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Abosrbed Dose Measurements and Phantom Image Ecaluation
at Minimum CT Dose for Pediatric SPECT/CT Scan

Chan Rok Park, Jin Wook Choi, Seong Wook Cho and Jin Eui Kim
Department of Nuclear Medicine, Seoul National University Hospital, Seoul, Korea

Purpose: The purpose of study was to evaluate radiation dose for pediatric patients by changing tube voltage
(kVp) and tube current (mA) at minimum conditions. By evaluating radiation dose, we want to provide dose
reduction for pediatric patients and maintain good quality of SPECT/CT images. Materials and Methods:
Discovery NM/CT 670 Scanne was used as SPECT/CT. Tube voltages are 80 and 100 kvP. Tube currents are 10,
15, 20, 25 mA. Using PMMA (Polymethyl methacrylate) Phantom, radiation dose which were calculated at
center and peripheral dose and SNRD (Signal to Noise Ratio Dose) were evaluated. Using the CT performance
phantom, spatial resolution was evaluated as the MTF (Modulation Transfer Function) graph. Jaszczak phantom
was used for SPECT image evaluation by CNR (Contrast to Noise to Ratio). Results: Radiation dose using the
PMMA phantom was higher peripheral dose than center dose about 7%. SNRD were 7.8, 8.2, 8.3, 8.8, 8.8, 9.9,
9.8,9.6 for 80 kVp 10, 15, 20,25 mA, 100 kVp 10, 15,20, 25 mA. We can distinguish 35, 45, 70, 71, 52, 58, 90,
110 linepair for 80 kVp 10, 15, 20, 25 mA, 100 kVp 10, 15, 20, 25 mA at resolution with MTF. CNR of SPECT
images using CT attenuation map were 57.8, 57.7,57.1, 56.7, 56.6, 56.7, 56.7, 56.7% for 80 kVp 10, 15, 20,
25 mA, 100 kVp 10, 15, 20, 25 mA. Conclusion: In this study, radiation dose for pediatric patients showed
decreased low dose condition. And SNRD value was similar in all condition. Resolution showed higher value at
100kVp than 80kVp. for CNR, there was no significant difference. we should take additional study to prove
better quality and dose reduction. (Korean J Nucl Med Technol 2014;18(1):82-88)
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A Aol Bagt JHE AlEskar glok SPECT] 7] AAtell glo] AR o] H& At A= i
Utk axobAte]l qlo] axobe] U A7) %t =

* Received: March 28, 2014.  Accepted: April 21, 2014. Ho| Q3 & oc]q-t Ao} HARX] 431 JAto] 28

* Corresponding author : Chan Rok Park

Department of Nuclear Medicine, Seoul National University Hospital,

101 Daehak-ro, Jongno-gu, Seoul 110-744, Korea

Tel: +82-2-2072-2532, Fax: +82-2-766-9083

E-mail: nadecos@naver.com

82

FASHHARAL] FFHFE WS 5 U kst mAL]
47 WP gobu ek



2R 9 32

>
o
2
U
¥
0
rE

1. 2 M=

1) Discovery NM/CT 670 (GE Healthcare, USA)
CT9 =748 kVp= 801} 100, mA+= 10, 15, 20, 255 4
Asto] AdlE& X3 stlch(Fig. 1).

2) PMMA (Polymethyl methacrylate) Phantom

217 16 em&] 5A| Ao Hrof B A7]9] W ot w
TGl 1719] holew} = F-¢]o] 87]19] holeo] Ath(Fig. 2).
3,6, 9, 12A] Wk = ko s ARt 202 WA
shHA 22 SR A Batvol SolA S48 A
=1} v w3l E5F PMMA phantom image® ROIE A
Aelo] 2t 2700] THE SNRDE H7kslsic

3) CT QA Phantom
CT9] spatial Resolution 7= ¢]a}] MTF graphS A}8-3}

v GE Discovery NM/CT 670

Fig. 2. PMMA Phantom was used.

A0 SPECT/CTZAM] AN CTZZI0| M2 E44 55 o gam}

A THFig. 3). Phantomo]| A 671 2] linepair (0.3125, 0.385, 0.5,
0.625, 0.833, 1 Ip/mm)E 7 27of whet 43S & 5 MTF
S gaphi Leho] BrksI

4) Jaszczak Phantom

SPECT®] HAF H71= 93 Jaszczak phantomS ©]-8-5}o]
7 2700 w2 74| HAE SPECT /4= CNR (Contrast-
to-noise ration)= H| w3} THFig. 4).

