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Introduction

Hyperpolarized helium-3 (H3He) is a gaseous contrast agent that, when inhaled, permits MR imaging of the lung airspaces. The apparent
diffusion coefficient (ADC) of inhaled H3He provides a measure of the size and morphology of the distal airspaces within the lung. Enlarged
airspaces have been detected using H3He diffusion imaging in animal models of emphysema and in humans with emphysema (1-4). In normal
adults, it has been questioned whether there is a slight trend toward increasing mean ADC values with advancing age (5). To our knowledge, the
normal H3He ADC findings in the pediatric age group have not been reported previously. It iswidely believed that humans grow new aveoli from a
few weeks before term birth until approximately 8 years of age, after which the alveoli are thought to enlarge as the lungs increase in volume, but no
new alveoli are formed (6). It is therefore expected that in the pediatric age group, the increase in alveolar size with increasing age will be reflected
in anincrease in H3He ADC with age.
M ethods

Twelve healthy subjects underwent H3He diffusion MR imaging on a 1.5T whole-body MR scanner (Magnetom Vision, Siemens Medical
Solutions). The age range was 7 to 29 yrs (mean 15.6, standard deviation 6.9 yrs). Subjects were positioned supine in the MR scanner, and starting
from maximum expiration, subjects inhaled a mixture of approximately 30% H3He and 70% nitrogen to a total volume of approximately 1/3 of the
subject’s forced vital capacity (FVC). During the subsequent breath hold, contiguous coronal diffusion images were acquired covering the whole
lung volume using a FLASH-based diffusion sequence (TR/TE, 11/6.7 ms ; FA, 7° matrix, 80 x 128; FOV, 37 x 42 cm, slice thickness 20 mm, b-
values, 0 and 1.6 Scm?). The length of the breath hold depended on the number of images required to cover the entire lung volume but was typically
lessthan 15 sec. The mean and standard deviation of the ADC for all of the slices in a study was computed for each subject.
Results

All 12 of the subjects had homogenous appearing ADC maps. As has been noted previously in normal subjects, the ADC values were slightly
higher in the anterior than the posterior slices (7). There was a strong trend toward increasing mean ADC values with increasing age as shown in the
figure below (r=0.85). The average of the mean ADC was 0.16 cm2/s for subjects under age 18 yrs and 0.20 cm?s for those over age 18 yrs
(p<0.01). Comparing the mean ADC with other measures of maturation or lung volume gave correlation coefficients of 0.74 with height, 0.64 with
weight, 0.76 with FVC in liters, 0.81 with the predicted FV C based on the subject’s age and height, and 0.34 with the percent predicted FVC. With
the standard deviation of the ADC, there was no trend with age (r=0.32), and the average of the standard deviation of the ADC was 0.068 cmé/s for
subjects age less than 18 years and 0.72 cm?/s for those over 18 yrs (p=0.36).
Discussion

We found that the mean ADC increases with age in the pediatric population and that the mean ADC is lower in the pediatric age group than in
young adults suggesting that the pediatric subjects had smaller airspaces that the young adults. The variability of the airspace structure, as measured
by the standard deviation of the ADC values, did not change with age, as expected. Given that the alveoli are thought to increase in size as the lungs
increase in size from late childhood until adulthood, H3He diffusion MR lung imaging appears to be able to detect this normal maturation process of
the lungs. Having detected normal maturation, it is possible that H3He diffusion MR imaging may be able to detect alterations in this process that
arethe result of chronic lung diseases of childhood.
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