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Objectives

• Artificial intelligence will be transformational technology for 
improving how we care for our patients

• Radiologists and radiology organizations can facilitate the 
development, deployment and clinical use of AI by fostering 
an ecosystem between disparate stakeholders

• The democratization of AI will accelerate the advancement 
of AI in healthcare and radiologists should play a leading role
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This is a huge forward leap in X-ray 
diagnosis from CT and MRI.

AI presents a once-in-a-generation 
opportunity  to dramatically improve 
patient care and lower the costs of 

high quality healthcare
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Something on the order of the huge 
forward leap in diagnosis from X-ray 

to PET-MRI
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Not because AI is going to create a 
genius robot that is a far superior 

replacement to the radiologist
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But, to quote Stanford AI researcher 
Sebastian Thurn:

“[The way] machines made the 
human muscle 1000 times stronger, 
AI is going to make the human brain 
1000 times smarter”
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AI WILL ADD VALUE 
FOR EACH GOAL

Improving the 
health of 

populations

Improving the 
individual 

experience of care

Reducing the 
per capita 

costs of care

Improving the 
work life of those 
who deliver care

CONTINUING THE VALUE PROPOSITION FOR RADIOLOGY IN HEALTH REFORM

Berwick DM, Nolan TW, Whittington J. The triple aim: care, health, and cost. Health 

affairs. 2008 May;27(3):759-69.

Bodenheimer T, Sinsky C. From triple to quadruple aim: care of the patient requires care of 

the provider. The Annals of Family Medicine. 2014 Nov 1;12(6):573-6.

The Quadruple Aim

WHY DO AI IF NOT TO IMPROVE QUALITY AND VALUE?
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IMPROVING THE INDIVIDUAL CARE EXPERIENCE

Improving the 
individual 

experience of care

Improving The Individual 
Care Experience
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THE HUMAN AI INTERFACE – DOES AI HAVE TO BE PERFECT?
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INFORMATION QUALITY (IQ)
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CREATES AN AI QUALITY THRESHOLD DEMONSTRATING AI + HUMAN > HUMAN OR AI ALONE

HUMAN

AI

HUMAN + AI

IMPROVING INDIVIDUAL CARE EXPERIENCE
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IMPROVING THE HEALTH OF POPULATIONS

Improving the 
individual 

experience of care

Improving The Health 
Of Populations

Improving the 
health of 

populations
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Disease progression
Early Late

DIAGNOSTIC IMAGING, AI & POPULATION HEALTH
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Disease progression
Early Late

Symptomatic

Asymptomatic
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PoorGood
Outcome

DIAGNOSTIC IMAGING, AI & POPULATION HEALTH
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Genomics
Radiomics

Precision 
Medicine

Personalized 
Medicine

IMPROVING THE HEALTH OF POPULATIONS



© 2017 | DATA SCIENCE INSTITUTE™: AMERICAN COLLEGE OF RADIOLOGY | ALL RIGHTS RESERVED.

REDUCING PER CAPITA COSTS OF CARE

Improving the 
individual 

experience of care

Reducing The Per Capita 
Costs Of Care

Improving the 
health of 

populations

Reducing the 
per capita 

costs of care
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REDUCING THE PER CAPITA COSTS OF CARE

Efficiencies
Workflow

Efficiencies
In Practice

Alternate 
Payment Models
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IMPROVING THE WORK LIFE OF THOSE WHO DELIVER CARE

Improving the 
individual 

experience of care

Improving The Work Life Of Those 
Who Deliver Care

Improving the 
health of 

populations

Reducing the 
per capita 

costs of care

Improving the 
work life of those 
who deliver care
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IMPROVING THE THE WORK LIFE OF HEALTH CARE PROVIDERS
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REALITY SETTING IN – CONSEQUENCES OF UNREALISTIC EXPECTATIONS
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DATA

SCIENCE

MATURATION

THE HISTORICAL EFFECTS OF AI OVERHYPE



© 2017 | DATA SCIENCE INSTITUTE™: AMERICAN COLLEGE OF RADIOLOGY | ALL RIGHTS RESERVED.

