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Abstract

Purpose: This study aims to evaluate the clinical utility and applicability of volume of interest based quantitative analysis by
comparing region of interest based ejection fraction analysis in two dimensional planar imaging with volume of interest based
quantitative analysis in three dimensional SPECT/CT. Materials and Methods: A *"TcO. solution with a uniform radioactivity
concentration of 1.48 MBqg/m¢ was injected into each of the six spheres of the NEMA IEC Body phantom according to their respective
volumes. After acquiring planar images and SPECT/CT scans with different acquisition times, count-based quantitative analysis
was performed using Syngo.via and the results were compared with the preset volume change values of the phantom. Results: In
planar imaging, region of interest based EF (EFz) showed percentage errors ranging from -3.89% to 0.19% across all sphere sizes. In
3D SPECT/CT, volume of interest based EF (EFv) consistently demonstrated higher values than ejection fraction phantom (EFe). The
percentage error ranged from 1.36% to 7.56%, and the magnitude of error decreased as sphere volume increased. When the time per
view was varied from 1 to 15 seconds, EFy values remained relatively stable. The difference between the maximum and minimum
error across acquisition times (AE) ranged from 0.07% to 2.96%. Larger sphere volumes showed smaller variability in error across
acquisition durations. Conclusion: As the volumetric difference between the spheres of the phantom increased, changes in counts
on both planar and volumetric images could be evaluated more accurately. Furthermore, the error in the ejection fraction associated
with variations in acquisition time for SPECT/CT imaging was observed to be at a comparable level. These results suggest that
quantitative analysis of volumes of interest can be performed in SPECT/CT with reduced acquisition times without significant loss of
accuracy, as in planar imaging.
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A A0S v wFho 24 TAAA 240 /FA -84 9/ B 5 AR Righol| whE JRFS Yot At gtk

O

-

e
A WSS B SO Fpgsto] ¥
mfe}A] ket MK o] 7k EAlShe W

= b
17mm, 13 mm, 10 -2} A| 4} Zo] & HE-E =2 A5t BAYste g4 Hehs dohE it ght.

EH
=

1. I (phantom) 44

W Al5-5(1.48 MBg/ml) *"TcOs S WH (Fig. 1)2] 671 ol 715 2% FH]shict. s 9] 670 71 4142 0.5 ml (10 mm), 1.1 m (13 mm),
2.6m{ (17 mm), 5.6 m¢ (22 mm), 11.5 m¢ (28 mm), 26.5m{ (37 mm) ©] Ch(Table 1)[6].

Fig. 1. NEMA IEC body phantom was sectioned to include only the six spherical inserts.
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Table 1. Spherical insert specifications of the NEMA IEC body phantom

Sphere number Inner diameter (mm) Inner volume (mf)
1 37 26.5
2 28 11.5
3 22 5.6
4 17 2.6
5 13 1.1
6 10 0.5

2, 3| 2%

A Lo]] AR8-3F SPECT/CT+= Symbia Intevo 16 (Siemens Healthineers, Erlangen, Germany), 27|+ #{ ol Z] 2184 = (Low Energy
High Resolution, LEHR)E AH-&-5}31t}. HE-S HH G4 2 SPECT/CT Y402 sl on, JA F5 272 tha3t ¢k

1
HH J2 Aol AREH HAM E YA *mTe0s 2] ol U A] o3 140 keV H oL A] & +15% 2704 E 5513 slEEH A
=128 X 1282 AR oW, JAF F = A7 1202 2 A 5H THTable 2).

Table 2. Acquisition Parameter of Planar scan

Planar scan

Energy peak & window 15% window centered at 140 keV
Zoom factor 1

Matrix 128 x 128
Acquisition time 120 seconds

2.2.SPECT/CT 94 8= =4
SPECT/CT GAHS A Tto]| AFRE HIAFA] 59 A 9T, 2] of| L 2] 13 140 keV L T A] F +15% 2704 E &5kt vl

o LI
EZA 97)=128 X 1282 A5 0H, 34 B B E = continuousE A EFATH G4 B E 314 60 (F 120 frame) 02 513
I, GBS A A B E B4 1 X2 %,5%,10 %, 15 22 A5 THTable 3).

