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Introduction and Overview

e SAGE Project Goals and Vision

e SAGE Project Approach and Architecture
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The Clinical Knowledge-Processing Burden

“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 > .This gap
shown unreliable” Injures patients

Knowledge processing requirement

Crane and Raymond Knowledge processing capacit
The Permanente Journal

Winter 2003 Volume 7 No.1
Many years ago

Kaiser Permanente Institute for
Health Policy




The SAGE Guideline Lifecycle Vision

Consolidated @ Disambiguation,
feedback ) encoding, testing
Research, meta analysis,
Feedback “crafting the guideline”

Guidelines would be routinely encoded in a
Standard, computable format, and would be

@ widely available for downloading.

oubomes Healthcare organizations would be able to
res@dcch import proven guidelines, and execute them via
their local clinical information systems.

Guidelines acN Download to local
in local CIS care delivery organization

Clinical editing,
guideline set up
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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




Overview of SAGE Infrastructure
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How does SAGE interact with
clinical information systems ?

e |t communicates with CIS B o 8
via standards-based Clinical Information System

interfaces Fiets)

It detects events in the

clinical workflow
(e.g. patient is admitted)

It queries data from the CIS Patient

' ' Record
electronic medical record SAGE

(e.g. age) .
Execution

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

a0eBIu| HINA

It makes real-time, patient-
specific recommendations

via functions of the local CIS Other CIS
(e.g., order immunization) functions
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“Activating Guideline Content

Guideline recommendations integrated
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SAGE Exemplar Guidelines

Guideline

Clinical Domain

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
Pneumonia

Emergency room evaluation and diagnosis.

Outpatient, Inpatient and ICU treatment.
Discharge readiness.
Follow-up of acute disease.




SAGE Prototyping Cycles
Drive Requirements and Prototyping

Diabetes Management
What is required to
represent guideline Community Acquired Pneumonia
knowledge? What is required to

author / encode the , ,
What is required to

decode the guideline
and interact with a CIS?

guideline contents?

. What controlled resources
Guideline dinf " del
Representation and information models are

required?
Model Guideline G

Encoding |
Workbench Guideline |
|

Deployment
System v

e Guideline Engine Controlled
e /MR interface Resources

e Other components 11




The SAGE Guideline Model

e Representing Guideline Knowledge

e SAGE Guideline Encoding Tools

Mark A. Musen, MD, Ph.D.
Samson W Tu, MS

Ravi D. Shankar, MS
Stanford Medical Informatics




SAGE Guideline Model
and Encoding Tools

e Builds on prior work with guideline
representation

« Highlights
— Multi-faceted knowledge
representation

— Extensive support for guideline
encoding




SAGE Guideline Model and
Modeling Environment

ImmunoCycle5_3v23Neb Protégé 3.2 beta  (files\D:\,_CurrentWorkiSAGE
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Edit Project Wndow  Apelon Tools  Help

Encoding a guideline (e.qg.
Immunization guideline) means
o creating instances of these
classes

* Protege provides tool to specify
guideline recommendations as
directed graphs 14




Guideline Representation:
Recommendation Sets
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Guideline Representation:
Recommendation Sets
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Guideline Representation:
Recommendation Sets

Immunul:ycleS_3v23Neh Prok

File  Ecit Project ‘Window A

O e & < &8 C

|/ L J Khoweledge Tree r ® Classes

" +
Knowledge Tree ;3. - ‘J

A guideline contains sets of
recommendations and other

v # Immunizations (
¥ B8 recommencation_set

'l' # Neonatal Hepatitis InmunizationfGui
start

transitions

steps

references

- 4 Primary Care Immunizatifins

- 4 Adult Immunization Sufguideline
- 4 Compute deferred vgtcines

- 4 Vaccine eligibity mfister subguideli
- 4 Pediatric Immunizgion Subguideline
- 4 Population mangfement scenario
- 4 Test trial
configurable_parfimeters

enrollmert _crit
evidence_statements

metadata

- # ImmunizationCycles

> source_urls

b category

l- version_notes
BB date
de-enrolimert_criteria

=10 x|

{léprotégé

properties

For Instance: % Neonatal Hepatitis Immunization Guideling  (instance of Activity_Graph, internal name i

Label

A recommendation set
contains contexts,
decisions, and actions

that are linked by
transitions

Yaccination?

Meonatal Hepatitis Immunization Guideline

A ¥ ¥

# Immunization guideline age < 7 days

Start

Steps

W
. Iz Hepatitis B__— o

waccine due?

/

munization
eline age = 7
days

& \s Hepatitis B

Context

Are fu.mre Order Future

. Hepatitis B Hepatitis B
T ostatus tests T———— ! Labaratary
needed? Tests far
Meonate

Decisior

Action

Immune
Globulin Hepatitis B

(HEIG)
sossiyauer >
DUE for
neswborn, Place
arder

Dowe need to
order maternal
Hepatitis B

surface antigen\

Qrder

s dm Sl b Fm




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

s Hepatitis B Hepatitis B

e oes ——»n Vet alternative

e
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A Decision Node contains a decision

model: reasons for choosing each
R — i alternative
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A Decision Node contains a decision
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Guideline Representation:
Evidence Statement

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).

Evidence statement

Statement Subject S % ¢ &

e Decision support query

Hypertensive disorder, systemic art... If patlent haS a Condltlon that IS
Condition AR a compelling indication for
¢ feart failure the use of ACE inhibitor,
Relationship Type Y o then .

Compelling Indication

e N oo * Decision support engine

ACE Inhibitor Cral Preparation for H...

__ - evaluates collection of
cea evidence statements

References : Tu, S. W., Hrabak, K. M., et al. Use of Declarative Statements in Creatifg
# JMNC 7 Guideline and Maintaining Computer-Interpretable Knowledge Bases for Guideline-Based
e Care. AMIA 2006,.Session 26




Guideline Representation: External
Knowledge Source

How can knowledge in an external source be

accessed?
e.g., “What is the maximum dalily dose of atenolol oral
preparation for hypertension?”

