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The course will present the current developments in the patient dose assessment
approachesin diagnostic radiology, with afocus on metrics representing risks for
individual patients for tissue reactions or stochastic effects associated with
radiological procedures. An overview will be presented of the modality-specific
measurabl e dose quantities and the approaches to asses organ doses using generic
or patient-specific phantoms, and the associated uncertainties.
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Why we need to know patient dose?

Goal: To assess the radiation risk to individuals
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Why we need to know patient dose?

Goal: To assess the radiation risk to individuals
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Why we need to know patient dose?

o]

Modality- Size-bas Ey; Organ Dose to Ey  Radiation Patient
specific modality- doses organ(s) of risk index  risk
metrics specific interest
atrics \/
Measurable quantities Calculated dose quantities
* Quality assurance « Comparison of risks from different imaging
« For performance assessment of an methods and procedures
imaging system and QC « Prevention of skin injures
* For benchmarking to DRLs « Estimation of risk to embryo/ fetus
- For optimization of clinical protocols - Assessment of individual patient risk
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® Modality specific
dose metrics
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Modality specific metrics

ICRU Report 74. Patient Dosimetry IAEA. Dosimetry in Diagnostic Radiology.
for X-Rays used in Medical Imaging. An International Code of Practice.
ICRU, 2005. TRS 457, 2007
Journal of the ICRU
Dosimetry in Diagnostic
Radiology: An International
Code of Practice
e <&
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Modality specific metrics

Status of Computed Tomography
Dosimetry for Wide Cone
Beam Scanners Cuality Assurance Programme for

Quality Assurance Sarean Flim Mammography for Digital Mammography

Programme for Computed
Tomography: Diagnostic
and Therapy Applications

:
:
:
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The measurements are a responsibility of qualified medical physicists
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X-ray beam

» X-ray spectrum with maximum energy 150 keV ( i )
« Spectrum depends on kVp, mAs, filtration /j |\
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Dose quantities: Radiography

Incident air kerma, K;

Unit: Gy

Free in air (no patient) at the
patient entrance point

Osp
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Dose quantities: Radiography

Entrance surface air kerma, K,
Unit: Gy

Also known as
Entrance surface dose, ESD

ESD = K,
Dair (d) ~ Kair (d)
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Dose quantities: Radiography

Entrance surface air kerma, K,
] Unit: Gy
K,=K;.B

Table A.2. Backscatter factors caleculated by Monte Carlo techniques in an anthropomorphic phantom (Hart ef al., 1994a;

1994hb).
HVL;/mm Al Peak tube voltage/kV Total filtration/mm Al Projection
Lateral LSJ* AP Abdomen PA Chest
11cmx 14 cm 26 cm % 35cm 30 cm x 38cm
2.0 60 2.5 1.23 1.31 1.23
2.5 80 2.0 1.25 1.37 1.27
3.0 80 3.0 1.27 141 1.30

4.0 110 2.5 1.29 1.45 1534
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Dose quantities: Radiography

Entrance surface air kerma, K,

Method 1: Measurements using phantom

Method 2: Measurements with
patients using TLDs

gu?

™
|

Method 3: Calculation from the tube output
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Dose quantities: Radiography and fluoroscopy

Air kerma-area product, Py,

o
%T Py = J f K(A)dA
' A
thsy If K =const
P.s= KA

Also known as Dose Area Product, DAP

Unit: Gy'm? Practical units:
1T uGy.m? =1 cGy.cm?
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Dose quantities: Radiography and fluoroscopy

Air kerma-area product, Py,

I "
;T: Kerma (dose) ~ (1/ f)?
mih Field area ~ f2
OFsp T KAP is independent on

distance from focus

(neglecting attenuation in air,
extra-focal and scatter radiation)
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Dose quantities: Radiography and fluoroscopy

Air kerma-area product, Py,

] . .
a In-beam measurement with a large-size
-Jf\- transparent ion chamber

T TR T T TR

@ Measurement uncertainty 20 - 25 %

at the 95% confidence level
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Dose quantities: Radiography and fluoroscopy

Air kerma-area product , Py, ?
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Dose quantities: Fluoroscopy
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Dose quantities: Fluoroscopy

LI/FD

lsocenter

Air kerma at the interventional
reference point, CK,,

Unit mGy  (Cumulative dose)
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Dose quantities: Fluoroscopy

K, is calculated as K, = Py, /A
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Dose quantities: Computed tomography

Radiography Computed tomography

$

Entrance surface air kerma CT air kerma index
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Dose quantities: Computed tomography

CT air kerma index C g MR
Unlt Gy -A— COLLIMATOR
1 *% \
C -—. OK(Z)dZ -— L/-x —/tr _\ _él
nl - ,/ :

nT— beam width
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Dose quantities: Computed tomography

CT air kerma index C,, (also known as CTDI)

Unit: Gy
1 +50

Cioo =— |K(z)dz Measured with ion chamber
nT o, with a lenght 100 mm

.

