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Various methods for reducing radiation exposure have been continuously being developed. The aim of this
study is to evaluate effectiveness of dose reduction, image quality and PET SUV changes by applying
combination of automatic exposure dose(AEC), automated dose-optimized selection of X-ray tube
voltage(CAREkV) and sinogram affirmed iterative reconstruction(SAFIRE) which can be controled by user.

Torso, AAPM CT performance and IEC body phantom images were acquired using biograph mCT64,
(Siemens, Germany) PET/CT scanner. Standard CT condition was 120 kV, 40 mAs. Radiation exposure and
noise were evaluated by applying AEC, CAREkV(120 kV, 40 mAs) and SAFIRE(120 kV, 25 mAs) with torso
phantom compare to standard CT condition. And torso, AAPM and IEC phantom images were acquired with
combination of 3 methods in condition of 120 kV, 25 mAs to evaluate radiation exposure, noise, spatial
resolution and SUV changes.

When applying AEC, CTDIvol and DLP were decreased by 50.52% and 50.62% compare to images which is
not applying AEC. mAs was increased by 61.5% to compensate image quality according to decreasing 20 kV
when applying CAREkV. However, CTDIvol and DLP were decreased by 6.2% and 5.5%. When reference
mAs was the lower and strength was the higher, reduction of radiation exposure rate was the bigger. Mean SD
and DLP were decreased by 2.2% and 38% when applying SAFIRE even though mAs was decreased by
37.5%(from 40 mAs to 25 mAs). Combination of 3 methods test, SD decreased by 5.17% and there was no
significant differences in spatial resolution. And mean SD and DLP were decreased by 6.7% and 36.9%
compare to 120 kV, 40 mAs with AEC. For SUV test, there was no statistical differences(P>0.05).

Combination of 3 methods shows dose reduction effect without degrading image quality and SUV changes. To
reduce radiation exposure in PET/CT study, continuous effort is needed by optimizing various dose reduction
methods.
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Hospital, 28 Yeongondong, Jongno—gu, Seoul, 110—744, Korea
Tel.: +82—2—-2072-3937, Fax.: +82—2—-747-0208

N2 S9 CT QMO R oGO G4 S A7) Bol

PRsehA E190TE) 2elt oloh e e el Bst

PET/CT AAIOIA] CTie Al 402 35 PETo] ot 3L WAL 53] chak 9217} Z7hel st 9lom) 2t Al 2A 5
SpHjol A uel SRS FHS T PETGALS] RS - CTo] ofat W& Al 748 93w Sl ALe 9
ofsfo] ALE Ik Eal 95 U IS o §3 Erkg b E o Pas melehi olek. hobeHCT W B A s 5
automatic exposure control( AEC)= 2t 22}-2] e of ulz}

e o O 1S o pooopled Oclober 13. 2018 g e 2ARHO.2M 2 sliceol A 44 4ol 49 9
* Department of nuclear medicine, Seoul National University S} artifact, T ZXTF A7) 7155 Xeray tube F-5]2]

Zr a2 013} tube AFE- 7| 7ko] 271514 ®ek? Automated

E—mail: yhd_1981@naver.com

55



a5ty & M193 25 2015

dose-optimized selection of X-ray tube voltage(CAREKV)+=
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Al o] o]-8-¥ #H]+= Biograph mCT64 (Siemens medical
system, Germany)°| ™ (Fig. 1) A3 of] A-§-% phantom2
Aol A HI7E 9%t AAPM(the american association of
physicists in medicine) CT performance phantom(Fig. 2)37} 1]
Z AT v E 9]3}9] anthropomorphic head, chest, pelvis
phantom(canadian scientific products, london,
torso g o7 H3lsto] ARE-SH oW (Fig. 3)
PET SUV W3} G55 H715H7] 9% NEMA IEC body
phantom(Fig. 4)& A3} %t}
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Fig. 1. Siemens Biograph mCT64 PET/CT Scanner was used for
acquisition

