ne

Questions spéciales de
radioprotection:
dosimétrie et CQ en
radiologie

RPR 3010

S. Vynckier
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Module 1:
Evaluation des doses au patient “=*

Chap. 1 : Les expositions medicales
Chap. 2 : Grandeurs utilisées en dosimétrie patient
Chap. 3 : Mesures et calcul des doses au patient
Chap. 4 : Evaluation des doses au patient

- Tomodensitométrie

- Lavement baryté

- Thorax

- Interventionnel

Module 2 :
Optimisation de la dose au patient

Chap. 1 : Niveaux de réference
Chap. 2 : Facteurs d 'optimisation
Chap. 3 : Optimisation de la dose et qualité de | 'image

Chap. 1 : L "assurance qualité

Chap. 2 : Aspect legal du controle de qualité
Chap. 3 : Contréle de qualité en mammographie
Chap. 4 : Criteres de qualité d 'image

Chap. 5 : Criteres d "acceptabilité des installations
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u
@ Foundation of regulation
on radiation protection

SOURCES AND EFFECTS
OF IONIZING RADIATION

« UNSCEAR ¥

— United Nations Scientific Committee
on the effects of Atomic Radiation

— Most important international institution :

 Overview and evolution of the exposure of the world
population to all sources of ionising radiation (nuclear
industry, medical exposure, natural sources, ...)

» Synthesis of scientific knowledge about the health

effects of ionising radiation (clinical effects, cancer
risk, hereditary effects, ...)

— 1988

» Health effects of exposure to ionising radiation >

« Source of information: epidemiologic study of the
Hiroshima and Nagasaki survivors
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@ Foundation of regulation
on radiation protection

Commission on
Radiological Protection

+ ICRP

— International Commission on Radiological
Protection

— Recommendations
« 1928 (workers and acute effects)
« 1977 (basic principals of radiation protection)

— Justification
— ALARA
— Individual dose limits

- 1991 (ICRP-60)

— Lowering of the dose limits
» 50 mSv/y to 20 mSv/y (workers)
» 5 mSv/y to 1 mSv/y (population)
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@ Foundation of regulation
on radiation protection

safety
seriés

* |IAEA

— International Atomic Energy Agency

— Scientific reports and conferences

(Tsjernobyl, biological effects of low
doses, ...)

— Publication (1996)

 International Basic Safety Standards for
protection against ionizing radiation and for the
safety of radiation sources

8

» Council Directive 96/29/Euratom laying down
basic safety standards for the protection of the
health of workers and the general public
against the dangers arising from ionizing
radiation



u
@ Foundation of regulation
on radiation protection

« EU

— Council Directive 96/29/Euratom
laying down basic safety standards

— Council Directive 97/43/Euratom

on health protection of individuals against the
dangers of

ionizing radiation in relation to medical exposure

— Binding: implementation in national legislation

» Royal Decree of July 2001
laying down the General
Regulation for the protection of
the public, workers and the

environment against the hazards
of ionizing radiation

— Minimal: national legislation can be more severe



u
@ Foundation of regulation
on radiation protection

 New developments:
— UNSCEAR 2006 + 2008
— ICRP 103

— Revised Basic Safety Standards
Directive (Council Directive 2013/59/
Euratom)

 Member States shall bring into force the
laws, regulations and administrative
provisions necessary to comply with the
new BSS Directive by 6/02/2018
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Natural Sources: cosmic radiation

Average in USA is 0.26 mSv (26 mrem) at sea level,
approximately doubling with every 2000-m increase in
altitude In Denver, for example, it is about 0.5 mSv At sea
level, about:

@ 63% mesons
@ 15% electrons
@ 21% neutrons

Average annual effective dose equivalent to a person in the
USA is 0.27 mSv

Average annual effective dose equivalent due to air travel is
about 0.1 mSv

RPR3010
S. Vynckier



Natural Sources: radionuclides in the body

@ Mainly K-40 and Po-210

@ Average annual individual effective dose equivalent
about 0.39 mSv

o K-40 about 0.18 mSv/year
e Po-210 about 0.14 mSv/year

Natural Sources: inhaled radionuclides

@ Mainly Rn-222
@ Average individual annual dose equivalent:

e to whole lung: 0.2 mSv
e to bronchial epithelium: 24 mSv

@ Average individual annual effective dose equivalent
about 2 mSv
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Radon levels

Radongebiad 0

Radongebied 1a

Radongebied 1b
[ Radongebied 2

RPR3010
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Y CREREYES

Legend (nGy/h)
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L Module 1 : Evaluation des doses patient
Chap. 1 : Expositions médicales
Sujet . Applications médicales

/— 0,05 \
Activités humaines
(énergie nucléaire, essais nucléaire
dans | 'atmospheére, Tchernobyl,

tubes cathodiques,
“ détecteurs de fumées par ionisation,

cadrans lumineux etc...)

