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Discussants

« Robert A. Jenders, MD, MS, FACP, FACMI, FHL7, FAMIA
Co-Director, Center for Biomedical Informatics
Professor of Medicine
Charles Drew University

Senior Associate Director, CTSI
Professor of Medicine
University of California, Los Angeles

Co-Chair, HL7 Clinical Decision Support Work Group
Co-Chair, Arden Syntax Work Group
Discussant: Overview & Arden Syntax




Discussants

Bryn Rhodes
Alphora

Co-Chair, HL7 Clinical Decision Support Work Group
Discussant: COL, FHIR, SMART on FHIR, US Core

FHIR profiles, QlCore FHIR profiles, FHIR
Clinical Reasoning

Howard Strasberg, MD, MS, FACMI, FAMIA

Vice President, Medical Informatics, Wolters Kluwer Health

Co-Chair, HL7 Clinical Decision Support Work Group
Discussant. CDS Hooks :




Discussants

o Guilherme Del Fiol, MD, PhD, FACMI
Associate Professor & Vice Chair of Research
Department of Biomedical Informatics
University of Utah

Co-Chair, HL7 Clinical Decision Support Work Group
Discussant: Infobutton Standard, CDS Hooks
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 Kensaku Kawamoto, MD, PhD, MHS, FACMI, FAMIA
Director, Knowledge Management and Mobilization
Assoclate Professor & Vice Chair of Clinical Informatics
Department of Biomedical Informatics
Associate Chief Medical Information Officer
University of Utah

Co-Chair, HL7 Clinical Decision Support Work Group
Discussant: Data models, implementation at University of Utah




Discussants

e Peter J Haug, MD, FACMI
Intermountain Healthcare
Professor of Biomedical Informatics
University of Utah

Co-Chair, Arden Syntax Work Group
Discussant: Business process modeling, data interoperabilty




Overview of Workshop

« Partl: Overview of CDS & SDOs

« Part 2: Current standards and future work
— Arden Syntax

— CQL, FHIR, SMART on FHIR, US Core FHIR
profiles, QlCore FHIR profiles, FHIR Clinical
Reasoning Business process modeling

— CDS Hooks

— Infobutton; CDS Hooks implementations

— Practical uses of CDS Hooks & SMART on FHIR
— BPM+, EHRs interoperability

« Part 3: Group exercise / interaction




HL7 Structure: Clinical Decision Support

Heavily consensus-based, multilayer voting approval
process (WGs & membership-wide)

Clinical Decision Support Work Group (Jenders, Del
Fiol, Kawamoto, Rhodes, Strasberg)

— Contribute to data models, inform CDS aspects of
other HL7 work, develop overall decision support
system model

Arden Syntax WG (Jenders, Haug)

— Smaller committee focused specifically on this
particular standard for knowledge sharing

Clinical Quality Information WG
— CDS focused on quality measurement/improvement

hi7.org, confluence.hl7.org



Other Organizations

« CEN TC 251: Some CDS-specific (knowledge metadata, HIT
safety risk classification), but mainly related standards
(security, person identifiers, vocabulary maintenance)

« Joint Initiative Council for Global Health Informatics
Standardization (JIC): Coordinate health informatics
standards internationally

— 9SDOs: CDISC, LOINC, GS1, HL7, IHTSDO, I1SO
TC215, CEN TC215, IHE, DICOM

— Patient summary standards, genomics, drug identification

 Object Management Group (OMG): Work with HL7 on
business process modeling




CDS “Big Picture”:
Applying Knowledge to Data

HL7 v2.x/3

messaging, ”

CDA

—




Addressing the CDS Standards Challenge:
HL7

« Knowledge Transfer
— Procedural/Executable: Arden Syntax, COL
— Declarative: HQMF

« Knowledge Access
— Infobutton, CDS Hooks, SMART on FHIR

e |Infrastructure
— Data models: FHIR




Arden Syntax for Medical Logic Modules

Modular knowledge bases which are independent from
one-another

Share & reuse medical knowledge
Procedural representation of medical knowledge

Discrete units of knowledge = Medical Logic Module
(MLM)

Explicit definitions for data elements
HL7 / ANSI / ISO Standard

Current version: 2.10 (published 2014), v3 in progress
Implemented by several vendors




Arden Syntax:
Evolving with User Demand

Moving away from relatively simple, clinician-friendly
expressions to more powerful computability

v2.7: Complex objects
v2.8 (2011): Switch statement, complex list operators
v2.9 (2012): Fuzzy logic

v2.10 (2014): ArdenML = Complete XML version

v3.0 (2023): Standard data model (FHIR)




Medical Logic Module

MLM = an independent unit in a health knowledge base

MLM: Makes a single health decision
*maintenance information
*links to other sources of knowledge/data
*logic

MLM = a stream of text stored in an ASCII file Iin
statements called slots

Purpose: Standard format so that knowledge can bgsh




Arden Syntax: Structure

In Arden Syntax, medical knowledge
IS hierarchically arranged within
medical logic modules (MLMs)

maintenance

Each MLM represents sufficient : :
knowledge to make at least one library ons zeuixed
single medical decision :

[required];;

[required];;

An MLM is stored in a file that has
the file extension “.mlm”
knowledge
Each MLM is well organized and
structured into categories and slots.

Categques must appear in a FEEGTiTRes = []
predefined order. et o

Each category contains a category-
specific set of slots, also in a
predefined order.
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Arden Syntax WG: Current Activities

« CDS Big Picture Implementation Guide

— How to integrate Arden and other standards to
Implement complete CDS solutions

« Arden Syntax IG: How to use Arden, especially recent
added complex features

— R3(9/2019): Standard data models, business process
modeling

— R4 (planned 2023): Update for Arden Syntax v3

« Ardenv3
— “curly braces problem”: FHIR = standard data mad
~ Goal: Ballot 1/2023




Arden Syntax: Applications

Guideline implementation
Interruptive alerts/reminders
Diagnostic decision support: Many examples

— Hepatitis test interpretation, antibiotic
recommendations, immunization recommendations

Identifying possible clinical trial subjects
Survelillance: Cross-population
— Hospital epidemiology
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Thank you!

Questions
jenders@ucla.edu




Group Exercise:
CDS for Ambulatory COVID-19 Treatment

« Goal: Model a limited CDSS for providing CDS to promote
evidence-based treatment of SARS-CoV-2 infection.

 Process

— ldentify one or two CDS interventions for ambulatory care of
COVID-109.

— Apply Five Rights framework: Right information to the right
person in the right format via the right communication
channel at the right point in workflow.

— ldentify data sources (new vs already-captured),
communication pathways, and knowledge sources for the CDS
Interventions, including standards for data representation,
knowledge representation and knowledge delivery/integration
into clinical systems (e.g., EHRSs, patient-facing tools).




Group Exercise: Clinical Background

e Possible treatments
— First-line: Oral Paxlovid, 1V remdesivir

— Alternatives: Monoclonal ab bebtelovimab, oral
molnupiravir

 Indications = High-risk patients
— Age > 50 years
— Unvaccinated or undervaccinated

— High-risk condition: Obesity, immunodeficiency,
tobacco use disorder, pregnancy and others




SEP2022

COVID-19 Outpatient Therapeutics
Clinical Decision Aid for Ages 12+ years

Adult or pediatric patient (ages 12 and older weighing at least 40 kg) with
mild to moderate COVID-19 and at high risk for progression to severe disease

Is patient:

* Hospitalized for Symptom

COVID-19 onset within
the past

OR
* Requiring O, S-TCayal
OR
* Requiring an
increase in baseline
home O, due to
COVID-19?

Treatment of symptoms,
management per NIH &
CDC Guidelines

Consider one of the following therapeutics, if available, feasible, and
clinically appropriate’:

Paxlovid? within 5 days of symptom onset If patient does not have severe
renal impairment (eGFR <30mL/min) OR severe hepatic impairment (Child-
Pugh Class C)

eGFR 2 60mL/min: 300 mg nirmatrelvir taken with 100 mg ritonavir twice
daily for 5 days
eGFR 2 30mL/min to < 60 mL/min: 150 mg nirmatrelvir taken together with
100 mg ritonavir twice daily for 5 days
Evaluate concomitant use of CYP3A inducers and medications with high
dependency on CYP3A for clearance as these may be contraindicated??
OR
Veklury (remdesivir)* 200 mg IV x 1 dose on Day 1, 100 mg |V x 1 on Days 2—
3 begun within 7 days of symptom onset if patient does not have severe
renal impairment (eGFR <30mL/min)

Prescribers must review and comply with the mandatory requirements outlined
in the Paxlovid EUA? or the Veklury Prescribing Information®.

If Paxlovid and Veklury (remdesivir) are not available, feasible or clinically
appropriate, consider one of the following therapeutics:

bebtelovimab® within 7 days of symptom onset
175 mg single 1V injection

OR

Lagevrio (molnupiravir)é if patient age 18 or older AND possibility of
pregnancy, if applicable, ruled out:

800 mg by mouth every 12h for 5 days begun within 5 days of symptom onset

Prescribers must review and comply with the mandatory requirements outlined in
the bebtelovimab® or Lagevrio (molnupiravir) EUAS

19. hitps:/iwww.covid 19treatmentguidelines.nih. govitherapies/statement.on-therapies-for-highrisk-nonhospitalized-pasents/

hitps:/Awww.covidt almentguidelines. nih.govitherapies/antiviral -therapy/ritonavir-boosted nirmatrehvis-padovid -/

fpdisimedicines/covid-19/vekiury/vekury_pi.pdf




COVID-19 Outpatient Therapeutics

Clinical Decision Aid for Ages 28 days to less than 12 years

Pediatric patient (28 days of age to less than 12 years, weighing at least 3 kg to less than 40 kg) with mild to moderate COVID-19
and at high risk for progression to severe disease

Consider Veklury (remdesivir)*! bequn ASAP within 7 days

Symptom onset
within the past Pediatric patient (greater than 28 days ®—> of symptom onset
7 days? old) with severe renal impairment Pediatric patients younger than 12 years and weighing 40 kg

(eGFR <30 mL/min) or greater: 200 mg IV x 1 dose on Day 1, 100 mg IV x 1 on Days 2-3

Pediatric patients 28 Days of Age and Older weighing at least 3
) kg to less than 40 kg: 5 mg/kg IV on Day 1, 2.5 mg/kg on Days 2-3

*Use 100 mg lyophilized vial for EUA pediatric use

Treatment of symptoms,
management per NIH &
CDC Guidelines

11 hilpsihwww. gilead comi-imedia/filesipdfs/medicines/covid: 19/ eklurylveklury_pi pdf

res aun 2[ :wu




Group Exercise: I'T Considerations

« Data sources: Hospital EHR/CPOE system,
ambulatory EMR, public registry (e.g., vaccinations),
HIE, laboratory information system

« Platform for delivering CDS: CPOE, ambulatory
EMR, mobile app, secure email

« Interventions: Interruptive alert, order set, etc

« Triggers for CDS: Patient arrival at care site,
telehealth visit, abnormal laboratory test

Goal: Combine these elements to create CDS for treating
COVID-19




Group Exercise: Guidelines

« CDC treatment guideline =>

« CDC provider decision aid =>

« High-risk conditions =>



https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/outpatient-treatment-overview.html
https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/COVID-Therapeutics-Decision-Aid.pdf
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html

Workshop 16: Group Exercise
CDS for COVID-19 Treatment
AMIA Annual Symposium 2022

Objective: Design the basics of a computer-based clinical decision support system to
provide CDS for treating COVID-19 principally in the ambulatory setting.

