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The course will present the current developments in the patient dose assessment 
approaches in diagnostic radiology, with a focus on metrics representing risks for 
individual patients for tissue reactions or stochastic effects associated with 
radiological procedures. An overview will be presented of the modality-specific 
measurable dose quantities and the approaches to asses organ doses using generic 
or patient-specific phantoms, and the associated uncertainties. 
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Why we need to know   
patient dose?

Modality specific   
dose metrics

Patient specific 
metrics
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Why we need to know patient dose?

Goal: To assess the radiation risk to individuals
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Why we need to know patient dose?

Goal: To assess the radiation risk to individuals

Lifetime attributable risk (LAR) for cancer incidence (all types 

of cancer) expressed as cases per 100,000 persons exposed 

to a single dose of 100 mGy, as function of age at exposure

Risk depends on individual factors
• Body habitus, Age, Gender
• Health status (incl. life expectancy due 

to disease)

Risk often unknown or unknowable
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Why we need to know patient dose?

• Comparison of risks from different imaging 
methods and procedures

• Prevention of skin injures

• Estimation of risk to embryo/ fetus

• Assessment of individual patient risk

• Quality assurance

• For performance assessment of an 
imaging system and QC

• For benchmarking to DRLs

• For optimization of clinical protocols

Calculated dose quantities Measurable quantities
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Why we need to know   
patient dose?

Modality specific   
dose metrics

Patient specific 
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ICRU Report 74. Patient Dosimetry 

for X-Rays used in Medical Imaging. 

ICRU, 2005.

Modality specific metrics

7

IAEA. Dosimetry in Diagnostic Radiology. 

An International Code of Practice. 

TRS 457, 2007
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The measurements are a responsibility of qualified medical physicists

Modality specific metrics
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X-ray beam

9

• X-ray spectrum with maximum energy 150  keV
• Spectrum depends on kVp, mAs, filtration
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U – tube voltage (kVp)

n = 2 - 5 filtration dependent

I - tube current (mA)

t – exposure time (ms)

f – distance from focus

Air kerma at 
distance f from 
X-ray focus: ܦ = ሺ1 − 𝑔ሻ𝐾ܦ𝑎𝑖𝑟 ≈ 𝐾𝑎𝑖𝑟
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Incident air kerma, Ki

Unit: Gy

Free in air (no patient) at the 
patient entrance point 

dFSD

Dose quantities: Radiography
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Entrance surface air kerma, Ke

Unit: Gy

Also known as 
Entrance surface dose, ESD                    

ESD ≈  Ke

Dair (d) ≈ Kair (d)

dFSD

Dose quantities: Radiography
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Entrance surface air kerma, Ke

Unit: Gy

dFSD

BKK ie .=
B – backscatter factor

B = 1.1 – 1.4 
(depending on kVp, filtration)

Dose quantities: Radiography
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Entrance surface air kerma, Ke

dFSD

Dose quantities: Radiography

Method 1: Measurements using phantom

Method 2: Measurements with 
patients using TLDs

Method 3: Calculation from the tube output
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Air kerma-area product, PKA

Dose quantities: Radiography and fluoroscopy

 

 

   

 

 

 

 

 

 

 
 
 

   

dFSD
If K = const
PKA = K.A

Also known as Dose Area Product, DAP

Unit: Gy·m2

𝑃𝐾𝐴 =ඵ𝐴 𝐾 𝐴 𝑑𝐴

Practical units:

1 Gy.m2 = 1 cGy.cm2
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Air kerma-area product, PKA

Kerma (dose)  (1/ f)2

Field area  f 2

КАР is independent on 
distance from focus

(neglecting attenuation in air,  
extra-focal and scatter radiation)

Dose quantities: Radiography and fluoroscopy

 

 

   

 

 

 

 

 

 

 
 
 

   

dFSD



©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022

Air kerma-area product, PKA

Dose quantities: Radiography and fluoroscopy

In-beam measurement with a large-size 
transparent ion chamber 

Measurement uncertainty 20 - 25 % 

at the 95% confidence level
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Dose quantities: Radiography and fluoroscopy
Air kerma-area product , PKA
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Dose quantities: Fluoroscopy
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Air kerma at the interventional 
reference point, CKa,r