0,95
applications

0,3
substances radioactives
dans le corps
0,4

sol et batiments

0,3
rayonnement
cosmique

Synthese mSv/an/habitant
RPR3010 Dose d ‘origine médicale : 0,95 (1/3)
S- Vynckier Radioactivité naturelle : 2,00 (2/3)




Human-made Sources: occupational
exposures

@ Average annual effective dose equivalent to radiation
workers about 2.2 mSv:

@ medicine: 1.5 mSv

e industry: 2.4 mSv

e nuclear fuel cycle: 6.0 mSv
@ government: 1.2 mSv

e other workers: 1.7 mSv

Human-made Sources: medical exposures

@ Average annual individual effective dose equivalent in
the USA is about 0.54 mSv

e diagnostic X rays: 0.39 mSv
e nuclear medicine: 0.14 mSv
e radiation therapy: probably <0.01 mSv



What's the challenge?

Medical installations in Belgium

Dental practice
Radiology practice
(private)

Medical lab
Veterinary practice
Hospital
Accelerator
Nuclear medicine
pea ¢ {Private)

576
9

550
10
954
155
39

9

7486 medical installations

0 0 0%

77%

L Dental practice H Radiology practice U Medical lab
# Veterinary practice # Hospital & Accelerator

& Nuclear medicine practice




What's the challenge?

Exposure of the Belgian population to ionizing radiation

Total average exposure
percaput: 5,7 mSv/
year

¥ Cosmic rays 0,3 mSv/year
® Natural IR on earth : 0,4
mSv/year

Internal exposure by
inhalation of natural

radionuclides: 1,8 mSv/year

Internal exposure by

mSv/year



What's the challenge?

Largest source of medical exposure: CT

Dose Number of procedures




International comparison

of the number of

radiological examinations

per 1000 inhabitants

(UNSCEAR 2008)
Japan 1862
Belgium 1445
Russian Fed. 1076
Germany 1055
Luxemburg 879
Spain 863
France /61
Norway 727
Sweden 566
Netherlands 537
UK 487
UNSCEAR 2008

Number of CT scanners

per 1M inhabitants

Japan (2002)
Australia (2004%)
United States (2004%)

Belgium (2004") | —— 1.6

Austria
Luxembourg
Italy
Portugal
Greece

|celand B1

Switzerland 182

Sweden (2006) 178
Germany 154
Finland 147
Median 147
Denmark 138
Spain 135

(zech Republic H 123

New Zealand (2004%) 11

(anada (2006*) 121

Slovakia N3

Ireland 107

France 98 |

Poland 79

United Kingdom 15

Turkey (2003 .

Hungary A
Netherlands 58
Mexico {34, |

NUMBER OF CTs PER MILLION POPULATION

ANC

FCN
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Radiological imaging

1985-1990, N° exams/1000 inhabitants, /y,
in health care level | countries (UNSCEAR

1993)

UK

Sweden
Netherlands
Spain
Norway
USA
Luxembourg

France

USSR/Russ.Fed.

W.-Germany

Japan

Belgium

480
520
530
570
640
800
810
990
990
1030
1160

1290



tL_ll Radiological imaging
C

Period 1997-2007, N° exams per 1000
inhabitants, /y

health care level | countries (UNSCEAR, Aug
2010)

UK 488
Netherlands 537
Sweden 566
Norway 727
France 762
Luxembourg 878
Germany 1055
Russian Federation 1076
Belgium 1445

Japan 862



fl

tu_|
“Top 20” exams in Eu, 2008
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t@l Age-gender dependance

E J Hall and D J Brenner

5000

4000

Figure 6. Estimated attributable
lifetime risk from a single small dose
of radiation as a function of age at
e S S SELA A B s e exposure [74]. Note the dramatic
decrease in radiosensitivity with

0 10 20 30 4 5 60 70 8 age. The higher risk for the younger

age groups is not expressed until

Age at exposure late in life.

Lifetime attributable cancer risk per
410°% individuals exposed to 10 mGy

Cancer risk from diagnostic radiology

Hall & Brenner, BJR 81, 2008




€
C Latency time
for radiation-induced cancers

Leukemia Solid tumors

Years after exposure
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First: understand the medical sector
—  Primary goal= to cure
— Personality profiles (MD vs engineer)
— Insurance claims, image

Collective increase of:
— Awareness of the risks
—  Safety culture (facilities)

—  ALARA culture for the patient (minimal dose for
the required goal)

Arsenal:
— Authorisations : facility, users
—  Recognitions : HPE, MPE and radiopharmacists

— Incident management

—  Regulation

—  Communication

— Research and development
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Module 1 : Evaluation des doses patient

Chap. 2 : Grandeurs utilisées en
dosimétrie patient

Sujet . Description schématique

Courant tube

A

Temps d 'exposition

Tension tube

/

Filtration

[\

/

\

«— PDS Produit dose surface

Kerma/Dose absorbée

dans | ‘air

D organe
|

— D D entrée

intensificateur image



Il

0

RPR3010
S. Vynckier

Absorption of X-rays

Photoelectric process

Absorption of X-rays
Compton process

Absorption of X-rays
Pair production

Annihilation
radlation
hv =10.511 MaV

@ Electron “Annihilation” of
O Annihilation radiation °‘°""°"p;"°°‘,, o
hv =0.511 MeV

