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l.  INTRODUCTION

1. Medical exposure evaluations of the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) have aimed to determine the annual frequencies of medical
examinations and procedures involving the use of ionizing radiation and their associated radiation doses
to patients.! Past reports of the Committee [U4, U5, U6, U7, U9] have encompassed exposure and
practice in diagnostic radiology, nuclear medicine and radiation therapy. Data have been analysed to
deduce temporal trends, to evaluate the population dose due to medical exposure, and to identify the
major contributing procedures to the total collective dose to patients.

2. The overall purpose of this annex is to assess the magnitude of the medical exposure of patients to
ionizing radiation worldwide since the UNSCEAR 2008 Report [U9], to determine the relative
contributions to dose from various modalities and procedures, and to assess trends. The annex does not
assess the benefits or risks arising from medical exposure nor occupational exposure resulting from
work involving the medical use of ionizing radiation.

3. This annex presents a comprehensive, up-to-date review of medical exposure worldwide. The
review is based on an analysis of (a) the responses of United Nations Member States to the UNSCEAR
Global Survey on Medical Exposure? for the years 2009-2018, with a majority of data provided for the
period 20142017, and on (b) a review of the published literature on medical exposure, also since the
UNSCEAR 2008 Report [U9]. The annex also presents estimates of the frequency (per 1,000 population)
of diagnostic examinations and therapeutic medical procedures, and the associated radiation doses.

4.  Details of the methodology of the global assessment used are presented in appendix A, while
detailed results from the UNSCEAR Global Survey, and the comprehensive review of the published
literature are presented in appendices B to E.

ll. SCOPE AND OBJECTIVES OF ANALYSIS

5. Medical exposure covers: (a) exposure of patients as part of their medical diagnosis or treatment;
(b) exposure of asymptomatic people as part of health screening programmes or individual health
assessment; and (c) exposure of healthy individuals or patients voluntarily participating in medical,
biomedical, diagnostic or therapeutic research programmes [I3]. The latter is not included in the
evaluation as it is not part of exposure resulting from medical diagnosis or treatment.

6.  This evaluation considers four general categories of medical practice using ionizing radiation:
(a) diagnostic radiology, including dental radiology and computed tomography; (b)image-guided
interventional procedures (interventional radiology); (c) nuclear medicine; and (d) radiation therapy.
The Committee further divided diagnostic radiology into subcategories for the purpose of deriving an
improved global assessment. More details are presented in section III. Doses from radiation therapy and
radionuclide therapy are not included in the global estimate of collective effective dose as effective

! The term “patient” refers only to those individuals undergoing radiological procedures with regard to medical exposure as
defined in the International Basic Safety Standards [I3].

2 “UNSCEAR Global Survey” is used throughout the document where possible (see also https://www.survey.unscear.org).
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dose is only suitable for use in the low to medium dose range, where stochastic effects predominate, not
the high dose range where tissue reactions become significant. However, frequencies of courses of
radiation therapy treatment and radionuclide therapy treatments are considered in the trend analyses.
The annex addresses mainly medical radiological imaging for the estimation of population doses from
ionizing radiation; therefore, the use of non-ionizing radiation imaging such as magnetic resonance
imaging (MRI) is not included in the scope of this evaluation. The appendices present additional
supporting information on radiological equipment and associated medical staff. Uncertainties in the
Committee’s global estimate of medical exposure are also addressed. More detailed information on
uncertainties, the models tested, and data used in the evaluation are presented in electronic attachments.

7.  Diagnostic radiology generally refers to the analysis of images obtained using X-rays. These
include projection radiography (e.g., chest X-rays, mammography), images obtained using fluoroscopy
(e.g., barium swallow, barium meal or barium enema examinations) and images obtained by devices
using computerized reconstruction techniques such as computed tomography (CT). Dental radiology is
also included in diagnostic radiology; however, for this analysis it was presented separately as it affects
the estimation of frequencies of radiological examinations.

8.  Interventional radiology refers to procedures where X-ray imaging is used to guide the placement
of devices in the body to repair structures, excise or clear pathology, or otherwise treat disease. Such
procedures may be performed by clinicians other than radiologists, such as cardiologists, orthopaedic
surgeons, gastroenterologists, urologists and vascular surgeons.

9.  Nuclear medicine procedures involve the introduction of unsealed radioactive substances into the
body, most commonly to obtain images that provide information on either structure or function of an
organ. The radioactive substance may be administered intravenously, orally or by inhalation. A
radionuclide is usually combined with a targeting chemical to form a radiopharmaceutical that will be
distributed in the body according to physical or chemical characteristics (e.g., a radionuclide
incorporated in a phosphate will localize in the bone, making a bone scan possible). Radiation emitted
from the body is analysed to produce diagnostic images. Less commonly, radionuclides are
administered to treat certain diseases such as hyperthyroidism, thyroid cancer, bone metastasis, primary
or metastatic liver cancer, lymphomas and neuroendocrine tumours.

10. Radiation therapy refers to the use of ionizing radiation produced by a sealed source or a radiation
generator to treat various diseases (usually cancer). Sometimes radiation therapy is referred to as
radiation oncology; however, benign diseases may also be treated. Radiation therapy is delivered
through external beams of radiation (teletherapy) or by placing sealed radioactive sources in or near the
tumour tissue (brachytherapy). External radiation beams may consist of high-energy X- or gamma rays,
electrons, protons, neutrons, or heavier charged particles. Gamma-ray beams are often produced by
high-activity sources of ®Co while all other external radiation beams are produced by electrical
equipment. Radiation therapy (especially teletherapy) for a particular patient is frequently delivered
over a course of several separate exposures (treatment fractions). Here, as in previous UNSCEAR
reports (e.g. [U9]), the global annual total number of treatment courses (radiation therapy treatments) is
estimated, rather than the number of treatment fractions. It is important to note that second
malignancies following radiation therapy are not included in the scope of this evaluation. However, the
Committee has commenced a specific evaluation dealing with the dosimetric, biological and
epidemiological aspects pertaining to the risks of second primary cancer after radiation therapy.



ANNEX A: EVALUATION OF MEDICAL EXPOSURE TO IONIZING RADIATION 45

11. The objectives of the evaluation are to:

— Provide comprehensive global estimates of frequency and dose for medical exposure, and the
distribution by medical exposure categories, age, sex, and specified levels of health care and
income;

— Evaluate the uncertainties in the estimates and identify gaps in the data coverage;

— Examine trends in practice and in the contributions to dose made by various techniques to
derive benchmarks for comparison purposes and to manage exposure;

—  Summarize supporting contextual evidence on devices and staff levels and associated trends;

— Identify emerging issues and areas for future research that may warrant more attention and
scrutiny, including opportunities to improve future evaluations of global medical exposure.

12. These objectives were met by providing:

— Estimates of annual collective effective dose and associated annual effective dose per caput
from medical radiological imaging worldwide, with separate assessments in relation to
diagnostic radiology, interventional radiology and nuclear medicine;

— Estimates of annual total numbers and associated frequencies (per 1,000 population) of
diagnostic radiology examinations, interventional radiology procedures, nuclear medicine
procedures and radiation therapy treatments;

— Evaluations of the uncertainties in the estimates of the numbers of examinations/procedures
and collective effective dose;

— Analyses of the distributions of common types of examinations/procedures in terms of age,
sex, typical average doses and frequencies of examinations/procedures and the collective dose,
together with analysis of national/regional variations in practice;

— Analyses of temporal trends in frequency of examinations/procedures and dose across the
periodic results provided by the Committee’s global assessments of medical exposure;

— Identification of areas for future analysis and for consideration in improving future global
assessments of medical exposure.

13. The Committee previously addressed the subject of accidental exposure of patients, particularly in
relation to radiation therapy in its UNSCEAR 2008 Report [ U9]. Therefore, accidental exposure is out
of the scope of this evaluation. Accidental exposure can occur in all types of medical use of ionizing
radiation, though the consequences of such exposure in radiation therapy are usually the most severe
due to the high doses involved. The International Atomic Energy Agency (IAEA) runs widespread
incident reporting and learning systems for tracking the frequency of incidents and for developing
improved practice to minimize the likelihood and consequence of such incidents: Safety in Radiological
Procedures (SAFRAD) and Safety in Radiation Oncology (SAFRON) databases record incidents and
“near-miss” data anonymously [14].
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l1l. METHODOLOGY AND SOURCES OF DATA

14. Evaluation of medical exposure consists in assessing the annual frequencies of the types of
examinations/procedures being undertaken and evaluating the radiation doses for each type. Annual
frequency and dose data are derived from two main sources: (@) the UNSCEAR Global Survey on
Medical Exposure and (b) the comprehensive peer-reviewed scientific literature, supplemented by
reports from relevant national authorities within Member States of the United Nations.

A. UNSCEAR Global Survey on Medical Exposure

15. A detailed questionnaire was developed for the UNSCEAR Global Survey on Medical Exposure,
which sought collection of all available national information concerning annual numbers of procedures
and measures of typical exposure (including effective dose and physical dose quantities, as discussed in
appendix A), together with additional supporting information on national practice. In the case of
radiotherapeutic exposure, information was requested on the total prescribed absorbed dose to the
planning target volume over an entire course of treatment or the administered activity in the case of
radiopharmaceutical therapy.

16. To improve the efficacy of the UNSCEAR Global Survey, an online UNSCEAR platform was
developed. The platform provides a structure to capture the data provided for the present and future
surveys. The UNSCEAR online platform is comprised of tools for (a) data collection via spreadsheets; (b)
data processing and storage via a database; (c) data analysis via a specific module; and (d) data
descriptions to assist contributing countries via the user manual for the UNSCEAR Global Survey [U11].

17. The UNSCEAR Global Survey was launched in 2014. To encourage increased participation of
United Nations Member States and secure the collection of all available data, particularly from
countries that could supply only less detailed information, a simplified version of the questionnaire was
introduced in 2017 asking for essential data. The essential data included key indicators of practice:
annual total numbers of examinations/procedures within each broad type of radiological discipline (all
diagnostic radiology with categorization into conventional radiology, dental radiology, interventional
radiology, and computed tomography separately), together with totals for broad types of equipment and
staffing levels. Similar information was sought in relation to nuclear medicine and radiation therapy.
The responses to the current survey cover the years 2009—2018, with a majority of data provided for the
period 2014-2017.

B. Literature review

18. A comprehensive review of published literature related to medical exposure was conducted,
covering the period 2005-2018, with inclusion of additional relevant recent articles and reports.
Publications were deemed suitable for pre-screening if there was a match on one or more of the
following search terms: population dose, collective effective dose (medical), frequencies of
examinations, procedures or treatments (radiology, nuclear medicine and radiation therapy),
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examination codes, patient dose and radiology, automatic dose management. Screening sought to
identify publications that might demonstrate changes and updates in practice since the previous
UNSCEAR 2008 Report [U9]. A total of 640 articles were identified for review, of which 373 were
assessed as meeting the criteria for inclusion in this evaluation.

19. Table 1 summarizes national or regional evaluations of medical exposure published since the
previous UNSCEAR 2008 Report [U9] representing the contributions of the main imaging categories to
the total frequencies (number of examination per 1,000 population) and to the population dose from
medical radiological imaging (collective effective dose). This also includes data focussing on the 20
examinations and procedures that contribute most to the overall collective dose (TOP 20), a
methodology developed by the European Commission Dose Data Med 1 project (EC DDM 1) [E3] and
applied in its follow-up project Dose Data Med 2 (EC DDM 2) [E5]. The published literature indicates
that contributions of computed tomography to total frequencies are typically much lower than their
contribution to the total collective effective dose, while dental examinations typically make a high
contribution (up to 40%) to the total frequency of diagnostic examinations but less than 1% to the total
collective effective dose from medical exposure. Interventional radiology is typically less than 1% of
the total frequency but the mean contribution to the total collective effective dose is ~8%.



Table 1. Evaluations of medical exposure for main imaging categories published since the UNSCEAR 2008 Report [U9]

CT: Computed tomography; IR: Interventional radiology; NM: Nuclear medicine; PET: Positron emissions tomography; SPECT: Single photon emission computed tomography
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Country Year Contributions to total frequencies (%) (including dental and NM when Contribution to population dose (%) (including dental and NM when

(period) percentage is given separately) percentage is given separately) -

Conventional radiology cr IR NM Conventional radiology cr IR NM §"

Radio- Fluoro- Dental Radio- Fluoro- Dental E

graphy scopy* graphy scopy*

Australia® 2010 66.1 3.2 255 0.3 4.9 15.7 9.6 66.7 14 6.7¢ [H6]
Bulgaria 2010 721 7.8 12 7.1 04 0.5 19.1 28.6 0.3 43 7.2 2.1 [E5]
Finland 2008 8 14.6 125 0.6 54.2 125 6.3 [B19]
Finland 2008 54.1 0.8 39 5.1 0.5 0.5 15.1 10.8 0.7 559 129 54 [E5]
France 2007 63 247 10.1 0.6 1.6 26.1 0.2 58 55 10.2 [E10]
France® 2010 553 423 2.1 0.3 69.4 1 26.7 29 [E11]
France 2012 54 338 10.4 0.5 1.3 17.7 0.2 713 3.1 7.8 [D10]
Germany 2009 58.2 3.1 26.6 9 0.8 24 13.7 17.1 0.3 577 6.9 4.6 [E5]
Ireland 2010-2013 68.5 0.9 23 5.7 0.9 1 10 3 <1 55 23 9 [01]
Italy’ 2006 839 15 2 129 78 10 [C12]
Kenya 2011 94.3" 2.36 33 0.04 55.8" 4.9 35.6 36 [K13]
Republic of Korea* 2013 85 1 10.7 29 0.3 29.6 7.6 0.3 53 9.7 [L3]
Luxembourg 2002 58.4 277 10.4 0.7 28 36 50 6 7.6 [S12]
Norway 2002 738 14.1 41 59 [B25]
Romania 2012 73 8.4 1.3 7 0.3 0.3 10 9 79 2 [G5]
Russian Federation 2015 95.6' 0.7 29 0.6 0.2 36.7" 6.8 449 9.9° 1.7 [B6]
Slovenia 2011 92.8 1.5 5.1(9.8) 0.6 19 6 64 11 (4.8) [Z1]
Sudan? 2010 929 0.1 1 0.03 83 0.7 16 0.5 [S24]
Switzerland 2008 50.2 1.2 413 6 0.8 0.6 15.5 4.1 0.7 65.2 114 38 [E5]




Country Year Contributions to total frequencies (%) (including dental and NM when Contribution to population dose (%) (including dental and NM when
(period) percentage is given separately) percentage is given separately)

]
4]
Conventional radiology cT IR NM Conventional radiology cT IR NM oy
)
3
Radio- Fluoro- Dental Radio- Fluoro- Dental ]

graphy scopy® graphy scopy®
Switzerland 2008 49.7 1.2 419 6 0.8’ 153 4.6 0.7 67.6 11.9 [S3]
Switzerland 2013 414 1.25 474 9.6 0.36 11.5 1 0.9 704 6.2 [L2]
Taiwan, China" 2008 73.7 15 74 2.1 1.8 15.9 35 0.2 50.8 16.2 13.6 [Ce]
United Kingdom 2008 61.5 23 27 7.3 0.7 1.1 14.1 9.4 04 63.5 7.1 5.9 [E5]
Ukraine 2009-2012 97" 23 0.7 (1.3 0.03 73.3" 209 53 0.5(0.2)° [S22]
United States 2006 74 17 4 5 1 0.3* 49 14 26 [N1]
United States* 2016 39 1 46 10 1 2 8 4 2 59 9 17 [N2]
Europe (36 countries) 2007-2010 22¢ 13 52 8 5 [B20]

Fluoroscopy includes angiography examinations (e.g., coronary angiography).

TOP 20 assessment, data for extremity radiography and dental radiography not included.

Excluding contribution from PET examinations.

Dental procedures were not included in the calculation of the other percentages.
Paediatric examinations only.

Emilia-Romagna region.

Computed radiography only.

Proportion of mammography: 0.38% frequency and dose.
Excluding angiographies.

Including angiographies.

Calculation with ICRP 103 tissue weighting factors [I11].
Includes chest screening 31.9%.

Includes angiography and “other”.

Includes chest fluorography for tuberculosis screening as the most frequently performed type of X-ray examination, whereas it is not performed on a routine basis in other European countries.

Includes chest screening 9.6%.

Extrapolated value, TOP 20 value in parenthesis when differs from original values.
Data not available for dental examinations and nuclear medicine procedures.
Diagnostic and therapeutic interventional procedures.

Dental bitewing and full-mouth procedures only.

Data re-categorized (PET/CT and SPECT/CT moved to NM, gastrointestinal tract, urogenital and diagnostic coronary angiography moved to fluoroscopy).

Includes dental procedures.
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C. Methodology for global assessment

20. In previous UNSCEAR reports (e.g. [U9]), annual frequency data on procedures were stratified
by health-care level (HCL) I, II, IIT or IV, according to the number of physicians per head of population
(see also appendix A). The number of physicians had previously been shown to correlate well with the
number of medical radiological examinations [M7]. The health-care levels are defined as (@) HCL I
>1 physician per 1,000 population; (») HCL II: 0.334—1 physician per 1,000 population; (¢) HCL III:
0.1-0.333 physician perl,000 population; and (d) HCL IV: <0.1 physician per 1,000 population.
Previous global estimates were derived by determining both the population-weighted average
frequencies for procedures and the population-weighted average dose per procedure within each health-
care level and then extrapolating these population-weighted averages to the whole population within
each health-care level. This approach worked well when the world population was relatively evenly
distributed throughout health-care levels and when sufficient, representative data could be obtained for
each level. In the present assessment, however, 53% of the total world population is in countries
categorized as HCL I and very few data have been received from countries in other health-care levels.

21. An alternative to classification by health-care level is to use income classifications for countries
as published by the World Bank [F3]. The World Bank income classification also comprises four
levels: high, upper middle, lower middle and low. It is based on gross national income per capita valued
annually in US dollars using a three-year average exchange rate. Cut-off points between classifications
are fixed in real terms; they are adjusted each year in line with price inflation. The distribution of the
global population using these levels (16%, 36%, 39% and 9%, respectively) is more even than is the
case for HCLs I-IV (53%, 31%, 9% and 7%, respectively). Another advantage of using the World Bank
classification is the possibility of comparing medical exposure with other health indicators as the World
Health Organization (WHO) uses the same classification.

22. Assessment within particular classifications can be expected to yield good results when practice
within a classification is relatively consistent. An alternative is to construct a mathematical model of the
observed variation and use the model to predict practice in countries that have not supplied data. In this
assessment, mathematical models of procedure frequencies within seven broad modality categories
have been developed to generate projections for those countries that did not provide data to the
UNSCEAR Global Survey. The modality categories used hereby are conventional radiology (including
projection radiography without contrast, and radiography and fluoroscopy with contrast, but excluding
dental radiology), dental radiology, computed tomography, interventional radiology, diagnostic nuclear
medicine, radionuclide therapy and radiation therapy (figure I). While it would be desirable to include
population demographics in such models to account for possible variations in procedure frequencies
due to different age and sex distributions, it was not possible to adopt such an approach as only a
limited number of countries were able to provide examination/ procedure counts with detailed age and
sex distributions.
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Figure |. Modality categorization scheme used for UNSCEAR medical exposure global assessment

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

b Mostly with contrast media.

¢ Without contrast media.

¢ Analysed separately for the global assessment.

23. Diagnostic radiology was divided into the two main subcategories of conventional radiology and
computed tomography. In the UNSCEAR Global Survey, dental radiology was included as a
component of projection radiography within conventional radiology (figure I), but it was treated as a
separate category in the assessment because it typically makes a major contribution to the total number
of examinations but usually only a very small contribution to the collective dose. In contrast, the
contribution of computed tomography to the total number of examinations was typically low but the
collective dose may be high. The category of conventional radiology (excluding dental) typically makes
the largest contribution to the total number of examinations/procedures.

24. For this assessment, interventional radiology procedures included minimally invasive procedures
performed under fluoroscopy guidance with therapeutic purpose for any cerebral, cardiac, pulmonary,
hepatobiliary, gastrointestinal, genitourinary, musculoskeletal and central nervous system diseases.
Other minimally invasive procedures performed under fluoroscopy guidance with diagnostic purpose
were included in the subcategory conventional radiology as part of radiography and fluoroscopy
(mostly with contrast media).

25. Many nuclear medicine imaging procedures are now performed using hybrid systems such as
Single photon emission computed tomography with a CT component (SPECT/CT) or Positron emission
tomography with a CT component (PET/CT). For this assessment the CT component was considered to
be an integral part of the total nuclear medicine procedure, thus, the CT radiation dose has been added
to the dose resulting from the radiopharmaceutical to estimate a total dose per nuclear medicine
procedure. Such CT components were not included in the CT subcategory of diagnostic radiology.

26. For this assessment, a continuous mathematical model, in the form of a power function of the
physician density (all physicians per 1,000 population) in each country, was selected and applied for
each medical exposure category. This choice was motivated by the availability of the physician density
data, as WHO regularly publishes such values provided by its Member States, and the close relation to
the HCL model used in previous UNSCEAR evaluations [U4, U5, U6, U9]. More sophisticated
modelling involving multiple parameters was also performed, however the results from the single
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parameter power function were generally preferred due to the simple interpretation, satisfactory
predictive power, and the wide availability of data. Further details of the methodology of the global
assessment of medical exposure and the models used are discussed in appendix A.

27. The global assessment of medical exposure was derived from the combination of (a) the
UNSCEAR Global Survey data, supplemented by literature data where this was available for countries
that did not provide a response to the survey, and (b) the results of the mathematical modelling
(continuous model), and not from extrapolation of average frequency values within the HCL model as
in previous UNSCEAR evaluations [U4, U5, U6, U9]. Uncertainties were assessed as standard
uncertainties [J8] for the estimated examination/procedure frequencies and the corresponding mean
dose values. Each uncertainty component is represented as a standard deviation and then combined into
an overall standard deviation (see also appendix A and electronic attachment A-1). The assessment
results are presented with breakdowns by health-care level and by income level to facilitate comparison
with past UNSCEAR evaluations and to provide data that may be useful in comparing trends over time
or between different countries or regions.

IV. ASSESSMENT OF GLOBAL PRACTICE

28. According to the UNSCEAR 2008 Report [U9], approximately 3.1 billion diagnostic radiology
examinations, 0.48 billion diagnostic dental examinations, 3.6 million interventional radiology
procedures, 33 million diagnostic nuclear medicine procedures, 5.1 million courses of radiation therapy
treatment, and 0.9 million radionuclide therapy treatments were undertaken annually worldwide. The
24% of the population living in HCL I countries received approximately two thirds of these
examinations.

