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Dosimetry needs, objectives and requirements

Medical exposure is by far the largest contributor to the population’s exposure worldwide (man-made) with strong regional/continental variations
It is a deliberate, thoughtful, justified exposure — on which there is room for improvement.

The benefit of medical x-ray imaging is indeed undeniable
both for clinical diagnostic purposes & guiding interventional procedures

= Dosimetry is the way to evaluate/quantify the exposure to ionising radiations
and a useful & powerful (although not perfect) tool to optimise the exposure for the best clinical objectives

Although we observe a clear improvement over the past decade in terms of dose for given examinations, dosimetry survey remains a major concern.
Use of ionising radiation in medicine is still growing

New technologies are continuously emerging to improve task-based image quality (often) with limited exposure

However, we observe that the number of examinations keeps growing

that the complexity of procedures often lead to higher exposure

that there is a growing use in developing countries

Possibilité d’action Possibilité d'action pour
trés restreinte les individus ou la société

i
N

N
s

v

Industries,
recherche,
héritages

Rayonnement
terrestre

Vols en
avion

Radon dans
U et Th dans I'habitat
I'alimentation

Rayonnement
cosmigue

Imagerie
meédicale

K-40 dans

I'alimentation
Exposition
d'origine naturelle

Exposition
d'origine anthropogénique




Dosimetry needs, objectives and requirements

L3 5[M[II'YASSURAN(IE AND DOSE MANAGEMENT l

Radiologists constantly face the dilemma of trying to minimize patient
exposure whenever possible, while still using exposures that are hish enough to
roduce images of good enou uality as to be able to provide a proper
diagnosis. Quality assurance provides a framework for achieving this goal. The
basic strategy for(Qualily assurance in diagnostic radiology) was formulated by
the WHO [1.3] and involves various activities, including managerial and
technical activities. The International Basic Safety Standards for Protection
apainst lonizing Radiation and for the Safety of Radiation Sources (BSS) [1.4]
provide requirements to establish a guality assurance programme for medical
exposures. These principles are further developed in Safety Guide No. RS-G-
1.5 [1.5]. It is necessary that a quality assurance programme in diagnostic and
interventional radiology include image quality assessment, film reject analysis,
patient dose evaluation, measurements of physical parameters of the radiation
generators, etc. Various quality control tests are needed to ensure that the
radiology machines are working properly.

Dosimetry in Diagnostic
Radiology: An International
Code of Practice

S)imea

The goals of the quality assurance are:
— the establishment of the exposure level / dose value
— comparison with the baseline value established for the same unit or with the value of the parameter established for another unit.

The expected/required accuracy & uncertainty of the dose measurements is not the same for those two objectives.
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Dosimetry needs, objectives and requirements

Journal of the ICRU

Dose value:

Reported exposure level (i.e. reported dose values) in x-ray imaging are low and the uncertainty in the associated risk is high
An accuracy of “20% can be accepted for risk assessment.

However, special concern for interventional procedures where skin exposure may lead to tissue effects.
~TO/ . . Journal of the ICRU Vol 5 No 2 (2005) Report 74
An accuracy of ~7% is typically accepted for risk assessment doi:10.1093/jicru/ndi018

Comparison
An accuracy of ~7% is appropriate

Special cases:
special care is given in case of exposure of the foetus / young children

An accuracy of ~7% is appropriate
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Radiographie intervention pour élargier/rouvrir des artéres
coronaires rétrécies/obstruées

Examen combiné (hybride PET-CT, F-18), corps entier, dépistage
d'une tumeur et tomodensitométrie

Radiopraphie des artéres coronaires

Examen combiné (hybride PET-CT, F-18), corps entier, dépistage
d'une tumeur et tomodensitométrie a faible dose

Examen corps entier, dépistage d'une tumeur (In-111)
Tomodensitométrie du tronc

Tomodensitométrie des poumons

Examen corps entier, dépistage d'une tumeur (F-18)
Tomodensitomeétrie de la colonne lombaire

Examen du crane, dépistage d'une tumeur (F-18)
Tomodensitométrie du crane

Radiographie de la colonne lombaire

Examen des reins (Tc-99m)

Examen de la thyroide (Tc-99m)

Radiographie du tronc

Radiographie du sein (femme)

