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Variation on Estimated Values of Radioactivity Concentration according to the
Change of the Acquisition Time of SPECT/CT
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Abstract With the recent development of precision medicine(Theranostics), interest and utilization of the quantitative func-
tion of SPECT/CT are increasing, This study aims to investigate the effect on the radioactivity concentration estimate by
the increase or decrease in the total time of SPECT/CT imaging conditions. A standard image was obtained by the con-
ditions of a total acquisition time of 600 sec(10 sec/f X 120 frames) by diluting *™Tc 91.76 MBq in a cylindrical phantom
filled with sterile water, and a comparative image was obtained by increasing the total acquisition time by -90%, -75%,
-50%, -25%, +50%, +100%, The CNR, radioactive concentration estimate(cps/ml), and the variation rate(%) of the recovery
coefticient(RC) were analyzed by measuring the overall coefficient of interest in each image. The results|CNR, Radiation
Concentration, RC] by the change in the number of projections for each increase or decrease rate(-90%, -75%, -50%, -25%,
+50%, +100%) of total acquisition time are as follows. [-89.5%, +3.90%, 1.04] at —90%, [-77.9%, +2.71%, 1.03] at —75%,
[-55.6%, +1.85%, 1.02] at —50%, [-33.6%, +1.37%, 1.01] at —25%, [-33.7%, +0.71%, 1.01] at +50%, [+93.2%, +0.32%, 1.00] at
+100%, and also The results{CNR, Radiation Concentration, RC] by the acquisition time change for each increase or de-
crease rate(-90%, -75%, -50%, -25%, +50%, +100%) of total acquisition time are as follows, [-89.3%, -3.55%, 0.96] at —90%,
[-73.4%, -0.17%, 1.001 at —75%, [-49.6%, -0.34%, 1.00] at —50%, [-24.9%, 0.03%, 1.00] at —25%, [+49.3%, -0.04%, 1.00] at
+50%, [+99.0%, +0.11%, 1.00] at +100%, Image quality(CNR) showed a pattern of change in proportion to the increase or
decrease in the total acquisition time of SPECT/CT, but the result at quantitative evaluation showed a change of less than
5% in all experimental conditions, maintaining quantitative accuracy(RC less than 0,05) without much influence,
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A8 E3L SPECT/CT GAFe] A% ¥ists dolk 11

A 71V 5T & R FAdY E5ARE
= =

SPECT/CT#AH|+= BrightView XCT (Philips Health care,
Cleveland, USA)E ARSI O™, SPECT 7|&4Are] o

AFRYE AR 2708 Aol AFEE AIE I BTe0,
MY 71207 LEHR Z57]|(dual head detector)S ARE:-
BFaL, ol R] A 140,511 keV + 10%0|4 B4 I=

AlZH(sec per frame, sec/frame)< 10 sec/frame, & £

A= 3.0° 7FE0 2 & 120 frames(60 frames X 2 head)
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or collimator detector response recovery, CDRr)< A}
L3901, CT7|Hke] 4] R A (attenuation correction,
AC)T} AlgHH A(scatter correction, SC)S AL, =
M9 AN ZRE GASIE AR AN

A E 20| 422 A7t uE B3| 2 A (decay correction,
DO) %= &7 Al3gst3ATH6-8].

Fig. 1. BrightView XCT (SPECT/CT with flat-panel detector)
was used for experiments,

2) WY 4%

=z=aAx=
o =

9.3 1.(9293 ml) =7]9] Y& =0 7=
2 3(Fig, 2), *™TcO,” AYL 91,73 MBq (2,48 mCi)=
FQ1X171 5 ] 44| whek SPECT/CT 48 BS54
o, AR ol s BrhE i) g i) Aad
A A= (system volume sensitivity, SVS)@} WA IR}
(calibration factor, CF)E 7]&AAS £ A= ’6‘]— a1,
P\ U Aol RS
7b0) 275 Wk WRYAE

Fig. 2, For the calibration scan, the cylindrical phantom was
filled with water, and 99mTcO4 source was injected.
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H = =7 (dose calibrator)&H]= Atomlab™ 500
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om(Fig. 3), 54 A A8 27, HegHchamber) 2
Qe ozl WAL AU Co, ¥Ba, ¥'Cs) v 1% w|k
(0.76%, 0.27%, 0.27%)°10.0H, A3 FUo] Uxt A
(constancy) HAF] deviationS 0%= A7 322}
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(geometry efficiency)S &=0]al, SPECT/CTE %3 J&
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sto] AlzAtoll Al AlEE AlEAXH(sample holder)E A
Sok9ia, ARG AU AAE 1 ot FAIZ AFg St
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Fig. 3. When using the dose calibrator, the radioactivity
source was set to a volume of 0.1 mlin a 1 cc type syringe,
placed in a dedicated sample holder, and then radioactivity
was measured.
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23 2H|o]A EBW (extended brilliance workstation)
NM ver, 4.5 (Philips Healthcare, Cleveland, USA)E A}
&3to] 71 A A AlF ol digt WA AIA (volume of
interest, VO A4 & & Al5E 53] ¥HE S4H3L,
SHE FAGe Fugom YAssEs FokAthFig.
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3 A AR AR s (A S Hlaste] ot 2
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&
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2 2(Eq, )22 wWAARHCalibraion factor; CF)&E A&

