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Evaluation of PET Image for Fluorine-18 and Gallium-68 using Phantom in PET/CT

Yoon Seok-Hwan

Department of Nuclear Medicine, Seoul National University Hospital

Abstract The purpose of this study is to compare PET imaging performance with Fluorine-18 (*F) and Gallium-68 (*Ga)
for influence of physical properties of PET tracer, Measurement were performed on a Siemens Biograph mCT64 PET/CT
scanner using NEMA IEC body phantom and Flangeless Esser PET phantom containing filled with *F and %Ga. Emission
scan duration(ESD) was set to 1, 2, 3, 4 and Smin/bed for ®Ga and 1min/bed for ®F. The PET image were evaluated in
terms of contrast, spatial resolution, Under same condition, The percentage of contrast recovery measured in the phantom
ranged from 16,83% to 72.56% for ®Ga and from 27.51% to 74,43% for "®F and The FWHM value to evaluate spatial res-
olution was 10,96 mm for ®Ga and 9.19 mm for F, For this study, '®F produces better image contrast and spatial reso-
lution than ®Ga due to higher positron yield and lower positron energy (°F: 96.86%, 633.5 keV, ®Ga: 83.9%, 1899 keV),
The physical properties of PET tracer effect on the PET image. ®Ga image applying ESD of 3, 4, Smin/bed were showed
similar to "F image with ESD of Imin/bed. This study suggests that increasing ESD for acquiring Ga PET image seem
to be similar to "®F image.
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Table 1 Physical properties of *F and ®Ga

Property & ®Ga
Half-life (min) 109.8 67.6

B yield (%), Ef+max (Mev)  96.86 / 0.63 88.90 / 1.90
Mean ' range in water (mm) 0.6 2.9
Max, B range in water (mm) 2.4 8.2
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B oolqe] Bae Bald 540 i £ 59 YUa]
phantom A¥S &3t PETY/AS vl H7sto] PETHA}
A] ®Ga WA HE2] AT G4 PSS Fotr g}
shtek

1. cHet 3 Hiy
1. Phantom

NEMA(National Electrical Manufactures Association)
IEC(International Electechnical Commission) body phantom
o] FDG PET and PET/CT: EANM guidelines®] phantom
2 o83t A W} WHE 7)E S22 10 mm, 13 mm, 17 mm,
22 mm, 28 mm, 37 mm 67]]2] sphere2} background®] WA
o] Hlgo] 10:10] HEE PF, “Ga WAMI THUALE 34
3lo] phantom®] sphere?} backgroundo] ZFZF 20
kBq/ml, 2 kBq/ml AR FE7F HEE FUSITHS]
(Fig. 1),

Flangeless Esser PET phantomol=F, ¥Ga B 59

YAE RS 57} 50 kBg/mlo] %2 Z+2F phantomol|
FAskAThFig. 2).

Fig. 1 NEMA IEC Body
phantom

Fig. 2 Flangeless Esser PET
phantom

system, Germany) 7]7]5 ©]&3}91om, IEC body
phantom} Flangeless Esser PET phantom®] PETJA} 2
52 9Jo) "F-FDG AAjol olgFI Rale] o e
2-85}0] phantom FOV(Field of view) o] 9JZ]A|

Bp 2ol A7) A=A {H‘,E;oﬂxig axial FOV(Field

fto

N

Jt‘?

of view; 216 mm) 15 JARS FE31F 2 68Ga B
914 phantomof| A= FUgE 202 HogH M

S st e

o

50 mA, 0.5 s/rotation, Pitch factor 0.8

ﬁ,j I 120 kvp, HHE
< olg3to] CTY

Phantom®] PETYAS Matrix size 200%X200, Voxel
size 4,07X4,07X3,00, Slice thickness 3 mn= OSEM3D+
TOF+PSF (iteration, 2; subset, 21), Gaussian filter
FWHM(Full width half maximum) 5 mnE Z-83}o] PET
FHE FUA A SO0, TR olgsio] PET

A AT Al AR AR S ST
4. B& HIt
PET gA+e] EA ‘%‘"ﬂ% Syngo.via (Siemens medical

system, Germany) X2 133} Freeware Amide X213
L 0|85l F HIAAY A phantom o] PETJAN €T
AFS §813E & CTYAMO| 4] phantom®] sphere®} cylinder
background ¢ %lo]] ROI(Region of interest)S 745}
PETAFY] pixel & counts 4F2 =432 1, sphere?]
VOI(Volume of interest)S AAslo] o] H s =& 3
Z4sI3ichFig. 3).