Fig. 2. AAPM CT performance phantom was used for evaluating
image quality

4
Fig. 3. Anthropomorphic phantom was used for evaluating
exposure dose comparison

Fig. 4. IEC body phantom was used for evaluating SUV changes

3. Al

A #H F7) 3 mm, FOV(field of view) 500 mm, pitch 1.2 &7
2 AEC, CAREKV, SAFIRE Z+ A& 1} 37}2] W4 9] 23}9]
Ao A FLsHA A& ek ¥ F A= vlag st
anthropomorphic head, chest, pelvis phantom-2 torso X3 O
2 A3ste] ZF & & GAto A 2] DLP(dose length product)
QF mAs H 3}

mGyecm2 ¥] 1.3}% 0.1 torso phantom-2- ©]-8
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Q) 10| = level 7S 9J3lo] BE Are] mE A Ho| A
spine region-2 @2} 0.56 sq.cm] ROI(region of interest)S-
“d5to] standard deviation®] 3} H7}s1 I ThFig. 5).

Fig. 5. ROIs of 0.56 sg.cm were drawn in every slices for evaluating
noise level

1) AEC
120 kV, 40 mAs }.Zﬂ_oﬂ/\‘] AEC Z_‘]'—g—, U]Z_‘]'»g— /\] torso
phantom®]| A} mAs $12}e} u] /A gFo] Wal 71 it

2) CAREkKV
(1) CAREKV HE0| 2 TjZ=ZM2F noise level Bt
120 kV, 40 mAs Z Ao 4] CAREkV &-&, u] &8 A| torso
phantomo]| Al mAs H3}o} 1] Z A, 1-0] = levelo| Bl
7h = A

(2) Reference mAs & CAREKV strength H45}0f| [HE
=g st Bot

120 kV ZZ 9]l A 85 mAsH-E] 10 mAs7}A] 25 mAsA ZhA

Al A ZF mAso]| A strength 3, 5,7, 11 271 © & torso phantom

20 & u|EZ A=k HILE H 715k Tl CAREKYV strength(3:

non-contrast scan, 7: soft tissue with contrast scan, 11: vascular

scan)+= Z+ A Aol A & 3+E] CNR(contrast to noise ratio)-2-
UhER 4= 9l 4o} IckFig. 6).

CARE DosedD + CAREKY  On Hle Qualityref. mAs 35 = Ref.k¥ 120 5|
Dose saving optimized for.
Eff.mAs kY

Organ characteristic: Abdomen L *
10Nl @2omf: mGy DLP: mGy'sm T T S T S T T
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Rotationtme 055 =]
Delay 25 Language English
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Fig. 6. Strength of CAREKYV displays optimised CNR in CT image

(3) Strength 3 7|& reference mAs HH310] 2
=M Hat ot
120 kV, CAREKYV strength 3 ZZof| 4] 210 mAsH-§ 10
mAs7}A] 25 mAs¥ 7+~ A A torso phantom A7 3 3] Z 4]
% WslE Woisigon ool PETICT Aol 4s
non-contrast®= A7} A8 E| 22 strength 30] Z A T}

3) SAFIRE

SAFIRE 2§ -5 A] FAFSE = 0] = level & UER = &
A91” 120 kV, 40 mAs SAFIRE & A2} 120KV, 25 mAs 1]
&2 A| torso phantom 70 & 53] Z 415 H 519} - 0] = level

o] ] 7} wgic.

4) AEC, CAREKkV, SAFIRE 3%

120 kV, 40 mAs AEC Z-8&A]¢}, 120 kV, 25 mAs AEC,
CAREKV, SAFIRE #-& A| torso phantom scan % 1] Z A2
I} o] = levelo] B7} E Qi U Z Ao 4 AAPM CT
performance phantom-g ©|-&3}0] 6A] W3k 45.0] [ 2] of
16.47 sq.cm®] A}ZFE ROIE A A 81o] o] = B 717t A3
%] 1o (Fig. 7) window width: 300, level: -1002.2 4% &
B 2ol W7k AW ek AckFie ).

