
Integration Point: 
Immunization Guideline

Vocabulary Issues



Managing vocabulary needs 
for guideline decision logic 

is complicated!
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SAGE Development 
Procedures

• Analyze guideline for clinical impact
• Select recommendation sets
• Create enterprise implementation scenarios
• Develop the model

– Analyze decision logic and data recording
– Create the vocabulary inventory
– Model the workflow and decision logic with 

Protege®
• Create the interoperable knowledge base
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SAGE Deployment Features
• Import the SAGE knowledge base
• Select scenarios for installation
• Import and localize the scenarios

– Vocabulary mapping
– Enterprise resource identification
– Scenario tailoring

• Bind the knowledge to the clinical information 
system using the vendor’s own  SAGE 
compliant engine
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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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A Recommendation set….



To the nursery scenario…
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Newborn w/ 
Hep B Positive Mother

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”
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Newborn w/ 
Hep B Positive Mother

Baby Boy Jones
Admission to hospital
SAGE monitor triggered
Patient record queried
SAGE evaluates  guideline criteria and 
communicates with clinical information system
Nurse alerted to obtain consent and complete 
database
Automated orders issued to attending physician 
for confirmation
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Creation of basic guideline 
logic
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Identify concept requirements 
of logic
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Create Protege® Model

Hep B
dose
due?

Newborn,
inpatient Order Process

Compute
Immunization

Decisions

Immunization
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Immunization 
Decisions
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vMR 
Information Model Assumptinos

• 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.
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Vocabulary Inventory
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Post-coordination of new 
concepts
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SAGE Model
Vocabulary Service layers

• Reference terminology layer
– I - SNOMED concept layer: Concept of “Date of birth”, 

“Infantile spasms”
– II – SNOMED post-coordination: Concept of “Child born of 

Hep B+ mother”
• Guideline vocabulary services layer

– III – Boolean formulation [AND, OR, NOT]: Problem of 
“Progressive encephalopathy”

– IV – Clinical expression model (CEM): restrictions upon one or 
more vMR classes: “Refusal of vaccination consent”

– V – CEM with complex calculations: “Age > 7 years”; 
“Orthostatic blood pressure > 10 mm”
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Step by step with the clinician

• Baby Boy Jones will be admitted.
• SAGE will be notified.
• SAGE will determine that an 

immunization is due. Many SAGE / CIS 
interactions are required to support this.

• Pending orders will be placed.
• Inbox messages will be sent 

through the CIS.

Neonate w/ HepB positive mother
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Baby Boy Jones
Expected SAGE Behavior (4 orders):
• 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)

Neonate w/ HepB positive mother
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Pay No Attention to that Man Behind the Curtain!
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MD Screen for Jones
with No Inbox entries
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Registration Screen w/ DOB
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Age is a 
Variable in Protégé

The variable has a formula:
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Age is a 
Variable in Protégé

The variable has a formula:

A 
SAGE 

function
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Age is a 
Variable in Protégé

The variable has a formula:

A 
SAGE 

function

Requires a 
CIS call.
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How is Age computed

SNOMED-CT 
code = 184099003
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Allergy_Presence_Criterion:
anaphylaxis reaction to DtaP
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Temporal_Comparison_Criterion:
1st Hep B given within 7 days of birth
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Hep B Anaphylaxis
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Counting Previous Vaccinations:
Processed using SubstanceAdministration

• Get subsumption for Code (HepB vaccine)
• Sets valid window (begin, end) = start of time through NOW
• Calls VMR Service method getSubstanceAdminCount()

– Passes in getSubstanceAdminCountRequest
• Includes set of codes subsumed

– Returns getSubstanceAdminCountResponse (integer)
• Compares returned value against “Value” (0) using “Operator” 

(equals) and Criterion returns True/False
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Concept Expressions
• Progressive Encephalopathy is encoded as
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Boolean using 
SNOMED-CT codes

Progressive
neurologic finding

12321232

Developmental delay
248290002

Encephalopathy
81308009

Tuberous sclerosis
syndrome
7199000

Lenox-Gastaut
syndrome

234418006

or

or

andProgressive
Encephalopathy
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Concept Expressions
• Process

– Assemble list of concept codes specified in the concept 
expression using “Boolean Connectivity” specified

– Pass the list to VMR class specified in criterion 
– Evaluate the returned values from the CIS (True or False, 

here, since we are dealing with Presence_criterion)

- This is similar to how other single Concept codes are 
processed 
- Subsumption  will be provided by terminology service
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Mapping inside SAGE (now)

Mapping
SNOMED Code 

of an
orderable item 

Carecast code
(CC_Code)

SAGE
Engine

CreatePendingOrder()

SAGE
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Post-coordination examples for 
Immunization Guideline

• Progressive encephalopathy
• Reason for vaccine deferral
• VIS was gven to patient
• Child born of HBsAG positive mother
• Sexual contact HIV positive
• Lives with family member has HIV
• PMH thrombocytpenic purpura
• PMH thrombocytopenia
• Severe wound lesion
• Contaminated wound lesion
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Should Findings have 
Severity qualifiers?
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Should a “Short sleeper” be considered 
to have an “Encephalopathy”?
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Problems Facing Guideline 
Vocabulary Use

• Expansion of syntax options for post-
coordination

• Rapid response from CAP on post-
coordination needs for non-specialized 
concepts

• Accuracy of subsumption relationships
• Should quality control of SNOMED 

relationships interact with projects such as 
SAGE?


