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Background and Introduction
According to the World Health Organisation, heart disease is the single
largest cause of death worldwide. X-ray computed tomography (CT) and
magnetic resonance (MR) imaging are used to assess heart form and
function: currently CT angiography is used to assess the coronary arteries
due to its high spatial resolution, and MR is used to measure cardiac
perfusion because of its high temporal resolution. Furthermore, MR does
not involve exposure to ionising radiation. Currently if patients require
both procedures they have to have to be scanned on two scanners. It
would be more convenient if both procedures could be performed using
the same imaging modality. Recent CT developments have reduced
the radiation burden, making perfusion evaluation by CT feasible, while
new MR techniques increase the spatial resolution imaging the coronary
arteries.

Figure 1: Left: 3D MR coronary artery image. Right: CT perfusion image.

Clinical Research Imaging Centre
The data for this project will be acquired at the University of Edinburgh
Clinical Research Imaging Centre (CRIC), which has state-of-the-art 3T MRI
and 320-slice CT scanners. The CRIC works closely with radiologists and
cardiologists to develop its cardiac imaging procedures.

Figure 2: CT (left) and MR (right) scanners at CRIC

Project aims
The aims of the project are to develop methods to enable:

• Validation of CT perfusion analysis using MR perfusion as the reference

• Validation of MR coronary artery analysis using CT as the reference

Methology
Before datasets from the two modalities can be evaluated the data needs
to be aligned. Image registration is the process of aligning one imagewith
another. Ideally this shouldbeperformedautomatically, without requiring
operator assistance. Image registration has found many applications in
medicine, such as aligning images from the same subject—for instance for
motion correction in perfusion imaging, or aligning pre- and post-contrast
images—or images fromdifferent subjects, e.g. to align to a common atlas
space.
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Figure 3: Typical Cardiac Image Registration Framework

Figure 3 shows a typical registration framework, consists of:

• Pre-processing: The input images may be processed to detect particu-
lar features, reduce noise or to suppress artefacts such as the MRI bias
field.

• Similarity metric: This measure should describe how well aligned
the images are. Typical similarity metrics include the sum of squared
differences or mutual information.

• Spatial transformation: This is the geometric transformation that will
align the images. It can range in complexity from simple translation and
rotation to complex non-linear distortions (see figure 4).

• Optimisation: The optimisation steps searches for the transformation
that maximises image similarity and decides when the result is good
enough (or is not converging on a suitable solution).

MR/CT Cardiac image registration
The registration of MR and CT cardiac images is particularly challenging
due to:

• The complex non-rigid motion of the heart.

• The relatively small number of distinct landmarks on the heart.

• The variation in heart shape over the cardiac cycle.

• The absence of a simple relationship between image values in MR and
CT images.

• TheMR images have lower out-of-plane resolution and suffer geometric
distortion not seen in CT images.

• The MR images suffer from bias-field artefacts.

• The sparse, non-axial MR perfusion slices require 2D to 3D registration
to align them with the axial CT volumes.

It will be important to carefully evaluate the accuracy of the registration
algorithms developed, ideally using quantitative measures of the errors.
Furthermore, the registration process must not affect the accuracy of
physiological measurements made from the data.

Figure 4: Transformation Models

Summary
This project aims to evaluate novel uses of MR and CT imaging in cardiac
analysis. Using the same modality for both coronary artery and perfusion
analyses would be more convenient for patients and potentially make
more efficient use of scanning facilities.

The evaluationwill require the data from the twomodalities to be aligned,
ideally automatically. This presents a challenging image registration
problemdue to the difficulties of imaging themoving heart, the problems
of the dissimilar CT and MR images, the geometric and intensity MR
artefacts, and the 2D-3D problem with the sparse, non-axial MR perfusion
data.
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