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» Von X-Strahlen und Hounsfield-Einheiten

» Was ist ,Kunstliche Intelligenz™?

» Was kann ,Kunstliche Intelligenz™?

» Was kann ,Kunstliche Intelligenz® (noch) nicht?
» Ausblick — Quo vadis, Radiologie?
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» VVon X-Strahlen und Hounsfield-Einheiten



Wilhelm Conrad Réntgen Uniidinikum Y(¢

*27.03.1845 in Lennep

Primar- und Sekundarschule
iIn Apeldoorn, Holland

1864 Schulverweis Techn. Schule Utrecht
ohne Abitur

Maschinenbaustudium Polytechnikum
Zurich

1868 Dipl. Ing., 1869 Dr.

1870 Habilitation in
Wirzburg verwehrt




Wilhelm Conrad Réntgen Uniidinikum Y(¢

1875 Ruf nach Hohenheim
1876 Ruf nach Strassburg
1879 Ruf nach Giel3en

1888 Ruf nach Wirzburg
1894 Rektor der Uni Wirzburg
Entdeckung der X-Strahlen

1901 Nobelpreis




,Eine neue Art von Strahlen* Unikdinilur \ll,(li

Physikalisch Medizinische

Gesellschaft zu
Wirzburg, 23.01.1896

W.C. ROntgens einziger
Offentlicher Vortrag:

,EIne neue Art von
Strahlen®

Geheimrath Albert von Kolliker



Von Réntgen zu Hounsfield Uniidinikum Y(¢

2016 2 RoOhren + 2 Detektoren

1 ganzer Mensch / 5 sek.

1974
1 Schicht/ 7 min.




Radiologie — ein Fach mit ,,digitaler Tradition“  Ynjirsm \U,fﬁ/
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Bildgebung 2022 vs. ,,Precision Medicine* Vi \Lﬂ(/

2.9cm
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b. d. Nishino M et al., Radiology, 2014
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» Was ist ,Kunstliche Intelligenz™?



Kl —der Game Changer? Uniidinikum Y(¢

Wir sind das Netz

.

Artificial Intelligence in Radiology: The Game-Changer
on Everyone’s Mind

Oct 20, 2017 | Dave Pearson

00004

Al's Impact Will Be Monumental—Will Radiologists Go Along
for the Ride or Be Left in the Dust?

OUne day soon, machines powered by artificial intelligence (Al) will
interpret even the most complex clinical images as accurately as
today's most experienced radiologists. These robot radiologists
will automatically generate final reports, uniformly structured and
with no need for preliminary reads. Their interpretations will take




Alltagliche Anwendungen von Kunstlicher

_ Uniklinikum U'«
Intelligenz

Wurzburg
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Eigentlich nichts Neues... Uniidinikum Yl

INTELLIGENCE

Artificial Intelligence captures
the imagination of the world.

ELIZA
1964 - 1966

‘Turing Test Devised
1950

2000s 2010s

1950s 1960s 1970s 1980s 1990s

https://apttus.com/blog/artificial-intelligence-works-intelligent-enterprise/



Sich iberlappende Begriffe! Uniidinikum i<

Clinomics

Lo

"Big Data" « Genomics

Artificial
Intelligence 4

Proteomics

Machine
Learning

Metabol-

Deep
Learning
omics
Texture
Analysis




Maschinelles Lernen
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Unsupervised

@ .
s
=

Clustering von Daten ohne
vorgegebene Features

A

Supervised é

Unterteilung in Klassen durch
vorgegebene Labels

® Class1
® Class 2
@ Unknown




Neuronale Netze Uniidinikum i<

biologisch

kunstlich

Eingabe Neuron Ausgabe

Eingabe

Courtesy: Dr. J Heidenreich



Neuronale Netze Uniidinikum i<

biologisch

kunstlich

Eingabe

Neuron Ausgabe

Courtesy: Dr. J Heidenreich



Deep Learning Uniidiniun Ul¢

DEEP LEARNING NEURAL NETWORK

Multiple hidden layers
process hierarchical features
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Einzug von Big Data, Machine Learning und Co. ymidinikum
In die Radiologie Wiirzburg

aldoc Home BIOg Team Careers Resources Contact Us \/ See Demo :

clinomics DEEP LEARNING TAILORED
FOR RADIOLOGY

Aidoc develops the most advanced healthcare-grade Al based decision support software.