Fig. 7. Size of 16.47 sg.cm ROl was drawn in AAPM phantom image
for evaluating noise value
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Fig. 8. Window width: 300, level: —100 was set in AAPM phantom
image for evaluating spatial resolution

4) AEC, CAREKV, SAFIRE #-&-of w2 SUV ¥3} 37}

IEC body phantomol| "*F-FDG 55.5 MBq& $¢]5}¢]
background®} hot lesion®] H|-&-0] 1:80] &= A2t & 120
kV, 40 mAs 1] & A], 120 kV, 40 mAs AEC & A2} 120
kV, 25 mAs AEC, CAEKV, SAFIRE %3}2] #-& A] SUV ¥
3} SRE H7st o m PSF(point spread fuction)+TOF
(time of flight), iteration 2, subsets 21, matrix size 200,
gaussian 5 mm filter®] parameter”} PET G4} A - A] A&
| Qitt JAF A A B =S 5110601]/\1 =2 VOI(volume
X Aste] SUV =4 & SPSS version 18.0
ol g3fo] E7 4 0.2 BT,

of interest)S
(SPSS Inc. USA)S

1. AEC

120kV, 40 mAs AEC S 2]-8-5}#] ¢3-S 1 torso phantom
O] BE &efo] 2ol A F YT mAs7F2AL B QA AEC 4]
& A| 1) FA T a0 7 sliceol| Al A4 Aol A vekd
4 QE=E torso phantom Z} slice®] 7+ A =of w2} tube
load7} 452 © 2 ¥ 3}5} 9 CHFig. 9). AEC 1] 28 A] jn]
AEC A-& A] mean mAs 52.50% 74>, CTDIvol 50.52% 74~
8}91.0.1 DLPX 50.62% 743 tHTable 1).

Tube Load

Fig. 9. Tube load changed according to shape of phantom when
applied AEC

Table 1. Mean mAs, CTDIvol and DLP were decreased when
applied AEC compared to fixed mAs

AEC setting Mean CTDlvol DLP
mAs (mGy) (mGycem)
AEC OFF 40.00 2.89 324
AEC ON 19.00 1.43 160
Rate of change(%) -52.50 -50.52 -50.62
2. CAREKV

1) CAREKV &£ w2 u|Z Xk, Lo|X level 7}
120 kV7} ZAFEl CAREKV 1] %8 A] tj¥] CAREKV &8
A] phantom®] #| | o] 112 %o} 100 kV7} AR ¢l A
3kl Vel ©J3t JApe] 1 WAL 913ke] mAs7E 27}
& 211 (Fig. 10) mAs H/fo] up2k CAREKV 2§, v]4]-&
Al GAFSE 0] = level 2 B i th.(Fig. 11) CAREKV 28 A]
mAs X2 Ao w2} mean mAsE= 61.5% Z715FH A9k 20 kV
7+ 2o wet CTDIvol 6.2%, DLP= 5.5% ZF4~3}th FAF
9] 2 HAFo A 2715 mAs©]| 2)8Fo] mean SD= 10% =7}
3} thH(Table 2).

Tube Load

Fig. 10. mAs increased for compensating low image quality by
100 kV
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Fig. 11. Both of test(CAREKV on and off) shows similar noise level
by mAs compensation

Table 2. When applied 100 kV, mean mAs and SD increased.
However, CTDIvol and DLP decreased contrastively

Mean CTDIvol DLP Mean

CARELV setting mAs (mGy) (mGycm) SD
CAREkV OFF 13 0.97 109 35.14
CAREkV ON 21 0.91 103 38.69
Rate of change(%)  61.50 -6.20 -5.50 10.10

2) Reference mAs ¥ CAREKYV strength ¥3}o] W&
SRR ER
Reference mAs(ref. mAs)® CAREKV strength H3}of| u}
£ DLP ¥Hg}o| A refmAs7} TaTrE 5 refmAso] A
CAREKYV off tjH] CAREkV Y] strength”} <715 DLP

HAaeL =715 th(Table 3).

