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Introduction: Pulmonary partial pressure of oxygen (pO,) and oxygen depletion rate (R) are two important parameters of lung function. The dependence of
hyperpolarized *He (HP *He) T, on local oxygen concentration provides the basis for high-resolution mapping of the regional distributions of pO, and R in the lung.
Although the oxygen-sensitive HP *He MRI technique has been applied in human subjects and several animal species, reproducibility studies are rarely reported in the
literature. This work presents a preliminary reproducibility study on a pig model. In this study, important scan parameters, such as measurement timing and flip angle,
are optimized to minimize the noise-induced measurement uncertainty.

Method: The in-vivo animal experiments were conducted under a protocol approved by the Animal Use Committee at the University of Pennsylvania. Four normal
Yorkshire pigs (~20kg) were scanned with a 1.5T Siemens Sonata MRI system. In each experiment, the pig was placed supine in a commercial birdcage RF coil
(RAPID Biomedical, Wiirzburg, Germany) tuned to the *He resonance frequency 48.48MHz. During a pulmonary oxygen measurement, a tidal volume of 500 mL,
consisting of 100 mL O,, 200 mL *He, and 200 mL N, gas, was administered to the animal by a commercial-prototype ventilator. Three coronal slices in the supine
direction were acquired by a small flip angle gradient echo pulse sequence with the following imaging parameters: FOV=260 mm, slice thickness=30 mm, slice
spacing=6 mm, TR/TE=6.4ms/2.9ms, matrix size=64x64, and flip angle = 4.5 degrees. Six images were acquired for each slice at the following timings: [0.0000,
1.1125, 8.6275, 15.4400, 20.2550, and 23.0700] seconds. The measurement timing and flip angle were optimized by minimizing the measurement uncertainty
expressions derived from the multiple regression fitting method [2]. Depending on the available *He gas volume, the pulmonary oxygen measurement was repeated 2~4
times in each pig. The parametric maps were generated using a bin-based data processing procedure, which applied the multiple regression fitting method to extract the
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