Examen de ventilation pulmonaire (Tc-99m)
Radiographie de la machoire entiére

Radiographie d'une dent

Radiographie d'un membre

https://www.bag.admin.ch/bag/fr/home/gesund-leben/umwelt-und-gesundheit/strahlung-radioaktivitaet-schall/strahlenanwendungen-in-der-medizin/strahlendosen-in-der-medizin.html
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Frequency of X-ray medical examinations

ntional slogy (therapeut )
Interventional cardiology (PTCA) (0.25%)
Interventional radiology (diagnostic) (0.30%)
Dental CBCT(0.39%)
Fluoroscopy(0
lagnostic (

Diagnostic mammography(1.72%)
Nuclear medicine (1.1%)

Dental X-ray (w/o CBCT)(47.5%)

Radiography(35.7%)

The exposure level to ionising radiation in x-ray imaging is low

Dose contribution of X-ray medical examinations

Dental X-ray (w/o CBCT)(0.7%)
Dental CBCT(0.1%)

eening Mammogray 3
Diagnostic mammography(0.6%) |
Interventional cardiology (PTG ) Radiography(9.5%)
Interventional radiology (diagnostic) (1.9%)
Fluoroscopy(3%)

Interventional cardiology

Nuclear medicine

CT(64.3%)

Figure 1: Distribution in percentage of the frequency and dose contribution of X-ray medical examinations.

Total X-ray medical imaging, effective dose of 1.4 mSv
Radiation Protection Dosimetry (2021), pp. 1-7 doi:10.1093/rpd/ncab012
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Imaging guided procedures
Deterministic effects

Fluoroscopically Guided
Interventional Procedures:
A Review of Radiation Effects on
Patients” Skin and Hair'

Radiology
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ww.houstonmethodist.org/imaging-radiolo

Interventional radiology is a medical specialty which provides minimally invasive image-guided diagnosis and treatment of disease

Skin dose monitoring is an important challenge & major current concern

BALTER, S., HOPEWELL, J W, MILLER, D.L.,
WAGNER, L.K., ZELEFSKY, M.J., Fluoroscopically
guided interventional procedures: A review of
radiation effects on patients’ skin and hair,
Radiology, 254 2 (2010) 327-341

Switzerland

Recommended article

‘Conzents i swallable 3t

Physica Medica

ourmst homepugn: . shter comlocsa s

Dose Tracking System (OTS) - Visualize Your Way 1o Safer Imaging

https://www.youtube.com/watch?v=LI152qyTOQq0 Original paper
Accuracy of skin dose mapping in interventional cardiology: Comparison of
10 software products following a common protocol

|!L

Jérémie Dabin ™", Valentin Blidéanu ", Olivera Ciraj Bjelac®, Marine Deleu ™",
Francesca De Monte', Joelle Ann Feghali?, Aoife Gallagher ", Zeljka Knezevi¢', Carlo Maccia',
Frangoise Malchair, Marta Sans Merce *, George Simantirakis
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Dosimetry needs, objectives and requirements

Protocol optimisation Task-based clinical valida

Image quality
The evaluation of the exposure to ionising radiation is a powerful tool to optimise the image acquisition protocols for the best clinical objectives for a

given technology

Optimisation of the acquisition protocols / image reconstruction parameters does not systematically means reduction of the radiation exposure.

Beyond this talk although crucial in the optimisation process : Role of emerging 1A

(which started with iterative reconstruction algorithms) in radiology.
A grand challenge for everyone!
A\
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Dosimetry in medical imaging is in a way similar to the interest one has in the
effects of the ionising radiation.
All depends on what you're interested in and the metrics (or quantities) one
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Vv Radiation Quantities in Medical Imaging must be adapted to the objective .



Dosimetry needs, objectives and requirements

Behind the notion of accuracy for the dose measurements (and beyond the scope of this talk), lies the question of calibration and understanding of the measurements
themselves when done by the final/local users.

— Traceability of the measurements
— Knowledge and understanding of the standard reference conditions of the calibration procedures
— Beam qualities for which instruments are calibrated (and thus associated correction factors)

— ex. organ dose in radiology is often measured by TLD pellets in phantoms
— Most measurements do require correction (energy, material, ...) depending on calibration conditions.
— “No correction” may be acceptable for relative comparison but is scientifically wrong.

=> the interpretation of the measured values is not always sharp and often poorly
documented in most peer-reviewed articles

\\\&\\\'
M

TLD pellet calibrated in air kerma for N-80 beam quality



Dosimetry quantities

Basic quantities are fundamental quantities defined in ICRU 60

Dose quantities in Sl units for external radiological protection

Sources of external radiation

,/'.," A A “phantom” is a device used to model and
calculate the absorbed dose for an
irradiated entity.

