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Three-Dimensional Surface Display of Dynamic
Pulmonary Xenon-133 SPECT in Patients with
Obstructive Lung Disease
Kazuyoshi Suga, Norihiko Kume, Kazuya Nishigauchi, Yasuhiko Kawakami, Takeo Kawamura, Tsuneo Matsumoto and
Naofumi Matsunaga
Department of Radiology, Yamaguchi University School of Medicine, Ãœbe,Yamaguchi, Japan

To better perceive abnormal regional ventilation in patients with
obstructive lung disease, a three-dimensional display was applied to
dynamic pulmonary 133XeSPECT. Methods: Dynamic SPECT was
performed using a triple-detector SPECT system in 30 patients with
obstructive disease, 13 patients with restrictive disease and 7
normal subjects. After reconstructing color-illuminated, surfacerendered three-dimensional images of equilibrium and 3-min wash
out (WO3), a single three-dimensional fusion display was created
from these two different time-course image sets in which a threedimensional W03 Â¡mageindicating 133Xeretention was transparently
visible through three-dimensional equilibrium image delineating lung
contours. The three-dimensional equilibrium and WO3 images were
created by a 25% threshold of the133Xe maximal pixel activity (MPA)
in equilibrium data. Besides, a three-dimensional WO3 image with a
18% threshold [mean + 2 s.d. ratios (%) of the MPA in W03 data to
that in equilibrium data in normal subjects] was used for assessing
the presence of retention compared to normal lungs. Results: The
18% threshold three-dimensional WO3 image showed abnormal
retention in obstructive diseases but not in restrictive diseases. The
three-dimensional fusion display provided an overview of localized
retention in obstructive diseases and enhanced the perception of
their spatial relationships and extent compared to those on multislice tomograms. The extent of retention correlated well with %FEV1
(r = 0.813) and 133Xeclearance-time 0"i/2) (r = 0.912). Conclusion:
This topographic modality for 133XeSPECT is helpful for the better
perception of anatomic distributions of 133Xe retention and interstudy comparisons of ventilation abnormality in patients with ob
structive disease.
Key Words: SPECT; xenon-133 gas; lung ventilation;three-dimen
sional imaging; surface-rendered imaging
J NucÃ-Med 1998; 39:889-893

Xulmonary

dynamic SPECT of l33Xe gas is an effective tool to

assess regional ventilation abnormality without superimposition
of lung tissues in patients with obstructive lung diseases (1,2).
However, review and interpretation of multislice tomographic
data are often difficult especially for elimination of
Xe

activity in the lungs in washout (WO) phase. If SPECT
information was displayed in a realistic three-dimensional form
image, it would simplify and improve the interpretation. Several
three-dimensional imaging techniques are now available for
display of almost all parts of the body (3-12). In this study, we
challenged a three-dimensional display for l33Xe SPECT, and
validated its feasibility in assessing regional ventilation abnor
mality in obstructive lung diseases.
MATERIALS

