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Analysis of Respiratory Motion Artifacts in PET Imaging Using Respiratory
Cated PET Combined with 4D-CT

Byung Chul Cho, Ph.D.‘é Sung Ho Park, Ph.D.", Hee Chul Park, MD." Hoonsik Bae, M.D."
Hee Sung Hwang, MD., Hee-Soon Shin, M.S.”

Department of Radiation Oncology', Division of Nuclear Medicine, Department of Radiology?, Hallym University
College of Medicine, Chunchon, Korea”, GE Healthcare, Kored'

Purpose: Reduction of respiratory motion artifacts in PET images was studied using respiratory-gated PET (RGPET)
with moving phantom. Especially a method of generating simulated helical CT images from 4D-CT datasets was
developed and applied to a respiratory specific RGPET images for more accurate attenuation correction. Materials
and Methods: Using a motion phantom with periodicity of 6 seconds and linear motion amplitude of 26 mm,
PET/CT (Discovery ST. GEMS) scans with and without respiratory gating were obtained for one syringe and two
vials with each volume of 3, 10, and 30 ml respectively. RPM (Real-Time Position Management, Varian) was used
for tracking motion during PET/CT scanning. Ten datasets of RGPET and 4D-CT corresponding to every 10% phase
intervals were acquired. From the positions, sizes, and uptake values of each subject on the resultant phase
specific PET and CT datasets, the correlations between motion artifacts in PET and CT images and the size of
motion relative to the size of subject were analyzed. Results: The center positions of three vials in RGPET and
4D-CT agree well with the actual position within the estimated error. However, volumes of subjects in non-gated
PET images increase proportional to relative motion size and were overestimated as much as 250% when the
motion amplitude was increased two times larger than the size of the subject. On the contrary, the
corresponding maximal uptake value was reduced to about 50%. Conclusion: RGPET is demonstrated to remove
respiratory motion artifacts in PET imaging, and moreover, more precise image fusion and more accurate
attenuation correction is possible by combining with 4D-CT.(Korean J Nucl Med 39%(3)174-181, 2005)
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Fig. 1. Schematic diagram of a respiratory motion phantom. The
phantom generates a linear motion with frequency of é seconds
and amplitude of 26 mm.
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(a) cine image

(b)simulated
helical image
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Fig. 2. Schematic diagram of generating simulated helical
images from the respirafory specific cine images, which
obtained in different slice position and thickness as those of
respiratory-gated PET (RGPET). The hatched area of each cine
image contributes fo the simulated helical image in the

proportion of overlapping length, 84:", with the separation
between the helical images, s+ With the method, the
respiratory specific simulated helical images were obtained and
then, applied to the corresponding RGPET data for attenuation
correction.
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phase is required.

1 ml yial 3 mi syringe 3 mi vial

Fig. 4. The axial CT(A) & PET(B), and coronal-reformatted CT(C) & PET(D) images scanning one syringe
and two vials of 10 ml and 30 ml while moving in é-sec cycle and 2.6-cm amplifude. It is evident that
the motion degraded the quality of CT images and induced a bluring artifact on PET images. The
severity of the motion bluring apparently depends on the size of the scanned subject relative o the
range of motion,

1 ml vial 3wl syringe 30 mi vial

Fig. 5. The respiratory gated axial CT(A) & PET(B), and gated coronal CT(C) & PE(D) images at 50%
respiratory phase corresponding to the maximum exhalation, for the same subjects as Fig.3. In contrast
with non-gated CT and PET images, motion and bluring artifacts are much improved.
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Fig. 3. Example of the cine image(A) and
simulated helical, coronalreformatted image
(B). Two image sets are apparently the
same except the slice position and the
separation between image slices. For phase
specific aftenuation corection on each
respiratory-gated PET image, the simulated
helical image data of the corresponding
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Fig. 6. Respiratory-gated, coronal-reformatted CT(A) and PET(B)
images of three samples with periodic motion of 6 seconds and
omplitude of 2.6 cm along the table z-direction. The periodic
percentage phases of each image from top to boffom are
shown af the left side and the horizontat dotted line inside each
image represents the same axial slice position.
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Fig. 7. Measured positions in the Superior-Inferior direction from
RGPET and 4D-CT images of each percentage phoses. The
continuous line represents the actual position of the moving
phantomn with periodicity of 6 seconds and amplitude of 26 mm
at each percentage phase. The representative error bars are
estimated by accounting for the uncertainty of scan acquisition
fime for each data set (+/-2.6 mm equivalent to +/-5% phase
error for CT and +/-3.9 mm equivalent fo +/- 7.5% for PET) and
the uncertainty of measuring the center of the subject, l.e. slice
separation of 3.27 mm in the manner of root-mean square.
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Fig. 8. Comparison of volume change in different PET/CT scan
modes as a function of the relafive motion size. The relative
motion size is defined by the ratio of the motion ronge (26 mm
in this study) to the subject size (syringe = 12 mm, vial-10ml = 23
mm, and vial-30ml = 26 mm).
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