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FOCUS

1. Level of patient exposure during medical
procedures with x-ray imaging. Are dose values in 
your practice “acceptable” or are they “too high”.

2. Specific dosimetric quantities for medical exposure. 
Which quantities should I consider? Which are 
available?

3. How can I improve quality by dose assessment?



RADIATION DOSE FROM MEDICAL IMAGING

~ 2,5 mSv/y natural sources
~ 2,0 mSv/y medical imaging of which ~50% from CT

Vanmarcke et al, 2010



RADIATION DOSE FROM MEDICAL IMAGING



RADIATION DOSE FROM MEDICAL IMAGING

Source
Study on European Population Doses from Medical Exposure (Dose Datamed 2, DDM2), 2014 

Largest fraction from CT



RADIATION DOSE FROM MEDICAL IMAGING

Source
Study on European Population Doses from Medical Exposure (Dose Datamed 2, DDM2), 2014 



Mettler, Radiology, 2008

Dosis van medische blootstelling



J Villar-Palop, J Radiol Prot 2016

Dosis van medische blootstelling



THE USE OF EFFECTIVE DOSE FOR MEDICAL EXPOSURE

The estimation of effective dose can be problematic in
medical exposure.

The inherent uncertainty for organ dose estimation in a reference 
patient is around ± 40% C. Martin, Br J Radiol (2007)
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RADIATION DOSE FROM MEDICAL IMAGING

SIMPSONS GUIDE TO RADIATION DOSIMETRY



RADIATION DOSE QUANTITIES AND UNITS

Physical quantities

Describe physical effect
Can be measured directly
Fluence, Kerma (gray), Absorbed dose, D (gray)

Radiation Protection quantities

To consider health effects, to set legal dose limits
Can not be measured
Organ equivalent dose, HT (sievert), Effective dose, E (sievert)

Operational quantities

Measurable for compliance with dose limits
Area monitoring and individual monitoring Hp(d), d = 10 mm



Primary physical quantities

Protection quantitiesOperational quantities

Kerma (gray)
Absorbed dose, D (gray)

Organ dose, (Sv)
Effective dose, (Sv)

Ambient dose equivalent (Sv)
Personal dose equivalent, Hp(10) (Sv)

Cancer risk, tissue effects, etc

Radiation health riskMonitored quantities

By Simulation
• Human model
• Radiation wr and tissue wt

weighting factors

Relate to

Instrument responses

Related by calibration
and calculation

Calculated using simple
phantoms (sphere or slab) 
validated by measurements



EFFECTIVE DOSE (SIEVERT)

[ ]SvHwE RTT∑ ×= ,

Effective dose is the sum of all 
organ doses corrected for 
differences in organ sensitivity 
(tissue weight factors).

Depends on exposed region

Related to the biological effect



TISSUE WEIGHTING FACTORS

ICRP report 103 recommendations (2007)



TISSUE WEIGHTING FACTORS

The knowledge of radiation effects is constantly evolving
epidemiological evidence, exposed populations 
radiobiological evidence 

Scientific progress is not fully reflected in present legislation 
and recommendations

Tissue weighting coefficients depend on our current 
knowledge of radiobiology 



REGULATORY FRAMEWORK

2001

1996

~1980-90s

1990



REGULATORY FRAMEWORK



EVOLUTION TISSUE FACTORS

ICRP 60, 1990 ICRP 103, 2007

Breast 0.05 0.12

Gonads 0.20 0.08

RBM, lung, colon, 
stomach

0.12 0.12



CONSEQUENCE…

Examples ICRP 60, 1990 ICRP 103, 2007

Cardiac CT
120 kVp, 16cm, DLP = 200 Gycm

4.1 mSV 5.4 mSv

Abdomen CT, 1 sequence
120 kVp, 50cm, DLP = 800 Gycm

15 mSv 12 mSv



EFFECTIVE DOSE FROM X-RAY’S?



