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1 Executive Summary
A Virtual Medical Record (vMR) for Clinical Decision Support (CDS) is a data model for representing clinical information inputs and outputs that can be exchanged between CDS engines and local clinical information systems, through mechanisms such as CDS services.  A vMR for CDS is needed to enable the design and development of scalable CDS resources that can be used across multiple healthcare institutions and health information systems.
The objective of the HL7 CDS Work Group’s vMR project is to identify and/or develop a set of HL7 data models capable of supporting scalable, interoperable CDS.  These data models include:

· Data models representing data inputs into a CDS engine (e.g., data on a patient’s problems, medications, and laboratory test results)

· Data models representing query parameters that specify the specific data inputs required by a CDS engine (e.g., the most recent LDL cholesterol level)

· Data models representing data outputs from a CDS engine (e.g., patient-specific disease management recommendations)

With regard to CDS inputs in particular, the vMR project recognizes the existence of a significant body of existing models, and will seek to leverage these models appropriately rather than to pursue duplicative efforts.

Within the overall vMR project, the Domain Analysis Model specified in this document is intended to encompass the three types of data models specified above and to serve as the foundation of vMRs for specific implementation frameworks (e.g., for HL7 version 2 messaging and for HL7 version 3 messaging).  This is the first informative ballot of the vMR Domain Analysis Model, and this specification is still in a draft stage.  In particular, we have not yet bound data types to the model, which we anticipate will be based on HL7 version 3 data types.  Also, we have not yet created companion implementation guides that provide realm-appropriate restrictions onto the Domain Analysis Model (e.g., to restrict bound terminologies and value sets or to restrict the types of relationships allowed between healthcare acts).  We therefore request feedback to guide the further development of the vMR Domain Analysis Model and subsequent related work products.
2 Domain Analysis Model for CDS Inputs
2.1 Modeling Methodology
In order to guide the development of the vMR Domain Analysis Model for CDS inputs, the HL7 CDS Work Group conducted a multi-institutional analysis of CDS data needs encompassing 20 CDS systems from 4 nations, which included both large-scale home-grown CDS systems (e.g., CDS systems of the Veterans Health Administration, Intermountain Healthcare, and Partners Healthcare) as well as a number of commercial CDS systems (Siemens Soarian, Eclipsys Sunrise, Medical-Objects CDS, Altos OncoEMR, Hughes riskApps, Wolters Kluwer Health Infobutton API, and Medi-Span).  This analysis identified the use of 131 atomic data elements across the 20 CDS systems.  The details of this analysis, as well as a manuscript summarizing the findings, are available at http://wiki.hl7.org/index.php?title=Virtual_Medical_Record_(vMR).
Using the results of this multi-institutional CDS data needs analysis as the foundation, a Domain Analysis Model was developed using the following modeling guidelines:
· Encompass all data elements identified as being used for CDS by the multi-institutional CDS data needs analysis
· Use an extensible modeling approach, with the understanding that the model can be restricted later through implementation guides and profiles.  For example, the CDS data needs analysis identified that for CDS using family history data, data on healthcare acts other than medical problems and laboratory tests are not generally needed regarding relatives.  However, because it is conceivable that other healthcare acts regarding relatives (e.g., medications taken), the Domain Analysis Model allows a Relative to be associated with any type of Healthcare Act. 
2.2 Domain Analysis Model
The vMR Domain Analysis Model for CDS inputs is presented below, followed by an explanation of each element of the model.  

     Figure 1. Domain Analysis Model for CDS Inputs.
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Table 1. Elements of vMR Domain Analysis Model for CDS Inputs.
	#
	Model Element
	Description
	Examples

	1
	CDS Input
	Entry point into the CDS input model
	

	2
	CDS Context
	The context of a CDS evaluation.  Included in CDS inputs for HL7 Context-Aware Knowledge Retrieval (Infobutton) Knowledge Request standard.
	

	3
	CDS System User Type
	The type of individual who uses the CDS system
	Patient, HealthCareProvider, specific HealthCareProvider type as noted by a specialty code

	4
	CDS System User Preferred Language
	Preferred language of the person who is using the system (e.g., to indicate the language in which the user interface should be rendered).
	English, Spanish

	5
	CDS Information Recipient Type
	The type of individual who consumes the CDS content.  May be different from CDS system user type (e.g., if clinician is getting disease management guidance for provision to a patient).
	Patient, HealthCareProvider, specific HealthCareProvider type as noted by a specialty code

	6
	CDS Information Recipient Preferred Language
	Preferred language of the person who will consume the CDS content (e.g., to indicate the language in which the content should be written).
	English, Spanish

	7
	Task Context
	The task that an individual is performing in an EHR or PHR system.
	Laboratory results review, medication list review