Table 3. Acquisition Parameter of SPECT

SPECT

Energy peak & window 15% window centered at 140 keV
Lower & Upper Scatter: 15 %

Mode Continuous

Zoom factor 1

Time per view 1,2,5,10, 15sec

Number of views 60

Degrees of rotation 180

Matrix 128 x 128

Korean Journal of Nuclear Medicine Technology 3



Evaluation of the Usefulness of Quantitative Analysis Using Volume of Interest in SPECT/CT

e} HF-=-E(Ejection Fraction of Phantom, EFp)-2 2} 7-2] 2|4 WSS 7|WFO 2 A=
E gxéﬁ 5 —1°0 )

26.5m)= 7|

LS HEE

O Z ARESIITE 217 37 mm (A
122, 2174 28 mm, 22 mm, 17 mm, 13 mm, 10 mm (22 11.5ml, 5.6 ml, 2.6 ml, 1.1 m, 0.5m0)e) A& A S vt=5 2 7145191
S v & T3 Al(Eq. 1)

o|-gste] EFrE Al

|4 -V,
( 37 mm sphere)
EFp=—"%

%X 100 (%)
37.mm

Eq. 1

AZIA Vyme 273 37 mm 7-2] A&, Voneeis ZF 2] A2 20|t AFSE EFrs T4 Y Y BHE-E(Ejection Fraction of RO,
EFr) 2! ¥4 2% BF=-5-(Ejection Fraction of VOI, EFv)2}te] B]| & 95t 7| & 4Fo. 2 AFE-5IITH

3.2. 3AY 2 E 9 A8 A2

3.2. 1. ¥AYY A% 54

Syngo.via VB60S HF03 (Siemens Healthineers, Erlangen, Germany)<- ©]-8-5t0f SHE] W 27 37 mm, 28 mm, 22 mm, 17 mm, 13 mm, 10 mm

ol B Y2 27 5HIThFig. 2). ZF B Y2 3T o DA FLsHA A5t oH, & 53 jiE 54 &

STt ojuf] ¥he 57 A] 55 HA o] WA G S sl

BAYS NE

v
L]
g

e
[T

Fig. 2. Regions of interest (ROIs) placed on spheres with diameters of 37 mm, 28 mm, 22mm, 17 mm, 13 mm and 10 mm in the
phantom. ROIs were matched to each sphere area, and measurements were repeated five times to calculate the mean
value, with consistent ROl areas maintained across repetitions

3.2.2. TAlojod 1)

EFr2 3.2.104 535 B4

£ o] gstel ANsleitt 47 37m 7o) B2 5
tol A 28 m, 22mm, 17 # % Aok ulsto] the 4(Eq. 2)

—;—a%a}aiq.

EF ((y) (Ca7m1(;13‘ CspherE) x 100 (%)

Eq.2

Korean Journal of Nuclear Medicine Technology




Evaluation of the Usefulness of Quantitative Analysis Using Volume of Interest in SPECT/CT

0217]/\-] CS7mm€‘;(]7c:)1 37 mm —O—]—O:LTIL

Jus %“ 7:“_/1\" Cbphere% 7—IL :I'L—o’] né'\i" "(:5‘ 74]’/;\_% —04 D]@{’]—
BE EF 2 53] uh 50 2 e g WRghe o 2 Akt

ERS) 491 71517] 919 RS EF, 70) @31 800/% A9 ERVE 71 602 A3H, 7 7ol 44 £, 3k
Holg g2 SISt 22 13 A(Ey 3 ol 3lol Al

ERRORR (%) = EFEEFR) 3 100 (%)

EFp Eq.3
3. 3. TAAIA v 9 oa8 A W
3.3. L. AAA E A+ &
Syngo.viaS o|-&-5to] el W 217 37 mm, 28 mm, 22 mm, 17 mm, 13 mm, 10 mm 7-0f] T4 2-S A5t ek ZF I 422 L2] T Y
A& 71202 JAIZE 7]HE Ba whAl S AASIRl o & 53] HHE 2 & 7S AFESe T o] uff HHE 272 S-S XA o]

Fig. 3. Volumes of interest (VOIs) were delineated on the SPECT/CT fusion images, and the total counts for each sphere
were independently measured five times to assess measurement reproducibility.

