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Assessment of Attenuation Correction Techniques with a ~Cs Point

Source

Jung-Kyun Bong, PhD Hee-Joung Kim, PhD12 Hye-Kyoung Son, MSc Yun-Young Park, BSc
Hae-Joung Park, Ph.D.” . Mijin Yun, M.D. Jong-Doo Lee, MD. & PhD." , Hae-Jo Jung, PhD.?

Division of Nuclear Medicine', Department of Radiology, Yonsei University College of Medicine, Research Institute
of Radiological Science’, Yonsei University, Seoul, Korea

Purpose: The objective of this study was to assess attenuation correction algorithms with the s point source
for the brain positron emission tomography (PET) imaging process. Materials & Methods: Four different types of
phantoms were used in this study for testing various types of the attenuation correction techniques. Transmission
data of a Vs point source were acquired after infusing the emission source into phantoms and then the
emission data were subsequently acquired in 3D acquisition mode. Scatter corrections were performed with a
background tail-fitting algorithm. Emission data were then reconstructed using iterative reconstruction method with
a measured (MAC), elliptical (ELAC), segmented (SAC) and remapping RAC) attenuation correction, respectively.
Reconstructed images were then both qualitatively and quantitatively assessed. [n addition, reconstructed images of
a normal subject were assessed by nuclear medicine physicians. Subtracted images were also compared. Results:
ELAC, SAC, and RAC provided a uniform phantom image with less noise for a cylindrical phantom. In contrast, a
decrease in intensity at the central portion of the attenuation map was noticed at the result of the MAC
Reconstructed images of Jaszack and Hoffan phantoms presented better quality with RAC and SAC. The
attenuation of a skull on images of the normal subject was clearly noticed and the attenuation correction without
considering the attenuation of the skull resulted in artificial defects on images of the brain. Conclusion: the
complicated and improved attenuation correction methods were needed to obtain the better accuracy of the
quantitative brain PET images.(Korean J Nucl Med 39(1):57-68, 2005)
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Fig. 1. Regions of interest on the Jaszack phantom image. ROIs
were drawn on 6 cold spheres and 4 background activity.
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NON-AC ELAC MAC SAC RAC

Fig. 2. Reconstructed images of the cylindrical phantom data. They were reconstructed using different types of affenuation correction
algorithms, From left to right : reconstructed images with non-affenuation-corrected, ellipse attenuation-corrected, measured
attenuation-corrected, segmented attehuation-corrected. and remapping affenuation-correction,

(A) (B) (C)

Fig. 3. Attenuation maps of cylindrical phantom transmission data. Measured (@), segmenfed (b) and
~remapping (c) maps were produced by different types of processing techniques.
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Fig. 4. Line profiles along x- and y-axis. They were obtained from reconstructed images of the cylindrical phantom data. Top: line profiles
along x- and y-axis of affenuation corrected images. Bottom: x- and y-axis profiles of atfenuation maps.

Table 1. percentage normalized standard deviation of the cylindrical phantom data

Measured (%)

Segmented (%) Remapping (%)

emission data 10.70+0.67 6.29+0.20 6.43+0.20

affenuation map 7.84+0.96 0.16+£0.03 0.56+0.21

yES mE gl ZEdS Aol HrtEty ﬁk Fig. 2904 (Fig. 3). Fig. 4= W= vlolele] A4 G434 F34 ol
HolE AAY, A 24 B R A, @ Bl 9@ P4Uel Fd =Esdg HolEt ELAC,
59 Al YAES 249 2ol UM BN AL SAC, RACES FU YL RAFAT. Table 1S A
ANST BF FAAALE oA 9B AW ) F4 WY ] %NSDolth F4¥ el %NSDE vhE
olM AFAYA &gol ZAHEHAZ WEel, o] F ALSS WE F2WE vl WSkt é:‘?l AE BoAFA 1% A3
FRAA EF FANA A7 BolA AL B 5 AUT = MACOE ATE 4 MEdye 2
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Table 2. Comparison of the contrasts of the reconstructed images of Jaszack phantom data

RO MAC* (%) SACT (%) RAC' (%)
1 79.64+2.59 81.18£0.55 82.21+0.39
2 75.04+3.17 75.11+£0.72 76141052
3 71.16+3.66 69.13+0.90 70.03:£0.65
4 59.52+5.14 60.82+1.14 6161+0.83
5 53.05+5.97 46,76+ 154 47661114
6 211541002 21.18+2.29 21.89+1.69
Mean SD. 50.93+5.09 50.03+1.19 59.92+0.87

*MAC-measured aftenuation correction, 'SAC-segmented aftenuation correction, 'RAC-remapping attenuation correction

(A)

(D)

(B) (C)

(E) (F)

Fig. 5. Reconstructed images of Jaszack phantom data with three different types of aftenuation
algorithms. Cold spheres show on fop images and cold bar images show on bottom images.
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Table 3. Attenuation coefficients of water, air, and Teflon bars in the NEMA phantom

Water (cm™) Teflon (cm' Air (cm-Y
Ge-68 (511keV) 0.092+0.013 0.162+0.015 0.004+0.000
Measured map 0.094+0.007 0.164+0.010 0.016+0.004
Segmented map 0.095 0.095 0.017+£0.0056
Remapping map 0.095+0.000 0.095+0.000 0.020+0.005

Fig. 6. Attenuation-corrected images of the
NEMA phanfom data. Mean profiles were
obtained with them along y-axis. From fop
. measured attenuation-corrected (MAC),
segmented attenuation-corrected  (SAC),
and remaopping atfenuation-corrected (RAC)
images.
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(A)

(B)

(C)

Fig. 7. Attenuation maps of NEMA phantom data. They were acquired from different types
of the attenuation correction techniques. From left to right : Measured attenuation map
(). segmented aftenuation map (©). and remapping attenuation map (c).
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Fig. 8. Reconstructed images of the
Hoffman phantom data. They were
reconstructed with measured attenua-
tion map (MAC), segmented aftenua-
fion map (SAC), and remapping
attenuation map (RAC).

(A) (B) (©)

Non-AC ELAC MAC SAC RAC

Fig. 9. Clinical fransaxial brain images. They were reconstructed with different types of attenuation correction algorithms. Top images
are of a middle of the brain and botfom images are of the cerebella area. The arrows indicate the arfificial defects on reconstructed
images. From feft to right : reconstructed images with non-attenuation correction (NON-AC), ellipse (ELAC), measured (MAC),
segmented (SAC), and remapping attenuation correction (RAC).

Fig. 10. Attenuation maps of the clinical
brain fransmission data. Top images
show a middle of the brain and bottom
images show a cerebella area of the
brain.

(A) ] (B) ()

(D) (E) (F)
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(B)
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Fig. 11. Subtracted images by SISCOM. They were combined with measured attenuation-corected images, fo indicate a position. Top
images are of a middle of the brain and bottom images are of the cerebella area. From left fo right: MAC RAC (a), MAC SAC (b),

MAC-ELAC (¢) and RAC SAC (d).
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