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RPA The 2001 Malaga Conference, the International
Action Plan for the Radiological Protection of
Patients

A The relevant actions consi d
i 1) Education and training (including digital radiology, CT,
Interventional. new techniques in radiotherapy, etc)

I 2) Information exchange (including prevention of
accidents)

I 3) Assistance (including the role of medical physicists,
technologists, audit services, etc)

i 4) Guidance (including cooperation with the radiology
Industry)

I 5) Appraisal and other services (including development
of local diagnostic reference levels, infrastructure, QA etc)

I 6) Coordinated research activities.
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RPA Doses to patient : large increase of CT scan
exam
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Year 2007: Overview In France

Number of examinations (%) l§ Average effective dose per head of population(%)

1,6 0,6
[l Radiologie conventionnelle [0 Medecine nucleéaire
[ Radiologie dentaire ] Radiologie interventionnelle diagnostique

[l Scanographie
Institut de veille sanitaire. Exposition de la population frangaise aux rayonnements ionisants liée aux actes de dizgitadtenm
2007.

74.6 million examinations => 1.3 mSv/year/head of population

More than 59% of effective dose per head of the
French population was due to scans in 2007.
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Conventional radiology and CT scans
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Institut de veille sanitaire. Exposition de la population francaise aux
rayonnements ionisants liée aux actes de diagnostic médical en 2007.
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v Directive 97/43/Euratom
Article 4: optimisation

A Any dose received from medical exposure for
radiological purposes, with the exception of
radiotherapy procedures , is kept as low as
reasonably achievable for obtaining the required
diagnostic information, bearing in mind economic
and social factors.

A Member states advocate the development and use
of diagnostic reference levels for radio  -diagnhostic
examinations.
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M For ex, why optimise interventional
cardiology procedures?

A The purpose of optimising procedures is to
Improve the risk/benefit ratio

A ALARA: As Low As Reasonably Achievable

A No statutory limit on patient dose for medical
purposes

A Statutory limit for personnel, including
radi ol ogi st s é

Dose (patient) without benefit = Unwarranted dose
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R4 Position of the Radiation
Protection Professional

U Need to develop:

U Relationship with Physician and Health
Physicist

U Relationship with Patients

U Relationship with the regulators

U Involvement with other relevant
stakeholders
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THE PROCESS OF RADIATION
TREATMENT  (wiLLIAM HENDEE)

IMAGING IS
CENTRAL TO EACH
Diagnosis STEP IN THE Following/Evaluation
\ PROCESS /'
Prescription Delivery
Simulation /

Verification

\ Planning /

© WRH (Dec., 2012)



RPA The zero risk d 0 e s exi8tt, Process

must be fault tolerant t h a why £

[IResponsibilities must be Understood
[IResponsibilities must be Manageable
‘IEarly Warnings must be Available
IMust Learn from others Mistakes
[1Corrective Actions must Occur
JAudits must be Conducted

[1Peer Review must Happen

1Process should be Accredited
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IRPA
From the least effective to the most effective
( Willlam Hendee presentation in Bonn)

Forcing functions and Constraints
Interlocks

Automation and Computerization

Most Effective

Simplification & Standardization

Reminders and Checklists

Policies and Procedures
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Least Effective

Training and Education

Joel Goldwein, MD
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IRPA Towards the next decade.
What is still missing
In radiation protectionin  medicine T E Vano

AJustification of medical procedures . Also considering
theimpact of external factors as infrastructure,
existing protocols and trained professionals .

AOptimization of RP for new technology in medicine
New technology with not enough time to train operators
on aspects of radiation safety. Industry involvement.

A Management of patient and
approach .

AOccupational lens doses and extremity doses.
Interventionists and nuclear medicine operators.
ARadiation risk communication to patients
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IRPA Towards the next decade.
What is still missing
In radiation protection in  medicine T E Vano

A Tissue reactions . Especially during some complex
Interventional procedures. Training on that topic.
APatient exposure tracking in imaging, with special
attention to paediatrics .

AExpanding the use of Diagnostic Reference Levels
for optimization .

ARadiation risk assessment in Radiotherapy
Increasing complexity =>involves increasing
probability for errors.

ASufficient trained staff in RP  (medical, and
paramedical including medical physicists,
radiographers and nurses).
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Part 1. RP optimisation
In paediatric imaging
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ReA Specific features of paediatric imaging

Challenges (H Ducou le Pointe)

A Higher stochastic risk
I Children are more radiosensitive
I Longer life expectancy

A Estimation of effective doses
I Inappropriate W, weighting factors
I Inappropriate dose indexes
I Inappropriate computation coefficients and software programs

A More difficult acquisition of images
I Risk or patients moving
I Highly variable patient morphotypes
I No imaging equipment specifically designed for paediatric medicine

Justification and optimisation of procedures must remain a constant
priority in paediatric medicine.

