Executing Clinical Practice Guidelines
Using the SAGE Execution Engine

ect

i

Prabhu Rami, David Berg!, Samson Tu?, Guy Mansfield!,
Qin Yet!, Robert Abarbanelt

1 Health Informatics, IDX Systems Corporation, Seattle, WA
2 Stanford Medical Informatics, Stanford University School of Medicine, Stanford, CA

s
—
"o
5
(U]
[T
=
=
e
o
-
[
=
s
<
=
L
be.
L
oo
e
. —
=
]
=
=
]
e

O

—
al
LL]
O
<C
n

D
=
I_

MedInfo 2004, Session S-031




ect

EI'I'-'IrE-F.ITI-?'ﬁ'.

i

O

—
al
LL]
O
<
n

D
=
I_

s
—
"o
5
(U]
[T
=
=
e
o
-
[
=
s
<
=
L
b
L
oo
e
. —
=
T
=
=
]
e

Sharable Active Guideline Environment

» 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

» Mayo Clinic

» Stanford Medical Informatics

» University of Nebraska Medical Center

» Funded in part by: NIST Advanced Technology Program



Agenda for Today
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* Overview of SAGE Project
— Vision
— Objectives
— Architecture
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* Overview of SAGE guideline execution
— Overview of guideline encoding model
— Guideline execution architecture
— Highlights of guideline execution
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SAGE Interoperability Goals

A technology infrastructure that supports:
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« Clinical practice guidelines — encoded in a computable,
standards-based representation.

Once encoded, guideline content can be deployed to
multiple different clinical information system platforms.
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Surfacing guideline content via functions and user interface
native to the local CIS.

Allows different institutions to share guideline content and
knowledge bases

“Write once, distribute quickly, use widely”
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Overview of the SAGE Infrastructure

SAGE Guideline Model

|::> Guideline

File(s)

Patient Data Model Care Workflow Model Medical Ontologies

(Virtual Medical Record) Health Care Organization Model

Common Layer of Terminologies and Information Models

Guideline

SAGE
Guideline
Engine

File(s)

based API

Host Clinical Information Systems




Overview of the SAGE Infrastructure

SAGE Guideline Model

Guideline

File(s)

Patient Data Model Care Workflow Model Medical Ontologies

(Virtual Medical Record) Health Care Organization Model

Common Layer of Terminologies and Information Models

Guideline

SAGE
Guideline
Engine

{‘\ Standards-

based API

File(s)

Host Clinical Information Systems




SAGE Guideline Model
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Guideline Scenario:
Diabetes Mellitus — Primary Care Visit

The patient is an elderly man with longstanding Type Il Diabetes Mellitus.
Comorbidities include hypertension (well-controlled) and hyperlipidemia
(marginally controlled). He reports for a routine clinic visit with his primary care
doctor.

Triggered by clinic check-in and the presence of diabetes on the problem list,
guideline logic activates, automatically enrolls the patient on the diabetes
guideline, and then checks to see if vitals and home glucose measurements
have been entered. If not, the nurse is prompted to collect this information.

After required information is entered, the guideline resumes execution, queries
patient EMR data, and evaluates decision logic — resulting in:

 Setting and evaluation of clinical goals for this patient.

* Notifications to clinicians (e.g., “HbAL1C not in control”),

» Pending orders for lab tests, medications, and for diabetes education.

» Referrals for specialty treatment (e.g., Cardiology)
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Guideline recommendations are “channeled” via CIS functions




SAGE Guideline Representation: An Overview

Context Nodes organize and specify
the relationship to workflow.

