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Analysis of Patient Effective Dose in PET/CT; Using CT
Dosimetry Programs

Jung Sun Kim, Woo Young Jung and Seung Yong Park
Department of Nuclear Medicine, Asan Medical Center, Seoul, Korea

Purpose: As PET/CT come into wide use, it caused increasing of expose in clinical use. Therefore, Korea Food
and Drug Administration issued Patient DRL (Diagnostic Reference Level) in CT scan. In this study, to build the
basis of patient dose reduction, we analyzed effective dose in transmission scan with CT scan. Materials and
Methods: From February, 2010 to March 180 patients (age: 55+16, weight: 61.0+10.4 kg) who examined
"F-FDG PET/CT in Asan Medical Center. Biograph Truepoint 40 (SIEMENS, GERMANY), Biograph
Sensation 16 (SIEMENS, GERMANY) and Discovery STe8 (GE healthcare, USA) were used in this study. Per
each male and female average of 30 patients doses were analyzed by one. Automatic exposure control system for
controlling the dose can affect the largest by a patient’s body weight less than 50 kg, 50-60 kg less, 60 kg more
than the average of the three groups were divided doses. We compared that measured value of CT-expo v1.7 and
ImPACT v1.0. The relationship between body weight and the effective dose were analyzed. Results: When using
CT-Expo V1.7, effective dose with BIO40, BIO16 and DSTe8 respectably were 6.46+1.18 mSv, 9.36+1.96 mSv
and 9.36+1.96 mSv for 30 male patients respectably 6.29+0.97 mSyv, 10.02+2.42 mSv and 9.05+2.27 mSv for 30
female patients respectably. When using ImPACT v1.0, effective dose with BIO40, BIO16 and DSTe8
respectably were 6.54+1.21 mSv, 8.36+1.69 mSv and 9.744+2.55Sv for 30 male patients respectably 5.87+1.09
mSv, 8.43+1.89 mSv and 9.19+2.29 mSy for female patients respectably. When divided three groups which were
under 50 kg, 50~60 kg and over 60 kg respectably were 6.27 mSv, 7.67 mSv and 9.33 mSv respectably using
CT-Expo V1.7, 5.62 mSv, 7.22 mSv and 8.91 mSv respectably using InPACT v1.0. Weight and the effective
dose coefficient analysis showed a very strong positive correlation(r=743, r=0.693). Conclusion: Using such a
dose evaluation programs, easier to predict and evaluate the effective dose possible without performing phantom
study and such dose evaluation programs could be used to collect basic data for CT dose management.
(Korean J Nucl Med Technol 2010;14(2):77-82)
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Al CT AHAF Al 3 e A7dskes i
PET/CT 717]i= oA Althe] PET A|Ag]3} B]as}o]
sha] gt 7154 G AEE A A
MRS S5 5 Sl AR 7L Qlo)
AR Hgo] A St skal Qi thgtsofsts] A A}
o] oJshH PET/CT HAF 7427} 2006 100,53071, 2007'd
184,82471, 2008'd 248,93571, 2009 308,663 71 0.2 F23]
57 etz FAlolH PET/CT HAL Al 32 2A8E 817] 919t
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KgophEel PETHAMOIA 20104 282E) 327
Biograph Truepoint 40 (SIEMENS, GERMANY, o©]3}
BIO40), Biograph Sensation 16 (SIEMENS, GERMANY, ©]

3} BIO16), Discovery STe8 (GE healthcare, USA, ©|3}
DSTe8)S o]-8-3to] “F-FDG Whole body PET/CT #HAIS
A3t kA 5 184 m]Tke] Axof SRS A9l 1807 (L
of: 55164 A5 55+18 kg)o| HAF ARE o= s}of
ol 8 TS BASAT,
2. CT &2 2 ¥
Z+ 71719] CT AL BIO40oj|A] 120 Kv, 100 ref. mAs
(CAREdose 4D), rotation cycle 0.5s, pitch 0.80]%11L BIO16
oA 120 Kv, 100 ref. mAs (CAREdose 4D), rotation cycle
0.5s, pitch 1.250]¢] 0 DSTe8o]|4 140 Kv, 25~210 mA
(AUTO mA), rotation cycle 0.8s, pitch 1.6752 243}t
Z}t 71719114 PET/CT ZAF Al 919] CT 202 ARgRE &
S SHE o R s A e S
A S542 FAMAMTEZ 93] (National - Radiological
Protection Board)2] Monte Calo A% X}7& o|-&3lo] 48
AFge A5 5 A= 83k A 23
CT-Expo v1.7 (GSF, Germany)®} ImPACT v1.0 (NRPB,
UK)S AHg3tlckFig 1, Fg, 2).
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Scan Range Data (Slice Positions)

