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Regulatory science for accelerating patient access to
innovative, safe and effective medical devices

Office of Science and Engineering
Labs (OSEL/CDRH/FDA)

Dedicated to promoting innovation for
the development of new lifesaving
medical devices

OSEL is organized into 20 program
areas

Al/ML program is one of the largest

OSEL outputs are regulatory
science tools (RSTs)

Innovative tools for assessing safety or
effectiveness of emerging technology
that innovators can readily (and
voluntarily) incorporate into all stages
of device development
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Tools Categories

(C) Lab Method (30)
) Computer Model (21)
() Dataset (6)
~) Phantom (2)
| Physical (1)

() Clinical Outcome Assessment (1)

Program Areas

() Cardiovascular (18)

) Medical Imaging and Diagnostics (13)
() Orthopedic Devices (8)

(C) Biocompatibility and Toxicology (6)
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VICTRE: In Silico Breast Imaging
Pipeline

Computer Model

The Virtual Imaging Clinical Trials for
Regulatory Evaluation (VICTRE)
computer modeling pipeline is a set of
tools that allow for the replication of...

Regulatory Science Tools Catalog

Targeted Box and Blocks Test
(tBBT)

Clinical Outcome Assessment

A performance-based method requiring
controlled grasping, transport, and
release of objects that can be used to
evaluate upper limb functional ability.

Q Search ‘ = Menu

‘ Search Tool Catalog

The Virtual Family: A set of
anatomically correct whole-body
computational models

Computer Model

The Virtual Family provides detailed
three-dimensional computational
models of the human anatomy including
an adult male, an adult female, and tw...

Toolkit for Evaluation of Head
Mounted Display Image Quality

This tool allows for the creation of
immersive 3D scenes using a web
browser. WebXR allows for an instant
deployment of any 3D scene and script...

Medical Imaging and Diagnostics

Human Device Interaction | Orthopedic Devices |
Neurology

» www.fda.gov /about-fda /cdrh-offices /office-science-and-engineering-laboratories

Orthopedic Devices | Ophthaimology | Neurology
| Medical Imaging and Diagnostics |...

Contact at

Medical Extended Reality

EL_CDRH@fda.hhs.gov

RST Catalog: https://cdrh-rst.fda.gov/
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Number of Al/ML-Enabled Device

671 Radiology
90 Cardiovascular
32 Neurology
17 Hematology
13 Gastro—-Urology
9 Ophthalmic
9 Anesthesiology
8 Clin Chem
6 Pathology
6 Microbiology
6 Surgery
5 Orthopedic
3 General Hospital
2ENT
2 Dental
1 Phys. Med
1 Ob Gyn
1 Immunology

°1 T

[ | ‘M“IT T .

I
2000

2005 2010 2015 2020 2025
Year

Al/ML Devices by FDA
Product Areas

Source: https://www.fda.gov/medical-
devices/software-medical-device-

samd/artificial-intelligence-and-machine-

learning-aiml-enabled-medical-devices

Radiology devices driven by developments in
Al image processing.
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OSEL/CDRH/FDA REGULATORY SCIENCE PROGRAM ON Al:
6 PROGRAM PRIORITIES

WWW.FDA.GOV/MEDICAL-DEVICES/MEDICAL-DEVICE-REGULATORY-SCIEN CE-RESEARCH-PROGRAMS-CONDUCTE D-OSEL/ARTIFICIAL-INTELLIG ENCE-PROGRAM-RESEARCH-AIML-BASED-MEDI CAL-DEVICES

Synthetic i : : Emergin Post-market
y Bias Metrics Evolving Al ging .
data uses monitoring
. Evaluating
: Quantifying
ﬁﬁ{:;g:f algorithmic Metrics to nﬁ:’ l:;s?nfor
of imperfect bias and evaluate Al Performance F;nd & Effective
a'lcoient reducing (including evaluation sutomatin post-market
datZSets nd performance variable tools for healthcareg performance
use of difference reference evolving Al e ——— monitoring
synthetics amonsg siglelere) outg L’LMs
subgroups VLMs)
[ Data J
[ Device development ]

[ Performance assessment J
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It's (almost) all about the data

PART OF THE ARPANET-H
HEALTH INNOVATION NETWORK

“ginvestor
Catalyst Hub

Medical Imagin

Data Marketglage \\/

Survey Report

Authors: The Advanced Research Projects Agency
for Health (ARPA-H)’s Investor Catalyst Hub
aggregated and synthesized the results.

