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Summary

This proposal requests support for a 6 month pilot project to begin the creation of a radiology lexicon, called RadLex.  The lexicon will be created through a joint effort of RSNA and any related organizations it invites to participate, such as the American College of Radiology (ACR), the American Society of Neuroradiology (ASNR), the American Society of Head and Neck Radiology (ASHNR), the National Cancer Institute (NCI), and the National Library of Medicine (NLM).  An RSNA-led effort could accelerate and harmonize lexicon development efforts within medical imaging by providing a unifying information model, a common development process, and an impartial forum for collaboration.  

As imaging systems, the radiology report, and the medical record all move online, there is an increasing need for a unified language to organize and retrieve this information.  Although a variety of terminologies and standards are currently in use by radiologists, no single lexicon is sufficiently comprehensive to allow consistent indexing, search, and retrieval of medical imaging information.  This project will serve as a feasibility study of the effectiveness and cost of the proposed lexicon development methods by creating lexicons for one radiology sub-discipline (brain, head and neck, or spine) during a six-month pilot period.  The result will be a single language that can be used to describe salient aspects of an imaging examination (e.g., modality, technique, visual features, anatomy, and pathology) to facilitate the organization of multiple diverse information sources including teaching files, clinical trials databases, clinical structured reports, web-based information resources, image archives, and other radiology information systems.

Motivations

A “Tower of Babel” currently exists with respect to the many disparate information sources available to radiologists and the haphazard set of tools that can be used to access them.  The current fragmentation of radiology information—and the indexing resources that organize it—create a number of important problems, described in the subsections that follow.

Fragmented Online Information Resources

As radiologists increasingly employ digital imaging systems in their daily practice, information resources for radiologists migrate from paper and film to the computer desktop.  This shift to electronic information resources poses both challenges and opportunities for radiologists.  On the one hand, in a short period of time, it will be possible to access a variety of patient specific information from a single workstation, including images, reports, and clinical history from the patient record.  But on the other hand, each of these information resources employs different lexicons for indexing, search and retrieval.  Thus, substantial difficulties remain in providing a uniform method and language to access online radiology information. 

Irreconcilable Research Results

Several years ago, the National Cancer Institute recognized that the clinical trials it supported were collecting data in disparate ways that prevented the later reconciliation and comparison of research on similar topics.  Accordingly, it embarked on an effort to establish Common Data Elements (CDEs), which describe common methods for collecting research data.  Over the past three years, these elements have been created for therapeutic trials that study the common human cancers, including lung, breast, gastrointestinal, prostate, and female pelvic cancers.  Starting in the year 2000, all NCI-funded therapeutic trials relating to these organ systems must employ CDEs.  

Now that NCI has funded the American College of Radiology Imaging Network (ACRIN), a large clinical-trials group focused on imaging, an ongoing effort has been undertaken to create common data elements for imaging clinical trials.  These CDEs would allow all investigators conducting clinical research on a given cancer imaging topic to use similar data collection methods, thereby facilitating retrospective comparison and combination of research results. 

No Standard Formats for Online Teaching Files 

Although many radiologists maintain film-based teaching files organized according to the ACR Index, the advent of digital imaging has allowed many radiologists to consider creating electronic teaching files.  Those who have attempted this task have been daunted by the variety of teaching file formats available, and by the limited means of annotating, indexing and retrieving the films in an electronic teaching file.  Researchers from the Massachusetts General Hospital [1]and the Electronic Medical Education Resource Group (EMERG) at the University of Utah, as well as several other investigators, have developed software tools for annotating, storing and viewing digital teaching file information.   These tools require a rich language for annotating images and indexing teaching files according to their contents. 

Suboptimal Medical Communication

The American College of Radiology has developed standards for the diagnostic radiology report that encourage “precise anatomic and radiological terminology to describe the findings accurately” [2].  However, no adequate terminology or lexicon has been developed to capture the semantic content of a diagnostic imaging report.  One systematic analysis of chest X-ray reports in 8,426 Medicare patients with cardiac problems found as many as 14 different terms to describe a single common abnormal finding (“interstitial edema/infiltrate”), and 23 synonyms for reporting the presence of a finding [3].  Because radiologists do not use consistent terms to describe similar findings, the radiology report often does not meet the needs of referring physicians.  In one survey, 49% of referring physicians indicated that chest X-ray reports sometimes did not address the clinical question [4].  Forty percent of these physicians were occasionally confused by imaging reports.  The same study found that 14% of chest X-ray reports on patients admitted for pneumonia failed to mention the presence or absence of pneumonia. 

