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CT scanner dose distribution
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CT scanner dosimetry

« Computed Tomography Dose Index (CTDI)

— CTDlep,
— CTDl,
— CTDI,

+50

CTDl,,, =% |D(z)z

-50

CTDI,, =1/3CTDI; +2/3CTDI,

C = centre positon, p= periphery position
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CT scanner dosimetry

 Monte Carlo Calculations
« NRPB (1991,1993)
« GSF (1991)
 WinDose
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NRPB CT organ dose datasets

NRPB SR250, 1993

23 Organ dose data sets generated using MC calculations
— Effective Dose

Organ dose and ED expressed relative to CTDI in air

— D mGy /mGy, . ED mSv/mGy

Numerical phantom

NRPB R248 , 249, 250, SR250
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NRPB CT organ dose datasets

 Relevant information from manufacturers
for 27 scanner models

« Condensed to 13 scanner groups '
based on scanners with
similar dosimetry characteristics

» Different kVs

= 23 Monte Carlo
organ dose data sets
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Purpose of IMPACT survey

In 1996 80 scanner models with different names
In use in the UK

NRPB SR250 MC data sets not applicable to ~65% of
scanners in UK

increasing due to number of newer scanner models
How to estimate patient doses on these scanners ?
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Three choices

1. Generate new MC datasets
— no relevant expertise

— difficult to acquire accurate information
on ~ 80 scanner models
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Three choices

2. Data set from an ‘average’ scanner
— does not address differences between models

3. Use dose distribution characteristics to
match new scanner models to those
used in NRPB SR250

Then use appropriate MC data set
— Based on assumption that old and

new scanners fell within similar ranges
— method chosen
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Scanner Characteristics Survey

Measurement based approach
— easy to carry out on existing and future scanners

Standard protocol

— how to do the measurements

— accuracy and tolerances of set up
— data sheets

x-ray tube

30 centres, 74 scanners T T "

x-ray slice
_L——) scannerz-axis : tilt

UK + Holland,France,Spain o eharmber
detectors

Ii ]

Scanner couch
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Scanner models

« 80 models = ~ 40 groups
— at first by partial knowledge
— then refined by review of measurement data
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CTDI

phantom

N\

Perspex
Phantom

yd
Detectors

HVL Off-axis variation

Aluminium




ImMPACT survey data

» Separated scanners into

— those with NRPB SR250 MC data sets .
— newer models without

ImPACT EFOMP 2002




Scanners with NRPB SR250 MC data sets

e Survey measurement data versus calculated ED

« Establish which combination of data gave best
correlation

CTDI,,
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Scanners with NRPB SR250 MC data sets

e Survey measurement data versus calculated ED

« Establish which combination of data gave best
correlation
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Scanners with NRPB SR250 MC data sets

e Survey measurement data versus calculated ED

« Establish which combination of data gave best
correlation with ED

CTDI,, CTDI,
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CTDI data : phantom factor

Phantom Factor = CTDI, / CTDI;

Gelijns, K.
Patient Dosimetry in Diagnostic Radiology, Chest Examinations
and Computed Tomography, PhD Thesis, Leiden
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'IMmPACT’ factor

* Multi-variate analysis

CTDI,;,

CTDI,,CTDI

— for combination which gave best correlation

=> ‘ImPACT’ Factor

P

ImF = a. (CTDIc/ CTDlair)+ b. (CTDIp / CTDIlair)+ constant
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HVL vs normalised ED

y =7.6119x + 0.0736
R? = 0.9131

0.6 0.8 1.2

Normalised Effective Dose (mSv/imGy)
(ED/CTDL,, )
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HVL vs normalised ED

y =7.6119x + 0.0736
R? = 0.9131

0.6 0.8 1.2

Normalised Effective Dose (mSv/imGy)
(ED/CTDL,, )
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Phantom factor vs normalised ED

= 0.7089x + 0.0012
R%=0.9369
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ImF vs Effective Dose

y = 0.977x + 0.0203
R?=0.977
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Correlations for data combinations
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Newer scanner models

ImF calculated

Compare to ImFs for SR250 scanners
Find closest match

Use that MC dataset

New ImF SR250 ImF Data Set
Scanner Scanner

Philips AV 0.62 =t XXX 0.60 MC 1
A" 0.75 MC 2
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CTDI data

CTDI (Head) CTDI (Body)

Scanner
Air  Centre Perip Air Centre Perip

C(5.a.130 |CGR CE 10000,12000
EL.a. 120 |Elscint Exel 2400 Elect 8.8 13.2 14.% 18.5 3.9 6.2
EL.a 140 |Elscint Exel 2400 Elect 25.8 0.2 5.6
EL.b 120 |Elscint CT Twin, Helicat 18.6 12.9 13.9 19.0 3.8 6.5
GE.a.120 |GE 8800 / 9000 Series 141 5.5 6.1 14.6 2. 4.2
GE.b.120 |GE 9800 Series 26.0 14.1 14.9 26.0 3.9 74
GE b 140 |GE 9800 Series 341 19.4 20.0 341 o7 10.0
GE.c.080 |GE HiLight, HiSpeed, CT/ (Mo SmB 8.5 4.2 4.5 5.5 1.0 1.9
GE.c. 100 |GE HiLight, Hispeed, CTA (Mo SmE 14.0 5.2 8.3 14.0 2.2 4.3
(

