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Rationale and Objectives. Hyperpolarized 3He magnetic resonance imaging ventilation defects have been observed in
subjects with respiratory disorders. We quantified 3He ventilation defects in elderly and middle-aged subjects who had no
history of smoking, respiratory, or cardiovascular disorders.

Materials and Methods. Hyperpolarized 3He magnetic resonance imaging ventilation defect volume (VDV) and ventilation
defect score (VDS) were assessed in eight elderly healthy volunteers (mean 67 � 6 years) scanned twice within 7 � 2 minutes
and again 7 � 2 days later. A younger cohort of 24 subjects (mean 44 � 10 years) was also scanned for direct comparison. Four ob-
servers blinded to scan timepoint and subject identity scored VDS and manually segmented VDV in all center coronal slices.

Results. Center coronal slice ventilation defects were observed in six of eight elderly subjects (ages 63–74 years, 5 males)
in all scans acquired and in no middle-aged subjects. At the scan timepoint, mean VDS was 2.7 (mean VDV 52 � 34
cm3), whereas for same-day rescan, mean VDS was 2.5 (mean VDV 53 � 35 cm3) and at 7-day rescan, mean VDS was
3.6 (mean VDV 48 � 39 cm3). Interscan coefficients of variation (COV) for mean VDV was 1.8% (same-day rescan) and
5.3% (7-day rescan) and interobserver COV ranged from 10–12%.

Conclusion. Elderly subjects have ventilation defects that are reproducible in same-day scanning and 7-day scanning vis-
its. The observation of reproducible pulmonary ventilation defects in otherwise healthy elderly volunteers suggests caution
must be used in interpreting results from 3He studies of elderly subjects.
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New methods of pulmonary magnetic resonance imaging
(MRI) with inhaled hyperpolarized helium-3 (3He) have
been shown to provide regional pulmonary 3He ventila-
tion maps and the location and size of ventilation changes
within the lung in asthma (1–4), cystic fibrosis (5–10)
and chronic obstructive pulmonary disease (COPD) (11–
19). In patients with respiratory disease, areas of de-
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creased ventilation from airflow changes are observed as
“ventilation defects” that are visualized as decreased
(and/or absence of) 3He intensity in 3He MRI spin density
images.

Previously, both the size and number of these ventila-
tion defects have been shown to correlate with severity in
asthma (1–4), and in addition, exercise and methacholine
challenge has been shown to alter the size, location, and
number of defects that occur in asthma (3). We have also
previously described a preliminary analysis of ventilation
defect score (VDS) and ventilation defect volume (VDV)
in 3 subjects: one with mild-moderate COPD, one with
severe COPD, and a single healthy age-matched control
(17). We noted in this study that significant ventilation
defects were observed even in the healthy elderly subject.
The finding of numerous center slice ventilation defects in
an older healthy individual who was not a smoker, did
not have asthma, or cardiovascular disease, and who had
normal pulmonary function tests (17) was surprising and
had not been reported previously in other studies of
younger healthy volunteers. This result challenged us to
explain the physiologic mechanisms related to ventilation
defects in healthy lungs as well as the prevalence of ven-
tilation defects in older and middle-aged individuals. To
try to address some of these issues, the goal of this study
was to examine and compare, using 3He MRI, ventilation
defects in elderly and middle-aged subjects who had no
history of smoking, respiratory, or cardiovascular disease.

MATERIALS AND METHODS

Study Population
Subjects were recruited from the general population by

newspaper advertisement and media coverage; they pro-
vided written informed consent to study protocols ap-
proved by The University of Western Ontario Standing
Board of Human Research Ethics and by Health Canada.
To qualify as a healthy subject, volunteers had to have no
history of chronic respiratory disease or cardiovascular
disease and less than 1 pack-year of smoking over their
lifetime. In addition, subjects were enrolled based on
forced expiratory volume in 1 second (FEV1) �80% pre-
dicted and FEV1 divided by the forced vital capacity
(FVC) (FEV1/FVC) �70%, measured using spirometry,
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) classification for healthy subjects
(20). For the elderly cohort, subjects were recruited be-

tween the ages of 50 and 75 years and enrolled between
the ages of 58 and 74 years inclusive, whereas for the
younger subgroup, subjects were recruited between the
ages of 18 and 60 years of age and enrolled between the
ages of 23 and 57 years inclusive.

