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Interoperability – the ability to share and use data begins with the basic building blocks of what is shared.  We call that basic component a data element.  A data element has a name attribute – which we call terminology, and we have talked about terminology in the previous sub-unit.  The focus of that subunit was terminology, not the data element. In this subunit we will discuss data elements and what attributes – or characteristics – a data element should have to enable interoperability.
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We need to define “things” at an appropriate level of granularity (the level of actual data entry).  Many terminologies – because they were not meant for actual clinical use - are defined at too high a level of granularity to be useful in a computer decision-making process. This slide tells us why we need to focus on data elements.  If the entire world used the same set of data elements with all the attributes we will define in this subunit, we could truly share data at a global level.  A common, master set of data elements provides semantic interoperability and permits other uses and options in the exchange of data elements.

If I have a red rubber ball (stamped with a number), and I tell you that this is a red rubber ball, I can roll it to you, you pick it up and say this is a red rubber ball.  If I toss it to you, you catch it, look at it, and say this is a red rubber ball.  If I bounce it to you, you catch it, look at it and say this is a red rubber ball.  If I now toss you a red wooden ball, it would have a different number.  You look it up in you registry and say “Oh, this is a red wooden ball.”
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In some of the controlled vocabularies, the distinction between data elements and terminology is difficult to identify. The confusion between terminology and data elements may be a matter of focus.  However, to be clear, this unit relates terminology to the actual name of the data element. 

So, when we are defining data elements, these are questions we must understand.

Is hypertension a data element?

Is a symptom a data element?

Is a lab test a data element?

Is atenonol a data element?
Is marital status a data element and what are the possible answers?
The answer is that all of these are data elements at different levels of specificity.  Some data elements are at the class level, others are at an item level.  Some are generic and others are specific.  It’s like comparing man as a data element to Chuck as a data element.  We need to define every word we will ultimately use to document health care and to support secondary uses of data.
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We now begin discuss the attributes of data elements.  A code identifier is important because it cannot be misunderstood.  It is the key to finding out all the characteristics of the data element, the index into the metadata dictionary.  The code should have no meaning – it is simply a pointer.  It may have a check digit which is a mathematic algorithm that weights the numbers in the code sequence in such a way as to identify entry errors.  So if I type 123467 + check digit of 2 rather than 123546 + 2, the algorithm will recognize the switching of numbers. Most entry errors would be identified by the check digit algorithm.
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Interoperability and the resulting ROI on the ability to aggregate and reuse data must start at the lowest level.  The sensors that permit a computer to control the flight of an aircraft input hundreds of signals at fundamental levels that permit the computer to make the right and safe decisions and to fly the plane.  We need the same levels of specificity in health care.  If we are to drive dashboards and decision support algorithms, the granularity of the data elements must be at the lowest level.  

Who defines the data elements is also important. The overlap between clinical specialties is large, and with the desire to share and aggregate data, that data will come together.  Therefore, the creation of the master set of data elements must be harmonized across all specialties. 

A master data element metadictionary will permit sites to register what data elements they routinely collect and define what data elements are used in a data exchange.
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A minimum data (sometimes known as a core data set) set identifies the data elements that must be collected for a given purpose.  For example, to report an immunization, we identify a group of data elements that provide the desired set of data for this operation.  One of the first things people do when starting a project is to identify the minimum data set.  Without a master set of data elements, minimum data sets are created from scratch.  Consequently, there is usually a loss of consistency with other data elements.  In other words, components – data elements – are apt to have different meanings or different names.

Query profiles can be defined from the site’s data element set.

Systems can incorporate elements from the master set based on their user requirements.

An application will probably not use all the elements defined in the MDE set; however, any data element contained within an EHR must be defined in the MDE set.

Registries of data elements permit local, dynamic classification sets or shared sets for various purposes, including different clinical domains. Registries should become the basis of data transfer to populate research databases, clinical trials, reimbursement, and other purposes.

Ultimately, all exchanges of data should be based on profiles defined from the MDE set including exchange of data among Institutional EHRs, longitudinal EHRs, and personal EHRs.0
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A data class is a type of data; Gender would be a data element in the Class of Demographic Data.

· Demographic class might include these sub classes:
· Individual Identification

· Name

· Contact information 

· Address

· Telephones

· E-mail

A study class might include as subclasses radiology, diagnostic tests, and laboratory tests in turn broken down into hematology, clinical chemistry, and so 
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We need to know what data is collected by any business partner.  We need to know what data is required for reporting and other uses.  If we use patient care data for clinical trials, we need to know what data is available to us and in what form.  Queries become more effective if the query terms come from a master set.
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This slides shows some of the attributes of a data element.  The attributes enable unambiguous understand of the data element, and other important characterizes that enable the effective use of the data element. Knowledge can be coupled to the data element through its attributes.
· Unique code
· Short name or acronym
· Long name
· Synonyms
· Definition
· Use and purpose, including context
· Category
· Units
· Data type
· Value set
· Mood (state)
· RIM Class
· Linkages to representation sets
The next few slides will discuss these items in detail.
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We have already discussed codes – they have no meaning and may include a check digit.   Using OIDs (Object Identifiers) will permit the code to be universal. 

