RSNA QIBA-RIC Imaging Data Warehouse Proposal

Executive Summary.
What is proposed is a pilot program to implement an open image archive hosted by RSNA based on an existing code-base (MIDAS) and augment it with support for forms-based and bulk loading, storage, retrieval and mining of structured and unstructured related non-image data (covariates, clinical, pathology results, protocol descriptions, etc.), including a pattern-based conversion ability to extract from a multitude of alternative tagging, markup, annotation and quantitative encoding formats, and to make available the information to standard SQL database mining, reporting and statistical analysis tools.
Background.
The joint taskforce of the Quantitative Imaging Biomarker Alliance (QIBA) and the RSNA Radiology Informatics Committee (RIC) have consulted broadly with the active QIBA Sub-committees, the Imaging Biomarker Roundtable Committee on Open Image Archives (OIA), and reviewed white papers from the Clinical and Translational Science Awards (CTSA) Imaging Informatics Sub-committee. Currently deployed open-source open image archives such as NBIA, MIDAS, XNATS and LONI have been reviewed informally, as have informal practices such as physical media exchange (DVD, hard drives) and the use of ftp and similar web-based drop box solutions.
Limitations of Existing Solutions.
Consistent patterns and clear gaps have been identified with respect to both operational use cases and requirements for long-term secondary re-use.
1. The trustworthiness, sustainability and longevity of individual research group and/or federally funded activities, whether localized within institutions or institutes, out-sourced or centralized, is open to question in the face of significant economic and deferral government financial uncertainty. RSNA emerges as a potentially reliable long-term organization with a continuing revenue stream and mandate to serve its community and a mission to promote the development and adoption of quantitative imaging.
2. Existing OIA solutions support the submission and retrieval of images in standard formats (like DICOM), but are in many cases burdened by unwieldy submission mechanisms or administrative procedures, with both technical and procedural barriers that particularly hamper small scale, informal or unfunded experiments.
3. The ability to query OIA contents by all available meta-data, or to “mine” the content of different types of data or collections within an OIA, or federate such queries across different OIA implementations is absent or limited.
4. The ability to reliably associate structured and non-structured information about the images, the subject of the images, or the conduct of the experiment or protocol is very limited, if present at all. Formal and informal standards or conventions exist for encoding such information (XHTML forms, XForms, CSV files, HL7 V.2 messages, HL7 Clinical Document Architecture (CDA) documents, proprietary XML schema documents, DICOM Structured Reports, PDF files) and for automating capture workflow (IHE Retrieve Form for Data Capture), but these are not widely implemented in existing OIAs, particularly with respect to associating these with the images, or making the contained meta-data available for query and data mining.
5. The ability to “tag” (“annotate” in the most crude sense) a particular image, or set of images, as possessing a particular feature is limited, if present at all, as is the ability to import or export a collection with such tags in a standard or proprietary form.
6. The ability to import, export and index for searching (with other meta-data) categorical or quantitative information related to or extracted from image content (“annotations”, “markup”, “regions of interest”), whether generated by a human or an automated process, is limited, and is particularly confounded by the need to handle a variety of existing commonly implemented industrial standards (DICOM Structured Reporting (SR), DICOM Radiotherapy (RT) Structure Sets, DICOM Presentation States), as well as research formats specific to certain groups (NCI Annotation Image Markup (AIM)), domain-specific activities (Neuroimaging Informatics Technology Initiative (NIfTI)), specific projects (Lung Image Database Consortium (LIDC) XML) and specific platforms (Visualization Toolkit (VTK)) or tools (3D Slicer, FreeSurfer), not to mention commercial proprietary formats (or extensions to standard formats), whether documented or “reverse-engineerable”.
Goal
The goal of the pilot project is to prove the concept of a sustainable OIA with sufficient submission and querying capabilities that it can support both operational needs for basic research into quantitative imaging and secondary re-use of acquired images and meta-data.
Proposal
Realistically an OIA solution requires flexibility and adaptability to accommodate the use of “best of breed” tools and formats chosen to solve a particular problem expeditiously. Accordingly, a practical OIA cannot dictate the choice of standard used for submission and retrieval of images or associated information.
Storage and distribution is essentially a solved problem, technologically. The preference of the committee based on informal review of existing open source solutions is to base work on the MIDAS product from KitWare. This tool in its current form is agnostic to the format of the content stored, and allows indexing of the content by category.
What is proposed is a pilot project to first deploy an instance of MIDAS from its source code and dependencies either on RSNA hardware, or by virtual machines at a co-location facility or cloud-sourced that is under RSNA control.
