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Abstract
Purpose—To investigate immobilization-induced ventilation defects when performing
hyperpolarized 3He (H3He) MRI of the lung.

Methods and Materials—Twelve healthy subjects underwent MRI of the lungs following
inhalation of H3He gas at three time points: 1) immediately after having been positioned supine on
the MR scanner table, 2) at 45 minutes while remaining supine, 3) and immediately thereafter after
having turned prone. All image sets were reviewed in random order by three independent, blinded
readers who recorded number, location and size of H3He ventilation defects. Scores were averaged
for each time point and comparisons were made to determine change in number, location and size
of ventilation defects with time and positioning of the subject in the scanner.

Results—At baseline supine there were small numbers of defects in the dependent (posterior) and
non-dependent (anterior) portions of the lung (p=0.625). At 45 minutes there was a significant
increase in the mean number of ventilation defects/slice (VDS) for the dependent (p=0.005) and a
decrease for the non-dependent lung portions (p=0.021). After subjects turned prone, mean VDS for
posterior defects decreased significantly (p=0.011) while those for anterior defects increased
(p=0.010). Most defects were less than 3 cm in diameter.

Conclusion—It was found that immobilization of the subject for an extended period of time led to
increased number of H3He ventilation defects in the dependent portions of the lung. Therefore, after
a subject is positioned in the scanner, H3He MR imaging should be performed quickly to avoid the
occurrence of the immobilization-induced ventilation defects, and possible overestimation of disease.
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Introduction
Hyperpolarized helium-3 (H3He) is a gaseous magnetic resonance (MR) imaging contrast
agent that, when inhaled, can be used to evaluate the airspaces of the lung. With this technique
high-spatial-resolution MR images of lung ventilation can be obtained as has been shown in
numerous studies involving normal volunteers and patients with a variety of diseases (1–5,
24,25). Although there is generally homogeneous distribution of the MR signal throughout the
lung in healthy subjects following inhalation of the gas, small peripheral ventilation defects in
the dependent areas of the lungs can been seen and are believed to be caused by collapse of
small portions of the lung (3,5). The purpose of this study was to investigate the effect of patient
positioning and time on the frequency, size and location of these defects, in order to better
understand their impact and significance in the diagnosis of pulmonary disease when using
H3He MR. Our findings were compared with earlier work done in posture-dependence of lung
function, in animal studies and patients, using a variety of other modalities (7–10,12–14,18,
19).

Materials and Methods
Subjects

The study group consisted of 12 healthy, volunteers who had never smoked (six men and six
women; age range, 22–43 years; median age, 34 years) and had no history of lung disease.
None of them had undergone H3He MR imaging of the lungs previously. All volunteers had
to meet the following criteria: normal physical examination, normal spirometric results
[predicted forced expiratory volume in one second (FEV1) of 80% or greater; ratio of FEV1 to
Forced Vital Capacity (FEV1/FVC) greater than 0.70], normal chest radiography, greater than
95% oxygen saturation at pulse oximetry and no known allergies. All studies were performed
with approval from the Food and Drug Administration for using H3He as an Investigational
New Drug (IND # 57,866) and under a protocol approved by our institution’s Investigational
Review Board. All volunteers provided informed written consent prior to their studies.

3He Polarization
The 3He gas was polarized using a commercial system (model IGI 9600, MITI, Durham, NC)
via the spin exchange method using rubidium vapor as the alkali metal in the process. The
rubidium vapor was optically pumped with a 60-Watt diode array laser (wavelength centered
at 795nm). The details of the polarization process have been described in detail previously
(1). After polarizing the gas for approximately 17 hours, achieving polarization levels ranging
from 30–38%, the gas was cooled down for 45 minutes. For each set of 3He MR images to be
obtained, approximately 350 ml of H3He was passed through a polytetrafluoroethylene (PTFE)
membrane filter (0.003 μm poresize, Millipore, Japan) and dispensed into a Tedlar® bag
(Jensen Inert Products, Coral Springs, FL). Medical grade nitrogen was added to the bag to
provide a total volume of one liter. The bag with gas was then transported to the scanner and
inhaled by the subject.

MR Imaging
All studies were performed by using a 1.5 Tesla whole-body MR scanner (Magnetom Vision,
Siemens Medical Solutions, Malvern, PA), modified with a broadband amplifier to allow
operation at the 3He resonant frequency of 48 MHz. A specially designed flexible radio-
frequency coil (IGC Medical Advances, Milwaukee, WI) tuned to the 3He frequency was
wrapped around the volunteer’s chest during the entire study. Throughout the imaging, the
subject’s heart rate and blood oxygen saturation were monitored (Omni-track Vital Signs
Monitoring System, Invivo Research, Orlando, FL). The mean oxygen saturation value at the
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end of each breath-hold was 94 ± 2.2%. Two minutes after the breath-hold, all subjects had
completely recovered and showed values identical to their baselines (98 ± 0.9%).

