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Introduction and Overview

• SAGE Project Goals and Vision

• SAGE Project Approach and Architecture
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GE Healthcare
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The Clinical Knowledge-Processing Burden

Many years ago Today

This gap 
injures patients

Knowledge processing capacity

Knowledge processing requirement

“Current medical 
practice relies 
heavily on the 
unaided mind to 
recall a great 
amount of detailed 
knowledge – a 
process which, to 
the detriment of all 
stakeholders, has 
repeatedly been 
shown unreliable”

Crane and Raymond
The Permanente Journal 
Winter 2003 Volume 7 No.1
Kaiser Permanente Institute for 
Health Policy
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The SAGE Guideline Lifecycle Vision

Author

Encode

Publish

Import

Install

In Practice

Evaluate

Feedback
Research, meta analysis, 
“crafting the guideline”

Disambiguation,
encoding, testing

Guidelines.net?
Guidelines-R-Us.com?

Download to local
care delivery organization

Clinical editing,
guideline set up

Guidelines active
in local CIS

Outcomes
research

Consolidated
feedback

Guidelines would be routinely encoded in a 
standard, computable format, and would be 
widely available for downloading.

Healthcare organizations would be able to 
import proven guidelines, and execute them via 
their local clinical information systems.
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The SAGE Project Partnership

Author
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Publish

Import

Install
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Evaluate

Feedback

IDX (GE Healthcare)

Apelon Inc.

Intermountain Health Care

Mayo Clinic Rochester

Stanford University Medical Informatics

University of Nebraska Medical Center
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The SAGE Interoperability Vision

A technology infrastructure that supports:

• Clinical practice guidelines – encoded in a 
computable, standards-based representation.

• Once encoded, guideline content can be deployed to 
multiple different clinical information system 
platforms.

• Surfacing guideline content via functions and user 
interface native to the local CIS.

• Allows health care institutions to share guideline 
content and  knowledge bases



Clinical Practice
Guidelines

Guideline
Encoding

The 
SAGE 
Engine

The 
SAGE 
Engine

Controlled
Resources

SAGE
Guideline

Model

Host
Clinical

Information
System

Overview of SAGE Infrastructure
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Local 
Clinical Information System

Other CIS
functions

Order
Entry

Patient 
Record

Guideline

File(s)

EMR Data

Events

Queries

Actions

How does SAGE interact with 
clinical information systems ?

• It communicates with CIS 
via standards-based 
interfaces

• It detects events in the 
clinical workflow                
(e.g. patient is admitted)

• It queries data from the CIS 
electronic medical record 
(e.g. age)

• It executes guideline logic 
based on patient-specific 
data (e.g. if [K+] > 6.0, then…)

• It makes real-time, patient-
specific recommendations 
via functions of the local CIS
(e.g., order immunization)

SAGE
Execution

Engine

V
M

R
 Interface
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“Activating Guideline Content”
Guideline recommendations integrated 
into a nurse care flowsheet

• View suggested orders
• Process suggested orders

Real time access to 
reference information
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Immunizations Routine health maintenance for all ages. 
In both outpatient and inpatient settings,
including population surveillance.

Diabetes Mellitus Chronic disease monitoring and treatment.
Acute exacerbation of chronic disease.
Medication management (for hypertension).
Chronic disease as a co-morbidity.

Community Acquired Emergency room evaluation and diagnosis.
Pneumonia Outpatient, Inpatient and ICU treatment.

Discharge readiness.  
Follow-up of acute disease.

SAGE Exemplar Guidelines
Guideline Clinical Domain
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SAGE Prototyping Cycles 
Drive Requirements and Prototyping

Immunizations

Diabetes Management
What is required to 
represent guideline 
knowledge?

Guideline 
Representation 

Model

What is required to 
author / encode the 
guideline contents?

Guideline 
Encoding

Workbench

What controlled resources  
and information models are 
required? 

