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1 Summary 

Current efforts relating to the uptake, evaluation and research into digital medical 
imaging require the large-scale collection of images (both unprocessed and processed) 
and data. This demand has led us to design and implement a flexible mammographic 
image repository, which prospectively collects images and data from multiple screen-
ing sites throughout the UK. The MIDB has been designed and created to provide a 
centralised, fully annotated dataset for research purposes. One of the most important 
features is the inclusion of unprocessed images. In addition to the images and data, 
systems have been created to allow expert radiologists to annotate the images with 
interesting clinical features and provide descriptors of these features. MedXViewer 
(Medical eXtensible Viewer) is an application we have designed to allow worksta-
tion-independent, PACS-less viewing and interaction with anonymised medical im-
ages (e.g. for observer studies). With these integrated tools, the MIDB has become a 
valuable resource for running remote observer studies and providing data and statis-
tics for imaging based-research projects. Previously, studies were run by laborious 
transfers of images to PACS at remote sites and paper-based data manually curated 
into databases. Apart from the inconvenience, these approaches also suffer from a 
lack of accurate location information from the paper-based forms. 

2 Introduction 

There is a need for comprehensive collections of medical images to be made available 
for research. Among many requirements are the need for unprocessed images, fully 
annotated cases and fully representative sets from a variety of disciplines and modali-
ties. Collections of images are required to undertake research and development in 
Computer Aided Detection (CAD), image perception studies, training and quality 
assurance. The collection of large set of medical images with full annotation for  
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research purposes is challenging. When the gathering of unprocessed images is  
required, the difficulties increase massively. The need for accurately curated, compre-
hensive research sets will only increase as the number of new techniques and modali-
ties increases.  

Alongside the need for medical images is the need for more rigorous, consistent 
and timesaving approaches to managing and undertaking image perception studies. 
Many studies have previously been run with laborious transfers of images to PACS at 
remote sites and paper-based data manually curated into databases. Apart from the 
inconvenience, these approaches suffered from a lack of accurate location information 
from the paper-based data. One of the most notable items that is lacking from many 
image perception studies is precise cancer location information. In addition, there are 
many collaborative image-viewing undertakings, which currently require image trans-
fers between PACS and suffer from a lack of ability to centrally annotate cases with 
descriptions and regions of interests (ROIs). There are many situations where it would 
be beneficial to be able to have cases reviewed by experts located at remote sites 
throughout the country, or indeed the world. 

The MIDB systems have been designed to be deployed at multiple remote sites. At 
these sites, it automatically identifies the relevant cases to collect (e.g. screen detected 
breast cancers) and then obtains the processed and unprocessed images from the local 
PACS and associated data from relevant local cancer databases. The images and data 
are then automatically anonymised and transferred to the central storage. In addition 
to the data, software (MedXViewer) has been created to allow expert radiologists to 
annotate the images with interesting clinical features and provide descriptors of these 
features. In order to avoid subsequent manual transfers of images to multiple remote 
PACS, the images are streamed from the central location.  

The MIDB has been created to provide a centralised, fully annotated dataset for re-
search purposes to meet many of the needs outlined above. One of the most important 
features is the inclusion of unprocessed images. The MIDB has become a valuable 
resource with integrated tools for running remote observer studies and providing data 
and statistics for imaging-based research projects. Initially the database was devel-
oped as part of a large research project in digital mammography (OPTIMAM). Hence 
the initial focus has been digital mammography; as a result, much of the work de-
scribed will focus on this field and all the current images and data are mammographic. 

