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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



SAGE Execution

• Architecture
• Semantics of the guideline model
• Event driven interpretation 
• Evaluation of criteria
• Example of decision making
• SAGE Actions



Overview of the SAGE Infrastructure
Type 2 
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Needs 
Stabilization?
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Recommend self-management 
program:
Nutrition therapy
Physical Activity
Education for self-management
Foot care

Set individualized treatment goals:
Glycemic control: HbA1c < 7%
Lipid levels: LDL "  130 mg/dl
BP control: BP "  130/85 mm Hg
ASA unless contraindicated
Tobacco cessation if indicated

no

Treatment goals not
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• Modify treatment
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Common Layer of Terminologies and Information Models

Patient Data Model
(Virtual Medical Record)

Care Workflow Model Medical Ontologies

Health Care Organization Model

Host Clinical Information Systems

Guideline Deployment System

Standards-
based API

SAGE
Guideline 
Engine 

SAGE Guideline Model

Guideline Workbench



What’s on the SAGE CD ?
SAGE

File(s)

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

Installation data 
and scripts

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

tbdThe additional information needed to procedurally 
execute the Guideline Logic KB

Execution 
Semantics

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

Guideline Logic

Included in Protégé KBInformation about the encoded guideline:  Version, 
source, authors, dates, etc.Guideline Metadata
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VMR classes,
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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



vMR // Webservices

• Protégé classes “define” web-
services through which SAGE 
communicates with the CIS

• Attributes of these vMR 
classes control the ways 
requests are modeled in the 
guideline and, thus, the way 
that calls to the CIS are 
composed.



vMR functions

• getDemographics
• getProblemList
• getProblem
• getProblemTemporal
• getProblemPresence
• getAllergyPresence
• getAllergyList
• getAllergy
• getObservationTemporal

• getObservationValue
• getObservationPresence
• getObservationCount
• getFinding
• getFindingPresent
• getFindingCount
• getSubstanceAdminPresence
• getSubstanceAdminCount
• getSubstanceAdminTemporal



Local 
Clinical Information System

Execution 
System

Order
Entry

Patient 
Record

Guideline

File(s)

SAGE Guideline Execution: 
Deployment Concepts

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

SAGE
Guideline 

Engine 

EMR Data

Events

Queries

Actions
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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



Guideline Scenario:  
Neonatal Orders for Immunization

Baby Boy Jones is a newborn admitted to the neonatal nursery.  Triggered by  this 
admission, guideline decision logic evaluates the infant’s birth date/time, weight, 
immunization history/status, and the mother’s hepatitis B serologic status:

If patient age < 7 days AND weight is over 2 kg AND mother’s hepatitis status is positive, 
a communication will be sent to the nurse to check for immunization contraindications, 
review immunization history, and obtain vaccination consent.   

After speaking with the mother, the nurse uses the CIS to update the patient’s record.    
These updates might include the mother’s hepatitis B serology status, infants weight, and 
presence of contraindications.  These updates to the patient’s EMR trigger a second 
round of decision logic that then recommends appropriate immunizations.

Guideline-recommended immunizations are instantiated in the CIS as orders (or 
ordersets) that can be approved, processed, charted, etc. via normal CIS patient care 
functions.



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):



SAGE Guideline Execution: 

Monitor

Log
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Neonate w/ HepB positive mother

Triggering event
SAGE engine detects 

admission event.

Newborn,
inpatient



Reg Screen w/ DOB



MD Screen for Jones
with No Inbox entries
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Neonate w/ HepB positive mother

Context Node

Obtain and check patient age.

Newborn,
inpatient

Age < 7 days



Triggering Event: 
CIS Admission 

from ADT System

Remember:



How does SAGE process criteria?

• Obtain CIS data (e.g., date of birth)
• Convert Units as required (e.g., lb to grams)
• Use evaluator for expressions
• Compute boolean (true or false)
• Examples:

» Age < 7 days 
» Counting Previous Vaccinations 
» Mother’s HBsAG status 
» Consent for Immunization



SAGE Execution

• Architecture
• Semantics of the guideline model
• Event driven interpretation 
• Evaluation of criteria
• Example of decision making
• SAGE Actions



Neonate w/ HepB positive mother

Decision Logic
Hep B vaccination is due.





We have 3 possibilities.
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Rule Out: Any 1 of these



Rule Out: Any 1 of these
Anaphylaxis



Rule Out: Any 1 of these
Anaphylaxis

Observation today of 
SNOMED-CT 

39104002 = Illness



Rule In, ANY ONE OF:
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Rule In, ANY ONE OF:

3
2

3
4
3
3

All N-ary criteria

All of these 
must be true

(and)
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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 
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Local 
Clinical Information System

Execution 
System

Order
Entry

Patient 
Record

Guideline

File(s)

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?
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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.



Another patient 
in the clinic…

The model is robust and 
comprehensive.



Normal 2 month old

(2) Suzy Smith

2 month old, female

Vital signs: WNL

no recent illness

no prior immunizations

routine well-baby checkup



Expected Results for Suzy Smith

• Immunizations due
Hep B
IPV
DTaP
Hib
PCV 7

Normal 2 month old



Suzy tour

• Z diagram prior immunizations?

tests, allergic rxns, illness, consent, vis?