Controlled 
Resources

What is required to 
decode the guideline 
and interact with a CIS?

Guideline 
Deployment

System

• Guideline Engine
• VMR interface
• Other components

Community Acquired Pneumonia



12

The SAGE Guideline Model

• Representing Guideline Knowledge

• SAGE Guideline Encoding Tools

Author
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Publish
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Evaluate

Feedback

Mark A. Musen, MD, Ph.D.
Samson W Tu, MS
Ravi D. Shankar, MS
Stanford Medical Informatics
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SAGE Guideline Model 
and Encoding Tools

• Builds on prior work with guideline 
representation

• Highlights
– Multi-faceted knowledge 

representation 
– Extensive support for guideline 

encoding
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SAGE Guideline Model and 
Modeling Environment

• Guideline model and instances 
created in Protégé

• Guideline model represented as 
a collection of classes and 
relationships among them

• Encoding a guideline (e.g. 
immunization guideline) means 
creating instances of these 
classes 

• Protégé provides tool to specify 
guideline recommendations as 
directed graphs
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Guideline Representation: 
Recommendation Sets
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Guideline Representation: 
Recommendation Sets

A guideline contains sets of 
recommendations and other 

properties
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Guideline Representation: 
Recommendation Sets

A guideline contains sets of 
recommendations and other 

properties

A recommendation set 
contains contexts,, 

decisions,, and actions
that are linked by 

transitions
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A Decision Node contains a decision 
model: reasons for choosing each 

alternative
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A Decision Node contains a decision 
model: reasons for choosing each 

alternative
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A Decision Node contains a decision 
model: reasons for choosing each 

alternative
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A Decision Node contains a decision 
model: reasons for choosing each 

alternative
Rule-in and rule-out criteria 
determines whether an 
alternative is recommended
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A Decision Node contains a decision 
model: reasons for choosing each 

alternative
Rule-in and rule-out criteria 
determines whether an 
alternative is recommended
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Guideline Representation: 
Evidence Statement

• Decision support query
If patient has a condition that is 

a compelling indication for 
the use of ACE inhibitor, 
then …

• Decision support engine 
evaluates collection of 
evidence statements

JNC 7 Report: In the management of hypertension, heart failure is a 
compelling indication for the use of ACE inhibitor; strength of evidence 
RA (based on trial evidence).

Tu, S. W., Hrabak, K. M., et al. Use of Declarative Statements in Creating 
and Maintaining Computer-Interpretable Knowledge Bases for Guideline-Based 
Care. AMIA 2006,.Session 26

Evidence statement
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Guideline Representation: External 
Knowledge Source

• Virtual Knowledge Base
– Simplified information model of external knowledge source
– Query knowledge source based on simplified view

• Example: Drug knowledge source class ‘Active Ingredient 
Preparation’
– Query max_daily_dose of Active Ingredient Preparation where
code is atenolol
– Decision support engine resolves query in terms of query to external 

knowledge source

How can knowledge in an external source be 
accessed?
e.g., “What is the maximum daily dose of atenolol oral 
preparation for hypertension?”
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SAGE Guideline Workbench

• Based on Protégé
• Extensions

– Alternative instance form: KWIZ tab
– Generation of XML/HTML: kb2doc tab 
– Case-based testing: SAGE tab
– Terminology server: Apelon terminology 

plugin
{

Discussed 
elsewhere
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Kwiz Tab

• Alternative 
navigation

• Enhanced Search
• Re-use of 

instances from 
libraries of pre-
encoded 
components

Navigation Trail and Tree



27

Document-Oriented View of 
Encoded Guideline

• Transform a complex guideline knowledge to a readable 
document

• Allow clinicians to review knowledge base content

XML export
XSLT style sheet
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The Process of Guideline Encoding

• Collaborative development of the encoding process

• Use of standard terminologies and models

Author

Encode

Publish

Import

Install

In Practice

Evaluate

FeedbackJames R Campbell, MD
University of Nebraska Medical Center
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SAGE Guideline Encoding Process