For each volunteer, a single set of axial H3He MR images was obtained after the subject had
been positioned in supine position on the table of the MR scanner with the flexible radio-
frequency coil around the chest. Including the time for scout images and slice positioning, the
set of H3He images was typically obtained within five minutes that the subject was on the table.
After the scan, the subject remained supine on the scanner table within the flexible coil but
with the table moved out of the scanner for subject comfort. While on the table the subject was
asked to breath normally. After 40 minutes the scanner table with the subject supine was moved
back into the scanner and a second set of axial H3He images was obtained, which was typically
about 45 minutes after the initial scan. Following the second scan, the patient table was again
moved out of the scanner, the radio-frequency coil was loosened, and the volunteer was asked
to turn to the prone position. Subsequently, after adjusting the radio-frequency coil, the scanner
table was moved back into the scanner and a third set of axial H3He images obtained with the
subject prone.

Each image set consisted of 23–25 contiguous sections obtained by using a two-dimensional
gradient-echo pulse sequence with following parameters: repetition time (TR)/echo time (TE)
7.0 ms/2.7 ms; flip angle 9°; matrix size 128×128; voxel size of 3.3 mm ×3.3 mm; section
thickness, 10 mm. Each scan was performed during a breath-hold period of approximately 15
seconds immediately following inhalation of the H3He gas.

Image Analysis
Three H3He MR image sets (baseline supine, 45-minute supine and prone) for all 12 subjects
were printed separately on film whereby the prone images were rotated by 180 degrees to
facilitate reviewing. Images were printed without any subject information or technical
indicators except for the display of a ruler as provided by the standard software of the scanner.
Subsequently, the image sets were distributed in random order to three radiologist readers.
Each reader determined, independently and without information as to the order in which the
images had been obtained, the number of H3He ventilation defects for each image section, the
number of defects that were located in the anterior or posterior, superior or inferior, and right
or left portion of the lung, and the number of defects that were <3 cm or >3 cm in maximum
dimension. For determination of whether a defect was in the anterior or posterior half of the
lung, the reviewers used the imaginary coronal plane through the trachea and main stem
bronchi, and for the superior versus inferior half of the lung, the reviewers used the horizontal
plane through the carina. A ventilation defect was defined as an area of the lung that completely
lacked gas signal (appearing black) or a sharply defined area with diminished signal intensity
(appearing less bright than the surrounding lung).

Statistical Analysis
For each image set the scores from the three reviewers were averaged and the mean number
of ventilation defects per slice (individual subject VDS) computed for each of the 3 image sets
of the individual subjects. Subsequently, the mean VDS for the group of 12 subjects was
calculated at each time point for the whole lung, anterior versus posterior half, superior versus
inferior half, right versus left, and for defects < 3 cm and > 3 cm. The statistical significance
of differences was assessed by using a two-tailed paired t-test, with a p-value <0.05 being
considered statistically significant.
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Results
The mean VDS for the 12 healthy volunteers at baseline supine, 45-minute supine and prone
are presented in Table 1. At baseline, small numbers of defects were seen (individual subject
VDS range 0.15 – 3.03; mean, 0.87 ± 0.89), with no significant differences in mean VDS for
the group of 12 subjects between the dependent (posterior) and non-dependent (anterior)
portions of the lung (p=0.625). After remaining supine for 45 minutes, there was an overall
increase (p=0.035) in VDS (individual subject range: 0.25 – 3.21; mean, 1.43 ± 0.96). This
increase was largely due to a more than two-fold increase in mean VDS for the group in the
dependent portion of the lung (p=0.005) while there was a significant decrease in mean VDS
in the non-dependent portion (p=0.021). When the subjects subsequently turned prone, mean
VDS of posterior defects decreased again markedly (p=0.011) for the group of 12 subjects to
values that were slightly but not significantly below baseline while there was a marked increase
(p=0.010) in mean VDS of anterior defects to values that were slightly but not significantly
above baseline, resulting in a decrease of the overall mean VDS for the whole lungs to a value
that was slightly but not significantly above baseline (individual-subject VDS range with
subject prone: 0.27–2.57; mean 1.00 ± 0.67).

There was a relatively greater change in mean VDS for the group in the left lung compared to
that for the right lung, both with the subjects supine at 45 minutes and prone; however, the
difference in mean VDS between the two lungs was not statistically significant at any of the
three time points. Similarly, at all three time points, the mean VDS involving the inferior half
of the lung was always slightly, but not significantly greater than that for the superior half
(Table 1).

