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INTRODUCTION

1.  Ove the last 100 years, ionizing radiation has been
increasingly applied in medicine and is now firmly estab-
lished as an essentia tool for diagnosis and therapy. The
overwhdming benfits accruing to patients from properly
conducted procedures havefostered thewidespread practice of
medical radiology [A22], with the result that medica
radiation exposures have become an important component of
thetotal radiation exposure of populations.

2. Since beginning its work in 1955, the Committee has
regularly monitored the medical usesof radiation aspart of its
continuing review of sources of exposure. The most recent
anayss, included in the UNSCEAR 1993 Report [U3],
covered theperiod 1985- 1990, but information availablesnce
1970 was cited in order to investigate trends in usage and
doses. TheCommitteeconcluded that medi cal applicationsare
the largest man-made source of radiation exposure for the
world's population, athough there was ill a far from
equitabledistribution of medical radiation servicesin different
countrieswith different level sof hedlth care; whereasthe 1993
worldwide estimate for the annual per caput dose from
diagnostic examinationswas 0.3 mSv, corresponding average
values for countries of the upper and lower hedlth-care levels
were 1.1 mSv and 0.05 mSyv, respectively. A century after
Rontgen's seminal discovery of x rays, some two thirdsof the
world'spopulation il lacksadequate diagnogticimaging and
radiation therapy services[W12].

3. The Committee also concluded that population expo-
sures from the diagnostic and therapeutic uses of ionizing
radiation were likely to beincreasing worldwide, particularly

in countrieswheremedical servicesarein theearlier sagesof
development [U3]. However, further and more
comprehensive analyses would be required in order to refine
global etimates and establish important trends.

4.  Theneed for such analyssisheightened by anumber of
underlying factors that could affect the practice of radiology,
in terms of both the type and frequency of procedures carried
out and the associated levels of dose to individua patients
[S60]. For example, population growth, urbanization, and
longer lifespans can be expected to result in growing demands
for medical radiology [U3]. Conversdy, as a genera trend
some reductions in dose can be expected to arise from
continuing advances in the technology for ionizing radiation
and its subditution by non-ionizing radiations, more
widespread and formalized implementation of quality
assuranceproceduresin radiol ogy departments, better training
of gaff involved in medical radiology [12], and morerigorous
standards for patient protection [13, 15, 117].

5. Accordingly, this Annex presents the results of an
updated, broad review of medical radiation exposures. Its
purpose is to provide new qualitative and quantitative
information on the frequencies and doses for diagnostic
and therapeutic procedures, to assess medical radiation
exposuresworldwide, to make comparisonswith datafrom
previous reviews, and to explore temporal or regional
trends in the practice of medical radiology. Although the
review is not intended as a means to optimize procedures
or as a guideline for radiation protection, it will never-
theless provide the background for such work.

I. SCOPE AND BASIS FOR THE ANALYSIS

A. MEDICAL RADIATION PROCEDURES

6. This Annex is principally concerned with exposures
received by patients from the use of radiation generators or
radionuclidesaspart of their diagnosisor trestment (Chapters
I1-V). Medical exposuresarea so conducted for medico-legal
reasonsand on volunteers (patientsor healthy persons) for the
purposes of research; this latter category of exposures is
considered in Chapter VI. The information on patient
exposures reported for different types of procedurein various
countries is assumed to reflect routine practice, athough a
brief discussion of radiation incidentsin medicineisinc uded
in Chapter VII for the purpose of illugtration. Exposures
received by medica oaff from medicad radiology are
discussed dsewhere, in Annex E, “Occupational radiation
exposures’. Exposures of the generd public arising from
contact with patients undergoing therapy with sedled or

unsealed radio-nuclides, the digposal of radioactive waste
from hospitals, and the production of radionuclides for
medicine are consdered in Annex C, “Exposures to the
public from man-made sources of radiation”.

7.  Diagnostic procedures, in particular the widespread use
of X rays, are the most common application of radiation in
medicine. The range of x-ray techniques used, such as
radiography, fluoroscopy, computed tomography,
interventional radiol ogy, and bone denstometry, aredi scussed
in Chapter I1. Thereisasosignificant practicein imaging and
other functional studiesinvolving administrations to patients
of unseal ed radionuclides; these uses are described in Chapter
I11. Such nuclear medicine and x-ray procedures areintended
toprovidedoctorswith diagnogticinformationandin principle
areconducted with thelowest practicableleve sof patient dose
to meet clinical objectives[M39, S54].
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8.  Incontrad, therapeutic exposures are less frequent and
the levels of dose are very much higher in view of the quite
different purpose. Radiotherapy is used mainly for the
treatment of cancer, where the intention isto deliver alethal
dose to malignant tissue within awell-defined target volume,
while minimizing the irradiation of surrounding hedlthy
tissue. Many patients receiving radiotherapy have a limited
life expectancy owing to their age or disease. Treatments are
most often carried out using radiation generators and sealed
radionuclide sources. Teletherapy and brachytherapy tech-
niques are considered in Chapter 1V. A smal amount of
therapy practice involves the adminigration of unsealed
radionuclides, and this technique is discussed in Chapter V.

9. In addition to diagnostic imaging or therapy, there are
also some other applications of ionizing radiation for tissue
analysisintheclinical assessment of health or disease, mostly
in the course of research projects. For example, in vivo
neutron activation analyss, basad on the detection of
characterigic gamma rays produced by the interaction of
neutrons within the body, has been used to measure calcium,
nitrogen, and cadmium, with whole-body doses up to 10 mSv
[C12, S28]. Also, x-ray fluorescence techniques have been
usad for in vivo measurements of iodine, lead, and cadmium
[C12]. However, such exposures arenot awidespread practice
and are not considered further in thisreview.

B. SOURCES OF DATA

10. The broad characterization of practice in medica
radiology requires a knowledge of the frequency of each type
of procedure and the associated levels of patient dose. To be
ableto provideascompletean assessment aspossibleof global
practice in medica radiology, the Committee conducted a
worldwidesurvey of medical radiation usageand exposureshy
means of a widdy digtributed questionnaire soliciting
systematic information for the years 1991-1996. This Annex
summarizesall data submitted to the Committee up totheend
of 1999. The questionnaire was Smilar to that employed for
the previous review [U3], although the format was revised to
improve the quality and utility of the data collected.
Information was sought on national facilities for radiological
examinations and trestments, together with specific data for
important types of procedure: annual numbers of procedures,
ageand s distributions of patients, and representative doses.
Respondents to the UNSCEAR Survey of Medical Radiation
Usage and Exposures are listed in the References, Part A.

11. Theavailability of detailed national data on medical
radiology practice varies considerably even in developed
countries. For example, periodic surveys of national
practice are conducted in some countries (see, inter alia,
[06, S61, S62, S63, T16, Z17]). The information on, say,
frequency and dose provided to the Committee in the
present survey was therefore often based on limited data
from a particular region or even an individual hospital;
these data were then assumed, with appropriate scaling, to
be representative of the entire country. When known, such

instances of extrapolation are generaly identified in the
footnotes to the tables. Theinterpretation of non-standard
or incomplete dosimetric information provided in the
questionnaires is discussed in detail in the appropriate
Sections below.

12. The valuable information provided by responses to
the UNSCEAR Survey of Medical Radiation Usage and
Exposures has been supplemented by selected data from
publicationsfollowing an extensivereview of theliterature.
These are used in particular when discussing specific
practices and illustrating trends.

C. DOSIMETRIC ASPECTS

13. Medical exposures to individua patients are
summarized most completely in termsof the absorbed dose
to each organ or tissue of the body, although this approach
is often difficult to realizein practice, particularly for any
large-scale dose survey. Weighted-organ dose quantities,
such as effective dose equivalent [17] and effective dose
[13], represent convenient indicators of overall exposurein
the assessment of diagnostic practice (see, for example,
[M33, 06]). They broadly reflect in a qualitative manner
the risks to health of the stochastic (though not
deterministic) effects associated with exposureto ionizing
radiation. The Committee has previousy used such
guantitiesto evaluate patient doses [U3, U4, U6], with the
express purpose of alowing a robust comparison of
practice between, inter alia, types of procedure, countries,
health-care levels, time periods, and sources of radiation.

14. However, the Committee has always indicated most
strongly that these effective doses should not be used
directly for estimating detriment (to individuals or
populations) from medical exposures by application, for
example, of the nominal fatality probability coefficients
given by ICRP [I3]. Such assessments would be
inappropriate and serve no purpose in view of the
uncertainties arising from potential demographic
differences (in terms of health status, age, and sex)
between particular populations of patients and those
general populations for whom the ICRP derived the risk
coefficients. It has been suggested, for example, that
effective dose could broadly underestimate the detriment
from diagnostic exposures of young patients by a factor of
about 2 and, conversely, could overestimate the detriment
from the exposure of old patients by a factor of at least 5
[N1]. The analysis of radiation risk from diagnostic
medical exposures requires detailed knowledge of organ
doses and the age and sex of patients. Such analyses have
been carried out (see, for example, [H18 , K12, K13,
M23]), athough this important topic is beyond the scope
of thisreview and is not considered further.

15. Notwithstanding the above caveat, practice in
diagnostic radiology is summarized in this Annex, for
comparative purposes, principaly in terms of effective
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doses to exposed individuals undergoing each type of
procedure and, taking into account numbersof procedures,
collective effective doses over exposed populations. Other
more practical dose descriptors are also used, as
appropriate, in analysing diagnostic exposures. These are
discussed more fully below for examinations with x rays
(Section 11.B) and radiopharmaceuticals (Section 111.B).
The typical dose values quoted for specific examinations
are generally arithmetic mean values, summarizing
distributions of measurements over groups of patients or
hospitals that are often wide and highly skewed.

16. Diagnostic practices may also be characterized in
terms of per caput doses, by averaging collective effective
doses over entire populations (including non-exposed
individuals). Although such doses provide abroad indica-
tion of practice, they tend to conceal significant variations
in the patterns of exposure received by individuals; some
individuals might have a considerable number of x-ray
examinationsin their lifetime and others might have none
at al. For example, it wasestimated in 1992 that about 1%
of the population of the United Kingdom received a
lifetime dose of more than 100 mSv from medical x rays,
yet the annual per caput effective dose was about 0.4 mSv
[H9]. It has &l so been observed that radiol ogical examina-
tions are performed somewhat more frequently in
terminally ill patients [M50], with about 5% of al the
diagnostic x-ray and nuclear medicine procedures at one
institution in the United States involving patientsin their
last six months of life, who collectively represented about
2% of the total number of patients examined [M19]. A
study in Germany found that of the 60% of patients
admitted into two large hospitals who underwent dia-
gnostic x-ray procedures, about 6% received only 1
exposure, although theproportionsreceivingmorethan 12,
50 and 100 exposures were 24%, 6% and 1%, respectively
[M73].

17. Although effective dose is used in this Annex, with
some caution as discussed above, in the evaluation of
patient doses from diagnostic exposures, this quantity is
inappropriate for characterizing therapeutic exposures, in
which levels of irradiation are by intent high enough to
cause deterministic effectsin the target volume. After due
consideration of the complex issues involved, the Com-
mittee previoudy included broad estimates of collective
effective dose for therapeutic exposures, computed on the
basi s of scattered radiation outsidethetarget volumes. This
was doneto provide arobust assessment of practicefor the
purposes of comparison within a comprehensive review
[U3]. The present analysis, by contrast, summarizes
therapy largely in terms of frequency of practice, together
with some information on prescribed doses. It is
recognized, however, that assessing risk from the
irradiation of non-target organs may be of particular
importance for young patients who are successfully cured
by radiotherapy for, say, Hodgkin's disease (see, for
example [V27]), or for patients undergoing radiotherapy
for inflammatory disease.

D. ASSESSMENT OF GLOBAL PRACTICE

18. The availability, complexity, and utilization of radio-
logical equipment for imaging and therapy varieswidey from
country to country. In the inevitable absence of compre-
hensive information on national practice from al countries,
particularly those in the least devel oped regions of theworld,
the assessment of global activities in medica radiology
requiresextrapolation fromthelimited dataavailablefrom the
questionnaires or the published literature. Models for doing
this were developed in the UNSCEAR 1988 and 1993
Reports [U3, U4] on the basis of observed broad corrdations
between the number of x-ray examinations per unit of
population and the number of physicians per unit of
population. Accordingly, information on the number of
physicians per million popula-tion, whichisin genera amore
widdy available statigtic, can beused to scale diagnostic x-ray
frequencies from a few countries to al regions of the world.
As part of this global modd, countries are categorized into
four levels of hedlth care according to broad ranges for the
number of physicians per unit of population: hedth-care
leve | (at least 1 physician per 1,000 population), hedth-care
leve 11 (1 physician for 1,000- 3,000 population), hedth-care
levd 11l (1 physcian for 3,000-10,000 population), and
hedlth-care levd 1V (1 physcian for more than 10,000
population). It should be emphasized that this classfication of
countriesisused soldy for the purposes of modding and does
not imply any judgements on the quality of hedth care.

19. Sincediagnostic x-ray examinationsrepresent themain
source of exposure for populations, gratifying countries
according to hedlth-care leved provides a robust modd for
assessing general worldwide frequencies and collective doses
from practicein medical radiology. For the present analysis,
information on the number of physcians per unit of
population has been taken principally from data provided to
the Committee in the quetionnaires or from survey data
published by WHO on human resourcesfor hedth in theyears
1988- 1991 [W20]. Theannua numbersof diagnosticmedica
X-ray examinationsreported by different countriesspan several
orders of magnitude. Figure | illugtrates correlations between
these annual totalsin countries of different hedlth-carelevels
and ether the population or thetotal number of physiciansin
those countries. In general, annual numbers of examinations
appear broadly to correate better with nationa totals of
physicians (Figure 1b) than with populations (Figure 1), this
beingin general agreement with themode . For completeness,
Figure Il presents the rdationship between dental x-ray
examinations and either the population (Figure 118 or the
number of dentigts (Figure Ilb). However, there could be
confusion asto whether the reported national totalsfor dental
X rays refer to numbers of examinations or numbers of films.
Also, it is likey in developing countries that significant
numbers of dental x-ray examinations are conducted in
hospitalsrather than in dental practices.

20. There are clearly limitations to this broad
classification system. For exampl e, therewill bedifferences
in how different countries define a“ physician”, and these
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Figure I. Annual number of diagnostic medical x-ray examinations in relation to
(a) size of population and (b) number of physicians.
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Figure Il. Annual number of diagnostic dental x-ray examinations in relation to
(a) size of population and (b) number of dentists.

lead to uncertainties in the data on numbers of physicians.
Also, assigning countriesto health-carelevelson thebasis
of average national data will hide possibly significant
regional variationswithin countries, particularly for large
ones [U3]. Some examples can be given below in relation
to Latin America [B33]. In Argentina, Brazil, Colombia,
Costa Rica, Mexico, and Venezuela, the numbers and
variety of radiological studies performed in university and
regional hospitals are comparable to those performed in
similar centresin more devel oped countries. In thoselarge
countries with high levels of urbanization, the main
hospitals often tend to be private, and these establishments
haverel atively modern and sophi sticated imaging services.
In those countrieswith intermediate-sized popul ations, the
range of diagnostic equipment and services available is
usually not as great, with resources concentrated in capital
citiesand regional centres.

21. Thegloba modd can beexpected to provideonly avery
broad characterization of overall national practicein medica
radiology. For example, South Africa is assumed in the
present analysis to fal in hedth-care leve |, adthough
significant variations are reported in the frequency of x-ray
examinations between racegroups, ranging from 67 per 1,000
blacks to 460 per 1,000 whites [H29, M22]. Ecuador is
classfied in hedlth-care leve |, dthough the indicators of
national radiology practice are rather less than the average
levesfor thiscategory. Some countries have been dassifiedin
leves different from those to which they would have been
assigned based gtrictly on the number of physicians. Examples
are Jordan, Libyan Arab Jamahiriya, Mexico and Turkey
(leve 11 rather than leve 1) and Sudan (level 111 rather than
levd I1). Theprovison of hedlth-careisbroadly influenced by
national economic datus, and WHO has, for anadytica
purposes, aso classfied countries according to the following
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scheme[W21]: least devel oped countries (LDCs); developing
countries (excdluding LDCs); economies in transition; and
devel oped market economies. The Committee might wish to
explore this approach for potentia application in future
assessments of global medical exposures.

22. Continued use of the same globa mode in this
Annex as that adopted by the Committee for its previous
analyses [U3, U4] ensures consistency of approach and
allows the comparing of practice between different levels
of health care and periods of time. The total population of
the world in 1996 was estimated to be 5,800 million
[W21]. Table 1 presents a breakdown of this present total
by health-carelevel according totheglobal model, together
with similar data reported for analyses in previous years.
Ideally, this model should have access to additional
national data on medical radiation usage. For example,
information on the frequency of medica Xx-ray
examinations is presently available from 36 countries in
health-carelevel |, which collectively represent 67% of the
total population of that health-carelevel; for other health-
care levels, data are available from 14 countriesin level 11
(representing 50% of the total population in the level), 4
countries in level Il (representing 13% of the total
population in the level), and only 1 country in level 1V
(representing 5% of total population in thelevel). Overall,
information on x-ray usage is available for 46% of the
world population. Such relatively small sample sizes
necessarily demand that some caution is exercised when
interpreting the results of the present analyses.

23. Maedica radiology is practiced under widely differing
circumstances, even in well-developed countriesin the upper
levels of hedlth care in terms of the size and nature of the
facilities where the procedures are conducted, whether they
arein the public or private domain, and the specidist training
of the medica doctors and support staff. Basic data on
medical radiation resources for 1991-1996, acquired from
responsestothequestionnaireand other sources, aretabulated
in Tables 2-8: numbers of physicians and dentists (Table 2),
diagnostic imaging equipment (Table 3), diagnostic imaging
equipment per million population (Table 4), radiotherapy
equipment (Table 5), radiotherapy equipment per million
population (Table6), temporal trendsin average provision for
medical radiology per million population by hedlth-carelevel
(Table 7), and annual numbers of medica radiation
examinations and treatments (Table 8). The globa use of
medical radiology is summarized in Table 9. The symbal «-»
isused in these and subsequent tables to indicate where data
were not available, whereas zeros indicate the complete
absence of a practice or type of equipment.

24. Ingenerd, thereare broad trendsfor lower mean leves
of resources and practice when comparing val ues derived for
health-care level | with those derived for the lower leves (11
to 1V). However, sgnificant differences are often apparent
between individual countries within the same hedlth-care
levd. Also, the amounts of dataavailablein particular for the
lower hedlth-care leves (111 and 1V) are limited. The results
of such reviews should always be used with some caution and
interpreted only in the full knowledge of uncertaintiesin the
rdiability and representativeness of the national data
presented [R21]. These data will have been derived using a
variety of different methods and designs of survey and there
may, for example, be significant bias in national estimates
extrapolated from data for a sngle region or ingitution
because of thewidevariationsin practice that inevitably exist
within countries[A15, A21, K18, P16, S38, W33]. Therewill
aso be differences in interpretation between countries in
relation to categories of staff (for example physician), equip-
ment (for example brachytherapy units) and procedure (for
example, the potentiad confusion between x-ray film or
examination). In addition, the detailed data on frequency and
dose subsequently reported in this review are subject to
uncertainties arising from the exact scope of the examination
groupings used (in rdation, for example, to the broad x-ray
categoriesof “Abdomen” or “Head”) and themethods (includ-
ing calibration) employed for dose assessments. Furthermore,
it should be noted that the averaging of data within health-
care leves has often been carried out over different popula
tions and this could be important when comparisons of mean
values are being made, particularly in relaion to temporal
trends utilizing data for the different periods of time from
previous reviews.

E. SUMMARY

25. The exposure of patients to ionizing radiations for
medical diagnosis and therapy has been assessed on aglobd
scale utilizing survey data on national practice provided by a
questionnaire on the resources for medical radiology and the
frequencies and doses for different types of procedure,
supplemented by a review of the published literature.
Available data have been scaled up to provide estimates for
the world population on the basis of a global mode in which
countriesarecategorizedintofour health-carelevel saccording
tothecommonly-availablemetric of number of physicians per
unit of population. Notwithstanding some differences in the
quality and reliability of the national data and the broad
method of extrapolation, the mode provides a robust
assessment of global practice in medical radiology for the
purposes of comparison with previousdataand the assessment
of trends.
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Il. DIAGNOSTIC RADIOLOGY

26. Diagnostic examinationswith x rays have been used in
medicine for over a century, although with increasing sophi-
dtication; key technical advancesare summarizedin Table 10.
During the lagt 20 years in particular, medica imaging has
experienced atechnological revalution, and it now alowsthe
improved imaging of anatomy, physiology, and metabolism
[H1]. Steedy advancesin the quality of x-ray images and in
patient protection have ensured a continuing role for dia
gnodtic x raysin health care, athough aternative modalities
for diagnosis are becoming increasingly available, such as
ultrasound, endoscopy, and, particularly in developed
countries, MRI. Neverthdess, because x-ray examinations
remain the most frequent use of ionizing radiation in
medicine, they are the most significant source of medical
exposurefor theworld popul ation. Anincreasinglywiderange
of equipment and techniques is employed to meet a diversity
of diagnogtic clinical purposes.

A. TECHNIQUES OF EXAMINATION

27. Traditional x-ray examinations involve static imaging,
which usesfilm in cassettes with intensifying screens (radio-
graphy), and dynamicimaging, which uses(electronic) image
intengifiers (fluorascopy). Cine film (35 mm) isalso used in
radiological studies of the heart. Radiographic exposures are
commonly performed during fluoroscopy, often usng a
100 mm film camera linked to the intensifier (photofluoro-
graphy), athough digita radiographic techniques are
increasingly being introduced. The vishility of particular
tissues can be enhanced by theintroduction of contrast media
into the patient, such as barium for the gastrointestina (Gl)
tract and iodine for the blood vessds (angiography), the
urinary system (urography) or the biliary system (cholecysto-
graphy). In addition to fixed ingallations in hospital depart-
ments and practices, mobile equipment for radiography or
fluoroscopy alows imaging in the wards or operating
theatres. Radiography is occasionally conducted in the homes
of patients by visting radiographers using portable x-ray
units.

28. Digital methods for the processing and display of
x-ray images were first introduced into clinical practice
with the advent of CT in 1972. Thisrevolutionary techno-
logy was able to provide high-quality images of isolated
dices of the patient using a thin rotating beam of x rays,
albeit with relatively high patient doses. The subsequent
development of helical CT has lead to further scanning
techniques such as CT endoscopy and CT fluoroscopy.
Continuing advances in computer technology have also
promoted the general development of digital radiography,
whereimagesareacquiredin digital form, most commonly
from an image intensifier (digital fluorography) or from a
storage phosphor plate (computed radiography) [H1].
Other detector systems for indirect (with an intermediate
phosphor) or direct digita radiography, utilizing for

example amorphous selenium and amorphous silicon, are
under development [R22, Y4]. The technique of digital
subtraction angiography (DSA) is based on digital image
processing with logarithmic subtraction and edgeenhance-
ment; it is used increasingly for the visualization of blood
vessels throughout the body. Such improvementsin imaging
and innovations in other equipment, such as needles, guide-
wires, catheters, stents, and contrast media, have facilitated
the devel opment of interventional radiological techniques, in
which imaging helps to guide therapeutic procedures and to
deliver therapeutic agents [A19]. Digitd technology aso
provides for the storage and transfer of images within and
between hospitals and their transmisson for remote
consultation (teleradiology) using digital networks known as
picture archive and communications systems (PACS).

29. In addition to examinations on symptomatic patients
with specific clinical indications, diagnostic x-ray examina
tions are also undertaken in connection with mass screening
programmes of sections of the population. These may be for
the purposes of, for example, diagnosing tuberculos's, breast
cancer or, particularly in Japan, stomach cancer, and
managing occupational health [N1]. Furthermore, some
examinations are conducted for medico-legal reasons and
others on volunteers participating in medical research.

B. DOSIMETRY

30. The leves of dose to patients undergoing diagnostic
examinations with x rays are in principle determined by the
quality of images required and the extent of investigation
necessary to meat specific clinical objectives. In practice,
numerous factors relating to both the radiological equipment
and the procedures in use have an influence on the imaging
process. Some of the more important aspects of practice that
have a broad impact on patient dose are summarized in
Table 11; thisinformation represents an updated version of a
similar lig given in the UNSCEAR 1993 Report [U3]. Patient
Sze is, of course, an additional determinant of dose for
individual examinations[S58], athough thisfactor cannot be
used generally toimprovepractice. Accordingly, comparisons
of dose to assess rdative performance are made in terms of
mean val ues observed over groups of patientsor in reaion to
standard-sized patients.

31. Because x-ray procedures characteristically involve
a series of partial-body exposures, they produce complex
patternsof energy deposition withinthepatient and various
dose measurement strategies are necessarily employed
[F17, N27]. Organ doses are in general difficult to assess,
and in practice routine patient monitoring is usually based
on directly measurable dose quantities, such as entrance
surface dose (with backscatter [P17]) per radiograph and,
particularly for complex proceduresinvol ving fluoroscopy,
dose-area product per examination [B46, K25, L14, L27,



ANNEX D: MEDICAL RADIATION EXPOSURES 301

N9]. Dose-areaproduct metersareincreasingly being fitted
tox-ray equipment and their devel opment hascontinued so
as to allow also the display in real-time of dose rate and
cumulative dose [G14, R23]. The quantities entrance
surface dose and dose-area product are often measured as
part of quality assurance programmes or in other surveys
of practice[B55, M41, P27]. Dose assessmentsreported in
this manner arewidely used in this Annex and assumed to
be reliable, although essential details of dosemeter
calibration [D30, G27, G52, N9] are often unknown. From
a radiation protection point of view, the types of dose
measurement discussed above have also formed the
practical basis, both nationally [L16, N1, Z17] and
internationally [C6, |5, N24, S57], for specifying reference
values(diagnostic referencelevels) for common diagnostic
X-ray examinations, as a way of promoting improvements
in practice [117, O11, W38]. In addition to measurements
on patients, assessments of dose performance at x-ray
facilities are also conducted by calculation [B50] and by
using patient-equivalent phantoms to provide indications
of dose and dose rates under standard conditions of
exposure [M28, M40, R15, $44, W39].

32. Organ dose and effective dose [B45] are generaly
estimated from routine dose measurements using converson
factors appropriate to the conditions of exposure; coefficients
that have been usad in various dose studies are reviewed
esawhere [R11]. Thee coefficents may be derived
experimentally on the basis of physical anthropomorphic
phantoms (see, for example, [M21, M44, R11]) or calculated
using Monte Carlo simulation techniques with mathematical
phantoms(see, for example, [S56, T9, 215, Z16]). Theoretical
normalized organ dose data are availableinter aliain relation
to routine examinations of adults (see, for example, [D7, H15,
R9, S11]), paediatric patients (see, for example, [H16, R10]),
and cardiac [S9] and angiographic [K27] examinations,
athough care is needed when applying such coefficients to
clinical practice [P19, W35]. The comparison of organ and
effective doses derived from measurements and calculations
under smilar conditions of exposure indicates reasonable
agreement between themethodsand highlightsthelimitations
and uncertainties in both approaches [M48]. Computational
methods of dosimetry in particular are advancing steedily,
with the development of more redlistic (voxe) phantoms
based on digital images of humans [D5, J6, V24, X1, Z24].
Differences in the results from calculations for different
anthropomorphic phantoms under similar conditions of
exposure underline the uncertainties in such computed dose
coefficients, which should not be applied to examinations of
individual patients [Z25].

33.  Ass=ssment of the welghted dose quantity of effective
doseisparticularly problematic for the very localized and low
levesof exposureinvolved in dental radiology, inwhich doses
to the so-called “remainder organs’ are dominant [L37]. For
example, for given sets of organ dose data from denta
exposures, thevalues of effective dose[13] have been reported
to be less than the corresponding values of effective dose
equivaent [17] by factorsof 2- 10 [K42, U3]. Such differences

in interpretation represent an additional source of uncertainty
that should be borne in mind when comparing reported
effective dose data.

34. For the intensve imaging procedures used in
interventional radiology, aknowledge of thelocalized doseto
skin is aso important with respect to the potential for
determinigtic effects of irradiation [C2, G34]. Such
cumulative skin doses can be assessed by cal culation (see, for
example, [G17]) or measured directly on the patient using
film (s, for example [F14, K21, L25, V10]) or
thermoluminescent dosemeters (TLDs) (see, for example,
[G18]) or solid-gtate detectors (see, for example, [P18]), or by
portal monitoring [W43]. It is aso possble to make
s multaneous measurements of cumul ativedoseand dose-area
product during fluoroscopic examinations using a single
transmission ionization chamber [G14].

35. Special dosimetric techniques are often employed in
the case of mammography and CT in view of the peculiar
conditionsof irradiation for these examinations[ D40, J13,
Y 13, Z219]. Practicein mammography isgeneral ly assessed
in terms of the mean dose to glandular tissue, derived in
relation to a standard breast thickness using coefficients
normalized to measurementsof air kermamadefree-in-air
(see, for example, [B67, F20, H17, H49, K44, L15, N37,
S83, Y2, Z2, Z20]), athough direct measurements of
entrance surface dose on patients have al so been employed
[G11, Z2]. Effective doses from mammography are
included in the present analysisfor compl eteness, although
thisquantity isnot an appropriateindicator of risk for such
exposures of female patients. Estimates of risk should be
based on the mean doseto glandul ar tissueand age-specific
risk factors.

36. CT generallyinvolvestheirradiation of thin slices of
the patient in rotational geometry by a fan beam of x rays.
The principal dosimetric quantity in CT is the computed
tomography dose index (CTDI), in which the dose profile
along the axis of rotation for asinglediceisaveraged over
the nominal dice thickness [S7]. The CTDI can be
measured free-in-air [S8] or in homogeneousCT dosimetry
phantomsfor thehead and body [C36, K11, L20], although
such reported values can reflect subtle differences in the
definition of CTDI [E3]. A related quantity, the multiple
scan average dose (MSAD), provides an indication of the
dose in a phantom for a series of multiple scans with a
constant separation [S7]. Organ doses and effective doses
to patients for particular scanning protocols can be
estimated [K41, S30] using dose coefficients provided by
mathematical modeling, which arenormalizedtoafree-in-
air axial dose[B64, C37, H43, J3, J12, W49, Z5, 78], or by
dose measurements with TLDsin phantoms [N16]. Other
dosimetricquantitiesof interest that areunder devel opment
for characterizing practicein CT includedose-areaproduct
[P5] and dose-length product [E4, S40] inrelationto CTDI
measurements in standard phantoms; these quantities in
turn allow the broad estimation of effective doseto patients
[H42, 113].
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37. Wheress organ doses and effective doses generaly
provide the most complete assessment of x-ray exposures, an
aternative dos metric method focuses on the energy imparted
as a practical measure of patient dose [A7, A24, G13, Pg].
Such values of energy imparted allow estimates of effective
dose to be derived for the exposure of both adult and
paediatric patients[A1, A3, H5, H38]. Bidlogical dosmetry,
based on an analyss of chromosome aberrations in human
lymphocytes, has also been reported for patientswho received
extensive exposureto diagnostic x rays[W217]. However, this
technique is of limited importance in routine practice.

C. ANALYSIS OF EXPOSURES
1. Frequency of examinations

38. The annua numbers of diagnogtic medica x-ray
examinations reported by different countries for 1991-1996
span severa orders of magnitude. The annua frequencies
(numbers of examinations per 1,000 population) are
summarized by type of procedurein Table 12, with countries
grouped according to health-care leve. Part A includes
information for some common types of examination and
Part B for some specia procedures and aso the total of al
medical x-ray examinations. The percentage contributions of
each type of examination to total frequency are given in
Table 13. Mean values of frequencies have been derived for
eech hedth-care level by dividing the total numbers of
procedures by the total population.

39. There are significant differences in the patterns of
practicefrom onecountry to another, even within the same
health-carelevel. Many of thereported data were obtained
from surveysor registrationsthat were compl ete enough to
giverepresentativeresults. In other cases, however, figures
have been estimated from smaller or more localized
samplesthat might not adequately reflect national practice.
There may also be some differences in the examination
categories used in national surveys. Some particular
qualifications noted for the present data are given in
footnotesto Tables 12 and 13. National annual frequencies
for the total of all medical x-ray examinations vary by a
factor of nearly 10 within the sample of 36 countrieslisted
in health-care level | (151- 1,477 examinations per 1,000
population); smaller variations exist in the samples of 14
countries in level 11 (98-306 examinations per 1,000
population), and 4 countries in leve Il (7-37
examinations per 1,000 population). Information was
availablefrom only onecountry in health-carelevel 1V (the
United Republic of Tanzania: 29 examinations per 1,000
population). Theaveragetotal frequenciesfor levels1l and
Il are factors of 6 and 50, respectively, smaller than the
averagefor level 1, 920 examinationsper 1,000 popul ation.

40. Therdative use of fluorascopy and photofluorography
also varies between countries. For example, the percentage
contribution from fluorascopic procedures to the annual total
of al medical x-ray examinationsisabout 4% in Russia, 9%

in Ukraine [K18], 10% in Germany (with many of these
examinations invalving long exposure times) and 28% in
Romania [D28]. In China[Z13], chest fluoroscopy accounts
for 62% of al x-ray examinations. Photofluorography
accounts for about 16% and 32% of all x-ray examinationsin
Romania [D28] and Russia, respectively, and for 55% of all
chest radiography in Poland [$49].

41. Ingenera, examinationsof thechest arethesnglemost
important type of procedure; the relatively low frequencies
reported for Sudan and the United Republic of Tanzania, for
example, are apparently due to incomplete survey data
Significant contributions to practice in al health-care leveds
are made by examinations of the limbs and joints and the
spine. Themore complex procedures summarized in Part B of
Tables12 and 13 arein genera performed less frequently in
the countries of lower hedlth-careleves. The decreased use of
CT inlevesll-1V reativetoleve | can, however, be viewed
againg areativeincreasein conventional examinationsof the
head. Temporal trends in the frequency of examinations are
discussed Section 11.E.

2. Exposed populations

42. The digtributions by age and sex of patients
undergoing various diagnostic x-ray examinations in
1991- 1996 arepresented in Table 14 for selected countries
of the four health-care levels; some known limitationsin
the reported data are given in the footnotes. The analysis
uses the same three broad ranges of patient age as the
UNSCEAR 1993 Report [U3]. It has already been noted
that the populations of patients undergoing diagnostic
examinations with x rays are in genera older than the
corresponding whole populations, athough significant
numbers of procedures are conducted on children [U3].
Some differences in patient age distribution are apparent
from country to country for a particular type of
examination, even when considering a single health-care
level. However, the population-weighted mean values for
each level suggest some general trends in the ageftype of
examination and age/health-care level relationships. For
example, older patients predominate for examinations of
thegastrointestinal tract, urography, and chol ecystography,
whereas children form asubstantial fraction of the patients
undergoing examinationsof thelimbsandjoints, head, and
pelvis and hip. In general, greater proportions of
examinationsare conducted on patientsin the two younger
age groups for countries in levels I1-1V than for level |
countries. This finding is broadly consistent with the
observation that thereisabiastowards younger agesin the
general population for many developing countries [U3].

43. Notwithstanding specific examinations such as
mammography and pelvimetry, the mae vs. female
distributions of diagnostic x-ray examinations do not
deviate greatly from the underlying patterns for whole
populations. There are, however, some variations between
countries in the data reported for each particular type of
procedure.



ANNEX D: MEDICAL RADIATION EXPOSURES 303

3. Doses from specific types of examination

44, Thetypical effective doses to patients from medical
X rays reported by different countries for 1991- 1996 are
presented in Table 15. Part A includes mean values of
effective dose for some common types of examination and
Part B for some specia procedures and also the annual
total of all medical x-ray examinations. Representative
values of other dosimetric quantities used to characterize
patient doses from x-ray examinations are summarized for
different countries in Table 16. Part A includes mean
values of entrance surface dose for some common types of
radiograph and Part B mean values of dose-area product
for some specific, more complex diagnostic x-ray
examinations involving fluoroscopy. Further patient dose
data have been published in connection, for example, with
examinations of the cervical spine [M22, N15, O3, R11],
extremities[H21, M22, O3], hysterosal pingography [C29,
F16, G28, S51], barium studies of the gastrointestinal tract
[C30, D29, G29, G30, L29, L49, M38, S52, W37, Y10,
Z14] and extracorporeal shock wave lithotripsy (ESWL)
[M47]. Studies have also been conducted of the dose rates
during fluoroscopy (see, for example [B51, B52, S53]).
Dose rates have been reported in relation to some different
organs of patients undergoing x-ray examinations in
Bangladesh [B44]. X rays are also used in chiropractic
[B29, E12] and podiatry [A23]. The dosimetric aspects of
some specific procedures are discussed further below.

(&) Angiographic and interventional procedures

45, Advances in technology for imaging and ancillary
equi pment havefacilitated thedevel opment of increasingly
complex radiological procedures for angiography and
interventional radiology [B49, C25] and specific methods
are required for assessing and monitoring the resultant
patient doses [B57, F18, G34, G35, G36]. Angiographic
examinations involve complex patterns of imaging [K28]
and are often complementary tointerventional procedures,
providing evaluations before and after treatment. Some
reported dose data for different types of angiographic
procedure are given in Table 17. Doses to patients from
interventional radiology procedures are summarized in
Table 18.

46. A survey of practice in five European countries
identified over 400 different types of interventional
procedures involving a range of medica imaging
specialities, such as neuroradiology, vascular radiology,
and cardioangiography [M8]; typical data from Germany
for 1990 indicated that nearly 60% of such proceduresfall
within the broad category of angioplasty (dil atation), with
significant applications aso in biopsy/drainage (11%),
pain therapy (11%), emboalization (7%), and genitourinary
(7%) and biliary (5%) interventions. Such interventional
procedures are generally complex and can involve
significant periods of patient exposure, although these
types of therapy often represent alternatives to more
hazardous surgery or are the sole method of treatment.

Interventional radiology is already an established part of
mainstream medicine and is likely to expand further with
the continuing development and adoption of new
procedures [B1], particularly in countries with well-
developed health-care systems [J9, L11]. In Europe, the
average rate of percutaneous transluminal coronary
angioplasty (PTCA) procedures in 1993 was 343 per
million population, an annua increase of 12% over
previous data for 1992, but with considerable variation
among national practices, from Romania (1 per million) to
Iceland (876 per million) [U15]. Information on inter-
ventional cardiology in Spain (practiced at 81 hospitals)
indicated a total of 90,915 procedures in 1997 (a rate of
2,270 per million population), with 72,370 (80%) being
diagnostic (increase of 13% relative to 1996) and 18,545
(20%) being therapeutic (increase of 24% rel ativeto 1996).

47. Doserates during such sophisticated procedures can
be relatively high, for example up to a regulatory
maximum of 180 mGy min™* at the patient surface during
high-level-mode fluoroscopy in the United States [CA4].
Lower dose rates are technically possible, however, when
using new techniques such as pulsed progressive
fluoroscopy [H26]. The combination in interventional
radiology of prolonged localized fluoroscopy, multiple
radiographic exposures, and repeated procedures on
particular patients can cause patient doses to reach levels
associated with acute radiation injury of skin [C2, C14,
W31]. Procedures of particular concern in this respect
include radiofrequency cardiac catheter ablation,
percutaneoustrand uminal angiopl asty, vascular emboliza-
tion, stent and filter replacement, thrombolytic and
fibrinolytic procedures, percutaneous transhepatic chol-
angiography, endoscopic retrograde cholangiopancreato-
graphy, trangugular intrahepatic portosystemic shunt,
percutaneous nephrostomy, and biliary drainage or
urinary/biliary stoneremoval [F9]. However, theremay in
general be someunder-reporting of skin injuriesin view of
the time delay between exposure and manifestation of
damage. In the United States from 1992 to 1995, there
were 26 reports to the Food and Drug Administration
(FDA) of radiation-induced skin injuriesfrom fluoroscopy
[$46]. By 1999, the FDA had documented some 50 cases
of radiation-induced burns, many involving cardiological
procedures [A25]. Details have been published, for
example, of occurrencesof epilation [H23, K29], dermatitis
[C21, D31, K22, P13, R24, S65, S66, V11], and ery-
thematous lesions [$46, V11]. In one study of arrhythmia
ablation procedures, about 6% of 500 patients were found
to have recelved enough radiation exposure to reach the
threshold dose (2 Gy) for early transient erythema,
although no clinical manifestations of acute radiation-
induced skin injury were observed [P14]. Another analysis
of neurological procedures on 426 patients has suggested
that long-term erythemamay be encountered in 1%- 2% of
embolizations, with there being a potential for temporary
erythema in 11% of both carotid procedures and cerebral
angiograms, 3% of nerve block procedures, 7% of lumbar
procedures, and 23% of embolization procedures [O7].
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48. Dosedatafor different typesof interventional procedure
are summarized in Table 18: fluoroscopy time and, with due
account of exposuresfrom radiography, localized surface dose
(meesured or estimated assuming datic beam), dose-area
product, and effective dose. In generd, fluoroscopy times are
appreciable, and skin doses may approach or exceed the
thresholds for determinidtic effects [U3]. Some examples
reported for particular patients can be given: a fluoroscopic
exposureof 190 minutesand alocalized doseof 8.4 Gy during
radiofrequency ablation [C3]; an etimated maximum skin
dose of 6.6 Gy from 110 minutes of fluoroscopy and 46 DSA
acquisitionsin the course of neurological embolization [H23];
an accumulated skin dose of 11-16 Gy from an estimated
90- 120 minutes of fluorascopy during cardiac radiofrequency
ablation [V11]; and estimated maxima of 20 Gy and 3.5 Gy
for skin exposure from fluoroscopy and DSA acquisitions,
repectively, for a patient undergoing a series of hiliary
procedures over a four-week period [$46]. Doses may be
significantly underestimated if contributions from cine
exposures are not fully taken into account; the potentid for
skin injury will be underestimated if only fluoroscopy timeis
monitored, but overestimated when dosesfrom different beam
projections are combined [O14]. Notwithstanding significant
variations between individual patients, values of dose-area
product and effective dose for interventional procedures are
typicaly larger than those for common diagnogtic x-ray
examinations, for example, dose-area product values of up to
918 Gy om?® have been reported during embolization
procedures[B9]. Onestudy comparing theuseof conventional
and digital systems for a range of interventiona vascular
procedures found mean values of dose-area product to be
higher for thedigital equipment in 13 out of 15 patient groups
[R12]. Guidance concerning efficacy and radiation safety in
interventional radiology is being prepared by WHO [B30,
W9].

(b) Computed tomography

49. Technological developments to improve the quality
and speed with which images are obtained have fostered
the growth of CT practice throughout the world over the
last two decades, allowing theroutine performance of more
and more extensive and eaborate examinations with
relatively high level s of patient dose. The expanding use of
CT in the diagnosis and assessment of cancer and other
pathological conditions [D37, N35, R31] has made a
substantial impact on both patient care and population
exposure from medical x rays. In the United Kingdom, for
example, the number of CT scanners in clinical use
increased steadily following introduction of the technique
in 1972 before finaly reaching a plateau in 1995, as
illustrated in Figure I1l. Whereas CT was estimated in
1989 to account for about 2% of the national total of all
X-ray examinations and about 20% of the resultant
collectivedose, afurther analysisfor 1997 suggeststhat the
latter figure may haverisen to about 40% [ S30]. Datafrom
national surveysin eight other countrieshave confirmed as
a general pattern the increasing importance of CT as a
source of exposure for populations [S5]. In Germany

during the years 1990-1992, CT accounted for, on
average, about 3.5% of all x-ray examinations and about
35% of the associated collective effective dose, and further
increasesareforeseen [B31]. A similar analysisfor Norway
in 1993 indicated contributionsfrom CT tox-ray frequency
and collective dose of 7% and 30%, respectively [O12].
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Figure Ill. CT and MRI equipment in the United Kingdom.

50. Mean vaues of effective dose reported by some
surveys of CT practice are summarized in Table 19 for
common types of procedure. In addition to apparent
differencesbetween such mean national data, thereareal so
significant variations, for a given general type of
procedure, in the typical doses at individual CT centres
[012, A0, S69, V15] and in the particular doses for
individual patients [S70, W44]. Organ doses for CT
procedures have been estimated in various studies on the
basis of measurements [D32, E9, L31, M50, M51, N16,
N30, N31, N32, P21] or calculations[H33, H34, 012, P22,
T17]. In general, comparisons between sets of organ doses
derived from measurements and calculations for a given
examination technique demonstrate reasonabl e agreement
when due account is taken of any differences in the
exposure conditions being modeled [C31, G38, S71].
Absorbed doseto the lens of the eye may be above 50 mGy
for certain CT procedures on the head [M52, M53, M54,
M55, W45]. Doses to the thyroid, breast and testes from
scattered radiation are significantly reduced when lead
shielding is used [B59, H35, P23]. Reductions in breast
doseduring direct scanning have also been reported using
an overlying bismuth filter [H36]. Lower levels of patient
dose are often possible in CT with attention to choice of
scanning technique[G39, K30], particularlywith regardto
lower settings [K32, M56, P24, R26, S72] or dynamic
modulation [G40, H37, K31] of tube current. With theuse
of standard techniques, the energy imparted to the patient
has been shown to increase with patient size, although the
calculated effective dose is higher in children than adults
[W46]: 6.0 mSv (newborn) and 1.5 mSv (adult) during
head examinations, and 5.3 mSv (newborn) and 3.1 mSv
(adult) during abdomen examinations [H38]. Significant
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dosereductions have been reported in paediatric CT by the
appropriate lowering of exposure settings [C32, S73,
wA47].

51. Clinical practice in CT has been stimulated in
particular by the notabletechnical development in 1989 of
helical (spiral) scanning [K33, K34]. This technique
provides significant clinical advantages by allowing the
rapid acquisition of image data over large volumes of the
patient during a single breath hold [D33, H39]. Although
image quality and patient dose in helical CT are broadly
similar to those for conventional dice-by-slice imaging
when equal or equivalent scan parameters are chosen, the
speed and convenience of helical scanning is likely to
promote increases in both the frequency of CT procedures
and the levels of patient effective dose from procedures of
increasing complexity [D34, M57, S10, T18, Z18].
However, the use of an increased pitch (>1) in helical
scanning leads to a reduction in patient dose [M58] and
such techniques have been successfully applied to clinical
examinationsto achievelower doses for adults[C33, D35,
H40, K35, P21, S74, S75, V16, W48] and children [R27].
The advent of the technology for helical CT has aso
facilitated the development of new techniques such as CT
angiography [K36, K37, R28, R29], virtual CT endoscopy
[P25], lung cancer screening CT [126, N30, N33], and CT
fluoroscopy [D36, K38, K39, S75]. This latter technique
provides real-time reconstruction and display of CT
images, with the potential for significantly high patient
(and staff) exposure; preliminary studies have indicated,
for example, patient skin dose rates of 190-830 mGy per
minuteduring interventional CT fluoroscopy [N34] and an
effective dose rate of 3.6 mSv per minute for abdominal
scanning [A26]. The most recent innovation in CT has
been the devel opment of multidetector-array scannersthat
allow, for example, two [S93] or four [B60, H41, K40,
013] dicesto be acquired in asingle rotation in order to
reduce scanning times for volume acquisition of data and
improve longitudinal resolution. However, the radiation
dice profiles and doses may be larger at all scan width
settingsfor multi-slicescannersin comparison with single-
dlice systems under similar conditions of exposure [M59].
Such multidice scanning may also facilitate the further
development of complex examinations with increased
imaging of the patient and so potentially lead to increases
in patient dose from CT.

52. Ultra-fast (sub-100ms) CT was proposed in the
1970's [127] and developed in the 1980s using electron
beam (EB) technology [B61, M60]. Such EBCT scanners
have found particular application in the investigation of
coronary artery disease [B62, L32, R30, T19], although
their total number has remained relatively small: about 73
worldwidein 1997, with ingtallationsin the United States
and Japan accounting for 47% and 26%, respectively
[M61]. Doses from EBCT have been shown to be
comparabletothosefrom conventional CT scanning [M62,
M63, S76], but higher than those from helical scanning
[B63]. Analysis of EBCT practice at one institution

indicates the following typical effective doses by type of
procedure: 6.0 mSv for chest (25% of all EBCT), 7.2 mSv
for abdomen (20%), 6.8 mSv for pelvis(10%), 2.4 mSv for
head (3%), 2.0 mSv for cardiac function (multi-slicemode)
(7%), 0.5 mSv for coronary artery calcification (single-
dice mode) (30%), and 2.0 mSv for pulmonary emboali
(5%) [M61].

53. Inthelonger term, CT may be partially replaced by
MRI. Thisis already the imaging modality of choice for
the central nervous and musculoskeletal systems, and
applications are being refined for the chest and abdomen
and in angiography [Z1]. The pace of change will be
governed by the high cost and availability of MRI
equipment [C34]. The provision for CT and MRI varies
widely from country to country, even within the same
health-care level; numbers of scanners per million
population are summarized in Table 4. Whereas the
number of CT scanners has probably reached a plateau in
the United States, for example, increases can be expected
elsewhere for some time. Further refinements in CT
technology are likely [C35, D38, M64].

