/ N .
\{\ 1}/ United Nations Scientific Committee environmént )

W on the Effects of Atomic Radiation programme 1972-2022

The UNSCEAR 2020/2021 Report, Annex A:
Evaluation of Medical Exposure to lonizing Radiation

Peter Thomas®*, Elke Nekolla, Hannu Jarvinen, Elina Samara, Richard Smart,
Geoffrey Ibbott P ———

Members of the Expert Group on Medical Exposure
Ferid Shannoun™* (UNSCEAR secretariat)

UNSCEAR 2020/2021 Report

*Peter.Thomas@arpansa.gov.au
**Ferid.Shannoun@un.org




g’@ UNSCEAR UN& 5@

\A' ¥/ United Nations Scientific Committee .
\ ) environment
w on the Effects of Atomic Radiation programme 19722022

Expert Group

e P Thomas (Australia, Chair 2019-2020)
A Wallace (Australia, Chair 2016-2019)
E Nekolla (Germany, Lead writer)

H Jarvinen (Finland, Lead writer)

E Samara (Switzerland, Lead writer)

R Smart (Australia, Lead writer)

G Ibbott (United States Lead writer)

K-H Do (Republic of Korea)

| Zvonova (Russian Federation)
E Vaio Carruano (Spain)

| Suliman (Sudan)

A Aroua (Switzerland)

P Shrimpton (United Kingdom)
M Perez (WHO, observer)

e M Ermacora (Argentina) Other contributors

e H Bosmans (Belgium) e M Sanagou (Australia)

e K Akahane (Japan) e M Kardan (Islamic Republic of Iran)
e D Kluszczynski (Poland) e A Jahnen (Luxembourg)

e J-K Kang (Republic of Korea) e F Shannoun (UNSCEAR secretariat)
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Questions and answers

Moderation : F Shannoun (UNSCEAR secretariat) and E van Deventer (WHO)

Panel

P Thomas (Australia, Chair and Lead writer annex A on medical exposure)

E Nekolla (Germany, Lead writer appendix A on methodology and uncertainties)
H Jarvinen (Finland, Lead writer appendix B on diagnostic radiology)

E Samara (Switzerland, Lead writer appendix C on interventional radiology)

R Smart (Australia, Lead writer appendix D on nuclear medicine)

G Ibbott (United States, Lead writer appendix E on radiation therapy)
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e Established by UN General Assembly (GA) resolution in 1955
e Scientists from 31 UN Member States
e Assess levels, effects & risks of ionizing radiation

— identify emerging issues

— improve knowledge

— identify areas for future research
e Disseminate findings to UN GA, scientific community and public
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Scientists from 31 UN States Members

Algeria Mexico
Argentina Norway
Australia Pakistan
Belarus Peru
Belgium Poland
Brazil Rep. of
Canada Korea
China Russia
Egypt Slovakia
Finland Spain
France Sudan
Germany Sweden
India Ukraine
Indonesia UAE Input: Other Member States and international organizations provide relevant
data and technical input
Iran (IR) UK
USA

Japan
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UNSCEAR
(key work areas)

Epidemiological Studies

1972-2022

Occupational Exposure

Non-Human Biota and

. Public Exposure
Environment

Health Effects, Risk
Estimates and
Uncertainties

Electricity Generation

Natural Radiation
Sources

Effects of Children

Biological Effects and Radon
Mechanisms (Sources and Effects)
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ICRP

. - Protection philosophy,
Issues Annals of the ICRF | principles and units

EffECtS IEEF Fubbeation 108

EFFECTS OF risks RS
IONIZING RADIATION

wrdtioe 241 0 Elacks of fioesn Faskabon

o ILO convention 115:
occupational
radiation protection

recommendations
) LAEA, .
issues TR | R FAO/WHO
levels SERIES - Codex Alimentarius Commission
trends Slandans fo rosectcn’ (food contamination guides)

agan=t lonizing Radatbion
and for the Salsty of

UNSCEAR pesie .
. .p . Puwhiad
Scientific basis EECLBEMANTS

W, e

() UN transport regulations for
radioactive material

R

implemented by UN
Member States
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SOURCE OF DATA

e UNSCEAR Global Survey of Medical Exposure:

United Nations Scientific Committee
on the Effects of Atomic Radiation

survey.unscear.org

 All UN Member States were invited to provide the UNSCEAR secretariat with relevant data about
frequency and doses from various medical radiological examinations;

 The UNSCEAR secretariat established an online platform and a network of National Contact Persons to
collect information from UN Member States through questionnaires.

