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Guide to the Reader
The purpose of this document is to provide background and other information necessary to fully understand and review the proposed standards.  As such, each artifact is present in part or by exemplar.  The purpose, notation and conventions specific to the artifact are explained.  The complete standards being presented for public comment are provided as part of the electronic zip file.   This document consists of five core sections, one for each artifact.  The core sections are:
Section 1: Use cases and storyboards
Section 2: Data elements and associated clinical definitions

Section 3: Domain Class model

Section 4: Domain Activity diagram

Section 5: Data collection forms and Suggestions for rendering via the Clinical Data Interchange Standards Consortium (CDISC) Submission Data Tabulation Model (SDTM) 

We welcome and will address comments on all artifacts from all stakeholders, we recognize that individuals may prefer to review artifacts germane to their area of interest.  The following will direct user communities to artifacts of interest.
CDISC Community: use cases and storyboards (Section 1 page 15), data elements (Section 2 page 20), data collection forms and SDTM mapping (Section 5, page 21)
Clinicians: use cases and storyboards (Section 1 page 15), data elements (Section 2 page 20), class model Section 3 page 18), Activity model (Section 4 page 16)
Healthcare Informatics: use cases and storyboards (Section 1 page 15), data elements (Section 2 page 20), class model Section 3 page 18), Activity model (Section 4 page 16)

Executive Summary

Mission and Goals

Funded by the National Institutes of Health (NIH), the Cardiovascular and Tuberculosis Data Standards initiatives set out to develop, clinical content data standards enabling the seamless interchange of data within the healthcare environment and between healthcare and secondary data uses like quality improvement, clinical research, disease surveillance, and safety surveillance.  In addition, the initiative sought to answer the question “What information is necessary and sufficient to define a clinical domain of interest and at what specificity level?”.
The working goals of the initiative were to:
· Collect and otherwise inventory data elements used in care of Ischemic Acute Coronary Syndromes (ACS) and Tuberculosis patients, and in related secondary uses

· Define a set of data elements for objects, functions or activities used in the healthcare environment, hereafter referred as Data Elements, according to the ISO 11179 standard.  

· Develop consensus clinical definitions for the data elements.

· Create a static content model of the domain, using the UML standard.
· Create a dynamic model of the domain represented through an activity diagram, using the UML standard. 

· Create a research representation of the data elements in the CDISC SDTM model.

· Make the resulting standards available to the public through an ANSI accredited balloting process
These items, as a first version release, have largely been achieved.  The artifacts are presented here for review.  Data element definition conforms to the ISO 11179 metadata model and is intended for public dissemination via a public ISO 11179 based metadata registry, the cancer data standards repository (caDSR).  The clinical domain model (class model and activity diagram) are modeled in Unified Modeling Language (UML).  The Domain Analysis Models of the clinical domains are intended for HL7 ballot in 2008.
Purpose of Release 1.0

Release 1.0 is by no means a complete content model of the Acute Coronary Syndromes (ACS) or Tuberculosis domain.  Much of the work to date has been in forming the stakeholder group, creating the master list of data elements, and in reaching consensus on clinical definitions.  We release the work to date to make publicly available what has been done thus far, to receive additional review and comment, and in hopes of engaging additional interested parties.

It is our ultimate goal to provide a correct and complete view of the domain semantics in a form that is both understandable to subject matter experts and robust enough to be utilized by technologists building solutions within the domain.  Because creation of clinical content standards is itself a developing area, we expect that the artifacts, format, and to some extent content provided here will change over time to better meet these goals.

As of the writing of this document, the project status is described below:

	Project Goal
	Status

	Create stakeholder group
	Complete

	Create master data element list from healthcare and related secondary uses
	Complete

	Define a set of data elements according to the ISO 11179 standard (CV 21, TB 90 data elements)
	Complete*

	Develop consensus clinical definitions for the data elements
	Complete

	Create a dynamic model of the domain represented through an activity diagram, using the UML standard
	Complete

	Create a research representation of the data elements in the CDISC SDTM model.
	TB-complete

CV-not done

	Make the resulting standards available to the public through an ANSI accredited balloting process
	In progress, 2008