3 Methods 

3.1 Image Database and Collection 

A semi-automated process for identifying which cases to collect has been developed. 
Since we are primarily interested in cancer cases we interrogate local databases of 
patient/case data to identify these among a much larger set of cases. A full description 
of the processes is described in more detail elsewhere1.The processes and systems 
required to allow semi-automated image collection across multiple heterogeneous  
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3.3 MedXViewer 

Various tools enabling interaction with the varying parts of MIDB have been created. 
Notably, this includes an extensible web-enabled software package designed to facili-
tate remote studies, collaborative view sessions and training (MedXViewer). Image 
perception studies and the acquisition of data for research purposes requires the view-
ing and marking of images, the answering of questions throughout the marking 
process and the drawing of regions of interests (ROIs) on the images. MedXViewer 
was initially designed for image perception studies in digital mammography and digi-
tal breast tomosynthesis (DBT) but the software can be extended for use in other 
modalities. One of the key objectives in its development was to allow radiologists to 
review images and participate in observer studies at multiple remote sites.  

MedXViewer was developed in Java and uses the DICOM library Dcm4Che al-
lowing 16-bit images to be created and lookup tables applied. Hence, images can be 
displayed, as they would appear on a commercial PACS system when MedXViewer is 
used with clinical quality displays. 

The choice of Java as the programming language enables MedXViewer to be used 
cross-platform on Mac, Linux and Windows environments with no requirement for 
administrative access or installation. MedXViewer automatically detects the monitor 
setup and location and places the medical images on the predetermined location. 
MedXViewer can integrate with the MIDB, allowing images and software to be 
downloaded from a central store and results to be uploaded to a centralised database. 
Alternatively the software can be run offline with images and results stored locally. A 
user is allocated a username and password and their progress and performance can be 
tracked. The results from MedXViewer can be output in any standard file format 
(CSV, Excel etc.). 

4 Results 

The MIDB has been implemented along with the automated collection procedures, 
anonymisation, associated data gathering, calculated data and expert determined an-
notations. Currently the full collection system is deployed at three sites and other 
partial collection processes are in place at two other sites. The database statistics are 
summarized in Table 1. 

When loading the images into the repository, all relevant DICOM tags are ex-
tracted to allow a searchable index to be produced. Additionally, CAD predictions are 
determined and inserted into the database. Expert-determined ground truths are then 
obtained from our panel of readers (utilising the MedXViewer software) that indicate 
the relevant ROI and other attributes, such as lesion type and conspicuity. Further 
annotations are obtained from associated data sources, such as the NBSS. The quanti-
ty of additional annotations obtained is large, and includes information on screening 
history, previous occurrences of cancer, biopsy results and surgical procedures. 
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5 Conclusions  

A Mammographic Image Database has been created that provides access to a huge 
number of fully-annotated cases with associated data and unprocessed images. These 
annotations are obtained from existing cancer databases and from expert opinions. 
MIDB has already facilitated a number of research projects. The logistics, technology, 
systems and procedures required bringing together these images and data are extreme-
ly difficult to manage and not easily reproduced. We have designed the system to be 
flexible enough to feasibly allow any site to be added to our collection system. This is 
facilitated by the provision of multiple differing collection workflows including direct 
onsite PACS connections. To date we have successfully collected 34,104 2D images 
from 2,623 clients, run three observer from the MIDB 2,3 and facilitated several stu-
dies, including CAD investigations. 

In many fields, the retention of unprocessed images is not commonplace. A distinct 
feature of MIDB is the provision of the unprocessed data that allows certain areas of 
research to take place, which would otherwise be difficult. An excellent example can 
be found in Interval Cancer review sessions for mammography. These can be stored, 
to evaluate whether an abnormality could have been detected on the previous screen-
ing films. The provision of unprocessed data from previous screening would allow the 
comprehensive evaluation of the full raft of factors affecting the reading of images. 
The effect of image processing can be investigated to find if different processing me-
thods would have facilitated the location of the abnormality.  

MedXViewer has been developed which interacts with the MIDB and associated 
study databases for remote image viewing and interaction. Combined, these provide 
the ability to run remote paper-less observer studies, provide a training infrastructure 
or coordinating remote collaborative viewing sessions (e.g. cancer reviews, interest-
ing cases).  
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