1. Age Group Gender F Get Values Scan Range 2 L
fomz- " toz+ fem]
Adult (] ®mde O femdle ETH| 90 | 100
I I
3. Scanner Model ‘Scanner Data for Scan Region "Body”
Manufacturer | Siemens - .CTDL, Ut B Ker Kos AL
Scanner | Sensation 16 - [mGyimas] k] feml
0076 | 120 | 045 1.00 111 27
. = s =
4. Select mode: I~ Bodymode for headjneckregion v Spiral mode — o ]5
Py v s i 477
5." Scan Parameters Please Enter Actual Settings: —= Scan Range
u ! t Q. Q N*hey TF e p Ser. Selection for:
[kv] [mA] [s] [mAs] [méAs] [mm] [mm] Imm] oA
120 | 90 05 | 100 80 12.0 15.0 05 | 13 | 1
Legend
& s Dose Values per Scan or per Series™ Tissue or Hy per Seried Remainder Hyper Series| @  Foaeirom
¢TI, ¢, DLP, E Ducr” Organ Imsv] Organs [msv] ‘ .
Ly val w rus ung
MGy [mG] [mGyem] [mSy [msv) Thyroid 130 [Brain 85
84 | 68 | 694 | 104 ] na Breasts 00 [Thymus 13 N
Chid/Baby: 2l CTDI and DLP values refer io 16cm head phanfom! Oesophagus | 113 [Spleen 108 @ T
Lungs 121  |Pancreas 9.1 0 e
Dose Values per Examination Liver 108  |Adrenals 93 = 200 o Uton
DLP,, E Duterus Stomach 10.9 Kidneys 10.8 = n e
ImGy'em]  [msy [msv] Colon 90  [Smallintest 93 =
694 10.1 na. Testicles 1.0 Upp. large int 99 é
Effeciive dose E refers o ICRP 80 Ovaries 0.0 Uterus 0.0 ;é
Please note: Bladder 101 £
|Allorgan doses Hy are based on conversion coefficients for stand- T 86 Misc.  Hr per Series| =
ard patients (ADAM, EVA, CHILD, BABY) and serve for information Bone surface 186 Imsvi ;é
purposes only (n particular organs outside the scan range) Skin 82 |[Eyelenses | 114 =

Fig. 1. Enter the parameters which are vendor, scanner type sex, Kv, mA, rotation cycle,

table feed, collimation

and scan range you can get the effective dose (CT-expo v1.7).

78



dgd 9 2¢l CT Mg
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2 CT-Expo v1.73}+

ImPACT v1.0& ARE-31] o= HAF 2R} 307
ImPACT CT Patient Dosimetry Calculator
Version 1.0 28/08/2009
Scanner Model Acquisition Parameters:
Manufacturer:| GE - Tube current 65.7 TmA
Scanner: GE LightSpeed Ultra - Rotation time 0.8 s
kV: 1140 - Spiral pitch 1.675
Scan Region:| Body [~ méAs / Rotation 5256 |mAs
Data Set MCSET12 __ Update Data Set Effective mAs 31.3791 ImAs
Current Data |MCSET12 Collimation 10 « | mm
Scan range Rel CTDI  Lookup|1.00 at selected collimation
Start Position|-6 4cm Get From Phantom CTDI (@ir)  Lookup|40.5 mGy/100mAs
End Position |89 cm Diagram CTDI (soft tissue) |43.4 ImGy/100mAs
~CTDl, Lookup|15.9 mGy/100mAs
Organ weighting scheme \ ICRP 60 m
e ol Zoom In | Start: +1]+ [« [+10 | End: #1[«]= [+10
CTDlua 50 |mGy
= 274 TmGyem ZoomOut | 6 A|w[v|-10 | 8 A[v|v|10
Organ wr Hy (mGy) | wrHr Remainder Organs Hr (mGy)| % e -““\
Gonads 02 7 14 Adrenals 7 T
Bone Marrow 0.12 57 0.69 Small Intestine 7 g @
Colon 012 6.8 0.82 Kidney 786
Lung 0.12 79 0.95 Pancreas 6.8
Stomach 012 74 0.89 Spleen 7
Bladder 0.05 7.7 0.38 Thymus 8.7
Breast 0.05 6.2 0.31 Uterus 73
Liver 0.05 72 036 Muscle 54
Qesophagus (Thymus) 0.05 8.7 0.44 Brain 1 s2
Thyroid 0.05 1 0.56 Not Applicable 1 nia
Skin 001 46 0.048 Not Applicable 1 ra
Bone Surface 0.01 1 0.1 Not Applicable N/A L
Not Applicable 1 0 0 0 Not Applicable A §%
Not Applicable 0 0 0 Other organs of interest Hr (mGy)
Remainder 0.05 55 027 Eye lenses 8.2
Not Applicabl 1 o 0 0 Testes 75
Total Effective Dose (mSv)| 7.2 Qvaries 6.6
Uterus 73
Prostate 7
Scan Description / §%
Comments §§ O
@ Nicholas Keat for InPACT, 2000-2009 §§ \ \ UJ ‘ [
Imaging Performance Assessment of CT Scanners, an MHRA Evaluation centre Ll \ | | |I \'I
http-/fwww impactscan org | | | \I ,"

