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ABSTRACT

Purpose: Quantitative analysis through count measurement in nuclear medicine planar images is limited by analysis techniques
that are useful for obtaining various clinical information or by organ overlap or artifacts in actual clinical practice. On the other hand,
the use of SPECT tomography images is quantitative analysis using volume rather than planar, which is not only free from problems
such as projection overlap, but also has excellent quantitative accuracy. In the use of developing SPECT quantitative analysis
technology, this study aims to compare the accuracy of quantitative analysis between ROI of the conventional planar images and
VOI of the SPECT tomographic images in evaluating the count change happened by the volume change of the source. Materials and
Methods: A #"TcOs source(200.17 MBq) was filled with sterilized water in the syringe to create a phantom with an inner diameter
volume of 60 cc, and a planar image and a SPECT image were obtained by reducing the volume by 15 cc (25%) respectively. ROI
and VOI(threshold: 1~45%, 5% interval) were set for each image obtained to estimate true count and measure the total count, and
compared with the preseted volumetric change rate(%). Results: When volume changes of 25%, 50%, and 75% occurred in the initial
volume of 60 cc(100%) of the phantom, the average count changes of the measured planar image were 26.8%, 53.2%, 77.5%, and
the average count changes of the SPECT image were 24.4%, 50.9%, and 76.8%. In this case, the VOI size(cm?) set showed an average
change rate of 25.4%, 51.1%, and 76.6%. The highest threshold value for the accuracy of radioactive concentration by VOI size
(average error -1.03%) was 35%, and the VOI size of the same threshold had an error of -17.1% on average compared to the actual
volume. Conclusion: On average, the count-based volumetric change rate in nuclear medicine images was able to track changes
more accurately using VOI than ROI, but there was no significant difference with relatively similar value. However, the accuracy of
radioactive concentration according to individual VOI sizes did not match, but it is considered that a relatively accurate quantitative
analysis can be expected when the size of VOI is set smaller than the actual volume.
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JJ—:LOHt SPECT/CTB] 7Nt} HFo] SojubHA thEodako 2 A
o] A Betstol £ AA S0 ZACIM AFREE b=t 94
th 25 SPECT/CT %3} 7|42 WS 5= 245 B35t A s7x] 7HsalA] FlAa, 7|20 WAt ke
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ofof] & ol A= gjofet Gl A7 Hke] R A E Foto] 7IEe] WY A B/ 1he] HFH Aol & Lot L,
Lopr Al o] A Ak Q1 wlf 4] & & (Region of Interest, ROT) == 4] 4| 4] (Volume of Interest, VOI) A1%H4] 7+o] 2fo] o} 7
2Hd& Lotz g,

Sl AH 9] 40l 7hsstAl HAL, o= =
T A FpARC BE Akl AT = SFAA|Z

OO0 "1 O—1 O

Al 2 s

1. I (phantom) &4

A lell *mTeOs A1 200.17 MBg= B2k S A9 U7 A4 60 cc®] HEHS TH= £ 15 co(25%)%] A 2o] M5H =
Aoz Hz AA 60 ccoll A ZFZF 45 co(25%), 30 cc(50%), 15 cc(75%) 2 A2 S ZHAA|Z 1, ME] o] A 2| Halo] ubz] g ogAtat
SPECT®d= 2t 7+ & =53 th(Fig. 1).

s

-15cc

-15cc
-15cc

Fig. 1. After setting the initial volume of the syringe phantom to 60cc, the volume is changed to 60 cc, 45 cc, 30 cc, and 15
cc, respectively, under the condition of volume reduction of 15cc (25%)
2, 3| 8

Al of] A}8-5F SPECT/CT= BrightView XCT(Philips Healthcare, USA)S AF8-5+% O (Fig. 2), THE A7 of] u}-2 X% o] He}HE 7}
7} A Y g3 SPECT/CTY L2 ol ¥HE 2551900, Fd2l 52 MR that 2t
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UGG FFE S MRS Aol AFE HIAME &Y A P TeOr A Y& 7|52 2 0]F 7E7](dual detector)©l] Ao A]-
54 (Low-Enegy High-Resolution, LEHR) %27 (collimator) = AFE-5F21 1L, oW A] & 140.511 keV + 10%14 B4 EEA17F60
sec, matrix size 128 X 1282 AT FZ HE 7|0l 2+ & S5 A3t S H/d7ke] Zo|(F= Aol 2 Al 24HE 7]