(c) Chest examinations

54. X-ray examinations of thechest areworthy of special
mention in view of their high frequency. Thethorax isone
of the most technically challenging anatomic regions to
image radiographically due to the large differences in
tissuedensity and thicknesspresent in thechest [R32]. The
conventional chest radiograph, utilizing a film-screen
detector, has proved a robust diagnostic aid over the last
century [H44]. However, technological innovations have
continued over the last decade in the quest for optimal
imaging [L35, W50]; such advances include changes in
applied potential [A27, S80], improvements in films and
screens [H45, M66, V17], asymmetric [M67] and twin
[M65] screen-film combinations, beam equalization
systems [V18], and digital techniques such as storage
phosphor (computed) radiography [H46, 129], image
intensifier radiography [B65] and selenium drum detectors
[C39, H47, L36]. Mobile x-ray unitsare used in hospitals
for radiography on patients who cannot be moved from
their beds. Such examinations are routinely performed in
intensive therapy units [L34] and frequently in other
wards; collectively, they may account for nearly onehalf of
all chest radiographs in large hospitals [W7]. Reported
doses from some different techniquesin chest radiography
are summarized in Table 20. Gonad doses are low
(<0.03 mGy per exposure) when there is adequate beam
collimation [L34, N36].

55. Fuoroscopy is widdy used in some countries for
conducting radiological examinations of the chest (see
Table12). Reported patient dosesaresummarizedin Table15.
In generd, the effective doses when using fluoroscopy are
larger than those from radiographic or photofluorographic
imaging of the chest.
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(d) Dental radiography

56. Dental radiography isone of the most frequent types of
radiological procedure, although the exposures to individual
patients are low. The most common techniques involve
intraoral non-screen films ether to provide an image of the
upper and lower teeth together (bitewing radiography) [C19]
or todemondtratefull tooth structure, including pul p, root, and
gum anatomy (periapical radiography). Digital subtraction
radiography techniques are also used in longitudina studies
[R14]. Alternatively, narrow-beam rotational tomography is
used to view the teeth and jaw bonesin asingle image; such
panoramic radiography usesan external filmin acassettewith
intensifying screensand an x-ray tube that rotates around the
head to provide a tomographic image of the whole mouth
[G26]. Data on frequencies and effective doses in dental
radiology reported for various countries are presented in
Table21. Entrancesurfacedosesaresummarizedin Table 22.

57. Notwithstanding the relatively low levels of individua
exposure from dental radiology, the dose to the patient can be
significantly influenced by the equipment and technique used
and the quality assurance measuresin place[C13, N3]. Some
typical values of effective dose per dental X-ray examination
for a range of exposure conditions are shown in Table 23;
these data indicate broad variations by factors of 8 and 2 for
changes in technique for intraoral and panoral procedures,
respectively. The effective dose from intraoral radiography is
less dependent on the radiation qudlity of thex-ray beam than
is the case for genera radiography [K42]. Optimized
techniques of periapical radiography have been shown from
measurements in an anthropomorphic phantom to result in
entrance doses of 0.5-1.3 mGy and effective doses of
11-33 pSv per exposure [L17]. In contragt, the mean
entrance surface dose for conventional dental x-ray
examinations in Romania apparently rose by about 250%
between 1980 (10.7 mGy) and 1990 (27.5 mGy), with a
concomitant tenfold increase in effective dose (0.01 mSv to
0.11 mSv); this trend was attributed largely to shortcomings
in x-ray technology [D9].

58. Theplanning of dental implant surgery often requires
tomographic imaging to evaluate the dimensions of the
potential implant sites and the location of anatomical
structures. Both conventional tomography and CT are
routinely employed in dento-maxillofacial radiography
[E9]. Using hypocycloidal or spiral conventional tomo-
graphy, the absorbed doses to radiosensitive organs are
below 0.2 mGy. Doses from CT can be considerably
higher, with, for example, maximum doses of 38 mGy and
31 mGy being measured at the skin surfaceand the parotid
gland, respectively [E9], athough methods for reduced
dosesfrom helical CT have a so been demonstrated [D32,
D39]. The dose from a new volumetric CT scanner,
devel oped specifically for dental imaging, isreported to be
approximately one sixth of that from traditional spiral CT
[M27]. The use of adedicated multimodal dental imaging
system has also been shown to involve lower doses than
alternative CT techniques[L26]. On the basis of measure-

mentsin ahuman phantom, estimates of effective dose for
such complex film tomography range from <1 uSv to
30 pSv, depending on the anatomical location of the
imaging plane and the collimation option used [F13];
similar measurementsfor panoramic radiography gave an
effective dose of 26 pSv.

59. Orthodontic analysisin the diagnosis and treatment of
malocclusion disorders uses the sandard imaging technique
of cephal ometry to generate reproducible images of the skull,
dentition, and facia profile soft tissues. Such cephal ometric
radiographs involve lateral views of the skull from a fixed
distance. The doses produced at particular anatomical Stesin
the head by different experimental techniques have been
shown to vary by up to an order of magnitude [T14].

60. Direct digital imaging systems, which can provide
adequate image quality at significantly reduced doses in
comparison to conventional techniques, are becoming
increasingly availablefor both intraoral [B28] and panoral
[N4] radiography. Doses associated with charge coupled
devices(CCDs) and computed radiography systems(photo-
stimulable phosphor luminescence technol ogy) have been
reported to be up to approximately 50% and 80% lower,
respectively, than those associated with conventional
techniques.

() Mammography

61. Thenumber of countrieswith mammography screening
programmes has been increasing, and this trend is likely to
continue [U3]. Initialy, routine screening was generally not
carried out for women under the age of 50 [B68, D§],
athough younger women have now been induded in some
countries. National screening programmes are broadly
characterized by good quality contral and standardization of
practice. The doses to patients from mammography reported
for various countries are summarized in Table 24. Periodic
surveys in some countries have demongtrated reductions in
dose over the last decade due to improvements in quality
control and changesin technique (see, for example, [C5, C40,
F10, M7]); in other countries[L38, S82], doseshaveincreased
due to trends for higher film optical densties and the use of
grids for improved image quality [R34, W51]. There is no
general consensus in Europe concerning the best way for
balancing dose and image quality [V19, Z21].

62. Mammographyisgeneraly carried out using dedicated,
specia x-ray equipment that employs rdatively low applied
potentials (25-30 kV) and tubes with malybdenum anode/
filter combinations; such equipment is sometimes mounted in
vehicles to provide mobile units for screening programmes
[D41]. Themean dosetotheglandular tissueisaffected by the
size and composition of the breast, with the former varying
both within and between popul ationsand thel atter throughout
awoman'slife [E13]. Standard phantoms and models of the
breest are generally adopted to facilitate comparisons of
practice, although surveys of dosesto individua patients are
increasingly also being conducted (see Table 24). Recent
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innovations in equipment that alow a choice of different
anodeffilter materials (such as rhodium) and automatic
sdlection of applied potential offer advantages in dose and
image quality, particularly for women with reatively thick
breasts on compression [T20, Y14, Y15].

63. Digital imaging techniques are being devel oped that
potentially could providelower dosesthan at present, while
also allowing improvements in image quality, although
their improper application could result in higher doses
[A28, C41, C42, G16, K6, K45, K46, K48, N38, P1].
Other developments include the use of niobium filtration
[C43], equalization techniques [P29, S84], phase contrast
imaging [A36, 132, K51], a laser-based micro-focused
x-ray source [K47], and synchrotron radiation [A29, B13,
J5]. MRI is aso being developed for mammography [K1,
W52]. However, in the short term at least, conventional
film-screen mammography is likely to be the primary
breast imaging modality, supplemented by ultrasound
techniques [S19].

(f) In utero exposures

64. X-ray examinations on pregnant patients may also
exposethefetus[D42]. For thisreason, many such types of
procedurearenot carried out routinely without therebeing
overriding clinical indications, although there may a so be
inadvertent fetal exposurefrom examinationsconductedin
the very early stages of pregnancy [E14, S85]. Precise
estimates of fetal dose may require special techniques,
although uterus doseis often assumed asasurrogate [A30,
M68, 016, O17]. Typical dosestothe uterusfrom common
types of x-ray procedure are summarized in Table 25
[W30] (see also various other sources of data, including,
for example[O15, S85]). Thewiderange of dosesreported
is due to differences in equipment and technique. For
example, one study of maximum absorbed dose to an
embryo from intravenous urography demonstrated arange
between hospitals of 5.8 to 35 mGy [D25)].

65. X rays have aso been used for more than 50 years to
assess the dimensions of the maternal pelvis in pregnancy.
Such pelvimetry is usualy performed in the late stages of
pregnancy if cephalopelvic disproportion or breech pre-
sentation is suspected. In the United Kingdom, for example,
pelvimetry istypically performed in connection with 1%-4%
of al deiveries in an obstetric department, with over two
thirds of the centresin a national survey reporting its use as
being either gtatic or decreasing[M29]. A rangeof techniques
are employed, including conventiona plain film radiography
usingagrid or air-gap technique(generally involvingasingle
erect lateral projection, but with up tothreefilmsfor postnatal
investigations), CT (generally asinglelateral scan projection
radiograph, but with antero-pogterior (AP) projection and
axia dices also being used), and digital radiography; MRI
pelvimetry is also under investigation. Differences in x-ray
technique lead to wide variations in the resulting dose to the
fetus [T21]. Measurements a 20 centres in the United
Kingdom with an anthropomorphic phantom of a pregnant

woman at full term revealed mean fetal doses varying by a
factor of up to about 40 [B47]. Those from conventional
pelvimetry werein therange0.15-0.75 mGy, with dosesfrom
CT pdvimetry spanning 0.05-0.35 mGy. Conventiona
pelvimetry (erect latera projection) gave, on average, four
times the dose from CT pelvimetry (lateral scan projection
radiographs), athough theuseof an air gap techniqueresulted
in doses that were comparable to those with CT. Digitd
pelvimetry us ng sorage phosphor platetechnol ogy (computed
radiography) can be conducted with dosesthat are about 50%
of thosefrom high sensitivity screen-film systems[H50, K52].
Digital fluorography has also successfully been utilized in
pelvimetry, where it alows a tenfald reduction in entrance
surface dose compared with conventiona techniques [W10],
athough thepatential for lower fetal doseswith thistechnique
depends on the ease of patient positioning [B47].

(g) Bone densitometry

66. Assessment of the mineral content of bones by
denstometry is used in the diagnosis and management of
patients with metabolic bone disease. Over the last 30 years,
a number of non-invasive radiological techniques have been
devel oped for performing quantitative measurements on bone
[G8, G41, G42, 23, 328, S87, W13]. Notwithstanding the
early use of quantitative measurements based on conventiona
radiography [J14], thefirst commercialy available speciadist
techniquewasthat of single-photon absorptiometry (SPA), in
which transmission through the patient of a scanning pencil
beam from a radionudlide source is measured with a detector.
Such measurements on bones in the arm or hed typicaly
involve surface doses of 50 pGy and effective doses of <1 uSv
[GH]. Truscott et al. [ T3] havedevel oped a portable system for
measuring bone mineral densty in the preterm neonata
forearm, with an absorbed dose to the skin of 6 uGy.

67. Broadly smilar levels of dose are achieved when the
radionuclide source used in SPA isreplaced by an x-ray tube,
as in the technique of single photon x-ray absorptiometry
(SXA). Measurements at more dinically rdevant Stes were
made possble with the deveopment of dua photon
absorptiometry (DPA), although since 1988 thistechniquehas
largely been superseded by dual photon x-ray absorptiometry
(DXA). Depending on the manufacturer, the dua energy
x-ray beam required for DXA is generated either by rapidly
switching the applied potential between 70kV and 140kV or
by using an energy-sdectiverareearth filter [B4]; flash pulses
from a portable, field emission x-ray tube have also been
investigated [SB86]. First-generation DXA scanners used a
pencil beam, but the subsequent introduction of fan beamshas
allowed morerapid scanning. Thedoseto the patient depends
on the precison of the measurement, as well as the ste of
investigation, which is commonly the spine, femur, hip, or
whole body. Effective doses are typicaly 0.1-8 uSv per
examination, with an entrance dose of 2-1,400 Gy [B69,
G5, H12, K7, L9, N11, N12, N39]. Thelatest DXA scanners
with fan beams provide improved images with a near
diagnostic radiographic quality, although the patient doseis
somewhat increased (entrance surface dose of about 900 PGy
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and effective dose of 7-75 puSv [N12, N39]). Doses have dso
been reported for DXA measurements on a5 year old child:
an entrance surface dose of 6.0 uGy and an effective dose of
0.28 pSv for PA scans of the spine, and an entrance surface
dose of 0.12 uGy and an effective dose of 0.03 pSv for tota
body scans [N40].

68. Experimental devices for bone denstometry have dso
been devdoped that are based on radiation scattering
(Compton or Rayleigh) techniques, although such equipment
isnot in widespread use[M69, W53]. Theabsorbed dose over
the volume of measurement is typically below 2 mGy with
radionuclidesources[D12] and 0.1 mGywith apolychromatic
X-ray source [S23].

69. A differential measurement of cortical and cancellous
bone can be obtained from digital images provided by CT
scanners using the techniques of quantitative computed
tomography (QCT) [G5, P30]. Patient doses are relatively
high, although they are critically dependent on the details
of the method used. For measurements on the spinewith a
single energy technique, reported effective doses are
0.05-2.2 mSv and the surface doses between 10.4 mGy
and 33.8 mGy; corresponding effective dose data with a
dual energy technique rangefrom 0.1 to 1 mSv [G5, H12,
K7, N11, N39]. QCT measurementsare also performed on
the peripheral skeleton (pQCT) [L39], with an effective
dose typically of about 3 uSv [G5].

70. Bone denstomery has an important role in the
diagnosis of osteopoross in high-risk groups and in the
monitoring of treatment in particular patients, although the
technique is not at present widdly used in popul ation-based
screening for, say, low bone mass in perimenopausal women
[C10]. DXA has become the most widely used technique.
Variations in the levels of provison for DXA in different
countriesareindicated in Table 26. It has been estimated that
clinical practice in the United Kingdom would ideslly entail
about 175 bone scans per 100,000 population per year. The
annua colective dose from this enhanced leve of
examinations would typically be around 1 man Sv; by
comparison, the total from all diagnostic examinations with
X raysin the United Kingdom is about 20,000 man Sv.

71. DXA could becomeatool for population screening. The
estimated worldwide total of axial DXA scanners has
increased steadily from over 6,000 in 1995 [L5] to 12,500 in
1998 [L4Q]; there are also over 9,000 peripheral X-ray
systems[L40]. Notwithstanding suchworldwidegrowthinthe
practice of bone denstometry, patient doses per examination
are a the lower end of the exposure range normally
encountered in diagnogtic radiology. Accordingly, the
contribution to collective dose from increased numbers of
these proceduresis ill likely to remain insignificant.

(h) Paediatric radiology

72. Over thelast decade, paediatric radiology has become
internationally recogni zed asasubspeciality within diagnostic

radiology, withincreasing numbersof specidizedradiologists,
departments, and imaging equipment. Examinations of
children (aged O- 15 years) merit special consderationinview
of the increased radiation risk [R35]; the increased risk for
thyroid, skin, brain, and breast cancer arising from the
exposure of children is discussed further in Annex |,
“Epidemiological evaluation of radiation-induced cancer”.
Specific techniques are required for assessing organ and
effective doses to paediatric patients (see Section 11.B and, for
example, [A31, A32, H16, H38, H51, H52, P32, V20, V21,
Z22]). Thereis, however, ardativelack of information onthe
typical levels of dose for such examinations. A priminary
analysis basad mainly on data from the United Kingdom
suggests that effective doses to children from conventional
(not digital) radiographic x-ray examinations are, in genera,
lower than thase from conventional examinationsof adults by
factors of between 2 and 10, depending on the age group
[W11]. For examinations of the chest, which are by far the
most frequent procedure for children, doses are generally no
less than about one half of those for adults, whereas doses for
examinations of the head appear broadly independent of age.
For complex examinations involving many radiographs and
fluoroscopy, such as barium meals, effective dosesto children
are generally about 30%-60% of those for adults. However,
doses to paediatric patients from CT may be smilar, or even
higher, than the rdatively high levels observed for adults
[H38]. Age-specific dose data for x-ray examinations in
Poland indi cate patternssimilar to those described above [L7].

73. As part of the development of quality criteria for
diagnostic radiographicimagesin paediatrics [P31], three
surveys of entrance surface dose measurements were
carried out in Europe between 1989 and 1995 for frequent
X-ray examinations [K4]. The results of over 1,500 such
measurements are summarized in Table 27. For chest and
skull examinations, there is a remarkable similarity
between the median values for the three age groups, with
no distinct increase with age. In all cases, the distributions
of dose were very wide. Other local surveys have
demonstrated variationsin practice [B70, C44, L41, O3]
and reduced |evel s of doseattributableto the careful choice
of equipment and technique [C45, K19, M30, M31, M32,
S88]. The main factors influencing dose for radiographic
procedures are the speed of the film-screen combination
and the use of an antiscatter grid. The main factors for
fluoroscopy are the use of a grid and the operating
characteristics (dose rate level) of the image intensifier
[T22]. Differencesin practice have been reported between
non-specialist and specialist paediatric imaging centres.
Thelatter often delivered higher dosestoyounger children
as a result of the widespread use of a grid; doses in
fluoroscopy weresignificantly lower, however [K19]. Some
examples of the doses achievable with best practice [C20]
aregivenin Table 28.

74. Reduced doses have a so been reported from the use
of digital imaging techniques in paediatric radiography.
Computed radiography has been used successfully at
speeds (using the anal ogy of speed classification for film-
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screen systems) corresponding to 600 for chestsand 1,000
for other examinations on children [H22]. Since few
departmentsin theUnited Kingdom appear toemploy film-
screen systems with speeds greater than 400, such practice
with computed radiography is equivalent, on average, to
dose reductions of at least 60% (or 30% for chests). Initial
results with a novel digital x-ray device incorporating a
multiwire chamber show that it could significantly reduce
doses in paediatric imaging [K20]. The mean values of
entrance surface dose measured on samples of children
undergoing different types of radiograph were 0.08 mGy
(AP spine), 0.07 mGy (PA spine), 0.13 mGy (LAT spine),
and 0.06 mGy (pelvis); entrance surface doses for a
conventional imaging system were higher by a factor of
between 12 and 19.

75. Reductions have been reported in the frequency of
X-ray examinations of the urinary system and skeleta
surveys for malignant disease when radionuclide studies
areintegrated into strategies for paediatric imaging [G2].
For older children, the effective dose from intravenous
urography (IVU) may be double the dose of about 1 mSv
from the alternative diagnostic technique for rena
investigation, ®"Tc DM SA stintigraphy [$45].

D. ASSESSMENT OF GLOBAL PRACTICE

76. Table 29 shows some reported national average
annual individual doses (per patient and per caput) and
collective effective doses from diagnostic medical x-ray
examinations. Theassessment of global practiceaccording
to the model described in Section |.D, however, requires
knowledge of the mean values, by health-carelevel, of the
frequency and the dose for each type of diagnostic x-ray
examination. Although thedatain Table 12 provide robust
estimates of the total numbers of examinations per 1,000
population within health-carelevelsl and |1, thevaluesfor
the individual types of examination have had to be
averaged over different populations due to the lack of
comprehensive information for al countries listed and so
do not represent a self-consistent set of data. Estimates of
the relative frequencies by type of examination have
therefore been made using selected national data for each
health-carelevel. When appropriately scal ed and combined
with typical valuesof effectivedose per examination, these
frequencieslead to the estimates of annual collective doses
for 1991-1996 shown in Table 30; the limited data
availablefor health-carelevelslil and 1V have been pooled
so as to provide more reliable estimates for a combined
population. Analyses are presented separately for both
medical and dental x-ray examinations. The rounded
values of effective dose for each examination category are
either based on the datain Table 15 or, particularly in the
case of health-care levels IlI-1V, are estimates in the
absence of more specific data. Derived average effective
doses per examination and per caput are also shown. The
per centage contributionstoannual frequency and callective
dose due to the various types of diagnostic medical x-ray

examination are analysed by health-carelevel in Table 31.
The uncertainties inherent in the estimates of mean
frequencies and doses provided by the global moddl are
difficult to quantify, but will be significant, particularly
when extrapolations have been made on the basis of small
samples of data.

77. According tothe model devel oped, the global annual
frequencies and doses assessed for 1991-1996 are
dominated by the national practicesin health-careleve I;
about 80% of the estimated global collective dose from
medical X raysarisesfrom examinationsconductedin these
particular countries, which together account for about one-
quarter of the world population. The most important
examinationsin terms of the overall frequency of medical
X rays are those of the chest and the limbs and joints,
whereas the global collective dose is dominated by the
more complex, but less frequent, procedures such as CT
and examinations of the gastrointestinal tract. Significant
differencesareal so apparent between themean frequencies
and dosesfor thedifferent health-carelevels. For example,
thecontributionsfrom CT aremarkedly lessfor health-care
levels I1-1V relative to level |, and chest fluoroscopy
appears particularly important for health-care level |1 due
to its very high utilization for the large population of
China. Practice with dental x rays has been assessed to be
considerably smaller than that from medica x rays; the
global frequency and collective dose are less than the
corresponding valuesfor medical x rays by factors of more
than 3 and 100, respectively.

E. TRENDS IN DIAGNOSTIC RADIOLOGY

78. Trends in the globa use of medica x rays are
summarized in FigurelV in termsof increases, rdaivetothe
previous assessment for 1985-1990 [U3], in some key
indicators of annual practice; small changesareunlikelytobe
significant in view of sampling differences and uncertainties
in the estimated values. Whereas there has been an increase
in global population by about 10% between Sudies, the
estimated global total number of examinations has grown by
about 20% and therefore the frequency per 1,000 population
has increased by about 10%. The overall mean effective dose
per examination has risen by about 20% and the annua
collective effective dose by nearly 50%. Differences in the
patterns of practice between the assessments for 1985-1990
and 1991- 1996 are highlighted in Figure V, whichillustrates
the relative contributions by examination type to the global
collective dose from medical x rays. Mogt notably, increases
in contributions are apparent from CT, angiography and
interventional procedures, with there being decreased
contributionsfor examinationsof thegastrointestinal tract and
chest photofluorography. The global annua collective
effective dose from dentd x-ray examinations estimated for
1991-1996 is about 20% lower than the collective effective
dose equivalent estimated for the previous assessment [U3];
theinherent differencesin magnitude between thesetwo dose
guantities expected for dental exposures have already been
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FigureIV. Temporal trends in global practice with medical
x-ray examinations: average frequencies and doses for
1991-1996 relative to previous estimates for 1985-1990.

noted (Section I1.B). The present estimate of effective dose
per caput is about 30% lower than the figure assessed
previoudy for dental x rays. In light of the consderable
variations in the reported national data concerning the
digtributions by age and sex of patients undergoing various
typesof diagnogtic x-ray examination (Table 14), itisdifficult
to discern any specific trends in the mean values rdative to
previous data. The average leves of x-ray equipment per
million population estimated for thevarioushedlth-careleves
and time periods are summarized in Table 7, athough the
significant differencesthat exist between individual countries
of the same health-care level and the limited sample sizes
shouldalsobe noted (Table4). However, theanalysissuggests
a broad trend for reducing numbers of medica x-ray
generators per million population in health-care leve | and
hence aso in the world. Thereis an apparent increase in the
average number of medica x-ray examinations per medica
X-ray generaor, with estimates of 2,500 for 1991-1996 and
2,100 for 1985-1990.

79. Ovedl trends in radiation exposures from diagnogtic
examinations with x rays are due to two kinds of change
changes in both the type and frequency of the procedures
carried out, as determined by the prevailing patterns of
disease and dlinical practice; and changes in the associated
levels of dose to individua patients for given procedures.
Doses are influenced by the continuing advances in
techniques for the production, detection, and control of
radiation, including the devel opment of alternativemoddities
for diagnoss, aswell asby initiativesin quality assuranceand
patient protection [A34, H54, H55, R36, R37]. Trendsin the
frequencies of examinations and doses per examination are
discussed further in the two Sections following.
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Figure V. Percentage contributions by examination type
to global collective dose from medical x-ray examina-
tions: comparison of data for 1955-1990 and 1991-1996.

1. Frequencies of examinations

80. Tempora trends in the annual frequencies of dl dia-
gnostic medical x-ray examinations per 1,000 population are
summarized in Table 32. The present estimates of average
total frequency for hedlth-care levels| (920 per 1,000) and Il
(154 per 1,000) are larger than the previous values for
1985- 1990 (890 and 120 per 1,000, respectively), athough
the averages for each time period have been made over
different populations; any comparisons of datafor health-care
levdslll and IV arelessrdiable owing to the limited sample
sizes involved. Notwithganding these overal trends in
average frequency for the different health-care levds of the
global model, national frequencies have increased in some
countries and decreased in others between 1985-1990 and
1991-1996; some specific examples are given below.
Temporal trends in the average annua numbers of different
types of diagnogtic medical x-ray examination per 1,000
population by health-care level are summarized in Table 33.
The annual frequencies of diagnogtic dental x-ray examina-
tions per 1,000 population for different countries and time
periods are summarized in Table 34, together with the
average values for each hedlth-carelevd.

81l. Incressesin the annua total numbers of examinations
and frequencies per 1,000 population have been reported for
some countries, accompanied also by sgnificant changesin
the patterns of practice for individual types of procedure. For
example, in the Czech Republic, the annua number of
medical x-ray examinations rose from 8,100,000 in 1990 to
9,150,000 in 1994, with particularly largeincreases observed
for CT and mammography due to the ingtalation of new
equipment and also some changes in the system of hedth
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insurance. In Cyprus, the annua frequency of medical x-ray
examinations rose steadily from 794 per 1,000 population in
1990 to 1,021 per 1,000 in 1995. In Poland, the annual
number of x-ray examinations per 1,000 population rosefrom
572 to 715 between 1986 and 1996 [$49]. Increases were
observed for examinations of the spine, CT, photofluoro-
graphy and mammography, with there being decreases for
urography and examinations of the upper gastrointestinal tract
dueprobably toan increased use of ultrasound. In Norway, the
total frequency of radiological examinations increased from
641 to 710 per 1,000 inhabitants between 1983 and 1993,
with the most significant trends being for increased numbers
of CT examinations and, owing to the introduction of
aternative procedures, reduced numbers of examinations of
the gadrointestina tract [O6]. In Maaysa, amost all
examinations experienced increasing frequency from 1990 to
1994, with theexceptionsof barium studies, cholecystography
and urography owing to an increasing use of ultrasound and
fibre-optic endoscopy [N26]. Themost notableincreaseswere
observed for CT, cardiac proceduresand mammaography. Data
for the United Statesindi catean estimated increase of between
30% and 60% in the numbers of radiological examinationsin
hospitalsbetween 1980 and 1990, with CT being animportant
influence [M1].

82. Elsawhere, practice has remained more datic or has
shown some decreases. In Bulgaria, the annual frequency of
medical x-ray examinations rose from 220 per 1,000
population in 1950 to a pesk of 1,170 per 1,000 in 1980,
before fdling to a level of 560 per 1,000 in 1992
corresponding values of effective dose per caput were
0.4 mSv, 1.79 mSv and 0.72 mSv, respectively for these
particular years. In Russia, the annual frequency of medical
X-ray examinations rose from 1,340 per 1,000 population in
1980 to arate of 1,560 per 1,000 in 1985, since when it has
falen to alevd of 1,230 per 1,000 in 1997; corresponding
values of effective dose per caput for these particular years
were 1.26 mSv, 1.32 mSv and 0.80 mSv, respectively.
However, the frequency of dental x-ray examinations in
Russiarose steadily from 74 per 1,000 population in 1985 to
96 per 1,000 in 1997. In the Ukraine, the frequency of x-ray
examinations has decreased from 948 per 1,000 population in
1987 to 600 per 1,000 population in 1994, with the effective
dose per caput decreasing correspondingly by about afactor 2
[K18]; these reductions were duein particular to decreasesin
the numbers of examinations being performed in the regions
contaminated by the accident at Chernobyl and in the
utilization of the higher-dose fluoroscopic procedures. In
Ghana, etimates of the annual frequency of x-ray examina-
tions during the period 1990 to 1996 ranged from 6 to 11 per
1,000 population, with therebeing no smple pattern [S38]. In
Germany, the increase in the annua frequency of x-ray
procedures between 1988 and 1992 has been dight overall,
with increasing practice in CT, angiography, and inter-
ventional radiology offsetting a marked decreasein examina
tions of the gastrointestingl, hiliary, and urinary tracts [A2].
The frequency of medica x-ray examinations has aso
remained fairly congtant in theUnited Kingdom between 1983
and 1993, athough the frequency of dental x-ray examina

tions hasincreased by over 30% [T15]. Largeincreases were
also reported for CT, mammography, angiography and inter-
ventional procedures, with substantial decreases apparent for
examinations that have been partially replaced by endoscopy
(barium mesals) and ultrasound (biliary and urinary systems).
In contragt, the overall frequency of medica (excluding
dental) x-ray examinations in Romania decreased by about
20% between 1980 and 1990, with the somewhat larger
decreases (over 30%) for fluorascopy and photofluorography
being offsat by an increase of over 20% for radiography [D1];
asubsequent analysis of all types of x-ray examination during
1990- 1995 hassuggested afairly statictotal annual frequency
(495 versus 511 per 1,000 population), athough there have
been further reductions in collective dose [D28]. In South
Africa, the overdl annual frequency of x-ray examinations
(exduding mass miniature and dental) in 1990 was reported
to be 180 per 1,000 population, although marked differences
were observed between race groups, with ratesof 67 per 1,000
for blacks, 110 for coloureds, 230 for Asans, and 460 for
whites [M22]. In Canada, variations in the frequency of
medical x-ray examinations between the different provinces
ranged from 708 per 1,000 population to 1,043 per 1,000,
with the national mean value being 892 per 1,000 [A15].

83. Developmentsinimaging technology, particularly those
involving non-ionizing radiation, will have a dgnificant
influence on the practice of radiology and on the medica
exposure of populations. Transfer of technologyislikely to be
most rapid in devel oped countries, categorized as hedth-care
levd I. MRI is becoming the imaging modality of choice for
many aress of anatomical examination, athough its wide-
scale adoption was initially hampered by reatively long
imaging times and high equipment cost [Z1]. The number of
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Figure VI. Trends in diagnostic radiology practice in the
Netherlands [B89].

MRI studies worldwide grew from 6 million in 1989 to 18
million in 1995, with the total number of ingalled MRI
systems having risen from 2,800 to 9,400 over this period
[D23]. In contrast to MRI, ultrasound represents a relatively
cheap, portable, and increasingly sophisticated form of
imaging [W1]. Fibre-optic endoscopes allow direct visuaiza-
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tion of the gastrointestinal tract and not only complement but
also replace some x-ray examinations [W2]. For example,
surveys in the United Kingdom for one particular region
(population 4.7 million) from 1986 to 1992 showed a steady
increase in the annual frequency of endoscopies (upper
gadtrointestinal endoscopies and colonoscopies), from 8.4 to
10.0 procedures per 1,000 population, wheress there was a
corresponding declinein barium studies (meals and enemas),
from 12.9t0 10.1 procedures per 1,000 population [S36]. The
trends in diagnodtic radiology practice in the Netherlands
between 1987 and 1996 are summarized in Figure VI [B89);
athough the number of conventiona x-ray examinations per
1,000 population has remained fairly congtant, there have
been increasesin practice with CT, MRI and ultrasound.

84. Economic growth in South-East Asia is alowing
significant improvementsin general health care, and basic
X-ray services are becoming available in most rural areas
[M2]. Disease patterns in urban centres are becoming
similar to thosein Europe and North America, although a
shortage of staff and a lack of standardization in training
remain areas of concern in this part of the world.

2. Doses per examination

85. The average values of effective dose per examination
derived from surveys by UNSCEAR are summarized in
Table 35 by type of examination, health-care level and time
period. Any analysis for trendsis hampered by the averaging
of doses over different populationsand theuncertaintiesin the
data. However, there are perhaps broad suggestions for
reductions in typical dose with time for some radiographic
examinations, such as pevis and hip, and head, and for an
increasein the dose per CT procedure between 1980-90 and
1991- 1996. Overdl, the estimate of 1.2 mSv for the global
mean effective dose per medica x-ray examination during
1991 - 1996 (Table 30) islarger than the corresponding value
of 1.0mSv estimated for 1985- 1990. Thistrendislikely tobe
duetotheincreasing use of complex and higher doseimaging
procedures, particularly CT, in developed countries.

86. There are continuing developments in equipment and
techniques for imaging [S90]. Film technology continues to
advance, focusing on grain and emulsion structurein both the
film and intensfying screen and on better spectral matching
of the screen-film combination [F22, S1]. Conventiona film
images of high quality can be obtained with comparatively
low patient doses, athough there are dtill large differencesin
image quality for smilar speed systems, depending on the
manufacturer and on the screen-film combination [G1].
Digital radiological techniquesoffer thepotential forimproved
image quality, although thisisin genera a the expense of
higher patient doses The impact of introducing such
equipment depends somewhat on the choice of exposure
settings and thetechniquesin use [K55]. For example, digita
fluoroscopic systems were shown in one particular analysisto
result in sgnificantly lower levelsof dose-areaproduct during
barium dudies compared with non-digitd sysems
7.8 Gy om? and 24.2 Gy cm?, respectively, for meals, and

13.9 Gy cm? and 25.3 Gy o, respectively, for enemas[B14].
A second study, however, reported similar or even higher
levds of dose from digital compared with conventiona
equipment (4.9 Gy cm? and 3.8 Gy cm?, respectively, for
mealsand 16.7 Gy cm? and 20 Gy cm?? for enemas), owing to
increased leves of exposure during the fluoroscopic part of
such examinations [H10].

87. For digita radiography systems, exposure can be
predected in a broad range so that patient dose can be
adapted to the diagnostic problem and the image quality
necessary. Photostimulable phosphor computed radiography
offers the important advantages of high imaging efficiency
over awide exposure range and the presentation of images at
consigtent display level sindependent of exposure levels[B71,
F21]. The grester rdiability of the image reproduction can
lead to a reduction in the numbers of repeat films needed
because of incorrect exposure [C1, P33, W55]. Reduction of
patient dose per imageisin generd limited by consderations
of image quality (Sgnal to noiseratio), although lower doses
have been reported for particular applications of computed
radiography compared with doses from conventiona
techniques [J15, S89,W4].

88. For digitd fluorography, spatid resolution is com-
parable to that with the 100 mm film technique, athough
lower than that for full-size, film-screen radiography. Image-
intensifier-TV-based digital sysemswere shown in one study
to reduce patient effective dose during examination of the
abdomen by factors of at least 5 for a given projection when
compared with conventional medium-fagt film-screen com-
binations [M3]. In digital subtraction vascular imaging, the
input dose to the image intensifier can vary sgnificantly
(typicaly 5-20 uGy per frame) depending on the particular
settings sdlected [ S3]; thisdoseisconsiderably higher than for
modern digital fluorography (typically 0.5- 1.5 uGy per frame)
or for sandard radiography with a fast (400 speed) film-
screen combination (typically lessthan 5 uGy per radiograph).
Accordingly, thereisapotentia for high patient dosesin DSA
asaresult of the capability for rapid acquisition of imagesand
the frequent use of long series of images for subtraction.

89. The introduction of digital imaging leads to
significant changes in operational practices in radiology
departments [C46, D43, K53, L42, V22]. The use of
improper technique could result in higher patient doses.
The increasing adoption of digital technology provides
opportunities for advances in the post-processing of
images, computer-aided diagnosis, and medical image
management within and between hospitals using PACS
systems [S91]. Such systems will allow better monitoring
of radiology practice and help reduce patient exposures
from the loss of films [H1, W56]. Initial developments
came in the United States and Japan, but both large- and
small-scale projects are now under way in European
radiology departments [$4]. The transmission of digital
radiographicimagesfor remoteconsultation (tel eradiol ogy)
promises to enhance practicein radiology, particularly for
facilities at which services are otherwise deficient [L12,
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W54]. However, the increasing utilization of digita
imaging technology in developed countries, particularly
CT and advances such as helical and dynamic CT
scanning, is likely to result in further increases in the
global average dose per examination.

90. Notwithstanding the proliferation of increasingly
complex x-ray technology in developed countries, WHO has
sincethe 1970s concentrated on devel oping design criteriafor
equipment to provide basic radiography, so asto lessen the
inequity in imaging services around the world. The most
recent version is known as the WHO Imaging System-
Radiography (WHIS-RAD) [W12]. WHO-spexifi ed equipment
iscurrently produced by several |eading manufacturers, and by
1995 about 1,000 units had been ingalled in 60 countries.
However, health serviceshavefailed to adopt the sysem tothe
degree that had been expected, despite its ease of use there
were, for example, only 39 units operating in nine countries
of the Americasin 1997 [B33].

91. Noved digital x-ray imaging sysems that employ
improved detector technology and offer potential reductionsin
patient dose by up to two orders of magnitude in comparison
with film-screen systems are under devel opment [A35, L43,
Y4]. These devices employ various approaches based on
phosphor x-ray converters, where light quanta are produced
as an intermediate stage, as wel as direct x-ray-to-charge
converson materials such as gases and, using thin-film
trans stor and charge-coupled device(CCD) technol ogies, zinc
cadmium tdluride, amorphous sdenium, and amorphous
silicon [A33, C47, H53, M70, R38]. Sdf-scanned flat-pand
detectorscouldin principleprovidehigh-quality radiographic,
fluoroscopic, or fluorographic images[S92, Z23]. In addition
tosuch large-areadevices, tridlsarein progress of aprototype
low-doseimaging system based on ascanning beam geometry
[22).

92. More speculative developments in imaging are under
investigation, including theuseof synchrotron radiation [C48,
K56, L44, M5], phase-contrast imaging using polychromatic
hard x rays [W6], time-gated imaging usng x rays from a
laser-produced plasma [G44], and a compact radiological
sourcebased on dectron cyclotron resonance magnetic mirror
discharge [B2]. Also, the recent availability of large-array
biomagnetometer systems is facilitating the development of
techniques of magnetic source imaging, in which
magnetoencephal ography iscombined with MRI tomap brain
activity for the purposes of guiding neurosurgica
interventional procedures[G15]. It hasbeen argued, however,
that radiology practiceison balancelikely to be more affected
in the medium term by the maturing of existing technologies
than by the innovative modalities under development [Y1].

3. Quality assurance and patient protection
initiatives

93. Measures that fadilitate the achievement and main-
tenance of good practice in diagnogtic radiology will have

someinfluence on thefrequency of examinationsand levelsof
patient dose [T16]. In genera, such initiatives can be
expected to decrease doses per examination and per caput
doses worldwide, owing to reductions in repeated and un-
necessary exposures [D44, K54, M71]. Among the topics of
rdevance will be the implementation of quality assurance
measures in radiology departments, including accreditation
under formal quality systems|I1] and auditsof practice[G43,
M72, V23, W58, W59]; thetraining and education of persons
involved with medical radiation, including clinicians,
technicians, physicigs, and adminigrators [12]; the pro-
mulgation of bas ¢ recommendationson patient protection [ 13,
15, 117]; and guidance on the rationa and effective use of
imaging [H30, W3, W4, W5].

94. Severa studies have highlighted the problem of
unnecessary exposures. An anaysis in the United
Kingdom, for example, suggested that at least 20% of
examinations were clinically unhepful to patient
management and, without any clear justification, should
not have been performed [N2]. Guidelines [C49, R1] for
the appropriate use of diagnostic radiology have been
found to reduce selectively the rates of referral by primary
carephysicians(general practitioners) [R2]. Clinical audit,
which is a retrospective analysis of performance that is
closaly linked to the mainly prospective process of quality
assurance, is likely to play an increasingly important role
in the control of radiology. In Romania, a study of
radiology practice at a sample of 130 hospitals in 1995
observed that about 23% of the radi ographs produced were
of no diagnostic utility; this rate equates, on a national
scale, to atotal of 2 million such radiographs [D6]. Over
50% of darkrooms in the study were found to have
excessive illumination.

95. Dose reductions attributable to the influence of
patient protection measures have been reported in several
large studies. A review in 1995 of national dosedatain the
United Kingdom revealed an average 30% reduction over
a 10-year period in the mean levels of entrance surface
dose and dose-area product for common types of
radiograph and x-ray examination [H11, W57]. Themain
identifiable reason for this dose reduction was the more
extensiveuseof faster film-screen combinations, facilitated
by the coherent combination of a national protocol for
patient dose measurements and systematic advice on
patient protection, including national referencedoselevels
[N41, S6]. Fewer than 10% of hospitals exceeded the
national reference doses in 1995, compared with 25% in
1985. Such reductions in the collective dose from
conventional x-ray examinations in the United Kingdom
will, however, have been offset by the much increased use
of CT [S10]. Practice in CT can be expected to be
influenced in due course by the development of quality
criteriafor CT examinations, which include reference dose
levels[E4]. The applicability of similar European quality
criteria to radiographic images of adult patients has been
assessed widely in surveys involving some 3,000 dose and
image quality measurementsin about 100 hospitals [C6].
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Even as these surveys show the persistence of wide
variationsin performance, they provideclear evidencethat
higher doses prevailed when there was little or no
compliance with recommended techniques [M11].

96. Significant dose reductions have also been demon-
strated over a 5-year period at alarge teaching hospital in
Madrid as the result of a systematic programme for the
optimization of patient protection, which included
implementation of patient dosimetry and quality control
[V1]; in particular, between 1986 and 1990 effective doses
for studies of the gastrointestinal tract were reduced by
about 50% as a result of replacing deficient fluoroscopic
equipment (from 10.7 mSv to 4.9 mSv for barium meals
and from 9.4 mSv to 6.8 mSv for barium enemas), while
doses from examinations of the spine fell by about 40%
owing to changesin film cassettes and tubefiltration (from
0.31 mSv to 0.18 mSv for cervical spineand from 2.2 mSv
to 1.4 mSv for lumbar spine). In contrast, there were
increases over this period in the mean doses per
examination from CT (from 5.7 mSv to 6.5 mSv) and
angiography (from 12 mSv to 13 mSv) and increases by a
factor of 2 in the contributions from these procedures to
total collective dose (with 25% dueto CT and 17% from
angiography in 1990).

97. A pilot international programme on radiation doses
in diagnostic radiology, which involved two series of
measurements in seven countries on three continents,
achieved considerable reductions in dose, without
deterioration of diagnostic information, by the application
of simpleand inexpensivemethods|[14, O8, 018]. Average
reductions of about 50% in entrance surface dose were
reported following increases in tube filtration, applied
potential and film-screen speed. These methods led to
significant improvements between surveys in the
percentage of x-ray rooms complying with reference dose
valuessuggested by theEuropean Commission [C6]: initial
and final levels of compliance were 20% and 75% for
lumbar spine (PA), 29% and 36% for chest (PA), 75% and
100% for abdomen, and 0% and 100% for breast.

98. Dose reductions from changes in equipment or
technique, without any significant effect on the diagnostic
efficacy of examinations, have also been reported by
numerous individual studies. These include, for example,
the use of rare earth intensifying screens for radiography
[G33, J4, S55], lower tube currents during fluoroscopy
[S21], pulsed fluoroscopy [V12], review of grid usage in
fluoroscopy [L30, S52], additional filtration [G30], and
region-of-interest (ROI) radiologic imaging [G32, K25,
M43, S59]. The latter involves placement, between the
x-ray sourceand thepatient, of afilter which attenuatesthe
beam peripheral to the ROI. Reported dose reductions
associated with the introduction of such filters are as
follows: 70% in dose-area product during fluoroscopy [L1]
and factors of 3-10 in skin dose during imaging in
neurointerventional radiology [R5].

F. SUMMARY

99. The utilization of x rays for diagnosis in medicine
variessignificantly between countries(Tables4, 8 and 12).
Information on national practicesthat hasbeen providedto
the Committee by a sample of countries has been
extrapolated to allow a broad assessment of global practice,
although inevitably there may be significant uncertainties
in many of the calculated results. On the basis of a global
model in which countries are stratified into four health-
carelevel sdepending on the number of physiciansrelative
to the size of population, theworld annual total number of
medical x-ray examinationsfor 1991-1996 is estimated to
be about 1,900 million, corresponding to a frequency of
330 per 1,000 world population (Table 9); previous
estimates of these quantities for 1985-1990 were 1,600
million and 300 per 1,000 population, respectively. The
present global total of examinationsisdistributed amongst
the different health-care levels of the modd as follows:
74%in countriesof level | (at amean rate of 920 per 1,000
population), 25% in countries of level 11 (150 per 1,000
population) and 1% in countries of health-care levels
[11-1V (20 per 1,000 population). In addition to such
medical x rays, thereis also an estimated global annual
total of about 520 million dental x-ray examinations,
corresponding to a frequency of 90 per 1,000 world
population; the assumed distribution between health-care
levels is for over 90% to occur in level | and <0.1% in
levels 1l11-1V. Notwithstanding the estimated mean
frequencies of examination for each health-care level
guoted above, there are also significant variations in the
national frequencies between countriesin the same health-
care level (Tables 32 and 34).

100. The estimated doses to the world population from
diagnostic medical and dental x-ray examinations are
summarized in Table 36. The global annual collective
effective dose from medical x rays for 1991-1996 is
estimated to be about 2,330,000 man Sv, equating to an
average dose per caput of 0.4 mSv; previous estimates of
these quantities for 1985-1990 were 1,600,000 man Sv
and 0.3 mSv, respectively. The distribution of collective
dose among the different health-care levels of the global
mode is presently as follows: 80% in countries of level |
(giving a mean dose of 1.2 mSv per caput), 18% in
countries of level |1 (corresponding to 0.14 mSv per caput)
and 2% in countries of health-care levels III-IV
(corresponding to 0.02 mSv per caput). Diagnostic dental
X-ray examinations are estimated to provide a further
annual collective dose to the world population of about
14,000 man Sv, equating to about 0.002 mSv per capult;
these values are | ess than the corresponding estimates for
1985-1990 of 18,000 man Sv and 0.003 mSv per caput,
although uncertainties in al these estimates are
considerable and this apparent trend may not be real.
Approximately 68% of the present global collective dose
from dental x rays arises from countries in health-care
level 1, with contributions of about 31% and <1% from
health-carelevels |l and I11-1V, respectively.
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101. The numbers of x-ray generators (excluding dental
units) availablefor diagnostic radiology vary considerably
between countries and the health-care levels of the global
model (Table 4), with estimated averages per million
population of 0.5, 0.2 and 0.02 for levels |, Il and I11-1V,
respectively (Table 9). The estimated average annual
number of medical x-ray examinations per medical x-ray
generator islower for countriesof health-carelevelsli -1V
(valueof 1,100) than for those of level 11 (2,300) or level |
(2,700). The estimated average values of annual collective
dose per medical x-ray generator follow a similar global
pattern: 1.2 man Sv per unitin levels1il-1V, 2.0 man Sv
per unitin leve I, and 3.6 man Sv per unitin level I.

102. The estimated global mean effective dose per medical
X-ray examination for 1991-1996 is 1.2 mSv (Table 30),
which may be compared with the level of 1.0 mSv etimated

for 1985-1990. However, the levels of dose to individual
patients vary sgnificantly between the different types of
examination and aso countries (Tables 15 and 16). The
contributions to callective dose provided by the different
categories of examination are summarized in Table 31 by
heslth-carelevel. On aglobal scale, population exposurefrom
medical x raysisnow dominated by CT (which provides34%
of theannual collective dosg), rather than examinations of the
upper gastrointestinal tract (12%) which was estimated to be
themost important procedurefor 1985-1990 (FigureV). This
new pattern also applies for countries of health-care leve |,
where the mean contribution from CT is presently 41%,
athough the dominant practices esewhere are chest
fluoroscopy in health-careleve 11 (50% of collectivedose) and
examinations of the lower gastrointestina tract in levels
-1V (34%), with CT providing contributions of only 5%
and 2%, respectively.

l1l. DIAGNOSTIC ADMINISTRATIONS OF RADIOPHARMACEUTICALS

103. Administration of radionuclide preparations (radio-
pharmaceuticals) to patients, broadly referred to asnuclear
medicine, is widely practiced throughout the world. The
proceduresare primarily intended for diagnostic purposes.
Many of the diagnostic applications of radionuclides are
conducted in vitro rather than in vivo. For example, about
100 million procedureswith such material were performed
in the United States in 1989, although only 10% of these
involved the administration of radiopharmaceuticals directly
to patients [N13]. The remaining 90% of practice comprised
radioimmunoassay procedures, which use small amounts of
radioactive materia in the analysis of biological specimens
such as blood and urine and do nat give rise to the exposure
of patients; these uses are not consdered further in this
review. Diagnogtic in vivo examinations are discussed in this
Section, and lessfrequent therapeutic nuclear medicine
procedures are consdered in Chapter V.

A. TECHNIQUES

104. Wheresas the broad aim in diagnogtic radiology is the
imaging of anatomy, the practice of nuclear medicineismore
closdy linked to the investigation of patho-physiologica
processes. In essence, radionuclides are used as a biological
tracer by incorporating them into a pharmaceutica
appropriate to the nature of an investigation; key technica
advancesare summarized in Table 37. Following administra-
tion of the radiopharmaceutical to the patient, the resulting
biodigribution and localization is dictated by the pharma
ceutical preparation used, with the radionuclide labe pro-
viding the means of detection. Most proceduresinvolve some
type of measurement concerning the retention or excretion of
the tracer s0 as to quantify organ or tissue function. Probe
detectors can be used to measure uptake in particular organs
such as the thyroid, whereas imaging is carried out using

rectilinear scanners with single or double detectors or, more
commonly, with alargefield of view gamma camera.

105. Diagnodtic techniques with radiopharmaceuticals are
widely utilized in medicing clinica applications incude
oncology [B80, M83, M84, R41, \VV26], cardiology [B81, P40,
P41, 726, Z27], neurdlogy and psychiatry [E17], and
endocrinology, as wdl as the investigation of infection and
inflammation [N47, P38, P39] and varioushiological systems
(musculo-skeletal, respiratory, gastrointestinal and genito-
urinary) [M 25, Pg]. In oncology, for example, important roles
for nuclear medicineinclude detecting unknown primary sites
of cancer, differentiating between benign and malignant dis-
eae, daging the extent of dissase (local, nodes and
metastases), planning and assessing the response to therapy,
and detecting recurrence [C18]. Alternatively, dilution
techniques, basad on the measurement of activity in samples
of body fluids, can be used, for example, in haematology to
assess plasma volume, red cdl mass, totd body water,
extracdlular fluid, and exchangeable dectrolytes [P8]. The
activities adminigtered are determined by the diagnostic
information required within the chosen period of the
procedure [M86]. International [E10, E16, G48, 15] and
nationa (for example, [A20, F25, M85]) guidanceisavailable
concerning the techniques and typical activities for common
procedures.

