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“Processing 4D CT scans of the lungs”

PIs – Dr. Joe Warren, Dr. Yin Zhang
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Collaborator – Dr. Thomas Guerrero
(M.D. Anderson)
As described in the proposal, the focus of this grant is to develop techniques for processing 4D (time-varying 3D) CT scans of the lungs of cancer patients.  The primary goal of these techniques is to provide a more accurate method for estimating the ventilation (air flow) in a patient’s lungs.  The figure below shows two 2D cross-sections of 3D CT scans taken when a patient has fully exhaled and fully inhaled.  The image of the right shows the estimated ventilation using a preliminary 2D version of our methods
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Developing a high-resolution spatial model of ventilation would then allow for better treatment planning for lung cancer patients by avoiding damage to high-ventilation areas during surgery or radiation treatment. The figure below shows a 2D example of estimated ventilation and treatment planning diagram.
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In collaboration with Dr. Thomas Guerrero, the PIs on this grant, Dr. Zhang and Dr. Warren have made significant progress over the last six months towards developing 3D versions of these 2D methods.  This report will provide a brief update on the activities of each of the three main participants during this time.

Guerrero

The most significant news concerning the grant is that Dr. Guerrero has successfully applied for an R21 grant from the NIH to support a small, initial clinical trial to gather data needed to validate the proposed computational methods for estimating ventilation from 4D CT scans.  With the support of the R21 grant, Dr. Guerrero will collect both 4C CT images (time-varying 3D CT scans) and SPECT images of patient lungs.  SPECT imaging, the standard method for assessing lung ventilation, has only centimeter-level spatial resolution.  4D CT images, on the other hand, have finer spatial resolution on the order of 2.5 millimeters.  In a separate file, I have attached the R21 proposal.  (It’s bibliography includes several recent publications on preliminary 2D work.)
Dr. Guerrero’s R21 proposal was highly scored and rated in the top 4% of all R21 proposal received.   Based on this high score, Dr. Guerrero has suggested that Rice and M.D. Anderson jointly submit a full R01 proposal to NIH during the next submission cycle in February 2007
Zhang
The key computation in estimating ventilation from CT scans is 3D image registration that computes a warping function that maps tracks the motion of the lung tissue during the breath cycle. Given such a warp, ventilation can be locally estimated from the local compression or expansion generated by the warp.  
Dr. Zhang has conducted studies on three new image registration formulations.

Two of the formulations, the Large Displacement Optical Flow (LDOF) and the Large Displacement Compressible Optical Flow (LDCOF) formulations, are designed to reliably handle large voxel displacements.  The third one, the Combined Compressible Local Global (CCLG) formulation, is particularly suitable for Lung CT image registration since it models the compressible motion of the lungs with the conservation of mass equation and it is robust to image noises common to 4D CT images.  We have tested the effectiveness of these models on two-dimensional test images and obtained results as we expected.  More recently, we have devised a parallelizable finite element algorithm for the CCLG formulation.  The algorithm was implemented in serial and tested on two dimensional synthetic images with promising results.  A 3D C++ implementation of the algorithm is currently being built that utilizes the Trilinos parallel solver package developed at the Sandia National Lab.  Below is a figure illustrating the behavior of this new compressible registration method on an elliptical test image.
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Dr. Zhang (and his student Eddie Castillo) is currently in the process of writing a paper discussing their 3D compressible warping method.  The intention is to submit this paper to a medical journal with a fast (2 week) review process so that this paper may be used to support the R01 proposal in February.
Warren
Using raw 4D CT data provided by Dr. Guerrero, Dr. Warren has focused on two related problems:  constructing a lobed-based 3D surface model of the lungs and developing methods for automatically fitting this 3D model to a given 3D CT image.   Clinically, developing an automatic method for finding lobes in a 3D image of the lungs would enable the ability to report ventilation on lobe by lobe basis.  Since most treatment plans for lung cancer are developed on a lobe by lobe basis, this ability would enhance current planning methods.

Given the faintness of the lobe boundaries in 3D CT images, this problem is a challenging one that is beyond the state of the art for current planning methods. Based on hand-drawn 2D contours of the lobe boundaries for a single patient’s lungs, Dr. Warren has constructed a 3D lobe-based model of the lungs as shown below.  Dr. Warren is currently exploring 3D algorithms for registering this 3D surface model to a 3D CT scans of the same lungs in a different part of the breath cycle and also to 3D CT scans of other patient’s lungs during the same part of the breath cycle.  The figure on the next page shows a 3D lobed-based model of the same patient’s lung during the inhale (left) and exhale (right) portion of the breath cycle.  

The green point on the lung models are feature points that have been registered on the underlying 3D CT images using a variant of the cross-correlation.  Based on the correspondence between these feature points, the authors have a computed a 3D warp of space using a point-based deformation that Dr. Warren published in SIGGRAPH 2006.

[image: image4]
Dr. Warren (and his student Travis McPhail) is currently in the process of writing a paper discussing their lobe-segmentation method and also intend to submit this paper to a medical journal with a fast (2 week) review process so that this paper may be used to support the R01 proposal in February.
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