Method: Considering standards for data representation and for implementing
knowledge (or access to it) should be identified; considering both health care provider-
facing and patient-facing interventions; assuming an ambulatory environment; and
taking into consideration how you will obtain the risk data in order to drive the CDS; do
the following:

1. Identify one or two CDS interventions for ambulatory care of COVID-19.

2. Characterize the interventions in terms of clinical workflow using the CDS Five
Rights framework.

3. ldentify data sources (including access to already-captured data and how you will
obtain new data), communication pathways, and knowledge sources for the CDS
interventions, including standards for data representation, knowledge
representation and knowledge delivery/integration into clinical systems (e.g.,
EHR, patient-facing tools).

Work Product: List of components of the CDS system: Intervention, human targets of
the intervention, data sources, standards and like, aligning these with the Five Rights.

Clinical Background: Infection with SARS-CoV-2, a virus that emerged in late 2019
and erupted into a pandemic in 2020, can result in a severe, multisystem iliness,
COVID-19, centered on the respiratory system with significant morbidity and mortality.
Two key antiviral treatments, oral Paxlovid and intravenous remdesivir, have emerged
that reduce mortality in individuals at high-risk for complications, which are mainly
patients who are older than 50 years, who are unvaccinated or not up-to-date on
vaccinations for this disease; and who have one or more conditions that increase the
risk of complications (e.g., obesity, immunodeficiency, tobacco use disorder, pregnancy
and others). The US Centers for Disease Control and Prevention (CDC) has developed
guidelines and a decision aid to assist practitioners in identifying patients who should
receive antiviral therapy and to guide that therapy, including dosing based on renal
function (eGFR = estimated glomerular filtration rate, with a lower number indicating
worse kidney function) and hepatic function. CDS may help improve recognition of
these patients and prescribing of the appropriate treatment.

e CDC treatment guideline => https://www.cdc.gov/coronavirus/2019-
ncov/hcp/clinical-care/outpatient-treatment-overview.html

e CDC provider decision aid => https://aspr.hhs.gov/COVID-
19/Therapeutics/Documents/COVID-Therapeutics-Decision-Aid.pdf

e High-risk conditions => https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-
care/underlyingconditions.html



https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/outpatient-treatment-overview.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/outpatient-treatment-overview.html
https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/COVID-Therapeutics-Decision-Aid.pdf
https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/COVID-Therapeutics-Decision-Aid.pdf
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html

Clinical Decision

Support
Standards

Bryn Rhodes
Chief Technology Officer, Alphora

lfj Alphora




Disclosures

* In the past year | have served as a consultant or invited speaker with
honorarium for the U.S. Office of the National Coordinator for Health
IT (via Security Risk Solutions (SRS), ICF, Centers for Medicare and
Medicaid (via ICF and Yale), Centers for Disease Control (via SRS),
World Health Organization, Association of Public Health Laboratories,
Apervita, McKesson, RTI International, Cerner, Optum, Point of Care
Partners, and the National Association of Community Health Centers.

* Dynamic Content Group (dba Alphora) provides support and
maintenance for clinical quality improvement evaluation and
authoring using FHIR and Clinical Quality Language.
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LEGEND: Sponsoring HL7 Workgroups
Clinical Decision Support (CDS)
Clinical Quality Information (CQl)
Public Health (PH)
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https://hl7.org/fhir/us/cqfmeasures/
https://hl7.org/fhir/us/cqfmeasures/
http://hl7.org/fhir/uv/cpg
https://confluence.hl7.org/display/CDS/CPGonFHIR
https://cds-hooks.hl7.org/
https://cds-hooks.hl7.org/
https://confluence.hl7.org/display/CDS/EBMonFHIR
https://confluence.hl7.org/display/CDS/EBMonFHIR
https://hl7.org/fhir/us/qicore/
https://hl7.org/fhir/us/qicore/
https://hl7.org/fhir/us/davinci-deqm/
https://hl7.org/fhir/us/davinci-deqm/
https://cql.hl7.org/
https://cql.hl7.org/
http://hl7.org/fhir/clinicalreasoning-module.html
https://hl7.org/fhir/clinicalreasoning-module.html
https://hl7.org/fhir/us/ecr/
https://hl7.org/fhir/us/ecr/
https://hl7.org/fhir/us/qicore/
https://build.fhir.org/ig/HL7/fhir-medmorph/
https://hl7.org/fhir/us/medmorph/
https://build.fhir.org/ig/HL7/fhir-us-ph-common-library-ig/
https://build.fhir.org/ig/HL7/fhir-us-ph-common-library-ig/
https://hl7.org/fhir/us/core/
https://hl7.org/fhir/us/core/
http://hl7.org/fhir/clinicalreasoning-module.html
https://confluence.hl7.org/display/CDS/CRMI+-+Canonical+Resource+Management+Infrastructure+IG

Types of Interoperability

Lexical
Syntactic

Semantic

Logical

Process

11/5/2022



AHL7Z FHIR

* Fast Healthcare Interoperability Resources

* Resources — Building blocks (provide syntax)

* Profiles — Usage descriptions (provide semantics)
* Protocol — Defines interactions

FOUNDATION CONFORMANCE  ADMINISTRATION CLINICAL REASONING

L]

http://hl7.org/fhir



FHIR Clinical Guidelines (CPG-on-FHIR)

Strategy trat
Pathway A B (periodic)
Definition (ENER ANEEN (NANN NENER MNERN
A Strategy Strateqgy : A : 7 : » '

C (conditional).

D Recommendation

Care Plan

o Proposal

Q) Request
‘ Event

Case
(summary)

' Case Features

O Derived Features

http://hl7.org/fhir/uv/cpg



http://hl7.org/fhir/uv/cpg
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http://hl7.org/fhir/uv/cpg/documentation-approach-03-conformance-levels.html

Integration Approach
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/.
Recommendations
.@. caL
Workflow "“ﬁ Evaluation
Clinical data/transactions Data Requirements
iMR_ -::> _'R_
o ETLIwarehousmg
o

Import/ingest CQL Libraries

¢ .
col -

Real-time Data Enrichment and Delivery

Clinical Reasoning Implementation

Eventing, Messaging,
Bulk Transfer, &/or
Request Patient Data

0

Pub/Sub Bus
v2 Messages

Bulk & other EDI

Bi-direction
Data Exchange

Eventing, Messaging,
Bulk Transfer, &/or

QL Libraries

PlanDefinition @

_
B

Sapply

operation

CarePlan with
RequestGroup

Request Patient Data

€S

Service-based

Clinical Reasoning Implementation

CDS Hooks Request
with Patient Data

@/AA

oy I >

EHR
CDS Hooks API
order-select C:

\ A C—

L

CDS Hooks Response

N
CQL Libraries
PlanDefinition, ﬁ
P
Ty
[
v Sapply
{— operation
A A
{ /J
CarePlan with
Reguest(iroug
/

As an Application

Clinical Reasoning within Application or via Service

-

Patient Data

@ N

—

- CQL Libraries
PlanDefinition

EHR Data

System of
Record

v
SMART

0Auth2/ OpeniD

— SMART/ |
| FHIRAPIs

U
s

Note: Clinical Reasoning may occur
natively within the App and/or the App
may itself interact with another Clinical

Reasoning capability via Services

. CarePlan with
*+. RequestGroup

http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html

Clinical
Sapply Reasoning- |
operation as-a-
__ Service


http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html

Service-based Integration via CDS Hooks

Clinical Reasoning Implementation

CDS Hooks Request
with Patient Data CQL Libraries
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http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html



http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html

Service-based Integration via CDS Hooks

Clinical Reasoning Implementation
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http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html
https://hl7.org/fhir/us/core/

Data Model Standards

uolilowoldd paseg-snsussuo)

Constraint-based Definition



Service-based Integration via CDS Hooks

Clinical Reasoning Implementation

CDS Hooks Request
with Patient Data CQL Libraries

PlanDefinition
o TT e
| -
EHR > | > Sappl
| CDS Hooks API | apply
order-select < <:| operation
]

CarePlan with
CDS Hooks Response ReguestGroup

http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html



http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html
https://hl7.org/fhir/us/core/
https://cql.hl7.org/

HL7 CQ!

International

* Clinical Quality Language
* Health Level 7(HL7) standard designed to:

* Enable automated point-to-point sharing of executable clinical knowledge
* Provide a clinically focused, author-friendly, and human-readable language

* Currently an HL7 and ANSI Normative Standard
* As with FHIR, some aspects are still Trial-Use, marked in the specification

http://cal.hl7.org



http://cql.hl7.org/

Service-based Integration via CDS Hooks

Clinical Reasoning Implementation

CDS Hooks Request
with Patient Data CQL Libraries

PlanDefinition
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CarePlan with
CDS Hooks Response ReguestGroup

order-select

http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html



http://hl7.org/fhir/uv/cpg/documentation-approach-10-mechanisms-of-integration.html
https://hl7.org/fhir/us/core/
https://cql.hl7.org/
http://hl7.org/fhir/uv/cpg

Key Interoperability Resources

Model Terminology Behavior
(syntax) (semantics) (Knowledge/process)
e StructureDefinition  CodeSystem  Library
* StructureMap * ValueSet * Questionnaire
* ConceptMap * ActivityDefinition

* PlanDefinition

 Measure
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= Clinical Quality Framework — Open Source Stack
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https://github.com/cqframework/clinical_quality_language
https://github.com/dbcg/cql_engine
https://github.com/dbcg/cqf-ruler
https://github.com/dbcg/cql-evaluator
https://github.com/cqframework/cqf-tooling
https://github.com/DBCG/cql-language-server
https://github.com/cqframework/atom_cql_support
https://confluence.hl7.org/display/CQIWC/Clinical+Quality+Framework
https://github.com/cqframework/vscode-cql

Opioid-related Projects

CDC 2016 Opioid Prescribing Guideline

o0 eé

About CDC's Opioid Prescribing Guideline

CDC Opioid Prescribing 1G AHRQ Pain Management Summary

Opioid Proseribing Support Implemantation Guide

AHRQ Chronic Pain Management

« Patient records PROs via
MyPAIN to prepare for SOM

-
MyPAIN

« Patient and clinician meet to
eny rand

plan

in/health system collects

saveq
e and reviews data on decision(s)
via PainManager

https://github.com/caframework/clinical quality language/wiki/Community-Projects#content



https://cds.ahrq.gov/cdsconnect/artifact/factors-consider-managing-chronic-pain-pain-management-summary
https://github.com/cqframework/AHRQ-CDS-Connect-PAIN-MANAGEMENT-SUMMARY
https://build.fhir.org/ig/cqframework/opioid-cds-r4/
https://github.com/cqframework/clinical_quality_language/wiki/Community-Projects#content
https://www.cdc.gov/opioids/providers/prescribing/guideline.html

Get Involved!

