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Modern Healthcare

Driving Force: More Chronic Disease - High Costs

Heart Disease Neurodegenerative

0 min! l.').rijminl
Every 33 seconds a person Every 3rd person will have Every 8th person over 65
dies due to CVD? cancer? has Alzheimer3
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Modern Healthcare

Solution: Stratified Medicine

,lailoring the right therapeutic strategy for the right person at the right

time”
" Aim:
Orug tosc ot (8% Drug oxic bt * Increase response rate
i b i * Reduce side-effects/toxity

Priority Medicines for Europe and the World - Update Report, WHO 2013

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin



Data Challenge
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Stratified Medicine — Data Challenge

Stratified Medicine:
e C(lassification of pathologies

* Selection of appropriate therapy through
classification of patient groups

Data Challenge:

Proper patient-group selection requires
“accurate measurements” for modern analysis
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Metrology

« Accuracy (Bias) - closeness of measurement results to a reference;
* Precision (Variability) — closeness of measurements to each other
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https://en.wikipedia.org/wiki/Accuracy and precision
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https://en.wikipedia.org/wiki/Accuracy_and_precision

Division Medical Physics and Metrological IT

The aim of the division is the development of new quantitative measurement
techniques and provision of reference methods for precision medicine.

The division provides mathematically sound approaches for
data analysis and ensures IT security in legal metrology.

MR-Tomography Biosignals Biomedical Modelling & Metrological
Optics Data Analysis IT
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Stratified medicine is based on precise data
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Stratified medicine is based on precise and accurate data

Erfolgsquote 97,9 % Ausreisser 2
[ B
IVD-Regulatiol " iaa
MPG, RiliBAK
German Medical !
Scientific Associations:
20,0
(e RfB
?2) INSTAND e.V.
15,0
@
L
Samples 100
[+)
A = .. 9
" wessl 1M1 2.0 4,0 6.0 8.0
H A J . X pmol/l
- - A
- = LA L L) ?T - g N
—n. 1 et ul Teilnehmerzahl 1113
Probe/Einheit A pmol/l B
Mittelwert 5.08 12.8
Standardabweichung 0.732 2.15
Variationskoeffizient 14.4 16.8

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin



Stratified Medicine — Data Challenge

Stratified Medicine: N

* Selection of appropriate therapy through classification of
patient groups

e Difference due to pathology and NOT due to different .
measurement techniques — e %

Patient-group selection requires
accurate measurements
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Accurate Measurements

Imaging
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Quantitative MRI - Motivation sl oanetes

T

Data consistency and comparability (¢ )
Detection of diffuse disease '
Contrast agent quantification

Healthy

Diffuse
Fibrosis
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Model-based reconstruction for QMRI
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Becker K et al. MRM 2018
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Results: T1 maps and cine-MRI

T1 [ms]

Subject 1 _ Subject 2 Subject 3

T1 maps
diastole
-* 1238178 ms
_ Resolution: 1.3 x 1.3 x 8 mm3
Subject 3 _
T1 map Cine
systole Images
T - J » 16 sec
& o } | Breathold

', ’ 600

1259i57 ms ]

Becker K et al. MRM 2018
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Motion Compensated T1 Mapping
| Acquisition

h 4

Motion estimation

4

Motion correction

Becker K et al. MRM 2019
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Physics-Informed Machine Learning for Quantitative MRI
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Al-Challenge
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b *

EU-AI Act for Trustworthy Al *,.A"“ét;*

Trust in "algorithms" that are not fully
understood ("black box"), especially for
high risk applications

LIMITED RiSK

Certification of Al requires:

e explainability,

* robustness,
e accuracy,
* security
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I:I EU Artificial

Accuracy Robustness, Security Intelligence Act

Article 15: Accuracy, Robustness and Cybersecurity

1. High-risk Al systems shall be designed and developed in such a way that they achieve an
appropriate level of accuracy, robustness, and cybersecurity, and perform consistently in
those respects throughout their lifecycle.
1a. To address the technical aspects of how to measure the appropriate levels of accuracy
and robustness set out in paragraph 1 of this Article and any other relevant performance
metrics, the Commission shall, in cooperation with relevant stakeholder and
organisations such as metrology and benchmarking authorities, encourage as
appropriate, the development of benchmarks and measurement methodologies.

2. The levels of accuracy and the relevant accuracy metrics of high-risk Al systems shall be
declared in the accompanying instructions of use.