* Information and data from the literature after a review process by the Expert Group

» Additional supporting data directly from other sources such IAEAY?, WHO, OECD/NEA and EC

: ~
7R\ World Health V)
%/ Organization ﬂs(&) NEA £

NUCLEAR ENERGY AGENCY

X X

European

INUclear Medicine DAtaBase and 2DIrectory of RAdiotherapy Centres both run by IAEA Commission



) UNSCEAR UN& | 5¢)

¥/ United Nations Scientific Committee
v environment 1972-2022

- on the Effects of Atomic Radiation programme

SOURCES AND EFFECTS

e UNSCEAR’s medical exposure surveys

" EFFECTS OF — global estimates of level of exposure
IONIZING RADIATION .
sources anp [N and frequency, with break-downs by

UNSCEAR 2006 Report

ﬂFIDHl?_INGH Volume | :
e medical procedure, age, sex, health

care level, and income

— trends in practice

- related supporting information on
equipment and staffing levels
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SU rvey Iau nChed in 20 14 77 United Nations Scientific Committee

survey.unscear.org

* Online database

e Spreadsheet questionnaires
Diagnostic radiology — including interventional radiology, nuclear medicine and
radiation therapy

e Each questionnaire
Introduction, essential information, staff and devices, frequency, dose

I”

e Doses in relevant “practical” quantities

(e.g. entrance surface air kerma, kerma-area product, volume computed
tomography dose index, administered activity, etc.)
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Examinations/Procedures - Radiology

Essential Detailed

Information on frequency of radiological examinations (simplified) Information on frequencies of radiological examinations
required fe
Modality category Number of examinations Uncertainty (%)

All radiological examinations” Modality category Examination category
Radiography and fluoroscopy
(without Dental)

Tolal projection radiography

Dental radiography

Computed Tomography (CT) Head (soft tissue)

Image-guided interventional
procedures (IGIP)

Meck (soft tissue)

Information on staffing (simplified)
* required field

Chest (shoulder girdle & ribs)

All physicians®
Dentists -
Radiologists Projection radiography Lumbo-sacral joint only
(without contrast media) T .
Information on radiology devices (simplified) Pelis (soft tissue)
* required field Limbs and joints

Radiological system Number of devices Whole spine (trunk)
All radiographic systems* Skeletal survey (head & trunk)

Dental X-ray systems Dental intraoral
Computed Tomegraphy (CT)* Dental panoramic
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Literature review

e Comprehensive review of articles published 2005-2018 (inclusive)

e Search terms

e population dose, collective effective dose (medical), frequencies of examinations,
procedures or treatments (radiology, nuclear medicine and radiation therapy),
examination codes, patient dose and radiology, automatic dose management.

e Screened to identify publications demonstrating changes and updates in
practice since the UNSCEAR 2008 Report

e Some additional recent relevant articles included

e 640 articles identified for review, 373 assessed as meeting the criteria for
inclusion in this evaluation

e Literature discussed in details in appendices B-E
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Content of the Report

e Main Annex — overall summary + 6 electronic attachments
e Appendix A — Methodology (to be published in due course)
* Appendix B-E — Modalities

* Introduction
e Summary of previous UNSCEAR findings
* Frequencies of examinations
* Typical effective dose per examination
e Distributions by age and sex
e Staff and Devices
e Trends
* Summary
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Modality categorization used by UNSCEAR

Medical exposure categorization
Diagnostic radiology Interventional Nuclear medicine Radiation
radiology therapy?
Conventional Computed Diagnostic || p, gionuclide
: nuclear R .
radiology tomography rrise bl therapy
el iggtrjaphy Projection || Dental
fluoroscopy® radiography* radiology

? Not part of the collective effective dose assessment because such therapeutic doses are imtentionally high enough to cause
deterministic effects, however, included in the frequency trend analyses.

® Mostly with contrast media.

© Without contrast media.

