Sequential rigid-affine alignment of CT lungs
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Abstract. We present preliminary results from an application that performs global alignment of high-resolution computed tomography (HRCT)
image volumes of the chest acquired during respiration. Our approach
corrects the misalignment introduced by HRCT image acquisitions that
alter the field of view depending on the extent of the lungs. We sequentially apply customizable quaternion and affine transforms that resolve
rigid misalignment as well as anisotropic scaling and shearing. Preliminary results are presented in the form of image overlays.
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Introduction

Various structural imaging modalities can be used to capture in vivo deformation of the lung between sequential images by harnessing the power of non-rigid
registration algorithms, [1, 2]. Successfully computing the deformation between
images requires both a global alignment of the image volumes as well as subsequent non-rigid deformation. In high-resolution computed tomography (HRCT)
scans, the field of view adjusts with each successive image acquisition to cover
the total dimensions of the lung and major airways.
We address the problem of automatically aligning inspiratory and expiratory
HRCT image volumes with different dimensions acquired from the same patient.
In prior work, some groups have aligned landmarks manually derived from the
relationships between anatomical structures such as the tracheal axis, the carina
or the centers of mass of the lungs, [3]. Others have presented automatic detection and alignment of airway bifurcation points, [1]. In this work, we propose a
fully automated algorithm which employs a sequential rigid-affine alignment with
multiple customizable parameters, and performs a multi-resolution alignment of
two HRCT volumes.
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Methods

Our ITK-based application effectively pipelines a quaternion transform and an
affine transform. A variety of metrics, optimizers and interpolators can be customized from the command line. Blurring factors and masks for both for the
fixed and moving images can also be provided, but are not used in this study.
A volumetric expiratory HRCT protocol, [4], is used to acquire data from
both volunteers with no known pulmonary pathologies as well as patients with
established diagnosis of pulmonary fibrosis and emphysema. Images are acquired
at end-inspiration and end-expiration. We apply our sequential rigid-affine algorithm to such HRCT image pairs from healthy volunteers as well as pulmonary
fibrosis and emphysema patients. Using the Mattes mutual information metric
with linear interpolation and a regular step gradient descent optimizer (which

allows image scaling), we compute the transformation that best transforms the
inspiratory image into the space of the expiratory image, and compare the registration result to the expiratory image.
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Results

The figure below shows an overlay of the end-inspiratory and end-expiratory
image volumes before (left) and after (right) alignment in an emphysema patient.
The effect of the alignment is evident upon examination of the parenchymal
borders on the axial views, the position and orientation of the trachea and the
vertebrae in the sagittal views, and the repositioning of the lung lobes in the
coronal views.
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Discussion & Future Work

This tool is useful because it can be directly integrated into our ITK deformable
registration algorithms as an initialization step. The registration parameters are
extensively customizable, and the algorithm can be applied to images from multiple modalities as well as multiple individuals, and also to segmented volumes
(e.g., “lung only” images). In addition to exploring the aforementioned capabilities, we intend to quantitatively evaluate these results in future work by
comparing them to those produced by widely-accepted registration applications,
and to evaluate the efficiency and accuracy of the global alignment with respect
to subsequent non-rigid registration results.
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