FROM GRAY TO SIEVERT IN MEDICAL IMAGING

patient model

exposure model

tracing photons



Bron van straling
COMPUTATIONAL PHYSICS: TRACING PHOTONS BY SIMULATION

New Mexico, USA



Bron van straling
COMPUTATIONAL PHYSICS: TRACING PHOTONS BY SIMULATION

Founded during World War II as a secret, centralized facility to 
coordinate the scientific research of the Manhattan Project

J. Robert Oppenheimer
First director (1943-1945)

Today one of the largest science and technology institutions in 
the world. Multidisciplinary research in fields such as

- national security 
- space exploration 
- nuclear fusion 
- renewable energy
- medicine
- nanotechnology
- supercomputing



Bron van straling
TRACING PHOTONS BY MONTE CARLO SIMULATION MODELS

Photon transport simulations with Monte Carlo N-Particle Transport Code 



FROM GRAY TO SIEVERT IN MEDICAL IMAGING – EXAMPLE CT 

https://ncidose.cancer.gov/#ncict

https://ncidose.cancer.gov/#ncict


GENERIC CONVERSION FATORS – EXAMPLE CT 

DLP to E conversion coefficients



EFFECTIVE DOSE – EXAMPLE CT 

AJ Einstein et al, Radiology 2010

Same scan, difference in 
effective dose x 2



PATIENT DOSE REGISTRATION

Okay, we have to be careful when we 
use effective dose in medical exposure

Yes, we have to consider 
other, practical metrics that 
can be easily measured



PRACTICAL DOSIMETRY FOR

“Standard” dose “Low” dose ~ ÷ 5

Optimisation and good practice (ALARA)

Effect of technical parameters (kVp, mA, s, pulse time, pitch, 
collimation, etc) on dose?



PRACTICAL QUANTITIES FOR MEDICAL EXPOSURE

We require PRACTICAL radiation dose quantities for patient dosimetry
from medical exposures

dose indicators characterizing radiation exposure in imaging 
for the purposes of comparison of practice. 

these quantities are not patient doses (directly reflecting 
risk to individuals)

Immediate feedback : indicated before (estimation), during 
and immediately after the examination. 



DIAGNOSTIC REFERENCE LEVELS (DRL)



PRACTICAL DOSIMETRY FOR

Dose archiving, reporting and benchmaring

Diagnostic Reference Levels (DRL)



PRACTICAL DOSIMETRY FOR

Dose archiving, reporting and benchmaring

ICRP report 73 (1996)



LEGAL BASIS

FANC decree : 28.09.2011 (BS 11.10.2011)
Conduct periodical studies to determine 
Diagnostic Reference Levels (DRL) for 
standard examinations

CT: yearly

RX en IR: 3-yearly 

In each center, the average dose should be compared to the 
latest DRL for optimization purposes



OPTIMISING CLINICAL PRACTICE BY DRL

75 percentile of 
dose distribution

Iterative process



OPTIMISING CLINICAL PRACTICE BY DRL



RADIATION DOSE QUANTITIES MEDICAL EXPOSURE
Depends on modality

air kerma at reference point (mGy)
dose-area product DAP (mGy.cm²)

the CT dose index CTDIvol (mGy)
dose length product DLP (mGy.cm)

entrance skin dose ESD (mGy)
Average Glandular Dose AGD (mGy)



RADIOGRAPHY AND FLUOROSCOPY
Two operational units

Cumulative dose (CD) in 
patient entrance reference
point in mGy

Dose Area Product (DAP) 
Gy.cm²

represent the air kerma
incident on the patient’s skin surface



RADIOGRAPHY AND FLUOROSCOPY
Two operational units

During examination

During fluoroscopy



RADIOGRAPHY AND FLUOROSCOPY
Real time skin 
dose mapping

Example from
medical canon



COMPUTED TOMOGRAPHY
Two operational units

- weighted CT dose index (CTDIw)

- volume weighted CT dose index (CTDIvol)

- dose-length product (DLP)

Dose from one tube rotation 

Dose from one sequence 



COMPUTED TOMOGRAPHY

CT systems indicate CTDI and DLP 
doses based on measurements in 
standardized PMMA phantoms 

Does not directly reflect dose in 
patient (patient size, ...)



COMPUTED TOMOGRAPHY

Projected CTDIvol and DLP 
during planning of scan



PATIENT DOSE REGISTRATION

Now, I understand which dosimetric
quantities I have to measure

Okay, let’s take a look on 
how we can record and 

archive them



REGISTRATION OF PATIENT DOSES



REGISTRATION OF DOSES IN PATIENT IMAGES

Individual dose 
data are 
indicated on the 
console and 
archived in 
images (DICOM 
headers).



Individual dose 
data are 
indicated on the 
console and 
archived in 
images (DICOM 
headers).

metadata 
provides 
information about 
the procedure,
including dose



DICOM HEADER



COMPARE LOCAL DOSE TO DRL



CAVEAT: DATA CLEANUP

34 different protocols used for 1 study description

• Wrong protocol selection

• Pediatric data

• Combined studies (thorax - abdomen)

• Ultra-low dose protocol for follow up included

 IMPACT on statistics

 Data should be cleaned up before analysis

Example: CT abdomen



WHAT IS THE INDICATION?

