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Background
• Electronic-cigarette (e-cigarette) use is classified by the Centers for Disease Control and Prevention as unsafe 

and is associated with outbreaks of severe lung injury [1].

• Besides nicotine, which is highly addictive, e-cigarettes contain numerous harmful unregulated substances such 
as reactive aldehydes and carbonyls, which frequently exceed federal occupational exposure levels [2].

• A detailed study on the effects of e-cigarette use is needed to understand its damaging effects on the 
pulmonary system.

• High-resolution CT is currently the gold-standard for the evaluation of interstitial lung diseases and provides 
high sensitivity for detecting subclinical interstitial abnormalities [3]. 

• However, even low-dose CT exposes participants to ionizing radiation and contributes to increased risk of 
cancer [4, 5]. 
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Background
• 3D Single-Breath Chemical Shift Imaging (3D SB-

CSI) utilizes a combination of MR spectroscopy 
with hyperpolarized Xenon-129 (HP Xe-129) gas to 
generate 3D physiologic maps of the lung [6]. 

• Participants inhale a volume of hyperpolarized gas 
based on their forced vital capacity (FVC), which 
subsequently diffuses into the lung parenchyma 
(tissue) and red blood cells (RBCs).

• As a result, ventilation, tissue, and RBC maps can 
be quantified to locate areas of ventilation 
defects and abnormalities in gas diffusion. 

• MR spectroscopic imaging and HP Xe-129 gas are 
both non-radioactive and have a low incidence 
rate of adverse effects [7,8]. 
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Background and Rationale

• MRI using HP Xe-129 gas is an FDA-approved technology and has been shown to be able to 
discriminate between healthy lung tissue and diseased lung tissue, suggesting that it is a sensitive 
tool for detecting early-stage lung disease [9].

• Prior studies have not attempted harmonization of HP Xe-129 MRI methodologies between different 
institutions, which is necessary for future multi-site clinical trials.

• This study performed for the first time, repeatability studies of HP Xe-129 MR gas-exchange imaging 
of the same subjects at two different academic centers (Duke University and The University of 
Virginia). 

Qing et al. Academic Radiology (2019).  



Subject Cohorts

• Five healthy volunteers (three females and two males; 25.2±2.8 years) and two e-cigarette users (one female 
and one male; 19.5±0.5 years) underwent HP Xe-129 MRI studies at Duke University and The University of 
Virginia.

• Each healthy volunteer was rescanned within two months and each e-cigarette user within a month. E-cigarette 
users had used e-cigarettes on a regular basis (minimum of one pod per week) for at least 12 months.

• To facilitate harmonization, each technique was implemented by an investigator at one institution for the 3T 
MR scanners involved (Duke University: Siemens Prisma Fit, software Numaris/X VA30A; University of Virginia: 
Siemens Prisma Fit, software Numaris/4 VE11C). 

• To maximize consistency, the same source-code base was used for the implementation at both sites, even 
though the software levels were different. 



Procedure

• Subjects laid supine on the MR table and inhaled a volume of gas mixture equal to 20% of their FVC, with a 
total maximum volume capped at 1000 mL of isotopically enriched (83%) Xe-129 mixed with nitrogen.

• Xe-129 was polarized to ~25-30% 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) or ventilation images (TA ~2.7 s) were acquired. 

• Ventilation and gas-exchange imaging post-processing, using the binning method, was performed at Duke 
University. Secondary statistical analyses were done at the University of Virginia, using paired t-test for the 
comparisons.



Results – Figure 1

• Figure 1 demonstrates ventilation levels detected 
for the same subject (Subject #03 - Healthy) that 
was imaged at both institutions.

• When spectroscopic maps were generated, similar 
values and images were identified at both sites for 
detailed global analyses.