Spirometry
Spirometry was performed at screening and at each

MRI visit using an ndd EasyOne spirometer (ndd Mediz-
intchnik AG, Zurich, Switzerland) reporting forced FEV1

(absolute and percent predicted) and FVC.

Magnetic Resonance Imaging
For both subject subgroups, MRI was performed on a

whole body 3.0 Tesla Excite 12.0 MRS system (GEHC,
Milwaukee, WI) with broadband imaging capability as
previously described (17). All helium imaging employed
a whole body gradient set with maximum gradient ampli-
tude of 1.94 G/cm and a single channel, elliptic transmit/
receive chest coil (RAPID Biomedical GmbH, Wuerzburg
Germany). The basis frequency of the coil was 97.3 MHz
and excitation power was 3.2 kW using an AMT 3T90
RF power amplifier (GEHC, Milwaukee, WI).

The elderly subgroup was scanned twice within 7 � 2
minutes (scan and same-day rescan) and then again once
within 7 � 2 days (7-day rescan). All but two of the
younger subjects were scanned on a single occasion only,
with two subjects being scanned up to 20 times each
within 2 years. Multislice 3He coronal images were ob-
tained using a fast gradient-echo method (FGRE) with
centric k-space sampling (field-of-view [FOV] 40 �
40cm). Two interleaved images (echo time [TE] � 3.7 ms,
relaxation time [TR] � 7.6 ms, 128 � 128, flip angle �
7°, 7 slices 30 mm thick), with and without additional
diffusion sensitization (G � 1.94 G/cm, rise and fall time �
0.5 ms, gradient duration � 0.46 ms, ��1.46 ms, b value �
1.6 s/cm2), were acquired for each slice with the non–
diffusion-weighted image serving as a 3He ventilation
image for analysis. The total image acquisition time was
14 second. Each subject inhaled 3He gas as previously
described (17) from a 1 L 3He/N2 gas mixture consisting
of a dose of 5 ml/kg of hyperpolarized 3He [ie, for a
50-kg subject, 250 ml would be dispensed and diluted
with medical N2 to a total volume of 1 L, as previously de-
scribed (19)]. The 3He gas dose was administered to subjects
after completing a tidal breath exhalation, and imaging was
performed with the subject in breathhold, once the subject
had completed inhaling the 1-L volume of gas. Proton imag-
ing was performed after completion of 3He imaging and

subjects were scanned using a 4-channel radiofrequency coil
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(GEHC, Milwaukee, WI) with the subject holding their
breath after completing a tidal breath inhalation. Multislice
1H coronal images were obtained using a fast spoiled gradi-
ent recalled echo sequence (256 � 256 matrix, FOV 40
�40 cm, TR � 2.7, TE � 1.3, flip angle � 8°). All 1H and
3He scanning was completed within approximately 10 min-
utes of first lying in the scanner.

Hyperpolarized 3He gas was provided by a turn-key,
spin-exchange optical pumping system (HeliSpin™,
GEHC, Durham, NC) as previously described (17).

Image Analysis
Center slice 3He images were analyzed for VDS and

VDV in a dedicated radiologic viewing room that pro-
vided a constant image visualization environment with
consistent (darkened) room lighting. VDS and volumetric
segmentation were performed for the center coronal slice
only, determined by the presence of the carina, with the
aid of the 1H center-slice images (also identified by the
presence of the carina). 3He center-slice images were vi-
sually compared alone and registered together with 1H
center slice images. While all slices were reviewed, only
the center coronal slice was quantitatively assessed, be-
cause in this study 1H image slices were not acquired
with the same slice thickness or breathhold as the 3He
images (slice thickness of 10 mm for 1H compared to
30-mm slice thickness for 3He). Rigid registration of the
center coronal slice was based on the anatomic location
of the carina.

