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Target Audience: Scientists interested in developing 'H MRI methods to quantify pulmonary ventilation.

Purpose: Fourier decomposition of the free-breathing "H magnetic resonance imaging (FDMRI) has recently been used for non-contrast enhanced MRI to obtain
regional pulmonary ventilation maps by exploiting fast pulmonary MRI acquisitions of free-breathing "H MRI and non-rigid registration to compensate for respiratory
motion. Spectral analysis of the images acquired using this method allows for identification of the respiratory frequency contributions.> While this work was
previously performed on healthy volunteers and patients at 1.5T,' the method has not been optimized at 3T or in patients with severe chronic obstructive pulmonary
disease (COPD) or bronchiectasis where respiratory rates have high variability. The objective of this study was to compare FDMRI with hyperpolarized *He MRI to
visualize pulmonary ventilation abnormalities in bronchiectasis and COPD.

Methods: All subjects enrolled were previously diagnosed with bronchiectasis or COPD and provided written informed consent to the study protocol approved by the
local research ethics board and Health Canada. Subjects were evaluated using hyperpolarized "He MRI, spirometry, plethysmography, 6 minute walk test (6MWT), St.
George’s Respiratory Questionnaire (SGRQ), thoracic CT and FD MRI. Dynamic free tidal-breathing MRI was acquired over a period of two minutes at a rate of four
frames per second using respiratory bellows (to monitor patient respiratory patterns), an optimized bSSFP sequence, (FIESTA). a 32-channel torso coil. and 3T
Discovery 750MR (General Electric Health Care. Milwaukee. Wisconsin. USA) svstem. FDMRI of the free breathing 'H signal intensity temporal fluctuations were
used to generate a single coronal slice ijust posterior to the centre of the lung with the following parameters: 125s acquisition time, TE/TR/flip
angle=0.616ms/1.898ms/15°, field-of-view (FOV)=40x40cm, matrlx—256><256 NEX=1, and 15mm slice thickness. Hyperpolarized *He MRI static ventilation i images
were acquired within 5 minutes of FDMRI as previously described.’ Non-rigid image registration was performed to compensate for respiratory motion using a modahty
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ventilation abnormalities.
Results: Figure 1 shows three subjects with COPD at different stages based on the GOLD criteria (Stage I, Stage II, and Stage III).° Figure 2 shows three subjects
with bronchiectasis at different levels of severity based on the CT evidence (mild, moderate, and severe). The spatial relationship of ventilation abnormalities (regions
of signal void) between FDMRI and hyperpolarized *He MRI can be clearly identified for these subjects. Also, the magnitude of the ventilation abnormalities increases
with the severity of the disease.

Discussion: Images generated using the FDMRI have the ability to detect ventilation abnormalities. These defects corresponded to those that were detected using
hyperpolarized *He MRI. The FDMRI method may be improved by optimizing the pulse sequence and using a tailored deformable registration technique.

Conclusions: In this pilot study, preliminary results showed that FDMRI can be acquired using a 3T clinical scanner to provide pulmonary functional images
highlighting re%lonal ventilation abnormalities. Such functional abnormalities are shown to be spatially related to those found in static ventilation maps acquired using
hyperpolarized "He MRI.
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