVID-19 Chest Imaging 
Database (NCCID). 2020- 2021. Funder: NHSX. Collaborator. Award to Dundee 
£30,000; World Class Labs (Multiomics) Capital Award. 2020-2021. Funder: HDR 
UK. PI. Total award: £400,000; creating a national platform for powerful molecular 
studies of multiple conditions: the HDRUK multiomics consortium. 2020- 2022. 
Funder: MRC/HDR UK. Co-I and Workstream lead (Responsible for £73,860). 
Total Award: £1,088,605; The Safe HavEn MetAdata (SHEMA) Project. 2020-
2021. Funder: Chief Scientist Office (CSO). PI. Total award: £20,000 (initial phase, 
next phase £100k); data standardization using the OMOP common data model. 
2020- 2022. Funder: European Health Data & Evidence Network (EHDEN). Co-
PI. Total award: £86,489; Cambridge Mathematics of Information in Healthcare 
(CMIH). 2020-2023. Funder: EPSRC. Co-I (Responsible for £56,000). Total 
Award: £1,275,504; Centre for Antimicrobial Resistance. 2019-2022. Funder: 
NIHR. Co-I and Workstream lead (Responsible for £260,369). Total Award: 
£2,253,124; Primary Care – Improved Data for Improved Outcomes. 2019-2021. 
Funder: Health Foundation. PI (Responsible for £69,336). Total Award: £190,009; 
Building the Knowledge Graph for UK Healthcare Data Science. 2019-2020. 
Funder: HDR UK. Co-I (Responsible for £64,449). Total award: £272,657; Multi-
morbidity and clinical guidelines: using epidemiology to quantify the applicability 
of trial evidence to inform guideline development. 2019-2020. Funder: Chief Sci-
entist Office (CSO) Scotland. Co-I and Workstream lead (Responsible for 
£143,218). Total award: £356,667; Learning healthcare system for stroke precision 
medicine pathway (P4Me). 2019-2022. Funder: DataLab. Co-I (Responsible for 
£79,933). Total award: £94,690; Integration of Knowledge and Biobank Resources 
in Comprehensive Translational Approach for Personalized Prevention and Treat-
ment of Metabolic Disorders (INTEGROMED). 2019-2021. Funder: EU. Co-I 
(Responsible for £9,257). Total award: £124,778; Graph Based Data Federation for 
Healthcare Data Science. 2019- 2020. Funder: HDR UK. Co-I and workstream 
lead (Responsible for (£76,000)). Total Award: £272,657; Defining & Redefining 
Disease Using Multimodal Data on a National Scale: the HDR UK Phenomics 
Resource. 2019-2022. Funder: MRC/HDR UK. Co-I and Workstream lead (Re-
sponsible for £119,466). Total Award: £1,087,168; Health Data Research UK Scot-
tish Substantive Site. 2018- 2023. Funder: Research Councils. Co-I (Responsible 
for £366,000). Total award: £5,151,421; Enabling Learning NHS Care Systems 
utilising Electronic Medical Records (ELectra) in Fife. Innovative and opportunities 
to support NHS Fife Clinical Strategy. 2018-2019. Funder: NHS Fife Endowment 
Fund. Co-I and Workstream lead (Responsible for: £91,505). Total award: 
£174,636; Omic-Based Strategies for Improved Diagnosis and Treatment of Endo-
crine Hypertension (ENSAT-HT). 2015- 2022. Funder: EU-H2020 Societal Chal-
lenges SC1 - Health and Wellbeing. Co-I and Workstream lead (Responsible for: 
£857,423). Total award: £7,418,982; Utilising Routinely Collected Electronic 
Medical Records to Predict Dementia. 2015. Funder: CSO. PI. Award: £36,877; 
Discovery of Novel Disease Mechanisms through Advanced Biomedical Informat-
ics. 2015-2019. Funder: MRC Case PhD Studentship in collaboration with GSK. 
PI. Award: £127,774; Scottish Improvement Science Research, Development and 

Knowledge Translation Collaborating Centre (SISCC). 2014-2021. Funders: NHS 
Education for Scotland, Health Foundation, SODOH-CSO. Co-I (Responsible for 
£600,000). Award: £2,764,551; consulting fees from Wellcome Trust, Pain Data 
Prize (grant scoping, £3000); payment/honoraria from Pfizer for lunch and learn 
(£1125 Overcoming the Challenges of Providing Access to Population Scale, Rou-
tinely Collected Health and Imaging Data for AI Development whilst Protecting 
Patient Confidentiality); support for travel for MRC panels (quarterly meeting for 
two panels - £80 per meeting).
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