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Abstract 

DOD is playing a critical role in developing software components and other technologies to support healthcare interoperability and the semantic exchange of data between disparate healthcare systems.  It is contended that the underlying challenge of “semantic interoperability” is the need to communicate the semantic intentions of unstructured or semi-structured notes describing the patient’s condition through the eyes of comparable domain experts.  Current approaches that rely on controlled “reference” vocabularies (e.g. SNOMED CT), “interface” terminologies (e.g. MEDCIN) and/or information models (e.g. SNOMED CT combined with HL7 RIM) ultimately rely on: 1) how consistently and accurately clinicians use these tools at the point-of-care to capture and document the clinical encounter; and 2) the quality and consistency of mappings across terminologies.  At a granular level, these have proven to be difficult to achieve with high reliability
.  What is proposed is a novel set of graphical tools that enable the collaborative development and management of a semantic infrastructure for computable clinical documentation and clinical decision support (CDS).  What is envisioned is the establishment of a “semantic web” environment wherein large communities of experts in a given field of specialty medicine can contribute, refine and maintain a common, visually-based semantic specialty-specific knowledge repository of relationships across signs, symptoms, findings, measurements, and diagnoses.  

Tools will be used to develop document templates and rules based on that knowledge repository in a way that support CDS reasoning within an EHR. The prototype suite of visualization, knowledge modeling and collaboration tools will be developed and a demonstration knowledgebase in the field of ophthalmology will be developed.  The prototype will represent a dynamic and inclusive system of tools and structures that will enhance the visualization and representation of fine-grained expert content knowledge in ways that will permit the holistic and systematic management of patient care.

Background

Clinical documentation is the capture, storage, and use of evidence and inference that result from a clinical encounter.  Evidence may be defined as any data that is measured, observed, or elicited.  It is by nature contextual and has varying degrees of reliability, which are not necessarily predictable.  Inference may be defined as any sort of interpretation or determination that is derived from evidence. Clinical encounters vary widely in empiric, analytic, and temporal content.  For example, a hematocrit is numeric evidence that must present temporal data to be of any value, e.g., the date and time the sample was taken, and must be assessed in the context of a widely variable amount of metadata, which is the clinical context.  The analysis/assessment of the significance of the data is the responsibility of the healthcare professional who interprets it in the context of a particular patient.

The practice of medicine, in the context of theatre, garrison, and civilian medical care within the Military Health System (MHS) requires a massive range of specialized knowledge that has both high acuity and indeterminate chronicity, that may be needed in immensely diverse practice and cultural environments, and despite the perhaps greater commonality to be expected within U.S. military medicine, nevertheless, there remains a vast diversity of training, experience, personality, etc., among military providers. 

Because it is the obligation of the MHS to provide the best possible health care for its personnel, dependents, and retirees, strategic initiatives have focused, correctly, on the critical role that healthcare information management plays in that care.  The requirements of acquisition-access, analysis-execution, interoperability-standards, representation-visualization, archiving-retrieval, and systems engineering-program support reflect the challenges of using information technology to achieve comparable benefits, to date unrealized, in healthcare that have been the hallmark of information technology (IT) in the business, administrative, and communications arenas. 

To the extent that the assessment and treatment of disease is a trade or business, it may be modeled using a standard business paradigm.  The business of medicine, like many other businesses, operates through a transaction model.  This approach is a perfectly reasonable one for a problem that is well understood, structured and stable, and where failures may have serious, but primarily financial or administrative consequences.  However, to the extent that the assessment and treatment of a patient or of disease is a scientific process of learning and discovery, it does not as neatly fit into this transactional or contractual paradigm. 

The information model of medicine does not fit into the limited dimensionality of a transactional database because the knowledge structure of clinical medicine is by its nature n-dimensional. The substantial interest in EHR interoperability, in general, and ‘semantic’ interoperability, in particular, has come about because of the need to address issues of ambiguity and computability in EHR. It is apparent that there is some belief that legibility and access are equivalent to meaning and efficiency in clinical medicine. Clinical medicine has become increasingly complex, not just because of the increased knowledge base, therapeutic alternatives, and prognostic imperatives - the amputee will not just survive and walk but run marathons!! – but because of the much more complex social and medical structure of the 21st century. Patients are cared for by many more specialized professionals and para-professionals, a proper hand-off is vastly more important than a house call, and expectations at every level are unimaginable compared to only two generations ago. In addition, there are, on the horizon, new medical technologies that will require and use information at the sub-cellular and genetic levels to cure and replace what one generation ago was in the realm of science fantasy. 

This explosion of medical knowledge requires a new paradigm of medical knowledge management and information use.  It must be dynamic, because changes will occur so quickly that even electronic communication strategies will bog down in the vastness of new discovery.  It must be inclusive, because it is inefficient to fail to capture useful knowledge from competent sources because they are not ‘properly’ credentialed, sanctioned, or connected: good data is good data.  Our systems must be able to identify and make it available. It must be collaborative, because many smart people are better than a few smart people, if they are managed properly.  And, most important, medical documentation systems must be inductive, because they must reflect, enhance, and exploit the actual processes that are at the core of a clinical encounter – the interaction between the patient who has a problem and the provider who has the knowledge that may help.

 The current design model is not appropriate for a less well understood, less well structured, more volatile activity where there is a great deal of difference in the needs of users, information description, storage, retrieval and analysis, as in the practice of medicine.  Clinical medicine is done by and controlled by knowledge workers and professionals who order their own systems of description and documentation, and who set their own, so to speak, terms and conditions in their relationship with their patients.