Unit: mGy

Dose quantities: Fluoroscopy

(Cumulative dose)



©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022

Ka,r is calculated as Ka,r= PKA /A

Dose quantities: Fluoroscopy
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Entrance surface air kerma

Computed tomographyRadiography

Dose quantities: Computed tomography

CT air kerma index 
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z

CT air kerma index C
Unit: Gy

C = 1

nT
. K(z).dz
- ¥

+¥

ò

nT – beam width

Dose quantities: Computed tomography
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(also known as CTDI)


+

−
=

50

50
100

1
dz).z(K.

nT
C Measured with ion chamber 

with a lenght 100 mm

•In air
•In a phantom

Dose quantities: Computed tomography

CT air kerma index C100

Unit: Gy
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Dose quantities: Computed tomography

CT air kerma index C100

Measurements in air
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Dose quantities: Computed tomography

CT air kerma index C100

Measurements in a standard phantom

Body Head
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Ж. Василева

Body

Weighted CTDIw
C100,PMMA,,c – in central hole

C100.PMMA,p – in peripherical holes (mean value)

Head

)2(
3
1

pPMMA,100,cPMMA,100,w CCC +=

Standard CT phantom

Dose quantities: Computed tomography
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For helical and MDCT: Volume CT kerma index, Cvol

p is pitch factor

C
vol

= Cw
p

Dose quantities: Computed tomography
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z

For the entire exam: CT air kerma length - product PKL

(also known as DLP)         Unit: mGy.cm

)_( lengthExposureCTDIDLP vol =

Dose quantities: Computed tomography
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Dose quantities: Computed tomography
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Dose quantities: Computed tomography
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2007 2011 2012

Dose quantities: Computed tomography



©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022

• CTDI ≠ patient dose
• For the same protocol (set of exposure parameters) for an adult and a 

child  the same CTDI

Absorbed dose in the child body will be 2-3 times higher

Dose quantities: Computed tomography
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Size-specific dose estimate (SSDE)

Dose quantities: Computed tomography
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Dose quantities: Computed tomography
Size-specific dose estimate (SSDE)
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Example: Effective diameter 11 см

f = 2.5

SSDE = 5.4 x 2.5 = 13 mGy

Dose quantities: Computed tomography
Size-specific dose estimate (SSDE)
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• Incident air kerma, Ki
the air kerma from the incident beam on the 
central x-ray beam axis at the skin entrance plane, 
backscatter excluded

Dose quantities: Mammography

f
E S A K
E S D

Ki

Measured with an ionization detector:
- Free in air
- With a standard PMMA phantom
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Modality specific metrics

37

Modality Dose quantity Dose unit

Plain radiography, 
including dental

Mammography

Fluoroscopy &
fluoroscopy guided
interventional 
procedures

Computed tomography

Entrance surface air kerma, Ke

Kerma-area product, PKA

mGy
μGy.m2

Incident air kerma, Ki

Mean glandular dose, MGD
mGy
mGy

Kerma-area product, PKA

Cumulative air kerma at the 
interventional reference point

Gy.cm2

mGy

CT air kerma index, C
Air kerma-length product, LKP

mGy
mGy.cm
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Why we need to know patient dose?

• Quality assurance

• For performance assessment of an 
imaging system and QC

• For benchmarking to DRLs

• For optimization of clinical protocols

Measurable quantities
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Range (Min-Max):
(0.01 – 0.10) Gy.cm2

Median = 0.1 Gy.cm2

Modality specific dose metrics

• Used to estimate typical dose values

Chest X-ray, Adult patient (average weight 70 kg)
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Modality specific dose metrics

Chest X-ray, Adult patient (average weight 70 kg)
Room 1: 

Median = 0.1 Gy.cm2

Room 2: 
Median = 0.05 Gy.cm2

Room 2: 
Median = 0.2 Gy.cm2

• Used to estimate typical dose values
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Modality specific dose metrics

DRL = 0.14 Gy.cm2

Investigation and 
actions to reduce doses!