106. In practice, a range of radionuclides are used in
diagnostic nuclear medicine that meet the necessary
requirements for effective and efficient imaging. All are
produced artificially, using four principal routes of
manufacture; cyclotron bombardment (producing, for
examp| e, 676& 1y n, 201-|—|’ 57C0, 123|' 11C, 150' 13N, and 18|:);
reactor irradiation (*:Cr, ™Se, *Fe, %¥Co, I, and **!, for
example); fission products (yielding, for example, *,
X e and *Sr); and generators that provide secondary
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decay productsfrom longer-lived parent radionuclides. The
most common example of the latter is the column
generator incorporating ®Mo for the provision of ®™Tc
which, because of its highly suitable physica
characteristics for awide range of applications, formsthe
basis for over 80% of the radiopharmaceuticals used in
nuclear medicine. Most *"Tc generators utilize fission-
produced *M o, although techniques of neutron irradiation
could provide a viable alternative source of thisimportant
parent radionuclide [B82, K61]. Other examples of
generators include those incorporating *Sn (for the
provision of **™n), #Rb (for &"Kr), and ®Ge (for %Ga).

107. In addition to conventional planar imaging,
techniques have also been developed to allow emission
tomography which, likex-ray CT, can demonstrateinterna
structures or functional information from cross-sectional
dices of the patient [I124]. Two basic modalities have
evolved. The most common is that of single-photon
emission computed tomography (SPECT). This utilizes
conventional gamma-emitting radiopharmaceuticalsandis
often performed in combination with planar imaging.
SPECT imaging requires ascanning system incorporating
a circular array of detectors or, more often, a rotating
gamma camera system with up to four detector heads. The
second modality is the more specialized technique of
positron emission tomography (PET). Thisisbased on the
simultaneous detection of the pairs of photons (511 keV)
arising from positron annihilation and mostly uses the
short-lived biologically active radionuclides 0, 'C, *F,
and N. Dedicated PET scannerscompriseacircular array
of detectors, although PET imaging can also be performed
using coincidence-adapted gamma camera systems [B83,
J8, L50]. Quantitative functional tomographic imaging
requires correction for the attenuation of photons by the
patient, and this can be accomplished by transmission
measurements made before, after, or during the emission
scan, using an external radionuclide source [B39]. Such
transmission measurements add little to the typical dose
routinely received in clinica SPECT or PET; the
additional doseistypically <0.1 mSv [A40, T12].

108. Radionuclides are dso used for the intraoperative
localization of tumours and lymph nodes using surgical
nuclear probesand arange of radiopharmaceutical s[C53, P9,
R13, S104, T13, W62]. Such practice has, for example,
increased steadily in the United Kingdom since 1980, with a
total of 68 surgica procedures being undertaken at 35
hospitals over a 15-year period [P10]. Probe detectors and
mobile gamma cameras aso dlow bedside nudear medicine
investigation in the intengve-care unit [P11].

B. DOSIMETRY

109. The radiation doses to patients resulting from
administrationsof radi opharmaceuti cal sare determined by
arangeof physical andbiological factorswhichincludethe
amount and form of the radioactive material administered,

the route of adminigtration, the biokinetics and physiological
fate of the radiopharmaceutical, and the decay scheme of the
radionuclide [I35, M87, R42]. Absorbed doses to the various
organs and tissues are generdly estimated using the dos-
metric formaism deveoped by the Medicd Interna
Radiation Dose Committee of the United States Society of
Nuclear Medicine (MIRD) [L51, S105]. Broadly, this
approach involves knowledge of the cumulative activitiesin
each source organ, together with estimates and summation of
the absorbed fractions of energy in every target organ from
each source organ. Cumulative activities are derived on the
basis of quantification of organ uptake in human sudies
usng, for example, SPECT and PET imaging, or
extrapolation from anima models [D47, L52, M87, S105].
Specific absorbed fractions are estimated by Monte Carlo
calculations[L53, Z28] using anthropomorphic mathematical
phantoms; values are available for standardized phantoms
representing typical adult, paediatric and pregnant patients
[S105, S106]; more redligtic voxe phantoms are aso being
developed for usein internal dosmetry [J19, P42, Y18].

110. Coefficients derived using this methodology have
been published that allow the estimation of organ and
effective doses to adults and children from administered
activities for a wide range of commonly used
radiopharmaceuticals [119, 137, 139]. Data are also
available for some new radiopharmaceuticals (see, for
example, [A41]) and for other computational techniques
[J20, J21]. The administration of radiopharmaceuticalsto
patients also givesrise to the exposure of other population
groups, such as breast-feeding infants [M88, M89],
although these doses are not considered further in this
review. The average doses to specific organs provided by
conventional macroscopic dosimetry can grossly
underestimate radiation exposures to individual cells
[A42]. New methods of cellular dosimetry are being
developed for assessing the risks associated with new
pharmaceuticals that target specific cells and cellular
components with short-range radiations, such as Auger
electrons [B84, F24, H63].

111. Patient doses for common types of procedure are
summarized principally in this review in terms of the
administered activities for each radiopharmaceutical,
although sometypical values of effective doseareincluded
and estimates of collective effective dose are used broadly
to characterize overall practice.

C. ANALYSIS OF EXPOSURES
1. Frequency of examinations

112. Theuseof radiopharmaceuticalsin medical diagnosisis
less widespread than the use of x rays. There are large
variations in practice from country to country, with nuclear
medicine examinations not being performed at al in some
smaller countries or LDCs. Annual numbers of diagnostic
administrations of radiopharmaceuticalsreported by different
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countries for the years 1991-1996 are summarized in
Table 38 by type of procedure and for al diagnogtic practice.
Dataare presented in terms of numbers of admini strations per
1,000 population, with someanalysisby radionuclideand with
countries grouped according to hedth-care level. These
national figureswere often estimated in quite different ways,
and some particular quaificationstothedata are givenin the
footnotes. The percentage contributions of each type of
examination to total frequency are given in Table 39. Mean
values of frequencies have been derived for each hedlth-care
levd by averaging total numbers of procedures over total
populations.

113. There are sgnificant differences in the patterns of
practice between countries, even for those within the same
health-careleve. National annual total frequenciesvary by a
factor of over 100 in the 36 countries in health-care leve |
utilizing nuclear medicine (0.5-65 examinations per 1,000
population); disregarding countrieswith zero practice, smaller
variations exist in levd 1l (0.6-2.1 examinations per 1,000
population in asample of nine countries), leve 111 (0.05-0.6
examinations per 1,000 population in a sample of three
countries), and level 1V (0.01-0.02 examinations per 1,000
population in a sample of two countries). The average total
frequencies for leves Il, IIl, and IV are smaler than the
average for levd | (about 19 examinations per 1,000
population) by factors of about 17, 70, and 1,000, respectively.
These averages are less (by at least a factor of 50 in the case
of leve 1) than the corresponding average use of x rays for
diagnostic examinations at each leve.

114. Notwithstanding differences between the individual
countries, some general differences are apparent in the
patterns of use between the broad hedlth-care levels. For
countriesin levd 1, practiceis dominated by bone scans, with
significant contributions aso from thyroid scans
cardiovascular sudies, liver/spleen scans, and lung studies. In
the United States, for example, 90% of practicein 1991 was
accounted for by just 10 in vivo diagnostic procedures,
athough over 150 different types of nudear medicine
procedure were in use [N13]. For countriesin leves11-1V,
thyroid studies are the most important type of procedure.
Temporal trends in the frequency of examinations are
discussed in Section I11.E.

2. Exposed populations

115. Thedigtributions by age and sex of patients undergoing
various types of diagnogtic nuclear medicine procedure in
1991 - 1996 are presented in Table 40 for sdlected countries of
thefour health-carelevels, additional information about some
of these data isincluded in the footnotes. This analysis uses
the same three broad ranges of patient age as were used for
X-ray examinations, above, and in the UNSCEAR 1993
Report [U3]. Some country-to-country differences in age
digtribution are evident for each particular type of examina-
tion, even within the same hedth-care levd. Previous
analyses have suggested that diagnostic nucdlear medicine is
largdy conducted on populations of patients who are in

genera older than those undergoing x-ray examinations and
thus aso older in comparison with whole populations [U3].
This conclusion is broadly supported by the present survey,
athough significant numbersof procedures, particularly rena
and brain scans, are conducted on children. As for broad
differencesin practice between the health-care leves, thereis
for most types of procedure a shift towards the two younger
age ranges for countries in levels |1-1V compared with
countries in level 1. This is likely to reflect the known
differencesin national population age structures [U3].

116. Notwithstanding the preponderance of cardiovascular
gdudies on maes and thyroid sudies on femaes, the
digtributions of nuclear medicine examinations between the
sexes do not deviate greatly from the underlying patterns for
whole populations, although some nationa variaions are
apparent in thedatareported for particular typesof procedure.

3. Doses

117. Thetypical activitiesadministered in different countries
for different types of diagnostic procedure in 1991-1996 are
presented in Table 41. The average activities shown for key
radiopharmaceuticals within each hedth-care leve include
weightings for the numbers of such adminigtrations in each
country. Some reported values of effective dose for common
procedures, calculated from administered activities using
gandard dosmetric methods [I19, 137], are shown in
Table 42. Typica effective doses from PET imaging are
presnted in Table 43, together with edtimates of the
corresponding mean doses to the uterus. Further data are
given dsawhere concerning uterine doses for other nucear
medicine procedures (for example, [A20]) and doses to the
embryo/fetus of pregnant patients [M90, R43, R44, S107]. In
general, the typica effective doses from diagnostic nuclear
medicine procedures span a smilar range to those from
diagnogtic x-ray examinations.

118. Diagnostic procedures on children are conducted using
levds of adminigered activity that are lower than the
corresponding values for adult patients [E16, $41]. The
administered activitiesare generally scaled according to body
surface area or weight [A20]. When fdllowing the latter
scheme, theresultant effectivedosestochildren will in generd
be roughly the same as those to an adult. Examples of the
effectivedosesto paediatric pati entsundergoing somecommon
procedures are given in Table 44 [G47].

119. Abnormally high local tissue doses may result when
there is partial or complete extravasation of the activity
intended for intravenous administration [K64, P8]. For
example, maximum local doses of 128 Gy (from 740 MBq
®mTc extravasated into 0.5 ml) and 378 Gy (74 MBq of
2IT]) have been estimated on the assumption of no
biological clearance, although dosesin practice are likely
to be substantially lower and no deterministic effects have
been observed [B85, T24]. Theabsorbed dosestoparticular
organs can be reduced through modifications to practice
during some nuclear medicine procedures [138].
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D. ASSESSMENT OF GLOBAL PRACTICE

120. Table45 shows some reported national average annual
individual doses (per patient and per caput) and callective
effective doses from diagnostic nuclear medicine procedures.
In order to provide a sysematic assessment of practice
worldwide, national data from the UNSCEAR Survey of
Medical Radiation Usage and Exposures have been combined
on the basis of the global mode of population described in
Section 1.D. The resulting annua frequencies etimated for
common types of diagnostic nucear medicine procedures are
summarized in Table 46. These data have been derived with
rounding by scaling the averagere ative frequencies observed
for each hedlth-care levd (Table 39) by the average tota
frequencies per 1,000 population (Table 38); the mean
procedure-specific frequencies in Table 38 can not be used
directly since averaging has been carried out over different
populations as aresult of theincomplete sets of nationa data
available, Table 46 also indudes final estimates of collective
doseon the basis of the doses per procedure shown, which are
assumed broadly to be representative of practices for the
different hedlth-care levels. Derived average effective doses
per procedure and per caput are also shown. The percentage
contributions to annua frequency and collective dose due to
thevarioustypesof diagnostic nuclear medicineprocedureare
analysd by health-care leve in Table 47. The uncertainties
inherent in the estimates of mean frequencies and doses
provided by the global modd aredifficult to quantify, but will
be significant, particularly when extrapolations have been
made on the basis of small samples of data. In particular,
uncertainties are likdly in the frequencies of thyroid studies,
where uptake scanswill sometimes have been indluded in the
national frequencies reported for thyroid scans, and in the
effective doses from such studies, which can depend critically
on the level of uptake in the thyroid. In generd, the present
analysisof patient exposureshasbeen hampered by thevariety
of different radiopharmaceuticas in use for each type of
procedure and the often incompl ete data provided on national
practices.

121. The present analys's suggests that the global annual
frequencies and doses for diagnostic nuclear medicine in
1991 - 1996 are dominated by the national practicesin health-
carelevd |, with about 80% of the estimated global callective
dose arising from procedures conducted in these particular
countries. Thisfinding is similar to that for diagnostic x-ray
examinations, athough the magnitudes of the two practices
are quite different; the annual numbers of nuclear medicine
procedures and ther collective dose are less than the
corresponding figuresfor medical x raysby factorsof about 60
and 15, respectively. However, the overdl mean dose per
nuclear medicine procedure (4.6 mSv) islarger than that per
medical x-ray examination (1.2 mSv).

122. The most important procedures in terms of both the
overall frequency of nuclear medicine procedures and the
global collective dose are bone scans, cardiovascular
studiesand thyroid studies, although significant differences
are apparent between the practices assessed for the

different health-care levels. In particular, thyroid studies
are dominant in the lower health-care levels (111 and 1V).

E. TRENDS IN DIAGNOSTIC PRACTICE
WITH RADIOPHARMACEUTICALS

1. Frequencies of examinations

123. Tempord trends in the annud frequencies of al
diagnostic nuclear medicine procedures per 1,000 population
aresummarized in Table48. The present estimates of average
total frequency for hedlth-care levels | (19 per 1,000) and Il
(1.1 per 1,000) are larger than the previous values for
1985- 1990 (16 and 0.5 per 1,000, respectively), although the
averages for each time period have been made over different
popul ations, comparisons of datafor hedth-carelevelslil and
IV arelessrdiableowing tothelimited sample sizesinvol ved.
Notwithstanding these overall trendsin average frequency for
the different hedlth-care leves of the global modd, national
frequencies for individual countries have increased in some
and decreasad in others between 1985-1990 and 1991~ 1996;
some specific examples are given below. Temporal trendsin
the average annual numbers of different types of diagnostic
nuclear medicine procedures per 1,000 population by heelth-
careleve are summarized in Table 49.

124. The annual number of in vivo nucdear medicine
examinations performed in hospitals in the United States
increased by about 16%, from approximately 6.4 million to
7.4million (30 per 1,000 population) between 1980 and 1990,
dower than the projected growth rate of 8% per year for this
period [M1]. This was mainly the result of the virtua
disappearance of *°*™Tc pertechnetate brain scintigraphy and
%mT ¢ sulphur colloid liver imaging, which have been replaced
by other modalities such as CT and MRI, athough cardiac
and pulmonary proceduresdoubled their shareof total sudies.
This pattern reflects different underlying trends. On the one
hand there has been increasing use of aternative techniques
providing high-contrast, high-resolution imaging as
replacements for poorer-resolution nuclear medicine pro-
cedures for the detection and definition of pathologica
anatomy. On the other hand, pathophysiologically oriented
nuclear medicine sudies made significant progress as new
radiopharmaceuticals (such as myocardia perfuson and
cerebral blood flow agents), instrumentation (such as SPECT
and PET), and computers and hardware (alowing, for
example, renal function evaluation) became available [N13].
A further analyss of procedure volume in the United States
showed virtually noincrease on anationa scale between 1992
and 1993 [T2]. Thefrequency of proceduresin Canadaisaso
likely to have remained fairly static between 1989 and 1993
[A15].

125. Similar trends for increases in overal practice have
been observed dsewhere. For example, in the Sovak
Republic, annual numbers of diagnostic proceduresincreased
by an average of 2.5% per year between 1985 (4.7 per 1,000
population) and 1992 (5.6 per 1,000) [F8]. Comparison of
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national data for the United Kingdom in 1982 and 1990
indicates an overall increase of 14% (to alevd of 8 per 1,000
population) in the annua number of adminigtrations
(corresponding to an average of about 2% per year); arise of
22% in imaging studies was, however, offset by a 30%
decrease in the number of non-imaging investigations [E1].
There was less frequent use of radionuclides for brain and
liver investigationsowing tothegreater availability of CT and
ultrasound, whereas bone, lung, renal, and cardiac nuclear
medicine studies increased in frequency. The estimated
collective dose of 1,400 man Sv for 1990 represents an
increase of about 50% over the estimate for 1982 [H3].
Practice in the United Kingdom increased by a further 15%
between 1990 and 1993, probably due to a grester usage of
myocardial perfusion and lung ventilation/ perfusion sudies
[E11, W63]. Thetrends observed in Germany for the different
types of procedure have been broadly smilar to those in the
United Kingdom described above [K12]. In New Zealand, the
frequency of diagnostic administrations rose by 12% between
1983 (7.5 per 1,000 population) and 1993 (8.4 per 1,000),
with alargeincreasein bone scansoffsetting reduced numbers
of brain scans and liver/ spleen studies [L28]. Analyses of
practicesin Romaniafor 1990 and 1995 have shown a 12%
increase in examination frequency and a 15% decrease in
collective dose [136]. A reduction in collective dose has dso
been observed in Finland between 1994 (220 man Sv) and
1997 (207 man Sv) as a result of reduced usage of **!l and
essentialy congtant total numbers of procedures [K59]. In
Denmark, total numbers of diagnogtic procedures rose from
76,433 in 1993 to 77,483 in 1995. Numbers of procedures
have also risen in the Czech Republic, with totals of 236,819
in 1990 and 292,927 in 1994.

126. Somewhat grester increases in practice have been
reported elsawhere. For example, in Austraia there was a
50% increasein thefrequency of nuclear medicineprocedures
between 1980 (8 per 1,000 population) and 1991 (12 per
1,000), corresponding to an average of 4.5% per year [CT7];
theannual per caput effectivedasefrom diagnostic procedures
doubled, however, over this period (to 64 puSv). The number
of radiopharmaceuti cal sin usegrew to approximately 60, with
®MTe-, 21T1-, ¥Gar, and *|-based materials dominating. In
Cyprus, diagnogtic practice rose from atotal frequency of 2.7
procedures per 1,000 population in 1990 to 6.4 per 1,000 in
1996. In the Idamic Republic of Iran, the annua number of
diagnostic nuclear medicine procedures increased by 42%
over the years 1985-1989 (average annual rate of about
10.5% per year), to 1.9 per 1,000 population [M10]. In
Russa, however, the frequency of nudear medicine
proceduresfell from 15 per 1,000 populationin 1990to 13 per
1,000 in 1997.

2. Diagnostic practices

127. The role of nuclear medicine in patient care is being
enhanced through advances in physics, computer sciences,
medicinal chemistry, molecular biology and clinica care
[B87, G50]. Important devel opmentsin radiopharmaceuticals

are changing nuclear medicine practices [M91, P2]. The
generd trend isfrom diagnosisto prognoss, with thefocus of
ressarch in pharmaceuticals moving from organs to cells,
extracdlular to intracellular processes, chemistry to biology
and diagnosis to therapy [G49, 134]. In particular, there is
increasing interest in the labdlling of bioconjugates, such as
antibodies, peptides and receptor-specific molecules, since
these bicactive molecules offer the promise of sdectivey
carrying radionuclides to specific stes for effective imaging
(and therapy) [B86, P44]. Over 80% of the radiopharma-
cauticals presently used in diagnostic nuclear medicine are
based on ®"Tc; this dominanceis likely to continue through
the development of new complexes for functional imaging.
New *"Tc-labdled agents are able to replace a number of
established agents on the basis of improved convenience,
imaging, and dosmetry. There is, for example, increasing
interest in ®"Tc-based agents for myocardial perfusion
imaging, brain perfuson, rena function, infection and
inflammation, and tumour imaging [C54, D2]. Advancesin
cdl labdling and the formulation of complex bidlogica
agents, such as monoclona antibodies, are providing nove
imaging applications using radioimmunoscintigraphy [K2].
However, ©! is ill widely used in many countries and has
been the main reason for the observed higher effective doses
per examination in deveoping countries compared with
industridized countries [U3]. The contribution of %4 to the
collective dose from diagnogtic nuclear medicine practice
varies consgderably between countries: for example, about
90% for Romania [16], 59% for the Idamic Republic of Iran
[M10], 39% for the Sovak Republic [F8], 17% for Taiwan
Province of China[L6], 10% for Finland [K59], 3% for the
United Kingdom [H3], and 0.1% for Augrdia[C7].

128. Continuing developmentsin physics and instrumen-
tation areimproving the utility of nuclear medicineand are
likely to influence patterns of practice, particularly in
developed countries [K65, L54, S90]. The SPECT
technique is becoming increasingly important in three-
dimensional imaging, facilitated by the useof multiheaded
camera systems, digital circuitry, and increased computer
power [G3, T25]. Hybrid systems have al so been devel oped
to alow both SPECT and PET imaging (so-called
coincidence-adapted cameras). The development of new
compoundsfor |abel lingwith short-lived positron-emitting
radionuclides, such as **0, *'C, N, and *®F, is creating an
enormous potential for metabolic tracer imaging and
physiological studies through the use of PET [G51, H64,
J22, L55, L56, M92, $42, Ul6, W64]. Over 1,000
compounds have been labelled to study specific bio-
chemical processesand physiologic function by PET [134].
One estimate for the extent of PET in 1997 suggested a
total of about 70 centres worldwide conducting studies at
arate of 4-6 patients per working day [A15]. There are
now over 60 scanners installed in Germany and 30 in
Japan; elsewhere the availability of PET is more limited,
with, for example, Russia having 2 functioning scanners
(with afurther 2in planning) [K16] and Argentinahaving
the only PET scanner in Latin America [B88]. The
expansion of PET on a larger scale will depend on the
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availability in hospitals of cheaper equipment, appropriate
radionuclides, and approved radiopharmaceuticals [F26,
J23, W65]; technical developments can be expected to
provide solutions to some of these problems [C8].

129. Significant reductionsin patient dose during cardiac
clinical investigations have been reported from the use of
anovel camera employing a gas-filled multiwire chamber
detector in combination with the short-lived radionuclide
8Ta[L2]. Thisequipment is now commercially available
and, in comparison with aconventional gammacamera, is
claimed to involve dose levelsthat are 20 times [ower than
those for " Tc and 200 times lower than those for 2*TI.

F. SUMMARY

130. A wide variety of radiopharmaceuticals are admini-
stered diagnostically to patientsto study ti ssue physiology and
organ function. The utilization of diagnostic nuclear medicine
variessgnificantly between countries(Tables4, 8 and 38) and
broad estimates of worldwide practice have been made from
the limited national survey data available using a globa
modd, athough the uncertainties in this approach are likdy
tobesignificant. Theworld annual total number of procedures
for 1991-1996 is edimated to be about 32.5 million,
corresponding to a frequency of 5.6 per 1,000 world popula-
tion (Table 9); previous etimates of these quantities for
1985- 1990 were 24 million and 4.5 per 1,000 population,
repectively. The present global total of procedures is
distributed amongst the different hedth-care leves of the
modd as follows: 89% in countries of level | (at a mean rate
of 19 per 1,000 population), 11% in countries of level 11 (1.1
per 1,000 population), and <1% collectively in countries of
health-careleves|ll (0.3 per 1,000 population) and 1V (0.02

per 1,000 population). Notwithstanding the estimated mean
frequencies of examination for each hedlth-care level quoted
above, there are aso significant variations in the nationa
frequencies between countries in the same hedlth-care leve
(Table 48).

131. The edimated doses to the world population from
diagnostic nuclear medicine procedures are summarized in
Table 50. The global annua collective effective dose for
1991-1996 is edimated to be about 150,000 man Sv,
eguating to an average dose per caput of 0.03 mSv; these
estimates are smilar to previous figures for 1985-1990
(160,000 man Sv and 0.03 mSv, respectively), despite the
increase (by over 20%) in the frequency of procedures. The
digtribution of collective dose amongst the different hedth-
carelevdsof the global mode ispresently asfollows: 82%in
countries of leve | (giving a mean dose of 0.08 mSv per
caput), 15% in countries of levd Il (corresponding to
0.008 mSv per caput), 2% in countries of hedlth-careleve 111
(corresponding to 0.006 mSv per caput), and 0.1% in
countries of hedth-care levd 1V (corresponding to
<0.001 mSv per caput). The contributions to collective dose
from the different categories of procedure are summarized in
Table 37. Globaly, practice is dominated by bone scans,
cardiovascular sudies and thyroid studies, with the latter
being particularly important in countries of the lower heglth-
careleves(lll and 1V).

132. Overdll, diagnogtic practiceswith radiopharmaceuticals
remain small in comparison with theuse of x rays, theannua
numbers of nuclear medicine procedures and their callective
dose are only 2% and 6%, respectively, of the corresponding
values for medical x rays. However, the mean dose per
procedure is larger for nuclear medicine (4.6 mSv) than for
medical x rays (1.2 mSv).

IV. TELETHERAPY AND BRACHYTHERAPY

133. Therapeutic uses of ionizing radiations are quite
different in purpose from diagnostic radiological
procedures. Theaimin radiotherapy istoachievecytotoxic
levels of irradiation to well-defined target volumes of the
patient, while as far as possible sparing the exposure of
surrounding healthy tissues. Treatmentsgenerally involve
multiple exposures (fractions) spaced over aperiod of time
for maximum therapeutic effect. Radiotherapy is an
important treatment modality for malignant disease, often
in combination with surgery or chemotherapy [M77, S97,
S98, W22]. The utilization of radiation treatment in
oncol ogy varies significantly between the different sites of
disease and also countries. In the United States, for
example, about 41% of all new patients with cancer in
1995 received radiation treatment, with specific rates for
some particular sites/conditions being 80% for lung, 70%
for breast, 30% for uterine cervix, 75% for uterine body

and 1% for leukaemia [123]. Corresponding radiotherapy
utilization ratesfor cancer patientsin Russiain 1995 were
23% (all cancer patients), 21% (lung cancer), 2% (breast
cancer), 68% (uterine cervix), 7% (uterine body) and 3%
(leukaemia) [C50]. Less commonly, radiation is also used
in the treatment of benign disease [019].

134. Theclinical intention in radiotherapy may be either
the eradication of cancer (curative treatment) or the relief
of symptomsassociatedwithit (palliativetreatment [U14]).
Most radiotherapy iscarried out with radiation generators
or encapsulated (sealed) radionuclide sources using the
techniques of teletherapy and brachytherapy, as discussed
below; these techniques are often used together. Less
frequent therapeutic practice with unsealed radionuclides
(radiopharmaceuticals) isconsideredin Chapter V. Inview
of the intense radiation sources used in radiotherapy and
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the very nature of such treatments, there is a significant
potential for accidents that would have serious
consequencesfor the health of both patients and staff; such
incidents are discussed further in Chapter VII.

A. TECHNIQUES

135. Theprincipa treatment modality in radiotherapy is
with external beams of radiation from x-ray or sealed
radionuclide sources focused on the target volume (tele-
therapy). X-ray beam therapy machines are broadly
classified intokilovoltageunits(40- 300 kV) and, for deep-
seated tumours, megavoltage (or supervoltage) units(above
1 MV) [P34]. Kilovoltage units are further classified into
contact units (40-50 kV), superficial units (50-150 kV),
and orthovoltage (deep therapy) units (150-300 kV).
Contact, superficial and orthovoltage machines utilize
conventional x-ray tubes, whereas megavoltage therapy is
based on photon beamsfrom linear accelerators(LINACYS)
typically operating up to 25 MV or sealed radionuclide
sources, principally ®Co. Superficial treatmentscan alsobe
carried out using dectron beams from LINACS. In the
United Kingdom, for example, approximately 15% of
patients at the larger radiotherapy centres are treated with
electrons, mostly using a single static field technique
[A18]. Therapeuticirradiations are generally partial-body
in nature, although large-field techniques are also used:
total-body irradiation in conjunction with bone marrow
transplantation for thetreatment of |eukaemias, hemi-body
irradiation for the palliation of painful bone metastases,
mantle irradiation in the treatment of lymphomas, and
irradiation of the whole central nervous system in the
treatment of medulloblastoma [S24, W22]. Radiotherapy
with external beams seeks to provide an optima
distribution of doseto thetarget volumerelative to normal
tissue. This aim is pursued through careful planning and
delivery of trestment. The process involves appropriate
attention to radiation type, beam energy, andfield szeaswell
astheuseof multifield techniques, individual blocks, multileaf
collimators, wedges, bolus material, compensators,
immoilization devices, smulation, port films, on-linedigital
imaging devices, and in vivo dosimetry.

136. The second important treatment modality in radio-
therapy isbrachytherapy, in which an encapsulated source
or agroup of such sourcesis positioned on or in the patient
by surface, intracavitary, or interstitial application soasto
deliver gammaor betaradiation at adistance of uptoafew
centimetres [D46]. Radium-226 sources, on the basis of
which many brachytherapy techni quesweredevel oped, are
not ideal, and the trend, particularly in developed
countries, isfor their replacement by avariety of artificial
radionuclides[T4]. Sources may beimplanted temporarily
or permanently using four basi c techniques of application:
direct implantation into body tissues, as in conventional
intergtitial therapy; implantation of holders, applicators, or
moulds preloaded with sources (as in intracavitary and
surface therapy); positioning of empty deeves, containers,

or applicators for the manual afterloading of sources; and
remote afterloading of sources into applicators by
mechanical transport along a coupling to a storage safe
[S25].

137. Permanent brachytherapy implantsaregenerally used
for deep-seated tumours such as cancers of the pancreas,
lung, brain, pelvis, and prostate, often for palliative
treatment [ S25]. Themost commonly used sourcesare |,
AU, and *®Pd, either as individual grains (seeds) or
loaded in sutures. Temporary implants of *Ir (wire or
pellets), ¥'Cs (needles or pellets), and ®Co (pellets) are
used for superficiad and easily accessible tumours.
Interstitial applicationsareusedin treatmentsof thebreast,
head and neck, cervix, vagina, rectum, and prostate. The
intracavitary implant technique is routinely used in the
treatment of carcinomas of the cervix, vagina, and
endometrium. Intraluminal implants, using a specia
applicator or catheter, are used in the treatment of
carcinomas of the oesophagus, bronchus, and bile ducts
[S26]. Removabl e ophthal mic plaquesareused for treating
malignant melanoma of the uvea and other tumours of the
eye [H19]; medium-sized and large tumours are usually
treated with *Pd or #| applicators, and small tumours
with beta-ray applicators incorporating **Ru or *Sr.

138. Brachytherapy is often used in combination with
external beam therapy [WZ22]. For example, in the
management of cancer of the cervix, tdetherapy is used to
treat the parametria and pevic nodes, with intracavitary
trestment being used principdly for the primary tumour.
Tumours of the tongue and breast are often given priminary
treatment by te etherapy, with brachytherapy providing aboost
in the dose to the primary tumour. Various multi-centre
dudies are in progress to investigate the efficacy of
endovascular brachytherapy trestment for the inhibition of
resenoss after angioplasty [W29].

139. Conventional low-dose-rate (LDR) brachytherapy
using *¥Cs (or ?*Ra) sources involves dose rates at the
prescribed point or surface in the range 0.4-2.0 Gy h'?,
with most treatmentsgiven over aperiod of several daysin
one or possibly two fractions; higher-activity **’Cs sources
can provide medium doserates (MDR) of upto 12 Gy h™*.
High-dose-rate (HDR) brachytherapy utilizes **Ir or ®¥Co
sources to provide even higher dose rates, generally
2-5 Gy min!, with treatment times reduced to hours or
even less and perhaps using several fractions [B5, 114].
Remote afterloading is essential, from a radiological
protection point of view, for HDR and MDR techniques.
Other devel opmentsin radiotherapy arediscussed belowin
Section IV.E.2 in relation to trends in the practice.

B. DOSIMETRY

140. The success of radiotherapy depends on the accurate
and consistent delivery of high doses of radiation to
specified volumes of the patient, while minimizing the
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irradiation of healthy tissue. Detailed assessment of the
dose for individual patients is critical to this aim, and
techniques for dosimetry and treatment planning are well-
documented; see, for example, publications from ICRU
[112, 112,113, 114, 115, 116, 121, 133], IAEA [18, 19, 110,
120], and others[A12, B18, B19, W24], aswell asvarious
codes of practice (see, for example, [K10, N14, N17, N43,
T6]). Specia treatment and dosimetry techniques are
required for pregnant patients to minimize potential risks
to the fetus from exposure in utero [A37, M74, S27];
approximately 4,000 such women required treatment for
malignancy intheUnited Statesin 1995. Radiotherapy can
cause permanently implanted cardiac pacemakers to
malfunction, and specia techniques have been
recommended for the planning and administration of
treatment on such patients [L21]. Quality assurance
measures and dosimetry intercomparisons are widely
recommended to ensure continuing performance to
accepted standards [D3, D13, K3, K14, N18, N44, W14].

141. Broadly, the elements of clinical radiation oncology
include assessment of the extent of the disease (staging);
identification of the appropriatetreatment; specification of
a prescription defining the treatment volume (encompass-
ing the tumour volume), intended tumour doses and
consideration of critical normal tissues, number of frac-
tions, doseper fraction, frequency of treatment, and overall
treatment period; preparation of a treatment plan to
provide optimal exposure; and delivery of treatment and
follow-up. X-ray imaging, and CT in particular, iswidely
used throughout this process; applications include the
assessment of disease, preparation of theplan, checkingthe
location of brachytherapy sources, or, using treatment
simulators, checking correct patient set-up for external
beam therapy. In view of the largely empirical nature of
current practicein radiotherapy, significant variationsare
apparent in the dose/time schedules used in the treatment
of specific clinical problems [D19, D24, G20, N19, P4,
u14].

142. Invivo dosimetry is conducted to monitor the actual
dose received by the patient during treatment in order to
check the accuracy of delivery and asameans of determin-
ing the dose to critical organs, such asthe lens of the eye
or the spinal cord [E5, M17]. Both TLD [D18, K24] and
solid state[A9, B34, C15, E6, S94, V4, W36] detectorsare
used. In vivo dosimetry is particularly useful during
conformal radiotherapy [L46]. Also, electron spin reso-
nance (ESR) in dental enamel has been investigated as a
potential means of retrospective dosimetry for validating
doses delivered to the head and neck regions [P7]. Portal
filmsand digital imaging devicesvisuaizingexit fieldsare
used to verify the positional accuracy of external beams
during treatment and, increasingly, to providequantitative
dosimetricinformation [A8, S31, T10]. Radiochromicfilm
isalso used for quantitative planar dosimetry to map dose
distributions, for example, in low- and high-dose-rate
brachytherapy, stereotactic radiosurgery, and beta-ray
ophtha mic plaque therapy [N42, Z7].

C. ANALYSIS OF EXPOSURES
1. Frequency of treatments

143. Differences in the resources available for radiother-
apy lead towidevariationsin national practice, with many
smaller countriesor LDCshaving notreatment facilitiesor
only a few. Annual numbers of treatments reported by
different countries from 1991 to 1996 are summarized in
Tables 51 and 52 for teletherapy and brachytherapy
procedures, respectively. The data are presented in terms
of numbers of treatments per 1,000 population by disease
category, with countries grouped according to health-care
level. Important qualifications regarding the derivation of
some of these figures are given in the footnotes. The
per centage contributions by disease category to the annual
total frequencies of radictherapy treatments are shown in
Tables 53 and 54 for teletherapy and brachytherapy,
respectively. Mean val ues of frequencies have been derived
for each health-care level by averaging total numbers of
procedures over total populations.

144. Peatterns of practice vary significantly from country to
country, even within a sngle hedth-care leve. Annud
frequencies of tetherapy trestments differ by afactor of over
30 within the sample of 28 countries in hedth-care leve |
(0.1-3.7 trestments per 1,000 population); disregarding
countrieswith zeropractice, smilarly largevariationsexis in
leve I1 (0.05- 3.1 trestments per 1,000 population inasample
of 19 countries) and level 111 (0.05-2.1 trestments per 1,000
population in a sample of 6 countries). Information was
available from only one country in health-care leved 1V
(United Republic of Tanzania: 0.05 trestments per 1,000
population). The average total frequencies for teletherapy in
levdsll and 11l are smaller by factors of 2.2 and 3.2, respec-
tivdly, than the average for leve | (about 1.5 treatments per
1,000 population). Theseaveragesarevery much lessthan the
corresponding average for the use of x rays in each levd.
Tdetherapy treetmentsare, in general, alsolesscommon than
diagnostic nuclear medicine procedures, by afactor of over 10
in the case of leved 1, but by nearer afactor of 2 for the lower
levds. The average frequency of brachytherapy trestmentsin
leve | (0.2 trestments per 1,000 population) is less than one
seventh of that for teletherapy. In levdsll and 111, practicein
brachytherapy islower by afactor of about 10 compared with
leve 1.

145. Notwithstanding differences between the individual
countries, some broad patterns of practice in radiotherapy
are apparent from the average frequencies of use for the
different health-care levels. In general, teletherapy is
widely used in the treatment of breast and gynaecol ogical
tumours, although there is also significant use for treat-
ments of the prostate and lung/thorax in countries of
level I, and for treatments of the head/neck in levels 1l and
[11. Brachytherapy practice is universally dominated by
treatments of gynaecol ogical tumours. Temporal trendsin
the frequency of examinations are discussed in
Section IV.E.
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2. Exposed populations

146. The distributions reported by different countries of
the age and sex of patients undergoing teletherapy and
brachytherapy treatments for various diseases in
1991- 1996 arepresentedin Tables55 and 56, respectively.
Aswas donefor previousanalyses of exposed populations,
three ranges of patient age have been used, and the coun-
triesarelisted by health-care level; some qualificationsto
the data are given in the footnotes. As might be expected
sinceradiotherapy is primarily employed in the treatment
of cancer, therapeutic exposures are largely conducted on
older patients (>40 years), with the skew in ages being
even more pronounced than for the populations of patients
undergoing diagnostic examinations with x rays or
radiopharmaceuticals. However, significant numbers of
children undergo teletherapy for the treatment of |eukae-
mia and lymphoma. Once again, countries in the lower
health-care levels exhibit a shift towards the younger age
ranges for most treatments, relative to level | countries,
probably as a result of underlying differences in national
population age structures [U3].

147. For certainteetherapy and brachytherapy procedures,
there are obvious links to patient sex, for example, the
treatment of breast and gynaecol ogical tumoursin females
and prostate tumoursin males. For other treatments, there
is a general bias towards males in the populations of
patients.

3. Doses from treatments

148. In the present review, the doses received by patients
from radiotherapy are summarized in terms of the pre-
scribed doses to target volumes for complete courses of
treatment, as discussed in Section I.C. The typical pre-
scribed dosesreported by different countriesfor 1991- 1996
are presented in Tables 57 and 58 for practices in
teletherapy and brachytherapy, respectively. The average
doses shown for each type of treatment and health-care
level include weightings for the numbers of treatments in
each country. Prescribed doses are typically in the range
40- 60 Gy for most treatments, with somewhat | ower doses
being used in relation to radiotherapy for leukaemia and
benign disease.

149. Some information is available concerning the doses
to individual organs and tissues during radiotherapy
treatments and examples can be given (see, for example,
[D45, G46, H56, H57, L47, T23]). In vivo and phantom
measurements have been performed to study inhomo-
geneitiesin dose during total body irradiation prior to bone
marrow transplant [B37, B38]. A comparison of two
commonly used techniques for external beam therapy of
nasopharyngeal carcinoma concluded that the extended
neck technique generally resulted in lower doses to most
normal structures, although the flexed neck technique
provided better coverage and uniformity of dose to the
target volume[W27]. Measurementshavebeenreportedin

relation to the distributions of dose over different body
parts for patients undergoing radiotherapy treatments in
Bangladesh [B44, M26]. A study of the dosesto 13 specific
sites in children undergoing radiotherapy for Hodgkin's
disease has demonstrated wide variations between individ-
ual patients in a multicentre European cohort [$43].
During the treatment of cervical cancer with external ®Co
therapy in Mexico, the mean dosestothe circulating blood
and lymphocyteswere estimated by probabilistic modeling
to be about 2% and 7%, respectively, of the tumour dose
[B24]. Dosimetric modeling for ophthal mic brachytherapy
of the sclerawith an ideal *°Sr applicator hasindicated a
doserate to the most radiosensitive areas of the lens of the
eye ranging from 88 to 155 mGy s [G24].

150. In teletherapy with photon beams, the doses at great
distances from the target volume arise from severa
sources: radiation scattered in the patient; leakage and
scattered radiation from thetreatment head of the machine
(the collimator-related radiation); and radiation scattered
from the floor, walls, or ceiling [V6]. Thefirst and third
contributions depend on field size, distance, and photon
energy and can be measured and applied generally. The
second contribution ismachine-dependent andin principle
requires measurement for individual machines; collimator
scatter varies according to specific design, although levels
of leakage radiation are rather similar for al modern
equipment, corresponding to an average value of 0.03 +
0.01% (relative to the central axis dose maximum) in the
patient plane at a distance of 50 cm from the beam axis.
When the distance between the gonads and the primary
beam islarge (around 40 cm, for example, in thetreatment
of breast cancer), gonad dose is determined primarily by
theleakageradiation. Specific datahaveal so been reported
in relation to the peripheral dose during therapy using a
LINAC equipped with multileaf collimation [S96]. Leak-
age radiation might not be insignificant during high-
energy el ectron treatments, although the associated risksto
patients should be judged in the context of the therapy
[M14].

151. The broad ranges of gonad doses from photon
teletherapy treatments for some specific tumour sites
shown in Table 59 are based on measurementsin a patient
population [V6]. The minimum and maximum values are
determined not only by the range of tumour doses consid-
ered but also by the range of field sizes and distances
encountered in clinical practice, with due account taken of
the variation in distance to the gonads between men and
women. For treatmentsin the pelvic region, gonad doses
can range from tensof milligraysto several grays, depend-
ing on the exact distance from the centre of the treatment
volume to the gonads.

152. In brachytherapy, where radiation sources are
inserted directly into the body, the dose to peripheral
organs is determined primarily by their distance from the
target volume. The decrease in dose with distance from a
brachytherapy point source can be described by theinverse
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sguare law, modified by afactor to account for scatter and
absorption in tissue, and experimental data have been
reported to allow the estimation of dose in the range
10-60 cm from ®Co, *'Cs, and **Ir sources [V 6].

153. Theskin-sparing natureand clinical efficacy of high-
energy photon beams can be compromised by eectron
contamination arising from the treatment head of the
machine and the air volume, and comprehensive
dosi metric assessment requires taking into consideration
the effect of thiscomponent on the depth-dose distribution
[H58, S12, Z8]. Electronsand photonswith energiesabove
8 MeV can produce neutrons through interactions with
various materialsin thetarget, theflattening filter, and the
collimation system of the LINAC, aswell asin the patient
[K17]. For a typica treatment of 50 Gy to the target
volume using a four-field box irradiation technique with
25 MV x rays, the additional average dose over theirradi-
ated volume from such photoneutrons is estimated to be
less than 2 mGy and quite negligible in comparison with
the therapeutic dose delivered by the photons [A10]. The
averagephotoneutron doseoutsi dethetarget volumewould
be about 0.5 mGy under the same circumstances, and for
peripheral doses this component could be similar in
magnitude to the contribution from photons [V 6]. High-
energy x-ray beams will also undergo photonuclear
reactions in tissue to produce protons and alpha particles
[S95], with total charged particle emissions exceeding
neutron emissions above 11 MeV [A11]. However, these
charged particleshaveashort range, so any additional dose
to the patient will mostly beimparted within the treatment
volume and will be insignificant.

D. ASSESSMENT OF GLOBAL PRACTICE

154. The data in Tables 51 and 52 provide robust esti-
mates of the annua total numbers of teletherapy and
brachytherapy treatmentsper 1,000 population within each
health-carelevel; the frequenciesof teletherapy in levelsl|
and |1l may have been overestimated since some of the
national data used refer to numbers of cancer patients
rather than treatments, although these sources of uncer-
tainty will be reduced when considering global practice.
However, the mean values shown in Table 51 and 52 for
the individual types of treatment within each health-care
level have had to be averaged over different populations
due to the lack of comprehensive information for all
countrieslisted and so do not represent a self-consistent set
of data. Morerobust estimates have therefore been derived
by scaling the observed average relative frequencies for
each type of treatment (Tables53 and 54) by the mean total
frequencies calculated for each health-care level. These
final datafor the global model of radiotherapy practice for
1991- 1996 are shown in Table 60. Analyses are presented
separately for both tel etherapy and brachytherapy, although
the limited data available for the latter practice in health-
care levels |11 and IV have been pooled so as to provide
more reliable estimates for a combined population. The

estimates of world practice have been calculated using the
global model of population described in Section |.D. The
uncertaintiesinherent in the estimates of mean frequencies
provided by the global model are difficult to quantify, but
will be significant, particularly when extrapolations have
been made on the basis of small samples of data.

155. According to themodel devel oped, theglobal annual
frequencies assessed for radiotherapy treatments during
1991-1996 are dominated by the national practices in
health-care level |, which provide contributions of about
50% and 80% to the total numbers of teletherapy and
brachytherapy treatments, respectively, in the world
(Table 9). The most important uses of teletherapy are for
treatments of breast, lung and gynaecological tumours,
whilst practice in brachytherapy is principally concerned
with the treatment of gynaecological tumours, although
some differences are apparent between the mean frequen-
cies for the different health-care levels. The global fre-
quency assessed for brachytherapy treatments (0.07 per
1,000 population) islessthan onetenth that for teletherapy
treatments (0.8 per 1,000).

156. Global resources for high-energy radiation therapy
using teletherapy equipment with ®Co sources or higher-
energy photon beams were summarized for the 1980's by
WHO [H20]. Thisanalysis suggested that in some parts of
theworld, such as Africaand South-East Asia, there might
have been only onehigh-energy radiation therapy machine
for 20-40 million people, and one machine might be used
to treat more than 600 new patients per year. Many cancer
patients had no access to radiotherapy services[B33]. The
results of amore recent analysis for 1998 are presented in
Table 61 [D27]. The resources for radiotherapy are till
very unevenly distributed around the world, with equip-
ment numbers per million population being much higher
in North America, Australasia and Western Europe, than
in Central Africa, the Indian Subcontinent and East Asia
Only 22 out of 56 countries in Africa were known with
confidence to have megavoltage therapy, and these are
concentrated in the southern and northern extremes of the
continent [L45]. The total of 155 megavoltage units
operating in Africa in 1998 represented an increase by
more than afactor of 2 over thetotal for 1991. The popula-
tion served by each megavoltage machine ranged from 0.6
to 70 million; overall, only half of the population of Africa
had some access to radiation oncology services.

157. Radiation therapy equipment and services are also
very unevenly distributed in the Latin American and
Caribbean countries [B33]. In 1994, there were approxi-
mately 500 ®Co units, 10 *'Cs units, and 124 LINACS.
Services tend to be concentrated in the larger countries of
South America (especially Argentina, Brazil, Colombia,
and Venezuda) and in Mexico. A similar pattern prevails
in the countries of the English-speaking Caribbean; the
most well-equipped services arefound in Barbados (which
also treats patients from some other countries), Jamaica,
and Trinidad and Tobago.
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E. TRENDS IN TELETHERAPY AND
BRACHYTHERAPY

1. Frequencies of treatments

158. Temporal trends in the normalized annual frequen-
ciesof teletherapy treatmentsand brachytherapy treatments
aresummarized in Table 62. When comparing these data,
it should be remembered that the averages for each time
period have been madeover different populationsand often
with small sample sizes. The present estimates of average
total frequency of teletherapy treatments per 1,000 popul a-
tion in each health-care level arelarger than the previous
values for 1985-1990: 1.5 versus1.2in level I, 0.7 versus
0.2inleved I, and 0.5 versus 0.1 in level 111, respectively.
These apparent increases will be due in part to the inclu-
sion in the present analysis of some data concerning
numbers of new cancer patients in lieu of more specific
treatment data. No particular trendswith time areapparent
from the estimated data concerning the frequencies of
brachytherapy treatments. Notwithstanding these overall
trends in average frequency for the different health-care
levelsof theglobal model, national frequenciesfor individ-
ual countries have increased in some and decreased in
others between 1985- 1990 and 1991 - 1996; some specific
examples are given below. The available data concerning
temporal trendsin theaverage annual numbers of different
typesof treatment per 1,000 popul ation by health-carelevel
are summarized in Table 63.

159. Inmany countries, the utilization of radiotherapy has
increased steadily over the last thirty years. In the United
States, for example, the resources available for radiother-
apy rose from 1,047 facilities (with atotal of 1,377 treat-
ment machines) in 1975 to 1,321 facilities (and 2,397
machines) in 1990 [123]. Over this period, the annual
number of new patients undergoing radiation therapy has
correspondingly increased from 1.5 to 2.0 per 1,000
population. In Russia, the annual number of radiotherapy
treatments increased steadily from arate of 1.0 per 1,000
population in 1980 to 1.7 per 1,000 in 1997. Steady
increases have also been reported elsewhere, such as in
New Zealand and Sweden (Table 62). In other countries,
rates of practice have either remained fairly static (in
Australia and Japan, for example) or have apparently
declined (in Romania, for example).