Benefits of a Unified Imaging Lexicon

The creation of a unified imaging lexicon would foster the creation of new information tools, including:

· Automatic indexing and search of teaching files

· Rapid automatic coding of clinical examinations

· Comparison/combination of disparate research databases 

· Literature reviews tailored to specific imaging examinations or patients

· Structured reporting systems

· Automated differential diagnosis from imaging findings

· Common methods for data collection and analysis in imaging research.

Background

Current Medical Lexicons, Coding Schemes, Vocabularies, and Terminologies

There are a large number of existing lexicons (sometimes called terminologies, vocabularies, or coding systems) that are intended medicine, including SNOMED-RT, (College of American Pathologists, Northfield, IL), the Unified Medical Language System (UMLS, National Library of Medicine, Bethesda, MD), LOINC (Logical Identifiers, Names, and Codes, Regenstrief Foundation, Indianapolis, IN), CPT4 (Physicians' Current Procedural Terminology, American Medical Association, Chicago, IL) and ICD-9-CM (International Classification of Diseases: 9th revision, Clinical Modification, Health Care Financing Administration Washington, DC).  The completeness of these lexicons for general medical terms has been evaluated and compared (see, for example, [5, 6]). SNOMED frequently ranks at or near the top of the list for completeness of general medical concepts, although its completeness ranges from only 60% to 80%.

Radiologists have used a wide variety of methods to classify imaging information.  For example, the ACR Index (ACR, Reston, VA) is used to classify teaching files in radiologists’ offices.  The Breast Imaging Reporting and Data System (BI-RADS, ACR, Reston, VA) lexicon is used to categorize and track the results of mammography examinations.  RSNA’s Index of Radiology Literature is used to classify the radiology literature.  Medical Subject Headings (MeSH, National Library of Medicine, Bethesda, MD) are used to index and search the broader medical literature.  CPT4 codes (American Medical Association, Chicago, IL) are used to classify and bill for the procedures radiologists perform.  ICD-9-CM codes (Health Care Financing Administration, Washington, DC) are used to categorize the reasons for which medical imaging examinations are performed.   

Existing Medical Lexicons are Incomplete for Imaging

Existing medical lexicons often do not contain certain imaging-related terms. For example, one study found few exact matches between the terms in the UMLS and 918 clinical radiology terms extracted from the “Impression” section of randomly-selected chest X-ray reports [7]. Likewise, one study found that three existing lexicons, the UMLS meta-thesaurus, SNOMED International (an earlier version of SNOMED-RT), and the ACR Index, contained only 14%, 23%, and 19%, respectively, of the terms needed to capture the meaning of an ultrasound imaging report [8].  

Radiologists have recognized the shortcomings of existing lexicons for imaging, and have made attempts to develop standard lexicons for certain imaging subspecialties, such as mammography [9] and chest imaging [10].  Except for mammography, where a variant of the BI-RADS assessment categories are required for site accreditation under the U.S. Mammography Quality Standards Act (MQSA), these term sets have not been widely used.

A New Imaging Lexicon to Link and Expand Existing Lexicons

The above barriers could be overcome by creating a single lexicon that expands and links these existing terminologies and codes.  By adopting the attractive features of existing lexicons (ACR Index, BIRADS, CDEs), while maintaining linkages to established clinical coding schemes, classification systems, and terminologies (e.g., CPT4, ICD9, SNOMED, and MeSH) a variety of new tools could be created.  For example, a unified lexicon would enable a common annotation method for online teaching files, automated coding and billing systems, structured and coded radiology reports, uniform access to patient tailored information on the Internet, and simultaneous searching of diverse information resources with a single keyword.

Lexicon Development Methods

The proposed lexicon development approach is one that fosters the establishment of a consensus behind a set of terms that can be used to index and search a wide variety of medical imaging information resources.  Rather than create a completely new lexicon, the approach emphasizes adoption or linking to established terminology and standards when possible.  The results of the effort will be publicly available on the web in such a way that they could be used by a wide variety of software tools and web-based information resources.

Administrative Structure




RadLex Steering Committee

A Steering Committee will be formed, with members drawn from the Electronic Communications Committee of the RSNA, as well as RSNA members with interests and experience working with medical terminology and standards.  The Steering Committee will coordinate its activities with the Medical Image Resource Center (MIRC) Committee.   Recommended members include Drs. Harnsberger, Langlotz, and Siegel, who would be members of both committees.  The Steering Committee will make decisions about the general direction of the lexicon development effort, including the selection of an information model, the selection of radiology subdisciplines, the review of lexicon development methods and approach, and appropriate relationships with other professional and standards organizations, such as the ACR, the UMLS, SNOMED, DICOM, and Health Level 7 (HL7).