 Remaining work:
Because clinical practice continues to evolve, the information model for a clinical domain should never be considered finished.  We consider an information model complete when it represents current clinical practice.  The CV(ACS) and TB domain models, through empty classes, represent the current scope of the domain.  The empty classes, however indicate areas where additional detail is needed to fully represent the domain. Additional content is needed to complete the cardiovascular (ACS) domain model.  The TB domain model currently seeks to represent TB diagnosis and treatment, and we feel is close to doing so.  The ACS data elements and consensus definitions number only 21 data elements, these are hereafter referred to as CV Package 1.  Significant work is needed in this domain to achieve consensus definitions covering the domain.  The Tuberculosis data elements, numbering 91, are closer to covering the domain of TB diagnosis and treatment. These 91 data elements are hereafter referred to as TB Package 1. We estimate that approximately a thousand cardiovascular (ACS) and a hundred tuberculosis data elements remain to be defined.  A suggested research representation in the CDISC SDTM has been created for tuberculosis.  We deemed the number of consensus defined data elements in cardiovascular (ACS) domain too small to suggest a meaningful research representation.   Both packages will be balloted in a 2008 HL7 ballot.
Work Products Included in Release 1.0

The Package 1 release contains the Data Elements, associated Domain Analysis Model, and a suggested research representation.

The Data Elements for Package 1 were selected by the group of subject matter experts from a master list of potential data elements collected for each domain. The master lists were compiled from healthcare and secondary use data collection forms and data dictionaries contributed by stakeholders.  The Package 1 data elements have been through a consensus process (bi-weekly calls with stakeholders) to determine data element names, clinical definitions, and value domains.  The data elements are being curated in the caDSR. Curation resolves overlap and discordance with existing terms and definitions.  For example,  maping the data element names to existing terminology sets like SNOMED, LOINC Clinical, ICD-X, or MedDRA.  After the public comment period, the data elements will be made publicly available through the caDSR.

The DAM is constructed to model a clinical specialty area of interest (the domain). The term “domain” indicates that the semantics of the model are restricted to those that collectively define a clearly bounded domain (area)-of-interest.   Because clinical domains are centered around patient care, the domain model represents both the static and dynamic nature of healthcare, including a UML class model and an activity model.  In the case of the ACS Model, the domain-of-interest is formally defined as data supporting the care of patients with ACS.  The semantics of the model are restricted to those required for the care of ACS patients as defined by subject matter experts and are not specific to any particular use case or system. The domain-of-interest for Tuberculosis is tuberculosis diagnosis and treatment.  Domain models are implementation-independent.  
The driving use case for this project is facilitation of secondary data uses.  Our goal is to collect healthcare data in a way that enables secondary use.  The overarching use case is presented in Figure 1.

Figure 1: Facilitating Secondary Data Uses
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Each therapeutic area picked a specific use case involving re-use of healthcare data.  The cardiovascular use case, “Reporting to a Quality Improvement Registry”, involved selection of data elements required and creation of a transfer mechanism for reporting.  The Tuberculosis use case, “Research Notification of Eligibility and subsequent Data Transfer”, involves identification of smear positive TB cases and notifying a researcher of the case physician, and transfer of relevant case data. The two use cases and associated detail level story boards were developed.  These were used to more fully understand the healthcare process and thus, the scope of the domain.

The mapping of clinical care onto research is necessary for consideration of the clinical research secondary use.  Two research representations of the data elements were investigated and created.  The first was a rendering of the data elements onto a research-style data collection form, also called a Case Report Form (CRF).  The second was a suggested mapping of the data elements to the CDISC SDTM.  The CRF and SDTM representations were created for the Tuberculosis data elements.
Stakeholders
Our primary goal, to assess the feasibility of clinical content standards that support multiple secondary uses of data required participation of stakeholders from healthcare as well as prominent secondary data uses.  The following Stakeholders have collaboratively contributed to this work, making possible the products presented here.
	Cardiovascular Stakeholders
	Tuberculosis Stakeholders

	Cardiovascular professional Societies 

American College of Cardiology

American Heart Association

European Society of Cardiology

Society of Thoracic Surgeons
	Tuberculosis professional Societies 

International Union Against Tuberculosis and Lung Disease (IUATLD)
National TB Controllers Assoc.