*  Monitored quantities Physical quantities
G Instrument responses
Measured in practice by Dose equivalents calculated Fluencer D
Radiological Protection Instruments using absorbed dose and Q (L), Kerma, K (gray)
and simple phantoms (sphere or Absorbed dose, D (gray) Calculated using

slab). Validated by anthropomorphic

measurements and calculations.
Related by instrument phantom for organ absorbed
calibration. dose, then factors Wy and W
for biological effect.

Operational quantities - —
Protection quantities
*  Ambient dose equivalent, H*(d)
» Directional dose equivalent, H'(d,£2) Comparison using the measured and * Organabsorbed dose, Dr (groy)
. Trennel dhise equivalent, Hp{d) calculated values to establish relationship o Organ equivalent dOSE, HT (sievert)
C——)) | - Effective dose, E (severt)
Unit = sievert

These quantities are not measurable; they are
calculated quantities used to compare against
observed health effects, and to set limits for
exposure.

L I - \\\\\\ \
https://en.wikipedia.org/wiki/Effective_dose_(radiation) \\ v
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These quantities are measurable, and used for
practical evaluation of dose for regulation and
assessment.

Vald

\

/



Dosimetry quantities

Basic physical quantity for the quality assurance is air kerma (free-in-air)
Relevant quantity is absorbed dose

— Radiology air Kerma, Dose-Area-Product (DAP) and skin dose
— Interventional procedures/scopy DAP

— CBCT DAP

—CT CTDI (Specific Size Dose Estimate) & DLP

— Mammography mean glandular dose (calculated based on air kerma)

Based on those quantity, we calculate the effective dose and/or skin dose

lonising radiation - S| dose unit relationships

Effective dose overall effect

pody
ooy
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Quantity || Absorbed dose “ Equivalent dose

overall affect
Dy,

o b7

S ptes

's
-
%72 e

Stunit or

P ray (G Radlation walghting sievert (Sv. Tissue welghting sievert (Sv
modifier gray (Gy) Facror - wir (sv) factor -t (5v)
Derivation Joule/kg Dimensionless factor Joule/kg Dimensionlass factor Joule/kg
. Energy absorbed by Biological effect on tissue type T having
Meaning | jradisted sample of i W, by radiation R having
matter, radiation types type ith weighti wr.
not differentiated. weighting factor Wr. Overall effect = summation of effective

doses to parts

Multiple radiation types
require calculation for each, if whole body irradiated uniformly, the
which are then summated. welghtings Wt summate to 1,

overall effect = Equivalent dose
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Quantities suitable for setting DRLs

Quantity Recommended Recommended Closely similar quantity
symbols unit

Entrance surface air kerma Kae mGy Entrance-surface dose (ESD)

Incident air kerma Kai mGy

Incident air kerma at the S Gy

patient entrance reference point

Air kerma-area product Pka mGy.cm? (radiography and dental) Dose-area product (DAP)*

Gy.cm? (fluoroscopy)

Volume CTDlI,, mGy Volume CT air kerma

computed tomography dose index (C,,)

index

Dose-length product DLP mGy.cm Air kerma-length product

(Px)
Mean glandular dose Dg mGy

https://www.iaea.org/resources/rpop/health-professionals/nuclear-medicine/diagnostic-nuclear-medicine/diagnostic-reference-levels-in-medical-imaging

Jvaud
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kinetic energy released per unit mass
Standards Radiology
Laboratory Department

-ray tube
Notice OFSP: R-10-01 Controéle de ’indicateur du produit dose-surface o

3.1 Mesure de la dose (Kerma)

La dose de rayonnement (Kerma) doit étre évaluée de la maniére suivante par a l'aide d'un dosimetre
etalonne:

focal spot position

chamber
(DAP, ...)

