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Foreword

Monitoring radiodiagnostic practice in Switzerland and measuring its radiological impact on the popula-
tion is a priority of the Office fédéral de la santé publigne (OFSP — Federal Office of Public Health).

A new study on this subject is now completed. This project was financed by the OFSP and en-
trusted to the University Institute of Applied Radiation Physics and the University Institute of Social
and Preventive Medicine at Lausanne. It was supervised by a support group including representatives
of the main Swiss medical societies

The technical characterisation and dosimetric modelling of all the types of examinations in practice
provide a real scientific base on which values of reference doses and optimisation procedures can be
established nationally.

The survey on the frequencies of examinations enabled the gathering of a considerable amount of
data which made it possible to analyse the results in terms of many parameters: geographic region, type
of institution using radiodiagnostics, medical field, patient age and gender, and prescriptions of the ex-
amination.

The OFSP is pleased about the success of this work whose results will no doubt be well received by
all those interested in the problems of radiodiagnostic exposure in Switzerland. The recommendations

set in the conclusions of this work will be useful for defining a radiation protection strategy in the
medical field.

The OFSP thanks all those who contributed to this study, especially the authors and the members of
the support group, for their unflinching commitment throughout the course of the work.

Dr Bernard Michaud
Office fédéral de la santé publique
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Introduction

La dose moyenne a la population due 2 l'irradiation médicale représente, dans les pays industrialisés, la
part la plus importante de l'irradiation artificielle. Ce fait a suscité au plan international depuis plusieurs
décennies de nombreuses études visant a déterminer les fréquences des divers types d'examens et les
doses qui leur sont associées. Le Comité scientifique des Nations unies pour l'étude des effets des
rayonnements ionisants publie régulierement la compilation synthétisée de l'ensemble des enquétes na-
tionales sur I'exposition médicale.

La Suisse a une longue tradition dans ce domaine grace aux travaux effectuées par le Service de ra-
diophysique de I'Hopital de 1'Isle a Berne depuis la fin des années 50; la derniére enquéte suisse en la
matiere datant de 1992. Depuis, plusieurs facteurs liés a 1'évolution de la population, a l'indication de
l'examen radiodiagnostique et aux techniques utilisées ont influencé la dose moyenne a la population.
Une réévaluation de cette derniére s'est donc avéré judicieuse. C'est I'objet du présent travail.

L'enquéte décrite dans ce rapport s'inscrit dans la méme ligne que les précédentes et a pour objectifs
de déterminer les doses de radiation délivrées en Suisse par les divers examens radiologiques, de déter-
miner leur fréquence en fonction de I'age et du sexe et de déduire l'impact global de la radiologie dia-
gnostique sur l'irradiation de la population suisse.

L'enquéte a été conduite, sous 1'égide de 1'Office fédéral de la santé publique, par I'Institut universi-
taire de radiophysique appliquée (IRA) et I'Institut universitaire de médecine sociale et préventive
(IUMSDP), assistés par I'Institut de radiophysique de I'Hopital de 1'Isle et le Service de radiodiagnostic et
de radiologie interventionnelle du Centre hospitalier universitaire vaudois (CHUV). Un groupe d'ac-
compagnement composé de représentants des principales sociétés médicales suisses a suivi le déroule-
ment de 'enquéte. Ce groupe a apporté une expertise sur la méthodologie et un soutien aupres des mé-
decins pour le recueil d'informations.

Méthode

La démarche suivie a consisté d'une part a déterminer, par enquéte, les fréquences de réalisation de plus
de 250 types d'examens, couvrant les diverses modalités du radiodiagnostic et de la radiologie interven-
tionnelle. D'autre part, on a établi par modélisation, pour chaque type d'examen, la dose de radiation
délivrée au patient. L'impact collectif du radiodiagnostic a été évalué par convolution de ces deux in-
formations, en utilisant des modeles de risque appropriés.

Concernant les aspects fréquentiels, l'enquéte a porté sur 'ensemble des établissements qui effec-
tuent des examens radiodiagnostiques et interventionnels : hopitaux, médecins généralistes, médecins
spécialistes, médecins dentistes, chiropraticiens et autres services particuliers. A l'exception des méde-
cins généralistes et des médecins dentistes pour lesquels un échantillonnage et une stratification régio-
nale ont été effectués, les collectifs entiers ont été sollicités dans le cadre de l'enquéte.

Selon le type d'établissement, soit des informations détaillées concernant les examens pratiqués dans
une période de deux semaines (une semaine pour les médecins dentistes) soit des données statistiques
annuelles ont été sollicitées. Des informations sur la distribution des fréquences des divers types d'exa-
mens en fonction de 1'age et du sexe du patient, de la spécialité médicale, du type d'établissement, de la
région géographique et de la période de 'année ont ainsi été obtenues.