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 guery in terms of query to external
knowledge source




SAGE Guideline Workbench

e Based on Protégé

e EXxtensions

— Alternative instance form: KWIZ tab

— Generation of XML/HTML: kb2doc tab
{ — Case-based testing: SAGE tab

— Terminology server: Apelon terminology
plugin

Discussed
elsewhere




Kwiz Tab
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Document-Oriented View of
Encoded Guideline

» Transform a complex guideline knowledge to a readable
document

« Allow clinicians to review knowledge base content

3 Imnwinizatlons - Mozllla Firefox

SAGE_DM_Synch05_v0D8.3 Protégé 3.2 beta (files\D:y,
Project  Window  Apelon  PAL Constraints  Tools s B nmazon [C] Googha M Gmad | = § Events | Med info
The o 1 i | Immunizations

XML export
XSLT style sheet

Paws Lo Triggarng Frerss

Schweuing Censkart

Recommendation S
Guideline




The Process of Guideline Encoding

e Collaborative development of the encoding process

e Use of standard terminologies and models

James R Campbell, MD

University of Nebraska Medical Center




SAGE Guideline Encoding Process

3. Formalize
Guideline
Logic

1. Assemble
Source

Guidelines 4. Define
Guideline
Concepts

2. Envision \ Guideline
Clinical Installation

Scenarios and

Execution

o'SAGE

5. Formalize
Vocabulary
Inventory

6. Clarify Data
Representation

7. Encode
Guideline

Knowledgebase
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recommendation using the letters A, B, C,
or E.

 Comprehensive care
guideline from American
Diabetes Association

« Standards for glycemic
management
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Recommendations
Perform the A1C test at least two times

ayear in patients who are meeting treat-
ment goals (and who have stable glyce-

mic contral). (E)

Perform the A1C test quarterly in pa-
tients whose therapy has changed or
who are not meetng glycemic goals. (E)
Use of point-cf-care testing for A1C al-
lows for tmely decisions on therapy

changes, when needed. (E)

Care in Diabetes-2006

yslipidemia/lipid man-
jgement

ntiplatelet agents
moking cessation

cronary heart dissase screen-
ng and treatment

I SCREENING FOR DIABETES,
p. 55

1L DETECTION AND DIAGNOSIS
OF GESTATIONAL DIABETES
MELLITUS, p. 57

IV. PREVENTION/DELAY OF TYPE 2
DIABETES, p. 57

V. DIABETES CARE, p. 58
A Initial evaluation
. Management
C. Glycemic control
1. Assessment of glycemic
control
a. Self-monitering of
blood glucose
b, ALC
2. Glycemic gpals
D. Medical nutrition therapy
. Diabetes self-management edu-
cation
. Physical activity
. Psychosodal assessment and care
. Referral for diabetes management
. Intercurrent illness
. Hypoglycemia
L Immunization

glhiropathy screening and
treatment

C. Retinopathy screening and
treatment

D. Meuropathy screening and
treatment

E. Foot care

VIL DIABETES CARE 1IN SPECIFIC
POPULATIONS, p. 526
A Children and adolescents
B. Preconception care
C. Older individuals

DIABETES CARE IN SPECIFIC
SETTINGS, p. 529
A Diabetes care in the hospital
B. Diabetes care in the school and
day care setting
C. Diabetes care at diabetes camps
D. Diabetes management in cor-
rectional institutions

. HYPOGLYCEMIA AND EMPLOY-
MENT/LICENSURE, p. 534

. THIRD-PARTY REIMBURSEMENT

iabetes is a chronic illness that re-
D quires continuing medical care and

patient self-management education
to prevent acute complications and to re-
duce the risk of long-term complications.
Diabetes care is complex and requires that
many issues, beyond glycemic contral, be
addressed. A large body of evidence exists
that supports a range of interventions to
improve diabetes outcomes.

These standards of care are intended
to provide clinicians, patients, research-
ers, payors, and other interested individ-
uals with the components of diabetes
care, treatment goals, and tools to evalu-
ate the quality of care. While individual
preferences, comorbidities, and other pa-
tient factors may require modification of
goals, targets that are desirable for most
patients with diabetes are provided.
These standards are not intended to pre-
clude more extensive evaluation and
management of the patient by other spe-
cialists as needed. For more detailed in-
formation, refer to refs. 1-3.

The recommendations included are
diagnostic and therapeutic actions that
are kmown or believed to favarably atfect
health cutcomes of patients with diabetes.
A grading system (Table 1), develaped by
the American Diabetes Association (ADA)
and modeled after existing methods, was
utilized to clanfy and codify the evidence
that forms the basis for the recommenda-
tions. The level of evidence that supperts
each recommendation is listed after each
recommendation using the letters A, B, C,
or E.