29. Since the UNSCEAR 2008 Report [U9], there has been a major demographic shift (table 2) such
that now more than 50% of the world population lives in HCL I countries. The principal reason for this
shift is the movement of several countries, notable among them Brazil and China, from HCL II to
HCL I. Nonetheless, there remains wide variation in health-care services and access to them within
these broad groupings, and while large countries may meet the criterion for HCL I as a whole, many
regions within them would rank at lower health-care levels. Therefore, this evaluation seeks to model
the variation, rather than apply average values across whole health-care levels.

Table 2. Comparison of current world population distribution by health-care level with UNSCEAR
2008 Report [U9]

Health-care level UNSCEAR 2008° Proportion Current evaluation® Proportion
category (millions) (%) (millions) (%)
| 1540 24 3908 53
I 3153 49 2256 31
I 1009 16 622 9
v 744 11 526 7
Total 6 446 100 7312 100

¢ Values are rounded.
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30. In the period covered by this evaluation (2009-2018), the annual number of medical radiological
examinations/procedures, including diagnostic radiology, interventional radiology and nuclear
medicine, is estimated to be 4.2 billion, corresponding to an annual collective effective dose of
4.2 million man Sv (table 3). The standard uncertainty in both results is estimated to be +15%. Taking
twice the standard uncertainty as an estimate of the overall uncertainty, the ranges for the total number
of examinations and the total collective effective dose are thus £30% (table 4). The estimated collective
effective dose is approximately the same as for the previous assessment. As the global population has
increased (from 6.4 to 7.3 billion), the resulting annual per caput effective dose from medical exposure
has fallen slightly from 0.65 mSv in the UNSCEAR 2008 Report [U9] to 0.57 mSv, however the
difference is within the bounds of the associated uncertainties. Uncertainties were not derived for the
previous assessment, however the survey data in that case covered only 10-30% of the total world
population in contrast to the 40-60% of the world population covered by the current UNSCEAR Global
Survey (see also appendix A). It is therefore estimated that uncertainties in the current assessment are
likely lower than in the previous UNSCEAR 2008 Report [U9]. In addition, there are an estimated
1.4 million therapeutic nuclear medicine treatments, and 6.2 million courses of radiation therapy
treatment delivered each year.

31. Table 3 shows a breakdown of the total annual collective effective dose from medical radiological
examinations/procedures, categorized by health-care level. Compared to the previous UNSCEAR 2008
Report [U9], the estimated annual per caput effective dose for HCL I has decreased markedly.
However, this change is due largely to the demographic changes mentioned above, with several
countries with large populations moving from HCL II to HCL I. Table 3 also shows the categorization
by World Bank income levels [F3]. The annual per caput effective dose for high-income countries
estimated in this assessment (1.71 mSv) is similar to the value for HCL I countries in the UNSCEAR
2008 Report [U9] (~2 mSv).

Table 3. Estimated annual per caput effective dose and annual collective effective dose from
medical radiological examinations/procedures (2009-2018) by health-care level and by income level

The estimates are based on a continuous mathematical model (physician density per country)

Category Population | Annual percaput | Frequency Number of Annual collective
(millions) effective dose (per 1000 examinations/ effective dose
(mSy)ab population) procedures (millions) (1000 man Sv) 2k

Categorization by health-care level

| 3908 0.83 823 3216 3263
I 2256 0.34 369 833 774
n 622 0.14 173 108 88
v 526 0.05 71 37 27

Categorization by income level

High 1149 1.71 1612 1852 1966
Upper middle 2619 0.46 457 1197 1195
Lower middle 2882 0.31 362 1044 902
Low 662 0.13 153 101 89
Global 7312 0.57 574 4194 4152

¢ For the effective dose determination, ICRP 60 tissue weighting factors were applied [19].

» Values are rounded; however extended precision has been preserved to illustrate differences.
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32. The contribution of the various modality categories to the overall number of examinations/
procedures and the collective effective dose is shown in table 4 and the relative proportions are shown
in figure II. Conventional radiology (excluding dental) accounts for 62.6% of procedures and 23.0% of
the collective dose. Dental radiology accounts for 26.3% of procedures but only 0.2% of the overall
collective dose. Computed tomography makes the largest contribution (61.6%) to the overall collective
dose but accounts for only 9.6% of all procedures. Interventional radiology and diagnostic nuclear
medicine make small contributions (0.6% and 1%, respectively) to the number of procedures but
significant contributions (8% and 7.2%, respectively) to the overall collective dose.

33. The estimations presented in tables 3 and 4 were derived by applying a continuous model of the
examination frequencies as a function of the physician density (all physicians per 1,000 population) in
each country and using the model to estimate examination frequencies for countries that did not provide
data to the UNSCEAR Global Survey. Arithmetic mean doses per examination were determined from
the survey data and applied to all countries that did not provide dose information to the survey.
Uncertainties for the total number of examinations were derived by combining the estimated
uncertainties for examination counts included in country submissions to the survey with the
uncertainties in the predictions of the continuous model. Uncertainties in the average doses per
examination were determined from the provided data and combined with the uncertainties for the
numbers of examinations to derive the uncertainty in the collective effective dose (see appendix A).

Table 4. Estimated annual number of medical radiological examinations/procedures (2009-2018)
and contribution to collective effective dose by modality categories

Estimates are based on a continuous mathematical model (physician density per country). Uncertainties are
expressed as 2-standard deviations

Modality category Examinations/ Uncertainty | Collective effective dose | Uncertainty

procedures (%) (1000 man Sv)** (%)
(millions)®

Conventional radiology

. 2626 35 955 45
(excluding dental)

Dental radiology 1101 60 10 70

Computed tomography 403 40 2556 45

Interventional radiology 24 80 334 20

Diagnostic nuclear medicine 40 70 297 75

Radionuclide therapy* 14 35 Not included

Radiation therapy* 6.2 25 Not included

Total 4194 30 4152 30

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
b For the effective dose determination, ICRP 60 tissue weighting factors were applied [19].
¢ Not included in the total.

34. The collective dose estimates presented in tables 3 and 4 are based on effective dose determined
using the tissue weighting factors from International Commission on Radiological Protection (ICRP)
Publication 60 [I9]. Table 5 presents a comparison between estimates based on the ICRP 60 tissue
weighting factors (E-60) and estimates based on the ICRP Publication 103 [I11] tissue weighting
factors (E-103). The estimated doses based on ICRP 103 tissue weighting factors were derived by
multiplying the mean doses per procedure by E-103/E-60 ratios taken from the literature [A6, A7, HS,
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S14, W1]. While this approach is not as accurate as a full evaluation of organ doses for each procedure
type, the impact of any additional uncertainty on the overall comparison is expected to be minor. The
changes in the category totals when using the ICRP 103 weighting factors are quite small, except for
diagnostic nuclear medicine and dental radiology. The total collective effective dose for diagnostic
nuclear medicine is lower by 15% when using the ICRP 103 tissue weighting factors [111], whereas the
total collective effective dose for dental radiology rises by 88%. The dramatic rise for dental radiology
is due to the inclusion of the salivary glands, the extra-thoracic airways, and the oral mucosa in the
tissue weighting scheme of ICRP 103 [L10]. The reduction in effective dose for diagnostic nuclear
medicine is largely due to changes in the reference computational phantom, rather than the changes in
tissue weighting factors [A6]. The overall collective dose for medical radiological examinations/
procedures is lower by 1.6%. Similar results were found by the National Council on Radiation
Protection and Measurements (NCRP) in its recent evaluation of medical exposure in the United States
[N2]. NCRP reported a 5% reduction in the collective dose from computed tomography, a 20%
reduction in the collective dose from nuclear medicine, and no change in the collective dose for
radiography, fluoroscopy and interventional radiology. Doses for dental bitewing X-rays increased by
400%, while doses for full mouth series and panoramic X-rays increased by 200%. The overall
estimated collective dose was 5% lower when using the ICRP 103 [I11] compared to ICRP 60 [I9]
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

Modality category Collective doseicrrso Collective doseicreios Variation (%)
(1000 man Sv)? (1000 man Sv)?
Conventional radiology (excluding dental) 955 964 +0.9
Dental radiology 9.7 18.2 +88
Computed tomography 2556 2519 -1.5
Interventional radiology 334 332 -0.5
Diagnostic nuclear medicine 297 252 -15
Total 4152 4085 -1.6

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
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Figure Il. Relative contributions by modality category to (a) estimated annual number of
examinations/procedures and (b) estimated annual collective effective dose (2009-2018)
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V. ANALYSIS OF FREQUENCY DATA

35. The global assessment of medical exposure was derived from analysis of the data submitted to the
UNSCEAR Global Survey, supplemented with data from the published literature and national reports.
The survey included requests for essential information (total number of examinations/procedures for
broad survey modality categories); and responses containing this essential information were received
from 58 countries. Replies to the detailed questionnaire on examination frequencies and data on
radiation dose for diagnostic radiology were received from 33 countries. Only 11 countries submitted
complete information including age and sex distribution by examination/procedure. Further,
54 countries provided information on nuclear medicine procedures and 51 countries on radiation
therapy treatments. While there were a large number of contributions to the UNSCEAR Global Survey
from HCL I countries, there were only few responses from HCL II-1V countries.

A. Diagnostic radiology

36. In extrapolating the data from the UNSCEAR Global Survey to derive a global estimate,
diagnostic radiology was considered in three main subgroups: (@) conventional radiology (excluding
dental); (b) dental radiology; and (c) computed tomography. Detailed data on diagnostic radiology are
analysed and discussed in appendix B. Examination frequencies per 1,000 population for the three
subgroups were available from countries that submitted essential data to the UNSCEAR Global Survey,
as well as from countries that submitted more detailed data on the frequencies of specific examination
types. Survey data, supplemented with similar data on overall frequencies from the EC DDM 2 project
[ES], from recent published literature (e.g., [K13, S24]), databases maintained by other international
organizations (e.g., IAEA, WHO), and from previous UNSCEAR reports [U6, U9] dealing with
medical exposure, were used in the analysis.

1. Conventional radiology (excluding dental)

37. For conventional radiology (excluding dental), survey data from 43 countries were included in the
evaluation. After inclusion of data from the EC DDM 2 project [ES] and from UNSCEAR reports [U6,
U9], data from 65 countries, covering 48% of the total world population, contributed to the assessment.

38. The estimated total annual number of conventional radiography (excluding dental) examinations
is 2.63 billion, with an uncertainty of £35%. The total estimate was derived by combining the assessed
data with the predictions of a continuous model for countries that did not submit data to the UNSCEAR
Global Survey. The continuous model was a power-law fit to the examination frequencies in the
assessed data as a function of physician density (all physicians per 1,000 population). A detailed
summary is shown in table 6, with categorization by health-care level and by income level. The number
of examinations in the assessed data is summarized, along with the estimates using the continuous
model for the remaining countries, the resulting total and the overall average examination frequency.
The uncertainties stated by countries in their survey submissions and the uncertainties of the predictions
from the continuous model were combined to derive an uncertainty in the overall total estimate of
+35%. Further details of the modelling methodology and related uncertainties are given in appendix A
and in electronic attachments A-1 to A-3.
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39. The estimated annual total of 2.63 billion conventional radiology (excluding dental) examinations
is a reduction of 9% from the 2.87 billion examinations per annum estimated in the UNSCEAR 2008
Report [U9]. The global average annual frequency has decreased from 445 to 359 examinations per
1,000 population. These differences are within the bounds of the estimated uncertainties.

Table 6. Global estimate of number of conventional radiology (excluding dental) examinations per
annum derived from assessed data (2009-2018) and predictions from continuous model

Category Population Examinations Examinations Total number of Average
(millions) from assessed from modelled examinations examinations per
data (millions)® | data (millions)® (millions)® 1 000 population
Categorization by health-care level
| 3908 1568 285 1853 474
I 2256 0.3 645 645 286
1] 622 19 75 94 151
v 526 0.04 34 34 65
Categorization by income level
High 1149 961 22 983 855
Upper middle 2619 539 225 764 292
Lower middle 2882 87 714 801 278
Low 662 0.3 78 78 118
Global 7312 1587 1039 2626 359

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

2. Dental radiology

40. UNSCEAR Global Survey data from 36 countries were included in the assessment for dental
radiology. After inclusion of data from the EC DDM 2 project [E5] and from UNSCEAR reports [U6,
U9], data from 49 countries, covering 41% of the total world population, contributed to the assessment.

41. The estimated total annual number of dental radiology examinations is 1.1 billion, with an
uncertainty of +60%. The total estimate was derived by combining the assessed data with the
predictions of a continuous model for countries that did not submit data to the UNSCEAR Global
Survey. The continuous model was a power-law fit to the examination frequencies in the assessed data
as a function of physician density. Details of the modelling are discussed in appendix A. A detailed
summary is shown in table 7, with categorization by health-care level and by income level. The number
of examinations in the assessed data is shown, along with the estimated number predicted by the
continuous model for the remaining countries, the resulting total number of estimated examination and
the overall average examination frequency per 1,000 population. The uncertainties stated by countries
in their survey submissions and the uncertainties of the predictions from the continuous model were
combined to derive an overall uncertainty of +60%. Further details of the modelling methodology and
related uncertainties are given in appendix A and in electronic attachments A-1 to A-3.
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42. The estimated annual total of 1.1 billion dental radiology examinations is an increase of 130%
from the 480 million examinations per annum estimated in the UNSCEAR report [U9]. The global
average frequency has increased from 74 to 151 examinations per 1,000 population per year.

Table 7. Global estimate of number of dental radiology examinations per annum derived from
assessed data (2009-2018) and predictions from continuous model

Category Population Examinations Examinations Total number of Average
(millions) from assessed from modelled examinations examinations per
data (millions)® | data (millions)® (millions)® 1 000 population

Categorization by health-care level

| 3908 809 173 982 251
I 2256 0.07 111 111 49
I 622 0 6.9 6.9 1
v 526 0 1.1 1.1 2

Categorization by income level

High 1149 628 16 644 561
Upper middle 2619 164 125 289 110
Lower middle 2882 17 137 154 53
Low 662 0 14 14 21

Global 7312 809 292 1101 151

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

3. Computed tomography

43. UNSCEAR Global Survey data for computed tomography examinations were received from
43 countries. Additional data on examination frequencies were obtained from the EC DDM 2 project
[ES] and from data reported to the Organisation for Economic Co-operation and Development (OECD)
[O3]. Further data, particularly for HCL III and HCL IV countries, were used from UNSCEAR reports
[U6, U9]. The assessment included data from 69 countries, covering 48% of the total world population.

44. The estimated total annual number of computed tomography examinations is about 400 million,
with an uncertainty of +40%. The total estimate was derived by combining the assessed data with the
predictions of a continuous model for countries that did not submit data to the UNSCEAR Global
Survey. The continuous model was a power-law fit to the examination frequencies in the assessed data
as a function of physician density. Details of the modelling are discussed in appendix A. A detailed
summary is presented in table 8 with categorization by health-care level and by income level. The
number of examinations in the assessed data is also presented, along with the estimated number
predicted by the continuous model for the remaining countries, the resulting total and the overall
average examination frequency. The uncertainties stated by countries in their survey submissions and
the uncertainties of the predictions from the continuous model were combined to derive an overall
uncertainty of +40%. Further details of the modelling methodology and related uncertainties are given
in appendix A and in electronic attachments A-1 to A-3.
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Table 8. Global estimate of number of computed tomography examinations per annum derived
from assessed data (2009-2018) and predictions from continuous model

Category Population Examinations Examinations Total number of Average
(millions)® from assessed from modelled examinations examinations per
data (millions)® | data (millions)® (millions)® 1 000 population
Categorization by health-care level
| 3908 278 46 324 83
I 2256 0 70 70 31
1] 622 0.5 6.5 7.0 1
v 526 0.06 1.88 1.9 3.7
Categorization by income level
High 1149 181 1.3 183 159
Upper middle 2619 92.6 38.7 131 50
Lower middle 2882 44 77 81 28
Low 662 0.01 7.8 7.8 12
Global 7312 278 125 403 55

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

45. Computed tomography makes the largest contribution to the overall collective dose from medical
exposure, so uncertainties in the estimation of computed tomography examination frequencies are very
important. The assessed data includes 278 million examinations in HCL I countries, approximately
86% of the overall total estimate of examinations in that HCL category, implying a relatively robust
projection. The most critical point is the absence of survey data for HCL II, where the entire estimate of
70 million examinations derives from the modelling. Obtaining data on computed tomography scanning
frequency in HCL II countries is an important future goal to produce robust estimates of collective dose
from medical exposure. Equivalently, in the categorization by income levels, the lack of data for lower
middle-income countries is the most significant source of uncertainty in the overall total estimate. More
data from countries in the lower middle-income and low-income classifications would yield a better
estimate in the future. The estimated annual total of about 400 million computed tomography
examinations is an increase of 82% from the 220 million examinations per annum estimated in the
previous UNSCEAR assessment [U9]. The global average frequency has increased from 34 to 55
examinations per 1,000 population per year.

B. Interventional radiology

46. UNSCEAR Global Survey data were received from 39 countries. After inclusion of data from the
EC DDM 2 project [ES] and other sources, a total of 57 countries, covering 46% of the total world
population, contributed to the assessment.

47. The estimated total annual number of interventional radiology procedures is about 24 million,
with an uncertainty of +80%. The total estimate was derived by combining the assessed data with the
predictions of a continuous model for countries that did not submit data to the UNSCEAR Global
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Survey. The continuous model was a power-law fit to the procedure frequencies in the assessed data as
a function of physician density. Details of the modelling are discussed in appendix A. A detailed
summary is presented in table 9 with categorization by health-care level and by income level. The
number of procedures in the assessed data is presented, along with the estimated number predicted by
the continuous model for the remaining countries, the resulting total and the overall average procedure
frequency. The uncertainties stated by countries in their survey submissions and the uncertainties of the
predictions from the continuous model were combined to derive an overall uncertainty of £80%.
Further details are given in appendix A and in electronic attachments A-1 and A-2.

48. The estimated annual total of about 24 million interventional radiology procedures represents an
approximately sixfold increase from the 3.6 million procedures in the UNSCEAR 2008 Report [U9].
The annual global average frequency has increased from 0.6 to 3.2 procedures per 1,000 population.
This large increase is partly due to difficulties in making an appropriate comparison; other procedures
(cerebral and vascular) were included in the previous UNSCEAR 2008 Report [U9], which are not
included in the total interventional procedures of this evaluation as they are considered as diagnostic
and not therapeutic procedures (see also appendix C and electronic attachment C-1).

Table 9. Global estimate of number of interventional radiology procedures per annum derived from
assessed data (2009-2018) and predictions from continuous model

Category Population Procedures from | Proceduresfrom | Total number of Average
(millions)“ assessed data modelled data procedures procedures per
(millions)® (millions)® (millions)® 1 000 population
Categorization by health-care level
| 3908 16.5 2.8 19.3 49
I 2256 0 39 39 1.7
1] 622 0.01 0.3 0.31 0.5
v 526 0 0.087 0.087 0.17
Categorization by income level
High 1149 135 0.44 13.9 12
Upper middle 2619 3.04 1.93 497 1.9
Lower middle 2882 0.03 432 435 1.5
Low 662 0 0.44 0.44 0.7
Global 7312 16.5 7.1 23.6 3.2

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

C. Nuclear medicine

49. The assessment for diagnostic nuclear medicine included UNSCEAR Global Survey data from
46 countries. With data from the EC DDM 2 project [ES] and from two UNSCEAR reports [U6, U9],
data from 68 countries covering 52% of the total world population contributed to the assessment.

50. The estimated total annual number of diagnostic nuclear medicine procedures is 40 million, with
an uncertainty of £70%. The total estimate was derived by combining the assessed data with the
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predictions of a continuous model for countries that did not submit data to the UNSCEAR Global
Survey. The continuous model was a power-law fit to the procedure frequencies in the assessed data as
a function of physician density. Further details of the modelling methodology and related uncertainties
are given in appendix A and electronic attachments A-1 to A-3.

51. A detailed summary is shown in table 10 with categorization by health-care level and by income
level. The number of procedures in the assessed data is shown, along with the estimated number
predicted by the continuous model for the remaining countries, the resulting total and the overall
average procedure frequency. The uncertainties stated by countries in their survey submissions and the
uncertainties of the predictions from the continuous model were combined to derive an overall
uncertainty of £70%.

Table 10. Global estimate of number of diagnostic nuclear medicine procedures per annum derived
from assessed data (2009-2018) and predictions from continuous model

Category Population | Procedures from Procedures from Total number of Average
(millions)® assessed data modelled data procedures procedures per
(millions)® (millions)® (millions)® 1 000 population
Categorization by health-care level
| 3908 339 39 378 10
I 2256 0.26 1.82 2.1 0.9
1] 622 0.004 0.072 0.076 0.12
v 526 0.002 0.007 0.009 0.02
Categorization by income level
High 1149 28.1 0.39 28.5 25
Upper middle 2619 5.4 2.8 8.2 3.1
Lower middle 2882 0.6 22 2.8 1.0
Low 662 0.0006 0.39 0.39 0.6
Global 7312 34.1 5.8 39.9 5.5

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

52. The estimated annual total of 40 million diagnostic nuclear medicine procedures represents an
increase of 22% from the 32.7 million procedures in the UNSCEAR 2008 Report [U9]. The global
average frequency has increased from 5.1 to 5.5 procedures per 1,000 population per year.

53. Data on radionuclide therapy treatments were received from 41 countries, covering 47% of the
global population. The estimated annual number of radionuclide therapy treatments is 1.4 million, with
an uncertainty of +35%. The total was derived by combining the assessed data with the predictions of a
continuous model for countries that did not submit data to the UNSCEAR Global Survey. The
continuous model was a power-law fit to the treatment frequencies in the assessed data as a function of
physician density. Details of the modelling are discussed in appendix A. A detailed summary is shown
in table 11 with categorization by health-care level and by income level.
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Table 11. Global estimate of number of radionuclide treatments per annum derived from assessed
data (2009-2018) and predictions from continuous model

Category Population | Treatments from Treatments Total numberof | Average treatments
(millions)® assessed data from modelled treatments per 100 000
(millions)® data (millions)® (millions)® population

Categorization by health-care level

| 3908 0.874 0.207 1.081 28
I 2256 0.060 0.227 0.287 13
I 622 0.002 0.042 0.044 7
v 526 0 0.020 0.020 4

Categorization by income level

High 1149 0.268 0.073 0.341 30
Upper middle 2619 0.619 0.110 0.729 28
Lower middle 2882 0.049 0.274 0.323 11
Low 662 0 0.039 0.039 6
Global 7312 0.936 0.496 1.432 20

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

54. The estimated annual total of 1.4 million radionuclide treatments is an increase of 63% from an
annual total of 880,000 treatments estimated in the UNSCEAR 2008 Report [U9]. The global frequency
of radionuclide therapy has also increased from 14 to 20 treatments per 100,000 population per year.
Data on therapeutic administrations of radionuclides are analysed and discussed in detail in appendix D
and electronic attachment D-1.