Fig. 2. Enter the parameters which are vendor, scanner type, Kv, mA, rotation cycle, pitch, collimation and scan

range you can get the effective dose (ImPACT v1.0).

Table 1, Estimated effective dose of BIO40 for CT in PET/CT scans using CT-Expo v1.7 and ImPACT v1.0

Sex Average SD Median % Quartile 3 Quartile Minimum Maximum
CT—expo M 6.46 118 6.30 5.78 7.27 4,30 9.40
(mSv) F 6.29 0,97 6.25 5.50 6.90 4.40 8.50
ImPACT M 6.54 1,21 6.40 5.87 7.37 4,30 9.50
(mSv) F 587 1.09 5.90 515 6.60 3.70 8.10
Table 2, Estimated effective dose of BIO16 for CT in PET/CT scans using CT-Expo v1.7 and ImPACT v1.0
Sex Average SD Median 1" Quartile 3" Quartile Minimum Maximum

CT—eXpO M 9.36 1.96 7.80 6.25 9.30 6.90 12.60
(mSv) F 10.02 242 7.70 6.18 9.95 6.80 13.90
ImPACT M 8.36 1.69 7.25 6.23 8.30 6.20 11.00

(mSv) F 8.43 1.89 6.80 5.80 8.40 5.80 12.00
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217} 6.46+1.18 mSv, 6.541.21 mSv, oJ&} Bk} 302 zHz}
6.29+0.97 mSv, 5.87+1.09 mSvo|ItHTable 1).

2. BIO160IIA] ZAIE AIElSt 3iXle| R§ M2 H|w
(CT—Expo v1.7 vs ImPACT v1.0)

BIO16°f| 4] AFSE 82| f-8 A=f2 dAf e} 307
Z}Z} 9.36+1.96 mSv, 8.36+1.69 mSv oA} 32} 307> Z}7]
10.0242.42 mSv, 8.43+1.89 mSvo]THTable 2).

flo

~

kl

3. DSTeB0IM ZALE AlRYet 2Xle| 7= M H
(CT—Expo v1.7 vs IMPACT v1.0)

DSTeof| A ket ehato] i Adge oAt 2h4f 3072
Z}7} 9.36+1.96 mSv, 9.74+2.55 mSv, A} LA} 305 217}
9.05+2.27 mSv, 9.19+2.29 mSvo]$th(Table 3).

~

4, Z+ 717|101 HAE Al3SH 2X1e] AHIBo| [E
X M2F H|m(CT—Expo v1.7 vs IMPACT v1.0)

rior

BIO40o| A AARS Al 1S difo& 3o 50 kg
w19, 50-60 kg 1]k 60 kg o|Ako AFHE A Ao] Hgk
© 2 o] 3} Agks 45T Cl-expo v17&2 57
& 39S ) 242} 6.05+1.77 mSv, 6.18+1.05 mSv, 6.80+1.06
mSvo] 3 ImPACT v1.002 =43L ) 22} 5.06+1.46
mSv, 5.72+0.86 mSv, 6.42+0.96 mSvo| It} BIO169l| A ZA}F
S Al 845 iAo & sto] 50 kg w9, 50-60 kg wIv,

Table 3, Estimated effective dose of DSTe8 for CT in PET/CT scans

60 kg oo & A FHZ A 7He] ko vro] 3ia} A
2 245190k CT-Expo v172 SAS 31913 o 22}
7.74£0.66 mSv, 8.58+0.93 mSv, 10.88+1.32 mSv ©|Qi
ImPACT v1.00& ZAFS uw zH+ 6.60£054 mSv,
7.4540.69 mSv, 9.431.11 mSvo|3it}. DSTe8ofA] AALE A]
Y3t RS gtz 3o 50 kg w9k 50-60 kg w9l 60
kg olfo g Alg HE A 7je] o R o] Bk} AgF
& 24319}, CI-Expo v1.72 A S uf 72} 5.03+0.95
mSv, 8.25+1.66 mSv, 10.33+1.68 mSv$] il ImPACT v1.02.&
=4S u] zH2} 520+1.01 mSv, 8.51+1.53 mSv, 10.9+1.87
mSvo| T Table 4).