©--
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QL_II Module 1 : Evaluation des doses patient 3 %

Chap. 2 : Grandeurs utilisées en ¥
dosimétrie patient

Sujet . Grandeurs physiques

KERMA (Photons)
(Kinetic Energy Released per Unit Mass)

dE
T
Kair = =

Interactions of photons

1m L 1 lIIIlI| 1 1 IIIII| L 1 IIIIII|
N
S5 80 e
el
g =
5 50 _Photo-EIef:trlc Effect Pair Production -
— dominant )
- dominant
o
< 40 r Compton Effect 7
B dominant
20 | -
0 L1l 1 Ll 1 Lol 1 1 11
102 10 10° 10° 102
Photon energy (MeV)
g m e m e e — e —

RPR30
S. Vynck



i Module 1 : Evaluation des doses patient
L Chap. 2 : Grandeurs utilisées en
dosimétrie patient
Sujet . Grandeurs physigues

0

Dose absorbée (Point volume dV)

kerma (symbol K)

Kinetic Energy Released per unit MAss

Broad description: energy transferred per unit mass

Unit: gray (6y) 16y=1Jkg!
Old unit: rad 16y =100 rad
Accurate description: JE
with: =

E,. = energy transferred

Prof. S. Vynckier, UCL, Brussels, RDTH 3120
73

Synthése : A | ‘équilibre, en radiodiagnostic

RPR3010
S. Vynckier

Kair = Dair
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Module 1 : Evaluation des doses patient

Chap. 2 : Grandeurs utilisées en
dosimétrie patient

Sujet . Grandeurs radioprotection

Dose équivalente

H - D - WR Facteur de pondration lié a la nature du rayonnement
unité : J . kg nom : Sievert (Sv)

Dose efficace

E =

1

. H .

| WT Facteur de pondration tissulaire

unité : J . kg nom : Sievert (Sv)

Dose collective

S=W, H P,

P. :nombre de membres

nom : Sievert. Homme

Dose regue par une population, définie comme le produit
du nombre d'individus par la dose moyenne équivalente ou
efficace regue par cette population.
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Valeurs de W,

photons X ety:1

électron : 1

proton : 5

neutron : de 5 a 20

rayonnement o : 20

Les rayonnements o. sont donc les plus dangereux pour les tissus.

Ainsi, les gonades (Wt = 0.20) et la moelle osseuse (Wt = 0.12) sont particulierement sensibles par
rapport a l'os et a la peau (W¢=0.01).

remarque: la somme des Wt de tous les organes sensibles est de 1.

DOSE ABSORBEE x Wr=DOSE EQUIVALENTE

La dose équivalente est donc la dose absorbée par le tissu en tenant compte de la nature du rayonnement.

DOSE EQUIVALENTE x Wt=DOSE EFFICACE

RPR3010
S. Vynckier
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Module 1 : Evaluation des doses patient

Chap. 2 : Grandeurs utilisées en
dosimétrie patient

Sujet . Grandeurs dose patient

Dose a la surface d ’entrée du patient

De =D air. FRD Facteur rétrodiffussion

unité : J . kg nom : gray (Gy)

Dose organe

unité : J . kg™ nom : gray (Gy)
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Chap. 2 : Grandeurs utilisées en
dosimétrie patient
Sujet . Grandeurs dose patient

tL_II Module 1 : Evaluation des doses patient

Produit dose surface (DAP)

PDS = WD, a)-dA

Nl

RPR3010
S. Vynckier



0

Chap. 2 : Grandeurs utilisées en
dosimétrie patient

Sujet . Grandeurs dosimétriques en
tomodensitomeérie

tL_II Module 1 : Evaluation des doses patient

CTDi.,:lj”‘“D dz
- all T - (2)

Dose relative

0.8

06

04 -

0.2 _

00 L

RPR3010
S. Vynckier



i Module 1 : Evaluation des doses patient
L Chap. 2 : Grandeurs utilis€ées en
dosimétrie patient
Sujet . Grandeurs dosimétriques en
tomodensitomeérie

0

o CTDI100 )

CTDl,g = 1/nT+/f D(z)dz
-50

» Weighted CTDI: cTDI,, = 1/3*CTDI,(center) + 2/3*CTDI, . (perifery)

1.5 1 /T e 13 M coOupe
' t 10 mm coupe
1 4

0.5 1

10 5 0 5 10 cm

LP =2 CTDi . T . N Dose length product

T : épaisseur de coupe
N : nombre de coupes

RPR3010
S. Vynckier



tl-_ll Module 1 : Evaluation des doses patient
Chap. 2 : Grandeurs utilisées en
dosimétrie patient

Sujet . Grandeurs dosimétriques en
mammographie

0

HVL Facteur g de conversion
(mm Al) (MGY/mGy)