» What triggers the session ~|<a Adut
* Who is involved Diabetes
» Where the session occurs Fatient

Decision Nodes provide support for
4 making choices:

/ | » Specification of alternatives

Wy Enf  Logic used to evaluate choices

I_Shdﬂlu'h « Can change the clinical workflow
ipid labs

/ he
Action Nodes define activity to be oreered:
accomplished by CIS:
N\
4

 User interaction, query, messaging
 Order sets

c Qrder lipid Qrder lipid Qrder lipid
« Appointments and referrals a1 e oy e
e Goal setting maonths maonths maonths
- Documentation and recording o o o




The guideline has been encoded.
Now what?

ject

Initial “set up” and preparation work:
e Guideline downloaded to local system

e Guideline reviewed by medical staff
(assess recommendations, workflow, etc.)
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Guideline is “localized”
(edited for local conditions, restrictions, whim . . .)

Interfaces and services installed
(CIS — specific “binding” and terminology mapping)
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Guideline activated




How does SAGE interact with
clinical information systems ?

It communicates with CIS via LS Clinical Information System

standards-based interfaces
_ File(s)
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

Patient
Record

It makes real-time, patient-
specific recommendations

via functions of the local CIS Other CIS

functions




SAGE Guideline
Execution Architecture

En@ed
Guidéline
l Event

Notifications

VMR Service calls

Action Service calls

- . :
Terminology - — mplementatior
Functions r” ‘

Terminology Standards-based I/F
Server based on web services




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 CIS-Specific

VMR-based query for lab data

Example: Local CIS method for:
getObservation [HbA1C] returning HbA1C lab values

auIbug J39vS

Observation object returned




Guideline Execution:

SAGE listens for and detects context-specific events

Lakel Triddering Events Yoo+

Prifmary care clinic check-in @ Dutpatient clinic check-in event

Scheduling Constraint %V C

<i> Primary care clinic check-in

Steps q Clinical Context V C Description

. <& out patient primary-care clinic Thig is the Contextinwhich a patient

checks in to their primary care clinic.
Informatics Context LY s

Primary
care clinic

check-in 4 Frecondition vV C 0+

<I> Diabetes Mellitus on Problern List

Context

Decisior

Action Automnation Mode vV C + References

<I> autornatic start and finish

Transition Restriction vV C +
&> XOR join AND split

Subouideline
¥l Mew Session




Guideline Execution:

SAGE executes encoded decision logic

Check if ﬁ'ji’:‘;f . .
e wae! due SAGE will query the patient
now, arder

EMR as necessary, and
Label Trigaering Events W I t ” d — t .
{Ghock iHoATo dus | evaluate all decision criteria

Scheduling Constraint %W © + = ‘
HBATC in
goal, due | Decision Model (1 values ¥ ©  + =  Subguideline YV o O+ -
now, order
Alternatios el

HEATC aut of goal, due now, arder Transition Restriction Vv T O+ -
@, HBATC in goal, due now, order

@KOR]DM}(OR split |Altern°”“: o 4+ = Strength O1 Svidence V o+ -

|| <$> HBA1C out of goal, due naw, order

Actomation Made V C + = Recommendation Threshhold Strength OFF 2commendation % + =
q <L avtomatic start and finish | 3|
o Strict Rule Out Y C + - ShictRulein Vv C + -
Description References YV o+ - —
A1C not abtained in last 3 months
IfHEAT 1 is aut of goal, it must be A1C not ordered in nest month

measured every 3 maonths; ifin goal, ewvery HbA1C is out of goal range

6 months.

Rule Qut ¥ C + = Ruleln Vv C + -

Evidences

Vv C o+ -




Guideline Execution:

SAGE communicates actions to the CIS

Lahel

Triggering Events

|HEIA1 C out of goal, due now, arder

Scheduling Constraint

Repeat Expression

HEATC
out of

Action Spec Vi C

Vv C o+ -

Vv oo+ -

+

goal, due
nowd, orcer

KT Order HATC
‘ Infarm PCP HbA1c iz out of goal and due

Description

[Flace order request for Hoal ¢

Termination Condition v C

Automation Mode vV C
<L» autornatic start and finish

Transition Restriction

< HOR Join ¥OR split

Subguideline

References
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Summary of Feasibility Demonstration
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We have:

i

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

» Addressed interoperability goals via:
A standards-based guideline model
A VMR-based interface to CIS
Standard web services to access EMR data
Standards based access to terminology services
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Executing Clinical Practice Guidelines
Using the SAGE Execution Engine
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Questions ?