NEMA standard NU 2-2012 7]&o] w} IEC body
phantom%Afol| 4] Contrast recovery (Hot) (Egs. 1),

EL

Background variability (Egs. 3), SNR(Signal to noise
ratio) (Eqs. 4), CNR(Contrast to noise ratio) (Eqs, 5)<
245t0] el tEES WAL, Amide Z215)
o| A IEC body phantom®] Z7]7} 7} Z-& 10 mm sphere
2x, 2sp 23
fittings}o] FWHM, FWTM(Full width tenth maximum)
& 27500 Saele Boterace-10]

a22jaL 6719 sphereo]] AA| Foidt WARSO] F&=(20
kBq/ml) 2} VOIE d4ste] 4% 2t PAks =5 H]
138}o] Recovery coefficient (Egs. 6) #< A3t & =
£9I9140] 228 walol dlalol Hlit B2} 1AL
Flangeless Esser PET phantom GA4tolAxl+= 3719 &3

% Gaussian

o] profile lineX
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Fig. 3 Region of interest(ROI) placed over the sphere
and background in NEMA IEC Body phantom

2 A= Bone, Water, Air 522 0|F0]3 cylindero]
X Contrast recovery (Cold) (Egs. 2)& &A3s}9oH,
phantom®] rod ¥4 9] PET F4= 5789 HAMIARE i
© 2 Blind testE Al3sto] St g2 F1si S B7tst

.

The percentage contrast recovery (Ideal case = 100%)

Hot sphere j :

Gyl Gy =1,
Cu;j = average counts in the ROI for sphere j
Cp;j = average counts in the background ROI for

sphere j

ag = activity concentration in the hot spheres

ap = activity concentration in the background

Cold cylinder j :

C
Qe =1-(55)*100(%]  (Egs. 2)
) B.j
Ce,j = average counts in the ROI for cold cylinder j
Cp; = average of all background ROI counts for cold
cylinder j
Percentage background variability N;
SD.
N, =—"*100(%] (Egs. 3)
CB.]
SD; = standard deviation of the background ROI
counts for sphere j

Cp; = average of all background ROI counts for

sphere j

Signal to noise ratio (SNR)

Signal ;
SNR e,

i~ Noise(SDJ) (Eqs' 4)

Signal; = average counts in the ROI for sphere j
SDj = standard deviation of the ROI counts for
sphere j

Contrast to noise ratio (CNR)
Lesion; — Background

\SD} ;+ 5D},

Lesionl; = average counts in the ROI for sphere j

CNR, = (Egs. 5)

Background = average counts in a ROI placed in a
uniform area outside the spheres
SDyj = standard deviation of the ROI counts for
sphere j
SDp = standard deviation of the background ROI

counts, corresponding to noise in the image

Recovery coefficient (RC)
Measured AC}

AG =~ Actual AC,

(Egs. 6)

Measured AC; = Measured activity concentration of
the VOI for sphere j
Actual AG; Actual activity concentration for

sphere j

m Z a

1, Contrast recovery, background variability ™7}

IEC body phantom= ©]-83} Contrast recovery (Hot)
B7HAT 1% 253 °F phantomGdollA 67] sphere®]
Contrast recovery %}:% GSGaE’J l—L‘ﬂv:, —L‘ﬂr:, —LHv:, —L‘ﬂvr, 5%
3] ESE phantom FAF Hr} =& Contrast recovery 4r<
B oItH(Table 2), (Fig. 4).