S} 7 (geometric mean) 3k 2 & 7+4] 4 (attenuation correction, AC)SFIL(Eq. 1), A ¥ 2] 2| = FJAIHO R RE GAJESE71A| 9] Al

7HA @ AHE 53] B 4 (decay correction, DC)S}H3A T
VA xP Eq.1

A= Counts as measured from ROI of the anterior image

P = Counts as measured from ROI of the posterior image

2.2. SPECT/CT9%} 8524

SPECTS] Q/4EE AR 2712 Aol AHEE WAV 54 *TeOr AU 71E 22 0]F & 7]l LEHR 2F7|5 AR}
A, ol 4A] 140511 keV £ 10%011A] & ZEA|7F 60 sec (10 sec/frame X 120 frames/2 head)Z TG4 B S A 7ksec per frame,
sec/frame) = 1 sec/frame, & FJ/d+= 3.0 7HH 02 & 120 frames (60 frames X 2 head)Z & S35}%1 3L, matrix size 128 X 1282 A%
SEATE Tt CT YA E 2702 B 120 kv, T F=20 mAo| ™, CT &Y W22 3 segments localization fast mode (matrix size
512 X 512)5 AHESF AL, ofuff CTo] 714 Lale]E-2 standardE AH8-5HI T

A Y&Fste] st 1S ¢Jste] E5H SPECTH/2] A+ &112]E-2 3D-0SEM (with resolution recovery: collimator
detector response recovery, RR)= AH&51 0™, CT7]9He] ZHa B A (AC) AFHE 7 (scatter correction, SC)= Al 3¥5t L, 2| = A
FUAANOZRE FFE S AA7HA] 9] A} GRS T2 3 A1 i AR @2k B2 EA(DC)sHIH-

[o2Neha ]
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3. 2y

3.1 WA ROLAA 2 3 A% 2%

3. 1. 1. Composite type ROI

A A Hstof wet 59 7H2e] S SR T ©YA7]9] ROIE A7l EA45= composite type ROIS- A7 8111, 2|2
sto]| h2 F Al4E 53] HHe S4 51U th(Fig. 3. A).

3. 1. 2. Individual type ROI

A2 stol whe} 25 7}7te] QdAbol| 74 F7]e) ROIE 717 A BAlsH
& Z A4 58] BhE S45I31th(Fig. 3. B).

ANT 151

ANT 60cc ANT 45¢cc ANT 30cc
ANT &0 ANT 45 ANT P0ee

ANT £0ec ANT 45cc

Fig. 3. A composite type ROI (A) using a single size ROI and an individual type ROI (B) using an individual size ROl were
set for each image acquired according to a change in volume.

A, VoI 27] &4

N

3. 2. SPECTA VOI A 2 & A%

SPECT/CTY/JollA CTIC2 FAE = A2 (em’), Al4Z P == SPECTAAT] A& (ents/ml), 12|11 0] 59 HAS =4
517 $Jsl| A7 ot J&*‘ZJIXJ(VOI) 2 PAEE= 27 27], & volIQ] A& (o) HEE F 55 4= AThFig. 4). ool Al4=718k]
A ekE H71sl7] Il A2 A= SPECTH 2] A4} S7g ol AR volI2] 27] % 37| S7sto] AA| #A4%7] Ee
e o] A AR H|Z(ce)S 7]F 02 H] 1 H7I5FATHS).
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Fig. 4. When the actual volume of the phantom was implemented as a SPECT/CT image, the volume was considered
from three perspectives. First, there is the volume obtained from the CT image, second, the volume implemented by the
count obtained from the SPECT image, and finally, the volume of the space formed by the VOI that was set up to analyze
them.