Table 3. DLP decreased when ref. mAs decreased and strength of
CAREKV was increased

Rate of change
Reference mAs Strength of CAREkV (%)-DLP
3 0.00
5 -8.50
85 mAs 7 -16.99
11 -45.10
3 0.00
5 -8.37
60 mAs 7 -18.60
11 -44.19
3 -1.57
5 -10.24
A
35 mAs -19.69
11 -43.31
3 -24.07
5 -29.63
10 mA:
0 mAs -30.37
11 -31.48

3) Strength 3 7]& reference mAs W3} w2
o) %A% Ws} 57}
Non-contrast scan°]| 4] & 3}= CNR2 H o]= CAREkV
strength3o]| A refmAs7} 74342 DLP 4482 Z715}
% th(Fig. 12).

CAREKYV - Strength 3

Rate of change(%)-DLP
a0

210
Ref‘.‘mns

Fig. 12. DLP's rate of change increased when ref.mAs is lower

3. SAFIRE

120 kV, 40 mAs SAFIRE 1] 28 ]9} 25 mAs 28 A] G-A}
3t = 0] Z level T} €& 1 9 © 1 (Fig. 13) SAFIRE &]-& A]
1] 2]-8- t H] mean mAs 37.5%, CTDIvol 38.1%, DLP 38% ZF
28921 15 mAs7} ZHAE] QLo & £5L8F1 mean SD
L 2.2% 7F28FATHTable 4).

Fig. 13. Both of test(SAFIRE on and off) shows similar noise level in
spite of decreasing 15 mAs

Table 4. When applied SAFIRE, mean mAs, CTDIvol, DLP and mean
SD decreased

Mean CTDlvol DLP Mean

SAFIRE setting mAs (mGy) (mGycm) SD
SAFIRE OFF 40.00 2.89 324 23.49
SAFIRE ON 25.00 1.79 201 22.96
Rate of change(%) -37.50 -38.10 -38.00 -2.20
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4. AEC, CAREKV, SAFIRE =g}

1) Torso phantom= ©|-8-3t 371A] ¥y 23] o2

mAs l:ﬂi]. r;_];EA-]al: io]z level rg]y]_

CAREKV A8 A] lowkV 280 tfat ko] 2 BARS ¢
gt automatic mAs 57H5 $15Fo] AEC7} 17 285 o of oF
t}. o]E 1S u, 120 kV, 40 mAs AEC Z|-& A2} 120 kV,
25mAs AEC, CAREKV, SAFIRE Z3}2] 28 ] 37}%] b
O] Z3Fo Al 100 kV ZALo] whE F/2] A HAdS 91s}od]
mAs7} 271519 A9 SAFIRE & -8-of w}Z oJA}o] &l gk

1 3}e] 15 mAs E TAaA A ZASIY S o= 6L
AECE‘_P 28 A9} 371A) Wb 9] 23 A] {-AFSH tube load2}
pattern UEF §1.0 1 shoulder F-2-of| A<= Al 7FA] 23}
A] 9] tube load”} Z7}3} 91 th.(Fig. 14) 1=0] = level H7}oj| A]
123717 2] 2ol A AECTE 44 A2} $ A o] =
level#} 3518 2 Gk (Fig. 15) 37h4) 4P 9) 23 21§ 4|
AECHYH A8 A] tjv] kV 16.7% 74>, mean mAs 5.3% =7},
CTDIvol 37.1% 74>, DLP 36.9% 714~} 91 ©. 1 mean SD=
6.7% Z7}5} 9 tH(Table 5).

