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1. Reasons for extra attention 

From the proposal of Belgian implementation of the directive
2013/59/EURATOM (basic safety standards - BSS
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Art 22 (info prior to the exam)

§2. Voor wat betreft 
radiotherapeutische toepassingen 
en interventionele radiologie en 
voor wat betreft CT-onderzoeken 
en nucleair geneeskundige 
onderzoeken bij kinderen, dient 
deze informatie bovendien 
schriftelijk aan de patiënt of zijn 
wettelijke voogd te worden 
overgemaakt.

§2. En ce qui concerne les 
applications radiothérapeutiques
et la radiologie interventionnelle, 
et en ce qui concerne les examens 
de tomodensitométrie et les 
examens de médecine nucléaire 
effectués sur des enfants, ces 
informations doivent en outre être 
remises par écrit au patient ou à 
son tuteur légal2. 
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Art 36 (equipment)

Geschikte medisch-radiologische 
uitrustingen en praktische 
technieken moeten worden 
gebruikt voor de medische 
blootstellingen: 

a) van kinderen; 

b) van zwangere vrouwen; 

Des équipements radiologiques 
médicaux et des techniques 
pratiques appropriés doivent être 
utilisés pour les expositions 
médicales : 

a) d’enfants ; 

b) de femmes enceintes ; 
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ART 51.2, 56.2, 58.2, 60.2, 61.2, 70.2

De opleiding besteedt een 
bijzondere aandacht aan de 
medische blootstelling van 
kinderen en zwangere vrouwen, 

La formation accorde une 
attention particulière aux 
expositions médicales concernant 
les enfants et les femmes 
enceintes, 
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ART 75.b (practical training of the MPE)

Deze opleiding omvat bovendien 
een klinische stage van minstens 
één jaar voor radiotherapie en van 
minstens zes maanden voor 
radiologie of nucleaire 
geneeskunde en besteedt 
bijzondere aandacht aan de 
medische blootstelling van 
kinderen, 

Cette formation inclut en outre un 
stage clinique d'un an au moins 
pour la radiothérapie et de six 
mois au moins pour la radiologie 
ou la médecine nucléaire et 
accorde une attention particulière 
aux expositions médicales 
concernant des enfants, 
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Art 23 limits

§2. Geen enkele persoon onder de 18 
jaar mag in dit kader worden 
blootgesteld boven de dosislimiet voor 
het publiek. 

§3. De bescherming van het ongeboren 
kind mag niet minder zijn dan deze van 
personen van het publiek. Hieruit volgt 
dat voor zwangere vrouwen, de 
blootstelling zo laag als redelijkerwijze 
mogelijk moet worden en in elk geval 
lager moet zijn dan 1 millisievert 
gedurende de totale duur van de 
zwangerschap. 

§2. Aucune personne de moins de 18 
ans ne peut, dans ce contexte, être 
soumise à une exposition supérieure à 
la limite de dose pour le public. 

§3. La protection de l'enfant à naître ne 
peut être inférieure à celle offerte aux 
membres du public. Il en résulte, pour 
les femmes enceintes, que l’exposition 
doit être la plus faible que 
raisonnablement possible et, en tous 
cas, inférieure à 1 millisievert pendant 
toute la durée de la grossesse. 
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Art 28 Information, precaution

De noodzakelijke maatregelen worden 
getroffen, bijvoorbeeld door het 
uithangen van een zichtbare 
waarschuwing bij het onthaal van de 
patiënten, in de wachtzalen en in 
kleedhokjes, om vrouwen die een 
medische blootstelling moeten 
ondergaan, bewust te maken van het 
belang van het inlichten van de 
verwijzend persoon en de practicus 
over het bestaan of over de 
mogelijkheid van een zwangerschap of 
het geven van borstvoeding. Bijzondere 
aandacht dient besteed te worden aan 
de begrijpbaarheid van de informatie. 

Les mesures nécessaires sont prises, 
par exemple par l'affichage de mises 
en garde à l’accueil des patients, 
dans les salles d'attente et dans les 
cabines de déshabillage, pour attirer 
l'attention des femmes devant être 
soumises à une exposition 
médicales, sur la nécessité 
d'informer la personne référente et 
le praticien de l'existence ou de la 
possibilité d'une grossesse ou d'un 
allaitement. Une attention 
particulière doit être accordée à la 
compréhensibilité de l’information. 
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Art 49 Accidental exposure

Bij een accidentele of onbedoelde 
blootstelling dient, waar aangewezen 
en zeker indien het een kind of een 
zwangere vrouw betreft, een 
berekening van de ontvangen dosis 
voor respectievelijk de persoon, het 
kind of het ongeboren kind te worden 
uitgevoerd. 

