Software for
Dose Assessment
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What Is It Needed For ?

® Meanwhile, modern scanners display dose (CTDI,,, DLP)
® But not risk-related quantities (organ and effective dose)

OK, too high, or t

® No indication whether
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How To Assess Effective Dose ?

® The easy way
e dose length product from the scanner’s dose display

e plus some global conversion factors

® The hard way

 scan parameters from the operators
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Topics

® The easy way
® The hard way

® The comfortable way




The Easy Way

Report EUR 16262

Region of body | Normalised effective dose, Eq p (MSv mGy™' cm™)

Head 0.0023
Neck 0.0054

E=-E,,- DLP

Nagel

Chest 0.017
Abdomen 0.015
Pelvis 0.019

Body region fmean (MSV/mGy <cm)

Head 0.0025
Neck (head mode) 0.0060

E =DLP- fmean

Both approaches require knowledge of the CTDI.-based DLP.

Neck (body mode) 0.0100
Trunk 0.0175



The Easy Way

Limitations: gender-specific differences

f(z) (mSv/mGy-cm)
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Cardiac CT: female eff. dose 50% higher than male (even more with new wy factors)

Pelvis: female effective dose 70% higher than male (testes excluded)
Pelvis: male effective dose 80% higher if testes not excluded




The Easy Way

Limitations: DLP not available

If CTDI,, is available:

DLP = CTDI, - L

L = scan length [cm]

However, overranging effects in spiral mode not taken into account
If CTDI,q is not available:

Goto The Hard Way part 1
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® The easy way
® The hard way
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The Hard Way

Prerequisite #1: basic CT dosimetric data

Gene- Focus-axis  Minimum Total Detector Tube Slice .CTDL, 16 cm phantom 32 cm phantom dz Scanner Refer-

ration  distance mAs- filtration Type Arrange- potential thickness (mGy/mAs) CTDL, PX CTDL, 5 Py  (mm) category ence

(mm) product (mm) ment (kV) (mm) (mGy/mAs) (mGy/mAs)
Aura 3rd 515 10 1.5A1+0.07Cu SS asymm. 120 10 0.44 0.25 0.57 0.120 0.28 0

Mx8000 IDT 3rd 570 7 TAI+1.2TiO SS symm. 120 16-1.5® 0.17 0.13 0.75 0.067 0.39 3.0

Scanner dose data

Body region Mean conversion coefficient f . (mSv/mGy-cm)
Adults Children (7 year-old) Babies (8 week-old)
(female) (male) (female) (male) (female) (male)
0.0022 0.0020 0.0028 0.0028 0.0075 0.0074

0.0051 0.0047 0.0056 0.0055 0.018 0.017
0.0090 0.0068 0.018 0.015 0.032 0.027
Upper abdomen 0.010 0.0091 0.020 0.016 0.036 0.034
Pelvis (*) 0.011 0.0062 0.018 0.011 0.045 0.025
Entire abdomen (*) 0.010 0.0072 0.019 0.014 0.041 0.031

Scanner Scanner factor k.,
category Head/Neck/Children  Trunk (adults)
1.10 1.25
1.00 1.00
Conversion coefficients 090 080
0.80 0.65
0.70 0.50
0.60 0.40

Matching data




The Hard Way

Prerequisite #2: all dose-relevant scan parameters

® Tube voltage U (kV)

® Tube current I (mA)

® Acquisition time t (s) per scan or per rotation
® alternatively: tube-current product Q (mAs)

® Slice collimation heol (mm)

® Number N of slices acquired simultaneously

® Table feed TF (mm)
® alternatively: pitch factor p

® TImage slice thickness hrec (mm)

® Scanlength L
® alternatively: number n of rotations

® Number Ser. of scan series

® Scan mode (head or body, sequential or spiral).