In the process of discovery one would expect to encounter more variances in perspectives, information element observations, measurements and selections of elements for use in analysis.  The central process of medical service delivery is clinical information capture, storage, retrieval, analysis and use.  This is complicated by: (1) the business and operational needs for efficiency in information access and use, and (2) the mission critical nature of the clinical practice of medicine.

To address the practice of medicine, whatever information system is developed will require incremental additions, modifications, refinements and improvements as new knowledge and experience are added to the professional body of knowledge and practice.  Descriptive inertia, complicated implementation, and the support of system evolution are individually and collectively the enemy of detailed, complete, and correct clinical documentation.

The benefits of patient data that is non-proprietary, national language independent and consistently understandable over time are revolutionary and central to any likelihood of successful healthcare reform be it military or civilian.  The envisioned general semantic model is more than sufficient to meet the business needs for transaction processing and is sufficiently flexible to meet the clinical and research information needs for the practice and improvement of healthcare through translational research.

Develop a prototype of a system of tools and structures to use and maintain an n-dimensional medical knowledge model

We propose to develop a prototype based on existing COTS/GOTS and open source tools, primarily the IHMC CMAP suite of tools
 and related editing tools that support the mapping of concept maps to OWL
, Open Health Tools (OHT) CDA editor
, the CTA WebAgents platform developed under AFRL SBIR
, and related open source rules engines (e.g. Drools) which can employed to build a collaborative, semantically-rich, medical knowledge model based upon “open network” technologies to enable community wide discovery, reuse, mark-up, and semantic linkages to related concepts in a distributed network environment.  These tools will support:

· Preparation of an OWL-based ontology of ophthalmology’s fine-grained concepts by capturing knowledge from domain experts and mapping it to standard terminologies and by post-coordinating the fined-grained concepts to core concepts with qualifiers; 

· Creation of CDA template models, specific for Ophthalmology, by using the OHT CDA Editor along with additional tools that bind section and entry level templates, and their attributes, to concepts in the above ontology; 

· Develop an instance generation engine to produce standard CDA instances, which conform to the CDA schema as well as to the ophthalmology template model.

The ophthalmology knowledge model, which already has undergone extensive development at the Washington National Eye Center (WNEC), will require linkage to a structured wiki, where concepts and relationship terms and phrases can be defined and registered using universally unique semantic identifiers (uuSIDs).  A Screenshot of a Typical Concept Map is depicted below (see Figure 1).

Concepts that are linked by defined relationships form propositions, linked propositions are used to formulate statements, and linked statements are combined to create documents.  It is expected that ophthalmic subspecialty teams may require training in the use of the graphic concept mapping tool and the semantic wiki to achieve efficiency and effectiveness in formulating and evolving the documentation model.  We propose to recruit these content experts from the various stakeholder ophthalmologists in the military.  
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Figure 1. Screenshot of a Typical Concept Map

Historically, ophthalmology has lagged significantly behind other medical specialties in its implementation of ophthalmology specific HIT.  The reasons for this lag result from the highly complex and varied nature of ophthalmic practice, and its requirements for highly descriptive documentation, which arises from its unique evidence creation and the nature of ophthalmic clinical documentation. Optical access for tissue observations at high magnification and illumination allow clinicians to make observations and measurements at the quasi-histologic level.  In addition, ophthalmic practice typically includes (1) a wide diversity of medical and surgical therapeutics, (2) increasing dependence on proprietary diagnostic instruments with complex, often statistically-based graphical outputs, (3) extensive use of manual diagrams/drawings and digital imaging, (4) minimal use of numerical lab reports, and (5) patient demographics that often range from infancy to the extremely aged.  These factors make ophthalmology an excellent subject area prototype to design, test and evaluate the incorporation of interoperable, flexible, dynamic, and computable ophthalmic electronic documentation into EHRs. “Evidence-based” ophthalmology and medicine should, with the addition of other infrastructure, be able to efficiently capture, store, and reuse real evidence that is highly granular, adaptable and yet translatable, with a linear rather than geometric increase in complexity. 

The semantic interoperability that we propose in this prototype should map to current indexing languages such as SNOMED, LOINC, etc.  Because it is semantically identified at the atomic descriptive level, it is computable for CDS, workflow, display and report generation, and is fundamentally independent of national language. It should enable a content expert to link equivalent or synonymous concepts, define syntactical rules in any language, using a common prototype technology, and thus add to the available data for research and discovery by orders of magnitude.  We intend to develop tools and strategies that will permit an orderly and transparent process, that will control access, contributions, modifications, and concurrences that indicate the adoption of specific content.  We also intend to provide channels for non-adopters to contribute alternative conceptual formulations to insure that a diversity of perspectives is accommodated.  

We feel that the collaborative, governance, validation, and implementation tools and strategies that are developed for the ophthalmic semantic prototype knowledge model can, with the right incentives, be rapidly developed, inductively, by specialists and sub-specialists and that the model can evolve over time by employing mappings, projections and translations that link between and across uuSIDs. 

We expect that the semantic technology and its full development in ophthalmology will enable the demonstration of the proposed tools, techniques and technology in a knowledge domain that utilizes labs, pathology, radiology, ophthalmic images, ultrasound, laser and other instrumentation, and direct visual observations documented using drawings and descriptive formulations that require substantial complexity and that overlap other clinical specialties and intersect multiple physical systems to be able to adequately simulate the complexity that can occur in clinical documentation across medical specialties.  We believe that these characteristics will permit and enable maximal reuse of the research, development and technical effort (RDT&E) when deployed in other specialties and subspecialties.  We further believe that because the approach is modeled on a continuous improvement process that it will exhibit limited obsolescence risk and be able to deliver a lower total lifecycle development, maintenance and operational cost over other alternative approaches.  

The knowledge representation “meta model” is illustrated in Figure 2 below.
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Figure 2. Meta Model
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