Tube Load

Fig. 14. Both of test(only AEC on and combination of 3 methods)
shows similar tube load except for shoulder region

Fig. 15. Both of test(only AEC on and combination of 3 methods)
shows similar noise level and pattern

Table 5. When applied combination of 3 methods, kV, CTDIvol and
DLP decreased but mean mAs and mean SD increased

Mean CTDIvol DLP  Mean

Meth i K
ethodssetting KV ¢ (mGy) (mGyem) SD

SAFIRE OFF 120 19 1.43 160 30.69
SAFIRE ON 100 20 0.90 101 32.73
Rate of change(%) -16.70 5.30 -37.10 -36.90 6.70

(2) AAPM CT performance phantom< ©]-&3F 37}%]
Y 23] 2 eol=, I+ Edls 37t
0] 7} A7 of| 4] SDE= 120 kV, 40 mAs AEC 214 4]
2} 120 kV, 25 mAs 37}A] W 9] Z3hof| A 27.1, 25.72 37}
A v o] 23l A AgF Aol e E4tekal SD7F A &

o] gabo] o] AAE A0 bt Bl Bl

A= F 71 W 2ol A 1.25 mm line®] SLE-0] 7}55}o]
LT I3t 2l eIk

5. AEC, CAREKV, SAFIRE &&0| =
SUV HHsF ™ot

| LA A 5] 28] whE SUV 3t 57 A |
o A= 120 kv, 40 mAs 2= 2 u] 28 A], 120kV, 40 mAs
AECHF A8 A], 120 kV, 25 mAs AEC, CAREkV, SAFIRE &
& Al emission 14, 24, 3+, 440 A] SUV+= P-value”} 0.05
oo & FAHH R {5k 2po| 7} ¢l th(Fig. 16).

Fig. 16. There were no significant differences by applying AEC,
CAREKV and SAFIRE in SUV test
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tube voltage(CAREKYV), sinogram affirmed iterative recon-
struction(SAFIRE) -8 A] Z} vl o] -2 A| 9} 37} %] =}
o] Zgof whe o B A 24} J4be] A 123 SUV
Hlsh 428 Brhakolt

Bograph mCT64 (Siemens, Germany)% H| & Al8-3]¢]
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2 Fdsto] A5G 120kV, 40 mAs A S 2 AECE]
e 59120 kV, 40 mAs AEC 27 22 CAREkV Y &
& ol mhE 9 A ek s aE 7 skl 120KV,

25 mAs SAFIRE Z 7o) A JAFS 3 E35}o] 120kV, 40 mAs
SAFIRE 1| 2§ A| tH] t=o] =&} w) EAwf a7} 3
7}=E Atk 120kV, 40 mAs AEC A&, 120kV, 25 mAs 3714
v o] 23 274 © & AAPM perfomance, anthropomorphic,
IEC body phantom& A 7H3}o] o] =, 37 B3f%, 1
F A raa ¥ 2123l PET SUV S| ¥3 f-75 H7}st
At

AEC -8 A], 1] 2-& 1] CTDIvol 50.52%, DLP 50.62%
22331tk CAREKV -8 A 100 kV7H 28 of| w2} mAs
7} 61.5% =7}3+3 21 CTDI 6.2%, DLP 5.5% 748} t}
Reference mAsE W7 A4 &5, strengthghS =7 A7
42 9] EM e ks Z71ekeich SAFIRES] 79
40 mAso]| 4] 25 mAsZ tube currentE 37.5% 7 AA] A2 =
E-313}3L mean SD 2.2%, DLP 38% 743}t AAPM
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Torso phantom®] 7 -$- 37}%] Z§}ol| A AEC thH] mean SD
6.7% %7}, DLP 36.9% 7+ 4~3}91 © 1 IEC phantom ] & of 4]
PET SUVE EA414 0 2 89131 x}o| 7} §1 9 thHP>0.05).

B ROA] CTAIR 248 917 ZH P S 2% 912 4
o 7k BIHE Mgl 37HK) whge) 2akS Batol 51
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