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Cardiovascular Diseases

Size of the heart chamber
at specific time points
(ED, ES)

Ejection Fraction (EF)

Mechanics
Deformation

Strain UK
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Multi-Slice cine Cardiac magnetic resonance (CMR) images

Gold standard to gather
mass, deformation and
function

Short axis

highly
anisotropic
voxels
Coronal
ACDC-Challenge: Bernard, O., ..., Engelhardt, S., et al., IEEE TMI 2018, Deep Learning Techniques for Automatic MRI Cardiac Multi-structures UK ‘
Segmentation and Diagnosis: Is the Problem Solved? HD
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Automated Cardiac Diagnosis Challenge (MICCAI 2017)

Left Ventricle

Multistructure
Segmentation

Right Ventricle

Myocardium

Abnormal Right Ventricle

Hypertrophic Cardiomyopathy

Classification ) )
Dilated Cardiomyopathy

(5 groups)

Myocardial Infarction
150 patient data with a high variance (resolution,

pathologies, image sequences, MR devices, etc.)

Normal Subjects UK
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Database: Tetralogy of Fallot e renc Herzfehler
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TETRALOGY OF
FALLOT (TOF)

[.151 corrective surgeries in 2012 - 2017

Four defects:
ventricular septal defect
pulmonary stenosis
overriding aorta

thickened right ventricle

Normal heart Tetralogy of Fallot

Overriding aorta

Pulmonic
stenosis

Ventricular
septal defect

Right ventricular
hypertrophy
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Optimal timing for
pulmonary valve
replacement? Adverse Events?

Surgical repair in Pulmonary valve Remodelling of heart?

the first year of life insufficiency

Percutaneous Insertion of the Melody Valve
Source: Medscape.com
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h ING'S
Adverse Events? LB

 We aimed to determine novel remodelling patterns associated
with adverse events in patients with ToF using shape and function
analysis.

e Biventricular shape and function were studied in 192 patients with ToF
(176 / 16 adverse outcome).

e Statistical Shape Modelling - LDA and PCA were used to identify shape
differences between patients with and without adverse events.

Mira, A., Lamata, P., Young, A, ..., Engelhardt, S., Hussain, T., J Cardiovasc Magn Reson. Le Cceur en Sabot: shape associations with

adverse events in repaired tetralogy of Fallot. HB
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Outcome prediction based on Shape
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Shape characteristics associated with adverse outcomes (death, arrhythmias and cardiac arrest with median follow-up of 10 years) after

pulmonary valve implantation in TOF

Mira, A., Lamata, P., Young, A, ..., Engelhardt, S., Hussain, T., J Cardiovasc Magn Reson. Le Cceur en Sabot: shape associations with

adverse events in repaired tetralogy of Fallot.
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Association between geometrical
features and the shape modes

Box-plots—score distribution across
the studied population for

Shape mode 6 Shape mode 8
o 5 (e}
S —_— e - adverse outcomes (AO) and
= g 1t : no adverse outcomes (NAO)
400 200 0 200 400 -400  -200 0 400
Score
Mira, A., Lamata, P., Young, A, ..., Engelhardt, S., Hussain, T., J Cardiovasc Magn Reson. Le Cceur en Sabot: shape associations with

adverse events in repaired tetralogy of Fallot.
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Outcome prediction based on Motion

Deformation fields between phases
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Motion modelling
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Motion modelling

B =
Eftzii ,keyphase to keyphase” (k2k) Vaddr
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Traditional Image Registration: Pairwise optimization
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optimized image similarity smooth
deformation field deformation field

HD

Balakrishnan, ..., Dalca, 2018 IEEE/CVPR. An Unsupervised Learning Model for Deformable Medical Image Registration. UK ’
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Unsupervised learning-based Registration
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Balakrishnan, ..., Dalca, 2018 IEEE/CVPR. An Unsupervised Learning Model for Deformable Medical Image Registration.
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Sequence

end- mid- end- peak mid-
distole systole systole flow distole
Systole Diastole

Cardiac phases . ED MS ES PF MD ED

) One Cardiac Cycle
Left ventricle volume |

Atrial
P contraction

Electrocardiogram
Peak flow

Cardiac cycle

Differences in ....

* CMR sequence length

* Temporal resolution

* Cardiac cycle length

* Length of cardiac sub-
sequences

UK
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Sequential Deformation field

Systole Diastole

Cardiac phases ED MS ES PF MD ED

Atrial
P contraction/

Left ventricle volume R

Electrocardiogram

Q

One Cardiac Cycle
Self-supervised
sequential deformable

/zk flow
3D registration of 4D CMR

e = fo(xp, Xp41) o x|

Cardiac cycle

Deformation over time
* Self-supervised

* Sequential
* Focus crop

UK
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Sequential Deformation field

Cardiac phases ED MS ES PF MD ED

One Cardiac Cycle

* Self-supervised
* Sequential
* Focus crop

Atrial ,
contraction;

Left ventricle volume

Electrocardiogra
Peak flow

Self-supervised
sequential deformable
3D registration of 4D CMR

b = fo(xe, Xe41)

Derive the
motion descriptor a;

foreach V., , € ¢,

v

a= cos(V, W)

a € [—1: 1]
o = avg(w)
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ldentification of cardiac region

