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Executive Summary

Mission and Goals 

Funded by the National Institutes of Health (NIH), the cardiovascular (CV) 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 patients with cardiovascular disease, and in related secondary uses. 

• Define a set of data elements for objects, functions, or activities used in the healthcare environment, hereafter referred to as data elements. 

• Develop consensus clinical definitions for the data elements. 

• Create a static content model of the domain, using the Unified Modeling Language (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 HL7 balloting process. 

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 users. The following stakeholders have collaboratively contributed to this work, making possible the products presented here.
	Cardiovascular Professional Societies 

American College of Cardiology 

American Heart Association 

European Society of Cardiology
	Standards Development Organizations 

CDISC 

Health Level Seven



	Other Participants 

Duke University 
	Government Organizations 

NIH-NCI 

Food and Drug Administration (FDA)


1. Use Case Name: Harmonize Cardiovascular Data
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1.1. Use case Description
1.2. Actors

The following diagram illustrates how the roles specified as actor definitions are inherited

[image: image2.emf]Data Work Group Use Case Actors

Data Workgroup

ACC

AHA

STS

CDISC

NCI EVS

DCRI

NCDR

FDA

ESC


ACC:American College of Cardiology

AHA :American Heart Association (AHA)

CDISC:Clinical Data Interchange Standards Consortium

DCRI:Duke Clinical Research Institute
ESC: European Society of Cardiology

NCI:National Cancer Institute 
NCDR:National Cardiovascular Data Registry
NCI EVS:National Cancer Institute Enterprise Vocabulary Server

STS:Society for Thoracic Surgeons 

FDA:Food and Drug Administrator

1.3. Trigger

NIH Grant
1.4. Description

Facilitate standards and interoperability for cardiovascular clinical research founded on

existing standards using the NCDR and the clinical data interchange standards consortium

(CDISC).

1.5. Preconditions

Patient has presented to Emergency Department for definite symptoms of Acute Coronary Syndrome.

1.6. Post conditions

Selected cardiovascular clinical data elements are harmonized across healthcare domain. 

1.7. Normal Flow

a) Consensus workgroup Stakeholders are identified

b) Workgroup is banded together to review data element definitions
c) Data Elements are presented to the workgroup to develop consensus on the definitions, attributes, and the domains the data can be captured within cardiovascular space.

d) Consensus data elements are harmonized with CDISC standards and HL7 RIM.

e) Harmonized Data elements are mapped to published ontologies such as Snowmed

f) Harmonized data elements are uploaded on National Cancer Institute’s vocabulary server as per Meta Data model.

g) Use case ends.
2. Clinical Use Cases
This section specifies the actors that participate in the business use case. Note that one actor may participate in more than use case.  Actor Specialization creation was intentional for the purpose of capturing all roles that are involved in the care of Patient.
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2.1. Use Case Name: Manage Patient Encounter 

Use Case Model: Patient Encounters
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2.2. Actors

Patient:  The patient received the care described in the use case.
ED Physician/Clinician: A person permitted to provide clinical care to a patient that includes MDs who are Outpatient, ED, Surgeon, ICU docs

Registry Manager:  Responsible for data entry and submission to the cardiac registry.
Nursing Staff: Responsible for Patient Care

Registry Admin: Person or Persons involved in abstracting, data entry, cleaning registry data

Pharmacy technician: A Person responsible for dispensing medication 

Lab technician: A person responsible for conducting laboratory tests to determine facts about a patient's condition. 
Radiology technician:  This role is played by the technician who operates the imaging device used to determine stenosis in the artery.
Clerical Health Care Team
Cardiac Unit Team Member
Cath Lab Team 
Cardiothoracic Surgery
The following diagram illustrates how the roles specified as actor definitions are inherited.

Clerical Health Care Team: 
Includes admissions, discharge, insurance and other business people   
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Cardiac Unit Team Member: 
The following diagram illustrates how the roles specified as actor definitions are inherited in a Cath Lab.
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Cath Lab Team Member:  The following diagram illustrates how the roles specified as actor definitions are inherited in a Cath Lab.
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Cardiothoracic Surgery :  
The following diagram illustrates how the roles specified as actor definitions are inherited in a Cardiothoracic Surgery
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2.3. Trigger

Patient presents to an Emergency Department. 