Concernant les aspects dosimétriques, une définition des divers types d'examens a été effectuée sur
la base d'une caractérisation établie en collaboration avec le CHUV et validée par une enquéte aupres
de praticiens et de services de radiologie de plusieurs hopitaux. A partir des parameétres techniques des
examens, des indices dosimétriques ont été déterminés. Ceux-ci ont été par la suite convertis en doses
aux organs et en doses effectives en utilisant des logiciels basés sur des facteurs de conversion appro-
priés.



Les impacts individuel et collectif du radiodiagnostic, quantifiés au moyen de grandeurs dosimétri-
ques, sont évalués sur la base de modeles de risque établis conformément a I'état actuel des connaissan-
ces en la matiere et prenant en compte le sexe et l'age du patient.

Outre les données nécessaires a 1'évaluation dosimétrique, d'autres informations concernant les ins-
tallations radiologiques et les systemes de réception de I'image, ou portant sur l'indication de l'examen
radiodiagnostique (type d'affection, objectif de l'examen, sévérité du cas) ont été recuilllies.

Résultats

Le taux global de réponses a été satisfaisant, avoisinant les 60% ; la qualité des réponses est jugée tres
satisfaisante.

Les résultats de l'enquéte indiquent que pres de 9'500'000 examens radiodiagnostiques sont pratiqués
annuellement en Suisse (1.34 examen par habitant). Parmi ceux-ci 4'500'000 examens impliquent la ra-
diographie uniquement (48%), 4'000'000 sont des examens dentaires (43%), 300'000 des examens to-
modensitométriques (3.4%), 200'000 des examens mammographiques (2.3%), 150'000 des examens im-
pliquant la radiographie et et la radioscopie (1.6%), 70'000 des examens angiographiques (0.7%), 30'000
des examens interventionnels (0.3%), 30'000 des examens minéralométriques (0.3%) et 10'000 des exa-
mens de tomographie conventionnelle (0.1%).

En termes dosimétriques, les résultats de l'enquéte révelent que la dose effective annuelle moyenne
par habitant est de 1.0 mSv et que la dose effective annuelle corrigée pour l'effet de 'age du patient est
d'environ 0.6 mSv par habitant.

Dans la dose effective de 1.0 mSv, 0.41 mSv est di aux examens impliquant la radiographie unique-
ment, 0.28 mSv aux examens tomodensitométriques, 0.17 mSv aux examens impliquant la radiographie
et la fluoroscopie, 77 microSv aux examens angiographiques, 36 microSv aux examens interventionnels,
6 microSv aux examens mammographiques, 10 microSv aux examens dentaires, 7 microSv aux exa-
mens de tomographie conventionnelle et 6 nanoSv aux examens minéralométriques.

L'enquéte a révélé également la distribution du nombre total d'examens et de la dose collective en
fonction de la catégorie d'établissements qui pratiquent le radiodiagnostic en Suisse. Ainsi, les grands
hopitaux (plus de 500 lits) contribuent pour pres de 10% en terme de fréquence et pres de 27% en
terme de dose. Les autres hopitaux contribuent pour 21% en terme de fréquence et 46% en terme de
dose. Les instituts privés de radiologie contribuent pour 2.5% en terme de fréquence et 7% en terme de
dose. Les médecins généralistes contribuent pour 15% en terme de fréquence et 9.5% en terme de
dose. Les médecins dentistes contribuent pour 43% en terme de fréquence et 1% en terme de dose.
Enfin 'ensemble des autres catégories contribuent pour 8% en terme de fréquence et 10% en terme de
dose.

Recommandations

La présente enquéte a mis en évidence que la Suisse se situe au méme niveau que les autres pays euro-
péens en termes de nombre d'examens et de dose collective. A l'issue de ce travail, un certain nombre
de recommandations sont proposées en vue de maintenir l'exposition par le radiodiagnostic a un niveau
acceptable.

L'effort de réduction des doses fourni au cours des dernicres années devrait étre poursuivi. Ceci
concerne aussi bien les médecins généralistes et les médecins dentistes pratiquant des examens a faible
dose mais en grand nombre, qui devraient se conformer de plus en plus aux valeurs recommandées de
sensibilité des couples écran-film, que les hopitaux et les médecins spécialistes pratiquant des examens a
doses élevées comme les examens angiographiques, interventionnels et tomodensitométriques, qui de-
vraient veiller a la bonne qualification dosimétrique des installations et a l'optimisation des techniques
utilisées.