D. Radiation therapy

55. The UNSCEAR Global Survey data were received from 44 countries, covering 66% of the total
world population. Although the number of countries providing data was low, the proportion of the
world population covered was quite high and, therefore, no additional data were incorporated in the
assessment. Data on radiation therapy treatment courses do not include radionuclide therapy treatments,
which were discussed in the previous section on nuclear medicine.

56. The estimated total annual number of radiation therapy treatment courses is 6.2 million, with an
uncertainty of £25%. The total estimate was derived by combining the assessed data with the
predictions of a continuous model for countries that did not submit data to the UNSCEAR Global
Survey. The continuous model was a power-law fit to the treatment course frequencies in the assessed
data as a function of physician density. Details of the modelling are discussed in appendix A. Table 12
presents a detailed summary of the results with categorization by health-care level and by income level.
The number of treatment courses in the assessed data is also presented, along with the estimated
number predicted by the continuous model for the remaining countries, the resulting total and the
overall average frequency of treatment courses per million population. The uncertainties stated by
countries in their survey submissions and the uncertainties of the predictions from the continuous model
were combined to derive an overall uncertainty of +25%. Further details are given in appendix A and
electronic attachments A-1 and A-2.
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Table 12. Global estimate of number of radiation therapy treatment courses per annum derived
from assessed data (2009-2018) and predictions from continuous model

Category Population Treatment Treatment Total number of Average treatment
(millions)® courses from courses from treatment courses courses per million
assessed data modelled data (millions)® population
(millions)® (millions)®
Categorization by health-care level
| 3908 4.50 1.29 5.79 1480
I 2256 0.225 0.154 0.379 168
1] 622 0.004 0.050 0.054 85
v 526 0 0.010 0.010 19
Categorization by income level
High 1149 2.71 0.30 3.01 2620
Upper middle 2619 1.82 0.80 2.63 1000
Lower middle 2882 0.19 0.30 0.50 172
Low 662 0.0002 0.10 0.10 148
Global 7312 4.7 1.5 6.2 853

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

57. The estimated annual total of 6.2 million treatment courses represents an increase of 22% from
the value of 5.1 million treatment courses per annum in the previous UNSCEAR 2008 Report [U9]. The
overall rate of treatment courses has increased from 800 per million in the previous assessment to
850 per million. A comprehensive review of the published literature and further analyses of the
UNSCEAR Global Survey data on treatment frequencies, doses delivered during treatment, equipment
and staffing numbers are contained in appendix E. The UNSCEAR Global Survey data discussed in
appendix E and electronic attachment E-1 indicate that, on average, brachytherapy accounts for 6.7% of
all treatment courses. On this basis, the estimated total of 6.2 million treatment courses comprises 5.8
million external beam treatment courses and 0.4 million brachytherapy treatment courses.

VI. ANALYSIS OF DOSIMETRY DATA

58. Analysis of dosimetry data was based on dose information from the UNSCEAR Global Survey.
These data included average values of physical dose quantities (such as entrance surface dose, dose-
area product, dose-length product and administered activity) and assessments of typical effective dose
per examination/procedure. Physical dose quantities were converted to effective dose using the
conversion factors referenced in appendices B to D. These appendices also present detailed analyses of
the country data and comparisons with dose estimates reported in the literature.

59. The effective doses presented in the following sections are based on the tissue weighting factors
from ICRP Publication 60 [I9]. This approach was adopted because the conversion factors relating
practical dose quantities to effective dose available in the literature have generally been derived using
the ICRP 60 weighting factors. There were insufficient data to derive separate estimates of effective
dose for each procedure using the tissue weighting factors from ICRP Publication 103 [I11]. In
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addition, where countries submitted estimates of effective dose, it was not always clear which set of
tissue weighting factors were used. As discussed in section IV, an evaluation of the overall total
collective effective dose based on ICRP 103 weighting factors was derived by multiplying the mean
doses per procedure by E-103/E-60 ratios taken from the literature [A6, A7, HS, S14, W1].

A. Diagnostic radiology

60. As described above (figure I), diagnostic radiology was considered in three subgroups:
(a) conventional radiology (excluding dental), encompassing projection radiography as well as
radiography and fluoroscopy, but excluding dental radiography; (b) dental radiology; and (c) computed
tomography. To ascribe doses for countries that submitted only procedure frequencies and no dose data,
and for countries where the procedure frequencies were estimated using the modelling results, the
UNSCEAR Global Survey data were used to establish typical values of effective dose for each
examination and the mean relative frequency of each examination within the whole subgroup. These
data were combined to yield a frequency-weighted mean effective dose per subgroup examination. This
frequency-weighted mean effective dose per examination was used for all countries that did not provide
dose information to the current survey.

61. The typical effective doses and relative frequencies within conventional radiology (excluding
dental), dental radiology and computed tomography are shown in table 13. The frequency-weighted
effective dose for conventional radiology (excluding dental) was 0.37 mSv per examination. The most
common procedures were chest (two projections), limbs and joints, mammography, and pelvis and hip.
The frequency-weighted effective doses were 0.01 mSv for dental radiography and 6.4 mSv for
computed tomography examinations. The most common computed tomography examinations were
head (brain), chest and abdomen. The uncertainties in the typical dose per examination and the
uncertainties in the relative proportions were combined to derive an overall uncertainty in the
frequency-weighted effective dose. The uncertainties in the frequency-weighted effective dose per
examination were £20% for conventional radiography, £40% for dental radiography, and +20% for
computed tomography.

62. Applying a single frequency-weighted dose per procedure for all countries that did not provide
dose information assumes that procedures are performed at identical relative rates across all health-care
and income levels and also that doses do not vary across these categories. These assumptions were
necessary as there were insufficient data available from the UNSCEAR Global Survey to establish
separate procedure frequencies and doses across the different health-care or income level categories.
However, the relative frequencies shown in table 13 indicate a significant contribution from
mammography (13.2%, combining both clinical and screening mammography). This high frequency for
mammography reflects the fact that the survey data came mostly from HCL I countries. Survey data
from Islamic Republic of Iran and Philippines indicated very low levels of mammography, as do data
for Kenya reported in the literature [K13]. To correct this bias, revised relative frequencies for
conventional radiology (excluding dental) were calculated by replacing the relative frequencies for
mammography with the arithmetic mean of the data from Islamic Republic of Iran, Philippines and
Kenya and then re-calculating the frequencies relative to the revised total. The revised frequencies for
procedures other than mammography, therefore, increased to cover the missing proportion. The
frequency-weighted mean effective dose for conventional radiology (excluding dental) using the
revised frequencies was 0.39 mSv per procedure. This revised value was ascribed to all HCL II, IIT and
IV countries that did not provide dose data.
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Table 13. Typical effective doses and average relative frequencies of procedures within diagnostic
radiology subcategories reported to UNSCEAR Global Survey

Examination type Typical effective | Relative frequency
dose (mSv)* (%)*
CONVENTIONAL RADIOLOGY (EXCLUDING DENTAL)
Projection radiography (excluding dental)
Head (skull and facial bones) 0.08 23
Head (soft tissue) 0.15 0.06
Neck (cervical spine) 0.13 2.6
Neck (soft tissue) 0.51 0.05
Chest-thorax 0.08 32
Chest (thoracic spine) 0.45 19
Chest (shoulder girdle and ribs) 0.06 29
Mammography* 0.22 6.0
Mammography (screening)® 0.28 7.2
Lumbar spine 1.0 6.1
Lumbo-sacral joint only 0.33 0.37
Abdomen 0.61 29
Pelvis and hips (bone) 0.49 7.5
Pelvis (soft tissue) 15 0.35
Limbs and joints 0.02 21
Whole spine (trunk) 1.5 0.20
Skeletal (head and trunk) 0.5 0.29
Others? 0.22 2.9
Radiography and fluoroscopy
Gastrointestinal tract (barium studies) 34 0.59
Gastrointestinal tract (defecography) 8.8 0.04
Biliary tract (cholangiography) 8.5 0.02
Biliary tract (endoscopic retrograde cholangiopancreatography) 49 0.06
Biliary tract (cholecystography) 14 0.01
Urogenital tract (Intravenous urography) 24 0.23
Urogenital tract (kidney, bladder and urethra) 1.6 0.12
Myelography 55 0.01
Arthrography 2.1 0.09
Cerebral angiography 6.9 0.03
Cardiac angiography 7.0 0.78
Thoracic angiography 4.8 0.08
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Examination type Typical effective | Relative frequency

dose (mSv)2 (%)*
Abdominal angiography 8.0 0.03
Pelvic angiography 7.5 0.02
Peripheral angiography 32 0.09
Lymphangiography 1.0 0.0002
Others? 48 1.1
Weighted dose per examination for conventional radiology 0.37

(excluding dental)
Dental radiology
Dental intraoral 0.006 74
Dental panoramic 0.024 26
Weighted dose per examination for dental radiology 0.01
Computed tomography (CT)

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 29
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
CT-pelvis (pelvic bones) 8.8 2.4
CT-pelvis (pelvic soft tissue and vascular) 11 2.8
CT-pelvis (pelvimetry) 5.0 0.05
CT-full spine (neck, chest, abdomen) 14 1.4
CT-trunk (chest, abdomen, pelvis) 17 3.9
CT-limbs 2.1 24
CT-dental 0.7 0.3
Cone beam CT-dental 0.13 1.0
Cone beam CT-others 0.06 0.1
Others? 6.4 11.5
Weighted dose per examination for computed tomography 6.4

¢ For the effective dose determination, ICRP 60 [19] tissue weighting factors were applied.

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

¢ Effective doses for mammography reported to UNSCEAR Global Survey were assumed to be based on ICRP 103 [I11] tissue
weighting factors and were divided by 2.4 to adjust them to ICRP 60 [19] for consistency with doses for all other procedures.

¢ Procedures categorized as “Others” were assigned a dose equal to the frequency-weighted average dose for all other
procedures within the category.
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63. The total annual number of examinations worldwide is assessed as 2.6 billion for conventional
radiography, 1.1 billion for dental radiography and 400 million for computed tomography (table 4). The
global collective dose for conventional radiology (excluding dental), dental radiology and computed
tomography is 955,000 man Sv, 9,700 man Sv, and 2,556,000 man Sv, respectively. The distribution of
collective dose between health-care and income levels, along with the contribution to the per caput
effective dose, is presented in table 14. Combining the uncertainties in the number of procedures with
the uncertainties in the dose per procedure, as described in appendix A, leads to an overall uncertainty
in the collective dose of +45% for conventional radiology (excluding dental), £70% for dental
radiography, and #45% for computed tomography.

64. A comprehensive review of the published literature, and further analyses of the UNSCEAR
Global Survey data on procedure frequencies, doses per procedure, equipment and staff in diagnostic
radiology are discussed in appendix B.

Table 14. Comparison of estimated annual collective dose and annual per caput effective dose
between health-care and income levels for conventional radiology (excluding dental), dental
radiology and computed tomography

The estimates are based on survey data and the continuous mathematical model (physician density)

Category Conventional radiology Dental radiology Computed tomography
(excluding dental)
Collective dose Effective dose Collective dose Effective dose Collective dose Effective dose
(1000 man Sv)° per caput (1000 man Sv)° per caput (1000 man Sv)° per caput
(mSv)? (mSv)? (mSv)?
Categorization by health-care level
| 651 0.17 8.5 0.0022 2050 0.52
1l 254 0.1 1.1 0.0005 449 0.20
1l 37 0.059 0.07 0.0001 45 0.073
\% 13 0.026 0.01 0.00002 12 0.024
Categorization by income level
High 355 0.31 50 0.0044 1178 1.02
Upper middle 265 0.10 29 0.0011 812 0.31
Lower middle 305 0.1 1.6 0.0005 516 0.18
Low 30 0.046 0.15 0.0002 50 0.075
Global 955 0.13 9.7 0.0013 2556 0.35

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

B. Interventional radiology

65. A frequency-weighted effective dose per interventional radiology procedure was established for
the purpose of ascribing doses for countries that submitted only procedure frequencies and no dose
data, and for countries where the procedure frequencies were estimated using the continuous model.
The submitted UNSCEAR Global Survey data were used to establish typical values of effective dose
for each procedure and the mean relative frequency of the procedure within all interventional radiology
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procedures (table 15). This frequency-weighted effective dose per procedure was used for all countries
that did not provide dose information to the UNSCEAR Global Survey. The frequency-weighted
effective dose derived for interventional radiology was 14.9 mSv per procedure. Combining the
uncertainties in the typical doses for procedures and the uncertainty in the relative proportions gives an
overall uncertainty in the frequency-weighted effective dose per procedure of £50%.

Table 15. Typical effective doses and average relative frequencies of procedures for interventional
radiology

PTCA: Percutaneous transluminal coronary angioplasty; TIPS: Transjugular intrahepatic portosystemic shunt

Examination type Typical effective dose Relative frequency

(mSv)© (%)
Head (cerebral intervention) 12.6 1.0
PTCA 20.6 376
Chest (pacemaker) 1.4 4.8
Thoracic intervention (other) 2.8 8.1
Abdomen (biliary and urinary intervention) 7.2 33
Abdomen (TIPS) 27.8 0.1
Abdominal interventions (other) 32.0 1.8
Pelvic interventions 7.0 1.0
Limb interventions 13.6 38
Other interventional procedures 13.9 385
Weighted dose per procedure 14.9

“ For the effective dose determination, ICRP 60 [I9] tissue weighting factors were applied.

66. The global number of interventional radiology procedures is assessed at 24 million and the global
collective effective dose is assessed at 334,000 man Sv. The distribution of collective dose between
health-care and income levels, along with the contribution to the per caput dose, is shown in table 16.
Combining the uncertainty in the number of procedures with the uncertainty in the dose per procedure,
as described in appendix A, leads to an overall uncertainty in the collective effective dose from
interventional radiology of +90%. A comprehensive review of the literature and a detailed analysis of
data on procedure frequencies, doses per procedure, equipment and staff are discussed in appendix C.
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Table 16. Comparison of estimated annual collective dose and annual per caput effective dose
between health-care and income levels for interventional radiology

The estimates are based on survey data and the continuous mathematical model (physician density)

Category Collective dose (1 000 man Sv)° Per caput effective dose (mSv)“

Categorization by health-care level

| 269 0.069
I 59 0.026
I 4.7 0.008
v 1.3 0.002

Categorization by income level

High 193 0.168
Upper middle 69 0.026
Lower middle 65 0.023
Low 7 0.010
Global 334 0.046

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

C. Nuclear medicine

67. In diagnostic nuclear medicine, a more complicated process of ascribing doses for countries that
submitted only procedure frequencies and no dose data, and for countries where the procedure
frequencies were estimated using the continuous model, was chosen. The UNSCEAR Global Survey
data were used to establish typical values of effective dose for each procedure and the average relative
frequency of the procedure within the categories of gamma camera and SPECT procedures, and PET
procedures, respectively. The relative frequencies with which different radiopharmaceuticals and
different radionuclides were used for a given procedure were included in the assessment of effective
dose for that procedure. The proportion of procedures including an accompanying attenuation
correction or localization computed tomography scan, and the fraction of PET procedures within the
overall total procedures (table 17) were included in the calculation of the overall frequency-weighted
effective dose per procedure. The frequency-weighted effective dose derived for diagnostic nuclear
medicine was 6.8 mSv per procedure. This weighted effective dose per procedure was used for all
countries that did not provide dose information to the UNSCEAR Global Survey. For countries with no
reported PET equipment, only the weighted dose for gamma camera and SPECT procedures (5.1 mSv
per procedure) was used in the assessment. The uncertainties in the typical doses for nuclear medicine
procedures and the uncertainty in the relative frequencies were combined to derive an overall
uncertainty in the weighted effective dose. The estimated overall uncertainty in the weighted effective
dose per procedure is £20%.
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Table 17. Typical effective doses and average relative frequencies of nuclear medicine procedures

CT: Computed tomography; PET: Positron emission tomography; SPECT: Single photon emission computed

tomography
Procedure Radiopharmaceutical component* CT component®
Isotope Typical effective Relative Typical effective Fraction of
dose (mSv) frequency (%) dose (mSv) CT (%)
GAMMA CAMERA AND SPECT PROCEDURES

Nervous system #mTc 6.6 1.8

0.3 54
Nervous system 123 9.2 1.9
Skeletal #mTc 36 284 3.0 34
Cardiovascular e 6.8 237 1.0 55
Cardiovascular 2017 144 34
Pulmonary #mTc 23 6.3 1.9 30
Endocrine #mTe 3.0 12.8

1.4 24
Endocrine 123 24.5 1.6
Gastrointestinal #mTe 29 23 3.2 6
Genitourinary #mTc 1.1 8.7
Oncology All 6.8 3.6 27 54
Infection, inflammation #mTe 6.8 2.0 2.5 81
Lymphatics #mTc 0.08 35
Weighted dose per procedure (mSv) 49 0.6
Fraction of SPECT systems with CT 322
Weighted CT component 0.2
Weighted dose per gamma camera and SPECT 5.1

PET PROCEDURES

Oncology 18F 15.9 90.7
Oncology %Ga 124 1.3
Cardiovascular 8F 15.4 1.7 All procedures assumed to
Cardiovascular 50 1.6 03 include CT
Skeletal 10 16.9 13 Doses include CT component
Nervous system 18F 54 26
Infection, inflammation 8F 16.8 0.5
Weighted dose per PET procedure (mSv) 15.3
Fraction of PET in all nuclear medicine procedures 17
Combined weighted dose for nuclear medicine including PET 6.8

“ For the effective dose determination, ICRP 60 [I9] tissue weighting factors were applied.
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68. The total number of procedures worldwide in diagnostic nuclear medicine (including PET) is
assessed as 40 million. The global collective effective dose is assessed at 297,000 man Sv. The
distribution of collective dose between health-care and income levels, along with the contribution to the
per caput effective dose, is shown in table 18. Combining the uncertainty in the number of procedures
with the uncertainty in the dose per procedure, as described in appendix A, leads to an overall
uncertainty in the collective effective dose from diagnostic nuclear medicine of +75%. A
comprehensive review of the literature and further analyses of the survey data on procedure
frequencies, doses per procedure, equipment and staff in nuclear medicine are discussed in appendix D.

Table 18. Comparison of estimated annual collective dose and annual per caput effective dose
between health-care and income levels for diagnostic nuclear medicine

The estimates are based on survey data and the continuous mathematical model (physician density)

Category Collective effective dose Effective dose per caput
(1000 man Sv)° (mSv)?

Categorization by health-care level

| 285 0.073
I 11.1 0.005
I 0.44 0.0007
v 0.05 0.0001

Categorization by income level

High 235 0.20
Upper middle 46 0.018
Lower middle 14 0.005
Low 2 0.003
Global 297 0.041

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

69. The uncertainty in the global estimate of medical exposure arises from a number of sources. Some
countries conducted a survey of a limited number of nuclear medicine practices and then extrapolated
the data to the whole country. This can lead to an over- or underestimation of the true number of
procedures, depending on how representative the sample sites are of the whole country. Further, there
are often a number of different radiopharmaceuticals available for any one procedure and the particular
one used may vary from site to site and from patient to patient, depending on their clinical history.
Additionally, while computed tomography is now used in almost all PET procedures, this is not the
case with SPECT. Although the number of SPECT/CT installations has increased markedly in the past
decade, the computed tomography component is usually used in less than 55% of cases. It is common
practice to perform the SPECT study first, and then perform the computed tomography only if the study
is abnormal and the anatomical localization of the abnormality cannot be clearly identified from the
SPECT images. This level of detail is often not available in national surveys but needs to be considered
for future surveys.
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VII. DISTRIBUTIONS BY AGE AND SEX

70. The UNSCEAR Global Survey provided detailed data on the distribution of procedures by age
and sex for a number of countries. Data was provided by ten countries for projection radiography
(without contrast), and for radiography and fluoroscopy (with contrast). Data for computed tomography
was provided by eleven countries, for interventional radiology by eight countries, for nuclear medicine
by 13 countries, and for radiation therapy by nine countries. With the exception of Thailand, all data on
the age and sex distribution of procedures came from HCL I countries. Detailed discussions of the age
and sex distributions are presented in appendices B to E .

71. The distributions of projection radiography (without contrast), radiography and fluoroscopy (with
contrast), computed tomography, interventional radiology and nuclear medicine procedures by patient
age are presented in figure III. Computed tomography, radiography and fluoroscopy (with contrast),
interventional radiology and nuclear medicine show very similar age profiles, with the bulk of
procedures occurring in patients aged 55 years and older. Projection radiography (without contrast)
shows a markedly flatter profile, with many procedures performed on children and young adults. The
distribution for computed tomography also shows elevated rates between ages 15 and 44 in comparison
with radiography and fluoroscopy, interventional radiology and nuclear medicine.

Figure lll. Comparison of age distributions for examinations/procedures by modality categories,
averaged across countries reported data to UNSCEAR Global Survey

72. The proportions of examinations/procedures by patient sex are presented in figure IV. The male-
female ratio is close to even for computed tomography and nuclear medicine procedures. Fluoroscopic
examinations show a slight preponderance of males, while interventional procedures show a strong
tendency to males with a ratio close to 2:1. The preponderance to males in interventional radiology is
seen for many procedure types but particularly for percutaneous coronary angioplasty (PTCA). By
contrast, projection radiography is weighted towards females, mainly due to the contribution from
mammography examinations. Only a few countries were able to provide data on age and sex
distributions of examinations/procedures. It is desirable to have such data also from lower middle-
income and low-income countries where the age structure of the population, clinical presentations,
equipment, staffing and practice may differ from the results presented in this annex.
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Figure IV. Distributions of patient sex received radiological examinations by modality categories,
averaged across countries reported data to UNSCEAR Global Survey

VIII. TRENDS IN MEDICAL EXPOSURE

73. The results of this current evaluation are compared with matching data from the UNSCEAR 2008
Report [U9] in table 19. Comparisons for selected procedures within conventional radiology (excluding
dental) are also shown to highlight major changes.