Images were examined in the same image visualization
environment by four trained observers for analysis of ven-
tilation defects with all observers blinded to subject iden-
tity, disease status, and scan time-point. 3He ventilation
defects were identified according to a definition provided
based on a previous study in asthma (2). Images were
evaluated with a signal-to-noise (SNR) threshold of 22
and fixed contrast level, both of which were empirically
established after reviewing all images. Images were re-
viewed such that for each subject all timepoints were dis-
played on a digital workstation monitor system (consist-
ing of identical 19-inch flat panel monitors). Thus, all 3He
images for each subject were scored together with the
observers blinded to the demographic, clinical, and spiro-
metric information of the subjects. A ventilation defect
was defined as previously described by Altes and co-
workers (2) as any well-defined area of the lung showing
no or low signal intensity compared with the remaining
ventilated lung. Areas of absent signal associated with the

pulmonary vascular structures, heart, hilum, and mediasti-
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num were not considered to be ventilation defects. No
lower boundary for defect size detection or quantification
was used. After scoring ventilation defects, manual seg-
mentation of the defects was performed on 32-bit image
slices randomized together (subject and scan time) that
were imported into a three-dimensional image visualiza-
tion platform developed in our laboratory (21,22) for MR
and ultrasound applications as previously described (23).
The image visualization software tool used also provided
a method for two-dimensional rigid image overlay or reg-
istration (of the center slice 1H image and the center slice
3He image, based upon the anatomic location of the car-
ina), facilitating the manual segmentation of center-slice
ventilation defect volume even in the case where poor
registration occurred due to breathhold mismatch. As
shown in Figure 1, two-dimensional image overlay (of the
center slice 1H image and the center slice 3He image) fa-
cilitated the identification and manual segmentation of
center slice ventilation defects. 3He ventilation defects
were manually segmented, recorded, and multiplied by
the slice thickness (30 mm) to provide an estimate of cen-
ter slice VDV, which was recorded in dedicated source
documents. Interscan and interobserver variability were
assessed using the coefficient of variation (COV), which
was calculated as the standard deviation of the difference
(between scans for interscan and between observers for
interobserver) divided by mean VDV.

RESULTS

Study Subjects
Eight elderly healthy subjects (five males) were en-

rolled (mean age 67 � 6 years, range 58–74) as well as
24 (14 males) middle-aged healthy volunteers (mean age
44 � 10 years, range 23–57). Baseline subject demo-
graphic data and pulmonary function test results are re-
ported in Table 1. Both subgroups had similar baseline
mean weight, FEV1 (% predicted) and FEV1/FVC. None
of the subjects had a history of cardiovascular or respira-
tory disorders, obesity, sleep disorders, and none of the
subjects had smoked within the last 10 years or had a
smoking history of �1 pack-year over their lifetime.
Body mass indexes ranged from 24–35 kg/m2 for the el-
derly subjects and 20–24 kg/m2 for the middle-aged sub-
jects. The two subgroups had significantly different mean
age (P �.001). All subjects, except for a single elderly
subject who withdrew from the 7-day scanning visit due

to claustrophobia, were able to complete all scans and
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visits. The single subject who withdrew after his first
scanning visit was scanned twice during his single scan-
ning visit. Two middle-aged healthy subjects were
scanned up to 20 times each within two years.

Ventilation Defects and Ventilation Defect Volume
As shown in Tables 1 and 2, none of the middle-aged

healthy volunteers showed evidence of center coronal
slice 3He ventilation defects, including two of these sub-
jects who were scanned up to 20 times each within a two-
year time frame. Although only the center slice was quan-
titatively assessed, for these younger subjects, ventilation
defects were not observed in any slices. However, six of
eight elderly healthy volunteers exhibited visibly obvious

