Ventilation Defects in Asthma on Hyperpolarized Gas MRI Are Associated with
W Airway Mucus Plugs on CT
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MUCUS PLUGS IN ASTHMA hgvg been evaluated using C'!' and agsociated with eosinophilia and Ve_ntilation I_Defect Quantifica_tion. Regions of ventilation defect were classified on HP 3H_e MRI In a subset of eight subjects, a dichotomous measure of mucus plugging was assessed by
airflow obstruction [1]. Ventilation defects on hyperpolarized helium-3 (HP 3He) MRI in asthma using a semi-automated algorithm developed by Zha et al. [6] to measure whole lung ventilation bronchopulmonary segment, resulting in measurements for 8 x19 = 152 total segments.
have been associated with locally increased neutrophils [2], air trapping [2] and increased defect percent (VDP). Defect volume was located anatomically by lobe using the registered CT ’
airway wall thickness [3] on CT, and a history of severe exacerbation [4]. lobar and segmental masks to measure VDP by lobe and by sublobar segment. o >
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Figure 6. Segmental VDP vs. dichotomous  Figure 7. Logistic regression model of segmental
measure of mucus plugging. mucus plugging is shown superposed on sample data
from the subpopulation.

In a mixed effects logistic regression model with subject as a random effect, segmental VDP was

significantly associated with the presence of a mucus plug (p = 0.038). The model predicted a 26.7%
chance of an associated mucus plug at VDP = 0% and a 75.8% chance of a mucus plug at VDP = 60%.

Figure 1. Examples of mucus plugs (arrows) visualized on CT (Figure from Dunican et al. [1]).

Despite the implication of mucus plugging in
airflow obstruction, to our knowledge no
Investigation has yet been conducted to
confirm correlations of mucus plugging at the

Mucus plugs on CT were correlated with ventilation defects on MRI at

segmental  level with ventilation Figure 3. Example images of a mucus plug visualized on CT (left) and a spatially the whole lung, lobar, and segmental level.
heterogeneity observed on HP “He MRI. overlapping ventilation defect on HP SHe MRI (right). Inset on left shows close-up
of mucus plug. CT image is a maximum intensity projection through five axial
Our previous work has examined slices to approximately match the slice thickness of the HP *He MRI .
correlations between Iobar mucus plug .
scores on CT and lobar ventilation defects on Whole Lung Compal‘lson
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Figure 2. Example of ventilation defect ~HP °He MRI [5]. This work extends this

(arrow) visualized on HP 3He MRI. approach to encompass comparisons at the

whole lung, lobar, and segmental levels. Mucus plugging is common in asthma and can be visualized on CT. Hyperpolarized helium-3 (HP 3He)
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: o < 7 ° MRI provides a means of directly visualizing ventilation heterogeneity in obstructive lung disease.
Materials and o o
: g = - 7 In this population of 33 mild/moderate and severe asthmatics, segmental mucus plugging on CT is
Our study population was drawn from the National Heart, Lung, and Blood Institute (NHLBI) Severe S oo associated with ventilation defects on HP 3He MRI, confirming previous observations in the whole lung
Asthma Research Program Ill (SARPIII) population. = and by lobe.
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All subjects underwent spirometry to obtain forced expiratory volume in one second (FEV,), forced = 800 O 5
vital capacity (FVC), and FEV,/FVC. Percent predicted (PP) values were calculated using reference % = _TWPO% — | |
values from the Global Lung Function Initiative standard [6] MRI and CT were aCQUired after en 0 10 20 30 This multimodal approach enables assessment Of the functional
bronchodilation using inhalation of albuterol. CT was acquired at TLC and MRI was acquired at FRC = Whole-luna VDP  onifi f ob d 1 d £ that 1
plus the volume of a gas bag (approximately one liter) normalized to the subject’s TLC. J Slgnl.liagce .(Eh 0 S.erve fmflcfllls pll'lgs°ta1tl° C(.)n HItI;lS e
. .« g Figure 4. Whole-lung mucus score vs. whole-lun assoclated with regions o1 airfilow limitation 1in asthma.
Study populatlon characteristics VgF’. Spearman’s corgelation is 0.65 (p < 0.0001). J 5
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MRI-CT Registration. CT acquired was processed through VIDA Diagnostics software (VIDA Figure 5. Lobar mucus score vs. lobar VDP. between lobar mucus score and E E
Diagnostics, Coralville, IA) to generate lobar and segmental anatomical masks. The HP 3He image lobar VDP. * The Severe Asthma Research Program (SARP)
boundary was segmented with reference to proton MRI using in-house software written in MATLAB *  NIH/NHLBIR01 HLO80412
(The MathWorks, Natick, MA). CT was registered to HP 3He MRI using the ANTs software package \171\/1115{(:{) TiLBiiﬁﬂLngeiCh Foundation  (WARF) Technolo
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