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DOSE
Merriam-Webster dictionary definition states: the quantity of
radiation administered or absorbed.
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. compare different modalities

Conversion factor /Dose coefficients Programs

 DLP (CT, mGycm), DAP (X-ray,
Gycm?) to effective dose (mSv)

« Adaptable to real-life
« Missing patient specific details:

 Patient specific
* Body size / organ size, gender,  Protocol settings: X-ray
age

spectra, field size, angels,

' l anode, focal spot

 Monte Carlo simulations

« Missing protocol settings: X-ray
spectra, angles, field sizes

As individual dose the main
uncertainties stems from the
Linear-Non-Threshold model :

40% Vano E et al 2021 Insights into imaging




Example PCXMC

11 PCXMC 2.0 Fr=Tol x

1) DefForm [ ] _ O] %

| PCXMC- Dase Caleulation

File About

j‘LMain menu ‘ D HNew Form | [= Open Form | I Save Form ‘ B s; =
= =

. . W CAMC- Dose Calculation File  Run
PCAMC- Simulation — A
Header text ’7 File Run

- j-'|_ Main menu LChange X-ray Spectrum Open MC data for dose calculation Print E Save As ..

Phantom data rile = i
{1 Main menu Change ¥

¥-ray tube potential: 65 kY Filtration: 4.51 mm Al + 0.1 mm Cu

¥-ray tube potential: 65 K Anode angle: 10 deg
Anode angle: 10 d File: P:\Bente_KonstiLab_radiclogisk WA TG_spekter_dose_Qa\Werfication P LM C_beregningers W _stth2020_10_21_TEST end
FSD Beam width_ Be 2 = Phantorn: Adult | Armz included. Sirmulation: Photonz/Energy level: 20000 Masinum energy 150 kel
80.00 2000 | | Stop simulation Prajection angle (LATL=0FA=90 LATR=180,AP=270) 270.000 Obl angle:  0.000
o Field widtbe 833 e and height: 833 e FSD: 125000 cra Ref paint (x40, 2cm]): [ -2.782, 9103, 37.709)
P'°§;|;' Phartom height:  178.600 cm and mass: 73200 kg Scaling factors se(=s)  1.000 and sz 1.000
LaTr 1'8 0072 Gy Tube vaoltage: 5 KN Filter.... 451 mnn &1+ 0.1 mm Cu

Geometry data for the x-ray bed

LATL=0

Organs |Dose [miGv] |Ermr (%] |Druans |Dose [rlGiul |Error (%]
MonteCarlo simulation param i Active bone mane 0.000629 5 [Scapulas] 0.000118 12.2
4 Adrenals 0.002378 . [Clavicles] 0.000015 Ba7
Birain 0.000000 [Ribz] 0008308 K]
= Breasts 0.000180 : fUpper am bories) 0000054
o : Colon [Large intestine] 0.000242 . [Middle arm bones] 0000251
Field size calculator File name: P-ABent [Upper large intestine] 0.000402 ) [Lawer arm bones) 0.000030
Fp magelendihy [Lower large intestine] 0.000030 ) [Pelvis] 0.0000665
10 18 . Eutrathoracic ainways 0.000000 [Upper l2q baones) 0.000001
Header text: Giall bladder 0.007357 : iMiddle leq bones| 0000000
Heart 00071053 . [Lowvver leg bones] 0.000000
F5D Beam width Kidreys 0007031 . Skin 0.000535

Age: 15 Liver 0.010487 . Small intesting 0.000240
Lungs 0.000557 . Spleen 0.000335

SkinPoint: B Lemph nodes 0.001 956 . Stamach 0,007 206
4.564 Muszcle 0.000543 , Testicles 0.000000

4 564 Oeszophaqus 0.001263 . T bz 0.000115
Focus:- s Oral mucosa 0.000000 T hwyraid 0. 000000
Ovaries 0.000087 . Urinary bladder 0.000010
Pancreas 0.006237 . Uterus 0.000041
Prostate 0.000007
- - Salivary glands 0.000000 Avyerage doze in total body 0.000862
Energ}l [kEV] Lot No: Skeleton 0.001085 . Effective doze ICRPED [mSwv] 0.000972
|1 20 |3 Skull 0.000001 . Effective dose ICRP103 fmSv] | 0.001032
[Upper Spine] 0.000000
[tiddle Spine] 0.001953 .
[Loweer Spine) 0.002138 ) Absz. energy fraction [%] V74421

Max energy (ke¥]

Phantom exit- image distal




CT-Expo v2.8

National Cancer Institute dosimetry system for CT 3.0.20211123

5 LR
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Tube Current (mA)
0 300 600

|

ICRP Size Fetus Mother

Age Group
Pediatric O Adult

Organ dose (mGy)