• Used to establish DRLs

Typical DAP values in 20 X-ray rooms

Chest X-ray, Adult patient (average weight 70 kg)
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RECORDING

1. Manual recording (at modality):
- Paper
- Into RIS

2. Electronic recording of radiation exposure details in 
a standard format (at modality):
• Non-DICOM dose objects 
- Modality Performed Procedure Step (MPPS) to HIS/RIS
- Image ƈheaderƉ attributes
- Bitmap (graphic) images in PACS and Optical character recognition 

(OCR) conversion

• DICOM object: 
- For each radiation event
- Collected in a unique object (DICOM Radiation Dose Structured 

Report): Includes patient demographics, study information, imaging 
technique, geometry and dose metrics

Storing 

(archive)

Patient exposure monitoring workflow

42
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DICOM RDSR
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Automatic radiation exposure monitoring

https://www.ihe.net/
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• Commercial products

https://www.itnonline.com/chart/radiation-dose-management

Automatic radiation exposure monitoring
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• Free software

• OpenREM ďǇ Ed MĐDoŶagh ‐ PǇthoŶ SourceCode

• Pixelmed DoseUtility

• CT Dose OCR ďǇ Philip CheŶg at USC ‐ ARRS AďstraĐt

• Generalized Radiation Observation Kit (GROK) by Graham Warden at Brigham & 

WoŵeŶ's Hospital ‐ SourĐe Code

• Siemens CARE Analytics (free Windows executable)

• NIH‐CIPS RadiatioŶ Exposure EǆtraĐtioŶ EŶgiŶe ;RE3Ϳ ‐ SourĐe Code ‐ SPIE Abstract 

‐ JDI ArtiĐle

Automatic radiation exposure monitoring
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Establishing DRLs and typical doses
• National/ regional dose registries

47
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Analysis: Benchmarking against DRLs

48

Courtesy K. Kanal
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Analysis: Inter-system variability

49

D.Frush; E. Samei, CT Radiation Dose 

Monitoring: Current State and New 

Prospects, Medscape Radiology, 2015

CT scanner 1

CT scanner 2
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Analysis: Identifying and investigating 
over-exposure and under-exposure

50

Courtesy E. Samei, DUMC
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Madrid: DOLIR (Dose On Line for Interventional Radiology)

“Life KAP” and “Life CAK” – cumulative doses values of all 
the procedures performed on the same patient 
Clinical follow-up protocol for patients with CAK and Life 
CAK values > 5 Gy

Courtesy E. Vano & R. Sanczes

Dose monitoring in interventional radiology
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Why we need to know   
patient dose?

Modality specific   
dose metrics

Patient specific 
metrics
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Dose metrics

Individual 
risk

Ideally to 
account for 
patient size, 
age; gender; 

morphology…

53

Goal

Organ 
doses

Size-
specific 
metrics

For CT: SSDE 
(AAPM 
TG204, 220 
and 293)

Effective 
dose

Effective 
dose

Modality-
specific 
metrics

Radiation 
risk index

To account 
for organs 
exposed, 
patient age, 
gender
(BEIR 2006,
ICRP 2007)

ܧ =෍𝑇 𝑤𝑇ܪ𝑇
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Size-specific metrics (for CT)

SSDE = CTDIvol • patient size correction factor
SSDE is still size-corrected dose to phantom

but closer to organ doses in the scanned volume
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Organ doses
Organ dose = absorbed energy in the organs of interest
If organ doses of a patient are known, detriment can be estimated using 
life attributable risk (LAR)
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Organ doses
Assessed using patient-
representing models of 
body/organs and the 
irradiation field:

Geometrically aligned with the specific 
irradiation output from the imaging system 
and inputted into a radiation transport 
simulator to emulate the imaging procedure 