Infrastructural Components

Applications and 
Services

Third-party Applications and 
Services

Apple Ecosystem

TECHNOLOGY INDUSTRY ECOSYSTEM
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Healthcare Ecosystem

HEALTHCARE ECOSYSTEM

Radiology AI Ecosystem 
• Patients
• Radiology professionals 
• Researchers and academic centers
• Industry developers 
• Governmental agencies
• Hospitals and health systems
• Insurers and third-party payers
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CONCEPTS

VALIDATION
AND CLINICAL 
DEPOYMENT

TRAINING,
TESTING, 

VALIDATION

Radiology 
Community

The Radiology AI Ecosystem
Ideas to Clinical Practice

PERFORMANCE
MONITORING

CONCEPT TO CLINICAL PRACTICE – RADIOLOGY AI ECOSYSTEM

Define standard methods to
aggregate and annotate 

data for AI model training 
and testing

Define standard methods to 
integrate and monitor, AI 
models in clinical practice 
using real world evidence

Define standards for 
use cases considering

clinical needs and 
technical capabilities

Define standardized 
methods for AI model 

validation consistent with 
regulatory processes

RADIOLOGY
COMMUNITY
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CONCEPT

VALIDATION
AND CLINICAL 
DEPLOYMENT

TRAINING,
TESTING,

CREATION

The Radiology AI Ecosystem
Ideas To Clinical Practice

PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: SCIENCE TO CLINICAL PRACTICE
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CONCEPT

VALIDATION
AND CLINICAL 
DEPLOYMENT

TRAINING,
TESTING,

CREATION

The Radiology AI Ecosystem
Ideas To Clinical Practice

PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: SCIENCE TO CLINICAL PRACTICE

ACR Strategic Plan For Data Science
Advance data science as core to 

clinically relevant, safe and effective 
radiologic care

• Educate on the appropriate use and ethical 
issues for AI in radiology

• Define the appropriate uses of AI in 
radiology

• Help radiologists become global leaders in 
data science
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ACR DSI MISSION

Leverage the value of radiology professionals 
as AI evolves through the development of 
appropriate use cases and workflow 
integration

Protect patients through leadership roles in 
the regulatory process with government 
agencies and verification of algorithms

Establish industry relationships by providing credible use 
cases, help with FDA and other government agencies, and 
pathways for clinical integration

Educate radiology professionals, other 
physicians and all stakeholders about AI and 
the ACR’s role in data science for the good of 
our patients

AI
ECOSYSTEM

EDUCATION

http://acrdsi.org/media-library/pdf/Strategic-Plan-Final.pdf
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Government

Radiology’s Value Proposition

Part Of The Solution
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3 Key Actions:

Imaging 3.0 is a vision and game plan 
for providing optimal imaging care.

IMAGING 3.0: VALUE-BASED RADIOLOGY

30

Culture 
Change

Portfolio 
of IT Tools

Alignment of 
Incentives

Clinical Decision Support for Ordering Physicians
Providing >24 Million examinations per month

Structured Reporting
Incorporated in all VR reporting platforms

Artificial Intelligence

Registries
Radiation Exposure / Patient Outcomes / Quality

Image Sharing
RSNA / NIH / Vendors

Clinical Decision Support for Image Interpretation
Integrated into >75% of radiologists desktops



ACR DSI – DEVELOPING STANDARDS FOR INDUSTRY AND INSTITUTIONS

The role of the ACR DSI is not to create AI algorithms for 
commercial use but rather to create to define the standards 

that will ensure safe and effective use of AI in clinical 
practice.
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• Algorithms are useful, safe and effective

• Clinically validated

• Transparency in algorithm output

• Monitored in practice

• Free of unintended bias

• Medicare and insurance coverage issues 

Advancing AI In Clinical Practice While Protecting 
Patients From Unintended Consequences Of AI

!
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RESEARCH NEEDS TO ADVANCE AI IN CLINICAL PRACTICE



© 2017 | DATA SCIENCE INSTITUTE™: AMERICAN COLLEGE OF RADIOLOGY | ALL RIGHTS RESERVED.