SFATH6-8].

AT(Bq/ml)
CF=———F—7—v X BR Eq. 1
A, cps/ml) O

® A; : True(known) activity concentration
® Ay . Measured activity concentration
® BR : Branching Ratio(=1)

30 cm

£ 2

Fig. 4. After reconstruction image(SPECT) of phantom fused
with CT image, VOI were drawn manually using CT boundary
as reference,

71298 & FSAIRE 600 sec(0%)E FH o= HlIL
GAO] & EEAITRS 212} 60 sec(—90%), 150 sec(—75%),
300 sec(—50%), 450 sec(—25%) % FAA]Z]|AM 900 sec
(+50%), 1,200 sec(+100%) 2 Z7HAAH FAEE=S 21935}
AtHTable 1), & FSAIIO] S AlFA o B4
F B5ATH(sec/frame) I} FF/F(frames) &] ¥z} 2=
el oJsff A7kt o] JAl 71w B AlFE710

sec/frame X 120 frames)S Ao &2 Zkzk HAs19ict

Table 1, Setting the total acquisition time of comparative images from maximum +100% to at least -90% centering on the

total acquisition time 600 sec of the standard image.

Time Total Acquisition Time
- N Change of Time per frame (1) Change of Frames
Variation(%) (= t x frames)

-90 60 sec 1.0 sec/frame 12 frames

-75 150 sec 2.5 sec/frame 30 frames

-50 300 sec 5.0 sec/frame 60 frames
_ _ . X 120(60) frames X 10 sec/frame

-25 450 sec 7.5 sec/frame . 90 frames .

(fixed) (fixed)

0 600 sec 10.0 sec/frame 120 frames

+50 900 sec 15.0 sec/frame 180 frames

+100 1,200 sec 20.0 sec/frame 240 frames
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273} g /A WSS doliy] flske] tix=
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RS SH3H3ICh ROLY $1A1= CTYAS
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& °§*J° 3

=5 7]
ERL

]

£3
© 4(Bg. & ©§5to] ONRE FHEH10-13].
Contrast | 1™ o |
CNR = - = Eq. 2
Noise / a% + Ug
® /4, 1o = mean values in two different ROIs
® 54, 6 2 = SD in two different ROIs

T

ROI

Fig. 5. CNR was confirmed with both the average coefficient
measured through the ROI(@) set at the center of the center
slice of the acquired image and The average coefficient
measured by setting ROI(@) of the same size outside the
image.,
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® Ax ! Measured activity concentration

3) BEAT 1=

27wzt o3t WAkss= o] Y7 AR AF
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AA
Variation(%) = N 100 Eq. 6.
0
o NA=A—-A
® A = Estimated concentration(comparative image)

® A, = Estimated concentration(standard image)
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1) BT ESAZE HE| & CNR

F S5 Ae] WsharlolH FAARE 71294 120
frames® A8, FJAT FEA|ZES 1.0, 2.5, 5.0,
7.5, 10.0, 15.0, 20.0 sec/frameO.2 HSIA|ZAL W]

CNR& 1.0 sec/frame°||A4] 12.7, 2.5 sec/frameoﬂ/ﬂ 31,5,
5.0 sec/frame°|A 57.9, 7.5 sec/frame°|A] 88.9, 10.0
sec/frameo|| 4] 118 4, 15.0 sec/frameol|A] 176.8, 20.0
sec/frameo]| 4] 235 60|90, FGAT =7 27}
of wet v Eo] Frlskt. FIT ASAKE HskE
e T IS HEE%) ol THE CNRE| HEE(%) &
oA F BEAIZF-90%0l A -89.3 %, —T5%IA —73.4%,
—50%0) 4] ~49. 6%, —25%0NA] ~24.9%, +50%0l|A] +49.3%,
+100%O A +99 0% ECIAFE Bl A|7he] BElz 7o)
Al AZES] S 2ol Wt CNR Al Hlg|ste] S 2= )it
(Table 2—A),

