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Easy detection of tumor in oncologic whole-body PET
by projection reconstruction images
with maximum intensity projection algorithm
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Whole-body PET scanning for an oncology study produces a large number of transaxial images by
data acquisition over multiple bed positions. The sagittal and coronal reformatted images are often
used for better understanding of radioisotope distribution. We reduced the number of PET images
by calculating projection images and evaluated the merit of additional data processing for the
visualization and detection of tumors. After reconstructing whole-body '®F-FDG PET images (6—
8 bed positions) of eight cancer patients, antero-posterior and lateral projection images were
calculated by the maximum intensity projection (MIP) algorithm, the standard deviation projection
(SD) algorithm and the summed voxel projection (SUM) algorithm. The projection images were
compared with 2D whole-body images for visualizing foci. The focal uptakes of various positions
in original whole-body PET data (294-392 transaxial images) were visualized on only two MIP
reformatted images when superimposition of hot spots did not occur. Even if one hot spot was
superimposed over the other hot spot, we could recognize the existence of at least one focus and
determine the true positions of the hot spots from corresponding transaxial images. The SD image
was found inferior for showing a contrast of small foci to the corresponding MIP images in the neck,
mediastinum and abdomen. The SUM image failed to visualize many metastatic lesions. MIP is a
promising technique for the easy preliminary assessment of tumor distribution in oncologic whole-
body PET study.
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INTRODUCTION

WHoLE-BoDY PET has become an important modality to
evaluate oncology patients. It has been used as a non-
invasive method for tumor staging, management of on-
going therapy and even for cancer screening.!~* The
extended axial field-of-view of the PET scanner obtained
by data acquisition over multiple bed positions provided
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hundreds of transaxial images in the whole-body PET
protocol. Since the easy detection of positive foci in a
large number of PET images is an important clue to daily
cancer diagnosis, the sagittal and coronal reformatted
images are often used for assessment of radioisotope
distribution by reducing the number of images. However,
to overview the whole body images, sequential observa-
tion of 30—40 reformatted images and mental reconstruc-
tion of 3D relationship are still required.

To glance over all the information in 3D volume image
data, projection algorithms are commonly used. The
surface rendering technique has been applied to visualize
the 3D data set of a brain PET image.’ This procedure has
limitation when applied to whole-body PET images be-
cause only individual predefined tissue surfaces can be
visualized, and it is difficult to visualize the distribution of
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Fig. 1  Production of a projection reformatted image from 3D volume image data. A large number of
parallel rays penetrate the whole-body PET volume. The radioactivity profile of each ray will define one
pixel in the projection image by a mathematical procedure. In this study, the projection pixel is calculated
from the maximum voxel value, the sum of all voxel values and the standard deviation of all voxel values
along each projection ray. A two-dimensional projection image is reconstructed by the calculation of

all rays.

a radioisotope inside the body. Production of projection
reformatted 2D images from 3D volume data has become
a popular method for presenting MR and CT angiographic
data. Maximum intensity projection (MIP) is a common
reconstruction technique used for obtaining 3D images of
abdominal vessels from spiral body CT data,® of in-
trathoracic masses from MR angiography® and of intra-
cranial vessels from brain MR data.® However, the pro-
jection image used in the whole-body PET image was a
planar (rectilinear) image.'%-!2

In this study, we reduced the number of whole-body
PET images by calculating the 2D projection image with
different algorithms and evaluated the merit of data pro-
cessing of whole-body PET images for the visualization
and detection of tumors.

MATERIALS AND METHODS

Patients

Eight whole-body PET scans with '8F-FDG were ob-
tained in patients referred for tumor staging. The subjects
were five women and three men with a mean age of 61
years. None of them suffered from diabetes mellitus. The
study protocol was approved by the Ethics Committee for
Clinical Research of Tohoku University and all patients
gave their written informed consent before their inclusion
in the study.