* Adapting Clinical Guidelines for the Digital Age
* CPG-on-FHIR Project

* Clinical Quality Framework Initiative
 Clinical Decision Support and Clinical Quality Information HL7 Work Groups

* WHO SMART Guidelines Initiative
e EBM-on-FHIR (COKA) Initiative

* CQL FHIR Zulip Stream

* CQFramework Repository

 eCQIl Resource Center



https://www.cdc.gov/ddphss/clinical-guidelines/index.html
https://confluence.hl7.org/display/CDS/CPGonFHIR
https://confluence.hl7.org/display/CQIWC/Clinical+Quality+Framework
https://confluence.hl7.org/display/CDS/WorkGroup+Home
https://confluence.hl7.org/display/CQIWC/Clinical+Quality+Information+Home
https://www.who.int/teams/digital-health-and-innovation/smart-guidelines
https://confluence.hl7.org/display/CDS/EBMonFHIR
https://chat.fhir.org/#narrow/stream/179220-cql
https://github.com/cqframework/atom_cql_support
https://ecqi.healthit.gov/

Questions?
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CDS Hooks

Clinical Decision Support Standards to Facilitate Value-Based Health Care and Quality
Improvement: Latest Developments and What You Need to Know

W16

Howard R. Strasberg, MD, MS, FAMIA, FACMI

Wolters Kluwer
Twitter: @HowardStrasberg
#AMIA2022
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CDS Hooks 1.0 NAMIN

EHR triggers a CDS hook and CDS
invokes a remote service

CDS Service executes
— Services its own rules, leveraging
FHIR data as needed

information card
$200 per month
(patient pays $30) 9
suggestion card

Try HCTZ as first-line

Switch to HCTZ

smart app link card

Returns CDS cards EHR
(rendered and displayed by EHR) FHIR Server

Managing hypertension?

K

Source: cds-hooks.org

AMIA 2022 Annual Symposium | amia.org




Accessing FHIR Data — Two Options

A\MIN
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Option 1 — Prefetch
Send the data with the request

"prefetch": {
"patient": {
"resourceType": "Patient",
"id": “W11",
"meta": {
"versionld": "1",
"lastUpdated": "2021-04-12T14:08:53.000+00:00"
b
"active": true,
"name": [

"text": “W11 AMIA",
"family": [
“AMIA"
Ik
"given": [
“W11"
]
}

gender": "male",
"birthDate": "1944-10-24"

}

]

Option 2 — FHIR Authorization Token

Allow the service to request the data from the
FHIR server

"fhirAuthorization": {

"access_token": "eyJga3UiOiJodHRwc",
"token_type": "Bearer",

"expires_in": 3599,

"scope": "patient/*.* user/*.* launch openid profile
online_access",

"subject": “34287c5e..."

}
AMIA 2022 Annual Symposium | amia.org ~— ®
TN,



Prefetch Template AMIN

» Uses FHIR queries to tell the calling application which data to include in the
request

» Prefetch token: a placeholder in a prefetch template that is replaced by a
value from the hook's context to construct the FHIR URL used to request the
prefetch data (e.g. patient={{context.patientld}}).

{
"prefetch": {

"patient": "Patient/{{context.patientld}}",
"hemoglobin-a1c": "Observation?patient={{context.patientld}}&code=4548-48& count=1&sort:desc=date",

"user": "{{context.userld}}"

}
}



Hook: patient-view

N\MIN

PROFESSIONALS. LEADING THE WAY.,

Field Optionality Use as Type Description
prefetch token

userld REQUIRED Yes

patientld REQUIRED Yes

encounterld OPTIONAL Yes

The id of the current user.

For example, if the user represents a FHIR
resource on the given FHIR server, the
resource type would be one

of Practitioner, PractitionerRole, Patient,

or RelatedPerson.

Patient or RelatedPerson are appropriate
when a patient or their proxy are viewing the
record.

The FHIR Patient.id of the current patient in
context

The FHIR Encounter.id of the current
encounter in context



https://www.hl7.org/fhir/practitioner.html
https://www.hl7.org/fhir/practitionerrole.html
https://www.hl7.org/fhir/patient.html
https://www.hl7.org/fhir/relatedperson.html

Hook: order-sign ANMIN

Field Optionality Use as Type Description
prefetch token

userld REQUIRED string The id of the current user.
For this hook, the user is expected to be of
type Practitioner or PractitionerRole.

patientld REQUIRED Yes string The FHIR Patient.id of the current patient in
context

encounterld OPTIONAL Yes string The FHIR Encounter.id of the current
encounter in context

draftOrders REQUIRED No object R4 - FHIR Bundle of DeviceRequest,

MedicationRequest, NutritionOrder,
ServiceRequest, VisionPrescription
with draft status

e
TN,


https://www.hl7.org/fhir/practitioner.html
https://www.hl7.org/fhir/practitionerrole.html

Hook: order-select

N\MIN
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Field Optionality Use as Type Description
prefetch token

userld REQUIRED

patientld REQUIRED Yes
encounterld OPTIONAL Yes

selections REQUIRED No

draftOrders REQUIRED No

string

string

string

array

object

The id of the current user.
For this hook, the user is expected to be of
type Practitioner or PractitionerRole.

The FHIR Patient.id of the current patient in
context

The FHIR Encounter.id of the current
encounter in context

The FHIR id of the newly selected order(s).
The selections field references FHIR
resources in the draftOrders Bundle. For
example, MedicationRequest/103.

R4 - FHIR Bundle of DeviceRequest,
MedicationRequest, NutritionOrder,
ServiceRequest, VisionPrescription
with draft status



https://www.hl7.org/fhir/practitioner.html
https://www.hl7.org/fhir/practitionerrole.html

CDS Hooks — Response Card Attributes ANMIN

uuid OPTIONAL string  Unique identifier of the card. MAY be used for auditing and logging cards
and SHALL be included in any subsequent calls to the CDS service's
feedback endpoint.

summary REQUIRED string  One-sentence, <140-character summary message for display to the user
inside of this card.

detail OPTIONAL string  Optional detailed information to display; if provided MUST be
represented in (GitHub Flavored) Markdown. (For non-urgent cards, the
CDS Client MAY hide these details until the user clicks a link like "view
more details...").

indicator REQUIRED string  Urgency/importance of what this card conveys. Allowed values, in order
of increasing urgency, are: info, warning, critical. The CDS Client MAY
use this field to help make Ul display decisions such as sort order or
coloring.

source REQUIRED object  Grouping structure for the Source of the information displayed on this
card. The source should be the primary source of guidance for the
decision support the card represents.


https://github.github.com/gfm/

CDS Hooks — Response Card Attributes ANMIN

suggestions OPTIONAL array of
Suggestions

selectionBehavior OPTIONAL string

links OPTIONAL array of
Links

Allows a service to suggest a set of changes in the context
of the current activity (e.g. changing the dose of a
medication currently being prescribed, for the order-

sign activity). If suggestions are

present, selectionBehavior MUST also be provided.

Describes the intended selection behavior of the
suggestions in the card. Allowed values are: at-most-one,
indicating that the user may choose none or at most one of
the suggestions; any, indicating that the end user may
choose any number of suggestions including none of them
and all of them. CDS Clients that do not understand the
value MUST treat the card as an error.

Allows a service to suggest a link to an app that the user
might want to run for additional information or to help guide
a decision.



Example 1 — patient-view hook AMIN

—T
[} CDS Hooks Sandbox

Patient View

Rx View ‘ PAMA Imaging ‘

Patient View

W11 WORKSHOP

ID: 855 Birthdate: 1954-02-01

Now seeing: W11

Source: Patient greeting service

Dismiss

CDS Developer Panel

CDS Developer Panel

Select a Service

patient-greeting - https:/fhir-org-cds-services.appspot.com/cds-services/patient-greeting v

> Request

Vv Response

{

"cards": [

{
"uuid": “"df4ceeas-8370-461c-ad7d-8dc3537c39ac”,

"summary": “Now seeing: W11",

"source": {

Patient greeting service"

"indicator": "info"

v Messages
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Example 1 - Request AMIN

"hookInstance": "d3cbe%db-295b-4ace-9a48-0d42312993503",
"hook": "patient-view",
"fhirServer": "https://api.logicahealth.org/ExampleServer/data”,
"context": {
"patientId": "855",

VWL U WN
{1
i,

"userId": "Practitioner/2"
Yy

= "fhirAuthorization": {
10 "access_token": "eyJga3UiCidJ...",
11 "token_type": "Bearer",
12 "expires_in": 3599,
13 "scope": "patient/*.* user/*.* launch openid profile online access",
14 "subject": "48163cbe..."
15 - Yy
16 "prefetch": {
17 "patient": {
18 "resourceType": "Patient",
19 "id": "855",
20 "meta": {
21 i "yersionId": "1",
22 : "lastUpdated": "2021-05-05T23:17:23.000+400:00"
23 I
24 "active": true,
25 "name": [
26 i {
27 3 "text": "W1l WORKSHOE",
28 . "family": [
29 ; "WORKSHOP"
30 | 1,
31 . "given": [
32 | "W1l"
35 | ]
34 i }
35 ,
36 "gender": "male",
37 "birthbDate": "1954-02-01"
38 }
39 }
40 }

022 Annual Symposium | amia.org




Example 2 — order-select hook AMIN

—T
[_] CDS Hooks Sandbox Patient View ‘ Rx View
Rx View CDS Developer Panel
© .
Patient: NORKSHOP ID: 855 = Select a Service
ﬂ.: cms-price-check - https://fhir-org-cds-services.appspot.com/cds-services/cms-price-che: v
Treating (3
o
©
M > Request
o
Medication 2 Vv Response
[&]
atenolol

{

"cards": [

Atenolol 50 MG Oral Tablet

{
Number Frequency "uuid”: "b27@c565-6265-40c8-9c20-86715a39Fbd4",
1 da\ly - : "Cost: $6.97",
: "CMS Public Use Files"
Start Date @ End Date@

"indicator”: "info"