Today, technical exposure parameters (including dose) are 

selected based on indication

Example CT head

Diagnosis of craniosynostosis in 
children with cranial deformities

80 kVp; 8 mAs; CTDIvol = 0,9 mGy

Belgian DRL CT Head: CTDIvol = 45 mGy

C. Ernst, Eur Radiol (2016)

Soft tissue information is 
not required



WHAT IS THE INDICATION?

Today, technical exposure parameters (including dose) are 

selected based on indication

Example CT chest

80 kVp; 4 mAs; CTDIvol = 0,09 mGy

Belgian DRL CT chest: CTDIvol = 3,5 mGy

C. Ernst, Radiology (2014)

Assessment of structural lung abnormalities in 
patients with cystic fibrosis (CF)



STANDARD RADIOLOGY CODES

A standard system for naming radiology procedures, based on the elements 

which define an imaging exam such as modality and body part.

RPID code



CAVEAT: DATA CLEANUP
Example: CT head

RadLex code # patients CTDIvol (mGy)

CT Hersenen (ALL) 1153 34,0

Hersenen axiaal 22 612 40,4

CT stroke (hersenen+perfusie+halsvaten) 96 458 25,1

Hersenen axiaal -/+ contrast 23 34 34,7

Flebo hersenen (sinus trombose) 7 49 21,1

Belgian DRL CT Head
CTDIvol = 50 mGy



O

PROJECT MANAGEMENT TRIANGLE



DOSE MANAGEMENT 

• Protocols with high dose compared to national and international
reference values

• Optimisation of higher-dose protocols
• Uniformisation between systems

• New systems

• New techniques / changed protocols

• Check correct practices

CT positioning

Retakes

…



ICRP 117 report, 2010

Internationale referenties (HPA 2010)

DRL

COMPARISON WITH NATIONAL AND INTERNATIONAL REFERENCE VALUES



COMPARISON WITH NATIONAL AND INTERNATIONAL REFERENCE VALUES

Justification / optimization needed !

Comparison between different CT 
systems/institutes



FOLLOW-UP ON NEW SYSTEMS

New RX system connected with dose registration

Daily dose UZ Brussel 

Thorax PA+LAT



zaal C zaal D zaal F zaal G kinderrad
spoed aug-

nov '14
DAP (mGy.cm2) 506.37 352.16 468 297 58.05 2654
aantal procedures 7580 484 265 10 1482 1728

national P25
national P75 
(DRL)

530 1450

FOLLOW UP ON NEW SYSTEMS

Room A Room B Room C Room D Room E Room F



FOLLOW-UP ON NEW SYSTEMS

Reasons causing

zaal C zaal D zaal F zaal G kinderrad
spoed aug-

nov '14
DAP (mGy.cm2) 506.37 352.16 468 297 58.05 2654
aantal procedures 7580 484 265 10 1482 1728

national P25
national P75 
(DRL)

530 1450

Room A Room B Room C Room D Room E Room F

Reason?
Awareness

Equipment

Human

Fluoroscopy dose rate very high
Dose of 1 sec fluoroscopy = PA+lat radiography

→ Technical intervention



USE OF FLUOROSCOPY FOR POSITIONING
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Mean dose over time in Radiology department for thorax PA + lateral

4 MONTHS LATER ...



COMPARE CT SCANNERS

Impact new CT technology for CCTA: 

Prospective
scan

Prospective
one heartbeat scan



CASE STUDY RX THORAX : 
#RETAKES ?

2 Month follow up

1377 thorax examinations

Standard of care : 2 images (PA and lateral)

269 / 1377 (15%) examinations with 3 or more images  retakes ?

 individual comparison with PACS

▶ 192 DE opnames  (separate protocol needed ?)
▶ 26 insp/exp opnames (separate protocol needed ?)
▶ 56 retakes (4%)



CONCLUSIONS

• Use the proper dosimetric quantity for your clinical 
practice 

• Maintain dose values as low as reasonably 
achievable considering the clinical benefit of the 
procedure

• Work under radiation dose limits (for professionals) 
and use “Diagnostic Reference Levels” (DRLs) for 
patients. Avoid too high or too low doses.

• Avoid radiation injuries and establish a clinical follow-
up for high dose procedures



TAKE HOME MESSAGE

A lot of technical tools are available to measure, 
record and evaluate patient doses from medical 
imaging
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