2.4. Description

This Use Case describes how patient care is managed when a patient coming into the emergency department is evaluated.

2.5. Preconditions

Patient has presented to Emergency Department with heart related symptoms
2.6. Post conditions

Patient is discharged from the facility 
2.7. Normal Flow

a) Patient presents to an ED

b) Patient demographic, brief history and physical information is collected. 
c) Patient is examined for clinical findings.

d) Referring physician/clinician orders ECG and cardiac markers and other laboratory tests. 

e) ECG and Cardiac markers results are evaluated by the physician.

f) Patient is managed as per clinical guidelines.

g) Treatment is administered.

h) Patient is discharged. 

i) Use case ends.
2.8. Extends

2.8.1 Treat ACS Patient 

2.8.2 Treat Heart Failure Patient

2.9. Use Case Name: Treat ACS Patient

2.9.1 Actors

2.9.2 Trigger

Patient presents to an Emergency Department. 

2.9.3 Description

This Use Case describes how patient care is managed when a patient coming into the emergency department is evaluated and goes through the system as per the guideline for Acute Coronary Syndrome.

2.9.4 Preconditions

Patient has presented to Emergency Department for definite symptoms of Acute Coronary Syndrome.

Facility has on site Cardiac catherization lab and cardiac surgery facilities.

2.9.5 Post conditions

Patient is discharged from the facility. 

2.9.6 Normal Flow

a) Patient demographic, brief history and physical information is collected. 
b) Patient is examined for clinical findings.

c) Referring physician/clinician orders ECG and cardiac markers and other laboratory tests. 

d) ECG and Cardiac markers results are sent to the physician.

e) Physician determines patient to have definite ACS with no ST Elevation

f) Cardiac and pain medications are administered. 
g) Patient is observed for 23 hours in ER holding area

h) Stress study is performed and ischemia is detected

i) LV Function is evaluated 

j) Patient is admitted to the hospital for treatment

k) Patient is managed via acute ischemia pathway

l) Treatment is administered.

m) Patient is discharged. 

n) Use case ends.
2.9.7 Alternate Flows

2.9.7.1 Patient is determined to be experiencing ST Elevation

a. Patient is evaluated for reperfusion therapy
b. Patient is admitted to the hospital for treatment

c. STEMI Guidelines are used to treat patient
d. Use Case Returns to step (l) of Normal Flow

2.9.7.2 Patient is transferred to a cardiac unit, and has staged PCI procedures 

a. Patient’s condition deteriorates after medication administration.

b. Patient is transferred to Cardiac Unit.

c. Attending physician sends the patient to Cath Lab for diagnostic and Interventional procedure.

d. Coronary anatomy is assessed.

e. Intracoronary physiologic measurements are used in the assessment.

f. Ischemia was detected with Intravascular ultrasound (IVUS).

g. Stenosis immediately prior to treatment was around 70% within a new lesion.

h. Physician passes guidewire across the lesion and implanted stent.

i. Post procedure assessments for lesion are performed.

j. Arterial Closure method/s is applied to the access site.

k. Nursing staff observes the patient per unit standards and collects post procedure assessment data.

l. Use Case Returns to step (m) of Normal Flow

2.9.7.3 Patient is transferred to a cardiac unit, and has CABG surgery

a. Patient’s condition deteriorates after medication administration.

b. Patient is transferred to Cardiac Unit and then sent for Cardiac Surgery.

c. Cardiac Surgery Team performs a successful CABG.

d. Nursing staff observes the patient per unit standards and collects post procedure assessment data.

e. Use Case Returns to step (m) of Normal Flow.
2.10. Use Case Name: Treat Heart Failure Patient

2.10.1 Actors

2.10.2 Trigger

Patient presents to an Emergency Department. 