1. Assemble
Source

Guidelines

2. Envision
Clinical 

Scenarios

3. Formalize
Guideline

Logic

4. Define
Guideline
Concepts

5. Formalize
Vocabulary
Inventory

6. Clarify Data
Representation

7. Encode
Guideline

Knowledgebase

Guideline
Installation 

and 
Execution 
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2006 ADA Guideline
• Comprehensive care 

guideline from American 
Diabetes Association
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2006 ADA Guideline
• Comprehensive care 

guideline from American 
Diabetes Association

• Standards for glycemic 
management
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2006 ADA Guideline
• Comprehensive care 

guideline from American 
Diabetes Association

• Goals for hypertension 
identification and treatment 
specialized

• Standards for glycemic 
management
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2006 ADA Guideline
• Comprehensive care 

guideline from American 
Diabetes Association

• Goals for lipid management 
revised for excess risk

• Goals for hypertension 
identification and treatment 
specialized

• Standards for glycemic 
management
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2006 ADA Guideline
• Comprehensive care 

guideline from American 
Diabetes Association

• Goals for lipid management 
revised for excess risk

• Goals for hypertension 
identification and treatment 
specialized

• Standards for glycemic 
management
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2006 ADA Guideline
• Comprehensive care 

guideline from American 
Diabetes Association

• Goals for lipid management 
revised for excess risk

• Goals for hypertension 
identification and treatment 
specialized

• Standards for glycemic 
management

• Standards for:
•Renal management
•Foot care
•Neuropathy treatment
•Evaluation and intensity 
of follow-up
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Envision Clinical Scenarios
2. Envision

Clinical 
Scenarios

Goal
Provide decision support as integral part of care workflow

Assumption
Guideline DSS is responsive, facilitative – not controlling.
Guideline environment is workflow aware but not managing.

Formalisms
Identify opportunities in care workflow for  guideline decision support. 
Specify the clinical events (and context) to which SAGE must respond.
Identify guideline-based actions that SAGE should generate.
Formulate multiple strategies including background processes and
population management to reinforce outcomes achievement.
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Envision Clinical Scenarios
2. Envision

Clinical 
Scenarios

Diabetic care scenarios
• Automated enrollment for all new cases
• Visit for primary care services
• Reminders and work lists for diabetic case 

managers
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Envision Clinical Scenarios
2. Envision

Clinical 
Scenarios

Diabetic care scenarios

Primary care scenario example:   
A patient checks in to see his primary physician for routine care services. 
SAGE identifies diabetic guideline enrollment and refreshes alerts, reviewing 
criteria for treatments and testing.  Blood pressure, lipids and
glycohemoglobin are compared to goals individualized for this patient.  The 
physician is notified of deficiencies, prompted to complete necessary 
examinations and reminded to address co-morbidities such as smoking and 
obesity when appropriate.  

• Automated enrollment for all new cases
• Visit for primary care services
• Reminders and work lists for diabetic case 

managers
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Formalize Guideline Logic3. Formalize
Guideline

Logic
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Formalize Guideline Logic3. Formalize
Guideline

Logic

• Ambiguity and Guideline Statements
– Uncertain concepts require definition
– Clinical investigators resolve vague 

directions with clinical experts 
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Formalize Guideline Logic3. Formalize
Guideline

Logic

• Ambiguity and Guideline Statements
– Uncertain concepts require definition
– Clinical investigators resolve vague 

directions with clinical experts 
Immunization guideline:
“Progressive encephalopathy is contraindication to administration

of DTaP”

Progressive encephalopathy is defined as the presence of
Encephalopathy AND
(Progressive neurological finding OR
Developmental delay OR
Tuberous sclerosis OR
Lennox-Gestaut syndrome)”
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Formalize Guideline Logic3. Formalize
Guideline