*In air
In a phantom

G403 32 1 o1 2 34 5
cirl
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Dose quantities: Computed tomography

CT air kerma index C,
Measurements in air
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Dose quantities: Computed tomography

CT air kerma index C,,
Measurements in a standard phantom

Body Head
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Dose quantities: Computed tomography
Standard CT phantom

320 mm

L J

Weighted CTDI,, Ci00,pmma,c — in central hole

1
Cw =3 (Ca00pvma c +2C100PMMAP) | | Cg0 pvimap = iN Peripherical holes (mean value)
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Dose quantities: Computed tomography

For helical and MDCT: Volume CT kerma index, C

vol
C 1
Cvol =— P=—=
p NT

p is pitch factor

©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022



Dose quantities: Computed tomography

For the entire exam: CT air kerma length - product P,
(also known as DLP) Unit: mGy.cm

DLP =CTDI , x (Exposure__length)

\_,’—\,

JE
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Dose quantities: Computed tomography

©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022



Dose quantities: Computed tomography

Exam Description: QA CT3

Dose Report

Scan Range Phantom
(mm) / tm

Axial  50.000-50.000 64.38 64.38 Head 16

Axial  $35.000-535.000  64.38 64.38 Head 16

Avial  $50.000-550.000  64.38 64.38 Head 16
Total Exam DLP:  193.14

Type
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Dose quantities: Computed tomography

1
TECHNCAL REPORTS SERIES N0, LHS |

-

Status of Computed Tomography
Dosimetry for Wide Cone
Beam Scanners

Dosimetry in Diagnostic
Radiology: An International
Code of Practice

Quality Assurance
Programme for Computed
Tomography: Diagnostic
and Therapy Applications

s
:
&
5
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2
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Dose quantities: Computed tomography

« CTDI # patient dose

* For the same protocol (set of exposure parameters) for an adult and a
child = the same CTDI

A

3

1 ;0,3 " -

o =

*ﬁ-‘l

P

-

Absorbed dose in the child body will be 2-3 times higher
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Dose quantities: Computed tomography
Size-specific dose estimate (SSDE)

AAPM Report No. 204

i

Size-Specific Dose Estimates (SSDE) in Pediatric
and Adult Body CT Examinations

Repart of AAPM Task Groap 204, developed In collaboration with the
imernational Commisvan on Radiation Units and Meaiuresvents (ICRU)
and the image Gently campalgn of the Allance for Radistion Salety
in Pedlatne imaging

PN ,
i mg

©Jenia Vassileva, IAEA
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AAPM REPORT NO. 120

&

AAFM REPORT NO. 293

&

........

Use of Water Equivalent Diameter for
Calculating Patient Size and Size-Specific
Dose Estimates (SSDE) in CT

Size-Specific Dose
Estimate (SSDE)
for Head CT

The Report of AAPM Task Group 220

September 2014
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The Report of AAPM
Task Group 293

July 2019



Dose quantities: Computed tomography
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Dose quantities: Computed tomography
Size-specific dose estimate (SSDE)

Example: Effective diameter 11 cm
f=25

SSDE = 5.4 x 2.5 = 13 mGy

5.40 mGy = CTDlvol (32 cm phantom)
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Dose quantities: Mammography

* * Incident air kerma, K;
f the air kerma from the incident beam on the
K, central x-ray beam axis at the skin entrance plane,
S . . backscatter excluded

Measured with an ionization detector:
- Freein air
- With a standard PMMA phantom

6th European Congress on Radiation Protection 2022
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Modality specific metrics

Journal of the ICRU

Modality Dose quantity Dose unit
Plain radiography, Entrance surface air kerma, K, mGy
including dental Kerma-area product, Py, HGy.m? i =y
.. - =g
Mammography Incident air kerma, K; mGy
Mean glandular dose, MGD mGy
Fluoroscopy & Kerma-area product, Py, Gy.cm?
fluoroscopy guided Cumulative air kerma at the =
interventional interventional reference point mGy e, seronssings 013 |
procedures A
Dosimetry in Diagnostic
Radiology: An International
Computed tomography CT air kerma index, C mGy st
Air kerma-length product, Lyp mGy.cm
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Why we need to know patient dose?

o]

Modality- Size-based E;, E; Organ Dose to Ey  Radiation Patient
specific modality- doses organ(s) of risk index  risk
metrics specific interest

Measurable quantities

* Quality assurance

* For performance assessment of an
imaging system and QC

» For benchmarking to DRLs

* For optimization of clinical protocols

6th European Congress on Radiation Protection 2022
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Modality specific dose metrics

» Used to estimate typical dose values

Chest X-ray, Adult patient (average weight 70 kg)
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Modality specific dose metrics
» Used to estimate typical dose values

Chest X-ray, Adult patient (average weight 70 kg)

Room 1: Room 2: Room 2:
Median = 0.1 Gy.cm? Median = 0.05 Gy.cm?  Median = 0.2 Gy.cm?

