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Objectives

• Discuss opportunity for machine learning in 
diagnostic imaging

• Review potential roadblocks for fully 
leveraging machine learning processes

• Appreciate machine learning integration 
opportunities beyond imaging 
interpretation



AI and Imaging: Overview

• Will AI Replace Radiologists?

• Overview of machine learning in image analysis

• Barriers to machine learning

• AI imaging use cases beyond image 
interpretation

• Potential AI impact on radiologist-provider 
interactions

• Conclusion



Will AI Replace Radiologists?

Yi, Paul H. et al., Artificial Intelligence and Radiology: Collaboration Is Key

Journal of the American College of Radiology , Volume 15 , Issue 5 , 781 - 783







Unread Studies Worklist

Requisition

EMR Data

PACS Display

70 inch display span

History: Lymphoma
Indication: Chest Pain

Current MDACC radiologist’s  workspace…

-18 years of prior study images available 
for immediate retrieval
-16,000 studies/month originating
from outside imaging centers.

Implements PACS-EMR Integration

Radiology leverages
Same Snapshot as 
providers



History: Lymphoma
Indication: Chest Pain

Automatic Display of current and relevant prior images



History: Lymphoma
Indication: Chest Pain

Diagnosis: Left PTX, < 15%

RVU: 0.2
Patient Outcome: Observation
Time Spent: < 2 minutes



History: Lymphoma
Indication: Chest Pain

Diagnosis: Left PTX, < 15%

RVU: 0.2
Patient Outcome: Observation
Time Spent: < 2 minutes

No need to include:
“Clinical Correlation is 

Recommended”

No annotations placed.





Will AI Replace Radiologists?
Answer: Red Pill or Blue Pill?

This is your last Chance…. After this, there is no turning back. 

You take the blue pill, the story ends. You wake up in your bed and believe 

whatever you want to believe. 

You take the red pill, you stay in Wonderland and I'll show you how deep the 
rabbit-hole goes..... Remember, all I'm offering you it's the truth, nothing more…
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Imaging Process: More than 
identification of (pertinent) findings

Order

Protocol

AcquireInterpret

Report



Imaging Value Process: Patient Context

• Orders
• Appropriate for the patient’s complete presentation

• Protocols
• Optimized to inform the clinical decision process

• Acquisition
• Optimized to inform at safest level, greatest clinical data

• Interpretation
• Focus on findings pertinent to patient

• Reports
• Optimized to efficiently communicate and inform the care 

process as well as the patient



Machine Learning

• Subfield of computer science that gives computers 
the ability to learn without being explicitly 
programmed

• Simply, ML is the science of teaching computers 
how to learn, in an effort to glean information from 
data that more conventional statistical approaches 
may not be able to achieve



Machine Learning

• Arises at the intersection of statistics, which seeks 
to learn relationships from data, and computer 
science, with its emphasis on efficient computing 
algorithms.

• Evolved from the study of pattern recognition and 
computational learning theory in artificial 
intelligence.

• Explores the study and construction of algorithms 
that can learn from and make predictions on data.

• Goal of ML algorithm is to develop a mathematical 
model that fits the data.



Image-net.org
• ImageNet collaboration 

maintains a large dataset 
– (approximately 14 
million images) labeled 
with nouns related to the 
content of each image

• Sponsors annual 
competition to test 
accuracy of image 
recognition algorithms



Fried chicken or labradoodle?Blueberry muffin or chihuahua?

Image Classification…



Image-net.org
• ImageNet collaboration 

maintains a large dataset 
– (approximately 14 
million images) labeled 
with nouns related to the 
content of each image

• Sponsors annual 
competition to test 
accuracy of image 
recognition algorithms



CAD vs. Machine Learning
• Computer-aided diagnosis

• Assessment of pre-determined image characteristics

• Prior knowledge of association to disease
• Example: Mammography - Micro-calcifications

• Machine Learning

• Image analysis without pre-determined characteristics

• Analysis process groups images through “identified  
characteristics”

• Identified features may or may not be determined

• Outcome: observe if the grouping properly classifies known 
disease processes 



Giger, ML , Machine Learning in Medical Imaging.
J Am Coll Radiol 2018;15:512-520

CAD vs. Machine Learning



Radiology image classification…

• Abnormality present (y/n)

• Infection, lung cancer,  metastasis?