Le processus de réduction des doses ne peut étre efficace que s'il est soutenu par un effort constant
de formation ciblant toutes les parties impliquées. Les démarches engagées dans ce sens devraient étre
poursuivies, en particulier la formation des médecins spécialisés effectuant des examens a doses inten-
sives.



Afin de garantir 'efficacité de tout programme de réduction des doses, il doit étre évaluée périodi-
quement et ses résultats quantifiés régulicrement par un mécanisme de suivi. L'impact du radiodiagnos-
tic sur la population devrait étre réévalué par enquéte idéalement sur une base quinquennale. Par ail-
leurs, la répartition des doses sur la population, qui ne faisait pas I'objet de la présente enquéte, devrait
ctre établie a I'aide d'une enquéte basée sur le patient. Enfin, une base de données sur les doses aux pa-
tients mesurées en Suisse devrait étre construite et mise a la disposition de toutes les parties concernées
et/ou intéressées par la problématique de l'exposition par le radiodiagnostic.






Hinsichtlich der dosimetrischen Aspekte wurde eine vollstindige Bestimmung der unterschiedlichen
Untersuchungsarten durchgefiihrt, die auf einer in Zusammenarbeit mit dem CHUYV festgelegten Cha-
rakterisierung beruhte und von mehreren Praktikern und Rontgeninstituten in Universititsspitilern -
berpriift wurde. Von den technischen Parametern wurden verschiedene Dosis-Kennwerte bestimmt.
Diese Kennwerte wurden dann in Organdosen und effektive Dosen umgerechnet, wofiir Dosisberech-
nungsprogramme mit entsprechenden Konversionsfaktoren benutzt wurden.

Die individuelle und kollektive Auswirkung der Rontgendiagnostik, die mittels Dosisangaben quanti-
fiziert wurde, wurde gemass aktueller radiologischer Risikomodelle entsprechend dem Alter und Ge-
schlecht des Patienten ermittelt.

Zusitzlich wurden die Angaben tiber die dosimetrische Auswertung, weitere Informationen tber die
Rontgeneinrichtung, die Bildempfinger sowie die Indikation fiir die Untersuchung (Leiden des Patien-
ten, Untersuchungszweck, Schwere des Falls) gesammelt.

Ergebnisse

Der gesamte Anteil der Antworten war mit annidhernd 60 % sehr befriedigend bei einer guten Qualitit
der Antworten.

Die Ergebnisse der Erhebung zeigen, dass in der Schweiz rund 9'500'000 Rontgenuntersuchungen
pro Jahr ausgefiithrt werden (1,34 Untersuchungen pro Einwohner), davon 4'500'000 Untersuchungen
allein mit Rontgenbildern (48 %), 4'000'000 zahnirztliche Untersuchungen (43 %), 300000 CT-
Untersuchungen (3,4 %), 200'000 Mammografien (2,3 %), 150'000 Untersuchungen mit Réntgenbil-
dern und Durchleuchtung (1,6 %), 70'000 Angiografien (0,7 %), 30'000 interventionelle Untersuchun-
gen (0,3 %), 30'000 mineralometrische Untersuchungen (0,3 %) und 10'000 konventionelle Tomogra-
tien (0,1 %).

Hinsichtlich der Dosen zeigt die Erhebung, dass die mittlere jihrliche effektive Dosis pro Einwoh-
ner 1,0 mSv und die entsprechende alterskorrigierte effektive Dosis 0,6 mSv pro Einwohner betrigt.

Von der effektiven Dosis von 1,0 mSv stammen 0,41 mSv von Untersuchungen allein mit Rontgen-
bildern, 0,28 mSv von CT-Untersuchungen, 0,17 mSv von Untersuchungen mit Rontgenbildern und
Durchleuchtung, 0,077 mSv von Angiografien, 0,036 mSv von interventionellen Untersuchungen,
0,006 mSv von Mammogtrafien, 0,010 mSv von zahnirztlichern Untersuchungen, 0,007 mSv von kon-
ventionellen Tomogratien und 0,000'006 mSv von Knochenmineralgehalts-Untersuchungen.

Die Resultate der Erhebung zeigen auch die Verteilung der Gesamtzahl der Untersuchungen und
der Kollektivdosis hinsichtlich der Art der Rontgeneinrichtung in der Schweiz. Die grossen Spitiler
(mehr als 500 Betten) tragen ungefahr 10 % zur Haufigkeit und ungefahr 27 % zur Dosis bei. Die tbri-
gen Spitaler tragen 21 % zur Haufigkeit und 46 % zur Dosis bei. Die Rontgeninstitute tragen 2,5 % zur
Frequenz und 7 % zur Dosis bei. Die Allgemeinpraktiker tragen 15 % zur Haufigkeit und 9,5 % zur
Dosis bei. Die Zahnarzte tragen 43 % zur Haufigkeit und 1 % zur Dosis bei. Schliesslich tragen die an-
deren Kategorien zusammen 8 % zur Haufigkeit und 10 % zur Dosis bei.

