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Two Dimensional Radial Pulmonary Ultra-short time 1H MRI: Reproducibility in COPD and Bronchiectasis 
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Target Audience: Scientists interested in novel radial and spiral ultra-short echo time with compressed sensing for pulmonary applications. 
Purpose: The lung is challenging to image using conventional MR pulse sequences due to the combined effects of low proton density, magnetic susceptibility, and to a 
lesser extent because of the effects of cardiac and respiratory motion.1 For example, the adult lung shows MR signal comparable to that of background air when 
conventional MR spin-echo sequences are used. Ultra-short echo-time (UTE) 1H MRI has been proposed as a potential solution because it combines fast RF excitation 
pulses and efficient k-space sampling trajectories to minimize MR signal decay. Previous studies have shown that 1H UTE signal intensity (SI) is sensitive to lung 
density changes that accompany fibrosis2 and emphysema.3 However, before 1H SI can be used in longitudinal clinical studies of respiratory disease, it is critical to 
understand inherent variability that can be attributed to image acquisition methods, including those related to the scanner (field strength, coils used) and subject 
compliance (breath-hold, motion, position). Therefore, the objective of this study was to evaluate the three-week reproducibility of 1H UTE MRI SI in subjects with a 
clinical diagnosis of bronchiectasis and subjects with mainly chronic bronchitis/chronic obstructive pulmonary disease (COPD) and compare this directly with the 
reproducibility of 3He MRI measurements of apparent diffusion coefficients (ADC) (a surrogate measure of lung microstructure) in the same subjects with images 
acquired within a few minutes of UTE MRI.  We hypothesized that 1H UTE SI would be highly reproducible in subjects with mainly emphysema-dominant COPD 
(similar to hyperpolarized 3He MRI reproducibility), 
but not in subjects with bronchiectasis or chronic 
bronchitis-dominant COPD. We also hypothesized 
that 1H SI and 3He ADC reproducibility would not be 
statistically significantly different. 
Methods:  
Subjects: Subjects with a diagnosis of bronchiectasis 
or COPD provided written informed consent to the 
study protocol approved by the local research ethics 
board and Health Canada. All subjects underwent 
spirometry, plethysmography, and 1H UTE and 3He 
MRI in a single study visit at baseline and at a three-
week follow-up.  
Image Acquisition: Imaging was performed on a 
whole body 3.0 Tesla Discovery 750MR (General 
Electric Health Care, Milwaukee, WI) with broadband 
imaging capability as previously described.4 UTE 1H 
MRI was obtained using a 32-channel torso coil 
(GEHC) and a half RF excitation, 2D radial 
acquisition UTE sequence (a research prototype 
sequence provided by GEHC).  UTE MRI was used to 
acquire a single centre slice in the coronal plane with 
the following parameters: 13s acquisition time, 
TE/TR/flip angle=0.05ms/13.0ms/10°, field-of-view 
(FOV)=40×40cm, matrix=256×439, NEX=4, and 
15mm slice thickness. Hyperpolarized 3He MRI 
diffusion weighted images were acquired on the same 
scanner as previously described.4  
Image Analysis: 3He MRI ADC values were 
generated as previously described.4 The lung 
parenchyma was manually segmented from the heart, 
mediastinum, central pulmonary vessels, diaphragm, 
and chest wall. The mean SI of the segmented lung 
was normalized to the mean SI of the liver (which 
served as a reference organ in the same image to 
account for potential inter-scan variability).  The 
normalized contrast-to-noise ratio (CR) and the 
apparent signal-to-noise ratio (SR) were calculated 
using methods described by Johnson et al.5 The 
difference in mean normalized SI of the lung and the 
mean SI of the aorta was divided by the mean SI of 
the air to determine the CR and the mean normalized 
SI of the lung was divided by the mean SI of the air to 
determine the SR. 
Statistical Analysis: A repeated measures analysis of variance (ANOVA) was used to determine the differences between repeated scans for 1H SI and ADC using IBM 
SPSS Statistics 21.0 (SPSS Inc., Chicago, IL, USA).  Linear regression and Pearson correlation coefficients (r) were used to determine the variability as well as the 
relationships between 1H SI and SR using GraphPad Prism version 4.00 (GraphPad Software Inc, San Diego, CA, USA). The coefficient of variation (COV) was also 
calculated to determine the variability between repeated scans.  A two-way mixed model intra-class correlation coefficient (ICC) analysis was used to determine the 
degree of agreement between different scans.  Fisher z-transformation was used to determine the significance of difference between Pearson correlation coefficients. 
Results were considered statistically significant when the probability of making a Type I error was less than 5% (p<0.05). 
Results:  Table 1 shows 1H and 3He MRI measurements at baseline and follow-up for five subjects with bronchiectasis and six subjects with COPD including repeated 
measures ANOVA p-values, COV, Pearson correlation coefficients, and ICC for 3-week rescan measurements. There was no significant difference between baseline 
and 3-week 1H MRI SI for both bronchiectasis (Δ1H SI=-1±2, p=0.5) and COPD (Δ1H SI=0±2, p=0.9) subjects. COV values for 1H SI for bronchiectasis and COPD 
subjects were 6% and 4%, respectively.  Figures 1A and B show the mean change in 1H SI and 3He ADC, respectively, for both bronchiectasis and COPD subjects. 
Figure 1C and D show significant linear regressions for 3-week rescan for 1H SI (bronchiectasis: r=0.97,p=0.007; COPD: r=0.86,p=0.03) and 3He ADC (bronchiectasis: 
r=0.99,p=0.002; COPD r=0.97,p=0.03).  There was no significant difference in 1H SI Pearson correlation coefficients between COPD and bronchiectasis (p=0.4). In 
addition, there was no significant difference between 1H SI and 3He ADC Pearson correlation coefficients (p=0.2) for all subjects.  Finally, there was no significant 
correlation between 1H SI and SR (r=0.22, p=0.5). 
Discussion:  To our knowledge, this is the first evaluation of 1H UTE MRI SI reproducibility in bronchiectasis and COPD subjects.  We reported high 1H SI 
reproducibility for 3-week rescan for both bronchiectasis and COPD subjects which was consistent with high Pearson correlation coefficients, relatively low COV and 
high ICC.  To further understand the relationship of reproducibility with image quality, we investigated whether differences in SR would influence 1H SI, but did not 
find a significant relationship between them.  We also reported no significant difference between Pearson correlation coefficients between 1H SI and 3He ADC.  
Conclusions: 1H UTE SI reproducibility for 3-week re-scan in subjects with COPD and bronchiectasis was high and similar to 3He MRI ADC reproducibility in the 
same subjects.   
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Table 1. Baseline and 3-week 1H and 3He MRI measurements and reproducibility analysis.