Phantomo]| 4] 47 €] hot sphereE A}&-5191.21 0.2 L vol-
ume®] T 59.2 kBg/mL (1.6 pCi/mL) Z29]8}33L, Bf
B HEA} volume 9.7 L] T 6.4 kBg/mL (0.2 pCi/mL)2-
FAstoict e AES frame G 1722 HASHLL, 3%
A 360 #9S 5F9th LEHR collimatorS ARS8} L,
128x1282] matrix sizeE AR5}t CT Z2AH S &= helical

Fig. 3. CT QA phantom was used.

Fig. 4. Jaszczak phantom was used.
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typed} 0.8 rotation time, rotation length+= full, detector row+
16, helical Thickness+ 2.5 mm, pitch+= 1.375:1, speed+ 27.50
mm/rot= A3, DFOV= 50 mm, SFOVE= large= A7
3}o] total exposure time 6.7% % 3}t 19 wE SPECT/
CT image % 7}+= OSEM (iteration: 2, subsets: 10), butterworth
filter2 A|-+AJ5FSch

2. @t 4y

) AF &%

PMMA phantom-& ©]-8-3}¢] center®} peripheral ] S<=41
2F2 CTDI100 (computed tomography dose index)S ARE-3ff
v w3}t

Mx Chamber length(cm) X FX TPX CF
CTD]IUO = N T

M: Measured Value (R)

F: Exposure-to-dose conversion factor (0.78 rad/R in acrylic)

! . _ (2m2+1) (B)
TP: Correction factor = m @

CF: Chamber calibration factor
N: Number of slices
T: Slice thickness (cm)

2) SNRD (Signal to Noise Ratio Dose)
PMMA phantom ©]-8-3f 2735+ Aeg%kat, imageo] Zt
ZA9] tfgt dASE ROIE 18 mean value 7} standard

Fig. 5. This is dr awing ROI for SNRD.

deviation ZfS = SNRDE -3}% thFig. 5)."

Signal

Noise \/DW

SNRD=

3) CT image Resolution 33 7HMTF)

GE Aloll A A &3t QA CT phantom2- ©]-&3}] Resolution
< ROIE 18 MIFZ H7}5}ch(Fig. 6). 64+9] line pair
(0.3125, 0.385, 0.5, 0.625, 0.833, 1 Ip/mm)E CT 27| ufe}
ch&af Z+e Ao 7 J15hal, 71 ZFS normalization $- H| 1l
3} %I cKFig. 7).

| Maz: count — Min count|
| Maz: count + Min count|

Resolution=

Fig. 6. This is drawing ROI for MTF.

16mm—  —
0.385lp/mm | g —u

0.3125lp/mm
- 0.5|p[mm L = —_—1.0mm
——ETTT

oy O.émm
= 0.5mm

——————— > 0.833y/mm
—_— 1pfmm.

0.625lp/mm

Fig. 7. This is linepair of QA CT phantom.
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4) CNR (Contrast to Noise Ratio) %7} A n}
SPECT A+ H7IE 913l Jaszczak phantomg ©]-8-5}¢]

P"Te& 4719] hot sphere®} W FHIALR A E Jrof F913} 1. Radiation Dose

T 7 m7le] W g BAT SPECTHAS Takict

CT Z4o] 42 47]19] hot sphereo]] ROIE 133} o] A CT zZ70] 80 kVp 9] 10, 15, 20, 25 mAL} 100 kVpo]l 10,
At T oS3t o] Ao & FHE CNR (Contrast to Noise 15, 20, 25 mAof| A 9] FAEFe S holeol 4] 0.59, 0.87,
Ratio) = H] 3} tHFig. 8)." 1.14, 1.13, 1.68, 2.25, 2.82 mGy$} SHE-9] hole (3, 6, 9, 12
GG~ Al ol A o] S AdREe] Babholl A 062, 091, 1.28,

Quy = =y g ¥ 100% 1.55, 1.20, 1.82, 2.4, 3.02 mGy”7} 24|11, 29 holen}

9] hole®] Tzl Ajoliz 7 Zlulet 483, 4.13
10.93, 9.17, 6.02, 7.56, 7.78, 6.69% 2] *}o] = peripheral hole
o] FAlwrol Bat 7% =l SAE AU CTY 24o] =
o} 24== center®} peripheral (3, 6, 9 12A] ®SFo| A 9] <=
erel B o TRATE Ad 2ok 22 % & 9
A5k, 80 KVp 25 mASH 100 kVp 10 mAS] 27 A] tube
voltage(kVp)7} HBlolH A FpAlido] Eolts Ae &l
g 4= Q1QItTable 1, Fig. 9).

QH = Contrast Ratio
CH = Hot lesion count
CB = Average of BKG
aH= Hot lesion Activity
aB= BKG lesion Activity

2. SNRD
80 kVpel 10, 15, 20, 25 mA<2} 100 kVpol 10, 15, 20, 25
mAoJ| 412 SNRD+= 7.8, 8.2, 8.3, 8.8, 9.9, 9.8, 9.6°|t}. kVp

M 5%

// =+=center
15 A
//.N —=-peripheral

8010 8015 8020 8025 10010 10015 10020 10025 kVp_mA

Fig. 8. 4 This is sphere ROI for SPECT image CNR estimation. Fig. 9. This is radiation dose for CT conditions.