Figure 1. Hyperpolarized 3He magnetic resona
tion approach. (a) 1H thoracic cavity: (i) Subject
Subject 6-001. (b) Hyperpolarized 3He ventilatio
Subject 6-007, (iv) Subject 6-001. (c) Overlay of
(grey): (i) Subject 7-1003, (ii) Subject 7-1008, (iii
tion of 3He ventilation defects (red): (i) Subject 7
Subject 6-001.
3He ventilation defects in scans acquired at baseline scan,
same-day rescan, and 7-day rescan (Table 2). Two of the
eight healthy elderly subjects had no ventilation defects in
any slice during scan, same-day rescan, or 7-day rescan;
these were both male subjects and the youngest in the
subgroup (age 58, BMI 27 kg/m2 and age 60, BMI 35
kg/m2, respectively). For all healthy elderly subjects,
mean center slice VDS was 2.5. For all healthy elderly sub-
jects, mean center slice was 2.7 at scan and 2.5 for same
day re-scan, whereas for 7-day rescan, VDS was 3.6. Mean
center slice VDV was 52 � 34 cm3 at scan, 53 � 35 cm3 at
same-day rescan, and 48 � 39 cm3 at 7-day rescan. Fig-
ure 2 shows 3He ventilation images with defects identified
with arrows (Fig. 2(i)) and the overlay of 3He ventilation
images on the 1H thoracic cavity image (Fig. 2(ii)) for

imaging ventilation defect volume segmenta-
03, (ii) Subject 7-1008, (iii) Subject 6-007, (iv)
ge: (i) Subject 7-1003, (ii) Subject 7-1008, (iii)
ventilation image (yellow) on 1H thoracic cavity
ject 6-007, (iv) Subject 6-001. (d) Segmenta-
3, (ii) Subject 7-1008, (iii) Subject 6-007, (iv)
nce
7-10
n ima
3He

) Sub
-100
three representative healthy elderly subjects (ages 70, 73,
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and 74 years, respectively). Figure 3 provides representa-
tive 3He ventilation scans for three representative healthy
middle-aged subjects (ages 45, 43, and 39 years, respec-
tively). The range of SNR for the images in both sub-
groups was similar.

Ventilation Defect Volume Interscan and
Interobserver Reproducibility

For all eight elderly subjects who underwent scanning,
interscan COV for mean VDV was 1.8% for same-day
scanning and 5.3% for 7-day scanning. Figure 4 shows
3He ventilation images providing visual evidence of the
reproducibility of VDV for two representative elderly
subjects with ventilation defects that completed both
same-day and 7-day scanning visits. For both subjects, the
magnitude and location of many of the defects are very
similar during same-day scanning; there are a few differ-
ences in the number of defects, the location of the de-
fects, and the size of the defects observed in the 7-day
rescan. For comparison, repeated scans of two middle-
aged subjects are also provided in Figure 4 with rescan

Table 1
Study Subject Demographic Characteristics

Elderly Healthy
Volunteers

(n � 8)

Middle-aged Healthy
Volunteers
(n � 24)

Male (n) 5 14
Age (� SD) [range] (yrs) 67 (6) 44 (10)

[58–74] [23–57]
Weight (� SD) kg 76 (17) 76 (13)
Body mass index (� SD)

[range]
27 (4) 25 (3)

[24–35] [20–34]
FEV1 % predicted (� SD) 106 (19) 101 (11)
FEV1/FVC % (� SD) 77 (5) 80 (8)
Subjects with ventilation

defects (n) (male)
6 (3) 0 (0)

Total ventilation defects (n)
Scan 16 0
Same-day rescan 15 0
7-day Rescan 18 0

Mean VDV cm3 (� SD)
Scan 52 (34) 0
Same-day rescan 53 (35) 0
7-day rescan 48 (39) 0

SD, subgroup standard deviation for eight healthy volunteers;
FEV, forced expiratory volume in 1 second; FVC, forced vital ca-
pacity.
performed within 8 months of baseline and the second
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rescan performed within 2 years of baseline. No defects
or visual differences were observed in the scans for the
middle-aged subjects. Although a single observer’s results
are provided in Table 1, the results for three additional
observers are provided in Table 3 as well as interobserver
COV, which ranged from 10–12%.

