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Subtraction CT angiography using non-rigid

registration: The impact of similarity measure

and image pre-processing
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Abstract. Subtraction CT Angiography is susceptible to motion artifacts especially when

abdomen is the area under examination. The purpose of this study was to compare two non-rigid

registration algorithms, one, using maximization of mutual information and the other, using sum

of squared differences as a similarity measure and to evaluate their registration performance.

Furthermore the impact of pre-processing of the images (native images versus edge weighted

images) on the registration quality for registration of the abdomen prior to subtraction was

assessed. Maximization of the mutual information performed better than sum of squared

differences and edge weighted images performed better than native images especially when

plaques were considered. Edge weighted images preserve the volume of plaques and bones, thus

increasing the registration performance for subtraction CT angiography. D 2005 CARS &

Elsevier B.V. All rights reserved.
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1. Introduction

Computer Tomography Angiography (CTA) is used extensively in daily clinical

practice due to its availability, short examination time and low cost. Furthermore, high

resolution isotropic images achieved with the new multislice scanners, three dimen-
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sional visualizations, like MIP or volume rendering, and noninvasive nature of the

technique have established CTA examination as a very useful clinical tool competitive

to MRA or DSA [1,2]. However one of the drawbacks of the technique is the overlap

of the intensities of the contrast media with the intensities of the bone structures or

plaques so that the lumen of the arteries cannot be visualized without the adjacent

calcifications or the neighboring bony structures. Several tools have been developed to

solve the above mentioned drawback, based either on segmentation or on registration

and subtraction. Segmentation fails in differentiating the vessel lumen from the

adjacent plaques. In addition, the segmentation and subtraction technique, Subtraction

CT Angiography (SCTA), is very susceptible to artifacts, especially when rigid

registration is exploited for aligning structures in the region of abdomen. Patient

motion and local anatomical deformations between the pre and post contrast data set

are the main reasons for these artifacts (Fig. 1). The objective of this study was to

compare the registration performance using native versus pre-processed images, and the

impact of using two different similarity measures for non-rigid registration (NRR) of

the abdomen.

2. Methods

2.1. Registration strategy

CT images with voxel size of 0.72F0.72F [0.5–1] mm3 from five patients were

acquired during pre and post contrast administration using a 16-slice multi-detector CT

scanner (Sensation 16, Siemens, Erlangen). Each image pair was first globally aligned

by rigid registration (RR) using maximization of the mutual information (MMI) [3].

The post-contrast image was subsequently locally deformed to the pre-contrast image

by applying an intensity based NRR algorithm using either MMI or minimization of

sum of squared differences (SSD) as a similarity measure, in conjunction with a

viscous fluid regularization model [4,5]. It has been proven from previous experiments

that the performance of the registration is higher when the post contrast is deforming
Fig. 1. Left: Artifacts due to misregistration are produced around the common iliac arteries, after rigid registration

and subtraction. The low intensity artifacts (closed arrow) may lead to the overestimation of the arterial stenosis

and the high intensity artifacts (open arrow) might mislead the diagnosis. Right: Volume rendering of a

subtraction image after rigid registration. The high intensity artifacts (arrow) may interfere with the interpretation

of the examination.



Fig. 2. Native (left) and edge weighted (right) images of the pre-contrast data set.

S. Drisis et al. / International Congress Series 1281 (2005) 328–333330
to the pre-contrast data set especially when viscous fluid is used as the regularizer [6].

The optimal spatial extent of the Gaussian smoother that determines the fluidity of the

model was empirically determined and set to 1.25 voxels for both schemes. In the first

experiment the MMI and the SSD viscous fluid NNR algorithms were applied on the

native images. In the second experiment, both the pre- and the post-contrast images

were pre-processed to compute the absolute gradient of the image intensity at each

voxel. These pre-processing images are the edge-weighted gradient magnitude images

(Fig. 2).