• Staging of detected lesion – location, size, characteristics



Machine Learning Data Sets

• Training

• Image set to initially establish “hyper-parameters”

• Test

• Dataset to determine outcome of training 

• Validation

• Final test of Algorithm 
• Dataset not previously “known” to algorithm

• Determination accuracy (sensitivity/specificity)

• Avoid “overfitting” of the algorithm
• Validation cases should be accounted for in the basis of algorithm

• “Retesting” validation set leads to overfitting



https://i.stack.imgur.com/t0zit.png

https://vitalflux.com/wp-content/uploads/2015/02/fittings.jpg



• Non-contrast head CT

• 313,318 scans/reports
• 21,000 validate “Cure 25”

• 292,000 test

• Clinical validation “CQ500
• 214 studies “B1” 

• 277 studies “B2”

Training > 
Test > 
Validation>

https://arxiv.org/abs/1803.05854





Scope of Algorithm

• Non-contrast head CT scans

• Pathology

• Intracranial hemorrhage (ICH) 
• Intraparenchymal (IPH)

• Intraventricular (IVH)

• Subdural (SDH)

• Extradural (EDH)

• Subarachnoid (SAH) hemorrhages 

• Calvarial fractures

• Midline shift

• Mass effect 







AI: Pneumonia Detection

“100,000 image 
publically available dataset”











Barriers to Machine Learning in Radiology
• Limited publically available image training 

datasets

• Current annotation processes FTE intensive

• Radiology reporting not aligned to dataset annotation

• Lack of universal standard for image annotation

• Several standard available (DICOM SR)

• Thousands of imaging use cases



©ACR 2018



AI: Defining High Value Use Cases

©ACR 2018





AI/ML Roadblocks
• Data Integrity

• Collection and curation of vetted datasets

• Costly data annotation (retrospective)

• Sharing and Pooling of Datasets

• Models need large datasets to create, test and validate

• Lots of ready consumers…

• Network Infrastructure

• Image datasets and ancillary information

• Cloud-based processes likely

• Privacy and security of pooled data

• Anonymization processes 



AI/ML Roadblocks

• FDA

• Algorithm validation

• Likely more formalized infrastructure

• Medical-legal

• “Replace radiologist” – who assumes liability?



ML: Patient Scheduling

• MDACC unique challenge is large number of patients from 
outside of Houston area who on follow-up visits require 
imaging prior to clinical appointment.

• Machine Learning opportunity:  Create patient schedules, 
based upon patient preference, optimize patient’s schedule 
to reduce time in Houston on return visit

• Status: in pilot testing









ML: Imaging Protocols



Structured reporting will necessarily 
evolve to discrete data reporting…



Structured reporting will necessarily 
evolve to discrete data reporting…



ML: Imaging Use Cases Beyond Interpretation

Order

Protocol

AcquireInterpret

Report

Patient
Scheduling

Clinical 
Decision
Support

QA 
Image 

Analysis

AI Assisted
Protocol
Selection

Clinical
Information
Integration

Provider 
Clinical

Decision
Making



Unread Studies Worklist

Requisition

EMR Data

PACS Display

70 inch display span

History: Lymphoma
Indication: Chest Pain

MDACC future ML  radiologist’s  workspace…

Radiologist will be informed by ML…
Report product will transition to inform ML…



Why AI Will Not Replace Radiologists…

Radiologists will also be empowered to become more 
‘doctor’ than ever before, with productivity gains 
allowing more time communicating results to both 
clinicians and patients. I can certainly envisage 
radiologists as data communicators, both directly to 
clinical teams on their rounds and tumour boards, 
and even direct-to-patient information-giving.

Why AI will not replace radiologists, Hugh Harvey

https://towardsdatascience.com/why-ai-will-not-replace-radiologists-c7736f2c7d80

https://towardsdatascience.com/@DrHughHarvey?source=post_header_lockup


Conclusions

• Initial reports of AI in imaging are promising

• AI and ML will have tremendous impact on imaging 
in the coming years.

• Application of AI will impact all processes within 
imaging, including the interpretation process.

• Likely transition to increased quantitate reporting

• Align reporting with data needed for algorithms

• Impacts in clinical decision support, scheduling, 
scanner operations, results delivery and review will 
be impacted with AI-based processes



Conclusions

Radiologists who refuse to  
incorporate AI into daily clinical 
practice will be replaced by 
radiologists who do…

although the generation of 
radiologists affected by ML 
transition TBD…


