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AI and Radiology Workflow
Radiology Workflow for AI

Elmar Kotter – Klinik für Radiologie – Universitätsklinikum Freiburg
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Machine Learning (deep learning) works
Example qure.ai

Folie 3

22.06.2018

AI startups Medicine
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AI Startups Radiology

Folie 5

22.06.2018

https://www.nanalyze.com/2017/08/12-startups-diagnosing-medical-images-ai/

… but
1. The algorithms for image classification and lesion
detection work but the bottleneck is the training data and
the verification with independent data sets
2. We see many different companies (start-ups) and
corresponding AI tools appear on the market. Who is
going to handle this?
3. Are there other radiological applications than diagnostic
work-up of examinations?
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Annotation
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Typical processes for development and clinical
validation of an artificial intelligence model
such as a deep learning algorithm for medical
diagnosis and prediction. The dataset used to
develop a deep learning algorithm is typically
convenience case-control data, which is prone to
spectrum bias. The algorithm development goes
through training, validation, and test steps, for
which the entire dataset is then split, for example,
50% for the training step and 25% each for the
validation and test steps. The term validation here
is a technical jargon that means tuning of the
algorithm under development, unlike the commonly
accepted definition in medicine/health literature as
in clinical validation. The test step, if performed
using the typical split-sample “internal” validation
method, should be distinguished from the true
external validation as the former falls short of
validating the clinical performance or
generalizability of the developed algorithm. The use
of a dataset that is collected in a manner that
minimizes spectrum bias in newly recruited patients
or at different sites than the dataset used for
algorithm development, which effectively represents
the target patients in a real-world clinical practice, is
essential for external validation of the clinical
performance of an AI algorithm.
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Park SH, Kressel HY, J Kor. Med. Sci. 2018
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Increasing Data …

Folie 9

22.06.2018

Folie 10

22.06.2018

5

25.06.2018

Search for patients meeting inclusion criteria
Evaluation of a CADalgorithm detecting nodules
on chest x-rays
Inclusion criteria:
• Age >18 years
• CT-confirmed lung nodules with
size between 1 an 3 cm
• Max. 14 days between chest CT
and x-ray

Match CT with chest X-ray

11

First list with all patients with
confirmed lung carcinoma
from cancer center
Many patients had CT
outside hospital
Many patients get chest x-ray
only after operation
Finally, imaging of over 9000
patients had to be checked
for inclusion
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Crowd Annotation

Folie 13

22.06.2018

Manifestation of tumor

Vascular situation

Brook et al. Structured Reporting of Multiphasic CT for Pancreatic Cancer. Radiology 2015; 274: 464-472

7

25.06.2018

DICOM SR

David Clunie – Radiation Dose Structured Reports - AAPM Annual Meeting 2013

Structured Reporting

ClearCapture structured reporting tool. An image being interpreted by the radiologist (left) is reported using a formdriven structured reporting template (right) which records radiologist observations using controlled terminology.
Annotations on the image (left) are automatically included in the structured report.
From: http://isis.stanford.edu/projects/project27.html, Daniel Rubin’s working group
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Tumor Lesion Management
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Tumor Lesion Management
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Annotation during reporting
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Annotation during reporting
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Diagnostic Workflow
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Hosny A. et al. AI in radiology, Nature Reviews Cancer 2018
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AI Startups Radiology
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https://www.nanalyze.com/2017/08/12-startups-diagnosing-medical-images-ai/

Reporting workflow yesterday

HIS + Order
Clin. Data

Modality
Images
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Reporting workflow today

HIS + Order
Clin. data

Modality
Images

3D
TeraRecon
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Reporting Workflow Tomorrow
HIS + Order
Clin. data
CDS
Modality
Images