1%
Sum: 5,923,206
Volume: 165931 mm?
: 5%

Su 63
40% Volume: 41156 mm? Sum: 5,761,602
Sum: 4,247,778 Volume: 112528 mm?3

Volume: 46094 mm?3 Sum: 5,568,329 1 0%
Volume: 91732 mm?3

Sum: 4,444,688 1,1 |
35 A) Volume: 50097 mm?* vl

; 0,
Sum: 4,718,646 15 4)
9cm

Sum: 5,151,617
Volume: 70153 mm3

305 20%
25%

Volume: 56514 mm?

Fig. 5. In the setting of VOI, threshold values were applied within the range of 1 to 45% at intervals of 5%, and VOlIs of
various sizes were formed.

4.1. 28-8(%Retention) AH=

22Vl w2t e o) A stsvy e A 0= Akas] Bk 220 H4E 712(100%) 0= Al gle] A2 Hstrt
Uofit-S wf 22U A4 U] Al49] B-8-8(%retention) S H] WA E 2 AFZESFATHEG, 2). BI2] A5 HE] Ul 4|2 Y%retention 100%,
75%, 50%, 25%2} H w5132 t] F/d= &3l 7 ROIZFVOIRHS] Z: A|4~9] Yaretention©] ©]2F YX|GH=A] AeHd S =I5
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T
%REtention g T_ X 100(%) Eq2
0

T = Total count of the changed VOIs
To=Total counts of initial VOI

4. 2. SPECT/CT9’% B4, 3l&Al4(recovery coefficiency, RC) A&
VOIZ 53l 24 & A2 SPECTIAS] THAA G HAFs 5= (cps/mm’)y S 34514l AA| T o] BFAs5 = (Bg/ml)2}+2)]
HE RC FL2 & AHE5}0d(Eq. 3), A4 9] Hgto]] whE A1} F=o]of| A 2] A2 715U 7).

Cg

RC=—
Cr

Eq.3

Ce = Estimated activity concentration(cps/ mm®)

Cr=True activity concentration(Bg/ml)

Ant Raw data

Post Recon. data

L R L R L R L R l l
l . l -

ou s mnm Juouwn o Juwousm ou pnm

Fig. 6. Planar images(left) and SPECT images(right) were acqulred by reducing the volume of the phantom by 25% each.

1.EA+54

1
HHE] 9] A 210] 60 cc, 45 cc, 30 cc, 15 cc 22 HSFE w, 2S5 G ol T 27]2] ROIE A7 5h= composit type ROIE & 7|
5 =45t A} 2} ZF Ht 461367, 357405, 245353, 1237192 ARZE|iTh 5 A& of wke} 7 7] 2] ROIE A7 5= Individual
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type ROLZ 245+ & Al4=0] -2 7} 7} 461367, 356427, 244221, 122780202 AFEE| 1T, W& o] A2 o] Z+Aslol ulet HH G4t
o|A ROIZ S == F A4 A5 TH Table 1(A), Fig. 7).

Table 1. Measurement of the total count by two analytical methods: ROI(A) and VOI(B)

Total counts
(A) ROI type composit ROI Individual ROI
phantom volume 60 461367 461367
(cc) 45 357405 356427
30 245353 244221
15 123719 122780

(B) VOI type Threshold(%o) 1% 5% 10% 15% 20% 25% 30% 35% 40% 45%

phantom volume 60 1325324 1294933 1252211 1217015 1173629 1137524 1114174 1065560 982481 924935
(co) 45 1022792 999074 957190 919565 907277 893379 842350 798437 766105 719720
30 689218 669968 651617 628161 600584 570527 553705 517378 492755 477110
15 343709 330454 319979 309475 294266 275583 258460 243535 226176 213559

1600000

—-VOI 1%

-=-VOI 5%

V0l 10%
——VOI 15%
—=VOI 20%
-o-VOI 25%
——VOI 30%
—VO0lI 35%
—VOlI 40%
—-\VOI 45%

1200000

Counts 800000

400000
-#-composit ROI
—+Individual ROI

60CC 45CC 30CC 15CC

Fig. 7. The measured total counts were proportional to the actual volume of the phantom and inversely proportional to
the threshold(%). As the actual volume of the phantom decreased, the measured total counts also decreased, and as the
threshold(%) increased, the measured total counts decreased.