MM/DD/YYYY [ MM/DD/YYYY [

Cost: $6.97
Source: CMS Public Use Files
v Messages

Dismiss




Example 2 - Request

A\MIN
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=T
"hook": "order-select",

"context": {
"patientIid": "855",

WU W N
{1}

AMIA 2022 Annual Symposium | amia.org

"hookInstance": "6aal86dl1-8353-4eb4-8cl2-db4adchff717",

"fhirServer": "https://api.logicahealth.org/ExampleServer/data”,

"display": "Atencleol 50 MG Oral Tablet",

: "http://www.nlm.nih.gov/research/umls/rxnorm",

"userId": "Practitioner/2",
= "selections": [
: "MedicationOrder/order-123"
10 1,
11 o "draftOrders": {
12 "resourceType": "Bundle",
13 H "entry": [
14 H {
15 H "resource": {
16 "resourceType": "MedicationOrder",
17 "id": "order-123",
18 "status": "draft",
19 H "patient": {
20 "reference": "Patient/855"
. - Yr
22 "dateWritten": "2021-05-05",
23 H "medicationCodeableConcept™: {
24 "text": "Atenolol 50 MG Oral Tablet",
25 "coding": [
26 [ {
27
28 "systel
29 "code": "197381"
SO }
31 - 1
SO }
SS - }
34 }
SN - 1
SO }
37 i
38 H "fhirAuthorization": {
39 "access_token": "eyJqa3UiCidJ...",
40 "token type": "Bearer",
41 "expires in 3599,
<




CDS Hooks 2.0 — Adds Feedback NMIN

EHR Med Order CPOE triggers a CDS hook 9
and invokes a remote CDS Service executes
R Toprol XL E—TTTE— its own rules, leveraging

50 mg dally FHIR data as needed

Returns CDS cards
(incl. overrideReasons)

EHR

suggestion card

FHIR Server

Try Propranolol instead

Switch to Propranolol
Returns Feedback



CDS Hooks — Response Card Attributes AMIN

overrideReasons OPTIONAL  array of Override reasons can be selected by the end user when
Coding overriding a card without taking the suggested

recommendations. The CDS service MAY return a list of
override reasons to the CDS client. The CDS client
SHOULD present these reasons to the clinician when
they dismiss a card. A CDS client MAY augment the
override reasons presented to the user with its own
reasons.

| smamesmedm emees g
' TN,



Feedback (Optional) AMIN

card REQUIRED string The card.uuid from the CDS Hooks response. Uniquely
identifies the card.

outcome REQUIRED string A value of accepted or overridden.
acceptedSuggestions ~ CONDITIONAL  array An array of json objects identifying one or more of the

user's AcceptedSuggestions. Required
for accepted outcomes.

overrideReason OPTIONAL Override A json object capturing the override reason as
Reason a Coding as well as any comments entered by the user.

outcomeTimestamp REQUIRED string ISO timestamp in UTC when action was taken on card.



Feedback Example AMIN

INFORMATICS PROFESSIONALS. LEADING THE WAY.

Response card override reasons Request payload back to CDS
Hooks service feedback endpoint
{ POST {baseUrl}/cds-services/{serviceld}/feedback
"uuid": "123456",
"overrideReasons": [ {

{ "feedback™: [
"display": "Screening not wanted", {
"code": 171103002, "card": "123456",
"system": "http://snomed.info/sct" "outcome": "overridden",

1, "outcomeTimestamp": "2021-05-06",

{ "overrideReason": {
"display": "Care plan reviewed", "reason": {
"code": 335031000000106, "code": 171103002,
"system": "http://snomed.info/sct" "system": "http://snomed.info/sct"

h }

{ }
"display": "Personal health plan not appropriate", }
"code": 755201000000108, ]
"system": "http://snomed.info/sct" }

}




Next steps AMIN

Suppose the draftOrders context contains a MedicationRequest with a
reference to a Medication resource

Suppose you really need the details of that Medication resource because, for
example, it contains the RXNORM code for the drug being ordered

How do you get those details?

Answer: advanced prefetch templates, such as:

{{context.draftOrders.of Type(MedicationRequest).medicationReference.reference}}



More Information NAMIN

» https://cds-hooks.org/ (continuous build)

» https://cds-hooks.hl7.org/ (published versions)

» https://github.com/cds-hooks/docs (repository, issues)

AMIA 2022 Annual Symposium | amia.org


https://cds-hooks.org/
https://cds-hooks.hl7.org/
https://github.com/cds-hooks/docs
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Thank you!

@HowardStrasberg
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Infobutton Standard

W16 Workshop - Clinical Decision Support Standards to Facilitate Value-Based Health
Care and Quality Improvement: Latest Developments and What You Need to Know

Guilherme Del Fiol, MD, PhD
Professor and Vice-Chair for Research
Department of Biomedical Informatics
University of Utah




Disclosure N\MIN

| and my spouse/partner have no relevant relationships with commercial
interests to disclose.

2021 Clinical Informatics Conference | amia.org




Case Vignette

The NEW ENGLAND
JOURNAL of MEDICINE

HOME ARTICLES & MULTIMEDIA ¥ ISSUES SPECIALTIES & TOPICS ¥ FOR AUTHORS ¥ CME >

CLINICAL DECISIONS

Glycemic Management in a Patient with Type 2 Diabetes

N EnglJ Med 2013; 369:1370-1372 | October 3, 2013 | DOI: 10.10S6/NEJMcide1311497

2 Comments and Poll open through October 16, 2013
Share: n » -Ea lin]+]

CASE VIGNETTE

Agnes is a 51-year-old widow with hypertension who received a diagnosis of type 2 diabetes a
decade ago. She has been worried about her diabetes since then because she has not been able to
gain complete control over it. Her glycated hemoglobin level was 7.0% for 1 year but gradually
increased to 9.0%. For the past 2 years, she has been taking metformin

She is maintaining her weight at 165 pounds (75 kg). but she is not able to e @
lose weight. Agnes goes to the gym and walks on a treadmill three times a d

week, but she jokes that the gym members who talk about a “runner's high” m
must be hallucinating. In short. she tells you that she has made as many

lifestyle changes as she can

INFORMATICS PROFESSIONALS. LEADING THE WAY.

51-year-old female with diabetes type 2, unable to
control it in last year (HbA1c = 9%). Taking metformin
for past 2 years. Needs additional drug, but won’t take
insulin. Concern about weight gain.

Alternatives: DPP-4 inhibitors vs. SGLTZ2 inhibitors

» Both are effective

« Studies of the cardiovascular safety of the drugs are
under way

» Distinct side effect profiles and mechanism of action

Which is the best approach for this patient?

N Engl J Med 2013; 369:1370-1372. 2013
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Clinicians’ Information Needs AMINA

h
hi

il

20 patients

Del Fiol G, Workman TE, Gorman PN. Questions raised by clinicians at the point of
care. JAMA Int Med. 2014.




.. . .
Clinicians’ information needs AMIA
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' Resources: answer
1 question out of every ) :
2 patients seen >90% of questions

166

&overview

ARWPConsult | The Physician’s Guide to Laboratory Test Selection and Interpretatio

Choose a resource:

&ParUP c
[

neuit
uit

BROWSEEY |  Dissass Celagories >Infectous Diseass > Chraric

Immunoglobulin Disorders

Clinical Background | Tests | i "]
Name

ABCDEFGHT
JKLMNOPQR

Imrmunoglobulins are B-call products that mediate the humoral arm of immune response.
STUVWXYZ# « Functions

 Bind to antigens and activate complement
© Inactivats or remove offsnding toxin, foreign substances, opsanized bacterial pathagans
« Stucture
© 2 heavy and 2 light chains; isotype (G, M. A, D or E) determined by type of heavy chain
« Subclasses
© 195 and IgA subdivided based on antigenic determinants on hoavy chains
« 195 — subclasses 1,2,3, 4
* 1gA~ subclasses 1.2

m Welcome: General Hosptal | CNE Login | MyPOA
Cinical Search | Evidence-based Guidelnes | Drug Information | Nursing Advisor | Patient Handouts

Cireguee Evidence Based Gudines « hemaoert [EpE—
Ghn-epuide GuideRne: hematocr; low

122009 Glinical si
auses Overview
urther tests .
uthors

o Ht, enytvocyt
M references

Intorprotation

 Het,enyrocytes, and Ho should be interpeted together
In gensral,H

 Aremiais categorized as

hemolyss, acut

 dacreased RBC production (og ron deficiency,flale deficiency)

> 60% of questions
left unanswered

 Factors causing spurcusly decreasad lves ncluce:
= focumbent position (5% lower vaues)
= ags 2 months (s reference ranges for ormal values by age)
hemodiutin (eg.prograncy)

cltted bood

IREFERENCES




N\MIN

C Ont eXt INFORMATICS PROFESSIONALS. LEADING THE WAY.
. Patient
Status Filter: | Qutpatient A . Provider ul
Apply | %Apply 2 Print | (\ ° Settlng \
. EHR task

Date: |9324."2007 Clinician: | D POC: |
o = FREE TEXT - Free-teh cannotM nteractions! Please

vpe nere o a a new order : : i R
ype hereTo add a new order Aricept (Donepezil HCI) DruQPo"!tO Summary. .
Medications arch Dictionary Donepezil Hydrochloride (see details in DRUGDEX®)
R D/CRvw (‘Medication Name D¢ dm%ﬁ ects
Aricept (Donepezil HCl), 10mg, indicati
v ®Tablet 1 g:: trlar:? ed;: catti|<(: : 2 Dosing & Indications
[r] 0] I—®::|:“:pl:::e HCl {Zantac), 150mg, Tablet 1 Pre ggnan cy Category
Precautions
How Sugplied Adult Dosing (see details in DRUGDEXE)
More topics... » Alzheimer's disease - Dementia (Mild to Moderate): tabletsisolution, 5 or 10 mg
ORALLY once daily at bedtime, with or without food
T s m Alzheimer's disease - Dementia (Mild to Moderate): orally disintegrating tablets, 5 or
' 10 mg dissolve ORALLY on the tongue once daily
ﬁMicromedex m Alzheimer's disease - Dementia (Severe): tablets, 10 mg ORALLY once daily at
UpToDate hedtime, with or without food
Dementia (Severe): orally disintegrating tablets, 10 mg dissolve
MDConsult Resources ( ) y grating . g

Medline Plus e once daily




RECEIVED 23 March 2016

Context-sensitive decision support REVISED 5 My 2016

. . . ACCEPTED 27 May 2016
(infobuttons) in electronic health records:

a systematic review AMIA  OXFORD
David A Cook, %> Miguel T Teixeira, Bret SE Heale,* James J Cimino,” and Guilherme DeIF|0I4 T
ABSTRACT

Objective Infobuttons appear as small icons adjacent to electronic health record (EHR) data (e.g., medications, diagnoses, or test results) that,
when clicked, access online knowledge resources tailored to the patient, care setting, or task. Infobuttons are required for “Meaningful Use” certi-
fication of US EHRs. We sought to evaluate infobuttons’ impact on clinical practice and identify features associated with improved outcomes.
Methods We conducted a systematic review, searching MEDLINE, EMBASE, and other databases from inception to July 6, 2015. We included and
cataloged all original research in any language describing implementation of infobuttons or other context-sensitive links. Studies evaluating clinical
implementations with outcomes of usage or impact were reviewed in greater detail. Reviewers worked in duplicate to select articles, evaluate
quality, and abstract information.