PET study
All data were acquired on a whole-body PET scanner
(SET-2400W, Shimadzu, Kyoto, Japan).” The scanner
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consists of four rings of 112 BGO detector units (22.8 mm
in-plane X 50 mm axial X 30 mm depth). Each detector unit
has a 6 (in-plane) x 8 (axial) array of BGO crystals
coupled to two dual photomultiplier tubes. They are
arranged in 32 rings giving 63 simultaneous 2D image
planes. The axial field-of-view of the scanner is 20 cm. In-
plane spatial resolution was 3.9 mm FWHM at the center
of the field-of-view, 4.4 mm FWHM tangentially and 5.4
mm FWHM radially at 100 mm from the center. Average
axial resolution was 4.5 mm FWHM at the center and 5.8
mm FWHM at a radial position 100 mm from the center.

All patients were asked to refrain from eating and
drinking (except for water) for at least 4 hr before scan-
ning. Thirty minutes after an intravenous injection of
185-370 MBq of '8F-FDG, 2D emission scans were
obtained for 5 min at each of the contiguous bed positions.
Before emission scans, all patients were asked to void.
Then scanning was begun at the lower extremity and
proceeded towards the patient’s head with a minimum
amount of activity in the bladder. By acquiring data from
overlapping body levels, the effective axial field-of-view
was 18.5 cm per bed position, since there is little gain of
sensitivity at the edge of the scanner. Six to eight bed
positions covered a 111-148 cm total axial field-of-view
with 294-392 transaxial images. Post-injection transmis-
sion scans were obtained for attenuation correction with
a retractable ®Ge rotating rod source.!*

Image processing and analysis

Two-dimensional images
After reconstructing transverse images using conven-
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Table1 Detection of positive focus by maximum intensity projection (MIP) image, standard deviation projection (SD)
image and summed voxel projection (SUM) images compared with original 2D images

Patient A oe/Gender Diagnosis WL e
2 2D MIP SD SUM
1. 59/F Breast cancer 28 22 14 9
(multiple bone metastases)
2 29/F Hodgkin’s disease 7 7 6 4
5 70/F Lung cancer 1 1 1 1
70/F Uterine cancer 40 38 33 13
(multiple bone metastases)
S 70/M Malignant lymphoma 3 3 2 0
6. 68/M Gastric cancer 15 12 5 4
(multiple liver metastases)
Tk 30/F Hodgkin’s disease 3 2 1 0
8. 64/M Esophageal cancer 5 5 4 4
(lymph nodes metastases)
Total 102 91 66 35
(%) 100 89.2 64.7 343

tional filtered back-projection, the series of images were
stacked in a three-dimensional volume and linearly inter-
polated to isotropic voxels (4 mm X 4 mm X 4 mm),
allowing for display of whole-body images in the transaxial,
sagittal and coronal planes. Localization of '8F-FDG was
evaluated by one observer in all studies. The images were
visually analyzed on a terminal display of a PET worksta-
tion. For image interpretation, the observer was able to
adjust window display settings and the image planes and
levels independently. A positive focus was defined as a
focal area of increased activity relatively higher than that
of surrounding tissue excluding physiological accumula-
tions such as brain, heart and bladder.

Projection images

Projection images were reconstructed by using three
different algorithms for the evaluation of the activity
profiles. The basic idea of the projection reconstruction
techniques is shown in Figure 1. Two-dimensional pro-
jections were computed by penetrating the entire tomo-
graphic volume of a whole-body PET image with many
parallel rays. A display pixel’s value was calculated as a
function of the ray passing through the volume. MIP
technique displayed the highest voxel value along a ray
projected through the 3D volume data. The display pixel
was also calculated as a sum (integral) of all voxel values
(SUM) and a standard deviation of all voxel values (SD).
The best threshold value was determined visually for each
reconstructed image on a terminal display. The observer
was also able to adjust window display settings. The
reconstruction programs were written in C language on a
PET workstation and a projection image was calculated
within 5 seconds. Although the reformatted images could
be calculated for arbitrary projection angles in the plane of
the z-axis or height, only two images (antero-posterior
and lateral projection) were used in this study.
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Fig.2 Whole-body "F-FDG projection images of a lung
cancer patient. The images are based on the maximum voxel
value (MIP), the sum of all voxel values (SUM) and the standard
deviation of all voxel values (SD) along each antero-posterior
projection ray. A tumor in the right upper lobe is shown in all
images.