Radiology AI Ecosystem 
• Structured use cases
• Data access
• Patient safety
• Clinical integration
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Possible Reasons Current Impact

1 Clinically effective uses for AI have been poorly defined

2 No standards for clinical integration / care management

3 Large, annotated training sets are difficult to create

4 Currently no successful economic/business models

5 Limitations in current AI/human UX/UI

6 Inconsistent results and explicability between models

7 Healthcare regulatory hurdles are challenging

8 Resulting inference models are too brittle in practice

9 Data science algorithms are limited for healthcare use

10 Poor acceptance of technology in healthcare

HEALTHCARE AI CHALLENGES
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CONCEPT

VALIDATION
AND CLINICAL 
DEPLOYMENT

TRAINING,
TESTING,

CREATION

The Radiology AI Ecosystem
Ideas to Clinical Practice

PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: SCIENCE TO CLINICAL PRACTICE
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CONCEPT

VALIDATION
AND CLINICAL
DEPLOYMENT

PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: CONCEPT TO CLINICAL PRACTICE

WHAT ARE THE MOST IMPORTANT

CLINICAL TASKS FOR AI?

HOW DO WE VALIDATE AI 
ALGORITHMS FOR CLINICAL

PRACTICE?

HOW DO WE MAKE SURE

AI IS WORKING IN THE

REAL WORLD?
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VALIDATION
AND CLINICAL
DEPLOYMENT

PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: CONCEPT TO CLINICAL PRACTICE

HOW DO WE VALIDATE AI 
ALGORITHMS FOR CLINICAL

PRACTICE?

HOW DO WE MAKE SURE

AI IS WORKING IN THE

REAL WORLD?

WHAT ARE THE MOST IMPORTANT

CLINICAL TASKS FOR AI?

CONCEPT
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POSSIBLE APPLICATIONS OF AI IN MEDICAL IMAGING

Image interpretation

• Quantification of findings

• Quantified comparison between multiple studies

• Multiparametric analysis across multiple modalities

• Volumetric analysis

• Textural analysis

• Automation of Region Of Interest targeting and 
measuring
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POSSIBLE APPLICATIONS OF AI IN MEDICAL IMAGING

Patient care and safety

• Detection and prioritization of potentially critical 
results

• Radiation dose optimization

• Pre-test probability assessment of patient risk of 
positive findings and contrast reactions

• Cancer and mammography screening

• Automatic protocoling of studies from EMR data
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POSSIBLE APPLICATIONS OF AI IN MEDICAL IMAGING

Practice optimization for productivity and quality
• Automated transcription of audio narration

• Automated population of structured reports

• Optimization for case assignment across teams

• Increased accuracy of coding

• Smarter PACS hanging protocols and synchronization protocols

• Communication and tracking of primary and incidental findings

• Decreased patient waiting times

• Quality improvement in scanning

• Prediction and prevention of missed patient appointments

• Preventing imaging machine outages
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VALIDATION
AND CLINICAL
DEPLOYMENT

PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: CONCEPT TO CLINICAL PRACTICE

HOW DO WE VALIDATE AI 
ALGORITHMS FOR CLINICAL

PRACTICE?

HOW DO WE MAKE SURE

AI IS WORKING IN THE

REAL WORLD?

WHAT ARE THE MOST IMPORTANT

CLINICAL TASKS FOR AI?

