NU2-2001

Received: 2004. 4./7. - » Accepted: 2004. 6. 4.
dress -for. reprints: “Joe Sung’ Lee, Ph.D., Depariment: of
iCleor Medicine, Seoul. National University College of Medicine,
28 Yungun-Dong.- Chongno-Ku, Seout 110-799, Korea
[ 82:2-760-2938, Fax: 82-2-745-7690
~EMail: joes@snuvh.snu.ac kr
B oE WX I TURAUG HTHIE K 2ol S A5IaS.

0L AT0l =82 TN 01BM, EME,L BUE MMEN LA EEUC

NEMA NU2-2001-&
EXACT 47 ~7)4 9]

AgThsta oftle} s oetu g, WAl -8-g-
Uzi%: - OJRHA - OlF 4 - HEY| - ol

Vol 38:(3):2004

0]-&-3} Siemens CIT ECAT

i As H7)

Az g
Performance Evaluation of Siemens CI1 ECAT EXACT 47 Scanner Using NEMA

Jin Su Kim, MS,, Jae Sung Lee, Ph.D, Dong Soo Lee, MD.,, June-Key Chung, MD, and Myung Chul Lee, MD.
Department of Nuclear Medicine, Interdisciplinary Program in Radiation Applied Life Science Major, Seoul National
University College of Medicine, Seoul, Korea

Purpose: NEMA NU2-2001 was proposed as a new standard for performance evaluation of whole body PET
scanners. In this study, system performance of Siemens CTI ECAT EXACT 47 PET scanner including spatial
resolution, sensitivity, scatter fraction, and count rate performance in 2D and 3D mode was evaluated using this
new standard method. Methods: ECAT EXACT 47 is a BGO crystal based PET scanner and covers an axial field of
view (FOV) of 162 cm. Retractable septa allow 2D and 3D data acquisition. Al the PET data were acquired
according to the NEMA NU2-2001 protocols (coincidence window: 12 ns, energy window: 250 ~ 650 keV). For the
spatial resolution measurement, F-18 point source was placed at the center of the axial FOVila x=0, and y=1,
bix=0, and y=10, (cx=10, and y=0cm) and a position one fourth of the axial FOV from the center (@ x=0,
and y=1, bix=0, and y=10, (©x=10, and y=0cm). In this case, x and y are transaxial horizontal and vertical,
and z is the scanner’s axial direction. Images were reconstructed using FBP with ramp filter without any
post-processing. To measure the system sensitivity, NEMA sensitivity -phantom filled with F-18 solution and
surrounded by T~5 aluminum sieeves were scanned at the center of transaxial FOV and 10 cm offset from the
center. Attenuation free values of sensitivity were estimated by extrapolating data to the zero wall thickness.
NEMA scatter phantom with length of 70 cm was filled with F-18 or C-11solution (2D: 2,900 MBq, 3D: 407 MBaq),
and coincidence count rates were measured for 7 half-lives to obtain noise equivalent count rate (NECR) and
scatter fraction. We confirmed that dead time loss of the last frame were below 1%. Scatter fraction was
estimated by averaging the true to background (scatter + random) ratios of last 3 frames in which the fractions
of random rate are negligibly small. Results: Axial and transverse resolutions at fcm offset from the center were
0.62 and 0.66 cm (FBP in 2D and 3D), and 0.67 and 0.69 ¢m (FBP in 2D and 3D). Axial, transverse radial, and
transverse tangential resolutions at 10cm offset from the center were 0.72 and 0.68 c¢cm (FBP in 2D and 3D), 0.63
and 0.66 cm (FBP in 2D and 3D), and 0.72 and 066 c¢m (FBP in 2D and 3D). Sensitivity values were 7086 (2D),
29313 (3D} counts/sec/MBg at the center and 728.7 (2D), 3398.2 (3D} counts/sec/MBg at 10 cm offset from the
center. Scatter fractions were 019 2D) and 049 (3D). Peak true count rate and NECR were 64.0 kcps at 40.1
kBa/mL and 49.6 keps at 40.1 kBg/mL in 2D and 537 keps at 476 kBq/ml and 264 kcps at 447 kBg/mL in 3D.
Conclusion: Information about the performance of CTl ECAT EXACT 47 PET scanner reported in this study will be
useful for the quantitative analysis of data and determination of optimal image acquisition protocols using this
widely used scanner for clinical and research purposes. Korean J Nucl Med 38(3):259-267, 2004}
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Table 1. Specifications of CTI ECAT EXACT 47 PET scanner.

Table 2. Data acquisition parameters (defaults) in Siemens CTI ECAT EXACT

Crystal material BGO (Bismuth Germanate) 47 scanner.