En cas d’exposition accidentelle 
ou non intentionnelle, dans les 
cas appropriés et certainement 
lorsqu’il s’agit d’un enfant ou 
d’une femme enceinte, la dose 
reçue respectivement par la 
personne, l’enfant ou l’enfant à 
naître doit être calculée. 
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Reasons for extra attention

All this, and of course: 
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2. Doses, from adult to children
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Dose at
the detector

(EI)

Organ doses /
effective dose

Exposure  (kV, mAs)
Dose – area - product

‘DAP’
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Dose area product or DAP 
measures incident dose * area ;

is measured at the tube (as this gives the same value as at patient entrance);

unit  cGy.cm2 or µGy.m2 or … 
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Exposure indicator (EI) or Dose at the detector

• Very interesting: they determine the quality

• Can/Should (?) be independent of patient size

• Can be (dose) monitored if correctly present in DICOM header
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A first reference for EI

2.4
µGy

(re-submitted for publication in Europ Rad by M. Smet)
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CT dosimetry via CTDI
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CT dosimetry via CTDI

𝐶𝑇𝐷𝐼𝑣𝑜𝑙 =
1

3
𝐷𝑜𝑠𝑒𝑐𝑒𝑛𝑡𝑟𝑎𝑙 +

2

3
𝐷𝑜𝑠𝑒𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑦
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Doses, from adult to children

The lucky factor (for x-rays & CT) : incident radiation in children is lower

(deterministic effects of radiation are very rare)
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Doses, from adult to children

The ‘dangerous’ factor : 

(1) doses are only low if pre-programmed settings are adjusted
towards children; make sure you have pediatric protocols pre-
programmed

(2) dose display can be misleading
DAP should be very low in children, as both incident dose and area go down; 

reference values from adults don’t work

CTDIvol keeps on telling what the absorbed dose would be
in a cylinder with diameter 32cm (abdomen) or 16cm (head); children can be
very different from these test objects
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Doses, from adult to children

The ‘dangerous’ factor in CT: a CT scan with identical CTDI produces
different absorbed doses in children than in adults
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Doses, from adult to children

Consider the case of abdominal CT.

If your patient is like a 32cm phantom, then his absorbed dose will be
similar to the CTDIvol. Ex: 18mGy

If your patient is more like a 10cm

phantom, the absorbed dose
for the same CTDIvol is 47mGy.
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Size Specific Dose Estimate (SSDE)

Concept: 

(1) Define which plexiglass cylinder attenuates the x-rays like your patient

(2) Calculate how much more or less the measured CTDIvol would be in this
theoretical cylinder -> correction factor

(3) SSDE = correction factor * CTDIvol

The SSDE corresponds to the dose that would be absorbed if you replaced
the big CTDI phantom by a cylinder like your patient.

After the scan, a scanner or a dose monitoring program could calculate the
SSDE. This value would be close to the absorbed dose in the patient
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3. Risks



UZ Leuven

Risks

Risk = risk factor * dose

Different possibilities:

• Risk = risk factor1 * effective dose
• 5/100 000 / mSv

• Risk = risk factor2 * organ doses

• Risk = (organ specific) life attributable risk * organ doses



UZ Leuven

Effective dose
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LAR incidence tables of BEIR VII report
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LAR mortality tables of BEIR VII report
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Trend line for every cancer

Age at exposure
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User input
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Example for a dental CBCT exam in 5y old

/100.000
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Life Attributable Risk (LAR)

• Ultimate solution

• Corrects for age and gender

• Requires also detailed input on organ doses (not trivial)
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Risks and doses, from adult to children

(1) Organ dose calculation
Should be specific for children; 

Requires specific software tools or test objects (‘specialisation’)

CT: Would benefit from SSDE display

(1) Risk factors
The ‘normal’ effective dose uses risk factors that are an average over the

whole population (including children, but largely overwhelmed by adults)

Go for LAR ?   (for which the tools are not largely available) 
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4. Dose monitoring in pediatric radiology

Rationale:

• a proper system for adults does not guarantee that pediatric doses 
are ALARA

• the legislator is asking for specific attention 

• there is less experience with what is good practice, yet most radiology
practices welcome children

• probably it is logical to make it a priority 
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Dose monitoring in pediatric radiology

The challenges:

• (most) pediatric exams are less frequent than adult exams

• in terms of dosimetry, there are large differences between children
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Dose monitoring in pediatric radiology

Solutions:

• (most) pediatric exams are less frequent 
use all data, via efficient dose data collection

multicenter/national/European surveys & data pooling

calculate multicenter/national/European diagnostic dose reference levels 
(DRLs) with feedback

• in terms of dosimetry, there are large differences between children
diagnostic dose reference curves, rather than 1 value

Weight or age groups



UZ Leuven

Dose monitoring in pediatric radiology

Example of a curve

(courtesy to the team 

In STUK, Finland)



UZ Leuven

Local dose monitoring in pediatric imaging
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Multi center dose monitoring in neonatalogy

J Dabin et al, Radiation dose to premature new-borns in the Belgian
noenatal intensive care units. RPD, (2014), Vol. 158, No. 1, pp. 28–35
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National dose monitoring & national DRLs

See: website of the FANC
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European dose monitoring in pediatric radiology