The Royal Netherlands Tuberculosis Assoc. (KNVC)

	Industry and Foundation Participants
Merck

Pfizer

Eli-Lilly


	Industry and foundation Participants
Foundation for Innovative New Diagnostics (FIND), 

Global Alliance for TB Drug Development

Aereas Global TB Vaccine Foundation 

Brighton Collaboration

Global Alliance for TB Drug Development

Sequella Inc.

	Standards Development Organizations

CDISC
Health Level Seven 
	Standards Development Organizations

CDISC

Health Level Seven 

	Government Organizations

NIH-NCRR
NIH-NHLBI

NIH-NCI
The Food and Drug Administration (FDA), Cardio-renal Division
	Government Organizations

NIH-NCRR
NIH-NHLBI

NIH-NCI
The Food and Drug Administration (FDA), XX Division
Center for Disease Control and Prevention (CDC)

	
	Other Participants

World Health Organization (WHO) Stop TB Partnership

Tuberculosis Clinical Trials Consortium

	
	


Stakeholders contributed working members and subject matter expertise.  Stakeholder representatives participated on frequent calls and annual face-to-face meetings to create and vett the content presented here.  We are grateful for their support.
Future Releases
The data elements and DAM are inextricably linked, an update in one necessitates an update in the other.  In addition, we have experienced the glacial pace of developing consensus definitions.  We hope to explore ways to expedite the definition process.  Future releases will most likely be annually, provided a source of funding or willing steward are found.  Draft data elements will be added to the caDSR as they are vetted by the subject matter experts.  We anticipate that point releases will consist of new or updated data elements, and major releases, 2.0, 3.0, etc. will contain structural changes in the domain models. 
Target Audience
The target audience for this work is anyone wishing to learn more about clinical content data standards, or therapeutic area specific data standards development.  We hope that the information and content will be beneficial to:

· Domain experts working within the ACS domain;
Clinicians

Researchers

Drug, Biologic and Device developers

Clinical quality improvement specialists

Disease surveillance specialists


· Analysts, architects, and developers working on defining specific data interchange semantics (e.g., message specifications) or application APIs; and

· Terminologists and ontologists interested in augmenting current work.
The domain model is represented using the most basic and easily understandable constructs of Unified Modeling Language (UML).  It is our goal that the model and content of the documentation package, is readily understandable by anyone with experience and expertise in the clinical domain-of-interest.  The motivation of the project is to present to the clinical community a valid representation of the shared meaning of various concepts, relationships, and processes that collectively define the domain.  We hope that the streamlined documentation approach and content centered models facilitate comment by the larger community of clinical and secondary users of clinical data.
It is not the purpose of the documentation package to give instructions as to how a given application development team can work with this model. Although we envision domain models as inspiration for and a reference for message specification development, it is not the goal of this document to provide direction on how to go about doing so.  For that, we refer the interested reader to the HL7 Development Framework documentation available from www.hl7.org.  Any individual can comment or join the development effort.
The Cardiovascular and Tuberculosis Data Standards Project