tube &

rayons X foyer

PDS-moniteur kerma in air free in air entrance (skin) dose

organ dose

DFD = distance foyer-dosimétre dose to tissue at a point in the patient

= Blcm

table

j —————— |——— image receptor
dosimétre .." ® 5 Kerma

/ 4 DDR = distance dosimétre-récepteur dimages
Y =30cm
absorbant C———1
récepteur 3.2 Détermination de la valeur de référence du produit dose-surface
d'images La valeur de référence du produit dose-surface (PDS) se détermine comme suit :
o0 Y
] PDSwef =Kerma -S| ————
DFD + DDR
avec
Les conditions de réglage sont les suivantes: PDSe valeur de référence du PDS [mGy-cm” = 10 cGy-cm’]
Kerma indication du kerma ou du débit de kerma par le dosimétre [Gy ou Gy/s]
Tension: B0 kV S : surface du champ au niveau du récepteur d'image [cm’]
Absorbant: . 1 d . | ion du ré teur d'i DFD :  distance foyer-dosimeétre [cm]
S ﬂ‘l'l - . env!run mm de cuivre pour la protection du récepteur d'image CDR distance dosimeétre-amplificateur récepteur dimages [cm]
Durée d'exposition: 1 minute
Surface de champ S:  ~15 x 15 cm” au niveau du récepteur d'image (4 mesurer a l'aide d'une régle & Exactitude de I'indication du produit dose-surface : 30%

graduation metallique, a l'aide d'une plague de test avec graduation ou a
l'aide d'un film)
Distances: Les données mentionnées dans la figure sont des valeurs approximatives \\\\\\&
N
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Apply patient support

applying inverse table/pad correction

applying Monte applying Monte e
ig:‘JrirCenLar\]N Carlo simulated Carlo simulated from transmission
enabled by table backscattering from mass-energy g;f?:rsgr:fmggtjo?:ages
position data a water volume absorption ratios and beam filtration.

distance- backscatter- medium- table/pad-
(K air,IRP) correction correction correction correction

air air

water | [water |
SSD<
dIrp

Dskin — (Kair,IRP) H kz

i

.

Vald
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Projection radiography

Radiation quantity : Dose-Area-Product (DAP)
A

X-ray machine

X-ray beam

40"

X-ray cassette

WT BEARING

PA

Source: Khaled M. Elsayes, Sandra A. A. Oldham: Introduction to Diagnostic Radiology:
www.accessmedicine.com
Copyright © McGraw-Hill Education. Al rights reserved.

Deépartement fécéra de fNntéciewr OF)

Office fédéral do la santd publique OFSP.
Unsé de directon Protection des consommateurs
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Division Radioprotection Reférence du document R06-04df
suw i Etsbie s 10042006
Révaionn' 8 1508 2018

Directive R-06-04

de réfé diag iq en radiologie par proj
1. Définition
Il n'existe pas de limites de dose pour les patients en radiodiagnostic. La radioprotection des patients
repose sur la et qui doivent atre appliquées. Cela est
particuliérement vrai pour les procédures de radiologie par projection.
Déja en 1996, la C de protection (CIPR) a proposé de fixer et

d'appliquer des niveaux de référence diagnostiques (NRD). Il s'agit de valeurs de comparaison
s'appliquant & une grandeur facilement mesurable. Dans le cas de la radiologie par projection, la
grandeur utilisée est la dose 4 la surface d'entrée du patient. Le produit dose-surface (PDS) peut
représenter une alternative, pour autant que finstaliation soit équipée d'un dispositif Iindiquant. Les
NRD doivent étre utiisés comme des grandeurs indicatives, mais elles ne constituent pas une ligne de
démarcation entre une bonne et une mauvaise pratique. Elles permettent de reconnaitre les cas od,
dans les courantes, la d au patient est élevée.

Les NRD sont déterminés sur la base d'enquétes. On choisit en général le 75e percentile de la
distribution dosimétrique ce qui signifie que 75% de toutes les doses se trouvent au-dessous du NRD.

2. Niveaux de référence diagnostiques

Les tableaux suivants présentent les NRD pour les principaux examens en radiologie par projection,
pour les adultes (tableau 1) ainsi que pour les enfants et les adolescents (tableau 2). Les NRD pour
adultes concernant les doses & la surface d'entrée du patient ont été déterminés lors d'une enquéte
nationale. lis refiétent ainsi la pratique nationale en tenant compte exclusivement des récepteurs
dlimages numériques (CR et DR). Les valeurs du PDS ont été calculées & partir de la dose d'entrée et
des grandeurs de champ habituelles en situation normale.

Pour les enfants et les les NDR aux PDS ont été dans le
cadre d'une enquéte menée dans tous les instituts de radiologie de Suisse disposant d'un service de
iatrie. S'agissant des radi ies du crane, les NDR sont classés par catégories en fonc-

tion de I'4ge des patients ; pour les autres radiographies ils le sont en fonction du poids des patients.