AlA| sphere?} background WARs B &3} A|LAISE A4S
oA 5743 Ao WES ti2ER Uehdl o2 A “F PET
Aol ¥Ga PET GAHCE dix=r} &7 B7F =9k

Flangeless Esser PET phantom®] Bone, Water, Air &
22 22 cylinder?] Contrast recovery (Cold) Ai}=
B oJAbol| A ZFzk 81.21%, 77.46%, 75.02% **Ga phantom
AAFolA] 81.33%, 74.73%, T1.13%] Z+S Rk

Bone E29] tjsfr= T WA HAZEO] Contrast recovery
2 3 A3E B o Water, Air EAE AR
cylinderofl A= ®Ga P40l ¥F JATRTH e g2 h
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Table 2 Contrast

recovery and Background variability values in % for each sphere of IEC Body Phantom

Contrast recovery (%) / Background variability (%)

Sphere size 10 mm 13 mm 17 mm 22 mm 28 mm 37 mm
F_1min 27.51 / 11.53 4752/ 9.79 60.14 / 7.77 03.94 / 5.41 72,07 / 4.14 74.43 / 3.12
%Ga_lmin 16.88 / 11,26 31,96 / 9.62 46,28 / 7.81 60.43 / 5.82 66.64 / 4,13 72.56 / 3.48
68Ga_2min 17.38 / 7.09 34,31 / 5.69 47.88 / 4,49 60.71 / 4.00 66.01 / 4,16 72,40 / 3.57
%Ga_3min 20.00 / 7.02 35,79 / 6.44 50.46 / 5.59 61.20 / 4.44 67.72 / 3.78 72.93 / 3.10
%Ga_4min 21.81 / 6.25 36.32 / 5.74 49.42 /513 61.18 / 4.16 67.36 / 3.47 72,59 / 3.00
%Ga_Smin 2212 / 5.71 36,76 / 5.51 49.95 / 5.03 61.17 / 4.08 68.92 / 3.42 72.50 / 2.99
80.00 14
70.00 - 12
F 00 g;.w
%50.00 —+—18F_1min ;E ——18F_1min
E —8—68Ga_1min 8 —8—63Ga_1min
o 40.00 ) 3 )
H —4— 68Ga_2min T, ——68Ga_2min
£ 30000 68Ga_3min E 68Ga_3min
é 20.00 —#—68Ga_4min 4:‘“ a —#—68Ga_4min
—+—68Ga_Smin a —s—68Ga_5min
10.00 2
0.00 0
10 13 17 22 28 37 10 13 17 22 28 37
Sphere size (mm) Sphere size (mm)

Fig. 4 Contrast recovery (%) of hot sphere

H 6] Bone £ HTH= Water, Air 2204 thZE9] *}o]
7b 2A ek

Background variability B7} A3}= IEC body phantom
67112] sphereo)|A] *¥F phantom 15 AR 3,12 of|A] 11,53
¥Ga phantom 1% GAMoA= 3,48 oA 11.20 gh& VrERYo]
I WA SHE0] 15 GAtof| A= H]E=SL Background variability
TE 2

AR "Ga Aol FHSSAIIO] 57} B vl
o] #Y3A Background variability #F2 ZAsFATH

(Table 2), (Fig. 5).

2. SNR, CNR &7}

IEC body phantom< ©]-83%F SNR -2 10 mm, 13 mm, 17
mn sphere®j|A] ®¥F 18 AR Zk7k 9 57, 2.35, 2.28 %Ga
18 Ak 7kzF 2. 84, 2.63, 2.66 C.& %Ga 18 gAto] ¥F
152 GART =7 SAEYCeH, 22 mn, 28 mm 37 mn
sphereo| A= %Ga 15 JARS 71z} 2. 54, 2,81, 3.31 “F
= Y 2.82, 2,96, 3.31 02 WA 4 =}
®Ga2] G4+ BE Al7to] $7F 4= 17 mmo|5}H2] sphere
oflA] SNR2 7433l o1, 22 mn 0]/449] sphere© 4] SNR
2 Z7Y¥lSltH(Table 3).

7_}7_}—

Al 3]

=

Fig. 5 Background variability (%)

CNR 37} A3}, ®Ga 1~55 44t2] 13 mmo]5}k] sphere
o] FF LEIAATH e ONRE Meon, 22 m ol4e)
sphereol| A %Gag] GArElS A|7to] Z718HE2 CNRLS F
1% FAT} 2ol 7k ZHasskgith(Table 3).