Lexicon Development Committees

The lexicon for each radiology subdiscipline will be overseen by a Lexicon Development Committee of experts in that subdiscipline, drawn from members of the RSNA and other specialty societies relevant to that subdiscipline, such as the American Society of Neuroradiology (ASNR), the American Society of Head and Neck Radiology (ASHNR), the ACR, and other relevant subspecialty societies.  For example, a brain imaging lexicon development committee might consist of members of the RSNA, ASNR and ACR.  

Cooperation and support also will be sought from the Biomedical Imaging Program at the National Cancer Institute the National Institutes of Health, especially for that portion of a lexicon that pertains to cancer imaging. Professional groups outside of radiology will be asked to participate when appropriate. 

Lexicon Development Committee meetings will be co-chaired by members of the Lexicon Steering Committee, who will assist the Lexicon Development Committee with the lexicon development process and ensure the consistent organization of the lexicon according to the Information Model selected by the Steering Committee.

During the first six months, lexicons will be created for one radiology subdiscipline: brain, head and neck, or spine radiology.  Partial salary support for key members of the steering committee will be sought from extramural sources, such as the NIH Innovations in Biomedical Information Science and Technology (BISTI) Phased Innovation Awards.  If this pilot program is successful, establishing Lexicon Development Committees that work in parallel could accelerate the rate of lexicon creation. 

A Unifying Information Model

To assure consistency of lexicon structure across the various radiology sub-disciplines, the lexicon will be developed under a common information model.  An information model is a term used to describe how pieces of information are organized and interrelated.  For example, the information model for the ACR Index required the specification of both an Anatomical Field and a Pathological Field for each teaching file.  RadLex will employ a richer information model that includes additional fields for basic patient demographic information, clinical history, the technique with which the examination was acquired, the quality of the examination, and the location of the pathologic findings on the images.  

The RadLex information model described below will be refined by the Steering Committee to serve as a framework common to all Lexicon Development Committee efforts. The information model embodies a set of axes or categories that are intended to remain constant across anatomic areas and modalities.  It is likely that each of these axes would be divided into subcategories using a hierarchical structure.  

The use of these categories for a particular purpose (e.g., indexing teaching files, creating structured reports) would be optional.  For example, terms describing detailed information on imaging equipment and image display hardware might only be used for clinical research.  And, terms representing recommendations might only be used in selected clinical reports, or teaching files.  Therefore, the axes are intended as a guide for how such information should be organized—if and when it is used.  

The basic structure of the RadLex information model provides definitions for the attributes of medical imaging data elements.  The information model follows an international standard for “Specification and Standardization of Data Elements” (ISO/IEC-11179; http://www.sdct.itl.nist.gov/~ftp/l8/11179/11179-1.htm).  This standard follows the well-known Object-Property-Value representation of data elements. 

Lexicon Structure

1. Patient Identifiers—describes information that could be used to specifically identify a patient, as well as other demographic information that may be helpful in placing imaging information in context.

2. Clinical History—describes the previous health history of the person who underwent the imaging examination, including the reason for the examination.

3. Technique—describes how the imaging examination was acquired, processed, displayed, and interpreted. What equipment was used?  What imaging parameters were used?  When were the images created?  Was a contrast agent used?  What reconstruction algorithm and display field-of-view were used?

4. Exam Quality—defines the overall quality of the examination and any reasons for suboptimal quality.

5. Imaging Location—describes unambiguously where an observation is located on an imaging examination  (e.g. a specific location on the lateral film, or on series #1, image #5).

6. Anatomic Location—specifies the body part or other anatomic region in question (e.g., the left lung, the spinal cord, the pelvis).

7. Findings—embodies the salient observations that can be made about the images, including visual features, anatomical derangements, diseases, and syndromes. (e.g., pneumonia, abnormal high signal intensity, fracture, tracheal deviation).

8. Relationships—describes the relationship between combinations of terms from other axes.  These relationships may be spatial (e.g., the tumor arises from the upper pole), logical (e.g., pneumonia and congestive heart failure), causal (e.g., the increased signal is due to a brain tumor), etc.