Empfehlungen

Die Erhebung zeigt, dass die Schweiz beziiglich Untersuchungszahl und Kollektivdosis auf gleichem
Niveau steht wie andere europiische Linder. Eine Anzahl von Empfehlungen wird vorgeschlagen mit
dem Zweck, die Strahlenexposition infolge Rontgenuntersuchungen auf einem annehmbaren Stand zu
halten.

Die Anstrengung zur Dosisreduktion der letzten Jahre muss beibehalten werden. Dies gilt sowohl
tir Allgemeinpraktiker und Zahnirzte, die eine grosse Anzahl von Untersuchungen im Niedrigdosisbe-
reich durchfiihren und dies zunehmend in Ubereinstimmung mit den Empfehlungen iiber die Emp-
findlichkeit der Film-Folien-Kombination tun sollten. Dies gilt aber auch fir Spitiler und Spezialisten,
welche dosisintensive Untersuchungen wie angiografische, interventionelle und CT-Untersuchungen



unter Beachtung der angemessenen dosimetrischen Qualitit der Ausristung und der Optimierung der
verwendeten Techniken durchfiihren sollten.

Der Prozess der Dosisreduktion kann nur wirkungsvoll sein, wenn er durch eine stindige Anstren-
gung in der Ausbildung fiir alle Beteiligten unterstiitzt wird. Die diesbeztiglich bisher unternommenen
Schritte miissen weitergefiihrt werden, insbesondere die Ausbildung der Spezialisten bei der Durchfiih-
rung dosisintensiver Untersuchungen.

Um die Wirksamkeit bestimmter Dosisreduktionsprogramme zu garantieren, sollten sie regelmaissig
beurteilt werden aufgrund einer Quantifizierung der Ergebnisse durch ein nachfolgendes Programm.
Die Auswirkung der Rontgendiagnostik sollte neu beurteilt werden durch eine kleinere Erhebung, ide-
alerweise alle finf Jahre. Weiter sollte die Dosisverteilung in der Bevolkerung - was ausserhalb des
Rahmens diese Arbeit lag - durch eine Patienten-orientierte Erhebung nachgewiesen werden. Schliess-
lich sollte eine Datenbasis mit allen in der Schweiz gemessenen Patientendosen aufgebaut und allen an
der rontgendiagnostischen Strahlenexposition in der Schweiz beteiligten und/oder interessierten Krei-
sen verflighar gemacht werden.



Abstract

Introduction

The average dose to the population from medical exposure in industrialised countries represents the
highest contribution of man-made irradiation. This fact has motivated a great number of studies inter-
nationally, during the past decades, aiming at establishing the frequencies of the different types of ex-
aminations as well as the associated radiation doses. The United Nations Scientific Committee for the
Effects of lonising Radiation issues regularly a thorough report on the national surveys dealing with
medical irradiation published all over the world.

Switzerland has a long tradition in this field thanks to the studies performed since the late 50s in the
Radiation Physics department of the Insel Spital at Bern. The last Swiss survey on medical exposure
was undertaken in 1992. Since then, several factors associated with the evolution of the population, the
prescription of the examination and the techniques used have altered the average dose to the popula-
tion. A new evaluation of the latter was therefore imperative. This is the subject of the present work.

The survey described in this report, like earlier ones, aims at determining the radiation doses deliv-
ered in Switzerland by the different radiological examinations, the frequencies of these examinations as
a function of the gender and the age of the patient, and the overall impact of radiodiagnostics on the
Swiss population.

The survey was launched by the Swiss Federal Office of Public Health and conducted by the Uni-
versity Institute of Applied Radiation Physics (IRA) and the University Institute of Social and Preven-
tive Medicine (IUMSP) at Lausanne. A technical assistance was provided by the Radiation Physics de-
partment of the Insel Spital at Bern and the Department of Diagnostic and Interventional Radiology of
the University Hospital of the Vaud canton (CHUV). A group of experts including representatives of
the major Swiss medical societies was in charge of supervising the progress of the survey. This group
provided valuable assistance in setting up the methodology as well as the support for getting the infor-
mation from the practitioners and hospitals contacted.

Method

The study consisted in surveying the frequencies of more than 250 types of examinations, covering the
various modalities in diagnostic and interventional radiology, as well as in establishing, by modelling,
for each examination type, the radiation dose received by the patient. The collective impact has been
evaluated by convoluting both types of information using appropriate radiological risk models.