The Hard Way

Computational procedure

Scanner: Philips Mx8000 Quad, 0.17mGy/mAs, dz=1.7mm, mor=0.57, bor=1.0, kc1=0.8
Parameters: 140 kV, 167 mAs/slice, 0.5 s, 4-2.5mm, p=0.9, hrec=5mm
Examination: female adult, upper abdomen (0.01 mSv/mGy-cm), Lnet=20cm, 1 spiral series

Step Parameter Computation Result Example

Tube current (electric) | . | ] 300 mA
Acquisition time ] “ta | | 055

= Qe mAs product =150 mAs

Normalized CTDI free-in-air * - Gilliiies ] *0.17 mGy/mAs
1st voltage correction * (U/Urer)? _ * (140/120)2

5| Overbeaming correction | *kos | | *(20°(10+1.7))/(10(20+17)

= CTDlair CTDI free-in-air = 37.4 mGy

n Overranging correction | AL = (mor*p+bor)*N*hcol _ =(0.5770.9+1.0)*4*2.5 mm

- Gross scan length * (Lnet+hrectAL) _ * (200mm+5mm+15mm)/10
8 Pitch factor T /0.9

= DLPair DLP free-in-air = 914 mGy-cm

| 9 | Conversonfactor | e | | *001mSwmGycm

2nd voltage correction * (U/Uref)0-5 _ * (140/120)°°

_

Effective dose = 7 O MSvV
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® The easy way
® The hard way
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The Comfortable Way

Input Scan Sequence - Noname

File Examination Info Optians  Terms and conditions of use 7

National Board of Health, Denmark

P_DOSE X-Ray Computed Tomagraphy

Organs Doses Evalustor —%ﬂm
|Philips Tomoscan LX [ | —
CT dose
#1106, 160) T ===

o2
=

Eval. doses

for Windows 9x/NT
Version06.7

Total scan #:

This is freeware made by Curent scan #:

Accept Define Scan Limits

Remove
Mational Board of Health
Mational Institute of Radistion Hygiene Couch
Knapholm 7 Exposure setting CTDI default rhﬁhfe Inciement
ickness o [
DK-2730 Herley 100 2000 |Gy (mag)
Denmark i Num of slices

ImPACT CT Patient Dosimetry Calculator
Version 0.99x 20/01/06

CT-Expo V1.6

Calculate Benchmarking

ImpactDose All rights reserved
Copyright by Georqg Stamm and Hans Dieter Nagel

Copyright (@) AP GmhH Hannover 7 Buchholz 2001-2007

Erlang




The Comfortable Way

Important features of CT dose calculation software

Feature P-Dose/CT CT PDC CT-Expo

Source NIRH (DK) CyberQual (It.) ImPACT (UK) VAMP (D) Dr. Stamm (D)
MC data set Own NRPB NRPB Own GSF

Scanners included Only a few Only a few All Siemens only All

Gender specific No e Yes Yes
Age specific No No No Yes
Dose quantities Ht, E All DLP Hr, E All

Overbeaming e N\ e} Yes Yes Yes

Overranging No e No Yes Yes
eff. mAs No e No Yes Yes
Benchmarking No e No No Yes

Updates No No Yes, for free Yes (100 €) Yes, for free

SWV platform WIN only WIN only WIN, (Mac) WIN only WIN, Mac

Stand-alone Yes Yes Requires Excel Yes Requires Excel
Price Freeware 500 € appr. 70 € ** 675 € 35 (20) €

* stopped in '99 ** for NRPB MC data set *** formerly: WinDose
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CT Dose Evaluation Software CT-Expo
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MS Excel appllca’rlon developed followmg German CT survey 1999
- for all CT scanners and patient groups (incl. paediatrics)
- for all CT dose indicators (also organ and effective dose)
- benchmarking and hints for protocol optimization included
- regularly updated for free
- Three modules: ‘Calculate’, ‘Standard’, ‘Benchmarking'.



CT-Expo (Module ‘Calculate’)

Calculate

Age Group

[Adult

— ] @‘ mak ':‘:' Framm e

2. Scan Range

i ‘ Got vatuss

Scan Range Data (Slice Positions)

Seam Range

from z-

to =+

L

lcm|

1]

43

43

HManufacturer

Soanner

Scanner MHModel

Philips ACTDI,,

M=B000 IDT/Brilliance 16

Lree

[rrGy Amds ]

Scanner Data for Scan Region '_Budyr'

Fax

0,067

0,39

Select mode

Scan Parameters

E Spral mods

D Becly mords P hedfemct iegan

(]

-

[rmAz]

N* hey

[reire ]

Please Enter Actual Settings:

TF

[riii ]

1350

24,0

21,0

Dose Yalues per Scan or per Series™®
CTDy DLp.” E
[rinGy | [rrilise ] [rGy*crmn ] IS ]

CTDI,. -

Dmn.t:
[msw]

88 | 101 | 474 | 7,7 | na.