• Please note that the measured TCV was higher at 
Site #1 (Duke – 3.85L) than at Site #2 (UVA –
3.45L)

FIGURE 1 - Two top rows of matrix, show lung ventilation images from the 2D-GRE; 
two middle rows show proton MRI; two bottom rows show the color code 
ventilation maps superimposed on the proton MRI (red = ventilation defect (no 
ventilation); orange = low ventilation; green = normal ventilation; blue = higher 
than normal ventilation). On the right side is the respective numerical analysis and 
pixel histogram. SNR = Ventilation image signal-to-noise ratio. TCV = Total lung 
capacity volume in Liters. 
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Results – Figure 2 

• Figure 2 demonstrates gas-exchange results for a 
single subject (Subject #3 - Healthy), which are 
broken down into ventilation, barrier, and RBC 
categories respectively. 

• Please note the similar values that were found within 
each category, as well as similar spectroscopic 
histograms.

• Please note that the measured inflation is higher at 
Site#1 (Duke – 4.67 L) than site#2 (UVA – 3.3L)

FIGURE 2 – Two top rows of the central imaging matrix, show Xe-129 MRI lung 
ventilation (color code identical to ventilation maps on Figure 1). Two middle rows 
show Xe-129 distribution in the lung membrane. Two bottom rows show maps 
from Xe-129 distribution in the RBC. Histograms are from the pixel distribution of 
the respective maps on their right side. Numerical analyses are from the lung maps 
at the center (blue for the ventilation; green for the membrane=barrier; pink for the 
RBC) and reflect the percentage of pixels with no existence in a certain area 
(defect), with low values (low) and with higher than the normal values (high). 



Results – Global-Analysis Metrics

• Figure 3 demonstrates quantitative 
differences between global-analysis metrics 
for each subject.

• Please note the statistically insignificant 
differences for each subject for ventilation 
and gas exchange values (membrane/RBC’s)

• Signal-to-noise ratio for the ventilation 
scans was the only statistically significant 
parameter (p=0.027) to differ between the 
sites.

• There was good correlation between the 
two sites for RBC/Tissue values, with 
consistent bias of gas exchange parameters 
with Duke having consistently slightly higher 
values than those from UVA

FIGURE 3 - Table shows the quantitative differences between global-analysis metrics from each site for 
each subject (value from Duke University subtracted from value from University of Virginia). 
Plot (Below) shows good correlation between the two sites for the RBC/Tissue. Open circles belong to 
healthy subjects and dark circles to e-cig users. 



Discussion

• Harmonization of HP Xe-129 MRI gas-exchange and ventilation imaging methodology among the two sites was 
successfully achieved, opening the way for a large clinical trial with these two institutions. 

• Among both healthy and e-cigarette users, ventilation and gas exchange values were similar for each subject at 
both institutions.

• Consistent bias of gas exchange parameters were noted, with Duke university having values that were higher 
than that of UVA. This may be due to lung-inflation levels; for 5 out of 7 subjects, the lung inflation level was 
higher at Duke than at UVA.

• Signal to Noise ratio for ventilation was the only measurement noted to be different between the two 
institutions. This may be related to lung-inflation level as well, or with slight differences in polarization of the 
Xe-129 gas.



Strengths/Limitations

Strengths:
• This is the first study to assess harmonization of Xe-129 MRI gas-exchange and ventilation imaging 

methodology across two different academic institutions.

• Participants in both a healthy control and disease cohort were shown to have good harmonization 
with no significant differences in calculated values, except for ventilation signal to noise ratio.

Limitations:

• Patients in both cohorts were young, with an average of ~25 in the healthy cohort and ~20 years old 
in the e-cigarette cohort.

• For this study, specific disease progression was not tracked, and it is unknown how significant lung 
damage would affect the distribution patterns created and effects on harmonization



Summary

• In this experiment, we demonstrate successful harmonization of HP Xe-129 MRI imaging 
methodology across two different academic institutions.

• Global-analysis values were found to have no significant differences when compared between the 
two institutions for the same participants.

• This paves the way for developing future experiments with HP Xe-129 MRI imaging for the use of 
studying various disease pathologies, and demonstrates the repeatability of HP Xe-129 MR imaging 
at different institutions with the same clinical patients.
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