Logic

• Ambiguity and Guideline Statements
– Uncertain concepts require definition
– Clinical investigators resolve vague 

directions with clinical experts 

• Focus guideline logic on requirements of 
clinical implementation scenario
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Formalize Guideline Logic3. Formalize
Guideline

Logic

“Determine if glycemic control is on target”

IF (date of last Glycohemoglobin       
within 6 months AND
Glycohemoglobin within Goal)
OR
date of last Glycohemoglobin
within 3 months
OR
Glycohemoglobin ordered

THEN
Continue

ELSE
Order Glycohemoglobin
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Define  Guideline Concepts4. Define
Guideline
Concepts

Guideline concept references must be extracted from 
guideline statements:

ADA: diabetic patients over 55 years, with hypertension or with 
another cardiovascular risk factor, should be considered for an 
angiotensin-converting enzyme inhibitor
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Define  Guideline Concepts4. Define
Guideline
Concepts

Guideline concept references must be extracted from 
guideline statements:

ADA: diabetic patients over 55 years, with hypertension or with 
another cardiovascular risk factor, should be considered for an 
angiotensin-converting enzyme inhibitor

Risk factors include:
History of cardiovascular disease
Family history of coronary disease
Dyslipidemia
Microalbuminuria
Smoking

Concepts must be contextualized, disambiguated and defined
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Formalize Vocabulary Inventory5. Formalize
Vocabulary
Inventory
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Formalize Vocabulary Inventory5. Formalize
Vocabulary
Inventory

• Guideline concepts are encoded in terms of standard 
reference terminologies  (SNOMED CT, LOINC, RxNorm)



50

Formalize Vocabulary Inventory5. Formalize
Vocabulary
Inventory

• Guideline concepts are encoded in terms of standard 
reference terminologies  (SNOMED CT, LOINC, RxNorm)

• Reference terminologies may need to be extended
– Post-coordination where appropriate
– Concept expressions create logical vocabulary extensions
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Formalize Vocabulary Inventory5. Formalize
Vocabulary
Inventory

• Guideline concepts are encoded in terms of standard 
reference terminologies  (SNOMED CT, LOINC, RxNorm)

• Reference terminologies may need to be extended
– Post-coordination where appropriate
– Concept expressions create logical vocabulary extensionsImmunization guideline:

“Maternal hepatitis B surface antigen positive
ISA Context dependent finding
ASSOCIATED FINDING Hep B antigen positive
FINDING CONTEXT Present
SUBJECT RELATIONSHIP CONTEXT Mother”
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Formalize Vocabulary Inventory5. Formalize
Vocabulary
Inventory

• Guideline concepts are encoded in terms of standard 
reference terminologies  (SNOMED CT, LOINC, RxNorm)

’ Finding of Nephropathy =

‘Renal insufficiency syndrome: SNCT 42399005’
OR ‘Microalbuminuria: SNCT 312975006’
OR ‘Albuminuria: SNCT 274769005’ 
OR ‘Proteinuria: SNCT 29738008

• Reference terminologies may need to be extended
– Post-coordination where appropriate
– Concept expressions create logical vocabulary extensions
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Vocabulary
Inventory

• Guideline concepts are encoded in terms of standard 
reference terminologies  (SNOMED CT, LOINC, RxNorm)

’ Finding of Nephropathy =
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Formalize Vocabulary Inventory5. Formalize
Vocabulary
Inventory
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Formalize Vocabulary Inventory5. Formalize
Vocabulary
Inventory

• Guideline concepts are encoded in terms of standard 
reference terminologies  (SNOMED CT, LOINC, RxNorm)

’ Finding of Nephropathy =

‘Renal insufficiency syndrome: SNCT 42399005’
OR ‘Microalbuminuria: SNCT 312975006’
OR ‘Albuminuria: SNCT 274769005’ 
OR ‘Proteinuria: SNCT 29738008

• Reference terminologies may need to be extended
– Post-coordination where appropriate
– Concept expressions create logical vocabulary extensions
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6. Clarify Data
Representation