ChlkzyBaoy: all CTDl asd DLP vali=s w=lzr 1a 16cm head phantam !

Dose Yalues per Examination

DLP, E
[rniGine*cm ] [mnSw]

) I—
[ ]

474 Fof n.a.

Ell=ci ve dase £ ielers La KIP BD

Aease note

Nl avgan daas v are ened an cameers bin coaicke s fae siand.
md plleds (ADAM D CHILD, BAEY) and senislar darmallon
perpman anky i ln makubr agam ass e the wsan rage) |

Tizssue ar
Organ

H; per Series
IS ]

Remai nder
DOrganz

H; per Series

[rSwv]

The'roid
Ereasts

Desaphagus
Lungs

Liwer
Stomach
Colan
Testicles
Ovaries
Bladdar

Bone marrow
Bone aurface
Skin

0,0
0,0
0,4
2,8

Erain
Theemus

Spleen
Pancresas
ddrenals
Eidneys
Small infest.

Upp. large int,

Utarus

0,0
0,4
13,7
11,1
11,0
14,4
12,7
13,5
0.0

Misc.

H; per Seriea
[rSv]

Eye lenias

0,0

17



Input Scan Range
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Paediatrics (children/infants)

i B

Adults (female/male)




CT-Expo (Module ‘Calculate’)

Calculate

Age Group

| Adult

— ] @‘ mak ':‘:' Framm e

2. Scan Range

AA ‘ Get Yalues |

Scan Range Data (Slice Positions)

Seam Range

from z-

to =+

L

lcm|

43

43

HManufacturer

Soanner

Scanner MHModel

Fhilips

M=B000 IDT/Brilliance 16

CTDI,,
[rrGy Amds ]

Scanner Data for Scan Region '_Bndyr'

Fax

Lree

0,067

0,39

Select mode

E Spral mods

D Becly mords P hedfemct iegan

Scan Parameters

Qut

Please Enter Actual Settings:
] N* by TF

[er Az ] [mirn ] [rreri ]

1350 24,0 21,0

Dose Yalues per Scan or per Series™®
CTDy DLp.” E
[rinGy | [rrilise ] [rGy*crmn ] IS ]

CTDI,.

Dm

Tizssue ar

Organ

H; per Series
IS ]

Remai nder
DOrganz

H; per Series

[rSwv]

| The/roid

88 | 101 | 474 | 7,7 |

n.3. Ereasts

ChlkzyBaoy: all CTDl asd DLP vali=s w=lzr 1a 16cm head phantam !

Desaphagus
Lungs

DLP, E
[rniGine*cm ] [mnSw]

Dose Yalues per Examination
Dm

Liwver
Stormach

[mSv] Colon

474 7yf

n.3. Testicles

Ell=ct lve dase £ isleis La KIF BO
— — —

Ovaries

Aease note

Nl avgan daas v are ened an cameers bin coaicke s fae siand.
md plleds (ADAM D CHILD, BAEY) and senislar darmallon
perpman anky i ln makubr agam ass e the wsan rage) |

Bladdar

Bone marrow
Bone aurface

0,0
0,0
0,4

Erain
Theemus

Spleen
Pancresas

ddrenals
Eidneys

Small infest.
Upp. large int,
Utarus

0,0
0,4

13,7
11,1
11,0
14,4
12,7
13,5
0,0

Misc.

H; per Seriea
[rSv]




CT-Expo (Module ‘'Standard’)

'Cﬂzuum in E{Znnm auk ﬁGDtD Start | [, Calculate | Scan Range : Standard | 3= Comparison | Benchmark = | Save/Print = @RESEI: 0 Help

Liw it Mt o M A S N )

=

B

C D E

Standard Examination

Standard Scan Length L [em]

male Female

11“ Foutine Sbdamen [tot.] « ‘

... [mSwvimGy cm]
male female

rStczmdard Examinations

e | Ly |

CTa Abdominal Acrta
CTa Tharacic Aorta
L Routine Pelvis
O=zeous Pelvis
Caleium Scoring
Coronary CTA
Fac. Bones+Meck [Head)
Fac. Bones+heck [Body)
Facial Bones f Sinuses
Foutine Brain
I Cervical Spine [Head)
Cervical Spine [Body)
Liver f Kidneys
Lumbar Spine
Upper Abdomen
Fulmanary Wessels
Skull Baze
Chest
WwWhale Trunk