Number of rings 24 2D 3D

Ring diometer (mm) 824 Planes over lap 5 11

Patient port (mm) 562 Number of elements 192 192

Crystal number 9.216 Angular compression No No

PMTs number 576 Ring difference 5 17

Crystal size (mm®) 6.75 x 6.75 x 20 Span numper 1 7

Coincidence window (ns) 12

Acquisition mode 2D/3D

Transaxial FOV (mm) 583 [H}c‘zl' E‘:I QE‘

ol FOV () 12 £ 7ol NEVA NUZ-2001 4% %7} el mhek CTI
Number of irmage planes 47 BCAT EXACT 47 PET 2AUe) 270 e, alg, Aee
Siice thickness (mm) 3.375 bl Cv T
Septa material Lead 3, NECRE 2419l 94 85 B9 33kl 94 35 REolA
Septa dimensions (MM2) 1x 65 2359tk 39 GAE ATH & o= Single Slice
Transmission source 68Ge Rebinning (SSRB) #Hi& AR R AT o] dpedlA
Source geometry Rod ARE-3F Siemens CTI ECAT EXACT 47 PET 291y Al&=H 9

whole body scan length (cm) 195

WolR| 2L PET 2719 £5 AloHaxial field of view) 7+ HoiA]
WA F2 Ao} A BollM S whade] Gkl tig 1L
#H7F F.23 whd NEMA NU2-1994004 917%, AlaEg s
Noise Equivalent Count Rate(NECR) & $4& uj AR&-3ld
27 20cm, % ‘01 19cm-4 MY (Phantom) & AHE-8IH &5 Alok
oA EoleE S ZPAZ  fle wAF0) Aok g
NEMA NU2Z-1994 —‘E —(T,'— 'F:@H%% é;ﬁﬁé o) A g AR}
7] el Aol & o
ol vhbd ;,l%i‘:}
olg]dt FTAFE H&sk st NEMAv- NEMA
NU2-2001-2 A A A<¢tstgdt. NEMA NU2-2001904 &
At A% H/F 452 FHY THF vRRE 3T 2
3%, DA%, AHFEE, NECR Soith o] W2 4 Hd o
AR AEE ARt MAF 2908 Fo) AXBA] Fot
4 5 Ade 7 BT Az 89S Al I W
, RS NECRES SAE o 2] £ Alofio &
AA(Ae) 70 cm)= AHESEE F5 /‘]
o] WAk JFS TR 1Y &
NEMAOA MEA A|tst NEMA
Fi o) wel Siemens ECAT EXACT 47 2704
Mk s NECR 58 43k &

260
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Z (aial direction)

Fig. 1. To measure spatial resolution, a point source is positioned
at 6 positions: (a) x=0 and y=1 cm, (0) x=0 and y=10 cm, (c) x=10
and y=0 cm at the center of the axial FOV and one fourth of the
axial FOV from the center.
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Distance from the maximum pixel

Fig. 2. FWHM of the profile (spatial resolution) was determined as
follows: 1) Maximum value of count rate profile was determined
by parabolic fit using the peak value and its 2 nearest
neighboring points. 2) FWHM is determined by linear interpolation
between adjacent pixels at one half of on estimate of the
maximum value of profile.
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BdE A+A AT Ordered subset expectation maximiza-
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P #th), NEMA 1+ mhet 223 Zo| 3 3kiv) 5
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o
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l2bstathFig. 2). 22998 FWHMS ©] F &
Aole] AeE kel AR o uf Hujgke 2 3t
of IHE 7 sAe] A kel A7t 15% o7t He A
glstl o, wref 15% oldd A9 A A9 A E A
ote] AJAPsidinh IS A+ e & sl A7)
0515 mm x 0515 mmE 3tk o) e ol’d FWHM(<k
6mm) &l 1/38t} 2 ZA7]9] sl4E AMESES A NEMA
TAL 2535] BEZA 7= glolth sk Aol A Al ARL-s)
= 03%4 ot i}/‘«] A7 257 mm x 257 mmo]BE o] i
Tkl ska 7)o w2k FWHM %ol o814 &
ZRA =4 ELOLHL;&D}

B

i 1-)4 to

[s) 1_ o

tion)ell 9@ T2k Bals2 FHl WAbs BE, 9GS Ho) o) FUH FAA 1, 10cm Hold AMA Azte] & 3% 3
8 921 4 A7) wiolt)? omFoEspmon oahe & Z7EE S-S Table 3914 AIAIEH NEMATFAR ] whal
Table 3. Formulas for computing spatial resolution report values

Description Formula
@1cm radius

Averoge X & Y for both z pOSiTiOn (RESXX:O,y:Lz:cenTer + RESVX=O,V:1,z:cemer + RESXX:O,‘/:],Z:]/A rov t
fransverse (4numbers) RESyx:o,y:l,z:m Fov) / 4
Axial

Average of 2 z positions (2numbers)