 Comprehensive care
guideline from American
Diabetes Association

o Standards for glycemic
management
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Recommendations
Perform the A1C test at least two times

ayear in patients who are meeting treat-
ment goals (and who have stable glyce-

mic contral). (E)

Perform the A1C test quarterly in pa-

Care in Diabetes-2006

tients whose therapy has changed or

who are not meetng glycemic goals. (E)
Use of point-cf-care testing for A1C al-
lows for tmely decisions on therapy

changes, when needed. (E)

yslipidemia/lipid man-
jgement

ntiplatelet agents
moking cessation

cronary heart dissase screen-
ng and treatment

hropathy screening and

I SCREENING FOR DIABETES,
p. 55

1L DETECTION AND DIAGNOSIS
OF GESTATIONAL DIABETES
MELLITUS, p. 57

IV. PREVENTION/DELAY OF TYPE 2
DIABETES, p. 57

V. DIABETES CARE, p. 58
A Initial evaluation
. Management
C. Glycemic control
1. Assessment of glycemic
control
a. Self-monitering of
blood glucose
b, ALC
2. Glycemic gpals
D. Medical nutrition therapy
. Diabetes self-management edu-
cation
. Physical activity
. Psychosodal assessment and care
. Referral for diabetes management
. Intercurrent illness
. Hypoglycemia
L Immunization

treatment
. Retinopathy screening and
treatment
.Neuropathy screening and
treatment
E. Foot care

VIL DIABETES CARE 1IN SPECIFIC
POPULATIONS, p. 526
A Children and adolescents
B. Preconception care
C. Older individuals

DIABETES CARE IN SPECIFIC
SETTINGS, p. 529
A Diabetes care in the hospital
B. Diabetes care in the school and
day care setting
C. Diabetes care at diabetes camps
D. Diabetes management in cor-
rectional institutions

. HYPOGLYCEMIA AND EMPLOY-
MENT/LICENSURE, p. 534

. THIRD-PARTY REIMBURSEMENT

iabetes is a chronic illness that re-
D quires continuing medical care and

patient self-management education
to prevent acute complications and to re-
duce the risk of long-term complications.
Diabetes care is complex and requires that
many issues, beyond glycemic contral, be
addressed. A large body of evidence exists
that supports a range of interventions to
improve diabetes outcomes.

These standards of care are intended
to provide clinicians, patients, research-
ers, payors, and other interested individ-
uals with the components of diabetes
care, treatment goals, and tools to evalu-
ate the quality of care. While individual
preferences, comorbidities, and other pa-
tient factors may require modification of
goals, targets that are desirable for most
patients with diabetes are provided.
These standards are not intended to pre-
clude more extensive evaluation and
management of the patient by other spe-
cialists as needed. For more detailed in-
formation, refer to refs. 1-3.

The recommendations included are
diagnostic and therapeutic actions that
are kmown or believed to favarably atfect
health cutcomes of patients with diabetes.
A grading system (Table 1), develaped by
the American Diabetes Association (ADA)
and modeled after existing methods, was
utilized to clanfy and codify the evidence
that forms the basis for the recommenda-
tions. The level of evidence that supperts
each recommendation is listed after each
recommendation using the letters A, B, C,
or E.

deline

Comprehensive care
guideline from American
Diabetes Association

Standards for glycemic
management

Goals for hypertension

Identification and treatment
specialized
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Recommendations
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DIABETES, p. 57

V. DIABETES CARE, p. 3
A Initial evaluation
. Management
C. Glycemic control
1. Assessment
control
a Self-mor
blood glud
b. A1C
2. Glycemic gpal
D. Medical nutrition
. Diabetes self-man
cation
. Physical activity
. Psychosodal assessr
. Referral for disbetes|
. Intercurrent illnes
. Hypoglycemia
L Immunization

1. Hypertension/blood pressure
control

Recommendations

Screening and diagnosis

# Blood pressure should be measured at
every routine diabetes visit. Patients
found to have systolic blood pressure
=130 mmHg or diastolic blood pres-
sure =80 mmHg should have blood
pressure conhrmed on a separate day.
L)

Goals

* Patients with diabetes should be treated
to a systolic blood pressure <130
mmHg, ()

# Patients with diabetes should be treated
to a diastolic blood pressure <80
mmHg, (B}

Treatment

* Patients with hypertension (systolic
blocd pressure =140 or diastalic blood
pressure =90 mmHg) should receive
dmg therapy in addition to lifestyle and
behavioral therapy. (A)

etes-2006

abetes is a chronic illness that re-
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patient self-management education
rent acute complications and to re-
he risk of long-term complications.
=5 care is complex and requires that
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mere extensive evaluation and
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e recommendations included are
stic and therapeutic actions that
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# Blood pressure should be measured at
every routine diabetes visit. Patients
found to have systolic blood pressure
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sure =80 mmHg should have blood
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mmHg, ()
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mmHg, (B}
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* Patients with hypertension (systolic
blocd pressure =140 or diastalic blood
pressure =90 mmHg) should receive
dmg therapy in addition to lifestyle and
behavioral therapy. (A)
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Diabetes Association
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Goals for hypertension

Identification and treatment
specialized

Goals for lipid management
revised for excess risk
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Recommendations
® Perform the A1C test at least two times
ayear in patients who ar ‘
ment goals (and who
mic contrel). (E)
Perform the A1C tes
tients whose therapn
who are not meeting g
Use of point-of-care t
lows for timely deci] Screening and diagn
cha]]g{“s.‘ when needefl * B]CIOL'I Pressure E-].'.Iti"'l.l.
every routine diabe
TS CREENING FON found to have systol
p- 33 =130 mmHg or dia
1 EE:TE&PTLESEEL sure =50 nu_qu s e Inadult patients, test for hpid disorders
%;IELLITTJE:_ ].‘-.;:T ) pressure conhrmed at least annually and more often if
(8 needed to achieve goals. In adults with
low-risk lipid values (LDL <2100 mg/dL,
HDL =50 mg/dl, and triglycendes
<150 mgfdl), lipid assessments may be
repeated every 2 years. (E)

Comprehensive care
guideline from American
Diabetes Association

Standards for glycemic
management

Goals for hypertension
Identification and treatment
specialized

Goals for lipid management
revised for excess risk

etes-2006

abetes is a chronic illness that re-
uires continuing medical care and
patient self-management education
rent acute complications and to re-
he risk of long-term complications.