ANFd fa Aege] AATAE B451%9S 1 CT-Expo
v1.73} ImPACT v1.00]|4] Pearson AEATAG7F 242¢
0.743, 0.692.0.& w9 75t ko] AbtatA| 7} 9l ITKFi

aq
S

17

15

13

. . oe hd
LARPN :)/
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2 . LA )
Ve ' s e
o “Tg 3o B

* CT-expo

ImPACT

143 (CT-axpo)

r=0.743

A% (AmPACT)

5 r=0,693

35 45 55 65 75 85

kg

Fig. 3. Correlation between effective dose and weight shows
positive correlation.

using CT—Expo v1.7 and ImPACT v1.0

Sex Average SD Median 1" Quartile 3" Quartile Minimum Maximum
CT-expo M 9.36 1.96 7.80 6.25 9.30 6.90 12.60
( mSv) F 9.05 2.27 7.25 6.20 8.88 5.00 15.10
ImPACT M 9.74 2.55 7.65 6.30 9.50 5.40 16.00
( mSv) F 9.19 2.29 6.95 5.73 9.38 4.10 13.00

Table 4, Comparing effective dose of patients, classify by weight
BIO40 BIO16 DSTe8

Weight Average SD Average SD Average SD
CT-ecpo <50 kg 6.05 1.77 7.74 0.66 5.03 0.95
( mSv) 50~60 kg 6.18 1.05 8.58 0.93 8.25 1.66

>60 kg 6.80 1.06 10.88 1.32 10.33 1.68
ImPACT <50 kg 5.06 1.46 6.60 0.54 5.20 1.01
(mSv) 50~60 kg 5.72 0.86 7.45 0.69 8.51 1.53

>60 kg 6.42 0.96 9.43 1.11 10.9 1.87
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Z} 717] HE HARE AR St AleE
ST F8 A2 BI04 7 W2 =215 UESl
3 BIO163} DSTe8of| 4] H]5=7t 2] 2 2l H ) o]= 7}
71719] ke 20| th27] wZol7|e shAut
A1) 71skekA Q] 2ol 7 qlo] A7 XAl
A SA7A A, XA Rl e, A& A" a4, blo]

TR AR Bz s s AT darEsel Zpold
71215t Aoz Akzgrk) Agotihg ol "F-FDG Whole
body PET/CT HARS Al383t 1807 9] 2x}o] Am & ti4t
O &2 CI-Expo v1.7& AR8sto] fra Ao S43 4o 3
w3} ImPACT v1.0& AMgsto] 8 Asks 5783 4ke] 3
2 Z¥ZF 8.3742.22 mSv, 7.96+2.22 mSvE CI-Expo v1.75&
ARESle] SIS W 25 o ¥4 S As 24
= A8k o= CT-Expo v1.70|4= 2o} EAE &
ok 4= Qlo] ofRje) Apgit Wao] 22 TSRS F7tstke]
AArsLR7) wito] EA 24 Aow AmEh) o)
wE Ehe] He w25k AFol 27 84S £
7 AlRpo] S7kshe A2 AFs = Alo] AlAFo] A
Aol ufe mAZES S| o] Alege] Z7Hst A
o2 AtrEck? BIO40o] G- Algf u)m AzK(Table 1)of 4]
ImPACT v1.09] A3} & 2437k 4.30 mSve} Foigk 9.50
mSvE OF 2.2u]9] 2}o]7} Qli= A FHAgho] S et
2|t S 2Rk AlSo] 242t 426 kg, 110.8 kg = of
2.6419] zto|7F U= Aol 71%1%E Aog s o 4 Qi
TR 217 304 22} A9} B7E AlSo] Hlssfloll e ekl
G& Age] ZJolrt AA U= AL 82 A7} 1621 cm 66
kg0 2 177.1 cm 67 kgl A} BRT} vuk H& o]l E3t
PET/CT HAF Al gyHA o 2= TS &)oL PAE Aldst
ARk 22 A T2 Wl HARS Aldste] AlZo] S7tst
7] "ol o] S71et Aoz Az