., Jib
L B = { | B
e A .
4 == i
=1 ! - - A3
y 7] "
) R
\
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Modality specific dose metrics
 Used to establish DRLs

Chest X-ray, Adult patient (average weight 70 kg)

Typical DAP values in 20 X-ray rooms

0.3

0.25

o
(V)

DRL = 0.14 Gy.cm?

0.15

Investigation and
actions to reduce doses!

0.1

DAP, Gy.cm?
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Patient exposure monitoring workflow

1. Manual recording (at modality):
- Paper
- Into RIS

2. Electronic recording of radiation exposure details in

a standard format (at modality):
* Non-DICOM dose objects

.| Storing - Modality Performed Procedure Step (MPPS) to HIS/RIS
(archive) - Image “header” attributes
- Bitmap (graphic) images in PACS and Optical character recognition

(OCR) conversion
* DICOM object:
@ICOM - For each radiation event
- Collected in a unique object (DICOM Radiation Dose Structured
Report): Includes patient demographics, study information, imaging
technique, geometry and dose metrics

RECORDING

©dJenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022
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Automatic radiation exposure monitoring

Integrating

the Healthcare

Enterprise
IHE Radiation Exposure Monitoring Profile — Dose
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Automatic radiation exposure monitoring

« Commercial products
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Automatic radiation exposure monitoring

e Free software

* OpenREM by Ed McDonagh - Python SourceCode
* Pixelmed DoseUtility
* CT Dose OCR by Philip Cheng at USC - ARRS Abstract

* Generalized Radiation Observation Kit (GROK) by Graham Warden at Brigham &
Women's Hospital - Source Code

» Siemens CARE Analytics (free Windows executable)

* NIH-CIPS Radiation Exposure Extraction Engine (RE3) - Source Code - SPIE Abstract
- IDI Article
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Establishing DRLs and typical doses

 National/ regional dose registries
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Analysis: Benchmarking against DRLs

TRIVOI Fagility RAPID249 RAD ORDER CT CHST ABD PELVIS W IVCON

A S L A T, .
RS, A AN n 5.
SV Yo Y i .
VLT ) BT
A $ PR o Y WL e LU o5 3 '
MRV WS o L2 ™ - <

SR
AR

P L0
e ;,“., .
r‘rf"."
TR

Courtesy K. Kanal

©dJenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022



Analysis: Inter-system variability

35

30
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CTDI, mGy
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-

CT scanner 2

20 25 30 35
Effective Diameter, cm

6th European Congress on Radiation Protection 2022

D.Frush; E. Samei, CT Radiation Dose
Monitoring: Current State and New
Prospects, Medscape Radiology, 2015
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Analysis: Identifying and investigating
over-exposure and under-exposure

Before Protocol Review After Protocol Review

/

0 " 4 4 ’ 0 " " " " )
20 25 30 35 40 45 20 25 30 35 40 45
Effective Diameter (cm) Effective Diameter (cm)
Courtesy E. Samei, DUMC
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Dose monitoring in interventional radiology

Madrid: DOLIR (Dose On Line for Interventional Radiology)

“Life KAP” and “Life CAK” — cumulative doses values of all
the procedures performed on the same patient

L el R = Clinical follow-up protocol for patients with CAK and Life
S : CAK values > 5 Gy
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© Patient specific
metrics
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Dose metrics

Modality-
specific
metrlcs

M'I

l‘t

Modality
specific

mctncs /

Size-
specific
metrics

For CT: SSDE
(AAPM

» TG204, 220

and 293)

Organ
doses

i R ray xzmination
| Exposure parcmeters,
‘x n, spe r’mn

I'1nnre rarh mum ons

oY 7d

Effective
dose

E = ZWTHT
T

Radiation
risk index

To account
for organs
exposed,
patient age,
gender

(BEIR 2006,
ICRP 2007)

Individual
risk

Ideally to
account for
patient size,
age; gender,;
morphology...