RP optimisation in paediatric imaging



RPA Image gently
One size does not fit all
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RPA Conventional radiology for  paediatric imaging
Dose evaluation

A Dose index: Dose Area
Product (DAP)

Monitoring with ionisation chamber or by
calculation

I Results must be documented in a report
I Multiple manufacturers !
I Need for automated data gathering system

A Calculation of effective
dose or entry dose e | e oA

b aS e d O n D A P Thorax mmlf:ﬂn-anl?riaurll

Thorax (pesténe-antirisur ...

i No consensus on effective dose G
: fana ipostero-anterieur ou
calculation method antér&ppstéiieur:ld .............
i DAP conversion coefficients not suitable for g;"." U] .o —
. L. i [antéro-postérieur) ...
paedlatrlcs Pefvig {antéro-posténieur} . ...
ASP |postéro-antérieur ou antéro-
POSIETIBUT wors o e —
A Reference levels (D R |_) Aréts du 12 février 2004 relatif aux niveaux de ré(érence
diagnostiques en radiologie et en médecine nucléaire

I Specific reference levels for paediatrics
i Difficult to take 20 readings due to lack of
patients for certain examinations
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RPA conventional radiology for paediatric imaging
Choosing the right technique

A Comparative study between fluorography/film or
fluorography/amplifier
e.g. Bourliere i Najean, Ph. Devred
Survey of 293 children aged 0 to 15 years

Results: conventional/digital dose ratio > 2

A A comparative survey of digital acquisition methods also needs to be
perforn




IRPA Conventional radiology for paediatric
Imaging
Patient movement taking into account

A Challenges
I Risk of repeat x -rays
I Decrease in image quality
I Increase in required field of exposure

Solutions

T Restraint

I Reduced exposure time (high -performance generators needed)



" Conventional radiology for  paediatric imaging

Parameter adjustment

A Full automation is actually impossible
I Programming by age group or morphotypes
I Inappropriate cell sizes of automatic exposure
systems

A Adjustment of constants only by operators
A Education is essential __
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i CT Scan for children In US

1989: ~Yo million

2007: ~3% a 7 million!
(5to 10% du nombre total de scan)
(~ 1.5 millions for children <5 years )
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ReA CT scans

Dose evaluation and optimisation (H  Ducou le Pointe)

A Reference levels
A Still no statutory dose reference levels (DRL)

A Dose indexes: DLP and CTDI
I Automatic calculation by scanner
I DLP must be documented in report +++
I Normalised DLP not suited to child diameters

A Optimisation of child protocols per age group in France
++++

I  Scanner PHILIPS MX 8000 IDT 16 slices

nmit s Recommandations
H . 3% ] 1 B
Examen Protocoles d’acquisition 2007 Protocoles d’acquisition 2008 SFIPP/IIRSN 2008

haute charge : haute charge haute
Age tension  parcoupe piteh™*® Age tension  par coupe pitch** Age tension

(kV) {mAs) kV) {mAs) kV)
Qi Gy | = 2 ans an 0.9 B0 100
thorax standard 2-11 ans a0 G 5 ans

adolescent =11 ans [ 20 &0 1.4 10 ans 100120
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Part 2: RP optimisation for CT scans
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RA Optimisation for paediatric
Imaging

Image quality and radiation exposure: The right
mixture!

1-2-4-6-8-10-16-32-40-64-128-256-320..slices

3 Rotations per second _—

50-60-72-80-1001 2 0 e €

gives the omelette its taste
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A From a b e Ipréssntation in
Bonn

This is what you This Is what you
need! did!

i
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Bo nn conference, Dec 2012



IRPA CT scans

Computer -aided dose reduction methods

A Automatic current control system
A Available on all recent equipment
A Variable methods depending on manufacturers
A Expected 30% dose reduction
A Paediatrics: No blind trust! said H Ducou le Pointe

Possible dose increase

Systems to be assessed prior to routine use

Current control dependent on longitudinal axis
based on density of tissue seen on the topogram.

450

= tube current in mA

400 \ I
o — 4 15




IRPA A practical example of
engagement with stakeholders
(role of manufacturers)

A How to involve manufacturers, designers, and vendors
with compelling evidence showing that RP is a selling
point, thereby decreasing radiation dose received from X -

rays .
Adaptive Statistical Ilterative Reconstruction
A lterative reconstruction e.g. ASIR  system

A Gradual implementation
A 20% dose reduction in adults
A Need for paediatric -specific evaluation

1 mSv Cardio , Neuro,CoIonographie' & Thofax
2 mSv pour Abdomen / Pelvis

022 mSv




ReA Tomorrow is today
Just an example with a designer

A Veo: the rules of CT Imaging have changed .
Changes in image reconstruction (GE Commercial)

Ameélioration de la resolﬁ’n@n,,e
spatiale “

Tres basse dose

Introducing Veo”
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Goal : to perform a CT scan
<1lmSv announced GE
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Dose en routine
CT exams (EU)

Abdomen
29%

Pelvis
199, Brain/Head/
(1]
Crane Thorax Abdomen Pelvis Neck
28%

Il Dose effective moyenne (FBP)*

| (iBource: Collective Radiation from MDCT: Critical Review of Surveys Studies. G. Stamm, Phd, Diagnostic Radiologie; Mean Dose
values: Germany (2002), UK (2003), Austria (2000), Switzerland (1998).
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Optimize algorithm to run faster on
multi -core processors

example of a head scan in a child aged less than 2

IRPA

Scan protocol:

Veo™ — Crane pédiatrique (2 y) 80-120 mAs, 100 kY

Slice thickness: 0.625mm
Veo

Exam Descnpuiore CT HERSENEN ZONDER KON

DLP =171.82 mGy.cm
Equivalent dose = 1.4 mSv*

Dose Repont

Scan Range CTDIvol oLp Phantom

Series Type (mm) (mGy) (mGy-cm) oun

| Scout

2 Avial  $6.500-1131000 1227 171872
Total Exam DLP 171.82

HeadtT

* Obtained by EUR-16262 EN, using a pediatric head factor of 0.008*DLP
Images Courtesy of Pr de Mey and Dr Nieboer, UZ Brussel, Belgium
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RPA Maxillo-facial CT with Veo*
- child aged 9
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