Our technology analyzes medical imaging to provide the most comprehensive solution for

detecting acute abnormalities across the body, helping radiologists prioritize life / @ OXIPIT
threatening cases and expedite patient care.

Artificial ! ’ ChestEye CAD
Intelligence 7 e /FoR> J Chest- 3 y

"Big Data" « Genomics

" y ! Automate your reporting
Proteomics A %  Intracranial - W 5 [ Pulmonary embolism w _—
. hemorrhage ¥ Pneumothorax
\ Rib fractures
A s ) Lung nodules
Machlne y : { ChestEye CAD is a fully automatic computer-aided diagnosis (CAD)
Lea rnin Q. o . AP " ) chest X-ray solution. It provides preliminary reports (image in, report
g 2 '7 splne Abdomen Bor out) which then have to be approved by a radiologist. This way it
Metabol Fractures w & Free air / enables the user to save time (internal trial shows >30% savings),
) ;ies::ztri:fige / increase accuracy (e.g. decrease overlooked secondary findings),
omics Aneurysm optimize screening / triage, and introduce best reporting practices.
The solution can be integrated with PACS/RIS/HIS/EHR
infrastructure.
Deep

Learning

EXAMPLE RESULTS PORTABLE ¢
Texture

Analysis Findings

= There is volume loss in both lungs. Ill defined opacities
are present bilaterally.

e m—

= A left sided pleural effusion is seen filling the
costophrenic sulcus.

= The hilar area is enlarged.
= The mediastinum is within normal limits.

= Central venous cathether is observed with tip at the

superior vena cava.

Quani’ibTM Brcain Impression

Bilateral consolidation. Left pleural effusion.







Anwendungsbereiche fir Kl in der Radiologie ”“{,'f,'&':;'gg:g\qﬂg

Radiologists

—2 . o e @
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Patiant Racord Schaduling Acqusition Processing Percaption Reasoning Reporting Communication

L Lt |

m - " b Dei U . - it anld
LSaSsSIoN 10 image oSl procs S8ing . Uocumaniation

Bes! use criteria : ' Registration : T Synoptic reporting

inpatient scheduling Segmentation t Results communication
Appointment booking - Detection . Actioning
a3 Quantification Patient information
Automated acquisition Diamﬂc inference
Dose reduction Decision making
Scan time reduction

The Radiology Al sector in the EU by Hugh Harvey, EuSoMIl Webinar 3.3.2020
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Undersampled MRI reconstruction

Leineretal., JCMR, 2019
A Deep Cascade of Convolutional Neural Networks for Dynamic MR Image

Reconstruction @
Publisher: IEEE

LYol Jo Schlemper 't ; Jose Caballero ; Joseph V. Hajnal ; Anthony N. Price ; Daniel Rueckert View All Authors



Kl'in der kardialen MRI: Automatische Unikdinikum ¢
Segmentierung Wiirzburg ~ -

a short-axis b long-axis (2 chamber view) C long-axis (4 chamber view)

Leineretal., JCMR, 2019
B LV cavity [ RV cavity LA cavity RA cavity
B LV myocardium