PET /49| F-8-4 autz Qlsto] sphere 17|
Alzot g2 E Z-52) ZHo|7F et ¥Gaol 4
AlZro] S7FE Y] Alee S71ehL, 2
o] SNR¥+ CNR2 &FgH ZAaks Hoot,

o e}
A 8s
Z:} =]

3]
o]
N

[¢)

-

3. Resolution EWJ}

IEC body phantom 10 mm sphere®] 18F, %¥Ga2] 135 &
Ao A FWHM / FWTM gr2 2z 9.19 mm / 16,76 mm,
10,96 mm / 19.97 mm ZrS How B 15 oJatolA
FWHM, FWIM gk %Ga 1~58 AR W7 245 o]
FAEE ATt FAIGIe] PR 15 A9 s o] =
S tH(Table 4),

Flangeless Esser PET phantom®] Cold rod®] %4t
7t Al Blind testS F3ll 5782 WAAAL 5 ©Gad) 3
ool gdAfo] F 15 AT Sto & Blsxel PAtolakar
Gollch(Fig. 6).
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<
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Table 3 SNR / CNR values for each sphere of IEC body phantom

SNR / CNR
Sphere size 10 mm 13 mn 17 mm 22 mm 28 mm 37 mm
F 1min 2,57 /183 235/ 1.73 2,28 /1,80 2,82 /221 2,96 / 2.38 3.31 / 2.64
%Ga_1min 2,84 /171 2.63 / 1.60 2.66 / 1.89 2.54 / 1,98 2,81/ 222 3.31 / 2,62
%Ga_2min 2,87 / 1.74 2,48 / 1.60 251/ 1.84 2.79 / 2.19 2,90 / 2.29 3.38 / 2.67
%Ga_3min 2,59 / 1,67 2,57 / 1,67 2,50 / 1.86 2,83 / 2.17 2,96 / 2.35 3.38 / 2.68
%Ga_4min 2.54 / 1.68 2,58 / 1.69 244 /181 282/ 2.19 3.01 / 2.38 3.38 / 2.67
%Ga_Smin 2,53/ 1.68 2.56 / 1.69 2,43 /1,82 2.87 / 2.22 3.05 / 2.40 3.40 / 2.69
Table 4 FWHM and FWTM values of 18F and ®Ga
Radiocisotope FWHM  (um) FWTM  (mm)
F_1min 9.19 16,76
%Ga_1min 10.96 19.97
%Ga_2min 10.82 19.72
%Ga_3min 10.77 19.64
%Ga_4min 10,53 19.19
%Ga_5min 10.29 18.74
14
12
1
- —4—18F Imin
08
18F_1min 68Ga_1min 8Ga_2min g —#—68Ga_Lmin
05 —4—68Ga_2min
68Ga_3min
04 —¥—68Ga_4min
—4—68Ga_5min
02
0 T T
10 13 17 22 28 37
68Ga_3min 68Ga_4min 8Ga_Smin Sphere size mm]

Fig. 6 Image quality in difference emission scan time of
Flangeless Esser PET phantom with ®F and %Ga

4. Recovery coefficient ™7}

IEC body phantomoi|A] 67}] sphere®] Recovery coefficient
P2 UF 15 G4l 0,51 oA 1,04 FH B om, *Ga

= Gl 0.34 oA 0,90 MY g2 YERASI
8Ga 2~55 JAko] 67 spheredl A= 0.34 o4 0.85
2]9] AAJSF Recovery coefficient Zro] A=t HE
424 a5 717l $J8F Recovery coefficient A3}
%8Ga 2] 1~55 JAlo||A] Recovery coefficient 4F2- ¥F 15
P Hop B 2 SAHEACKFig. 7).

i wal PETS] ool ula) 22 B
HhAgsle | o] Ao} sieel JaFe v ok A¥

Fig. 7 RCmax distribution with spheres of different
sizes in "®F and ®Ga IEC body phantom image

AT ool Hla) “Ga Pk RE mTe]
o 27 et

v. o &

2 o] Bae Beln E4o] th2 °F, “Ga WAt
Az ofste] phantom AFS E3F PET PAF9]
Contrast recovery, Background variability, SNR, CNR,
HMAS 3512 9] Recovery coefficient, FWHM, FWTMS H]
L H7}ste] CGa WA NEE o83t PET AL A 44
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