Introduction

Promoting interoperability both within research and between research and patient care is touted as a goal of biomedical informatics and electronic health records (Shortliffe 2006, Abdelhak 2007, Tan 2001, Coiera 2003) and has been a significant aim of the National Institutes of Health (NIH) Roadmap initiative.  Using nationally and internationally developed consensus standards is seen as the most efficient way of achieving this goal.  However, there are few international consensus standards on the healthcare data content for individual clinical specialty areas.  Comprehensive terminology sets covering clinical domains exist, however, they are characterized by a lack clinical definitions with the specificity necessary to support semantic interoperability.  
The cardiovascular and Tuberculosis data standards initiative was undertaken to further understand the feasibility of therapeutic area data content standards for capture of healthcare data that would also support multiple secondary uses through the development of such standards.  As such, these standards have multiple stakeholders and stakeholder communities that should be included in the development and review process.  
During our work on these standards, it became evident that different stakeholder communities preferred different formats, shown in Figure 2, and to a smaller but significant extent different information about clinical concepts.  For example, the clinical research community employs the CDISC Submission Data Tabulation Model (SDTM). The healthcare community has devoted significant efforts to developing and implementation of HL-7 messages and associated models.  The biological sciences have tended towards ontology development and use.  Where as information technology practitioners utilize a metadata approach like that found in ISO 11179.  Both the clinical research and healthcare communities have embraced large controlled terminology sets.  All of these seek in some way to define clinical concepts in a way that facilitates syntactic and semantic interoperability.  The latter remains largely unachieved. The extent of overlap remains unquantified, and the necessary and sufficient information to specify a clinical domain in a semantically interoperable manner remains undefined.  
A diagram like Figure 2 could also be used to show the different stakeholders for primary (patient care) and secondary (research, quality improvement, post market surveillance, disease surveillance) uses of health care data.  The stakeholder needs overlap just as the formats overlap.  The greater the overlap in stakeholder needs, the more feasible our ultimate goal of creating standards for healthcare that support multiple secondary uses of data.
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The work presented here was largely funded by two NIH Roadmap contracts having  specific aims to develop international consensus data standards for Acute Coronary Syndromes (ACS) and Tuberculosis.  The goal of this effort was to identify methods that could be used across multiple therapeutic areas to develop standard data elements for the health care setting capable of supporting common reuses of data such as clinical research, surveillance, and quality improvement. Additionally a critical aim was to understand the necessary and sufficient artifacts for defining a clinical domain. The Cardiovascular Data Standards project has been conducted side-by-side with a sister project in Tuberculosis.  Both projects have the same aims.
We planned an initial approach, and used it to develop data standards in the two distinctly different therapeutic areas. We facilitated continual evaluation and adaptation of the approach in the hopes that the effort would quickly learn from missteps and continuous feedback to evolve an efficient model for development of therapeutic area data standards.  Observation of both efforts simultaneously presented the opportunity to gain information about potential therapeutic area differences that could impact application of the methods in other therapeutic areas, as well as the opportunity for abstracting common clinical classes.  

There were five initial components of our standards development method.

· Identifying stakeholders and stakeholder representatives to participate 

· Developing working groups to engage the stakeholder representatives on a regular bases in the clinical definition of cardiovascular data standards
· Working within Health Level Seven (HL-7), an ANSI Accredited Standards Development organization

· Following the standards development process of the Standards Development Organization (SDO) to formalize the definitions and models 
Because standards development had not been approached with the broad goal of standardizing data captured in the health care setting and supporting multiple reuses of the data, several things remained unknown at the onset.  For example, there are distinct artifacts, pieces of documentation, that are required to fully specify an HL7 message standard, a content standard,  a controlled terminology set, and an ontology.  Defining clinical specialty content works at the boundaries of these. We did not know what artifacts would be most helpful or necessary to an effort defining clinical specialty area content standards.  In addition, we did not know if or how these artifacts would coexist with the artifacts for messaging, terminology or ontology efforts.  Exploring and understanding the necessary and sufficient artifacts needed to define a clinical domain remained important.
To maintain stakeholder engagement and engage additional individuals, we needed to communicate the purpose, goals and scope of the efforts to others.  Diagrams and use cases were developed to communicate the need and purpose of the effort.  Additionally, we felt that a succinct diagram depicting the scope of the effort would help. We found that domain models were helpful in doing this, and after dialog within HL7, decided that a Domain Analysis Model should be part of the effort.  Healthcare is inherently dynamic.  We felt that the dynamic nature of the domain was inextricably linked with the static content, and thus, we diagramed the patient care flow for each therapeutic area.  
We also needed a way to talk about the data (content) that we wanted to standardize.  We felt that using the individual data element has emerged as the quanta and currency of data exchange.  As such, the data element also served as the unit of conversation promoting the involvement of both clinicians and informaticists.  We worked with clinician subject matter experts to agree on consensus clinical definitions for individual data elements.  We used the ISO-IEC definition of data element, “a unit of data for which the definition, identification, representation and Permissible Values are specified by means of a set of attributes”. (ISO-IEC 2003)  The data element is the smallest atomic unit or quanta about which it makes sense to assign the ISO 11179 attributes. We compiled a master list of “contributed” data elements from stakeholder organizations. 
Existing Cardiovascular and Tuberculosis Data Standards
At the onset of this project, the ACC and AHA had an ongoing collaboration to create clinical consensus definitions for cardiovascular terms and had published at least in draft definition sets. (Radford 2007, Buxton 2006, McNamara 2004, Radford 2005, Cannon 2001)  The Joint Commission, through the Performance Measurement initiative had defined data elements for AMI and CHF measures.  In addition, each of the cardiovascular professional societies, ACC, AHA, and STS had large national ongoing quality improvement registries, each with defined data specifications.  Two National industry funded quality improvement registries (NRMI and CRUSADE) were also in operation with their own data specifications. There were no clinical content standards for use in the healthcare setting.  With the exception of the HL7 ECG waveform standard, there were also no cardiovascular data standards supporting clinical research.
The Tuberculosis data standard effort differs significantly.  Considerable efforts have been underway by the World Health Organization to define TB case reporting standards for disease surveillance.  In the US, the RVCT form for TB public health case reporting has been developed and maintained by the CDC.  In addition, electronic TB case reporting has been defined under the PHIN/NEDSS work. The Tuberculosis Clinical Trials Consortium had developed a body of data collection forms from conducted clinical trials.  There are no content standards for Tuberculosis healthcare data collection.
Identification of Stakeholders
Because our goal involved healthcare, research, quality improvement, and surveillance, we identified key stakeholders from government and industry representing common secondary data uses.  The stakeholders included the Drug, Biologic, and Device development organizations in each therapeutic area, the appropriate NIH branch, the appropriate FDA division, Center for Medicaide and Medicare (CMS), the Veterans Health Administration, and the medical specialty professional societies.  Representatives from each stakeholder group were invited to join in the open public/private standards development effort.  Of special note, the product development industry had a major ongoing effort to standardize clinical trial data for FDA submission.  This effort has been conducted by the Clinical Data Interchange Standards Consortium (CDISC).  CDISC was crucial to organizing and recruiting interest from organizations with development interests in this therapeutic area. 