4 Analysed separately for the global assessment.
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Health-care level

HCLI Population/physician

HCLI <1000

300

AcLil HCLII 1000 - <3000

100

HCL Il - IV
HCL Il 3000 - 10,000

30

HCLIV >10,000

ANNUAL DIAGNOSTIC X-RAY EXAMINATIONS PER 1 000 POPULATION

Mettler et al. Health Phys 52(2): 133-141 (1987)

T T ] T ]
100 300 1000 3000 10000 30000

POPULATION PER PHYSICIAN
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Categorical extrapolation

Based on data from 65 countries (UNSCEAR Global Survey and additional sources) for the period 2009-2018 Table A6. Estimates of the global number of conventional radiology (excluding dental) examinations
per annum by extrapolation of population-weighted average frequencies to all countries in each

Catego Population-weighted Countries Proportion of Total Extrapolated ;
gory P welg . portion e . pora category from assessed data by health-care level and by income level
average examinations per | included/all population in population examinations
1000 population® countries® assessed data (%) (millions) (millions)®

Extrapolation by health-care level

| 466 60/105 86 3908 1823 * Categorical extrapolation can be hlghly

! 202 131 01 2256 45 dependent on a few data points

11l 172 3/31 18 622 107

v 1.9 1/27 4 526 1 . .

— -~ pr e — v  Most data from high income and advanced
Extrapolation by income level health care level countries

High 867 43/57 9 1149 997

Upper middle 267°¢ 15/58 80 2619 700

Lower middle 267° 5/45 8 2882 771

Low 7 274 ’ Use a continuous model instead

Total 338 65/194 48 7312 2472

2 Values are rounded; however extended precision has been preserved to illustrate differences.

? Member States of WHO.

¢ Data for upper middle-income and lower middle-income have been combmed. The population-weighted average number of
procedures for upper middle-mcome was 256 per 1,000 population and for lower middle-income was 370 per 1,000 population.
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Continuous models for examination frequencies

Table A13. Predictions of three continuous models tested for estimation of examination/procedure
frequencies for the global assessment by modality categories

 Power law as a function of
physician density (doctors per
1000 population)

Modelling information Model
Freq = a * (physician density)? + €
Power-law Power-law Negative binomial q (phy )
(absolute space)® | (log space) regression®

e Multivariate negative binomial
regression includes other variables

In(N;) = By + By X Xy 4+ By X Xy +1In (P;)

Conventional radiology (excluding dental)

Mean squared error® 111000 128 000 100 000

Radiography examinations in assessed data

- 1587 1587 1587
(millions)
. .
Additional radiography examinations from model 1039 551 343 Performance and F?re.dICtIOHS of
(millions) the 3 models are similar
Total conventional radiology examinations
- 2626 2138 2430 .
(millions) * Chose power law as a function of
Countries with no prediction (missing data) 1 1 14 physician density due to simplicity
Proportion of total population included (%) 99.8 99.8 99.3 and wide avallablllty of data
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Continuous models e Separate models for 7 broad modality
250 categories
o * Frequency (examinations per 1000
. o population)

e Power law as a function of physician
density (doctors per 1,000 population
[WHO, 2015])

F =a * (physician density)® + €

150

100

e Used to estimate examination
frequency for Member States where
W< 2 Y no data was available

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Physicians per 1000 population (WHO, 2015)

50

Computed tomography examinations per 1000 population

@® Data Model
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Examinations / Procedures Relative Proportions

Category Examinations | Uncertainty
(millions)? )

Conventional radiology 2630 35 Interventional

(excluding dental) radiology, 0.6%
Dental radiology 1100 60

ther,
-~ |

Computed tomography 400 40 1.5%
Interventional radiology 24 80
Diagnostic nuclear medicine 40 70
Radionuclide therapy® 1.4 35
Radiation therapy® 6.2 25 2 Values have been rounded

b . . . .
4190 “ Counts for radionuclide therapy and radiation

therapy not included in the total
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Dose per examination or procedure

Sample * Standard factors to convert

Examination category . : .
size ’E;)CESI;U gr(m)z):\tes of effective dose

CT-head (skull & facial bones)

CT-head (soft tissue & brain) * Combine with daverage
proportions of examinations
or procedures within a given
modality category

CT-neck (cervical spine)
CT-neck (soft tissue)

CT-chest (thoracic spine)

* Frequency-weighted average
dose per procedure within
each modality category

CT-chest (thorax)

Other (please specify)