30 fs . 60 fs .. 90 fs

60, 90, 120, 180, 240 frames= HMB}A|Z-S To] CNRE
12 frames©l| 4] 12,5, 30 frameso]|A] 26,1, 60 frameso] 4]
52.5, 90 frames©o|A] 78.6, 120 frames©||A] 118.4, 180
frames©ol|A] 158.3, 240 frames©oj|A] 228.80]1.0mH,

Agee] Z7kof wle} vleElo] Z7lokich, FoA wotE
53§ BEAY) WER®O] T2 ONRE] MEE®) B
Aof|A & BEAZE -90%0N A —89.5%, —T5%N A ~77.9%,
—50%0 4] ~55.6%, —25%0A] ~33.6%, +50%0]4] +33.7%,
+100%°114] +93.2%= FJ4=2] ®stzziolA AIXHe] &
2ol wrek ONR 914] wlesto] 2 2E|9ichTable 2-B)

3 = A7) WakR 7oA EOE 71294 120
frames2 1Ak, FHAIT SEA7FE 1.0, 2.5, 5.0, 7.5,
10,0, 15.0, 20.0 sec/frame .2 HSIA|ZL Wjo] MR e
ZFAZ(kBg/ml)+= 1.0 sec/frame®f|4] 9.52, 2.5 sec/frame?]|
X1 9.86, 5.0 sec/frameof|A] 9.84, 7.5 sec/frame®]|X] 9,88,
10.0 sec/frame°f|A4] 9,87, 15.0 sec/frame°||A4] 9.87, 20.0
sec/frame®l|A] 9.880]%1 o EJA) SIEA|71O] 7o)
T 2 o glo] e 45 A, B 915
2 WSS et % A5 A MEE T WA
F742)9] HEE %) T HS5AIRE90%0A] -3.55%, ~T5%°]|
K =0.17%, —5090114] ~0.34%, —25%01|4] +0.03%, +50%01|A]
~0.04%, +100%14] +0.11%2 FG AT FEAZI] st
204 AJZFe] F- el whE WARsE RS A= 2
W3} Qo] +5% ujwke] MslE B ri(Table 3-A, Fig. 7).

180 fs

el 120 fs 240 fs .|

e

Fig. 6. The image was acquired according to the acquisition time per projection and the increase or decrease of the number
of projections, and In the visual evaluation, the difference of images per each condition could be confirmed.
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Table 2, Variation (%) of CNR according to the increase or decrease in the acquisition time per projection (Table 2-A) and

the number of projections (Table 2-B) in the total acquisition time setting.

(Table 2-A)
Change of Total Acquisition Time Time CNR
Time per frame (t) (= t X frames) variation(%) Value Variation(%)
X 1.0 sec/frame 60 sec -90 12,7 -89.3
X 2.5 sec/frame 150 sec 75 31.5 -73.4
120(60) X 5.0 sec/frame 300 sec -50 59.7 -49.6
frames X 7.5 sec/frame 450 sec -25 88.9 249
(fixed) X 10,0 sec/frame 600 sec 0 118.4 0
X 15.0 sec/frame 900 sec +50 176.8 +49.3
X 20.0 sec/frame 1,200 sec +100 235.6 +99.0
(Table 2-B)
. Total Acquisition Time Time CNR
Change of frames o
(= t X frames) variation(%) Value Variation(%)
X 12 frames 60 sec -90 12,5 -89.5
X 30 frames 150 sec -75 26.1 -77.9
X 60 frames 300 sec -50 52.5 -55.6
10 sec/frame _ -
. X 90 frames 450 sec -25 78.6 -33.6
(fixed)
X 120 frames 600 sec 0 118.4 0
X 180 frames 900 sec +50 158.3 +33.7
X 240 frames 1,200 sec +100 228.8 +93.2

Table 3, Variation (%) of radioactivity and recovery coefficients(RC) according to the increase or decrease in the acquisition time
per projection (Table 3-A) and the number of projections (Table 3-B) in the total acquisition time setting.

