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2017: First ever Preregistered Clinical Trial for Autonomous AI

Abràmoff MD, Lavin PT, Birch M, Shah N, Folk JC. Pivotal trial of an autonomous AI-based
diagnostic system for detection of diabetic retinopathy in primary care offices. Nature Digit Med
2018;1:39off Lavin PT, Birch M, Shah N, Folk JC. Pivotal trial of an autonomous AI-based
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2018: First ever Autonomous AI authorized by FDA
(510k de novo pathway)
“IDx-DR is the first device
authorized for marketing
that provides a screening
decision without the need
for a clinician to also
interpret the image or
results, which makes it
usable by health care
providers who may not
normally be involved in eye
care.”
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2019: Autonomous AI in Clinic
•
•
•
•
•
•

Point of care diagnosis in real time
High safety, efficacy, equity
Prescription device: requires physician order
Company assumes liability
Operated by high school graduate
No physician oversight of the medical decision

www.npr.org/sections/health-shots/2019/04/14/711775543/how-can-we-be-sure-artificial-intelligence-is-safe-for-medical-use

2019 Autonomous AI CPT codes and payments
• AMA CPT ® Editorial Panel created first ever CPT® category 1 code for
autonomous AI, on May 15, 2019: 9225X to go into effect Jan 1, 2021
• 9225X vignette may describe a rigorously validated autonomous AI system,
authorized by FDA, operated in primary care physicians to diagnose diabetic
retinopathy and diabetic macular edema, without eye care provider
involvement.
• Primary care physicians are billing and collecting successfully
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2020 Autonomous AI in Standard of Care

• 11.17 […] Artificial intelligence systems that detect more
than mild diabetic retinopathy and diabetic macular
edema authorized for use by the FDA represent an
alternative to traditional screening approaches (115).
[…]
115. Abràmoff MD, Lavin PT, Birch M, Shah N, Folk JC. Pivotal trial of an autonomous AI-based
diagnostic system for detection of diabetic retinopathy in primary care offices. NPJ Digit Med
2018;1:39

American Diabetes Association. 11. Microvascular Complications and Foot Care: Standards of Medical Care in Diabetes − 2020. Diabetes
Care; 43(Supplement 1): S135-S151, 2020. https://care.diabetesjournals.org/content/43/Supplement_1/S135

Ethical Framework for Autonomous AI
From the ethical principles Non-maleficence, beneficence, autonomy, and justice
• Improve patient outcome as shown either by direct evidence linked clinical literature, and
aligned with evidence based clinical standards of care/practice patterns from quality of care
organizations, professional medical societies and patient organizations, while accounting for
safety, efficacy and equity
• Design so the Autonomous AI’s operations are maximally reducible to characteristics aligned
with scientific knowledge of human clinician cognition, rather than proxy characteristics.
• Maximize traceability of patient derived data, and commensurate data stewardship,
accountability, and authorization; including by adherence to accepted standards.
• Validate rigorously for safety, efficacy and equity, using preregistered clinical studies, by
comparing the AI against clinical outcome, or outcome surrogates in the case of chronic
diseases, in the intended clinical workflow and usage, as shown by either direct or linked
evidence
• Align liability or other protections commensurate with indications for use and autonomy,
without unduly burdening with liabilities beyond other comparable entities.
2/28/2020
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Improve patient outcome as shown either by direct evidence or
linked clinical literature, and aligned with evidence based clinical
standards of care/practice patterns from quality of care
organizations, professional medical societies and patient
organizations, while accounting for safety, efficacy and equity

Design so the Autonomous AI’s operations are maximally
reducible to characteristics aligned with scientific
knowledge of human clinician cognition
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Design of Autonomous AI:
build in invariance to ethnic, racial and sex bias
Simplistic use of CNN s leads to black box

Mimic cortical processing of clinicians as much as possible

Abramoff et al, IOVS 2007
Abramoff et al, Nat Dig Med, 2018

Design of Autonomous AI: maximally reducible to characteristics
aligned with scientific knowledge of human clinician cognition
Biomarker detectors: semi-dependent and primarily CNNs
Hemorrhages

Microaneurysms

Exudates

New vessels
….

Autonomous
Clinical Decision

 Robust against catastrophic failure
 Robust against racial / ethnic bias
Abramoff et al, IOVS 2007
Abramoff et al, IOVS 2016, Nat Dig Med 2018
Lynch et al, ARVO 2017
Shah et al, Proc ISBI 2018
Finlayson et al, Science, 2019

Anatomy
Localization

US Patents
• 9.814.386
• 9,782,065
• 9,155,465
• 10,140,699
• 10,115,194
• 9,545,196

Autonomous AI is mainstream in healthcare
•
•
•
•
•
•
•

2017: First preregistered clinical trial for autonomous AI
2017: First trial comparing autonomous AI to patient outcome markers
2018: First autonomous AI system de novo 510k authorized by FDA
2018: First to introduce medical liability for autonomous AI creators
2018: 2019: First Category 1 CPT® code for autonomous AI: 9225X with “AI work”
2019: NCQA bridging solution for HEDIS 2019 CDC compliance
2020: Autonomous AI in ADA’s Standard of Diabetes Care

All based on
• physician leadership
• specialty organization support
https://www.fda.gov/medical-devices/how-study-and-market-your-device/breakthrough-devices-program
https://www.ama-assn.org/press-center/press-releases/ama-passes-first-policy-recommendations-augmented-intelligence
https://www.ama-assn.org/practice-management/digital/ophthalmologist-doing-health-care-ai-right-way
https://www.ama-assn.org/system/files/2019-08/ai-2018-board-policy-summary.pdf
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