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Background and Introduction

Heart disease is the single largest cause of death worldwide:

World Deaths in 

millions
% of deaths

Ischaemic heart disease 7.25 12.8%

Stroke and other cerebrovascular disease 6.15 10.8%

Lower respiratory infections 3.46 6.1%

Chronic obstructive pulmonary disease 3.28 5.8%

Diarrhoeal diseases 2.46 4.3%

HIV/AIDS 1.78 3.1%

Trachea, bronchus, lung cancers 1.39 2.4%

Tuberculosis 1.34 2.4%

Diabetes mellitus 1.26 2.2%

Road traffic accidents 1.21 2.1%

Source: World Health Organisation (Factsheet No. 310 June 2011)



Background and Introduction

CT

• High spatial 

resolution

• Relative high 

ionising radiation

MR

• High temporal 

resolution

• No ionising

radiation

Patient scanned by both

Imaging allows us to assess the heart:

• X-ray computed tomography (CT) 

used for coronary artery analysis.

• Magnetic resonance (MR) imaging 

used for perfusion analysis.

One patient, but two scanners…



Background and Introduction

Does it have to be this way?

• Recent CT developments have 

reduced the radiation burden, 

making CT perfusion analysis 

feasible (above).

• New MR techniques increase the 

spatial resolution allowing high 

resolution imaging of the coronary

arteries (left).



The project aims are to 

develop methods to enable:

• Validation of CT perfusion 

analysis using MR perfusion as 

the reference.

• Validation of MR coronary 

artery (CA) analysis using CT as 

the reference.

CT CA
MR 

Perfusion

MR CA
CT 

Perfusion

Project Aims

Reference Imagery



Clinical Data

The data for this 

project will be 

acquired at the 

University of Edinburgh 

Clinical Research 

Imaging Centre (CRIC) 

on the Edinburgh Royal 

Infirmary site.



Clinical Data

The CRIC has state-of-the-art 3T MRI and 320-slice CT 

scanners. It works closely with radiologists and 

cardiologists to develop its cardiac imaging 

procedures.

Toshiba Aquilion ONE CT scanner.

Siemens MRI scanner



It is difficult to compare images when they are not aligned

Methodology



Image registration aligns the images:

Methodology



Align one image with another

Image Registration

Pre-processing

• Features

• Reduce Noise

• Suppress artefacts.

Similarity Metric:

• Describes how well aligned the images 

are.



Align one image with another

Image Registration

Spatial transformation

• The geometric transformation that 

will align the images

• It can range in complexity from 

simple translation and rotation to 

complex non-linear distortions 



CT-MR Cardiac Image Registration

Clinical

• Complex non-rigid 

motion over cardiac 

cycle.

• Small number of distinct 

landmarks.

• Complex non-rigid 

motion over cardiac 

cycle.

• Small number of distinct 

landmarks.

Physical

• No simple relationship 

between pixel values in 

the MR and CT images.

• MR images have low out-

of-plane resolution.

• MR images suffer 

geometric distortion.

• MR images suffer from 

bias-field artefacts.

• Sparse, non-axial MR 

perfusion slices require 

2D to 3D registration.

• No simple relationship 

between pixel values in 

the MR and CT images.

• MR images have low out-

of-plane resolution.

• MR images suffer 

geometric distortion.

• MR images suffer from 

bias-field artefacts.

• Sparse, non-axial MR 

perfusion slices require 

2D to 3D registration.

Algorithm Development

• Quantitative measures of 

the registration errors.

• Registration must not 

affect the accuracy of 

physiological 

measurements.

• Quantitative measures of 

the registration errors.

• Registration must not 

affect the accuracy of 

physiological 

measurements.

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



Student Experience

• Access to TMVS 

software libraries

• Work within Toshiba’s 

global R&D network

• Develop novel 

quantitative image 

analysis tools

3 months based 

at Toshiba

•Direct access to clinical 

scanners 

•Input from the multi-

disciplinary CRIC research 

team.

3 months based 

at CRIC

• Gain unique access to in-development tools from both partners

• Benefit from the 

combined interests of 

the partners in the 

development of novel 

clinical research tools

• Have immediate 

feedback mechanisms 

to demonstrate how 

the research is being 

applied towards 

improving patient care



Thank you and Questions?