Aﬂ ”

¥ ;"
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Size-specific metrics (for CT)

SSDE = CTDI,,, * patient size correction factor
SSDE is still size-corrected dose to phantom
but closer to organ doses in the scanned volume @

Tabile 1. This take prowoes COmversion Macars Dased on the use of Pe 32 am dmetor PUMA prantom for CTDN, Tatse 1A Shows e

Cormmrson cior ks & funchon of Do sum of B ldersl and AP dimeraons. Tabre TH stows commruon oy s & farction of the lare
dinenson and Table 1C is for e AP denarvon. Tatie 10 prowdes corverion fectins & o unction of eflective Gumetor it & exsendsd that : .
ons G321 b UBES Wi 0 G701, feprrtes & known (0 be tased on e 32 o= dameter body dosmery sharkom Mo Use of Water Equivalent Diameter for
heport An. 25 . . . . .
e e PR SAiD Calculating Paflent Size and S!ze-Specaﬁc
(Al T Wi [ Cosswmen | | o | Viissiive | Comin] A6 | Wheins | Cameien] [WWeiine] Covienien Dose Estimates (SSDE) in CT
|Dnlx-o o.vum? '-:lu | o-m-; 1 o- <-—' 1 u;.— Dhn-l‘\ o-.m I un- n-::m («g !
| | }
r_ﬁ_l-n-r_m_ l—g,-l_w SPs S8 ST Els SV S ——
75 1 W | \ e 31 I li | S ?’ ! l:‘i'— L .!‘g i Sepcember 2014
F ) 224 L t24 2.95 14 170 T 14 2 22
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. . l, - s <4 4 R Ry - - = S | = R
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Organ doses

Organ dose = absorbed energy in the organs of interest

If organ doses of a patient are known, detriment can be estimated using
life attributable risk (LAR)

TABLE 12D-2 Lifetime Anrthutable Risk of Cancer Mortality”
HEALTH RISKS Ago  EXDOSNG (V6kms)
FROM EXPOSURE TO
LOW LEVELS OF Molcx

Stomach ¥ 21 6 |
IONIZING T * |
N~ . Lives s AR 1o |
Lung | ] 219 151 107
RADIATION ' ' 5 T
Bladdor 2 23 17 1 |
(8]l 2000 : 134 94 |
Al sl 2% 181 641 $15 444 7 3N YEY 46 1% {1
BEIR VII PHASE 2 Leuken 7 7l 7 il 7 o4 67 71 9 51
_ Al canen 10499 852 112 N3 51 38 37 ot 9 150 153
Femal
S L} 2 <4 4] "N 6 |
Colos a2 N6 5 8 (1] |
Live 24 20 17 1 4 7
Lung 3 s34 ! 213 1 153 140 81
Breast 74 214 I &l ) s
Uleru I 1 4 3 ]
Cvary 33 ! N 15 1
Bl %9 41 31 o 10
Othe 10 b | 103 o 47
ALl sol 1717 93 I 91 ) 54 X |
Leuker 51 51 55
N 1770 1 104 542 1 o 1
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Organ doses

Assessed using patient- Geometrically aligned with the specific
representing models of irradiation output from the imaging system
body/organs and the and inputted into a radiation transport
irradiation field: simulator to emulate the imaging procedure

e

Patient dependent and variable across

patients (and not readily available) E—
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Organ doses

Simplistic geometrical phantoms Patient-specific organ |
uniform irradiation fields dosimetry
e = @ | 1 oa [ L b g st g M Y
FoE V|~ ittt |
i h )T
" | l TR - : " -

* Generic attributes of the patient (size) S T e e e T —

 Large uncertainties in reported organ = = = = : » ‘
doses estimates : :

« Conversion coefficients from a T s of

modality-specific quantity to organ diverse, realistic human models
doses (tabulated or software-based) - Improved accuracy
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Organ doses

Patient-specific organ Machine learning methods
dosimetry
< {HER IR AR — |
MR / R
T » B " «Organ segmentation and
1 ‘ characterization informed by the
= T = == patient attributes
*The energy deposited in each organ
is normalized by the organ mass to
*Matching a patient to an atlas of estimate the organ dose
diverse, realistic human models High accuracy with errors in doses
*Improved accuracy ) to sensitive organs below 10% y
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Organ doses — software products

PCXMC
[https://www.stuk.fi/palvelut/pcxmc-a-monte-carlo-program-
for-calculating-patient-doses-in-medical-x-ray-examinations]

Figure 2: Anterior views of the basic phantom models in PCXMC, scaled to have identical heights. (a) Adult phantom
178.6 cm/73.2 kg, (b) 15-year old phantom 168.1 cm/56.3 kg, (c) 10-year old phantom 139.8 cm/32.4 kg, (d) 5-year old
phantom 109.1 cm/19.0 kg, (e) 1-year old phantom 74.4 cm/9.2 kg (f) new-born phantom 50.9 cm/3.4 kg.
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Organ doses — software products