Bronchiectasis (n=5) COPD (n=6)
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1H and 3He MRI Measurements 
Baseline (±SD) 24(6) 13(14) 18(3) 0.27(0.04) 27(4) 7(5) 19(5) 0.42(0.14) 
3-Week (±SD) 25(4) 13(13) 20(3) 0.27(0.05) 27(4) 7(7) 17(7) 0.42(0.12) 
Reproducibility Analysis 
COV (%) 6 13 12 1 4 36 9 6 
Pearson r 0.97 0.98 0.62 0.99 0.87 0.85 0.09 0.97 
ICC 0.93 0.98 0.61 0.99 0.87 0.79 0.08 0.96 
1H SI=normalized centre slice signal intensity, 1H SR=centre slice apparent signal-to-noise ratio, 1H 
CR=centre slice normalized contrast-to-noise ratio, ADC=apparent diffusion coefficient, ANOVA=repeated 
measures analysis of variance, COV=coefficient of variation, ICC=intra-class correlation coefficient. *3 
subjects had ADC measurements at both time points. 

Figure 1. Shown above: Baseline to 3-week mean 
change in A) Normalized 1H SI, and, B) Center 
slice ADC. Error bars represent standard 
deviation. Linear regression of inter-scan 
reproducibility for: C) 1H SI for bronchiectasis 
(r=0.97,p=0.007) and COPD (r=0.86,p=0.03) 
subjects, and, D) ADC for bronchiectasis 
(r=0.99,p=0.002) and COPD (r=0.97,p=0.03) 
subjects. Dotted lines are the 95% confidence 
intervals of the regression line. 
 
Figure 2. Shown on the right: Baseline and 3-
week 1H UTE MR images over laid with SI maps 
for a representative subject with bronchiectasis.  
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