2. Therapeutic practices
(a) Teletherapy

160. Over the last 50 years, there have been continuing
advances in engineering, the planning and delivery of
treatment, and clinical radiotherapy practice, all with the
aim of improving performance [B75]; some key technical
developments in teletherapy are listed in Table 64. In
devel oped countries at |east, there has been growing use of
high-energy linear accelerators for the effective treatment
of deep-seated tumours; Figure VI illustrates the decline

in the number of telecobalt units and theincreasein linear
acceleratorsin Franceover thelast 10 years[L13]. Similar
trends are broadly apparent in Table 7 for the mean
numbers of the different types of radiotherapy equipment
per million population in the different health-care levels.
It has been suggested that the energy ranges4-15 MV for
photons and 4-20 MeV for dectrons are those optimally
suited to the treatment of cancer in humans [D14]. Units
with ®Co sources remain important for developing coun-
triesin view of thelower initial and maintenance costsand
simpler dosimetry in comparison with LINACS, although
replacement sources of thelonger-lived radionuclide “*Eu
areunder consideration as being potentially more efficient
for such units[A5].
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Figure VII. Radiotherapy centres (with mega-voltage
equipment), telecobalt units and linear accelerators in
France [L13].

161. Developmentsin diagnosticimaging, suchasCT and
MRI, havebenefitted the assessment of diseaseand alsothe
planning and dedlivery of therapy [C52, R39]. Treatment
plans are calculated using sophisticated computer algo-
rithms to provide three-dimensional dose distributions,
including so-called beams-eye views, and Monte Carlo
simulation techniques are being adopted [M76, S100].
Computer control of the linear accelerator has facilitated
the development of new treatment techniques. Multileaf
collimators can not only replace the use of individual
shielding blocksin routine treatments with static fields as
atool for sparing healthy tissues, but can also alow the
achievement of computer-controlled conformal radiation
therapy [G23]. This type of therapy seeks to provide
optimal shaping of the dose distribution in three dimen-
sions so as to fit the target volume [D26, F3, L10, S34];
devel opmentsinclude tomotherapy, which uses dit beams
provided by dynamic control of multileaf collimators
coupled with movement of the gantry during treatment
[Y7]; intensity-modulated arc therapy, which combines
spatial and temporal intensity modulation [B36, K15, Y 3];
and adaptive radiation therapy, in which treatment plans
for individual patients are automatically re-optimized
during the course of therapy on the basis of systematic
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monitoring of treatment variations [Y5]. The success of
such therapies is compromised by intrafraction organ
motion[Y 6], and synchronousgating of theradiation beam
with respirationisbeinginvestigated [K8]. Invivo dosime-
try [B20, B26, M17, S17], phantom dosimetry [D17, M 15,
05] and imaging [H59, R39] are increasingly being used
to verify that the machine and patient set-up are as re-
quired for the prescribed treatment and to assure the
accuracy of plans. In particular, electronic portal imaging
provides real-time verification of patient position and is
being developed for transit dosmetry so as to allow
comparison of thedelivered dosedistribution relativetothe
treatment plan [H4, H13, K58, M 16, P36, S32].

162. Technical advancesin the execution of radiotherapy
have stimulated further research into clinical radiobiology
[D20, G19, L10, S99, W23]. New methods are required to
summarize and report the inhomogeneous dose distribu-
tionsdelivered toirradiated organsand volumesof interest
[N20]. Studiesin cellular and tissue biology have provided
ascientific rationale for developments in hyper-fractiona-
tion and accel erated treatments to improve the therapeutic
ratioin radiotherapy (normal tissuetolerance doserelative
totumoricidal dose). Several clinical trialsarein progress
[B21, D4, S33], and the use of hyperfractionation islikely
to increase.

163. Radiotherapy is performed less often to treat benign
disorders, because there is no dear biological rationale or
experimental data, and also because there are concerns that
such treatments might induce cancer in the exposed patients
[B79, S22]. A survey conducted in 1996 detected large
variations in practice throughout the world in relation to the
indicationsand treatment schedul esfor radi otherapy of benign
diseases [L24]. In the United States and Europe (especialy
Germany), low-dose orthovoltage therapy is currently well-
accepted practice for the treatment of several selected benign
conditions such as the prevention of heterotopic ossfication
after hip replacement, the stabilization and improvement of
patients with Graves disease, keloid prevention, and
achillodynia syndrome. Radiotherapy is also employed in the
treatment of benign tumoursand, using radiosurgery, vascular
malformation. It hasbeen argued that radiation therapy should
also be consdered as the primary modality for treating
refractory pain in plantar hed spur [S22]. It has aso been
suggested, on the basis of experiments with animal coronary
modd s and anecdotal reports of treatment to human femoral
arteries, that acutelocalized ddlivery of 15-20 Gy tothewalls
of blood vessds can reduce the rate of restenosis following
angioplasty [A4, W29]. Although externa beam therapy has
been proposed as one possible approach, most interest has
centred on the development of endovascular brachytherapy
techniques [F23, N45], and these are reviewed briefly in the
next Section.

(b) Brachytherapy

164. Intracavitary brachytherapy for gynaecol ogical cancer
using radium (?*Ra) was one of the first radiotherapeutic

techniques to be developed. This radionuclide has now
largely been replaced in developed countries by *¥'Cs,
although radium sources are till utilized for economic
reasons in some areas of the developing world and eastern
Europe[B5]. The remote afterl oading technique isbecom-
ing standard practice in Europe for the treatment of
carcinoma of the cervix and isincreasingly being used for
intergtitial implantsin relation tothebronchus, breast, and
prostate[S25]. HDR brachytherapy offers advantages over
the LDR technique in terms, for example, of improved
geometrical stability duringtheshorter treatment timesand
reduced staff exposures, however, the relative loss of
therapeutic ratio requires modified treatment schedulesto
avoidlatenormal tissue damageand so allow cost-effective
therapy [J1, J17, T5]. Pulsed dose-rate (PDR) brachy-
therapy has been developed in the hope of combining the
advantages of the two techniques, while avoiding their
disadvantages [B25, M18]. In essence, a continuous LDR
intergtitial treatment lasting several daysis replaced with
a series of short HDR irradiations, each about 10 minutes
long, for example, and given on a hourly basis, so as to
deliver the same average dose. Each pulse involves the
stepping of a single high-activity source through all
catheters of an implant, with computer-controlled dwell
timesin each position to reflect the required dose distribu-
tion.

165. Endovascular brachytherapy treatments to inhibit
restenosis after angioplasty have been performed experi-
mentally using catheters for thetemporary implantation of
radioactive seeds and wires (**Ir and *Sr/*Y) and also for
the permanent implantation of radioactive stents (*P)
[C16, J7, J18, T11, V7]. The proton-beam activation of
nickel-titanium alloy stentsto produce ®V could provide a
unique mixed gamma/beta source to allow an improved
dose digtribution for this application [L22]. One other
possible irradiation technique in the course of an
angioplasty procedure would involve filling the dilatation
catheter balloon with a high-activity beta-emitter such as
0y [A4] or ®¥¥Re [K60]. Preliminary human trials of such
endovascular treatmentsarein progress at several centres
around the world [P45, W29].

(c) Other modalities

166. The continuing obstacleto definitive radiotherapy is
the difficulty of delivering lethal doses to tumours while
minimizing the doses to adjacent critical organs. Various
special techniques have been developed to overcome this
limitation, although such modalities are less common
practice than the techniques discussed above.
Intraoperative radiation therapy (I0ORT) involves surgery
to exposethetumour or tumour bed for subsequent irradia-
tion, usually with a beam of dectronsin the energy range
6-17 MeV, whilenormal organs are shifted from thefield
[D15]. The entire dose is ddlivered asa single fraction in
complex configuration, which makes dose control and
measurement particularly critical [B22]. A total of approxi-
mately 3,000 patients are estimated to have been treated
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with IORT worldwide by 1989, mostly in Japan and the
United States. A recent development for the treatment of
primary bone sarcomas is extracorporeal radiotherapy, in
which the afflicted bone is temporarily excised surgically
so that it can undergo high-level irradiation in isolation
before immediate re-implanting [W15]. Studies have also
been made of the potential enhancement of dose to the
target volume using the technique of photon activation, in
which increased photoelectric absorption is achieved by
loading the tissue with an appropriate element prior to
irradiation. Modeling has been reported for therapeutic
applications of iodine contrast agentsin association with a
CT scanner modified for rotation x-ray therapy [M 75, S35]
and for a silver metalloporphyrin for use in interstitial
brachytherapy with | seeds[Yg].

167. Stereotactic radiosurgery (SRS) refers to the use of
thin, well-defined beams of ionizing radiation for the
precise destruction of a well-defined intracranial target
volume at the focus of a stereotactic guiding device,
without significant damage to adjacent (healthy) tissues.
Since introduction of the technique in 1951, clinical
studies have been undertaken with high-energy photons
from linear accelerators [F12] and ®Co sources, with
protons, and with heavy particles. The Leksell Gamma
Knife (LGK) contains 201 fixed ®Co sources arranged in
a concave half-spherical surface and is the most common
equipment for conducting SRS [E7, G25]. There were 90
such devices in use worldwide in 1997, of which 32 were
in the United States. Data from the present UNSCEAR
Survey of Medical Radiation Usageand Exposuresindicate
atotal of 20 gammaknivesin Japan and 36in China; some
limited additional information is given in Table 5. An
analysis published in 1996 indicated that nearly 30,000
patients had been treated with the LGK since 1968. Doses
to extracranial sites during LGK treatments have been
reported to berelatively low, with the eyesreceiving about
0.7% of the maximum target dose and doses to other sites
decreasing exponentially with increasing distancefromthe
isocentre of the LGK unit [N22]. SRS treatmentsfor small
lesions (up to approximately 4 cm in diameter) are deliv-
ered in asingle session, although fractionated regimes are
under devel opment for larger tumours. I socentric®Counits
could represent viable alternativesto LINACS asradiation
sources for conducting SRS[P35]. Diamond detectors are
expected to allow more accurate dosimetry for SRS in
comparison with traditional methods involving diodes,
films, ionization chambers, or TLDs [E8, H14, V5]. A
frameless robotic radiosurgery system has been devel oped
inwhich real-time x-ray imaging of the patient locatesand
tracks the treatment site during exposure and so provides
automatic targeting of a6 MV photon beam [M20]. Trias
arealsoin progresswith anovel miniaturex-ray sourcefor
sterectacticinterstitial radiosurgery, inwhich aneedle-like
probe is used to deliver relatively low-energy photons
directly into a lesion. The intensity and peak energy are
adjustable for optimal tumour dose while minimizing
damage to surrounding healthy tissue [B23, B74, D10,
Y17].

168. New andimproved radiation sourcesfor radiotherapy
are also being developed. Pencil beams of high-energy
photons can theoretically be produced by the Compton
backscattering process during collisions between |ow-
energy photons and high-energy eectrons stored in
magnetic ring structures[W25]. Such photon beams could
be used for the production of radionuclides, the generation
of positrons and neutrons, conventional high-energy
teletherapy, and, for example, functional radiosurgery
through theintact skull of small deep-lying targets within
the brain [G9]. Whereas most radionuclides for medical
use are produced in a nuclear reactor or cyclotron, it is
possible that small amounts of radionuclides could be
produced by the mechanism of direct electron activation
using amedical linear accelerator [W26].

169. There are potential advantages in conducting radio-
therapy with high-energy, heavy charged-particles such as
protons and heavy ions. Such charged-particle beams can
provide superior localization of doseat depth within target
volumes. Furthermore, heavy ionswith high linear energy
transfer (LET) components can damage cells in locally
advanced radioresi stant tumoursmoreeffectively than | ow-
LET radiations such as photons or protons [B72]. Proton
beams have been used therapeutically since 1955 and
represent the treatment of choice for ocular melanoma
[B73,133]. Protonshaveal so been used totreat deep-seated
tumours. Asof 1996, there had been approximately 17,000
patient treatments worldwide, with 17 facilities actively
engaged in proton therapy and ancther 14 in variousstages
of planning [M12, S13, S108]. Secondary neutrons and
photons make small contributions to the patient dose
during proton therapy [A17]. Over 2,500 patients have
been treated worl dwidewith heavy ions (helium or carbon)
on the basis of their favourable physical and radiobiologi-
cal characteristics, such as high relative biological effec-
tiveness, small oxygen effect and small cell-cycle depend-
ence[K9]. In 1996, only two facilities were operational in
theworld: HIMAC, Japan and GSI, Germany [J16]. About
600 patients with various types of tumour located in
various organs have already been treated with a carbon
beam at the HIMAC facility since 1994 [K57]. In addition,
about 1,100 patients were treated with negative pi mesons
between 1974 and 1994, although with no active facilities
in 1996, thisis not a significant modality [J16].

170. Fast neutron radiation therapy was first used as a
cancer treatment tool in 1938 in the United States, but it
was not successful, because the radiobiology was not fully
understood [G10]. Later studiesin the United Kingdom in
the 1960s with appropriate fractionation paved theway for
clinical trials at various centres around the world. In
particular, a 20- year multiphase project was begun in the
United Statesin 1971; the project hasinvolved 10 separate
neutron facilitiesand several thousand patientsto establish
the efficacy of neutron therapy. Clinical experience over
two decadeswith neutron therapy for pancreatic cancer has
demonstrated high complication rates and overall survival
rates that are no better than those achieved with conven-
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tional radiotherapy alone [D21]. Neutron brachytherapy
using %?Cf sources is being carried out at one medical
centrein the United States[M24].

171. Thereis also renewed interest in the bimodal treat-
ment technique of boron neutron capturetherapy (BNCT),
in which boron (*°B) is selectively concentrated in malig-
nant tissue for subsequent activation (transmutation to *'B
with the emission of alpha particles and ‘Li ions) when
irradiated with thermal neutrons [B35, C51, D16, G21].
Early clinical trialsin the United Statesin the 1950s were
followed by large studiesin Japan and proposal sfor further
work in the United States and Europe as a result of the
devel opment of second-generation boron compounds and
theavailability of reactor-based epithermal neutron beams
[A6, G45, R8]. Particle accelerators can also be used to
provide beams of neutrons for BNCT, and this approach
offers the potential for application in hospitals [G22]. By
its nature, BNCT will be most suited to the treatment of
localized tumours such as high-grade gliomas that cannot
be treated effectively by other types of therapy. The tech-
nigue is al'so under investigation for synovial ablation in
the treatment of rheumatoid arthritis[Y 16].

172. Cancer islikely toremain an increasingly important
disease in populations with increasing lifespans, and this
will probably cause radiotherapy practice to grow in most
countries. WHO estimates that, worldwide, by the year
2015 the annua number of new cancer cases will have
risen from 9 million in 1995 to about 15 million, with
about two thirds of these occurring in devel oping countries
[W12]. If one half of these are treated with radiation, at
least 10,000 external beam therapy machines will be
required at that timein devel oping countries, in addition to
alarge number of brachytherapy units.

173. Radiotherapy involves the delivery of high doses to
patients and accordingly thereis an attendant potential for
accidents with serious consequences for the health of
patients (arising from over- or under-exposure relative to
prescription) and also staff; thistopic is discussed further
in Chapter V1. Quality assurance programmeshel p ensure
high and consi stent standards of practice so asto minimize

therisksof such accidents. Effective programmes comprehen-
sively address all aspects of radiotherapy, induding inter alia
the evaluation of patients during and after treatment; the
education and training of physcians technologists and
physicigts; thecommiss oning, calibration and mai ntenanceof
equipment; independent audits for dosmetry and treatment
planning; and protocals for treatment procedures and the
supervision of ddlivery [D3, D13, K3, W14].

F. SUMMARY

174. Radiotherapyinvolvestheddiverytopatientsof high
absorbed doses to target volumes for the treatment of
malignant or benign conditions. Resources for radiation
therapy are distributed unevenly around the world (Tables
61, 6 and 9), with there being significant variations in
radiotherapy practice both between and often within
individual countries (Tables 51 and 52); many cancer
patients have little or no access to radiotherapy services.
Global annual numbers of complete treatments by the two
main modalities of teletherapy and brachytherapy have
been estimated from the scarce national survey data
available using aglobal model, although the uncertainties
in this approach are likely to be significant; the results of
this analysis are summarized in Table 65. The world
annual total number of treatments for 1991-1996 is
estimated to be about 5.1 million, with over 90% arising
from teletherapy. The corresponding average frequency of
0.9 treatments per 1,000 world population issimilar to the
level quoted for 1985-1990 [U3] on the basis of an esti-
mated total number of 4.9 million treatments. The present
global total of treatments is distributed amongst the
different health-carelevelsof themodel asfollows: 51%in
countriesof level | (at amean rate of 1.7 per 1,000 popula-
tion), 43% in countries of level 11 (0.7 per 1,000 popula-
tion), 6% in countries of level 111 (0.5 per 1,000 popula-
tion) and 1% in countries of health-carelevel IV (0.07 per
1,000 population). Radiation treatmentsby tel etherapy and
brachytherapy arevery much lesscommon than diagnostic
medical and dental examinations with x rays (annual
global totals of 1,910 million and 520 million examina-
tions, respectively).

V. THERAPEUTIC ADMINISTRATIONS OF RADIOPHARMACEUTICALS

175. Unsealed radionuclides (radiopharmaceuticals) have
also been used as therapeutic agents for over 60 years by
direct administration to the patient. Such treatments play
a small but important role in the management of patients
with cancer, generally from a palliative point of view, and
with other conditions such as thyroid disease and arthritis
[B76]. For several benign disorders, radionuclide therapy
providesan alternativetosurgical or medical treatment; for
thetreatment of malignant disease, thismodality combines

the advantage of being sdective (like teletherapy or
brachytherapy) with that of being systemic (like chemo-
therapy) [H60].

A. TECHNIQUES

176. Radiotherapy with unsealed radionuclides offers the
potential advantage of allowing the biological targeting of
the radiation absorbed doseto particular tissues or regions
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of the body. In dinical practice, biologicaly targeted radio-
therapy for cancer requires a molecule that has a rdaive
specificity for tumour tissue (delivery to the target tissue)
coupled to aradionudlidewith appropriate physical character-
igtics (imparting the dose) [G6]. When administered systemi-
cally (by ingestion or injection) or regionaly (by infusion) to
apatient, thiscombination in principleallowsfor the selective
irradiation of target tumour cdlls, even in widespread diseese,
with rdative sparing of norma tissues. The choice of an
appropriate radionuclide is governed by the quality and path
length of the radiation (rdlative to target size), physical half-
life, gammayidd, chemistry, cost, and availability. Clinical
practice a present is centred on radionudides that emit
medium-energy beta radiation with arange of afew millime-
tersin tissue.

177. The most common examples of such biologically
targeted therapies involve smple ions and small molecules
that follow physiological pathways, such as**Y sodiumiodide
for the treatment of thyroid carcinoma, *P sodium ortho-
phosphate for the treatment of polycythemia rubra vera, S
grontium chloride for the management of painful bone
metastases, and **!| meta-iodobenzyl guanidine(mIBG) for the
treetment of neuroblasoma [O21]. Efficient biologica
targeting is also possible through the use of tumour-specific
monoclonal antibodies (MAbs) for delivery of appropriate
radionuclides such as *¥Re and *Re [G6, R40]. Such
techniques of radioimmunotherapy are not yet common in
routine practice, although it islikely that these new therapeu-
tic approaches will become increasingly important [B76].
Some current dinical applications of radionuclide therapy in
cancer are summarized in Table 66 [Z3]; only the first four
examplescan be considered asestablished trestments. Clinical
data on cancer therapy using a range of bone-seeking radio-
nuclides has been reviewed by Lewington [L8].

178. Radionuclide therapy isimportant for the trestment of
both malignant and benign diseases. Mogt of this type of
cancer therapy is paliative in nature, although the treatment
of thyroid carcinomas with radioiodine, which representsthe
earliest and most established form of therapy with unseeled
radionuclides, is reliably curative [G6]. For trestment to be
effective, activitiesof **!| in therange 3- 10 GBq are given to
ablate the normal thyroid gland and to trest metastases [N5].
These doses may be repested at intervals of 4- 6 months until
thereis no clinical evidence of resdual functioning thyroid
tissue or metastases [G7]. lodine-131 is aso commonly used
in the treatment of hyperthyroidism, although activities are
generally 100- 1,000 MBg, depending on thes ze of thegland
and its ability to take up the sodiumiodide[N5]. In Germany,
for example, such trestments of benign thyroid disease
accounted for the majority (70%) of all radionudide therapy
in 1991, with theuse of * for thyroid malignancies account-
ing for 22% of thetotal [B32].

179. Radionuclide therapy is aso carried out by the direct
introduction of aradiopharmaceutical intoabody cavity [G7].
Colloidal yttrium silicate labeled with ®Y is used for the
intrapleural, intraperitoneal, and occasionally intrapericardial

therapy of malignant effusons and intracavitary therapy for
carcinomas of the bladder, intracystic trestment of cranio-
pharyngioma, and intra-articular trestment of arthritic condi-
tionsof variousjoints(radiation synovectomies). Intracavitary
injections of colloidal suspension of *®Au are used for the
treatment of malignant pleural effusionsand malignant ascites
intheabdomen. Intra-arterial administrationsof microspheres
labelled with Y or **Ho are dso in limited dinical use for
the treatment of liver tumours [Z4].

B. DOSIMETRY

180. Radionudidetherapy requiresdetail ed patient dos metry
in order to balance the therapeutic am of treatment againgt
the protection of normal tissues. A wide range of complex
techniques is used, including macroscopic approaches to
dosmetry on the scale of organs. These methods are similar
to those used for diagnogtic examinations with unsealed
radionuclides[135] and arebased on informati on about uptake
andretention in target and other tissuesderived from quantita-
tiveimaging [B16, F1, F2, O2]. Microdosimetric techniques
at the cdlular and subcellular levels are under deve opment
for radioimmunotherapy in order to model heterogeneitiesin
dosedistributions[B15, 022] and so evaluateand improvethe
efficacy of such treatments [D11, N10]. Pre-therapy imaging
of patients is usad to plan individua trestments, whereas
imaging during therapy allows confirmation or correction of
the dosmetry [E2]. Studies have also been undertaken into
biological dosmetry [M81], cancer desth [M82] and feta
thyroid doses [P43] following **I therapy for thyrotoxicosis.
Recommendationsareavailableconcerning standard adminis-
tered activities for the different types of trestment (see, for
example, [A38, L48)).

181. For the purposes of this review, the practice in radio-
nuclidetherapy issummarized in termsof the broad frequency
of procedureswith radiopharmaceuti calsand thetypical levds
of administered activities, for the reasons already discussed in
Section |.C.

C. ANALYSIS OF EXPOSURES
1. Frequency of treatments

182. Annua numbers of therapeutic administrations of
radiopharmaceuticals reported by different countries for
1991- 1996 are summarized in Table 67 by category of
disease. Dataare presented in terms of administrations per
1,000 population, with some analysis by radionuclide and
with countries grouped according to health-care level.
Some important qualificationsto the dataare given in the
footnotes. Thepercentage contributi onsby diseasecategory
to the annual total frequencies of treatments are shown in
Table 68. Mean val ues have been derived for each health-
carelevel by dividing thetotal number of proceduresby the
total population.
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183. Patternsof practicevary significantly from countryto
country, with somenot conducting these types of treatment
at al. Annual total frequencies range from 0.01 to 0.5
treatments per 1,000 population in the sample of 33
countries of health-careleve |. The average total frequen-
ciesfor levelsll, I1l, and IV are smaller by factors of 5, 8,
and 400, respectively, than the average for level |, about
0.2 examinationsper 1,000 popul ation. Relativeto average
diagnostic practice with radiopharmaceuticals in each
level, frequencies of therapeutic administrations are
typically lower by factors of between 13 (in the case of
level 111) and 110 (level 1). In turn, radionuclide therapy is
less common than teletherapy, with ratios of average
frequencies ranging from about 9 (for level 1) to 125
(level 1V), although it is broadly similar in frequency to
practice in brachytherapy.

184. In all countries, practiceisdominated by **!| therapy
for hyperthyroidism, with other conditions, particularly
thyroid malignancy, also being treated in the upper health-
care levels (1-11). Tempora trends in the frequency of
examinations are discussed in Section V.C.

2. Exposed populations

185. Thedistributions by age and sex of patientsundergo-
ing various types of therapy with radiopharmaecuticalsin
1991- 1996 are presented in Table 69 for different coun-
tries, grouped by health-care level; some of these data are
derived from surveys of limited scope, asindicated in the
footnotes. Thereareconsiderablevariationsin thenational
distributions reported for the various types of treatment,
although the data often relate to quite small numbers of
patients. In general, few treatments are carried out on
children. However, since practice is dominated by treat-
ments of the thyroid, the populations of patientsreceiving
radionuclide therapy are younger than those undergoing
most other types of radiotherapy (teletherapy and
brachytherapy). Averages for the four health-care levels
once again suggest in general a downward shift in agefor
patientsin countries classified in the lower levels, relative
to the digribution for level I. In line with underlying
patterns of disease, the majority of thyroid treatments are
conducted on female patients.

3. Doses from treatments

186. Thedosesfromtreatmentswith radiopharmaceuticals
are presently characterized in terms of the activities of
radionuclideadministered to the patient (Section 1.C). The
typical activities per treatment reported by different
countries for practice during 1991- 1996 are presented in
Table 70. The average activities shown for each type of
radionuclide treatment and health-care level include
weightings for the numbers of such treatments in each
country. In general, the activities of **!| administered for
the treatment of thyroid malignancy are about ten times
higher than those used for therapy of hyperthyroidism.

D. ASSESSMENT OF GLOBAL PRACTICE

187. The esimated annual numbers of patients undergoing
common types of radionudide therapy in the world are
summarized in Table 71. Thisanalysisis based on the global
modd of population described in Section 1.D and the average
relative frequencies observed for each type of treatment
(Table 68) in combination with the mean total frequencies
calculated for each hedlth-care leved (Table 67). The uncer-
tainties in this approach are difficult to quantify, but will be
significant, particularly when extrapol ations have been made
on the basis of smal samples of data

188. The global annual frequency assessed for therapy
with radiopharmaceutical sduring 1991 - 1996 isdominated
by the national practices in health-care level |, which
provide a contribution of about 70% to the global total
number of such treatments(Table 9). Nearly 90% of global
practice is concerned with the thyroid, with about two
thirds of all treatments being for hyperthyroidism, and
about one quarter for thyroid cancer.

E. TRENDS IN THERAPY WITH
RADIOPHARMACEUTICALS

189. Therole of therapeutic nuclear medicine is expand-
ing with the development of more pharmaceuticals, the
emergence of new indications for treatment and improve-
mentsin results[134, S101]. A survey in Europe suggested
that nuclear medicine was underutilized as a therapeutic
modality and numbers of such treatments were likely to
undergo a rapid increase, particularly for oncological
indications requiring high-dose radionuclide treatments
with isolation of the patient [E15, HE0]. Specific trendsin
practi cearediscussed further in thetwo sectionsfollowing.

1. Frequencies of treatment

190. Tempora trends in the normalized annua frequencies
of radiopharmaceutical trestments are summarized in
Table 72. When comparing these data, it should be remem-
bered that the averages for each time period have been made
over different populations and often with small sample sizes.
In generd, the trend from data reported by individual coun-
tries is for an increase in their nationa frequency of
radionuclide trestments per 1,000 population between
1985-1990 and 1991-1996. The average frequencies esti-
mated for health-carelevels| and Il have also increased over
this period: from 0.10 to 0.17 per 1,000 in leve I, and from
0.021 to 0.036 per 1,000 in levd 11. No particular trend with
timeis apparent for the practice in hedlth-care level 111. The
egtimated total annual number of trestmentsin the world has
risen from 0.21 million for 1985-1990 to 0.38 million for
1991- 1996 (Table9). Theavailabledataconcerning tempora
trends in the average annual numbers of different types of
treatment per 1,000 population by hedth-care leve are
summarized in Table 73.
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191. Some examples can be given of the trends reported by
particular countries. Surveysin the United Kingdom for 1993
[E1l] and 1995 [C27] have confirmed both an overall
increasing use of radionuclide therapy and also a widening
spectrum of the therapies being undertaken; annual numbers
of treatments rose from 13,000 to 14,500, and the annual
cumulative administered activity of %4, the most commonly
used radionuclide, increased by 100%. In Denmark, the total
number of treatmentsincreased from 1,819 in 1993 to 2,337
in 1995. In New Zedland, the annual frequency of therapeutic
administrations per 1,000 population rose from 0.09 in 1960
to apesk level of 0.18in 1983, beforefalling dightly to 0.16
in 1993 [L28]. Recent levels of practice have also been fairly
gatic in Finland, where the total numbers of treatments were
2,150 in 1994 and 2,240 in 1997 [K59]. In contradt, the
annua frequency of radionudide treatments in Russia has
falen from 0.02 per 1,000 population in 1980 to 0.01 per
1,000 in 1997.

192. On a nationa scale, therapeutic adminigtrations of
radionuclides are reported to account for only small fractions
of theannual totalsof al nuclear medicine procedurescarried
out: approximately 1% of practicein Audtraliain 1991 [C7],
2% of practicesin the United Statesin 1991 [N13] andin New
Zedlandin 1993 [L 28], 3% of practicein the United Kingdom
in 1990 [E1], and 4% of practicein Finland in 1997 [K59].

2. Therapeutic practices

193. Targeted radionudide therapy is becoming an increes-
ingly popular trestment modality for cancer as an dternative
or as an adjunct to external beam radiotherapy or chemother-
apy [02]. However, the full potentia of such techniqueswill
only be realized with the introduction of new radionudides
whose radiations have physical properties to match tumour
sizeand, in particular, with thedevel opment of target-specific
carrier molecules such as monoclonal antibodies [B77]. The
mogt attractive candidates for radioimmunotherapy (RIT) are
radionuclides with medium energy beta emission and a half-
life of several days, such as*Sc, Cu, *Sm, *®¥Re and **Au
[M78]; however, it hasbeen suggested [H61] that longer-lived
radionuclides such as ™"n and °Y could prove more
effective for RIT than the shorter-lived *°Y currently in use
[S102]. More effective therapy should be possible using a
cocktail of radioisotopes with differing beta particle energies
and ranges so as to optimize energy deposition [Z3]. Also,
work isin progresson DNA-targeting moleculesin combina-
tion with Auger-emitting radionuclides (such as'®I, *%™p, or
1%mpy) [O1] and with al pha-emitters (such as?*At, #2Bi, 2°Bi,
2®Ra and *°Fm) [M79, M80, V2] to provide enhanced
specificity of tumour-cell cytotoxicity. Another concept under
consideration is that of the in vivo generator, in which a
parent radionuclide (such as *®Dy) is administered to the
patient and attached to the target molecule, with subsequent
decay in Situ to the daughter radionuclide (**Ho) as asource

of continuingirradiation [K61]. In thelonger term, it hasbeen
suggested that | has the potential to become a universal
radionuclide in nuclear oncology, with applications for both
imaging and therapy [W60].

194. In addition to the treatment of cancer, thereis also
continuing devel opment and growth in therapeuti c applica-
tions of radiopharmaceuticals for the palliation of bone
pain [K62] (using ®Sr, *Sm, ¥Re, *''™Sn and Y"Lu [A38,
A39]) and radiation synovectomy for the treatment of
rheumatoid arthritis (using Y, *®Au, *°Er, °Sm, **Re,
18Re and %*Ho [K63, 020, P37, W61]).

195. Computer simulations have suggested that some
radionuclide therapies could be made much more effective
by the use of magnetic fieldsto constrain the paths of beta
particles and so increase the absorbed dose delivered to
small tumours [R3] or to enhance the protection of bone
marrow in therapeutic uses of bone-seeking radionuclides
[R6]. The development of measurement methods that
provide estimates of absorbed dose in bone using tech-
niques of electron paramagnetic resonance (EPR) could
lead to improvementsin the dosimetry of systemic radio-
therapy for osseous masses [B27].

F. SUMMARY

196. Radiopharmaceuticalsareadministered systemically
or regionally to patients in order to ddiver therapeutic
radiation absorbed doses to particular target tissues, in
particular the thyroid, for the treatment of benign disease
and cancer. The utilization of such therapy varies signifi-
cantly between countries (Table 67). Global annua
numbers of radiopharmaceutical treatments have been
broadly estimated from the limited national survey data
available using aglobal model and the results are summa-
rized in Table 74; the uncertaintiesin thesedata are likely
to be significant. The world annual total number of
treatments for 1991-1996 is estimated to be about 0.4
million, corresponding to an average frequency of 0.065
treatments per 1,000 world population; previous estimates
of these quantities for 1985-1990 were 0.2 million and
0.04 per 1,000 popul ation, respectively. The present global
total of treatments is distributed amongst the different
health-care levels of the model as follows: 68% in coun-
triesof level | (at amean rate of 0.2 per 1,000 population),
29% in countries of level 11 (0.04 per 1,000 population),
3% in countriesof level 111 (0.02 per 1,000 popul ation) and
<0.1% in countries of health-care level 1V (0.0004 per
1,000 population). In comparison with the practices
assessed for the other modes of radiotherapy, radionuclide
therapy is much less common than teletherapy (annual
global total of 4.7 million treatments), but similar in
frequency to brachytherapy (total of 0.4 million).
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VI. EXPOSURES OF VOLUNTEERS IN MEDICAL RESEARCH

197. The vast mgjority of medical exposures are conducted
onindividual patients or sdected subgroups of the population
in the routine management of heglth. Therewill aso be some
use of medical radiations in medical research programmes,
which will involve the exposure of patients in experimental
trials of diagnosis or treatment, or of hedthy volunteers, for
example, in the development and clinica testing of new
pharmaceuticals [122, W28]. No systematic information on
such exposures of volunteers is readily available, athough
some examples can be given from particular countries.

198. An analysis of the research studies involving adminis-
trations of radiopharmaceuticals to volunteers conducted in
Germany during 1997 and 1998 is presented in Table 75
[B78]; the mgjority of these studies involved PET imaging.
The calculated doses exceeded 10 mSv for 70% of the
volunteersin 1997 and 57% in 1998; in genera, the dosesto

volunteerswhowere patientswerehigher than thosewhowere
healthy persons. In the United States, an analysis for the
period 1996- 1998 of the effective doses to 2,709 volunteers
receiving adminigrations of radiopharmaceuticals in the
course of research sudies at alarge hospital yieded a collec-
tive dose of 24.5 man Sv (17% of thisbeing to healthy volun-
teers, 83% to diseasad volunteers) [V25]; the distribution of
individual effective doses was as folows 12% of these
volunteers received <0.1 mSv, 72% 0.1-10 mSv and 16%
>10mSv. Ingenera, only small fractionsof whol epopul ations
arelikely to be exposed to medical radiations asvolunteersin
medical research programmes. For example, the number of
volunteers reported to have received adminigtrations of
radionuclides in the course of medical or clinical research in
theFederal Republicof Germanyin 1988 represented lessthan
0.1% of theannual total number of routine diagnostic nuc ear
medicine procedures performed on patients[U3].

VIl. ACCIDENTAL EXPOSURES OF PATIENTS

199. In the context of this review, an accident is any unin-
tended event, including an operating mistake, equipment
failure, or other mishap, that causes an exposure to a patient
that is sgnificantly different from an exposure received in
normal practice. Such accidents can occur during diagnostic
examinations utilizing x rays and adminigrations of
radionuclides, as wdl as during radiotherapy. There are no
universally accepted definitions of the deviations in dose
inherent in “accidents’, although someexamplescan begiven
fromthepracticesin particular countries. In theUnited States,
for example, the misadministration of radioactive materia in
medicineisdefined by theregulatory authority astheadminis
tering of: a radiopharmaceutical or radiation from a sedled
source other than the one intended; a radiopharmaceutical or
radiation to the wrong patient; a radiopharmaceutical or
radiation by aroute of administration other than that intended
by the prescribing physician; a diagnogtic dosage of a
radiopharmaceutical differing from the prescribed dosage by
more than 50%; a therapy dosage of a radiopharmaceutical
differing from the prescribed dosage by more than 10%; or a
therapy radiation dosefrom asealed source such that errorsin
the source cdlibration, time of exposure, and treatment
geometry result in acalculated total trestment dose differing
from the final prescribed total trestment dose by more than
10% [N46]. Guiddines from the United Kingdom are
summarized in Table 76 in relation to theformal notification
of incidents involving radiation equipment used for medica
exposure [H62].

200. Radiotherapy, by its very nature, has the greatest
potential for accidents with serious consequences, because
the patients are deliberately exposed to intense sources of

radiation. From the standpoint of the hedlth care of aradio-
therapy patient, the ddlivery of a dose that istoo small could
be just asimportant asthe deivery of onethat istoo large. In
general, accidents are rdatively infrequent as a result of the
radiation protection and quality assurance measures that are
applied. However, accidental exposures continue to occur,
owing to scientific, technical, and manageria falures. An
analyss of two serious radiotherapy accidents in the United
Kingdom argued that they might well have been avoided if a
formal quality sysem had been adopted [M13]. A study of
accidental exposures to patientsin Germany yieded similar
conclusions [S103].

201. In the absence of more systematic information, it is
difficult from isolated reports of particular incidents (see
for example [125]) and only a limited number of broader
reviews to assess with confidence the extent of accidental
exposureson aglobal scale. However, somesourcesof data
and examples of the different types of accident can be
given. Further useful information is expected to be pro-
vided by databases on incidents involving medical radia-
tionsthat are under development [H2, O4, T7]. In particu-
lar, IAEA has conducted a review of 90 accidents in
radiotherapy (including teletherapy, brachytherapy, and
some therapy with unsealed radionuclides) that were
reported toregulatory authoritiesand professional associa-
tions or published in scientific journals [140, O4]. An
analysisof theinitiating eventsand contributing factorsfor
these accidentswill allow the devel opment of lessonsto be
learned and measures for prevention. The most important
causes identified by IAEA, often found in combination,
werethefollowing: deficienciesin education and training;
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lack of procedures and protocols for essential tasks (such
as commissioning, calibration, and treatment delivery);
deficient communi cation and information transfer; absence
of defence-in-depth; and deficiencies in design, manufac-
turing, testing, and maintenance of equipment. A detailed
study has also been conducted on the causes and impact of
human error in remote afterloading brachytherapy [N21].

202. Many countrieshavesystemsfor thecentral reporting
of incidents involving medical radiations. Some of these
programmes include minor occurrences not of direct
relevance to the present review of accidental exposures of
patients. In the United States, for example, health profes-
sionals and consumers voluntarily submit reports on all
types of safety hazard encountered in radiation therapy
devices to the Food and Drug Administration under the
MedWatch programme. Summaries are published by the
Center for Devices and Radiological Health every six
months as a means of improving the quality of equipment.
Formal reporting of adverseincidentsin the United States
is required for some diagnostic and therapeutic practice
involving radionuclides. Such instances of errors and
unintended events reported to the Nuclear Regulatory
Commission have been used to derive some estimates of
national rates of misadministration, expressed as percent-
ages of thetotal number of administrationsin 1992: these
amounted to about 0.0002% for diagnostic nuclear medi-
cine administrations and 0.004% for therapeutic adminis-
trations (fractions) using teletherapy and brachytherapy
[123]. However, these estimates should beregarded as very
approximate.

203. In the United Kingdom, 54 instances of unnecessary
or excessive medical exposures to radiation (excluding
overexposures due to faulty radiation equipment) were
investigated by the regulatory inspectorate between 1988

and 1994 [W18]. Since the reporting of such incidentsis
not mandatory, thisfigureislikely to be an underestimate
of the true rate. Analysis by discipline reveals 39% in-
volved diagnostic radiology, 37% radiotherapy, 20%
nuclear medicine, and 4% dental radiology. Reports were
most frequent in radiotherapy (involving onein three of all
such departments nationally), followed by nuclear medi-
cine (1 in 25 departments); reports were least frequent in
diagnostic radiology (1 in 100 departments). About one
half of the incidents involved only one patient and in
general “one-off” errors. Between 1982 and 1994 in the
United Kingdom, there were 47 incidentsin dental radiol-
ogy conducted by general dental practitioners in which
ionizing radiation played a part, although only 6 of these
involved possible excessive exposure [L18].

204. Someexamplescan also begiven of auditsof practice
undertaken in radiotherapy departments. The detailed
analysisof incident reportsat oneradiotherapy department
in the United Kingdom indicated that problems of a
technical nature affected, on average, the delivery of
treatment for 4 in every 1,000 patients, although none of
these incidents was regarded as being of clinical signifi-
cance[W19]. Elsewhere, independent checkson dosimetry
at twoother departmentsshowed seriouserrorsin delivered
doses (a deviation of more than 5% from the prescribed
dose for a single field) occurring at rates of up to 11 per
1,000 [C17] and 50 per 1,000 patients [A13] in the two
departments, with appropriate corrective actions having
been taken where necessary.

205. Overall, it is not possible to make any worthwhile
guantitativeestimatesof theextent worl dwi de of accidental
exposures with medical radiations, although it can be
concluded that the numbers of patients involved will
generally be small in comparison with normal practice.

CONCLUSIONS

206. Theuseof ionizing radiation for medical diagnosisand
therapy is widespread throughout the world, although there
are dgnificant country-to-country variations in nationa
resources for and practice in medical radiology (Tables 4, 6,
8 and 9). In genera, medical exposures are confined to an
anatomical region of interest and dispensed for specific
clinical purposes so asto be of direct benefit to the examined
or treated individuals. Diagnostic exposuresare characterized
by rdatively low dosesto individud patients (effective doses
aretypicaly in the range 0.1-10 mSv) that in principle are
just sufficient to provide the required clinical information,
athough the resulting collective doses to populations are
significant. In contrast, therapeutic exposures involve very
much higher doses precisdly ddivered to target volumes
(prescribed dosestypically in therange 20- 60 Gy) toeradicate
disease, principally cancer, or to aleviate symptoms. Rela-

tivly small numbers of diagnostic or therapeutic exposures
are conducted on volunteers in controlled studies for the
purposes of research.

207. Medical radiology involves a broad range of well-
established techniques, and practice continues to evolve with
new developments in technology. Examinations that use
X rays are the most common source of medical exposure,
whilediagnostic nuclear medicineisconducted by administer-
ing radiopharmaceuticals to patients. Radictherapy is mostly
carried out usng external beams of radiation (teetherapy),
athough some patients receive direct applications of sedled
radionuclide sources (brachytherapy) or therapeutic adminis-
trations of radiopharmaceuticals. In genera, practice in
medical radiology is conducted systematically and accidents
are rdatively infrequent.
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208. Information on medical radiation usage and the
resulting exposuresin different countrieshasbeen obtained
by means of a widely distributed questionnaire, the
UNSCEAR Survey of Medical Radiation Usage and
Exposures, together with results from published studies.
Assessments of practice for the entire world have once
again been made on the basis of a global mode in which
countries are stratified into four levels of health care
determined by the number of physicians per unit popula-
tion; level | (at least 1 physician per 1,000 population),
leve 11 (1 physician per 1,000- 3,000 population), level 111
(1 physician per 3,000- 10,000 population), and level IV (1
physician for morethan 10,000 population). Theavailable
data within each level have been averaged to provide
representativefrequenciesor exposuresthat allow extrapo-
lation to total populations.

209. The present estimates of global practice from the
medical uses of radiation are summarized in Table 77, in
terms of the numbers of procedures and, for diagnostic
examinations, collective doses and per caput doses. These
exposuresaredistributed unevenly amongst thepopul ation,
often to elderly and sick patients, and the doses should not
be used to assess detriment. Practiceis concentrated in the
countries of health-care leve |, which collectively repre-
sent only one quarter of the world population, yet account
for over 80% of the collective dose from all diagnostic
proceduresand over 50% of thetotal number of treatments.
Theglobal estimatesfor theannual frequencies of diagnos-
tic and therapeutic procedures and the annual per caput
doses from diagnostic practicesare summarized in Figures
VIl and IX, respectively. Detailed analyses of practice
have already been given for medical and dental x rays
(Table 30), diagnostic nuclear medicine (Table 46),
teletherapy and brachytherapy (Table 60), and therapeutic
radiopharmaceuticals (Table 71).
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Figure VIII. Estimated global annual frequencies of medi-
cal diagnostic and therapeutic procedures (1991-1996).
The six columns in each group represent medical x rays, dental
X rays, nuclear medicine (diagnosis), teletherapy, brachy-
therapy, and nuclear medicine (therapy), respectively.
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Figure IX. Estimated global annual per caput doses from
medical diagnostic radiological procedures (1991-1996).
The four columns in each group represent medical x rays,
dental x rays, nuclear medicine (diagnosis), and all diagnos-
tic practices, respectively.

210. Diagnostic exposures (2,500 million in total) outweigh
the number of therapeutic exposures (5.5 million) by about
450 to 1, largely through the widespread use of x rays.
Medical x rays account for 78% of this diagnodtic tota (et a
mean rate of 330 per 1,000 population); dental x raysprovide
21% (mean rate 90 per 1,000) and nuclear medicine only 1%
(mean rate 5.6 per 1,000). Thetotal collective dose from all
diagnostic exposures is estimated to be about 2,500 million
man Sv (corresponding to 0.4 mSv per caput); nuclear
medicine provides only 6% of this total (at 0.03 mSv per
caput). Over 90% of the total of radiaion trestments are
conducted by tdetherapy or brachytherapy, with mean rates of
08 and 0.07 per 1,000 population, respectively;
radiopharmaceuticals are used in only 7% of al treatments
(with amean rate of 0.065 per 1,000 population).

211. Notwithstanding such global average values, there
are wide differences in the radiology practices between
different countries (Tables 32, 34, 48, 62 and 72) and, on
average, between the four levels of health-care adopted in
thisreview (Figures VIII and I X). For example, the mean
frequencies of diagnostic examinations per 1,000 popul a-
tion vary between the health-carelevel sby factors of about
50 for medical x-ray examinations, 1,500 for dental x-ray
examinations and 1,000 for nuclear medicine procedures.
Corresponding variations in the mean frequencies of
radiation treatments amount to factors of about 30 for
teletherapy, 10 for brachytherapy and more than 200 for
nuclear medicine treatments. The mean per caput doses
from each diagnostic practicevary between the health-care
levels by factors of about 60 for medical x-ray examina-
tions, more than 100 for dental x-ray examinations and
300 for diagnostic nuclear medicine procedures.

212. Tempora trendsin theestimatesof global practicein
medical radiology from the various reviews undertaken by
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the Committee are summarized in Table 78 for diagnostic
uses and in Table 79 for therapeutic uses. Relative to the
previous analysisfor 1993, theworld population has risen
by about 10% to atotal of 5,800 million in 1996 and there
have been increasesin the estimated annual numbersof all
types of exposure and, importantly, in the per caput dose
from medical x rays; the present mean effective dose per
examination of 1.2 mSv is larger than the estimate of
1.0 mSv for 1985-1990. Estimates of the collective doses
from diagnostic examinations with dental x rays and
radiopharmaceuticals remain largely unchanged. In
consequence, the estimated per caput global exposurefrom
all diagnostic medical procedures has been revised from
0.3t0 0.4 mSv per person per year. The present estimates
of the corresponding per caput dose by health-care level
(with previousestimatesfor 1985- 1990 in brackets) areas
follows: 1.3 (1.1) mSv per person per year in level |, 0.15
(0.2) mSvinlevel I1,0.03 (0.05) mSvinlevel Ill, and 0.02
(0.05) mSv in level V. Overadll, the global annual per
caput dose from diagnostic procedures worldwide is
broadly similar to previousestimatesmadesince 1982 [U3,
U4, U6], athough the present analysis is made on a
somewhat firmer basis. Nevertheless, in genera the
estimates of global frequencies and doses remain fairly
crude and should not be overinterpreted.

213. Further increasesin the uses of medical radiations and
resultant doses can be expected following changes in the
patterns of hedlth care that are being facilitated by advances
in technology and economic developments. For example,
increases are likdy in the utilization of x rays, with in
particular a growth in importance for CT, digital imaging
and, with the attendant potential for deterministic effects on
skin, interventional procedures; practice in nuclear medicine
will be driven by the use of new and more specific
radiopharmaceutical sfor diagnosisand therapy, and therewill
be increased demand for radiotherapy owing to population
ageing. In addition, further growth in medical radiology can
be expected in devel oping countries where present facilities
and services are often lacking.

214. Accordingly, there is a need for the Committee to
undertakefurther authoritativereviewsof global practice, with
the systematic compilation of new nationa survey data,
particularly from regionswhereknowl edgeis presently sparse,
and the exploration of improved modeling in order to provide
refined assessments of worldwide exposures. This major task
will help monitor and inform on levels and trends in dose
from the rapidly evolving and important practice of medical
radiology, and also stimulate further assessments and critical
review of practices by individual countries.