Creation of Stakeholder Working Groups 
We created an open multidisciplinary forum of all of the stakeholders for a therapeutic area to develop the content standards.  These forums bridged the gaps among the microcosms in government- and industry-funded research and the disparity between research and patient care data collection.   At the initiation of the project, the leadership of each stakeholder group was contacted personally by thought leaders in the clinical specialty and invited to the kick-off meeting.  Many of the stakeholders had provided letters of support for the Roadmap funding proposal.  A Kick-off meeting was held in Washington DC for each effort.  The agenda included the background and purpose of our effort, a brief presentation from stakeholders that were involved in ongoing standards development efforts within their sector, and discussion time aimed at broadening perspectives and finding commonalities. CDISC and HL7 representatives were present at the kick-off meetings.  The purpose of the kick-off meeting was to make sure that each stakeholder understood the purpose of the effort, to develop, agree on, and use a data standard for healthcare data collection that supports multiple reuses of data.  We asked stakeholders for a representative from their organization to join the initiative, by attending bi-weekly stakeholder teleconferences.  

Accomplishing Consensus

Because it was important to start with what already existed, we requested stakeholders to submit descriptions of the data that they collect in the format of forms (paper or electronic) and databases.  From the submissions, the project team created a master set of data elements that would be later categorized and defined on the bi-weekly teleconferences. There are approximately 2000 data elements in the Cardiovascular and Tuberculosis sets (master lists of data elements).  The stakeholders identified a small working sub-set from the master lists and worked together on the calls and face-to-face meetings to develop consensus clinical definitions for those data elements.  In addition, the stakeholder meetings were used to identify and define use cases, and points in the clinical process for each therapeutic area where data needed to be sent or received.  The plan was for bi-weekly stakeholder teleconferences to accomplish this work and move the development efforts forward between HL7 working group meetings.  

Governance and Stewardship
The Cardiovascular Data Standards Project was partially funded through the NIH Roadmap, and partially accomplished through volunteer efforts within HL7 and CDISC.  The coordination team, consisting of a clinical and technical project manager for each effort, two CDISC consultants, two HL7 consultants, a senior informaticist, and two statisticians met weekly to plan and monitor the effort. 