Regarding the frequency aspects, the survey covered all the establishments who perform radiological
examinations in Switzerland: hospitals, general practitioners and consultants, dentists, chiropractors and
other medical institutions. Except for general practitioners and dentists who were sampled and region-
stratified, the other categories were fully covered.

According to the type of establishment, the survey requested either a detailed information concern-
ing the examinations undertaken during a period of two weeks (one week for the dentists): patient's age
and gender, nature of the affection of the patient, aim of the examination, severity of the case, or else
the annual statistical data. Information on the distribution of the frequencies of the different types of
examinations with the patient's age and gender, the medical specialty, the type of establishment, the
geographical region and the period of the year was obtained.

With regard to the dosimetric aspects, a full definition of the various types of examinations was es-
tablished on the basis of a characterisation work performed in collaboration with the CHUV and vali-
dated by several practitioners and radiology departments of university hospitals. Different dose indices
were determined from the technical parameters. These indices were then converted into doses to organ
and effective doses using dose calculation programs based on appropriate conversion factors.



The individual and collective impacts of radiodiagnostics, quantified by means of dosimetric quanti-
ties, were evaluated using up-to-date radiological risk models taking into account the age and gender of
the patient.

In addition to the data used for the dosimetric evaluation, the survey collected other information
pertaining to the radiological equipment, the image receptors as well as the prescription of the examina-
tion.

Results
The overall response rate was satisfactory, close to 60%, with a rather good response quality.

The results of the survey indicate that around 9'500'000 radiodiagnostic examinations are performed
each year in Switzerland (1.34 examinations per caput). These consist of 4'500'000 examinations involv-
ing radiography only (48%), 4'000'000 dental examinations (43%), 300'000 computed tomography (CT)
examinations (3.4%), 200'000 mammographies (2.3%), 150'000 examinations involving radiography and
fluoroscopy (1.6%), 70'000 angiographies (0.7%), 30'000 interventional examinations (0.3%), 30'000
bone densitometry examinations (0.3%) and 10'000 conventional tomography examinations (0.1%).

In terms of doses, the survey reveals that the average annual effective dose per caput equals
1.0 mSv, and that the average annual effective dose corrected for the patient's age effect is about
0.6 mSv per caput.

Of the 1.0 mSv effective dose, 0.41 mSv is due to examinations involving radiography only,
0.28 mSv to CT examinations, 0.17 mSv to examinations involving radiography and fluoroscopy,
77 microSv to angiographies, 36 microSv to interventional examinations, 6 microSv to mammo-
graphies, 10 microSv to dental examinations, 7 microSv to conventional tomography examinations and
6 nanoSv to bone densitometric examinations.

The results of the survey also show the distribution of the total number of examinations and the col-
lective dose with the type of establishment practising radiodiagnostics in Switzerland. The big hospitals
(more than 500 beds) contribute about 10% in terms of frequencies and about 27% in terms of collec-
tive dose. The other hospitals contribute 21% in terms of frequencies and 46% in terms of collective
dose. The radiology institutes contribute 2.5% in terms of frequencies and 7% in terms of collective
dose. The general practitioners contribute 15% in terms of frequencies and 9.5% in terms of collective
dose. The dentists contribute 43% in terms of frequencies and 1% in terms of collective dose. Finally
all the other categories account for 8% of the examinations and 10% in terms of collective dose.

Recommendations

This survey showed that Switzerland stands at the same level as other European countries in terms of
number of examinations and the collective dose. A number of recommendations can be made to keep
the radiodiagnostic exposure within acceptable levels.

The dose reduction effort of the last couple of years has to be maintained. This should be the target
of general practitioners and dentists performing a high number of low-dose examinations, who should
conform more strictly to the recommendations on the sensitivity of screen-film combinations. The
same applies to hospitals and consultants performing high-dose examinations such as angiographic,
interventional and CT examinations, who should ensure proper dosimetric qualification of the equip-
ment and optimisation of the techniques used.

The dose reduction process can be efficient only if supported by a constant effort of training all the
parties involved. The steps taken so far in this regard should be kept up, particularly the training of
consultants performing intensive-dose examinations.