2 Scan Range
Calculate
Scan Range Data (Slice Positions)
! Age Group Gender “ Get Values Scan Range 2 L
- womz oz Y fem)
i T < ame femaie T o
1 I
s Scanner Model Scanner Data for Sean Region “Body”
Manutacturer [ oero - DL, Uy R Ker Kos AL
www.sascrad.com . S =
. . oaso | 1m0 | om | om | i | oo
4" select mode. Body mode for headlneckregion spraimode
5. Scan Parameters Please Enter Actual Setings.
u ! t Qe Q N* heor TF Prec P Ser.
11 ma Bl masl  mas] fmm] mm] {mm]
| [ [ o] 10
& it Dose Values per Scan of per Series® Tissue or Hrper Seried Remainder Hrper Series|
CTDl, CTDhy DLPy E  Duwes’ organ msq | organs imsvl
MGy mGy [mGyem] (msq _ (msv [y 0o [Ban 00
0.0 00 | hrec? [hrec?| na. Breasts 00 |mymus 00
Cesophagus | 0.0 [spleen 00
Lungs 0o [Pancreas 00
Dose Values per Exam Liver 00 [Adrenals 00
op,  E stomach 00 [Kidneys 00
Colon 00 [smalintest. 00
restcies o0 |upp lageim| 00
iocwo & G0 Overies 00 |uens 00
Please note: iadder 00
|Ascrgan coses b ave based on conversion coeficients for [ 0.0 Misc.  Hrper Series
L, BasY) 00 imsy
purposes only (n partcuiar organs outsiie the scan range) | Stin 00 [Eyelenses | 00

ImMPACT CT Patient Dosimetry Calculator
version 0.99m, 1/07/2002

Scanner Model:
l I l GE ~ mA 340 mA
Scanner: ‘GE QX/i, LightSpeed, LightSpeed Plu w Rotation time 0.8 s
kv: 120 - mAs / Rotation 272 mAs
. . Scan Region:| Body =l Collimati 5 ~ |mm
Data Set  |MCSET19/ _ update Data Set Slice Width 10 mm
CT Patient Dosimetry Calculator e e
Scan range Rel. CTDI _Lookup|1.26 at selected collimatic
Start Position|-5 cm  Get From Phantom CTDI (air) Look up |34.5 Imcy/100mas
. End Pusitinn’1a5 qcm Diagram CTDI (soft tissue} 36.9 mGy/100mAs I
m t n r Patient Sex: | 1 ,CTDy 12.8 mGy/100mAs |
www.impactscan.org —_—
Gonads 02 33434 | 6.687 Adrenals 30.370
Bone Marrow (red) 0.12 15.854 | 1.902 Brain 0.006
Colon 0.12 32.619 3.914 Upper Large Intestine 35.786
Lung 0.12 7.010 0.841 'Small Intestine 34.884
Stomach 0.12 35678 | 4.281 Kidney 38.987
Bladder 0.05 39.058 | 1.953 Pancreas 30.545
Breast 0.05 1498 | 0.075 Spleen 33.313
Liver 0.05 33378 | 1.669 Thymus. 1.209
Oesophagus (Thymus) 0.05 1.200 | 0.060 Uterus 35.652
Thyroid 0.05 0.100 | 0.005 Muscle 17.640
Skin 0.01 13.381 | 0.134
Bone Surface 0.01 22.972 | 0.230 CTDL, (MGy) 347
Remainder1 0025 | 17.709 [ 0.443
Remainder 2 0025 | 17.700 | 0.443
Total Effective Dose (mSv)| 22,637,
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Organ doses — software products

Virtual Dose (Virtual Phantoms, inc)
http://www.virtualphantoms.com/our-products

VIRTUAL ot Faation douis fuaticsenient MirSuDh Msovive sbidition
PHANTOMS, INC. Sondloes
| ‘ rtuaiDoselR Welcome, fisicamedica' My account | Setting | Reset password | Log off

Modules for
- CT
- Interventional procedures

Tubia Vekage V).

Source 1o Imager Distance (omf

Dose Calculation Type:

Dosa Aroa Product: (mGycmd)  Organ Welghing Scheme
7 ICRPHAT ICRPSD

Calculate Dose Create Report
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Organ doses — software products

« XCATdose 3a iPhone (Duke University, USA)
http://www.isradiology.org/2017/isr/dose_calculator_xcatdose3.php

XCATdose3

About

CT Info

Radiography Info

Tomosynthesis Info

Disclaimer

Calculate
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Organ doses from CT

Table 4: Summary of the sources and level of uncertainties with computational phantoms
and Monte Carlo organ dose estimations