1=t ere

| o007z | o.0104 |

0-43
symphysis

0-41
Diaphragm

from - bto

Scanner Model

Philip=

=
=l

hAw2000 IOT

Scanner Data bor Scan Region “Body™
U Fenx oz dzZs
[k¥]

JZTOI,
[mGyma=]

(N * hj ref

[mm]

ket Mor

[mm] [mm]

0067 | 120 | 0,39 | (L1} | 3.0 | 3.0 | 24 | 0.6 |

20 pre-defined standard examinations

|

I t
[ma] [5]

ch
[mAs]

Please Enter Actual Settings:
h] L] ] b
2 M Fiegr TF Flrec

[mas] [mim]

b X b
Spiral
hode

k:IZIEF

[mim] [mm]

1345

150 120 | 102 | 1.0 111 | =

2nd Series

1345

150 240 | 216 | 50 o0 || 1,00 | ®

3rd Series

0

1.0 0o 1,00 O

CTOI,,
[miGiy]

CTDl,,
[miGiy]
im)

Dose Yalues per Scan or per Series™

DLP,,
[mGy"zm]

Dose ¥alues per Ezamination
DLP., Effective Dose E

[mGy"zm] =]
[m] [f] [m] [t]

Effective Dose E*
[mSw]

it m) (£

15t Series 101 11,2] 245

245 | 36 | 52 719 | 699 | 106 | 149

2nd Series 9.0 10,1 A7

454 7.0 9,7

3rd Series

0.0 a,0 1]

1] 0,0 0,0




I ' dard’
CT-Expo (Module ‘Standard’)
@] Zoomin | &) Zoom out | {5} Goto Start | () Calculate | Scan Range » | [ Standard enchmark | SavefPrint ~ | €3 Reset | 7 Help

B

‘Com parison Standard Examination: | Routine Abdomen itot) |

) | L) b | —

Dose Values per Scan or per Series*

Results per
Scan Series CTDI,, CTDI,, DLP,~ Effective Dose E*

[mGy] (MG [mEy*em] [m 5]
im. i im. i

15t Series 10,1 1172 245 245 36 5,2
2nd Series g0 10,1 474 454 7,0 9,7
ard Series 0.0 0.0 0 0 0,0 0,0

B
7
g
g

—
o

=
-

Series

CT Survey Average Values per
DRG / ZVEl '99 i i e I W Scan Series

Dose Values per Examination

Results per Examination DLP,, Effective Dose E
[MGy*em] [ Sv]

{rm.) i) {rm.) i

719 699 10,6 149

Relatire Yalues in % Fed figures are ahove average !
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CT-Expo (Module ‘Benchmarking’)
'Cﬂ. o0 in E{ Zoom ouk ‘ﬁ Goko Start | () Calculate | Scan Range - : Standard E:' Compariso

Benchmarking SSCT

Scanner Data for  Sorratorm PUS 4 Series
Baody

Scanner Modsdl LT 0063 | mGywmas

Siemens | 047

Somatom Plus 4 series | Ko = AN
; 120

S Pararmeters Dese Valies Relative Vales *
Y a e ¥ TF Y e Y B or. ¥ 5ra | oL O T OF. £ CL  C. OR
[mis]  [mm]  [mm]  [mm] L [meiy] [mGy] [mGyom]  [mS) {n % of Survey Awerage)
o0 i ig i 1.2 id ] [par Scan) [per Examingtion)
Routine Brain 1 1. 308 8 8 g 1 1. 66.3 66.3 B16 ] 116% | 118% 83%
Facial Bone / Sinuses 1 170 1. 55 5 5 5 £ e £ e 385 101% 88%
Facial B.+Neck (Head)
Facial B.+Neck (Body)
Routine Chest
Routine Abdomen (tot.)
Routine Pelvis
Liver / Kidneys
‘Whale Trunk
CTA Thoracic Aorta
CTA Abdominal Aorta
Pulmonary Vessels
Osseous Pelvis
Cervical Spine (Head)
Cervical Spine (Body) 1 206 412 1 4
Lumbar Spine LSP 1 206 412 3 3 1 7.2

(<

75
180
180
180
180
180
180
180
180
180

i
"
2| e
L

6.2 K 3 . 17% | 16%
22. 1 119% | 143% | 143%
22
22.
22.
22.
22.
2z
22
22.
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~J