In order to guarantee the effectiveness of any dose reduction programme, it should be assessed pe-
riodically and its results should be measured regularly using some monitoring mechanism. The impact
of radiodiagnostics should be re-assessed by means of a smaller survey, ideally on a 5-year basis. Fur-
thermore, the dose distribution among the population, which was not within the scope of this work,
should be established by means of a patient-oriented survey. Lastly, a database of all the doses to pa-
tient measured in Switzerland should be built and made available to all parties concerned and/or inter-
ested in the exposure by radiodiagnostics in Switzerland.
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1. General Issues
1.1. Introduction

1.1.1. Importance of medical irradiation

The average dose to thEpopulation due to medical irradiation is estimated to be about 1-2 mSv/year in
industrialised countries® The doses are distributed very inhomogeneously as a majority of people are
not exposed whereas a small number of people undergo relatively intensive examinations. The medical
exposure accounts for most of the artificial irradiation and about a fourth of the total dose received by
the population. Therefore, the protection of the patient against irradiation effects is of central impor-
tance in radiation prﬁection. Of the three recommendations of the International Commission of Ra-
diological Protection®, that is to say the justification of activities involving ionising radiation, the
optimisation of protection means, and the limitation of individual doses to all the people involved, only
the first two play a role in the protection of the patient who benefits directly from the examination.
Nevertheless, the analysis of the doses given to the population through medical applications is useful to
compare methods, identify problem areas, and put in place useful corrective measures if need be.

1.1.2. Motivations of the survey

A large body of dosimetric data about radiodiagnostics is available in Switzerland (see § 1.2.2). How-
ever since the end of the 70s no average dose to the population or radiological risk indicator has been
determined. Since then, the average dose to the population has changed appreciably, and will do so in
the future, due to several factors related to the trend in the population, the prescription of radiodiag-
nostic examination, and the techniques used :

* increase in health care demand (increase in the population) ;
* casiness of access to health care (increase in the urban population) ;
* ageing of the population ;

* new trend in the prescription of radiodiagnostic examinations, in particular with the development
of alternative options (endoscopy, ultrasounds, magnetic resonance imaging) ;

* expansion of certain diagnostic procedures such as mammography and CT ;
* expansion of interventional radiology ;

¢ increase in the sensitivities of screen-film combinations ;

* trend towards digital radiology ;

* introduction of quality controls required by the new radiation protection regulation.

Given these developments, a new determination of the global impact of radiodiagnostics on the
population is imperative.

1.2. General situation

1.2.1. International level
Since the 1970s, many countries have carried out surveys on the frequencies of examinations and on
their associated doses.

In the United Kingdom, a survey on the frequencies of examinations carried out in 1977E|involved
80 hospitals (7% of the national total). It lasted one week, focused on 48 types of examinations, ami]
collected data on the age and gender of patients. In 1983, the results of the 1977 survey were updated
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by extrapolation using the statistics on radiological activity in British hospitals and on the use of films in
the country. Another British survey on CT examinations was carried out in 1989.f] This survey also
lasted a week, focused on 18 kinds of CT examinations and covered 160 CT scanners out of a total of
200 (about 80%). With regard to dosimetric aspects, the first British survey goes back to 1983p] It cov-
ered 20 hospitals and dealt with 10 types of examinations (6 simple ones and 4 complex ones). Techni-
cal data about the equipment were gathered and quantities such as the entrance surface dose or the
dose-area product were measured. A national centre for the collection of doses was set up in the early
1990s. The dosimetric measurements were classified according to a national protocol established by the
Institute of Physical Sciences in Medicine (IPSM), the National Radiological Protection Board (NRPB)
and the College of Radiographers (CR)[1By 1995, 21 000 entrance surface doses and 31 000 dose-area
products had been collected in 375 hospitals (25%). A campaign of dosimetric measurements on CT
was carried out between 1987 and 1989F] It covered 75 scanners and involved measuring the dose pro-
file and the CT dose index (CTDI).

A French national survey was organised in 19821;'.| Covering 400 hospitals (10% of the national total),
it lasted one week and focused Ej 20 types of examinations. A second survey was conducted in 1984
and concerned dental radiology.** The French state secretary for health and social action set up a fact-
finding mission about the medical irradiation of patients, before France had adopted the 97/43 Euro-
pean regulation on the protection of patients. The Workjﬁ group to whom this mission was entrusted
published the results of its work at the beginning of 1999+

In Germany a survey on doses due to radiodiagnostics was undertaken in the early 9OSE.| This survey
focused on 30 types of examinations. The frequency aspects were determined from the data provided
by insurance companies and 300 installations in hospitals, and using the consumption of films. No in-
formation on the age or gender of patients was gathered. As regards dosimetry, 5000 measurements of
dose-area products were made in 8 hospitals for the 30 types of examinations considered.

In the United States E;Ilarge programme monitoring trends in radiodiagnostics was launched in the
early 1970s. The NEXT* (Nationwide Evaluation of X-ray Trends) evaluated 12 types of examinations
between 1973 and 1983. Since 1984 only one or two kinds of examinations, or one modality are studied
every year (1984 : thorax, 1987 : abdomen and spine, 1990 : CT, 1991 : fluoroscopy, 1992 : mammog-
raphy)[j[' he NCRP (National Council on Radiation Protection and Measurements) published in 1989 a
report™ on the radiodiagnostic exposure of the American population.