0,30 0,177

0,35 0,202

0,40 0,223

RPR3010
S. Vynckier



tL_II Module 1 : Evaluation des doses patient

C Chap. 3 : Mesures et calcul des doses
au patient
Sujet : Dosimétres

thermoluminescents

100 [

CaF>:Mn

10 |

Relative TL response, normalised to 1 MeV photons

LiF:Mq,Ti
! Li-B
BeO
0,1
10 100 1000
P hoton energy (keV)
RPR3010 Synthese : Li,B,0;

S. Vynckier LiF TLD les plus utilises
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Module 1 : Evaluation des doses patient

Chap. 3 : Mesures et calcul des doses
au patient

Sujet . Calcul des doses

Parametres techniques fixés pour le calcul

% Type de générateur

% Tension appliquée au tube RX

% Filtration du faisceau

% Distance foyer-film (DFF)

% Distance foyer-peau (DFP)

% Nombre de mA.s

% Dimension du champ d 'irradiation

% Epaisseur du patient
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Module 1 : Evaluation des doses patient

Chap. 3 : Mesures et calcul des doses
au patient
Sujet . Calcul des doses
Dose-aira 1m
Valeurs calculées Dz
mGy . mAs” . m? (30 x 30 cm?)
Filtration (mm Al)
A 2.0 25 3
50 0,046 0,039 0,034
60 0,064 0,053 0,046
70 0,083 0,070 0,061
80 0,105 0,088 0,077
90 0,129 0,105 0,094
100 0,155 0,130 0,113
110 0,183 0,153 0,133
120 0,213 0,176 0,155
130 0,245 0,205 0,178
140 0,279 0,233 0,203
150 0,314 0,263 0,229
D,(20x20cm? = D, (30x30cm? x0,98

D, (10 x 10 cm?)

D, (30 x 30 cm?) x 0,92



tL_ﬂ Module 1 : Evaluation des doses patient

C Chap. 3 : Mesures et calcul des doses
au patient
Sujet . Calcul des doses
Dose entrée
1100 '2
De:DaiTEi .FRD.mAs
Distance foyer-entrée
Facteurs rétrodiffusion
U (kV) FRD
50 1,25
60 1,32
70 1,35
80 1,40
90 1,42
100 1,46
110 1,48
120 1,50
130 1,92
140 1,92

RPR3010
S. Vynckier
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Chap. 3 : Mesures et calcul des doses
au patient
Sujet . Calcul des doses

tL_ﬂ Module 1 : Evaluation des doses patient

Dose en profondeur z

2
—p (100 |
DZ_Da;_TZ; RTA.mAs

Distance foyer-prof.z «—

RTA  (Rapport tissue-air)
50 kV CDA 2,0 mm Al

10" 60 kV CDA 2,3 mm Al
80 kV CDA 3,0 mm Al
100 kV CDA 3.9 mm Al
‘ 120 kV CDA 5.4 mm Al
. - 140 kV CDA 6,5 mm Al
10° ~
kV 140
-1 4
10 120
50 100
80
60
10'2 T T T T T T T T T T
0 5 10 15 20 25
Profondeur (Cm)

R.TA. Pour différentes qualités de faisceau
(champ 30 cm x 30 cm - Filtration totale : 3 mm Al)

RPR3010
S. Vynckier
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Module 1 : Evaluation des doses patient | ¢
Chap. 4 : Evaluation des doses
Sujet : Doses en tomodensitométrie
Slice
CTDI CTDIW CTDIW
Scanner thickness | "7 7 | " | -
(MGy mAs™) |(mGy mAs )| (mGy mAs™)
(mm)
Toshiba Xvision EX 10 0.236 0.145 0.059
Philips Tomoscan AV 10 0.201 0.15 0.074
Siemens DRH 8 0.153 0.111 0.093
Siemens DRH 8 0.156 0.126 0.094
Siemens AR.Star 10 0.385 0.262 0.093
Siemens AR.Star 10 0.381 0.284 0.84
Hospital Head Abdomen Chest C. spine IAM
A 516 291 16.6 59.1 406
(51.6-51.6) |(29.1-29.1) |(15.8-19.7) |(49.5-69.3) |(36.9-46.3)
B 56.6 376 211 69.3 693
(56.6-56.6) |(32.4-38.1) |(16.6-37.7) |(69.3-69.3) |(69.3-69.3)
c 215 16.0 26.0 299 223
(20.7-21.6) |(14.8-22.2) |(4.2-31.5) |(17.8-35.3) |(14.2-25.2)
D 65.0 13.0 89 405 234
(65.0-65.0) |(11.8-23.6) |(8.9-8.9) (40.5-40.5) |(22.0-24.0)
E 50.8 85 11.6 12.2 289
(28.8-64.1) |(59-116) |(5.9-17.9) |(5.8-22.3) |[(13.7-44.3)
E 70.9 10.0
(55.2-78.8) |(7.3-13.3)
Third quartile 64 29 20 62 37
Reference dose 60 35 30
Référence : Radiation doses from CT in the

sultanate of oman
C. GODDARD
B.J.R. 1999
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L Module 2 : Optimisation de la dose
au patient