Example of weight and age groups, with age group being much more 
practical for dose monitoring
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• PiDRL FP7 European Commission supported project

• Extensive literature survey of existing pediatric dose data & finding gaps

European dose monitoring in pediatric radiology
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European dose monitoring in pediatric radiology
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Daily compliance monitoring
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5. Practical hints to limit the doses
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Limit the irradiated volume to the volume of interest
• Active collimation

• Not too much magnification
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Put the detector as close as possible to the
patient
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The use of lead
Only useful in primary beam (‘green’), otherwise nonesense (‘red’)

Be careful not to cover the
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• Justification first
• Limit irradiated volume
• Use preprogrammed programs for children

• Specific dose levels at the detector

• (Just guessing the mAs is no guarantee for optimal exposure)
• Avoid retakes: train the personnel
• ‘Immobilize’ the children
• No scopy for positioning
• pulsed fluoroscopy & last image holde

Hints
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• Justification first
• Limit irradiated volume, limit scan length
• Use preprogrammed programs for children

• ‘Specific dose levels at the detector’
• Tube current modulation (to be verified first)

• (Just guessing the mAs is no guarantee for optimal exposure)
• Avoid retakes: train the personnel
• ‘Immobilize’ the children or scan fast enough

Hints on CT scanning, copied from RX
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Hints on CT scanning

• Make sure your (pediatric) patient is well centered, especially if tube 
current modulaiton is activited
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The child seems like a giant
OK

Huid dosis

Hints on CT scanning

• On some scanners, the size of the scout view determines the tube 
current settings.. Your child is better not a giant !
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The use of lead in CT
We had (with x-rays): lead sheets are only useful in the primary beam …

But CT is today also usually used with its

(You call this ‘tube current modulation’ and automatic exposure level)

With lead in the primary beam, you will always hit the

Lead in the beam will create atefacts…

Don’t do !
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More hints for CT scanning

• Use pre-programmed settings
• Check quality level; involve your

• Compare with FANC’s DRLs

• Lower kV (with lower concentration of contrast agents)

• Scan correctly, and only once

• Use iterative reconstruction (after validation)
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6. Imaging during pregnancy
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Imaging during pregnancy

• Can be planned, for mother or foetus
• No dose limits: justification required

• Can be accidental
• Doses should be lower than 1mSv/y, as for the public

• If not: 
• estimate the doses; 

• inform the FANC of your case
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• 0 - 14 days after

conception; at doses 
below 100mGy: infrequent

• Week 3 – 8: threshold of 
100mGy for malformations

• Week 8 – 25: IQ can be
lower above 100mGy;
> 1Gy: mental retardation

Copied from ICRP 2007 & NCRP 168

Dose threshold for the foetus
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Dosimetry of the foetus: required info

1. Which x-ray technique?
• CT

• Interventional RX

• Projection imaging

• Dental, bone densitometry

• Fetus in the primary beam

• Yes

• No

Access to the image information (image and DICOM header) is crucial
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Dosimetry of the foetus: required info

2. Patient size ?

Patient habitus, foetus
• < 14d

• 14d – 8weeks

• 8 – 24 weeks

Patient habitus, mother
• BMI

• Diameter 
at the level of the fetus
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Dosimetry of the foetus: tools

Tools for retrospective analysis

(1) ‘CT dose in the uterus’

as calculated with software tools

for non pregnant cases

Example: CT-Expo

(validated in several of our research projects)
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Example
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Example
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Dosimetry of the foetus: tools

Tools for retrospective analysis

(2) ‘dose in the uterus’

as calculated with software tools

for non pregnant cases

Example: RADOS, and the newer version PCXMC

(developed and validated in extenso, by STUK, Finland)
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Dosimetry of the foetus: tools

Tools for retrospective analysis

(3) Specific software tools

for pregnant patients

Example: VirtualDose, 
as implemented in DOSE (Qaelum)
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Dosimetry of the foetus: tools

Tools for retrospective analysis

(4) Individual Monte Carlo

Courtesy PhD Thesis, X. Lopez Rendon (KUL)
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Monte Carlo calculations compared to others
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A procedure in case of foetal dysplasia

Make (antropomorphic) test objects of different sizes with critical items;

Scan this object with several dose levels;

Define dose level at which the critical items are just visible and/or noise
in images is at acceptable level;

Calculate SSDE for this test object.

A new patient arrives. Calculate her SSDE. Scan her with the dose level 
for that SSDE

(Courtey Inge Indesteege, Michael Aertsen, see you hopefully at ECR 2018)

(This could be a typical project as suggested by the FANC in their proposal of Belgian implementation of the BSS)
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• Things happen

• New concepts:
• DRL curve

• SSDE

• LAR

Summary: 
Doses and risks… works in progress
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Summary: 
But this is only half of the story

• How can we balance dose and quality ? 

• Is tube current modulation OK in children ?

• What do we know about image quality requirements in pediatric
imaging ?

• I would love to run a  specific quality project and report to you
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