DISCUSSION

A number of important observations were made in this
study. First, all subjects in this study who were 63 years
of age and older displayed ventilation defects in the cen-
ter coronal slice, and the number, location, and size of
these defects were highly reproducible for same day scan-
ning sessions with mean interscan VDV COV 1.8% and
mean VDS of 2.7 and 2.5. Somewhat lower reproducibil-
ity was observed for the 7-day scanning visit compared to
baseline, with a mean interscan VDV COV of 5.3% and
mean VDS of 3.6 defects. However, all of the six elderly
subjects who displayed ventilation defects at baseline dis-
played very similar number and size of ventilation defects
at the 7-day scanning session. In addition, none of the 24
healthy volunteers in the middle-aged subgroup displayed
ventilation defects during any scanning session and nei-
ther did the two youngest subjects in the elderly sub-
group. As shown in Table 3, four observers measured
VDV over a 1.5-year period with interobserver COV
ranging from 10–12%. In recent work, Altes and co-
workers (24) showed the association of age and ventila-

Table 2
Ventilation Defects in Elderly Healthy Volunteers

Ventilation Defects in Center Slice

Scan Same-day Rescan 7-day Rescan

Subject 1001 (n) 0 0 0
Subject 1002 (n) 3 3 ND
Subject 1003 (n) 3 3 5
Subject 1004 (n) 2 2 4
Subject 1005 (n) 3 2 3
Subject 1006 (n) 0 0 0
Subject 1007 (n) 2 2 3
Subject 1008 (n) 3 3 3
Total sum defects 16 15 18
Mean defect score 2.7 2.5 3.6

ND, not done (patient withdrew from study due to claustropho-
bia)
tory defects, which supports the finding reported here of
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significantly different size and number of defects in the
center coronal slice of healthy younger and elderly volun-
teers. Their previous work also reported small mean num-
bers (�2) of ventilation defects in younger healthy volun-
teers (6) when the entire lung was assessed. In current
studies of healthy volunteers at 3.0 Tesla at our site, there
is little evidence of posterior or other slice defects in
healthy volunteers who have less than 1 pack-year smok-
ing and no evidence of cardiovascular or respiratory dis-

Figure 2. Elderly healthy volunteers 3He magn
year-old female, forced expiratory volume in 1 s
capacity (FVC) � 75% (i) 3He image (ii) overlay
7-1007 73-year-old male, FEV1 � 104% predict
3He image with 1H thorax image. (c) Subject 7-1
FEV1/FVC�79% (i) 3He image (ii) overlay of 3He

Figure 3. Middle-aged healthy volunteers 3He
45-year-old female. (b) Subject 6-1003 42-year-
ease. This may be the case because 3He MRI at our site
has been limited to less than 50 healthy volunteers; it is
possible that with more subjects scanned, ventilation de-
fects will be detected.

A second finding from this preliminary study was that
for the six elderly subjects for whom defects were ob-
served, there was a tendency for these to appear in the
same locations 7 days later. In some cases, the original
defects were accompanied by new defects and/or slightly
altered sizes. Regional persistence or recurrence of venti-

esonance imaging. (a) Subject 7-1004 70-
d (FEV1) � 149% predicted, FEV1/ forced vital
e image with 1H thorax image. (b) Subject
EV1/FVC � 84%. (i) 3He image (ii) overlay of
74-year-old male, FEV1 � 91% predicted,
e with 1H thorax image.

etic resonance imaging. (a) Subject 6-1001
ale. (c) Subject 6-1010 39-year-old male.
etic r
econ
of 3H
ed, F
008
magn
lation defects has also been recently described in asthma
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by Altes et a; (2) with specific regions of the lung appear-
ing to be more likely to display altered ventilation pat-
terns. The observation in this study that regional persis-
tence is also a feature of ventilatory defects in healthy
elderly subjects suggests that specific airways appear to
be preferentially closed in the aging lung and that these
airways are more likely to be closed on sequential days.
It is important to point out that all subject scanning ses-

Figure 4. Reproducibility of 3He ventilation in e
Subject 7-1005 elderly volunteer: (i) scan, (ii) sa
7-1008 elderly volunteer: (i) scan, (ii) same-day
dle-aged volunteer: (i) scan, (ii) rescan 1, (iii) res
scan, (ii) rescan 1, (iii) re-scan 2.
sions were scheduled for the same time of day on the

782
second scanning visit as the first scanning visit (�1 hour
from baseline scan for each subject) and always during
mid-morning. Spirometry measurements were also re-
corded before and after each scanning session, and there
was no change in spirometry measures observed for any
subjects between scanning dates or after MR scanning.
Finally, obesity is a critical issue to consider when imag-
ing subjects in the supine position, as extra weight di-

y and middle-aged healthy volunteers. (a)
ay rescan, (iii) 7-day rescan. (b) Subject
n, (iii) 7-day rescan. (c) Subject 6-1001 mid-
. (d) Subject 6-1002 middle-aged volunteer: (i)
lderl
me-d
resca
can 2
rectly influences respiratory mechanics in the supine and
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upright position. None of the subjects who displayed ven-
tilation defects were obese; hence, it is unlikely that any
of the ventilatory defects observed were related to BMI.