Data users indicated delays in generating results
ranging from

2 months to 2+ years.

August 2024
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NDEX: First ARPA-H/FDA Collaborative Program

A R P A H |, About v Research & Funding v Engage & Transition ¥ News & Events v Careers Proposers' Day

Hybrid Proposers’ Day on January 9, 2025 in Seattle, WA.
Home > News & Events > ARPA-H launches program to create medical imaging data exchange platform

ARPA-H launches
program to create

medical imaging
data exchange
platform

"Medical imaging data is scarce, expensive, siloed, and not under a practical quality system,” said INDEX Program
Manager lleana Hancu, Ph.D.“INDEX is not another database; instead, it seeks to be a single, affordable, and sustainable

exchange platform with built-in tools to develop regulatory-ready algorithms. The platform intends to benefit the entire
imaging ecosystem, from data providers to data users and patients.”

OSEL




Example Use Case of Generative Al in Radiology

Inputs Output

Gen Ai Device

o Devi ted t
evice-generated repor
ﬁ Q"j ﬁ & P

Clinician-generated report

Prompt: Generate Clinician Indication: recent onset

increased SOB

a radiology report

for the prOVidEd ﬁ ﬁ Impression: Unchanged
loculated right pleural fusion. No

chest X-ray change chronic interstitial lung

disease

Source: Indiana University Chest X-ray Collection | Open-i
©Copyright Policy- open-access License
No changes were made.
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https://openi.nlm.nih.gov/detailedresult?img=CXR111_IM-0076-1001&req=4
http://creativecommons.org/licenses/by-nc-nd/4.0/

Performance Assessment Strategies: BENCHMARKING

= \What is it?

Y LLM Benchmark £7 Submit B Model Vote

Evaluating models on specific tasks
using external test datasets and 5 et et (L D50 T
p red ete rm i n ed m et ri CS . @ fine-tuned on domain-specific datasets

Select Columns to Display:

Search Model types

{2 base merges and moerges @ pretrained

Average [l IFEval IFEval Raw
. Adva nta ges € multimodal Bl continuously pretrained
BEH BBH Raw MATH Lvl 5
o P t' I d .I bl o Precision
MATH Lvl 5 Raw a CFOA GPQA Raw
rac |Ca a n aval a e bfloat16 floatls 4bit
. MUSR MUSR Raw MMLU-PRO
* All head-to-head
OWS ea to ea CO m pa rISO n S Select the number of parameters (B) 7 10
MMLU-PRO Raw Type Architecture
e Larg |
a r e Sca e Precision MNot_Merged Hub License
Hide models
gammail Hub @ Modeloha Deleted/incomplete Merge/MoErge
T— D Isa dva ntages Submission Date Upload To Hub Date MoE Flagzed
° L- . d . k d d CHERIS e Eeptien Show only maintainer's highlight
Imited In tasks an atasets
Base Model CO; cost (kg)

e Train-to-the-test overfitting 8 .= &

Open Medical-LLM Leaderboard
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Performance Assessment Strategies: EXPERT EVALUATION

= \What is it? Inr-)-uts Output

GenAi Device

Evaluating models using expert
annotations as the reference

Sta N da rd Prompt: Generate Clinician Clinician-generated report:
a radiology report
— & === | Indication: recent onset

<% Device-generated report
— @& — [

for the provided

chest x-ray increased SOB
s Advantages | mpressionsinshenges
loc

ated right pleural fusion. No
. amion: o

Right vs left A ioome
Fusion versus effusion 5

* Adaptable to new medical tasks
* Direct clinical relevancy

Clinical Reader Study

s Disadvantages E
xpert
: : @ )
* Resource intensive = ‘

e Subjective and highly variable
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= What is it?

Evaluating models using a model-

based approach (may be based on
genAl) with human oversight

s Advantages

Prompt: Generate
a radiology report
for the provided

chest x-ray

* Augments human evaluation
e Scalable

s Disadvantages

 Burdensome validation
* Inter-model leakage

GenAi Device

<% Device-generated report I
Vice-|
Qﬁ)‘ — Deviees s

Clinician

onset
increa
— Impression: Unchanged
loculated right pleural fusion. No
change chronic interstitial lung

Performance Assessment Strategies: MODEL-BASED EVALUATION Lo

Output

Human Oversight

!