Source of Uncertainty Contributing Factors Estimated Uncertainty (1)
Computational phantoms Depends on how accurately different types of computational 3-66%
phantoms resemble the anatomical structure of the actual
patient
Patient matching Induced by geometry differences between a patient and the 10-15%
computational phantom that is used to represent that patient
Organ start/end location Induced by the heterogeneous dose pattern created across <10% for most organs
the body by the helical trajectory of the CT source 10-33% for the small surface organs
TCM simplification Induced by using simplified tube current profiles 20% depending on the method used to
(z-dimensional) to approximate organ dose under TCM model the dose field under TCM

Given the present refinement of methods for estimating patient organ dose, AAPM Task
Group 246 and EFOMP recommend that efforts be made to perform uncertainty analysis of
the respective methods, and that reports of patient organ dose should be accompanied by doc-
umented estimates of the uncertainty.
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Organ doses to organs of interest

 Fluoroscopy guided procedures:
— Skin dose in various FGI procedures
— Brain dose in neoro-interventions
— Hearth dose in cardiac interventions
« Mammography or chest CT
— Breast dose
* Head CT or neuororadiology
— Eye dose
* High dose procedures involving abdomen of pregnant
patients
— Fetal dose
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Skin dose in fluoroscopy

« Skin dose (mGy)

Vano E. et al. Patient dosimetry in interventional radiology
sing slow film systems. Br J Radiol 1997; 70: 195-200

133 mGy

71D Therapy film Gafchromic film
Kodak X-Omat V
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Skin dose in fluoroscopy

. d 1 T .
Skin dose = Ka,r X CF X Att X BSF X (d ref )2 % fskin Calculating the peak skin dose resulting from
perp

JOURNAL OF APPLIED CLINICAL MEDICAL PHYSICS, VOLUME 12, NUMBER 4, FALL 2011

fluoroscopically guided interventions. Part I: Methods

A. Kyle Jones,'” and Alexander S. Pasciak-

REAL TIME
SKIN DOSE
MAPPING

y ' = Peak Skin
/ i 4L: %4 Dose

POST-PROCEDURE
ANTROPOMORPHIC
SKIN DOSE MAPPING

Y Color-Coded : FOV Peak Skin
Skin Dose Dose

X-Ray Beam | k Distribution

SKIN DOSE CORRECTION FACTORS

/ AIR KERMA MAPPING INCIDENCE \
/ GEOMETRY CORRECTION \

/ FLUORO TIME, AIR KERMA-AREA PRODUCT, REF. AIR KERMA

Courtesy A. Trianni
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Skin dose calculation and reporting .-

EJP-CONCERT

Euroymn bt Baagiarene for 93n bringrathas of Madltho Protects
Fosearch

« Reviewed 19 available software products 019,141 -Standards or dighal dose
« 2 systems use Monte Carlo simulations to model the transpof =i v

* All others use a formalism comparable to the methodology proposed
by Jones and Pasciak (2011) for systems compliant with IEC standards.

« +25% agreement with measurements on phantoms for 10 SDC products
« +43% and £76% agreement for 2 products validated on patients
* No software validated for vendor-independent transportability

Need for harmonizing both RDSRs and their exports in order to be able to
calculate MSD from these data in an easy and straightforward way.
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Mammography

Mean glandular dose (MGD)

mean absorbed dose in glandular breast tissue

D,=K;.g.c.s

g, ¢, s — MC derived
correction factors to
account for breast
thickness, HVL, breast
granularity, and
anode/filter
combination

©Jenia Vassileva, IAEA

-

e Glandular

- tissue
~ N
:\ = Fibrous
= sy tissue
- o ',,:"‘)
_(‘ . Fatty tisue
PMMA Equivalent Y HVL (mm Al)
thickness breast
(mm) thickness 1
painiey 025 | 0.30 | 0.35 | 040 | 045 | 050 | 0.55 | 0.60
| g-factor 45 53 0.130 | 0.155 | 0.177 | 0.198 | 0,220 | 0.245 | 0.272 | 0,295
c-factor 45 53 1,109 | 1.105 | 1.102 | 1.099 | 1,096 | 1.091 |»1:088
g-factor 50 60 0.112 | 0,135 | 0.184 | 0.172 | O 192] 0.214 | 0236 | 0.261
c-factor 50 80 1.164 | 1.180 | 1.181 | 1 150\ 1.144 | 1,139 | 1.134
|
Mo/Ma Mo/Rh W/Rh
s-factor 1.000 1.017 1.042

iu:-m = Colven for madd 1y emeance inbrrast

cancer stremdeg el

ot Te mee feeee e
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Dose to embryo or fetus

« First approximation: uterus dose (early pregnancy)

 Better accuracy: considering the gestation stage
i CONCERT

Radiation Dose to the Conceptus ’
from Multidetector CT during
Early Gestation: A Method That