A Fully Convolutional Neural Network for

. . . . Bai ef.ar. J?urnafo!CurﬂjovascwurMagne(JcResonﬂnce (2018) 20:65 ournal of Cardiovascular
Cardiac Segmentation in Short-Axis MRI P/ doLorg 101186/ T2265 018 0471 x : Magnetic Resonance
Phi Vu Tran RESEARCH Open Access
Input 15-Layer Deep Fully Convolutional Network Qutput Automa ted ca rd iovascu |a rma g netic @ CrossMark
forward/inference

resonance image analysis with fully
convolutional networks

Wenjia Bai'* @, Matthew Sinclair', Giacomo Tarroni', Ozan Oktay', Martin Rajchl’, Ghislain Vaillant',
Aaron M. Lee?, Nay Aung?, Elena Lukaschuk?, Mihir M. Sanghvi?, Filip Zemrak?, Kenneth Fung?,

Jose Miguel Paiva?, Valentina Carapella®, Young Jin Kim?, Hideaki Suzuki?, Bernhard Kainz',

Paul M. Matthews®, Steffen E. Petersen?, Stefan K. Piechnik®, Stefan Neubauer?®, Ben Glocker'

and Daniel Rueckert

—
Ae——
[I hackward/learning I I

- Canvelution + ReLU + MVN
DICOM Im age I:I Max Poaling - Upsampling- Softmax Segmentation Mask




Kl fur die Segmentierung von Narbengewebe
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Chach
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Self-configuring nnU-net pipeline enables fully automatic infarct
segmentation in late enhancement MRI after myocardial infarction

Julius F. Heidenreich **, Tobias Gassenmaier”, Markus J. Ankenbrand "°, Thorsten A. Bley ",
Tobias Wech ™

* Dep of Diognosfic and fater tinlogy, University Hogpdinl Wiisburg, Germarny
B Department of Cellular and Molecular Imaging, Comprehensive Heart Faifure Cerater, Undversity Hospital Wilrzhurg, Germany
= Center for Computational amd Theoreticed Biodogy, University of Wigrzhurg, Gemany

Fig. 2. Exemplary illustration of automatic
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N/ pSIR N ground truth predicted

segmentation performed by nnU-net for the DUAL group. In a) an example with good performance (DSCuyo = 0.89,

DSC,.,; = 0.89) is depicted. No reflow areas were added to infarct zone as labelled in the training data. The second example (b) shows a specimen with lower
performance of the trained model as measured by the DSC (DSCyyo = 0.67, DSCycyr = 0.33). Myocardium was interpreted thicker as in the manual reference, which
both affected the results form myocardium and infarct zone. MAG, magnitude reconstruction; PSIR, phase sensitive inversion recovery.,

Heidenreich et al. Eur J Radiol 2021

Aug;141:109817. doi: 10.1016/j.ejrad.2021.109817.



KlIn der Neuroradiolog
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Klin der Kinderradiologie: Automatische Unikdinikum (¢
Skelettalterbestimmung Wirzburg ~Z L2

J Digit Imaging (2017) 30:427-441 @ CrossMark
DOI 10.1007/510278-017-9955-8

Fully Automated Deep Learning System for Bone Age Assessment

Hyunkwang Lee' - Shahein Tajmir’ - Jenny Lee' - Maurice Zissen' -
Bethel Ayele Yeshiwas' - Tarik K. Alkasab' - Garry Choy' - Synho Do’

(a) pré-puberty (b) early-and—id-puberty (c) late-puberty (d) post-puberty ﬁ



KI-Start-Ups in Europa Uniidinikurn. Ul
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The Radiology Al sector in the EU by Hugh Harvey, EuSoMIl Webinar 3.3.2020
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» Was kann ,Kunstliche Intelligenz® NICHT?

- oder: Werden wir Arzte in Zukunft tberflissig?