Chap. 1 : Niveaux de référence

Sujet . Niveaux de reference CEE

0

Niveaux de référence diagnostiques exprimés en dose a la surface d'entrée par radio

Dose a la surface d'entrée par radio (mGy)

Radiographie
RUY et Europe‘s’ Scandinavie'®
Rachis lombaire AP 10 6
Lat 30
ALS* 40
Abdomen AP 10
Bassin AP 10 5
Thorax PA 03 02
Lat 15 05
Crane AP 5
PA 5
Lat 3

* Articulation lombo-sacrée

Niveau de référence diagnostiques exprimés en produits dose-surface par examen

H 2
Examen Produit doses-surface par examen (Gycm?)
R-UY Scandinavie®
Rachis lombaire 15 10
Lavement baryté 60 50
Ingestion baryté 25 25
Urographie intraveineuse 40 20
Abdomen 8
Bassin 5 4

Niveaux de réeférence diagnostiques recommandés pour les examens de
tomodensitométrie @)

indice de doe|poT e [T dose-longueur par

Examen tomodensitométrie par examen (mGy cm)
tranche (mGy)
Téte (courant) 58 1050
Thorax (courant) 27 650
Abdomen (courant 33 70
Bassin (courant) 33 570

RPR3010
S. Vynckier
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Module 2 : Optimisation de la dose
au patient

Chap. 2 : Facteurs d 'optimisation

Sujet . Tension appliquée au tube RX
Tension (kV) 22 25 27 30
Dose cutanée (mGy) 30 20 16 10
Dose a mi-épaisseur (mGy) 1.8 14 1.28 1.05

The effect of kV variation. Typical curves for skin
exposure, testis and ovary doses, based on phantom
measurements with a field size 30 x 40 cm, a 4-value -ray

I I I I I I I I
40 50 60 70 80 90 100 110 120

Peak voltage (kVp)

Synthése :80 kV - 100 kV

réduction dose cutanée : 35 %
mi-épaisseur : 15 %

6.\IH|\I’E ns’h@

S

g 100 (-0 generator, total filtration of 1 mm Al-equivalent, gonads
X in the primary beam and a constant exist exposure.
- 10 Based on data from Z. M. Beekman (50)
©
g 80 20
g Ovary dose
S 30
g
9 60 40
(o}
©
= 50
g
2 40 160
2
& 70
@ 2
= Testis dose
& 20 |80 —
&)
| 90 Skin exposure




Il

0

RPR3010
S. Vynckier

Module 2 : Optimisation de |la dose
au patient

Chap. 2 : Facteurs d 'optimisation

Sujet . Filtration du faisceau X

108 Ovary dose

110
80 |20
Testis dose
130
60 40
= Skin exposure
40 |60
| 70

20 (80

Relative exposure or dose (% of value for 1 mm Al

1-90

| T | T T
0 1 2 3 4 5

Total filtration (mm Al eq)

The effect of filiration on patients dose. Typical curves for skin
exposure, testis and ovary doses, based on man-sized phantom
measurements with a abdominal field size 30 x 40 cm, a 4-value
generator, 80 kVp, gonads in the primary beam and a constant
exist exposure. Based on data from Z. M. Beekman (50)

Synthése :80 kV : 2,5 mm Al 2 3 mm Al
réduction dose cutanée 10 %

6.\IH|\I’E ns’h@

e




0

tL_II

RPR3010
S. Vynckier

Module 2 : Optimisation de |la dose
au patient

Chap. 2 : Facteurs d 'optimisation

Sujet . Taille du champ, DFP,
matériaux

Distance focus-peau

25 75 DFP 175 (cm)

Synthése :80kV : 110 cm = 80 cm
augmentation de la dose
cutanée de 35 %




QL_II Module 2 : Optimisation de la dose

C au patient
Chap. 2 : Facteurs d 'optimisation
Sujet . Facteurs d 'optimisation en

tomodensitométrie

1. Facteurs « Machine »

- Génération et type de scan
- Géométrie du faisceau

- Détecteurs

- Qualité du rayonnement

2. Facteurs « Opérateur »

- kV: mAs

- Angle de rotation
overscan - halfscan

- Epaisseur de coupe

- Espace intercoupe

- Nombre de coupes

- Taille pixel

RPR3010
S. Vynckier



tL_II

0

Module 3

RPR3010
S. Vynckier



L Module 3 : Contréle de qualité
Chap. 1 :L’assurance qualité

Sujet . Rapport qualité/dose

0

Qualité

Dose acceptable Dose trop élevée

Isante "ot Qualité suffisante %

&0 = &
é__

Qualité insuffisante /ﬂ ualité insuffisante
Dose acceptable ¢ Dose trop élevée

RPR3010
S. Vynckier



QL_H Module 3 : Contréle de qualité

C Chap. 2 :Aspect légal
Sujet  :A.R. 02 octobre 1997 R
Article 51.1. Appareils
51.1.1. Marquage CEE
Article 51.3. Assistance d 'experts agrees
en radiophysique
51.3.1. - dosimétrie appareillage
- dosimétrie patient
- cahier de charge
- protocoles CQ
- optimisation doses patient
- CQ appareillage
Article 53.  Ultilisateurs