Tableau 1 : NRD pour adultes

Dose 4 la surface d'entrée du PDS
fediogmmpiie patient par cliché (mGy] {mGy - )
Thorax (pa) 0.15 150
Thorax (profi) 075 600
Rachis lombaire (ap ou pa) 7 2350°
Rachis lombaire (profil) 10 4150
Bassin (ap) 35 2500
Crane (ap ou pa) 25 650
Crane (profil) 15 500

8p : antero-posterior ; pa : postero-anterior

ESD is a useful quantity, easy to measure but poor indicator of
radiation risk as it does not account for tissue sensitivity, penetration
and area of the x-ray beam.

Patient’s exposure

Entrance skin dose
ESD

Used for DRLs and good indicator benchmark for the optimisation of
the acquisition protocols.

NN
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Projection radiography

Radiation quantity : Dose-Area-Product (DAP)

Patient’s exposure

=

A_A &

Entrance skin dose

Jvaud
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Dental radiology

Radiation quantity : Dose-Area-Product (DAP)

dvald
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Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Département fédéral de I'ntérieur DFI

Office fédéral de la santé publique OFSP
Unité de direction Protection des consommateurs.

Division Radioprotection Référence du document NRD pour CBCT téte cou
s sle-rad ch Etabie le: 12.02.2020

Directive
Niveaux de référence diagnostiques pour les Cone-Beam CT
(CBCT) pour I'imagerie de la téte et du cou

Les niveaux de références diagnostiques (NRD) sont des it destinés a iser la radiopt
tection des patients exposés a des rayonnements ionisants. Il s'agit de niveaux d'investigation s'appli-
quant & une grandeur facilement mesurable, ayant un rapport direct avec la dose a laquelle est soumis
le patient, ce qui permet d'obtenir une gestion efficace de la dose.

Cette directive compléte la Directive R-06-06 : Niveaux de référence dlagncsllgues en tomodensitomé-
lrie et s'adresse aux utilisateurs des CBCT (aussi appelés de numé-
risée ; TVN) pour I'imagerie de la téte et du cou.

Chague utili doit analyser sa pratique en matiére d'imagerie, en comparant, pour
chaque indication, le produit dose-surface (PDS) indiqué sur le CBCT avec le NRD correspondant. Si
le NRD est dépassé et que la dose élevée n'est pas justifiée, des mesures d'optimisation sont a prendre.
La mesure la plus simple consiste a réduire la taille du volume dont on forme limage (en anglais Field
of View, FOV). Si ceci n'est pas possible, il convient alors d'adapter les paramétres d'exposition de
I'appareil.

Les NRD sulvams s i a cing indications ont été sur la base d'une enquéte réalisée
a I'échelle Les NRD au 75¢ py des PDS pour le FOV recommandé,
de 5 cm de di: x 5 cm de hauteur.
Indication NRD (75° percentile)
PDS [mGy - cm?]
FOV: 5 cm @ - 5 cm hauteur

Dents de sagesse” 450

Pose d'implant au niveau du maxillaire supérieur et inférieur 450

Anomalies de formes et positions de la dent* et sa relation 450

avec les structures voisines
(racines, sinus maxillaire et fosse nasale, parcours des faisceaux

nerveux)

Modifications dentoalvéolaires pathologiques 450
(kystes, lésions parodontales et périapicales)

Endodontie 640

CBCT (Cone Beam Computed Tomography)

Médecine dentaire

Niveaux de référence diagnostiques pour les radiographies 3D de la téte et
du cou

En médecine dentaire, I'imagerie 3D expose les patients aux doses les plus
élevées (en savoir plus). La dose efficace pour une radiographie par Cone-
Beam CT (CBCT ; aussi appelé systéme de tomographie volumique numérisée,
TVN) s’éléve & 100 pSv et est environ 20 fois plus élevée que celle d'une
radiographieime (5 uSv environ).

https://www.bag.admin.ch/bag/fr’lhome/gesetze-und-bewilligungen/gesuche-
bewilligungen/bewilligungen-aufsicht-im-strahlenschutz/informationen-fuer-
medizinische-betriebe/diagnostische-referenzwerte-im-strahlenschutz.html
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From air Kerma to Mean Glandular Dose