(Table 3-A)
Change of Total Acquisition Time Time Activity Concentration RC
Time per frame (1) (=t x frames) variation(%) kBa/ml Variation(%)
X 1.0 sec/frame 60 sec -90 9.52 -3.55 0.965
X 2.5 sec/frame 150 sec -75 9.86 -0.17 0.998
120(60) X 5.0 sec/frame 300 sec -50 9.84 -0.34 0.997
frames X 7.5 sec/frame 450 sec -25 9.88 +0.03 1.000
(fixed) X 10,0 sec/frame 600 sec 0 9.87 0 1.000
X 15,0 sec/frame 900 sec +50 9.87 -0.04 1.000
X 20,0 sec/frame 1,200 sec +100 9.88 +0,11 1.001
(Table 3-B)
Change of frames Total Acquisition Time ﬁme Activity Concentre?ti(?n RC
(= t x frames) variation(%) kBag/ml Variation(%)
X 12 frames 60 sec 90 10.26 3.90 1.039
X 30 frames 150 sec -75 10.14 2,71 1.027
X 60 frames 300 sec -50 10.06 1.85 1.019
10 sec/frame
(fixed) X 90 frames 450 sec -25 10.01 1.37 1.014
X 120 frames 600 sec 0 9.87 0 1,000
X 180 frames 900 sec +50 9.94 0.71 1.007
X 240 frames 1,200 sec +100 9.91 0.32 1.003
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u}

£ PAsEE $379 sl

Change of Time/f(t)

1000 1.100
——CNR(Y)

—»—Activity concentration(t)
——RA(t)

506 1.050

Time variation(%)

0.950

0.900

Variation(%)

Fig. 7. In the change in the total acquisition time according
to the increase or decrease in the acquisition time per
projection, the CNR was proportional, but the radioactive
concentration and recovery coefficient remained constant
without significant effect,

2) B4 Wl TE WA BE
% EA7re) wskrAoly Sk B 71

JAF9] 10,0 sec/frameS &2 115}, EJAPE 12, 30,
60, 90, 120, 180, 240 frames= WHIA|ZS wo] A5
= E2A2|(kBq/ml)= 12 frameso]|A] 10,26, 30 frames
o4 10,14, 60 frameso]|A] 10,06, 90 frames©]|A] 10,01,
120 frames©]|4] 9.87, 180 frames©]|A] 9,94, 240 frames
oflA] 991013l em Fodg=0] S7tol| wE & I 3ol
012-16‘]- = 0 OX]O]-Oﬂ]q— _‘_’:'_%/g-_/'\_ B:]§]_§_ E.?‘S]— _?‘_ 3}:]5

A7be] WEE()0] T ONRS] MEE®)S & ASAIT
~90%Ol| A +3,90%, ~T5%0NA] +2.71%, —50%14 +1,85%,
—25%NA +1.87%, +50%0l/4] +0.71%, +100%4 +0.32%
2 Eoare] Ml iolA] A7be] 5 7tol T WAl
= A=  Wsk glo]l +5% u|vhe] WHIlE HErt
(Table 3—-B, Fig. 8).

3) FIHT GEAIZE Wt wE 3EAFRC)
FAE T1E4) 120
frames® 15kl R FSATES 1.0, 2.5, 5.0,
7.5, 10,0, 15.0, 20.0 sec/frame® WHIIA|H-S wfo] HA}
&k IEAGE 1.0 sec/frameo)| 4] 0,965, 2.5 sec/frame
oA 0.998, 5.0 sec/frame®|A 0.997, 7.5 sec/frame?]
A} 1,000, 10.0 sec/frame®]|A] 1,000, 150 sec/frame®]

Change of Frame(f)

100.0— - 1.100
—e—CNR(f)
—¢—Activity concentration(f)
——R((f)
50.0 - 1.050
8
c
8
¢~
)
2 ]
£ q 1.000
> 100
]
£
i
- 0.950
100.0- -~ 0.900

Variation(%)

Fig. 8. In the change in the total acquisition time according
to the increase or decrease in the number of projections, the
CNR was proportional, but the radioactive concentration and
recovery coefficient remained constant without significant
effect

4] 1,000, 20,0 sec/frameof|A] 1,001% £RAIT B E A7
o] wistzzloflA] Alxte] F- 3ol w2 SEAI= & WSt
¢lo] +0.05 mlyke] WM3}E B¢ rhTable 3-A, Fig. 7).

N

)

(

F@4da W3}l wE IJEAFRC)

T G5 Mgk olA Fgdd E5ATRE 7%
JAF9] 10.0 sec® 11A3}al, EIA(frames)E 12, 30,
60, 90, 120, 180, 240 frames® WSR-S wjo] HhAKs
B 3EA L= 12 frames oA 1,039, 30 frames©j|A]
1,027, 60 framesoﬂ/ﬂ 1,019, 90 frames©||A] 1,014, 120
frames©J|A] 1,000, 180 frames©®}|A] 1,007, 240 frames®]|
A 1.0030.% FF4 wstzdoA AIZHe) F- 2ol e
SlEAl= 2 W3t glo] +£0.05 muke] WIS Hith
(Table 3-B, Fig. 8).
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O] Mo 27| Al EHA, w AT A, A
Sog olojx|ar @it} u|=EH R AU (National Institutes
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