AND METHODS

Patient Population

The subjects were 30 patients (9 women, 21 men; age range
47-76 yr) with obstructive lung disease including 20 with pulmo
nary emphysema, 6 with chronic bronchitis and 4 with bronchial
asthma. The diagnosis of 20 patients with pulmonary emphysema
was based on chest thin-slice, high-resolution CT scan, physical
findings and a history of long-term cigarette smoking and pulmo
nary function tests. Six patients with chronic bronchitis showed
focal bronchiectasis on chest CT. Four patients with bronchial
asthma were diagnosed by intermittent wheezing and improved
pulmonary function tests after administration of a bronchodilator.
The mean predicted vital capacity (%VC) and forced expiratory
volume in 1 sec (%FEV,) were 76.2 Â±19.2% and 42.2 Â±9.8%,
respectively. Xenon-133 SPECT was repeated after treatment in
seven patients including three with pulmonary emphysema treated
by thoracoscopic lung volume reduction surgery (13) and two each
with bronchial asthma and chronic bronchitis treated by a bron
chodilator with or without antibiotics.
For comparison, 7 normal subjects (7 men; age range 25-40 yr)
with normal pulmonary function tests and chest CT and 13 patients
(5 women, 8 men, age range 42-63 yr) with usual interstitial
pneumonia were studied. These patients with restrictive disease
were histologically diagnosed, and the mean %VC and %FEV,
were 51.2 Â± 7.2% and 79.2 Â± 5.4%, respectively. Informed
consent was obtained from all the participants.
Dynamic Xenon-133 SPECT and Three-Dimensional
Surface Displays
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Dynamic SPECT was performed using a continuous repetitive
rotating acquisition mode with a triple-detector SPECT system
(GCA 9300 A/HG, Toshiba Medical, Tokyo, Japan), as described
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FIGURE 1. (A) Chest CT showed diffuse emphysematous changes without
bullae in both lungs in a 67-yr-old man with pulmonary emphysema. (B)
Equilibrium (EQ) and WO SPECT sequences at the same lung level as in
chest CT. (C) A three-dimensional fusion display (bottom) of the threedimensional equilibrium (top right) and WO3 (top left) images. The yellowishcolored WO3 image indicating 133Xe retention was transparently seen
through the three-dimensional equilibrium image delineating the lung con
tours. LAO = left anterior oblique: 15Â°.(D) Multiple views of the three-

3-min WO

Fusion 15Â°l
Image
(LAO

previously (1.2). Briefly, after 6-min inhalation of 133Xe gas
(concentration 60-72 MBq/liter), an equilibrium and subsequent
10-12 WO images were acquired with the acquisition time of 30
sec, and with 64 X 64 pixels and an energy window of 80 keV Â±
20%. To eliminate the settling time between projections and
acquisition of multiple temporal samples of data, each detector was
continuously and repeatedly rotated in the clockwise (for 15 sec),
and counterclockwise (for 15 sec) directions across the same
projection arc. With three detectors, a gantry rotation of 120Â°
around the chest provided projections over a full 360Â°arc.
Averaged projection data at the same angle (per 6Â°)in both
directional rotations were used for reconstructing a single SPECT
image; therefore, change of mXe activity in the lungs during the
30-sec acquisition time was averaged.
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dimensional fusion display. The location and extent of the retention was
easily comprehended compared to the mulitslice presentation as in (B).
ANT = anterior POST = posterior, R(L)AO = right (left) anterior oblique: 45Â°;
R(L)PO = right (left) posterior oblique: 45Â°.(E)After the lung volume reduction
surgery, the three-dimensional fusion display showed diminished retention
f^Xe retention index decreased from 26.8% to 8.5%). T1/2 of the right and
left lungs and %FEV1 were improved from 114 sec, 173 sec and 30.0% to 71
sec, 79 sec and 61.2%, respectively.

Xenon-133 SPECT data were reconstructed into multislice
equilibrium and WO images in three orthogonal planes using a
Butterworth prefilter (order no. 8, cutoff frequency of 0.13 cycles/
cm) and ramp backprojection filter, with a slice thickness of 1 pixel
(3.2 mm), gapless. The 32 transaxial planes each for equilibrium
and 3-min WO (WO3) were first corrected for background (2), and
were reconstructed into three-dimensional images with a 64 X
64 X 64 voxel (i.e., three-dimensional pixel) using a surfacerendering technique with a binary operation cited below (3-7).
Then, a single three-dimensional fusion display was created from
these two different time-course image sets.
In this display, the three-dimensional equilibrium image was
used to delineate the lung contours, and that of WO, was used to
present l33Xe retention, because prolonged retention 3 min after