Body

Conceptus Radlation Doses and Risks from Imaging with lonizing Radiation

1o

Radhology

AUOWS 100 varighlons ‘»lf,-_ St

i
7
E )
=
Z
£

Size and Concaptus Postiar
A method of estimating conceptus doses resulting from multidet
CT examinations during all stages of gestation

Jobn Damdaks

Midiral Mypones, Faraity wf Ao, Cxtrarury of Crete, 3100 Bar 2205 75001 fmbdart
[ \ Koy
¢
T T SO BRI L Ao 20 4 LYY A 1 - L
\ L L Ll o A guided Interventional procadures

— N {"4; 4

embryodose.med.uoc.gr

J. Damilakis et al., Medical Physics 37(12):6411 — 6420, 2010
6th European Congress on Radiation Protection 2022
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Effective dose

» Effective dose calculated from organ doses and weighting factors
= Devised as a RP quantity for staff and public
= Averaged among gender, age, size E= z wrHy
Different from the real patient - PR
Uncertainites due to organ dose calculations
« phantoms, simulations ot
Change of wy over time .
« Advantages of effective dose:
— one number to summarize the detriment
— can be used among different types of exams
— deemed appropriate with caution for application to individual risk (ICRP)
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Effective dose assessment methods

Computed E using
modality-specific
conversion factors
Ek —_ k F

F - modality specific metrics
(DLP in CT or KAP in
radiography/ fluoroscopy

k — tabulated factor based
on modelling of the patient
by reference models

Ignores patient’s habitus
and irradiation field

Computed E using a
generic patient model
and Monte Carlo

(e.g. PCXMC, CTExpo)

Closer representation of

the patient exposure

©Jenia Vassileva, IAEA

n

Computed E using
patient-specific
organ doses
Qamﬂﬂyhuﬂﬁﬁﬂy A
’”m Mﬂ fﬂ?)’ﬂﬂ =~
byt ks SR 4

Most patient-relevant
technique
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Effective dose assessment methods

The three methods do not result in identical estimates

Fu W, Ria FEWilson J, Kapadia A, Segars WP, Samei E. Effective Dose for Computed Tomography in Large, Clinical
Populations. SSG12-05,RSNA 2018

» E calculated using conversion factor was higher than E from patient-
specific calculations, especially in large patients:
« by 80.2 % on average for the abdominopelvic protocol,
by 64.1 % forthe chest protocol
* For patients with 22, 30, and 35 cm WED, method using conversion factor
overestimated E:
 for abdominopelvic protocol by 9.6%, 66.2%, and 115.6%
 For chest: 30.2%, 77.9%, and 116.2%

When using effective dose, the exact methodology used should be specified.
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Patient-specific risk indexes?

« Effective risk

Brenner D, BJR 81 (2008), 521-523 st O o
Stomach 66 30 37
r; - lifetime radiation- e 2 = z
R= Z rrHy, attributable tissue specific Liver 32 14 18
_ Bladder” 153 75 91
T cancer risks (BEIR VII) gterus"*“ 7 It ;3
° ° ° ° Vary.vlba,b
 Radiation risk index Prosaets, 67 L
. hyroid
Li X at al, Med Phys 2011 Jan;38(1):408-419 leckemia 133 68 a2
Samei et al. Radiat Prot Dosimetry 2013 155(1):42-58
(-
- Task Group 79 Task Group 113
RRI,, = z T H I:[ ]_J P
a9 T(ag)™T ' The Use of Effective | Reference Organ and
g - " DoseasaRisk Effective Dose Coefficients
Cezaress | Related Radiological | for Common Diagnostic X-
g - Protection Quantity || ray Imaging Examinations
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Typical effective doses from a single exam

Single procedure Typical E, mSv LAR for fatal cancer
UsS, MRI 0 No radiation risk

Chest X-ray, limb X-ray, pelvis, lumbar spine, <1 <1in 20,000)
mammography

Intravenous urography (IVU) 1-10 11in 20,000 - 1 in 2,000

Barium meal, barium enema
Kidney scintigraphy, body scan
ERCP, Cystography, MCU

CT head and neck, CT chest

CT abdomen & pelvis, CTA 10-30 1in 2,000 -1.5in 1,000
PET/CT brain, cardiac, whole body,

CTA chest-abdomen-pelvis (multi-phases) 30-100 1.5in 1,000 = 1in 200
TIPS
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Typical effective doses from a single exam

5-20 mSv
(equivalent to few years
exposure to natural
radiation)

Bariumenema ChestCT Abdominal CT angi%gggghy

1-5mSv
(equivalent to a few
months to 1-2 years of
exposure to natural Dy

S tal Lumbar  Intravenous . ; Te-99m
radiation) EQBFEZ@T spineXray urography  C1of head CTofneck . &-5°m b%leggnlgsgy