74. The estimated number of procedures in conventional radiology (excluding dental) is lower in the
present assessment by about 10%, and there is a large reduction, approximately 60%, in the assessed
collective effective dose. There are some differences in methodology that contribute to the lower
number of estimated procedures. The previous assessment included counts of individual radiographic
projections in some cases, whereas the present assessment attempts to estimate the number of
procedures, some of which may include multiple projections. The present assessment also uses
modelling to ascribe procedures to countries that did not submit data, instead of applying population-
weighted averages from the current survey to all countries within each health-care level.

75. As discussed in more detail in appendix B typical effective doses for radiography procedures have
generally decreased during the past decade, although there continues to be wide variation in reported
values. Significant reductions in procedure frequencies are seen for studies of the gastrointestinal
system using fluoroscopy and contrast. These procedures contributed 640,000 man Sv to the collective
dose in the previous assessment. In the present assessment, the number of procedures and the collective
dose have fallen by approximately 90%. The frequencies of radiographic and fluoroscopic
examinations of the biliary and urinary systems have also fallen considerably and their contribution to
the collective dose has decreased. A recent evaluation of medical exposure in the United States [N2]
also found notable reductions in fluoroscopic gastrointestinal examinations, which in that case were
ascribed to a shift to fibre-optic endoscopy and colonography.
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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 Sv)° procedures (1000 man Sv)°
(millions)?® (millions)?
Conventional radiology b
(excluding dental) 2900 2350 2626 955
Chest (thorax) 930 93 955 97
Chest photofluorography 440 340 64¢ 19¢
Mammography (clinical) 50 19 120 27
Mammography (screening) 80 22 110 29
Gastrointestinal 135 640 18 65
Biliary system 40 76 2 1
Urography 45 120 8.6 19
Others 240 390 120 140
Dental 480 1 1100 10
Computed tomography 220 1540 403 2556
Interventional radiology 3.64 41 236 334
Diagnostic nuclear medicine 33 202 39.9 297
Radionuclide therapy 0.88 14
Radiation therapy® 5.1 6.2

a

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

» UNSCEAR 2008 Report [U9] counted individual projections rather than whole examinations in some cases.

¢

Data reported by the Russian Federation, however, this category was not included in the UNSCEAR Global Survey.

¢ Data for interventional radiology were not reported separately in UNSCEAR 2008 Report [U9]. The value reported here is

according to the definition of interventional radiology used in this annex.

¢ Radiation therapy was counted as courses of treatment, not individual treatment fractions.

76. Chest photofluorography contributed approximately 340,000 man Sv to the collective dose in the
previous UNSCEAR 2008 Report [U9]. There is no directly equivalent category for this procedure in
the present assessment, however specific data were reported by the Russian Federation. In other cases,
these procedures may have been reported under the chest category. A comparison of the chest (thorax)
category is included in table 19. The number of chest procedures and the assessed collective dose has
increased, but only marginally. As discussed by Balonov et al. [B6], the use of fluorography has
declined in the Russian Federation (see also appendix B), although it was reported to account for 44%
of the total collective effective dose in Ukraine during the period 2009-2012 [S22].

77. The current evaluation shows a significant increase in the use of mammography. As discussed in
section VLA, a revised set of relative frequencies with a very low mammography component was used
in ascribing procedures and doses to countries in HCL 11, III and IV that did not submit data to the
UNSCEAR Global Survey. The total for mammography examinations reported in table 19 are thus
largely due to procedures in HCL I countries, both those included in survey submissions and those
ascribed for countries that did not submit data. As discussed in appendix B, the survey data showed a
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consistently large increase in the frequency of mammography examinations compared to the previous
UNSCEAR 2008 Report [U9].

78. In dental radiology, the assessed number of procedures has doubled although the overall
collective dose is similar. This increase may be due to an increased level of reporting for the
UNSCEAR Global Survey. It should be noted that dental cone beam computed tomography (CBCT)
has been counted and analysed within the computed tomography category, as presented in appendix B.

79. In computed tomography, the number of procedures and the collective dose have risen markedly.
The number of procedures has increased by about 80% and the collective dose has increased by around
70%. As discussed in appendix B, an increase is observed for most countries submitting data to the
UNSCEAR Global Survey; however, the procedure frequencies per 1,000 population assessed for HCL
I, IIT and IV countries in this evaluation have increased by factors of 4 (7 to 31), 3 (3to 11) and 1.2 (3
to 3.7), respectively. While there is evidence of some reduction in the average dose per procedure, use
of computed tomography continues to grow.

80. In interventional radiology, the number of procedures has increased by a factor of 6 and the
collective dose has increased by a factor of 8 compared to the previous assessment [U9]. This reflects
both an increasing deployment of interventional radiology and an expansion in the range of procedure
types with higher doses per procedure, on average. The large apparent change is also due in part to gaps
in reporting; the previous assessment did not include cerebral and vascular procedures on the basis that
these were largely diagnostic and not therapeutic. Although interventional procedures are less frequent
than radiography or computed tomography examinations, the effective dose per procedure is relatively
high. As a result, interventional procedures make an important contribution to the total collective dose.
Coronary angioplasty remains the most frequent interventional procedure.

81. In nuclear medicine, the assessed number of procedures has increased by 20% and the collective
dose has increased by 50%, indicating a growth in higher dose procedures. The greatest change in the
past decade has been the steady increase in the number of PET procedures, which now represent 17%
of all nuclear medicine procedures. With a typical effective dose of 15 mSv per procedure (including
both radiopharmaceutical and computed tomography dose), increasing use of PET will lead to a rise in
the average dose per procedure. The use of PET is likely to increase further with the initiation of new
radiopharmaceuticals currently under clinical development and the growing role of PET in cancer care.
Throughout the world, PET/CT systems have now largely replaced stand-alone PET systems.
SPECT/CT systems have been available since about 2005, but information in the literature on their
distribution is very limited. The previous rapid rise in the number of cardiac studies, particularly in the
United States, appears to have moderated and reversed slightly.

82. Table 20 summarizes the trends in medical exposure for diagnosis and intervention since 1988.
The values include the total annual number of examinations and collective effective doses from
diagnostic and dental radiology, nuclear medicine and interventional radiology. However, no data for
frequencies for dental radiology were given in the UNSCEAR 1993 Report [US], which explains the
slight decrease (figure V). The annual total number of examinations has increased from 1.7 billion in
1988 to 4.2 billion in the current evaluation. This increase is due partly to the increase in the global
population, but the frequency of examination has also increased from 355 to 574 procedures per 1,000
population (figure VI). However, compared with the previous UNSCEAR evaluation [U9], the increase
is minor. The estimated annual collective effective dose to the world population from medical
radiological examinations has increased from 1,890,000 man Sv in 1988 to 4,150,000 man Sv in the
current evaluation (figure VII). The annual per caput effective dose increased from 0.37 mSv in 1988 to
0.65 mSv in 2008 and has fallen slightly since, to 0.57 mSyv (figure VIII).
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Table 20. Comparison of UNSCEAR global medical exposure evaluations

Evaluation Annual number of Annual frequency of Annual collective Annual effective
examinations examinations per effective dose dose per caput
(millions)® 1000 population® (1000 man Sv) > (mSv)>®
UNSCEAR 1988 1740 355 1890 0.37
Report [U4] ’
UNSCEAR 1993 1620 305 1780 0.33
Report [U5] ’
UNSCEAR 2000 2460 426 2460 0.43
Report [U6] ’
UNSCEAR 2008 3660 561 4210 0.65
Report [U9] ’
Current b
. 4190 574 4150 0.57
evaluation

¢ Values are rounded.

b For the effective dose determination, ICRP 60 [I9] tissue weighting factors were applied.

83. Overall, the current evaluation shows only a slight change from the UNSCEAR 2008 Report [U9]
and a slight reduction in the effective dose per caput. This contrasts with the previous two UNSCEAR
reports [U6, U9], which showed notable increases, not only in the total number of examinations but
also in the frequencies of examinations per 1,000 population and the annual effective dose per caput. As
discussed above, this evaluation shows the influence of technological changes and changes in medical
practice as previously more common procedures were supplanted by different techniques or phased out
entirely. The use of computed tomography has continued to grow and the contribution from
interventional radiology has increased rapidly. It appears likely that these two trends will continue and,
thus, the effective dose per caput may be expected to rise again in the future as access to these
techniques using ionizing radiation spreads to lower middle- and low-income countries.

84. Figure IX shows that the frequency of radionuclide therapy has increased by 40% since the
UNSCEAR 2008 Report [U9], continuing a trend of increasing use seen in previous UNSCEAR
reports. In the past decade, a number of new therapies have been introduced clinically and are now
available in many countries. These include °°Y-microspheres for the treatment of liver tumours, !"’Lu-
octreotide for neuroendocrine tumours and '"’Lu labelled onto prostate-specific membrane antigen
(*”Lu-PSMA) for prostate cancer. Statistics on the use of these newer therapies are often limited so the
frequencies estimated in this evaluation are likely to be an underestimate. Considerable research is
under way into “theranostics”, in which the same pharmaceutical is used for both diagnosis and
treatment. This is likely to lead to the establishment of these new procedures in routine clinical practice
in many countries in coming years.
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Figure V. Trend in global annual number of medical radiological examinations/procedures

Figure VI. Trend in global annual frequency per 1,000 population of medical radiological
examinations
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Figure VII. Trend in global annual collective effective dose from medical radiological examinations
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Figure VIII. Trend in global annual effective dose per caput from medical radiological examinations




80 UNSCEAR 2020/2021 REPORT

Figure IX. Trend in global annual frequency of radionuclide therapy treatments

Figure X. Trend in global annual frequency of courses of radiation therapy treatment (excluding
radionuclide therapy)
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85. The annual number of courses of radiation therapy treatment (excluding radionuclide therapy) is
estimated to have increased from 5.1 to 6.2 million since the UNSCEAR 2008 Report [U9]. However,
the long-term trend in the frequency of radiation therapy treatment courses shows little change
(figure X). There is a trend towards greater sparing of normal tissues and improved conformity with the
target volume. This trend is made possible by the increase in technological sophistication of treatment
delivery: specifically, the use of image guidance and of delivery techniques such as intensity-modulated
radiation therapy (IMRT), volumetric modulated arc therapy (VMAT), particle beams and stereotactic
techniques [K7].

86. The trends in improved geometric targeting have been accompanied by a trend towards higher
tumour dose, or higher dose per fraction combined with a smaller number of fractions. These changes
recognize the reduced doses delivered to normal tissues enabling an escalation of tumour dose, thus
achieving greater tumour control without an increase in normal tissue toxicity.

IX. IMPLICATION FOR FUTURE ANALYSES

87. The compilation of a global assessment of medical exposure is a complex task. Data must be
sourced from a wide array of locations, checked for consistency, and integrated into an overall
summary. The recommendations below are intended to facilitate the process; allowing for improved
data collection, speed and robustness of future assessments by the Committee.

88. As national surveys of medical exposure require adequate planning, with significant time and
resources, the Committee recommends the use of its UNSCEAR Global Survey questionnaires (especially
the essential data sets) to collect such information on a regular basis. Also, the Committee intends to
update its assessments more often through a focus on essential data, which includes annual total numbers
of examinations/procedures within each broad type of radiological discipline: conventional radiology,
dental radiology, computed tomography, interventional radiology, nuclear medicine and radiation therapy.

89. National surveys of medical exposure should include, whenever possible, information on age and
sex distribution of patients by the major types of medical examinations. In particular, estimations of
collective dose to paediatric patients are of special interest. The Committee recommends that
frequencies of radiological examinations be reported per 1,000 population. The population data and the
typical doses for examinations used to derive the collective dose should be clearly stated, as should the
period to which the data refer. This will facilitate the compilation of global summaries and comparative
analysis of data between countries. For projection radiology, in particular for frequency data, it should
always be made clear whether dental examinations are included or not.

90. The collection and collation of national data on medical exposure is not a simple process;
however, the publication of more data on collective doses and trends in medical exposure from lower
middle-income and low-income countries is desirable, as imaging patterns and technology may change
quite rapidly in these countries.

91. Regular assessment of typical effective doses for medical examinations is important in order to
track any optimization of technique due to factors such as the uptake of new technologies, improved
training for operators and the availability of expert advice. Changes in practice and levels of exposure
likely occur in a gradual fashion over time. Regular published assessments of typical doses would
facilitate the tracing of trends.
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92. Initiatives for future evaluations by the Committee should focus on motivating submission, of
even partial data sets of key information (essential data), from countries not represented in this
evaluation. Further, action should target countries with large populations (and so potentially significant
contributors to global practice) and also those with developing levels of health care. It might be useful
to focus data collection efforts on examinations and procedures that contribute most to the population
dose, such as the TOP 20 methodology developed the EC DDM 1 project [E3].

93. The success of the EC DDM 2 project [ES] in facilitating data collection for the assessment of
population dose in Europe could form the basis for similar regionally-organized initiatives, also
involving the training of national contact persons in population dose assessment and organized data
collection. These could help promote national surveys elsewhere, such as in Africa, Asia and Latin
America, and so increase participation in future UNSCEAR Global Surveys.

94. There is generally a huge variation in the typical effective dose per radiological examination used
in different countries, which subsequently affects the variations in estimated collective doses. Part of
this variation is due to the use of different methods of estimation, including different conversion factors
(effective dose per dosimetric quantity). The applicability, accuracy and consistency of the various
approaches should be addressed for future studies. The conversion factors used to estimate effective
dose should be reported in the surveys.

95. The impacts of technological changes in computed tomography—increasing numbers of
simultaneously acquired slices, the introduction and use of dose saving features, and evolving
diagnostic applications—are quite complex. There are both decreasing and increasing trends in the
mean effective dose per examination, which have significant implications for the overall estimated
collective effective dose from medical exposure.

96. Revised categories for interventional radiology procedures should be considered for future
collection and reporting of medical exposure data. Cardiac procedures are studied more than any other
interventional radiology procedure. This is justified due to their high frequency and radiation dose;
however, a focus on these procedures may mean that interventional radiology procedures performed
outside traditional radiology and cardiology departments are omitted from reporting due to the lack of
an appropriate category, e.g., vascular procedures or vertebroplasties. Moreover, any system of
categorization and analysis needs to allow for the fact that the distinction between diagnosis and
intervention is becoming increasingly blurred. Procedures frequently begin as diagnostic in intent but
will progress to intervention as dictated by the needs of the particular case (for instance, a diagnostic
coronary angiography procedure that is followed by a PTCA). The combination of many examinations
in a single group makes it difficult to assess exposure and to interpret trends (e.g., PTCA and cardiac
ablation may be reported under a single “cardiac” category although patient exposure differs
substantially). Careful evaluation of categories to be included in future surveys will be needed.

97. Continuing advances in imaging technology and interventional techniques allow the treatment of
more complex medical conditions; however, these increasingly complex procedures may involve higher
patient exposure and a greater likelihood of exceeding thresholds for tissue reactions. While data on the
frequency of tissue reactions have not typically been within the scope of assessments of medical exposure,
future surveys could include the possibility of reporting skin doses in interventional radiology procedures.

98. National surveys of nuclear medicine procedures need to include the dose from the computed
tomography component of PET/CT and SPECT/CT examinations. When including the computed
tomography component for SPECT, it is important to recognize that (a) not all SPECT examinations
will require SPECT/CT; (b) some examinations will require more than one SPECT/CT; and (c) for
certain examinations, particularly skeletal imaging, the SPECT/CT could cover any part of the body. In
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some cases, full diagnostic computed tomography will be performed, and future surveys will need to
consider whether to count and analyse such procedures as a component of nuclear medicine studies or
to include them with regular diagnostic computed tomography examinations.

99. Future evaluation of nuclear medicine will need to expand the recorded frequency data to allow
for a number of possible radiopharmaceuticals for one clinical procedure to be considered in order to
more accurately determine the collective dose. This particularly applies to gastroenterology, renal, brain
and oncology procedures where several different radiopharmaceuticals may be used, depending on the
clinical indication for the study.

100. Only one publication [K10] reported on the frequencies of therapeutic nuclear medicine
procedures. As this is an area of increasing application, statistics on the number of patients being
treated with the growing range of radiopharmaceuticals is needed.

101. Future evaluations of radiation therapy practice will need to clarify the data requested, including
the number of courses of treatment, the conditions for which patients are treated (including benign
conditions), as well as the most common treatment modalities, doses and numbers of treatment
fractions delivered.

102. The global assessment of medical exposure has focused on the frequencies of examinations/
procedures and estimates of dose per procedure/examination. This approach assesses the overall
collective exposure but does not provide information on the distribution of doses from medical
exposure to individual patients. Only a few peer reviewed papers discuss cumulative doses due to
multiple examinations performed on the same patient, although the issue of the number of patients
receiving cumulative doses greater than 100 mSv has been raised recently [B31, R6, R7]. Collection of
data on cumulative doses to patients, similar to the collection of data on occupational exposure, is
important for improved analyses of trends and for the implications for patient management.

103. The impact of the use of either ICRP 60 [19] or ICRP 103 [I11] tissue weighting factors should be
comprehensively analysed and future global assessments should be directed towards using the ICRP 103
tissue weighting factors. An analysis is needed to study any changes introduced into global medical
exposure estimates due to this change compared with other factors. In the current evaluation, there was a
minor impact for conventional radiology (excluding dental), computed tomography and interventional
radiology (+0.9%, —1.5% and —0.5%, respectively), a 15% reduction for diagnostic nuclear medicine, and
an 88% increase for dental radiology. However, the overall impact on the collective effective dose was,
with a reduction of 1.6%, rather small.
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X. SUMMARY AND CONCLUSIONS

104. Medical exposure remains by far the largest human-made source of exposure of the general
population to ionizing radiation. From the present assessment, it was concluded that about 4.2 billion
medical radiological examinations are performed annually. The total annual collective effective dose to
the world population of 7.3 billion people is estimated to be 4.2 million man Sv. The uncertainty in the
estimate of the number of examinations is assessed as +30% and the uncertainty in the collective
effective dose is also assessed as +30%. Further, the Committee estimated 6.2 million courses of
radiation therapy treatment performed each year, about 5.8 million by external beams and 0.4 million
by brachytherapy. In addition, 1.4 million radionuclide therapy treatments are estimated to be
performed annually.

105. Conventional radiology (excluding dental) accounts for about 63% of all medical radiological
examinations and 23% of the collective dose. Dental radiology accounts for about 26% of the
examinations but only 0.2% of the overall collective dose. Computed tomography makes the largest
contribution (62.6%) to the overall collective dose but accounts for only about 10% of all examinations.
Interventional radiology accounts for only 0.6% of medical radiological examinations but contributes
8% of the overall collective dose. Diagnostic nuclear medicine procedures account for 1% of all
medical radiological examinations and 7.2% of the overall collective dose.

106. The estimated annual effective dose per caput from medical radiological examinations has fallen
slightly compared to the Committee’s previous assessment in 2008 [U9] (from 0.65 to 0.57 mSv). The
difference is, however, within the bounds of the estimated uncertainty. This trend stands in contrast to
the trends observed in the previous two UNSCEAR reports [U6, U9], which showed notable increases.

107. The use of computed tomography has continued to expand and has replaced some of the older
radiography and fluoroscopy examinations. However, there has been a major reported reduction in
radiography and fluoroscopy examinations of the gastrointestinal tract, and also reduction in
fluoroscopy examinations of the biliary and urinary systems and of the chest region. The contribution of
interventional radiology has increased dramatically and now accounts for 8% of the collective dose
(compared to 2% in the previous assessment), despite only accounting for 0.6% of the total number of
examinations. Nuclear medicine continues to account for around 1% of all examinations and its
contribution to the collective dose has risen from 5% to about 7%. The number of radionuclide therapy
treatments is estimated to have increased by 60% since the UNSCEAR 2008 Report [U9], while the
number of courses of radiation therapy has increased by 22%.

108. The age distributions of patients undergoing computed tomography, interventional radiology and
nuclear medicine examinations are quite similar, with the bulk of examinations occurring in patients
aged 55 years and older. Conventional projection radiography shows a markedly flatter profile, with
many examinations performed on children and young adults. The distribution of examinations between
the sexes is generally even, although interventional radiology procedures, especially in cardiology,
show a higher proportion of males. Projection radiography is weighted towards females, mainly due to
the contribution from mammography examinations.

109. The use of radiation for diagnosis and therapy continues to be strongly weighted to high-income
and upper middle-income countries. These countries account for around 70% of all medical radiological
examinations and 75% of the overall collective dose. This disparity is even more marked in nuclear
medicine where high-income and upper middle-income countries account for over 90% of the
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procedures and more than 95% of the collective dose. Access to radiation therapy is similarly
concentrated, with around 95% of all treatment courses occurring in high-income and upper middle-
income countries.

110. The results of this global assessment of medical exposure were derived, for the first time, from a
continuous model using data from the UNSCEAR Global Survey to generate predictions for countries
that did not provide data, rather than by extrapolation of averaged data within health-care level
categories. It is important to recognize that both the modelling and extrapolation approaches require
representative data to reflect the broad patterns of use and exposure to derive a robust overall global
assessment. Thus, the Committee wishes to highlight the importance of regular collection and
publication of medical exposure data and seeks support to initiate data collection programmes for lower
middle-income and low-income countries for its future evaluations.