336 ANNEX D: MEDICAL RADIATION EXPOSURES

Table 1
Population distribution over the four health-care levels as used in global assessments of medical exposures

Percentage of population by health-care level Global
Year population Ref.
| 1 11 v (millions)
1977 29 35 23 13 4200 [ug]
1984 27 50 15 8 5000 [U4]
1990 25 50 16 9 5290 [U3]
1996 26 53 11 10 5800 Present

Table 2
Physicians and dentists per million population (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Population Number per million population
Country / area (thousands)
- Physicians conducting .
All physicians : ) Dentists
radiological procedures
Health-care level |

Albania 3400 1370* 50 340°
Argentina 35672 2489 22 614
Armenia 3638 - -¢ -
Australia 17 684 2590 107 515
Austria 8000 3008° - 90®
Bahrain 570 1290 * - 130*
Belarus 10312 4102 113 358
Belgium 10 000 3360 * 113 660 ®
Bulgaria 8492 3249 94 674
Canada 27952 1891 74 515
Cayman |dands 34 1559 29 353
China, Taiwan Province 21743 1183 30 348
Croatia 4760 2 056 93 382
Cuba 10 906 3010? 3 590°
Cyprus 651 2540 71 834
Czech Republic 10 363 3371 141 592
Denmark 5100 3039 59 1353
Ecuador 13 000 2000 15 615
Estonia 1500 - - -
Finland 5117 3261 111 923
France 57 660 3000? 119¢ 670%
Germany 81 500 3279 405 726
Greece 10 500 3810 171 1048
Hungary 10 300 3592 126 473
Ireland 3626 3000 77 452
Israel 5664 2415° - 497°
Italy 56 411 4750% 106 ¢ 190°
Japan 125034 1766 94 633
Kazakhstan 16 820 - - -
Kuwait 1691 1959 56 384
Kyrgyzstan 4469 - - -
Latvia 2504 - - -
Lebanon 4000 1825 50 875
Lithuania 3710 4440 155 461
Luxembourg 407 2086 246 499
Netherlands 15000 3558 87 467
New Zealand 3643 2196 49 538
Norway 4325 3554 88 1208
Panama 2674 1751 21 440
Poland 38601 21402 394 4802
Portugal [F11] 9860 2870 54 65°
Qatar 540 1958° - 288°
Republic of Moldova 4444 - - -
Romania 22681 1771 38 267
Russian Federation 148 300 4100 100 4802
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Table 2, continued

Number per million population

Country / area Population
(thousands) - Physicians conducting .
All physicians : ) Dentists
radiological procedures
Slovakia 5325 3335 83 389
Sovenia 1987 2139 63 568
South Africa 42393 - - -
Spain 39674 3820? - 270*
Sweden 8800 2841 125 1364
Switzerland 7097 3839 - 641
Ukraine 52 464 - 95 -
United Arab Emirates 2390 2 056 31 255
United Kingdom 58 200 1660 41 388
United States [M2] 260 000 2381 92 -
Uruguay 3168 1881° 3 752°
Uzbekistan 23209 - - -
Venezuela 21377 1282° 5 -
Average for level 2784 106 526
Health-care level Il
Algeria 28784 940* - 290*
Antigua and Barbuda 65 908 * 31 200?
Bahamas 272 900° - 129°
Barbados 250 1176* 56 1322
Belize 189 4502 - 63°
Bolivia 7238 390° 2 50°
Bosniaand Herzegovina 3628 - - -
Brazil 150 000 1111 222 667
Chile 13994 1060 3 400°
China 1196 360 839° - 30°
Colombia 34545 940* 1 440°
CostaRica 3500 880° - -
Dominica 80 475% 0 502
Dominican Republic 7684 10702 1 1002
El Salvador 5530 640* 1 160*
Grenada 95 537* 11 422
Honduras 5494 7902 0.4 90°?
India 944 580 410° - 10*
Jordan 5198 1540° - 356 °
Libyan Arab Jamahiriya 5225 1040° - 150%
Malaysia 19570 451 5 80*
Mauritius 1129 850° - 130%
Mexico 92718 392 33 17
Nicaragua 4008 500* 1 100*
Oman 2256 852 13 37
Pakistan 140 000 500* - 20*
Paraguay 4703 630° 1 250%
Peru 23500 979 11 240
Philippines 73000 1160 8 486
Puerto Rico 3818 1190° 3 217°
Saint Kittsand Nevis 36 1194% 0 306 *
Saint Lucia 140 421° 7 64°
Saint Vincent 110 500° 9 552
and the Grenadines
Trinidad and Tobago 1292 730% 3 90°?
Tunisa 9000 944 19 60
Turkey 63 898 1036 35 261
Averagefor level 695 76 87
Health-care level Il

Afghanistan 20883 130* - 20*
Congo 2668 280% - 202
Egypt 63271 185° - 158°
Ghana 17832 241 0.3 22
Guatamala 9715 250% 0.6 30°
Guyana 838 124° - 11°
Haiti 7035 140% - 10*
Jamaica 2429 140% 04 20*
Madagascar 14 000 400 14 50
Morocco 26 702 205° 6 59




338

ANNEX D: MEDICAL RADIATION EXPOSURES

Table 2, continued

Population Number per million population
Country / area (thousands) - _
- Physicians conducting .
All physicians : ) Dentists
radiological procedures
Namibia 1575 220* - 30°
Nigeria 115020 170* - 10*
Sudan 26 000 409 3 39
Suriname 432 - -
Zimbabwe 11439 130* - 10*
Averagefor level 208 5 49
Health-care level IV

Angola 11185 402 - 12
Cameroon 13560 802 - 42
Ethiopia 60 000 34 0.02 -
Kenya 27800 50° - 10*
Liberia 2245 - - -
Mozambique 17 796 30? - 12
Nepal 22 000 60* - 0*
Senegal 8532 60* - 10*
Uganda 20 256 40° - 1
United Rep. of Tanzania 28 400 45 04 1
Averagefor level 45 0.1 3

a Datafrom reference [W20].

b  Datafrom reference[S37].

¢ Nodataavailable.

d Datafrom reference [R19].

Theentriesin this Table are qualified asfollows:

Albania: Data on physicians conducting radiological procedures from reference [C28].

Argentina: Data for physicians conducting radiological proceduresrefer only to practice in nuclear medicine, teletherapy, and brachytherapy.

Barbados: Data for physicians conducting radiological procedures from reference [B43].

Belgium: Data for physicians conducting radiological procedures from reference [C26].

Brazl: Data for Parana State (with a population of 9 million and a social and economic profile above the average for Brazil).

Dominica: Data for physicians conducting radiological procedures from reference [B43].

Ghana: Data on physcians from reference [ S38].

Russia: Number of dentists refersto data for USSR in 1990 from reference [W20].

Trinidad
and Tobago: Data for physicians conducting radiological procedures refer only to radiotherapy practice from reference [B43].

Ukraine: Data on physicians conducting radiological procedures from reference [W33].

Bolivia, Chile, Colombia, Cuba, Dominican Rep., El Salvador, Guatemala, Honduras, Jamaica, Nicaragua, Paraguay, Puerto Rico, Trinidad and Tobago,
Uruguay, and Venezuela:
Data for physicians conducting radiological procedures refer only to radiotherapy practice from reference [B43].

Antigua, Grenada, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines:
Data for physicians conducting radiological proceduresin public sector from reference [B43].
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Table 3
Diagnostic imaging equipment (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
X-ray generators Nuclear medicine equipment
Country / area CT MRI
Medical Mammography | Dental scanners scanners Gamma Rectilinear PET
cameras scanners scanners
Health-care level |
Albania[C28] - - - 1 0 - - -
Argentina 12 000 - - - - 311 122 1
Australia - 258 - 332 42 - - -
Belarus 2400 3 92 14 4 15 0 0
Belgium - - - 210 36 - - -
Bulgaria 1813 26 431 22 1 12 37 0
Canada 9725 565 36978 223 35 500 - 5
Cayman Idands 6 0 0 0 0 0 0 0
China, Taiwan Province 3662 61 6212 293 47 87 2 2
Croatia 620 21 250 29 2 6 3 0
Cuba 1000 - - 10 4 9 - -
Cyprus 72 13 550 8 2 4 0 0
Czech Republic 2380 68 3100 62 7 80 35 0
Denmark 1225 55 4970 50 18 58 0 3
Ecuador 619 26 771 27 8 12 7 0
Estonia[S29] 392 21 107 3 1 2 - -
Finland 1600 192 4746 60 22 58 0 1
France[A14] 18312 2431 36 386 561 146 350 43 -
Germany 50 000 3550 74 000 1400 400 850 50 40
Greece 1200 170 7 000 150 20 150 15 0
Hungary 1170 46 350 54 13 53 34 1
Ireland 360 29 1305 26 6 23 0 0
|srael [$48] - - - 42 - - - -
Italy 9946 1354 - 550 210 315 20 5
Japan 77000 1461° 57515 7959 1559 1387 - 33
Kuwait 217 11 155 13 2 19 0 0
Lebanon 400 50 400 45 5 26 - -
Lithuania 847 21 308 15 0 4 11 0
Luxembourg 70 10 313 9 1 4 0 0
Netherlands 3000 130 7500 120 55 180 - 1
New Zealand 734 66 1790 30 6 22 0 0
Norway 2000 60 6 000 75 15 43 4 0
Panama 416 16 0 10 2 7 0 0
Poland [R25] - - - 75 11 - - -
Qatar 38 2 7 2 1 2 0 0
Romania 2529 37 900 35 1 - - -
Russian Federation 27340 1210 6730 320 100 300 - -
Slovakia 1351 48 551 31 3 17 3 1
Slovenia 270 15 259 9 2 13 0 0
Spain 6371 - - 226 131 190 - -
Sweden 1400 170 13500 115 50 90 1 5
Switzerland 8419 240 8583 187 99 110 - 7
Ukraine [W33] - - - 70 18 - - -
United Arab Emirates 342 22 790 17 2 9 0 0
United Kingdom - 258 20 350 350 140 365 7 5
United States 55177 10 022 - 6 800 3500 2000 - -
Uruguay 350 - - - - - - -
Venezuela[B33] 3000 - - - - - - -
Health-care level Il
Algeria[V9] - - - 8 1 7 - -
Antigua and Barbuda 4 - - - 0 0 0 0
[B33, B43]
Bahamas[B33] 5 - - - - - - -
Barbados [B33] 20 2 1 2 0 - - -
Belize[B33] 12 - - - - - -
Bolivia[B33] 1458 - - - - - - -
Brazil 16 667 - 75 000 800 - 150% - 0*
Chile[B33] 1350 - - - - - - -
China 65 522 393 1633 2750 242 287 362 3
Colombia[B33] 1500 - - - - - - -
CostaRica[B33] 190 - - - - - - -
Dominica[B33, B43] 6 0 5 0 0 0 0 0
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Table 3 (continued)

X-ray generators Nuclear medicine equipment
Country / area CT MRI
Medical Mammography | Dental scanners scanners Gamma Rectilinear PET
cameras scanners scanners
Dominican Republic 180 - - - - - - -
[B33]
El Salvador [B33] 136 - - - - - - -
Grenada [B33, B43] 3 0 - 0 0 0 0 0
Honduras[B33] 87 - - - - - - -
India[R20] - - - - 40 - - -
Libyan Arab Jamahiriya - - - 14 2 4 - -
Malaysa 1270 23 - 38 8 8 - -
Mexico 1469 10 635 56 2 26 0 0
Nicaragua [B33] 50 - - - - - - -
Oman 94 2 12 7 1 2 0 0
Paraguay 100 - - - - - - -
Peru 1400 40 1800 30 5 10 2 0
Philippines 2079 56 140 95 6 27 1 0
Saint Kittsand Nevis 3 - - 0 0 0 0 0
[B33, B43]
Saint Lucia 14 - 0 1 0 0 0 0
Saint Vincent and the 4 - - 0 0 0 0 0
Grenadines [B33, B43]
Trinidad and Tobago 20 - - - - - - -
Tunisa 538 23 400 24 1 8 0 0
Turkey 5000 120 10000 173 35 100 6 0
Health-care level Il

Ghana 121 4 - 3 - - - -
Guatamala [B33] 95 - - - - - -

Haiti 20 - - - - - - -
Jamaica 30 - - - - - - -
Madagascar 66 1 300 1 - 1 - 0
Morocco 3272 6 411 29 7 5 4 -
Sudan 344 4 47 4 0 3 1 0

Health-care level IV

Ethiopia - - - - - 1 1

Kenya[B41] - - - 4 2 2 - -
United Rep. of Tanzania 125 4 2 2 0 1 0 0

a Theserevised data were received by the Committee after completion of the global analysis.

Theentriesin this Table are qualified as follows:

Argentina:
Belgium:
Brazil:

Canada:
Cuba:
Ghana:
Italy:

Oman:
Philippines:

Data for medical x-ray unitsfrom reference [B33]. Total for gamma camerasincludes 100 SPECT scanners.

Datafor CT scanners from reference [C26]. Data for MRI scanners from reference [R33].

Except for data on gamma camerasand PET scanners, numbers extrapol ated from data for Parané State (with a popul ation of 9 million and
asocial and economic profile above the average for Brazil). Estimate for national total of CT scannersfromM. T. Carlos, University of Rio
de Janeiro (1998).

Total for dental x-ray generators extrapolated from datafor province of Alberta (representing about 9.5% of population); totalsfor medical
X-ray generators and gamma cameras extrapol ated from data for province of Manitoba (representing about 4% of population).

Data for medical x-ray units from reference [B33]. Other data from reference [H32].

Data from reference [ S38]. Nuclear medicine conducted only at Korle Bu Teaching Hospital [A16].

Data on x-ray generators (medical and mammography), and CT and MRI scannersfrom reference [B40]; total for medical x-ray generators
includes dental equipment.

Total for dental x-ray generators refers to panoramic equipment.

Totals shown for medical and dental x-ray generatorsrefer to facilities and not individual machines.

Russian Federation: Datafor MRI scanners and gamma cameras from reference [W33].

Saint Lucia:
Spain:

Turkey:
United States:

Data from references [B33] and [B43]. Total for dental x-ray generators refersto public sector.

Data from reference[ B40]. Total for medical x-ray generatorsincludes dental equipment. Total for gamma cameras includes public sector
only.

Datafor CT scanners from reference [S47]; 60% of thetotal operate in the private sector.

Data from reference [B40]. Total for medical x-ray generators includes dental equipment. Total for gamma cameras includes all nuclear
medicine imaging equipment.

Haiti, Jamaica, Paraguay, Trinidad and Tobago, Uruguay: Estimated number of medical x-ray generatorsfrom reference[B33].
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Table 4
Diagnostic imaging equipment per million population (1991-1996)
Based on data and qualifications from Table 3
X-ray generators Nuclear medicine equipment
Country / area CT MRI
Medical Mammography Dental scanners scanners Gamma Rectilinear PET
cameras scanners scanners
Health-care level |
Albania - - - 0.3 0 - - -
Argentina 336 - - - - 8.72 342 0.03
Augralia - 14.6 - 18.8 237 - - -
Bearus 233 0.3 9 14 0.39 1.45 0 0
Belgium - - - 210 3.60 - - -
Bulgaria 213 31 51 2.6 0.12 141 4.36 0
Canada 348 20.2 1323 8.0 125 179 - 0.18
Cayman Idands 176 0 0 0 0 0 0 0
China, Taiwan Province 168 2.8 286 135 2.16 4,00 0.09 0.09
Croatia 130 4.4 53 6.1 0.42 1.26 0.63 0
Cuba 92 - - 0.9 0.37 0.83 - -
Cyprus 111 20.0 844 12.3 3.07 6.14 0 0
Czech Republic 230 6.6 299 6.0 0.68 7.72 3.38 0
Denmark 240 10.8 975 9.8 3.53 114 0 0.59
Ecuador 48 2.0 59 21 0.62 0.92 0.54 0
Estonia 261 14.0 71 2.0 0.67 1.33 - -
Finland 313 375 928 11.7 4.30 11.3 0 0.20
France 318 422 631 9.7 2.53 6.07 0.75 -
Germany 614 43.6 908 17.2 491 104 0.61 0.49
Greece 114 16.2 667 14.3 1.90 14.3 143 0
Hungary 114 45 34 5.2 1.26 5.15 3.30 0.10
Ireland 99 8.0 360 7.2 1.65 6.34 0 0
Israel - - - 7.4 - - -
Italy 176 24,0 - 9.8 3.72 5.58 0.35 0.09
Japan 616 11.7 460 63.7 125 111 - 0.26
Kuwait 128 6.5 92 7.7 1.18 11.2 0 0
Lebanon 100 125 100 11.3 125 6.50 - -
Lithuania 228 5.7 83 40 0 1.08 297 0
Luxembourg 172 24.6 770 221 2.46 9.84 0 0
Netherlands 200 8.7 500 8.0 3.67 12.0 - 0.07
New Zealand 202 18.1 491 8.2 1.65 6.04 0 0
Norway 462 139 1387 17.3 347 9.94 0.92 0
Panama 156 6.0 0 37 0.75 2.62 0 0
Poland - - - 1.9 0.28 - - -
Qatar 70 37 13 37 1.85 3.70 0 0
Romania 112 16 40 15 0.04 - - -
Russian Federation 184 8.2 45 2.2 0.67 2.02 - -
Slovakia 254 9.0 103 5.8 0.56 3.19 0.56 0.19
Sovenia 136 7.6 130 45 1.01 6.54 0 0
Spain 161 - - 5.7 3.30 4,79 - -
Sweden 159 19.3 1534 131 5.68 10.2 0.11 0.57
Switzerland 1186 33.8 1209 26.4 14.0 155 - 0.99
Ukraine - - - 13 0.34 - - -
United Arab Emirates 143 9.2 331 7.1 0.84 3.77 0 0
United Kingdom - 4.4 350 6.0 241 6.27 0.12 0.09
United States 212 38.6 - 26.2 135 7.69 - -
Uruguay 110 - - - - - - -
Venezuela 140 - - - - - - -
Average 293 237 440 17.4 571 7.19 0.92 0.20
Health-care level Il

Algeria - - - 0.28 0.03 0.24 - -
Antigua and Barbuda 62 - - - 0 0 0 0
Bahamas 18 - - - - - - -
Barbados 80 8.0 4.0 8.00 0 - - -
Bdize 63 - - - - - - -
Bolivia 201 - - - - - - -
Brazil 111 - 500 5.33 1.0 - -
Chile 96 - - - - - - -
China 55 0.33 14 2.30 0.20 0.24 0.30 0.003
Colombia 43 - - - - - - -
CogaRica 54 - - - - - - -
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Table 4 (continued)

X-ray generators Nuclear medicine equipment
Country / area CT MRI
Medical Mammography Dental scanners scanners Gamma Rectilinear PET
cameras scanners scanners
Dominica 75 0 63 0 0 0 0 0
Dominican Republic 23 - - - - - - -
El Salvador 25 - - - - - - -
Grenada 32 0 - 0 0 0 0 0
Honduras 16 - - - - - - -
India - - - - 0.04 - - -
Libyan Arab Jamahiriya - - - 2.7 0.38 0.77 - -
Malaysa 65 1.2 - 19 041 041 - -
Mexico 16 0.11 6.9 0.60 0.02 0.28 0 0
Nicaragua 12 - - - - - - -
Oman 42 0.89 53 31 0.44 0.89 0 0
Paraguay 21 - - - - - - -
Peru 60 17 77 13 0.21 0.43 0.09 0
Philippines 28 0.77 19 13 0.08 0.37 0.01 0
Saint Kittsand Nevis 83 - - 0 0 0 0 0
Saint Lucia 100 - 0 7.1 0 0 0 0
Saint Vincent and 36 - - 0 0 0 0 0
the Grenadines
Trinidad and Tobago 15 - - - - - - -
Tunisa 60 2.6 44 27 0.11 0.89 0 0
Turkey 78 19 157 29 0.55 1.56 0.09 0
Average 58 0.45 56 24 0.14 0.32 0.25 0.002
Health-care level llI
Ghana 6.8 0.22 - 0.17 - - - -
Guatamala 9.8 - - - - - - -
Haiti 28 - - - - - - -
Jamaica 12.4 - - - - - - -
Madagascar 47 0.07 21.4 0.07 - 0.07 - 0
Morocco 123 0.22 15.4 1.09 0.26 0.19 0.15 -
Sudan 13.2 0.15 1.8 0.15 0 0.12 0.04 0
Average 38 0.18 11.4 0.44 0.13 0.13 0.09 0
Health-care level IV
Ethiopia - - - - - 0.02 0.02 0
Kenya - - - 0.14 0.07 0.07 - -
United Rep. of Tanzania 44 0.14 0.07 0.07 0 0.04 0 0
Average 44 0.14 0.07 0.11 0.04 0.03 0.01 0
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Table 5
Radiotherapy equipment (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
. ) . Clinical therapy
Teletherapy units Brachytherapy afterloading units faciliti
acilities
Country / area
X-ray nﬁiﬁldoe a LINACs | SRS® | Manual ° Teggtde IT_ieggtS Total Neutrons F:?Zy
Health-care level |
Albania[D27] - 3(0) 0 0 - - - - - -
Argentina - 103(2) 41 1 74 0 3 77 0 0
Armenia[D27] - 4 0 0 - - - - - -
Australia 40 2(0) 77 3 20 16 2 38
Belarus 15 29 (0) 4 0 0 2 12 14 - -
Belgium 14 16 34 - 16 15 10 41 - -
Bulgaria 35 12 (0) 0 0 9 0 1 10 0 0
Canada 10 44 (0) 107 0 30 28 20 78 0 1
Cayman Idands 0 0 0 0 0 0 0 0 0 0
China, Taiwan Province 3 23 (0) 56 1 6 0 36 42 0 0
Croatia 10 14 (8) 2 0 2 0 0 2 0 1
Cuba 30 9(0) 1 - 8 4 - 12 - -
Cyprus 2 2(0) 0 0 1 0 0 1 0 0
Czech Republic 48 59 (23) 18 1 21 6 6 33 - -
Denmark 5 1(0) 25 0 1 3 3 7 0 0
Ecuador 7 9(0) 0 0 2 2 0 4 0 0
Egtonia - 3 2 - - 3 - 3 - -
Finland 11 1(0) 23 0 1 3 7 11 0 0
France[A14] 138 133 223 1 - 173 21 194 3 -
Germany 800 160 230 1 - - - 190 2 0
Greece 3 24 (0) 14 2 0 0 10 10 0 0
Hungary 25 12(2) 10 1 0 0 11 11 0 0
Ireland 3 3(0) 8 0 1 1 2 4 0 0
Japan 0 298 (0) 564 - - - - 219 - 2
Kazakhstan - 1 2 - - 1 - 1 - -
Kuwait 2 2(0) 1 1 1 - -
Kyrgyzstan - 2 1 - - 4 - 4 -
Latvia - 5 5 - - 3 - 3 -
Lebanon - 11 (6) 6 7 - - - - - -
Lithuania 9 12 (0) 0 0 1 0 5 6 1 -
Luxembourg 0 0 0 0 0 0 0 0 0 0
Netherlands 34 0 60" 1 - 25" 12f 37f 1 0
New Zealand 11 21 14 1 6 1 1 8 0 0
Norway 30 1(0) 19 1 1 0 3 4 0 0
Panama 2 3(0) 0 0 2 0 0 2 0 0
Poland - 17 24 - 3 12 - 15 - -
Qatar 0 0 0 0 0 0 0 0 0 0
Rep. of Moldova[D27] - 3 0 0 - - - - - -
Romania 140 21(0) 3 0 2 4 4 10 0 0
Russan Federation [D27] - - 5 - - - - - - -
Slovakia 25 21(5) 5 0 2 4 9 15 0 0
Sovenia 5 2(0) 3 0 3 2 0 5 0 0
South Africa - 23 24 - 5 12 - 17 - -
Sweden 26 3(0) 56 1 0 7 5 12 0 1
Switzerland 77 12(0) 38 1 0 5 14 19 - 1
Ukraine[D27] - 10 1 - - - - - - -
United Arab Emirates 0 2(0) 4 1 2 0 2 4 0 0
United Kingdom 70 15 (0) 150 1 3 30 20 53 0 1
United States - 504 1893 - - - - - - -
Uruguay [B43] - 10 (0) 3 - 0 0 0 0 - -
Uzbekistan [D27] - - 1 - - - -
Venezuela - 24 (0) 15 - 30 2 0 32 - -
Health-care level Il
Algeria[D27] - 15 (0) - 5 7 - 12 - -
Antigua and Barbuda 0 0 0 0 0
[B33, B43]
Bahamas[B43] 0 0 0 0 0 0 0 0 0 0
Barbados - 1(0) 0 - 2 1 - 3 - -
Belize[B43] 0 0 0 0 0 0 0 0 0 0
Bolivia 0 0 0 0 0 0 0 0 0 0
Bosniaand - 2 1 - - - - - - -
Herzegovina[D27]
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Table 5 (continued)

Teletherapy units Brachytherapy afterloading units Cllnflca_l t herapy
acilities
Country / area
X-ray nﬁiﬁldoe a LINACs | SRS® | Manual ° Teggtde IT_ieggtS Total Neutrons F:?Zy
Brazil 169° 1261 68" 3f 100° - 22f 124 0 0
Chile - 21(0) 14 - 19 1 - 20 - -
China 225 541(40) 282 36 0 0 309 309 1 0
Colombia - 28 (0) 11 - 15 7 - 22 - -
Costa Rica 2 3(0) 0 - 7 0 0 7 - -
Dominica [B43] 0 0 0 0 0 0 0 0 0 0
Dominican Republic - 8(0) 1 - 3 1 - 4 0 0
El Salvador - 3(0) 0 - 9 0 0 9 - -
Grenada [B43] 0 0 0 0 0 0 0 0 0
Honduras - 2(0) 0 - 2 0 0 2 - -
Jordan 1 2(0) 3 - 0 1 0 1 0 0
Libyan Arab Jamahiriya 2 3 - - - - - - - -
Malaysa 1 8(1) 7 0 7 0 0 7 0 0
Mauritius[D27] - 2 2 - 2 - - 2 - -
Mexico 7 92 (0) 24 0 65 7 - 72 0 0
Nicaragua - 1(0) 0 - 5 0 0 5 - -
Oman 0 0 0 0 0 0 0 0 0 0
Pakistan [L57] - 2(0) 1 - - - - - - -
Paraguay [B43] - 4(0) 3 - 0 0 0 0 - -
Peru 10 9(0) 3 - 25 0 0 25 - -
Philippines 2 12 (0) 3 2 1 2 2 5 0 0
Puerto Rico - 2 2 - 0 0 0 0 - -
Saint Kitts 0 0 0 0 0 0 0 0 0 0
and Nevis[B43]
Saint Lucia[B43] 0 0 0 0 0 0 0 0
Saint Vincent and the 0 0 0 0 0 0
Grenadines [B43]
Trinidad & Tobago - 2(0) 0 - 2 0 0 2 - -
Tunisa 2 7(0) 1 - 5 10 - 15 0 0
Turkey 22 41 (0) 20 6 3 9 18 0 0
Health-care level Il

Afghanistan [L57] 0 0 0 0 0 0 0 0 0
Congo [D27] - 1 0 0 - - - -

Egypt - 13 13 - 4 2 - 6 - -
Ghana - 2 0 0 4 4 - 8 - -
Guatamala - 6(0) 0 - 8 1 0 9 - -
Guyana[D27] - 0 0 0 0 0 0 0 - -
Haiti [B33] - 2(0) 0 - - - - - - -
Jamaica [B43] - 2(0) 0 0 0 0 0 - -
Madagascar 1 1 - - - - - - - -
Morocco 1 9(4) 1 - - - - - -
Namibia[D27] - 1 0 0 - - - - -
Nigeria - 5 0 0 2 3 - 5 - -
Sudan 1 3(0) 1 0 0 2 1 3 0 0
Suriname [D27] - 0 0 0 0 0 0 0 - -
Zimbabwe [B42] - 3(0) 3 - 1 2 - 3 0 0

Health-care level IV

Angola[D27] - 1 0 0 - - - - - -
Cameroon - 2 0 0 2 3 - 5 - -
Ethiopia - 1 0 0 0 1 - 1 - -
Kenya[B41] - 3(0) 0 0 2 1 1 4 0 0
Liberia[D27] - 1 0 0 - - - - - -
Mozambique [D27] - 1 0 0 - - - - - -
Nepal [D22] 0 1(0) 0 0 0 0 0 0 0
Senegal [D27] - 1 0 0 - - - - - -
Uganda [D27] - 2 0 0 1 - - 1 - -
United Rep. of Tanzania 1 2(1) 0 0 0 0 1 1 0 0

Includes both ®Co and **'Cs units; total of the latter type shown in brackets.

Stereotactic radiosurgery; includes units based on radionuclides (Gammaknife), Linacs and other specialist radiation sources.
Number of treatment rooms.

Remote low doserate.

Remote high dose rate.

These revised data were received by the Committee after completion of the global analysis.

0o T
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Table 5 (continued)

Theentriesin this Table are qualified asfollows:

Afghanistan: No radiotherapy or oncology servicesin country [L57].

Algeria: Total for LDR refersto al types of remote unit.

Belgium: Total for manual afterloading brachytherapy units refers to the sum, over all centres performing this technique, of the number of diferent
radionuclidesin use at each centre.

Cameroon: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Canada: Total for x-ray teletherapy unitsextrapol ated from datafor province of Alberta (representing about 9.5% of population). 77 of the 107 Linacs

operate above 10 MeV. Data for manual and remote-HDR brachytherapy afterloading units refer to number of licensesissued by Atomic
Energy Control Board of Canada for practice; data for remote-L DR unitsrefer to number of devices listed on licenses. Heavy ion facility

refersto proton therapy.

Costa Rica: Data for ®Co units and Linacs from reference [B33]. Data for x-ray teletherapy units from reference [125]. Data for brachytherapy
afterloading units from reference [D27].

Croatia: Heavy ion facility refersto betatron.

Egypt: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Estonia: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Ethopia: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Ghana: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Kazakstan: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Kyrgyztan: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Latvia: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Mexico: All data from reference [D27], except in relation to x-ray teletherapy units. Total for LDR refersto all types of remote unit.

Nigeria: Data from reference [D27]. Total for LDR refersto al types of remote unit.

Pakistan: Datafor IRNUM, Peshawar, North-West Frontier Province (serving population of 200 million including Afghanistan) [L57].

Poland: Data from reference [D27]. Total for LDR refersto al types of remote unit.

South Africa: Data from reference [D27]. Total for LDR refersto all types of remote unit.

Sweden: Heavy ion facility refersto the Svedberg Laboratory, Uppsala (180 MeV protons).

Tunisia: Data for brachytherapy afterloading units from reference [D27]. Total for LDR refersto all types of remote unit.

United Kingdom: Heavy ion facility refersto the use of protons at the Clatterbridge Centre for Oncolgy.
United States:  Data for 1990 from reference [123].
Zimbabwe: Data for brachytherapy afterloading units from reference [D27]. Total for LDR refersto all types of remote unit.

Barbados, Bolivia, Chile, Colombia, Cuba, Dominican Republic, Guatemala, Puerto Rico and Venezuela:
Data from reference [B43)]. In relation to brachytherapy afterloading equipment, total for manual refersto number of sources and total for
LDR refersto all types of remote unit.

El Salvador, Honduras, Nicaragua, Honduras, Tiniidad and Tobago:
Data from reference [B43]. In relation to brachytherapy afterloading equipment, total for manual refersto number of sources.
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Table 6

Radiotherapy equipment per million population (1991-1996)

Based on data and qualifications from Table 5

Teletherapy units Brachytherapy
Country / area afterloading
X-ray Radionuclide LINACs units
Health-care level |
Albania - 0.88 0 -
Argentina - 2.89 115 2.16
Armenia - 1.10 0 -
Augtralia 2.26 0.11 4.35 215
Bearus 1.45 281 0.39 1.36
Belgium 1.40 1.60 3.40 4.10
Bulgaria 4.12 141 0 1.18
Canada 0.36 157 3.83 2.79
Cayman Idands 0 0 0 0
China, Taiwan Province 0.14 1.06 2.58 1.93
Croatia 2.10 294 0.42 0.42
Cuba 2.75 0.83 0.09 1.10
Cyprus 3.07 3.07 0 154
Czech Republic 4.63 5.69 1.74 3.18
Denmark 0.98 0.20 4.90 1.37
Ecuador 0.54 0.69 0 0.31
Estonia - 2.00 1.33 2.00
Finland 215 0.20 4.49 215
France 2.39 231 3.87 3.36
Germany 9.82 1.96 2.82 2.33
Greece 0.29 2.29 1.33 0.95
Hungary 243 117 0.97 1.07
Irdland 0.83 0.83 221 1.10
Japan 0 2.38 451 1.75
Kazakhstan - 0.06 0.12 0.06
Kuwait 1.18 1.18 0.59 0.59
Kyrgyzstan - 0.45 0.22 0.90
Latvia - 2.00 2.00 1.20
Lebanon - 275 1.75 -
Lithuania 243 3.23 0 1.62
Luxembourg 0 0 0 0
Netherlands 2.27 0 4.00 247
New Zealand 3.02 0.55 3.84 2.20
Norway 6.94 0.23 4.39 0.92
Panama 0.75 112 0 0.75
Poland - 0.44 0.62 0.39
Qatar 0 0 0 0
Republic of Moldova - 0.68 0 -
Romania 6.17 0.93 0.13 0.44
Russian Federation - - 0.03 -
Sovakia 4.70 3.94 0.94 2.82
Sovenia 252 1.01 151 252
South Africa - 0.54 0.57 0.40
Sweden 2.95 0.34 6.36 1.36
Switzerland 10.9 1.69 5.35 2.68
Ukraine - 0.19 0.02 -
United Arab Emirates 0 0.84 1.67 1.67
United Kingdom 1.20 0.26 2.58 0.91
United States - 1.94 7.28 -
Uruguay - 3.16 0.95 0
Uzbekistan - - 0.04 -
Venezuela - 112 0.70 150
Average 2.84 1.56 3.04 1.69
Health-care level Il

Algeria - 0.52 0.28 0.42
Antigua and Barbuda 0 0 0 0
Bahamas 0 0 0 0
Barbados - 4.00 0 12.0
Bdize 0 0 0 0
Balivia 0 0 0 0
Bosniaand Herzegovina - 0.55 0.28 -
Brazil 11 0.84 0.45 0.83
Chile - 1.50 1.00 1.43




ANNEX D: MEDICAL RADIATION EXPOSURES

347

Table 6 (continued)

Teletherapy units Brachytherapy
Country / area afterloading

X-ray Radionuclide LINACs units
China 0.19 0.45 0.24 0.26
Colombia - 0.81 0.32 0.64
Costa Rica 0.57 0.86 0 2.00
Dominica 0 0 0 0
Dominican Republic - 1.04 0.13 0.52
El Salvador - 0.54 0 1.63
Grenada 0 0 0 0
Honduras - 0.36 0 0.36
Jordan 0.19 0.38 0.58 0.19
Libyan Arab Jamahiriya 0.38 0.57 - -
Malaysa 0.05 0.41 0.36 0.36
Mauritius - 177 177 177
Mexico 0.08 0.99 0.26 0.78
Nicaragua - 0.25 0 125
Oman 0 0 0 0
Pakistan - 0.01 0.01 -
Paraguay - 0.85 0.64 0
Peru 0.43 0.38 0.13 1.06
Philippines 0.03 0.16 0.04 0.07
Puerto Rico - 0.52 0.52 0
Saint Kitsand Nevis 0 0 0 0
Saint Lucia 0 0 0 0
Saint Vincent and 0 0 0 0

the Grenadines
Trinidad and Tobago - 155 0 155
Tunisa 0.22 0.78 0.11 1.67
Turkey 0.34 0.64 0.31 0.28
Average 0.22 0.52 0.26 0.38
Health-care level llI
Afghanistan 0 0 0 0
Congo - 0.37 0 -
Egypt - 021 021 0.09
Ghana - 0.11 0 0.45
Guatemala - 0.62 0 0.93
Guyana - 0 0 0
Haiti - 0.28 0 -
Jamaica - 0.82 0 0
Madagascar 0.07 0.07 - -
Morocco 0.04 0.34 0.04 -
Namibia - 0.63 0 -
Nigeria - 0.04 0 0.04
Sudan 0.04 0.12 0.04 0.12
Suriname - 0 0 0
Zimbabwe - 0.26 0.26 0.26
Average 0.03 0.15 0.06 0.13
Health-care level IV

Angola - 0.09 0 -
Cameroon - 0.15 0 0.37
Ethiopia - 0.02 0 0.02
Kenya 0.11 0 0.14
Liberia - 0.45 0 -
Mozambique - 0.06 0 -
Nepal 0 0.05 0 0
Senegal - 0.12 0 -
Uganda 0.02 0.07 0 0.07
United Rep. of Tanzania 0.04 0.07 0 0.04
Average 0.02 0.07 0 0.07
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Table 7

Temporal trends in average provision for medical radiology per million population
Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Number per million population at health-care level
Resource Years
| 1 11 v
Physicians 1970-1974 - - - -
1980-1984 - - - -
1985-1990 2600 550 180 53
1991-1996 2780 695 210 45
Physicians conducting radiological procedures 1970-1974 62 23 - -
1980-1984 76 64 4 -
1985-1990 72 41 6 0.3
1991-1996 106 76 5 0.1
Dentists 1991-1996 530 87 49 3
Medical x-ray generators 1970-1974 450 14 - 0.6
1980-1984 380 71 16 10
1985-1990 350 86 18 4
1991-1996 290 60 40 4
Mammography Xx-ray generators 1991-1996 24 0.5 0.2 0.1
Dental x-ray generators 1970-1974 440 12 - 0.04
1980-1984 460 77 5 -
1985-1990 380 86 3 04
1991-1996 440 56 11 0.1
Computed tomography scanners 1991-1996 17 24 04 0.1
Nuclear medicine gamma cameras 1991-1996 7.2 0.3 0.1 0.03
Nuclear medicine rectilinear scanners 1991-1996 0.9 0.3 0.1 0.01
Nuclear medicine PET scanners 1991-1996 0.2 0.002 0 0
Therapy x-ray units 1970-1974 14 0.2 - -
1980-1984 13 17 0.7 -
1985-1990 4.8 5.0 0.1 0.1
1991-1996 2.8 0.2 0.03 0.02
Radionuclide teletherapy units 1970-1974 31 0.1 0.1 -
1980-1984 34 04 04 -
1985-1990 2.6 04 0.2 0.09
1991-1996 16 05 0.2 0.1
LINACs 1970-1974 1.0 - - -
1980-1984 12 0.1 0.02 -
1985-1990 2.0 0.1 0.09 -
1991-1996 3.0 0.3 0.06
Brachytherapy afterloading units 1991-1996 17 04 0.1 0.1
Stereotactic radiosurgery units 1991-1996 0.04 0.03 0 0
Neutron therapy facilities 1991-1996 0.02 0.001 0 0
Heavy ion therapy facilities 1991-1996 0.01 0 0 0
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Table 8
Annual numbers of medical radiation examinations and treatments (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Diagnostic examinations (thousands) Therapeutic treatments ® (thousands)
Country / area
) b Radionuclide Radionuclide
Medical x rays Dental x rays administrations Teletherapy Brachytherapy administrations
Health-care level |
Argentina - - 396 - - 6.85
Australia 10 000 - 212 325 113 -
Augtria[H60] - - - - - 2.30
Bahrain 115 28 - - - -
Belarus 7489 835 4.98 4.68 0.986 -
Bulgaria 5000 - 277 157 473 0.258
Canada 24933 - 1805 47.3 1.95 8.37
Cayman Idands - - 0 0 0 0
China, Taiwan Province 10 446 - 135 - - -
Croatia 4300 1100 11.3 9.43 0.350 0.145
Cuba - - - 222 - -
Cyprus 610 7.87 433 0.605 0.012 0.052
Czech Republic 9154 2000 293 36.2 2.83 2.60
Denmark 2600 2400 775 7.85 - 234
Ecuador 1959 184 10.3 135 0.124 0.452
Estonia[S29] 1500 - 12.0 - - -
Finland 3600 1484 50.9 - - 224
France 92 000 - - 100 - 7.00
Germany 102 240 22520 2780 - - 31.4
Greece [H60] - - - - - 1.63
Hungary 4891 420 158 37.7 3.20 1.08
Ireland - - 22.3 5.87 0.339 0.445
|srael [H60] - - - - - 0.30
Italy - - 621 - - 6.00
Japan 184 652 104 860 1460 95.2°¢ 551°¢ 3.78¢
Kuwait 1515 168 215 0.386 0.025 0.227
Lithuania 3287 400 39.2 - - 1.087
Luxembourg 425 191 212 0 0 -
Netherlands 9000 2700° 240 34°¢ 23° 43¢
New Zealand - - 29.1 6.25 0.172 0.562
Norway 3062 - - - - 1.02
Panama 803 - 9.22 0.790 0.141 -
Poland 24760 23840 - - - -
Portugal [F11] 8381 986 394 - - 0.682
Qatar 248 - 2.56 0 0 0.024
Romania 10197 632 68.5 10.5 3.67 153
Russian Federation 170 700 14 240 13869 144 65.3 1.483
Slovakia 4261 503 49.9 4.07 1.38 0.612
Slovenia 691 110 222 4.84 0.278 0.591
South Africa 5580 - - - - -
Spain 25059 ° 5515°¢ 474°¢ 457°¢ 2.64° 8.38°¢
Sweden 5000 6 500 120 115 0.964 3.50
Switzerland 5320 4050 67.5 - - 1.607
Ukraine 31478 - 262 - - -
United Arab Emirates 904 36.7 17.3 0.552 0.022 0.058
United Kingdom 28876 12 500 478 135 - 145
United States[123] 250 000 - 8202 515 30.0 -
Uruguay - - - 4,78 0 -
Venezuela - - - 343 - -
Health-care level Il
Antigua and Barbuda 17.6 - 0 0 0
[B33, B43]
Bahamas[B43] - - - 0 0 -
Barbados 434 - - 0.783 - -
Belize - - - 0 0 -
Bolivia - - - 6.00 - -
Brazil 39083 16 667 1000° 200 55¢ 5.00
Chile - - - 30.0 - -
China[Z9, 213, Z29] 207 000 © 2000 620°¢ 410° - 48°
Colombia - - - 54.7 - -
Dominica 14.8 - 0 0 0
Dominican Republic - - - 14.6 - -
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Table 8 (continued)

Diagnostic examinations (thousands) Therapeutic treatments ® (thousands)
Country / area
) b Radionuclide Radionuclide
Medical x rays Dental x rays administrations Teletherapy Brachytherapy administrations
El Salvador - - - 11.2 - -
Grenada 15.0 - 0 0 0 0
Honduras - - - 11.0 - -
Iran (Idamic Republic of) - - 110 - - -
Jordan 235 16.0 8.13 1.39 - 0.701
Libyan Arab Jamahiriya - - - 0.411 - -
Malaysa 3578 - - - - -
Mexico 28 365 106 98.0 10.3 1.99 353
Nicaragua - - - 8.80 - -
Oman 606 5.18 1.44 0 0 0
Pakistan - - 77.1 7.47 0.158 3.93
Paraguay - - - 10.0 0 -
Peru - - 13.7 3.28 0.850 0.800
Puerto Rico - - - 5.54 - -
Saint Kittsand Nevis 7.30 - 0 0 0 0
Saint Lucia 18.7 - 0 0 0 0
Saint Vincent and 16.2 - 0 0 0 0
the Grenadines
Trinidad and Tobago - - - 1.96 - -
Tunisa - - 7.08 1.20 0.200 0.380
Turkey 6 262 2000 132 24.6 2.37 3.03
Health-care level llI
Afghanigtan [L57] - - - 0 - -
Ghana 118 4.42 0.970 - - -
Guatamala - - - 20.0 - -
Haiti - - - 13.0 - -
Jamaica - - - 5.00 0 -
Madagascar 151 - - 0.904 - -
Morocco 216 - 16.5 9.60 0.800 0.920
Sudan 956 - 221 117 0.024 0.167
Health-care level IV
Ethiopia - - 0.848 - - 0.025
United Rep. of Tanzania 831 1.90 0.666 1.42 - 0.007

a Complete courses of treatment.
b Somevalues may refer to number of films.
¢ Theserevised data were received by the Committee after completion of the global analysis.

Theentriesin this Table are qualified asfollows:

Afghanistan:
Argentina:
Barbados:

Brazl:

Canada:

China:
China (Taiwan):

Cyprus:

Finland:
France:

Ghana:
Italy:
Japan:
Mexico:

Morocco:
New Zealand:
Norway:

No radiotherapy or oncology servicesin country [L57].

Totalsfor diagnostic and therapeutic procedures with radionuclidesinferred from data for about 25% of Nuclear Medicine Centres.

Data from reference [B43]. Total for medical x-ray examinations refers to public sector. Total for teletherapy refersto estimated annual
number of new patients with cancer.

Except for data on diagnostic radionuclide administrations and brachytherapy treatments, numbers extrapol ated from data for Parana State
(withapopulation of 9 million and asocial and economic profileabovetheaveragefor Brazil). Datafor diagnostic dental x-ray examinations
include only intraoral procedures.

Total for diagnostic medical x-ray examinations from reference [A15]. Totals for diagnostic and therapeutic radionuclide procedures
extrapolated from data for the province of Ontario (representing about 37% of population). Totals for teletherapy and brachytherapy
treatments extrapolated from data for the Nova Scotia Cancer Treatment and Research Foundation, the Cross Cancer Intitute (Northern
Alberta) and the province of Manitoba (collectively representing about 14% of the popul ation).

Data shown for teletherapy also include brachytherapy.

Data on diagnostic radionuclide procedures from reference [L 6] .

Data for medical and dental x rays extrapolated from information for 50% of poulation; data for diagnostic and therapeutic radionuclide
procedures extrapol ated from information for 90% of population.

Data for therapeutic radionuclide administrations from reference [K59].

Data on diagnostic medical x raysfrom reference [B40]; thistotal includes dental x rays. Data for therapeutic treatments represents annual
number of patients undergoing radiotherapy [S50]. Data on therapeutic radionuclide administrations from reference [H60] .

Data on diagnostic medical and dental x rays from reference [ S38]. Data on diagnostic radionuclide examinations from reference [A16].
Data on diagnostic medical x-rays from reference [B40]; thistotal includes dental x rays.

Data on diagnostic dental x-raysfrom reference [130].

Total for diagnostic medical x-ray examinationsinferred from data for about 35% of radiology I ngtitutions. Datafor diagnostic dental x-ray
examinations include only panoramic procedures.

Total for brachytherapy treatmentsincludes only gynaecological tumours.

Data for therapeutic radionuclide administrations from reference [L 28].

Data on therapeutic radionuclide administrations from reference [H60] .
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Table 8 (continued)

Poland: Data on diagnogtic x-rays from reference [S49].

Portugal: Data on diagnostic exminations from reference [F11]. Data on therapeutic radionuclide administrations from reference [H60] .
Switzerland: Data on therapeutic radionuclide administrations from reference [H60] .

Ukraine: Total for medical x-ray examinations includes dental x-ry examinations.

United Kingdom: Data for medical and dental x-ray examinations from reference [T15]. Data for diagnostic examinations with radionuclides from
reference[E11]. Estimatedtotal for ‘ Teletherapy’ includesal so brachytherapy treatments. Datafor therapeutic radionuclide administrations
from reference [C27].

Uruguay: Data from reference [B43]. Total for teletherapy refersto estimated annual number of new patients with cancer.

Dominica, Grenada, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines:
Data from reference [B43]. Total for medical x-ray examinations refersto public sector.

Bolivia, Chile, Colombia, Cuba, Dominican Republic, El Salvador, Guatemala, Haiti, Honduras, Jamaica, Nicaragua, Paraguay, Puerto Rico, Trinidad
and Tobago, Venezuela:
Data from reference [B43]. Total for teletherapy refersto estimated annual number of new patients with cancer.



352 ANNEX D: MEDICAL RADIATION EXPOSURES

Table 9
Global use of medical radiology (1991-1996)
Estimates derived from UNSCEAR Survey of Medical Radiation Usage and Exposures ?