ACR DSI
STRUCTURED AI 

USE CASES
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ACR DSI DATA SCIENCE SUBSPECIALTY PANELS: ACR DSI USE CASE CREATION

EXPERT PANELS, PRIORITIZE CLINICAL NEEDS, TECHNICAL SPECS, DATA PARAMETERS, PUBLIC INPUT
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COMMON DATA ELEMENTS (CDE) AND RADELEMENTS

RadElement.org

AI Data 
Elements

DEFINE-AI

ACR

Monitor
Data elements 
for monitoring

in clinical
practice

Concept
Narratives and

Flowcharts

Validate
Data elements 
and metrics for

validation

Build
Data elements 

to annotate,
train, and test

Integrate
Data elements 

for clinical
integration 
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DATA AVAILABILITY FOR AI DEVELOPMENT

• Single institution data

• Diversity and bias
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FACIAL RECOGNITION UNDERPERFORMS IN WOMEN AND WOMEN AND MEN OF COLOR
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DATA AVAILABILITY FOR AI DEVELOPMENT

• Single institution data

• Diversity and bias

• Exclusivity

• Challenges for small developers

• Challenges for institutions and radiology practices
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ACR DSI DATA SHARING WORKGROUP

• Review “Ethics of AI in Healthcare” white paper

• Data elements

• Consent for data use – patient perspectives

• Value and monetization

• Industry collaboration
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PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: PROTECTING PATIENTS AND THE PUBLIC

HOW DO WE MAKE SURE

AI IS WORKING IN THE

REAL WORLD?

WHAT ARE THE MOST IMPORTANT

CLINICAL TASKS FOR AI?

ACR DSI
STRUCTURED AI 

USE CASES

VALIDATION
AND CLINICAL
DEPLOYMENT

HOW DO WE VALIDATE AI 
ALGORITHMS FOR CLINICAL

PRACTICE?
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VALIDATING AI FOR CLINICAL USE

Validating AI For 
Clinical Use

• 516 eligible studies from 
the literature

• 6% performed external 
validation
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WHAT ARE THE MOST IMPORTANT

CLINICAL TASKS FOR AI?

ACR DSI
STRUCTURED AI 

USE CASES

PERFORMANCE
MONITORING

ARTIFICIAL INTELLIGENCE: CONCEPT TO CLINICAL PRACTICE

HOW DO WE MAKE SURE

AI IS WORKING IN THE

REAL WORLD?

ACR DSI 
VALIDATION 

SERVICE

HOW DO WE VALIDATE AI 
ALGORITHMS FOR CLINICAL

PRACTICE?
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ARTIFICIAL INTELLIGENCE: CONCEPT TO CLINICAL PRACTICE

WHAT ARE THE MOST IMPORTANT

CLINICAL TASKS FOR AI?

ACR DSI
STRUCTURED AI 

USE CASES

ACR DSI 
VALIDATION 

SERVICE

HOW DO WE VALIDATE AI 
ALGORITHMS FOR CLINICAL

PRACTICE?

ACR DSI AI
MONITORING

SERVICE

HOW DO WE MAKE SURE

AI IS WORKING IN THE

REAL WORLD?
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MONITORING ALGORITHM PERFORMANCE IN CLINICAL PRACTICE – REAL WORLD DATA
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AI DATA ELEMENTS AND ASSETS FOR CLINICAL INTEGRATION AND PERFORMANCE MONITORING

Monitor
Data elements 
for monitoring

in clinical
practice

Concept
Narratives and

Flowcharts

Validate
Data elements 
and metrics for

validation

Build
Data elements 

to annotate,
train, and test

Integrate
Data elements 

for clinical
integration 

AI Data 
Elements

Radreport.org
Structured Reporting Templates

RadElement.org
Common Data Elements

Reporting And 
Data Systems (RADS) 

Management Of Incidental Findings

Define-AI

DSI Structured AI Use Cases
Technically Oriented Use Cases for 

Healthcare AI 

National Radiology Data 
Registry
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CLINICAL INTEGRATION OF AI 