\ Brain 0.02
5\ P Pituitary gland 0.02

Sols Lens 0.04
Male O Female o “ Eye balls 0.04
el ~ Salivary glands 0.07

’ ; Oral cavity 0.07
Height (cm) .:‘: | ; Spinal. cord 418
) Thyroid 0.29

Weight (kg) - : 1 ] Esophagus 2.38
! { . Trachea 0.49

Thymus 0.51
k Lungs 2.03

Scanner information b ” ¢ Breast 2.7

. ' — Heart wall 2.56
GE o ; i Stomach wall 12.54
Model LightSpeed Pro 16 &3 | l Liver 11.49

Body Size

Phantom Height Weight Map

Manufacturer

Head Phantom &) Body Phantom \ 7
nCTDIw (MGy/100 mAs) | V I RTUAL
Tube potential (kVp) ;‘:;‘ \\
Current (mA) 200 Limit ' : PHANTOM S I NC
{ - M

Rotation time (sec)

TCM strength : \ ;.-": . VIRTUAL PHANTOMS INC. | VirtualDoseCT| VirtualDoselk

Pitch

Total collimation (mm)

Average CTDIvol (mGy)

Muscle 1.83
Scan Coverage Active marrow 5.78
Shallow marrow 5.28
Effective dose(mSv) 7.07

DLP (mGy-cm)
Effective diameter (cm)
SSDE (mGy)

Scan Start (cm) Scan End (cm) Scan Length (cm) Predefined protocol

46 40 AP (T




Patient organ and effective dose estimation

in CT: comparison of four software European Radiology
applications Experimental 2020

Cristina De Mattia', Federica Campanaro', Federica Rottoli', Paola Enrica Colombo

Angelo Vanzulli® @ and Alberto Torresin

Abdomen-Pelvis - Female

« The organ dose value must be related to the software used and to the scan region set.
* Dose coefficients in literature do not always represent conditions in clinical practice.
» Some SW are no influenced by scanner model, collimation, pitch.

» Variations realated to kVp is lower than that due to the use of different software.



Skin dose

e Risk for deterministic effect. ®SAGE IGR

° SklIl reactions. USE OF DOSE QUANTITIES

IN RADIOLOGICAL PROTECTION

* Only for interventional
applications (CT perfusion if

something is seriously wrong with

the scanner or protocol) “In the rare case of Significant
contribution of weakly-penetrating
radiation to external dose”

ICRP PUBLICATION 147




When do we need organ doses?

 For radiation therapy ?
* YES

 For diagnostic imaging?
 In general No!

« Only when effective doses indicates that there can be a tissue
reaction! Aftermath of an accidental release.

®SAGE  wmn IGR

USE OF DOSE QUANTITIES

IN RADIOLOGICAL PROTECTION

ICRP PUBLICATION 147




Comparison of protocols

good enough with dose to homogenous phantom - imaging same organs = same weighting factors

sed: 2 2021 | Acceptec ay 2021
SSAGE .
ICRF Publication 147 MEDICAL IMAGING MEDICAL PHYSICS

USE OF UU“‘F (ﬁ’"-"‘-\'_'”T]_ES . Radiographic and fluoroscopic X-ray systems: Quality
IN RADIOLOGICAL PROTECTION

control of the X-ray tube and automatic exposure control
I using theoretical spectra to determine air kerma and
ICRP PUBLICATION 147

Approved by the Commission in May 2019

Bente Konst™? | Jacob Netthellen® | Ellinor Bilet* | Magnus Bath%®

“Effective dose is not the best Determination of total filtration (TF) and
quantity for making comparisons tube specific dose factor (DF)
between doses for the same or

similar techniques applied in ﬂ- - I
different departments...” . s

They suggest DAP / CTDIvol

120 0.05 1.13 008 0.17 0.38 0.92 0.16 0.35 0.51
120 025 1.12 D 01?5 0.17 0.37 092 0.16 0.34 0.50
830 120 008 1.13 11 0.021 16 [104 0.16 0.39 0.9 0.16 0.38 0.54
830 120 025 112 181 0349 16 0.03 0.17 040 0.97 0.17 0.39 0.56

X-ray spectra

DAP is not calibrated for typical l




Determination of the dose to homogenous phantom

X-ray SPECTRUM Patient protocol Model

Thickr:ness

Best fit between Record applied filtration, focal Parameterization (TF, Cu-filtration, focal
measurement and spot size, mAs, kV, SID and SPD spot (DF), mAs, kV, phantom thickness,
theory —determine SID, SPD)

DF and TF.



Determination of total filtration (TF )and dose factor (DF)

Messtrements wih Prarha
,uGy or

% kV

HVL (DOGSG; Pu'?;:;dth MGy (1m) measured vs | measured vs
LGy/s) iy nominal
2 1%

Nominal values

Dat SDD Al Cu
ate (cm)| (mm) (mm)

spot
5 4 69.01 502956 95.5 2.51
198 16 69.16 20.0483 387.2 2.88 256 1%
8.1 4 69.26 8.04535 93.2 291 258 4 o
244 73 1.3359 70.71 5195.18 8.1 981 48 751 4314 10.00 !