RESULTS

A hundred and two positive sites were found in the
original 2D images (Table 1). The percentage of detected
sites in projection images of each algorithm was 89.2%
(MIP), 64.7% (SD) and 34.3% (SUM), respectively. As
shown in Figure 2, when a tumor was large or in the lung,
a hot area was clearly visualized in all three projection
images. Physiological 'F-FDG accumulations of vari-
able intensity were also observed in brain, heart, renal
calices, ureter, bladder and muscle.'® In the multiple
metastatic case of a breast cancer patient, most of the hot
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Fig. 3 Coronal whole-body FDG images of a patient with a
history of breast cancer show multiple metastases. Every third
slice of coronal data set is presented. Projection images are
shown in Figure 4.

spots in the original 2D images (Fig. 3) were visualized on
MIP reformatted images as shown in Figure 4. The hot
spots in the neck and mediastinum are not obvious in the
SD image. The SUM image failed to visualize many
metastatic lesions.

DISCUSSION

In this study, the reformatted images were obtained with
three different algorithms and were compared. As shown
in the results, the hot spots in a large number of sequential
original 2D images were seen on corresponding two MIP
reformatted images. In addition, the distribution of hot
spots was easily recognized by viewing MIP reformatted
whole-body image. The MIP technique seems to be par-
ticularly useful for depicting multiple metastatic lesions
in the body.

Apparently the SUM algorithm is inferior to the other
algorithms for visualizing hot spots in the original 2D
images. Although the SUM image may visualize abnor-
mal uptake in the lung, it fails to visualize small lesions in
the neck, mediastinum and abdomen. This algorithm is
equivalent to the production of a planar image and has
been often used for obtaining whole-body displays of PET
images for preliminary assessment of radioisotope distri-
bution.

The SD algorithm with careful thresholding visualized
64.7% of hot spots on the original 2D images. The SD
images were found inferior to the corresponding MIP
image for showing a contrast of small foci in the neck,
mediastinum and abdomen. It was difficult to find the
correct value for thresholding in particular for those data
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Fig. 4 Whole-body antero-posterior (upper) and lateral (lower)
projection images using three algorithms. Most of the hot spots
on original 2D images as shown in Figure 3 are visualized on the
MIP reformatted image. SD image was somewhat inferior to the
corresponding MIP image for showing a contrast of small foci
in abdomen. SUM image also failed to visualize the lesions in
abdomen.

sets where the activity varied over the volume due to noise
in the original 2D images. Proper application of thresh-
olding techniques is necessary to avoid the disappearance
of positive foci in the reconstructed images due to incor-
rect threshold values.

MIP reformatted images are essentially not threshold
dependent since the voxel point of highest counts is
automatically chosen. The MIP technique has the advan-
tage of operator independence. The other advantage is
that the MIP algorithm preserves tissue activity informa-
tion during image processing. The highest counts in tumor
tissue of the original 2D images produce pixel values in
positive foci of an MIP image, where the pixel values of
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tumor tissue in the reformatted images from other algo-
rithms were not proportional to the tumor counts of the
original 2D images. Using the MIP reformatted images
from quantitative 2D images with tissue attenuation cor-
rection, uptake of a radioisotope into tumor tissue from
different studies can be compared quantitatively.

As shown in Table 1, when the number of positive foci
increased, we could not detect all of the foci in the MIP
images. Because projection reconstruction algorithms do
not allow for differentiation between foreground and
background, the number of lesions detected in the MIP
images seems to be reduced due to superimposition.
Nevertheless, even if one hot spot is superimposed over
the another hot spot, we can recognize the existence of at
least one hot spot and determine the true positions of the
hot spots from corresponding transaxial images. To avoid
the superimposition of known physiological uptake such
as '8F-FDG accumulation into cardiac muscle and blad-
der, reformatted images of different angles are helpful.

Since the MIP image did not fail to visualize the
existence of positive foci, the image can be used for the
cancer screening. However, in this study we do not intend
to compare the sensitivity of tumor detection with MIP
images and original 2D images due to the limited number
of patients we studied. At present, MIP images should be
interpreted together with the original 2D images. Further
knowledge of display properties and artifacts is also
necessary for correct interpretation of MIP images.!6

CONCLUSION

Projection reconstruction algorithms were applied to the
whole-body PET images. The initial results suggest the
usefulness of an MIP reformatted whole-body image for
the easy preliminary assessment of tumor distribution in
oncologic PET study.
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