RPR3010
S. Vynckier

docteur médecine, vétérinaire, LSD
autorises par | 'Agence
attestation compétence

(45 heures théorie)

(30 heures pratique)
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RADIOTHERAPY

Regulatory aspects

1. International context
2. Belgian legislation

3. Incidents/accidents
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SOURCES AND EFFECTS

OF IONIZING RADIATIO e
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United Nations Scientific Committee on the Effects of Atomic Radiation
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Safety
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International Atomic
Energy Agency (IAEA)

“LESSONS LEARNED
FROM ACCIDENTAL
EXPOSURES IN
RADIOTHERAPY”

Report No. 17
Vienna, 2000

Comprehensive Audits of
Radiotherapy Practices:
A Tool for Quality Improvement

Quality Assurance Team for Radiation Oncology (QUATRO)

International Atomic
Energy Agency (IAEA)

Audits: QUATRO

Quality Assurance team
for Radiation Oncology

Vienna, 2007
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= Belgian legislation

Directive 93/42/EEC
‘Medical devices’

*Directive 96/29/Euratom:
*‘Basic safety standards’

*Directive 97/43/Euratom
‘Medical exposures’

=Royal Decree 20/07/01

+ modifications
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Informations complémentaires

Arréteé royal du 20 juillet 2001 portant reglement
général de la protection de la population, des
travailleurs et de I'environnement contre le danger
des rayonnements ionisants

<«

Réglementation connexe

<«

Exemples

Vu la loi du 8 aodit 1980 relative aux propositions budgétaires 1979-1980, notamment larticle 179,
§ 2, modifiée par la loi du 11 janvier 1991 et la loi du 12 décembre 1997;

Vu la loi du 15 avri 1994 relative 3 la protection de la population et de l'environnement contre les
dangers résultant des rayonnements ionisants et relative a [Agence fédérale de contréle nucléaire,
modifiée par larrété royal du 7 aoiit 1995 et par les lois des 12 décembre 1997, 15 janvier 1999,
3 mai 1999 et 10 février 2000;

Vu larrété royal du 28 février 1963 portant réglement général de la protection de la population et
des travaileurs contre le danger des radiations ionisantes, modifié par les arrétés royaux du 17 mai
1966, 22 mai 1967, 23 décembre 1970, 23 mai 1972, 24 mai 1977, 12 mars 1984, 21 aoit 1985,
16 janvier 1987, 11 février 1987, 12 février 1991, 6 septembre 1991, 17 juin 1992, 7 septembre
1993, 23 décembre 1993, 2 octobre 1997 et 3 mai 1999;

Vu [arrété ministériel du 20 mai 1965 déterminant en exécution de [article 47, alinéa 2, de larrété
royal du 28 février 1963 portant réglement général de la protection de la population et des
travaileurs contre le danger des radiations ionisantes, la composition et les régles de
fonctionnement de la Commission d'agréation des pharmaciens ainsi que les critéres de
compétence, modifié par [arrété ministériel du 17 juilet 1987;

Vu la directive 85/337/CEE du Conseil des Communautés européennes du 27 juin 1985 concernant
[évaluation des incidences de certains projets publics et privés sur lenvironnement, modifiée par la
drective 97/11/CE du Conseil du 3 mars 1997;

Vu la directive 89/618/Euratom du Conseil des Communautés européennes du 27 novembre 1989
concernant linformation de la population sur les mesures de protection sanitaire applicable et sur le
comportement a adopter en cas d'urgence radiologique;

Vu la directive 90/641/Euratom du Conseil des Communautés européennes du 4 décembre 199 Réseaux sans fil détectés X
concernant la protection opérationnelle des travaileurs extérieurs exposés & un risque des @

Cliquez pour vous connecter & un réseau sans fil.

Derniére modification 18-01-2012

« Info  « Disclaimer &«
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= Licensing for
installations
RD art. 3-18

1. Classification as fion

(risk)

!

i

Class I Class 11 Class III Class IV



Apparatus, “medical device”

> Directive 93/42/EEC, CE-mark

> Competence of Federal Agency for
Pharmaceutical products (FAGG-
AFMPS)

> Safety/security sufficiently guaranteed?
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L People at work
in radiotherapy

0

» Radiotherapist as licensed “user”

* Physicist as “Qualified expert in
radiation physics”, or MPE

» Nursing staff, technologists as
“Helpers” (“Auxiliaires”)



E
C Licensed “user”

> MD, radiotherapist (or NM for
metabolic th)

» Specific education & training in RPR
of

> At least 200h for radiotherapy

> advice of “medical jury” with regard
to the fulfilment of this requirement

> Continuous education required

> License for 10y max, rather general to
very restrictive (institutions,
applications...)