1. Hypertension/blood pressure
control

Recommendations

2. Dyslipidemia/lipid management

Recommendations

Screening

/. PREVENTION/DELA
DIABETES, p. 57

Goals

¢ Patientswith diabeted
to a systolic bloodf
mmHg, ()

# Patientswith diabeted
to a diastolic bloo
mmHg, (B}

/. DIABETES CARE, p. J
A Initial evaluation
. Management
C. Glycemic control
1. Assessment
control
a Self-mor
blood glud
b. A1C
2. Glycemic gpal
D. Medical nutrition
. Diabetes self-man
cation

Treatment recommendations and

goals

# Lifestyle modihcadon focusing on the
reduction of saturated fat and choles-

Treatment tercl intake, weight loss (if indicated),

L Immunization

. Physical activity

. Psychosodal assessr
. Referral for diabetes|
. Intercurrent illnes
. Hypoglycemia

* Patients with hype:
blocd pressure =14
pressure =90 mmH
dmug therapy in addit
behavioral therapy. (

and increased phyvsical activity has been

shown to improve the lipid profile in

patients with diabetes. (A}

In individuals without overt CVD

# The primary goal 15 an LDL <100
mg/dl (2.6 mmol1). (A)

* For those over the age of 40 years,
statin therapy to achieve an LDL re-
duction of 30-40% regardless of
baseline LDL levels is recommended.
(A)
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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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Scenarios

Diabetic care scenarios

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

managers
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- Envision Clinical Scenarios

2. Envision
Clinical
Scenarios

Diabetic care scenarios

o Automated enrollment for all new cases

 Visit for primary care services

e Reminders and work lists for diabetic case
managers

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.
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Logic
 Ambiguity and Guideline Statements

— Uncertain concepts require definition
— Clinical investigators resolve vague

directions with clinical experts




’Gudeine Formalize Guideline Logic
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)”




’Gudeine Formalize Guideline Logic
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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Logic

“Determine if glycemic control is on target”

Standards of Medical Care in Diabetes-2006 IF (date of last Glycohemoglobin
oo D within 6 months AND
Glycohemoglobin within Goal)
OR
date of last Glycohemoglobin
within 3 months
OR
Glycohemoglobin ordered
THEN
Continue
ELSE

Order Glycohemoglobin




Gideline Define Guideline Concepts

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




Gideline Define Guideline Concepts

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 47

i .
4+ | &
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Inventory

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

e Reference terminologies may need to be extended
— Post-coordination where appropriate

- Concept expressions create logical vocabulary extensions




5. Formalize

gl Formalize Vocabulary Inventory

Inventory

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

e Reference terminologies may need to be extended
— Post-coordination where appropriate

Immunization 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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Inventory

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

e Reference terminologies may need to be extended
— Post-coordination where appropriate

- Concept expressions create logical vocabulary extensions

' Finding of Nephropathy =

‘Renal insufficiency syndrome: SNCT 42399005’
OR 'Microalbuminuria: SNCT 312975006

OR ‘Albuminuria: SNCT 274769005

OR ‘Proteinuria: SNCT 29738008
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pikes Formalize Vocabulary Inventory

Inventory

e Guideline concepts are encoded.interms of standard
reference terminologiesC(SNOMED CT, LOING, RxNorm)|

e Reference terminologies may need to be extended
— Post-coordination where appropriate

- Concept expressions create logical vocabulary extensions

' Finding of Nephropathy =

‘Renal insufficiency syndrome: SNCT 42399005’
OR ‘Microalbuminuria: SNCT 312975006°

OR ‘Albuminuria: SNCT 274769005

OR ‘Proteinuria: SNCT 29738008




6. Clarify Data

s 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% “

 Virtual medical record (VMR)

— Simplified view of patient data assumed by the SAGE
system

— Based on HL7 Reference Information Model
e VMR class: ‘Observation’

Observation.code equals

*“HEMOGLOBIN A1C:TOTAL:MFR:PT:BLD:QN: LOINC 4548-4"
Observation.value < 7.0’

_ —
y |




7. Encode
Guideline
Knowledgebase

Encode Guideline Knowledge base

Displany

diahetes
data set to Aspirin
Mnurse therapy

Top-level process

description in
e n COd ed g u Id e | | n e ACCESSES d___._d—-——"""d*calculate itermns
due
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hp and issue

. appropriate hysician Get diabetes
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WO rkﬂ OW and calculate

Fetrieve
diabetes lap ~ Quborooal

data iterns ang —waotifications

Physician wia infbox
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physician-entered Srmaoking Cardiac risk
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Standards-based Terminology Services

e Terminology services during guideline encoding and
execution

Tony Weida, Ph.D.
Apelon, Inc.




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




Authoring with Terminologies




Authoring with Terminologies

 Requirements
— Browse, search and inspect concepts
— Select concepts

— Install / maintain references to selected
concepts within guideline

* Apelon DTS Plug-in for Protége
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Authoring with Terminologies

 Requirements
— Browse, search and inspect concepts
— Select concepts

— Install / maintain references to selected
concepts within guideline

e Apelon DTS Plug-in for Protégé

plug-in
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SAGE Terminologies

e Standards
— SNOMED CT
— LOINC
— NDF-RT

e Extensions
— Concept expressions
— Modular classification

— Candidates for submission to terminology
authorities




Concept Expressions

* Arbitrary subsets of taxonomies
e Defined with logical operators
* Novel taxonomic interpretation
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Concept Expressions

* Arbitrary subsets of taxonomies
* Defined with logical operators
* Novel taxonomic interpretation




Detailz (with Concept Expression)

Concept § Term Details

My H Delete

= @ HEMOGLOBIN &1C &1_Clinical

O Code: CH
o s

- Mamespace: SAGE LOING ([ Thesaurusz, Local, Editable )
= 4 Properties

= & Concept Expression: =7xml verzion="1.0" encoding="UTF-8"?==IDOCTYPE hooleanExpression SYSTEM "hooleanExpression did"==hooleanE:x|
= V OR

@ HEMOGLOBIMN &1 CHEMOGLOBIM TOTAL MFR: PT:BLD: Gk [ LOIMG [Logical Ohseryvation [dertifiers Mames and Codes] ]
@ HEMOGLOBIM A1 CHEMOGLOBIM. TOTAL MFR: PT:BLD: Gik: CALCULATED [ LOIMG [Logical Cheervation ldentifiers Mames and Codes] ]

=



Modular Classification

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




Ex: Modular Extension Concept

Options Help

B Y hEHS &L B9 %y

| Tree || Wialker | Search | Graphic Viewer

View Axis: E-Supercunceptsﬂubmncepts

@ Znemia (dizorder) @ Dizorder of hematopoietic ...