2.10.3 Description

This Use Case describes how patient care is managed when a patient coming into the emergency department is evaluated and goes through the system as per the guideline for heart failure  and/or Device Based therapy guideline

2.10.4 Preconditions

Patient with sudden onset of Brady cardia has presented to Emergency Department symptoms of Atrial Fibrillation.

2.10.5 Post conditions

Patient is discharged from the facility. 

2.10.6 Normal Flow

a. Patient demographic, brief history and physical information is collected. 
b. Patient is examined for clinical findings such as weight, blood pressure, ECG, etc.
c. Patient is classified with categorization of NYHA functional class II 
d. Referring physician/clinician orders comprehensive two-dimensional echocardiogram coupled with Doppler flow and initial lab work which includes complete blood count, urinalysis, blood urea nitrogen,  serum creatinine, fasting blood glucose, lipid profile, etc.
e. Referring physician/clinician orders electrophysiological study
f. Patient is determined to have left ventricular (LVS) function as Quantitative LVEF%<35% 
g. Patient is determined to have hemodynamically significant sustained VT or VF induced at electrophysiological study
h. ICD therapy is indicated in the patient.
i. Treatment is administered by implanting an ICD device by an electrophysiologist.
j. ACE/ARB  and Beta blocker are prescribed for the patient
k. Patient is given self care education about heart failure 

l. If patient has history of smoking then smoking cessation advice and counseling is given

m. Patient is scheduled for post discharge appointment with a cardiologist

n. Use Case Ends

3. Secondary Use of Cardiovascular Data
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3.1. Use Case Name: Submit Data to Cardiac Registry

3.1.1 Actors

The following diagram illustrates how the roles specified as actor definitions are inherited.
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Registry Admin: Oversees patient data abstraction, data entry, and data getting accepted by the registry.  

Data Entry: In charge of entering data/or submitting data to the registry and may or may not be responsible for data abstraction
Research: Data being used for disease research
Hospital: Site providing care to the patient
Quality Improvement: Data is utilized to gauge care performance
Nurse Staff: Hospital staff providing/managing  care for the patient during treatment
3.1.2 Trigger

Completion of patient encounter. 

3.1.3 Description

The purpose of this use case is to notify a cardiac registry retrospectively of cardiac patient data for patient who is determined to have an acute coronary syndrome (ACS). Once a cardiac patient has been discharged from the hospital, cardiac patient data will be submitted to a cardiac registry.
3.1.4 Preconditions

Patient admitted to facility.

3.1.5 Post conditions

Registry receives the data and stores the data. 

3.1.6 Normal Flow

a) Patient goes through one of the scenarios in the clinical use case

b) User collects  registry specific data as identified in the registry protocol 
c) System provides user a functionality to enter cardiac registry data

d) User enters the patient data

e) System validates the data

f) System allows user to repeat step (c) thru (f) until satisfied

g) System allows user to submit the data to the cardiac registry upon user request. 

h) Use case ends.
3.1.7 Alternate Flow

3.1.7.1 Data validation produces errors

Patient data contains errors

System prompts user to fix the patient data

User renters the correct patient data

Use case returns to step (f) of the normal flow
3.2. Use Case Name: Submit Registry data to clinical trial

3.2.1 Actors

The following diagram illustrates how the roles specified as actor definitions are inherited.
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Core Lab data: laboratory center that analyzes all study specimens during a clinical trial

Data Coordinating Centre: Organization that is running the clinical trial database as well as cleaning the data.
Sponsor Data Manger: Clinical Trial Sponsor may require this role to have access to or manage and/or analyze the data. 
Food and Drug Administration (FDA): Regulating body within United States to which the results of Clinical Trial may or may not be submitted

Electronic Health Record (EHR): Point of Care system that may or may not be used to record patient clinical data. EHR may be a source of data during clinical trial

Hospital Site: clinical site within a research clinical trial. 
Research Site Coordinator : This is the person responsible for the enrollment, consent, data collection and regulatory tracking at a research site. They are the main point of contact for a particular study at a research site. 
3.2.2 Trigger

Industry sponsored research or trial of a new drug
3.2.3 Description

Clinical trials can set up their data capture systems to accept standardized data elements - and receive data directly from either EHR or Registry vendors ; in addition, data from registries/EHRs can also submit data for a new application  using multiple clinical studies  to FDA in SDTM format.
3.2.4 Preconditions

· Patient has presented to Emergency Department for possible symptoms of Acute Coronary Syndrome and is enrolled in a clinical trial
· Scoped EHR and/or Registry data elements to be utilized by the trial
3.2.5 Post conditions

Patient Data is submitted to FDA. 

