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Abstract

Purpose: The purpose of this study was to establish optimal imaging acquisition conditions for the GE
Advance™ PET imaging system by performing the acceptance tests designed by National Electrical Manufacturers
Association (NEMA)} protocol and General Electric Medical Systems (GEMS) test procedures. Materials and
Methods: Performance tests were carried out with °FDG radioactivity source and phantoms by using a standard
acquisition mode. Transaxial resolution and scatter fraction tests were performed with a line source and axial
resolution with a point source, respectively. A cylindrical phantom made of polymethylmethacrylate (PMMA) was
used to measure sensitivity, count rate losses and randoms, uniformity correction, and attenuation inserts were
added to measure remaining tests. The test results were acquired in a diagnostic acquisition mode and analyzed
mainly on high sensitivity mode. Results: Transaxial resolution and axial resolution were measured as average
of 465 mm and 398 mm at 0 cm, and 602 mm and 6.71 mm at 20 cm on high sensitivity mode, respectively.
Average scatter fraction was 9.87%, and sensitivity was 225.8 kcps/uCi/cc of trues. Activity at 50% deadtime
was 4.6 uCi/cc, and the error of count rate correction at that activity was from 1.49% to 3.83%. Average
nonuniformity for total slice was 8.37%. The accuracy of scatter correction was -0.95%. The accuracies of
attenuation correction were 5.68% for air, 0.04% for water and -651% for polytetrafluoroethylene (PTFE).
Conclusion: The results satisfied most acceptance criteria, indicating that the GE Advance™ PET system can
be optimally used for clinical applications. (Korean J Nucl Med 2001:35:100-112)

Key words: "FDG, positron emission tomography (PET), performance test, resolution, scatter, sensitivity, count
rate, uniformity, attenuation
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Fig. 1. Transaxial spatial resolution measurement for a two dimensional multi-ring
detector with a line source parallel to axial direction was performed for radial

and tangential directions.

Line Source

J

24 em

Sinogram Line Spread Function Profile

Fig. 2. Scatter fraction measurement was performed with a line source on three different positions. The
scattered events were caiculated under the peak from sinogram line spread function profile
using linear interpolation between =+ 2 cm from the source center.
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Fig. 3. Sensitivity measurement required true count rate recorded from the sinogram data of the
phantom within 24cm transverse FOV.
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Fig. 4. Examples of count rate losses measurement. (A) True, random, and true count rates extrapolated
at low activity as a function of activity concentration. Indicated two arrows represented when (a)
true count rate reached its peak, (b) random count rate equaled true count rate, (B) % deadtime
curve as a function of activity concentration. Indicated an arrow represented when (a) activity
concentration of 50% deadtime was reached.
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Table 1. Scatter Fraction (SF)

Positron Emission Tomography

Measurement for

Image Planes at HS and HR Mode

Scan mode Plane SF(%)
Direct 957
High sensitivity Cross 10.17
Average 987
Direct 893
High resolution Cross 9.39
Average 9.16

7.0 -
—0— HS radial
—&— HS tangential )
65~ | —¢— HRradial |
—%— HR tangential 1
60~ i
£ \
é !
= -
T 55 ‘
= , !
s
5.0 - = — |
° |
4.5 |
|
i
40 al T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0
Radius(cm)

Fig. 7. Transaxial resolutions measured on radial and tangential directions at high sensitivity
and high resolution mode show decreasing resolutions along each position of line

source.
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—&— HS direct
—&— HS cross
—&— HR direct
—O— HR cross

FWHM(mm})

0.0 50 10.0 15.0 20.0 250

Radius(cm)

Fig. 8. Axial resolutions measured on direct and cross planes at high sensi-
tivity and high resolution mode showed decreasing resolutions along
each position of point source.

Table 2. Sensitivity Measurement Presented as True and the Sum of True and Scatter Count Rate for
Image Planes at HS and HR Mode

Scan mode Plane Count rate (kcps/pCi/cc)

High sensitivity Direct True+Scatter 703
Trues 6.40
Cross True+Scatter 7.99
Trues 7.27

System True+Scatter 248.1

Trues 2258
High resolution Direct True+Scatter 318
Trues 293
Cross True+Scatter 552
Trues 508

System True+Scatter 1495

Trues 137.6

Table 3. Count Rate Losses and Randoms Measurement for Activity Concentrations at 50% Deadtime, Peak of True
Count Rate and True Count Rate Equaled to Random Count Rate and Count Rates at the Activity Level.

Scan mode Activity Activity conc. (count rate)
At 50%deadtime 460 pCi/cc (427 kcps)

High sensitivity At true=peak 745 pCi/cc (466 keps)
At true=random 10.08 pCi/cc (437 keps)
At 50%deadtime 459 pCi/cc (259 keps)

High resolution At true=peak 745 pCi/cc (283 keps)

At true=random 12.37 pCifcc (215 keps)
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Table 4. Count Rate Linearity Correction Errors for
the Activity Concentration of 50% Deadtime
at HS and HR Mode

Scan mode Activity conc. Error(%)
High sensitivity 46 pCi/cc 149 ~ 383
High resolution 459 pCi/cc 093 ~ 474

Table 5. Scatter Correction Errors for Image Planes at
HS and HR Mode

Scan mode Plane Error(%)
Direct -1.06
High sensitivity Cross -0.83
Average -0.95
Direct -1.20
High resolution Cross -0.56
Average -0.89

Table 6. Average Slice and Inter Slice (System) Non-
uniformity  (NU) Measurement and their
Coefficient of Variation (CV} at HS and HR
Mode

Scan mode Measurement NU(CV)%

Average NU(CV) 8.37(2.73)
System NU(CV) -1.25~1.74(0.74)

High sensitivity

Average NU(CV) 952(3.17)

High resolut
igh resolution System NU(CV) -1.37~1.98(1.07)

Table 7. Attenuation Correction Errors for Three In-
serts at HS and HR Mode

Scan mode Inserts Error(%)
Air 5.68

High sensitivity Water 0.04
PTFE -6.51
Air 452

High resolution Water -0.47

PTFE -5.23
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