Thirdly, we observed that for the elderly healthy vol-
unteers, all defects in the center coronal slice appeared on
the periphery of the coronal slice, which is similar to pre-
viously published work in asthma (1–4). This finding of
peripheral lung ventilation defects in the elderly healthy
lung and in asthma is in contrast to previously published
3He results for subjects with COPD for us (17) and others
(11–16,18,19) and in cystic fibrosis (7–10), where numer-
ous and large defects are observed throughout the coronal
and axial plane and not on the periphery alone.

The primary limitation of this preliminary study is the
small sample size of the elderly subject group and the
fact that for the majority of the middle-aged subjects
group there was no protocol specification for prospective
repeated scanning because no ventilation defects were
observed at baseline. For two middle-aged subjects, re-
peated scanning was undertaken, only because these sub-
jects were enrolled in a hardware and software develop-
ment protocol requiring multiple scanning visits to enable
pulse programming alteration assessments. Both of these
subjects were scanned up to 20 times over two years and
these subjects (both with ages very close to the mean of
the middle-aged group) never displayed ventilation de-
fects during any scanning visit. Another limitation of the
study is related to the fact that subjects were scanned in a
study designed to assess the reproducibility of the 3He
apparent diffusion coefficient (ADC) and hence the im-
ages had lower SNR and thicker slices than the spin den-
sity images. The elderly subjects were enrolled in the

Table 3
Elderly Volunteer Ventilation Defect Volume Interobserver
Reproduciblity

Mean VDV cm3 (� SD)

Scan Same-day Rescan 7-day Rescan

Observer 1 52 (34) 53 (35) 48 (39)
Observer 2 72 (55) 67 (47) 60 (48)
Observer 3 67 (43) 64 (42) 53 (40)
Observer 4 70 (63) 65 (61) 46 (44)
Mean Ob1-4 66 (8)* 62 (6)* 52 (6)*
COV (%) 12 10 12

SD, subgroup standard deviation for eight healthy volunteers,
except for �SD is observer standard deviation; COV,

*SD/ mean VDV for observers.
present study with ADC reproducibility as the primary
endpoint, and as such, the protocol utilized an optimized
ADC sequence. The primary focus on ADC required nec-
essary trade-offs be made in the use of the non–diffusion-
weighted images as an indication of ventilation (ie, in-
creased TE, diffusion time). We acknowledge that the
longer TE would introduce undesirable T2* weighting
into the ventilation, but expect that this effect would lead
to less than 50% signal reduction even with the largest
ADC (larger airways). The signal in the airways is well
appreciated in our images. Therefore, this suggests that
the regions of signal void in the lung parenchyma attrib-
uted to ventilation defect in this study represent the ab-
sence of helium gas and not signal decay. This is con-
firmed by the measurement of the same signal voids in
spin density images (obtained on visit 2 only, data not
shown), which was obtained with TE of about half that of
the non–diffusion-weighted images.