Table 1. The results of radiation dose according to CT conditions

Kvp_mA 80_10 80_15 80_20 80_25 100_10 100_15 100_20 100_25
Center (mGy) 0.59 0.87 1.14 1.41 1.13 1.68 2.25 2.82
Peripheral (mGy) 0.62 091 1.28 1.55 1.20 1.82 2.44 3.02
difference (%) 4.83 4.13 10.93 9.17 6.02 7.56 7.78 6.69

Table 2. The results of SNRD comparison
Kvp_mA 80_10 80_15 80_20 80_25 100_10 100_15 100_20 100_25
SNRD 7.8 8.2 8.3 8.8 8.8 9.9 9.8 9.6
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o} mA7} 5}510] = SNRD 3L 7] 9]
(Table 2, Fig. 10).
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—+—SNRD

0 T . . . T . . !
8010 80_15 80_20 8025 100_10 10015 100_20 100_25

kVp_mA

Fig. 10. This is SNRD for PMMA phantom.

80kVp
100%
90% %\\ —-10mA  -=-15mA
80% \\gl\\ 20mA —<25mA
70% =

60%

10 mA Y=-0.189 In(x) + 0.9105 X = 35 lp/mm
15mA Y =-0.229 In(x) + 0.9729 X = 45 Ip/mm

50%

40% -

100%

90%

80%

70%

60%

50%

40%

3. MTF &7t

67119] linepair (0.3125, 0.385, 0.5, 0.625, 0.833, 1 Ip/mm)=
80 kvpe} 100 kVpoll 4] MTF 10%= H7}FickFig 11). 2
20| W2 XS I8 x=2] line pair g 751
resolution H715F A3} 80 kVpol 10, 15, 20, 25 mAo| A=
35, 45, 70, 71%2] line pairS EHE 4= 91aL, 100 kvpe] 10,
15, 20, 25 mAof| A= 52, 58, 90, 110%8-9] line pairs ¥§
= Aok FAYT WHFIF 7S resolution= $F
4= QJ&5YTtH(Table 3, Fig. 12).

?—:!_-
A 7= As &
4. CNR (Contrast to Noise Ratio)

80 kvpell 10, 15, 20, 25 mA2} 100 kVpe]l 10, 15, 20, 25 mA

100 kVp

i \ \'\ \
\ \I\.>

10 mA Y¥=-0.223 In(x) + 0.9791 X = 52 Ip/mm

15mA Y =-0.221In(9 + 0.9979 X = 58 Ip/mm

—+—10mA -=-15mA

20mA =<25mA

m. =-0. nx + 1 = p/mm 20mA Y =-0.194In(x) + 1.0198 x =90 Ip/mm

30% - == = $0% 125 mA Y= -0.1781n(q + 1.0366 X = 110 Ip/mm

20% 20%

10% 10%

Ip/mm
0% 0%
0.3125 0385 05 0.625 0.833 Ip/mm 1 03125 0.385 05 0.625 0.833 1
Fig. 11. These are MTF comparison according to change kVp and mA.
Table 3. The results of resolution comparison with MTF
10 mA 15 mA 20 mA 25 mA
lp/mm
80 kVp 100 kVp 80 kVp 100 kVp 80 kVp 100 kVp 80 kVp 100 kVp

0.3125 1 1 1 1 1 1 1 1
0.385 0.73 0.78 0.77 0.85 0.86 0.88 0.88 0.95
0.5 0.70 0.76 0.71 0.75 0.77 0.85 0.78 0.88
0.625 0.66 0.67 0.67 0.67 0.71 0.78 0.72 0.80
0.833 0.62 0.59 0.62 0.65 0.64 0.70 0.64 0.72
1 0.60 0.61 0.60 0.61 0.63 0.63 0.64 0.70
Table 4. The results of CNR comparison
Kvp_mA 80_10 80_15 80_20 80_25 100_10 100_15 100_20 100_25
1 57.8 57.2 56.8 56.7 56.7 56.7 56.7 56.8
2 52.1 52.1 52.1 52.1 52.0 52.1 52.1 52.1
3 34.1 34.0 34.0 341 34.1 34.2 34.2 34.2
4 24.0 24.0 24.0 24.0 24.0 24.1 24.0 24.0
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8010 8015 8020 8025 10010 10015 10020 10025 KVp_mA

Fig. 12. This is line pair comparison according to change kVp
and mA.