Source: ICRU 74

Patient dependent and variable across 
patients (and not readily available)
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Organ doses
Simplistic geometrical phantoms

uniform irradiation fields

• Generic attributes of the patient (size) 
• Large uncertainties in reported organ 

doses estimates
• Conversion coefficients from a 

modality-specific quantity to organ 
doses (tabulated or software-based)

Patient-specific organ 
dosimetry

• Matching a patient to an atlas of 
diverse, realistic human models 

• Improved accuracy
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Organ doses
Patient-specific organ 

dosimetry

•Matching a patient to an atlas of 
diverse, realistic human models 
•Improved accuracy

Machine learning methods

•Organ segmentation and 
characterization informed by the 
patient attributes
•The energy deposited in each organ 
is normalized by the organ mass to 
estimate the organ dose
•High accuracy with errors in doses 
to sensitive organs below 10%
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PCXMC
[https://www.stuk.fi/palvelut/pcxmc-a-monte-carlo-program-
for-calculating-patient-doses-in-medical-x-ray-examinations]

Organ doses – software products
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CT-Expo
[www.sascrad.com]

ImPACT
CT Patient Dosimetry Calculator 
(www.impactscan.org)

60

Scanner Model: Acquisition Parameters:
Manufacturer: mA 340 mA
Scanner: Rotation time 0.8 s
kV: mAs / Rotation 272 mAs
Scan Region: Collimation mm
Data Set MCSET19 Slice Width 10 mm
Current Data MCSET19 Pitch 1.35
Scan range Rel. CTDI 1.26 at selected collimation
Start Position -5 cm CTDI (air) 34.5 mGy/100mAs
End Position 45 cm CTDI (soft tissue) 36.9 mGy/100mAs

Patient Sex: f nCTDIw 12.8 mGy/100mAs

Organ wT HT wT.HT Remainder Organs HT

Gonads 0.2 33.434 6.687 Adrenals 30.370
Bone Marrow (red) 0.12 15.854 1.902 Brain 0.006
Colon 0.12 32.619 3.914 Upper Large Intestine 35.786
Lung 0.12 7.010 0.841 Small Intestine 34.884
Stomach 0.12 35.678 4.281 Kidney 38.987
Bladder 0.05 39.058 1.953 Pancreas 30.545
Breast 0.05 1.498 0.075 Spleen 33.313
Liver 0.05 33.378 1.669 Thymus 1.209
Oesophagus (Thymus) 0.05 1.209 0.060 Uterus 35.652
Thyroid 0.05 0.100 0.005 Muscle 17.640
Skin 0.01 13.381 0.134

Bone Surface 0.01 22.972 0.230 CTDIw (mGy) 34.7

Remainder1 0.025 17.709 0.443 CDTIv ol (mGy) 25.7

Remainder 2 0.025 17.709 0.443 DLP (mGy.cm) 1284.5
Total Effective Dose (mSv) 22.637

ImPACT CT Patient Dosimetry Calculator
version 0.99m, 1/07/2002

Update Data Set

GE

GE QX/i, LightSpeed, LightSpeed Plus

120

Body

Look upGet From Phantom 
Diagram

5

Look up

2. Scan Range

Scan Range Data (Slice Positions)

1. Age Group Gender Scan Range z  L
from z- to z+ [cm]

0

3. Scanner Data for Scan Region "Body"

Manufacturer nCTDIw Uref PB,H kCT kOB DL

Scanner [mGy/mAs] [kV] [cm]

0,150 130 0,42 0,80 1,00 0,0

-0,0070 3,35 0,00 0,00

4. Select mode

5. Scan Parameters Please Enter Actual Settings:

U I t Qel Q N * hcol TF hrec p Ser.
[kV] [mA] [s] [mAs] [mAs] [mm] [mm] [mm]

0 1,0

6. Results
Dose Values per Scan or per Series* Tissue or HT per Series Remainder HT per Series

CTDIw CTDIv ol DLPw
* E* Duterus

* Organ [mSv] Organs [mSv]