3.2.6 Normal Flow

a) Clinical harmonized data for ACS trial is imported from cardiac registry into trial’s Electronic Data Capture (EDC)

b) Corel Lab data is transmitted and loaded into the clinical trial database

c) Data Coordinating Centre arranges enters data required for trial that is not transferred  by EHR or Registry EDC systems 

d) Study data are extracted into  clinical trial analysis data set as per Cardiovascular SDTM Standard

e) Statistical analysis is performed

f) Analysis data set is included in the new drug application to the FDA
g) Clinical trial data is supplemented by Registry data
h) Use Case Ends

3.2.7 Alternate Flow

3.2.7.1 Data is not submitted to FDA
a. Upon trial being negative, data is not submitted to FDA

b. Use Case Ends.

3.3. Use Case Name: Submit FDA CV End Points in any Clinical Trial

3.3.1 Actors

The following diagram illustrates how the roles specified as actor definitions are inherited.
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Core Lab data: laboratory center that analyzes all study specimens during a clinical trial

Data Coordinating Centre: Organization that is running the clinical trial database as well as cleaning the data.
Sponsor Data Manger: Clinical Trial Sponsor may require this role to have access to or manage and/or analyze the data. 
Food and Drug Administration (FDA): Regulating body within United States to which the results of Clinical Trial may or may not be submitted

Electronic Health Record (EHR): Point of Care system that may or may not be used to record patient clinical data. EHR may be a source of data during clinical trial

Hospital Site: clinical site within a research clinical trial. 
Research Site Coordinator : This is the person responsible for the enrollment, consent, data collection and regulatory tracking at a research site. They are the main point of contact for a particular study at a research site. 
3.3.2 Trigger

Industry sponsored research or trial
3.3.3 Description

Submission of data with CV and non CV Endpoints to FDA Data Store- so FDA could build their warehouse around the standards and thus be able to leverage CV endpoint data collected across trials (whether it's a nephrology trial w/ a CV endpoint or an oncology trial with a CV endpoint.  The FDA can look at CV endpoint data across trials from different therapeutic areas and know the concepts are defined and collected the same way.     
The standards will reduce the FDA's burden to 'standardize' or account for differences for the same data elements across trials if they want to do secondary reporting. 
3.3.4 Preconditions

· Consensus was accomplished on FDA End Points for Cardiovascular Data

· Clinical trial requires Cardiovascular End point data
3.3.5 Post conditions

Data is submitted to FDA
3.3.6 Normal Flow

a) This Use case is initiated when patient is enrolled in a clinical trial

b) Patient completes all phases of  clinical trial 

c) Patient experiences one or more harmonized FDA endpoints.

d) System provides user a functionality to enter trial data

e) User enters the data as per electronic Case Report Form built according to CV data standards.

f) User enters the patient data.

g) System validates the end point data

h) System allows user to repeat step (d) thru (g) until satisfied

i) Data management and clinical event coordinators validate the data

j) Use case ends.

3.4. Use Case Name: EHR Data for possible secondary use
3.4.1 Actors
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3.4.2 Trigger

Patient presents for an encounter
3.4.3 Description

 The Use Case describes how EHR’s can use the Harmonized data elements to leverage re-use of collected data such as in clinical trials and/or data registries 
3.4.4 Preconditions

Data Elements from the list of Cardiovascular harmonized data elements are used within an EHR 

3.4.5 Post conditions

Patient Data is shared with other systems 

3.4.6 Normal Flow

a) Patient encounter data is entered into a CCHIT compliant system

b) Patient data is extracted and shared with a Cardiac Registry

c) Patient data is extracted and shared with Clinical trial study

d) Quality Improvement Metrics can be generated by the system

e) Use Case Ends.