3.3.2. BAAA B2 g A2y
EFv= 331004 213k TR E 0] B 2 AlAS o] 5ol AlAksteith. 217 37m 7o) B 2 AAS 7|% 7Ho.2 AAsT
U A] TL28 mm, 22 mm, 17 mm, 13 mm, 10 mm)2) B & A|4=2} B] m5te] the A)(Eq. 4)2 28319k

= T10

EFV(%) — (C37m1;37_mc:1phere) X 100 (%) Eq 4

01714 Come 2173 37mm7-9] B F A, Coneeis 2 7-2] B T AlE 2J0]RIT BE BFv 212 58] ’HE 574
Pk 71Nk e 2 ALk
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3.3.3. BAAIA W2 ge 2aH 2
EFvo| HE 5 71517 18l EFeet EFv 7He] 22h82 AAEstith BRvE 715 gho 2 sl 7t ol A AFE BFvel 2fo]
T HUEE R BB 2382 the A(Eq. )= ©1-8-3te] Aldsiith

_ (EFp—EFy)
~  EFp

ERRORy (%) x 100 (%) Eq.5

15 HHE 27A0IM AR 2 G4 5 A1 2,2 2,5 10 2, 15 2)ol nlel A2 E 031go] Zujgtat 247te) 2ol
(AE)E AHESISITE AR 94 E5 A7 #ishh 02 gol nlAl Q-2 B7ks}7] et A Eolm, ke AlEq 6)2 ol &ste] 4%

AE = Max(ERROR, ) — Min(ERROR, gr) Eq.6

AEE B)5 A7 wigtol o2 0 3Hge] W 8 Uehn], o2 £8l QA BS Alzho] W E Sl nlAls e Wl

2 EFei= WHE Ul ol Al E ZF 7o) E2)4 A4 ®sks 7|jke 2 ARSE I 7H 2 AlA& 71 26.5
Aom Uz 57 3Lo] A& (11.5ml, 5.6 ml, 2.6 ml, 1.1 ml, 0.5ml)°] 7]& H| A 0 2 HE] ZhAsH= H| &S
HE2E52 Aolsto] AESIlnt LA o2 AmEH 11.5ml2 0] AA Wistol mhE BrEE-2 56.60%(EFr) 2 AFEE| 901, o]of
5.6m*= 78.87%(EFy.2), 2.6ml= 90.19%(EFe), 1.1m{= 95.85%(EFp.4), 12| 3L 7} A2 A1 ZQ1 0.5ml= 98.11%(EFrs)Q] 4r= LHERA
CH(Table 4). || AF=% ©] 24 EFr 342 &% 221 ¥ J49] #4199 241 2 33+ SPECT/CTS] TAA4 245 & &
2 do|Ele] A& Hrlshe A E= S8 E Ut

)
>
~N
FN
N
ke
-0,
esl

Table 4. EF values of the NEMA [EC body Phantom

EFr number Volume change (m{) EFr (%)
EF». 26.5—11.5 56.60
EFp. 26.5—5.6 78.87
EFp3 26.5—2.6 90.19
EFp4 265—1.1 95.85
EFps 26.5—0.5 98.11

221 3 Gdell A Syngovias B-&5t] WE W AU 6712 (312 26.5ml, 11.5ml, 5.6 ml, 2.6 m, 1.1 me, 0.5ml)°l| S5 2]
DHA 1} FASHA A G S AUt 7 ot FU e AAZ e E 53] jHE 22 +siglon, ol Boll =2 A
A7 =
T L

o o
ko) B gre B4l AH8ahelct. oful, 447 ol il SHiThTable 5),
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Table 5. Mean total counts of five repeated measurements for region of interest in six spheres

Total counts
Volume (mf) 1 2 3 4 5 Mean £ SD CV (%)
26.5 149,057 149,396 149,161 149,142 148,928 149,136 £ 171.6 0.12
11.5 68,271 68,032 68,115 68,289 67,563 68,054 +294.8 043
5.6 32,025 31,862 31,457 31,678 31,979 31,800 +234.0 0.74
2.6 14,604 14,318 14,559 14,334 14,739 14,511 +£181.3 1.25
1.1 6,078 5,947 6,021 5,984 5,984 6,003 £49.5 0.82
0.5 2,642 2,642 2,738 2,779 2,779 2,716 £69.6 2.56

A3}, 7k Bl elol A A28 & At 7o) B4 A Ho] vlzsto] 2ta Ak UERYT) 7)50] Bl 7 2 j2le] 7o
N 10,1362 7H 2 T2 A7 B 151k ofo] 80| S74H0 2 zrop el oot S W A4 214 217} 68054, 31,500,
14,511, 6003, 27160 2 AHZE| ). o] 2| BSH 2219 7)uke] W A4 Elolele 3% 7k 7o) M2 Wajol FEERS A2

Agde] Wt F Al tlolHE o2, Mg 2 F26.5m) 2 AleE 7= e 2 gkt
ARSI,

%Lxﬂ@_i Mw] i‘ll 11.5mlE2.2] 2] Hgtof| wh2 U252 54.40%(EFr) 2 AFEE| 2101, 0]0] 5.6ml= 78.72%(EFr.), 2.6m=
90.32%(EFrs), 1.1ml= 96.03%(EFra), L8] 1L 7H 22 214 Q1 0.5ml+= 98.24%(EFrs)2] 22 UERAT AH2E EFegls 2214 214
HSHE gt 71& 24}l BFpe} W] gt k= T2 ZTH(Table 6).