1. 2. SPECT9A

e Q] A& 0] 60 cc, 45 cc, 30 cc, 15 ccO.Z HSle uf, E =5 SPECT FJol BEZHS 1~45% 7HA] 5% T = U0 VoI
= A5k, SHE E Alg] a2 ZF 72 FEIE 1%0014] 1325324, 1022792, 689218, 343709, EEIZE 5%01A] 1294933, 999074,
669968, 330454, FEIZE 10%011A4] 1252211, 957190, 651617, 319979, FEIZE 15%00141 1217015, 919565, 628161, 309475, =EIZF 20%
ol A 1173629, 907277, 600584, 294266, =EI Gt 25%CN 4] 1137524, 893379, 570527, 275583, =EI 4} 30%O1 A1 1114174, 842350, 553705,
258460, =EIG) 35%ClA4] 1065560, 798437, 517378, 243335, FEIG) 40%Cl 4] 982481, 766105, 492755, 226176, wE1 4t 45%01| 4]
924935, 719720, 477110, 213559 = AFE| It} e o] 2|2 o] Z4gte] what SPECTH gl A VOIZ S E = & AlST 2445k

1, 5L A Ao A ZE o] 7S S T Al 1445 th(Table 1(B), Fig. 7).
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2.VoI2| K& 37](cm?) £

e o] A& o] 60 cc, 45 cc, 30 cc, 15 cc2= WSS wl, D55 SPECT FAolA Al S ol Ast= vole 2842
1~45% 7HA] 5% T = Lro] A 5kelan, RElghol wet FA= =2 7‘4 VOI2] A& A7](cm’)y= TEAE 1%CNA] 147.11, 114.75,
79.85, 44.34, FEIZF 59%01 A1 102.88, 81.06, 53.67, 27.8, TE1 7k 10%011 4] 84.11, 63.31, 45.66, 23.03, FE 7t 15%01 4] 74.57, 53.06, 39.37,
20.29, =E L 20%011A1 65.74, 50.63, 34.29, 15.02, = EGE 25%011 A1 60.37, 48.70, 29.93, 15.02, TE Gt 30%01lA] 57.53, 42.71, 27.90,
13.09, FEJ %k 35%011 A 52.55, 38.35, 24.35, 11.67, T EIZF 40%C1A] 45.15, 35.51, 22.22, 10.25, wEJ G 45%011 4] 40.58, 31.96, 21.00, 9.33
e’ E AFZE|QIT LS ZE Y w HE Q] X2 o] ZHasgtol whet /A El= vole] A7]= AASHIAL, F AR Al Aol ZE L
o] 271842 YA = voI12] A7)+ A5 th(Table 2, Fig. 8).

>

ﬁ“&"

Table 2. VOI size according to the measurement method

VOI size(cm?)
VOI Threshold(%) 1% 5% 10% 15% 20% 25% 30% 35% 40% 45%
phantom 60 147.11  102.88 84.11 74.57 65.74 60.37 57.53 52.55 45.15 40.58
volume(cc) 45 114.75 81.06 63.31 53.06 50.63 4870 4271 38.35 35.51 31.96

30 79.85 53.67 45.66 39.37 34.29 29.93 27.90 2435 2222 21.00
15 44.34 27.80 23.03 20.29 17.45 15.02 13.09 11.67 10.25 9.33

180.00

Threshold(%)
150.00
——VOI1%
—=—VOI 5%
120.00 VOI 10%
——VOI 15%
;l.Ol ——V0I 20%
1ze 90.00
(cm3) —o—VOI 25%
——VO0I 30%
60.00 ——VO0I 35%
VOI 40%
—+—VOI 45%
30.00 TRUE
0.00

60CC 45CC 30CC 15CC

Fig. 8. The VOI volume was proportional to the actual volume of the phantom and inversely proportional to the
Threshold(%). As the actual volume decreased, the volume of the VOI decreased, and as the threshold(%) increased, the
size of the VOI volume decreased.