111. Systematic collection, analysis and interpretation of relevant health data is essential for designing,
implementing and evaluating health policies and actions. In particular, data collection within each
country and inclusion of such data in global surveys such as the UNSCEAR assessments offers several
benefits to participating countries. By knowing about health parameters such as frequency of medical
examinations and procedures involving the use of ionizing radiation, as well as associated doses per
procedure, the participating countries can inform the development of policies and strategies for the
optimization of health-care delivery and improve practice. In addition, disparities in health-care
delivery involving use of ionizing radiation in regions of a country can be identified and evaluated
alongside other relevant health indicators. Population doses due to medical exposure can be determined
and tracked in the context of temporal trends in regions and around the globe. Furthermore, results from
surveys such as the UNSCEAR Global Survey can serve as reference material for researchers, students
and government advisory bodies.
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List of national contact persons and national experts contributors
to UNSCEAR Global Survey on Medical Exposure

Country Country National contact persons National experts
code’ name
X X M. Henni, M. Yaker, N. Sissaoui,
DZA Algeria Z. Mokrani B. Abdeslam, S.E. Bouyoucef
P.Menendez, J. Robledo, A.C. Zarlenga,
ARG Argentina M. Ermacora S. Zunino, A.M. Ema Descalzo, S. Blanco,
C. Caspani, V. Soroa
ARM Armenia A. Mnatsakanyan
. . T. Beveridge, P. Marks, P. Thomas,
AUS Australia G. Hirth A. Wallace, I. Williams
BGD Bangladesh J. Ferdous
BLR Belarus N. Vlasova L. Fedarushchanka, G. Chizh, |. Tarutin
. A. Fremout, P. Willems,
BEL Belgium Th.Vanaudenhove
BRA Brazil L. Vasconcellos de Sa V.Delano, S. Batista
BRN Brunei Darussalam M. Besar, S. Abd Hamid, J. Khalid, H. Naseer
BGR Bulgaria A Dimov A. Balabanova, . Mihaylova, R. Lazarov,
L. Gotcheva
CAN Canada R. Wilkins J. Burtt, A. Morrison, E. Gutierrez
X X . M. Ortiz, C. Sepulveda, J.L. Rodriguez,
CHL Chile L. Vironneau Janisek G. Chorbadjian, N. Perez
. J.Cheng, B. Yue, Z. Huang, X. Zhao, X. Qi,
CHN China Sh-Zhao H.Liu, Y. Song, Y. Zhang
HRV Croatia D. Faj
CYP Cyprus D. Sakkas
CZE Czech Republic (Czechia) | K.Petrova B. Kotr¢ova, J. Vinklar, I. ZacharidSova
A. Holm Fik, S. Albrecht L ,
DNK Denmark K.Breddam olm Fik, 5 rechttassen
H. Waltenburg
E. Gerskevits, M. Kuddu, S. Nazarenko,
. K. Tiigi, A. Poksi, P. Ruuge, A. Aavik,
EST Estonia |- Puskar J.Saaring, D. Sutov, M. Vardja, K. Ulst,
J.Subina
FIN Finland R.Bly J. Liukkonen
FRA France C. Etard, A. Isambert Ch. Le Bihan, J.-L. Godet
DEU Germany T.Jung A. Giussani, E. Nekolla, A. Schegerer
. S. Economides, C.J. Hourdakis,
GRC Greece E. Papadomarkaki M. Nikolaou, 5. Vogiatzi
HUN Hungary G. Safrany R. Elek, N. Filop, C. Varadi
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Country Country National contact persons National experts
code’ name
ISL Iceland J. Gudjonsdottir
IDN Indonesia Z. Alatas, E. Hiswara
IRN Iran (Islamic Republic of) | M.Kardan
RQ Iraq B. Ahmed é?/l:)eb;;, T. Hasan, Z. Khlil, S. Mansur,
ITA Italy F.Bochicchio B. Caccia, A. Trianni
H. Mizuno, T. Teshima, H. Numasaki,
JPN Japan K. Akahane K.Ogawa, T. Igarashi, M. Akahane,
K. Nishikawa, M. Hosono, H. Watanabe
KEN Kenya A. Omondi Koteng
KWT Kuwait E. Alfares
LBN Lebanon M. Roumie L. EI-Nachef
LTU Lithuania J. Ziliukas V. Grigoniene
LUX Luxembourg N. Harpes S.Joseph, C. Magalahes
Frator
MYS Malaysia T. Solawati bt Tuan Muda ,;AHS;E;:::: N.Rashid, N. Zainol Abidin,
MKD North Macedonia E. Stikova
MNE Montenegro V. Karadinovic M. Obradovic
NLD Netherlands H. Bijwaard P. Goemans, D. Valk, |. de Waard-Schalkx
ane
NOR Norway A.Liv Rudjord Q.GA-r;(rjiEr:regn, L.Holth Djupvik, N. Heimland,
PAK Pakistan R. Ali Khan
PHL | Philippines K Romallosa M. Cobrea, . Sam Juen T Wi
POL Poland D. Kluszczynski R. Dziadziuszko
KOR Republic of Korea JK. Lee K.Pyo Kim
ROU Romania D. Obreja O. Girjoaba
RUS Russian Federation S. Kiselev A.Vodovatov, |. Zvonova
SMR San Marino C. Muccioli
SAU Saudi Arabia A. Basfar
SVN Slovenia N.Jug D. Zontar
C. Alvarez, M. Jesus Munoz, R. Ruiz Cruces,
ESp Spain AM. Hernandez Alvarez E.Vaino Carruano, S. Canete Hidalgo,

M. Garcia Tejedor, A. Rodriguez Pérez,
J. Lopez Torrecilla
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Country Country National contact persons National experts
code’ name

SDN Sudan . Suliman N. Ahmed

SWE Sweden P. Eriksson M. Alvarez, L. [destrom

CHE Switzerland Ph. Trueb B. Ott
T. Chaiwatanarat, A. Krisanachinda,

THA Thailand P.Kanchana P.Pasawang, T. Sanghangthum,
T.Phungrassami

TUR Turkey S. Turkes Yilmaz

UKR Ukraine V.Chumak O. Solodiannikova, L. Stadnyk

ARE United Arab Emirates J. AlSuwaidi F.Riaz

GBR United Kingdom A. Bexon

USA United States M. Mahesh A. Ansari, V. Holahan

URY Uruguay F.Soca

¢ The International Organization for Standardization Country Code 3166 was used in some tables and figures [122].
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APPENDIX A. METHODOLOGY FOR GLOBAL ASSESSMENT OF
MEDICAL EXPOSURE

l.  INTRODUCTION

Al. The Committee has regularly provided information on medical exposure since its first report in
1958 [U3]. Since its UNSCEAR 1988 Report [U4], it has attempted to estimate global exposure rather
than simply presenting country-specific data. In addition, the Committee decided to prepare a survey
questionnaire, in cooperation with the World Health Organization (WHO), and to distribute it to all
Member States of the United Nations. The survey aimed to acquire data on medical exposure in addition
to those appearing in the published literature. The survey approach and the cooperation with WHO has
continued to the current evaluation.

A2. The Committee, since its UNSCEAR 1988 Report [U4], has used the health-care level (HCL)
model to estimate the annual number of medical radiological examinations performed using ionizing
radiation, according to the number of physicians per population [M7]. Extrapolation to derive a global
estimate was performed by determining both the population-weighted average frequencies for
procedures and the population-weighted average dose per procedure within each health-care level and
then applying these population-weighted averages to the whole population within each health-care
level. This approach worked well when the world population was relatively evenly distributed between
health-care levels and when sufficient representative data could be obtained for each health-care level.
In this evaluation, however, 53% of the total population is in countries categorized as HCL I and very
few UNSCEAR Global Survey data have been received from countries at other health-care levels.
Therefore, alternative approaches were explored, as described in detail in this appendix (section ITI).

ll. FRAMEWORK FOR ANALYSIS

A3. This evaluation continues the application of approaches used by UNSCEAR in previous
reports [U6, U9] in order to provide continuity in results, and also (a) takes account of updated
dosimetric recommendations from the International Commission on Radiological Protection (ICRP)
[I11] and (b) explores improved methods for modelling global medical exposure to establish new
baselines for examining trends in medical exposure in future evaluations. An essential part of the
assessment is the requirement to provide estimates of the medical exposure of the global population.
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A. Dose assessment

A4. Medical exposure in diagnostic and interventional radiology is routinely characterized in terms of
the physical dose quantities used for monitoring performance in radiology [11, I16]. These quantities are:

—  Entrance surface dose (ESD in mGy);

— Dose-area product (DAP, Gy cm?) for conventional X-ray procedures;

—  Volume-weighted computed tomography dose index (CTDIo1, mGy);

—  Dose-length product (DLP, mGy cm) for computed tomography (CT) [117].

Exposure in nuclear medicine and radiation therapy is characterized in terms of administered activity of
the radiopharmaceutical (MBq) and prescribed doses (Gy) to target volumes, respectively [U9]. Whereas
the above dose quantities provide the basis for ensuring the effective delivery of medical exposure,
associated radiation risks for diagnostic procedures are determined by mean doses to organs and tissues
via specific risk models. However, such analyses of risk are not in the scope of this evaluation.

AS. Diagnostic medical exposure can also be summarized for the purposes of broad comparison in
terms of effective dose, E, although this radiation protection quantity was developed specifically by
International Commission on Radiological Protection (ICRP) as part of its system for the control of
sources of exposure to ionizing radiation through the application of dose limits, constraints and
reference levels for workers and members of the public [I11]. The concept usefully allows the
summation of radiation exposure, whether whole- or partial-body, from internal and external radiation
exposure, and provides a single measure of the dose to a reference person (averaged for age and sex)
that is roughly proportional to the total “radiation detriment” from stochastic effects associated with the
exposure [W1]. The effective dose, E, is calculated as a weighted sum of the mean absorbed doses (or,
strictly, the mean equivalent doses) to those tissues and organs in the body that are prone to radiation-
induced cancer or heritable effects, using detriment-related tissue weighting factors specified by the
ICRP [I11]. The tissue weighting factors are simple adjustments based on nominal risk coefficients
(relating E to radiation detriment), averaged over all ages and both sexes, calculated for an ICRP
“world population” with Western and Asian components. The sum of the effective doses from a
particular source of exposure to individuals within a population results in the collective effective
dose (S), which provides a measure of population dose normally for radiation protection purposes [111].
Dividing S by a population size gives the associated per caput dose, which represents the average dose
to every member of that population—irrespective of their particular circumstances of exposure.

A6. Whereas E is a risk-adjusted dosimetric quantity, its intended purpose is for use as a radiation
protection quantity; it is not intended as a measure of risk for specific populations or individuals and
should not be used for epidemiological purposes. However, E can be applied with caution in relation to
medical radiology in order to compare doses between different diagnostic and interventional procedures
or with those from other sources of ionizing radiation when populations are similar with regard to age
and sex distribution [U6].

AT. In accordance with the above discussion, the effective dose is used with caution here, as in
previous UNSCEAR reports [US, U6, U9], for the pragmatic evaluation of population doses (as
collective effective doses) and average doses per person (per caput doses) in relation to medical
radiological exposures. The intended purpose is to provide broad, convenient measures of practice
solely for the assessment of trends and comparison between different sources of exposure for the world
population and not the estimation of any risks. In using reported values of E in such an analysis,
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however, it should be noted that evolution in the recommendations from the ICRP concerning the
calculation of £ (in relation to both tissue weighting factors and also reference anthropomorphic
phantoms) can lead to significant variation in estimates made under different sets of recommendations
for a given type of examination that may amount to some tens of per cent [J6, S14]. The influence on
derived values of E arising from changes in tissue weighting factor between recommendations from
ICRP Publications 103 [I11] and 60 [19] is illustrated in tables A1 and A2 in relation to some common
X-ray examinations [W1] and nuclear medicine radiopharmaceuticals [[10], respectively. In addition,
the ratios presented in table A3 [S14] illustrate the influence on values of both E-103 [111] and E-60
[19] derived for some common computed tomography procedures in the United Kingdom that arise
from choice of anthropomorphic reference phantom: the recently-recommended ICRP computational
voxel adult male and female [112] or the Medical Internal Radiation Dosimetry (MIRD) hermaphrodite
mathematic phantom originally developed by Oak Ridge National Laboratory [C15]. Tables A1-A3
demonstrate that such recent evolution in the ICRP recommendations leads to patterns of change in
calculated values of E that differ between types of examination, leading to both increases (ratios >1)
and decreases (ratios <1). These variations serve to further highlight the broad nature of any
comparisons of values of E.

Table A1. Ratio of effective doses calculated using tissue weighting factors in ICRP Publications 103
(E-103) and 60 (E-60) for typical X-ray examinations in the United Kingdom [W1]

CT: Computed tomography

Complete examination Ratio E-103 / E-60
Head (two projections) 1.36
Cervical spine (one projection) 1.00
Chest (one projection) 1.00
Thoracic spine (two projections) 1.03
Lumbar spine (two projections) 0.91
Abdomen (one projection) 0.91
Pelvis (one projection) 0.62
Intravenous urography (five projections) 0.91
Barium swallow 1.07
Barium follow-through 0.87
Barium enema 0.73
CT-head 0.84
CT-chest 1.14
CT-abdomen 1.09
CT-abdomen and pelvis 0.98
CT-chest, abdomen and pelvis 1.09
AS8. Under ideal circumstances, this review of global medical exposure would assess values of

effective dose in terms of both E-103 and E-60. Unfortunately, it is likely that the Committee’s present
review of doses from medical exposure includes the collection of values of E that have been derived
following different ICRP recommendations. These data have often been reported without a clear
description of their underlying basis, such that corrections to rationalize all data to the latest ICRP



94 UNSCEAR 2020/2021 REPORT

recommendations are not practical. Accordingly, it will be assumed that all reported values of E relate
primarily to E-60 [19], with any variations in the basis for their computation representing sources of
potential uncertainty. However, the differing changes observed between particular types of examination
(tables A1l to A3) will, to some extent, tend to balance out when considering a mix of examinations in
assessing population dose such that the influence of these uncertainties will be reduced.

Table A2. Ratio of effective doses calculated using tissue weighting factors in ICRP Publications 103
(E-103) and 60 (E-60) for a range of common nuclear medicine procedures on the basis of E-60 as
calculated in ICRP Publication 128 and E-103 [A6, A7, H5, S14, W1]

CT: Computed tomography; FDG: Fluoro-2-D-deoxyglucose; HDP: Hydroxydiphosphonate;
MAA: Macroaggregated albumin; MAG3: Mercaptoacetyltriglycine; MIBI: Methoxy isobutyl isonitrile

Examination Radiopharmaceutical Ratio E-103 / E-60
Perfusion lung scan #mTc-MAA 1.27
Bone scan #mTc-HDP 0.70
Renal scan #mTc-MAG3 0.57
Myocardial perfusion scan (rest) #mTc-MIBI 0.73
Myocardial perfusion scan 21Tl-chloride 0.73
Tumour scan ®F-FDG 0.90

Table A3. Ratio of effective doses calculated for the ICRP computational voxel adult (as mean result
for male and female) and a modified MIRD-type hermaphrodite mathematical phantom (HPA18+)
using tissue weighting factors both in ICRP Publications 103 (E-103) and 60 (E-60) for a range of
typical CT examinations in the United Kingdom [W1]

HPA18+ is a modified adult MIRD-type hermaphrodite mathematical phantom [S14]

Examination Ratio E (ICRP voxel reference adult) / E (HPA18+MIRD)
E-103 E-60
Head 0.93 0.80
Chest 1.41 1.39
Abdomen 1.27 1.15
Abdomen and pelvis 1.23 1.18
Chest, abdomen and pelvis 1.25 1.20

B. Sources of data

AO. A comprehensive evaluation of annual global medical practice requires information
concerning every radiological procedure performed in the world during a particular year. Under such
ideal circumstances and for the example of diagnostic radiology (similar arguments apply broadly to the
other modality categories of medical practice involving exposure to ionizing radiation), the total
number of X-ray examinations performed annually in the world is given by:

N = Zi,jNi,j (A.1)
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where V;; is the annual number of examinations of type i carried out in country j and the summation
includes all countries and types of examination.

Similarly, the population dose from diagnostic radiology S (man Sv) is given by:

— Eij

S= Zi'f (Ni'f X 1,000) (A.2)
where Ej; is the typical effective dose (mSv) for examination i in country j, and the global per caput
effective dose (mSv) (for world population of size P) is given by:

E

N
per caput = ( X 1,000) (A3)

1. UNSCEAR Global Survey data

A10.  As an integral part of its work, the Committee seeks to collect, via the UNSCEAR Global
Survey incorporating a detailed questionnaire,' all available national information concerning annual
numbers (&) and typical doses (E)) for each type of diagnostic examination, together with additional
supporting information on national medical imaging practice. For therapeutic exposure, typical doses
are requested more simply in terms of administered activity (MBq) or prescribed doses (Gy).

All.  The questionnaires used in the recent UNSCEAR Global Survey consist of four parts:

— Part I: Essential information and data on annual total numbers of examinations and
procedures within each broad type of radiological discipline (such as diagnostic radiology
including all X-rays, all dental examinations, all interventional radiology and all computed
tomography examinations separately), together with total numbers for broad types of
equipment and staffing;

—  Part 2: Detailed information on diagnostic and therapeutic equipment and staffing;

—  Part 3: Numbers of diagnostic radiological examinations, nuclear medicine procedures (both
diagnostic and therapeutic) and radiation therapy treatments;

—  Part 4: Information of dosimetric data including estimates of effective dose per examination or
procedure.

Al12. The UNSCEAR Global Survey was launched in 2014. To encourage increased participation
and secure the collection of available data, particularly from countries that could supply only less
detailed information, a simplified version of the questionnaire was distributed in 2017. This
questionnaire requested key indicators of practice, including annual totals for national numbers of
examinations of diagnostic and interventional radiology and information on subcategories such as
conventional radiology, dental radiology and computed tomography separately, together with totals for
broad types of radiological equipment and staffing information. Similar key summary was sought in
relation to nuclear medicine procedures and radiation therapy treatments. For further details, see also
the electronic attachments B1 to E1.

! Available at the country specific webpage on www.survey.unscear.org.
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2. Literature review data

A13.  The national data available from the UNSCEAR Global Survey have been supplemented by
other information, including reports from national institutes/authorities. The availability of such national
data has been facilitated in Europe by the European Basic Safety Standards Directive [E4] that requires
European Union Member States to periodically monitor population doses. Initiatives on this topic in some
countries have led to the publication of national data supporting assessments of population dose, including
those in Australia [H6], Europe [E5], the United Kingdom [H5] and the United States [N1, N2].

Al4.  This evaluation is also supported by useful information reported in the published literature in
relation to various surveys of medical practice. Ideally, these studies should be both robustly conducted
and regionally based. Smaller-scale surveys can be of interest if they provide coherent novel results
from countries for which data are otherwise not available. Dose data reported for particular types of
examination in terms of typical values of physical dose metrics (e.g., ESD, DAP, DLP) were converted
to E using a set of standard dose coefficients included in the user manual for the UNSCEAR Global
Survey [U11].

Al15.  The ongoing development of initiatives in monitoring patient exposure, including automated
dose assessment and data management systems that support dose registries and databases, will also
facilitate the future collection of data concerning frequency and dose at the national level [L1, R3, R9].

lIl. APPROACHES FOR GLOBAL ASSESSMENT

Al16. A number of approaches have been explored and several models were applied in performing
the present global assessment of medical exposure. In this section, the HCL model applied in previous
UNSCEAR reports on medical exposure [U4, U5, U6, U9], a model based on an alternative
classification scheme, and also continuous mathematical models are tested and discussed.

Al17. In the inevitable absence of the comprehensive information required for a complete analysis, it
becomes necessary to undertake extrapolation so that results for the available sample of data can be
scaled using an appropriate model in order to derive an assessment of global medical exposure. The
challenge posed by the limited information available from the UNSCEAR Global Survey is illustrated
in table A4, which shows the size (as a percentage of the global population) of the data sample provided
in relation to X-ray, nuclear medicine and radiation therapy procedures for previous evaluations and in
the current evaluation period (2009-2018). Whereas, for example, X-ray data were available in relation
to 63% of the world population for the 1988 evaluation [U4], the sample size decreased during
successive evaluations to only 11% for the 2008 evaluation [U9]; the corresponding sample size in this
evaluation is 43% of the world population, although this figure tends to hide the often limited scope of
the data available. Corresponding sample sizes in relation to nuclear medicine (diagnostic and therapy)
are 49% and 46%, respectively and 64% of the world population for radiation therapy.
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Table A4. Percentage of world population included through national data concerning diagnostic
radiology, nuclear medicine and radiation therapy collected for UNSCEAR periodic evaluations

Report Population in sample (%)° World
opulation
Nuclear medicine Radiation therapy popLr B

X-ray (millions)
(medical/dental) ; ; (teletherapy/
Diagnostic Therapy brachytherapy)

UNSCEAR 1988 [U4] 63 56 28 31 5000

UNSCEAR 1993 [U5] 60 58 46 46 5300

UNSCEAR 2000 [U6] 48 51 45 49 5800

UNSCEAR 2008 [U9] 1 13 10 31 6500

Current evaluation 43 49 46 64 7300

¢ Values are rounded.

A18.  Another challenge in making a global assessment on the basis of limited data is the wide
variation between different countries in practice, in relation to the numbers of examinations and their
typical doses. The frequencies of all medical (including dental) radiological examinations reported in
the present sample of countries range from <0.1 to over 2,000 per 1,000 population (representing a
factor of over 20,000), which highlights the importance of the particular model used when managing
potential uncertainties in scaling up the results from the survey sample to global practice.

A19. In developing a model for the global assessment of medical exposure for the UNSCEAR 1988
Report [U4], Mettler et al. [M7] explored the relationships between the national use of radiation in
medicine and other national data that might be more readily available from a wider range of countries.
Correlations between the national annual frequency of diagnostic radiological examinations per 1,000
population and health-care expenditure per caput or number of hospital beds were reported to be “poor”
and “less than optimal”, respectively, whereas a correlation with population per physician was “high”.

A20. Mettler et al. [M7] assigned countries to four health-care levels in order to estimate the
worldwide medical population exposure as follows:

HCL I with more than one physician for 1,000 population;
— HCL II with one physician for 1,000-2,999 population;

HCL III with one physician for 3,000-10,000 population;

— HCL IV with less than one physician for over 10,000 population.

A21.  Following the HCL model, all countries are stratified according to the number of physicians
per population on the assumption that this is linked to the medical radiological practice per caput
(figure A-I). In this way, relatively similar national data within each HCL category can be pooled to
provide population-weighted average values that can be scaled for total populations within the same
category or for the whole world. This approach of averaging and extrapolating data within one category
of medical care should lead to smaller uncertainties compared with a simple global average. Population
sizes for each of the four health-care levels are summarized in table AS5. Whereas the world population
had grown significantly (by nearly 30%) between the Committee’s reviews for 1988 and 2008, HCL I
countries continued to account for around a quarter of the global population. In contrast, the global
proportion assigned to HCL II countries rose from a third (in 1988) to a half in 2008, with reductions
for HCLs III and IV countries to proportions of 16% and 12%, respectively, over this period. In the
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current evaluation, world population has increased by 13% since 2008, with a more significant increase
in the proportion in HCL I countries (24 to 53%) and a corresponding reduction for HCL II (49 to
31%). Proportions of global population within HCL IIT and HCL IV are also reduced from their levels
in 2008 (16 to 9% and 11 to 7%, respectively). One contributing factor in this significantly different
pattern is the change in classification for Brazil and China from HCL II in 2008 to HCL I in 2015. This
occurrence highlights a limitation in the non-continuous nature of the HCL model.