Existing 
Assets

• Raw clinical content
• An encoding scheme that allows 

this content to be consumed by 
commercial applications 

• Communication framework that 
facilitates content delivery

• Available at no cost

Computer Assisted Reporting –
Decision Support (CARDS)

XML / JSON 
Imaging 

Reporting 
Framework / 

Template

ACR Assist Modules Can 
Serve As Containers For 

Output From AI Algorithms
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• Category O: Needs additional imaging. Consider repeat non-contrast CT or MRI
• Suboptimal imaging
• Nonspecific inconclusive findings requiring further imaging workup.

• Category I: Normal CT Scan
• Category Ia

• Normal CT Scan
• Discharge home without additional follow-up if neurologically stable/normal

• Category Ib
• Normal CT Scan
• Unexplained neurological deficits/findings
• Neurology consult
• Consider MRI and admission

• Category II: Benign/incidental findings; not TBI related
• Discharge with clinical follow up versus admission (see below)

• Category IIa: Benign findings
• Discharge if neurologically stable/normal without follow-up

• Category IIb: Non-urgent incidental findings
• Neurology or Neurosurgery consult
• Discharge with neurological and/or outpatient imaging follow-up

• Category IIc: Urgent Incidental findings 
• Unexplained neurological deficits/findings
• Neurology or Neurosurgery consult
• Admit for inpatient work-up (ICU vs non-ICU monitored bed as appropriate)
• Consider MRI if stable

• Category III: Mild TBI imaging findings  (minor traumatic SAH, subdural < 5 mm resulting in no midline shift or 
herniation)

• Neurology consult followed by discharge vs admission (see below)
• Category IIIa: Neurologically stable

• Discharge with neurology outpatient follow-up and/or outpatient follow-up 
imaging

• Category IIIb: Neurological deficit
• Admission to non-ICU monitored bed
• Consider MRI if stable

• Category IV: Moderate TBI findings  (moderate traumatic SAH, small contusions, minor IVH, extra-axial 
hematoma (subdural/epidural) > 5 mm with < 5 mm of shift, no basilar cisternal effacement)

• Neurology/neurosurgery consultation
• Admit to Non-ICU monitored Bed
• Consider MRI if stable

• Category V:  Severe TBI findings (> 5mm shift, basilar cisternal effacement, large hemorrhagic contusions, mod-
severe IVH, secondary signs – dissection, infarction, diffuse brain edema)

• Neurology/neurosurgery consultation
• Admit to ICU-Monitored bed
• Consider MRI if stable

Text Based Guidelines

ACR HEAD INJURY INSTITUTE – TBI-RADS DEVELOPMENT

XML and JSON Schema For Reporting 
And Capturing Registry Data

Hunan Language To 
Machine Language

Assess-AI 
Demonstration 

Project
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ACR HEAD INJURY INSTITUTE – TBI-RADS DEVELOPMENT

XML and JSON Schema For Reporting 
And Capturing Registry Data

AI Inferences 
Presented To 
Radiologists

Includes Elements For Interface With 
Radiologists and Reporting Platforms

PACS
Reporting 

Other

Developer Built UI/UX For 
Revealing AI Inferences

Assess-AI 
Demonstration 

Project
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JSON Schema For Capturing Registry Data

RadElement.org
Common Data Elements

Radiologist Click
NLP Reports

Reporting Platform
Others

Exam 
Metadata

ASSESS-AI REGISTRY WORKFLOW

Assess-AI Report
• Performance
• Benchmarks
• Improvement
• Regulatory
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SAMPLE ASSES-AI REPORT
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Interoperability

• Standards for data access and transfer

• Standards for anonymization / de-identification 

• Seamless integration with modality, PACS and EHR
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Interoperability

• Standards for data access and transfer

• Standards for anonymization / de-identification 

• Seamless integration with modality, PACS and EHR
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Lung RADS 3
7 mm nodule 

with…..