9. Uncertainty—represents the confidence that a particular term or group of terms is applicable.

10. Conclusions—codifies any global assessments that can be made regarding the examination.  For example the exam might indicate a particular level of risk for malignancy, as in the ACR BI-RADS Assessment Categories

11. Recommendations—lists any actions that should be taken as a result of an imaging examination (e.g., additional imaging, procedures, follow-up, or comparison to prior exams).

Relationship to Other Medical Terminology

The axes of the lexicon are listed in Table 1 along with the analogous categories from related lexicons, standards, and coding systems.  This table could be expanded to include mappings to other local, regional, or proprietary lexicons and standards.

Table 1: Comparison of the axes of the draft RadLex information model to components of other lexicons and standards.  One or more terms can be chosen from each RadLex axis (row heading) to organize medical imaging information.

	RadLex Axes
	Related Terminologies and Standards

	
	DICOM
	ACR Index
	SNOMED Modules
	UMLS Semantic Network
	BI-RADS
	NCI CDEs

	Patient Identifiers
	IODs and Data Dictionary (PS 3.3 & 3.6)
	
	
	
	
	

	Clinical History
	
	
	(various)
	(various)
	
	(various)

	Technique
	IODs and Data Dictionary (PS 3.3 & 3.6)
	
	
	Medical Device*
	
	Study Technique

	Quality
	
	
	
	
	
	Exam Quality

	Image Location
	IODs and Data Dictionary (PS 3.3 & 3.6)
	
	
	
	
	Image Location

	Anatomic Location
	
	Anatomical Fields
	Topography
	Body Part, Organ, or Organ Component
	Location
	Anatomic Location

	Finding
	
	Pathological Fields*
	Morphology, Diseases
	Phenomenon or Process
	Findings*
	Findings

	Relationship
	
	
	Linkages and Modifiers
	Semantic Relations
	
	

	Uncertainty
	
	
	
	
	
	

	Conclusions
	
	
	
	
	Assessment Categories
	Conclusions

	Recommend- ations
	
	
	Procedures*
	Health Care Activity*
	
	Recommend-ations


DICOM=Digital Imaging and Communications in Medicine, National Electrical Manufacturers Association, (http://www.nema.org/nema/dicom/); ACR Index= Index for Radiological Diagnoses, American College of Radiology (http://www.acr.org/); SNOMED=Systematized of Nomenclature of Human and Veterinary Medicine (College of American Pathology (http://www.snomed.org); UMLS=Unified Medical Language System, National Library of Medicine (http://www.nlm.nih.gov/research/umls/); BI-RADS=Breast Imaging Reporting and Data System, American College of Radiology (http://www.acr.org/); NCI CDEs=Common Data Elements, National Cancer Institute (http://cii.nci.nih.gov/cde/); *=partial match.

Lexicon Development Steps

A draft lexicon will be created from existing radiology information resources, including existing terminologies and standards, textbooks, journal articles, research resources, and databases.  The draft lexicon will be organized according to the information model designed by the Steering Committee.  Special care will be taken to avoid duplicating existing lexicons and standards, to adopt existing terms when possible (such as those from the current ACR Index and BI-RADS lexicon), and to remain consistent with the organization of other terminologies. The draft lexicon will be distributed to the Lexicon Development Committee prior to each meeting or conference call.  The meeting will be used to discuss key or controversial issues for which interactive discussion is necessary.  The results of the meeting will be used to revise the draft lexicon.  The revised lexicon will be distributed to the group shortly after the meeting for final comments and concerns.  A subsequent conference call will be used to resolve issues of high complexity, or for which follow up from the first meeting is required.  Following comments and discussion via electronic mail, the lexicon will be finalized and links created to related lexicons and standards. The lexicon will then be ready for testing as part of the web-based resource.

Management of Consensus Process

All of us naturally become attached to the terms we use in our daily work.  These attachments, together with the heterogeneity of existing terminologies creates the potential for lengthy discussions regarding the choice between forms of a common data elements.  We therefore have outlined the following principles to guide the deliberations of the Lexicon Development Committees:

1) Standard descriptors, not reporting standards.  The committee should focus on common descriptors for medical imaging not on terms that should or must be used to describe a given examination. For example, the working group might focus on standard methods to describe how helical CT screening studies were performed.  Any discussion of standards for how helical CT studies should be performed would be outside the purview of the committees. 

2) Adoption rather than re-invention.  The committee should be strongly predisposed toward adopting previous terminological standards when possible, rather than “reinventing the wheel”.  This principle applies not only to existing standards and terminologies, but also to commonly-used anatomic classification and staging systems.  For example, rather than reinventing a staging system for classifying mediastinal lymph nodes, a standard, widely-used classification system [11] might be adopted.