~J

~J

Do |lo|lolalala
Do |lo|lolalala
@@ |o ool
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o
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]
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[

Effectie dose E refers to IR 60
Average (unweighted!) [iaz[zial 10 | zeol 78 [ 8o [ 7| 10 ez o | 291 | 289 |

* Al reiative and refenanca valles refar 1o the commesponding average values of e Ganman singie-sice UT sunvey, conducted in 1555 by DRG and 28




CT-Expo (Module ‘Benchmarking’)

| @) zoomin | &) Zoom oot | {5} Gobo Start | (3 Calculate Scan Range = | [E], Standard | S3=Comparison | Benchmark = | SavefPrint = 3 Reset 'Z? Help

i
Optimized values _

German reference values (1st quartile)

Survey avera(

Oact. Mref.

p

*
o
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(14

Pitch Factor

FB/SIN FB+N(H) FB+
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Tool for Protocol Optimization

Benchmarking of scan protocol settings

Standard Examination Scan Parameters Dose Values Relative Values
U ! t Q N'hcol TF hrec ser Spiral CTD‘N CTDLOI DLPexam Eexam CTDIN CTDl/oI DLPexam Eexam

Name [kV]  [mA] [s] [mAs] [mm] [mm] [mm] Mode | [mGy] [mGy] [mGy*cm] [mSv] (in % of Survey Average)
(per Scan)  (per Examination

Routine Brain_ BRN [ 140 [ 206 [ 1.5 [ 300 [ & [ & [ 8 | 1 [115] 1 [ N [663 063 ol | 2.5 [11o%[11e%] 6% [e3%
Facial BonefSinuses FB/SIN_| 120 | 70 | 1.5 [ 255 [ 5 | 5 | 5 | 1 6| 1 [ v [or.2[ar2] 385 | 1.1 | ot [101%] se% [ e0%
- - — T T T T T T T T T T ]
Facial BonelNeck (Body) FBNB) | 120 | 50 | 151 75 | 5 | & [ 5 [ 2 [0 | 1 [ v [ 62 51| e |04 |70 7] 1% [ 17%]
" [220 220 483 | 6.0 [e4% [100%| 76% | e3% |
Liver / Kidneys——LUKI | 140 | 240 [0.75 180 | o [ 10 | %o | 1 | 7 | 2 | v [ 220220 &35 |To.1 [105%|r21%] 136% [146%
Whole Trunk__ TRUNK | 140 | 240 [ 0.75 180 | o | 10 | %o | 1 | 68 | 1 | v [22.0 | 220 7538 |
55

CTA Pulmonary Vessels PV | 140 | 240 [0.75[ 180 | & | & | & | 1 | 16 | 1 | v [22.0 220 a7 | i79%]
Convicalspine(fea) _espe) | | | [ [ [ | [ [ [ [ [ T [ T T [ [ T
50

ey —
[ Average rweighiea) [ 137 [ 214 [ 11 [ 220 | 78 | 0 [ 7s [ 1 [222] 14 | 294 (28] 2 [0 |roswfrzie] vrrri9%

® Modern SSCT spiral scanner with solid state detectors
e Average dose level: 106% (CTDI,) and 111% (DLP

e Adequate dose level: 65%.

exam)



Tool for Protocol Optimization

Identifying the reasons for overly high dose settings
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Tool for Protocol Optimization

Reasons for overly high dose settings

Standard Examination

Scan Parameters

Dose Values

Relative Values

U I Q N'hcol TF hrec Spiral CTDlN CTDl/oI DLPexam Eexam CTD!N CTDl/oI DLPexam Eexam
Name [kV]  [mA] [s] [mAs] [mm] [mm] [mm] [mGy] [mGy] [mGy*cm] [mSv] (in % of Survey Average)
(per Scan)  (per Examination
Routine Brain BRN 2.3 [116% [118%
9
7
1

FB/SIN

FB/N(H

FB/IN(B

CHE

: ABD+PEL
PEL
LI/KI
TRUNK
A
AAB
PV

n

acial Bone/Sinuses
acial Bone/Neck (Head
acial Bone/Neck (Bod

m!
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s | =
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ervical Spine (Head)
ervical Spine (Bod
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0|0 (elie]1Ke)
8-|-|-|§
2> >|>|e
o|lT|>|d|o
cle|lz|=z|o
‘1’59.2-1
voomg
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8
105% 4%
135%

104%
118%
[ 97% |

|

S
[ Average Grweighiea) [ 137 [ 214 [ 11 [ 220 | 78 | 0 [ 7 [ 1 [222] 14 | 294 (28] oz [0 [roowrzie] viik [rio%

Pitch not increased
140 kV without adjustment of tube current.

