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Abstract.
Diseases of the cardiovascular system are among the
most common diseases worldwide and are the leading
cause of death. The World Health Organization (WHO)
estimates that about 17.9 million people die of
cardiovascular diseases each year worldwide. In
particular, diseases of the heart muscle, for example in
the context of a heart attack or myocarditis, are of
great relevance here. In order to be able to examine
such diseases in a targeted manner and as gently as
possible, the MRI examination of the heart has
become increasingly established and further
developed over the last decades. It captures the entire
heart non-invasively and provides an important basis
for further more invasive examinations, such as
cardiac catheterization or myocardial biopsy. However,
in order to make reliable diagnoses, the administration
of contrast media is inevitable. After the administration of the contrast medium, it is
possible to distinguish exactly which areas of the heart malfunctioned (See the right
figure – taken from [1]). To reduce the risks of such contrast administration, we would
like to develop a DL-based algorithm in this study that can automatically generate
extracellular volume maps (ECV) without the need for post-contrast images [8].

Objectives:
1) Given the pre-contrast native T1-mapping, their corresponding post-contrast

T1-mapping, and the segmentation of the myocardium, perform the registration
between pre-contrast and post-contrast imaging and calculate the extracellular
volume (ECV) map, accordingly. For cases where HtK values are missing or
outdated, HtK could be estimated by the native T1 relaxation time of blood by
applying a regression model [7].
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2) Given a database of the pre-contrast native T1-mapping, and their corresponding
post-contrast T1-mapping and the computed/calculated extracellular volume
(ECV) images of the patients’ cohort, we aim, with the power of deep learning, to
model and generate virtual extracellular volume (ECV) maps. Different diseases
such as acute myocarditis (Fig. 1a), Takutsubo cardiomyopathy (Fig. 1b), acute
myocardial infarction, and chronic myocardial infarction show a distinctive pattern
(Fig. 1c-e).

3) To avoid the requirements of one-to-one correspondences, the proposed
algorithm should be trained on unpaired data. CycleGAN approach [2,3] or
enhanced version with the perceptual embedding consistency [4] could be
investigated in this context.

4) The virtual extracellular volume (ECV) should be evaluated against the
ground-truth ECV images via common evaluation metrics such as Mean Square
Error (MSE), Peak-Signal-to-Noise-Ratio (PSNR), Mean Absolute Error (MAE),
Structural Similarity Index (SSIM), and relevant clinical measures such as the
post-contrast T1-relaxation-time and the ECV.

Dataset:
● Cohort: Pre- and post-contrast cardiac T1 relaxation time maps from a total of

1086 subjects are available for this project. For each subject, 3 short-axis images
were acquired at a field strength of 1.5 Tesla at the University Hospital Bonn. All
of these maps have already been assessed for image quality by a radiology
resident, and the total number of slices with good or moderate image quality is
2472, from 922 different patients. In 92 of these patients, a Htk value was
obtained with a time difference of less than 48h to the examination, in 511
patients within 30 days.

Roadmap:
● Familiarize yourself with the current literature on:

○ Cardiac Imaging and Extracellular Volume Mapping [1,8]
○ Image-to-Image Translation [2,6]
○ Image-to-Image Translation in Medical Domain [3,4,5]

● Develop the baseline and proposed method
● Run extensive experiments and analysis
● Write up your thesis

Requirements:
- Solid background in Machine/Deep Learning
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- 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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