[mGy] [mGy] [mGy*cm] [mSv] [mSv] Thyroid 0,0 Brain 0,0

0,0 0,0 hrec? hrec? n.a. Breasts 0,0 Thymus 0,0

Child/Baby: all CTDI and DLP values refer to 16cm head phantom ! Oesophagus 0,0 Spleen 0,0
Lungs 0,0 Pancreas 0,0

Dose Values per Examination Liver 0,0 Adrenals 0,0

DLPw E Duterus Stomach 0,0 Kidneys 0,0

[mGy*cm] [mSv] [mSv] Colon 0,0 Small intest. 0,0

Ser? Ser? n.a. Testicles 0,0 Upp. large int. 0,0

Effective dose E refers to ICRP 60 Ovaries 0,0 Uterus 0,0
Please note: Bladder 0,0
All organ doses HT are based on conversion coeff icients for stand- Bone marrow 0,0 Misc. HT per Series
ard patients (ADAM, EVA, CHILD, BABY)  and serve for information Bone surface 0,0 [mSv]

purposes only (in particular organs outside the scan range) ! Skin 0,0 Eye lenses 0,0

Scanner Model

Calculate

Adult

Demo

Spiral Scanner

male female

   Body mode for head/neck region    Spiral mode

Get Values

Organ doses – software products
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Virtual Dose (Virtual Phantoms, inc)
http://www.virtualphantoms.com/our-products/

Modules for 
- CT
- Interventional procedures

Organ doses – software products
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• XCATdose за iPhone (Duke University, USA)

http://www.isradiology.org/2017/isr/dose_calculator_xcatdose3.php

Organ doses – software products
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Organ doses from CT



©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022

Organ doses to organs of interest

• Fluoroscopy guided procedures:
– Skin dose in various FGI procedures

– Brain dose in neoro-interventions

– Hearth dose in cardiac interventions

•Mammography or chest CT
– Breast dose

• Head CT or neuororadiology
– Eye dose

• High dose procedures involving abdomen of pregnant 
patients
– Fetal dose
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• Skin dose (mGy)

IAEA training course: Radiation protection in cardiology

Vano E. et al. Patient dosimetry in interventional radiology 

using slow film systems. Br J Radiol 1997; 70: 195-200

Therapy film

Kodak X-Omat V
TLD Gafchromic film

Skin dose in fluoroscopy
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Skin dose in fluoroscopy

Courtesy A. Trianni
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Skin dose calculation and reporting

• Reviewed 19 available software products

• 2 systems use Monte Carlo simulations to model the transport

• All others use a formalism comparable to the methodology proposed
by Jones and Pasciak (2011) for systems compliant with IEC standards.

• ±25% agreement with measurements on phantoms for 10 SDC products 
• ±43% and ±76% agreement for 2 products validated on patients 
• No software validated for vendor-independent transportability

Need for harmonizing both RDSRs and their exports in order to be able to 
calculate MSD from these data in an easy and straightforward way. 
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Mean glandular dose (MGD) 
mean absorbed dose in glandular breast tissue

Dg = Ki . g . c . s

g, c, s – MC derived 
correction factors to 
account for breast 
thickness, HVL, breast 
granularity, and 
anode/filter 
combination

Mammography
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Dose to embryo or fetus
• First approximation: uterus dose (early pregnancy)

• Better accuracy: considering the gestation stage

J. Damilakis et al., Medical Physics 37(12):6411 – 6420, 2010

embryodose.med.uoc.gr
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• Effective dose calculated from organ doses and weighting factors
▪ Devised as a RP quantity for staff and public

▪ Averaged among gender, age, size

▪ Different from the real patient

▪ Uncertainites due to organ dose calculations:

• phantoms, simulations

▪ Change of wT over time

• Advantages of effective dose:
– one number to summarize the detriment

– can be used among different types of exams

– deemed appropriate with caution for application to individual risk (ICRP)

Effective dose

ܧ =෍𝑇 𝑤𝑇ܪ𝑇
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Computed E using a 
generic patient model 
and Monte Carlo 
(e.g. PCXMC, CTExpo)