Results Of 599 potential articles, 77 described infobutton implementation. The 17 studies meriting detailed review, including 3 randomized trials,
yielded the following findings. Infobutton usage frequency ranged from 0.3 to 7.4 uses per month per potential user. Usage appeared to be influ-
enced by EHR task. Five studies found that infobuttons are used less often than non—context-sensitive links (proportionate usage 0.20-0.34). In 3
studies, users answered their clinical question in > 69% of infobutton sessions. Seven studies evaluated alternative approaches to infobutton de-
sign and implementation. No studies isolated the impact of infobuttons on objectively measured patient outcomes.

Conclusions Weak evidence suggests that infobuttons can help providers answer clinical questions. Research on optimal infobutton design and
implementation, and on the impact on patient outcomes and provider behaviors, is needed.



Impact of Infobuttons AMIN

e
Search

Median Session Time 35 sec 2 to 8 min

Questions Answered 85% 78%

Decision enhancement or learning
* Over 62% of sessions

Slow usage uptake
* Partners Healthcare: ~100,000 sessions / month

* Intermountain: ~20,000 sessions / month




Why did we need a standard? NI
http://resource1.com/ -

search = “azithromycin AND dose
API M»

http://resource2.com/query =
“azithromycin” [MeSH Terms] AND
dose [All Fields]

Electronic

: —
Health @) v e N o Contex@

http://resource3.com/ -
searchConcept = 3333 # azithromycin @ Resource 3
filter = 11 * dosage




Context Dimensions AMIN
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HL7 Infobutton Standard NMIN

Azithromycin
75 years old, female

Chronic kidney disease
User: MD Setting: ED

JIWAMicromedex

Infobutton
Manager

Jd¥YMedlinePlus



US EHR Certification (Meaningful Use) ANMIN

Infobuttons: Required CDS capability compliant with
Infobutton Standard

* Provider reference information
« Patient education

Widely adopted by content providers and EHR products
* Over 1,000 certified EHR products by 500+ vendors



Example: MedlinePlus Connect AMIN

.-/a' National Library of Medicine

NLM Musings
eMezzanine

Innovations in Health Information from the Director of the National Library of Medicine

MedlinePlus Connect: 10 Years of Linking
Electronic Health Records to Consumer
Health Information

th

niversary

https://nimdirector.nlm.nih.gov/2021/01/13/medlineplus-connect-10-years-of-linking-

electronic-health-records-to-consumer-health-information/

Launched in 2010

Broad support for standard
terminologies
» Content coverage for 171,000 concepts

«  SNOMED-CT, ICD, CPT, RxNorm,
NDC

Both URL and Web services specs
Integrated with ~70 EHRs/PHRs

252 million infobutton requests in
2020


https://nlmdirector.nlm.nih.gov/2021/01/13/medlineplus-connect-10-years-of-linking-electronic-health-records-to-consumer-health-information/

Openinfobutton AMI/N
— Medline Plus |

Infobutton Dynamed

7= Manager
- @z Bz "

UpToDate

Tailoring
tool (LITE)

—
= Intranet

Infobutton
Responder

Del Fiol et al. Disseminating Context-Specific Access to Online Knowledge Resources within

Electronic Health Record Systems. Stud Health Technol Inform. 2013; 192: 672—676.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3870015/

Openinfobutton

N\MIN
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U.S. Department

of Veterans Affairs

CImGen

x{v};
Intermountain®
Healthcare

Regenstrief Institute

3 OSEHRA

Open Source Electronic Health Record Alliance

? UNIVERSITY OF UTAH
U HEALTH SCIENCES

%‘f‘%%
m DukeMedicine
_ \Xéson
¢ CoALITION University
« ORANGE COUNTY in St.LOUIS

COMMUNITY CLINICS

http://www.Openlnfobutton.org

Demo at: http://lite.bmi.utah.edu/OpeninfobuttonDemo.html



http://www.openinfobutton.org/
http://lite.bmi.utah.edu/OpenInfobuttonDemo.html

Infobutton and CDS Hooks NA\MIN
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CDS Hooks
Infobutton
Adaptor

Open
Infobutton

Info Cards

Patient education on Dementia associated with
another disease

Source: MedlinePlus

& Dementia

Information on Dementia associated with another
disease
Source: UpToDate

& Evaluation of cognitive impairment and dementia & Treatment
of dementia & Clinical features and diagnosis of dementia with

o




CDS Hooks Sandbox Rx View PAMA Imaging _

Rx View

Patient: Carol G. Allen ID: SMART-1577780

Treating

Alzheimers disease

Medication

gala

Galantamine 8 MG Oral Tablet

Number Frequency
1 daily ¥
Start Date@ End Date®@

MM/DD/YYYY [ MM/DD/YYYY %

Source: MedlinePlus

Galantamine

Source: UpToDate

Galantamine: Drug information

Treatment of dementia

N\MIN

INFORMATICS PROFESSIONALS. LEADING THE WAY.

Patient education on Galantamine 8 MG Oral Tablet

Information on Galantamine 8 MG Oral Tablet

Cholinesterase inhibitors in the treatment of Alzheimer disease



Trusted Health Information for You

r&\ MedlinePlus VA

About MedlinePlus What's New Site Map Customer SUPpPOIt  FESSIONALS. LEADING THE WAY.

Health Topics Drugs & Supplements Videos & Tools Espariol

Home — Drugs, Herbs and Supplements — Galantamine

Galantamine

pronounced as (ga lan' ta meen) E H u @

Why is this medication prescribed? What side effects can this medication cause?

How should this medicine be used? What should | know about storage and disposal of

thi dication?
Other uses for this medicine IS medication

In case of emergency/overdose
What special precautions should I follow? gency/

N . . What other information should | know?
What special dietary instructions should | follow?

Brand
What should | do if | forget a dose? FEARCIANEs

Why is this medication prescribed?

Calantamine is used to treat the symptoms of Alzheimer's disease (AD; a brain disease that slowly destroys the memory and
the ability to think, learn, communicate and handle daily activities). Galantamine is in a class of medications called
acetylcholinesterase inhibitors. It works by increasing the amount of a certain natural substance in the brain that is needed
for memory and thought. Galantamine may improve the ability to think and remember or slow the loss of these abilities in

people who have AD. However, galantamine will not cure AD or prevent the loss of mental abilities at some time in the
future.
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Thank you!

guilherme.delfiol@utah.edu
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CLINICAL USE OF CDS STANDARDS AND APPROACHES TO
DEALING WITH VENDOR DIFFERENCES IN FHIR IMPLEMENTATIONS

AMIA ANNUAL MEETING, WASHINGTON, DC, NOVEMBER 5, 2022

KENSAKU KAWAMOTO, MD, PHD, MHS, FACMI, FAMIA
PROFESSOR AND VICE CHAIR FOR CLINICAL INFORMATICS, BIOMEDICAL INFORMATICS
ASSOCIATE CHIEF MEDICAL INFORMATION OFFICER
DIRECTOR, REIMAGINE EHR INITIATIVE
CO-DIRECTOR, DIGITAL HEALTH INITIATIVE
UNIVERSITY OF UTAH REIMAGINE



DISCLOSURES

* | report honoraria, consulting, sponsored research, writing

assistance, licensing, or co-development in the past 24
months with Hitachi, Pfizer, NORC, RTI International, UC San
-rancisco, Indiana University, the Regenstrief Foundation,
Jniversity of Nebraska, KOSMI, MD Aware, and the U.S.
Office of the National Coordinator for Health IT (vio
Security Risk Solutions)

« Some of the EHR apps described are or may be
commercialized to enable wider mpact

( HEALTH
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UNIVERSITY OF UTAH REIMAGINE EHR INITIATIVE
 Multi-stakeholder initiative started in 2016

« Godalis to improve patient care and the provider
experience through interoperable EHR apps that
convert data to actionable insight

* >15solutions Lo
o > $4O M i n g rO n -|-S FesaTEl ant mppications OXFORD
O M U H‘i p | e OWO rd S Research and Applications

Establishing a multidisciplinary initiative for interoperable

° P ” ‘ qr Of :)I g I-l- q ‘ electronic health record innovations at an academic

medical center

[ ] o [ ]
H e O | '|' h | n I '|' I O '|'I V e Kensaku Kawamoto (@, Polina V. Kukhareva (3, Charlene Weir,"
Michael C. Flynn,23* Claude J. Nanjo,"? Douglas K. Martin, Phillip B. Warner,'2

David E. Shields,'Z Salvador Rodriguez-Loya,'? Richard L. Bradshaw, '

UUUUUUUUUUUUUUUU ©KENSAKU KAWAMOTO, 2022 REIMAGINEEHR




THE VISION

 Imagine as a doctor...

* [tIs ajoy to use the EHR
 The EHR is constantly saving you time
* [t 1s easy to do the right thing, every time

 When you imagine how the EHR should work, It soon
becomes how It does work

UUUUUUUUUUUUUUUU ©KENSAKU KAWAMOTO, 2022 REIMAGINEEHR




BILIRUBIN APP

— — —
—————— — — Q,
= - —— - - s——— | — ——— - — - S || Bilirubin App - e
&
Bilirubin App @ X
— —
The University of Utah Newborn Nursery is implementing a quality improvement project in bilirubin management to evaluate several changes as described in a 2020 Meonatology research briefing. Key ~
components of the new program include 1) The use of a simplified nomogram created from Utah data using total serum bilirubin measurements from 397,395 newborns during birth hospitalizations
and 2) Measurement of End-Tidal Carbon Monoxide (ETCO), a by-product of heme metabolism, to identify hemolytic jaundice (ETCO > =2) and nisk stratify bilirubin management and follow up.
e —
Meurotoxicity Risk Hyperbilirubinemia Risk Utah Bili Haow to Zoom In/Out R E I MAGI N E E H I'_\)
30
Q 4 RECOMMENDATION:
Schedule total serum bilirubin or clinical follow up according to provider discretion.
25 Inpatient clinical guidance based on University of Utah Mursery 2020 Bilirubin Management Program.
‘ Outpatient clinical guidance based on University of Utah Outpatient 2020 Bilirubin Management
Program.
g 20 Birth Time
=] .
E
£ Blood Type Indirect Coombs Direct Coombs ETCO
= 15
= Baby A Pos(09/ j21) Positive (09/ /21) 1.7 ppm {09/ /21)
@
S Mother O Pos {09/ /21)  Negative (097 /21)
d 10 N :
Show last inpatient recommendation
Bilirubin Measurements
E Setting Age (Hrs) Result Date/Time Test Type
o Inpatient 248 14.9 Transcutaneous
0 Inpatient 26.3 10.9 mg/dL Total
4] 24 48 72 96 120 144 .
Inpatient 327 8.0 Transcutaneous
Postnatal Age (hours) Inpatient 368.5 12.6 Transcutaneous
For Epic aspects: Discharge m=m== Current Age Inpatient 37.5 11.6 mgy/dL Total
© 2022 Epic Systems T Transcutaneous Bilirubin™ mees Home Phototherapy Eguipment )
Corporation e InPt Phototherapy Intensive™ InPt Phototherapy Standard™ Inpatient 43.6 12.5 mg/dL Transcutaneous
mmmmm Bilirubin —— 75th %ile Inpatient 45,6 12.5 mg/dL Transcutaneous v
For other aspects: ——— 85th %ile — o5th %ile
© 2022 University of Utah itk =T 1A el T e

meEwey © Goal: prevent

brain damage
IN newborns

e Impact: yama
Open. 2019;e1915343)

