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Toward a Learning Health System:

Enabling the National Knowledge Ecosystem at Scale
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Disclosure Summary:
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Employee: Apervita, Inc
* Stockholder: Apervita, Inc.

Consultant
* (CMS Alliance to Modernize Healthcare (CAMH) at MITRE
* (19 Health Care Consortium (C1gHCC.org) Digital Guidelines Working Group
* AHRQ ACTS Roadmap Working Group
* AHRQ Patient-centered Outcomes Research Clinical Decision Support Learning Network

* Chair, Steering Committee
* Mobilizing Computable Biomedical Knowledge, Member Steering Committee,
* Co-Chair, Trust and Policy Sub-committee

* AHRQ Solicitation 18-233-SOL-00276, “Quantifying efficiencies gained through shareable clinical decision support
(CDS) resources”. Pl Kristen Miller, Medstar Health, Technical Consultant

* TEP (Technical Expert Panel) Member, AHRQ/NIDDK project to establish an e-care Plan for Kidney disease

* TEP (Technical Expert Panel) Member, CDC MEDMORPH project to establish an common clinical research data model
* HL7 Advisory Council

* Advisory Committee and Stockholder, Veravas, Inc.

Does not intend to discuss off-label/investigative use.



What are the new clinical information needs

(and skills)?

* What is the precise phenotype of
this patient?

* What are the genomic,
proteomic, metabolomic,
microbiomic, exposomic clinical
correlates?

* What is the summarized and
tailored clinical evidence?

* What is the aggregated
experience —real world evidence -
under various scenarios for similar
patients?

* What are the pivot points or pivot
patterns for Dx? For Rx?

* What is the most effective
method of patient engagement?
Behavior change? Chronic Care
Management? Care team
coordination?

* Beyond this patient, how can |
impact the population health?

* How do | answer these questions?
In real time? In reflection?



Where will Al / Cognitive aides apply?

1. Higher Level

Clinical Functions

= Differential Diagnosis
= Therapy Planning

= Care Coordination

= Examination

= Communication

2. Sub-clinical
Functions

(Procedural /
Transactional)

Intelligent
summarization
Automatic Clinical
Documentation

Care Management
(order entry, corollary
orders, patient
handouts, referrals)

3. Automatic/
Operational

Surveillance / monitoring
Automatic phenotyping
Case detection / public
health reporting

Prior authorization

Billing / coding

Quality measurement and
reporting

Patient safety / adverse
event detection



Leaping the Computable Knowledge
Chasm: Toward Smart Healthcare

“Dumb”’ “Smart”

Healthcare Healthcare

 EMR « Surveillance

« Patient Portal * Prevention

« EDW / Data * Prediction
Lake * Anticipation

 Revenue « Guidance
Cycle Mgmt « Monitoring

« Call Center/  Feedback
CRM « Learning

« Discovery



Inference Methods Used in Expert Systems
and Portability

. Algorithmic —
. Statistical
. Pattern Matching

. Rule-based (Heuristic)
- Fuzzy sets

. Neural nets

- Bayesian

. TBD...

Inference Engine




Toward generalized knowledge sharing for
augmented clinical reasoning and operations

Evidence
Guideline(s) K Repres’n Shareable K

Experience
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2000

P. L. Elkin, M. Peleg, R. Lacson, E. Bernstam, S. Tu, A. Boxwala, R. Greenes, & E. H. Shortliffe.
Toward Standardization of Electronic Guidelines. MD Computing 17(6):39-44, 2000



CDS Consortium Demonstrations

Toward a National Knowledge Sharing Service

Kaiser Roseville

UC Davis

Kaiser Sacramento
Kaiser San Rafael
Kaiser San
Francisco
California

CDS PECARN TBI
Consortium EeN

Clinical Decision Support

Consortium
Middleton B, PI: 2008-13, AHRQ —funded:
HHSA290200810010

Major accomplishments:

Knowledge artifacts published: 11 clinical
rules, 50+ classification rules and 375
immunization schedule rules