3. %Retention : A7 |8 X sl

W (FA])Y] 2 Z AF 60 co(100%)2 7|F22 25% ZHAR ZF ZF 45 ce(75%), 30 cc(50%), 15 cc(25%) 2 A2 o] Hslst uff, =
7 A GA o] Al W28 composit type ROI FA]0 A 77.5%, 53.2%, 26.8% % A% 91 L, Individual type ROI B2]0l| A 77.3%,
52.9%, 26.6% %= EAE| Tt FE VOIS 0] 8510 2743 SPECTHAF2] Al WIE-8-2 76.8%, 50.9%, 24.4%% BA =111, o] uf AR
= Vo1 2719] BEE-2 76.6%, 51.1%, 25.4%= A= Q). o] uff sHEof] A3t AA| ¥iske-S& 7|F 0= 7ol uje} 24 H ¥}
& 7+e] @ 2= 7} 7} composit type ROI HFAIO|A] 22.5%, -3.2%, -1.8%, Individual type ROI BFA]0ll A -2.3%, -2.9%, -1.6%, VOI HHA]o]
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A -1.8%, -0.9%, +0.6%% 2™, VOI2] A7]| = o] &5t A A HSHE 2 3= -1.6%, -1.1%, -04% = EAE| I 7+ H 5 5of 5t 2 31
915 1S uff FLSH HE ] HAHof| A ROIE o|- 83 HAY/Fe] Alerste} VOIS 0|83 SPECTH/AS] Alsrist 12
) AFE-H VOI2] 27| 2 B A4 o] Hehgol= 2 24} §lo] ZAFSE 2] S B3I tHTable 3, Fig. 9).

o]

fd

Table 3. %Retention of each analysis method according to volume change(25% each)
Avg. %Retention (%oerror)

Phantom 2D(planar image) 3D (SPECT image)

Volume Variation Actual volume Composite ROI Individual ROI Measured VOI VOlI size
0% 60 cc(100%) 100.0 100.0 100.0 100.0
-25% 45 cc(75%) 77.5(-2.5) 77.3(-2.3) 76.8(-1.8) 76.6(-1.6)
-50% 30 cc(50%) 53.2(-3.2) 52.9(-2.9) 50.9(-0.9) SLIG-1.1)
-75% 15 cc(25%) 26.8(-1.8) 2 6.6(-1.6) 24 4(+0.6) 25.4(-0.4)

125

100 m

75 v

+ Actual size(%)

Ret:;;;ion = composit ROI
50 9 individual ROI
measured VOI
VOl size
25 R
0
60cc(100%) 45cc(75%) 30cc(50%) 15¢c(25%)

Actual volume

Fig. 9. When the rate of change in total counts according to the actual volume change of the phantom is expressed
as Y%retention, the %retention was generally similar to the actual volume change rate setting. In addition, it was not
significantly affected by the volume reduction trend and measurement method.

4. H=Hslof| thE 2t =2 'E RCEL

A4 o] wigto) w2 Alrs) Solo] FFH A2 S W7ok Yol ME el Aol 60 cc, 45 cc, 30 cc, 15 cc 2= BI3HE ),
SPECT G7ollA VOIZ S4H F Aleg 7INhe =2 Ao HFeket WAks& = (cpsimm’)E 7510, WEoll £AH AA| Ak
5 (Bgml)2te] H|Z RC 312 AFE3191 1, EE gl wfet F/4E vor ¥ RCEES 2 ZF ZE3) 1%011A4 043, 0.42, 0.41, 0.37, &8
7k 5%90141 0.60, 0.59, 0.59, 0.57, FEIZE 10%2141 0.71, 0.72, 0.68, 0.66, TEIGL 15%0114] 0.78, 0.82, 0.76, 0.73, ZEIZ} 20%011 4] 0.85,
0.85, 0.83, 0.80, FEIZ} 25%0°1 A1 0.90, 0.87, 0.91, 0.87, ZEIGE 30%011 4] 0.92, 0.94, 0.94, 0.94, FEIZ} 35%01 A 0.96, 0.99, 1.01, 0.99, &
E1ZE 40%0141 1.04, 1.03, 1.06, 1.05, FEZ} 45%011A1 1.08, 1.07, 1.08, 1,092 AF=E| QI St ZEZF A uff Mg o] A& o] ZhA4gh
of e} RCEHZ 2 H-5 glo] YA k2 RAIsHA L, T A4 A w] FE ko] 57Feol et RC 342 571513 Th(Table 4, Fig.
10).