Prognose Geoffrey Hinton, 2016 Vi \U,fﬁ/

Frank Chen
@withfries2
Geoff Hinton: "we should stop training radiologists

right now, in 5 years #deeplearning will have better
performance" #mkt4intel

Tweet bersetzen

uI thlnk that If you Work as a radiologist’ YOU are ||ke W||€ 9:18 nachm. - 27. Okt. 2016 aus Toronto, Ontario - Twitter for iPhone

E. Coyote in the cartoon. You're already over the edge o

’ 4 ’ 143 Retweets 33 Zitierte Tweets 154 ,Gefallt mir“-Angaben
the cliff, but you haven't yet looked down. There's no

ground underneath. People should stop training o ! v &
radiologists now. It's just completely obvious that in five
years deep learning is going to do better than Twittere deine Antwort
radiologists.”

Alan @GammaCounter - 28. Okt. 2016

& Antwort an @withfries2
NOV 24: 201 6 Yes. Air traffic controllers as well. Nuclear power plant specialists. General
surgeons. Hostage negotiators (don't get tired).
Q 7 Q I

Geoffrey Hinton, University of Toronto

Antwort an @withfries2 und @dribnet

@ Tim Rocktischel @ rockt - 1. Nov. 2016
radiology is not only about classifying images

Q ] QO 3 Ty
= \ Bobak Farzin @bfarzin - 27. Okt. 2016
"ﬁ;‘ Antwort an @withfries2
N There is a good chance it is less than 5 years.
Q () (VAR Ty




...oder: Muss der Pathologe Angst vor Tauben y,iinikum ule
haben?! Woirzburg \,l/

Pigeons (Columba livia) as Trainable Observers of Pathology
and Radiology Breast Cancer Images

Richard M. Levenson [&), Elizabeth A. Krupinski, Victor M. Navarro, Edward A. Wasserman

Published: November 18, 2015 » https:/fdoi.org/10.1371/journal.pone.0141357

»,Plgeons spot cancer as well as human experts.“

https://youtu.be/flzGjnILyS0?t=10 http://www.sciencemag.org/news/2015/11/pigeons-spot-cancer-well-human-experts



Wichtige Limitation: Fehlende Standardisierung

Uniklinikum

Wurzburg \U,,[</

(

Jad

Robustness

Image acquisition

Field strength

Sequence design
Matrix size (acquired)
Field of view

Slice thickness
Acceleration techniques
Vendor

Contrast timing
Mowvement

Tube voltage
Miliamperage
Pitch

Field of view / pixel spacing

Slice thickness
Acquisition mode
Vendor

Contrast timing
Mowvement

van Timmeren JE, ... Baessler B. Radiomics in medical imaging—“how-to” guide and critical reflection

Reconstruction

Matrix size
(reconstructed)
Reconstruction
technique

Reconstruction matrix
Slice thickness
Reconstruction kernel
Reconstruction
technique

Reproducibility

Segmentation

. Manual 2D

. Manual 3D

*  Semi-automated 2D
. Semi-automated 3D
*  Automated 2D

*  Automated 3D

*  Size of the ROI

*  Manual 2D

*  Manual 3D

*  Semi-automated 2D
*  Semi-automated 3D
*  Automated 2D

*  Automated 3D

*  Size of the ROI

Classification performance

Post-processing

Image interpolation
(‘resampling”’ /
‘rescaling”’)

*  Grid alignment

*  Pixel sizing
Intensity discretisation
{‘rebinning’)
Normalisation

Image interpolation
(‘resampling’ /
‘rescaling”’)

*  Grid alignment

*  Pixel sizing
Intensity discretisation
(‘rebinning’)
Normalisation

. Insights Imaging. 12/2020;11:91.

Feature extraction

Mathematical formula
Post-processing
platform

Mathematical formula
Post-processing
platform



Limitationen: das Chihuahua-Muffin-Problem Vi \q‘f/

https://medium.freecodecamp.org/chihuahua-or-muffin-my-search-for-the-best-computer-vision-api-chda4d6b425d



| S _—
Auch Kl kann sich irren... Uniidinikum Yl

| Synthesizing Robust Adversarial Examples https://arxiv.org/pdf/1707.07397.pdf
1.0 -

Anish Athalye "' Logan Engstrom”'? Andrew Ilyas”'?> Kevin Kwok’

[
[
S
N

0.0-

Gewehr !