THE JOURNALOF NUCLEARMEDICINEâ€¢
Vol. 39 â€¢
No. 5 â€¢
May 1998

WO is considered to sufficiently indicate abnormal ventilation in
obstructive diseases (14-17). In a binary operation (3-7), a single
threshold was chosen that defined the object of interest (i.e., image
segmentation), and all voxels with radioactivities below the thresh
old were reset to a value of 0, while those with radioactivities
above the threshold were reset to a value of 1. The internal voxels
were then discarded, leaving the object surface only. In this study,
the three-dimensional equilibrium and WO3 images were created
by a 25% threshold of the 133Xemaximal pixel activity (MPA) in

y

equilibrium data, based on the following reasons:
1. The phantom study using two acrylic cylinders with a radius
of 18 and 20 cm (volume; 4323 ml and 5338 ml, respective
ly), which contained 133Xegas of a concentration of 45-60
MBq/liter, showed that three-dimensional phantom vol
ume measured by the summed transaxial SPECT image
acquired using the same techniques as in 133Xe SPECT
was closest to the real volume with thresholds of 24%-31%
(2,18,19).
2. The lung contours delineated by the 25% threshold transaxial
equilibrium planes were also well in accord with those on the
corresponding CT scan slices in our subjects.
3. The 25% threshold three-dimensional WO3 image most
adequately localized the retention in our patients with abnor
mal retention.
4. Although other thresholds of 20%, 22%, 30% and 35% were
also tested, 133Xeretention occupied almost the entire lungs
with a level of 22% or less in several patients with severe
ventilation abnormality, and disappeared with that of 30% or
more in those with slight impairments.
5. A different three-dimensional WO3 image was created with
an 18% threshold [the mean + 2 s.d. ratios (%) of MPA in
WO3 data to that in equilibrium data in normal subjects], and
it was used for the screening assessment of the presence or
absence of abnormal retention compared to the normal lungs.
These three-dimensional images were depicted using a uniform
matrix of cubic voxels, and had a color-coding illuminated (shad
ed) surface serving as the primary depth cue (3-6,20), and could be
freely rotated at any angle of view. When a viewing angle was
chosen, an external, computer-simulated light source was posi
tioned relative to the dataset and the amount of light reflected
toward the viewing angle was calculated for each point on the
remaining surface (6,20). Each projection was color-coded so that
the surfaces further from the viewer were shaded dimmer and the
ones closer were brighter, and hidden surfaces were removed
(4,6,20). On the three-dimensional fusion display, each of threedimensional equilibrium and WO3 images kept this color-shading
effect, and the overlying three-dimensional equilibrium image was
made semitransparent for viewing of the three-dimensional WO3
image, thereby enabling the viewer to see 133Xeretention located

Â¿n*
ANT

FIGURE 2. (A) The three-dimensional fusion display in a 61 -yr-old woman
with bronchial asthma showed heterogeneous 133Xeretention in the yellow
ish areas (133Xeretention index = 51.7%). Chest CT did not show noticeable
abnormalities. ANT = anterior POST = posterior; R(L)AO = right (left)
anterior oblique: 45Â°K;R(L)PO = right (left) posterior oblique: 45Â°K.(B) Four
weeks after treatment with a bronchodilator, the three-dimensional fusion
display showed diminished retention in the yellow areas (133Xe retention
index = 17.2%). T1/2 in the right and left lungs and %FEV, were improved
from 125 sec, 181 sec and 27.4% to 73 sec, 85 sec and 49.6%, respectively.

ventilation. In addition, the fractionated retention index was com
pared with the real half-clearance time of l33Xe (T,/2) in each lung,
which was calculated on the summed projection image of all
coronal SPECT images (2). Correlations of the retention index with
%FEV, and T,/2 were assessed using a linear regression analysis
with commercially available software (StatView 4.02 s.e. +
Graphics; Abacus Concepts, Berkeley, CA). A p value < 0.05 was
considered significant for each correlation coefficient (r).
RESULTS

The multislice SPECT images did not show any noticeable
artifacts caused by patient motion or change in l33Xe activity in
the lung. The 18% threshold three-dimensional WO3 image
showed abnormal retention to variable extents in all the patients
with obstructive disease but not in those with restrictive disease.
The three-dimensional fusion display provided an overview of
retention sites with geometric realism in obstructive diseases
(Figs. 1 and 2). Because 133Xe activity was distributed homo