)
| . _

GE ¢ 120 |GE HiLight, HiSpeed, CT# (Mo SmB) 193 114 119 | 188 32 5.1
)

GE.¢. 140 |GE HiLight, Hispesd, CT/ (No SmB 27.0 16.8 17.2 20.8 4.8 9.0
GE.d.080 |GE Hispeed CT/i with SmartBeam 5.0 4.2 4.5 5.0 1.0 27
GE.d. 100 |GE Hizpeed CT/i with SmartBeam 14.0 8.2 8.3 13.9 2.5 2.6
GE.d. 120 |GE Hispeed CT/i with SmartBeam 19.3 11.4 11.9 20.4 3.8 7.3
GE.d. 140 |GE HiSpeed CT/i with SmartBeam 27.0 16.8 17.2 270 2.8 10.7
GE. e 120 |GE Max 384 16.8 7.7 384 2.0 8.8
GE.f.080 |GE Pace, Sytec 201 5.0 10.0 19.2 1.9 5.3
GE.f.120 |GE Pace, Sytec 41.6 221 23.8 41.0 6.3 13.2
GE.f.140 |GE Pace, Sytec 25.5 30.7 33.5 54 .1 8.5 18.5
GE.g.120 |GE Prospesd 36.6 20.8 22.2 35.0 2.4 11.0
GE.g.140 |GE Prospeed 43.6 222 25.8
GE.h.080 |GE FX/i, LA/ 16.3 6.7 8.2 16.3 1.5 4.3

GE . h. 120 |GE Fxfi, L¥/] 334 15.0 19.4 334 201 10.2
4] M4 ScanCalculation £ Phantorn 3 Scanners { MatchData f Doses {_MonteCarloData {_Selections  Version / |




IMPACT Factor

B

<

- scanner matching

L

ImMPACT EFOMP a4 |4 p |l ScanCalculation  Phantorn b Scanners / katchData § Doze

1 Sub- Scanner ImPACT Factor
2 group Head Body
3 | CGEal130|CGR CE 10000, 12000 108 1 06
4 | EL.a 120 |Elscint Exel 2400 Elect 1.03 0. 80
5 EL.a 140 |Elscint Exel 2400 Elect 085
6 | EL.b.120 |Elscint CT Twin, Helicat 1.0 085
7T | GE.a. 120 |GE 8300 f 9000 Series 0 64 061
5 | GE.b. 120 |GE 9500 Series 074 063
9 | E. b 140 |GE 9500 Series 082 0. 69
10 | GE.c.080 |GE HiLight, HiSpeed, CT/ (Mo SmB) 073 047
11 | GE.c. 100 | GE HiLight, HiSpeed, CT/ (Mo SmB) 083 067
12 | GE.c 120 |GE HiLight, HiSpeed, CT/ (Mo SmB) 085 073
13 | GE.c. 140 | GE HiLight, HiSpeed, CT/ (Mo SmB) 088 0. 80
14 | GE . d.080 | GE HiSpeed CT/1 with SmartBeam 073 055
15 | GE.d 100 | GE HisSpeed CT/1 with SmartBeam 083 051
16 | GE.d 120 |GE HisSpeed CT/1 with SmartBeam 085 051
17 | GE . d 140 | GE HisSpeed CT/1 with SmartBeam 088 0. a0
18 | GE.e 120 | GE Max 0658 0.52
19 | GE.f.080 |GE Pace, Svytec 066 044
20 GE.f120 |GE Pace, Svytec 074 0G5
21 GE.f.140 |GE Pace, Sytec 082 076
22 GE. g 120 |=E Prospeed 053 0665
23 | GE. g 140 |GE Prospeesd 074

24 0 GE . h.O080 |GE FXA, LXEA 07 040
25 | GE.h 120 |GE FXA, L¥S 080 N1




ocanner Model:

=can Parameters:

Data Set
Current Data
Fatient:

hanufacturer:| Philips l
SCanner: Philips T Secura

ks 120 v
=can Hegion: | Body -

Update Data Set

Fatient Sex:

Fr1

Fotation time
mAs £ Fotation
Slice Width
Fitch

Start Position
End Position

Zoom In
2| Zoom Ou

*Tm @i Laok up

CTDI (soft tissue)

i

MAS
T

CIm Fet From Phantam
CHT Diagratm

n S TO,,

misy 100mAs
mGy/100mAs

mGy/100mAs




Organ and Effective Dose

D E F H I J <

Thyraid SR terus VG Leg =keleton RIS

Bladder Fegion | Region Ilarrow
0.018 0,002 0.009 0.245 0.000 0.247 0.141

0.376 0.050 0.184 5.120 0.001 5.165

Crgan * W Ht ) wir. Hy 1 Femainder Organs
Gonads 0.2 0.101 0.020 Adrenals

EBone Marrow (red) 0.12 2953 0.354 Brain
Colon 0.1z 0.199 0.024 Lpper Large Intestine