@ Siclle Cell anemia conditions

@ Siclle cell anemia NOS . @ Siclle cell anemia of ...

@ Sickle cell anemia with ... & Sickle cell anemia with high ...

@ [X]Cther sickle cell dizorders ...

Details (with Concept Expression) ' Concept ! Term Details

[ = H Delete

Defined Miew

= @ Sickle Cell anemia conditions
4 Code: C12
B D 1z
=l Mamespace; SMNOMED CT Extension [ Ontylog Extension, Local, Editakle )
B Defined
¥ Kind: SNORMED _kind
= ¥ Defining Concepts
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& =ome Haz definitional manifestation (attribute). Erythropenia (finding) [ SMOMED CT |

Swwitch Wiew

Host: 6312641 231 Port: 2323 Uset: mcel.. | SAGE




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?




Interoperable Guideline Deployment

e SAGE Guideline Execution Infrastructure

e Interoperable deployment to host CIS platforms

Robert Abarbanel, MD, Ph.D.
GE Healthcare, Seattle
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VMR Services Interface

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

Standards-Based

Local CIS method for:
returning Creat v
lab values Lab

Results

Example:
getObservations [Creat]

|
VMR-based query for lab data




VMR Services Interface

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

Standards-Based

Local CIS method for:

Example: _
returning Creat

getObservations [Creat]

lab values Lab
Results




VMR Services Interface

getAppointments

getAlerts

getProcedures

getProblems
getSubstanceAdministrations

getAgents

_, getXX ( patient_id, [ filters ] )

getReferrals
getAdverseReactions
getMedicationOrders
getVMROrders
getEncounters

getGoals

109




VMR Services Interface

getAppointments getReferrals

getAlerts getAdverseReactions

~Y

getProcedures getMediczd iders
getProblems
getSubstanceAdministrations

getAgents

_getXX ( patient_id, [ filters ] );




HL7 Standard for Order Sets
has multiple layers of use...

Publish and Distribute: F\ViislelilslsMpt=1igl(clgt=Talo{=R-Tq[o I
dissemination by professional standards organizations
= versions, editing, indexing, eligibility

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

-MO_rganiza_tiqn and delivery of order set content
or maximum clinical usefulness

= sequencing, selection groups, pre-selection

Manage as knowledge:g=pg]elle)1al=1a]%e] .4\ | M¥e] (o [STESEIS

within execution environment for guideline decision
support
= dynamic alerts, session coding, order selection







Community Acquired Pneumonia: Hospital Admission, General
Inpatient (Adult)

ALL of these are required:
Admission Discharge Transfer

Consults

Vital Signs Assessment
Diet

Activity

Laboratory

Ancillary

Treatments

Education

IV Fluids

Medication ]




= ¥ MNedication

Choose among these:

~

I~ Administer first dose of antibiotics within 4 howurs of admissid

No Pseundomonas risk factor identified

W

Psendomonas risk factors: structural lung dis

- »
~
- »
~
- »

Suspected Legionella Pneumomnia
Suspected Aspiration Pneumonia
Antipyretic Agents, Adult
Bronchodilator

Additional medication orders




+» ¥ Pseudomonas risk factors: structural lung disease, chronic steroid > 10 g/day, malnutrition

Choose among these:

« v ¥ Choice 1
Both of these are required:

= ¥ (Cephalosporin, Penicillins, and/or beta-lactamase inhibitor
Choose ONE of these:

1. ¢ Cefipime 2 grams IV g8h
2. & Piperacillin'tazobactam 4.5 grams IV g6h
3. € Imipenem 500mg IV q6h

= Azithromycin 500 mg IV q day (infuse over 1 hour)

« ¥ Choice 2
Choose ONE of these:

l. ¢ Levofloxacin 500mg qd

2. ¥ Tobramycin
Both of these are required:

» Tobramvycin IV 10mg 2 5mg’kg qbh
» Peak and Trough Tobramycin levels at 3rd dose; pharmakinetics consult




HL7 Standard for Order Sets
Supports Presentation

<title=Code Status=title=
=hoolean_connector=X0R=)

:||:|5|Eir'-1':'r'."|EE' CT=/codes
atient iz full code --=

=I0rdler_Rems
=0rder_ttem id="01_9

do not irtukbste --=




HL7 Standard for Order Sets

Supports Presentation

atitle=Code Status=title=-
=hoolean_connector=x0R=/fhoolean_connectar=
=zet=
zhoc id="B0C_3"-
=condtion=falze=icondtion=
=title=Main Code Statuz=Aitle=
=hoalean_connector=X0R=hoolean_connectors
e
=0rder_ftem id="0l_g"=
~:|::|:|nd'rtil:un:rtruel:ﬁ::und'rtinn::
<title=Patient iz full code=Aile=
=0rder full_fext_order="Patient is full code."»
=0bzervationOrders
=code=365870005)SNOMED CT=icode=
zl-- 200039 = Patient iz full code --=
=[0hservationOrders
=lrcler=
=I0rdler_Rems
=0rder_ftem id="01_9"=
=condition=falze=/condtion=
<title=0o not intubate=tile-
=0rder full_text_order="Do not intubate "=
=0bzervationOrders
=c0cde=304 253006 SNOMED CT=/codes
el Z0070 = do not irfubate --=

ALL of these are reguired:

" ¥ Adnission Discharge Transfer
ALL of these ate tequited:

Admit to hospital date: [oday
0 A dmitting diagnosis: Pneumonia

" Addto problem list: Preumonia

& et b IInternaI rmedicine

Service; IRED

Attending physician: |Camphell

Resident physician: IVUkDUﬂ

¥ ode Status
Choose ONE of these:

1

C ¥ WainCode Status
Choose OME of these:

L @ Patientis full code.

