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Target Audience: Hyperpolarized gas MRI community, MR image processing community 
Purpose: Image registration of lung CT images acquired at different inflation levels has been proposed as a method to map lung 
‘ventilation’, based on the assumption that lung expansion and change in lung signal intensity of a given unit equates to ventilation1. 
However, this technique requires validation against established ventilation modalities such as hyperpolarized gas MRI. Previous work 
has used fiducial anatomical landmark affine image registration to compare the overlap of binary thresholded left and right lungs from 
both modalities by the dice coefficient2. Such overlap measures provide only a global measure. Use of regions of interest (ROI) may 
improve the analysis by assessing the correlation of the intensity distribution of corresponding regions3. Here, we present a method 
that uses deformable registration to compare regional ventilation derived from breath-hold inspiratory and expiratory CT with 
hyperpolarized gas MRI acquired during the same-breath as 1H MRI. 
Methods: Image acquisition: Our proposed methodology for regional image analysis 
is demonstrated for three patients with moderate-to-severe asthma who underwent 
breath-hold CT at total lung capacity (TLC) and functional residual capacity (FRC). 
For the same patients, hyperpolarized 3He MRI was acquired during inspiration 
breath-hold (FRC+1L) after inhalation of 350ml 3He and 650ml N2 from a 1L bag. 1H 
MRI was acquired in the same breath as 3He MRI4. 
Image analysis: Inspiratory CT was registered to expiratory CT via a diffeomorphic 
transform using the ANTs registration framework5. Expiratory and registered 
inspiratory CT was used to compute a surrogate image of ventilation by assessing 
voxel-wise intensity differences in Hounsfield unit values1 and was thresholded to 
exclude voxels in the 0-5% and 95-100% percentiles. To ensure that the CT 
‘ventilation image’ was in the same spatial domain as 3He MRI, the expiratory CT 
data was registered to 3He MRI via same-breath anatomical 1H MRI6, also using 
ANTs. The resulting deformable transform was applied to the CT ‘ventilation image’, 
which was decimated to match the resolution of the 3He MRI and then 3x3x1 median 
filtered. Mimics semi-automatic CT segmentation software was used to create a binary 
segmentation of the expiratory CT lung parenchyma in order to mask 3He and CT 
‘ventilation images’. The mean values in corresponding regions of 20x20 in-plane 
located within the lung mask were compared for both images for five equidistant slices 
centered at the bifurcation of the trachea as defined from 3He MRI. The Pearson correlation coefficient was used to assess the degree 
of correlation between 3He MRI and CT ventilation. 

Results and Discussion: The presence of ventilation 
defects in 3He MRI makes a direct registration problematic 
due to the irregularity of lung boundaries. Our method 
alleviates this problem by registering the anatomical CT 
expiration scan, which shares the same geometry as the 
computed CT ‘ventilation’ surrogate, to anatomical 1H 
MRI acquired in the same-breath as the 3He MRI. Figure 1 
depicts coronal slices for both modalities and figure 2 
shows scatter plots of 3He MRI and CT ventilation for all 
three patients. Pearson correlation coefficients for patients 
1, 2 and 3 were 0.45, 0.69 and 0.26, respectively. 
Differences in ventilation values may be attributable to the 
differences in breathing maneuver where static 3He MRI 

provides a snapshot of the gas distribution at FRC+1L whereas CT ventilation represents the voxel-to-voxel volume change from 
inspiration to expiration. Moreover, changes in lung HU density related to non-ventilatory mechanisms such as changes in perfusion 
due to inspiratory state may account for some of the marked differences seen for this patient cohort. 
Conclusions: This study demonstrates the application of deformable image registration, via same-breath 1H MRI, to enable the ROI 
correlation analysis of ventilation calculated by dual breath-hold CT with a more direct measure of gas ventilation acquired by 
hyperpolarized 3He MRI. Our initial results show large differences between ventilation CT and 3He MRI. This warrants further 
investigation with the presented analysis technique in larger patient studies. 
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Figure 1. Corresponding coronal slices of Ventilation 
CT and 3He MRI from 3 asthma patients 

Figure 2. Scatter plots of ventilation CT vs 3He MRI 
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