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Artificial Intelligence

Any technique that enables computers O—— Artificial Intelligence

to mimic human intelligence. It includes
machine learning O———— Machine Learning

Deep Learning
Artificial Neural Network

Machine Learning
A subset of Al that includes techniques that o————— Convolutional Neural Network
enable machines to improve at tasks with : CNN

experience. It includes deep learning

Deep Learning

Il A subset of machine learning based on
neural networks that permit a machine to
train itself to perform a task.

Soffer S et al, Radiology 2019
https://docs.microsoft.com/en-us/azure/machine-learning/service/concept-deep-learning-vs-machine-learning
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Data collection in vascular surgery
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The power of big data

* Amount of stored medical data has increased tremendously
* Exponential growth of computing power
* Unable to analyze all medical data efficiently

$

Leverage artificial intelligence techniques
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Al-based workflow of AAA from research team
in Amsterdam UMC

Personalized
follow up plan

D)

rv

- Workflow
- Research purposes = growth or rupture predictions
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Image Reference Automatic

* Pilot study: 20 pts
* Four-channel Dixon MR images

* Water

e Fat

* In-phase

* Out-phase
* Manual annotations of thrombus

* 3D fully convolutional network

* Four-channel input
* Residual blocks

Kak Khee Yeung, Jelmer Wolterink, Data Amsterdam UMC
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Data Amsterdam UMC




Automatic acquisition of patient-specific biomarkers
indicative for aneurysm rupture risk

« Geometric features, hemodynamics
—> Personalized 3D vascular model

UNIVERSITY | TECHMED
OF TWENTE. | CENTRE

1l Amsterdom UMC



OBTAINING A 3D VASCULAR MODEL CHALLENGES

 Small structures

* Anatomic variations

* Smooth boundaries for CFD simulation
—> Conventional voxel masks unsuitable

* Model vessels as generalized cylinders




VESSEL SEGMENTATION

Ground-truth U-Net

» Voxel classification
» Vessels as generalized cylinders

UNIVERSITY | TECHMED

1 Shani & Ballard, 1984, Computer Vision, Graphics and Image Processing, 27(2), pp. 129-156 OF TWENTE. | CENTRE



AUTOMATIC SEGMENTATION CAROTID ARTERY VESSEL WALL
= TOP RESULT IN PUBLIC CHALLENGE!

| .'_;’- | .
I . 2. Local contour .
i i i estimation =
1. Global localization — — -?\I 2
_______________________ [Flumen; Twan] € R™ 7
Extend this method to

aortofemoral tree

UNIVERSITY | TECHMED
OF TWENTE. | CENTRE

T Alblas, Brune, Wolterink, 2022, SPIE Medical Imaging, 12032, pp. 237-244



FROM CONTOURS TO 3D VASCULAR MODEL

1.Bifurcations
2.3Self-intersections due to tortuosity

Represent the vessel contours as a point cloud instead

%"""f‘.’:‘.‘_':'.ffﬁ".‘...:'.' )

UNIVERSITY | TECHMED
OF TWENTE. | CENTRE



“CONNECT THE DOTS”

» Represent surface by signed distance function’
« Embed SDF in neural network?
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This method is feasible for obtaining 3D vascular models
of the CTA data from Amsterdam UMC.

+ CFD simulation, thrombus segmentation
- Increase understanding of AAA




HEMODYNAMIC ANALYSIS

Single artery Bifurcation

Ground truth

Ground truth Input mesh
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Al can be implemented in all phases in
vascular treatment

Personalized
follow up plan
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Advanced intraoperative visualization

Preoperative Hybrid OR suite Follow-up
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