PART A: NORMALIZED VALUES

Number per million population at health-care level
Quantity
| 1 11 \Y% Globally
Physicians
All physicians 2800 700 210 45 1100
Physicians conducting radiological procedures 110 80 5 0.1 70
X-ray imaging
Equipment Medical 290 60 40 4 110
Dental 440 60 10 0.1 150
Mammography 24 0.5 0.2 0.1 7
CT 17 2 0.4 0.1 6
Annua number Medical ® 920 000 150 000 20 000 330 000
of examinations
Dentadl © 310 000 14 000 200 90 000
Radionuclide imaging
Equipment Gamma cameras 7.2 0.3 0.1 0.03 21
Rectilinear scanners 0.9 0.3 0.1 0.01 0.4
PET scanners 0.2 0.002 0 0 0.05
Annual number of examinations® 19 000 1100 280 17 5600
Radionuclide therapy
Annual number of patients® 170 40 20 04 65
Teletherapy
Equipment X-ray 28 0.2 0.03 0.02 0.9
Radionuclide 16 05 0.2 0.1 0.7
LINAC 3.0 0.3 0.06 0 0.9
Annual number of patients’ 1500 690 470 50 820
Brachytherapy
Afterloading units 17 04 0.1 0.1 0.7
Annual number of patients? 200 17 15 (15) " 70

PART B: TOTAL VALUES

Total number (millions) at health-care level

Quantity
| 1 11 \Y% Globally
Physicians
All physicians 43 21 0.13 0.03 6.6
Physicians conducting radiological procedures 0.16 0.23 0.003 0.0001 04




ANNEX D: MEDICAL RADIATION EXPOSURES 353

Table 9 (continued)
Total number (millions) at health-care level
Quantity
| 1] 1l \% Globally
X-ray imaging
Equipment Medical 0.45 0.2 0.02 0.002 0.7
Dental 0.67 0.2 0.01 < 0.0001 0.9
Mammography 0.04 0.001 0.0001 0.0001 0.04
CT 0.027 0.007 0.0003 0.0001 0.034
Annual number Medical ® 1410 470 24 1910
of examinations
Dental 475 42 0.24 520
Radionuclide imaging
Equipment Gamma cameras 0.011 0.001 0.0001 0.00002 0.012
Rectilinear scanners 0.001 0.001 0.0001 0.00001 0.002
PET scanners 0.0003 0.00001 0 0 0.00031
Annual number of examinations® 29 35 0.2 0.01 325
Radionuclide therapy
Annual number of patients® 0.3 0.1 0.01 0.0002 04
Teletherapy
Equipment X-ray 0.004 0.001 0.00002 0.00001 0.005
Radionuclide 0.002 0.002 0.0001 0.00004 0.004
LINAC 0.005 0.001 0.00004 0 0.005
Annual number of patients’ 23 2.1 0.3 0.03 4.7
Brachytherapy
Afterloading units 0.003 0.001 0.0001 0.00004 0.004
Annual number of patients® 0.3 0.05 0.01 (o.opt 04
Population
Total Population 1530 3070 640 565 5800
a Extrapolated, with rounding, from limited samples of data.
b Estimates based on following population sample sizes for global moddl: 67% for level |, 50% for level |1, 9% for levels1I1/1V, and 46% overall.
¢ Edimatesbased on following population sample sizesfor global model: 39% for level |, 49% for level |1, 4% for levels111/1V, and 37% overall.
d Egtimates based on following popul ation sample sizesfor global mode: 68% for level 1, 18% for level 11, 11% for leve 111, 16% for level 1V, and 30%
overall.
e Egimatesbased on following population sample sizesin relation to global model: 44% for level |, 16% for leve 11, 8% for level 111, 16% for level 1V,
and 22% overall.
f  Edtimates based on following population sample sizesin relation to global model: 56% for level |, 19% for level |1, 17% for level 111, 5% for level 1V,
and 27% overall.
g Egimatesbased on following population sample sizesin relation to global model: 38% for level |, 11% for level 11, 9% for level I11, 0% for level 1V,
and 17% overall.
h  Assumed valuein the absence of survey data.
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Table 10
Chronology of key technical advances in diagnostic radiology

Date Development

1895 Discovery of x rays (Rontgen); first clinical image

1920s Barium contrast studies

1930s Intravenous contrast media

1940s Angiography
1950s Fluoroscopic image intensifiers; catheter techniques
1960s Early work on rare-earth intensifying screens
1970s Computed tomography (CT)
1980s Magnetic resonance imaging (MRI); digital radiology
1990s Interventional radiological techniques; picture archive and communications systems (PACS); tel eradiology

Table 11

Aspects of practice that influence doses to patients from x-ray examinations

[B11, B53, C1, C3, C11, G30, G31, G32, H1, H10, H11, J2, L1, L4, L30, M42, M43, M49, N7, N8, N28, S3, S19, S20, S21, S52, S59,
S64, T1, U3, V3, V13, W16, W40]

Aspect Influence

Procedure-related

Strict referral criteria Reduce per caput doses by removing clinically unhelpful examinations
Availability of previoudy taken films Promotes elimination of retakes and thus reduction of per caput doses
Number of radiographs per examination Postively correlated with dose

Fluoroscopy time and current Postively correlated with dose

Quality assurance programmes Promote reductionsin per caput doses

Routine patient dosimetry and reference doses Promote reductionsin per caput doses

X-ray beam collimation Beam area positively correlated with dose

Shidding of senditive organs Facilitates dose reduction

Choice of projection Organ doses can depend on beam projection

Optical dengity of radiographs Positively correlated with dose

Compression of attenuating tissue Reduces dose and scatter and improvesimage quality

Matching exposure factorsto patient stature May reduce doses

Equipment-related

Exposuretime Use of long times and low currents may increase dose due to reciprocity law failure
Applied potential Higher settings may reduce dose and contrast

X-ray tube voltage waveform Three-phase and constant potential generators reduce dose and contrast

X-ray target material Molybdenum may increase dose and contrast compared with tungsten

Beam filtration, thickness Increasing thickness reduces dose and contrast

Beam filtration, material Rare-earth K-edge filters and other material s can reduce dose and contrast

Beam filtration, shape Dose reduction with special semitransparent filtersin radiography and fluoroscopy
Anti-scatter grids Appropriate design and useto increase image quality and dose when required

Air gap technique May obviate need for grid

Attenuation between patient and image receptor Low attenuation materials (e.g. carbon fibre tables) reduce dose

Screen/film combination Dose reductions through appropriate use of faster (rare earth) screens

Film processing Reductionsin per caput doses through adherence to manufacturersinstructions
Image intensifiers Sengtive (e.g. Cdl) photocathodes facilitate dose reduction

Digital image processing May facilitate dose reduction

Fluoroscopy recording method Video recorder reduces fluoroscopy dose compared with cine camera

Pulsed fluoroscopy with image storage device Reduces fluoroscopy dose

Spot film photofluorography Dose reduction with 100 mm camera compared with radiography

Picture archiving and communications systems (PACS) Potential reductionsin per caput doses from improved availability of images
Computed radiography Potential for dose reduction from greater reliability of image reproduction

Digital imaging techniques Potential for improved image quality, but often at expense of increased dose
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Table 14

Distribution by age and sex of patients undergoing types of diagnostic x-ray examination (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
Chest radiography
| Augtralia 9 18 73 49 51
Bahrain 21 33 46 59 41
China, Taiwan Province 6 27 67 58 42
Croatia 0 30 70 55 45
Czech Republic 10 18 72 50 50
Ecuador 31 34 35 53 47
Japan 7 21 72 56 44
Kuwait 19 53 28 62 38
New Zealand 10 18 72 58 42
Norway 15 14 71 54 46
Panama 17 22 61 46 54
Poland 9 24 67 54 46
Romania 22 31 47 64 36
Sovakia 14 33 53 47 53
South Africa[M22] 20 40 40 54 46
Sweden 7 14 79 55 45
Switzerland 5 15 80 52 48
United Arab Emirates 15 70 15 60 40
Average 8 22 70 56 44
1 Brazil -2 - - 44 56
Costa Rica 4 31 65 47 53
Mexico 23 37 40 52 48
Turkey 22 40 38 59 41
Average 23 37 40 48 52
11 Sudan 22 58 20 39 61
v United Republic of Tanzania 15 65 20 50 50
Chest photofluorography
| Augtralia - - - 50 50
Croatia 0 35 65 55 45
Kuwait 0 73 27 62 38
Poland 0 60 40 59 41
Romania 3 58 39 56 44
Russian Federation 22 31 47 64 36
Sovakia 11 43 46 48 52
United Arab Emirates 0 80 20 55 45
Average 19 35 46 63 37
I Mexico 29 47 24 51 49
Turkey 0 80 20 78 22
Average 7 72 21 71 29
Chest fluoroscopy
| Augtralia 20 23 57 40 60
Croatia 0 40 60 50 50
Japan 1 33 66 66 34
Poland 0 61 39 68 32
Romania 11 38 51 55 45
Slovakia 8 50 42 56 44
Average 7 36 57 60 40
I Mexico 15 43 42 50 50
Turkey 10 63 27 69 31
Average 15 43 42 50 50
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
Limbs and joints

| Augtralia 16 33 51 52 48
Bahrain 31 45 24 67 33

Czech Republic 18 31 51 48 52

Ecuador 32 42 26 61 39

Japan 16 28 56 49 51

Kuwait 22 58 20 63 37

New Zealand 21 46 33 57 43

Panama 22 28 50 55 45

Poland 16 35 49 55 45

Romania 24 36 40 60 40

Sovakia 22 35 43 53 47

Sweden 15 30 55 45 55
Switzerland 15 31 54 50 50

United Arab Emirates 20 50 30 60 40

Average 17 30 53 50 50

1 Costa Rica 0 5 95 24 76
Mexico 21 44 35 56 44

Turkey 18 45 37 59 41

Average 21 44 35 56 44

11 Sudan 8 25 67 67 33
v United Republic of Tanzania 10 50 40 50 50

Lumbar spine

| Augtralia 3 27 70 44 56
Czech Republic 6 28 66 43 57

Japan 3 21 76 51 49

Kuwait 9 65 26 59 41

New Zealand 6 36 58 49 51
Norway 1 38 61 44 56
Panama 9 25 66 44 56

Poland 2 26 72 47 53
Romania 5 34 61 49 51
Sovakia 17 37 46 52 48

South Africa[M22] 4 53 43 51 49
Sweden 4 26 70 45 55
Switzerland 2 29 69 47 53
Average 3 23 74 50 50

11 Sudan 19 37 44 74 26

Thoracic spine

| Augtralia 6 27 67 36 64
Czech Republic 10 35 55 44 56
Ecuador 8 59 33 58 42

Japan 9 25 66 57 43

New Zealand 8 36 56 45 55
Norway 3 40 57 42 58
Panama 9 29 62 45 55

Poland 11 31 58 48 52
Romania 8 31 61 53 47
Sovakia 17 39 44 52 48

South Africa[M22] 8 56 36 47 53
Sweden 4 19 77 45 55
Switzerland 6 36 58 43 57
Average 9 29 62 49 51

11 Sudan 20 30 50 60 40

Cervical spine

| Australia 4 28 68 38 62
Czech Republic 6 30 64 37 63
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female

| Japan 3 29 68 51 49
Kuwait 13 60 29 60 40

New Zealand 9 53 38 57 43

Norway 2 39 59 43 57

Panama 8 27 65 44 56

Poland 1 25 74 41 59
Romania 5 34 61 48 52
Slovakia 21 37 42 50 50

South Africa[M22] 7 58 35 53 47

Sweden 3 24 73 45 55
Switzerland 4 32 64 42 58
Average 3 30 67 48 52

11 Sudan 16 46 38 62 38

Spine (general)

| Augtralia 5 29 66 40 60
Bahrain 8 56 36 59 41

China, Taiwan Province 7 31 62 53 47

Croatia 13 25 63 40 60

Poland 4 27 69 45 55
Switzerland 3 31 66 45 55

United Arab Emirates 0 60 40 55 45
Average 6 29 65 46 54

1 Costa Rica 6 49 45 43 57
Mexico 9 48 43 55 45

Turkey 9 42 49 61 39
Average 9 46 45 56 44

11 Sudan 18 38 44 68 32
v United Republic of Tanzania 5 20 75 50 50

Pelvis and hip

| Australia 8 16 76 37 63
Bahrain 28 35 38 58 42

Croatia 2 38 60 30 70

Czech Republic 20 15 65 35 65

Ecuador 33 47 20 40 60

Japan 7 30 63 50 50

Kuwait 20 54 26 61 39

New Zealand 8 49 43 42 58

Norway 3 14 83 29 71

Panama 21 19 60 52 48

Poland 25 17 58 43 57
Romania 19 26 55 48 52
Slovakia 34 27 39 50 50

South Africa[M22] 8 44 48 47 53

Sweden 7 7 86 35 65
Switzerland 5 16 79 45 55

United Arab Emirates 5 70 25 53 47
Average 12 25 63 42 58

I Costa Rica 13 30 57 19 81
Mexico 22 42 36 37 63

Turkey 23 39 38 53 47
Average 22 41 37 40 60

11 Sudan 20 20 60 50 50
v United Republic of Tanzania 5 40 55 40 60
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
Head

| Augtralia 27 41 32 45 55
Bahrain 36 47 17 62 38

China, Taiwan Province 10 37 53 57 43

Czech Republic 24 36 40 48 52

Ecuador 45 35 20 62 38

Japan 24 30 46 55 45

Kuwait 30 53 17 63 37

New Zealand 29 48 23 62 38

Panama 26 40 34 47 53

Poland 16 43 41 51 49
Romania 14 45 41 48 52
Sovakia 20 49 31 49 51

Sweden 30 9 61 45 55
Switzerland 21 40 39 54 46

United Arab Emirates 15 60 25 65 35
Average 22 34 44 53 47

1 Costa Rica 22 51 27 47 53
Mexico 30 42 28 55 45

Turkey 20 39 41 62 38
Average 28 42 30 56 44

11 Sudan 11 67 22 67 33
v United Republic of Tanzania 10 50 40 50 50

Abdomen

| Augtralia 13 22 65 45 55
Bahrain 15 53 32 65 35

China, Taiwan Province 6 26 68 55 45

Croatia 6 35 59 50 50

Czech Republic 5 20 75 49 51

Ecuador 28 44 28 55 45

Japan 5 18 77 55 45

Kuwait 12 61 27 63 37

New Zealand 15 65 20 51 49

Norway 10 24 66 48 52

Panama 21 25 54 47 53

Poland 7 26 67 53 47
Romania 8 39 53 51 49
Slovakia 11 38 51 48 52

South Africa[M22] 15 48 37 53 47

Sweden 14 16 70 45 55
Switzeland 7 22 71 48 52

United Arab Emirates 18 57 25 70 30
Average 6 22 72 54 46

I Brazil - - - 28 72
Costa Rica 5 56 39 50 50

Mexico 22 45 33 48 52

Turkey 21 42 47 62 38
Average 21 44 35 45 55

11 Sudan 33 37 30 40 60
v United Republic of Tanzania 10 35 55 35 65

Upper gastrointestinal tract

| Augtralia 6 25 69 45 55
Bahrain 12 43 45 47 53

China, Taiwan Province 3 65 32 82 18

Croatia 0 33 67 50 50

Czech Republic 3 25 72 43 57
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female

| Ecuador 5 35 60 58 42
Japan 1 22 77 62 38

Kuwait 15 50 35 59 41

New Zealand 31 7 62 60 40

Norway 2 20 78 35 65

Panama 11 25 64 43 57

Poland 2 25 73 51 49
Romania 4 31 65 55 45
Slovakia 4 46 50 57 43

South Africa[M22] 9 39 52 48 52

Sweden 11 18 71 45 55
Switzerland 4 12 84 43 57

United Arab Emirates 8 60 32 55 45
Average 1 26 73 62 38

I Mexico 11 51 38 53 47
Turkey 6 57 37 57 43
Average 10 52 38 54 46

11 Sudan 20 33 47 60 40
v United Republic of Tanzania 10 15 75 50 50

Lower gastrointestinal tract

| Australia 1 3 86 42 58
Bahrain 18 33 49 55 45

Croatia 0 22 78 50 50

Czech Republic 2 16 82 41 59

Ecuador 5 35 60 58 42

Japan 1 22 77 54 46

Kuwait 11 49 40 51 49

New Zealand 4 9 87 49 51

Norway 1 21 78 35 65

Panama 5 18 77 45 55

Poland 1 6 93 50 50
Romania 4 33 63 54 46
Slovakia 6 49 45 52 48

South Africa[M22] 3 34 63 33 67

Sweden 3 17 80 40 60
Switzerland 2 13 85 42 58

United Arab Emirates 12 58 30 59 41
Average 2 23 75 52 48

I Mexico 6 52 42 42 58
Turkey 3 43 54 57 43
Average 6 51 43 44 56

11 Sudan 20 30 50 70 30
v United Republic of Tanzania 5 15 80 50 50

Cholecystography

| Australia 0 17 83 30 70
China, Taiwan Province 2 23 75 56 44

Croatia 0 20 80 80 20

Czech Republic 0 11 89 36 64
Ecuador 0 55 45 39 61

Japan 0 17 83 51 49

Kuwait 0 55 45 55 45

Panama 6 32 62 44 56
Romania 2 38 60 24 76
Slovakia 2 42 56 51 49

Sweden 0 25 75 40 60
Switzerland 0 13 87 37 63
Average 1 20 79 49 51
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
I Mexico 1 51 48 31 69
Turkey 0 39 61 35 65
Average 1 51 48 31 69
11 Sudan 0 73 27 44 56
v United Republic of Tanzania 10 25 65 - -
Urography
| Augtralia 10 23 67 55 45
Bahrain 4 59 37 66 34
Croatia 0 20 80 100 0
Czech Republic 11 18 71 55 45
Ecuador 2 70 28 57 43
Japan 3 21 76 58 42
Kuwait 5 63 32 64 36
New Zealand 22 30 48 55 45
Norway 3 26 71 51 49
Panama 10 29 61 59 41
Poland 13 23 64 52 48
Romania 7 33 60 55 45
Sovakia 14 38 48 58 42
South Africa[M22] 9 47 44 54 46
Sweden 6 29 65 45 55
Switzerland 16 25 59 51 49
United Arab Emirates 5 65 30 70 30
Average 6 25 69 57 43
1 Mexico 7 48 45 54 46
Turkey 10 48 42 54 46
Average 7 48 45 54 46
11 Sudan 13 60 27 50 50
v United Republic of Tanzania 0 10 90 75 25
Mammography (screening)
| Slovakia 0 32 68 0 100
Sweden 0 0 100 0 100
United Arab Emirates 0 0 100 0 100
Average 0 1 99 0 100
I Mexico 2 27 71 5 95
Average 2 27 71 5 95
Mammography (clinical)
| Czech Republic 0 37 63 1 99
Japan 0 29 71 0 100
Kuwait 0 68 32 1 99
New Zealand 0 14 86 0 100
Norway 0 17 83 0 100
Sweden 0 15 85 0 100
United Arab Emirates 0 0 100 0 100
Average 0 26 74 0.1 99.9
I Mexico 0 37 63 3 97
Mammography (general)
| Australia 0 27 73 0 100
Bahrain 0 33 66 1 99
China, Taiwan Province 1 40 59 1 99
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female

| Croatia 0 30 70 0 100
Ecuador 0 28 72 0 100
Kuwait 0 68 32 1 99
Panama 0 28 72 2 98
Poland 0 21 79 0 100
Romania 1 43 56 1 99
Switzerland 0.1 9 91 0.2 99.9
United Arab Emirates 0 4 96 0 100
Average 0.1 23 77 0.1 99.9

I Mexico 1 33 66 4 96
Turkey 0 38 62 1 99
Average 1 34 65 3 97

Computed tomography (head)

| Augtralia 6 30 64 44 56
Bahrain 23 36 42 56 44
Czech Republic 8 23 69 47 53
Kuwait 17 39 44 60 40
New Zealand 10 26 64 53 47
Panama 17 25 58 51 49
Poland 13 20 67 50 50
Slovakia 3 42 55 48 52
Sweden 5 19 76 50 50
Switzerland 4 23 73 51 49
United Arab Emirates 15 50 35 60 40
Average 7 27 67 48 52

1 Mexico 9 40 51 48 52

Computed tomography (body)

| Augtralia 1 21 78 48 52
Bahrain 7 40 53 53 47
Czech Republic 5 15 80 49 51
Kuwait 6 43 51 56 44
New Zealand 4 26 70 52 48
Panama 5 29 66 50 50
Poland 8 23 69 55 45
Slovakia 4 44 52 51 49
South Africa[M22] 5 46 49 52 48
Sweden 3 20 77 55 45
Switzerland 2 17 81 54 46
United Arab Emirates 10 55 35 55 45
Average 3 24 73 51 49

I Mexico 21 33 46 47 53

Computed tomography (general)

| China, Taiwan Province 5 24 71 60 40
Croatia 10 30 60 40 60
Ecuador 6 24 70 50 50
Norway 8 25 67 50 50
Poland 11 21 68 52 48
Romania 0 21 79 83 17
Switzerland 3 19 78 53 47
Ukraine 7 27 66 - -
United Arab Emirates 14 51 35 59 41
Average 6 24 70 54 46

1 Mexico 14 37 49 48 52
Turkey 16 46 38 57 43
Average 15 42 43 53 47
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female

v United Republic of Tanzania 5 35 60 50 50
Angiography (cerebral)

| Augtralia 1 10 89 55 45

Czech Republic 4 22 74 56 44

Japan 0 16 84 54 46

Kuwait 0 28 72 67 33

Panama 17 25 58 70 30

Poland 8 30 62 59 41

Sovakia 6 41 53 52 48

Sweden 2 27 71 50 50

Switzerland 2 22 76 50 50

Average 1 19 80 54 46
Angiography (cardiac)

| Augtralia 1 2 97 66 34

Czech Republic 0 5 95 76 24

Japan 14 0 86 53 47

New Zealand 0 7 93 71 29

Panama 17 24 59 66 34

Poland 4 7 89 78 22

Sovakia 7 41 52 50 50

Sweden 2 7 91 70 30

Switzerland 1 11 88 62 38

Average 7 4 89 62 38

Angiography (other)

| Augtralia 1 5 94 60 40

Croatia 0 25 75 55 45

Czech Republic 6 9 85 66 34

Japan 4 1 95 64 36

Kuwait 0 28 72 67 33

Panama 4 22 74 42 58

Poland 11 17 72 38 62

Slovakia 12 40 48 55 45

Sweden 2 10 88 50 50

Switzerland 1 17 82 55 45

Average 5 6 89 60 40

I Mexico 0 30 70 55 45
Angiography (general)

| Bahrain 4 45 51 63 37

China, Taiwan Province 4 20 76 60 40

Ecuador 30 40 30 55 45

Poland 8 15 77 54 46

Romania 0 25 75 92 8

South Africa[M22] 2 23 75 70 30

Switzerland 1 15 84 57 53

Average 5 17 78 60 40

I Mexico 6 38 56 59 41

Turkey 9 51 40 59 41

Average 7 43 50 59 41
Interventional (PTCA)

| Slovakia 6 44 50 48 52

Sweden 0 15 85 75 25

Switzerland 0 3 97 79 21

Average 1 12 87 74 26
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
Interventional (other)
| Sweden 2 11 87 60 40
Switzerland 1 14 85 58 42
Average 1 13 86 59 41
Interventional (general)
| Czech Republic 9 16 75 59 41
Ecuador 7 60 33 50 50
Kuwait 2 43 55 69 31
Poland 7 19 74 59 41
Switzerland 0 12 88 63 37
United Arab Emirates 1 80 19 15 85
Average 8 16 76 59 41
1 Mexico 9 51 40 39 61
Turkey 4 36 60 51 49
Average 8 48 44 41 59
Pelvimetry
| Augtralia 2 97 1 1 99
Bahrain 1 97 1 10 90
Czech Republic 3 87 10 15 85
Ecuador 0 82 18 0 100
Japan 0 100 0 0 100
Kuwait 0 98 2 0 100
Sweden 0 98 2 0 100
United Arab Emirates 0 100 0 0 100
Average 0.1 99.5 04 0.1 99.9
I Mexico 8 82 10 22 78
Turkey 0 100 0 0 100
Average 8 82 10 22 78
11 Sudan 0 100 0 0 100
Other examinations
| Augralia (CT extremities) 8 38 54 50 50
Augdtralia (tomography) 2 26 72 54 46
Augtralia (ribs) 5 33 62 50 50
Augdralia (arthrography) 4 32 64 58 42
Poland (densitometry) 3 55 42 2 98
Romania (hysterosal pingography) 0 100 0 0 100
Romania (lung tomog.) 13 33 54 68 32
Switzerland (bone mineral dens.) 1 1 98 6 94
Switzerland (tomography) 0 30 70 44 56
All medical ® x rays
| Augtralia 10 27 63 45 55
Bahrain 24 42 34 62 38
Czech Republic 13 25 62 45 55
Ecuador 26 43 31 54 46
Kuwait 17 59 24 63 37
Netherlands 7 18 74 45 55
Panama 13 26 61 47 53
Poland - - - 52 48
Romania 10 41 49 56 44
Slovakia 17 38 45 50 50
Sweden 9 20 71 40 60
Switzerland 9 19 72 46 54
Average 11 29 60 49 51
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Table 14 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
I Mexico 20 43 37 52 48
11 Morocco 16 54 30 43 57
Dental (intraoral)

| Ecuador 8 73 19 31 69
Japan 8 32 60 45 55
Poland 5 56 38 45 55
Romania 11 54 35 44 56
Sovakia 10 53 37 45 55
Switzerland 5 38 57 45 55
Average 8 33 59 45 55

v United Republic of Tanzania 25 35 40 - -

Dental (panoramic)
| Ecuador 16 66 18 48 52
Japan 8 40 52 44 56
Poland 7 49 44 54 46
Sovakia 13 45 42 46 54
Switzerland 21 39 40 45 55
Average 8 40 52 44 56
1 Mexico 33 50 17 36 64
Dental (general)

| Bahrain 21 33 46 59 41
Ecuador 8 73 19 31 69
Poland 6 56 38 45 55
Romania 11 54 35 44 56
Slovakia 11 52 37 45 55
Switzerland 9 38 53 45 55
Average 8 47 45 45 55

v United Republic of Tanzania 25 35 40 - -

a Nodataavailable.
b Excluding dental x-ray examinations.

Theentriesin this Table are qualified asfollows:

Brazl:

Costa Rica:

Czech Republic:
New Zealand:

Romania:
Sovakia:
Sweden:
Turkey:

Survey data for Parana State (with a population of 9 million and a social and economic profile above the average for Brazil).
China, Taiwan Province: Datafor ‘Upper Gl tract’ relateto all barium studies.

Data from Hospital Calderén Guardia (serving one-third of the population).
Survey data relating to Prague (about 10% of national population).

Data from one large teaching hospital in public sector.

Data from 8 countiesin East and South-East of country (with population of about 5.7 million).

Survey data relating to popul ation base of about 660,000.
Survey data from a small sample of health digtricts.
Survey datafrom Hacettepe University Hospital, Atatirk University Hospital, Gllhane Military Hospital and Ankara University Hospital .
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Table 17

Patient dose per procedure from diagnostic angiographic examinations

Technique Fluoroscopy time? Dose-area product ® Effective dose ®
Procedure (min) (Gy crrd) (msy) Ref.
Coronary Children® - 13.3(1.4-98) - [B48]
Cinefilm® 8 (70 max.) 41 (228 max.) - [H6]
Cinefilm?d 4.3 (1.5-15) (21-40) (2-9) [C22]
- 39 16.1" 31(1-12) [L3]
Cinefluorography © 7 (SD 3.6) - 10.6 [K5]
- - 55.9 - [212]
- 9.8 (£ 65%) 30.4 (+57%) 56 [B3]
- - 389 89 [O6]
Digital cine' 57 477 94 [B54]
- - 58.71 - [W41]
No. frames®; 878 (302 SD) 3.6(3.33D) 39.3 (18 SD) - [P20]
Cinefilm?¢ (3.1-5.6) (23-79) (4.6-15.8) [N29]
Cerebral DSA 47 485 36 [M9]
- - - Eyelthyroid data* [H24]
DSA/conventional ! - - 10.6 (2.7-23.4) [F15]
Carotid (DSA) 39(1.2-11.8) 27.4(9.5-80) 4(1-12) [S3]
DSA/conventional 15( = 10) 59 (12-120) - [K23]
Digital 12.1(2.9-36) 74 (21-196) 7.4(2.1-19.6) [M34]
- - 55.2 16 [O6]
- - 50 - [V14]
Carotid 7.8(3.1-17.9) 98 (44-208) - [M46]
Abdominal Hepatic (DSA) 10.3(2.3-28.6) 137 (28-279) 23 (4-48) [S3]
Renal (DSA) 12.1(5.5-21) 95 (41-186) 16 (6-34) [S3]
Renal (DSA) 51 43 6 [K26]
Mesenteric and/or codliac art. 147 65 10 [K26]
DSA/conventional 10( = 05) 57 (31-89) - [K23]
Digital 8.0(1.8-27) 118 (21.6-301) 18.9 (3.5-48) [M34]
Renal angiography 5.1(29-7.6) 39.8 (17.4-72) 6.4 (2.8-11.5) [M34]
Renal angiography 2.8(0.5-9.3) 177 (90-327) - [M46]
Digital 6.7( = 6.5) 61 (8-192) 82 [R17]
Aortagram - 98 (297 max.) - [W32]
Mesenteric - 112 (352 max.) - [W32]
Peripheral Femoral (DSA) 3.7 (1.2-19) 429 (13-122) 4(1-16) [S3]
Aorto-iliac+ 1 leg 29( 28 13(2-52) - [K23]
Aorto-iliac + 2 legs 45(+ 12 32 (19-68) - [K23]
Aorto-iliac + thighs 12(+ 04) 47 (16-100) - [K23]
Aortogram/femoral runoff 3.9(1.8-10.8) - 14.0(7.0-21.8) [C23]
Femoral arteriogram 24( £ 1.9) 26 4 [T8]
Femoral (DSA/conventional) 1.7 (0.4-6.7) 24.4 (5.6-100) 2.7 [H25]
Femoral (DSA) 2.3(0.9-13.7) 74 (19.8-184) 9.0 [H25]
Femoral (DSA) - 13 31(+ 18 [C24]
Femoral 7.2(1.8-17.2) 46.7 (3-114) 7.5(0.5-18.2) [M34]
Femoral 24(13-8.3) 16 (8-91) - [M46]
Lower limbs 37(+31 30(9-77) 6.2 [R17]
Lower limbs (arteries) - 355 6.4 [O6]
Lower limbs (veins) - 49 0.9 [O6]
Lower limb - 78 (306 max.) - [W32]
Venography (arm) - 23 (57 max.) - [W32]

xXT T STKQ T Qa0 T

Mean values of parameters (with range, standard deviation, or coefficient of variation in parentheses).
Ages0.01-12 years. Calculated entrance surface doses: mean 99 mGy, range 10-526 mGy.

Mean length of cine film 28 m (maximum 85 m).
Range of cinefilm length: 25-100 m.

Mean time of cinefluorography (25-30 frames per second) was 60 seconds (standard deviation 30 seconds).

Mean number of frames: 689.

Range of cinefilm length: 16-43 m.

61% of total DAP from radiography.
Datarefer to right and left heart angiography.
Mean contributions to effective dose: 67% from fluoroscopy, 26% from cut films, and 7% from DSA.
Maximum dose to right ocular lens of 125 mGy; maximum dose to thyroid of 88 mGy.
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Table 18

Patient dose per procedure ® during interventional radiology

Fluoroscopy time Localized dose to Dose-area product Effective dose
Procedure (min) in (Gy) (Gy crd) (msy) Ref.
PTCA (Percutaneous 11.5(2.4-28) - ¢ 93 (33-402) 28.9 (7.5-57) [N6]
tranduminal coronary 30 (9-70) 0.15 (0.05-0.3) 28.5 (20-50.5) - [F4]
angioplasty) 15 - 10 [P3]
(56 max.) - - - [K5]
11 (92 max.) - 42 (266 max.) - [H6]
31.3 - - - [G4]
438° - - - [G4]
31°(8-62) 0.46°¢ - - [B6]
439(3-53) 0.39¢ - - [B6]
- (1-5) - - [H7]
0.1 (1 max.) 87.5(67-122) - [V3]
- 110 (40-340) - [B9]
- 143 (83 SD) - [B10]
- - - 22 [L4]
18.7 11 - - [P15]
- - 91.8 - [212]
21 (+ 63%) 0.038 (at spine) 37.6 (+41%) 6.9 [B3]
124 - 722 14.2 [B54]
0.5(0.01-2.2) - - [V14]
- - 458 - [W41]
18.5(15.5 SD) 0.14 (LAO proj.) 102 (85 SD) - [P20]
PTA (Percutaneous 14 04 75 10 [S14]
tranduminal angioplasty) 19.7 (5.3-26) - 68.5 (22-150) - [F5]
(21.8-68) - - - [N6]
6 - 65.1 - [F6]
- - 435 (5-184) - [B9]
24" (5-45) 0.3 140° (73-223) 125° [H27]
- - 67.3 (289 max.) - [W32]
17.9 (6.9-57.3) - 68 (15-338) - [M46]
(6.3-26.3) - (19-109) - [K50]
TIPS (Trangugular 46 - - - [M8]
intrahepatic portosystemic - - 354 - [V3]
shunt) 48.4 (21.7-100) - 525 (273-1131) 83.9(43.7-181) [M34]
32(9-79) 17 226 (111-354) 27 (14-44) [z11]
59 (26-115) 04 77 (7-240) 8(2-40) [z11]
48 1.2 (5 max.) 220 50 [S14]
- 182 (470 max.) - [W32]
Radiofrequency ablation 42 (27-108) - 116 (26-217) - [N6]
50 (31 SD) - - 17 [L4]
21.4 (142 max.) 0.9 (6.2 max.) - - [B7]
(190 max.) (8.4 max.) - - [C3]
28 (3-109) - 103 (7-516) - [F6]
0.07 (1.4 max.) - [C9]
- 56.4 9 (12-184) [H8]
- 77.5" (13-367) [H8]
- - 97.3 ' (9-532) - [H8]
53 (+50) 13(£13) - 17/ 25! [R16]
- 0.93(+0.62) - - [P14]
65 (5-195) 1.0(0.08-3.1) - - [N25]
28.9 - 911 17.3 [B54]
- 436 [W41]
Valvuloplasty 53 (40-120) - 56« [S15]
- - 44! - [S15]
31.8 - 162 29.3 [B54]
Lyss 21 - - [M8]
Embolization 25 - 180 25 [S14]
37.4(8.1-58) - 121 (34-286) [F5]
(8.4-6.4)™ - - [N6]
(17.5-90) " - - [N6]
23°(1-75) - 114°(7-394) - [F6]
- (0.2-1.4)" - (6-43) [B8]
054 81.7 9 - [V3]

391 (93-918)

(BY]
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Table 18 (continued)
Fluoroscopy time Localized dose to Dose-area product Effective dose
Procedure (min) in (Gy) (Gy crd) (msy) Ref.
Embolization (continued) 21P(6-54) - 122° 10.6° [M9]
34.1P(15.2-55.8) 0.34°(019-0.66) 105° (57.2-201) 10.5° (5.7-20) [M34,M36]
43°(31-74) 0.62°(0.13-1.34) 116 °(29-243) 1.67°(0.44-3.44) [B17]
24.3™(5-48) 044" 79™(55-100) 15.9" [H27]
- - - 20° (£ 14) adult [G12]
- - - 68 ° (£ 51) child. [G12]
- - 105 (352 max.) - [W32]
Biliary - 21 68.9 (30-163) - [V3]
7.1(0.6-26.3) 0.11 (0.01-0.37) 43.1(3.8-149) 6.9 (0.6-23.9) [M34,M36]
30.4 (3.6-141) - 20.1(1.2-122) - [M35]
342 (% 115) - 150 (51-291) 38.2 [R17]
- - 43 (167) - [W32]
Stent (superior vena cava) 17(9) 2 (max.) 42 (£29) 5.8 [O9]
a Mean valuesof parameters (with range, standard deviation, or coefficient of variation in parentheses).
b Procedure carried out with laser.
¢ Total occlusion.
d Subtotal stenosis.
e Nodataavailable.
f Leg.
g Atrioventricular.
h  Atrioventricular nodal reentry.
i Wolff-Parkinson-White.
j  Vauesfor malesand females, respectively.
k  Children (1-16 years).
I Infants (<1 year).
m  Liver.
n Kidney.
o Neurological.
p Cerebral.
q Hepatic.
Table 19
Doses to patients from computed tomography
Mean effective dose per procedure (mSv)
Country / area Year Head Ceryl cal Chest Abdomen Liver Kidneys Pelvis Lun_]bar
spine spine
Health-care level |
Australia[T17] 1995 2.6 52 104 16.7 12.7 - 11.0 52
Finland [S67] 1994 13 - 51 11.6 - - - 5.0
Germany [B58] 1993 2.6 gr 20.5 274 - - - gr
Japan [N16] 1994 - - 46-108° | 6.7-13.3°¢ - - - -
Netherlands [V15] 1993 | 0.8-50°% - 6-18 6-24* - - - 2-12*
New Zealand [P5] 1992 18 33 89 9.7 6.5 7.6 6.9 47
Norway [012] 1993 20 - 115 12.8 119 2.9 9.8 45
Sweden [S68] 1991 21 6 10¢ 10¢ 10¢ 10¢ 10¢ 6°
United Kingdom (Wales) [H33] 1994 16 15 9.7 12.0 10.3 9.1 9.8 33
Health-care level Il
Oman [G37] 1998 24 35 34 95 - - - -

o0 oY

Reported range for survey of 22 scanners.
Published value for spine.

Reported range for survey of 4 scanners.
Published value for trunk.
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Table 20

Patient dose ® per procedure from chest radiography

. - - Entrance surface dose Effective dose
Technique Conditions Projection Ref.
a ) (MGy) (mS)

Film-screen - PA 0.168 - [S77]
- PA - 0.007-0.017 [S78]

With lung filter PA - 0.008-0.011 [S78]

With grid PA 0.128 - [C38]

Without grid PA 0.087 - [C38]

With air gap PA 0.025 - [C38]

Asymmetric combination PA 0.131 - [C38]
Twin combinations PA 04 - [M65]

Computed radiography - PA 0.68 0.10 [M4]
- LAT 1.70 0.15 [M4]

Beam equalization (AMBER) - PA 0.16 0.024 [M4]
- LAT 0.65 0.066 [M4]

Sdlenium drum 150 kV PA 0.145 - [L33]
90 kV Standard dose PA 0.16 - [L33]

90 kV Low dose PA 0.07 - [L33]

Digital Image Intensifier - PA 0.11 0.016 [M4]
- LAT 0.15 0.013 [M4]

100 mm film - PA 0.10 0.015 [M4]
- LAT 0.77 0.069 [M4]

Photofluorography Survey of 80 units - 5.8 0.36 (0.05-2.4) [P26]
Mobile - PA - 0.013 [S78]
Intensive therapy unit - 0.31-0.56 0.15 [L34]

Intensive therapy unit - 0.33+£0.11 - [S79]

Wards - 0.2 - [S79]

a

Mean value, standard deviation or range.
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Table 21
Frequencies of examinations and doses in dental radiology (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Number of examinations ® per 1,000 population Effective dose per examination ° (uSv)
Country / area
Intraoral Panoral All Intraoral Panoral All

Health-care level |
Australia - 23 - - - -
Bahrain - - 49 - - -
Belarus 75 6 81 80 (30-50%) 150 (30-50%) -
Croatia 168 63 231 - - -
Cyprus - 12 12 - - -
Czech Republic - - 193 - - 100
Denmark - - 471 - - -
Ecuador 14 0.24 14 - - -
Finland 254 36 290 5(1-24) - -
Germany 276 - 276 10 (1-1 000) - 10 (1-1 000)
Hungar - - 41 - - -
Japan © 743 88 839 14 11 14
Kuwait - - 100 - - -
Lithuania - - 108 - - -
Luxembourg 438 31 469 - - -
Netherlands® 1704 8¢ 1821 8¢ 10 8¢
New Zealand © - - - 5 26 -
Poland [$49] 70 34 74 - - -
Portugal [F11] - - 100 - - -
Romania 28 0 28 100 (+ 70) - 100 (+ 70)
Russian Federation - - 96 - - 36
Slovakia 77 17 94 - - -
Slovenia 46 9.8 55 - - -
Sweden 682 57 739 10 10 10
Switzerland 524 34 571 10 (+ 10) 50 (+ 20) 30 (+ 30)
United Arab Emirates 7.8 7.6 15 - - -
United Kingdom 161 49 212 10 (3-19) 11 10
Average 365 a7 309 13 12 16

Health-care level Il
Brazil 111 - 111 - - -
China - - 17 - - -
Jordan 3.0 0.1 31 - - -
Mexico - 12 1.2 - - -
Oman 0 23 23 - - -
Turkey - - 31 - - -
Average 106 11 14 - - -

Health-care level llI
Ghana - - 0.25 - - -

Health-care level IV
United Rep. of Tanzania 0.07 0 0.07 - - -

(¢}

Some values may represent numbers of films rather than complete examinations.

Some doses may relate to individual films rather than complete examinations. Variationsin parentheses (standard deviation, coefficient of variation or
range).

Datarefer to individual films.

These revised data were received by the Committee after completion of the global analysis.
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Table 22
Doses to patients from dental x-ray examinations
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Typical entrance surface dose ® per

Country Year Technique Condition of measurement exposure (MGy)
Survey mean SD.P
Health-care level |

Canada 1995 Intraoral Survey of 56 units 25 (1.6-3.6)

Greece[Y11] 1997 Intraoral (50 kV) 6.5 49
Intraoral (60 kV) 49 37
Intraoral (65 kV) 31 12
Intraoral (70 kV) 19 09

Denmark [H31] 1993 Intraoral (D speed film) National survey 49 4.3
Intraoral (E speed film) National survey 32 3.6

United Arab Emirates 1997 Intraoral 4 units 277 (2.61-3.2)
Intraoral RVG filmless system 0.72 -

United Kingdom [N23] 1998 Intraoral (All) Sample of 6344 measurements 33 (0.14- 46)
Intraoral (E speed film) Sample of 1577 measurements 2.6 (0.14-21)
Intraoral (45-55 kV) Sample of 2175 measurements 5.0 (0.6-46)
Intraoral (60-70 kV) Sample of 3105 measurements 22 (0.2-9.6)
Panoral Sample of 387 measurements 57.4mGy mm¢® (2-328 mGy mm) ¢

United States 1993 Intraoral NEXT programme 1.9 -
Cephal ometric NEXT programme 0.21 -

Health-care level Il
Brazil 1996 Intraoral Survey data for Parana State 7.9 (0.9-61)

a  Without backscatter.
b  Doserangegiven in parentheses.
¢ Dose-width product [N23].

Table 23
Variation with technique of the typical effective dose from dental radiography
[N3]
Radiographic technique Effective dose (LSv)
Two bitewing films 70KV 2 200 mmfsd ®, rectangular collimation, E speed film 2
70 kV, 200 mm fsd, circular collimation, E speed film 4
50-60 kV, 100 mm fsd, circular collimation, E speed film 8
50-60 kV, 100 mm fsd, circular collimation, D speed film 16
Single panoral film Rare-earth intensifying screens 7
Calcium tungstate intensifying screens 14

a Applied potential.
b Focusto skin distance.
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Table 24

Doses to patients from mammography
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Typical dose per film (mGy)

Entrance surface Dose to glandular
Country Year Technique Condition of measurement dose? tissue
Survey SD.b Survey SD.P
mean mean
Health-care level |
Argentina ® [14] | 1993 400 speed Patient surveys 11.08 (pre) - - -
film/screen 7.26 (post) - - -
Augralia [H48] | 1996 Screening Patient survey (2 units;, 2051 films) - - 2.26 (04-7.2)
Belgium [P28] | 1997 Screening 24 centres (4.5 cm phantom) 75 24 14 04
Screening 24 centres (patient survey) 8.0 29 15 0.5
Canada 1994 - Standard breast phantom - - 11 (0.36-4.68)
[F19] | 1999 Screening Survey in Ontario (phantom) - - 15 -
Finland [S16] | 1993 Screening 4.5 cm Acrylic phantom 6.3 31 1.0 0.48
France [M7] | 1991 Screening Survey in Bas-Rhin (phantom) 15.2 - - -
1993 Screening Survey in Bas-Rhin (phantom) 8.5 - - -
Germany [K49] | 1992 W anode Patient survey (1678 women) 8.36 4.22 159 0.56
1993 Mo/W anode Patient survey (945 women) 11.0 5.05 207 0.66
Greece [F7] | 1990 Grid 4 cm Acrylic phantom 8.5 (5-15) - -
Non-grid 4 cm Acrylic phantom 5.2 (1-25) - -
Italy [M6] | 1997 - Tuscany region (phantom) 7.9 - - -
- Tuscany region (patients) 9.5 - - -
Japan [S81] | 1994 Screening 4 cm compressed breast - - 1.80 -
New Zealand 1996 - Average breast thickness - - 1.45 0.47
[B12] | 1993 Screening Patient survey in Otago (phantom) - - - (0.7-8.5)
Norway [O10] | 1994 Non-grid Standard phantom - - - (0.4-0.8)
Grid Standard phantom - - - (0.7-2.0)
Panama 1995 - - 597 2.70 - -
Slovenia 1996 - Standard phantom 6.82 259 - -
Spain [C40] | 1997 Screening 4.5 cm Acrylic phantom 6.1 20 13 04
1997 Screening Patient survey 5.7 2.6 1.0 04
Sweden 1996 Screening Standard breast phantom - - 15 (0.7-3.2)
United Arab 1998 Screening Standard breast phantom - - 2.65 (2.48-2.81)
Emirates! Clinical Standard breast phantom - - 271 (2.66-2.76)
Clinical © Standard breast phantom - - 0.23 -
United Kingdom [Y12] | 1991 Screening Standard breast phantom - - 128 (0.6-2.6)
1996 Screening Standard breast phantom - - 1.36 (0.7-2.5)
[B66] | 1995 Screening Patient survey (4 633 women) - - 2.0f -
1995 Screening Patient survey (4 633 women) - - 169 -
United States  [S82] | 1992 - Standard breast phantom - - 1.49 -
1997 - Standard breast phantom - - 1.60 -
[K43] | 1999 - Survey of 6 000 patients (phantom) - - 2.6 -
Health-care level Il
Iran (Idamic 1993 - Patient surveys 5.45 (pre) 194 - -
Republic of) " [14] - 4.27 (post) - - -
Turkey 1997 - Localized survey 3.29 0.23 - -

SQ "0 Qo0 oTw

Entrance surface dose or entrance surface air kerma; backscatter factor is generally <1.1 for mammographic exposures.

Dose range given in parentheses.

Values represent surveys before and after the introduction of a programme of quality control; data from two hospitals.

Diagnostic data from four units with grid and one without grid; screening data from two units.

Without grid.

Mediolateral oblique view (mean breast thickness 57 mm).
Craniocaudal view (mean breast thickness 52 mm).
Data from one hospital. VValues represent surveys (with mean breast thickness of 3 cm) before and after the introduction of a programme of quality

control.
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Table 25
Estimates of mean absorbed dose to the uterus from x-ray examinations
[W30]

Examination Typical dose (MGy) Reported range (mGy)
Dental -2 0.0003-0.001
Head / cervical spine - <0.005-0.03
Extremities - <0.005-0.18
Shoulder - <0.005-0.03
Thoracic spine - <0.10-0.55
Chest (radiography) - 0.002-0.43
Chest (photofluorography) - 0.009-0.40
Mammography - <0.1
Abdomen 25 0.25-19.0
Upper Gl 1 0.05-12.0
Cholecystography / cholangiography 1 0.05-16.0
Lumbar spine 4 0.27-40.0
Lumbosacral spine 4 0.30-24.0
Urography 6 0.70-55.0
Urethrocystography - 2.7-410
Barium enema 10 0.28-130
Hysterosal pingography 10 2.7-92
Pelvis 2 0.55-22.0
Hips and femur 3 0.73-14.0
Femur (distal) - 0.01-0.50

a Nodataavailable.

Table 26
Provision for dual energy x-ray absorptiometry in various countries
[C10]

Health-care level Country Scanners per million population
| Augtralia 34
Austria 6.5
Belgium 104
Canada 23
Cyprus 7.1
Denmark 35
Finland 34
France 6.6
Germany 6.8
Greece 135
|sradl 2.6
Japan 2.6
Malta 25
Netherlands 18
Portugal 16
Spain 35
Switzerland 4.1
United Kingdom 16
United States 29
I Chile 16




ANNEX D: MEDICAL RADIATION EXPOSURES 391
Table 27
Summary of entrance surface dose measurements from surveys of paediatric radiography in Europe
(1989-1995)
[K4]
Entrance surface dose (LGy)
X-ray examination Infant (10 months) 5-year old 10-year old
Median Minimum Maximum | Median Minimum Maximum Median Minimum | Maximum
Chest AP (1 kg newborn) 45 11 386 - - - - - -
Chest PA/AP 75 21 979 67 19 1347 71 17 1157
Chest AP (mobile) 90 34 718 68 29 333 91 29 760
Chest lateral - - - 140 37 554 153 39 1976
Skull PA/AP 930 152 4514 967 242 4626 1036 130 5210
Skull lateral - - - 703 138 2 358 577 113 3787
Pelvis AP (4 month) 260 18 1369 - - - - - -
PelvisAP - - - 485 86 2785 812 89 4167
Full spine PA/AP 867 107 4351 - - - - - -
Thoracic spine AP - - - - - - 887 204 4312
Thoracic spine lateral - - - - - - 1629 303 6 660
Lumbar spine AP - - - - - - 1146 131 5685
Lumbar spinelateral - - - - - - 2427 249 23 465
Abdomen AP/PA 440 7 3210 588 56 2917 729 148 3981
a Nodataavailable.
Table 28
Examples of reduced doses in paediatric radiography with attention to good technique
[C20]
Radiograph Age or Entrance surface dose * Dose-area product Effective dose
weight (MGy) (Gy cn) (mSv)
Chest - neonatal ° 1kg 0.01 - 0.02
2kg 0.02 - 0.04
3kg 0.03 - 0.07
Chest - AP/PA 0-1 month 0.02 0.002 <0.01
1-12 months 0.02 0.003 <0.01
1-4 years 0.03 0.005 <0.01
5-9years 0.04 0.016 <0.01
10-15 years 0.05 0.029 <0.01
Abdomen - AP 0-1 month 0.05 0.004 <0.01
1-12 months 0.05 0.009 <0.01
1-4 years® 0.09/0.16 0.017/0.030 0.02/0.04
5-9years 0.25 0.074 0.06
10-15 years 0.66 0.36 0.13
Pelvighips- AP/Frog LAT 0-1 month 0.05 0.003 <0.01
1-12 months 0.07 0.005 <0.01
1-4 years® 0.08/0.22 0.011/0.068 <0.01/0.03
5-9years 0.42 0.15 0.06
10-15 years 1.13 0.29 0.17
Skull - AP 0-1 month 0.12 0.015 <0.01
1-12 months 0.15 0.022 <0.01
1-4 years 0.48 0.08 <0.01
5-9years 0.73 0.11 <0.01
10-15 years 0.94 0.20 <0.01
Skull - LAT 0-1 month 0.07 0.009 <0.01
1-12 months 0.09 0.014 <0.01
1-4 years 0.30 0.053 <0.01
5-9years 0.36 0.060 <0.01
10-15 years 0.46 0.11 <0.01
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Table 28 (continued)

Lumbar spine- AP 0-1 month 0.07 0.006 <0.01
1-12 months 0.19 0.010 0.02
1-4 years 0.37 0.048 0.05
5-9 years 0.98 0.23 0.14
10- 15 years 1.75 054 0.22
Lumbar spine 0-1 month 0.08 0.006 <0.01
1-12 months 0.14 0.012 <0.01
1-4 years 0.70 0.10 0.04
5-9 years 152 0.30 0.09
10- 15 years 8.46 222 0.43
Full spine (scoliosis) - PA 0-1 month - - -
1-12 months - - -
1-4 years 021 0.069 -
5-9 years 0.22 0.070 -
10- 15 years 0.30 0.095 -
Full spine (scolioss) - LAT 0-1 month - - -
1-12 months - - -
1-4 years 0.37 0.086 -
5-9 years 0.40 0.12 -
10- 15 years 054 0.14 -
Barium meal / barium swallow < 1years - 0.349(0.18-0.56) -
1-5years - 0.609(0.36-0.94) -
Micturating cystourethrography (MCU) <1lyears - 0.26 4(0.06-0.62) -
1-4 years - 0.259(0.10-0.49) -
5-10 years - 0.45 9(0.29-0.60) -

o 0o

With backscatter.
Examinations conducted in a special care baby unit using mobile x-ray equipment. Data given by patient weight (kg).
Dual dose datarefer to small and large children, respectively.