With respect to defect size, the defects were mostly small (<3 cm) at baseline. With the increase
of defects at 45 minutes, there was an almost two-fold increase in mean VDS for small (< 3cm)
defects (p=0.130) while mean VDS for large (> 3cm) defects remained essentially unchanged
(p=0.743). When the subjects turned prone, both the small and large defects decreased in
number but stayed above baseline values for the small defects (p=0.490) and decreased to
below baseline values for the large defects (p=0.060).

The three reviewers showed a very similar evaluation of the images, with an average standard
deviation of 0.038 VDS among all images from baseline, and 0.049 and 0.045 VDS for the
images obtained at 45 minutes and in prone position, respectively.

Discussion
In this study in normal individuals we found that there was a significant increase in H3He
ventilation defects in the posterior, dependent, portions of the lung after the subjects had been
immobilized for a relatively long period of 45-minute period in the supine position. The number
of posterior defects more than doubled compared to baseline. Clearly, these defects had
developed in the interval that the subjects remained immobilized. In the anterior, non-
dependent portions of the lungs the defects decreased slightly in number during
immobilization. The defects that formed in the dependent aspect of the lung, were transitory
in nature because immediately after the subjects turned prone most of these resolved and the
values returned to near baseline. It was also found that a greater proportion of defects developed
in the upper lung zones (the lung above the level of the carina) compared to the lower lung.

Although the cause of these transient defects is uncertain, a likely explanation is that these
were caused by compression of the alveoli from the weight of the lung above it when the subject
is supine. This would be supported by the fact that the defects occurred chiefly at the periphery,
that is, the most dependent aspects of the lung, and there were less defects further away from
the periphery. It seems understandable that the effect of compression becomes more prominent
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when immobilization is maintained over a longer period of time. A similar postulation of the
effect of gravitational forces on the alveolar tissues has been made in humans in the upright or
standing position whereby the alveoli at the bases of the lung are more compressed than those
in the apices, and studies have indeed shown that the pattern of stress distribution is greatest
in the direction of the gravity (20,21). An anterior-posterior gradient in lung density has also
been demonstrated in a variety of cross-sectional imaging studies with the subjects supine. For
instance, using CT it has been shown that with expiration the tissue density of the posterior,
gravity-dependent lung increases more rapidly than that of the anterior lung, implying that the
posterior regions empty more rapidly than the anterior regions (22). The heart and abdomen
also contribute to the greater compression of the posterior lung regions in the supine position
(23). Gravitational-dependent atelectasis is a common finding in the dependent portions of the
lung using computed tomography (8,12,14,17,18) and has been investigated in animal studies
and patients using a variety of other modalities including H3He MR (7–10,12–14,18,19).

In our study we found few ventilation defects on the H3He MR images present at baseline in
many of the healthy subjects. Most (80%) of these defects were small, measuring less than 3
cm in diameter. While there was an increase in defects number in the dependent portions of
the lungs with prolonged immobilization, the majority (89%) of the defects remained small. It
was also found that there was a trend toward more defects in the left than right lung during
immobilization, although the differences were not significant. It is possible that the heart, which
is positioned on the left, causes additional compression on the lung (7,13,15).

One of the limitations of our study is that our study population was small and that the subjects
were healthy and young. Older subjects or patients with diseases that involve airway narrowing
such as asthma may be more susceptible to the development of gravity dependent atelectasis.
Further, pediatric subjects may also have an increased susceptibility due to the small airway
diameter and increased airway compliance.

Conclusion
Nevertheless, the findings show that prolonged immobilization can lead to a significant
increase in the number of H3He ventilation defects in the gravity dependent portions of the
lung. Although most of these defects are small (< 3cm diameter) and disappear when the subject
changes position, there is the potential in patients with lung diseases such as asthma or
emphysema, who are likely to have defects already at baseline, that the additional presence of
the immobilization-induced defects may lead to an overestimation of disease. It is therefore
important that H3He MR images are obtained without delay after the subject is positioned in
the MR scanner to avoid the development of these induced, gravity-dependent ventilation
defects and potential for overestimation of disease severity.
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Figure 1.
Axial H3He MR images at the same level of a healthy subject at three different time points.
(A) At baseline a small defect is seen posteriorly (arrow) in the dependent portion of the lung.
(B) Image obtained 45 minutes after the subject has remained immobilized in supine position
on the MR scanner shows marked interval increase in ventilation defects in the dependent
portions of the lungs (arrows). (C) Image obtained immediately after the subject turned prone
shows resolution of most posterior defects and development of new defects (arrows) in the
newly dependent, anterior portion of the lung (image was rotated to facilitate comparison).
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