Closer representation of 
the patient exposure

Effective dose assessment methods

Computed E using 
modality-specific 
conversion factors

F - modality specific metrics 
(DLP in CT or KAP in 
radiography/ fluoroscopy

k – tabulated factor based 
on modelling of the patient 
by reference models 

Ignores patient’s habitus 
and irradiation field

𝑘ܧ = 𝑘. ܨ
Computed E using  

patient-specific 
organ doses

Most patient-relevant 
technique 



©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022

Effective dose assessment methods

The three methods do not result in identical estimates

• E calculated using conversion factor was higher than E from patient-
specific calculations, especially in large patients:
• by 80.2 % on average for the abdominopelvic protocol, 
• by 64.1 %  for the chest protocol

• For patients with 22, 30, and 35 cm WED, method using conversion factor 
overestimated E:
• for abdominopelvic protocol by 9.6%, 66.2%, and 115.6% 
• For chest: 30.2%, 77.9%, and 116.2%

When using effective dose, the exact methodology used should be specified. 

Fu W, Ria F, Wilson J, Kapadia A, SegarsWP, Samei E. Effective Dose for Computed Tomography in Large, Clinical 
Populations. SSG12-05, RSNA 2018
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Patient-specific risk indexes?
• Effective risk 

Brenner D, BJR 81 (2008), 521–523

• Radiation risk index 
Li X at al, Med Phys 2011 Jan;38(1):408-419

Samei et al. Radiat Prot Dosimetry 2013 155(1):42-58𝑅𝑅ܫ𝑎𝑔 =෍𝑇 𝑟𝑇ሺ𝑎,𝑔ሻܪ𝑇

rT - lifetime radiation-
attributable tissue specific
cancer risks (BEIR VII)

Task Group 79
The Use of Effective 
Dose as a Risk 
Related Radiological 
Protection Quantity

Task Group 113
Reference Organ and 
Effective Dose Coefficients 
for Common Diagnostic X-
ray Imaging Examinations
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Single procedure Typical E, mSv LAR for fatal cancer

US, MRI 0 No radiation risk   

Chest X-ray, limb X-ray, pelvis, lumbar spine, 
mammography

<1 <1 in 20,000)

Intravenous urography (IVU)
Barium meal, barium enema
Kidney scintigraphy, body scan
ERCP, Cystography, МCU
CT head and neck, CT chest

1 – 10 1 in 20,000 – 1 in 2,000

CT abdomen & pelvis, CTA
PET/CT brain, cardiac, whole body, 

10 - 30 1 in 2,000 – 1.5 in 1,000

CTA chest-abdomen-pelvis (multi-phases)
TIPS

30 - 100 1.5 in 1,000 – 1 in 200

Typical effective doses from a single exam
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2.4 mSv

Typical effective doses from a single exam
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Communication of doses and risk to patients 
and referring physicians 

Typical effective doses from a single exam
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Population dose assessment 

UNSCEAR, 2022



©Jenia Vassileva, IAEA 6th European Congress on Radiation Protection 2022

Individual tracking for 
justification and 

optimization

Referral guidelines, 
CDS, Justification; 

Epidemiology, Research

Patient exposure monitoring strategy
At population level (group of patients) For individual patients

Patient data, procedure data and 
modality specific dose indices (KAP, CTDIvol, DLP, 

CD, PSD, ..), plus IQ indices

Frequencies 
(number) of 
procedures

Patient 
identification

(ID)

DRL; Typical dose 
levels; Alert levels

Optimization of 
patient protection 

and imaging practice

Organ doses

Effective dose 
(or other risk index)

Population doses 
(trends, 

comparison)

Organ doses

Effective dose 
(or other risk index)
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https://preprint.iaea.org/search.aspx?orig_q=patient+radiation+exposure+
monitoring&src=ics
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IAEA webinars related to the topic
https://www.iaea.org/resources/rpop/resources/webinars

https://www.iaea.org/resources/rpop/resources/webinars
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IAEA eLearning course on DRLs
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The information in this refresher course is for 
personal use only and should not be used for other 
purposes without the author’s permission
Jenia Vassileva
j.vassileva@iaea.org