« Odds of clinically
appropriate
phototherapy 1 84%

 Clinician time
required | 3 fold

» Attending provider
usability rating:
“best imaginable”

e [ferative
enhancements

* Winner, 2019
HL7/AMIA FHIR
App Showcase

? HEALTH

UNIVERSITY OF UTAH
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DIABETES RX SHARED DECISION MAKING APP

3» Log Out

N —— & «Collaboration

& [ = | e I e

e S with Hitachi

DM Rx Outcome Predictor

@ X

A1c Overview (/1 7.0% in 3 mo. TreatmentO tions O tion Comparison Summa ' H
! | p 1 0p P | y e Al-driven Rx

‘ 61 % 50%

Success rate Success rate

Z Benefits Z Benefits

2

29% ‘)
* 2 Risks 0% @ = Risks

329, Stomach discomfort, diarrhea
- Low blood sugar

$ o s4m P

~ For Epic aspects: Brands covered by BLUE CROSS BLUE SHIELD Brands covered by BLUE CROSS BLUE SHIELD Brands covered by BLUE CROSS BLUE SHIELD
© 2022 Epic Systems
Corporation MET - MET
Metformin ER 1000 mg *Note high cost generic Metformin ER 1000 mg *Note high cost generic
For other aspects: Metformin ER 500 mg Metformin ER 500 mg

© 2022 Hitachi

79% - (predictive
— C Benefits mOdell AUC

Low risk of low blood sugar Low risk of low blood sugar 'Y Low risk of low blood sugar O 8 4 )

79% @

< Risks I e Accounts for
Insurance for

Stomach discomfort, diarrhea Nausea

Stomach discomfort, diarrhea

s13m0. $PE S $ 706 /Mo COST iﬂfo

- GLP-1 -

*Multiple
Bydureon ER (exenatide) 2 mg [weekly] °
Byetta (exenatide) 10 meg [twice daily] v O d O p 'l' O 'l'l O n S

Leveraging Artificial Intelligence to Improve Chronic Disease Care:
Methods and Application to Pharmacotherapy Decision Support for
Type-2 Diabetes Mellitus

Methods Inf Med 2021; 60(S 01): £32-243

Predicting pharmacotherapeutic outcomes for type 2 diabetes: An
evaluation of three approaches to leveraging electronic health record data
from multiple sources

Journal of Biomedieal Informatics 129 (2022) 104001

ug UNIVERSITY OF UTAH ©KENSAKU KAWAMOTO, 2022 REIMAGINEEHR



OPIOID DECISION SUPPORT

BestPractice Advisory - Testpatient,Opioid1

«Goal: provide point-of-care
Patient's average oral morphine equivalence (OME) is 192.33 mg/day. SU p pOr'I' for 20 ] 6 C DC
SRl RE e L e Prescribing Guideline

(reassess) (avoid/justify)
] a0 80
w w w
R «CDC-sponsored and ONC-
current )
curtent CDC led effort
For adults, CDC recommends reassessing evidence of individual benefits and risks .
when increasing dosage to >= 50 OME/day, and avoid increasing dosage to >= 90 CO”O bOFCITO S. AH RQ, YCI |e,
OME/day or carefully justifying such a decision. . .
e ndiana Univ., Duke, MUSC,
Active Opioid Rx
OME/day* ° °
[} New Oxycodone Hydrochloride 15 MG Oral Tablet ¥ 135 mg J ﬂ Iv ° Of CO | OrO d O ’ Sec U rl-l-y
FENTANYL CITRATE 200 MCG BU LPOP A 17.33 myg QlSk SOlUTlOﬂS, Ep|C, Cerﬂer,
M Verify taking; Rx may have expired d _l_h
@ Sig: Place 1 each (200 mcg) inside cheek every 2 hours as needed. Use prior to bowel movements, O n O e rS *
maximum 4 per day
Morphine equivalence: 130x. For 1 lozange, OME = 26 mg. M M N
Rx by Smith, John on 02/07/18. Disp 20 each, Refills 0. ¢ U Se Of reg ex for Slg pO rSl ﬂ g ’
Start date: 02/07/18. End date (estimated): 02/12/18. Based on dispense quantity and max daily dose 1
potential use of NLP
Daily dose (avg): Fentanyl Oral Lozenge 20 dispense * 0.2 mg / 30d supply (assumed) = 0.13 mg.
Daily dose (max): Fentanyl Oral Lozenge 4 (daily max per sig) * 0.2 mg = 0.8 mg. W ) h'I"I'D //bU”d .thrOrg/lg/CerO me
For Epic aspects: ©2022 Epic Systems Corporation " Accept Cancel WO r|</C) D I O I d _C d S_r4'/

He UNIVERSITY OF UTAH ©KENSAKU KAWAMOTO, 2022 REIMAGINEEHR



https://www.cdc.gov/opioids/providers/prescribing/guideline.html
http://build.fhir.org/ig/cqframework/opioid-cds-r4/

PREDICTION MODEL-DRIVEN LUNG CANCER
SCREENING SHARED DECISION MAKING APP

I - AHRQ R18

(@)
N\

.

| &5 ——N = =—— - - #| * Low-dose CT screening
< . Lung Cancer Screening @ X COUld sagve more ”\/es
® LUNG CANCER SCREENING RISK CALCULATOR REIMAGIN i Thgn breQS'l' cancer

About the patient et X i ' .
- iliaiial) Personalized Risk Assessment Aosstens f;?i::sd/ e :cvr:ir?iiz?':cirz:n:izz;a;:? Evidence Basis and Development S C re e n I n g ( ] O I4 OOO/yr)
: Screening benefits likely outweigh harms [ Print this page for the ] ¢ Driveﬂ by 23‘\/0 riO ble

T « Risk of developing lung cancer in 5 years: 5.65% patient
| View eligibility criteria  § « Patients needed to screen to avoid 1lung cancer death: 124 patients

L] L]
R s NCI predictive model of
« Due to very high lung cancer risk and reasonable life expectancy, screening benefits likely outweigh harms like false [ Why is my patient in this ]

positive findings leading to invasive tests category?*

Demographics

e individual outcomes

Sex  Male o
Smoking History T4 ¢ Odds Of Screenlng

Years Smoked 40

i bt mcbings) Screening is likely high benefit for this patient refe er | T 5X in p ri M O ry
- i
care clinics

day

* Pack years 80
: Additional F s . . . .
: cop-::?a :::ors & Among 1,000 people like this person... ° B ein g d Issemina 'I'e d W] 'I' h
. Emphysema? Not screened Screened E . f
PIC AS a lree app

, v (https://appmarket.epic.com/Gallery?id=9278)

= ) Last shared decision making: Sh e i 3 Sharecfde(ision mdnng‘ done. . . .
m none on record 1 g cree Patient elects screening. ° POTIenT_fOCIng Opp In
For Epic aspects:© 2022 Epic Systems Corporation

For other aspects:© 2022 University of Utah d eve | O p m e n 'I'

? HEALTH
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https://appmarket.epic.com/Gallery?id=9278

MDCALC FOR EHR

s Uof U

L

|-l

For Epic aspects:
© 2022 Epic Systems
Corporation

For other aspects:
© 2022 MD Aware

ué UNIVERSITY OF UTAH

.

ROX Index for Intubation after HFNC 7

Predicts high-flow nasal cannula (HFNC) failure/need for intubation.

Slez

FiDz
=

Respiratory rate

6.35 points
ROX Index

Low risk of progressing to intubation

When to Use »

idence for estimating FiQz from oxygen

flow/delivery rates

Suggested: 21 breaths/min

Pearls/Pitfalls w Why Use w

Relevant EHR Data (¥

02 Sat [Sp02) ©
- 92% -an hour ago
- 92 % - 2 hours ago
- 92 % -3 hours ago W
- 83 % - 4 hours aoo

FiD= @

- 69- 39 minutes ago

Suggested: 69 %4 - 50-an hour ago

- 50% -an hour ago Lv]
- 50-2 hours aoo

Respiratory Rate (@
- 21/min - an hour ago

- 24 /min - 2 hours ago

21 breaths/min

Copy to Clipboard

- MDCalc: leading
calculation tool

* Millions of monthly
users; 65% of US MDs

 Many prediction
rules, including
those leveraging ML

« Auto-fills inputs and
Integrates with
documentation

e Improves accuracy

(Abedin et al. Circ Cardiovasc Qual
Outcomes. 2020.13(2):e006286)

« Can be enhanced
with CDS Hooks

(Morgan et al. J Am Med Inform
Assoc. 2022. 29(9):1461-70)

©OKENSAKU KAWAMOTO, 2022

REIMAGINEEHR



CDS HOOKS PROMPTING FOR SMART ON FHIR APP

p—|

* A primary
- - motivation for
— , : , CDS Hooks

* First reported
RCT to formally
evaluate: (Morgan

et al.  Am Med Inform
@ The HEART Score may be relevant to this patient. Assoc. 2022. 29(9):1461-70)

_ N - _ * 130% increase in use
For quick access, select the MDCalc app tab from the activity menu above or click this Storyboard alert (if
not done already) and select the MDCalc app hyperlink at the bottom of the pop-up. Of con 'I'eXT— re | evan 1'

(1) MDCalc: Wells' PE Score
@ MDCalc: HEART Score

MDCalc: HEART Score

MDCalc calculator
. e - - in ED (odds ratio
— ® e e 2.45, p =0.02)

For Epic aspects: ©2022 Epic Systems Corporation
For other aspects: ©2022 MD Aware