P
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Table 4. RC according to the measurement method

RC
VOI Threshold(%) 1% 5% 10% 15% 20% 25% 30% 35% 40% 45%
phantom 60 0.43 0.60 0.71 0.78 0.85 0.90 0.92 0.96 1.04 1.08
volume(cc) 45 042 0.59 0.72 0.82 0.85 0.87 0.94 0.99 1.03 1.07

30 041 0.59 0.68 0.76 0.83 0.91 0.94 1.01 1.06 1.08
15 0.37 0.57 0.66 0.73 0.80 0.87 0.94 0.99 1.05 1.09

1.20

1.00 me— e —— e Threshold(%

——VOI 1%

'\_r”/\/_:\\\' VoS
9,50 w//\\* VOl 10%
——VOI 15%

——VO0I 20%

0.60
RC —. —e—VOI 25%

VOI 30%

VoI 35%

0.40 ""\\*
VOI 40%
——V0I 45%

0.20 TRUE

0.00
60CC 45CC 30CC 15CC

Fig. 10. The quantitative accuracy according to the actual volume change of the phantom was confirmed by RC. RC
maintained a relatively constant value without significant difference even if the volume changed, and was proportional

to the threshold.

5. 2E{Z} tH310f| 2 VOIZ 7|2 RC| R2HA (%)
AR A A3t ZAof| AFEE ZHvol 37] 7Fe) A @Ak (%) Bt A4 H AA HAbsm 0] B[ E EHSHRC WE-E(%) BT
= oto] ZEghe] Hstol| w2 vola7| e A A= & vl 7 st VOl &8 3kl 5% 1HA 0= 1%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%% 2713t ull, 2 Z+e] vOI 27] A4 (%) Hat +265.47, +178.96, +146.64, +127.17, +113.18, +102.17,
+92.76,+82.94, +74.13, +67.72%= FE]g}o] Z713to] wheh ZhAshs FAIE B A, ZF Z42] RC M E-8:(%)2 +40.80, +58.61, +69.19,
+77.14,+83.43,+88.73,+93.58, +98.97, +104.17, +108.12% 2 F-EZ}o] SV}t uet Z7lsk= 2 A1S Bt
T 709 A& AHEHAd o] ARl 274(100%)°l 71 2T voie] A7) BE Lol 25~30%(A) XY o, T RC HEE2
35~40%(B) Tt i 5= A2 AR FAH o2 Ao ARgE EEG 222 25%014 vol 2719f 2ak=
+2.17%= 7P AAol] 2-5HAAIRE e BE3olA1S] RC BIEE 2aH= -11.27%2 Y A2 =4 ot = 853
35%014 RC B2&2] 2= -1.03%2 71 AAol| gt 2| A7t s T ZE Gkl A VOI A27]2] @ 4F=-17.06%= A A A4

= 2kl 7k A ThFig. 11).
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300.00

——RC(%)

-=-\OI size(%)
TRUE(100%)

265.47

250.00

200.00
Error Error
VOl size : +2.17% RC:-1.03%
RC:-11.27% VOl size : -17.06%
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Fig. 11. As the threshold increases, the accuracy of the volume size of the VOI decreases and the quantitative accuracy (RC)
increases. The accuracy of the two analytical values has separate threshold confidence intervals, with VOI sizes ranging
from 25 to 30%(A), and RC ranging from 35 to 40%(B).
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