Lor Do not intubate.

3

" Do not resucitate.

" &dditional code status instructions:

P Condition




HL7 Standard for Order Sets

Supports Presentation

<title=Code Status=title AL of these are required:
=hoolean_connector=A0R=/hoolean_connector: * ¥ Admission Discharge Transfer
=zpt= ALL of these ate tequited:
sl 1
<h0c Id_.EDC—S * N " Admitto hospital date: today

aiondtion=falze=icondtion= R .

HitleMain Code Status=Atle= XOR " Admbing dsgnosis Paevoni

=hoolean_connector=KOR=hoolean_connets " fuddto problem bt Preumonia

e " admitto |Internal medicine
=0rder_ftem id="0l_g"=
~:|::|:|nd'rtil:un:rtruel:ﬁ::und'rtinn::
<title=Patient iz full code=Aile=
=0rder full_fext_order="Patient is full code."»
=0bzervationOrders
=code=365870005)SNOMED CT=icode=
zl-- 200039 = Patient iz full code --=
=[0hservationOrders X O R
=lrcler=
=I0rdler_Rems
=0rder_ftem id="01_9"=
=condtion=falze=/condtion=
itle=Do not intubate=Aitle= 5 e .
Order ful test order="Dao not intubate "= Do notresuciate,
=0bzervationOrders
=c0cde=304 253006 SNOMED CT=/codes
al-- 20010 = do not intubate --= " P Condition

Service; IRED

Attending physician: |Camphell

Resident physician: IVUkDUﬂ

¥ Code Status
Choose ONE of these:

L rY Ilain Code Status
Choose OME of these:

1.

(% Patient is full code.

Lor Do not intubate.

" &dditional code status instructions:




HL7 Standard for Order Sets

Supports Presentation

atitle=Code Status=title=-
=hoolean_connector=x0R=/fhoolean_connectar=
=zet=
zhoc id="B0C_3"-
=condtion=falze=icondtion=
=title=Main Code Statuz=Aitle=
=hoalean_connector=X0R=hoolean_connectors
e
=0rder_ftem id="0l_g"=
:cnnd'rtinn:truel:! onition:
=title=Patient iz LML~
=0rder full_fext_order="Patig
=0bzervationOrders
=code=365870005)SNOMED CT=icode=
zl-- 200039 = Patient iz full code --=
=[0hservationOrders
i pre-select
=I0rdler_Rems
=0rder_ftem id="01_9"=
=condition=falze=/condtion=
<title=0o not intubate=tile-
=0rder full_text_order="Do not intubate "=
=0bzervationOrders
=c0cde=304 253006 SNOMED CT=/codes
el Z0070 = do not irfubate --=

noe "=

ALL of these are reguired:

" ¥ Adnission Discharge Transfer
ALL of these ate tequited:

" &dmit to hospital date: [today
0 A dmitting diagnosis: Pneumonia

" Addto problem list: Preumonia

n B
& et b IInternaI rmedicine

" Service: IRED

) Attending phiysician: |Camphell

" Resident physician IVUkDUﬂ

¥ ode Status
Choose ONE of these:

L rY Ilain Code Status
Choose OME of these:

L @ Patientis full code.

Lor Do not intubate.

3

" Do not resucitate.

" &dditional code status instructions:

P Condition



Inpatient logic for patient with
class IV pneumonia

Record JCAHO-

Specific
MEASUIES

Ip atient order sets

Two actions \m —

FSlclas IV

’Hﬁ,;~ﬂﬁffﬁﬂ,r
to be taken: patten
1) JCAHO \
measures,

Admission
orders.

CAPICU
arder set




Inpatient logic for patient with
class IV pneumonia

- - *
Fecord JCAHO-

Specific
MEASUIES

Inpatient Crderset Recommend non-1CL
needed Inpatient order sets

Two actions T, b _—— |

FSlclass [V

tO be take'h patient
1) JCAHO 1 IcU

admissian
heeded.

measures, Fecommend

CAP CL
. . order set
Admission
orders.




Inpatient logic for patient with
class IV pneumonia

- - *
Fecord JCAHO-

Specific
MEASUIES

Inpatient Crderset Recommend non-1CL
needed Inpatient order sets

Two actions \Egmﬂ/ .

to be taken: patint /
i y

1) JCAHO |

admissian
heeded.

measures, Fecommend

CAP CL
. . order set
Admission
orders. ~— ~




Inpatient logic for patient with
class IV pneumonia

f—-'

- Record JCAHO-

Specific

MEASUIES
Inpatient Crderset Recommend non-1CL
needed Inpatient order sets

Two actions [

FSlclass [V

tO be take'h patient
1) JCAHO 1 o

heeded.

measures, Fecommend
AP [CL
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arder set




Medications for Non-ICU
CAP Admission

¥ Medication

Choose among these:

* [ Administer first dose of antibiotics within 4 hours of admission

» ¥ No recent antibiotic therapy There was no evidence of recent Abx therapy, please confirm.
Choose ONE of these:
1. & ¥ Macrolid plus Beta-lactam
Both of these are required:
= Ampicillin and sulbactam (Unasyn) 3 g IV Piggvback gb hr
= Azithromycin 500 mg IV Piggvback g day (Infuse over Pt is on Warfarin, monitor levels if using
1 hr) Azithromycin
2. ¢ Moxifloxacin 400 mg IV Patient has an allergy to flaroguinalones. Patient has a relative
Piggyback q day confraindication to a flaroguinalone drug.