The Cardiovascular Data Standards Project was approved as a project within the Cardiology SIG at the September 2006 HL7 working group meetings.  The Tuberculosis project was approved as a project by the Public Health Emergency Response (PHER) SIG at the 2006 HL7 working group meetings. The effort was governed as a project within the HL7 SIGs.  Balloting this work through HL7 places the models under the stewardship of HL7 and registers them in the public domain where they can be located and used.  The CDISC draft SDTM mapping, could be moved forward within CDISC for a future SDTM release.  The data elements will be stored in the caDSR for public access.   It is our sincere hope that the NIH  and the Clinical Professional Societies continue to play a leadership role in steering and stewarding this effort in the future.
Future Work

As a Domain Model, this work should be used to spawn representations of the content in different problem spaces within each clinical domain.  For example, we’d expect to decrease redundant data collection and recording in clinical research through providing content for the eDCI message currently under ballot and through creation of a CDISC Submission Data Tabulation Model (SDTM) representation of the content for clinical research data collection and subsequent submission to the FDA.  Through HL7 messages that support healthcare facility ORYX data submission, we expect this work to obviate the need for manual medical record extraction associated with performance measurement.  A CDA started under this effort is currently being developed by a group led by Liora Alschuler for healthcare facility reporting to the ACC National Cardiovascular Data Registry.  Through combination of standard clinical specialty data and the extensions of the existing Individual Case Safety Report (ICSR) message, we’d hope to see automated safety surveillance reports from healthcare facilities to the FDA.
However, this work needs to be continued and completed.  We estimate that under 5% of the content of the ACS domain has been defined through this effort.  We estimate that 50% of the Tuberculosis domain has been defined through this effort.  A significant area for future work is development of consensus clinical definitions for these clinical domains, and corresponding extension of the domain models.
The Use Cases

Rationale:

Use cases have remained a foundation of specification and scope definition.  Use cases communicate interactions between users and systems and describe functionality.  Within HL7, use cases provide specific examples of the data that needs to be exchanged, scenarios in which data are exchanged, roles associated with data exchange, and expected responses.  As such, they are the starting point in the HL7development framework. Prior to initiating a development project within HL7, use cases are expected.  The overarching use case for the cardiovascular and tuberculosis projects is provided in Figure 1 in the executive summary. The use case chosen for the cardiovascular initiative presents the scenario of a healthcare facility sending data for a case to be compiled in their performance measurement reporting for the period.  The Tuberculosis use case describes identification of clinical trial eligibility and subsequent notification, medical record release and data transfer.
The necessity of use cases for domain analysis models has not been demonstrated.  In the case of the cardiovascular and tuberculosis domain models, the use cases were selected and created to scope and define an area of interest, not to drive message specification.   Thus, requirement of use cases for domain modeling has the potential to overly restrict the scope. This is evident in that the cardiovascular use case, reporting to a registry, represents only a narrow slice of the domain.

Product:


[image: image4]
In the use cases, the stick figures represent participants in the process.  The process (activities of the use case) or process goal is briefly described in the central oval.  With many processes, there are multiple variations, including different inputs, process paths or options, and different outcomes. In the tuberculosis, the variations include availability of diagnostic capabilities, healthcare setting, chief complaint, signs and symptoms, comorbidities, disease history, and treatment interruptions. These variations are described in numerous story boards supporting the use case.  In this manner, the full spectrum of process use and response is characterized by the use case and accompanying story boards.  The set of use cases and story boards used for the initial cardiovascular and tuberculosis domain analysis models are provided in the zip file.
Interpretation:  The use cases and associated story boards contain administrative detail for example, assignment of a patient to an isolation room, and research details for example informed consent process, not covered in the class model. Research specific details are described in the BRIDG model work.  We deemed administration details out of scope for the class model.  In addition, clinical content is present in the data elements and class model that does not appear in the Storyboards.  For example, the storyboards do not address image types beyond a chest x-ray, and the storyboards do not address culture types, culture media types, or susceptibility results.  All data elements are not represented in every story board.
Clinical Activity Diagram

Rationale:

Activity diagrams depict processes, the dynamic aspect of the domain.  Defining a clinical domain is facilitated by the depiction of the clinical processes included in the domain.  The included clinical processes in part, define the domain.  Activity diagrams were not initially planned, however, very early in the process, we needed a way to communicate the scope of the project.  Defining the scope by the clinical processes we wished to cover proved helpful.  It facilitated understanding by both technologists and clinicians.  As such, we feel that activity diagrams should be included in definition of a clinical domain.
Product:

The activity diagrams are modeled in UML, using standard symbols. The UML symbols and conventions used in the cardiovascular and tuberculosis activity models are provided in the RTF document in the zip file.    