> Recognition as specialist in radiotherapy
does not imply you are automatically
licensed as user (yet)



MPE, QE in
medical radiation physics

* Certification :  conditioned by
diploma + education & training 600h,
apprenticeship (1y at least) positive
advice “medical jury”

* Fields of competence: RT, NM, RL

* WWhat”? RPR patient :

dosimetry, calibration, QC,
protocols, projects for
optimization...



“Helper”
“Auxiliaire”

> Acts under responsibility,
surveillance and instructions of
licensed “user”

> Mandatory education and training
In both applied techniques and
RPR

» RPR at least 60h for RT

> Continuous education required
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Incidents and accidents

» prevention by QA: QC,
procedures, audits...: a legal (and
deontological) obligation

» incident recording and reporting

»mandatory: e.g. source loss,
serious equipment failure

»voluntary



Mad River Community
Hospital California 2009

Jacoby Roth, 23 months of age, several
hours after receiving 151 CT scans in
a 68-minute period.

Photo courtesy of Roth family attorney Don Stockett.

A 23-month old boy received a radiation overexposed during multiple CT scans at
Mad River Community Hospital. The boy was brought to the hospital ER for a
possible neck injury. The CT technologist made a total of 151 CT scans of the
boy's face and neck area over a period of 65 minutes, until the boy's father
objected to the process. The technologist stated she thought the machine was
broken and pushed the scan button four times in order to register a complete
image. A second technologist made 25 successful CT scan images about 90
minutes later in a one minute period. The second technician was "horrified"
when she saw the records of the earlier scans and reported the imaging
department manager. The boy developed radiation burns on the cheeks and
around the head and neck in a plane from under the eyes through the ears and
neck. A subsequent investigation concluded that the first technician had to have
pushed the scan button 151 times, and estimated the boy received a localized
dose of 280 rad or up to 1100 rad "using a factor of four for paediatric size and
makeup," also estimating an additional lifetime risk of fatal cancer of 39%.
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Accidents In
Radiotherapy

RPR3010
S. Vynckier
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Case 1: Use of an incorrect
decay curve for ¢9Co (USA,
1974-76)

Initial calibration of a $°Co beam was correct,
but ..

A decay curve for ®°Co was drawn: by mistake,
the linear Y-axis did not correspond to the
original log Y-axis, so straight line extrapolation
resulted in ever-more incorrect output values;
and (2) the linear X-axis did not correspond to
the original calendar axis, so extrapolation led
to incorrect date values.

Treatment times based on it were longer than
appropriate, thus leading to overdoses, which
increased with time reaching up to 50% when
the error was discovered

Semilog Plotof Outpst ~ Linaw Plot

* There were no beam
0 | measurements in 22
months and a total of
426 patients affected

« Of the 183 patients who
survived one year 34%

Date (Arbitrary)

Jni2 nw .\.l-.;!“"’ :;‘l“ — Mo "" Jof “ had Seve re

complications



Ltél Case 2: Incorrect accelerator
repair & communication problems
(Spain, 1990)

* Accelerator fault followed by an

attempt to repair it
Electrans lost the path

134V  Electron beam was restored but
electron energy was misadjusted

No electron heam 1OV

pusble accpt o  Accelerator delivered 36 MeV
marimum eery) 7 e electrons, regardless of energy
selected

Cufrec’t path: only possible
with maximum energy (MeV)

« The design of this accelerator meant that a
homogenous field was achieved through scanning
of the electron beam, where the current of the
scanning magnet had to match the selected
electron energy. As the electron energy was at the
maximum, the deflection in the scanning magnets
was too small and the field thus became
concentrated in the centre.

« Treatments resumed without notifying
physicists for beam checks



tél Cont'd: nr 2 : Incorrect accelerator
repair & communication problems
(Spain, 1990)

« There was a discrepancy between energy
displayed and energy selected, which was
attributed to a faulty indicator, instead of
investigating the reason for the discrepancy

« Atotal of 27 patients were affected with
massive overdoses and by distorted dose
distribution due to wrong electron energy

« Atleast 15 of these patients died from the

accidental overexposure and two more died
with overexposure as major contributor



U
t@l Case 3: Untested change of
procedure for data entry into
TPS (Panama, 2000)

J —

%mpuﬁer accepts input
and calculates wrong

6 treatment time by about

(for 5% transmission
facmr of the blocks)

o

A TPS allowed entry of four shielding blocks for
Isodose calculations, one block at a time

* Need for five shielding blocks led to deviation from
standard procedure for block data entry: several
blocks were entered in one step

» |nstructions for users had some ambiguity with respect
to shielding block data entry

 TPS computer calculated treatment time, which was
double the normal one (leading to 100% overdose)




U
@ Cont'd nr 3: Untested change of
procedure for data entry into
TPS (Panama, 2000)

 There was no written procedure for
the use of TPS, and therefore, a
change of procedure was neither
written nor tested for validity

« Computer output was not checked for
treatment time with manual
calculations

* The error affected 28 patients;

* One year after the event, at least five
had died from the overexposure
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Incorrect IMRT
planning (USA)
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= March 2005, USA

O A patient is due to be treated with
IMRT for head and neck cancer
(oropharynx)

Nasophanynx
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What happened?