Figure A-l. Correlation of annual frequency of radiological examinations and physician density [M7]

A22.  Limitations in the broad HCL classification system have already been discussed in UNSCEAR
2000 Report [U6] where some flexibility in the practical application of the model was applied. For
example, some countries with relatively large numbers of physicians were classified as HCL II or
HCL III rather than HCL I [U6].
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Table A5. Distribution of world population by health-care level

HCL: Health-care level

Distribution of world population in millions (%)°
Report
HCLI HCLII HCL NI HCLIV World
1300 1750 1220 730 5000
UNSCEAR 1988 [U4] (26%) (35%) (24%) (15%) (100%)
1350 2630 850 460 5290
UNSCEAR 1993 [U5] (25%) (50%) (16%) (9%) (100%)
1530 3070 640 565 5800
UNSCEAR 2000 [U6] (26%) (53%) (11%) (10%) (100%)
1540 3150 1010 740 6440
UNSCEAR 2008 [U9] (24%) (49%) (16%) (11%) (100%)
C " luati 3910 2250 620 520 7 300
urrent evaluation (53%) (31%) (9%) (7%) (100%)

¢ Values are rounded.

A23. The HCL model can be applied, for example, to the sample national data concerning
diagnostic radiology collected by the Committee. If N;;is the annual number of examinations of type i
in country j (of population P;), the frequency of examination i per 1,000 population in country j is:

F,; =—4% 1,000 (A.4)

A24.  The weighted average frequency of examination i per 1,000 population in HCL level & (with
population Prcr) is then given by:

F —Z Fox—1 —Z N 1,000 x —2—) =
bcLo = 2\ Fei X p o c P P

ki J

zj( Nij ><1,ooo) (A.5)

PrcLk)

Similarly, the weighted average typical effective dose (mSv) for examination i in HCL level £ is given
by:

P

i ) (A.6)

PrcLk)

Einerio = 2j (Ei,j X

where E;; (mSv) is the typical effective dose for examination 7 in country j.

The population dose (man Sv) from all examinations in HCL level £ is then:

_ EincLik)  PHCLK)
Shent) = i (FL',HCL(k) X =00 X m) (A7)

The global population dose (man Sv) from all examinations is given by:

Sworta = Zk:I—IV SHCL(k) (A.8)
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A25.  Absolute numbers of examinations (within each HCL category or for the world) are
determined from their frequencies and associated populations (equation (A.4)), and per caput doses
from knowledge of population doses and size of populations (equation (A.3)).

A26.  Successful application of the HCL model requires (considering the often incomplete national
data collected) establishment of a consistent set of data, for each HCL category and for the world, in
which the sum of the frequencies for each type of examination is equal to the total frequency for all
examinations. Thus, the HCL model does not intend to provide estimates of examination numbers,
population dose or per caput effective dose for individual countries. Rather, it provides a robust
assessment of global estimate of medical exposure using ionizing radiation.

A27.  The above analysis should also be viewed in the light of the relative populations in each HCL
category and their overall contributions to global population dose. Whereas HCL I included about a
quarter of the world population in 2008 (table AY), it accounted for around 73% of the global dose from
medical X-rays [U9]. Corresponding data for HCL Il were around one half and one quarter,
respectively, with HCLs III and IV each providing only 1% towards the global dose (yet accounting for
over one quarter of the global population). The present analysis suggests an increasing dominance of
HCL 1, with inclusion of about half of the global population. Whereas it is important to have robust data
from HCLs II-IV in order to report on the range of practice around the world, such data would appear to
be less critical in terms of the assessment of global medical exposure.

A. Classification by income levels

A28. A possible alternative to classification by health-care levels is to use the World Bank income
classifications for countries [F3]. The World Bank income classification is based on gross national income
per caput (current USD) and has also four levels: high, upper middle, lower middle, and low. Figure A-II
shows the distribution of the global population among these levels (16, 36, 39 and 9%, respectively),
which is more even than the distribution among health-care levels (53, 31, 9 and 7%, respectively).

Figure A-ll. Population in millions by each income group [F3]

Latest year of data availability during each fiscal year
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B. Application to present assessment

A29.
dental) examinations derived using extrapolations of the population-weighted average frequencies in
the assessed data, by the HCL model and by a separate extrapolation of population-weighted average
frequencies categorized by income level. Also shown are the number of countries for which there were
data, compared with the total number of countries in each category, and the proportion of the total
population in each category covered by the data. These extrapolations yield estimates of 2.39 and 2.47
billion examinations per annum, respectively. It should be noted that for the extrapolation by income
levels, the data for the upper middle-income and lower middle-income groups were combined because
the population-weighted average frequency in the lower middle-income classification was actually
higher than that in the upper middle-income classification. The population-weighted average frequency
within the lower middle-income group alone was 370 examinations per 1,000 population and using this
value in the extrapolation gives 1,070 million examinations for this category, increasing the overall
projected total by 270 million.

Table A6 presents estimates of the annual number of conventional radiology (excluding

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
category from assessed data by health-care level and by income level

Based on data from 65 countries (UNSCEAR Global Survey and additional sources) for the period 2009-2018

Category Population-weighted Countries Proportion of Total Extrapolated
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
I 202 1/31 0.1 2256 455
1] 172 3/31 18 622 107
v 1.9 1/27 4 526 1
Total 326 65/194 48 7312 2386
Extrapolation by income level
High 867 43/57 96 1149 997
Upper middle 267°¢ 15/58 80 2619 700
Lower middle 267°¢ 5/45 8 2882 771
Low 7 2/34 7 662 4.5
Total 338 65/194 48 7312 2472

¢ 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 combined. The population-weighted average number of

procedures for upper middle-income was 256 per 1,000 population and for lower middle-income was 370 per 1,000 population.

A30. Table A7 presents estimates of the annual number of dental radiology examinations derived
using extrapolations of the population-weighted average frequencies in the assessed data, categorized
by the HCL model and income level. Also shown are the number of countries for which there were
data, compared with the total number of countries in each category, and the proportion of the total
population in each category covered by the data.
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A31.  These extrapolations both yield estimates of 1.19 billion examinations per annum; however,
this concordance is dependent on a number of assumptions. There were no data for HCL III and
HCL 1V; therefore, average frequencies of 20 per 1,000 population and 10 per 1,000 population,
respectively, were assumed in the extrapolation by health-care level. These choices are essentially
arbitrary but follow a pattern of reducing frequencies at lower health-care levels. The population-
weighted average frequency for lower middle-income countries in the assessed data was actually higher
(340 per 1,000) than for upper middle-income countries (88 per 1,000). As in the similar case for
conventional radiology (excluding dental), the two categories were combined to give an overall
population-weighted average of 94 per 1,000 population. There were also no data for low-income
countries and an average frequency of 10 per 1,000 population was assumed in the extrapolation by
income level. If the actual population-weighted average for lower middle-income countries were used,
the overall total would increase by around 50%, but the increase would be based on the data from only
two countries. Thus, the nominal agreement between the two extrapolations shown in table A7 is highly
dependent on the assumptions made in the absence of data.

Table A7. Estimates of the global number of dental radiology examinations per annum by
extrapolation of population-weighted average frequencies to all countries in each category from
assessed data by health-care level and by income level

Based on data from 49 countries (UNSCEAR Global Survey and additional sources) for the period 2009-2018

Category Population-weighted Countries Proportion of Total Extrapolated
average examinations per | included/all population in population examinations
1000 population® countries® assessed data (%) (millions) (millions)?®

Extrapolation by health-care level

| 270 48/105 76 3908 1057
I 49 1/31 0.1 2256 111
I 20¢ 0/31 0 622 124
v 10° 0/27 0 526 53
Total 162 49/194 4 7312 1186

Extrapolation by income level

High 578 38/57 95 1149 665
Upper middle 94¢ 9/58 71 2619 247
Lower middle 94¢ 2/45 2 2882 272
Low 10 0/34 0 662 6.6
Total 163 49/194 a1 7312 1191

Values are rounded; however extended precision has been preserved to illustrate differences.
» Member States of WHO.

Assumed frequency of 20 per 1,000 population applied to HCL III.

Assumed frequency of 10 per 1,000 population applied to HCL IV.

¢ Data for upper middle-income and lower middle-income have been combined. The population-weighted average number of
examinations for upper middle-income was 88 per 1,000 and for lower middle-income was 340 per 1,000.

7 Assumed frequency of 10 per 1,000 population applied to the low-income category.

A32. Table A8 presents estimates of the annual number of computed tomography examinations
derived using extrapolations of the population-weighted average frequencies in the assessed data,
categorized by health-care level and income level. Also presented are the number of countries for which
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there were data, compared with the total number of countries in each category, and the proportion of the
total population in each category covered by the data.

A33.  Extrapolation applying the average frequencies across each health-care level yields an
estimated annual total of 378 million computed tomography examinations. No data were received from
HCL II countries; therefore, for the extrapolation, a frequency of 20 CT examinations per 1,000
population were assumed for HCL II. As in the similar case for dental radiology, this is a largely
arbitrary choice, though it is broadly consistent with a geometric progression across the health-care
levels. This assumed value accounts for 12% of the extrapolated total of CT examinations for the period
2009-2018. Extrapolation by income levels yields a lower estimate of 346 million examinations per
annum. High-income countries average 160 examinations per 1,000 population per annum, upper
middle-income countries 46 per 1,000, and lower middle-income countries 15 per 1,000. Examination
frequency in the single low-income country included in the assessment was 0.2 per 1,000.

Table A8. Estimates of the global number of computed tomography examinations per annum by
extrapolation of population-weighted average frequencies to all countries in each category from
assessed data by health-care level and by income level

Based on data from 69 countries (UNSCEAR Global Survey and additional sources) for the period 2009-2018

Category Population-weighted Countries Proportion of Total Extrapolated
average examinations per | included/all population in population examinations
1000 population® countries® assessed data (%) (millions) (millions)?
Extrapolation by health-care level
| 84 63/105 84 3908 330
I 20¢ 0/31 0 2256 45
1] 5.1 3/31 16 622 3.2
v 0.6 3/27 19 526 0.34
Total 52 69/194 48 7312 378
Extrapolation by income level
High 160 44/57 98 1149 184
Upper middle 46 15/58 76 2619 120
Lower middle 15 9/45 10 2882 42
Low 0.2 1/34 8 662 0.14
Total 47 69/194 48 7312 346

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
» Member States of WHO.
¢ Assumed frequency of 20 per 1,000 population applied to HCL II.

A34.  Table A9 presents estimates of the annual number of interventional radiology procedures
derived using extrapolations of the population-weighted average frequencies in the assessed data,
categorized by health-care level and by income level. Also shown are the number of countries for
which there were data, compared with the total number of countries in each category, and the
proportion of the total population in each category covered by the data.
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A35.  Extrapolation applying the average frequencies across each health-care level yields an
estimated annual total of 21.9 million procedures. No data were received from HCL II or HCL IV
countries. For the extrapolation, a frequency of one procedure per 1,000 population was assumed for
HCL II and the frequency for HCL III was applied to HCL IV also. Approximately 90% of the
extrapolated total comes from HCL I countries, where the coverage of the assessed data is 81% of the
population. Extrapolation by income levels yields a lower estimate of 18.6 million procedures per
annum. High-income countries average 13 procedures per 1,000 population per annum, upper middle-
income countries 1.4 per 1,000 and lower middle-income countries 0.13 per 1,000 population. In the
extrapolation, the observed frequency of procedures per 1,000 population used for lower middle-
income countries was also applied for low-income countries.

Table A9. Estimates of the global number of interventional radiology procedures per annum by
extrapolation of population-weighted average frequencies to all countries in each category from
assessed data by health-care level and by income level

Based on data from 57 countries (UNSCEAR Global Survey and additional sources) for the period 2009-2018

Category Population-weighted Countries Proportion of Total Extrapolated
average procedures per included/all population in population procedures
1000 population® countries® assessed data (%) (millions) (millions)?

Extrapolation by health-care level

| 5.0 55/105 83 3908 19.5
I 1.0¢ 0/31 0 2256 23

I 0.13 2/31 14 622 0.08
v 0.13¢ 0/27 0 526 0.07
Total 3.0 57/194 46 7312 21.9

Extrapolation by income level

High 13 39/57 93 1149 14.5
Upper middle 14 12/58 78 2619 3.6
Lower middle 0.13 6/45 8 2882 0.39
Low 0.13¢ 0/34 0 662 0.09
Total 2.5 57/194 46 7312 18.6

Values are rounded; however extended precision has been preserved to illustrate differences.
» Member States of WHO.

Assumed frequency of 1 per 1,000 population applied to HCL II.

Frequency for HCL III was applied.

Frequency for lower middle-income level was applied.

A36. Table A10 presents estimates of the annual number of nuclear medicine procedures derived
using extrapolations of the population-weighted average frequencies in the assessed data, categorized
by health-care level and by income level. Also shown are the number of countries for which there were
data, compared with the total number of countries in each category, and the proportion of the total
population in each category covered by the data. Extrapolation by applying the average frequencies
across each health-care level yields an estimated annual total of 42 million procedures. Extrapolation by
income levels yields a similar estimate of 39 million procedures per annum.
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Table A10. Estimates of the global number of diagnostic nuclear medicine procedures per annum by
extrapolation of population-weighted average frequencies to all countries in each category from

assessed data by health-care level and by income level

Based on data from 68 countries (UNSCEAR Global Survey and additional sources) for the period 2009-2018

Category Population-weighted Countries Proportion of Total Extrapolated
average procedures per included/all population in population procedures
1000 population® countries® assessed data (%) (millions) (millions)?
Extrapolation by health-care level
| 10.3 61/105 84 3908 40.3
I 0.63 3/31 19 2256 1.42
1] 0.09 1/31 6 622 0.057
v 0.04 3/27 12 526 0.02
Total 5.7 68/194 52 7312 41.8
Extrapolation by income level
High 26 41/57 96 1149 29.0
Upper middle 2.6 16/58 79 2619 6.8
Lower middle 1.0 10/45 21 2882 2.7
Low 0.03 1/34 3 662 0.02
Total 5.3 68/194 52 7312 39.0

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
» Member States of WHO.

A37.  Table All presents estimates of the annual number of radionuclide therapy treatments derived
using extrapolations of the population-weighted average frequencies in the assessed data, categorized by
health-care level and by income level. Also shown are the number of countries for which there were data,
compared with the total number of countries in each category, and the proportion of the total population in
each category covered by the data. No data were received from HCL IV or low-income countries. Thus,
for the purposes of making the extrapolations, the frequency for HCL III countries was applied to HCL IV
countries and for low-income countries. Extrapolation by applying the average frequencies across each
health-care level yields an estimated annual total of 1.5 million radionuclide therapy treatments.
Extrapolation by income levels yields a similar estimate of 1.45 million treatments per annum.

A38. Table Al2 presents estimates of the annual number of radiation therapy treatment courses
derived using extrapolations of the population-weighted average frequencies in the assessed data,
categorized by health-care level (HCL model) and by income level. Also shown are the number of
countries for which data were compared with the total number of countries in each category and the
proportion of the total population in each category covered by the data.

A39.  Extrapolation applying the population-weighted average frequencies across each health-care
level yields an estimated total of 6.22 million radiation therapy treatment courses annually. As no data
were available from HCL IV countries, the same frequency as for HCL III was assumed for the
extrapolation. Radiation therapy treatment courses at HCL III and HCL IV countries make only a small
contribution to the global total number of treatment courses. The UNSCEAR Global Survey covered
over 75% of the population in each of the HCL I and HCL II levels. Extrapolation by income levels
yields a slightly lower estimate of 5.88 million treatment courses per annum. High-income countries
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average 2,748 treatment courses per million population per annum, upper middle-income countries 923
per million, and lower middle-income countries 105 per million and low-income only 7 per million.

Table A11. Estimates of the global number of radionuclide therapy treatments per annum by
extrapolation of population-weighted average frequencies to all countries in each category from

assessed data by health-care level and by income level

Based on data from 41 countries (UNSCEAR Global Survey) for the period 2009-2018

Category Population-weighted Countries Proportion of Total Extrapolated
average treatments per included/all population in population treatments
100 000 population® countries® assessed data (%) (millions) (millions)®
Extrapolation by health-care level
I 29.9 36/105 75 3908 117
I 133 4/31 20 2256 0.30
I 3.9 1/31 6 622 0.02
v 3.9¢ 0/27 0 526 0.02
Total 20.7 41/194 47 7312 1.51
Extrapolation by income level

High 31.6 24/57 74 1149 0.36
Upper middle 304 12/58 78 2619 0.80
Lower middle 9.1 5/45 19 2882 0.26
Low 3.9¢ 0/34 0 662 0.03
Total 19.8 68/194 47 7312 1.45

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
» Member States of WHO.
¢ Frequency for HCL III was applied.

Table A12. Estimates of the global number of radiation therapy treatment courses per annum by
extrapolation of population-weighted average frequencies to all countries in each category from
assessed data by health-care level and by income level

Based on data from 44 countries (UNSCEAR Global Survey and additional sources) for the period 2009-2018

Category Population-weighted Countries Proportion of Total Extrapolated
average treatment included/all population in population treatment
courses per million countries® assessed data (%) (millions) courses

population® (millions)“
Extrapolation by health-care level
I 1501 37/105 76 3908 5.87
I 128 5/31 78 2256 0.288
1] 56 2/31 10 622 0.035
v 56°¢ 0/27 0 526 0.030
Total 979 44/194 66 7312 6.22
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Category Population-weighted Countries Proportion of Total Extrapolated
average treatment included/all population in population treatment
courses per million countries® assessed data (%) (millions) courses
population® (millions)?
xtrapolation by income level
High 2748 26/57 86 1149 3.16
Upper middle 923 11/58 75 2619 242
Lower middle 105 6/45 64 2883 0.304
Low 7 1/34 4 662 0.0046
Total 805 44/194 66 7312 5.88

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
» Member States of WHO.
¢ Frequency for HCL III was applied.

C. Continuous models

A40.  Experience gained from testing the data received for the UNSCEAR Global Survey has
highlighted significant limitations in the HCL model previously established to provide assessments of
global medical exposure. This model uses four health-care levels and relies on an assumed
homogeneity of data within each health-care level. Drawbacks with this approach include the
following:

— It relies on having a sufficient sample of national data within each health-care level in order to
provide robust estimates of population-weighted mean values (for frequency and dose) that are
representative for the level;

— It is non-continuous in nature and thus sensitive to movement of countries between health-care
levels , with a risk for over- or underestimation of results if a large country moves from one
level to another;

—  There has been a pragmatic need in previous reviews to deal with apparent outliers to the
general trend (between national numbers of examinations and physicians), with necessary ad
hoc reclassification of health-care level for some countries;

—  Uncertainties, as now required for the Committee’s global evaluations, are difficult to assess.

A41. To address the deficiencies identified above, the present assessment has used continuous
models to extrapolate the UNSCEAR Global Survey data to the global population. To estimate the
global population exposure, the frequencies of different medical radiation examinations must first be
estimated. Since only a few countries provided detailed data at the level of examinations/procedures,
broader modality categories of examinations were considered for the global estimation. These were:
conventional radiology (excluding dental radiography), dental radiography, computed tomography,
interventional radiology, and nuclear medicine. The frequency estimates for each modality category
were then multiplied by typical dose values to obtain a collective effective dose per category. Although
not relevant for the global population dose estimation, the global frequency of radionuclide therapy and
of radiation therapy were also estimated.
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A42.  For example, in figure A-III, annual frequencies of conventional radiology (excluding dental)
examinations per 1,000 population are plotted against the number of physicians per 1,000 population.
The dashed line shows a least squares fit for a continuous model, a power function (F = a - X?), where
F is the procedure frequency, X is the physician density, and @ and b are the model parameters. The
coefficient of determination (R? value) is 0.63, indicating that 63% of the variation in the annual
number of conventional radiology (excluding dental) examinations per 1,000 population is predictable
from the variation in the number of physicians per 1,000 population.

A43.  Figure A-III also highlights the relative lack of data in relation to HCLs II-IV. Sixty of
65 countries included in the assessment with data regarding overall numbers for conventional radiology
(excluding dental) are in HCL I, one country in HCL II, three in HCL III, and one in HCL IV. As a
proportion of the total population in the assessed data, countries classified as HCL I represent 96%,
whereas only 4% are categorized as HCL II-IV (3% in HCL III and 1% in HCL 1V). This is important
in relation to application of the global HCL model.

Figure A-lIl. Relationship between density of physicians and annual frequency of conventional
radiology examinations (excluding dental)

Result of a non-linear regression (power function) based on 65 countries (dots, UNSCEAR Global Survey and
additional sources)
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A44.  Computed tomography examinations increasingly contribute to the population dose as their
dose per procedure is relatively high and their frequency continues to rise. Sixty-seven countries are
included in the frequency data for computed tomography. Figure A-IV shows the annual frequencies of
computed tomography examinations per 1,000 population from the UNSCEAR Global Survey versus
number of physicians per 1,000 population. Again, the scattering of the data points is pronounced, and
the fitted model is a continuous power function (coefficient of determination 0.59).

Figure A-IV. Relationship between density of physicians and annual frequency of CT examinations

Result of a non-linear regression (power function) based on data from 67 countries (dots, UNSCEAR Global
Survey and additional sources)

A45.  Whereas diagnostic radiology represents the most significant contributor, with 95% in 2008, of
the global collective dose from all diagnostic medical exposure [U9], the UNSCEAR Global Survey
also seeks to assess worldwide practice in nuclear medicine (accounting for the remaining 5% of global
population dose) and radiation therapy. Scatter plots of procedures versus physician density for
diagnostic nuclear medicine (data from 69 countries) and radiation therapy (data from 45 countries) are
illustrated in figures A-V and A-VI, respectively. Overall, patterns are generally similar to that
observed in relation to diagnostic radiology and computed tomography (figures A-III and A-IV), with
coefficients of determination (R? values) of 0.74 (nuclear medicine) and 0.67 (radiation therapy), for
fitted power function models.
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Figure A-V. Relationship between number of physicians per 1,000 population and annual number of
nuclear medicine examinations per 1,000 population

Result of a non-linear regression (power function) based on 69 countries (dots, UNSCEAR Global Survey and

additional sources)

A46.

Publicly available data on health-care systems and economical capacities of countries (e.g., [U10,

W7, W10] data from 2015 or the nearest available) have been used to test whether alternative variables are
more appropriate than physician density (per 1,000 population) alone, namely:

Life expectancy (years);

Proportion of population aged 0—14 years (%);

Proportion of population aged 65+ years (%);

Skilled health professionals (per 10,000 population);

Medical physicists (per million population);

Health expenditure proportion (%);

Human development index;

Gross domestic product per caput (USD);

Gross national income per caput (USD);

Medical devices (conventional X-ray machines and computed tomography scanners, nuclear
medicine systems, radiation therapy units) per 1,000 population.