	8
	CDS Resource
	A resource independent of an individual patient, provided to a CDS engine to facilitate patient evaluation
	

	9
	CDS Resource Type
	The type of the CDS resource
	Concept Taxonomies (e.g., all ICD9 codes for diabetes mellitus), CDS system user preference on which guidelines to use for health maintenance (e.g., HEDIS vs. USPSTF)

	10
	Resource Contents
	The contents of the CDS resource
	

	11
	Population
	A collection of Patient data.  Used if a CDS engine is to evaluate a population of patients at once.
	

	12
	Person 
	A person
	

	13
	Gender
	The person’s gender
	Male, Female

	14
	Race
	The person’s race
	Black

	15
	Ethnicity
	The person’s ethnicity
	Hispanic

	16
	Birth Date
	The date on which the person was born.
	February 19, 1975

	17
	Age
	The person’s age.  Can be calculated from birth date, but CDS client may not wish to send birth date due to its ability to be used to identify the patient.
	45 years

	18
	Age Group
	The person’s age group.  Can be calculated from birth date, but CDS client may not wish to send birth date due to its ability to be used to identify the patient.
	19+ years

	19
	Postal Address
	The person’s postal address
	100 Main St., Durham, NC, 27705, U.S.A.

	20
	Patient
	A patient
	

	21
	Healthcare Entity
	An entity relevant to healthcare
	

	22
	Entity Type
	The type of healthcare entity
	Hospital, Organization

	23
	Entity Identifier
	The identifier of the healthcare entity
	Health System A, Clinic ID 123456789

	24
	Healthcare Provider
	A healthcare provider
	

	25
	Provider Type
	The type of healthcare provider
	MD, RN, PA, NP

	26
	Provider Identifier
	The identifier of the healthcare provider
	Health System A, Provider ID 123456789

	27
	Role
	The role played by a healthcare entity
	

	28
	Role Code
	The code of the role
	Observer, Insurer, Healthcare Provider, Primary Care Provider

	29
	Role Time Interval
	The time interval for which the healthcare entity plays the specified role
	March 1, 2008 – March 1, 2009

	30
	Healthcare Act
	Healthcare acts associated with a Patient or Relative
	

	31
	Type
	The type of healthcare act
	Problem List Entry, Encounter Diagnosis, Medication Prescription, Medication Dispensation

	32
	Status
	The status of the healthcare act
	Active, Inactive, Ordered, Canceled

	33
	Template ID
	The ID of the template that defines the structure of instance data
	ID for HL7 V3 RMIM, ID for HL7 Detailed Clinical Model

	34
	Identifier
	The identifier of the specific act instance
	Health System A, Laboratory Result ID 123456789

	35
	DateTime
	The date-time of the act
	March 15, 2010 3:15pm; March 15, 2010 3:15pm - March 15, 2010 3:27pm

	36
	Classification
	A classification for a healthcare act
	

	37
	Classification Type
	The type of classification
	Medication therapeutic use, Medication drug class

	38
	Classification Value
	The value of the classification
	Anti-hypertensive, ACE inhibitor

	39
	Act Attribute
	An attribute of a healthcare act
	

	40
	Attribute Type Code
	The type of act attribute
	Negation, Procedure Laterality, Observation Method, Problem List Entry Modifier

	41
	Attribute Value
	The value of an act attribute
	Does not Have, Right, Histological Confirmation, Family History of Problem

	42
	Act Association 
	The association of an act with another act
	

	43
	Association Type Code
	The type of association
	An Act’s association with a note (e.g., discharge summary associated with Encounter) or Encounter; an Observation’s association with nested Observations (e.g., complete blood count and its relationship with hemoglobin and hematocrit)

	44
	Encounter
	A person’s encounter with the healthcare system
	

	45
	Location Type Code
	The coded value designating the location type
	SNOMED CT 309904001, Intensive Care Unit

	46
	Location
	The location of the encounter
	Health System A Clinic ID 12345, Clinic Name "Main Street Cardiology"

	47
	Procedure
	A procedure performed on a person
	

	48
	Procedure Code
	The coded value representing the procedure
	SNOMED CT 66951008; carotid endarterectomy

	49
	Procedure Site Code
	The coded value representing the site of the procedure
	SNOMED CT 361715005; entire right breast

	50
	Problem Observation
	Observation regarding a person's problems/conditions
	

	51
	Problem Code
	The coded value representing a person’s identified problem
	ICD9CM 250.02; Type 2 diabetes mellitus, uncontrolled