Both the registration algorithms (MMI, SSD) were then applied to non-rigidly

register the edge-weighted images of the pre and post contrast data set and the

resulting deformation fields were used to deform the native images (Fig. 3). This

ensures that most of the deformation in the native images is concentrated around the

edges of the structures.

2.2. Validation method

To evaluate registration quality achieved from these experiments, objects of interest

(bones and plaques) were manually delineated in each data set by only one radiologist
Fig. 3. Schematic of the experiment.



Fig. 4. Subtraction images of rigid (left) and non rigid registration (right) of the vertebra. The artifacts around the

vertebra and not considerably decreasing.
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and 223 object pairs were distinguished. The overlap coefficient of the matching

objects after NRR with each of the 4 schemes considered was computed by calculating

the ratio of the volume of overlap of both objects to the volume of the smallest object.

The standard method of overlap calculation (volume of overlap divided by the mean

volume of the two objects) was not used due to the unequal size of the corresponding

structures. Differences in performance between registration methods were evaluated

statistically using a paired t-test on the overlap coefficients of corresponding objects

with a confidence interval of 0.05. Bones and plaques were evaluated separately due to

their different size. The results of each method were also compared with the result of

the Rigid Registration.

3. Results

Average overlap values for bones varied between 83.10% for RR to 85.80% for NRR

using the edge weighted images and SSD, but differences between these two methods and

between any other of the four schemes were not statistically significant. These facts lead to

the conclusion that the use of native or edge weighted images and the use of MMI or SSD

as a similarity measure have no significant impact on the result of the NRR when bones

are the objects of interest (Fig. 4). In contrast, for plaques all NRR schemes performed

significantly better than RR (Table 1).

Overlap values were statistically significantly higher for MMI over SSD when either

the native ( p=0.0258) or the edge weighted images ( p =3.26e�08) were used. Also,

overlap values were statistically significantly higher for NRR computed from the edge

weighted images over NRR computed from the native images when either MMI

( p =1.21e�08) or SSD ( p =1.7e�04) were used. Overall the use of NRR with MMI as
Table 1

Percentage of overlap for bones and plaques with the use of rigid and non rigid registration algorithms

Object Rigid

registration

Native

images MMI

Native

images SSD

Edge weighted

images MMI

Edge weighted

images SSD

Bones 83.10% 85.78% 83.94% 85.30% 85.80%

Plaques 56.37% 72.98% 71.04% 79.26% 74.22%



Fig. 5. Subtraction images in the region of the common iliac arteries. The artifacts from misregistration of the

plaques in the non rigid registration of the native images (left) and the non rigid registration of the edge weighted

images (right) are displayed. It is evident that the artifacts present in the image on the left have been considerably

reduced in the image on the right.
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the similarity measure applied on the edge weighted images yielded the best results

(Fig. 5).

4. Discussion

The quality and the accuracy of the SCTA is related to the presence of artifacts from

misregistration of plaques and bones. From the results presented above, it appears that RR

is sufficient for the alignment of the bones. This can be explained either from the

considerable volume of the bone structures (so that the increase of overlap between the

corresponding bones is not significant compared to their size) or from the well performed

examination technique which allowed minimum movement during the pre and the post

contrast acquisition. However the NRR with all the mentioned algorithms significantly

improved the overlap of the plaques. Using MMI as a similarity measure increases the

overlap of the corresponding structures in comparison with SSD. Furthermore the local

deformation during the NRR using the viscous fluid model causes structures like plaques

to enlarge or to shrink and this is in disagreement with their rigid nature. By the use of

edge weighted images we try to reduce this unwanted phenomenon, and restrict the

deformation to the edges of the plaques, thereby increasing the registration performance

(Fig. 6).
Fig. 6. Images of plaques in the common iliac artery before NRR (left), after NRR with native images (middle)

and after NRR with edge weighted images (right). During the NRR with native images the plaques (indicated by

arrows) enlarge and the edges show a bwash outQ effect. The rightmost image however shows a preservation of the

plaque edges.
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