» [T P Recent antibiotic therapy excluding fluoroquinolones
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« O minister first dose of antibiotics within 4 hours of admission
» W ¥ No recent antibiotic therapy There was no evidence of recent Abx therapy, please confirm.
Choose ONE of these: O R
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1 hr) Azithromycin
2. ¢ Moxifloxacin 400 mg IV Patient has an allergy to flaroguinalones. Patient has a relative
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« >

Recent antibiotic therapy excluding fluoroquinolones



Installing Computable Guidelines

e [nstallation of executable guideline content

e Presenting guideline recommendation to clinicians

Mark Nyman, MD
Mayo Clinic, Rochester




Localizing a Standards Based
Encoded Guideline

Download Medical Staff

Guideline Review Guideline Local Conditions

Map Standard to
Local Terminologies




Medical Staff
Review Guideline

Guideline Review

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

e Must be integrated with local care-delivery

environment, clinical practice, and institutional
culture.

e 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

Guideline Review

Document-Oriented
Protege Workbench View




Medical Staff
Review Guideline

Guideline Review

Document-Oriented
Protege Workbench View

EflsAGE_DM_Synchos_v08.3 Protégé 3.2 beta (file:\D:

. -
Clas erarch

s Hierarchy
THING




Medical Staff
Review Guidell L .
pette sl Guideline Review

Document-Oriented

2 Immunizations - Mozllla Firefox
Flle Edit View

Eile Edit Project Window  Apelon PAL Constraints  Tools  Help

(= E

Adult Immunization Subgui e
“ompure deferred vaccines

ommendation Sel (
Guideline




Medical Staff
Review Guidell L .
pette sl Guideline Review

Document-Oriented

2 Immunizations - Mozllla Firefox
Flle Edit View

Eile Edit Project Window  Apelon PAL Constraints  Tools  Help

(= E

Adult Immunization Subgui e
“ompure deferred vaccines

ommendation Sel (
Guideline




Medical Staff
Review Guideline

Guideline Review

Document-Oriented

2 Immunizations - Mozllla Firefox
Flle Edit View

Eile Edit Project Window  Apelon PAL Constraints  Tools  Help

0 e

Adult Immunization Subgui e
“ompure deferred vaccines

ommendation Sel (
Guideline




Medical Staff
Review Guideline

Ine Review

Document-Oriented

Immunizations zllla Flref
=1l Fle Edit View Go Dockmarks Took el

Edit Project ‘Window  Apelon PAL Constraints  Tools Help @} \_A. et
~ "9 T L = |

fike: //C:{_Currantwork/Seciic = @ Ga | [[Clalicy of e Food and Drug Adminsyation

O = of B B =R By e ) éprorégé B amazon [l Google 1 Gmall | Customize Licks § Events () Med info || Trall Condibors atMo... || UWTY Progran: Goo...
Ther o Yorkier: The Critics: Dancing Immunizations |

./ Jess rjﬁiﬁ\pe\on DTS r/ ¥ Facet Constraints rPAL Constraints ‘ . .
Knowledge Acquistion r & Sage r + Krowledge Tree rStrlng Search r # Instance Tree | Immuﬂlzﬂtl““s

cian 1= e ra
® Classes & Instances r/ Classes |/ - m..‘uﬁr«—-—h-nu-unl—q eI R e abeten 91TT)

@
B

E SAGE Cycle 5 Innunization guideline All patients elighle for vaccination regardless of age and clinscal condition
@ SAGE DM _Synch05_v08.3 L : * meta_dala

Hierarchy ] v Metadata ()

THING s .
. & identifier. TromanzatenCycleS

< tile: Tmrnumizanic suideline

o verpon Inmouno CycleS

@ category: Frevention

@ date: 2 111

@ developer: Rob MeChre Samzon Tu Faren Heabale Jim Camphell

* eoroliment_criteria true

Inggessg Ewen

* recomrmmendalion el
a 14 ] Hepatitis I ization Guideline
i - o Primary Care Inuvunizations
¥ @ Adult Immunization Subguideline
@ LCompure deferred vaccines

wi eligibilidy master sobguoil

ric eatinn Subgmidiline

= Papulation managenient scenaria
@ Test trial

Recommendation Set (Activity Graph): Neonatal Hepatitis Immunization
Guideline

Hewbeom (Inpatient) Hepatitic Imnnmization Scenans This scenano is wiggered upon admission of a newbom. The logic 1) determanes
whether Hepants E vaccine ¢ due, checke upon deferral and places crderz when appropriate. 2) Orders follownp testng at mne
monthe of age for infantz ar nske 3) Determmes whether Hepatne B Immune Globualbinz due and places order 4) Checles maternal
record for wleomation of Hepalilis B status, Ilthese canmol be found, crders sre placed for maternad lesting and tzoe diove event i3 el
for 12 hour rechecks umbl recespted or the biby s more than 24 bours old

Hepatilis 8
> Vactna can

Hepatits B Bz b

waccination? Pliscar Orddurr

15 Hepathils B_—pot Iﬂi‘ﬂ‘ 1
vaccing due? dug




Medical Staff
Review Guideline

Ine Review

Document-Oriented

Immunizations zllla Flref
=1l Fle Edit View Go Dockmarks Took el

Edit Project ‘Window  Apelon PAL Constraints  Tools Help @} \_A. et
~ "9 T L = |

fike: //C:{_Currantwork/Seciic = @ Ga | [[Clalicy of e Food and Drug Adminsyation