How are patient data represented in the (real-world) 
clinical information system (CIS)?
“Develop or adjust the management plan to achieve normal or near-
normal glycemia with an A1C test goal of <7% “ 

Clarify Data Representation

• Virtual medical record (VMR)
– Simplified view of patient data assumed by the SAGE 

system
– Based on HL7 Reference Information Model

• VMR class: ‘Observation’
Observation.code equals 

“HEMOGLOBIN A1C:TOTAL:MFR:PT:BLD:QN: LOINC 4548-4”
Observation.value < 7.0’
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Encode Guideline Knowledge base7. Encode
Guideline

Knowledgebase

Top-level process 
description in 
encoded guideline 
reflects expected 
reactions to 
events in clinical 
workflow
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Standards-based Terminology Services

• Terminology services during guideline encoding and 
execution

Author

Encode

Publish

Import

Install

In Practice

Evaluate

Feedback

Tony Weida, Ph.D.
Apelon, Inc.
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Terminology-powered Guidelines

• Standard access to standard terminologies
• Make guidelines easier to

– Author
– Explain
– Share
– Customize
– Localize
– Execute

• Terminology extension mechanisms
• Terminology services

– Apelon Distributed Terminology System (DTS)
– Authoring support via GUI tools
– Runtime execution support via APIs
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Authoring with Terminologies
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Authoring with Terminologies

• Requirements
– Browse, search and inspect concepts
– Select concepts
– Install / maintain references to selected 

concepts within guideline
• Apelon DTS Plug-in for Protégé
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Protégé

Authoring with Terminologies

• Requirements
– Browse, search and inspect concepts
– Select concepts
– Install / maintain references to selected 

concepts within guideline
• Apelon DTS Plug-in for Protégé
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Protégé DTS
plug-in

Authoring with Terminologies

• Requirements
– Browse, search and inspect concepts
– Select concepts
– Install / maintain references to selected 

concepts within guideline
• Apelon DTS Plug-in for Protégé
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Protégé DTS
plug-in DTS Server

Authoring with Terminologies

• Requirements
– Browse, search and inspect concepts
– Select concepts
– Install / maintain references to selected 

concepts within guideline
• Apelon DTS Plug-in for Protégé
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SAGE Terminologies

• Standards
– SNOMED CT
– LOINC
– NDF-RT

• Extensions
– Concept expressions
– Modular classification
– Candidates for submission to terminology 

authorities
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• Arbitrary subsets of taxonomies
• Defined with logical operators
• Novel taxonomic interpretation

Concept Expressions
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Modular Classification

• Additional concepts conforming to the 
SNOMED CT or NDF-RT models
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Modular Classification

• Additional concepts conforming to the 
SNOMED CT or NDF-RT models
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Modular Classification

• Additional concepts conforming to the 
SNOMED CT or NDF-RT models
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Modular Classification

• Additional concepts conforming to the 
SNOMED CT or NDF-RT models

A
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D

JI

X
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Ex: Modular Extension Concept
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Runtime Execution with 
Terminologies

• Common Terminology Services (CTS)
– ISO / ANSI / HL7 standard API for DTS

• Serves the guideline engine
• Compares concepts in a guideline with entries 

in medical records (mediated by the VMR)
• Subsumption testing

– Is maternal diabetes mellitus a type of diabetes?
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Interoperable Guideline Deployment

• SAGE Guideline Execution Infrastructure

• Interoperable deployment to host CIS platforms

Author

Encode

Publish

Import

Install

In Practice

Evaluate

Feedback

Robert Abarbanel, MD, Ph.D.
GE Healthcare, Seattle
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Portable
SAGE

Execution
Engine

Clinical
Information

System

Event
Listener

Terminology
Server

VMR Service calls

Action Service calls

Event
Notifications

Terminology
Functions

SAGE Guideline 
Execution Architecture

Standards-based I/F 
based on web services

CIS-specific 
implementation 

of services

VMR Services  
Action

Interface

{  }

Other
Servers
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Portable
SAGE

Execution
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Clinical
Information