Mean and range from survey with screening times of 0.5-5.2 min and 3- 10 films (100 mm format).
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Table 29
Some reported annual individual and collective effective doses from diagnostic medical x-ray examinations 2
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Effective dose (mS) Collective effective dose
Country man S Ref.
Per examination Per caput ( )
Health-care level |
Augtralia 13 0.8 13 000 [W34]
Bulgaria 128 0.75 6 400 -
Canada 1.05 0.94 26 200 [A15]
China, Taiwan Province 0.43 0.23 4700 [L23]
Denmark 0.7 0.36 1820 -
Finland 0.63 0.45 2270 -
France - 1.0 57 660 [S50]
Germany 15 19 153 360 -
Netherlands 1.0 0.6 9000 -
Poland 12 0.8 32300 -
Portugal 0.83 0.71 7000 [F11]
Romania 135 0.61 13 800 -
Russian Federation 0.7 0.9 128 000 -
Sweden 12 0.68 6 000 -
Ukraine 0.83 0.50 26 250 [K18]
United States 0.5 0.5 130 000 -
Health-care level Il
Brazil ® 0.26 0.09 - -
China 0.57 0.08 91 600 [Z10]
Malaysia 0.28 0.05 1000 [N26]

Since, asdiscussed in Section 1.C, many of these exposures are received by patients nearing the end of their lives and the doses are not distributed

evenly amongst the population, these doses should not be used for the assessment of detriment. Some data may erroneoudy include dental

examinations.

Data for Parana State (with a population of 9 million and a social and economic profile above the average for Brazil).
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Table 31

Contributions to frequency and collective dose from the various types of diagnostic medical x-ray
examinations assumed for global model (1991-1996)

Contribution (%)

Examination
Level | Level 11 Levelslll-IV World
Contribution to total annual frequency
Chest radiography 31 16 19 27
Chest photofluorography 4 0.1 <01 3
Chest fluoroscopy 1 42 <01 11
Limbsand joints 18 13 24 17
Lumbar spine 5 3 5 5
Thoracic spine 1 0.8 2 1
Cervical spine 4 2 3 3
Pelvisand hip 4 2 7 3
Head 6 4 14 6
Abdomen 4 8 7 5
Upper Gl tract 5 2 4 4
Lower Gl tract 0.9 1 6 1
Cholecystography 0.3 0.1 04 0.3
Urography 1 0.6 3 1
Mammography 3 04 <01 2
CT 6 1.0 0.4 5
Angiography 0.8 0.1 <01 0.6
Interventional procedures 0.3 0.1 <0.1 0.3
Other 4 4 4 4
All 100 100 100 100
Contribution to total annual collective dose
Chest radiography 3 2 3 3
Chest photofluorography 2 <01 <01 2
Chest fluoroscopy 1 50 <01 10
Limbsand joints 0.8 0.8 2 0.8
Lumbar spine 7 6 8 7
Thoracic spine 1 1 3 1
Cervical spine 0.7 0.6 0.9 0.7
Pelvisand hip 2 2 7 2
Head 05 04 2 05
Abdomen 2 5 6 2
Upper Gl tract 12 9 15 12
Lower Gl tract 5 8 34 5
Cholecystography 0.5 0.3 0.6 0.5
Urography 4 3 11 3
Mammography 1 0.2 <01 0.9
CT 41 5 2 34
Angiography 7 0.8 04 6
Interventional procedures 5 1 0.6 4
Other 4 4 4 4
All 100 100 100 100
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Table 32
Temporal trends in the annual frequency of diagnostic medical x-ray examinations per 1,000 population #
Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures unless otherwise indicated.

Country / area 1970-1979 1980-1984 1985-1990 1991-1996
Health-care level |
Australia 490 -b 560 565
Bahrain - - - 202
Belarus - - - 726
Belgium - - 1290 -
Bulgaria (980) (1100) (800) 589
Canada 860 1020 1050 892
China, Taiwan Province - - - 480
Croatia - - - 903
Cuba - 140 620 -
Cyprus - - - 937
Czechodovakia 1110 1050 920 -
Czech Republic - - - 883
Denmark - - 510 510
Ecuador (26) - (53) 151
Estonia - - - 1000
Finland 1080 - 870 704
France - 840 990 -
Germany 900 - 1050 1254
Hungary - - - 475
Italy - 740 - -
Japan 830 - 1160 1477
Kuwait - - 720 896
Lithuania - - - 886
Luxembourg - - 810 1046
Malta 100 - 320 -
Netherlands 570 550 530 598
New Zealand 610 710 640 -
Norway - 640 620 708
Panama - - - 300
Poland [$49] 900 - 540 641
Portugal - - 700 850
Qatar - - - 495
Romania 790 600 470 450
Russian Federation (1340) (1560) (1260) 1151
Slovakia - - - 800
Slovenia - - - 348
South Africa - - - 180
Spain - - 570 -
Sweden 590 - 520 568
Switzerland 1040 1040 - 750
Ukraine [K18] - - 948 600
United Arab Emirates - - - 378
United Kingdom 420 460 - 489
United States - 790 800 962
Average 820 810 890 920
Health-care level Il

Antigua and Barbuda - - - 271
Barbados - - 160 174
Brazil - 180 93 261
Chile - 170 - -
China - 110 150 173°
Colombia - 210 - -
CogtaRica - 270 - -
Dominica - - (180) 185
Dominican Republic - 20 - -
Grenada - - - 158
India (23) - 110 -
Iran (Idamic Rep. of) - 180 - -
Jordan - - - 45
Malaysa - - - 183
Mexico - 70 - 306
Nicaragua - 57 13 -
Oman - - - 269
Peru - - 15 -
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Table 32 (continued)

Country / area 1970-1979 1980-1984 1985-1990 1991-1996
Saint Kittsand Nevis - - - 203
Saint Lucia - - (130) 134
Saint Vincent and - - - 147
the Grenadines
Turkey - - 524 98
Average 26 140 120 154
Health-care level Il
Belize - - 83 -
CapeVerde - - 69 -
Ghana 22 - -
Liberia 80 - - -
Madagascar - - - 11
Morocco - - - 8
Myanmar - - 10 -
Philippines - - 110 -
Sri Lanka 21 - - -
Sudan - - 53 37
Thailand 50 75 79 -
Vanuatu - - 100 -
Average 23 75 67 17
Health-care level IV

Coted'lvoire 40 - - -
Kenya 36 - - -
Nigeria 25 - - -
Rwanda 8.0 - 8.8 -
Tanzania - - - 29
Average 27 - 8.8 29

a Dental x-ray examinations not included.

b Nodataavailable.

¢ Theserevised data were received by the Committee after completion of the global analysis.

Theentriesin this Table are qualified asfollows:

Bulgaria: Higtorical datawere not included in previous analyses.

Czechoslovakia: Historical data.

Dominica: Categorized in health-careleve |11 in previous analysis.

Ecuador: Categorized in health-careleve 11 in previous analyses.

Germany: Data for 1970-1979 and 1985- 1990 represent combined higtorical data for German Democratic Republic and Federal Republic of Germany.

India: Categorized in health-care level |11 for period 1970-1979.

Russian Federation : Historical data were not included in previous analyses.
Saint Lucia: Categorized in health-careleve |11 in previous analysis.
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Table 33
Temporal trends in the average annual number of diagnostic x-ray examinations per 1,000 population
Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures
Average annual number of examinations per 1,000 population #
Examination Period
Health-carelevel | Health-care level 11 Health-care levels11-1V
Chest 1970-1979 588 11 18
1980-1984 588 80 45
1985-1990 527(52%) 118 (73%) 51 (70%)
1991-1996 368 (39%) 89 (58%) 4.9 (21%)
Limbsand joints 1970-1979 87 3.3 3.2
1980-1984 151 7.8 74
1985-1990 137 (14%) 15 (8.9%) 6.2 (8.8%)
1991-1996 212 (21%) 20 (13%) 6.8 (24%)
Spine 1970-1979 25 1.7 1.9
1980-1984 58 1.7 5
1985-1990 61 (6.1%) 3.9 (2.4%) 2 (2.8%)
1991-1996 100 (11%) 8.9 (5.8%) 3.6 (11%)
Pelvisand hip 1970-1979 22 2.7 0.57
1980-1984 31 0.44 15
1985-1990 38 (3.79%) 3.4 (2.1%) 2 (2.8%)
1991-1996 36 (4.0%) 14 (5.9%) 1.7 (6.6%)
Head 1970-1979 13 2.3 1.8
1980-1984 37 15 3.4
1985-1990 46 (4.5%) 5.8 (3.5%) 3.7 (5.2%)
1991-1996 60 (6.5%) 30 (13%) 3.3 (14%)
Abdomen 1970-1979 15 4.1 4.7
1980-1984 22 14 6.5
1985-1990 36 (3.6%) 7.9 (4.8%) 3.4 (4.7%)
1991-1996 41 (4.6%) 13 (8.2%) 2.0 (7.1%)
Gl tract 1970-1979 73 0.92 1.6
1980-1984 51 2.7 2.6
1985-1990 72 (7.1%) 5(3.1%) 1.8 (2.5%)
1991-1996 60 (6.4%) 5.1 (3.3%) 2.9 (10%)
Cholecystography 1970-1979 19 0.48 1.2
and urography 1980-1984 28 0.35 2.6
1985-1990 26 (2.6%) 2.7 (1.6%) 2.2 (3.1%)
1991-1996 15 (1.6%) 5.6 (2.4%) 0.9 (3.3%)
Mammography 1970-1979 52 0.07 -
1980-1984 4.6 0.09 -
1985-1990 14 (1.4%) 0.57 (0.3%) (0.1%)
1991-1996 25 (2.9%) 2.7 (1.2%) 0.01 (0.1%)
CT 1970-1979 6.1 0 0.14
1980-1984 11 0 1.3
1985-1990 44 (4.4%) 0.42 (0.3%) 0.42 (0.6%)
1991-1996 48 (6.4%) 6.7 (2.9%) 0.14 (0.8%)
Angiography 1970-1979 16 0 0.3
1980-1984 57 0 0.3
1985-1990 7.1 (0.7%) 0.27 (0.2%) 0.11 (0.2%)
1991-1996 6.8 (0.8%) 0.48 (0.2%) 0
Interventional procedures 1991-1996 2.7 (0.4%) 0.94 (0.4%) 0
Pelvimetry 1991-1996 0.6 (0.1%) 1.7 (0.8%) 0.3 (1.0%)
Total 1970-1979 814 26 29
1980-1984 804 141 75
1985-1990 887 (100%) 124 (100%) 64 (1009%)
1991-1996 920 (100%) 154 (100%) 20 (100%)

a Overall averages calculated from national data asthe total number of examinations divided by thetotal population for each examination category. The
figuresin parentheses indicate an average percentage contribution of each examination category to total frequency, calculated on asimilar bass. Data
for 1991-1996 from Tables 12 and 13; since the total population is not the same for each examination category due to the lack of comprehensive
national data for all countrieslisted in the tables, these average numbers can not be expected to be additive.
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Table 34

Temporal trends in annual frequency of diagnostic dental x-ray examinations per 1,000 population

Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Country 1970-1979 1980-1984 1985-1990 1991-1996
Health-care level |
Australia 80 - - -
Bahrain - - - 49
Belarus - - - 81
Belgium - - 288 -
Croatia - - - 231
Cyprus - - - 12
Czechodovakia® 72 86 85 -
Czech Republic - - - 193
Denmark - - 471 471
Ecuador © (15) (4.4) (6.2) 14
Finland - - 223 290
France - 540 - -
Germany © - - 264 276
Hungary - - - 41
Italy - 119 - -
Japan 831 834 783 839
Kuwait - - 219 100
Lithuania - - - 108
Luxembourg - - 186 469
Malta 3 6.2 8.2 -
Netherlands (75) © (200) © (205) © 182°¢
New Zealand 321 - 275 -
Norway 641 805 833 -
Poland [$49] - - 32 74
Portugal - - 86 100
Romania 20 32 42 28
Russian Federation @ - (74) (82) 96
Slovakia - - - 94
Slovenia - - - 55
Spain - - 232 -
Sweden 433 841 832 739
Switzerland 296 325 - 571
United Arab Emirates - - - 15
United Kingdom 112 165 - 212
United States 350 456 402 -
Average 320 390 350 310
Health-care level Il
Brazil - - 4.7 111
Chile - 3.9 - -
China - 0.8 21 17
Jordan - - - 31
Mexico - - - 12
Oman - - - 2.3
Tunisa - - 13 -
Turkey - - - 31
Average - 0.8 25 14
Health-care level lll

Egypt 0.7 - - -
Ghana - - - 0.3
Myanmar - - 16 -
Sri Lanka 0.8 - - -
Thailand 14 23 21 -
Average - 0.8 17 0.3
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Table 34 (continued)

Health-care level IV

United Rep. of Tanzania - - - 0.1
Average - - - 0.1
a Hidorical data
b  Categorized in health-careleve 1l in previous analyses.
¢ Datafor 1985-1990 represent historical data for Federal Republic of Germany.
d Higorical datawere not included in previous analyses.
e Theserevised data were received by the Committee after completion of the global analysis.
Table 35

Trends in average effective doses from diagnostic medical x-ray examinations
Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Average ® effective dose per examination (mSv)
Examination Health-care level | Health-care level |1
1970-1979 1980-1990 1991-1996 1980-1990 1991-1996

Chest radiography 0.25 0.14 0.14 0.04 0.05
Chest photofluoroscopy 0.52 0.52 0.65 - -

Chest fluoroscopy 0.72 0.98 11 0.29 -

Limbsand joints 0.02 0.06 0.06 0.04 0.04
Lumbar spine 2.2 17 18 2.6 1.0
Pelvisand hip 21 12 0.83 20 0.74
Head 0.50 0.16 0.07 0.13 0.04
Abdomen 19 11 053 0.22 0.62
Upper Gl tract 89 7.2 36 16 6.0
Lower Gl tract 9.8 41 6.4 5.0 6.0
Cholecystography 1.9 15 23 16 15
Urography 3.0 31 37 17 39
Mammography 18 1.0 0.51 - 0.1
CT 13 43 8.8 - 49
Angiography 9.2 6.8 12 - 6.8
PTCA - - 22 - -

a Frequency-weighted average of national values from survey data. Valuesfor 1991-1996 from Table 15.
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Table 36
Estimated doses to the world population from diagnostic medical and dental x-ray examinations *®
1991-1996
. Annual per caput effective dose (mSv) Annual collective effective dose (man Sv)
Population
Health-care level millions
( ) Medical Dental Medical Dental
I 1530 12 0.01 1875000 9500
Il 3070 0.14 0.001 425 000 4300
11 640 0.02 <0.0001 14 000 13
v 565 0.02 <0.0001 13 000 11
World 5800 04 0.002 2330000 14 000

a Since, asdiscussed in Section |.C, many of these exposures are received by patients nearing the end of their lives and the doses are not distributed
evenly amongst the population, these doses should not be used for the assessment of detriment.

Table 37
Chronology of key technical advances in diagnostic nuclear medicine
Date Development
1896 Discovery of natural radioactivity (Becquerel)
1920s Biological tracer studieswith radionuclidesin plants and animals (Hevesey)
1930s First cyclotron; production of artificial radioactivity (Fermi)
1940s Controlled uranium fission; early clinical nuclear medicine with radiociodine; first artificial radioactive e ement named (*™Tc)
1950s Invention of rectilinear scanner (Cassen); invention of gamma camera (Anger)
1960s Invention of *™ ¢ generator; early development of single-photon computed tomography (SPECT)
1970s Increased use of computers; early development of positron emission tomography (PET)
1980s Growth in SPECT
1990s Growth in PET; more specific radiopharmaceuticals
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Table 40

Distribution by age and sex of patients undergoing diagnostic nuclear medicine procedures (1991-1996)

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female
Bone scan
| Argentina 6 22 72 41 59
Bulgaria 0 22 78 41 59
Canada 6 15 79 50 50
Croatia 4 33 63 47 53
Czech Republic 7 7 86 41 59
Ecuador 9 34 57 44 56
Finland 3 - - - -
Ireland <1 - - - -
Italy 1 8 91 34 66
Japan - - - 56 44
Kuwait 8 42 50 58 42
New Zealand [L28] 6 23 71 - -
Panama 12 18 70 52 48
Romania 17 12 71 36 64
Slovakia 3 37 60 - -
Sovenia 3 13 84 45 55
Sweden 3 - - - -
United Arab Emirates 12 44 44 53 47
Average 5 15 80 48 52
1 Jordan 3 32 65 20 80
Mexico 7 18 75 45 55
Pakistan 19 38 43 49 51
Peru 10 30 60 30 70
Turkey 6 28 66 52 48
Average 9 27 64 46 54
11 Morocco 0 100 0 30 70
Sudan 0 80 20 25 75
Average 0 98 2 30 70
v Ethiopia 17 66 17 67 33
United Rep. of Tanzania 4 24 72 36 64
Average 5 26 69 37 63
Cardiovascular scan
| Argentina 0 12 88 68 32
Bulgaria 0 22 78 62 38
Canada 0 6 94 58 42
Croatia 5 38 57 64 36
Czech Republic 13 22 65 54 46
Ecuador 0 19 81 66 34
Finland 3 - - - -
Italy 0 11 89 76 24
Japan - - - 63 37
Kuwait 0 20 80 73 27
New Zealand [L28] 1 7 92 0 0
Panama 14 30 56 30 70
Slovakia 0 30 70 - -
Slovenia 0 8 92 - -
United Arab Emirates 0 42 58 38 62
Average 0 7 93 60 40
1 Jordan 0 14 86 50 50
Mecixo 0 14 86 58 42
Pakistan 0 14 86 80 30
Peru 0 40 60 45 55
Turkey 0 11 89 60 40
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Table 40 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female
Average 0 13 87 59 41
11 Morocco 0 100 0 - -
Lung perfusion study
| Argentina 6 10 84 47 53
Bulgaria 25 50 25 50 50
Canada 2 17 81 51 49
Croatia 2 38 60 51 49
Czech Republic 2 9 89 45 55
Ecuador 1 38 61 46 54
Finland 0.1 - - - -
Irdland <1 - - - -
Italy 0 6 94 54 46
Japan - - - 49 51
Kuwait 7 41 52 66 34
New Zealand [L28] 1 17 82 - -
Panama 15 28 57 38 62
Romania 1 28 71 77 23
Sovakia 0 36 64 - -
Sovenia 1 10 89 - -
Sweden 0.3 - - - -
United Arab Emirates 15 45 40 60 40
Average 2 13 85 49 51
1 Jordan 9 36 55 29 71
Mexico 5 19 76 51 49
Pakistan 18 31 51 57 43
Peru 0 40 60 30 70
Turkey 3 40 57 45 55
Average 5 31 64 48 52
11 Morocco 90 - - - -
v Ethiopia 0 75 25 50 50
United Rep. of Tanzania 0 50 50 0 100
Average 0 67 33 33 67
Lung ventilation study
| Argentina 4 10 86 47 53
Bulgaria 17 66 17 58 42
Canada 1 18 81 51 49
Croatia 0 33 67 48 52
Czech Republic 1 7 92 45 55
Ecuador 0 40 60 40 60
Finland 1 - - - -
Italy 0 6 94 54 46
Panama 14 29 57 30 70
Sovenia 1 14 85 - -
Sweden 0.1 - - - -
United Arab Emirates 23 23 54 64 36
Average 2 15 83 50 50
1 Jordan 0 65 35 90 10
Mexico 2 10 88 36 64
Peru 0 40 60 30 70
Turkey 0 33 67 67 33
Average 1 23 76 52 48
Thyroid scan
| Argentina 3 53 44 18 82
Bulgaria 4 48 48 10 90
Canada 2 37 61 20 80
Croatia 3 51 46 21 79
Czech Republic 1 22 77 17 83




ANNEX D: MEDICAL RADIATION EXPOSURES

411

Table 40 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female
| Ecuador 5 46 49 17 83
Finland 1 - - - -
Irdland <1 - - - -
Italy 1 37 62 16 84
Japan - - - 19 81
New Zealand [L28] 2 29 69 - -
Panama 18 39 43 17 83
Romania 1 48 51 19 81
Sovakia 2 45 53 - -
Sovenia 1 16 83 - -
United Arab Emirates 3 50 47 30 70
Average 2 40 58 18 82
1 Jordan 13 63 24 7 93
Mexico 7 51 42 23 77
Pakistan 15 64 21 31 69
Peru 15 32 53 37 63
Turkey 1 64 35 13 87
Average 8 61 31 22 78
11 Morocco 10 85 5 35 65
Sudan 10 60 30 10 90
Average 10 82 8 32 68
v Ethiopia 6 72 22 18 82
Thyroid uptake
| Argentina 4 50 46 13 87
Bulgaria 4 50 46 19 81
Canada 3 39 58 21 79
Croatia 0 37 63 19 81
Czech Republic 0 15 85 15 85
Ecuador 5 46 49 16 84
Finland 0 - - - -
Ireland <1 - - - -
Italy 1 37 62 16 84
Japan 0 - - - -
Panama 4 45 51 22 78
Romania 1 44 55 23 77
Slovakia 0 23 77 - -
United Arab Emirates 3 50 47 30 70
Average 3 41 56 18 82
1 Jordan 2 52 46 19 81
Mexico 4 5 91 19 81
Pakistan 9 53 38 41 59
Peru 0 40 60 10 90
Average 6 36 58 28 72
v Ethiopia 6 72 22 18 82
United Rep. of Tanzania 3 31 66 16 84
Average 4 50 46 17 83
Renal scan
| Argentina 7 41 52 47 53
Bulgaria 3 56 41 48 52
Canada 29 15 56 52 48
Croatia 30 34 36 50 50
Czech Republic 33 24 43 47 53
Ecuador 22 47 31 55 45
Finland 25 - - - -
Irdland 22 - - - -
Italy 14 21 65 54 46
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Table 40 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female

| Kuwait 48 28 24 57 43
New Zealand [L28] 33 24 43 - -

Panama 17 27 56 45 55
Romania 1 35 64 40 60
Slovakia 20 38 42 - -

Sweden 16 - - - -

United Arab Emirates 10 43 47 67 33

Average 22 25 53 51 49

1 Jordan 50 21 29 53 47
Mexico 12 41 47 39 61

Pakistan 21 37 42 62 38

Peru 61 23 16 50 50

Turkey 36 46 18 74 26

Average 26 42 32 60 40

11 Morocco 90 - - - -
Sudan 20 70 10 50 50

v Ethiopia 6 69 25 63 37
United Rep. of Tanzania 7 45 48 38 62
Average 7 47 46 40 60

Liver/spleen study

| Argentina 6 22 72 31 69
Bulgaria 9 62 29 36 64

Canada 16 16 68 55 45

Croatia 0 37 63 50 50

Czech Republic 14 25 61 48 52

Ecuador 7 42 51 47 53

Finland 1 - - - -

Italy 1 37 62 48 52

- - - 62 38

Kuwait 29 12 59 65 35

Panama 4 11 85 54 46
Romania 1 22 77 57 43
Slovakia 5 30 65 - -

United Arab Emirates 5 20 75 45 55

Average 7 26 67 56 44

1 Jordan 8 35 57 53 47
Mexico 10 33 57 43 57

Pakistan 12 41 47 50 50

Peru 20 30 50 30 70

Turkey 1 83 16 14 86

Average 8 52 40 35 65

11 Morocco 100 0 0 - -
Sudan 0 5 95 25 75

Average 60 2 38 25 75

v Ethiopia 0 67 33 73 27

Brain scan

| Argentina 4 10 86 33 67
Bulgaria 54 34 12 48 52

Canada 36 36 28 68 32

Croatia 0 49 51 41 59

Czech Republic 7 21 72 45 55

Ecuador 0 100 0 50 50

Finland 9 - - - -

Italy 0 10 90 53 47

Japan - - - 56 44

Panama 33 24 43 40 60
Romania 3 20 77 69 31
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Table 40 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female
| Slovakia 8 46 46 - -
Sweden 20 - - - -
United Arab Emirates 0 42 58 42 58
Average 18 25 57 56 43
I Mexico 11 38 51 51 49
Pakistan 25 40 35 55 45
Peru 0 0 100 30 70
Turkey 8 45 47 63 37
Average 15 40 45 54 46
11 Sudan 0 10 90 30 70
v Ethiopia 9 67 24 60 40
United Rep. of Tanzania 4 50 46 33 67
Average 9 65 26 57 43
Other procedures
| Bulgaria (Testicles) 27 50 23 100 0
Croatia (Infection) 0 41 59 42 58
Croatia (Gl bleeding) 2 42 56 58 42
Croatia (Haemangioma) 0 37 63 35 65
Coatia (Adrenal) 0 41 59 42 58
Croatia (Biliary tract) 21 28 51 58 42
1 Peru (Cysternography) 50 30 20 30 70
Peru (Gall bladder) 50 30 20 30 70
Peru (VPT) 0 20 80 30 70
11 Morocco (sur. renal) 60 40 0 - -
v Ethiopia (Meckd’sdivert.) 0 100 0 50 50
All diagnostic procedures

| Argentina 4 28 68 42 58
Bulgaria 5 49 46 21 79
Czech Republic 13 15 72 44 56
Ecuador 7 39 54 33 67

Finland 7 - - - -
Japan 3 9 88 49 51
Netherlands 3 14 83 44 56

New Zealand [L28] 7 21 72 - -
Panama 15 28 57 37 63

Slovakia 3 39 58 - -

Ukraine 3 - - - -
United Arab Emirates 7 44 49 46 54
Average 5 12 83 47 53
I Mexico 8 28 64 45 55
v Ethiopia 7 70 23 31 69

Theentriesin this Table are qualified asfollows:

Argentina:
Canada:

Czech Republic:
Jordan:

New Zealand:
Peru:

Romania:
Sovakia:
Turkey:

On the basis of data from a sample of 25% of nuclear medicine centres.
Data from London Health Sciences Centre, SW Ontario (representing 50% of the services provided to population of about 1 million).
Survey data relating to Prague (about 10% of national population).
Survey data from one hospital .
Data shown for ‘Lung Perfusion’ refer to both perfusion and ventiliation studies.
Survey data from IPEN (Centre of Nuclear Medicine, serving population of about 5 million).
Survey data relating to population base of about 4.5 million.
Survey data relating to population base of about 2 million.

Survey data from Gilhane Military Hospital, Hacettepe University Hospital and Samsun Ondokuz Mayis University Hospital .
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Table 43
Typical effective doses to patients from diagnostic PET imaging
[A20]
) . ) — Administered Effective dose Dose to uterus

Radionuclide Chemical form Investigation activity (MBa) (ms)) (MGy)

e L-methyl-methionine Brain tumour imaging 400 2 1

e L-methyl-methionine Parathyroid imaging 400 2 1

BN Ammonia Myocardial blood flow imaging 550 2 1

50 Water (bolus) Cerebral blood flow imaging 2000 2 1

50 Water (bolus) Myocardial blood flow imaging 2000 2 1

8 FDG Tumour imaging 400 10 7

8 FDG Myocardial imaging 400 10 7

8 Fluoride Boneimaging 250 7 5
Table 44
Typical effective doses to paediatric patients from diagnostic nuclear medicine procedures
[G4T7]

Activity for Effective dose per procedure by patient age * (mSv)
adult
Radiopharmacetical ?l@lt :_:(;])t Adult 15 years-old 10 years-old 5years-old 1 year-old
70 kg 55kg 33kg 18 kg 10 kg
[1.0] [0.9] [0.69] [0.44] [0.27]

9MTc-MAG3 (normal renal function) 100 0.7 0.8 0.7 0.6 0.6
M c-MAG3 (abnormal renal function) 100 0.6 0.7 0.7 0.5 0.5
“mTc-DTPA (normal renal function) 300 16 18 2.1 18 2.2
mTc-DTPA (abnormal renal function) 300 14 16 1.9 18 2.0
#mTc-DMSA (normal renal function) 80 0.7 0.7 0.8 0.8 0.8
9T c-pertechnetate (no thryoid block) 80 1.0 1.2 13 14 14
“mTc-IDA (normal biliary function) 150 2.3 2.4 2.9 3.0 37
“MTc-HMPAO 500 4.7 50 59 5.7 6.5
9mT c-leukocytes 200 22 27 3.0 29 34
T c-erythrocytes 800 53 6.0 6.6 6.7 7.6
9T c-phosphates 600 3.6 3.7 41 42 49
T c-MIBI (resting) 400 33 40 44 48 5.4
21T -chloride 80 20 30 129 95 86
123 jodide (55% thyroid uptake) 20 7.2 10.2 121 16.3 18.8
123 -jodide (total thyroid block) 20 0.2 0.3 0.3 0.3 0.3
123 _MIBG (no impurity) 400 56 6.5 9.1 8.8 101
“Ga-citrate 150 15 18.9 22.8 231 27.9

a

Figuresin brackets are scaling factors for activity based on body weights shown. Doses cal culated using age-specific coefficientsfrom [119].
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Table 45
Some reported annual individual and collective effective doses from diagnostic nuclear medicine procedures *
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Effective dose (mS) Collective effective dose
Country /area man S Ref.
Per examination Per caput ( )

Health-care level |
Australia 53 0.064 1110 [CT]
Canada 4 0.16 4500 [A15]
China, Taiwan Province 44 0.029 600 [L6]
Finland 4.0 0.04 207 [K59]
Germany 3 01 5000° [K12]
Netherlands 42 0.067 1000 -
New Zealand 31 0.026 90 [L28§]
Romania 16.2 0.049 1124 [136]
Russian Federation 54 0.075 10 000 -
Slovakia 4.0 0.022 111 [F8]
Switzerland 42 0.04 300 [R18]
Ukraine 12 0.006 320 [K18]
United Kingdom 42 0.036 2000 [E11]
United States 44 0.14 35400 [123]

Health-care level Il
Iran (Idam. Rep. of) 43 0.008 450 [M10]

Health-care level llI
Ghana 3 0.0002 3 [Al6]

a Since, asdiscussed in Section |.C, many of these exposures are received by patients nearing the end of their lives and the doses are not distributed
evenly amongst the population, these doses should not be used for the assessment of detriment.
b Collective dose data refer only to states of former Federal Republic of Germany.
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Table 47

Contributions to frequency and collective dose from the various types of diagnostic nuclear medicine
procedures assumed for global model (1991-1996)

Contribution (%)

Procedure
Level | Level 11 Level 111 Level IV World
Contribution to total annual frequency
Bone 24 21 19 8 24
Cardiovascular 14 15 6 0.1 14
Lung perfuson 10 2 2 04 9
Lung ventilation 2 1 0.1 0.1 2
Thyroid scan 22 27 59 19 22
Thyroid uptake 5 3 - 42 5
Renal 5 14 7 13 6
Liver / spleen 11 8 2 1 11
Brain 7 4 4 16 7
All 100 100 100 100 100
Contribution to total annual collective dose

Bone 25 14 4 2 23
Cardiovascular 27 18 4 0.1 25
Lung perfuson 3 0.6 0.3 <0.1 3
Lung ventilation 04 0.1 <0.1 <0.1 04
Thyroid scan 10 40 89 28 17
Thyroid uptake 17 10 - 62 16
Renal 2 6 1 2 2
Liver / spleen 4 2 0.2 0.1 4
Brain 10 4 1 5 8
All 100 100 100 100 100
Table 48

Temporal trends in annual frequency of diagnostic nuclear medicine procedures per 1,000 population
Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Country / area 1970-1979 1980-1984 1985-1990 1991-1996
Health-care level |

Argentina - - 115 111
Australia 38 8.9 8.3 12.0
Austria 18.0 - - -

Belarus - - - 0.5
Belgium - - 36.8 -

Bulgaria - 13.0 - 33
Canada - - 12.6 64.6
Cayman Idands - - - 0

China, Taiwan Province - - - 6.6
Croatia - - - 24
Cuba?® (0.8) - - -

Cyprus - - - 6.6
Czechodovakia® 13.6 18.3 22.9 -

Czech Republic - - - 28.3
Denmark 14.0 14.2 13.4 15.2
Ecuador # (0.5) - (0.8) 0.8
Estonia - - - 8.0
Finland 12.6 17.7 - 10.0
France - 9.0 6.9 -

Germany © 311 39.7 39.8 34.1
Hungary - - - 15.3
Ireland - - - 6.1
Italy 6.0 - 7.3 11.0
Japan - - 8.3 11.7
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Table 48, continued

Country / area 1970-1979 1980-1984 1985-1990 1991-1996
Kuwait - - 13.1 12.7
Lithuania - - - 10.6
Luxembourg - - 235 52.2
Netherlands - - 11.6 15.7
New Zealand 5.6 7.3 75 8.3
Norway 39 - 9.3 -
Panama - - - 3.4
Portugal - - - 4.0
Qatar - - - 4.7
Romania - 3.0 35 3.0
Russian Federation ¢ 9) (11) (15) 12.6
Slovakia! - - (4.9) 9.4
Slovenia - - - 11.2
Sweden 9.8 - 12.6 13.6
Switzerland 449 - - 9.5
Ukraine - - - 5.0
United Arab Emirates - - - 7.2
United Kingdom - 6.8 - 8.2
United States - - 25.7 315
Yugodavia - - 6.1 -
Average 11 6.9 16 19

Health-care level Il
Antigua and Barbuda - - - 0
Barbados - - 1.0 -
Brazil - - 17 11
China - - 0.6 -
Dominica - - - 0
Grenada - - - 0
India - 0.1 0.2 -
Iran (Idamic Rep. of) - - - 1.9
Iraq - - 12 -
Jordan - - - 16
Mexico - - - 11
Oman - - - 0.6
Pakistan - - - 0.6
Peru - - 0.2 0.6
Saint Kittsand Nevis - - - 0
Saint Lucia - - - 0
Saint Vincent and - - - 0

the Grenadines

Tunisa - - 1.0 0.8
Turkey - - 25 21
Average 0.9 0.1 0.5 11

Health-care level llI
Egypt 0.07 0.21 0.48 -
Ghana - - - 0.05
Jamaica® (2.8) - (2.0) -
Morocco - - - 0.62
Myanmar 0.54 0.36 0.11 -
Sudan 0.12 0.28 0.28 0.09
Thailand 0.25 0.18 0.26 -
Average 0.25 0.25 0.30 0.28

Health-care level IV
Ethiopia - 0.014 0.10 0.014
United Rep. of Tanzania - - - 0.024
Average - - - 0.02

Historical data.

o0 oY

Categorized in health-careleve 11 in previous analyses.

Higtorical datafor 1970-1979, 1980- 1984 and 1985-1990 refer to Federal Republic of Germany.
Higtorical datawere not included in previous analyses.
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Table 49

Temporal trends in the average annual number 2 of the various types of diagnostic radionuclide procedures
per 1,000 population

Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Average annual number of procedures per 1,000 population
Type of study Period
Health-care level | Health-care level |1 Health-care level |11 Health-care level IV
Bone scan 1970-1979 0.84 0 0.001 0.001
1980-1984 2.6 - 0.041 0.041
1985-1990 48 0.016 0.084 0.084
1991-1996 58 0.20 0.054 0.001
Cardiovascular 1970-1979 053 0 0.0007 0.0007
1980-1984 0.58 - 0.003 0.003
1985-1990 2.6 0.008 0.014 0.014
1991-1996 3.6 0.15 0.023 0
Lung perfusion 1970-1979 0.34 0.024 0.0003 0.0003
1980-1984 0.94 - 0.002 0.002
1985-1990 22 0.002 0.008 0.008
1991-1996 23 0.017 0.009 0.0001
Lung ventilation 1970-1979 0.13 0 0.0001 0.0001
1980-1984 0.26 - 0.0001 0.0001
1985-1990 12 0.001 0.008 0.008
1991-1996 0.35 0.009 0 0
Thyroid scan 1970-1979 13 04 0.066 0.066
1980-1984 25 - 0.048 0.048
1985-1990 18 0.062 0.066 0.066
1991-1996 4.0 0.26 0.16 0.003
Thyroid uptake 1970-1979 22 0.25 0.10 0.10
1980-1984 0.17 - 0.063 0.063
1985-1990 0.55 0.17 0.052 0.052
1991-1996 0.80 0.03 0 0.007
Renal 1970-1979 18 0.041 0.006 0.006
1980-1984 13 - 0.009 0.009
1985-1990 14 0.096 0.023 0.023
1991-1996 11 0.14 0.019 0.002
Liver / spleen 1970-1979 17 0.087 0.086 0.086
1980-1984 12 - 0.034 0.034
1985-1990 14 0.023 0.016 0.016
1991-1996 2.6 0.078 0.004 0.0002
Brain 1970-1979 13 0.23 0.022 0.022
1980-1984 11 - 0.013 0.013
1985-1990 0.42 0.006 0.007 0.007
1991-1996 16 0.04 0.010 0.003
Total of al diagnostic 1970-1979 10.9 0.86 0.25 0.25
radionuclide procedures 1980-1984 6.9 0.10 0.19 0.19
1985-1990 16.2 054 0.25 0.25
1991-1996 18.8 113 0.28 0.02

a Overall averages calculated from national data as the total number of procedures divided by the total population for each type of procedure. Data for
1991-1996 from Table 38; sincethetotal population is not the same for each type of procedure due to the lack of comprehensive national data for all
countriesincluded in the analyss, these average numbers can not be expected to be additive.
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Table 50
Estimated doses to the world population from diagnostic nuclear medicine procedures # 1991-1996

Health-care level Population Annual per caput effective dose Annual collective effective dose
(millions) (mSv) (man Sv)
| 1530 0.08 123 000
1] 3070 0.008 23000
1l 640 0.006 3500
\% 565 0.0003 200
World 5800 0.03 150 000

a Since, asdiscussed in Section |.C, many of these exposures are received by patients nearing the end of their lives and the doses are not distributed
evenly amongst the population, these doses should not be used for the assessment of detriment.
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Table 52
Annual numbers of brachytherapy treatments ® per 1,000 population by disease category (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Country/ area Head/neck Breast Gynaecological Prostate br-zl;ztril/tﬁfefgpy
tumour tumour tumour tumour
treatments
Health-care level |
Augralia 0.001 0.002 0.055 0 0.064
Bdarus 0.021 0.003 0.059 0.001 0.096
Bulgaria - - - - 0.556
Canada 0.001 0 0.055 0.009 0.070
Cayman Idands 0 0 0 0 0
Croatia 0 0 0.074 0 0.074
Cyprus 0 0 0.018 0 0.018
Czech Republic 0.002 0.010 0.247 0.0005 0.273
Denmark - - 0.009 - -
Ecuador 0 0 0.010 0 0.010
Hungary - - - - 0.311
Ireland 0.004 0.0008 0.082 - 0.094
Kuwait 0 0 0.015 0 0.015
Luxembourg 0 0 0 0 0
Netherlands 0.008 0.062 0.027 0.003 0.15°
New Zealand 0.005 0.002 0.035 0 0.047
Panama 0.001 0 0.051 0 0.053
Qatar 0 0 0 0 0
Romania 0.002 0.004 0.143 0.0007 0.162
Russian Federation - - - - 0.440
Slovakia 0.010 0.054 0.154 0.0004 0.258
Slovenia 0.044 0 0.088 0.001 0.140
Sweden - - 0.110 - 0.110
United Arab Emirates 0.002 0 0.007 0 0.009
United States[123] - - - - 0.115
Uruguay - - - - 0
Average 0.005 0.011 0.078 0.002 0.20
Health-care level Il
Antigua and Barbuda - - - - 0
[B43]
Bahamas[B43] - - - - 0
Bdize[B43] - - - - 0
Dominica[B43] - - - - 0
Grenada [B43] - - - - 0
Mexico 0.002 0.004 0.0001 0 0.021
Oman 0 0 0 0 0
Pakistan 0 0 0.001 0 0.001
Paraguay - - - - 0
Peru 0 0 0.036 0 0.036
Saint Kittsand Nevis - - - - 0
[B43]
Saint Lucia[B43] - 0
Saint Vincent and - - - - 0
the Grenadines [B43]
Tunisa 0.003 0 0.014 0 0.022
Turkey 0.003 0.002 0.028 - 0.037
Average 0.0008 0.0005 0.009 0 0.017
Health-care level llI
Jamaica [B43] - - - - 0
Morocco - - 0.030 - 0.030
Sudan 0 0 0.0009 0 0.0009
Average 0 0 0.016 0 0.015

a Complete courses of treatment.

b Theserevised data were received by the Committee after completion of the global analysis.
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Table 54
Percentage contributions by disease category to annual total numbers of brachytherapy treatments 2 (1991-1996)
Based on data and qualifications from Table 52

. Total of all
Country/ area Head/neck Breast Gynaecological Prostate brachytherapy
tumour tumour tumour tumour
treatments

Health-care level |
Australia 21 38 86 0 100
Belarus 22 37 61 14 100
Canada 19 0 79 12 100
Croatia 0 0 100 0 100
Cyprus 0 0 100 0 100
Czech Republic 0.6 37 91 0.2 100
Ecuador 0 0 100 0 100
Ireland 44 0.9 88 - 100
Kuwait 0 0 100 0 100
Netherlands 79 59 26 24 100
New Zealand 11 47 75 0 100
Panama 2.8 0 97 0 100
Romania 1.2 25 88 0.4 100
Slovakia 3.9 21 59 0.2 100
Slovenia 32 0 63 0.7 100
Sweden - - 100 - 100
United Arab Emirates 23 0 77 0 100
Average® 43 10 78 22 100

Health-care level Il
Mexico 1.0 1.8 0.4 0 100
Pakistan 0 0 96 0 100
Peru 0 0 100 0 100
Tunisa 13 0 63 0 100
Turkey 8.6 4.9 75 - 100
Average® 45 28 52 0 100

Health-care level llI
Morocco - - 100 - 100
Sudan 0 0 100 - 100
Average® 0 0 100 - 100

a Complete courses of treatment.
b Overall averagesfor sample calculated astotal number of each particular type of trestment divided by total number of all treatments.
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Table 55

Distribution by age and sex of patients undergoing teletherapy treatment for a range of conditions (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
Leukaemia

| Augtralia 22 18 60 71 29
Bearus 0 0 100 80 20
Bulgaria 100 0 0 68 32
Canada 67 33 0 - -
Croatia 0 0 100 0 100
Cyprus 100 0 0 50 50
Czech Republic 96 4 0 60 40
Ecuador 63 34 3 54 46
Irdland 18 36 45 45 55
Kuwait 77 23 0 58 42
New Zealand 36 23 41 62 38
Panama 40 47 13 67 33
Romania 5 48 47 50 50
Sovakia 66 17 17 83 17
Sovenia 23 26 51 65 35
United Arab Emirates 62 19 19 88 12
Average 38 21 41 68 32

1 Jordan 26 38 36 69 31
Libyan Arab Jamahiriya 73 18 9 64 36
Mexico 65 20 15 61 39
Pakistan 41 37 22 66 34
Peru 55 32 13 18 82
Turkey 53 37 10 80 20
Average 52 34 14 72 28

11 Madagascar 100 0 0 50 50
Morocco 80 - - - -
Sudan 80 11 51 49
Average 80 11 9 51 49

v United Republic of 67 11 22 70 30
Tanzania

Lymphoma

| Augtralia 2 21 77 50 50
Bearus 10 67 23 50 50
Bulgaria 48 11 41 57 43
Croatia 3 48 49 55 45
Cyprus 0 25 75 42 58
Czech Republic 6 28 66 53 47
Ecuador 6 39 55 54 46
Irdland 1 20 78 48 52
Japan 13 23 64 - -
Kuwait 19 31 50 54 46
Netherlands - - - 55 45
New Zealand 1 31 68 58 42
Panama 0 25 75 33 67
Romania 20 32 48 61 39
Sovakia 3 20 77 55 45
Sovenia 5 55 40 57 43
United Arab Emirates 20 48 32 68 32
Average 10 26 64 53 47

1 Jordan 13 43 44 68 32
Libyan Arab Jamahiriya 31 49 20 62 38
Mexico 3 42 55 57 43
Pakistan 16 42 42 67 33
Peru 11 29 60 52 48
Turkey 26 28 46 60 40
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Table 55 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female

I Average 19 34 47 61 39

11 Madagascar 0 60 40 60 40
Morocco 10 80 10 - -
Sudan 14 27 59 64 36
Average 7 43 50 62 38

v United Rep. of Tanzania 30 50 20 62 38

Breast tumour

| Augtralia 0 14 86 05 99.5
Bearus 0 16 84 15 98.5
Bulgaria 0 12 88 05 99.5
Canada 0 16 84 1 99
Croatia 0 6 94 1 99
Cyprus - - - 2 98
Czech Republic 0 5 95 0 100
Ecuador 0 19 81 1 99
Irdland 0 8 92 16 84
Kuwait 0 30 70 0 100
Netherlands - - - 0.3 99.7
New Zealand 0 23 77 1 99
Panama 0 16 84 0 100
Romania 0 16 84 15 98.5
Sovakia 0 10 90 1 99
Sovenia 0 10 90 1 99
United Arab Emirates 0 19 81 9 91
Average 0 13 87 12 98.8

1 Jordan 0 23 77 4 96
Libyan Arab Jamahiriya 0 31 69 6 94
Mexico 0 30 70 0.3 99.7
Pakistan 0 41 59 7 93
Peru 0 31 69 0 100
Turkey 0 26 74 2 98
Average 0 29 71 2 98

11 Madagascar 0 34 66 1 99
Morocco - 80 - - -
Sudan 40 60 97
Average 0 37 63 2 98

v United Rep. of Tanzania 0 2 98 3 97

Lung/thorax tumour

| Augtralia 0 6 94 72 28
Bearus 0 4 96 94 6
Bulgaria 0 2 98 94 6
Canada 0 3 97 61 39
Croatia 0 1 99 83 17
Cyprus 0 0 100 80 20
Czech Republic 0 1 99 87 13
Ecuador 14 9 77 50 50
Irdland 0 1 99 66 33
Japan 0 5 95 - -
Kuwait 0 8 92 92 8
Netherlands - - - 80 20
New Zealand 0 2 98 68 32
Panama 0 0 100 69 31
Romania 1 8 91 85 15
Sovakia 0 2 98 88 12
Sovenia 0 3 97 70 30
United Arab Emirates 0 2 98 80 20
Average 0 4 96 72 28
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Table 55 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
1 Jordan 2 10 88 86 14
Libyan Arab Jamahiriya 1 13 86 86 14
Mexico 0 11 89 70 30
Pakistan 1 28 71 65 35
Peru 0 11 89 76 24
Turkey 0 8 92 95 5
Average 0 11 89 88 12
11 Madagascar 0 45 55 90 10
v United Rep. of Tanzania 0 0 100 76 24
Gynaecological tumour
| Augtralia 0 11 89 0 100
Bearus 0 12 88 0 100
Bulgaria 0 18 82 0 100
Canada 0 17 83 0 100
Croatia 0 15 85 0 100
Cyprus 0 17 83 0 100
Czech Republic 0 11 89 0 100
Ecuador 0 18 82 0 100
Irdland 0 10 89 1 99
Japan 0 12 88 0 100
Kuwait 0 37 63 0 100
Netherlands - - - 0 100
New Zealand 1 30 69 0 100
Panama 0 25 75 0 100
Romania 1 27 72 0 100
Slovakia 0 20 80 0 100
Slovenia 0 32 68 0 100
United Arab Emirates 0 18 82 0 100
Average 0 15 85 0 100
I Jordan 0 23 77 0 100
Libyan Arab Jamahiriya 0 24 76 0 100
Mexico 0 34 66 0 100
Pakistan 2 48 50 0 100
Peru 1 21 78 0 100
Turkey 4 8 88 0 100
Average 2 25 73 0 100
11 Madagascar 1 45 54 0 100
Sudan 0 23 77 0 100
Average 1 37 62 0 100
v United Republic of 0 40 60 0 100
Tanzania
Head/neck tumour
| Augtralia 0 9 91 75 25
Belarus 3 8 89 79 21
Bulgaria 1 6 93 81 19
Canada 0 11 89 66 34
Croatia 0 4 96 87 13
Cyprus 0 0 100 80 20
Czech Republic 0 4 96 73 27
Ecuador 3 10 87 43 57
Irdland 1 4 95 67 33
Japan 0 10 90 - -
Kuwait 0 35 65 56 44
Netherlands - - - 75 25
New Zealand 0 19 81 63 37
Panama 4 4 92 69 31
Romania 3 15 82 79 21
Slovakia 0 6 94 87 13
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Table 55 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
| Slovenia 1 16 83 88 12
United Arab Emirates 0 34 66 72 28
Average 0 10 90 75 25
I Jordan 10 10 80 76 24
Libyan Arab Jamahiriya 4 17 79 74 26
Mexico 0 18 82 96 4
Pakistan 3 37 60 58 42
Peru 0 27 73 48 52
Turkey 4 20 76 76 24
Average 3 23 74 76 24
11 Madagascar 0 35 65 91 9
Morocco 10 - - - -
Sudan 4 17 79 66 34
Average 1 30 69 83 17
v United Rep. of Tanzania 0 1 99 44 56
Brain tumour
| Augtralia 3 23 74 63 37
Bearus 68 21 11 57 43
Bulgaria 36 4 60 56 44
Canada 0 8 92 58 42
Croatia 4 14 82 50 50
Cyprus 0 0 100 50 50
Czech Republic 11 21 68 54 46
Ecuador 28 34 38 51 49
Irdland 4 2 75 63 27
Kuwait 12 41 47 47 53
Netherlands - - - 60 40
New Zealand 13 32 55 61 39
Panama 19 26 55 55 45
Romania 15 37 48 66 34
Sovakia 7 35 58 61 39
Sovenia 1 14 85 50 50
United Arab Emirates 23 23 54 77 23
Average 8 19 73 59 41
1 Jordan 28 34 38 56 44
Libyan Arab Jamahiriya 28 25 47 66 34
Mexico 26 28 46 53 47
Pakistan 20 46 34 67 33
Peru 18 33 49 63 37
Turkey 11 39 50 58 42
Average 15 37 48 58 42
11 Madagascar 0 50 50 50 50
Morocco 10 80 10 - -
Sudan 0 33 67 67 33
Average 0 35 65 65 35
Skin tumour
| Augtralia 0 11 89 71 29
Bearus 0 7 93 40 60
Bulgaria 0 0 100 75 25
Canada 0 10 90 60 40
Croatia 0 5 95 53 47
Cyprus 0 0 100 50 50
Czech Republic 0 5 95 75 25
Ecuador 3 20 77 55 45
Irdland 0 3 97 59 41
Japan 2 25 73 - -
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Table 55 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female

| Kuwait 0 0 100 100 0
Netherlands - - - 65 35
New Zealand 0 8 92 64 36
Panama 14 14 72 57 43
Sovakia 0 4 96 50 50
Sovenia 0 7 93 65 35
United Arab Emirates 10 10 80 90 10
Average 1 18 81 63 37
1 Jordan 6 6 88 67 33
Libyan Arab Jamahiriya 8 20 72 50 50
Mexico 1 12 87 52 48
Pakistan 6 32 62 70 30
Peru 0 18 82 53 47
Turkey 0 18 82 69 31
Average 3 22 75 64 36
11 Madagascar 0 40 60 60 40
Morocco 0 100 0 - -