In its regular reports to the UN general assembly, the United Nations Scientific Committee on the
Effects of Atomic Radiations (UNSCEAR) provides a comprehensive analysis of medical exposures on
the basis of surveys carried ﬁt by member states. UNSCEAR’s last survey dates back to 1991; its re-
sults were published in 1993.% This survey covera the 1970-1979, 1980—-1984 and 1985-1989 periods.
Member states were classified by levels of health*'measured in terms of physician density (level I : less
than 1 physician per 1'000 population; level II : 1 physician per 1'000 to 3'000 population; level III : 1
physician per 3'000 to 10'000 population; level IV : 1 physician per more than 10'000 population). UN-
SCEAR’s 1993 report provides frequency and dosimetric data together with patient age and gender.!

Table 1 shows the frequencies of radiodiagnostic examinations from 1985 to 1990 published in the
UNSCEAR?® report. The frequencies of nuclear medicine examinations and therapeutic radiological
procedures are also presented for comparison.

Page 2



A Survey on Exposure by Radiodiagnostics in Switzerland in 1998

Table 1. Frequency of radiological procedures (UNSCEAR 199315)

Annual number of examinations per Health level World
1'000 population Total
I 11 111 v

- X-ray diagnostics 860 140 70 9 300

- dental diagnostics 350 2.5 1.7 — 91

- nuclear medicine 16 0.5 0.3 0.1 4.5

- external radiotherapy 2.4 0.6 0.1 0.05 0.9

- metabolic radiotherapy 0.4 | 0.02 | 0.02 — <0.13
Population (in millions) 1350 | 2630 | 850 | 460 5290

We observe a spectacular variation of the frequency of examinations with the health level. In addi-
tion, the spread of the rate of examination among countries within the same health level remains rela-
tively high. For instance, for the period 1985-90, the number of X-ray diagnostic examinations ranged
from 320 (in Malta) to 1290 (in Belgium), and was 990 in France. The frequency of X-ray diagnostic
examinations, broken down by type of examination, is displayed on figure 1 for health level I. Thorax
radiography represents 60 % of the X-ray diagnostic examinations. Each of the extremities, skeleton,
abdomen (with gastrointestinal tract) and specialised examinations account for about 10 %.
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Figure 1. Average frequency of different X-ray diagnostic
examinations for health level I (UNSCEAR 19931)

Table 2 gives the average effective dose equivalent for some radiodiagnostic examinations. This
quantity varies strongly with the location, the patient’s morphology, the radiological technique and the
equipment used. Mean values do not approximate the actual individual values because the dispersions
are very large (a 10 factor), and thus must be used with caution. As expected, we observe a large varia-
tion, the average doses ranging from 0.14 mSv (thorax) to 6.8 mSv (angiography).
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Table 2. Average effective dose equivalents for X-ray diagnostic
examinations for health level I (UNSCEAR 19931)

Effective dose Effective dose
Type of examination equivalent Type of examination equivalent
(mSv) (mSv)

Thorax-radiography 0.14 Abdomen 1.1
Thorax-radiophotography 0.52 Lower gastrointestinal tract 4.1
Thorax-fluoroscopy 0.98 Upper gastrointestinal tract 7.2
Extremities 0.06 Cholecystography 1.5
Lumbar spine 1.7 Urography 3.1
Pelvis 1.2 Angiography 0.8
Hip / thighbone 0.92 Mammogtaphy 1.0
Skull 0.16 CT 4.3

Teeth 0.08

The radiological impact of the examinations is obtained by summing, for each type of examination,
the product of the dose per examination with the frequency of the examination. The final result is
shown in table 3.

Table 3. Annual effective dose equivalents per caput (UNSCEAR 199315

Diagnosis Therapy
Health X-ray Dental Nuclear External Metabolic | Total
level Diagnostics | diagnostics | medicine | beams and therapy
(mSv)
brachy- (mSv)
(mSv) (mSv) (mSv)
therapy
(mSv)

I 1.0 0.01 0.09 0.7 0.004 1.8
11 0.1 0.001 0.008 0.2 0.0009 0.3
111 0.04 0.0003 0.008 0.03 0.0009 0.08
v 0.04 0.0003 0.008 0.02 0.0004 0.07
World 0.3 0.003 0.03 0.3 0.002 0.6

These values estimate the average doses reasonably but do not reflect in any way the individual
doses. For the health levels III and IV the accuracy is poor because the data is incomplete. The average
dose is seen to depend strongly on the health level ; the ratio between level I and II is 3 to 10, while
that between level I and levels III and IV is about 20. The X-ray diagnostics and radiotherapy are the
largest contributions ; the nuclear medicine average dose is 10 times weaker while those of the dental
radiology and the metabolic therapy are 100 times smaller. Assuming a 5.29 billion world population,
the world total dose due to medical application is 3.33 10° man.Sv per year.