Really hard technical stuff:
prabhu_ram@idx.com
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Project management:
robert_abarbanel@idx.com

Easy fluffy stuff:
guy_mansfield@idx.com

O

—
al
LL]
O
<
n

D
=
I_




I[IpINEY DY AqRILYG paseg-spiepur)

1239(04d IOVS dYL




The SAGE Guideline Lifecycle
Consolidated % Disambiguation,
feedback ) encoding, testing
Research, meta analysis,
Feedback “crafting the guideline” @

e Guidelines would be routinely encoded in a
standard, computable format, and would be

@ widely available for downloading.

e Healthcare organizations would be able to
res@@cch Import proven guidelines, and execute them via
their local clinical information systems.

Ou@omes

Guidelines acN Download to local
in local CIS care delivery organization

Clinical editing,
guideline set up




SAGE Interoperability Goals

In common terms, interoperability is “plug-and-play”
functionality, in this case — for clinical knowledge and
decision support

Requires that the software employs the same terminology,
models knowledge using the same constructs, and is
applied only in comparable clinical environments

Allows different institutions to share software and knowledge
bases

Required if we want to achieve economies of scale Iin
clinical decision support: “Write once, use many”




SAGE Exemplar Guidelines

Guideline

Clinical Domain

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
Pneumonia

Emergency room evaluation and diagnosis.
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.
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State Management and
Triggering Events

A guideline execution session is triggered by detection of
context-specific events.

Execution begins at a Context Node, and (in general)
continues until the next Context Node is reached.

Multiple activity graphs can execute simultaneously,
resulting in multiple threads for multiple patients at any
given time.

Guideline execution is “stateless” (with some exceptions).




VMR // Webservices
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uideline Knowledge Representation

Objective: A standards-based representation of arbitrarily
complex clinical practice guidelines in a computable format.
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Primary
care clinic

Sample Activity Graph:
Diabetes Primary Care

Murse
ACCESSES

check-in

FPhysician

ACCRSSRS

the patient
recor

diabetes
data set

Retrigve

d itermns due
5

hysician
arcesses
diahetes
data set




SAGE Guideline Representation: Context Nodes

Context Nodes organize and specify |
the relationship to workflow. They record: Adult AdU t
« Who is involved Diahetes '
* Where the session occurs @ Dlabetes
« What resources are required Patient
Clinical
Information processing
« What triggers or begins session . -
; should
lipid labs
he
ordered?

Qrder lipid Qrder lipid Qrder lipid Qrder lipid
Order lipld laks far B labs 12 labs 24 laks far 3
labs 1w maonths months months months
from last from last from last from last
fabs fabe fabs fabs




SAGE Guideline Representation: Decision Nodes

When DgE:JL;I;[es
Fatient
should
lipid labs
be

ordered? should
lipid labs
//Urrigreed.

Qrder lipid Qrder lipid

Order lipld laks far B labs 12
labs 1w maonths months
from last from last

fabs fabe

Decision Nodes provide support for
making choices:

» Specification of alternatives
 Logic used to evaluate choices

* Query data from patient record

» Can change the clinical workflow

Qrder lipid Qrder lipid
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months months

from last from last
fabs fabs




SAGE Guideline Representation: Action Nodes

Action Nodes define activity to be

accomplished by clinical information system: i
» User interaction and query O e
 Order sets Fatient
» Referrals
» Appointments and scheduling
» Goal setting
« Documentation and recording
» Messaging, print and paging 4
» Sub-guidelines lipid labs

nrdhreed.

Qrder lipid Qrder lipid Qrder lipid Qrder lipid
Order lipld laks far B labs 12 labs 24 laks far 3
labs 1w maonths months months months
from last from last from last from last
fabs fabe fabs fabs
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