Sudan 4 29 67 - -
Average 2 34 64 60 40
v United Rep. of Tanzania 0 80 20 63 37

Bladder tumour

| Augtralia 0 8 92 67 33
Bearus 0 3 97 74 26
Bulgaria 0 0 100 75 25
Canada 0 6 94 66 34
Croatia 0 0 100 69 31
Cyprus 0 0 100 80 20
Czech Republic 0 1 99 53 47
Ecuador 0 0 100 85 15

Ireland 0 0 100 100 0

Japan 0 13 87 - -
Kuwait 0 18 82 73 27
Netherlands - - - 80 20
New Zealand 0 1 99 73 27
Panama 0 0 100 50 50
Romania 0 0 100 80 20

Sovakia 0 0 100 92 8
Sovenia 0 0 100 54 46
United Arab Emirates 0 4 96 88 12
Average 0 9 91 75 25
1 Jordan 0 0 100 93 7
Libyan Arab Jamahiriya 0 6 94 88 12
Mexico 0 12 88 64 36
Pakistan 1 31 68 75 25
Peru 0 9 91 70 30
Turkey 0 2 98 91 9
Average 0 10 90 84 16
11 Madagascar 0 50 50 60 40
Morocco 0 100 0 - -
Sudan 0 7 93 70 30
Average 0 11 89 69 31
v United Rep. of Tanzania 0 80 20 64 36
Prostate tumour

| Augtralia 0 12 88 100 0
Bearus 3 0 97 100 0
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Table 55 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
| Canada 0 0 100 100 0
Croatia 0 0 100 100 0
Cyprus 0 0 100 100 0
Czech Republic 0 0 100 100 0
Ecuador 0 0 100 100 0
Irdland 0 0 100 100 0
Kuwait 0 0 100 100 0
New Zealand 0 1 99 100 0
Panama 0 0 100 100 0
Romania 0 12 88 100 0
Sovakia 0 0 100 100 0
Sovenia 0 5 95 100 0
United Arab Emirates 0 0 100 100 0
Average 0 4 96 100 0
1 Jordan 0 0 100 100 0
Libyan Arab Jamahiriya 0 10 90 100 0
Mexico 0 5 95 100 0
Pakistan 0 19 81 100 0
Peru 0 4 96 100 0
Turkey 0 0 100 100 0
Average 0 6 94 100 0
11 Madagascar 0 0 100 100 0
v United Rep. of Tanzania 0 1 99 100 0
Tumour of the rectum
| Augtralia 0 6 94 70 30
Belarus 0 8 92 49 51
Bulgaria 0 5 95 81 19
Canada 0 11 89 47 53
Croatia 0 10 90 42 58
Cyprus 0 0 100 75 25
Czech Republic 0 2 98 59 41
Ecuador 0 13 87 44 56
Ireland 0 2 98 73 27
Japan 0 5 95 - -
Kuwait 0 25 75 67 33
Netherlands - - - 55 45
New Zealand 0 (0] 90 58 42
Panama 0 0 100 48 52
Romania 0 7 93 59 41
Slovakia 0 5 95 61 39
Sovenia 0 8 92 70 30
United Arab Emirates 0 20 80 73 27
Average 0 6 94 57 43
1 Jordan 0 22 78 47 53
Libyan Arab Jamahiriya 0 35 65 67 33
Mexico 0 16 84 63 37
Pakistan 1 36 63 71 29
Peru 0 13 87 62 38
Turkey 1 16 83 66 34
Average 1 19 80 65 35
11 Madagascar 0 33 67 55 45
Sudan 5 35 60 54 46
Average 2 34 64 55 45
Benign disease
| Augtralia 1 23 76 43 57
Bulgaria 2 13 85 34 66
Croatia 0 75 25 50 50
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Table 55 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country / area
level 0-15years 16-40 years >40 years Male Female
| Cyprus 0 100 0 50 50
Czech Republic 0 0 100 40 60
Ecuador 100 0 0 100 0
Japan 4 37 59 - -
New Zealand 0 39 61 47 53
Panama 0 50 50 25 75
Romania 10 80 10 20 80
Sovenia 0 0 100 50 50
United Arab Emirates 14 14 72 57 43
Average 0 1 99 40 60
1 Jordan 0 48 52 40 60
Mexico 5 43 52 43 57
Pakistan 5 54 41 75 25
Turkey 4 23 73 45 55
Average 4 39 57 50 50
11 Madagascar 0 60 40 50 50
v United Rep. of Tanzania 2 80 18 36 64
Other
| Augdtralia (digestive) 0 8 92 75 25
Cyprus (brain mets.) 0 0 100 80 20
Cyprus (bone mets.) 0 0 100 60 40
Czech Republic (colon) 0 1 99 51 49
I Turkey (opthalmopathy) 37 15 48 69 31
v United Republic of 0 50 50 68 32
Tanzania (Kaposissarc.)
All teletherapy treatments
| Augtralia 2 13 85 58 42
Bearus 4 14 82 48 52
Bulgaria 6 12 82 30 70
Croatia 0 9 91 35 65
Ecuador 7 19 74 25 75
Irdland - - - 58 42
Kuwait 9 28 63 45 55
Netherlands 0 7 93 44 56
New Zealand 1 14 85 52 48
Sovakia 1 11 88 45 55
Sweden 1 8 91 - -
United Arab Emirates 5 19 76 55 45
Average 1 11 88 49 51
1 Jordan 8 24 68 52 48
Libyan Arab Jamahiriya 10 22 68 61 39
Mexico 4 26 70 37 63
Pakistan 8 37 55 60 40
Average 6 30 64 47 53

Theentriesin this Table are qualified as follows:

Australia:
Canada:

Croatia:
Jordan:

New Zealand:
Peru:

Survey data from only 8 of 31 radiotherapy treatment centres (representing about 42% of national practice).
On the bass of data from the Nova Scotia Cancer Treatment and Research Foundation and the province of Manitoba (collectively
representing about 8% of the population).
Data from one large centre serving about one-fifth of population.

Survey data from one hospital .

Data from 50% of radiotherapy centres (serving about two-thirds of population).

Survey data from INEN (Cancer Indtitute, Lima, serving population of about 7 million).

United Republic of Tanzania: Datafor ‘ Lung/thorax tumour’ include treatments of the oesophagus.
Survey data from Hacettepe University Hospital, Cukurova University Hospital, Istanbul University Hospital, Cerrahpaga Hospital and

Turkey:

Gulhane Military Hospital.



442 ANNEX D: MEDICAL RADIATION EXPOSURES

Table 56
Distribution by age and sex of patients undergoing brachytherapy treatment for a range of conditions (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female
Head/neck tumour

| Augtralia 0 0 100 59 41
Bearus 0 11 89 70 30

Czech Republic 0 4 96 73 27

Irdland 0 0 100 60 40

Panama 0 25 75 25 75
Sovakia 0 24 76 81 19
Sovenia 1 20 79 25 75

United Arab Emirates 0 20 80 80 20
Average 0 14 86 61 39

I Mexico 0 5 95 85 15
Turkey 0 30 70 84 16
Average 0 28 72 84 16

11 Morocco 10 - - - -

Breast tumour
| Augtralia 0 0 100 0 100
Bearus 0 17 83 0 100
Czech Republic 0 5 95 0 100
Irdland 0 0 100 0 100
Sovakia 0 20 80 0 100
Average 0 15 85 0 100
1 Mexico 0 34 66 0 100
Turkey 0 24 76 3 97
Average 0 26 74 2 98
Gynaecological tumour
| Augtralia 0 9 91 0 100
Bearus 0 10 90 0 100
Canada 0 13 87 0 100
Croatia 0 10 90 0 100
Cyprus 0 17 83 0 100
Czech Republic 0 11 89 0 100
Ecuador 0 12 88 0 100
Irdland 0 0 100 0 100
Kuwait 0 30 70 0 100
Panama 0 25 75 0 100
Sovakia 0 13 87 0 100
Slovenia 0 6 94 0 100
United Arab Emirates 0 24 76 0 100
Average 0 11 89 0 100
I Mexico 0 48 52 0 100
Pakistan 0 52 48 0 100
Peru 0 20 80 0 100
Turkey 0 2 98 0 100
Average 0 10 90 0 100
11 Sudan 0 60 40 0 100
Prostate tumour

| Belarus 0 0 100 100 0

Canada 0 0 100 100 0

Czech Republic 0 0 100 100 0
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Table 56 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female

| Slovakia 0 0 100 100 0
Sovenia 0 0 100 100 0
Average 0 0 100 100 0

Other brachytherapy treatments

| Augtralia (bile duct) 0 0 100 88 12
Augtralia (oesophagus) 0 6 94 50 50
Czech Republic (bronchus) 0 3 97 87 13
Czech Republic (skin) 0 5 95 75 25
Ireland (oesophagus) 0 0 100 - -
Ireland (rectum) 0 0 100 - -
Slovakia (bronchus) 0 6 94 89 11
Slovakia (Gl tract) 0 4 96 100 0

1 Turkey (genitals) 0 3 97 100 0

All brachytherapy treatments

| Augtralia 0 5 95 42 58
Bearus 0 13 87 22 78
Bulgaria 05 8 91.5 36 64
Croatia 0 10 90 0 100
Ecuador 0 12 88 0 100
Irdland 0 0 100 20 80
Kuwait 0 30 70 0 100
Slovakia 0 14 86 18 82
United Arab Emirates 0 23 77 18 82
Average 0 9 91 30 70

I Mexico 0 49 51 3 97
Pakistan 0 65 35 38 62
Average 0 50 50 6 94

Theentriesin this Table are qualified asfollows:

Australia:
Canada:

Croatia:

New Zealand:
Peru:

Turkey:

Survey data from only 8 of 31 radiotherapy treatment centres (representing about 42% of national practice).
On the basis of data from the Nova Scotia Cancer Treatment and Research Foundation and the province of Manitoba (collectively
representing about 8% of the population).
Data from one large centre serving about one-fifth of population.
Data from 50% of radiotherapy centres (serving about two-thirds of population).

Survey data from INEN (Cancer Indtitute, Lima, serving population of about 7 million).

Survey data from Hacettepe University Hospital, Cukurova University Hospital, Istanbul University Hospital, Cerrahpaga Hospital and

Gulhane Military Hospital.
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Table 58
Prescribed doses to patients undergoing radiation brachytherapy by disease category (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Typical dose  to target volume (Gy)
Country / area
Head/neck tumour Breast tumour Gynaecological tumour Prostate tumour

Health-care level |
Argentina 75 (68-78) - 60 (50- 65) 70
Augtralia 30 (22-45) 10 (10-25) 32 (15-42) -
Belarus 40 (30-50) 40 (30-40) 45 (30-50) 40 (30-60)
Bulgaria 60 (60-70) 40 (30-40) 70 (30-70) -
Canada 60 - 45 (11-50) 30 (25-40)
Cyprus - - 30 -
Czech Republic 65 (60-70) 12 (10-12) 60 (60-70) 65 (60-70)
Denmark - - 35 (plusteletherapy) -
Ecuador - - 35 (x15%) -
Ireland 30 (30-60) 30 15 (10- 20) -
Kuwait - - 36 (30-36) -
Netherlands 60 (20- 30 boost) (20-24) (30-60) 60
New Zealand 45 (25-65) 15 70 (15-70) -
Panama 20 (20-30) - 20 (20-30) -
Russia (30-50) (20-40) (20-40) -
Slovakia 20 (20-30) 15 30 (10-60) -
Slovenia - - - -
United Arab Emirates 10 (5-10) - 20 (15-20) -
Average 44 16 45 35

Health-care level Il
Mexico 30 (20-40) 15 (10- 20) 30 (20-30) -
Peru - - 40 (30-80) -
Tunisia (55-75) - (20-60) -
Turkey 21 (18-40) 20 (20-25) 24 (16-24) -
Average 22 19 29 -

Health-care level llI
Morocco 24 - 24 -
Sudan - - 35 (30-40) -
Average 24 - 24 N

a Prescribed dose for complete treatment. Range or standard deviation in parentheses. Mean doses for each health-care level are frequency-weighted

averages of national values. These doses should not be used to infer deterministic or stochastic risks since these depend inter alia strongly on

irradiation technique (dose distribution) and fractionation.

Theentriesin this Table are qualified asfollows:

Argentina: On the badis of data from onelarge national centre.
Australia: Survey data from only 8 of 31 radiotherapy treatment centres (representing about 42% of national practice).
Canada: On the basis of data from the Nova Scotia Cancer Treatment and Research Foundation and the province of Manitoba (collectively

representing about 8% of the population).

New Zealand:  Datafrom 50% of radiotherapy centres (serving about two-thirds of population).
Peru: Survey data from INEN (Cancer Ingtitute, Lima, serving population of about 7 million).

Turkey: Survey data from Hacettepe University Hospital, Cukurova University Hospital, Istanbul University Hospital, Cerrahpasa Hospital, and

Gulhane Military Hospital.

United Arab Emirates: Dosesfor radical treatmentsonly.
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Table 59
Gonad doses from photon teletherapy treatments for some specific tumour sites
[V6]
Gonad dose (mGy)
Tumour site/disease Treatment technique Target dose ® (Gy)
“Co 4-25 MV
Brain 2 lateral opposed beams 20-60 10-40 10-30
Breast 2 tangential beams 50 110-170 20-50
Thorax: lung cancer AP/PA paralld opposed beams 45-55 50-80 30-50
Thorax: Hodgkin's disease AP/PA mantlefields 36-40 80-100 60-80

a

These doses should not be used to infer deterministic or stochagtic risks since these depend inter alia strongly on irradiation technique (dose

digtribution) and fractionation.

Table 60

Annual numbers ® of treatments per 1,000 population assumed in global model for radiotherapy practice

(1991-1996)

Diseaselsite Level | Level 11 Level 111 Level IV World Contribution to
world total (%)
Teletherapy
Leukaemia 0.01 0.04 0.01 0.0004 0.021 3
Lymphoma 0.06 0.04 0.03 0.003 0.042 5
Breast tumour 0.35 0.12 0.13 0.003 0.17 21
Lung/thorax tumour 0.36 0.08 0.02 0.004 0.14 17
Gynaecological tumour 0.12 0.10 0.09 0.02 0.09 11
Head/neck tumour 0.06 0.09 0.04 0.001 0.07 8
Brain tumour 0.04 0.05 0.004 0 0.04 5
Skin tumour 0.05 0.02 0.01 0.003 0.02 3
Bladder tumour 0.04 0.02 0.01 0.0004 0.02 2
Prostate tumour 0.18 0.02 0.01 0.0005 0.06 7
Tumour of rectum 0.07 0.02 0.01 0 0.03 4
Benign disease 0.09 0.01 0.02 0.002 0.03 3
Other 0.09 0.10 0.10 0.01 0.09 11
Total 15 0.69 0.47 0.05 0.82 100
Brachytherapy
Head/neck tumour 0.01 0.001 0 0.003 4
Breast tumour 0.02 0.0005 0 0.006 9
Gynaecological tumour 0.16 0.009 0.015 0.05 75
Prostate tumour 0.004 0 0 0.001 2
Other 0.01 0.007 0 0.007 10
Total 0.20 0.02 0.02 0.07 100

a

Estimated on the basis of average percentage distributions by treatment type (Tables 53 and 54) and averagetotal frequencies (Tables51 and 52)

observed for each health-carelevel.
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Table 61

[D27]

Global resources for high-energy radiation therapy

Region

Number of radiation

Number of ®Co

Number of clinical

Teletherapy machines®

therapy centres machines accelerators per million population
North America 1909 202 2238 8.1
Central America 139 115 30 11
Tropical South America 266 219 122 12
Temperate South America 139 128 46 32
Caribbean 18 23 1 0.8
Wegtern Europe 1027 410 1109 3.9
Eastern Europe 327 491 148 16
Northern Africa 59 49 35 0.6
Middle Africa 22 25 3 0.1
Southern Africa 21 19 27 0.8
Middle East 92 64 56 05
Indian Subcontinent 221 286 46 0.3
South East Asa 81 71 59 0.3
East Ada 1107 606 948 11
Australia and the Pacific Idands 49 5 113 52
TheWorld 5500 2700 5000 14

a Cobalt-60 unit or linear accelerator.
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Table 62
Temporal trends in annual frequency of radiotherapy treatments # per 1,000 population
Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures unless otherwise indicated
Teletherapy Brachytherapy
Country / area
1970~ 1980~ 1985~ 1991 - 1970~ 1980~ 1985~ 1991 -
1979 1984 1990 1996° 1979 1984 1990 1996 ©
Health-care level |
Argentina - - - - - - 0.2 -
Augralia 20 - 15 18 0.8 - 0.2 0.06
Bdarus - - - 0.5 - - - 0.1
Bulgaria - - - 0.2 - - - 0.6
Canada - 16 29 17 - - - 0.07
Cayman Idands - - - 0 - - - 0
Croatia - - - 20 - - - 0.07
Cuba - - 0.2 20°¢ - - 0.05 -
Cyprus - - - 0.9 - - - 0.02
Czechodovakia 29 42 27 - 0.2 0.1 0.1 -
Czech Republic - - - 35 - - - 0.3
Denmark - - 12 15 - - 0.1 -
Ecuador (0.03) - (0.08) 01 (0.006) - (0.02) 0.01
Finland - - - - - - -
France - - - 17 - - - -
Hungary - - - 3.7 - - - 0.3
Iceland - - 12 - - - - -
Ireland - - - 16 - - - 0.09
Japan 0.7 - 0.7 0.7 0.2 0.2 - -
Kuwait - - 0.2 0.2 - - 0.06 0.02
Luxembourg - - - 0 - - 0.07 0
Malta - - - - - - 0.03 -
Netherlands - - 18 2.2f - - 0.1 0.15f
New Zealand 0.4 0.4 0.6 17 0.1 0.08 0.07 0.05
Norway 0.5¢ - 3.9 - 0.2 - 0.1 -
Panama - - - 0.3 - - - 0.05
Qatar - - - 0 - - - 0
Romania - 17 6.8 0.5 - 0.06 - 0.2
Russian Federation (0.6) 0.7) (0.8) 1.0 (0.3) (0.4) (0.3) 0.4
Slovakia - - - 0.8 - - - 0.3
Slovenia - - - 24 - - - 0.1
Sweden 0.6 - 0.8 13 0.3 0.2 0.1 0.1
Switzerland - - 18 - - - 0.1 -
United Arab Emirates - - - 0.2 - - - 0.009
United Kingdom - 2.44 - 23 - - - -
United States[123] (1.5) 1.7 (1.9) 2.0 - - - 01
Uruguay - - - 15¢ - - - 0
Venezuela - - - 16° - - - -
Yugodavia - - 0.6 - - - 0.9 -
Average 10 241 12 15 0.26 0.17 0.24 0.2
Health-care level |

Antigua and Barbuda - - - 0 - - - 0
Bahamas - - - 0 - - - 0
Barbados - - 0.6 3.1¢ - - 0.2 -
Bdize - - - 0 - - - 0
Balivia - - - 0.8°¢ - - - -
Brazil - - - 13 - - - -
Chile - - - 21° - - - -
China - - 0.2 - - - 0.08
Colombia - - - 16° - - - -
Dominica - - - 0 - - -
Dominican Republic - - - 1.9¢ - - - -
El Salvador - - - 2.0¢° - - - -
Grenada - - - 0 - - -
Honduras - - - 2.0¢ - - - -
India (0.07) - 01 - (0.02) - 0.03 -
Iraq - - 0.1 - - - 0.009 -
Jordan - - - 0.3 - - - -
Libyan Arab Jamahiriya - - - 0.08 - - - -
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Table 62 (continued)

Valueincludes brachytherapy.

D00 T

Theentriesin this Table are qualified asfollows:

Czechoslovakia: Higtorical data.
Ecuador:

Number of hew cancer patients.
These revised data were received by the Committee after completion of the global analysis.

See qualificationsto national data shown in Tables8 and 51.
See qualificationsto national data shown in Tables8 and 52.

Categorized in health-careleve 11 in previous analyses.

India: Categorized in health-care level |11 for period 1970-1979.

Jamaica:

Categorized in health-careleve 11 in previous analyses.

Russian Federation: Historical data were not included in previous analyses.

United Sates:

Higtorical data from reference[123] were not included in previous analyses.

Teletherapy Brachytherapy
Country / area

1970~ 1980~ 1985~ 1991 - 1970~ 1980~ 1985~ 1991 -

1979 1984 1990 1996° 1979 1984 1990 1996 ¢
Mexico - - - 0.1 - - - 0.02
Nicaragua - - - 2.2° - - - -
Oman - - - 0 - - - 0
Pakistan - - - 0.05 - - - 0.001
Paraguay - - - 2.2° - - - 0
Peru 0.09 - 0.1 0.1 0.03 - 0.04 0.04
Puerto Rico - - - 15¢ - - - -
Saint Kittsand Nevis - - - 0 - - - 0
Saint Lucia - - - 0 - - - 0
Saint Vincent and - - - 0 - - - 0

the Grenadines
Trinidad and Tobago - - - 15¢ - - - -
Tunisa - - - 0.1 - - - 0.02
Turkey 0.7 0.9 0.7 0.4 - - - 0.04
Average 0.1 - 0.2 0.7 0.02 - 0.06 0.02
Health-care level llI
Afghanistan - - - 0 - - - -
Egypt - - 0.04 - - - 0.0005 -
Guatemala - - - 21¢ - - - -
Haiti - - - 18¢ - - - -
Jamaica - - 0.1) 21°¢ - - (0.07) 0
Madagascar - - - 0.07 - - - -
Morocco - - - 04 - - - 0.03
Myanmar - 0.2 0.2 - 0.01 0.01 0.02 -
Sudan - - 0.08 0.05 - - 0.0003 0.0009
Thailand - - 0.09 - - 0.04 0.04 -
Average - - 0.1 05 0.02 0.03 0.02 0.02
Health-care level IV
United Rep. of Tanzania - - - 0.05 - - - -
Complete course of treatment.
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Table 63

Temporal trends in the average annual number 2 of the various types of radiotherapy treatments

per 1,000 population
Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Average annual number of treatments per 1,000 population

Disease/site Period
Health-care level | Health-care level 11 Health-care level 111 Health-care level IV
Teletherapy
Leukaemia 1970-1979 0.010 0.016 0.0007 -
1980-1984 0.029 - 0.002 -
1985-1990 0.018 0.004 0.005 -
1991-1996 0.005 0.007 0.002 0.0004
Lymphoma 1970-1979 0.038 0.015 0.002 -
1980-1984 0.025 - 0.004 -
1985-1990 0.045 0.005 0.007 -
1991-1996 0.060 0.009 0.003 0.003
Breast tumour 1970-1979 0.12 0.016 0.005 -
1980-1984 0.13 - 0.012 -
1985-1990 0.16 0.026 0.018 -
1991-1996 0.40 0.025 0.014 0.003
Lung/thorax tumour 1970-1979 0.11 0.011 0.002 -
1980-1984 0.14 - 0.023 -
1985-1990 0.20 0.025 0.009 -
1991-1996 0.36 0.015 0.003 0.004
Gynaecological tumour 1970-1979 0.11 0.042 - -
1980-1984 0.11 - 0.019 -
1985-1990 0.16 0.041 0.017 -
1991-1996 0.11 0.021 0.009 0.020
Benign disease 1970-1979 0.40 - 0.004 -
1980-1984 2.0 - - -
1985-1990 0.48 0.004 0.004 -
1991-1996 0.09 0.001 0.002 0.002
Total of al teletherapy 1970-1979 1.0 0.1 - -
1980-1984 24 - - -
1985-1990 12 0.2 0.1 -
1991-1996 15 0.7 05 0.050
Brachytherapy
Breast tumour 1970-1979 0.0001 - - -
1980-1984 - - - -
1985-1990 0.019 0.012 - -
1991-1996 0.011 0.0005 - -
Prostate 1970-1979 0.0005 - - -
1980-1984 - - - -
1985-1990 0.005 0.00001 - -
1991-1996 0.002 0 - -
Total of al brachytherapy 1970-1979 0.26 0.02 - -
1980-1984 0.17 - - -
1985-1990 0.24 0.06 - -
1991-1996 0.20 0.02 0.02 -

a Complete courses of treatment. Overall averages calculated from national data as the total number of treatments divided by the total population for
each treatment category. Data for 1991-1996 from Tables 51 and 52; since the total population is not the same for each treatment category dueto the
lack of comprehensive national data for all countriesincluded in the analyss, these average numbers can not be expected to be additive.
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Table 64
Chronology of technical advances in teletherapy
[R4, R7]
Date Limitation Development
1950s Radiation energy %Co tel etherapy equipment; linear accelerators (LINACs)
1960s Difficulty in planning Computer-based treatment planning systems
1970s Lack of anatomical information Computed tomography
1980s Lack of flexibility in field shaping Multileaf collimators for conformal therapy
Early 1990s Lack of flexibility in beam intensity Intensity modulated beams for improved conformal therapy
Late 1990s Lack of real-time verification Trangt dosmetry from electronic portal imaging devices
Table 65

Estimated annual numbers of radiotherapy treatments #in the world 1991-1996

Annual number of teletherapy Annual number of brachytherapy Annual number of all
Health-care Population tretments tretments radiotherapy treatments®
level (millions)
Millions Per 1,000 Millions Per 1,000 Millions Per 1,000
population population population
| 1530 23 15 0.3 0.2 2.6 17
1] 3070 21 0.7 0.05 0.02 22 0.7
1l 640 0.3 05 0.01 0.02 03 05
v 565 0.03 0.05 0.01°¢ 0.02°¢ 0.04 0.07
World 5800 47 0.8 04 0.07 51 09
a Complete courses of treatment.
b Excluding treatments with radiopharmaceuticals.
¢ Assumed valuein the absence of data.
Table 66
Examples of clinically used radionuclides in cancer therapy
[Z3]
Radionuclide Pharmaceutical Clinical use
= Nal Differentiated thyroid carcinomas
2p NaH,PO, Polycythaemia vera
895y SCl, Bone metastases
B miBG Neural crest tumours
1%5Sm EDTMP Bone metastases
%Re HEDP Bone metastases
2p CrPO, Intracavitary
Ly Microspheres Hepatic tumours
oy Antibodies Various tumours
14m Lymphocytes Lymphoma
3 Antibodies Various tumours
131 Lipiodol Hepatic tumours
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Table 67
Annual numbers of therapeutic treatments with radiopharmaceuticals per 1,000 population (1991-1996)
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Thyroid Hyper- Polycythaemia Bone metastases Synovitis Total
Country / area malignancy thyroidism vera number
131y 131y 2p oy Other Total oy of all
treatments
Health-care level |
Argentina 0.073 0.12 0 0 0 0 0 0.19
Augtria[H60] 0.018 0.18 0.0006 - - 0.0075 [0.0025] 0.29
Bulgaria 0.010 0.0094 0.0015 0 0 0 [0.0092] 0.030
Canada 0.031 0.24 0.0039 0.0047 0 0.0047 0.018 0.30
Cayman Idands 0 0 0 0 0 0 0 0
Croatia 0.014 0.017 0 0 0 0 0 0.031
Cyprus 0.048 0.020 0 0.012 0 0.012 0 0.080
Czech Republic [0.047] [0.055] [0.0009] - - 0.044 [0.10] 0.25
Denmark 0.031 0.43 0 0.0012 0 0.0012 0 0.46
Ecuador 0.011 0.022 0 0.0008 0.0009 (**P) 0.0017 0 0.035
Finland [K59] 0.089 0.28 0.050 0.0010 (**Sm, *Re) 0.011 0.0084 0.44
France [H60] - - - - - 0.0091 - 0.13
Germany 0.086 0.27 0.0025 - %Re 0.0049 0.017 0.39
Greece [H60] 0.047 0.081 - - - 0.017 [0.011] 0.16
Hungary [0.020] [0.082] [0.0010] 0 0 0 [0.0019] 0.11
Ireland 0.0083 0.10 0.0069 0.0028 0 0.0028 - 0.12
Israel [H60] 0.0008 - - - - 0.0002 | [0.0002] 0.060
Italy 0.054 0.048 0.0011 0 0 0 0 0.11
Japan 0.0073 0.023 - - - - - -
Kuwait 0.039 0.091 0 0.0041 0 0.0041 0 0.13
Lithuania [0.067] [0.23] 0 0 0 0 0 0.29
Netherlands 0.030 0.19 0.010 - %Re 0.013 0.020 0.292
New Zealand [L28] 0.033 0.10 0.012 0.0083 0.0003(*P) 0.0086 0.0046 0.16
Norway [H60] 0.036 0.20 0.0008 - - 0.016 | [0.0010] 0.26
Panama 0.021 - 0 0 0 0 0 -
Portugal [H60] 0.035 0.030 0.0005 - - 0.0026 | [0.0004] 0.068
Qatar 0 0.044 0 0 0 0 0 0.044
Romania 0.050 0.018 0 0 0 0 0 0.068
Russian Federation - - - - - - - 0.010
Slovakia 0.078 0.035 0 0 0 0 [0.0009] 0.11
Slovenia 0 0.27 0.0010 0.0070 0 0.0070 0.014 0.30
Spain [H60] - - - - - - - 0.20
Sweden 0.013 0.32 0.034 0.032 0 0.032 0.0014 0.40
Switzerland [H60] 0.028 0.15 0.0017 - - 0.013 [0.031] 0.27
United Arab Emirates 0.013 0.011 0 0 0 0 0 0.024
United Kingdom [C27] 0.020 0.20 0.012 0.0092 0 0.0092 0.0070 0.25
United States[123] 0.039 0.19 - - - - - -
Average 0.038 0.15 0.0046 - - 0.0063 0.098 0.17
Health-care level Il
Antigua and Barbuda - - - - - - - 0
[B43]
Brazil - - - - - - - 0.033
Dominica[B43] - - - - - - - 0
Grenada [B43] - - - - - - - 0
Jordan 0.021 0.047 - - - - 0.13
Mexico 0.0064 0.031 0.00001 0 2p, 155gm 0.0002 0.0002 0.038
Oman 0 0 0 0 0 0 0 0
Pakistan 0.0034 0.016 0.00004 0 131 0.0001 0 0.028
Peru 0.0085 0.0085 0 - 2p, 155gm 0.017 - 0.034
Saint Kittsand Nevis - - - - - - - 0
[B43]
Saintt Lucia[B43] - - - - - - - 0
St Vincent and the - - - - - - - 0
Grenadines [B43]
Tunisa 0.020 0.022 0 0 0 0 0 0.042
Turkey 0.031 0.014 0.0005 0.0023 0 0.0023 0 0.048
Average 0.011 0.020 0.0001 - - 0.0017 0.0001 0.036
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Table 67 (continued)

Thyroid Hyper- Polycythaemia Bone metastases Synovitis Total
Country / area malignancy thyroidism vera number
131 131 2p oy Other Total 0y otall
treatments
Health-care level Il
Morocco 0.0045 0.030 0 0 0 0 0 0.035
Sudan 0.0008 0.0033 0 0 0.0023 (**P) 0.0023 0 0.0064
Average 0.0027 0.017 0 - - 0.0011 0 0.021
Health-care level IV
Ethiopia 0 0.0004 0 0 0 0 0 0.0004
United Rep. of Tanzania 0 0.0002 0 0 0 0 0 0.0002
Average 0 0.0004 0 - - 0 0 0.0004

a Theserevised data were received by the Committee after completion of the global analysis.

Theentriesin this Table are qualified as follows:

Argentina:
Brazl:
Bulgaria:
Canada:

Cyprus:

Finland:

Germany:
Mexico:
Netherlands:
Peru:
Turkey:

On the basis of data from a sample of 25% of nuclear medicine centres.

Survey data for Parana State (with a population of 9 million and a social and economic profile above the average for Brazil).
Data for ‘ Synovitis relateto use of *®Au.

On the basis of data for the province of Ontario (representing about 37% of population).

Survey data relating to 90% of population.

‘ Bone metastases treatments also conducted using ***Sm (with a frequency of 0.0098 per 1,000 population) and **Re (with a frequency of
0.0004 per 1,000); total for synovitis also includes use of ***Ho (with a frequency of 0.0002 per 1,000).

Total for ‘Bone metastases’ relatesto use of #Sr and *Re; total for synovitis also includes use of **Er and **Re.

No information on radionuclide for synovitis.

Total for ‘Bone metastases relatesto use of **Re and #°Sr.

Total for ‘Bone metastases relatesto use of *3Sm, 2P and #°Sr.

On the basis of data from Hacettepe University Hospital .

Austria, Czech Republic, France, Greece, Hungary, Israel, Lithuania, Norway, Portugal, Switzerland: No information available on radionuclides used.
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Table 68

Percentage contributions by treatment type to annual total numbers of therapeutic administrations of
radiopharmaceuticals (1991-1996)

Based on data and qualifications from Table 67

Thyroid Hyper- Polycythaemia . Total
Country / area . - Bone metastases Synovitis of all treatments
malignancy thyroidism vera
Health-care level |
Argentina 38 62 0 0 0 100
Austria[H60] 6.3 61 0.2 2.6 0.9 100
Bulgaria 34 31 5.0 0 30 100
Canada 10 80 13 16 5.9 100
Croatia 45 55 0 0 0 100
Cyprus 60 25 0 15 0 100
Czech Republic 19 22 04 18 41 100
Denmark 6.8 93 0 0.3 0 100
Ecuador 31 64 0 4.9 0 100
Finland [K59] 20 64 12 25 19 100
France [H60] - - - 7.1 - 100
Germany 22 70 0.6 13 45 100
Greece [H60] 30 52 - 11 7.1 100
Hungary 19 78 0.9 0 1.9 100
Irdland 6.7 85 5.6 23 - 100
Israel [H60] 13 - - 0.3 0.3 100
Italy 51 45 1 0 0 100
Kuwait 29 68 0 31 0 100
Lithuania 23 77 0 0 0 100
Netherlands 11 72 3.9 51 7.7 100
New Zealand [L28] 20 64 7.3 53 29 100
Norway [H60] 14 78 0.3 6.2 04 100
Portugal [H60] 51 43 0.7 38 0.6 100
Qatar 0 100 0 0 0 100
Romania 74 26 0 0 0 100
Slovakia 68 30 0 0 0.8 100
Sovenia 0 92 0.3 24 4.7 100
Sweden 33 81 8.6 8.0 0.3 100
Switzerland [H60] 10 56 0.6 4.8 12 100
United Arab Emirates 55 45 0 0 0 100
United Kingdom [C27] 8.0 80 5.0 37 2.8 100
Average® 21 68 2.0 3.0 44 100
Health-care level Il
Jordan 16 35 - - - 100
Mexico 17 82 0.03 0.7 0.7 100
Pakistan 12 58 0.2 0.2 0 100
Peru 25 25 0 50 - 100
Tunisa 47 53 0 0 0 100
Turkey 65 29 1.0 4.8 0 100
Average? 29 54 0.3 5.0 0.2 100
Health-care level llI
Morocco 13 87 0 0 0 100
Sudan 13 51 0 36 0 100
Average® 13 81 0 55 0 100
Health-care level IV
Ethiopia 0 100 0 0 0 100
United Rep. of Tanzania 14 86 0 0 0 100
Average? 31 97 0 0 0 100

a Overal averagesfor sample calculated astotal number of each particular type of treatment divided by total number of al treatments.
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Table 69

Distribution by age and sex of patients undergoing therapeutic treatments with radiopharmaceuticals (1991-1996)

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female
Thyroid malignancy

| Argentina 5 49 46 20 80
Bulgaria 0 43 57 27 73
Canada 0 43 57 20 80
Croatia 0 14 86 12 88
Czech Republic 4 29 67 29 71
Ecuador 4 50 46 29 71
Finland 0 - - - -
Irdland 0 30 70 25 75
Japan 0 9 91 23 77
Kuwait 3 64 33 27 73
Panama 0 38 62 20 80
Romania 4 30 66 34 66
Sovakia 0 40 60 - -
United Arab Emirates 0 41 59 57 43
Average 3 37 60 24 76

1 Jordan 2 43 55 12 88
Mexico 2 46 52 20 80
Pakistan 11 56 33 48 52
Peru 0 30 70 30 70
Turkey 0 51 49 40 60
Average 2 49 49 36 64

11 Morocco 0 100 0 - -
Sudan 0 60 40 65 35
Average 0 94 6 65 35

v United Rep. of Tanzania 0 0 100 0 100

Hyperthyroidism

| Argentina 2 46 52 19 81
Bulgaria 0 81 19 3 97
Canada 4 39 57 27 73
Croatia 0 13 87 14 86
Czech Republic 0 9 91 9 91
Ecuador 9 58 33 19 81
Finland 0 - - - -
Japan 0 23 77 18 82
Jordan 3 43 54 32 68
Kuwait 0 60 40 40 60
Romania 0 35 65 20 80
Slovakia 0 35 65 - -
United Arab Emirates 8 23 69 35 65
Average 3 37 60 22 78

1 Jordan 3 43 54 32 68
Mexico 2 49 49 16 84
Pakistan 14 54 32 39 61
Peru 0 70 30 20 80
Average 7 51 42 26 74

11 Morocco 0 100 0 - -
Sudan 0 75 25 94
Average 0 98 2 6 94

v Ethiopia 0 0 100 8 92
United Rep. of Tanzania 0 100 0 15 85
Average 0 19 81 9 91
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Table 69 (continued)

Health- Age distribution (%) Sex distribution (%)
care Country
level 0-15years 16-40 years >40 years Male Female
Polycythaemia vera
| Bulgaria 0 0 100 90 10
Canada 0 0 100 68 32
Finland 0 - - - -
Irdland 0 0 100 50 50
Average 0 0 100 67 33
I Mexico 0 0 100 100 0
Pakistan 0 17 83 100 0
Average 0 15 85 100 0
Bone metastases
| Canada 0 0 100 67 33
Czech Republic 0 0 100 77 23
Ecuador 0 10 90 65 35
Kuwait - - - 100 0
Average 0 0 100 75 25
I Mexico 0 0 100 70 30
Pakistan 33 33 34 100 0
Peru 0 0 100 50 50
Turkey 0 1 99 51 49
Average 0 1 99 52 48
11 Sudan 0 30 70 50 50
Synovitis
| Bulgaria 0 47 53 63 37
Canada 0 0 100 50 50
Czech Republic 36 37 27 73 27
Sovakia 0 0 100 - -
Average 23 26 51 66 34
I Mexico 0 87 13 83 17
All therapeutic procedures
| Argentina 3 47 50 19 81
Bulgaria 0 54 46 34 66
Croatia 0 13 87 16 84
Czech Republic 4 9 87 53 47
Ecuador 7 53 40 24 76
Kuwait 1 61 38 38 64
Sovakia 0 38 62 - -
United Arab Emirates 3 33 64 47 53
Average 3 38 59 28 72
1 Jordan 2 53 45 29 71
Mexico 2 48 50 17 83
Pakistan 16 37 47 72 28
Average 9 43 48 45 55
v Ethiopia 0 0 100 8 92
United Rep. of Tanzania 0 85 15 13 87
Average 0 19 81 9 91

Theentriesin this Table are qualified asfollows:

Argentina:
Canada:
Turkey:

On the basis of data from a sample of 25% of nuclear medicine centres.

Data from London Health Sciences Centre, SW Ontario (representing 50% of the services provided to population of about 1 million).

Survey data from Gilhane Military Hospital, Hacettepe University Hospital and Samsun Ondokuz Mayis University Hospital .
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Table 71

Annual numbers ® of radiopharmaceutical treatments per 1,000 population assumed in global model for
radionuclide therapy practice (1991-1996)

0 S
Disease Level | Level 11 Level 111 Level IV World 7 Contribution to
world total

Thyroid malignancy 0.035 0.010 0.003 0.00001 0.015 23
Hyperthyroidism 011 0.019 0.017 0.00035 0.042 65
Polycythaemia vera 0.003 0.0001 0 0 0.001 1
Bone metastases 0.005 0.002 0.001 0 0.002 4
Synovitis 0.007 0.0001 0 0 0.002 3
Total 0.17 0.036 0.021 0.0004 0.065 100

a Egimated on the basis of average percentage distributions by treatment type (Table 68) and average total frequencies (Tables 67) observed for each

health-carelevel.

Table 72

Temporal trends in annual frequency of radiopharmaceutical treatments per 1,000 population

Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Country 1970-1979 1980-1984 1985-1990 1991-1996
Health-care level |

Argentina - - 0.16 0.19
Augtralia 0.15 0.15 0.14 -
Audtria - - - 0.29
Belgium - 0.31 -
Bulgaria - - - 0.03
Canada - - 0.88 0.30
Cayman Idands - - - 0
Croatia - - - 0.031
Cyprus - - - 0.080
Czechodovakia?® 0.073 0.12 0.18 -
Czech Republic - - - 0.25
Denmark 0.13 0.18 021 0.46
Ecuador ® (0.007) - (0.0065) 0.035
Finland 0.32 0.36 - 0.44
France - - - 0.13
Germany - - - 0.39
Greece - - - 0.16
Hungary - - - 0.11
Ireland - - - 0.12
|sradl - - - 0.060
Italy - - - 0.11
Japan 0.049 0.025 0.030 -
Kuwait - - 0.018 0.13
Lithuania - - - 0.29
Luxembourg - - 0.19 -
Malta - - 0.075 -
Netherlands - - - 0.29¢
New Zealand 0.16 0.18 0.17 0.16
Norway 0.059 - 0.12 0.26
Portugal - - - 0.068
Qatar - - - 0.044
Romania - 0.051 0.052 0.068
Russian Federation © (0.02) (0.02) (0.00) 0.010
Slovakia - - - 0.11
Slovenia - - - 0.30
Spain - - - 0.20
Sweden 0.34 - 0.43 04
Switzerland 155 - - 0.27
United Arab Emirates - - - 0.024
United Kingdom - 0.20 - 0.25
Yugodavia® - - 0.11 -
Average 0.086 0.093 0.10 0.17
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Table 72 (continued)

Do 0T

Country 1970-1979 1980-1984 1985-1990 1991-1996
Health-care level Il
Antigua and Barbuda - - - 0
Barbados - - 0.15 -
Brazil - - - 0.033
China - - 0.035 -
Dominica - - - 0
Grenada - - - 0
India - - 0.0036 -
Iraq - - 0.013 -
Jordan - - - 0.13
Mexico - - - 0.038
Oman - - - 0
Pakistan - - - 0.028
Peru - - 0.011 0.034
Saint Kittsand Nevis - - - 0
Saint Lucia - - - 0
Saint Vincent and - - - 0
the Grenadines
Tunisa® (0.35) - (0.042) 0.042
Turkey - - 0.008 0.048
Average 0.044 - 0.021 0.036
Health-care level llI
Egypt 0.064 0.061 0.062 -
Jamaica® (0.17) - (0.005) -
Morocco - - - 0.035
Myanmar 0.014 0.011 0.005 -
Sudan 0.001 0.003 0.006 0.0064
Thailand 0.008 0.011 0.013 -
Average 0.025 0.025 0.025 0.021
Health-care level IV
Ethiopia - - - 0.0004
United Rep. of Tanzania - - - 0.0002
Average - - - 0.0004
Historical data.

Categorized in health-careleve 11 in previous analyses.

Higtorical datawere not included in previous analyses.

These revised data were received by the Committee after completion of the global analysis.
Categorized in health-careleve 111 in previous analyses.
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Table 73

Temporal trends in the average annual number 2 of the various types of radionuclide therapy treatments
per 1,000 population

Data from UNSCEAR Surveys of Medical Radiation Usage and Exposures

Average annual number of treatments per 1,000 population
Disease/site Period
Health-carelevel | Health-care level 11 Health-carelevel 111 Health-carelevel IV

Thyroid malignancy 1970-1979 0.059 0.023 0.010 -
1980-1984 0.033 - 0.009 -
1985-1990 0.063 0.0004 0.011 -
1991-1996 0.038 0.011 0.003

Hyperthyroidism 1970-1979 0.088 - 0.023 -
1980-1984 0.10 - 0.024 -
1985-1990 0.022 0.0004 0.020 -
1991-1996 0.15 0.020 0.017 0.0004

Polycythaemia vera 1970-1979 0.014 - - -
1980-1984 0.024 - 0.001 -
1985-1990 0.016 0.0001 0.002 -
1991-1996 0.005 0.0001 0

Total of al radionuclide 1970-1979 0.086 0.044 0.025 -

therapy 1980-1984 0.093 - 0.025 -
1985-1990 0.10 0.021 0.025 -
1991-1996 0.17 0.036 0.021 0.0004

a Overall averages calculated from national data asthe total number of treatments divided by the total population for each treatment category. Data for
1991-1996 from Table 67; since thetotal population is not the same for each treatment category due to the lack of comprehensive national data for all
countriesincluded in the analysis, these average numbers can not be expected to be additive.

Table 74
Estimated annual numbers of therapeutic treatments with radiopharmaceuticals in the world 1991-1996

Population Annual number of treatments
Health-care level nﬁl lions
( ) Millions Per 1,000 population
| 1530 0.3 0.2
Il 3070 0.1 0.04
11 640 0.01 0.02
v 565 0.0002 0.0004
World 5800 0.4 0.065
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Table 75
Distributions of effective doses to volunteers from administrations of radiopharmaceuticals during
participation in research studies in Germany
[B78]
) ) ) 0
v No of research studies Range of effective dose Fraction of population by volunteer category (%)
PET Other (mS) Healthy persons Patients All
1997 172 19° <1 50.5 0 3.6
>1-6 16.7 8.1 8.7
>6 - 10 3.0 17.9 16.8
>10- 20 23.8 68.3 65.1
>20 - 50 6.0 50 51
>50 0 0.7 0.7
1998 28°¢ 15¢ <1 11.6 6.8 7.2
>1-6 41.3 30.4 314
>6 - 10 0 4.1 38
>10- 20 41.3 44.2 44.0
>20 - 50 5.8 14.1 13.3
>50 0 0.4 0.3
a Didribution by radionuclide: 13 *8F, 2 0, 2 'C, and 1 ®Ga. Distribution by speciality: 4 neurology/psychiatry, 12 oncology and 1 cardiology.
b  Digribution by radionuclide: 8 *™Tc, 7 %1, 2 3!, and 1 8"Kr. Distribution: 6 neurology/psychiatry, 9 oncology, 1 cardiology and 3 other.
¢ Didtribution by radionuclide: 14 **F, 6 °0, 8 'C, and 1 **N. Distribution: 18 neurology/psychiatry, 6 oncology , 3 cardiology and 2 other.
d Didribution by radionuclide: 13 *™¢, 1%, 1 2Tl, and 1 ®™Kr. Distribution: 4 neurology/psychiatry, 5 oncology, 2 cardiology and 4 other.
Table 76

Guidelines for notification of incidents in the United Kingdom involving radiation equipment used for
medical exposure

[H62]
Type of diagnostic examination Guideline multiplying factor #
Barium enemas, barium meals, | VUs, angiography and other such procedures involving fluoroscopy 3
(including digital radiology) and CT
Nuclear medicine: intended effective dose > 5mSv 3
Lumbar spine, abdomen, pelvis, mammography and all other examinations not otherwise included 10
Nuclear medicine: intended effective dosein the range 0.5-5 mSv 10
Extremities, skull, chest, dental examinations and other smple examinations such as e bow, 20
knee and shoulder
Nuclear medicine: intended effective dose < 0.5 mSv 20
Type of treatment Guideline multiplying factor *
Beam therapy, brachytherapy 1.1 (whole course)
1.2 (any fraction)
Radionuclide therapy 1.2 (any administration)

a For application to the ratio of suspected dose to intended dose, when deciding whether the patient exposure from an incident was ‘ much greater than
intended'.
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Table 79

Trends in annual global use of radiation for therapy

Teletherapy and brachytherapy Radiopharmaceuticals
UNSCEAR Reports
Annual number of Annual frequency Annual number of Annual frequency
treatments ® (millions) per 1,000 population treatments (millions) per 1,000 population
1988 [U4] 43 0.9 0.7 0.14
1993 [U3] 4.9 0.9 0.2 0.04
2000 [Present] 51 0.9 04 0.065

a Complete courses of treatment.
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