The activity diagrams were modeled from numerous discussions with practicing clinicians.  In addition, they were vetted with stakeholders and clinicians not involved in the initial creation.  The activity models should be consistent with the use cases and storyboards.  However, because the activity diagrams model the healthcare process, they may imply or directly contain data elements that are not in Package 1.  It is these data elements that will make up future Packages.   Activity diagrams list clinical process steps, it should be evident how the data elements fit in, specific data elements are not necessarily explicitly mentioned in activity diagrams.
Interpretation:

Figure 3 shows the TB Activity diagram.  The clinical process included are patient presentation, initial work-up and diagnosis.  The WHO Dots and CDC clinical care guidelines were consulted and utilized to produce the activity diagram, ultimately scoping the domain.  In cardiology, the ACS guidelines were used.  An activity diagram should be read like a flowchart. 
Figure 3: Tuberculosis Activity Diagram
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Class Model

Rationale:
For a clinical domain, the class model depicts the things about which data is captured and structurally how that data is related to other data in the domain, e.g. for each patient encounter the following fields are captured, and signs and symptoms exist in a none to many relationship with an encounter.   Thus, a class model depicts the static content of the domain.
Class models can be created at different levels of detail.  This creates a significant challenge for maintaining consistency across clinical domains.  In addition, significant effort here was devoted to deciding the level at which to model.  A high-level (not detailed) class model would describe the categories of data in a domain.  On the other hand, class models for automated code generation, and for communicating computable metadata are modeled at a granular level, one class per data element, or one attribute per data element.  This provides all of the metadata about all data element in the model in a computable format.  For example, loading data elements into a metadata repository via a model requires this granular detail level.  Modeling at this detail level has disadvantages, however.  For example, it is difficult to notice classes in common with other domains, similarities and differences between clinical domains and to maintain consistency when viewing the domain one data element at a time.  The cardiovascular and tuberculosis efforts are modeled with each class representing a category of data used in the domain. Empty classes are included to show the scope of the domain where we do not have data elements defined.  A detailed projection of the class model, containing one data element per class was created to use in loading the data elements into a metadata repository.  The detailed projection, however is a tool only and does not provide optimum visualization of the domain. In addition, the cardiovascular classes are not detailed as detailed as the TB classes, for example, the cardiovascular data elements are not specifically represented as attributes. In the TB model, data elements are either classes, attributes or valid values.

In modeling a clinical domain, we had to make decisions about how much data not specific to the domain to include, for example, administrative data or demography data.  We felt that this data was or could be modeled elsewhere and referenced by clinical domains.  Therefore, we generally chose to include only data necessary for unique identification, data used in the clinical decision making process in the domain, and data specific to the clinical domain.

It is important to note that a domain model is intended to serve as a common point of understanding and dialog between clinicians and information technologists.  As such, the terminology used in the domain models is that used in the clinical setting.  This representation is not that of the HL7 RIM with acts, roles, entities, codes and moods, etc.  It is likely that there will be significant utility in representations of the domain using the HL7 RIM, data types, and associated terminology as the need for message specifications arises.  

Product:

The Cardiovascular class model is provided in Figure 4..  A class represents a grouping of similar data elements, for example, cath lab procedure, or medical history.  
Figure 4: Cardiovascular Class Model
[image: image6.emf]
The Tuberculosis class model (not pictured) is provided in the zip file.  The data elements in the tuberculosis class model were obtained from the story boards and data element master list.  Thus, the class model represents data elements not contained in TB Package 1.  The data elements not represented in Package 1 are the first priority for TH Package 2. Data elements in the class model that have not been through the consensus process are marked as such.

Interpretation:

The class model should represent each clinical domain, i.e. data that is routinely captured during standard care for ACS or tuberculosis.  We are especially interested in comments regarding comprehensiveness of domain coverage and overlap with other clinical domains.  In addition, we are interested in comments regarding the associations between the classes and other aspects of the representation such as detail level.
Data Elements

