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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 I 
impact the population health?  

• How do I answer these questions? 
In real time? In reflection?



Where will AI / Cognitive aides apply? 

1. Higher Level 
Clinical Functions

2. Sub-clinical 
Functions 

(Procedural / 
Transactional)

3. Automatic / 
Operational

▪ Differential Diagnosis
▪ Therapy Planning
▪ Care Coordination
▪ Examination
▪ Communication

▪ Intelligent 
summarization 

▪ Automatic Clinical 
Documentation

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

▪ 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” 
Healthcare 

• EMR

• Patient Portal

• EDW / Data 

Lake

• Revenue 

Cycle Mgmt

• Call Center / 

CRM

“Smart” 
Healthcare

• Surveillance 

• Prevention

• Prediction

• Anticipation

• Guidance

• Monitoring

• Feedback

• Learning

• Discovery



Inference Engine

Inference Methods Used in Expert Systems 
and Portability

• Algorithmic

• Statistical

• Pattern Matching

• Rule-based (Heuristic)

• Fuzzy sets

• Neural nets

• Bayesian

• TBD…
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Toward generalized knowledge sharing for 

augmented clinical reasoning and operations
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CDS Consortium Demonstrations
Toward a National Knowledge Sharing Service
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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



Four Phases of CDS Architecture
A. Wright, D.F. Sittig  Int J Med Inform. 77 (2008) 641–649.
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Consortium,

HSPC,

Apervita…
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Middleton B, Burton M, Rhodes B. (pre-publication)  Adapted from: 

http://build.fhir.org/ig/HL7/cqf-recommendations/documentation-approach.html

Layers of Abstraction

Tier of 

Implementation
L1: Narrative L2: Semi-structured L3: Structured L4: Executable Example Tier Content

Tier 3: Presentation

HCx Style Guides, 

Trustworthy Guidelines, GLIA, 

GUIDES Checklist, CDC CDS 

Kaizan checklists

Wireframe/

UI prototyping

Structured Data Capture (SDC) and 

XForms

HTML, Smart on FHIR, iFrame, Web 

app, app

Use-cases, Personas, Forms, 

User-interfaces

Tier 2: Logic CQL, KNARTs, eCQMs, DMN, BPMN, CMMN
Middleware specifications (Java EE, 

etc.)

Guideline Narratives, Measure 

Specifications, Workflow(s), 

Recommendations

Tier 1: Data
VSAC value sets, SNOMED, 

RxNorm, LOINC, ANF (CDC 

CDS Kaizan checklists)

FHIR, QICore, Quick, QDM, 

CIMI/CEM (CDC CDS Kaizan

checklists)

HL7 2.x, SQL, CORBA, WCF, REST
Terminologies, Data Dictionary, 

Model, Data access services

Example Layer Content:
Guideline for a specific 

disease, measure specification

Flow diagram, Decision tree or 

table with recommendations 

(human readable)

Standards-compliant specification 

encoding logic with data model(s), 

terminology/code sets, value sets 

(computer interpretable)

Logic implemented in a production 

environment (native execution, or web 

services, or hybrid)

Emerging Model: HL-7 Computable Practice Guideline on FHIR
Layers of Abstraction and Tiers of Implementation
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Value Based Contracts:

• Design

• Contract Terms

• Performance Insights

• Opportunity Analytics

• Settlement

• Digital Measure Builder

• Quality Measurement Suite

(Test, Run, Maintain)

• Regulatory Submission

• ePathways (Build, Test, Run)

• Care Gap Prevention

• Cognitive Support

LEARNING

HEALTH

SYSTEM

Apervita | Purpose: To Power the Learning Health System

Making continuous learning in healthcare a reality

STRATEGY



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

1. RESEARCH, PAYER & 
PUBLIC HEALTH 
SURVEILLANCE
What is ACTUALLY 

happening and why?  

2. GUIDELINES 
(Professional Societies, 

CDC, etc.)
What SHOULD happen. What 

do we want to happen? 

6. REPORTING

• Public Health 
• Quality
• Safety

3. CLINICAL 
DECISION 
SUPPORT
MAKING it happen 
within local 
workflow.

5. MEASUREMENT 
ANALYTICS

What DID happen? What 
processes and outcomes have 
been achieved? 

Patient, provider, population, public

4. CLINICAL 
CARE

Clinician and Patient 
Workflow.

QM IG

CPG IG

CDS Hooks

EBM

QI Core

DEQM

CQL CR

eCR
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One Translation

Many Ways to 
Implement It

Data

App/ Service

Service

Hybrid

Apervita | Standards-

based Knowledge 

Representation and 

Implementation

CPG on FHIR



14CONFIDENTIAL – For internal Apervita use only.   |   © 2020 Apervita, Inc. All Rights Reserved.

• Critical to enabling and empowering a truly

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- Registries

• 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

Supporting Next Generation Computable CPGs

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



Toward a National Knowledge Ecosystem
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Sittig DF, Wright A, Ash J, Turechek ZD, 
Middleton B. A Conceptual Architecture for 
National Standards-based Clinical Decision 
Support Integration and Syndication. 
Manuscript in preparation. 
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1. Guideline Development

2. Knowledge Translation,

Specification

3. Content Governance

4. Knowledge 

Implementation 

5. Knowledge Use,

Evaluation, and Feedback



Thank you!
Blackford Middleton, MD, MPH, MSc
blackford.middleton@apervita.com

Where are we?

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

—Goethe
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