Rad Report

EHR
Registry

Other

Full Initial Lung
Cancer Screening AI

Visualization 
And Reporting 
User Interface

Cloud / On-prem 
Modality 

PACS
Transcription

Detect and 
Localize

Quantify and 
Characterize

Classify

Registry

Performance
Analytics And 

Quality 
Improvement

Registries

Developers

End Users

Regulators

Algorithm
Performance
Assessment

AI Output

7 mm 

Solid

Lung-RADS 3

AI IN CLINICAL PRACTICE WITH REGISTRY REPORTING FOR MONITORING WITH REAL-WORLD DATA

INTEGRATING AI INTO ROUTINE CLINICAL PRACTICE

XML / JSON
Imaging 

Reporting 
Framework / 

Template
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ARTIFICIAL INTELLIGENCE: CONCEPT TO CLINICAL PRACTICE

WHAT ARE THE MOST IMPORTANT

CLINICAL TASKS FOR AI?

ACR DSI
STRUCTURED AI 

USE CASES

ACR DSI 
VALIDATION 

SERVICE

HOW DO WE VALIDATE AI 
ALGORITHMS FOR CLINICAL

PRACTICE?

ACR DSI AI
MONITORING

SERVICE

HOW DO WE MAKE SURE

AI IS WORKING IN THE

REAL WORLD?
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DEMOCRATIZE AI:  ENABLE ALL RADIOLOGIST, PATIENT (DATA) AND DATA SCIENTIST PARTICIPATION

ACR DSI
STRUCTURED AI 

USE CASES

ACR DSI 
VALIDATION 

SERVICE

ACR DSI AI
MONITORING

SERVICE
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CONCEPT

VALIDATION
AND CLINICAL 
DEPLOYMENT

RADIOLOGIST
INVOLVEMENT

The Radiology AI Ecosystem
Ideas To Clinical Practice

PERFORMANCE
MONITORING

Radiology AI Ecosystem 
• Radiology professionals 
• Researchers
• Industry developers 
• Government agencies
• Patients

Radiology’s Value Proposition

• Trusted partnerships with industry and 
regulators

• Ensure patient safety and minimize disparities

• Increase radiology professionals’ value in 
healthcare

ARTIFICIAL INTELLIGENCE: SCIENCE TO CLINICAL PRACTICE
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WHAT WERE WE MISSING?

ACR DEFINE-AI

THE MISSING PIECE….

If we want AI to be useful in clinical 
practice….

How do we accelerate the creation of 
AI?

Radiologists
Patient data
Data scientists
Commercial developers

ACR CERTIFY-AI 

DEMOCRATIZE AI

The Radiology AI Ecosystem
Ideas To Clinical Practice

ACR ASSESS-AI

THE NEXT STEPS

DEMOCRATIZATION OF AI



What Do Radiologists 

And Other Radiology 

Professionals Need 

To Adapt To A Future 

With AI?

68

Develop
AI Models for 

Commercial Use

Collaborate with Other 
Institutions to

Improve AI Models

Run, Adapt and Create AI 
Models For Local Use

Curate and Annotate Data for AI 
Training and Validation

Contribute to AI 
Use Case Development

Evaluate AI Algorithms for 
Use in Clinical Practice

Learn the Basics of AI for 
Use in Clinical Practice
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O
B

J
E

C
T

IV
E

S

Current State

Protect Patient Data

Facilitate Federated 
Learning

Support Developers and 
Data Scientists

Empower  Radiologists

Distributed Validation

ACR DSI STRATEGY FOR 2020

DEMOCRATIZE AI:  ENABLE ALL RADIOLOGIST, PATIENT (DATA) AND DATA SCIENTIST PARTICIPATION



ACR DATA SCIENCE INSTITUTE

CONNECTING THE AI ECOSYSTEM