Recording protocol parameters

Meaurements

m Focal o SID
(Cm)
_

.0 AL, 0.17 038 0.92 0.16 0.35 0.51

0.9
04
09

09
04

ﬂ 77 2.5
SF 180 60
84 30
SF |80 140
9% 30
SF |80 31.0

2.5 8
120 20
30 75
280 20
30 75
620 20

16
16
2
20
24

120 025

120 0.25
120 .10
120 0.25
120 0.15
120 0.25

0.17 0.37 092 0.16 0.34 0.50
0.16 0.39 0.96 0.16 0.38 0.54
0.17 040 0.97 0.17 0.39 0.56
0.16 040 0.98 0.16 0.39 0.55
0.17 042 0.98 0.17 041 0.59
0.15 0.39 0.99 0.15 0.39 0.54
0.17 043 0.99 0.17 043 0.60




Dose to homogenous phantom versus PCXMC

24 cm/80kg, 170 cm = 20 cm / 60 kg, 170 cm
= 16 cm/45kg, 160 cm - 12cm/ 30 kg, 138 cm
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CT Dose
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Exam: Computed Tomography Dose Index (CTDI) - The Imaging Physicist

¢ CIDIw Measuements in phantom
& CTDIvol with diameter:
VO 32 cm (body)
® SSDE 16 cm (head) Pitch = 1
CTDI,, = CTDI,

LINKOPING o0
Il.u UNIVERSITY


https://theimagingphysicist.com/ctdi/

Dose indicators CT

DLP (dose x length)
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Patient size vs CTDI,,

Absorbed energy

Dose =
mass

LINKOPING K
Il.u UNIVERSITY



Flash Thorax with contrast
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Abdomen with contrast

SSDE-CTDIvol vs Effective
SSDE vs CTDIvol diameter
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Abdomen without contrast

SSDE-CTDIvol vs Effective
SSDE vs CTDIvol diameter
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There's more to a picture than
meets the eye!

- Neil Young

Image quality versus
dose applied in the image!




Two X-ra y S p ectra Virtual monoenergetic

images (VMI)
X-ray S X-ray ) ® OR
Spectrum 1 Spectrum 2 DE Composition images

100 mAs
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Dual energy: Weighting of images

Mixed image (DE composition) =w-A+ (1 —w) B

=ls
o o
g:
SIS
)

O
A

DEF0.6=06-44+(1—-0.6):B > Mean energy =~ 74 keV

Detector A

DEF—-05=—-054+15-B — Meanenergy = 118 keV



CT knee: keV versus DE Compaosition

ROI placement 70 keV 110 keV 150 keV

0.6 iMAR Qr5od 0.0 iIMAR Qr59d -0.5 iIMAR Brsod -1 iMAR Qr59d
~74 keV ~94 keV ~118 keV ~138 keV



CT knee: keV versus DE Compositon

85 HU
ROI placement 70 keV 110 keV 150 keV

121 HU 9o HU 72 HU 4 39 HU
0.6 iMAR Qr5od 0.0 iIMAR Qr59d -0.5 iIMAR Brsod -1 iMAR Qr59d

~74 keV ~04 keV ~118 keV z138 keV



Recursive filtration illustrated by imaging of second hand

Konst B, Ngtthellen J, Nalum Naess S, Bath M. J Appl Clin Med Phys. 2021 Jan;22(1):281-292.



Recursive filtration

1
)I(n—l)

I(n) =%S(n) + (1 X
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Where is the patient dose?

Digital twin + Monte Carlo
= Patient dose

Do we need it for diagnostic imaging? So long happy with absorbed dose!



Where is the patient dose?

ENTENVAVER IPEM Report 113 2024

A good practice guide on all aspects of ionising radiation
protection in the clinical environment: IPEM Report 113

John Saunderson (Ed.)  Phillp Mayles

Mohamed Metwaly (Ed.) Lisa Rowley
William Mairs Mark Worrall SECOND

EDITION
IPEM =

and 1ts calibration and maintenance. Measurements should be taken at
suitable intervals to assess representative patient doses for those undergoing

exposure. This might be performed, for example, by assessing the dose
administered to PMMA phantoms during quality control testing. This is
different from the requirement to establish and use DRLs (see the Diagnostic




Discussion /Take home messages

Why is 20 cm reference thickness X-ray imaging, and 32 cm : T
for CT imaging? Effective dose by MC as individual

dose
Accuracy of Effective dose from conversion factors versus
SoftWare based on Monte Carlo simulations? Effective dose to compare mo dalities
We never need individual doses in diagnostic imaging — . . .
except pregnant if multiple (10 or more ) CT examinations...? Organ dose if effective dose is HIGH

Consider both dose and image quality (dose applied in image). Skin dose if significant contribution

CTDIvol is for 32 cm PMMA phantom: of weakly-penetrating radiation
 Patient larger: dose overestimated
 Patient smaller: dose underestimated

\
Absorbed dose to compare
Use SSDE instead of CTDIvol

protocols /similar systems




Thank you for your attention!

Cardiovascular
Imaging and
Modeling cluster

Physicist Team ><bente.konst@liu.se
Vestfold Hospital < bente.konst@siy.no -
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