Average relative proportions
of each CT examination

‘ Dose per CT examination
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Average doses and relative frequencies - CT
Eeminationcategory | E(mSv) | Relative frequency (%)

CT-head (skull and facial bones) 1.5 13.6
CT-head (soft tissue and brain) 1.9 16.4
CT-neck (cervical spine) 3.1 2.9
CT-neck (soft tissue) 2.8 1.2
CT-chest (thoracic spine) 8.0 1.4
CT-chest (thorax) 6.4 15.7
CT-abdomen (lumbar spine) 9.4 4.2
CT-abdomen (abdomen) 11 15.4
CT-abdomen (liver, pancreas, kidneys) 10 3.2
Weighted dose per examination for computed tomography 6.4
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Dose per examination or procedure

Category Frequency-weighted e Su rvey data used for dose
effective dose per estimates for Member States

examinat(ioglr;mced“re providing data (~30 countries)
moyv

e Practical dose quantities with a
conversion factor to estimate
effective dose preferred

Conventional radiology 0.37 (0.39?)

(excluding dental)

Dental radiology 0.01

* Frequency-weighted average dose
CEMmBUIEE Kol Bl e per procedure from survey data
Interventional radiology 15 used for Member States not

providing data

Diagnostic nuclear medicine 6.8 (5.1°) a Alternative value of 0.39 mSv per examination for Member States in
HCL I1-IV assumed to have a low level of mammography examinations

b Alternative value of 5.1 mSv per procedure for Member States having
no PET equipment and assumed not to be conducting PET procedures
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Collective Effective Dose

Category Collective Uncertainty Relative Proportions

effective dose V)
(1000 man Sv)?

Conventional radiology 950 45
(excluding dental) /
Interventional
Dental radiology 10 70 radiology, 8.0%
Computed tomography 2560 45
Interventional radiology 330 90

Diagnostic nuclear medicine

Dental Conventional diagnostic
Total radiology, 0.2%/ radiology (excluding
dental), 23.0%

a \Values have been rounded
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Breakdown by income levels

Categorization by income level

Estimated Average Estimated Average annual
Income level Population | examinations | examinations collective effective dose
(millions) (millions)? per 10002 effective dose per caput
1000 man-Sv
High 1149 1850 1610 1970 1.71
Upper middle 2619 1200 460 1190 0.46
Lower middle 2882 1040 360 900 0.31

Low 662 100 150 90 0.13

a \Values have been rounded
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Age distribution of medical exposures by category

Computed tomography Interventional procedures ====_Nuclear medicine

Projection radiography (without contrast) === Radiography & fluoroscopy (with contrast)

DISTRIBUTION (%)

0 1 I I 1 I I 1 I
0-4 5-14 15-24  25-34  35-44  45-54 5564 65-74 75-84 >85

AGE GROUP (YEAR)
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Sex distribution of medical exposures by category

DISTRIBUTION (%) Bl Vale I Female

o

10 20 30 40 50 60 70 80 90 100

COMPUTED TOMOGRAFPHY

PROJECTION RADIOGRAPHY
(WITHOUT CONTRAST)

RADIOGRAPHY & FLUOROSCOPY
(WITH CONTRAST)

INTERVENTIONAL RADIOLOGY

NUCLEAR MEDICINE
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Comparison with UNSCEAR 2008 Assessment

UNSCEAR 2008 Assessment

Category Examinations | Collective
(millions) eff. dose

UNSCEAR 2020/2021 Assessment

(1000 man-Sv)

Conventional radiology 2900 2350
(excluding dental)

Dental radiology 480 11

Computed tomography 220 1540

Interventional radiology 3.6 41

Diagnostic nuclear medicine

Category Examinations | Collective
(millions) eff. dose

(1000 man-Sv)

Conventional radiology 2630 950

(excluding dental)

Dental radiology 1100 10

Computed tomography 400 2560

Interventional radiology 24 330

Diagnostic nuclear medicine
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Major changes for radiology

Table 19. Comparison of annual number of examinations/procedures and annual collective dose
from medical exposure with UNSCEAR 2008 Report [U9]