Gewehr

Revolver

Sturmgewehr
Halfter |



Nur eine (1!) korrekte Klassifikation Vi \Ll(f/

OO T WV A T VU DL AW T/

B classified as turtle M classified as rifle
B classified as other

https://arxiv.org/pdf/1707.07397.pdf



»,One pixel attack for fooling deep neural Unikdinikum (¢
networks* Wiirzburg ~ZC-

SHIP CAT
FROG(99.9%) AIRPLANE(62.7%) BIRD(66.2%)



Andere Verwirrungsstrategien... Vi \Lﬂf/

Adversarial Patch

Classifier Input . Classifier Output

place sticker on table

——

These psychedelic stickers blow Al minds

Devin Coldewey @techcrunch / Jan3,2018

toaster banana piggy _bank spaghetti_



... und immer wieder neue Varianten von Uniklinikum (¢
Problemen Wirzburg -

COVID-19 (Training Data) COVID-19 (Unseen Data) Cat (Unrelated Data)

. -
i
COVID-19 99.7% Non-COVID 75.1% CoviID-19 100%
BNN COVID-19 95.5% COVID-19 67.1% COVID-19 99.8%
Ours COVID-19 99.9% COVID-19 69.0% COVID-19 50.1%

https://api.deepai.ora/publication-download-pdf/can-your-ai-differentiate-cats-from-covid-19-sample-cinvici ic-uiiver taun iy -esuinauui i-iui -ucep-icai i y-sau ety



https://api.deepai.org/publication-download-pdf/can-your-ai-differentiate-cats-from-covid-19-sample-efficient-uncertainty-estimation-for-deep-learning-safety

,Garbage in, garbage out.* Unidiniicum \%/

CheXNet: Radiologist-Level Pneumonia Detection on Chest X-Rays
with Deep Learning

Pranav Rajpurkar "' Jeremy Irvin“! Kaylie Zhu' Brandon Yang' Hershel Mehta '
Tony Duan! Daisy Ding! Aarti Bagul! Robyn L. Ball? Curtis Langlotz® Katie Shpanskaya?®
Matthew P. Lungren® Andrew Y. Ng!

Input Output
Chest X-Ray Image Pneumonia Positive (85%)
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» Ausblick — Quo vadis, Radiologie?



Verlernen der medizinischen Fertigkeiten Vi \Llff/

Viewpoint

August 8, 201/

Unintended Consequences of Machine Learning in
Medicine

Federico Cabitza, PhD'-2; Raffaele Rasoini, MD?; Gian Franco Gensini, MD3

& Author Affiliations | Article Information

JAMA. 2017;318(6):517-518. dei:10.1001/jama.2017.7797 ®

Original mvestigations

Research Paperm

Computer Decision Support as a Source of Interpretation Error: D k . I I . 1
The Case of Electrocardiograms L} e S I I n g

Turopore L. Tsa, MD, Doucras B. Fripsma, MD, Guino Gatri, MA



Anonymisierung im Zeitalter von KI fraglich ”“{,'f,'f—,’r‘;'gﬂg\qﬁ(/

THE WALL STREET JOURNAL. Sabscribe. | Signin
Home World U.S. Politics Economy Business Tech Markets Opinion Life&Arts RealEstate WSJ. Magazine Search Q

Fac1al-Recogn1t10n Software Was Able to Identify Patients From MRI Scans

Study calls attention to a privacy threat that is set to grow as technology improves and medical-imaging data increases

Researchers used actual MRI scans, similar to a simulated scan seen at left, to generate facial reconstruction images, like the one at right, and
then applied facial-recognition software to compare with photos. PHOTO: MAYO CLINIC




Anonymisierung im Zeitalter von Kl fraglich ”“{,'f,'&?;'gﬂ?;\%g

CORRESPONDENCE

Identification of Anonymous MRI Research Participants with Face-
Recognition Software