System

Event
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Terminology
Server

VMR Service calls

Action Service calls

Event
Notifications

Terminology
Functions

SAGE Guideline 
Execution Architecture

Standards-based I/F 
based on web services

CIS-specific 
implementation 

of services

VMR Services  
Action

Interface

{  }

Other
Servers

What is portable?
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Portable
SAGE

Execution
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Clinical
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System

Event
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Server

VMR Service calls
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Event
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Terminology
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SAGE Guideline 
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based on web services

CIS-specific 
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Clinical Information System

S
A

G
E

 E
ngine

VMR Services Interface

Standards-Based CIS-Specific

Example: 
getObservations [Creat]

Local CIS method for:
returning Creat 
lab values

VMR-based query for lab data

Observation object(s) returned

• In the guideline model, patient data concepts are represented using VMR classes
• Queries for patient data are represented using standard VMR-based methods
• Patient data queries are processed via VMR Service web service
• Generic methods are “mapped” to CIS-specific methods
• Data objects returned to SAGE Engine

are built from HL7 data types

Lab
Results

Encounters
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Clinical Information System

S
A

G
E

 E
ngine

VMR Services Interface

Standards-Based CIS-Specific

Example: 
getObservations [Creat]

Local CIS method for:
returning Creat 
lab values

VMR-based query for lab data

Observation object(s) returned

• In the guideline model, patient data concepts are represented using VMR classes
• Queries for patient data are represented using standard VMR-based methods
• Patient data queries are processed via VMR Service web service
• Generic methods are “mapped” to CIS-specific methods
• Data objects returned to SAGE Engine

are built from HL7 data types

Lab
Results

Encounters
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VMR Services Interface
getAppointments

getAgents

getReferrals

getProcedures

getGoals

getMedicationOrders

getProblems

getSubstanceAdministrations getEncounters

getAdverseReactionsgetAlerts

getVMROrders

getXX ( patient_id, [ filters ] );
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VMR Services Interface
getAppointments

getAgents

getReferrals

getProcedures

getGoals

getMedicationOrders

getProblems

getSubstanceAdministrations getEncounters

getAdverseReactionsgetAlerts

getVMROrders

getXX ( patient_id, [ filters ] );

where,
when,
who,

…
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Publish and Distribute: Authoring, maintenance and 
dissemination by professional standards organizations 

versions, editing, indexing, eligibility

Import: Deployment of order set content into vendor EHR
display groups, full text orders, static alerts

Present: Organization and delivery of order set content 
for maximum clinical usefulness

sequencing, selection groups, pre-selection

Manage as knowledge: Employment of XML order sets 
within execution environment for guideline decision 
support

dynamic alerts, session coding, order selection

HL7 Standard for Order Sets
has multiple layers of use…
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HL7 Standard for Order Sets
Supports Presentation
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HL7 Standard for Order Sets
Supports Presentation
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HL7 Standard for Order Sets
Supports Presentation

XOR

XOR
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HL7 Standard for Order Sets
Supports Presentation

pre-select
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Inpatient logic for patient with 
class IV pneumonia

Two actions
to be taken:

1) JCAHO 
measures,

2) Admission
orders.
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Inpatient logic for patient with 
class IV pneumonia

Two actions
to be taken:

1) JCAHO 
measures,

2) Admission
orders.
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Medications for Non-ICU 
CAP Admission
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Medications for Non-ICU 
CAP Admission

AND

OR

Pre-selected by SAGE
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SAGE 
computed 
annotations:

Medications for Non-ICU 
CAP Admission

AND

OR

Pre-selected by SAGE
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Installing Computable Guidelines

• Installation of executable guideline content

• Presenting guideline recommendation to clinicians

Author

Encode

Publish

Import

Install

In Practice

Evaluate

Feedback

Mark Nyman, MD
Mayo Clinic, Rochester
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Localizing a Standards Based 
Encoded Guideline   

Download
Guideline

Medical Staff 
Review Guideline

Edit Guideline for
Local Conditions

Map Standard to
Local Terminologies

Activate
Guideline
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Guideline Review
Medical Staff 

Review Guideline

• Implementing guideline-driven decision 
support into local care-delivery 
organizations requires much more than 
just technology. 

