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Background

Traditional assessment of lung function utilizes global measurements such as spirometry/pulmonary function
tests.

However, deficiencies in spirometry arise when subclinical diseases are present, which may not create
discernable decreases in global lung function.

Diseases such as COPD have an indolent progression and early intervention has been shown to improve
respiratory rate and decrease mortality rate.

High-resolution CT is currently the gold-standard for the evaluation of interstitial lung diseases and provides high
sensitivity for detecting subclinical interstitial abnormalities.

However, even low-dose CT exposes participants to ionizing radiation and contributes to increased risk of cancer.
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Background

3D Singl_e-Breath Chemical Shift Imaging (3DSB- | Tissue/RBC |
CSl) utilizes a combination of MRI with Anterior Posterior
hyperpolarized Xenon-129 (HP Xe-129) gas to Healthy
generate 3D physiologic maps of the lung. !
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parenchyma (tissue) and red blood cells (RBCs).
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be quantified to locate areas of ventilation defect

a nd a bnormalities in tissue difoSion. Tissue/RBC r.naps.genera)tele thrf)ugh 3D Single-B.reath Chemical Shift Imaging (3D SB-CSI) of healthy, idiopathic
pulmonary fibrosis, cystic fibrosis, and COPD patients at 1.5T MRI.
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e HP Xe-129 gas is non-radioactive and has a low
incidence rate of adverse effects.
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Background and Rationale

* Forthe past decade, 3T MRI scanners have become increasingly utilized in diagnostic imaging and
research studies.

* Assuch, itis important to understand the effects that the increased field strength of a 3T MRI has on
3D SB-CSI mapping versus that of a 1.5T MRI.

* This study looked at differences between spectroscopy peaks, mapping, and repeatability between
1.5T vs 3T MRI for 3D SB-CSI imaging.



Subject Cohort

 Atotal of 17 healthy patients underwent HP Xe-129 3D SB-CSI.

* Each subject underwent spirometry testing and was then imaged in a 1.5T MR and/or 3T MR scanner (Avanto,
Siemens Medical Solutions) using a commercial RF coil (Clinical MR Solutions) tuned to the Xe-129 frequency.

* For a direct comparison between 1.5T and 3T, four subjects were imaged on the same day at both field
strengths.

* Three patients were imaged twice within 60 minutes using 3T MRI to observe repeatability.



Methods/Statistical Analysis

* Subijects laid supine on the MR table and inhaled a volume of gas mixture equal to 1/3 of their FVC, with a total
maximum volume capped at 1000 mL of isotopically enriched (83%) Xe-129 mixed with nitrogen.

e Xe-129 was polarized to ~40% using a commercial polarizer (Polarean, Durham, NC, USA).

» Subjects held their breath for less than 10s during the imaging sequence, during which proton (2D-GRE
sequence with spiral trajectories; TA < 2 s) and either 3D-SBCSI (TA ~7 s) or ventilation images (TA ~2.7 s) were
acquired.

3D SB-CSl images were post-processed in MATLAB (Natick, MA, USA) using a software package developed in-
house that analyzes the Xe-129 spectrum for each lung voxel in the 3D SB-CSI image.

 Whole-lung averages were computed for each parameter and results were analyzed in MATLAB using one-way
ANOVA and Tukey’s test for post hoc analysis.



Results — Tissue Peaks

* Three peaks were found in the HP Xe-129 3D SB- 1.5T Spectrum 3.0T Spectrum
CSlI spectrums of subjects: gas (0 ppm), tissue (197
ppm), and RBC (216 PPM).
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 The tissue and RBC peaks had a larger 180° phase
separation at 3T compared to their 90° phase
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* Gas peaks were largely unchanged.

Figure 1: Comparison of the chemical shift [PPM] versus the magnitude [A.U]
between 1.5T MRI and 3.0T MRI. Peaks represented either gas (0 ppm), tissue (197
ppm), and RBC (216 PPM).



Results — Tissue/RBC Map Comparison

* In the tissue/RBC maps of subjects, there was a Anterior Tissue/RBC Maps - 1.5T  posterior
h distribution of ratio values throughout > 6
omogenous distribution of ratio values throughou g i ' ‘ j? 3 g i ‘ . ‘ ‘
the lungs.
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* The mean Tissue/RBC difference between the 1.5T P ' A 8 | 0
and 3T acquisitions of the same subject was ~7%. ﬂ s ﬂ & u
) . ) Figure 2: Coronal slices demonstrating spectroscopy maps generated from Tissue/RBC
* There was no significant difference calculated maps generated from 1.5T versus 3T MRI.

between the 1.5T and 3T acquisitions.



Results — Repeatability

* The three patients imaged for repeatability demonstrated no significant differences between their initial 3T MRI
scan and the second scan taken 60 minutes later.

* The average difference between the tissue/RBC ratio was 3.63 + 0.51%.
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Figure 3: Left: Tissue/RBC ratio maps for two CSl acquisitions on the same healthy subject. Right: Fitted histogram to visualize the tissue/RBC ratio
distribution in the two acquisitions.



Discussion

e The results of this study demonstrate that 3T MRl is a valid alternative to 1.5T MRI for the use of HP Xe-129 3D
SB-CSI scans.

 Asshown, 3T MRI results in a larger 180° phase shift for tissue and RBC peaks, similar spectroscopy mapping,
and consistent repeatability between scans.

 Wood et al. 2012 reports that 3T MRI machines have relative equivalence in clinical effectiveness to 1.5T MRI,
with advantages in neural imaging such as for multiple sclerosis.

* Asscanning techniques and programs improve, 3T MRI 3D-SB-CSI may be able to take advantage of the larger
phase separation.

Wood et al. CADTH Tech. Overviews (2012)



Strengths/Limitations

Pilot study analyzing the feasibility of 1.5T MRI vs 3T MRI with HP Xe-129 gas in human subjects.

* Significant unmet need in diagnostic imaging for chronic lung disease. With recent FDA approval of
HP Xe-129 gas for use in pediatric and adult populations >12 years old, the ability to use Xe-129 gas
with 3T MRI offers significant flexibility in research and healthcare settings.

* Relatively small cohort

 Unknown how disease pathology would affect the distribution patterns created and whether there is
a difference in sensitivity.



Summary

* In this experiment, we demonstrate that HP Xe-129 3D SB-CSI is feasible at 3T MRI and produces
similar results to 1.5T MRI.

 Asshown, 3T MRl results in a larger 180° phase shift between tissue and RBC peaks, similar
spectroscopy mapping, and consistent repeatability between scans.

* The ability to use 3D SB-CSI with both 1.5T and 3T MRI allows for increased flexibility in the various
settings it may be used in.
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