~wps A . REIMAGINEEHR



DISEASE MANAGER

B ] ] pe—— 1+ Target: chronic
Disease Manager _ @ X dISGCIS@S (70% Of

= B m C  Filters: Q.ﬁ‘ ge g@ %I ] M, [ show only favorites REIMAGINPrEdEc’jE deOThS, 90% Of $)

All Hypertension Diabetes ] COPD | HM
Relevant Info Recommended Actions ° EV e r r OWi n
A = C COPD Status and Medications (LABA-ICS) vilanterol-fluticasone DPI A g g
. [Breo] o
Recommendation: Consider switching inhaler device or therapeutic agent. Investigate (and treat) other causes of dyspnea. Add inhaled corticosteroid (ICS). (LABA-ICS) formoterol-mometasone MDI d I S e G S e I I I O d U | e S
Active Rx: 4 [Dulera]
-acti LABA-LAMA-ICS) vilanterol- M
Short-acting beta agonist (SABA) |(’d' L ) | ® S n -|- h es |Zes d O .|.O
= ALBUTEROL SULFATE HFA 108 (90 BASE) MCG/ACT IN AERS [Inhale 2 puffs into the lungs every 4 hours as needed for wheezing.] 0% compliance (low umeclidinium-fluticasone DPI [Trelegy]
confidence)

Long-acting beta agonist (LABA) + Long-acting muscarinic agent (LAMA) fro m O C rOSS E H R

UMECLIDINIUM-VILANTEROL 62.5-25 MCG/INH IN AEPB [Inhale 1 puff into the lungs daily.] 0% compliance (low confidence)
Dyspnea: Yes (2021-08-16) [ COPD grade >=2] /'

(] [ ]
Recent exacerbations on current Rx:  Yes (2021-08-16) [ high exacerbations] ® M U |'|'| p | e 'I'I m e_

Eosinophil:  0.380 k/uL (2021-05-14) »

A = C Oxygen Supplementation 7 Order Home 02 SA Vi N g fe a 1- ures

Recommendation: Consider ordering home oxygen.

i i Gy « Completion of

Last home oxygen eligibility assessment: None in past 3 months /

Last oxygen order: None in past 24 months re C O m m e n d e d
1t E C Pulmonary Rehabilitation
Yes (2021-08-16) [ COPD grade >=2] /' cdare 8 ] % VS. 48%

Dyspnea:

Pulmonary rehabilitation clinic referral: No referrals in record (JAMIA . 2020. 27:1 225_34)

Pulmonary rehabilitation clinic appointment: No upcoming appointment

Pulmonary rehabilitation clinic visit: No visit in past year

L]
Eligible: No (dyspnea but current smoker; insurance will not cover) ° W I n n e r 202 ]
’

varenicline (starter month pack)

A = (& Smoking Cessation [Chantix] H I_ 7 / AM |A F H | R

Smoking status: Current every day smoker »* varenicline (continuing month pack)

Undergoing smoking cessation: Unknown /' [Chantix] A S h
For Epic aspects: © 2022 Epic Systems Corporation i T T ' p p OWC O S e

For other aspects: © 2022 MD Aware bopsopion starter manth |2yl

| "
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CRITICAL CHALLENGE: VENDOR DIFFERENCES IN

FHIR IMPLEMENTATIONS
 What is supported

« What data can be read (e.g., years smoked, packs
per day, referral orders)

 Whether relevant data can be written (e.g., patient-
reported outcomes, goals of care)

 How it is supported
« E.g., standards used (or not), query parameters, speed

« Can change over fime even within same EHR
poroduct

UUUUUUUUUUUUUUUU ©KENSAKU KAWAMOTO, 2022 REIMAGINEEHR




POTENTIAL SOLUTIONS
* Only use FHIR capabllities required by regulation (US Core)

« Required capabilifies still may not be met (e.g., use of standard
codes for encounter types)

« Recommended capabilities may not be supported (e.g., ability to
restrict MedicationRequest queries with a date)

« Support multiple FHIR implementation flavors in apps
- E.g., if data X not available via FHIR, prompt user for X

 Handle differences in a franstormation layer (e.g., FHIR
Wrapper, COOL logical data model)

» Extend EHR FHIR APIs

 EHR vendors may not allow, or allow only for infra-institutional use

UUUUUUUUUUUUUUUU ©KENSAKU KAWAMOTO, 2022 REIMAGINEEHR




KEY RESOURCES

JAMIA Open, 4(3), 2021, 1-15

dui:‘lﬂ.ll]ﬂ:ﬂian;ianp:an.n’un;uhﬂn /\MIU/}

Research and Applications

Research and Applications

Establishing a multidisciplinary initiative for interoperable
electronic health record innovations at an academic
medical center

Kensaku Kawamoto ,1'2 Polina V. Kukhareva ,1’2 Charlene We:ir,1
Michael C. Flynn,?># Claude J. Nanjo,'? Douglas K. Martin,Z Phillip B. Warner,?
David E. Shields,'? Salvador Rodriguez-Loya, Richard L. Bradshaw,

Journal of the American Medical Informatics Association, 28(8), 2021, 1796-1806

doi: 10.1093/jamia/ocab070 /\ M l /\

Advance Access Publication Date: 8 June 2021 wom WATIC PTIDFESSIIMALE. LEATI THE WA
Review

Review

Contemporary clinical decision support standards using
Health Level Seven International Fast Healthcare
Interoperability Resources

Howard R. Strasberg,”’ Bryn Rhodes,” Guilherme Del Fiol (®,® Robert A. Jenders,*”
Peter J. Haug,® and Kensaku Kawamoto (3

Monday 1:45-3:15pm panel (S35):
Establishing a Multidisciplinary Initiative for Interoperable EHR Innovations at an Academic Medical Center: the
University of Utah Relmagine EHR Experience

Tuesday 8:30-10am oral presentation (S60):
Dr. Polina Kukhareva: Lung Cancer Screening Implementation in Primary Care Using an Electronic Health Record-
integrated Shared Decision Making Tool and Clinician-facing Prompts

Wed 8:30-10am oral presentation (5101):
Dr. Keaton Morgan: Using CDS Hooks to Increase SMART on FHIR App Utilization: A Cluster-Randomized Trial

? HEALTH
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DISCLAIMER

The content of this document does not nhecessarily reflect the views or
policies of the US Department of Health and Human Services, the
Centers for Disease Control and Prevention, the Office of the National
Coordinator for Health IT, or the other organizations involved, nor does
the mention of frade names, commercial products, or organizations
Imply endorsement by the U.S. Government.
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THANK YOU!
Kensaku Kawamoto, MD, PhD, MHS, FACMI, FAMIA

Professor and Vice Chair of Clinical Informatics, Dept. of
Biomedical Informatics

Associate Chief Medical Information Officer
Director, RelImagine EHR Initiative
Co-Director, Digital Health Inifiative
University of Utah
kensaku.kawamoto@utah.edu
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Clinical Decision Support Standards to
Facilitate Value-Based Health Care and Quality
Improvement: Latest Developments and What
You Need to Know

Session: W16

Speaker: Peter Haug, MD

Intermountain Healthcare
-
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INFORMATICS PROFESSIONALS. LEADING THE WAY

Business Process Management
Standards: Tools for Delivering Clinical
Decision Processes

Goal: Support Portable Clinical Workflows /



BPM+ Health: Business Process Management for Healthcare

An Initiative of the Object Management Group (OMG)

 International, open membership, not-for-profit, technology-standards
consortium, founded in 1989.

« OMG Task Forces develop enterprise automation standards for a
wide range of industries.

« BPM+ Health is an OMG-sponsored Community of Practice
dedicated to identifying the best practices around the use of business
process management standards in Healthcare.

« At https://www.bpm-plus.org/

N isigmountan

MeF




OMG’s Business Process Management Standards /AMIN

INFORMATICS PROFESSIONALS. LEADING THI

» Describe Processes.
» Captures the Workflow needed (Stateful). ® @ <—I> sequence Flow
- Decisions that direct the Workflow PN G > O © O
(Stateless). "gus% m<-*m2 ------------ Aml ----------------- Start lnt;rmediate End
e e e vents
- Are general-purpose tools for use Connections
across Industries.
Gateways [ Task ‘ [ Sub Process ] Transaction [ Call Activity J
* OMG has a sharp focus on Graphical il
Authoring Tools. Activities
« These tools support the discipline of T I\
Process Modeling. Cew | Amotaon
Groups Swimlanes Data

The Models produce Executable Code!

N\




BPM+ is Based on 3 Process Management Tools Z2\MIZ\

INFORMATICS PROFESSIONALS. LEADING THI

- Business Process Model and o
Notation (BPMN) | a & G [ oE=E L A —
« Tools for modeling multistep - '

(stateful) workflows. S -

« Decision Model and Notation e R -
(DMN)- Col bl L (%e——— mowmux
 Authoring and executing decision 1 e -

logic to guide processes. - $ / e

- Case Management Model and — e .
Notation (CMMN). © —1% A i
« Flexible support for processes S &W - S e

managed by Experts. a=
BPMN: Diagnosing Pulmonary Embolism =™

*\W’ Intermountain-

Healthcare




* Implement Healthcare Workflows.

« Part of the work is done by computers. > “'”"""' ﬁ e
« Part of work done by people. R B
« Can Automate Complex - = )
Healthcare Processes. ¢ i "y
» Orchestrate calls to supporting services ' xm? - ,
* Authoring Environment Can cqmee X /
Produce Executable Output. 0O © "T"' o [ f/
«  Workflow execution engines run the — e |
process specification. BPMN: Diagnosing Pulmonary Embolism L*me

Ay ptspmountan ~__ D
(=] care — -



Example: Testing for Pulmonary Embolism £MIO

Patient with Suspected PE

CALCULATE REVISED GENE VA SCORE (RGS)

Decision logic requires 8 data elements. e o e morare
O  Age =65 years 1 O  Unilateral lower limb pain 3
EaCh IS Welghted accordlng to dlagnOStIC E ::nivoeprtnyagli'\sgnam ; E E:i‘:iz:slz\ri:r[—\[i)n\l:deep venous :
importance. F Sugeryacfacs T T Teartrae 7504 bosper i 3
within 1 month Heart rate =95 beats per min 5
TeStIng deCISlonS are based On the tOtal Of EVALUATE PRETEST PROBABILITY of PE based on RGS score
th ese Welg htS . PE UNLIKELY (RGS 0-10) PE LIKELY (RGS >11)

Perform D-dimer (a)

Graphic contains both logic and workflow.