4. Activity Diagrams
4.1. Treat ACS Patient
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4.2. ACS Treatment
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4.3. Heart Failure
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5. Appendix A

Use Cases

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 need 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 HL7 development framework. Prior to initiating a development project within HL7, use cases are expected. The overarching use case for the cardiovascular and tuberculosis projects is shown 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 TB 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 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 
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As shown in the figure above, the stick figures represent participants in the process in the use cases. 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 Report data to a quality improvement registry Patient Clinician QI Registrar Healthcare Facility

· Use Case Modeling
· Partitioning and decomposing the topic domain into interrelated sets of meaningful activities and actions providing values to the actors involved.

The components:

	Description
	Represents a summary of the overall scope and content of the use case.

Typically one or two sentences that describe the goal of the use case.

It does not detail the flow of events but captures the context and purpose of the use case. The reader should not have to look at the other sections of the use case to understand the supported behavior

	Primary Actor(s)

[secondary actor(s)]
	The name of the external actor that triggers the use case for the purpose of achieving a goal.

More than one actor may initiate a use case. In this case, a single abstract actor should be defined from which all initiating real actors will inherit the associated use case(s) behavior. Secondary actors may be included. These are external entities called upon by the use case to provide a service.

	Triggers
	The event or events that initiate the use case (usually triggered by the actor).

The trigger can be a business event (such as the receipt of a document) or it can be a temporal event (such as an anniversary or month end). There may be multiple triggers for a use case (list them all!).

	Includes
	An included use case represents the common behavior that is applicable to this, and other use cases. For ease of management, it is externalized in its own document.

	Pre-conditions
	Pre-conditions state the constraints that must be met before the use case can be

executed. For example:

• the system may have to be in a certain state before the initiation of the use

case is enabled.

• the use case may require a previous sequence of successful use cases before

it can be invoked.

	Flow of Events
	Main Flow:

1.

2.

3.

…

The use case should describe what the actor does and what the system does in

response. It should be phrased in the form of a dialog between the actor and the

system. The use case should describe what happens inside the system, but not how or why. If information is exchanged, be specific about what is passed back and forth. 

	
	Alternate Flows:

[A1]

[A2]

[A3]

Alternate Flows identify the conditions in the normal flow of events that cause the execution of an alternate path from the main flow. For example, there might be an alternate flow based on a variation of the input data.

The alternate flow is identified in the main body by stating the conditions causing the invocation and a cross-reference a set of steps (documented in this section).

To control Alternate Flow explosion for a given use case, complex alternate flows can be turned into subordinate use cases in their own right. We should consider

Specializations of a use case (i.e. inheritance relationship) or an extension to a base use case (i.e. “extends” stereotype on a relationship between the use cases).

	Extends
	A use case identified in the Extends section represents a reference to a use case that is being extended by this use case. The extended use case (the one referenced here) is valid as a complete use case in its own right. It does not know about this use case that extends it. This use case (the extending use case) contains the specific behavior that can be “plugged” into the extended use case (with an indication where it fits).

	Post-conditions
	Alternative ways that the use case may end (either successful or unsuccessful in nature). Sometimes listed with the conditions under which the specific outcome is achieved.

Note: The post-conditions can be useful in identifying events that get published such that other interested parties (objects/components) may subscribe to them to do further processing.


Clinical Activity Model 

Rationale 

Activity models 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 models 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 models should be included in the definition of a clinical domain. 

Product 

The activity models 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 models 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 scenarios/storyboards. However, because the activity models reflect the healthcare process, they may imply or directly contain data elements that are not in Package 1. These data elements will make up future packages. Activity models list clinical process steps; it should be evident how the data elements fit in. Specific data elements are not necessarily explicitly mentioned in activity models.
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