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Quantitative Differences between X-Ray CT-Based and "~ Cs-Based

Attenuation Correction in Philips Gemini PET/CT

Jin Su Kim, MS.”, Jae Sung Lee, Ph.D.* Dong Soo Lee, MD.”, Eun Kyung Park, MD."
Jong Hyo Kim, Ph.D.2’3, Jae Il Kim, B.S.T, Hong Jae lee, B.S.‘, JuneKey Chung, M.D.m,
and Myung Chul Lee, mD."”

Departments of Nuclear Medicine' and Radiology’ and Interdisciplinary Program in Radiation Applied Life Science
Major’, Seoul National University College of Medicine, Seoul, Korea

Purpose: There are differences between Standard Uptake Value (SUV) of CT attenuation corrected PET and that of
s, Since various causes lead to difference of SUV, it is important to know what is the cause of these difference,
Since only the X-ray CT and ™Cs transmission data are used for the attenuation correction, in Philips GEMINI PET/CT
scanner, proper transformation of these data into usable attenuation coefficients for 511 keV photon has to be
ascertained. The aim of this study was to evaluate the accuracy in the CT measurement and compare the CT and
YCs-hased attenuation correction in this scanner. Methods: For all the experiments, CT was set to 40 keV (120 kVp)
and 50 mAs. To evaluate the accuracy of the CT measurement, CT performance phantom was scanned and
Hounsfield units (HU) for those regions were compared to the true values. For the comparison of CT and YCs-based
attenuation corrections, transmission scans of the elliptical fung-spine-body phantom and electron density CT
phantom composed of various components, such as water, bone, brain and adipose, were performed using CT and
YCs. Transformed attenuation coefficients from these data were compared to each other and true 511 keV
attenuation coefficient acquired using ®Ge and ECAT EXACT 47 scanner, In addition, CT and Ws-derived attenuation
coefficients and SUV values for F-FDG measured from the regions with normal and pathological uptake in patients’
data were also compared. Results: HU of alf the regions in CT performance phantom measured using GEMINI PET/CT
were equivalent to the known true values. CT based attenuation coefficients were lower than those of ®Ce about
10% in bony region of NEMA ECT phantom. Attenuation coefficients derived from WCs data was slightly higher than
those from CT data also in the images of electron density CT phantom and patients’ body with electron density.
However, the SUV values in attenuation corrected images using YCs were lower than images corrected using CT.
Percent difference between SUV values was about 15%. Conclusion: Although the HU measured using this scanner
was accurate, accuracy in the conversion from CT data into the 511 keV attenuation coefficients was limited in the
bony region. Discrepancy in the transformed attenuation coefficients and SUV values between CT and Ws-based
data shown in this study suggests that further optimization of various parameters in data acquisition and processing
would be necessary for this scanner.(Korean J Nucl Med 3%3):182-190, 2005)
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Table 1. Specifications of Philips GEMINI PET/CT Scanner

Description

Type or Dimension

PET subsystem

Crystal material

Number of rings

Ring diometer (mm)

Patient port (mm)

Crystal number

PMTs number

Crystal size (mm®)

Coincidence window (ns)
Acquisition mode

Transaxial FOV (mm)

Axial FOV (mm)

Slice thickness (mm)
Transmission source

CT subsystem

Gantry aperture (mm)

Variable scan speed

Anode heat storage capacity (MHU)
Minimum slice thickness (mm)
Helical reconstruction time (sec)

GSO

29

820

560

28 flat modules of a 22x29 array
420

4x6x20

8

3D only

576(whole body)/256(brain)
180

2gbroin)/4(whole body)
13 CS

700

0.75 sec/rotation
6.5

1

]

SUVe| Apele] & 837 913l 714 71238 G4
HAA T AESA NN Zzhe] A S GgEC) A&
HBEHAEA Lolrotth 2] A7t A3 HaH)
A AR dolEe AL gy 22 olf wFolt}

AT ()2 FA(photon) 7} EA-S F3sldA &)
Zolel wld =z A & I} (photoelectric effect) T HAZH

“F&H(compton scattering) £ ¥3-& dod FE& ¥A
& Aot} A F s B2 ojuX o) wHg sy B4
AANS G AL HFH S OZ A7} ALE5E B
FAZE A EEG H ok o] dANE e} AAUET} e
AL AAVL A HE ARt oy B %) It B
FE 3 W ZFo] AxMs e} ALY E B 2R
ZAHE A5 7N 4L o] Ayt Eagnt? oy
=2H A2 AuA o] mat I gko] gt 50
keV ©}3t9] oz 9%‘01]/‘1 FAEF 30~130 keVE 9
Uz d9el e Gdaste HId ASaa 200~1000
keV ol xe @i‘?j Akgro] Auj A el

$¥ Philips GEMINI PET/CTE X-ray CT(HFo| A

40 keV), 'Cs ML (662 keV) & o] L3te] £33} JAbe A
g Fake] X7} 40~140 keVQ X-ray CTE BA &3

o AZE Ao oL 1% —/gz]o}oqo]: AR S RE AP
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Fig. 1 GEMINI PET/CT scanner.
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teflon
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Fig. 2. (A) System performance phantom composed of aculon, perspex, lexan, teflon, polyethylene. (B) CT image of the

. system performance phantom
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Fig. 3. NEMA ECT eliiptical phantom composed of lung, soft
fissue, and spine equivalent material.
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Fig. 4. (A) Gammex 467 electron density CT
- phantom composed of various electron density
such os bone, adipose, water, lung, and
breast. (B) CT attenuation map of Gommex 467
electron density CT phantom. (C) Cs
attenuation map of Gammex 467 electron
density CT phantom.
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Fig. 5. (A) CT image. (B) CT attenuation map, and (C) "Cs attenuation map of a patient.
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Fig. 6. Scatfer plot and regression line between CT(black
square) or 'Cs(white square) ond ®Ge attenuation coeffici-
ents obtained from NEMA elliptical ECT phantom. Dotted line
was reference line (y=x). '37Cs affenuation coefficients were
compatible with those of ®Ge(y=1.04x). However CT aftenua-
tion coefficients was lower than those of ®Ge with electron
density(y=0.86x).
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Table 2. Comparison of CTAC* and CsACT PET SUV

Material SUV at CTAC Image SUV at CsAC Image SUV % Difference
RULT 11 0.7 527
RML§ 1.1 0.9 317
Subcutaneous Tissue 0.4 0.3 35.4
Tonsil 43 34 24.2
Muscle (Right Glutens) 1.1 0.9 239
Muscle (Right Thigh) 11 1.0 66
Liver 2.8 24 16.3
Spine 21 1.7 24.2
Femur Head 1.2 1.0 24.2
Femur Diaphysics 20 1.5 28.3
CTAC* : CT gttenuation corrected
CsACT : Cs attenuation corrected
RULT : right upper lung
RML® : right middle lung
20 - 6]5 ‘%‘_ 4 dsh= tﬂfﬂ'ﬂ ‘—“9‘ 9’]1]]6—]’“:‘ ﬂo]q ?Hﬂ K eo-m11)
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Fig. 10. Scatter plot and regression line between CT and 'Cs
corrected PET moximum SUV  obtained from pathological
regions of 30 patients’ region site.
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