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Agenda for Today’s Briefing

I.  SAGE:  A Partnership in Innovation
A multi-faceted overview of the vision, objectives, and 
collaborative approach of the SAGE project

II.  SAGE Technology in Action
A walk-through illustration of working SAGE prototypes 
– from guideline encoding to execution of guideline 
content via functions of a clinical information system

III.  SAGE:  Looking Forward
An overview of project futures and implications for 
delivery of health care
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Safety and Quality Track Recommendation:

“Create central resources and processes that serve as a 
library of nationally vetted clinical guidelines and 
knowledge sources in standardized executable format 
using a standard guideline authoring tool consistent with 
the needs of patient safety and quality.”

Sponsored by the Department of Health and Human Services (DHHS), the 
purpose of the conference was to develop a consensus for a national action 
agenda to guide the further development of NHII.
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Project Overview

An R&D consortium to develop the technology infrastructure 
to enable computable clinical guidelines, that will be shareable
and interoperable across multiple clinical information system 
platforms

Scope:  3 year, $18 M, multi-site, collaborative project

Partners in the project are:  
IDX Systems Inc. 
Apelon, Inc.
Intermountain Healthcare (IHC)
Mayo Clinic
Stanford Medical Informatics (SMI)
University of Nebraska Medical Center (UNMC)

Funded in part by:  NIST Advanced Technology Program

IDX 
Health Informatics

IHC

UNMC
Mayo

SMI

Apelon

Cooperative Agreement Number 70NANB1H3049

Standards-based Sharable Active Guideline Environment



SAGE Project Goals

The primary goal:  Develop a Standards-Based
Sharable Active Guideline Environment with which:

Health experts can author and encode clinical practice 
guidelines in a standard computable format, and

Health care organizations throughout the nation can deploy 
those guidelines easily within any standards-conforming 
clinical information system.
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SAGE Main deliverables
An interoperable guideline model – A computable knowledge 
representation “format” for encoding the content and logic of 
executable clinical practice guidelines.

A guideline workbench – A software tool for authoring, encoding, 
and maintaining guidelines in the format of the SAGE guideline 
model.

A guideline deployment system – Software that “decodes” the 
content of electronic guidelines and surfaces that content via 
functions of the local clinical information system.

Controlled resources -- Specification of a common layer of 
information models and terminologies to mediate guideline content.



SAGE Interoperable Guideline Model
A standard computable “specification” for representing and encoding the 

content and logic of clinical practice guidelines
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Type 2 Diabetes Guideline Flow Diagram, courtesy of
Institute for Clinical Systems Improvement (ICSI) 

Protégé Guideline Model Knowledge Base,
Courtesy Stanford Medical Informatics 
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Recommendation Set

Action Specification



Interoperable Guideline Workbench
A software tool for authoring, editing, encoding, and maintaining guidelines 

in the format of the Guideline Model
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Guideline Deployment System
Software that integrates electronic guidelines with the clinical

information system to operationalize the guideline for clinicians

Guideline

File(s)

Administer:  Download, import, store
Localize:  Clinical edits, local constraints
Set Up:  Mapping to local terminologies and EMR
Execute:  Activation of guideline via CIS workflow



Specification of Standards
A common “layer” of terminology and information models that 

mediates guideline encoding and execution.

Adoption of standard terminologies (e.g., LOINC, SNOMED CT)

Specification of standard information models (e.g., for patient data).

Specification of a standard for guideline knowledge representation.

Employment of a standard expression language for guideline logic.



The SAGE Project is about bridging 
the gap between evidence-based 
medicine and health care delivery
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Key Problems to Solve:

Functionality
Represent guideline knowledge in a manner that is both 
comprehensive and computable.

Manage complexity during encoding and deployment.

Activate guideline content via functions of clinical 
information systems. 

Interoperability
Deploy encoded guideline content  widely.

Semantic interoperability – sharing usable knowledge.

Install and “map” guideline content at reasonable costs. 

Execute guideline content in multiple HIS environments.



Active Deployment of Guideline Content
Active use of patient EMR data by clinical decision support.

Patient-specific recommendations.

Integrate recommendations with  care workflow. 

A Key Technical Consideration:



Build on an invaluable foundation of 
previous work.

Alignment with national health 
information standards.

Organization into cross-partner work 
teams.

Iterative prototyping / development cycles

SAGE Project Approach:



Q3 ‘03 Q4 ‘03 Q1 ‘04 Q2 ‘04 Q3 ‘04 Q4 ‘04

SAGE Iterative DevelopmentSAGE Iterative Development
Cycle Scope and Objectives for Cycles 2 through 4Cycle Scope and Objectives for Cycles 2 through 4

Cycle 2: Diabetes Mellitus

• Medications
• Flowsheets
• Goal Management
• Multiple Non-interacting Guidelines
• On-line DTS Execution

Cycle 3:  Community Acquired
Pneumonia
• Basic Order Sets
• Flowsheets
• G.E.L.L.O Expressions
• Vocabulary Harmony
• Goals
• Population monitoring

Cycle 4: Total Hip, Hypertension

• Multiple Guidelines
• Complex Order Sets
• Localization Tools
• Performance Monitoring
• SAGE Engine Exposed API



SAGE Exemplar Guidelines

Immunizations Routine health maintenance, in both
outpatient and inpatient settings.