ANNEX A: EVALUATION OF MEDICAL EXPOSURE TO IONIZING RADIATION 111

Figure A-VI. Relationship between density of physicians and annual frequency of radiation therapy
treatments

Result of a non-linear regression (power function) based on 45 countries (dots, UNSCEAR Global Survey)

A47.  In order to test the suitability of any of the above parameters to substitute the established health
indicator, one-variable regressions were performed. As in the regression analyses with physician density,
power functions were used. Two examples of the relationship between the submitted data of procedure
frequencies and alternative key indicators are presented in figure A-VII, which shows the density of
skilled health professionals versus annual frequency of conventional radiology examinations (excluding
dental); and figure A-VIII, which shows the density of computed tomography devices versus annual
frequency of computed tomography examinations. The coefficients of determination show higher values
compared to regressions using physician density alone.
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Figure A-VII. Relationship between density of skilled health professionals and annual frequency of
conventional radiological examinations (excluding dental)

Result of a non-linear regression (power function) based on 65 countries (dots, UNSCEAR Global Survey and
additional data)

A48.  Correlations between the variables listed above were examined using covariance matrix plots
to find variables that correlate so strongly with each other that one of them did not need further
consideration. To make the modelling process as effective as possible, only the variables associated
with the greatest amount of variance in the observed frequency data were used. The next step was to
analyse how these data were related to the outcome parameters in the UNSCEAR Global Survey (e.g.,
frequencies of the different modality categories considered).
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Figure A-VIII. Relationship between density of computed tomography devices and annual frequency
of computed tomography examinations

Result of a non-linear regression (power function) based on data from 67 countries (dots, UNSCEAR Global
Survey and additional data)

A49.  Input variables were also restricted to those for which a large number of values were available
globally. This was the case for all population-related data, but not for all parameters relating to medical
devices or staff (e.g., number of nuclear medicine devices). The lower limit was set at 100 in order to
achieve a high coverage of the world population in extrapolations using the resulting models.

A50.  An exploratory analysis of model candidates was performed, including a correlation analysis.
With the help of recursive feature elimination [K17], up to five candidate variables for inclusion in a
model were identified. To keep the resulting model rational for non-specialists, single-variable non-
linear regression and multiple-linear regression techniques were used to select appropriate models for
conventional radiology (excluding dental), dental radiology, computed tomography, nuclear medicine
and interventional radiology procedures, and for radionuclide and radiation therapy treatments.

AS51.  Further statistical modelling of the procedure frequency data was undertaken using the R and
STATA software packages [S26]. Fitting a model to all the available data leaves no data against which
to assess the predictive capability of the model. Therefore, the available data were randomly split into
separate creation and validation sets. The performance of a model generated from the creation dataset
was assessed against the validation dataset, using the mean squared error as the metric. Models were
generated in a stepwise fashion with addition or elimination of predictor variables (depending on the
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specific method) and tested against the validation dataset, building an assessment of the variation in test
statistics (mean squared error) with the number of variables in the model. In this manner, the model
with the fewest variables but adequate predictive power could be chosen. Having assessed the
suitability of general model forms by this method, a final fit of the preferred model to the full dataset
was used to generate predictions of procedure frequencies for countries that did not provide data to the
UNSCEAR Global Survey.

AS52.  The results of the modelling often indicated that variables other than physician density
provided greater predictive power for the data under consideration. Among these were the human
development index, the density of relevant medical devices (e.g., computed tomography scanner
density when modelling computed tomography examination frequency), and the proportion of the
population in particular age brackets. However, data on some of these indicators were not sufficiently
widely available to be useful in making predictions for all countries worldwide. In general, models
using a simple power function of the physician density were assessed as providing the best balancing of
predictive power and general applicability.

AS53.  As an additional check on the modelling described above, exploratory analyses for
conventional radiology (excluding dental) and computed tomography were conducted using an artificial
neural network approach. Artificial neural networks are well-suited for a very broad class of non-linear
approximation [B1, D11], where the appropriate forms of the transfer functions relating the predictor
variables and the response variables are unknown. Neural network models were developed using the
Neural Network Toolbox in MATLAB 8.2 (The Math Works Inc.) [D4]. With these tools, a simple
script can be constructed to load the relevant data from an input file, train and validate the neural
network model, and save the model architecture and performance in an output file [E2]. The results of
these exploratory analyses gave very similar predictions for the overall number of conventional
radiology (excluding dental) and computed tomography procedures to the simpler approaches described
above, providing increased confidence in the suitability of the simplified approach.

A54.  The models selected for use in the UNSCEAR global assessment take the form of power
functions of the physician density (physicians per 1,000 population). This choice was motivated by the
(a) simplicity of the model, (b) satisfactory predictive power, and (c¢) availability of the data as WHO
publishes these values regularly [W7] and its close relation to the health-care level classification used in
previous UNSCEAR assessments. The general form of the models is:

F,=ax(d)’ (A.9)

where F; is the procedure frequency in country i, d; is the physician density in country i, and a and b are
the model parameters. Two variants are considered: the first with the modelling performed in the
absolute data space, and the second with the parameters a and 5 determined by linear regression using
log-transformed data (figures A-III to A-VI). These two approaches yield different results as the first
gives equal weight to the absolute differences between the data and the model, while the second gives
equal weight to the relative differences.

AS55. A third, more sophisticated, modelling approach using negative binomial regression [H10] was
examined to test the robustness of the results from the simpler models. Negative binomial regression is
a generalization of Poisson regression, in which the variance is allowed to differ from the mean. This
loosening is used to deal with over dispersion in the model, where the extra variance is presumed to be
due to factors not considered in the model. The functional form of the model is:



ANNEX A: EVALUATION OF MEDICAL EXPOSURE TO IONIZING RADIATION 115

ln(Nl) = ﬁO + ﬁl X xlyi + e + ﬁn X xn'i + ln (Pl.) (AIO)

where N; is the count of procedures in country i, {x;; ... x,;! are the values of predictor variables
{x1 ... x»} for country i, {fy ... B} are the parameters of the model and P; is the population of country i,
the natural logarithm of which is treated as an offset in the model. The covariates included in the final
model varied across the seven broad modality categories, depending on which were found, through a
bootstrap process, to predict the most variance in each particular case.

A56.  Summary results for the three continuous models described above (power-law in absolute
space, power-law in log space, and negative binomial regression) are shown in table A13. The total
numbers of examinations were derived by combining the submitted data from the survey with the
predictions of the selected model for countries that did not provide data to the analysis. Additional data,
including categorization of the different model results by health-care level and income level, are
available in electronic attachment A-2. The mean squared error for all models is calculated by
comparison to the absolute values in the assessed data. The model selected for the global evaluation is
the power-law fit in absolute data space. Although the mean squared error for this model is not always
the lowest of the models considered, this model has been chosen because of its simplicity, involving
only a single predictor variable (physician density), its satisfactory predictive power, and the wide
availability of the data for the predictor variable. Aside from these considerations, the predictions from
all models are quite similar.

A57.  For conventional radiography (excluding dental), survey data from 43 countries were included
in the evaluation. After inclusion of data from the EC DDM 2 project [ES] and from other sources, data
from 65 countries, covering 48% of the total world population, contributed to the assessment. The
model estimates range from 2.1 to 2.6 billion procedures per annum (table A13). With the selected
power-law model fitted in the absolute data space, the total number of conventional radiography
(excluding dental) procedures across the world is assessed at 2.6 billion per annum.

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

Modelling information Model
Power-law Power-law Negative binomial
(absolute space)® (log space) regression®

Conventional radiology (excluding dental)

Mean squared error® 111000 128 000 100 000
Radiography examinations in assessed data
s 1587 1587 1587
(millions)
Additional radiography examinations from model
s 1039 551 843
(millions)
Total conventional radiology examinations
s 2626 2138 2430
(millions)
Countries with no prediction (missing data) 1 1 14

Proportion of total population included (%) 99.8 99.8 99.3
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L . Power-law Power-law Negative binomial
Modelling information .
(absolute space)® (log space) regression®
Dental radiology
Mean squared error® 50000 59000 33000
Dental radiography examinations in assessed data
s 809 809 809
(millions)
Additional dental radiography examinations from
s 292 246 192
model (millions)
Total dental radiography examinations (millions) 1101 1055 1001
Countries with no prediction (missing data) 1 1 15
Proportion of total population included (%) 99.8 99.8 99.2
Computed tomography
Mean squared error® 2940 3090 3180
Computed tomography examinations in assessed
- 278 278 278
data (millions)
Additional computed tomography examinations
s 125 87 36
from model (millions)
Total computed tomography examinations
s 403 365 314
(millions)
Countries with no prediction (missing data) 1 1 9
Proportion of total population included (%) 99.8 99.8 99.4
Interventional radiology
Mean squared error® 45 54 39
Interventional radiology procedures in assessed
- 16.5 16.5 16.5
data (millions)
Additional interventional radiology procedures
s 7.1 23 1.0
from model (millions)
Total interventional radiology procedures
- 23.6 18.8 17.5
(millions)
Countries with no prediction (missing data) 1 1 9
Proportion of total population included (%) 99.8 99.8 99.4
Nuclear medicine (diagnostic)
Mean squared error® 104 111 84
Nuclear medicine procedures in assessed data
s 34.1 34.1 34.1
(millions)
Additional nuclear medicine procedures from
s 58 4.5 3.1
model (millions)
Total nuclear medicine procedures (millions) 39.9 38.6 37.2
Countries with no prediction (missing data) 1 1 15
Proportion of total population included (%) 99.8 99.8 99.3
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Modelling information Power-law Power-law Negative binomial
(absolute space)® (log space) regression“
Radionuclide therapy
Mean squared error® 200 228 252
Radionuclide therapy treatments in assessed data
s 0.936 0.936 0.936
(millions)
Additional radionuclide therapy treatments from
s 0.496 0.305 0.539
model (millions)
Total radionuclide therapy treatments (millions) 1.432 1.241 1.475
Countries with no prediction (missing data) 1 1 1
Proportion of total population included (%) 99.8 99.8 99.8
Radiation therapy
Mean squared error® 585 000 697 000 622 000
Radiation therapy treatment courses in assessed
. 47 47 47
data (millions)
Additional radiation therapy treatment courses
. 1.5 1.1 0.8
from model (millions)
Total radiation therapy treatment courses
- 6.2 58 55
(millions)
Countries with no prediction (missing data) 1 1 57
Proportion of total population included (%) 99.8 99.8 95.7

a

Selected model for the global assessment.

? Mean squared error for all models is calculated by comparison to the absolute value.

¢ Using 5 parameters.
¢ Using 1 parameter.

AS58.  For dental radiography, survey data from 36 countries were included in the assessment. After
inclusion of data from the EC DDM 2 project [E5] and from other sources, data from 49 countries,
covering 41% of the total world population, contributed to the assessment. The estimated results range
from 1.0 to 1.1 billion examinations per annum. The negative binomial regression model is clearly a
better fit to the assessed data. The spread of results is quite narrow, however, and the choice of model
has only a slight impact on the overall result. The selected power-law model fitted in the absolute data
space gives a global annual estimate of dental radiography examinations of 1.1 billion.

A59. The UNSCEAR Global Survey data for computed tomography were received from
43 countries. Additional data on examination frequencies were obtained from the EC DDM 2 project
[ES] and from data reported to the OECD [O3]. Further data for HCL III and HCL IV countries were
taken from previous UNSCEAR reports [U6, U9]. The assessment included data from 69 countries,
covering 48% of the total world population. The estimated results range from 314 to 403 million
examinations per annum. The selected power-law model fitted in the absolute data space gives a total
estimate for computed tomography examinations worldwide of 403 million per annum.

A60.  For interventional radiology, data were received from 39 countries. After inclusion of data
from the EC DDM 2 project [E5] and from previous UNSCEAR reports [U6, U9], a total of
57 countries, covering 46% of the total world population, contributed to the assessment. The estimated
results range from 17.5 to 23.6 million procedures per annum. The selected power-law model fitted in
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the absolute data space gives a total estimate for interventional radiology procedures across the world
of around 24 million per annum.

A61. The assessment for diagnostic nuclear medicine procedures included survey data from
46 countries. With the addition of data from the EC DDM 2 project [E5] and from previous UNSCEAR
reports [U6, U9], data from 68 countries, covering 52% of the total world population, contributed to the
assessment. The estimated results range from 37.2 to 39.9 million procedures per annum. The selected
power-law model fitted in the absolute data space gives a total estimate for diagnostic nuclear medicine
procedures across the world of around 40 million per annum.

A62.  For radionuclide therapy treatments, survey data were received from 41 countries, covering
47% of the total world population. The estimated results range from 1.2 to 1.5 million treatments per
annum. The selected power-law model fitted in the absolute data space gives a total estimate for
radionuclide therapy treatments across the world of 1.4 million per annum.

A63. The assessment for radiation therapy treatment courses included data from 44 countries,
covering 66% of the total world population. The estimates range from 5.5 to 6.2 million procedures per
annum. The selected power-law model fitted in the absolute data space gives a total estimate for the
number of radiation therapy treatment courses across the world of 6.2 million per annum.

A64. The modelling results are consistent with the extrapolation results shown earlier. This
consistency supports the overall totals adopted from the modelling. In some cases, e.g., for dental
radiography and for computed tomography, the consistency of the categorical extrapolations with the
modelling results is dependent on assumptions made in the absence of data. This demonstrates the
advantages of the modelling approach over extrapolation by categories when there are no or only few
data for some categories. The modelling results for HCL IV and for low-income countries are notably
higher than the extrapolation results, suggesting that there may be some overestimation. However, the
extrapolation results at these levels are dependent on data from only one or two countries and, thus,
must be considered very unreliable. In any event, the assessed number at these levels is a very minor
component of the overall analysis.

A65.  In summary, the Committee selected a continuous model for examination frequencies in the
seven general modality categories based on power-law fits in the absolute data space with physician
density as the only predictor variable. The total numbers of examinations per modality category
reported in the current evaluation were derived by combining the submitted data from the survey with
the predictions of the selected model for countries that did not provide data to this analysis.

IV. ANALYSIS OF UNCERTAINTIES

A66.  Previous UNSCEAR reports [U6, U9] have not quantified the effect of limitations in the
model used to evaluate global practice for medical exposure. However, the Committee recognizes the
importance of including estimates of likely uncertainties in relation to its global assessments of
numbers of examinations and population doses. Accordingly, an appropriate methodology was
developed for the purpose of addressing uncertainties in relation not only to the national data but also to
the model used for their extrapolation to global practice.

A67. A framework for the assessment of uncertainty in relation to estimates of collective dose was
developed and is presented in detail in the electronic attachment A-1. Sources of uncertainty in the
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estimation of medical exposure and a standard methodology for their assessment were applied in this
appendix. This methodology could also be applied at a national level before countries submit their data
for UNSCEAR surveys of global practices.

A68.  Hart and Wall [H4], assessed the per caput effective dose from X-rays to the United Kingdom
population in 1997/1998 at 0.33 mSv and estimated the related uncertainties as 9% (+0.03 mSv). Such
methods for uncertainty analysis were also discussed in detail by the EC DDM 2 project [ES] and
formed the basis for the uncertainty estimate of £6% quoted in relation to the per caput effective dose
of 1.06 mSv assessed for the European population from X-ray procedures [E5]. Zontar et al. [Z1] also
assessed the uncertainty in a national estimate of collective effective dose in Slovenia as +11%
(1 standard deviation). Such additional information would support the provision of robust estimates of
uncertainty in relation to estimates of worldwide medical exposure.

A69.  Given that complete information on a country’s population dose, S; (man Sv), with country-
specific estimates of uncertainty, u;, would be available for every country j in the world, an estimate of
uncertainty, Uorg, in the global population dose could easily be assessed following the rules of
propagation of uncertainties (see also electronic attachment A-1):

Uworld = vV Zj uj2 (A 1 1)

A70.  Applying the HCL model to assess the global population dose, the uncertainty Uy.na can be
estimated as follows. The uncertainty u; mczy in the weighted average frequency of examination i per
1,000 population in HCL &, F; ncra (see equation (A.5)), is

UincL(k) = Z]-( i ) x 1,000 (A.12)

PrcLk)

where u;; is the absolute uncertainty in the annual number of examinations of type i in country j, N;; and
Prci is the population in HCL .

A71.  The uncertainty v;ncrw (mSv) in the weighted average typical effective dose for examination i
in HCL k, E; ucry mSv (see equation (A.6)), is given by

2
P.
ViHcL(k) = \/Zj (Ui,j X — ) (A.13)

PrcLk)

where v;; (mSv) is the absolute uncertainty in the typical effective dose for examination i in country j,
E;j (mSv), P; is the population in country j and Prci is the population in HCL .

A72.  The uncertainty, wucr® (man Sv) in the population dose from all examinations in HCL &,
Sucra man Sv (see equation (A.7)), is then:

2 2
WheLk) = \/Zi(uwa(k)) +(UL'HCL(k)) X —LHCL (A.14)

FiHCL(k) EiHCL(k) 1,000,000

A73. Ignoring the uncertainty associated with the HCL model, the uncertainty, Vione (man Sv)
associated with the estimate of the global population dose from all examinations, Swona (man Sv),
derived by the HCL model can be estimated by:

, 2
Vworta = chv=1 (WHCL(k)) (A.15)
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If the uncertainty, Unodel, associated with the HCL model is also taken into account, the uncertainty in
the global population dose, Uwora (man Sv), is given by:

VWOT 2
Uworld = \/(Umodel)z + (S—ld) X Sworld (A16)

world

A74.  Assuming that the countries that contributed data to this survey also provided information on
the relative uncertainty, u,.;;, of their frequency data, one can estimate the absolute uncertainty for the
total number of examinations from all submitting countries, Usivey, as follows:

Usurvey = W Zj uj2 (A.17)

where u; is the absolute uncertainty assessed from the relative uncertainty and the examination frequency
for each country.

A75. To estimate the uncertainty in the total number of examinations and the global annual
collective effective dose using the selected continuous model, the following approach was adopted: for
the uncertainty in the total number of examinations for countries that submitted data, equation (A.17)
was first applied to the five modality categories as outlined above, i.e. for conventional radiology
without dental examinations (A), dental radiology (B), computed tomography (C), interventional
radiology (D) and nuclear medicine (E), giving the uncertainties Usurveyi) (iSA, ..., E). With these, the
uncertainty in the total number of examinations in the survey data, Usvey, can be estimated:

Usurvey = \/ijA ..... E Usurvey(j)2 (A.18)

A76.  Second, the uncertainty in the total number of examinations from the modelling for all
modality categories was estimated, using the square root of the mean squared error from the modelling
results as the estimated absolute error in the calculated examination frequency. If Unogery I=A, ... , E)
is the uncertainties for the five modality categories, then the uncertainty of the total number of
examinations in the modelling data, Uyoqer, can be estimated as follows:

Unmoder = \/Zj=A ..... E Umodel(j)z (A.19)

A77.  Finally, the uncertainty in the global estimate of the number of examinations, Ugopas, 1S

Uglobal = \/Usurveyz + Umoclel2 (A.20)

A78.  Estimates of uncertainties in dose metrics were provided by some countries in their
submissions to the UNSCEAR Global Survey. The survey included options to provide data on the
variation in the relevant practical dose quantity as well as the resulting effective dose and also included
the option of recording the size of the sample used to derive this data. Countries commonly reported the
mean dose and the sample standard deviation as the indication of the level of variation. While the
standard error calculated by dividing the sample standard deviation by the square root of the sample
size is a formal estimate of the standard uncertainty in the mean dose for a particular examination or
procedure, this quantity only represents the precision to which the mean dose is determined and does
not necessarily reflect the uncertainties introduced by applying the mean dose as an estimate of the dose
for all such examinations. As discussed in the electronic attachment A-1, following the approach
proposed in the EC DDM 1 project [E3], uncertainties (one standard deviation) in the dose per
examination can be taken to vary from about £7% (for a large sample size and well-matched conversion
coefficients) to around +25% (for a small sample size and poorly-matched conversion coefficients). In



ANNEX A: EVALUATION OF MEDICAL EXPOSURE TO IONIZING RADIATION 121

the extreme, when local data is unavailable and data from another country is used as an estimate, an
uncertainty of £50% is recommended.

A79.  As described in the annex, for countries that did not provide data to the UNSCEAR Global
Survey, a frequency-weighted dose per examination or procedure in a given modality category was
ascribed and the collective effective dose was estimated by multiplying the estimated total number of
examinations or procedures in the modality category by the frequency-weighted dose. For all such
cases the uncertainty in the dose was taken to be +50%, as recommended for the “Foreign data only”
category in the electronic attachment A-1. For countries that did provide data to the UNSCEAR Global
Survey, the stated uncertainties were used where provided. If the only data provided were the sample
standard deviation and the sample size, estimated uncertainties ranging between 10% and 50% were
applied, depending on the stated sample size and the relative sample standard deviation.
The uncertainties in the overall estimates of collective effective dose were not very sensitive to the
uncertainties assigned to the data for each country. This is due to a combination of the averaging effect
of deriving the uncertainty in a sum over many parts and the fact that the uncertainties in the estimates
of the number of examinations or procedures were generally larger and tended to dominate the overall
uncertainty estimated.

A80. The relative uncertainty of the collective dose for each procedure category, Upg, is
calculated by the relative uncertainty of the frequency, w5, and the relative uncertainty of the dose,
Urel D), Per procedure estimate (i=A, ..., E), where u,.;p; was estimated by the standard error of the
mean of the doses per procedure category from the survey:

Uretpy = \/urel,fr(i)z + Wepw’ (=4 ... B) (A.21)

giving the absolute uncertainties, Up, of collective dose per procedure category by multiplying Uy.;pg
with the collective dose of each category (i=A, ..., E).

AS81.  The absolute uncertainty of the global collective dose, U p, is then

(A.22)

A82.  In summary, standard uncertainties for the total number of examinations in each category of
medical radiological exposure were derived by combining the estimated standard uncertainties for
examination counts included in country submissions to the UNSCEAR Global Survey with the standard
uncertainties in the predictions of the selected continuous models, which were based on the square root
of the mean squared error from the modelling. Uncertainties in the average doses per procedure were
derived from the UNSCEAR Global Survey data when provided and were otherwise assumed to be
+50%. These were combined with the standard uncertainties for the numbers of examinations to derive
the overall standard uncertainty in the collective effective dose for each modality category. Finally, the
uncertainties in the modality categories were combined to obtain an uncertainty estimate for the global
total collective effective dose. Taking twice the standard uncertainty as an estimate of the overall
uncertainty, the ranges for the total number of examinations and the total collective effective dose are
estimated as £30%. Table Al4 summarizes the uncertainties derived for the global estimates of
frequencies and collective effective doses by modality categories.
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Table A14. Relative uncertainties for the global estimates of frequencies and collective effective
doses by modality

Values are rounded to the nearest 1%. Uncertainties are expressed as 2-standard deviations

Modality category Uncertainties of frequency Uncertainties of collective
estimates (%) effective doses estimates (%)
Conventional radiology (excluding dental) 36 42
Dental radiology 58 68
Computed tomography 40 44
Interventional radiology 80 88
Nuclear medicine 72 76
Radionuclide therapy” 32 Not applicable
Radiation therapy® 26 Not applicable
Total 28 30

¢ Not included in the total.