A consistent short name is useful for data entry and for presentation of data.  Na is shorter than Sodium, for example.  The drug Hydrochlorothiazide  is much easier written as HCTZ. Short names may be primarily for presentation.  In some cases, the short name might be the computer representation of the data element as a variable.  This permits the sharing of actual code for specific purposes. The binding of the data element to the computer variable is accomplished through the attribute.
The long name should be what two physicians, for example, would use in talking to each other.  It is the preferred name and is unique to this data element.  Note that synonym below permits customization and localization of the preferred name.

The key to data elements enabling interoperability is the definition.  Many medical terms loosely have multiple definitions.

  The example of unstable angina with 67 definitions from the literature has already been mentioned.  In a clinical trial with a check box that says unstable angina, which of the 67 definitions is being used.  In some cases, this misunderstanding of a word could be fatal.  The data elements should be defined by experts in the field – not a consensus process.  Definitions must be precise and unambiguous.  A structured definition is one that can be verified by the computer.  For example the data element myocardial infarction would require evidence as defined by other data elements.  The integrity of the data can be verified by evaluation the structured definition. A simple example is obese – can be verified through body mass index, derived from weight and height.  If data elements are missing, collection of those elements can be prompted to capture a complete data set. 
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Data type tells us whether the data element is numeric, an integer, binary, character, string, blog, date-time, or more complex types such as a coded element.  An international standard exists that defines the possible set of data elements.  

Units can be a problem.  Patient weight can be recorded as pounds or kilograms.  If the weight is missing, which is it?  Rather than guessing, we need to define which units we are using.  The recommend units should come from the set of scientific units.

The value set is all of the possible values (answers) a data element can have.  For numeric data types, the value set might be a range.  For something like administrative data type gender, the value set may come from a coded list with content of male, female, or unknown. The unknown poses a problem.  Unknown is a type of term known as a null flavor.  In this case we don’t know whether the unknown means we haven’t asked or we really can’t tell. Note that there is usually another data element call clinical gender whose value set includes over 15 different items.  Value sets are key in managing data integrity and in preserving semantic interoperability.
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An advanced structure for data elements begins to build knowledge into data element.  These relationship links may show clinical or physiological relationships; they may show class relationships; they may link to possible tests to validate the data; they may suggest other data to be collected. They may identify categories of data element – such as this data element is a lab test, or a diagnostic test, or a cardiology diagnostic test.  

Classifications are particularly important for retrievals.  For example, list any analgesic the patient may be taking or any anti-inflammatory drug the patient may be taking.  We could ask if the patient has a murmur without worrying about what specific murmur.

Although not so much a problem in the US, for Europe and the rest of the world, language is a problem.  If one of the attributes includes the concept represented by a numeric code and translated to a set of languages, going from one language to another would be trivial. The question is what languages would be part of the initial set.
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The authority and stewardship of each data element is very important in the authority, trustworthiness, maintenance of the data element.  There can be only one boss, but we can support different levels of interest.  Version and date of last status is also important for maintain provenance of the element.
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The idea for a master data set is that no one has to use every item, but if a data element is used, it must come from the master set and enforce all of the attributes.  Also the master value set can be constrained for a particular purpose.  The idea is that any element that is used can be reused reliably.  Creating these attributes will take time and must include a mixture of clinical groups and different stakeholders.  What is the difference in a researcher’s needs and a care giver needs?  The update and maintenance must be continual.
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This is the single ISO standard that lays out much of what is required for the definition and maintenance of data elements.  It stops short of the entire requirements, but is the best set of rules available.
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It is a multi-part standard.  Part 3 applies here.
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This example is from the Australian Metadata Dictionary using ISO 11179 Standard.  Point out items on this slide.  This is a browser, looking through the set of data elements.  Note the various links to other relationships.

In this case, the coding system is country-based, not global and not an OID.

Slide #19

Continuation of the entry for gender.  Not the distinction between indeterminate and unknown. The verification rules are unique to Australia.  Some of the authority is represented by related data references.  Also ties to DRG term.
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Attributes identified in the ISO 11179 standard.  Our list exceeds these parameters.
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NCI has done much work in creating data element registries. It sets a role model for all of NIH. If you are interested in this topic, it is worth a visit to the NCI URL.  NCI supports a number of tools to support the creation of data elements, in mapping local terminologies to the national standard, in creating forms, and in searching for data elements.  Other groups are now submitting data elements for inclusion in this database.  It has a potential for becoming the national resource for data elements.
Slide #22

caBIG is part of the NCI effort but has a few differences.  This group has focused on oncology.  It may be a group that you might be interested in or at least learning from.
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These CDISC products have been previous noted, but it is important to keep them in mind.  These data elements are defined for the research community.
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This diagram illustrates how a master registry of data elements might work.  A hospital would provide a controlled, web-accessible registry, defining the data elements collected by the hospital.  Another hospital would do the same.  For example if a patient were to be transferred from hospital A to hospital B, a business agreement could be defined that would define the flow of data between the two hospitals.  Another example might be the flow of data from a hospital to a nursing home when the patient was transferred to the nursing home.  If the patient was transferred back to the hospital, a different set of data elements might be specified.  These business agreements could define the date flow requirements for purpose of reimbursement, for public health reporting, for clinical trials, for performance evaluation – any number of reasons.
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Perhaps this subunit tells you more than you will ever need to know about data elements.  However, it is important for you to understand the importance to supporting the concepts of a master registry of data elements.  You have some idea of the tools that are available for changing for a global vocabulary to the master set – a task that might be assigned to you.  The power of a global master data elements registry is huge.  By coupling knowledge into the definitions, we take a giant leap forward in supporting evidence-based medicine.
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