Diabetes Management Chronic disease monitoring and treatment.
Acute exacerbation of chronic disease.
Chronic disease as a cormorbidity.

Community Acquired Emergency room evaluation and diagnosis.
Pneumonia Outpatient treatment of acute disease.

Inpatient and ICU treatment of acute disease.
Follow-up of acute disease.

Total Joint Replacement Surgical guideline.  Comprehensive pre-op
workup, inpatient plan of care, and post-op
outpatient management.

Guideline Clinical Domain
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Guideline recommendations integrated 
into a nurse care flowsheet

• View suggested orders
• Process suggested orders

Real time access to 
reference information

“Activating Guideline Content”

IDX Systems Corporation – Proprietary and Confidential



Guideline Modeling Overview
• Scenario-driven modeling

– Clinical scenario: Patient arrives for visit with primary 
physician.  At check-in, SAGE  checks for 
immunizations that are due and prints consents and 
information sheets. Nurse then reviews any other shots 
received, updates the record, and records 
immunizations given that day in CareCast



Guideline Modeling Overview
• Scenario-driven modeling

– Clinical scenario: Patient arrives for visit with primary 
physician.  At check-in, SAGE  checks for 
immunizations that are due and prints consents and 
information sheets. Nurse then reviews any other shots 
received, updates the record, and records 
immunizations given that day in CareCast
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logic
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Top-Level Workflow-Aware 
Process



SAGE Context Model: Workflow 
Specification and Sharing

Context nodes organize and specify
the relationship to workflow.  They record:

Who is involved
Where the session occurs
What resources are required

Clinical
Information processing

What triggers or begins session



SAGE Decision Model: 
Clinical Decision Making

Decision nodes provide support for 
making choices:

Query data from patient record
Employ decision knowledge
Change the logical workflow in

clinically helpful ways



SAGE Action Model: Creating 
Interventions for Favorable Outcomes

Action nodes define activity to be 
accomplished by clinical information system:

User interaction and query
Order sets
Referrals
Appointments and scheduling
Goal setting
Documentation and recording
Messaging, print and paging
Sub-guidelines



SAGE VMR

• Set of broad classes of clinical information →
generic information model
– Classes that a decision support system would need 

to read and write data to/from an electronic patient 
record

– Model designed to be implementation independent, 
but with sufficient expressiveness to allow guideline 
execution

• Follows “vMR” initially proposed by Johnson, 
Tu, Musen, and Purves
– “A Virtual Medical Record for Guideline-Based 

Decision Support” – AMIA 2001
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SAGE Guideline Execution: 
Deployment Concepts

Guideline content will be executed 
by the SAGE Guideline Engine, 
interacting with the CIS via 
standards-based interfaces.
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Events

Queries

Actions
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SAGE Deployment Components
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SAGE facing side stays the same
CIS facing side changes per CIS

Includes mapping methods from
standards to local CIS
functions/concepts

Includes concept mapping
Listens on events being sent by CIS



II.  SAGE Technology in Action



ProgramsTailoring, mapping, binding toolsSupport Tools

Text, programs
Specification of the “system” requirements 
(HIS/CIS). Specifications, resources/capabilities 
required to run this executable guideline

Installation data 
and scripts

SGTD.xmlSpecification (or set) of test data that can be used 
to validate guideline logicTest data

XML, XSLT
The guideline logic in a narrative format that is 
readable Guideline logic and understandable by 
practicing clinicians

Clinician 
readable logic

SGPR.xml
SGPR.xml

The encoded clinical and operational logic of the 
clinical practice guideline.  This includes pointers 
to references and source data as appropriate

Guideline Logic

.doc
(also included 
in .xml files)

Information about the encoded guideline:  
Version, source, authors, dates, etc.

Guideline 
Metadata

What’s on the SAGE CD ?
SAGE

File(s)



Additional Information

• Tailoring Tools
• Vocabulary mapping, Binding Assistance

• Execution Semantics
• Order of evaluation, subsumption rules, …

• Setup and Installation
• Discussion, examples, tools, assistance

• vMR Specification
• Patient data information, API, actions

• CIS Conformance
• Capabilities needed by SAGE friendly CIS



SAGE Exemplar Guidelines

Immunizations Routine health maintenance, in both
outpatient and inpatient settings.

Diabetes Management Chronic disease monitoring and treatment.
Acute exacerbation of chronic disease.
Chronic disease as a cormorbidity.

Community Acquired Emergency room evaluation and diagnosis.
Pneumonia Outpatient treatment of acute disease.

Inpatient and ICU treatment of acute disease.
Follow-up of acute disease.

Total Joint Replacement Surgical guideline.  Comprehensive pre-op
workup, inpatient plan of care, and post-op
outpatient management.