Model-Based
Approach

® —
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Performance Assessment Strategies: MODEL-BASED EVALUATION Lo

= What is it?

Evaluating models using a model-
based approach (may be based on
genAl) with human oversight

s Advantages

* Augments human evaluation
e Scalable

s Disadvantages

 Burdensome validation
* Inter-model leakage

GenAl-enabled medical
device

Radiology Report
[ Findings GenAl-generated
Impression
Impression ~
2 / / ‘
/
« / l
= —
lr g — i
Radiologist Model-based
Evaluation Evaluator

’? Is Model-based Evaluator non-inferior
. to the Radiologist’s evaluation?

Current research in OSEL aims at developing a case-agnostic
approach to characterizing factual accuracy: Are the findings in
the GenAl-generated report found in the reference report?

OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science
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: )
{Benchmarkmg ) —[Expert Evaluation } {Model-based evaluation ]~
e Evaluating models on specific , , : :
tasks using external test * Evaluating models using * Evaluating models using a
datasets and predetermined expert annotations as the model-based approach (may
metrics. reference standard. be based on genAl) with

Performance Assessment Strategies for genAl

human oversight

{Advantages —{Adva ntages } 1
{Advanta ges

e Practical and available e Adaptable to new medical )
e Allows head-to-head tasks e Augments human evaluation

comparisons e Direct clinical relevancy e Scalable
e Large scale

) —[Disadvantages } { Disadvantages }
{ Disadvantages ]

e Limited in tasks and datasets
e Train-to-the-test overfitting

e/

e Resource intensive e Burdensome validation
e Subjective and highly variable e Inter-model leakage
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Hallucinations

1. Confabulstion: The production of confidently itated but arronscus oF fakie content (known

colloguially a1 “hallucinationt” or “labricanont™) by which uier may be misled or deceived " .

What are Al
hallucinations?

AI hallucination is a phenomenon wherein a large language
model (LLM)—often a generative Al chatbot OF computer vision 100l
—perceives patterns or objects that are nonexistent or
imperceptible to human observers, creating outputs that
are nonsensical or altogether inaccurate.

What are Al hallucinations?

Al hallucinations are incorrect or misleading results that Al models generate. These errors can be
caused by a variety of factors, including insufficient training data, incorrect assumptions made by the
model, or biases in the data used to train the model. Al hallucinations can be a problem for Al systems
that are used to make important decisions, such as medical diagnoses or financial trading.

An open problem in artificial intelligence is how to train models that produce responses
that are factually correct. Current language models sometimes produce false outputs or
answers unsubstantiated by evidence, a problem known as “hallucinations”. Language
models that generate more accurate responses with fewer hallucinations are more
trustworthy and can be used in a broader range of applications. To measure the factuality of
language models, we are open-sourcing a new benchmark called SimpleQA.

Meaning of hallucination in English

hallucination

noun

us«) /helu.senerfn/ UK¥) /he lu.stnerfn/

hallucination noun (HUMANS)

[Coru]

the experience of seeing, hearing, feeling, or smelling something that does not exist,
usually because of a health condition or because you have taken a drug:

« A high temp can cause
« Auditory hallucination is more common than people think.

* He was suffering from drug-induced hallucination.

[c1

something that you see, hear, feel or smell that does not exist:

« She had been alone for so long that when she saw the boat coming to rescue her she was
d it was a hallucinati

= SMART Vocabulary: related words and phrases

Dreaming
be hearing/imagining/seeing _things idiom be miles away, idiom
daydream daydreamer
daydreaming dream
dreamfully. dreamless
dreamlessly. dreamscape
in a dream idiom mile
night terror nightmare
oneiric redream
reverie Walter Mitty
See more results »

hallucination noun (COMPUTERS)

&®
Ic]
false inf tion that is produced by an artificial intelligence (= a computer system
that has some of the qualities that the human brain has, such as the ability to
produce language in a way that seems human):

« If the chatbot is used in the classroom as a teaching aid, there is a risk that its
hallucinations will enter the permanent record.

