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Abstract. Giant cell arteritis (GCA) is a systemic autoimmune disease marked by
inflammation of blood vessels ("vasculitis") that can cause impairment and damage to
organs'. GCA typically affects large and
medium size arteries, such as the aorta and
the temporal and axillary arteries®™. It is
considered the most common form of systemic
vasculitis in adults®?®, older than 50 years, in
Europe®®'® and the USA. Every week, we
diagnose one to two new patients with GCA in
our department. A diagnosis of GCA must be
made as soon as possible through ultrasound
verification or falsification as it is a severe
rheumatologic and ophthalmologic emergency
that can cause permanent vision loss in up to
50% of patients 2, One way to early diagnose
GCA is by observing whether hypoechoic wall thickening of the superficial temporal
artery is present and measurable in Ultrasound (US) imaging (Fig.1). US devices are
widely available and easily accessible because they are noninvasive, patient-friendly,
and cost-effective’®. Moreover, they offer a superior image resolution of less than 0.1mm
when used in modern transducers™. Although the US can be used to detect GCA",
expertise in the interpretation of the resulting images is still lacking, and ultrasound
specialists are not readily available for the GCA diagnosis.

Aim. To this end, we aim to develop a deep learning-based model which detects the
temporal and axillary artery wall thickening in suspected GCA in US images,
basically classifying the images whether abnormal or not. Such a model would have an
impact on the throughput and precision of the US diagnosis of GCA.
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Research Questions:

Q1) Would unsupervised learning, e.g, anomaly detection models, deliver acceptable
performance compared to the supervised models, trained on a few amount of annotated
data, which is prone to overfitting?

Q2) Do the results of the off-the-shelves Interpretability tools; e.g., uncertainty
quantification, and visualization methods, e.g., class activation maps (CAMs), correlate
with the findings/annotations reported by the US specialists?

Dataset. We expect to deliver an amount of 1000 GCA ultrasound images of the
temporal artery and 1000 GCA-negative ultrasound images of healthy individuals at a
minimum. Starting from an already pre-existing stock of hundreds (> 500 patients) of
ultrasound images on GCA and healthy controls and being equipped with three
high-end ultrasound machines (GE Logiq S8 and E10) at our site and five to ten
ultrasound examinations on patients suspected of having GCA alone each week will
help the fulfilment of our goal. In addition, US images would also be retrievable from an
international GCA expert group we are part of (the “OMERACT ultrasound subgroup on
large vessel vasculitis”). Saving videos instead of just motionless images during future
artery ultrasound examinations at our site would generate additional “leverage”, by
allowing for later video footage decomposition into single ‘frames per second’ (thereby
yielding up to 30 images per second from an ultrasound video), aside from commonly
used data augmentation techniques.

Roadmap (6 months):

e Familiarize yourself with the current literature
Build the baseline supervised model and develop the anomaly detection model.
Run the necessary comparisons.

Equip the models with the Monte-Carlo Dropout?' for uncertainty estimation.
Equip the models with the visualization methods, e.g., INNvitstigate??2®

Run extensive experiments and analysis

Write up your thesis

15-20

Requirements:
- Solid background in Machine/Deep Learning
- Familiar with discriminative deep learning models and SOTA architectures
- Sufficient knowledge of Python programming language and libraries (Scikit-learn)
- Experience with a mainstream deep learning framework such as PyTorch.
- Machine/Deep learning hands-on experience
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