V. SUMMARY

A83. The Committee previously used a categorical HCL model to derive data on examination
frequencies and doses and to then extrapolate the data into a global evaluation of medical radiological
exposure. In the present assessment, however, 53% of the total population is in countries classified as
HCL T and very few survey data were received from countries in other HCL levels. Therefore, an
alternative approach was adopted, constructing mathematical models of the observed variation in
examination frequencies and using these models to predict the expected practice in countries that did
not supply data. In this assessment, continuous models of examination frequencies within seven broad
modality categories have been developed to generate projections for countries that did not provide data
for the UNSCEAR Global Survey. The modality categories used in this assessment were conventional
radiology (encompassing projection radiography, radiography and fluoroscopy but excluding dental
radiology), dental radiology, computed tomography, interventional radiology, nuclear medicine,
radionuclide therapy, and radiation therapy.

A84. A continuous model, which takes the form of a power function of the physician density
(physicians per 1,000 population) in each country, was selected. This choice was made because of the
availability of the data, as WHO regularly publishes such values provided by its Member States, and the
close relation of the model to the HCL classification used in previous UNSCEAR reports [U6, U9].
More sophisticated modelling involving multiple parameters was also performed, yielding similar
results and, thus, supporting the predictions of the single-parameter model. The results from the single-
parameter power function were selected for the evaluation due to their uncomplicated interpretation, the
satisfactory predictive power of the model, and the wide availability of the data. The new continuous
modelling approach has advantages over the former categorical approach when there are no or only few
data for some modality categories. The total numbers of examinations reported in the current
assessment were derived by combining the submitted data from the UNSCEAR Global Survey with the
predictions of the selected continuous model for countries that did not provide data to the survey.
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A85. In this assessment, an alternative to the HCL classification, the World Bank income
classification, was used to present the results of the extrapolation. The World Bank classification is
based on gross national income per caput (current USD) and has also four levels: high, upper middle,
lower middle and low. An advantage of using the World Bank classification is the possibility of
comparing medical exposure with other health indicators as WHO uses the same classification in their
health statistics.

A86. A framework for evaluating the uncertainties in the UNSCEAR global assessment has been
outlined and applied. The estimated uncertainty in the total number of medical radiological
examinations is £30% and the estimated uncertainty in the total collective effective dose is also +30%.
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APPENDIX B. LEVELS AND TRENDS OF EXPOSURE IN
DIAGNOSTIC RADIOLOGY

|.  INTRODUCTION

B1. Diagnostic radiology consists of two main imaging modalities (a) conventional radiology
including projection radiography (without contrast media) and radiography/fluoroscopy (mostly with
contrast media); and () computed tomography. For each of these modalities, 16—19 subgroups or types
of examinations have been defined in the user manual for the UNSCEAR Global Survey [U11] for data
reporting and collection, with “other (please specify)” used as the last category in each modality. The
subgroups are generally similar to the broader modality categories defined by the European
Commission Dose Data Med projects (EC DDM) [E3, ES]. As shown in the literature reviews below,
there have not been uniform classification systems, or systems consistent with the UNSCEAR Global
Survey, when collecting data and publishing the results of examination frequency or population dose
studies. These differences in classification create some difficulties when comparing published data with
submissions to the UNSCEAR Global Survey, or when comparing published country data.

B2. Medical exposure in any country or region depends on many factors such as:

— Availability of radiological imaging facilities and appropriately trained staff (e.g., radiologists,
radiographers, medical physicists);

— Types of radiological examinations requested by the referring physicians;

— Types of radiological systems (e.g., proportion of screen-film systems, computed radiology
and full digital radiology systems, image-intensifier and flat-panel detectors) and their
capabilities (e.g., over- or under-couch, continuous fluoroscopy versus pulsed fluoroscopy,
tube current modulation versus fixed tube current, iterative reconstruction) and, thus, the
exposure parameters required during the procedures;

— Level of optimization applied in imaging protocols (e.g., consideration of patient size);
—  Protocols chosen for the particular examinations/procedures (e.g., adult versus paediatric);
— Patient demographics (e.g., size and weight, proportions of adult and paediatric patients);

— Methodology chosen for estimating the collective effective dose in general and the related
uncertainties in estimating frequencies of examinations/procedures and typical effective doses
per examination/procedure (e.g., sample sizes, national survey versus reimbursement systems);

— Tissue weighting factors used for the calculation of the effective dose according to the
recommendations of the International Commission on Radiological Protection (ICRP 60 [19]
or ICRP 103 [111]);

— Types of radiological examinations/procedures considered for a modality; differing
interpretations are probable for conventional fluoroscopy and interventional radiology (e.g.,
fluoroscopy or diagnostic interventional procedure followed by a therapeutic procedure or only
therapeutic interventional procedures).
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B3. It is clear from above that, among other factors, both the imaging technology and the local
choices for imaging practice can affect the trends in the numbers of examinations and patient dose
levels. The impact of technology is discussed more in connection with the trends (section B.VII).

B4. The following analysis with summaries for diagnostic radiology procedures is based on the
results of the UNSCEAR Global Survey and a comprehensive review of the published literature during
the past decade. The results of the survey provide up-to-date information on examination frequencies,
typical effective doses and staffing and equipment levels in several countries, supplemented with
information on the age and sex distributions of examination frequencies in some countries. However,
the results of the survey are not complete enough to estimate or summarize the collective effective
doses to population or effective doses per caput for these countries. The results of the literature review
provide relatively recent data for comparison with the current survey data, including published
information on collective effective doses in some countries. The results of both the survey and the
literature review enable identification of the diagnostic radiology examinations that make the highest
contribution to the frequencies, typical effective dose and collective effective doses, and also some
analysis of the recent trends in frequencies and doses and in the related technology.

BS. The results presented in this appendix reflect mainly the situation in the countries that
submitted data to the UNSCEAR Global Survey (see also electronic attachment B-1) and published
national surveys. The results have been used (a) for specific prediction models for the global
assessment (more details in appendix A and electronic attachment A-3), and (b) for comparison and
trend analyses presented here.

ll. RECAPITULATION OF PREVIOUS UNSCEAR REPORTS

B6. According to the UNSCEAR 2008 Report [U9], using the health-care level (HCL) model,
approximately 3.6 billion diagnostic radiology X-ray examinations (including dental examinations)
were undertaken annually worldwide in the period 1997-2007. The 24% of the population living in
HCL I countries receive approximately two thirds of these examinations.

B7. The annual frequency of diagnostic medical examinations (excluding dental radiology) in
HCL I countries was estimated to have increased from 820 per 1,000 population in 1970-1979 [U6] to
1,332 per 1,000 population in 1997-2007 [U9]. Comparative values for HCL II countries exhibited an
even greater relative increase, from 26 per 1,000 in 1970-1979 to 332 per 1,000 in 1997-2007. Most of
the increase for HCL I and II countries occurred in 1997-2007. The estimated annual frequency of
diagnostic medical examinations in HCL III and HCL IV countries had remained fairly constant over
this period although, since data for these countries were limited, considerable uncertainty was
associated with this estimate. Globally, for HCL I to HCL IV countries there were, on average, just
over 488 diagnostic medical examinations and 74 dental examinations per 1,000 population.

B&. Also according to the UNSCEAR 2008 Report [U9], there were wide variations in diagnostic
medical examinations between different HCL countries. For example, diagnostic medical examinations
were over 66 times more frequent in HCL I countries than in HCL III and HCL IV countries. The
change in annual frequency of diagnostic medical examinations reflected changes in population
demographics, as most medical exposure applied to older “patients”.

B9. In the UNSCEAR 2008 Report [U9], computed tomography accounted for 7.9% of the total
number of diagnostic medical examinations in HCL I countries, and just over 2% in HCL II countries.
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For diagnostic dental examinations, the annual frequency had remained relatively constant for HCL I
countries, at 275 per 1,000 population, compared with 320 per 1,000 population in the 1970-1979
survey. Over this period, there had been a substantial increase in the annual frequency of diagnostic
dental examinations in HCL II countries, rising from 0.8 per 1,000 population in 1980-1984 to 16 per
1,000 population in 1997-2007.

B10. In the UNSCEAR 2008 Report [U9], the annual collective effective dose to the population
from diagnostic medical radiological examinations was estimated to be (@) 2,900,000 man Sv for HCL I
countries; (b) 1,000,000 man Sv for HCL II countries; (c) 33,000 man Sv for HCL III countries; and
(d) 24,000 man Sv for HCL IV countries. The total annual collective effective dose to the global
population from diagnostic medical examinations was estimated to be 4,000,000 man Sv. Since the
UNSCEAR 2000 Report [U6], there had been a rise of approximately 1,700,000 man Sv. This increase
resulted partly from an increase in the annual frequency of diagnostic medical radiological
examinations, an increase in the per caput effective dose per examination (from 0.4 to 0.62 mSv) and an
increase in the global population (from 5,800 million to 6,446 million).

B11. The UNSCEAR 2008 Report [U9] estimated an average value of the annual per caput effective
dose across the global population as 0.62 mSv, with 1.9 mSv, 0.32 mSv and 0.03 mSv in HCL I,
HCL II and HCL III/IV countries, respectively. The contribution of computed tomography scanning to
the total collective effective dose due to medical examinations was 47% in HCL I countries and 15% in
HCL II countries, respectively. Globally, on average, the contribution of computed tomography to the
total collective effective dose due to diagnostic medical radiology was 43%, having increased from
34% in the UNSCEAR 2000 Report [U6]. In contrast, exposure from dental examinations accounted for
less than 1% of the total collective effective dose.

B12.  More specifically, the typical effective doses for chest radiography and mammography
decreased significantly, while that for computed tomography decreased only slightly since the previous
UNSCEAR reports [U6, U9]. The introduction of new imaging techniques, including computed
tomography and digital imaging was anticipated to increase the population dose globally in the future.

l1l. FREQUENCIES OF RADIOLOGICAL EXAMINATIONS

B13.  This section presents information on the frequencies and distributions of diagnostic
radiological examination resulting from the submissions to the UNSCEAR Global Survey (2009-2018)
and from the review of published literature.

A. UNSCEAR Global Survey data

B14.  In the current UNSCEAR Global Survey, essential information (selected main groups of
examination frequencies, numbers of professionals and diagnostic radiological systems and devices)
from 51 countries with more detailed information (frequency and dose data) from 30-33 countries have
been received for diagnostic radiology. However, only 11 countries have submitted information on age
and sex distributions with incomplete dose information.
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B15.  The total frequencies per 1,000 population for diagnostic radiology (projection radiography
including dental procedures, radiography and fluoroscopy and computed tomography) obtained from
the UNSCEAR Global Survey is shown in figure B-I. Detailed frequency information obtained from
the UNSCEAR Global Survey for projection radiography including dental examinations, radiography
and fluoroscopy and computed tomography are summarized in tables B1 to B3.

B16.  There are great variations of the diagnostic radiology frequencies per 1,000 population
between the countries involved. The frequency of diagnostic radiology examinations makes by far the
highest contribution (97.8%) to the total frequency of medical imaging per 1,000 population: the mean
frequency of diagnostic radiology procedures was 1,038 per 1,000 population, with the range from 311
to 2,414 procedures per 1,000 population.

B17.  In projection radiography, dental examinations make the highest contribution to the total
frequency of this group (28.7%), while also chest-thorax (20.2%) and limbs and joints (18.2%) also
make high contributions; all the other types of projection radiography examinations contribute less than
6% of the total; the contribution of mammography is 3.1% and screening mammography 5.3%. In
radiography and fluoroscopy, coronary angiography makes the highest contribution (16.3%) to the total
of this modality, followed by examinations of gastrointestinal tract (barium studies) (14.0%) and
urogenital tract (5.4%); miscellaneous examinations (“others”: 38.6%) are excluded because in many
countries, this category includes examinations from the other categories not reported separately. In
computed tomography, head examinations (skull and facial bones and soft tissue and brain altogether)
make the highest contribution (26.3%) followed by chest (thorax: 12.2%) and abdomen (11.9%).
Compared with the total frequency per 1,000 population for all three diagnostic radiology modalities,
on average, all radiography and fluoroscopy (without dental) is 61.6%, dental is 23.2% and computed
tomography is 12.9%.

Figure B-I. Total frequency per 1,000 population for diagnostic radiology (projection radiography,
radiography and fluoroscopy, and CT) by countries reported to UNSCEAR Global Survey

Only countries having submitted data for all three modalities are included




Table B1a. Annual frequencies per 1,000 population for different projection radiography examinations reported to UNSCEAR Global Survey

Examination frequency per 1 000 population®®

Country Total Head (skull Head Neck Neck (soft Chest- Chest Chest (shoulder Mammo- Mammography
projection and facial (soft (cervical tissue) thorax (thoracic spine) | girdle andribs) graphy (screening)
radiography* bones) tissue) spine)
Australia 928 16 1.7 26 116 4.3 36 24 41
Belarus 1311 36 17 758 19 17 13
Belgium 1083 4.8 12 1.6 192 8.9 48 92 41
Brazil 284 9.3 0.04 6.6 47 2.7 9.8 13 39
Bulgaria 502 19 20 169 9.2 10 21
Cyprus 314 18 172 9.1 0.5 18
Czech Republic 1450 51 39 233 25 49 10 36
Denmark 507 1.3 4.1 0.03 117 7 24 21 51
Estonia 350 15 6.5 0.2 25 30 58
Finland 936 22 0.02 0.02 187 4 26 18 63
France 1083 15 15 151 58 33 78
Germany 1232 36 31 170 15 41 26 33
Greece 538 18 162 60
Iceland 502 6.6 0.01 4.3 0.01 153 53 28 8 54
Iran (Islamic Republic of) 407 20 27 80 20
Japan 1571 45
Lithuania 1872 26 225 77 6.1 35
Luxembourg 1087 6.3 0.02 20 0.05 65 14 10 28 34
Netherlands 511 22 7.8 121 74 27 22 59
Norway 1364 8.9 130 52 64
Philippines 279 14 0.5 54 0.2 198 1.3 34 03 0.04
Poland 936 26 35 223 16 75 29
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Examination frequency per 1 000 population®®

Country Total Head (skull Head Neck Neck (soft Chest- Chest Chest (shoulder Mammo- Mammography
projection and facial (soft (cervical tissue) thorax (thoracic spine) | girdle and ribs) graphy (screening)
radiography* bones) tissue) spine)

Republic of Korea? 4933 75 46 203 7.6 963 24 309 46 296
Romania 517 15 19 118 12 21

Russian Federation 1306 57 22 219 15 22 38
Slovenia 361 188 17 46

Spain 795 36 267 28 69 20
Sweden 291 0.5 3.1 61 2 17 140
Switzerland 969 33 84 143 56 22 16
United Arab Emirates 1624 33 74 48 12 869 16 29 15 6.9
United Kingdom 1027 2.1 0.08 56 0.3 158 3.2 16 1 40
United States 1866 4.2 15 342 7.8 37 122

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

b Zero values are indicated when available; otherwise, cells have been kept empty.

¢ Values as reported; may not equal sum of all categories.

¢ Values reported are projections per 1,000 population; not examinations per 1,000 population. Examinations often include more than one projection.
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Table B1b. Annual frequencies per 1,000 population for different projection radiography examinations reported to UNSCEAR Global Survey

Examination frequency per 1 000 population®®

Country Lumbar | Lumbo-sacral | Abdomen | Pelvisand Pelvis Limbsand | Wholespine | Skeletal survey Dental Dental Others
spine joint only hips (bone) | (softtissue) joints (trunk) (head and intraoral panoramic
trunk)
Australia 20 2.1 12 72 188 0.2 1.2 302 59 8.3
Belarus 30 12 26 152 185 44
Belgium 22 23 76 0.8 227 38 254 63 14
Brazil 1.8 10 4.8 9.5 0.07 62 0.05 0.02 65 3.2
Bulgaria 23 15 23 7.5 104 62 19 0.9
Cyprus 26 26 17 5.8 22
Czech Republic 42 11 31 61 282 1.8 420 117 41
Denmark 16 23 3.2 46 173 1.6 34 0.8 4.1
Estonia 22 6.8 14 80 0.02 34 59
Finland 23 0.4 55 34 173 14 0.02 297 69 13
France 40 22 77 202 8.8 1.2 385 39 10
Germany 56 19 64 257 0.1 339 140 4.1
Greece 34 19 78 128 37 1.8
Iceland 13 1 11 40 178 0.8 0.3
Iran (Islamic Republic of) 18 18 38 187
Japan 411 120 995
Lithuania 161 26 71 58 832 357
Luxembourg 34 4.4 13 66 243 6.6 362 94 88
Netherlands 22 13 40 149 1.5 53 13 1.5
Norway 19 85 53 1048 27
Philippines 2.1 0.9 12 8.9 31 1.1 0.2 0.2
Poland 56 12 22 224 224 60
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Examination frequency per 1 000 population®®
Country Lumbar | Lumbo-sacral | Abdomen Pelvis and Pelvis Limbsand | Wholespine | Skeletal survey Dental Dental Others
spine joint only hips (bone) | (softtissue) joints (trunk) (head and intraoral panoramic
trunk)

Republic of Korea 374 65 219 132 1524 48 386 181 35
Romania 32 1.1 1 19 90 92 67 19
Russian Federation 26 8.2 22 144 38 191 503
Slovenia 54 20 37

Spain 48 42 50 211 22

Sweden 9 1.8 34 22

Switzerland 17 9 42 404 71 227
United Arab Emirates 81 16 62 26 2.7 243 6 1 107 43

United Kingdom 8.5 0.3 15 34 119 1.1 0.3 539 74

United States 35 38 63 178 916 64 44

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
b Zero values are indicated when available; otherwise, cells have been kept empty.
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Table B2a. Annual frequencies per 1,000 population for radiography and fluoroscopy examinations with contrast media reported to UNSCEAR Global Survey

ERCP: Endoscopic retrograde cholangiopancreatography; IVU: Intravenous urography

Examination frequency per 1 000 population®®

Country Total* Gastrointestinal Biliary tract Urogenital tract
Barium studies Defecography Cholangiography ERCP Cholecystography wu Kidney, bladder and urethra

Australia 30.8 43 0.1 0.05 04 0.3 0.6 1.2
Belarus 193 9 4
Belgium 33.1 1 4.4 0.1 1 0.2 0.3 1.6
Brazil 0.9 0.02 0.1
Bulgaria 246 6.5 1.9 0.1 0.3 0.1 1.3 1.1
Cyprus 9.6 44 32
Czech Republic 45.6 24 04 1.8 0.6 1.2
Denmark 11.5 1.5 0.02 0.1 0.1 1.2
Estonia 1.1 26 0.2 1 0.2 0.6
Finland 9.6 1.2 0.2 0.8 0.02 0.3
France 1.1 25 0.5 24
Germany 41.1 26 0.6 74
Greece 49 0.7 0.07 0.1 0.2 1
Iceland 18.1 4.6 0.1 0.1 3.1 1.3 1.2
Lithuania 64.9
Luxembourg 94 25 0.1 0.05 0.6 0.7 29
Netherlands 123 0.02 1.5 0.7
Norway 9.6 2.8 1.1
Philippines 1 0.5 0.01 0.2 0.07 0.04 0.09
Poland 10.5 1.6 0.1 2.1
Republic of Korea 46.4 25 0.2 0.2 0.01 25 1.6

NOILYIAVd ONIZINOI OL 34NSOdX3 T¥DIAIN 40 NOILYNTVAT 'V XINNV

€€l



Examination frequency per 1 000 population®®

Country Total® Gastrointestinal Biliary tract Urogenital tract
Barium studies Defecography Cholangiography ERCP Cholecystography wu Kidney, bladder and urethra

Romania 32.1 6 0.07 1.2

Russian Federation 13.1 7.2 0.9 0.2
Slovenia 6.1 1 1.3

Spain 10.7 53 28

Sweden 83 25 1.7

Switzerland 17.8 0.8 1

United Arab Emirates 10 37 0.3 2 1.1
United Kingdom 10.6 2.7 0.2 0.2 0.8 0.02 0.2 04
United States 24 10 2

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

b Zero values are indicated when available; otherwise, cells have been kept empty.

¢ Values as reported; may not equal sum of all categories.
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Table B2b. Annual frequency per 1,000 population for radiography and fluoroscopy examinations with contrast media reported to UNSCEAR Global Survey

Examination frequency per 1 000 population®®

Country Myelography | Arthrography Angiography Others
Cerebral Cardiac Thoracic Abdominal Pelvic Peripheral

Australia 0.1 1.6 0.2 1 04 0.5 0.3 1.2 9
Belarus 6.3
Belgium 0.6 6.6 1 0.9 0.5 15
Brazil 0.08 0.12 0.2 0.04 0.04 0.1 0.07 0.03
Bulgaria 2 0.3 6.2 49
Cyprus 19
Czech Republic 0.03 0.07 53 0.04 34
Denmark 0.01 0.8 56 04 0.6 0.3 0.8 0.07
Estonia 0.2 3.8 25
Finland 0.01 0.1 04 4.6 0.02 0.1 0.9 1
France 3.9 19
Germany 0.6 19 0.9 2 79
Greece 0.03 1.8 0.1
Iceland 0.06 0.2 5.7 0.07 0.2 0.03 1.1 0.3
Lithuania
Luxembourg 0.09 10.2 0.2 4.3 0.05 0.2 0.2 719
Netherlands 0.1 0.71 0.01 1.3 0.2 1.2 0.1 2.8 3.7
Norway 5.7
Philippines
Poland 0.3 6 0.08 0.03 04 0.02
Republic of Korea 4.1 0.7 1.3 34 0.4 1.2 0.1 0.68 54
Romania 0.1 1.5 0.1 0.06 0.2 23
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Examination frequency per 1 000 population®®
Country Myelography | Arthrography Angiography Others
Cerebral Cardiac Thoracic Abdominal Pelvic Peripheral

Russian Federation 3.6 1.1
Slovenia 3.8

Spain 2.6

Sweden 4.2

Switzerland 6.4 9.5
United Arab Emirates 0.6 0.2 1.8 0.05 0.2 0.1

United Kingdom 0.03 04 0.1 23 0.09 0.03 0.05 0.07 3.1
United States 7.7 4.2

¢ Values are rounded; however extended precision has been preserved to illustrate differences.
b Zero values are indicated when available; otherwise, cells have been kept empty.
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Table B3a.