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Introduction

• Effective dose E – used to estimate & compare radiation risks 

at low dose levels

• Related to many assumptions, averaged over all ages and both 

sexes by definition

• Hence, related to many uncertainties and

not recommended for use to individuals

• However…

ICRP 147 (2021) - Still needed to be used 

to individuals in particular cases



Simona Avramova-Cholakova CTUG, Nottingham, 6th October 2022

Introduction

• Some applications of E at medical exposures recommended by 

ICRP:

• Optimisation: dose distributions within the body substantially different

• Biomedical research

• Reporting of unintended exposures

• Health screening procedures that involve 

exposure of many organs/tissues
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Introduction

• Recent studies reveal that many patients receive recurrent CT 

exposures with cumulative E (CED) ≥ 100 mSv
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Introduction

• At CED > 100 mSv, single organs can receive > 200 mGy

• Proven cancer risks at these dose levels; a recent review article 

suggests proven excess cancer risk even below 100 mGy

• Awareness of the impact of different methods for calculation 

of E needed

Zwede et al. Organ doses and cancer risk assessment in patients exposed to high doses

from recurrent CT exams. Eur J Radiol 2022 (149) 110224.

Hauptmann et al. epidemiological studies of low-dose ionizing radiation and cancer: Summary 

bias assessment and meta-analysis. J Natl Cancer Inst Monogr 2020 (56): 188-200.
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Purpose

• To compare E estimations based on different calculation 

methods for patients with recurrent CT examinations. 

• The intention was to select among frequently used and easily 

accessible methods that would be largely implemented by 

medical physicists in routine clinical practice. 
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Materials & Methods

• Two large hospital groups in Bulgaria and UK

• 8 CT scanners (GE, Siemens, Philips)

• Patient data retrospectively extracted with dose management software

• Patients, exposed to CED ≥ 100 mSv identified

• A total of 40 patients selected: 

• 10 small, 20 normal, 10 large size (normal size close to median eff. diam.)

• Scan ranges based on anatomical landmarks checked 

on PACS for each phase

• 17 methods applied to determine E received from 

each phase and each exam (based on ICRP 103 wT)

• Phase E determined & summed to obtain exam E,

CED of each patient determined by summing exam E
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Materials & Methods

• Three groups of methods used for E calculations

1. Based on the adoption of published values for the given type of exam

2. Calculated from typical departmental DLP or patient specific DLP 

multiplied by standard conversion coefficients for the particular type 

of exam

Shrimpton et al. Updated estimates of typical effective doses for common CT examinations in the 

UK following the 2011 national review. Br J Radiol 2016; 89: 20150346.

Examination
E/DLP 

(mSv/mGy cm)
E103

(mSv)

Chest 0.027 14

CTPA 0.027 9.7

Abdomen 0.024 16

Abdomen&Pelvis 0.02 13

Chest&Abdomen 0.0255 15

Pelvis 0.02 13

Chest-Abd-Pelvis 0.021 19

KUB 0.018 6.4

Head 0.002 1.8

Cervical Spine 0.0057 3
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Materials & Methods

• Three groups of methods used for E calculations

3. Based on typical dose indices or patient-specific calculations 

with 4 software packages

NCI – reference method

ImPACT

CT Expo Radimetrics

Choonsik Lee et al 2015 J. Radiol. Prot. 35 891



Simona Avramova-Cholakova CTUG, Nottingham, 6th October 2022

Results

• Patient demographics – 18 males, 22 females

• Each patient - between 3 and 20 exams, 

consisting of 1 to 4 phases each

• A total of 345 exams 

and 665 phases considered
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Results
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Results
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Results

Across patients:

Variation of Min CED:

38 – 200 mSv

Variation of Max CED:

122 – 538 mSv
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Results – methods based 
on published or typical doses, 
compared to NCI
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Results – methods based 
on individual patient data, 
compared to NCI
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Results

Conversion coefficients

Typical doses

Standard phantoms

Phantom libraries

• 4th exam Description CAP 

(published dose for CAP)

• Real exam NCAP (higher DLP 

value from scanner)

• Chest phase of protocol 

for Neck & Chest used –

typical doses calculated with 

data for this protocol & phase

• Additional factor – large size

Female 165 cm, 125 kg, large size Max CED ratio 6.3 

Max ratio by phase 18.1
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Conclusions

• Although effective dose is recommended for population 

estimations, it is sometimes needed for individual patients 

in clinical practice

• Its value is highly dependent on the method applied

• E estimations from individual phases of the exam can differ 

up to 18 times across different methods

• CEDs were found to differ up to 6.3 times depending 

on the method
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Conclusions

• The methods based on published or typical values were found 

to generally provide an overestimation of E for small size patients 

(up to 87%) while…

• …large size patients had underestimated doses down to –71%

• The methods based on particular patient data were 

overestimating E for most normal to large size patients 

(up to 106%), compared to NCI

• The related large uncertainties in E estimations should always 

be taken into account
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Thank you!