in the deep lung structures. Retention in the hidden lung was also
visible when the lungs were overlapped in certain directions.
Cine-mode display was also available. The three-dimensional
images were produced using the supplemental software in the data
processor (GMS-5500U; Toshiba Medical, Tokyo, Japan). All
processing required about 13 min to complete including translating
the SPECT data into the final three-dimensional fusion display.
geneously throughout the lungs in the equilibrium phase, the
Ventilation parameters per unit lung volume from the 133Xe three-dimensional equilibrium image delineated well the whole
washout study have been quantitated as a good indicator of lung contours. Almost all of the retention sites could also be
ventilatory efficiency (21,22). Similarly, 133Xeretention extent per seen on the multislice WO3 images, but the spatial relationships
unit lung volume was quantitated on the 25% threshold three- and extent of retention were more easily and accurately com
dimensional fusion display as the 133Xeretention index, defined as prehended on this display (Fig. 1). Xenon-133 retention de
the ratio of total pixel numbers of the segmented WO3 data to those creased after treatment in the seven treated patients, with
of the segmented equilibrium data, and compared with %FEV, data improvements of %FEV1 (Figs. 1-3). Cine-mode display en
hanced the three-dimensional perception of this modality.
to investigate whether this index can be an indicator of disturbed
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treated patients who were examined twice before and after treatment). The
retention index decreased in all seven patients after treatment, accompanied
by the improvement in %FEV,. Xenon-133 retention index was inversely
correlated with "/oFEV, as y = 56.849-0.453 x x (n = 37, r = 0.813, p <
0.0001).

Xenon-133 retention index calculated on the 25% threshold
three-dimensional fusion display was significantly correlated
with %FEV| in 30 patients with obstructive disease including
the seven treated patients (r = 0.813, Fig. 3). This index also
closely correlated with T,/2 in each lung (r = 0.912, Fig. 4). The
close correlation between the retention index and %FEV, was
also noted when the 13 patients with restrictive disease were
added to the above calculation, as y = 71.784 - 0.811X x (n =
50, r = 0.857, p < 0.0001). There were no significant
differences in the MPA (counts/sec) in the equilibrium data
among the patients with obstructive and restrictive diseases and
the normal subjects (21.7 Â±6.8, 19.3 Â±8.6 and 23.6 Â±4.8; ns,
respectively).
DISCUSSION
The three-dimensional fusion display created from two dif
ferent time-course three-dimensional image sets of equilibrium
and WO3 can play an excellent topographic role for l33Xe
SPECT in obstructive diseases by providing an overview of
retention sites combined with the whole lung structures. It also
facilitates the perception of the anatomic configurations and the
extent of retention compared to those on multislice SPECT data.
Using appropriate thresholding, this modality also permits
interstudy comparisons of ventilation abnormality as the 133Xe
retention index closely correlated with %FEV, and 133Xe
clearance-time (T,/2).
In addition to the unique, four-dimensional character contain
ing two different time-course images, this modality displays
Xe retention from the surface to the deep structures of the
892
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RGURE 3. Comparison of 133Xeretention index (%) and %FEVn in patients
with obstructive disease (O = untreated patients; Â»DAT***
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FIGURE 4. Comparison of 133Xeretention index (%) and T1/2 in each lung in
patients with obstructive disease (O = untreated patients; â€¢= seven treated
patients who were examined twice before and after treatment). Xenon-133
retention index was correlated with T,^ as y = 49.968 Â±1.875 x x (n = 74,
r = 0.912, p < 0.0001).