Rationale:
The smallest parcel of data that still has meaning is the data element. A data element, in the ISO 11179 model is defined as the association of a concept (data element concept) with a valid value set. On a data collection form, a data element would be a unique question, e.g. Systolic Blood Pressure, that is collected in the context of qualifiers (time points and locations for example). Thus, a data element should be atomic (represent only one concept).  The Package 1 data elements include objects and activities.  Qualifiers, for example dates and locations are not included in the packages unless usually collected or used by secondary data uses.  Qualifiers, however, where clinically relevant are included in the class models.
Definitions, also a requirement of the ISO 11179 model, are critical in a clinical context.  For example, a clinician at Duke University Medical Center, during a research conference remarked that he was personally aware of 42 different definitions in use for unstable angina.  Different clinical definitions impedes semantic interoperability, i.e. the ability to understand and use or re-use the data.  Clearly, consistent and standard clinical definitions are critical to interoperability.  In cardiology, where major professional societies have published definitions, or conduct quality improvement registries and have  corresponding definitions, the lack of consensus definition persists.  
Developing consensus definitions in cardiology requires that the professional societies reach consensus among them selves and with other stakeholders.  Consensus definitions, in this arena mean that existing efforts may need to make changes to their systems.  Progress in this area was slow.  
Product:

A major thrust of our effort was the identification and definition of data elements for the cardiovascular and tuberculosis domains.  We present here, for review 21 data elements, valid values, and consensus definitions for the ACS domain, and 91 for tuberculosis.  The Package 1 data elements are included in the zip file.

Each data element is accompanied by the data element name, clinical definition, valid value set, and supplemental information.  An example data element from the TB Package 1 is included below.

Data Element Name: Reason subject first came to medical attention
Clinical Definition: The reason the subject was first medically evaluated for possible TB disease or latent TB infection.
Valid Values: (enumerated)

Symptoms 
Contact investigation 
Source case investigation

Screening of High Risk Population  
Other (Specify) 
Unknown

In addition, values in valid value lists have an associated definition.

Interpretation:

The data elements are presented with the ISO 11179 attributes listed above, in spreadsheet format. Each data element is intended for use in the healthcare setting as well as in secondary data uses.  The Data Element Name was taken from identifying matching concepts in the master data element list, and achieving consensus on the appropriate name with the clinical content experts.  The Clinical definitions were agreed upon by the clinical content experts.  The valid values were determined for enumerated data elements only.  All attempts were made to create exhaustive and mutually exclusive lists.  Each valid value has an associated clinical definition. Null flavors, e.g. differences between not done, not applicable, unknown, etc. were only considered where a difference would be clinically relevant. These definitions are definitions for terms used in the healthcare setting, that also apply and can be used to support secondary uses of data.
Research Representation

Rationale:

A premise of this endeavor was that for healthcare data to support secondary uses, the stakeholders for those secondary uses should be involved in their definition.  A significant secondary use of research data is clinical research.  As such, we present for  tuberculosis, the data elements in two common research representations, data collection forms and the data elements modeled in the CDISC SDTM.  Although the purpose of having computable metadata is to support automated generation of electronic data collection screens, and obviate the need for paper data collection forms, it remains true that humans find a paper form easy to review.  Thus, we present the data elements grouped as they would be on a clinical research data collection form or case report form.  The data elements themselves are the same as those that would be used in a clinical setting.  This unity will enable use of electronic health record data for research.  The second representation is a suggestion for how the domain specific data elements may be stored in the CDISC SDTM model.  To map the data elements to the CDISC SDTM, the data elements were classified in the three major classes of the SDTM model, events, findings and interventions. In addition, the data elements were evaluated against the fifteen CDISC domains (demography, adverse events, concomitant medications, vital signs, etc.). Data that belong in existing SDTM domains are indicated as such.  Data elements that do not fit within an existing CDISC domain are modeled into Tuberculosis SDTM domains according to the SDTM Implementation Guide version 3.1.1, August 6, 2005.  Figure 5 shows an example annotated CRF page.
Product:

We present the data elements rendered on data collection forms, and modeled in the CDISC SDTM. The CDISC SDTM mapping is a suggestion for how the data elements might be represented in the CDISC SDTM.  Representing the data elements in the SDTM model here does not imply that this is a change to the SDTM, as the domains have not been through the CDISC development and review process.  The SDTM representation here is only an implementation suggestion.   Both the research data collection forms and the CDISC SDTM mapping are provided in the zip file.

Interpretation:

The forms and SDTM suggestions are renderings of the data elements.  In your review please consider carefully whether you comments are on the underlying data elements or the research representations.  The research representations are provided to help researchers assess whether the data elements are suitable to use in research settings.  

Figure 5: Example SDTM Annotated CRF page
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Figure 2: Representations of Clinical Concepts
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