3) Synonyms, not competitors.  Occasionally, two groups use two different terms to describe essentially the same phenomenon.  In that case, informatics systems can consider these two terms as synonyms [12], so that each group can use the term with which they are most familiar to describe the same concept.  If each synonym has the same definition, the two synonyms will be used consistently. Thus, terminological “synonym wars” can be avoided.  On the other hand, there are occasional semantic differences between similar terms that should be discussed openly and resolved.  If the differences cannot be resolved, the two terms should both be retained, each with a detailed definition and specification of the difference between the similar terms.

4) Free availability.  Rather than include terms from proprietary standards and terminologies, which would require any individual who made use of RadLex to obtain licenses for each of its components, RadLex will offer links to other terminologies for those users who would like to license and use those terminologies.

Timetable

Table 2: The table describes an approximate timeline for the completion of the pilot project.

	Month
	1
	2
	3
	4
	5
	6

	Steering Committee meeting
	X
	
	
	
	
	

	Steering Committee conference call
	
	
	
	
	
	X

	Preparation for Lexicon Development Committee #1 meeting or conference call
	
	X
	
	X
	X
	

	Lexicon Development Committee #1 meeting
	
	
	X
	
	
	

	Lexicon Development Committee #1 conference call
	
	
	
	X
	X
	

	RadLex database design
	X
	X
	
	
	
	

	Application server pages testing
	
	X
	X
	
	
	

	Testing using Lexicon #1
	
	
	
	X
	X
	X

	RadLex web site publicly available
	
	
	
	
	
	X


Deliverables

The lexicon will be made available as a web-based resource.  The lexicon itself will reside as a set of database tables maintained in low-cost database software, such as Microsoft Access (Microsoft Corporation, Redmond, WA).  Web-based display of the database will be made possible by active server pages, a technology available in software such as FrontPage (Microsoft Corporation, Redmond, WA) or UltraDev (MacroMedia, San Francisco, CA).   Application server pages are a simple web-based technology that enables specific fields from a database to be displayed in predetermined fashion on a web page.  This organization will allow any web-based information resource to automatically link to one or more elements from the lexicon database using the unique identifier of a term to automatically display the web-page for that term.  For example, a web-based teaching file using the term hypoechoic to index a case could display hypoechoic as a hyperlink whose target is:

http://www.radlex.org/Term.asp?TermName=hypoechoic
Selecting that hyperlink would cause immediate display of that term by the RadLex web site.  Similar queries could be made by term number.  A page displaying a different term could be displayed simply by substituting the new term name for hypoechoic in the URL target above.  The resulting RadLex page might look something like Figure 2.

Figure 2:  A sample page from the RadLex medical imaging lexicon describing the term “hypoechoic”  Dynamic links to this page could be created from any other web page using a URL containing the term name or term number

RSNA’s RadLex
Medical Imaging Lexicon

Hypoechoic (Finding, Adjective, Participle):

Definition:  in ultrasonography, giving off few echos;  said of tissues or structures that reflect relatively few of the ultrasound waves directed at them.

[Click here for a literature search on hypoechoic]

 [Click here for a sample image of ‘hypoechoic’]

[Click here for web resources related to ‘hypoechoic’]

If the pilot test is successful, more sophisticated lexicon management software, such as MetaPhrase (Apelon, Inc., Alameda, CA) may be required in future phases. Future enhancements might include the ability to perform a lexical term search, to download subsets of the lexicon into a spreadsheet or other database, or to access the lexicon via an application programming interface (API).  

Resources Requested

· Travel for committee meetings held at RSNA headquarters in Oak Brook, IL: 

· 1 Steering Committee meeting consisting of 10 members for 1 day.

· 1 Lexicon Development Committee consisting of 10 members for 1.5 days.  RSNA staff time would not be required for these meetings.

· Committee conference calls:

· 1 Steering Committee conference call consisting of 10 members for 1 hour.

· 2 Lexicon Development Committee conference calls.  Each conference call will consist of 10 members for 2 hours.

· Research Assistant (25%):  Perform literature searches related to existing standardized terms in the published literature.  Query related terminology databases (e.g.,UMLS, DICOM, SNOMED) to establish mappings/linkages to those databases.  Preparation of meeting materials for Lexicon Development Committee.

· Informatics (50%): Develop lexicon database structure and associated application server pages.  Maintain and manage growing lexicon database.  Will require one PC workstation with licenses for Microsoft Access and FrontPage.
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