• Must be integrated with local care-delivery 
environment, clinical practice, and institutional 
culture.

• Typically requires review of care-team 
communications and work flow, potential re-
engineering of care processes, etc.
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Guideline Review
Medical Staff 

Review Guideline
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Guideline Review
Medical Staff 

Review Guideline

Document-Oriented
Protégé Workbench View
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Guideline Review
Medical Staff 

Review Guideline

Document-Oriented
Protégé Workbench View
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Guideline Localization 
Edit Guideline for
Local Conditions



139

Guideline Localization 
Edit Guideline for
Local Conditions

• Local “edits” to  to guideline content might 
include:

• Minor changes (thresholds, formulary, etc.)
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Generic Guideline Local Care Workflow

Do A, then B, then C Do A, then B and C in parallel

A B C A
B

C
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Mapping Terminologies
Map Standard to

Local Terminologies

2202566DMDiabetes mellitusSNOMED:
73211009

Problem

2202569DM type 1Diabetes mellitus 
type 1

SNOMED:
46635009

Problem

2202567DM type 2Diabetes mellitus 
type 2

SNOMED:
44054006

Problem

610567382990-
ROCLIS

Hemoglobin A1C, B   
(Kasson)

200100682080-
ROCLIS

Hemoglobin A1C,BHemoglobin A1CLOINC:
4548-4

Order

610526782080-
ROCLIS

Hemoglobin A1C, B   
(Roch)

Hemoglobin A1CLOINC:
4548-4

Observation

Mayo master 
table

Mayo lab 
code 

Mayo labelFrom concept labelFrom 
concept

VMR 
Context
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Guideline Flow Sheets
Activate

Guideline

Summary flow 
sheet of 
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specific 
information.
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Summary of Accomplishments

Author

Encode

Publish

Import

Install

In Practice

Evaluate

Feedback

Robert Abarbanel, MD, Ph.D.
GE Healthcare, Seattle



Clinical Practice
Guidelines

Guideline
Encoding

The 
SAGE 
Engine

The 
SAGE 
Engine

Controlled
Resources

SAGE
Guideline

Model

Host
Clinical

Information
System

SAGE Infrastructure - Accomplishments



181

• Support interoperability via use of standard 
information models and terminologies.

• Support comprehensive encoding of 
complex, longitudinal care practice 
guidelines.

• Support complex, computable models of 
medical decisions and recommended
actions.

• Provide workflow-aware, event-aware, 
context-specific decision support.

Guideline
Representation
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• Support multi-level (e.g., clinicians, experts) 
representation of guideline encoding.

• Provide integrated terminology services
and guideline testing during encoding.

• Support local review and editing of 
guideline content.

• Allow reuse of encoded guideline 
components.

Guideline
Encoding
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• Support event-based, time-based activation 
of guideline logic.

• Execute guideline logic and query patient-
data in real time.

• Interoperate with local terminology services
and external knowledge bases.

• Support surveillance-mode and population-
based guideline execution.

• Employ standard information models and 
web services for data queries.

• Detect appropriate CIS events.

• Transmit guideline-based actions
to the host CIS.

Guideline
Execution

Interface to
Host CIS
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• Surface guideline recommendations via native
CIS functionality.

• Integrate guideline recommendations with 
clinical care workflow.

• Store guideline recommendations, enrollment, 
and goals as part of the patient record.

• Support synchronous guideline-driven alerts 
and interaction.

CIS
Effectors
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