19
2d+t

V|
z+t
ap:ba mid

[Ve|

a
2d+t
mid

T ap:ba
|
-

a
z+t

UK

Heidelberg University Hospital | Oct 20th, 2022 | Jun. Prof. Dr. Sandy Engelhardt | AICM lab | Page 31 HD




Applied to two cohorts
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Ejection fraction

Cardiac phases

Left ventricle volume

; — Atrial :
i jecti P contraction,
Electrocardiogra f : :
Peak flow
a,=cos(V,,w,); ae[—1:1] ; PF+ED :
Basal argmin, a(t) argmax, e(t) a=0:
-I-]_I .
—1i A
-
N ), Cardiac Cycle
Y
subsequence

Koehler, ..., Engelhardt, MICCAI STACOM 22: Self-supervised motion descriptor for cardiac phase detection in 4D CMR
based on discrete vector field estimations
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Reduction of Contrast Agents

AHA-segments with myocardial SSFP-cine
scar in Late-Enhancement MRI
(LGE)
Cohort: Duchenne Muscle Dystrophy,
57 male cases (mean age 14.1+3.5)
UK
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Cardiac Strain

Enddiastole Endsystole

Network

Longi-
tudinal

. Mostly feature-tracking Radialx
based

. Reproducibility issues Circumferencial

¥
3 v
B spatial
Al<] transform
discrete

vector field

UK
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Cardiac Strain

Dense voxel-based
— representation

Diastole

Myocardial scar in Late-Enhancement MRI (LGE)

Spatial Mapping (AHA)

Right ventricular
insertion points

Identification?

o CEY

) L _L soman Coz e saoan cec 181 ot cx £
Strain = =—= Bulls Eye Plot Temporal Mapping ==
Lo
Koehler, ...Engelhardt., BVM 2022, Comparison of evaluation metrics for landmark detection in CMR images UK
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+16% accuracy
+12% recall

... in identification of
abnormal dyskinetic
segments

Kuhm, ..., Engelhardt, DGK 2022: Artificial intelligence-based automatic prediction of myocardial segments with abnormal motion (Best Poster Award) gﬁ;



- Next: Automatic prediction of the outcome after
valve replacement in patients with
tetralogy of fallot.

Major issue to address:
« standardized definition of outcome
 different follow-up times

. :
« #PositiveCases > #CasesAdverseEvents How can we get more data:

\\ 4
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Federated Learning

 Single clinic has rarely sufficiently large data sets
to train a deep learning model

* Data privacy laws
* MICCAI Federated Tumor Segmentation
Challenge 2022 (FeTS), Racoon, Joint Imaging

Platform (JIP),
Intel OpenFL, Kaapana

: data remains in the institutions, while the algorithm ,travels”.
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Federated Learning — FLOTO a national consortium

O

GOTTINGEN « UMG ( HAMBURG

DZHK Project Group Al/ML

FLOT®

Federated Learning of
TAVI Outcomes

=
UKM Universitatsklinikum
Minster

CHARITE

UNIVERSITATS g/
KLINIKUM FRANKFURT

GOETHE-UNIVERSITAT
Universitatsklinikum Wirzburg U ‘(

Quelle: Siemens UK \ .
= %) >
KLINIKUM
\WIAN
Heidelberg University Hospital | Oct 20th, 2022 | Jun. Prof. Dr. Sandy Engelhardt | AICM lab | Page 57 HD

Seidler, Tolle, ..., Engelhardt, DGK 2022: Federated Learning of TAVI Outcomes (FLOTO) - A Collaborative Multi-Center Deep Learning Initiative.
Télle, ..., Engelhardt, MICCAI DeCaF 2022: Content-Aware Differential Privacy with Conditional Invertible Neural Networks




Federated Learning Infrastructure

Attacks . .
Theft Technical issues
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Seidler, Tolle, ..., Engelhardt, DGK 2022: Federated Learning of TAVI Outcomes (FLOTO) - A Collaborative Multi-Center Deep Learning Initiative.
Tolle, ..., Engelhardt, MICCAI DeCaF 2022: Content-Aware Differential Privacy with Conditional Invertible Neural Networks UK
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Kaissis GA et al. 2020 Nature machine intelligence 2:305-311
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First Use Case FLOT®

Federated Learning of
TAVI Outcomes

Transcathether aortic valve implantation
(TAVI)

Identification of

» anatomical prosthesis-

4+ OPS- CODES e ot s of
pacemaker
dependency

I T I G Institut fir Qualitatssicherung und Joe.rgensen TH etal,
Transparenz im Gesundheitswesen Eurointervention 2022

CT for planning

Seidler, Télle, ..., Engelhardt, DGK 2022: Federated Learning of TAVI Outcomes (FLOTO) - A Collaborative Multi-Center Deep Learning Initiative. UK

HD
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First goal:

Joergensen TH Eurointervention 2022 17:161-1069

Identification of anatomical
prosthesis-specific
predictors of pacemaker
dependency in pre-TAVI CT
imaging.
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Summary
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Thanks to the team and for your attention!

Artificial Intelligence in Cardiovascular Medicine (AICM) Group

University Hospital Heidelberg
sandy.engelhardt@med.uni-heidelberg.de S
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