w4 23, 22k B 97 719 ERve Al = 71 2 ERSl S Rl X5t e WERRT:

Table 6. EFr calculated based on total counts within the region of interest

*EFr number EFp (%) EFr (%)
EFp. 56.60 54.40
EFe. 78.87 78.72
EFe; 90.19 90.32
EFp4 95.85 96.03
EFss 98.11 98.24

“Ejection fractions region of interest (EFr.—EFr.s) corresponding to volume reductions from the 26.5m/{ reference sphere to 11.5m, 5.6mf,
2.6m{, 1.1mf, 0.5m/, respectively.

32+ SPECT/CT G/l Syngo.viaS E-8-510] e Wf A 6712] (1A 26.5ml, 11.5ml, 5.6 ml, 2.6 ml, 1.1 ml, 0.5m)of| T
WA S AAstinh £5] 944 E5 209 = 5 AT 12,22, 5%, 10, 1522 HSHA7|H, 2 270 M 4H=
t}. oujl, 247 o5t HE ;}ﬂtk(Table 7).

= ofl Al 2t 3 % 24 A A ofl vt AHZE] et 22| T F 5 AJTto] 1x2004 2
2,52, 102, 1522 57 F‘?; of et HE7]0AM S E F A S71ek3ich

X
P
rlr
-
o o
m{n
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CV (%)
0.1
0.14

0.18

0.25

0.10

0.11

0.49
0.23
0.35
0.38

0.09

Mean £+ SD
120,780 + 138
246,616 + 349
521,502 + 945
1,108,525 +2,776
1,711,059 + 1,744

47,929+ 52
96,461 + 469

209,893 +475

5
120,769
246,818
519,885
1,107,030
1,709,962
47913
96,253

4

Total counts
120,655

121,010

247,022
521,440

522,031
1,112,673

1,711,041

1 2
120,644

Table 7. Mean total counts for each sphere according to SPECT/CT acquisition time
3
246,204

427,569 + 1,486
668,926 + 2,520

246,224
20224+ 17

522,447
1,105,197

1,110,308
1,709,654
47957

0.48
0.55
0.90

47,859
97,177

210,413

209,383
427,250
670,419

120,825

246,814
521,710

1,710,552

95,956

427,156
20,213

40,804 + 197

0.98

1

Volume (mf) Time per view (sec)
2

1,107,419
89,544 £ 491

1,714,090
47,920

96,381
209,600
671,329
40,896
0.52

26.5
5
10
15
1

11.5
2
5
10
15
5.6 1
2
5
10
15

2.6

1.1

181,727+ 1,627
286,811 2,796
7370+ 38
16,094 + 401
34,658 +623
71,340 + 683
110,722 + 1,486
2172475
4,605+210
10,986 + 382
22,401 + 565
33,305+ 1,417
601 +74
13544213
2,806+272
5,875+471
9,683 + 641

426,957
666,829
20,235
40,987
90,193
180,347
290,077
7319
15,663
34,437
72,093
108,735
2,191
47723
11,459
22,737
35,359
554
1,132
2,634
5213
10,065

20,239
40,989
89,288
180,356
286,815
7,362
15,686
35,391
70,684
111,606
2238
4338
10,599
23,014
33,183
541
1241
2,634
6,057
9,318

2.49
1.80
0.96
1.34
346
457
348
2.52
4.26
12.39
15.76
9.71
8.02
6.62

89,026
184,115
288,727
7,365
16,121
34,681
70,904
111,215
2,151
4431
10,619
21,682
33,490
681
1,279
3,115
6,313
10,099

47,999
96,542

210,491
426,343
670,419
20,238
40,561
90,045
181,868
282,600
7,423
16,554
33,727
70,966
109,620
2,204
2 4,794
5 10,818
10 21,692
15 33,183
541

1,431
3,115

6,313

10,099

209,581
430,142
665,635
20,199
40,588
89,168
181,949
285,837
7,384
16,449
35,058
72,056
112,436
2,056
4,739
11,439
22,880
31,314
691
1,690
2,532
5,480