October 24, 2019
N Erlg” Med 2019; 381:1684-1686
DOI: 10,1056/ NE|Mc1908821 ®

Metrics

TO THE EDITOR:

Public sharing of research data is being widely promoted. Medical image files contain “metadata” such
as the name of the participant, the date of the scan, and the identification number. Such data are

typically removed (deidentified) before data sharing, but images of the face in magnetic resonance The NEW ENGLAND
JOURNAL of MEDICINE

imaging (MRI) scans remain accessible.

Public Photos and Identities Deidentified Health Information
Released by Research Study

Biomarkers Risk factors
Blood panels Sequenced genome
Cognitive testing Personal history
Diagnosis
Family history

CT scans

Facial reconstruction with
3D rendering software

Public name can be reassociated with deidentified data
by matching photos with MRI or CT reconstructions
through face recognition




Cybersecurity (?) Unidinikum U<

CT-GAN: Malicious Tampering of 3D Medical Imagery using Deep Learning

@ Investigation Inject/Remove Evidence
A k

1 < |“

Yisroel Mirsky', Tom Mahler!, Ilan Shelef?, and Yuval Elovici!
| Department of Information Systems Engineering, Ben-Gurion University, Israel
2Soroka University Medical Center, Beer-Sheva, Israel
yisroel @post.bgu.ac.il, mahlert@post.bgu.ac.il, shelef@bgu.ac.il, and elovici@bgu.ac.il

arXiv:1901.03597v2 [cs.CR] 3 Apr 2019

o Injecting One / (
Original Jee = ¢ @ \/
»Oli Nodule

Solid Pulmonary I

e 2D s//ces of 3D body

(DICOM files)

3] Treatment 2| Diagnosis

Report

‘ Tainted
. : Report . .
. Oncologist, Tainted Radiologist
Patient Neurologist, ...

(Bild: YouTube / Ben Gurion University )




Cybersecurity im Krankenhaus: DIE
Herausforderung der Zukunft?

Uniklinikum U((
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Modalityo Film Print  Radiology Information Administration VPN Router

@ Workstations

Manager System Terminal
[ajajajajal

E- E- E- Secretary PC
. N S
I I |

— ——— 8=

CT Scanner DR Device

| Ethernet :

MRI

Workstations | Workstation ! I
: . Hospital grew
2 o — - '
3 pacs Y S Il @ JEdY— Network e
o a = urgery,
= Server/DB u% S =) | __Ethernet Pathology...

! : Web Server
0 PACS Network E a

Radiologist ‘ Physician -.X ...................

Figure 3: A network overview a PACS in a hospital. 1-3: points where an attacker can tamper with all scans. 4-5: points where

an attacker can tamper with a subset of scans.
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Forscher finden "rassistische Vorurteile" in
Algorithmus

Ein in den USA gebrduchlicher Algorithmus stuft Patientenbediirfnisse nach den
Arztrechnungen ein. Aufgrund der sozialen Verhéltnisse im Land fithrt das zu
einer Bevorzugung weifder Patienten bei der Behandlung. Eine Anderung des
Algorithmus ist méglich, die Forscher halten sie ohne gesetzlichen Zwang aber
nicht fiir wahrscheinlich
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Wichtige Voraussetzungen fur die Zukunft von  yniwdinikum (¢
ML, KI & Co. Wiirzburg ~ZL2- .

Forschung zu Standardisierung und Workflow-Optimierung

Qualitatssicherung

Ethische Standards

Interdisziplinare und interprofessionelle Konsensbildung

- Aus- / Weiterbildung

Nutzerordnungen
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Will it replace radiologists? The
answer is no, but | do think that
radiologists who use Al will

replace radiologists who don't.

—Curtis Langlotz, MD, PhD

DIRECTOR, AIMI LAB, STANFORD
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