Another limitation of this study is the fact that 3He and
1H images were acquired at somewhat different lung vol-
umes and that this likely influenced the accuracy of venti-
lation defect segmentation along the lung-pleura bound-
aries. For example, the 1H images were acquired after
tidal breathing with instructions to the subjects to hold
their breath at the top of tidal volume. The 3He images
were acquired after tidal breathing and breathhold after
inhaling 1 L of the 3He/N2 gas mixture. Therefore, the
breathhold volumes were not exactly matched and rigid
registration of 3He and 1H images was not perfect in
some cases. However, although the images were acquired
at slightly different volumes, the lung boundaries were
readily discerned when the 1H and 3He images are pro-
vided in overlay and identification of these are facilitated
in all six cases where there were clear ventilation defects
at the outer boundary of the lungs. Because 1H and 3He
images were not acquired with exactly matching breath-
holds and very different slice thickness, we limited the
analysis of defect volume reproducibility to the center
coronal slice where the edge of the thoracic cavity and
ventilation defects were most easily discerned. Hence, in
this study, center coronal slice VDV represented the area
of ventilation defect for the center slice, which was then
multiplied by the 30-mm slice thickness to reflect esti-
mated contributions from the entire slice. Because of the
rather thick slices used, center slice VDV as measured in
this study, although an adequate indicator of measurement
precision, provides only an estimate of the true ventilation
defect volume. The use of thinner slices and three-dimen-
sional imaging approaches will allow for an estimate of

VDV that is likely more accurate. We also point out that
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for some subject images, the apexes of the lung have
complex ventilation patterns that might be interpreted as
ventilation defects. In most cases, the overlay of proton
and helium images allows for interpretation of the irregu-
lar shape of the ventilation image as dependent upon tis-
sue and bone anatomy at the top of the lung. We investi-
gated coil coverage and found that there is excellent sig-
nal intensity in the trachea up to and including the
cricoid/larynx. We have also directly quantified coil inho-
mogeneity (25) as less than 20% in the superior-inferior
direction over a 44-cm FOV, which is likely adequate for
the imaging results we have presented here.

Why do elderly healthy volunteers display 3He MRI
ventilation defects along the periphery of the coronal
plane of the lung? How is this finding related to the in-
creased ADC values shown previously for older subjects
at our center and others (4,17,26) and in the six elderly
subjects in this study with ventilation defects (with mean
ADC � 0.27 cm2/s)? How might this finding be related
to other measurements of pulmonary physiology that are
also known to change with aging such as FEV1 and clos-
ing volume? It is possible that along with changes in the
lung airspaces such as alveoli and acinar ducts, (as evi-
denced by increased ADC) changes in airways may also
occur over time. In this study, the majority of defects
were observed along the periphery of the coronal slice,
which suggests that terminal airway closure or narrowing
may be an age-dependent pathology of the lung. Altes
and co-workers (24) have also observed ventilation de-
fects in healthy volunteers are positively correlated with
age, suggesting that the finding here in a few elderly sub-
jects should be assessed in more volunteers in multicenter
studies. Although the etiology of ventilation defects is yet
unknown, we are currently assessing the presence and
reproducibility of ventilation defects in a greater number
of elderly COPD subjects and elderly (age-matched)
healthy volunteers over a five-year period to better under-
stand this radiologic finding. The observation of reproduc-
ible pulmonary ventilation defects in otherwise healthy
elderly volunteers suggests caution must be used in inter-
preting results from 3He studies of elderly subjects with
underlying disease. This finding further suggests that in-
clusion of a healthy elderly volunteer control group may
be required when using 3He MRI in treatment studies of
elderly subjects with COPD to appropriately relate poten-
tial treatment effects to underlying disease and not other
processes related to aging. If the results of this prelimi-
nary study are observed in the majority of elderly volun-

teers scanned in our laboratory and elsewhere, this may
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potentially result in increased subject sample sizes re-
quired in cohort and treatment studies of elderly subjects
with respiratory disease where 3He MRI phenotypes are
used as measurements or biomarkers of disease.

CONCLUSIONS

In conclusion, the observations made in this study of a
relatively small group of elderly and middle-aged healthy
volunteers indicated that regional ventilation defects
within the lung as demonstrated using 3He MRI were
present in six elderly subjects aged 63–74 years. These
ventilation defects were highly reproducible in size and
location in repeated scans within a few minutes and again
7 days later. These results suggest that as part of the ag-
ing processes in the lung, nonrandom airway closure or
narrowing occurs that is restricted to the lung periphery
and is regionally recurrent or persistent. The results fur-
ther suggest that these airway changes are occurring in
the absence of known or detectable respiratory or cardio-
vascular disease, perhaps as part of normal aging pro-
cesses. Further work is required to unravel the etiology of
these defects in healthy elderly volunteers.
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