« Because large language models are igned to prodi text, their hallucir
often appear plausible.

« She discovered that the articles cited in the essay did not exist, but were hallucinations that
had been invented by the Al.

]

the fact of an artificial intelligence (= a computer system that has some of the
qualities that the human brain has, such as the ability to produce language in a way
that seems h ) producing false

« The system tends to make up information when it doesn't know the exact answer — an issue
known as hallucination.

« Is it possible to solve the problem of Al hallucination?

hallucination noun

hal-lu-ci-na-tion ( he- li-se-'na-shen =y

plural hallucinations
Synanyms of hallucination >

1 a :asensory perception (such as a visual image or a sound) that occurs in the
absence of an actual external stimulus and usually arises from neurological
disturbance (such as that associated with delirium tremens, schizophrenia,
Parkinson's disease, or narcolepsy) or in response to drugs (such as LSD or
phencyclidine)

' visual/auditory/olfactory/gustatory/tactile hallucinations

| a drug-induced hallucination

| An important aspect of the study of hallucinations is the judgement of reality. Ho
does a patient confer the character of reality on stimuli which, beyond any
reasonable doubt, originate in his own mind?
- Cesare Davalli et al.

b : the object of a hallucinatory perception
wasn't sure if the creature was real or a hallucination

2 :anunfounded or mistaken impression or notion : DELUSION
| ... that popular hallucination, from which not even great scientists are ... free ...
- Lewis Mumford

3 computing : a plausible but false or misleading response generated by an artificial

intelligence algorithm

| "This type of artificial intelligence we're talking about can sometimes lead to
something we call hallucination," said Prabhakar Raghavan in an interview with
Germany's Welt am Sonntag newspaper published on Saturday. "This is then
expressed in such a way that a machine delivers a convincing but completely
fictitious answer."
- Matthew Broersma

OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science 13




Generative Al suffers from fakes (hallucinations)
EIITEE o -

E
Fake detection in Al-assisted image recovery : 5
using scanning Fourier Ring Correlation (sFRC) =
ARTIFACTS  BIOMEDICAL IMAGING DEEP LEARNING  FAKE DETECTION  HALLUCINATION . %
IMAGE QUALITY  INVERSE PROBLEM  MACHINE LEARNING  SUBSAMPLED ACQUISITION g §
SUPER-RESOLUTION g
‘« + Prabhat Kc &&(2), Rongping Zeng, Nirmal Soni, aldo badano
Abstract = _E 3
Deep learning (DL) methods are currently being explored to recover images from sparse-view, g % :
limited-data, and undersampled acquisitions in medical applications. Although DLbased 4 E

solutions may appear visually appealing based on likability/subjective criteria (such as less

noise, smooth features), they may also suffer from imperceptible fakes. This issue is further

exacerbated by a lack of easy-to-use techniques and robust metrics for the identification of fakes . \ E‘Qgﬁ\eshu\i\

in DL-based outputs. In this work, we propose performing Fourier Ring Correlation (FRC)based . N ™
analysis over small patches and concomitantly scanning across DL-based outputs and their g::’ \ A X,

reference counterparts to identify fakes. We term the metrics as sFRC. We describe the rationale g Ezg \J\,\mc

behind sFRC and provide its mathematical framework. The thresholds required for the sFRC can ?g s —‘\ \,\

be set using predefined fake features or imaging theory-based fake maps. We use sFRC to ;::Z \J\]\/u \V\_,,

identify fakes for two undersampled medical imaging problems (CT super-resolution and MRI & s \

subsampled recovery). We demonstrate the effectiveness of sFRC in finding fake features for the % o \'\N"\/

two imaging problems and its agreement with a different imaging theory-based method on fake = o I

feature maps. Finally, we quantify the incidences of fakes from DL-based methods relative to :izc_m\mﬁ’};/wm:\;':’ mmmmmmmm
indistribution versus out-of-distribution data and the increment in subsampling rate. cspﬂnalFf”equenC;(omn:j;

OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science
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Summary of Regulatory Science Challenges in
Medical Al

Accessible and
sustainable data
platforms aligned with
regulatory requirements

Evaluation platforms including
new evaluation methodologies
and new performance metrics

Synthetic data: How to evaluate
quality of synthetic datasets?

OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science
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Thank you for your attention
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