) +
. v
Da.ta Can be rEtrleved from an EHR Or DO NOT Further testing warranted
entered by clinicians. o

From “Venous Thromboembolism”, an
Intermountain Healthcare Care Process Model




Example: Testing for Pulmonary Embolism ~ £&MIA

~

( Determine PE likelihood using RGS

Lo

o | Retrieve Patient
Age

L
Retrieve
Hemoptysis

o e/
Retrieve Active
Malignances

&

Order D-Dimer

)
RGS Decision =

Retrieve &
Surgery/Fractur Order D-Dimer
e within 1 month

DVT
~——

¢ ) —
{@ Retrieve [g‘]nspect and E‘:SS; /PE
+ Unilateral Lower P> Enter Missing Worku
Limb Pain (7 2 \ GS Data et
Retrieve A i
Previ PE or %

DMN

( Calculation and i
@IR‘?'"““’ y Thresholding c')"r‘:g:i’r“%
Lower Limb Logic RGS Decision = SubProcess
Edema Order Diagnositic
~— ging

Retrieve Heart
Rate

Computer
calculates
score

Clinician Based on score
Computer collects data reviews/updates computer
(FHIR) for Revised needed data suggests further

Geneva Score workup

N isigmountan



Decision Model and Notation (DMN) AMIN

« Documents The Logic Of Decisions. =
RGS Scoring Rules

Revised Geneva Score K --——--
 Enumerates necessary data elements.

« Captures compositional logic. /

« Authoring System Uses Decision
Tables And An Expression Language.

* Friendly Enough Expression Language
(FEEL) Unilateral Lower
wiin 1 Month
- Pain on Lower Limp
Age Active Malignant ) Deep Venous

Decision Requirement Diagram (DRG)

* Produces Executable Output.

*\W’ Intermountain-

Healthcare



Decision Model and Notation: Decision Tables  2MI/
+ Specific logic can be described in Rev.sem:eva:m | e | o) RO
decision tables. - e .

Age Hemoptysi Active Surgery/Fr Unilateral Previous Unilateral Pain on Heart Rate Points

. . . ) . i s Ma\igpgnt aclure wiin _Luwar. PE or DVT Lower _Lurwar-
» Simplifies designing, critiquing, and Condllon | - AMerih | Lt Pel Bdeme | Venoss”
. .. f Palpation

maintaining logic. - e

1]>65 - ¢ vAvg:l;f?minl

2 - P ' 2 Hemoptysis

« Can be supplemented (or i

replaced) by expressions. o R AN ot AN N AN AN NN NN GO 4

Surgery or
Fracture
4 - - - "Present" - - - - - 2 Present

« Friendly Enough Expression Language witin e

Last Month

(FEEL) is defined in the standard. A ] _ o : : _ e Lover Limb

Pain Present
History of PE

» Several other expression languages can o ' ' ' I ' ' ' o
be invoked. =

7 - - . - . . "Present’ | "Present’ - . and Edema
Present

* Machine-Learning-based models are o - _ . . . : : T Hovend "
available using Predictive Model Markup =
Language (PMML). A ' ' ' ' ' ' S e Foat

Decision Table-




Case Management Model and Notation (CMMN)  AMIN

1CS PROFESSIONALS. LEADING THI

» Designed to support Experts as they
choose among relevant approaches

» Activated for a specific context
(symptoms suggest pulmonary
embolism)

 Allows flexibility
* When patient state is ambiguous

* When choice of approach requires Expert
judgement

* The newest of the standards-relatively
untested
S~

/ Pulmonary Embolism Workup and Treatment '\ E

[occué

Dlagnose
Pulmonary
Embolism

[&J T T T Treat Pulmonary Embolis
| BeginPre- |
Take Vital Signs Diagnostic
I Treatment |
H .
55T T
| Typical PE
1 Workup -t I
N [ocfur]
o= =
55T TN i
Workup for :
R Patient w/ ’ --------- [occur]
Listen for | Hypotension
Hypotension . L |

Hypotensive
Episode [occur]

[oceur]

[complete]

|
|
| Treat Hypotension
|

*\W’ Intermountain-

Healthcare




An Example: Pulmonary Embolism Diagnosis ~ Z2AMIN

Modeling Pulmonary Embolism in the Emergency Department
« Clinical Workflow for Evidence-Based Diagnosis and Treatment

* Implemented and Tested Using OMG’s Business Process Model and Notation
(BPMN) Standard for Workflows

Initially developed with proprietary data access services against legacy systems

Converted to Use FHIR/SMART Standards

Development using the Logica* Sandbox as an EHR

*\W’ Intermountain-

Provides a testbed for FHIR/SMART/BPMN support of complex clinical processes

*LogicaHealth.org

Healthcare



From Intermountain’s Venous Thromboembolism AMIA
Care Process Model

Care Procass Model FEBRUARY 2018 DIAGNOSIS AND MANAGEMENT OF VENOUS THROMBOEMBOLISM FEBRUARY 2018
AND MANAGEMENT OF » ALGORITHM 1: PULMONARY EMBOLISM (PE) DIAGNOSIS
Venous Thromboembolism (VTE) Non-pregnant* patient presents with suspected PE
*For pregnant patients, see
Intermountain's Evaluation of
Sinected Pulmosary Enboksin CALCULATE PERC score (a)
in Pregnangy CPM
>0 =0
“This care process model (CPM) was created by the Intensive Medicine Clinical 1
Program at I in Health Groups rep { on this team include » WHAT'S INSIDE? CALCULATE RGS (b) EXCLUDE PE,
E Medicine, Thrombosis, Pulmonary/ Critical Care, Pharmacy, and CONSIDER
Radiology, Medical Informatics, and others. This CPM provides expert advice OVERVIEW...........ooovoeeinnns 2 -1 ——(11) ifrenidbomost
for the management of VTE using current national practice guidelines, including ALGORITHMS PE unlikely PE likely
those of the American College of Chest Physicians, the American College of Algorithm 1: PE diagnosis ... 455
Physicians, the American College of E Physi the Europ Socle(y Igorithm 2: Risk stratification and
of Cardiology, and the I ional Society on Thrombosis and H: treatment of PE .................. 6
Cutoff values:
Algorithm 3: DVT Diagnosis . ........ 10 « Age <50: €500 ng/mL
Algorithm 4: DVT Treatment ........ n = Age 51 or older: <[age X 10] ng/mL
» Why Focus ON VTE? Algorithm 5: SVT Treatment . ........... 2
« Prevalence. VTE is the third most common cause of cardiovascular death Algorithm 6: Anticoagulation D-dimer b::";" no
in the U.S., after heart attack and stroke. As many as two million people in IR oo 1 St vae?
the U.S. are diagnosed with DVT each year, and halfa million or more are Algorithm 7: Indefinite anticoagulation yes
affected by PE. As many as one-fifth of PE cases are expected to be fatal, VS. CSSAON ..ot 16 !
leading to 100,000 deaths each year.%'© Algorithm 8: Inferior vena cava filter EXCLUDE PE,
lacement i s, and CONSIDER a
« Difficulty of VTE symp are often pecific and can Piacement = different diagnosis o eGFR <30 or yes
range from mild to life-threatening. Medications for VTE carry a risk of PULMONARY EMBOLISM (PE)...... 3 e contrast allergy?
bleeding, and there are a large number of medications to choose from. DEEP VEIN THROMBOSIS (DVT) ... 8
 Cost. Patients with suspected VTE often undergo unneeded imaging tests. SUPERFICIAL VEIN THROMBOSIS
‘lhcs-e tests drive up healthcare costs and expose patients to unnecessary (SVT) -9 PERFORM CTPA PERFORM V/Q scan (c)
medical vk, ANTICOAGULATION . 3
INFERIOR VENA CAVA FILTERS .... 17
EXCLUDE PE, _ -
Program Goals and Measures @ RESOURCES. .....cveeeennnnnn. 19 (-)——>  and CONSIDER3 ~— normal high pmbablllty
o niniiacnaniy v different diagnosis

N y 4 Intermountain \_/ v
Healthcare




Building and Maintaining Clinical Applications with BPMN-based Graphical Authoring Tools

» ALGORITHM 1: PULMONARY EMBOLISM (PE) DIAGNOSIS

iiabes
s 150 25001
0t g 01
I
0 i nlow
[ atofivahe?

Algorithm for Pulmonary Embolism
Workup

PERC s positive,but PE s st nliely due to 30 RGS score of 9

Ao Wen Disagrea With
ADGmer test s recommended as PE i uikely Recommendation  Recommendaton
Vital Factors: PERC/RGS Factors:
~spoz 2% * Prevous VTE
* Heatate: 98 89M

* Recent Sugery < 1 monit
* Recent Fractue < 1 montc
* ActiveCancer:

* UniaterlLeg Paic

* Hemeptysic

* Lowee Extremiy Pin with
Palpation ang Unlatera
Econs:

* Tomparstire: 372€
* Respiratoryrate: 22890
* Sysolcblood pesure: 110mmiig

* Exogenous Estrogen:

;i =
gree wr VO
Alergy or €GFR « Other
- %
¥ 7~ O] e | Tw v
»X Recommendatin

Dsagree wih CT%
Reconmendaton

Pulmonary embolism workflow designed in a BPMN authoring tool.

Workflow execution using a BPMN engine.



Building BPMN: From the General to the Specific ~ 2A\MIZ

INFORMATICS PROFESSIONALS. LEADING THE WAY.

Build D-Dimer
Recommendation-
Positive Alert

PERC Positive

MART-77777777-304253223-154 .
Female/Two TestPatient = @ PhyscianER
DOB: 12 Jan 1981  Age: 38y Om 26d ‘m FHIR ID: SMART-Practitioner-
MRN: 304253223  Gender: Female ~ 20056

[ Bilirubin Risk Chart “~ Restart with Current Vitals

[ CDS Hooks Sandbox PERC is positive, but PE is still unlikely due to an RGS score of 9.
Agree With Disagree With

O My Web App A D-dimer test is recommended as PE is unlikely. i i

PERC H . [ Pulmonary Embolism VE
eqgda tiv
Vital Factors: PERC/RGS Factors:
*SP02: 92% * Previous VTE: ©)
* Heartrate: 98 BPM * Recent Surgery < 1 month: ) @N

* Temperature: 37.2C * Recent Fracture < 1 month: )
* Respiratory rate: 22 BPM * Active Cancer:
* Systolic blood pressure: 110 mmHg

* Unilateral Leg Pain:
* Hemoptysis: ) @

* Lower Extremity Pain with
Palpation and Unilateral
Edema: ©

* Exogenous Estrogen: @ N

PERC not Calculate|

N ",, Intermountain’

Healthcare




An Environment for Deploying Interoperable Applications AMIN

Hosting EHR

EHR-Based Resources

Data Management Tools

Clinical
Database

FHIR Data Read
Services

FHIR Data Write
Services

FHIR Order-Com
Services

Security
Management
Services

Web Application Environment

BPMN Engine CQL and
Arden

Engines

Terminology BMALEnging SNETE
]

Services

SMART User Case
Interface
Generator




INFORMATICS PROFESSIONALS. LEADING THE WAY.

Thank youl!

~Email me at: Peter.Haug@imail.org



mailto:Peter.Haug@imail.org
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