	52
	Medical Equipment Observation
	Observations regarding a person's medical equipment
	

	53
	Equipment Code
	The coded value representing the medical equipment
	SNOMED CT 228869008; Manual wheelchair

	54
	Medication Observation
	Observations regarding a person’s medications.  Immunizations included.
	

	55
	Medication Code
	The coded value representing a person’s medication
	RXCUI 202433; Tylenol

	56
	Medication Dose
	The dose of the medication
	30 mg, 2 puffs

	57
	Medication Route
	The route of the medication
	PO, IV, IM

	58
	Medication Rate
	The rate of the medication
	BID prn, 12mg/hr, qam

	59
	Coverage Time Interval
	The time interval covered by the medication observation.  E.g., for medication prescription - the time interval covered by the script, including refills; for medication dispensation - the time interval covered by the dispensed medications; for administration of IV medication - the time interval for that IV medication administration.
	November 1, 2007 to March 31, 2008

	60
	Refill Information
	Information on refills
	Currently on 2nd of 6 total prescribed refills

	61
	Adverse Reaction Observation
	Observation regarding a person’s adverse reactions to a given agent
	

	62
	Causative Agent Code
	The coded value representing the causative agent of the adverse reaction
	SNOMED CT 102263004; eggs

	63
	Reaction Code
	The coded value of the reaction
	SNOMED CT 247472004; weal

	64
	Severity Code
	The severity of the reaction
	SNOMED CT 162470006; symptom severe

	65
	Reaction DateTime
	Date/time when adverse reaction occurred
	March 15, 2008 3:15 pm

	66
	Laboratory Observation
	Observation regarding a person’s laboratory results.  Includes chemistry results, hematology results, microbiology results, pathology results, etc.
	

	67
	Test Code
	The coded value representing the laboratory test
	LOINC 18262-6; LDL cholesterol test

	68
	Specimen Location Code
	The coded value representing the location from which the specimen was collected
	SNOMED CT 74101002; lungs

	69
	Specimen Type Code
	The coded value representing the type of the specimen
	SNOMED CT 119335007; Coughed sputum specimen

	70
	Value
	The value of the test
	135 mg/dL, Trace, Coded Value (e.g., SNOMED CT 168200001; Salmonella not cultured)

	71
	Normal Range
	The normal range of the test at the laboratory at which the test was analyzed
	50 mg/dL - 150 mg/dL

	72
	Interpretation
	The interpretation of the test according to the testing laboratory or source clinical information system
	Normal, Abnormal, High, Low, Panic High, Panic Low

	73
	Physical Finding Observation
	Observation regarding a person’s physical findings.  Includes vital sign measurements, other physical exam findings, radiology findings, procedure findings (e.g., colonoscopy findings), physical findings scales (e.g., APGAR result, Glasgow coma scale result), TB skin test findings, etc.
	

	74
	Finding Code
	The coded value representing the physical finding
	SNOMED CT 271649006; Systolic blood pressure

	75
	Patient Position Code
	The coded value representing the person's position.
	SNOMED CT 258148007; Standing position

	76
	Finding Location Code
	The coded value representing the location of the physical finding
	SNOMED CT 74101002; lungs

	77
	Value
	The value of the observation
	125 mm Hg, 186 lb, Coded Value (e.g., SNOMED CT 2170000; Gallop rhythm)

	78
	Normal Range
	The normal range of the finding, as reported by source clinical information system
	90 mm Hg - 140 mm Hg

	79
	Interpretation
	The interpretation of the finding according to the source clinical information system
	Normal, High, Low, Panic High, Panic Low

	80
	Goal Observation
	Observation regarding the goals of care for a person
	

	81
	Goal Focus Code
	The coded value representing the focus of the goal
	SNOMED CT 271649006; Systolic blood pressure

	82
	Value
	The target value for the goal
	135 mg/dL, 125 mm Hg, 186 lb,

Coded Value (e.g., SNOMED 35425004; normal body mass index)

	83
	Affiliation
	Information regarding a person’s affiliation with relevant entities and providers.  Includes affiliation with health insurance programs, disease management programs, primary care clinics, etc., as indicated by relationship with Healthcare Entity or Healthcare Provider.
	

	84
	Affiliation Status Time Interval
	The time interval of the affiliation
	March 15, 2008 - March 15, 2009

	85
	Family History Observation
	Observation regarding a person’s family history
	

	86
	Relationship, Relative Relationship
	The relative’s relationship to the focal person.  Modeled recursively, so as to enable pedigree representation and to align with HL7 V3 Pedigree standard.
	

	87
	Relationship Type
	The type of relationship
	Parent, Child

	88
	Relative
	A person’s relative.  Potentially associated with healthcare acts.
	

	89
	Age of Death
	The age of death of the relative
	85 years, null

	90
	Other Observation
	Observation regarding a person.  Includes social history observation (smoking history, tobacco history, sexual history, etc.), questionnaire results (e.g., Beck Depression Inventory questionnaire results), patient preferences (e.g., patient medication preferences based on side effect profiles for psychiatry meds), patient refusal of certain interventions, communications (e.g., patient education, CDS delivery), etc. 
	