O = of B B =R By e ) éprorégé B amazon [l Google 1 Gmall | Customize Licks § Events () Med info || Trall Condibors atMo... || UWTY Progran: Goo...
Ther o Yorkier: The Critics: Dancing Immunizations |

./ Jess rjﬁiﬁ\pe\on DTS r/ ¥ Facet Constraints rPAL Constraints ‘ . .
Knowledge Acquistion r & Sage r + Krowledge Tree rStrlng Search r # Instance Tree | Immuﬂlzﬂtl““s

cian 1= e ra
® Classes & Instances r/ Classes |/ - m..‘uﬁr«—-—h-nu-unl—q eI R e abeten 91TT)

@
B

SAGE Cycle 5 Innunization guideline All patients elighle for vaccination regardless of age and clinscal condition

# SAGE_DM_Synch05_v08.3 L : * melis_data

Hierarchy ] v Metadata ()

THING s .
. & identifier. TromanzatenCycleS

< tile: Tmrnumizanic suideline

o verpon Inmouno CycleS

@ category: Frevention

@ date: 2 111

@ developer: Rob MeChre Samzon Tu Faren Heabale Jim Camphell

* eoroliment_criteria true

Inggessg Ewen

* recommmnendalion sel
I E a 14 ] Hepatitis I ization Guideline
it T E v £ - = Primary Care Innwunizations
¥ « @ Adult Immunization Subguideline
reduing Cansrain - @ LCompure deferred vaccines

wi eligibilidy master sobguoil

ric eatinn Subgmidiline

Desirion Moded [1 values W C + —  Subguildeling W S = Papulation managenient scenaria
[ ; | @ Test tial

: o Transfinn Ruskicion V'

4R ok XOR 1018 Recommendation Set (Activity Graph): Neonatal Hepatitis Immunization
At Wods Guideline
ta
Hewbeom (Inpatient) Hepatitic Imnnmization Scenans This scenano is wiggered upon admission of a newbom. The logic 1) determanes
whether Hepants E vaccine ¢ due, checke upon deferral and places crderz when appropriate. 2) Orders follownp testng at mne
monthe of age for infantz ar nske 3) Determmes whether Hepatne B Immune Globualbinz due and places order 4) Checles maternal
record for wleomation of Hepalilis B status, Ilthese canmol be found, crders sre placed for maternad lesting and tzoe diove event i3 el

Diericlion

far 12 hour rechecks bl recepted or the baby 15 more than 24 hours old

Hepatilis 8
> Vactna can

Hepatits B Bz b

waccination? Pliscar Orddurr

15 Hepathils B_—pot Iﬂi‘ﬂ‘ 1
vaccing due? dug




Edit Guideline for
LOCO|COHdItI?nS Guideline Localization

= 2R

= .

!




Edit Guideline for
LOCO|COHdItI?nS Guideline Localization

e Local “edits” to to guideline content might
Include:

* Minor changes (thresholds, formulary, etc.)




Edit Guideline for
LOCO|COHdItI?nS Guideline Localization

e Local “edits” to to guideline content might
Include:

* Minor changes (thresholds, formulary, etc.)

e Major changes (workflow, goals, decisions)




Edit Guideline for
LOCO|COHdItI?nS Guideline Localization
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Edit Guidelipg for
bl Guideline Localization

e Local “edits” to to guideline content might
Include:

* Minor changes (thresholds, formulary, etc.)
e Major changes (workflow, goals, decisions)

Generic Guideline Local Care Workflow

_>B

_>C

Do A, then B and C in parallel
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Edit Guideline for
LocoICondltl?ns Guideline Localization

B '

e Major change -- decisions

POSITION STATEMENT

Standards of Medical Care in Diabetes=2006

American Diaperes Associamion

Treatment recommendations and

goals

In individuals with overt CVD

# All patients should be treated with a
statin to achieve an LOL reduction of
A0 —40%. (A)
A lower LDL cholesterol goal of <70

[{1.5 mmo gahigh dose

tatin, 15 an option. (B)




Edit Guideline for
LocoICondltl?ns Guideline Localization

B '

e Major change -- decisions

POSITION STATEMENT

Standards of Medical Care in Diabetes=2006

Treatment recommendations and

goals

In individuals with overt CVD

# All patients should be treated with a
statin to achieve an LDL reduction of
A0 —40%. (A)

¢ A lower LDL cholesterol goal of <270
mg/dl (1.8 mmglllusing ahigh dose

of a statin, &




Edit Guideline for
LOCO|COHdItI?nS Guideline Localization

e Major change -- decisions

POSITION STATEMENT

Standards of Medical Care in Diabetes=2006

iabetes is a chronic illness that re-
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# FromDisplayName: Fasting lipid
profile (procedure)

# EndDate: Thu Oct 12 22:10:25 CDT
2006

# StartDate: Thu Oct 12 22:10:25 CDT
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Guideline
Representation

* Support via use of standard
Information models and terminologies.

* Support of
complex, longitudinal care practice
guidelines.

* Support complex, computable of
medical decisions and recommended
actions.

* Provide

decision support.




Guideline
Encoding

* Support (e.g., clinicians, experts)
representation of guideline encoding.

* Provide
and guideline testing during encoding.

* Support local of
guideline content.

* Allow of encoded guideline
components.




Guideline
Execution

Interface to
Host CIS

Support activation
of guideline logic.

Execute guideline logic and query patient-
data in

Interoperate with local
and external knowledge bases.

Support and population-
based guideline execution.

Employ Information models and
web services for data queries.

Detect appropriate CIS

Transmit guideline-based
to the host CIS.




CIS
Effectors

* Surface guideline recommendations via
CIS functionality.

guideline recommendations with
clinical care

Store guideline recommendations, enroliment,
and goals as part of the

Support guideline-driven alerts
and interaction.
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