lungs, although a surface-rendering technique generally dis
cards the information about the interior of the objects (4,6,7).
This technique is usually inappropriate for hot spot imaging,
since wide variations in radiotracer activity in both normal and
abnormal areas make it difficult to use thresholding as an
effective tool for image segmentation (6). However, using the
stratified three-dimensional image sets of equilibrium and WO3,
the three-dimensional fusion display can offer a kind of hot spot
imaging of 133Xe retention.
This modality is acceptable for interstudy comparisons of
133Xe retention, although the same threshold of the MPA in
equilibrium data were used for image segmentation among the
subjects. As no significant difference was noted in the MPA of
equilibrium data between the patients and normal subjects, the
diseased lungs seem to have some lung tissues showing 133Xe
influx similar to that in the normal lungs after reaching
sufficient equilibrium, which can act as a kind of reference
value allowing interstudy comparisons. The relative thresholds
against equilibrium data used for creating three-dimensional
WO3 images also enable us to extract objectively the 133Xe
retention by minimizing the influence of variations of 133Xe
activity in the equilibrium phase in individuals. Although other
three-dimensional WO images later than WO3 can be used
alternatively to adequately localize retention, the use of the
same three-dimensional
WO image is more beneficial for
interstudy comparisons including the evaluation of treatment
effects.
The preferable image quality of the three-dimensional fusion
display seems to be partially owed to the good image quality of
33Xe SPECT. As shown previously (2), the percent change of
133Xe activity measured by planar images during the 30-sec
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acquisition time in the initial fast WO was about 28% in normal
lungs, which is an acceptable value for the continuous repetitive
rotating acquisition mode to produce nondistorted SPECT
images without significant degrading resolution (25-25). The
use of averaged projection data in both directional rotations
during the acquisition time in this mode may reduce the artifacts
of patient motion and change in 133Xe activity in the lung (23).
This modality, thus, improves review and interpretation of
133Xe SPECT, and it is practical due to computational effi
ciency and ease of implementation of a surface-rendering
technique (6,9,12). However, it is not a complete substitute for
multislice tomograms including the entire
Xe washout data,
and image features heavily depend on the thresholds chosen
(3-6). In the future, a three-dimensional display preserving the
data from all 133Xe washout process in voxel-by-voxel order
should be developed to eliminate uncertainties associated with
a threshold.
ACKNOWLEDGMENTS

This study was supported in part by a Research Grant for
Scientific Research (no. 08671033) from the Japanese Ministry of
Education.
REFERENCES
1. Suga K, Nishigauchi K. Kume N. Koike S, Takano K, Matsunaga N. Regional
ventilatory evaluation using dynamic imaging of xenon-133 washout in obstructive
lung disease: an initial study. Ear J NucÃ-Med 1995;22:220-226.
2. Suga K, Nishigauchi K. Kume N. et al. Dynamic pulmonary SPECT of xenon-133 gas
washout. J NucÃ-Med 1996:37:807-814.
3. Wallis JW. Miller TR. Lemer CA, Kleerup EC. Three-dimensional display in nuclear
medicine. IEEE Trans Med Imaging 1989;8:297-303.
4. DePuey EG, Garcia EV, Ezquerra NF. Three-dimensional techniques and artificial
intelligence in thallium-201 cardiac imaging. Am J Roentgenol 1989; 152:1161-1168.
5. Herman GT. Computerized reconstruction and 3-D imaging in medicine. Ann Re\
Comput Sci 1986; 1:153-179.
6. Wallis JW. Miller TR. Three-dimensional display in nuclear medicine and radiology.
J NucÃ-Med 1991:32:534-546.