	91
	Observation Focus Code
	The coded value representing the focus of the observation
	LOINC 48542-5; Geriatric depression scale

	92
	Value
	The value of the observation
	5 packs/day, True/False, Coded Value

	93
	Interpretation
	The interpretation of the observation according to the source clinical information system
	Normal, Abnormal, High, Low, Panic High, Panic Low


3 Domain Analysis Model for CDS Query Parameters

3.1 Modeling Methodology

The CDS query parameters were derived from the CDS input model to express (i) the attributes of the CDS input model that need to be populated and (ii) for a population-level query, the patient population of interest.  This model is still in an early draft form; feedback to direct its further development would be appreciated.
3.2 Domain Analysis Model

The vMR Domain Analysis Model for CDS query parameters is presented below, followed by an explanation of each element of the model.  

Figure 2. Domain Analysis Model for CDS Query Parameters.
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Table 2. Elements of vMR Domain Analysis Model for CDS Query Parameters.

	#
	Model Element
	Description
	Examples

	1
	CDS Query Model
	Entry point into the CDS query parameters model
	

	2
	Patient Query Model
	The query model involved when a CDS engine evaluates a single patient
	

	3
	Population Query Model
	The query model involved when a CDS engine evaluates a population.  Includes specification of patient population of interest.
	

	4
	Needed Data
	The data needed for a CDS evaluation
	

	5
	Person Attribute Need
	The attribute of the person needed for a CDS evaluation
	Birth Date, Gender, Race

	6
	Act Need
	Data need related to healthcare act
	

	7
	Act Class
	The class of healthcare act needed
	Problem Observation

	8
	Act Type
	The type of healthcare act needed
	Problem List Entry

	9
	Act Attribute
	The attributed of the healthcare act needed
	Type, Code, Status, DateTime

	10
	Act Association Type
	The type of act association needed
	Encounter Association

	11
	Act Classification Type
	The type of act classification needed
	Medication therapeutic use, Medication drug class

	12
	Entity Association Type
	The type of entity association needed
	Primary care provider, health insurer

	13
	Act Need Restriction
	A restriction on the act data needed
	

	14
	Act Attribute
	The act attribute upon which the restriction applies
	Laboratory code, Laboratory DateTime

	15
	Act Attribute Restriction
	The restriction on the attribute
	Laboratory code restriction example ( LOINC codes for LDL cholesterol test (i.e., return only LDL cholesterol test results); Laboratory DateTime restriction example ( test must be done within last 2 years, and be the most recent one available

	16
	Patient Restriction
	Restriction placed on a patient to be included in a population for evaluation by a CDS engine
	

	17
	Patient Restriction Model
	The information model to be used to restrict the patient population of interest
	

	18
	Patient Restriction Model Instance
	The actual instance data specifying how to restrict the patient population of interest
	Model-conformant specification of the following: age = 18-100; has at least 2 encounter diagnoses for diabetes in last 12 months


4 Domain Analysis Model for CDS Outputs

4.1 Modeling Methodology

The CDS output model was developed based on the CDS implementation experiences of the document authors and a consideration of topic-specific CDS output models in the HL7 version 3 family of standards.  This model seeks to provide a high-level framework within which topic-specific CDS output models can be incorporated.  This model is still in an early draft form; feedback to direct its further development would be appreciated.

4.2 Domain Analysis Model

The vMR Domain Analysis Model for CDS outputs is presented below, followed by an explanation of each element of the model.  

Figure 3. Domain Analysis Model for CDS Outputs.
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Table 3. Elements of vMR Domain Analysis Model for CDS Outputs.

	#
	Model Element
	Description
	Examples

	1
	CDS Output Model
	Entry point into the CDS output model
	

	2
	CDS Content
	The primary content of a CDS assessment or recommendation.  Contains either a Simple CDS Content or a Complex CDS Content.
	

	3
	Simple CDS Content
	CDS content expressed as a simple data value
	

	4
	Data Type
	The data type of the CDS content
	String, Boolean, Double

	5
	Value
	The value of the CDS content
	“Patient is overdue for a mammogram”, true

	6
	Complex CDS Content
	CDS content expressed using an information model
	

	7
	Information Model
	The information model used to communicate the CDS content
	HL7 V3 RMIM, schema for a structured text information model

	8
	Value
	Information model instance
	Instance of HL7 V3 Patient Immunization Status Query Response RMIM (http://www.hl7.org/v3ballot/html/domains/ uviz/editable/POIZ_RM070020UV.htm)

	9
	Assessment
	A clinical assessment.  Contains CDS content as well as potentially relevant healthcare acts.
	

	10
	Recommendation
	A clinical recommendation.  Contains CDS content as well as recommended acts and the associated timeframes for taking the recommended actions.
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