Eight clinical sites implemented using five
different EHRs

More than 240 users utilize CDS services

Established legal framework for
collaboration

Since 2010, more than 1.7M CCD
transactions were processed

31 entities (companies and academics) in
a pre-competitive environment

Contributed to ONC-sponsored Health-e-
Decisions efforts: KAS 1 and KAS 2



1961 1971 1982 1986
Wamer de Dombal Interist DXplain

Phase 1: >
Smnd alona 1959 1969 1975 1983 2003
systems Ledley & Lusted Bleich Myacin Attending isabel
1
Phase 2: 1967 1973 1994 1998 =
Integrated HELP RMRS WizOrder CPRS HeD KAS 1
systems CHIR
ELM/CQL
Phase 3 1998
Standards-based | GLIF N SMArt
Systems 1989 2003
Arden GELLO
HeD KAS 2
Phase 4
Service models CDS

Four Phases of CDS Architecture Mvaenedll  CONSortium,
A. Wright, D.F. Sittig Int J Med Inform. 77 (2008) 641-649. SAGE. SANDS HSPC,

SEBASTIAN .
Apervita...

Fig. 1 - A schematic drawing of the four-phase model for clinical decision support.




Emerging Model: HL-7 Computable Practice Guideline on FHIR

Layers of Abstraction and Tiers of Implementation

L1 — Narrative

T3 -~ Forms

Workflows

Guideline narrative Decision Trees
Triggers

2
g
-
|
o
-

Terminologies
Data Dictionary
Indicators

T1 < Data

Traditional

MNarrative and
Tabular Knowledge

Executabla
Executable
Embedded in
Specific Platforms

Questionnaire (SDC) arface F and Technologles

Library (CQL)
ActivityDef:-on
Pler " S.ution

ValueSet
Structure Definition
Measure

Middleton B, Burton M, Rhodes B. (pre-publication) Adapted from:
http://build.fhir.org/ig/HL7/cqf-recommendations/documentation-approach.html
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Apervita | Purpose: To Power the Learning Health System
Making continuous learning in healthcare a reality

* Digital Measure Builder
* Quality Measurement Suite
(Test, Run, Maintain)

» Regulatory Submission
Value Based Contracts: .

* Design

 Contract Terms

* Performance Insights
* Opportunity Analytics
 Settlement

» ePathways (Build, Test, Run)
» Care Gap Prevention
» Cognitive Support




Computable Clinical Practice Guidelines (CPGs) and Pathways
The Keystone an Interoperable Learning Health System

1. RESEARGA, PAYER &
PUBL{C HEALTH
SURVEILLANCE

hat is ACTUALLY
ﬁappening and why?

2. GUIDELINES
\ (Professional Societies,

\ CDC, etc.)
WNgt SHOULD happen. What
dowe want to happen?
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5. MEASUREMENT , /

ANALYTICS ,

What DID happen? What
processes and outcomes ha
been achieved? E QM [€]




Apervita | Standards-
based Knowledge
Representation and

Implementation

One Translation

Many Ways to
Implement It

),II LI L |l
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. Searchable Library

o) Narrative Search
InfoButton in-Context (EHR)

HL7 / /
International / / /
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App/ Service

CPG on FHIR
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EHR (native) EHR runs native
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Supporting Next Generation Computable CPGs

Rapidly build and deployment of Best Practices; leverage Standards & Knowledge-driven systems

. Pattarson, Jeremy L ek, 70ys, 0371843 Rodriguez, Jesse

« Ciritical to enabling and empowering a truly s admision Baiy Management Ouusess Management  Discharge
. Cangestive Heart Failure m Lok Jwr) | ond | Carps fcatH] Po) | ACE | B8 | REHAE]
Learning Health System

- Stateful Reasoning (Adaptive/ Probabilistic)

State of Patient- and with respect to Best Practice

- Reactive to Native execution of CPG-on-FHIR
- Care Processes expressed via Cognitive Support
« Metrics- Compliance and Adherence Measurement

- Dozens of patterns for high value patient-specific,
practice-level metrics that are

- eCaseReports- Reqistries s
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Pt-specific Case Features, Proposals, Metrics, and
more captured as part of execution/ workflow

« Use HL7 Clinical Reasoning (CQL, Definitions) &
BPM+ as well as standard APIs/ services & K-Rep
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Toward a National Knowledge Ecosysiem
Guigtne S\
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1. Guideline Development

2. Knowledge Translation,
Specification

3. Content Governance

4. Knowledge

Implementation

5. Knowledge Use, ST Know

Evaluation, and Feedback editor , (“EMR tool")
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Where are we?

"Knowing is not enough; we
must apply. Willing is not
enough; we must do.”

—G@Goethe
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