7. Shin WJ. Schleenbaker RE. Stipp V. Magoun S. Slcvin JT. Surface and volume three
dimensional displays of """Tc-HMPAO
grain SPECT in stroke patients by a
three-headed camera. Clin NucÃ-Med 1993:18:945-949.
8. Hashikawa K. Matsumoto M. Morikawa H, et al. Three-dimensional display of surface
cortical perfusion by SPECT: application in assessing Alzheimer's disease. J NucÃ-Med
1995:36:690-696.
9. Keyes JW. Three-dimensional display of SPECT images: advantages and problems
[Editorial]. J NucÃ-Med 1990:31:1428-1430.
10. Miller TR. Wallis JW. Grothe RA. Design of PET tomographs: the effect of slice
spacing. J NucÃ-Med 1990:31:1732-1739.
11. Faber TL, Cooke CD. Peifer JW. et al. Three-dimensional displays of the left
ventricular epicardial surface from standard cardiac SPECT perfusion quantification
techniques. J NucÃ-Med 1995:36:697-704.
12. Gibson CJ. A new method for the three-dimensional display of tomographic images.
Phys Med Biot 1983:28:1153-1157.
13. Naunheim KS. Keller CA, Krucylak PE, Singh A, Ruppel G, Osterloh JF. Unilateral
video-assisted thoracic surgical lung reduction. Ann Thorac Surg 1996:61:1092-1098.
14. Alderson PO. Line BR. Scintigraphic evaluation of regional pulmonary ventilation.
Semin NucÃ-Med 1980:10:218-242.
15. Alderson PO. Seeker-Walker RH, Forrest JV. Detection of obstructive pulmonary
disease. Relative sensitivity of ventilation-perfusion studies and chest radiography.
Radiolog,' 1974:111:643-648.
16. Dittrich FA. Goodwin DA. Early recognition of chronic airway disease by the mXe
lung scan. JAMA 1972;220:l 120-1122.
17. Ball WC, Stewart PB. Newshaw LGS. Scintigraphic evaluation of regional pulmonary
ventilation. Semin NucÃ-Med 1980:10:218-242.
18. Nakazawa K. Ishii K. Mitsuya K. et al. Measurement of organ volume by single photon
emission computed tomography: a method of contour determination and its evaluation
with phantom studies. Jpn J NucÃ-Med 1984:21:1-6.
19. Tauxe WN, Soussaline F, Todd-Pokropek A, et al. Determination of organ volume by
single-photon emission tomography. J NucÃ-Med 1982:23:984-987.
20. Phong BT. Illumination for computer generated images. Commun Assoc Comput Mach
1975:18:311-317.
21. Miller JM. Ali K, Howe CD. Clinical determination of regional pulmonary function
during normal breathing using xenon-133. Am Rev Respir Dis 1970:101:218-229.
22. Nakahara K, Nakaoka K, Ohno K. et al. Functional indications for bullectomy of giant
bulla. Ann Thorac Surg 1983:35:480-487.
23. Nakajima K, Shuke N, Taki J, et al. A simulation of dynamic SPECT using
radiopharmaceuticals with rapid clearance. J NucÃ-Med 1992:33:1200-1206.
24. Links JM, Frank TL. Becker LC. Effects of differential tracer washout during SPECT
acquisition. J NucÃ-Med 1991:32:2253-2257.
25. Maeda H, Takeda K. Matsumura K, et al. The influence of the time activity variation
on dynamic SPECT images in camera-based SPECT. Jpn J NucÃ-Med 1991 ;28:27-34.

Extraskeletal Uptake of Technetium-99m-MDP in
Sites of Heparin Administration
Sudha Challa and John H. Miller
Division of Nuclear Radiology, Childrens Hospital, Los Angeles, and University of Southern California, School of Medicine,
Los Angeles, California
Ahe causes of extraskeletal
A 19-yr-old woman with juvenile diabetes and protein C deficiency
was referred for a bone scan to rule out osteomyelitis of the right
tibia. The bone scan did not reveal evidence of osteomyelitis. There
was, however, extraskeletal uptake of the 99mTc bone tracer in the
anterior abdominal wall confined to the sites of subcutaneous
heparin administration. This case is presented because of its inter
esting Scintigraphic findings and to discuss the association of
protein C deficiency and heparin administration as a cause of
extraskeletal 99rrTc bone tracer accumulation.
Key Words: skeletal scintigraphy; extraosseous uptake; technetium-99m-methylene diphosphonate
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99mTc skeletal tracer uptake are

numerous, with heparin injection being cited as one of the
causes (7 ). We present a case of 19-yr-old woman with juvenile
diabetes, protein C deficiency disease and deep venous throm
boses who was receiving systemic coumadin therapy and
simultaneous subcutaneous heparin injections. The incidental
findings of 99mTc skeletal tracer uptake in the abdominal wall
posed a diagnostic enigma until further clinical review sug
gested the probable cause of these findings.
CASE REPORT

A 19-yr-old woman was admitted for superinfection of bilateral
lower extremity skin manifestations (necrobiosis lipoidica diabeticorum) of her diabetes. She had been complaining of increasing
pain in her right tibial area for several days.
She was diagnosed with insulin-dependent diabetes mellitus
(IDDM) at 11 yr and protein C deficiency disease at 15 yr. Her past
medical history revealed Legg-Calve Perthe disease on the left,

EXTRASKELETAL
UPTAKEOFTECHNETIUM-99M
â€¢
Challa and Miller

893