3. High-risk Al systems shall be as resilient as possible regarding errors, faults or
inconsistencies that may occur within the system ......
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Data is the base of Al

The quality of Al strongly depends on

* Data uncertainty ("noise", "bias")

* Annotation inconsistencies ("label noise")

Standards for Data Quality
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Uncertainty and Representativeness

* Precision (Variability) — closeness of measurements to each other
« Accuracy (Bias) - closeness of measurement results to a reference;

 Representativeness - accurate conclusions about a population from
sample

Reference value
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https://en.wikipedia.org/wiki/Accuracy and precision
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https://en.wikipedia.org/wiki/Accuracy_and_precision

Label Uncertainty

“Wherever there is
judgment, there is noise,’

“And there is a lot more of it
than you realize.”

Daniel Kahneman

DANIEL Karimi D et al. Deep learning with noisy labels: Exploring
MDA AN techniques and remedies in medical image analysis. Med
OLIVIER SIBONY Image Anal. 2020

CASS R.SUNSTEIN
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Data Quality Dimensions — METRIC Framework

EU Testing und Experimentation Facilities (TEF) - Health

-framework
for evaluating
data quality of

medical training data

WP6 & 7: Agile Certification
(PTB, Fraunhofer, TUV, LNE, KTH, Charité)
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Vital Signs
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Use Cases

Sinoatrial ~<2
(SA) node 7

Atrioventricular =S4V

(AV) node 7 Left bundle

branch
Heart :

Right bundle
branch

Imaging
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ECG-Reference-Dataset: PTB-XL

Application:
= Over 300 Mill. ECGs per year

= Strong application of Al for automatic analysis
of ECG (arrhythmia, infarkt, hypertrophy,..)

Reference-Data
= EKG-Quality
= Defined Training-, Validation and Testdata

= Distribution within pathologies ,taking
representativeness into account” ZZ Fraunhofer

EPIB

Figure 1: Graphical summary of the PTB-XL dataset in terms of diagnostic superclasses
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Benchmarktests and Metrics

EMB CIEEESOC g.g @ IEEE JOURNAL OF BIOMEDICAL AND HEALTH INFORMATICS, VOL. 25, NO. 5, MAY 2021 1519
rocessing

Deep Learning for ECG Analysis: Benchmarks
and Insights from PTB-XL

Nils Strodthoff ', Patrick Wagner, Tobias Schaeffter, and Wojciech Samek ©©, Member, IEEE
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EU-Project: MedalCare Synthetic Reference Data

Model Parametrisation Electrophysiology Simulation Body Surface Potential Maps Electrocardiogramm (ECG)

Eikonal Equation
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Uncertainty of ML

www.nature.com/scientificdata

scientific data

OPEN

DATA DESCRIPTOR |

M) Check for updates

. MedalCare-XL: 16,900 healthy

and pathological synthetic 12 lead

ECGs from electrophysiological
. simulations

Karli Gillette'*®, Matthias A. F. Gsell %%, Claudia Nagel*®, Jule Bender(®?, Benjamin Winkler*,
! Steven E. Williams®®, Markus Bar*, Tobias Schaffter(®**’, Olaf Déssel*®, Gernot Plank (%>
. &Axel Loewe(®*>

! Mechanistic cardiac electrophysiology models allow for personalized simulations of the electrical

! activity in the heart and the ensuing electrocardiogram (ECG) on the body surface. As such, synthetic

. signals possess known ground truth labels of the underlying disease and can be employed for validation
! of machine learning ECG analysis tools in addition to clinical signals. Recently, synthetic ECGs

: were used to enrich sparse clinical data or even replace them completely during training leading to

: improved performance on real-world clinical test data. We thus g anovel syntheti

| comprising a total of 16,900 12 lead ECGs based on electrophysiological simulations equally distributed
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Al for Image Reconstruction Q1 &b

Deep Learning Reconstruktion

e complex CNN
e High number of parameter
e High amount on trainings data

* efficient training
+ * robustness
* uncertainty
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Robustness through physics input oy o

DIGITAL

Number of Parameter: %O >300000

Kofler et al., Med Phys, 2021;  Kofler et al., ISBI, 2022



Reducing ,,ML-Uncertainty®: ,,Physics-Informed Learning*

‘BIOS]IC

GRK 2260

Model-Agnostic

% Ground Truth # Aleatoric

Physics-Informed

\Undersampled /. Aleatoric

Brahma et al., Med Phys, 2023
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Summary

* Modern medical diagnostics relies on multi-parametric data
(in-vitro diagnostics, imaging, vital signs)

* Reliable, accurate and comparable measurements are required for
selection of therapy and assessment of treatment effects

* Accurate and precise data provides the basis for the development of
artificial intelligence in medicine

* Physics-informed learning increases robustness to data uncertainty
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