2.2. Dosimetric formulation ‘ |
According to Dance (1990), mean glandular breast dose, D, is calculated using 1

where K is the incident air kerma at the upper surface of the breast, measured without “ ¥
backscatter, and g is the incident air kerma to mean glandular dose conversion factor (g-

factor). As noted earlier, the tabulated g-factors correspond to a glandularity of 50%. It is

proposed that equation (1) is now extended to

D= Kgcs () b
where the factor g is unchanged, the factor ¢ corrects for any difference in breast composition \

| ——

from 50% glandularity and the factor s corrects for any difference from the original tabulation a
by Dance (1990) due to the use of a different x-ray spectrum. The results given in section 3 X-ray Tube *
are in accordance with this formulation. t
D R Dance et al 2000 Phys. Med. Biol. 45 3225
X-ray Beam «
60.5 cm
lonization Chamber 65cm
Compression <
Paddie - ¥
RMI 156 < 45.0m 4
phantom

CR bucky
Equipment setup for (a) mean glandular dose measurement

Malays J Med Sci. 2013 May; 20(3): 23-30. @\\\%v
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Interventional procedures

Radiation quantity : Dose-Area-Product (DAP)

ische Eidgenossenschaft Département fédéral de 'ntérieur DFI

Office fadéral do la santé publique OFSP
Unité de direction Protection des consommateurs

Page 115
Dwision Radioprotection Référence du document R-06-05af
ey ele 31012008
Révison -3 0101 2018
Directive R-06-05
Niveaux de référence diagnostiques (NRD) en radiologie
interventionnelle Interventional radiology is a medical specialty which provides minimally invasive image-guided diagnosis and treatment of disease
Division Radioprotection Référence du document R-08-05df
www str-rad.ch Etablie le 31.01.2008
Révision n”® : 3 01.01.2018
Tableau 2 : NRD pour des examens cardiclogiques Cumulative dose Dicactive: 18 prodult dose-suriace (POS) e iécicing famalng
Vst o = i 2000 . jonne 2020
Examen PDS Durée t Nombre Dc ST o e e
[Gy-em?] | [min] | d'images N[] | [mGy] Lok vibws g Wi por e[ Pow - e
- modirionet
Angiographie coronaire 50 8 860 575 1l htomine o e o POS sucumits, | bt Toriuaton do | e frovig
. P o w0 1300 e
[ Cetie xgence Woelodon | Gejadfart 250efordon. | L'unké du PDS estfxe 4 fart 22. & 1, ONX (ver-
Angiographie coronaire + PTCA' 100 2 1470 1320 X G s e s | 4o s vindon n
TAVE 100 30 940 980 G ket o w2 2 Tart 20,5 4. O teson 8 26 w1 2017
[u Ia dose. T apos | L POS
Fermeture de shunt 30 L 360 280 Pt npatragiiasimrespe il - e ————
Pdcasaare, praes s s gttt
Biopsie myocardique 10 6 - 105 | e st ot g s tompe e | | B
Explorations électrophysiologiques 20 10 - 300 et e o A € ot 7k -
S une installation autorisée n'est pas équipée d'un sible d'adapter pxrta continuer d'étre utilisee 5
F'rocédurce's e\eclmphyslioléolgll\fs alaide dun 5 R . 58 ool e Srplrad o1 7"“““"’“"‘“ corferme 4100
. e e éles
Ablation par radiofréquence 150 25 - 2250 L 161 +41 58 462 96 14, sir@beg odmin ch. warw olsp sdminch
Ablation par radiofréquence cardiaque a l'aide
duun systeme de cartographie électro- 30 9 - 623
anatomique 1 1 1 .
a We sometime face a terminology issue: DAP, KAP
DAR - - - . . . .
YT YTy T ——rryy Coupled with unit issue for values that are displayed: mGy.cm? cGy.cm? mGy.m?
tro-anatomique 2 T h 418
Pose de stimulateur cardiaque 30 7 - 450 . .
Pose de stimulateur cardiaque & l'aide d'un Ca-” for harmonlsatlon
teme de lie électro- i 5 5 ° 288

https://www.herca.org/herca-proposal-on-harmonization-of-dap-units-2/
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CT scanners

Total Exposed Scan Length

Vald

n slices

e+ slice thickness

User Planned Scan Length

Division Radioprotaction
‘wowwslrcd ch

Raférancs du dacumen R00-00d1
i o 01.04.2010
Rvision n* 2 16,08 2018

Tableau 1 : NRD et valeurs cibles pour adultes

NRD (75" percentile) | Valeur cible (médiane)
Protocole CT *
CTOhu[mGyl | DLP (mGy-cm] | CTDLuImGyl | DLP [mGy cm]

1 | Crane 51 890 42 750

2 | Massif cranio-facial / 28 420 15 240
sinus nasaux

3 Low Dose sinus nasaux & %0 5 0
(sinusite)

4 | Cou 16 410 12 290

5 | Analographio CT " 60 8 260
(angiographie de la carotide)