Fig. 13. This is drawing ROI of CNR estimation.

o A 2] A HA hot sphereo]| /] CNR-2 57.0+0.40] 11 (Fig.
13-A), % WA hot sphereo]| 4= 52.0+0.10] 31(Fig. 13-B),
Al A hot sphere= 34.0+0.20] 21 (Fig. 13-C), 1] WHA| hot
sphere’= 24.0.0.2 LFeEptthFig. 13-D). 10| wE CNRE7}
= Z} spheren}t} 8-9J3t 2fo]7} ¢litiTable 4, Fig. 14).
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o 2= glJ, CT] sH—‘?—ﬁPﬂOL HA7HA] =
eApe] e B AlgstA stepdt 4 9l il -8t
Ak spA|gk SPECTS} CTO| o] 5w &2 u]3h &= ¢l
A Eg FAdolth & At aop Al gle] dote] w1
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. AOHEE SPECT/CTAAMA| MM CTEAN M2 S48 58 2 I4Et
70.0
60.0 . N N N -
500 L B o o o
——]
40.0
=il
300 3
200 ——i
10.0
0.0 T T T T T T T 1
2010 80_15 80_20 8025 10010 100_15 100_20 100_25
80 kvp 100 kvp
Fig. 14. This is CNR comparison of CT conditions.
Qo] AE fASHA AL TS WS 5 e
kVpel mAS] A7 Wk axoF 57]9] Phantom2- ©]-&-3 &
opX 1A} gk
PMMA phantom& 0] &34 Ao} Ex7} dhe Si=xef

75l E A} tube voltage (kVp)<2} tube current (mA) 2]

0] Wol s By vhs MR Fhasis Aol
A9t tube voltage ] HSH80 kVp — 100 kVp)oll A= S
S SNRD gl 4431 4 & - Sl 53,
9 geeAlaol FANS FARt BE ™% 5 3
7 =3Itk SNRD H7tof A= Zﬂ | 571 2ol whet =31
T Aol molA YTk MIF B7elAE 71 0385
Ip/mm O 2 kVpE H7I5k A3, 100 kVp7} 80 kVpX.th line-
pair®] Aol 5tA F7HE Uk SPECT images
CNRZ F7Fslid 2} 47]9] sphereo]| 4] CT 2310 F-¥ks}
A frelg 2ol 104 ket 12ltt PMMA phantome]
2A7h 2457Fa40]7] dlw —‘?—Oﬂ UE - A7l
UAE QR Bl RESIAEL S50l AAPM
phantom-Z o|-&3] o A& ¢l L7} -L]_g_ 3 Aog A}
=ZE} E35E phantom®] linepair”} 0.385 Ip/mm O] A} o] A=
485k resolution B} o] SAH o] Qglom 230
Bt} AEstE Algo] HQ3t Aog AyZkECH

%0 W MIo

N

b

2 o
SPECTICTE 4o} 232 714} sht] 9lo] A4a CT
S4AISH S75KD SPECTS} CT )
4L gAsEA HAY B

tube voltage (kVp)<2} tube current (mA)
orolpiin] mag woir.

= Dmcovery NM/CT 6702 A3}ttt PMMA pha-

tom< ©]-8-3}¢] 80, 100 kVp 10, 15, 20, 25 mAL] =4S A4



314tk CT QA performance phantomii CT 1mage4 reso-
lutione MTFE2 UERJ 131, jaszczak phantom= hot sphere
o} v EupAke] H]E PPTe S 1:83 F29]3}0] 47]2] sphered]

tfgt SPECT imageS CNRZ H7}s}%ich

Ao AL Fulfgko] Xefo] FAer Ak
Bt 7% =7 S ¥ e, SNRD= 2110f| whet -2

Z}o) 7} 919121 Resolution B 7o A= 0.385 Ip/mm 7|
© = 100 kVp7} 80 kVpRrt} Hat 12% AAA o] &3
O, jaszczak phantom= ©]&3j4 CTE 7|HWIC & 3t at-
tenuation correction ¥ SPECT imageES CNRZ B 7|3t A}
CTz719] Wsle}l Faist7| 47]9] sphere 5 f-0J2t Z}o]
£ wolx) gstch

B 9L SPECT/CT AALA] HA <]

&Hﬁrﬂii;‘

’6‘/\/‘(-_]

TS FA

88

ot

| Sokie] #2749l A7t B

REFERENCES

1. Seung-Wan Lee. Evalutation of Dose Reduction and Image
Quality in Pediatric Multi-detector CT. Journal of the Korean
Physical Society 2010;57:30-35 .

2. C. McCollough et al., The Measurement, Repoting and
Management of Radiation Dose in CT. AAPM, State College,
2008; 7

3. A gelhalelahan Al 3)olst %
2Js}; 2009. p. 13-22.

2A7-8]. 30|} U ifol. 1e]