* Ist reason:

* 2nd reason:



Tool for Protocol Optimization

Measures for protocol optimization

- 140 -> 120 kV for all examinations (except for CTA)
« 80 kV for all CTA examinations
- Adjustment of mAs settings such that rel. CTDI = appr. 65%

* Increase of pl’rch to appr. 1.5 (excepT for BRN, CSP, LSP)




Tool for Protocol Optimization

Results from optimization procedure

Standard Examination Scan Parameters Dose Values Relative Values
u I Q N-hcol TF hrec ser Spiral CTD‘N CTDl/oI DLPexam Eexam CTDIN CTDl/oI DLPexam Eexam

Name [kV] [mA] [s] [mAs] [mm] [mm] [mm] Mode | [mGy] [mGy] [mGy*cm] [mSv] (in % of Survey Average)

(per Scan) (per Examination
66%
% 19%
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31% 34%
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5%
2%

R
acial Bone/Sinuses FB/SIN
acial Bone/Neck (Head FB/N(H
acial Bone/Neck (Bod FB/N(B
CHE
. ABD+PE

P4
m —
°

-— -—
- ~
o

ol|o
N N
o o|=
N N
» w|o
3

>

-
N
-
N[
w

ala ala
NN NN
o|o| o o|o

AlA|M|Mm|m|A0
o |0 o
c|S c
3|3 =]
@ |® (]
>0 o]
Tz =
HE -
J =
3”
()
=
2
(=g
o
~-
L
N
N
!
Aéii
P K22
3|2
|
AlOa|w|lyg
—\(A)(Ao)-b
S

-
o

iver / Kidneys LI/KI
Trunk TRUNK
TA Thoracic Aorta A
TA Abdominal Aorta AA
PV

-
= =
©
o

olelo|e|o|of

www!ww
®
xX

wl=a]=2]n
oloajlo|N
Is1t=1k=1k=)
i

%
%
%

5

| 8 |

[

0.75

72 (075

Routine Pelvis PEL 150 | 0.75) 10
2 075

2 075

| 5 |

N[ NN N NN

alw
N
oo

150

i
N
o

[vY)
N N
o
alajajla|laflalala
-ho’:-h-hH-h-h-h
N
©
o
N | o

(o)) =
@
° o

o
o

e
o

CSP(H)
pine (Bod CSP(B
umbar Spine LSP

N N N N N
N o olo|o|o

olo ololo r
mm9-| 5
21218 (> o
ololo|D )
R RN = -]
=225 |2
mu).UB
=APdE
= =13
al=|2
| |<
T
o |&
b3 17
e 7]
= 4
(7]
HI

-
N 5
w

%
%

RN N
N | N
o | o

(0]

D | D = Bl KN
o)) (2] K¢} Ko
° o| <o
) o~| o S

=

155 | 2 (310 3 | 3 | 3 | 1 {72 1 | N [2570257 ] 193 |4
e ey
" Avorage Grweighten [ 111 [ 155 [ 11 [ 18 [ 5.7 [ 79 [ 57 [ 14 [z2] 4 | 152108 215 | 5z | aow | a0 | or [aon

Dose reduction achieved:
e CTDI,: factor 2.3 (106% -> 46%)
e DLP__: factor 3 (111% -> 37%).
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Topics

® The easy way
® The hard way

® The comfortable way




What I Always Wanted To Know ...

® Why is 'scanner matching' necessary ?
® How is it made ?

® What about overbeaming effects ?
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What I Always Wanted To Know ...

Why is ‘scanner matching’ required ?

® (Conversion factors are based on Monte-Carlo simulations

® Two data sets available: NRPB (23 scanners), GSF (1 scanner)
® Both sets refer to very old scanner models (end of the 1980's)

® Both sets based on axial dose free-in-air (CTDI,i)
® Therefore big influence of

® beam shaping filter (material, shape)
® beam quality (tube potential, flat filter)
® scanner geometry

® Effective dose may vary by up to factor 3 for same CTDLq;
® How to solve ?