Lung 0.1z 8.650 1.158 =mall Intestine
stamach 0.12 8./o0 1.055 Kidney
Bladder 0.05 0.050 0.003 Fancreas
Breast 0.05 8.510 0. 426 =pleen

Liver 0.05 8.044 0.452 Thymus
Cesophagus (Thymus) 0.05 10,722 0536 Literus

Thyraid 0.05 0.37k 0.014 huscle

Skin 0.01 2115 0.021

EBone Surface 0.01 5165 D.DEE* Fitch adjusted COTL, (mGy)
Thymus 0.025 10,722 0.268 DLP (mGy.cm)

Femainder 0025 2243 0.057
Total Effective Dose (mSv)| 4.444
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Spiral scanning

—can FParameters:

<

A,

Fotation time
mas f Slice
Slice WWidth
Fitch

Start Fosition
End Position

CTDI (air)
CTDI {soft tissue)

Look up

120
100
1

10
1
30
2495
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M Get From Phantarm

I Diagram
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TGy 100mas

| 209 ImGy/100mAs

ImPACT EFOMP 2002




CTDI and collimation

— OiNgle slice

mmm= Multi-slice
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CTDI and slice width

Scan Farameters:

T 100 T

Hotation time 1 s

mAs £ Hotation 100 {mas

Slice Width 3 mm

Fitch 1 )

Start Position 77 G Get From Phantorm

End Position 8a EASURED CTDI in air at

CTDI (air)  Lookup|  #05A isocentre, par 160mAs. Must be
CTDI (soft tissue) oz FLY made at correct kY. Use look up

cTO I:||ul_'I:1:|nl on the left to look up
' | Ly #A M ETDI for 10mm slice. It is not

usuallz appropriate to use this

value for narrow slices

Gall L L Srmall p o
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Multi-slice scanners

Scan Parameters:

s

Hotation time

mAs £ Hotation
Slice Width

Fitch

otart Fosition

End Fasition

CTDI (air) Look up

1%,

Collimated slice width.
[T For multi-slice
-

scanners use total
Y-y  beam width, not
o5 « o detector width

17.4

| [soft tizzue)

TmGy100mAs

186 |mGy/100mAs

o Ty,
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IMPACT 1996-1997 survey

 Enabled NRPB datasets to be used for
99% of installed scanners in the UK

 New scanners are measured routinely
by IMPACT and published

CTDI in air and in phantom = ImF
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EUR16262 Quality Criteria for CT

* Dose Reference Levels CTDI,,, DLP

Sub- Scanner CTDI {Head) CTDI {(Body)
|__group Air Centre Perip Air Centre Perip
C.a 130 |CGR CE 10000 12000
EL.a 120 |Elscint Exel 2400 Elect 1588 13.2 14 .5 158.5 3.5 5.2
EL.a 140 |Elscint Exel 2400 Elect 258 0.2 5.6
EL b 120 |Elscint CT Twin, Helicat 186 129 138 19.0 3.8 5.5
E.a 120 |GE 8800 / 9000 Series 14 1 5.5 5.1 14 6 2. 42
GE. b 120 |GE 9800 Series 260 14 1 14 .9 26.0 2.9 74
GE b 140 |GE 93800 Series 24 1 19 4 200 24 1 2.7 10.0
E.c 080 |GE HiLight, HiSpeed, CT/ (Mo SmE) 8.5 4 2 4.5 8.5 1.0 1.4
E.c 100 |GE HiLight, HiSpeed, CT/i (No SmE) 14.0 8.2 8.3 140 2.2 43
GE.c 120 |GE HiLight, HiSpeed, CT/ (Mo SmE) 19.3 114 11.4 18.8 3.2 5.1
GE.c 140 |GE HiLight, HiSpeed, CT/ (Mo SmE) 270 16.8 172 258 4.3 9.0
E.d.080 |GE HiSpeed CT/A with SmartBeam 8.5 42 4.5 8.5 1.0 2.7

CTDI,, =1/3CTDI, +2/3CTDI,

Pitch adjusted COTl, (mGy)
c = centre positon, p= periphery position DLP (mGy.cm 2277
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Scanner models

 Name can be misleading
— Siemens Plus, Plus 4
— Philips LX, AV Expander
* Filtration can change on existing
scanner models
— name stays the same
— need to identify by model name & date
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IMPACT data

* Survey data tried to minimise errors
— chambers cross checked

— extensive work checking consistency of data
« data > 10% from mean of a group looked at

* Nnewer scanners use our own data
» checked against manufacturers data

» Data for 10 mm slices only
 used for matching
* look-up tables simplified
* need focal spot with narrow slices
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ImMPACT survey

» (Goal achieved
— matching new scanners to NRPB MC datasets

« Additional use for phantom CTDI
— EUR16262 (10 mm data)

« Data continuously updated
— Need to keep aware of manufacturers’ changes

CTDI, CTDI,,
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