RESZx=D,y:l,Z:cemer + RESZFO,\/:LFW/A FO\/) /4

@10cm radius

Average 2 transverse for both z positions

Transverse radicl
a ad (4 numbers)

Average 2 fransverse for both z positions

Transverse tangential (@ numbers)

Average 2 transverse for both z positions

Axial resolution (4 numbers)

(RESXX:WO,V:O,z:cenTer + RESVFO,\/:WO,z:osnTer + RESXX:]OI\FOlzz} 4 foy T
RESYxcoy=102=1/4 rov) / 4

(RESYXﬂO,y:O,z:cenTer + RESXFO,y:WO,z:cemer + RESYX:WO,V:O,Z:W/A fov t
RESXx=0y=102=1/4 Fov) | 4

(RESZX:WO,V:O,z:cenTer + RESZX:O,V:WO,z:cemer + RESZ><=1l1\/:(IZ:1/4 rov +
RESYx=00y=102=1/4 Fov) / 4

RESx, RESy, and RESz refer to the spatial resolution measured in the x, y, and z directions
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Fig. 3. Sensitivity phantom (Data Spectrum Corp., Chapel Hill,
NC.. USA) designed for the measurement of attenuation-free
value of sensitivity.
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Fig. 4. Scatter fraction phanfom (Data Spectrum Corp., Chapel
Hill, NC., USA) designed for measurement of scatter fraction and

NECR.
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Fig. 8. Procedures for the estimation of scatter fraction and NECR (A) Profile across the polyethylene fube in each slice of sinogram
which contains not only frue coincidence counts (d) but also scatfer plus random counts (at+b+c). (B) Alignment of count profiles to
obtain the summed profile across the projection angles. (C) Fraction of scatter plus random counfs versus activity concentration, which
shows that the scaffer fraction in 3D mode was 0.49 at the condition of negligible random count rates.
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Table 4. Spatial resolutions of CTI ECAT EXACT 47 PET scanner using NEMA NU2-2001 at 1 ¢m and 10cm offset from the center.

Pixel dimension (mm x mm ) 0.515 x 0.515 2.57 x 2.57

Data acquisiion mode 2D 3D 2D 3D
Resolution at lem off set from  Transverse 0.67 0.69 071 071
fhe center (cm) Axial 062 066 0.69 0.70
Resolution Transverse radial 0.63 0.66 0.70 071
at 10cm off set from the Transverse tangential 0.72 0.66 0.86 0.84

center (cm) Axial 072 0.68 0.86 0.84

Table 5. Activity concentration at peak true rate and peak NECR in 2D/3D acquisition mode.

Acquisition mode Peak NECR (kcps) /;Zz\l/(mg(?; C(Egg/?:gn a Peak true rate (keps) ggz\gmuio?;in?k%ﬁ;%sf

2D 0.6 40.1 64.0 40.1

3D 26.4 447 53.7 476

o A% o FEHE el FAEAM 23] 9 95 EEolA 7191 257 mm x 257 mmE AT Gl S (A
£ FYSRe PAAT 9ae) o) Ao uislaiAT 3xge] 3w BT 3wl sl 37 Rals e Sskh

N 9, 2 A 2712 BAA9) G A3 o gL uhgk ZAo)A 1 om 2 10 em Holyk AelA S48 37

% 7
7hHIE 3R] 947) wiitell /el A gtel AE AAEE £33 Eal% 32 Table 49 2t} 0515 mm x 0515 mm®) $ha A7)
QLA AMEEIEL Tk of ATOIAE WAL Pl thate] T AT G2 7 BeS RE PPl vhsle] FAAN
FAF, A S, AGA G ASHE FAsE I NECR #433 9F 65 mm, 10 cm Hold A A < 70 mm A= A2l
7 S-S T A AFe8RE 257 mm x 257 mm F719) AR 94S ATA
' A2 ml= 24004 7.1 mm, 10 cm ok AFelA oF 86 mm
ALeA GAUE Sad 277t ARFE 74 Balso) A
HE AL $AFAT o= Witherspoon” 59 A7 Asele
1. 37 %8s YR g},

Y
=

mm x 0515 mme) 34 F7)9 Akl A ARL-3R= AlA sk A nEE 2] FEE S0 7086(2D), 2931.3(3D)

(A) (B)

7.6 ] 9.10 ¢
9.00

8.90 ¥e. Fig. 6. Natural logarithm of true
O count rafte versus the thickness of
’ attenuator (aluminum sleeves) from
which the logarithm of attenuation
-free value of sensitivity was
exfrapolated; white squares and
dotted line: measurements at the

8.80 | =N

Natural logarithm of true count rate (In(R;))

7ol ; A - .70 , : s center of FOV; black squares and

0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0 slide line: at the 10 cm radialy
offset from the cenfer. (A) 2D

Thickness of attenuator (X, Thickness of attenuator (X)
o ! mode. (B) 3D mode.
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