8,838
A 224 712 39 B2t vl wsto] BAjo] HEES Wrlsle A E 2 SRt E3 o

1
2
5
10
15
1

Stod, 7]1&0] = 2o A% F126.5ml) tHH] YA 52 A

0.5
5
428

7t BH ) & 7
7+2 7513 thTable 8).
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Table 8. EFv calculated based on the total counts within the volume of interest

‘EFy number EFr (%) Time per view (sec) EFv (%)
EFv. 56.60 | 60.32
2 60.89
5 59.75
10 61.43
15 60.91
EFv. 78.87 1 83.26
83.45
5 82.84
10 83.61
15 83.25
EFvs 90.19 1 93.90
2 93.47
5 93.36
10 93.56
15 93.53
EFv4 95.85 | 98.20
2 98.13
5 97.89
10 97.98
15 98.05
EFvs 98.11 1 99.50
2 99.45
5 99.46
10 99.47
15 99.43

“Ejection fractions volume of interest (EFv.i—EF\.s) corresponding to volume reductions from the 26.5m{ reference sphere to 11.5m{, 5.6 m¢,
2.6m{, 1.1mf, 0.5md, respectively.

4, THE BEE S0t PR UIES S BKIE WHES QXE (%)

4.1. 5% 94 S AR 12 exte
215} & QA BE A7 28 Z70IA BRI} BFE 715 ZHQ) EF:2} bl 5ko] Z2ho] @2-8-S 2415} ChTable 9).
B AT} ERe] 93182 3.89%0114 0.19%2] 1S Urehlo] A migle] B2l 1|2 Wale) v md 2% X2 E2519)

C}. ¥ EFv] @382 1.36%01141 7.56% B E 71551 EFe th] 2 L7kl A AF T2 0 2 4227} ahehg 7 e = 2 -2 Bl
A 25 712 326.5ml) thE] S o] HJA Xfo)7F A5 eakgo] HxlH 0= Hashs A BITHFig. 4). 54
2 W37} 71 2 7F (EFs 98.11%)01 4 ERROR:ZF ERRORvE 217} 0.13%2H 1.36% 2 X4 22182 7|123519 o, o] = A
stefFo] Z7HehrE 221 9 32kl A 24 7[RlolA BF 240 STt FAE S ofu|sitt.
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Table 9. Error rates of ROl and VOI according to identical image acquisition time

EFe (%) EFr (%) EFy (%) ERROR« (%) ERRORy (%)
EF, 56.60 54.40 60.89 -3.89 7.56
EF, 78.87 78.72 83.45 -0.18 5.82
EF; 90.19 90.32 93.47 0.15 3.64
EF, 95.85 96.03 98.13 0.19 2.38
EF; 98.11 98.24 99.45 0.13 1.36
10
7.56
8
6
4
§
s 0.19
= -0.18 : .
I : 043
EF1 EF2 EF3 EF4 EF5
-2
-3.89
-4
6
=@=RO| == VOl
Fig. 4. As the volume change increased, the error rates of ROl and VOI decreased.
5. SPECT/CT Q& 8IS AR Z2Z0j| [HE 2kk2 2 %10](%)
&7kl exkEo Hs)

[
SPECT/CTS] G/ 85 Al el ARE R} EFvell Bl A= F8-E 87k A3}, 85 AT 54000
3=

= nmg Zle 2 2w ik 03*0*; S A 12,22, 5%, 10, 15577}%] HStAZ S d, 52 HEE =4 Ulolld AEd 2%
}.

8o] Zoijgia Hagte

Table 10. Error rate differences (%) according to SPECT/CT acquisition time (Unit: %)

EFr ERRORv.isec ERRORv.sec ERRORy:ssec ERRORYy.10sec ERRORYy. 55 Error rate (AE)
56.60 6.56 7.56 5.56 8.52 7.60 2.96
78.87 5.56 5.82 5.04 6.01 5.55 0.46
90.19 4.11 3.64 3.51 3.74 3.71 0.6
95.85 245 2.38 2.13 222 2.30 0.32
98.11 1.42 1.36 1.38 1.38 1.35 0.07

Korean Journal of Nuclear Medicine Technology
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50
45
40
35
30
25
20
15
10

5 l==§.‘_-—"—"’3=3
| — |

0

1 2 5 10 15

Error (%)

Acqusition time (min)

=@=FF] ==@==EF2 EF3 ==@=EF4 ==@=EF5

Fig. 5. The error rates for SPECT/CT showed minimal differences despite variations in acquisition time.

xF

AE
2 Ao A= e S o] 8510] 22 EAH QI EFed} 32+ EAIRIQ1 EFvE EFe H| 1L BAI5131, SPECT 974 &5 Al7H Hsto]|
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