3D
TeraRecon
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Diagnostic algorithms
The algorithms work, as seen in many presentations during
RSNA 2017, ECR 2018 and other conferences.
But:
• The overhead to commercialize a single algorithm exceeds
the value of a single algorithm (Jeffrey Sorenson, CEO
TeraRecon)
• Radiologists don‘t want to be confronted to a multitude of
AI tools to handle
• What will the workflow in the future look like?
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AI Ecosystems - Nuance
Define and Build – AI developers can use a wide array of AI development
platforms and leverage the Nuance PowerShare Network to feed these
development environments with vast amounts of relevant imaging data
from any authorized imaging repository regardless of physical location.
Publish and Share – Using Nuance’s PowerShare Network, any AI
developer, anywhere, can publish their properly approved, proprietary
algorithms for use by the more than 20,000 radiologists who use
PowerScribe.
Access, Subscribe and Use – Any hospital or radiology group that uses
PowerScribe can easily subscribe to any AI algorithms for imaging
published in the PowerShare Network from any AI developer. Once an
algorithm has been subscribed to, that algorithm will be automatically
leveraged for relevant imaging studies and the appropriate AI-generated
data will be sent to PowerScribe and/or will drive worklist prioritization – all
designed to help radiologists work smarter and more efficiently.
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Adaption of Radiologist to AI / CAD
Lung nodule detection

• Since it is desirable to have a minimum of false
negatives in any CAD-system, there will always be a
number of false positives
• Radiologists learn to know ‚the behaviour‘ of their CAD
systems and to sort out FP quickly
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Other Applications
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© Dr. Hugh Harvey
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© Dr. Hugh Harvey
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Where is the Real Benefit of AI in Radiology ?
Paul Chang, Chicago

At present, the promise of AI in radiology appears focused on
image analysis and diagnosis. Yet, the real benefit of AI lies in
how other industries have used it, Dr Chang says, “to improve
workflow efficiency and quality and reduce errors and
variability …. That’s what moves the needle.”
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Patient Transportation & Scheduling
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Selection of Examination Protocols
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Selection of Examination Protocols
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Selection of Examination Protocols
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Enlitic – Patient Triage
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Automated Feed-Back between IS
Many radiologists (want to)
keep track of ‚interesting
cases‘ and check pathology
for these cases
This could be automated if
we had some kind of
automatic feed-back from
pathology to radiology
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Follow-up Tools
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Actionable report: Follow-up of findings
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Watson generated problem list
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Watson generated problem list

Folie 46

22.06.2018

23

25.06.2018

Matching Imaging Report with EMR
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Match Imaging Report with EMR
“Watson Imaging Clinical Review uses cognitive text
analytics to read structured and unstructured information
in a cardiologist’s medical report, combines that with a variety
of data from other sources (e.g. the EMR problem list) to
determine if the the cardiologist's diagnosis of aortic
stenosis was propagated to the EMR record. Simply
stated, if the cardiologist's report indicates a diagnosis of
aortic stenosis, Watson Imaging Clinical Review helps verify
that this diagnosis was propagated into the electronic health
record into places like the patient's problem list or billing
record.”
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End of Radiology?
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MGH / BWH CCDS
Massachusetts General Hospital
(MGH) and Brigham and
Women’s Hospital (BWH) have
spent more than $1 billion on
their health care information
technology, or HIT,
infrastructure,primarily related to
electronic health record (EHR)
and other data collection
infrastructures. Recently, these
institutions started a Center for
Clinical Data Science to produce
new clinical AI applications,
trained with these data, and to
use them in the clinical care
environment.
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Keith Dreyer, Raym Geis Radiology 2017
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ACR Data Science Institute
The ACR Data
Science Institute (DSI) has
developed
a foundational framework for
AI to improve clinical care and
ensure these algorithms can be
safely deployed and monitored in
clinical practices on a large scale.
This AI ecosystem for medical
imaging and the other radiological
professions outlines a
standardized pathway for
developers to create and mature
algorithms from idea to widespread
clinical use (Fig. 1). We believe
developing AI use cases that follow
this path will be the best way
radiological professionals can
influence the development of AI
models that will have the greatest
benefit to our professions and
our patients.
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Allan Bibb, Keith Dreyer, JACR 2017
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