E AFoA AIsHEd-2 AA], CT-Expo v1.73} ImPACT
v1.0& CT 27 8 A A5 k=5 Alof AlaEe 285k
o] glo] EAtoAl AN mAS] B+S oto] Bt
mAZES: 213101 AWISITE SHAIEE Brix G, et al.o] 417
H AG-5olA Bt mAE JEsto] S A Akt 4k
o] ¢F 7% =7 &4 %™ Alderson phantomef TLDE A2k
sto] AAl= SARE gt & ApolE HolA| Yt Ayt
e vt ek 7 RO ARt A = Alo] Al
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HES o2 ARG o, & AFo] ok BxEe) ¥
A%< 60.8 kg A83ITL 1 kg & 7.4 MBqe] “F-FDGE
FolatA = of 11 mSv7h M FE= o o5 & 4= Q)
ok w2t PET/CT gAF 5 CTojA W= of 8 mSve}
SF-FDGE Folafol Aol HEE 11 mSvg we gt
SH ©F 19 mSve] &5 i Zo= o 4= Qltk ol=
2009 RSNA (Radiological Society of North America)f|A]
ek 2k2g Farste] Wlawshd 13] 557 CT HAR oF
Louljo] Aol v]Ey= Zlor 2bake| fa A v
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S} AsF A= 91t 245 A7) flsl CT A 574 =
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BIO40, BIO16, DSTe8 o|A] *F-FDG PET/CT ZAARE A
3yt 18082 o= siGick ZF 717] ' |, of 30784
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A% CT-Expo v1.73}+
ImPACT v1.0& ARESHe] o &3130S o, |2 2k 307
747} 6.46+1.18 mSv, 6.54+1.21 mSv, oJ=} 2k} 3092 7z}
6.29+0.97 mSv, 5.87+1.09 mSv ©|¢lt}. BIO16 of|A] A}
sixo] &7 AEke Uz} 3k2) 300 242} 9.36+1.96 mSy,
8.36+1.69 mSv ojzZ 3k}t 30 7Fzb 10.0242.42 mSy,
8.43+1.89 mSv o]it}. DSTe8o)| 4] AALSE Bkx}e] 98 M
2GR} A} 3072 Z+2F 9.36+1.96 mSv, 9.74+2.55 mSv, ©]
2} 312} 3082 2+2F 9.05+2.27 mSv, 9.19+2.29 mSv o] itk
Z} 7171014 AARE AlERE 2] AlSel whe ehxpe] A
T vlastr] 9lsfl, BIO40o|A HARS Al3gEt A= of
Ao g slod 50 kg u|gk, 50~60 kg gk, 60 kg o]AFo.& A
THE Al 719 Hdom o] 2 A 453k
CT-expo v172 =4S 3192 w ZHz 6.05+1.77 mSy,
6.18+1.05 mSv, 6.80+1.06 mSvo]31l ImPACT v1.00.8 =
Ae | 247k 5.06+1.46 mSv, 5.72+0.86 mSv, 6.42+0.96
mSvo| itk BIO16o|A HARS Al38et 25 thife s &)
o] 50 kg w9k, 50-60 kg 1w, 60 kg oo 2 A HWE 1t
7ol A} AR 451t CT-Expo v172 S4< 319
S uf 7z} 7.74+0.66 mSv, 8.58+0.93 mSv, 10.88+1.32 mSvo]
93 ImPACT v1.00.8 ZAHS o 27} 6.60+0.54 mSv,
7.4540.69 mSv, 9.43+1.11 mSvo|¢lt}. DSTe8ol Al AARS A|
Y3t S o= sfof 50 kg ||k, 50-60 kg mIRE 60
kg oo Al 2 o] At AkE dISsielt
CT-Expo v1.72 AL uf 217} 5.03+0.95 mSv, 8.25+1.66
mSv, 10.33+1.68 mSv ©]2) 1 ImPACT v1.00.2 ZAF-S uj

82

Z¥Z} 5.2041.01 mSv, 8.51+1.53 mSv, 10.9£1.87 mSvo|ith
At 8 AZe JHHAE E451%9e W CT-Expo
v1.73} ImPACT v1.00]|4] Pearson A& AHAA7} Z2H2+
0.743, 0.6920.= w9 735k O] AA7E ik

5% glepe] ofzo] BaT A9 olo e LSS A
7t Z=Ode AMESH Phantom -8
ek S5 A1l 6% 9 Wbk FRsela, CT Al Bels
At 712 A=mE RskeT 28 2 5 S Zles
Frh
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