March 4 — 7, 2005

O An IMRT plan is prepared: “1 Oropharyn”. A
verification plan is created in the TPS and
measurements by Portal Dosimetry (with
EPID) confirms correctness.

Example of an EPID (Electronic Portal Imaging Device)
(Picture: P.Munro)
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March 8, 2005

0 The patient begins treatment with
the plan “1 Oropharyn”. This
treatment is delivered correctly.

“Model view” of treatment plan (Picture: VMS)
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March 9-11, 2005

O Fractions #2, 3 and 4 are also delivered
correctly. Verification images for the kV
imaging system are created and added to
the plan, now called “1A Oropharyn™.

“Model view” of treatment plan (Picture: VMS)
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March 11, 2005

O The physician reviews the case and wants a
modified dose distribution (reducing dose to
teeth) “1A Oropharyn” is copied and saved to

the DB as “1B Oropharyn™

“Model view” of treatment plan (Picture: VMS)
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tu_|
March 14, 2005

O Re-optimization work (new constraints) on
“1B Oropharyn” starts on workstation 2
(WS2).

O Fractionation is changed. Existing fluences
are deleted and re-optimized. New optimal
fluences are saved to DB.

Optimal and Actual Fluences ?



€
C = March 14, 2005

O Final calculations are started, where
MLC motion control points for IMRT
are generated. Normal completion.
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March 14, 2005, 11 a.m.

d

d

O 0O 0O O

“Save all” is started. All new and modified
data should be saved to the DB.

In this process, data is sent to a holding
area on the server, and not saved
permanently until ALL data elements have
been received.

In this case, data to be saved included:
(1) actual fluence data,

(2) a DRR

(3) the MLC control points
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= March 14, 2005, 11 a.m.

m The actual fluence data is saved

normally.

O Next in line is the DRR. The “Save all”
process continues with this, but is not
completed.

O Saving of MLC control point data would be
after the DRR, but will not start because of
the above.

O An error message is displayed

o)  Please nate the folowing messages and inform your System Administrator:
Failed to access volume cache file <C\Program Files|VarianiRY7 1\ CachelS04 MImageDRR »,

Possible reasons are;
- Directory nat existing or write-protected
- Disk Ful

Do you want to save your changes before application abarts?

S

Operator choice : &5, New saving of the data

MLC control points data moved to holding area
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S
O The DRRis, however, still locked into the
faulty first attempt to save.

O This means the second save won’t be able
to complete.

QO The software would have appeared to be
frozen.

Please wart while the objects are being saved

LA S SRR R S T RIS

FROOZEN

ICtrl—Alt—Del

The DB performs a « roll-back » to return the data
in the holding area to its last knows valid state.
The treatment plan now contains :
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0 Within 12 s, another workstation,
WS1, is used to open the patients
plan.

00 Valid fluences were already
saved. Calculation of dose
distribution is now done by the
planner and saved.

0 MLC control point data is not

required for calculation of dose
distribution.

00 No control point included in the
plan
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O No verification plan is generated or used
for checking purposes, prior to treatment
(should be done according to clinics QA
program)

O The plan is subsequently prepared for
treatment (treatment scheduling, image
scheduling, etc) — after several computer
crashes.

Q Itis also approved by a physician

O According to QA program, a second
physicist should then have reviewed the
plan, including an overview of the
irradiated area outline, and the MLC
shape used.
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Discovery of accident

March 15-16, 2005

O The patient is treated without MLCs for
three fractions

0 On March 16, a verification plan is
created and run on the treatment
machine. The operator notices the
absence of MLCs.

O A second verification plan is created and
run with the same result.

O The patient plan is loaded and run, with
the same resuilt.

Impact of accident

The patient received 13 Gy per
fraction for three fractions, i.e.
39 Gy in 3 fractions
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Lessons to learn

1. Include in the Quality Assurance program
* In-vivo dosimetry
 Provide independent check of exposure

times/MU

2. Develop procedures for indicating clearly
software that is commissioned for clinical
use, and software that has been removed
from clinical service

3. There should be procedures to perform
complete commissioning of treatment
planning equipment before first use

4. There should be formal procedures for
calibrating a treatment unit on a regular
schedule

5. Formal procedures for reporting incidents,
returning medical equipment after
maintenance or when the repair might have
affected beam parameters

6. Ensure that staff is properly trained in the
operation of the equipment and understands
the operating procedures
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Chap. 5 : Criteres d 'acceptabilité des
installations de radidologie

tL_ll Module 3 : Contrdle de qualité

Sujet

Commission européenne

Radioprotection 91

Criteres d ’acceptabilité
des installations
de radiologie
(y compris de radiothérapie)
et de meédecine nucléaire

1997

Direction générale

« Environnement, sécurité nucléaire et protection civile »
RPR3010

S. Vynckie