Then, it is proposed to extend this instance, either with additional interfaced components or by modification of the source code, using a combination of encoding-format-specific toolkit for parsing (e.g., into XML), generic pattern matching (e.g., using XSL-T) and database insertion (using standard SQL without proprietary extensions) to add the ability to:
1. query for database-indexed meta-data extracted from the information contained in image data headers (e.g., to extract and index the slice thickness or reconstruction kernel or similar), using a combination of image-format-specific toolkit for parsing (e.g., into XML) and generic pattern matching (e.g., using XSL-T), and to implement two instances of this (from DICOM images, using both standard and private data elements, and from NIfTI-1 images)
2. directly associate other submitted data (such as spreadsheets of covariates like lab test values or histo-pathological diagnosis) with the image datasets, whether by direct linkage or shared identifiers of subjects and visit or date (especially if de-identified), and to implement two instances of this (from a CSV spreadsheet with a header row containing common data elements, and shared subject and visit identification columns, and an XForms form data instance consistent with the Integrating the Health Care Enterprise (IHE) Retrieve Form for Data Capture (RFD) profile as a Form Archiver actor).
3. to populate a template-driven form via a web-browser accessible user interface to submit such form information as described above (as an IHE RFD Form Filler).
4. to receive and store image-content related data (such as annotations, markup and regions of interest or other quantitative derived information), associate it with the relevant image datasets, and to extract database-indexed meta-data for querying as above, and to implement three instances of this (from DICOM SR, DICOM RT Structure Sets, and NCI AIM version 3.0)
In such cases where images, documents and other files are submitted, the original submitted form shall be retained and be retrievable; the objective is to provide an index of extracted information that may be queried, not to “convert” file formats per se (in this phase).
This pilot phase does NOT propose the development of a specific query user interface, but rather that off-the-shelf existing database and data mining query tools (that can take advantage of access to a standard SQL database) can be used to perform the query. The pilot phase does require that such accessibility be demonstrated, however, from an open source database-agnostic data mining tool (e.g., RapidMiner) and from an open source database-agnostic statistical package (e.g., “R” DBI package).
Further requirements are that the database of indexed meta-data:
1. shall have an extensible schema to allow the addition of new patterns of extraction by the user, without requiring a database rebuild (i.e., it will be dynamically extensible),
2. a means shall be provided to re-index existing files when updated patterns that pertain to the same content type are provided by the user
Non-Goals
It is not the intent to attempt to overload the concept of an OIA with a complete imaging clinical trials infrastructure implementation within the scope of this pilot project. Such features as de-identification, management of pseudonymous identifiers, quality control of incoming data and matching against protocol requirements, tracking of submitted data against expected data, querying of sites for missing or bad data, etc., are out of scope at this time.
It is also not a goal to develop commercial or regulatory compliant grade tools, for example, to provide for double-data entry of paper Case Report Form (CRF), to meet 21 CFR Part 11 requirements with respect to electronic records (including electronic signatures and audit trails), or to document the design, development testing, validation and deployment process with the degree of rigor necessary for commercial clinical trials of drugs, biologics or devices.
It is not the goal to include in the OIA an image “viewer”, since the expectation is that images (and associated information) will be retrieved and viewed locally; a viewer capable of rendering images of every modality with any possible annotation format is a non-trivial problem. Future extensions might include a generic plugin viewer capability (such as via the DICOM WG 23 API, for instance). Further, the extensibility to bulk data other than images (e.g., MR raw data), militates against a built-in generic rendering capability.
Evaluation and Success Criteria
Each of the QIBA specialty sub-committees (CT Volumetrics, DCE-MRI, PET, fMRI and COPD) will adapt (a sufficient subset) one of their experimental datasets and experimental designs to test that the pilot project deliverables suffice to:
1. load and index their phantom or in vivo bulk image data, in one of the supported formats (expected to be DICOM for all except perhaps fMRI)
2. load and index their covariate, subject description and experimental design information
3. load and index their human or machine generated derived information (e.g., ROI values such as size or density with image or 3D-relative coordinates) in whatever format they were created or acquired, and if necessary design a “pattern” to add to the pilot project implementation to extract specific meta-data for indexing
4. demonstrate the use of a query, mining or statistical tool to successfully access the indexed meta-data
Said sub-committees will then make recommendations to RSNA as to the utility and sufficiency of the pilot solution, in order to guide RSNA in assessing the value of sustaining the project, and any future development phases.
Future Design Considerations
[bookmark: _GoBack]To the extent that the MIDAS pilot is successful, a similar interface is expected to be required for the NBIA, given its installed base and extensive existing content. The same might also be said for XNATS, and even teaching file solutions like MIRC, which have some utility in their own right for research. To this end, the design and development in the pilot phase should take this factor into consideration, even to the extent that the project might be built as a separate tool and database that indexes MIDAS, rather than is directly incorporated into it.
Security Considerations
MIDAS contains access-control capabilities, and to the extent possible, these should be reflected in any additional content submission interface and the SQL-database access interface, such that the same credentials, authentication and access controls are applicable to both.
References
See http://qibawiki.rsna.org/index.php?title=QIBA/RIC_ctte#Working_Documents and http://qibawiki.rsna.org/index.php?title=QIBA/RIC_ctte#Reference_Materials.
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