® c¢ither one individual MC data set for each scanner model
® or 'scanner matching by linking newer scanner to existing ones.



What I Always Wanted To Know ...

How is 'scanner matching’ made ?

The British Journal of Radiology, 71 (1998), 1-3

Commentary
CT scanner dosimetry

Report on a round table meeting establishing a survey of standard dosimetric
measurements on CT scanners, held at St George’s Hospital, London, 18 April 1997

'P C SHRIMPTON, MA, PhD and “S EDYVEAN, BSc, MSc

'National Radiological Protection Board, Chilton, Didcot, Oxon OX11 0RQ, and imPACT, Department of
Medical Physics, St George's Hospital, London SW17 0QT, UK

Shrimpton and Edyvean., BJR (1998), 71: 1-3

Iable 1. Relative variation between Monte Carlo data sets (report NRPB-SR250) in the normalized effective dose
over different regions of the mathematical phantom

Monte Carlo data set®

No. Scanner model

Stemens Somatom
2, DR1/2/3

DRG, DRGI
DRH, CR, CR512

Picker

12005X (Head mode)
12008X (Body mode)

GE CT
8800,90001/T1/HP (Head )

Normalized effective dose for data set by body region® relative to
data set No. 19




What I Always Wanted To Know ...

How is 'scanner matching’ made ?

Manufacturer |Scanner model Correction factor Correction

Head/N. | Chest Abd. Pelvis Head/N. Cat. Trunk

-

Siemens 2. DR1/2/3 1.03 1.03 1.03 1.03 | 1.03
DRG. DRG1 . 1.08 1.09 . 1.19 1.08 1.13

DRH.CR.CR512 1.00 1.00 1.00 1.00 1.00
Picker 1200SX (Head) 0.59 0.41 0.42 0.59 0.41

1200SX (Body) 0.63 0.58 0.54 0.63 0.55

8800.90001/II/HP (Head) 0.57 0.33 0.41 0.57 0.36
8800.90001/II/HP (Body) 0.68 0.47 0.56 0.68 0.50
9800.9800Q (120kV) 0.70 0.49 0.58 0.70 0.52
9800.9800Q (140kV) 0.77 0.55 0.66 0.77 0.59
MAX 0.58 0.37 0.45 0.58 0.40

Ol | N|Jlo|lo]|ls~]|lw]|DdN

-
o

-
-

PACE 0.70 0.50 0.59 0.70 0.53

-
N

CGR CE 10000.12000 0.95 0.80 0.92 0.95 0.85

-
w

Philips 305N.310.350 (GE2. no Cu) 0.78 0.63 0.66 0.78 0.64

-
E>Y

305N.310.350 (GE2. Cu) 0.97 0.80 0.92 0.97 0.84
310.350 (GE3. no Cu) 0.82 0.69 0.72 0.82 1 0.70
310.350 (GES. Cu) 0.99 0.86 0.98 0.99 | 0.91

TX (120kV) 0.91 0.75 0.79 0.91 Il 0.77

CX.CS/S 0.91 0.74 0.85 0.91| Scanner el it Ly
category Head/Neck/Children Trunk (adults)
120kV) 0.90 0.76 0.85 0.90

LX
( 0 1.10 1.25

TX (100kV) 0.83 0.67 0.69 0.83

TX (

LX (

-
(6]

-
(o)}

-
~

-
[oc]

-
©

N
o

| 1.00 1.00
130kV) 0.94 0.77 0.89 0.94 I 0.90 0.80

100kV) 0.82 0.68 0.70 0.82 11 0.80 0.65
LX (130kV) 0.93 0.80 0.84 0.93 v 0.70 0.50
\ 0.60 0.40

N
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What I Always Wanted To Know ...

How is 'scanner matching’ made ?

IMPACT's method: 'ImPACT factor (ImF)

® Based on scanner's CTDI,, CTDI. and CTDL,-data

 Head: ImFig = 0.4738 - CTDI/CTDIayr + 0.8045 - CTDIHp/CTDIyr + 0.0752
 Body: ImFsq= 3.5842 - CTDIs/CTDIr + 0.6328 - CTDIsp/CTDIair - 0.0902

® Accounts for beam shaper, flat filter, voltage, geometry
® Matching is achieved by selecting MC data set with the closest ImF
® Example: Philips Mx8000IDT

® Head: ImFng = 1.04 -> MC data set 23 (Philips LX 130 kV)
® Body: ImFgq=1.08 -> MC data set 12 (CGR CE 10000)

® Assessment of effective dose then made with MC data set of the
surrogate scanner.