Modality category UNSCEAR 2008 Report [U9] Current evaluation
Number of Number of
examinations / Collective dose examinations/ Collective dose
procedures (1000 man 5v)° procedures (1000 man 5v)@
(millions)® (millions)®
Conventllonal radiology 2 900° 2350 2626 955
(excluding dental)
Chest (thorax) 930 93 955 97
Chest photofluorography 440 340 64° 19°
Mammaography (clinical) 50 19 120 27
Mammography (screening) 80 22 110 29 Major drop for
Gastrointestinal 135 640 18 65 |I gastrointestinal
Biliary system 40 76 2 11 examinations
Urography 45 120 86 19
Others 240 390 120 140
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Trend in total examinations/procedures

4 500 - 4190
4 000 -
3 500 ~
3 000 ~
2 500 -
2 000 -
1 500 A
1 000 -

NUMBER OF EXAMINATIONS
(MILLION)

1988 [U4] 1993 [U5] 2000 [U6] 2008 [U9] CURRENT

UNSCEAR SURVEY
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Trend in frequency of examinations/procedures

700 -

600 - 561 574

500 +
426

400 355

305

300 +

200 ~
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PER 1 000 POPULATION

100 -

0 -
1988 [U4] 1993 [U5] 2000 [U6] 2008 [U9] CURRENT
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Trend in annual collective effective dose

4500 - 4210 4150
4000 -
3500

3000 -

2 460
2 500 -

1890 1780

2 000 -

1500 -+

1000 4

COLLECTIVE EFFECTIVE DOSE
(1 000 man-Sv)

500 -

0 -

1988 [U4] 1993 [U5] 2000 [U6] 2008 [U9] CURRENT

UNSCEAR SURVEY
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Trend in annual effective dose per caput

0.7 - 0.65
0.6 - 0.57

0.5 7 043

54 J 0.37

0.33

0.3 5

0.2 A

0.1 1

PER CAPUT EFFECTIVE DOSE (mSv)

0

1988 [U4] 1993 [U5] 2000 [Ue6] 2008 [U9] CURRENT
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Trend in annual radionuclide therapy treatments
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0.20
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Trend in annual courses of radiation therapy treatment

1.0
0.9 0.9 0.9

0.85
0.80

0.8 1
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0.2
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Summary of the 2020/2021 assessment

e Estimated 4.2 billion (£30%) examinations/procedures per year worldwide.

e 1.4 million radionuclide treatments and 6.2 million courses of radiation therapy.
e Estimated annual collective effective dose 4.2 million (+30%) man-Sv.

e Estimated global annual effective dose per caput is 0.57 mSv.

e Estimate derived from a continuous model, not extrapolation of survey data
within health-care level categories.

e Computed tomography accounts for 62% of the collective effective dose but only
10% of the total number of examinations/procedures.

 Interventional radiology now estimated to account for 8% of the collective
effective dose.
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Concluding Remarks

* Medical exposures remain the largest contributor to radiation
exposure of the population from artificial sources.

* Timing of a future UNSCEAR medical exposure report will depend on
an assessment of the likely amount of data available.

 Encourage countries to use the existing UNSCEAR medical exposure
survey template and submit their data to UNSCEAR when they have
completed an evaluation.

* International collaboration in collecting information on medical
exposures would be ideal to ensure that the data is collected
consistently.



P N\ P
(@) NoCEAR UN®|5@
\{\; 4/}/ United Nations Scientific Committee ~

: i environment | .-, 0.0
on the Effects of Atomic Radiation programme

United Nations Sclentific Committee on the Effects of Atomic Radiation

Thank you for your attention
and to all contributors to this work!

Volume |

SCIENTIFIC ANNEX A:
Ewvaluation of Medical Exposure from lonizing Radiation

e Printed publications can be ordered from
https://unp.un.org

 Electronic publications for free download
WWWw.unscear.org
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Effect of tissue weighting factors

Table 5. Comparison of estimated annual collective effective dose (2009-2018) by imaging modality
using ICRP 60 [19] and ICRP 103 [I11] tissue weighting factors

? Values are rounded; however extended precision has been preserved to illustrate differences.

Modality category Collective doseicreso Collective doseicre1os Variation (%) )
(1000 man Sv)° (1000 man Sv)° Based on published
Conventional radiology (excluding dental) 955 964 +0.9 estimates of ElO?/EGO for
Dental radiology 9.7 18.2 +88 each type of examination
or procedure

Computed tomography 2556 2519 -15

Interventional radiology 334 332 -0.5

Diagnostic nuclear medicine 297 252 -15

Total 4152 4 085 -1.6
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