6 | Thorax 7 250 6 210
Anglographie CT

T | (recherche d'embolie puimanaire) 8 00 ¢ 0

Patient’s exposure
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CT scanners

@ - i

x-ray beam

CTDI phantom
ion chamber

scanner z-axis

Scanner couch

CT dose index (CTDI) is the standardised measure of the radiation output of a CT system
CTDI is measured in a cylindrical phantom with a 200mm long pencil ionisation chamber
300mm long pencil ionisation chambers are now required (Phys Med Biol. 2009;54:3141-59.)
It is used to measure the amount of emitted radiation and compare the radiation output between different settings/protocols.
For same CTDI,, smaller patient will receive higher dose than larger patient
Used for DRLs and is good indicator benchmark for the optimisation of the acquisition protocols.

Also used for Quality Control Measurements done by Med Physicists and Authorities
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CT scanners

The dose is higher in the peripheries than in the centre of the phantom, to be more representative of the average absorbed dose, the weighted CTDI is
introduced:

CTDI,, =2/3 CTDlI,q, (periphery) + 1/3 CTDl,,, (center) [MGy]

C ’\j/? CTDl,, = CTDI,, / pitch [mGy]

Scan séquentiel

DLP (dose length product) = CTDIvol . scan length [mGy.cm]

CTDI and DLP must be displayed on consoles and mentioned in the DICOM image
BUT those values do not represent the actual dose administered to the patient
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CT scanners

From DLP to Effective dose

Conversion
bLP factors
[mSv mGy?! cm]
[mGy.cm]

DLP, x 0.0019
=CTDly, 1 X Ly
DLP, X 0.0146
=CTDlyg, 2 X L,
DLP,
=CTDlyy 3 X L3

x 0.0153

Vald

\

/

[mSv]

The calculation of the effective dose is not easy, as one
should get the equivalent dose to each irradiated organs
(not forgetting irradiation due to scattered radiation
outside the beam)

The calculation can be done with MC programs
CTDOSE
IMPACT-CT www.impactscan.org/
http://www.radiation-dose.com

E = DLP.eDLP [mSV/(mGy.cm)]
The effective dose factors are age dependent — ICRP 103

Exemple :

CTDIvol = 60 mGy for a head examination
— E=2mSv

CTDIvol = 20 mGy for an abdomen examination
— E=10 mSv
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Pathways to the effective dose for CT examinations

1.CTDI > DLP > E

2. Absorbed dose - Organ dose = ICRP weighting factors 2 E

dvald

\%

Table 1: Tissue weighting factors according to ICRP 103 (ICRP 2007)

Tissue Tissue weighting factor

wT

Bone-marrow (red), colon, lung, 0.12

stomach, breast, remaining tissues(*)

Gonads 0.08

Bladder, Oesophagus, Liver, Thyroid 0.04

Bone surface, Brain, Salivary glands, 0.01

Skin
Total

ZwT

0.72

0.08
0.16
0.04

1.00

(*) Remaining tissues: Adrenals, extrathoracic region, gall bladder, heart, kidneys,

lymphatic nodes, muscle, oral mucosa, pancreas, prostate (), small intestine, spleen,

thymus, uterus/cervix ()

* CIRS Phantoms

0.600

0.500

0.400

0300

Dose (mGy)

0.200

0.100

0.000

Organ dose measurements

* TLD-100 inserted in the slices

"
i o wpA
ll _______ I I I
I I
L ____ I
N B S N I-
[ h || [id
a @ ﬁﬁ \a, \\& @t {go & Q@ \\ @ {p bow:)b@ff iﬁ e‘% é»:;bg«

The effective dose

E=Y Wy -Hy =% W, S Wy Dy
T T R

[J/Kg]=[Sv]
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Nuclear medicine Annals of the ICRP

Annals of the ICRP

Basic physical quantity
Relevant quantity is absorbed dose

ICRP Publication 128

Radiation Dose to Patients from
i ium of
Current Information Related to Frequently
Used Substances

Absorbed dose to organs for patients in diagnostic examinations in nuclear
medicine is calculated based on models of the biokinetics of the
radiopharmaceutical

In practice, the basic quantity is the activity administered during a typical
examination (MBQ).