What I Always Wanted To Know ...

How is 'scanner matching’ made ?

Nagel's method: making use of phantom factor P
® Also based on scanner's CTDI,, CTDI. and CTDI.- data
® Head: P4 = CTDIHW/CTDLair, body: Pg = CTDIgw/CTDLyir
® Accounts for beam shaper, flat filter, voltage, geometry

® Matching is achieved by selecting the scanner category that complies
best with kct/PH = 1.20 (head) and ket/Pe = 2.00 (body)

® Based on assumption that E ~ CTDI,, so kct/Pe+ must be almost constant
® Works well for most scanners; otherwise, IMPACT's match is used
® Example: Philips Mx8000IDT

® Head: Py = 0.75, with category IT (kct = 0.9) -> ket/PH = 1.20
® Body: Pg=0.39, with category II (kcr=0.8)-> ket/Pg = 2.05

® Assessment of effective dose then made with GSF standard data set
for Siemens Somatom DRH and correction with ker.



What I Always Wanted To Know ...

How to account for overbeaming effects ?

Relative dose free-in-air

A
Beam width Beam width Beam width
1-10 mm 4-25mm 2-5mm
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What I Always Wanted To Know ...

How to account for overranging effects ?

m»nmn U2 e fod e B2

single-slice (p=1) single-slice (p=1.5)

AL = (my, "p+byr) N-h,,

Example: Mx8000IDT (mor=0.57, bor=1.0)
N-heoi=16-1.5mm, p=1.5
AL =(0.57-1.5+1.0)-16-1.5mm=44.5mm=4.5¢cm




Topics

® The easy way
® The hard way
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Accuracy Issues

How accurate is effective dose assessment ?

® Tnaccuracy of basic scanner data: typically +10 to 15%
® dosimetry, output tolerances

® Tnaccuracy of conversion coefficients: typically +10 to 15%
® mathematical phantom, scanner matching

® Simplifications in algorithms employed: typically +10%
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Accuracy Issues

Comparison CT-Expo vl1.3 vs. Alderson Phantom with TLD

Assessment of a theoretical formalism

for dose estimation in CT:
an anthropemorphic phantom study

Brix et al., Eur. Radiol. (2004), 14: 1275-384

® Rt = ratio of effective dose

e calculated with CT-Expo v1.3

® measured with TLD and Alderson phantom
B

v

® Calculated values systematically too low by
appr. 10 to 20% for MSCT scanners

O Head

O Chest ® Reason: overranging not yet taken into

v Pelvis
1 P1 S1 T4 G4 P4 S4 T4 P S0 account with CT-Expo v1.3.

Scanner




Accuracy Issues

Variations between softwares: many potential causes

Differences in normalized CTDI
Overbeaming correction (yes/no)
Overranging correction (yes/no)

Differences due to other simplifications




Accuracy Issues

Variations between softwares: brain

DRH CT/i AV PQ SP4 XVI QXi Mx VZ S16 S64 AQl av

Scanner

ImpactDose ca. 20% above, PatDoseCalc ca. 15% below average
Caused by differences in MC modeling of the head.



Accuracy Issues

Variations between softwares: chest

B ImpactDose
W PatDosCalc

B CT-Expo
B CT dose

DRH CT/i AV PQ SP4 XVI QXi Mx VZ S16 S64 AQl avg.
Scanner

All software tools within +10%




Accuracy Issues

Variations between softwares: abdomen with pelvis

B ImpactDose
W PatDosCalc

B CT-Expo
B CT dose

DRH CT/i AV PQ SP4 XVI QX/i Mx VZ S16 S64 AQI avg.
Scanner

PatDosCalc and CT dose systematically too low

Caused by missing overranging correction (male gonads).




Accuracy Issues

Variations between softwares: lumbar spine

B ImpactDose
W PatDosCalc

B CT-Expo
B CT dose

DRH CT/i AV PQ SP4 XVI QX/i Mx VZ S16 S64 AQI avg.
Scanner

All software tools within +20%




Summary

» Various methods for effective dose assessment in CT
* Choice between easy, hard or comfortable

» Easy methods are not bad, but limited

» Age- and gender-specific calculation is vital

- Dose calculation software makes it much more easier
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