<0.1 mSv v
(equivalent to a few s - " 'j ’i '
days to few weeks of 4 : ' ._.'
exposure to natural . : /

radiation) sl Panowmic  Cestxray KneeXray  SkulXray NeckXray JC9m

cystogram
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Typical effective doses from a single exam_

. . . . The Rrps 31&-.‘ Fard chghts
Communication of doses and risk to patients 3

and referring physicians IRefer
9 Py

|

Mk I02
Diagnostic procedure Typical effective Equivalent number of Approx equivalent period of natural
dose (mSv) chest X-rays background radiation*
Radiographic examinations
Limbs and joints (except hip) | =0.01 =1 =2 days
Sl L 2 L L sl Table 3. Band classification of the typical doses of ionising radiation from i
Skull 0.07 5 12 days common imaging procedures™
Thoracic spine 0.4 30 2 months Symbol Typical effective dose | Examples Lifetime additional risk of fatal
i (mSwv)* canceriexam
Lumbar spine 06 40 3 months
None 0 uUs; 0
Mammography (2 view) 05 35 3 months MRI
Pelvis 03 20 1.5 months @ - E’éﬁﬁi!ﬁﬁ;“e""& umestspine, | 120,000
Abdomen 04 30 2 months L] 1-5 IVU; NM (eg, bone); 1: 20,000-1:4,000
CT head and neck

. = e ks e 5.1-10 CT chest or abdomen: NM (eg, cardiac) | 1: 4,000-1- 2,000
Barium swallow 1.5 100 & months SpEREMENY (10 Extensive CT studies, some NM studies | > 12,000

3 {eg, some PET-CT)
Barium meal 2 130 11 months

*The average annual background dose in most parts of Europe falls within the 1-5 mS\t range [@@] Cancer risks from
radiation vary considerably with age and sex, with higher risks in infants and females. * Cancer risk indicated in this table is
averaged for adults. This should be taken in the context of the considerably higher 1 in 3 average lifetime risk for cancer and
must be balanced against the benefit of the investigation. -
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Population dose assessment

Interventional Nuclear Interventional  Nuclear
radiology medicine radiology  medicine
1% 1% 8% 7%

Dental
0%

Radiography/

fl Computed

uoroscopy Somcaraaly
Radiography/ 61%
fluoroscopy

62%

NUMBER OF PROCEDURES COLLECTIVE DOSE

UNSCEAR, 2022
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Patient exposure monitoring strategy

At population level (group of patients) For individual patients

Frequencies Patient data, procedure data and Patient
(number) of modality specific dose indices (KAP, CTDI,,, DLP, identification
procedures CD, PSD, ..), plus IQ indices (ID)

~~ =~ ~~

DRL; Typical dose
levels; Alert levels

== =~

Effective dose Effective dose
(or other risk index) (or other risk index)

=~~~

Organ doses Organ doses

~~ ;> ~~ ~~

Population doses
(trends,
comparison)

Referral guidelines, Optimization of Individual tracking for
CDS, Justification; patient protection justification and
Epidemiology, Research ff and imaging practice optimization
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|AEA webinars related to the topic

https://www.iaea.org/resources/rpop/resources/webinars

Diagnostic Heference Levels

CT Diagnostic Reference Levels ~ experience of the United States po. s Radiation Dose Monitoring in Diagnostic Imaging
with IOMP)
v | [ [ )
) Operationalizing & Vision of Safe Imaging: The American College of Radiology
3 — Dose Index Registry
= =
3 : G
g ]
\ -t T
Webinar on online dose data reporting for establishing and using diagnostic b ? =
reference levels; experience of Australia, Sweden and Indonesia r; \ , \r
b = a

Online monitoring of patient exposure in diagn
JE— Experience of Spain

Establishment of Pediatric ©T Disgnostic Reference Levels

Viehinar Senes on the establishment and utifization of diagnostic reference levels
in medical imaging in Eurcpe

Date and Time

Date and Time
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https://www.iaea.org/resources/rpop/resources/webinars

IAEA elLearning course on DRLs
{

s

%S

'J IAEA | Learning Management .Sy‘stepj

—_r

OPEN-LMS

mome: ¥ My caurses ¥ DIsgnostic Reference Lesals in Medical Imaging

Diagnostic Reference Levels in Medical Imaging

This s-legrning pragramme is dasigned 1¢ pravide ontinuing education 1o medics) imaging prefessionals. regulatars and others who are interestad in establshment and usa of

dagnoste raferance ieveis
Thrr.n[h this courss consist ng of 13 modules perticpants are RXpectRd 10

o Understand the concept of DRLS what are the DRLS and what =1 thes role in the optimization of peatection of patients

AL process:

n different Imaging modaimes
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