Directive OFSP :Niveaux de référence diagnostiques pour les examens de médecine nucléaire

Annexe 1
Tableau 1.1 Niveaux de référence di. i lors d’e de i léaire chez les
adultes
Examen MNucléide | Produit NRD (activite) CT Absorption/Locali- | Dose effec-
radiopharmaceutique sation tive Ey
NROD (75 percentile) due au pro-
duit radio-
pharma-
ceutique
pour 70 kg | parpoids | CTDI,., | DLP
[ [MBg] [MBa/kg) | ImGy] ImGy-em] | [mSv]
Systéme osseux Te-99m | DPD (Teceos), MDP {Lenoscint), | 700 100 10 (bassin} | 410 (bassin) | 4.0
HOP 5iCV) 180 ICV)
5 fextr) 160 fextr)
Thyraide 1123 lodure 10 4 180 2,2
13 lodure 3 72.0'
Te-99m | Pertechnétate 7 0,98
—O Te-39m | MIBI iCardiolite) 170 15
3 Parathyroide. 1123 lodure 20 4 160 24
c
2(0 Te-89m | MIBI iCardiolitel 550 50
>
o

\

/



Future needs or Nice-to-have

Foster rigour in publications, including the full description of correction factors on measured values and more details on uncertainties

Harmonise the terminology
Harmonise the units in interventional procedures

Characterisation of the ionising radiation

No special need at this stage for new quantities, but rather new tools for personalised dosimetry the patient’s is exposed to.

— individual’s exposure

’ v
— organs exposure c )
9 P S High current
o
<
S
—
o \
— A
2 N
Dose quantities in Sl units for external radiological protection €
>
= N\
4 N A Dot devee v o el and Energy of photons (keV)
+ Monitored quantities erodiated entay.
*  Instrument responses
Measured in practice by Dose equivaients coiculoted [
Pelopk Profvetba romente | suing

ing abzorbed dose and (L), + Kerma, K (gray)
phontoms (sphere o *  Absorbed dose, D groy) Caiculated using
anthropamorphic

slab). Volidoted by \

TR meosurements ond corcuiotions, spara o g s [N
colration. dose, then foctors W, and W 1/

for biological effect. (7

—_—
| Operational quantities c
—] Protection quantities

«  Ambient dose equivalent, H*(d)

* Directional dose equivalent, H(d, )| Comsorsonusing the mecsuedond *  Organ absorbed dose, D (groy)
« Personal dose equivalent, Hp(d) g + Organ equivalent dose, Hy (severt)
*  Effective dose, £ (severt)
Unit = sievert

These quantities ore meosurobl, and used for These quontites are not measurobie; they are

proctical evoluation of dose for reguation and cokculoted quantties used to compare ogainst

Gssessment. observed heoth effects, and 10 set kits for
exposure.
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Conclusions

Dosimetry is a way to evaluate/quantify the exposure and a useful (although not perfect)
Dosimetry is a powerful tool to optimise the exposure for the best clinical objectives

Basic quantities in medical x-ray imaging: air kerma and absorbed dose
However the path to other quantities used for risk management and/or comparison does have room for improvement

Further information on published dosimetry results would be appreciated as most articles do not provide information on measured values (calibration,
exact measurement conditions and corrections made on reported values).

10 Actions to Improve Radiation Protection
in Medicine in the Next Decade

Clear need to move forward towards personalised information and individual dosimetry

and a strategic research
agenda for radiation protection in medicine

Radiation quantities in medical imaging depends on what we’re interested in:
Explore the re-balancing of radiation research budgets in recognition of
the fact that an overwhelmi ge of human exp to man-

— Population’s exposure due to medical applications made sources is medical;

g P

. . . . Strengthen investigations in low-dose health effects and radiological
— Evaluation of the exposure due to a new Imaging modal ity risks from external and internal exposures, especially in children and
pregnant women, with an aim to reduce uncertainties in risk estimates
X - at low doses;
— Comparison of modalities/protocols
Study the occurrence of and mechanisms for individual differences in
d itivity and hyper-sensitivity to ionizing radiation, and their

— Individual exposure / individual risk assessment potential impact on the radiation protection system and practices;

(s

Explore the p
— Specific organ / tissue exposure fonizing radiation;
Advance research in specialized areas of radiation effects, such as

characterization of deterministic health effects, cardiovascular effects,
and post-accident treatment of overexposed individuals;

of identifying ical markers specific to

‘ “u' mw Jéd 5 Ticacis .
e fent dosimetry e e Y. SOUEES
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‘ Seminar of the Federal Commission on
Radiation Protection
A A glance at eurrentdosimetry topics

®  Radiation Ouantities in
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