Guideline Clinical Domain
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Newborn,
inpatient Order Process
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Hep B
dose
due?

Newborn,
inpatient Order Process

Compute
Immunization

Decisions

DT due
and can be

given

DT: Deferred

Decision Map for
Immunizations

Due

DT: indicated and
can be given

DT: not due or
contraindicated



Immunization Decisions: DTaP

DTaP
Deferred

DTaP
Indicated and
can be given

DTaP
Not due or

contraindicated

Top

Child

Child /
Adult

Adult

DTaP



Baby Boy Jones

2229 gram
34 week gestation neonate
delivered by emergency 
C-section due to placental 
abruption
His 20 year old mother received no prenatal care.
Mother’s urine drug screen was positive for 
methamphetamines.
Mother’s HBsAg serology was positive.
Problem listed: “newborn exposure to Hepatitis B”

Neonatal Orders for Immunization



Baby Boy Jones

• 2 Substance administrations
due immediately
– Hepatitis B vaccine injection
– Hepatitis B Immune Globulin (HBIG)

• 2 Serologic tests
due 9 months in the future
– Hepatitis B core antibody levels (anti-HBc)
– Hepatitis B surface antigen levels (HBsAg)

Neonatal Orders for Immunization

Expected SAGE Behavior (4 orders):



Neonate w/ HepB positive mother

SAGE Actions
Pending orders created

in the CIS.
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SAGE Engine has caused 
4 pending orders to be 
created in the CIS
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Guideline content will be 
executed by the SAGE Guideline 
Engine, interacting with the CIS 
via standards-based interfaces.

EMR Data

Events

Queries

Actions

SAGE Guideline Execution: 
Neonatal Orders for Immunization

SAGE
Guideline 

Engine 

• Newborn’s Age
• Newborn’s Weight
• Immunization Hx
• Mother’s HBsAG
• Consent obtained?



Local 
Clinical Information System

Execution 
System

Order
Entry

Patient 
Record

Guideline

File(s)

SAGE Guideline Execution: 
Neonatal Orders for Immunization

SAGE
Guideline 

Engine 

EMR Data

Events

Queries

Actions

• Detect newborn admission
• Detect updates to newborn’s EMR

Guideline content will be 
executed by the SAGE Guideline 
Engine, interacting with the CIS 
via standards-based interfaces.



Local 
Clinical Information System

Execution 
System

Order
Entry

Patient 
Record

Guideline

File(s)

SAGE
Guideline 

Engine 

EMR Data

Events

Queries

Actions

• Remind nurse to check immunization HX
• Remind nurse to check contraindications
• Remind nurse to obtain consent
• Create recommended (pending) 
immunization orders in CIS
• Notify physician of new pending orders

SAGE Guideline Execution: 
Neonatal Orders for Immunization

Guideline content will be 
executed by the SAGE Guideline 
Engine, interacting with the CIS 
via standards-based interfaces.



SAGE Flowsheet

• A user interface for viewing CIS data 
supplemented by SAGE 
recommendations: soft influence

• Ability to place orders into the CIS
• Rationale provided for recommendations
• Updates allowed for input of new values
• Supports care goals
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• Implications
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III.  SAGE:  Looking Forward
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• 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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We have:

Shown that clinical guidelines can be encoded in a standards-
based, sharable, computable format.

Demonstrated the capability to represent complex guideline 
content and logic for both acute and chronic care domains.

Used standard information models and terminologies to 
support interoperable transfer of medical knowledge.

Developed and tested an interoperable approach to deploying 
guideline-based decision support that:

Activates guideline logic in response to clinical events.
Retrieves patient data from the EMR.
Makes patient-specific recommendations based on guideline logic.
Integrates those care recommendations into the care workflow.

SAGE: Feasibility Now Demonstrated



Continued development and promotion of foundation 
informatics standards (VMR, Guideline Model, Terminologies)

With standards initiatives and organizations (e.g., NHII, HL7)
With HIS vendors and medical content developers

Seeking AHRQ funding for research on impact of SAGE 
guideline technology on clinician behavior and clinical 
outcomes.

Plan to obtain early, widespread benefits via incremental roll 
out of SAGE technology

SAGE:  The Next Steps



We believe:

Early implementations of “simple” SAGE technology can have 
a wide impact.

Encoding of basic primary care reminders:
Easiest to encode; lowest cost to develop.
Easier to disseminate on wide basis.
Largest impact on health care improvement.

Implementation lower cost of “SAGE Lite” technology to 
“basic” hospital information systems.

Develop streamline SAGE technology for early, wide adoption.
Target implementation to “community” health care where 
advanced clinical information systems are not yet available, yet
where much of today’s basic health care is provided.

SAGE:  Potential for Immediate Impact



SAGE as a clinical trials automation technology?

SAGE as a knowledge discovery platform?

Future SAGE-related research

Development, promotion of SAGE-related 
informatics standards

Alignment with Federal informatics 
standard initiatives 

SAGE:  Summary of Future Potential



Thank You!

www.sageproject.com