The relative importance of the contributions of various X-ray diagnostic examinations in health
level I countries is shown in table 4.
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Table 4. Contribution of X-ray diagnostic examinations
to the collective dose of health level I countries (UNSCEAR 19931)

Type of examination Contribution | Type of examination Contribution
(7o) (7o)
Upper gastrointestinal tract 23 Thorax radioscopy 3
CT 18 Pelvis 3
Thorax radiophotography 14 Thorax radiography 2
Lumbar spine 10 Hip / thighbone 1
Lower gastro-intestinal tract 9 Cholecystography 1
Urography 5 Mammography 1
Angiography 5 Extremities 0.8
Abdomen 4 Skull 0.7

Since the publication of UNSCEAR’s report in 199313, other results of surveys in many countries
have been published (tableau 5). Recent results, including the findings of this work, will be reported in
the next UNSCEAR’s report which is expected this year.

Table 5. Some recent sutveys on the frequencies of radiodiagnostic examinations

Country Year of | Refe- Comment
publication  rence
Portugal 1992 Ref ¥ about ten types of examinations
Japan 1992 Ref ¥ eight types of examinations, data on patient age and gender
Poland 1993 Ref ¥ about ten types of examinations, data on patient age and gender
Hstonia 1995 Ref L] ten types of examinations ot so
Sweden 1995 Ref U CT examinations
New 1996 Ref* About twelve types of CT examinations, patient age and gender data
Zealand
Taiwan 1996 Ref L about fifteen types of examinations, patient age and gender data
Slovenia 1996 Ref L] lumbar spine, 1993 sutrvey
Ukraine 1997 Ref 22 about ten types of examinations, data on patient age and gender
Holland 1997 Ref ;I CT examinations of 89 scanners
Norway 1997 Ref L 240 types of examinations, 1993 survey
Japan 1998 Ref 28 dental examinations, 1994 survey
Oman 1999 Ref L CT examinations
United 2000 Reffm 1987-1998 survey
Kingdom

At the international level, a particular effort has been made to evaluate the level of medical expo-
sure, especially by radiodiagnostics. This interest motivated several scientific meetings in the 1990s,
such as the Grado workshop organised in autumn 1993, by the commission of European communities,
on the theme of quality control and patient radiation protection in diagnostic radiology and in nuclear
medicine’, the seminar organised in autumn 1993, by the German radiation protection commission, on
the situation in Germany”?, and the Montpellier international conference held in June 1995, by the
French, ﬁh’an and Spanish radiation protection societies, on the theme of radiation protection and
medicine™.
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1.2.2. National level

Switzerland has a long tradition of carrying out surveys on radiodiagnostics thanks to the watk of the
department of radiation physics of Isle hospital at Berne. The first survey dates back to 1957% It con-
sisted in determining the examinations carried out during a given period. It was based on a question-
naire sent to about 20% of physicians and dental surgeons, and to all the big hospitals and a representa-
tive number of radiological clinics. The survey determined the number of radiological examinations car-
ried out in Switzerland (see table 6). At the time, the genetic effect risk of the radiation was one of the
main concerns of radiation protection. The survey thus sought to determine the genetically significant
dose (GSD), the average of the individual dose to thﬁ gonads, weighted by the probability to keep hav-
ing children. Its magnitude was estimated at 22.3 mR*

The second survey was carried out in 1971 by G. Porettig, from the same institution, using the same
methodology. An appreciable increase in the number of examinations was observed (see table 6). The
GSD was found to have about doubled, from 22.3 mR to 42.9 mrad (0.43 mSv).

In the third survey, carried out in 1978 by the same groupg, the focus was on determining the num-
ber of patients undergoing the 17 most frequent types of examinations. The complementary data, in
particular the age distribution of the examinations, were obtained by extrapolation from the 1971 sur-
vey. In addition to the GSD found to be 25.6 mrad (0.26 mSv), the study determined the average dose
to the bone marrow, which measures the risk of radiation-induced leukaemia. It was estimated at 63
mrad (0.63 mSv).

Table 6. Summary of the frequencies of all radiological examinations in Switzetland
using the 1957, 1971 and 1978 surveys (See report of R. Mint

Year of the survey 1957 1971 1978
Total number of examinations 5018 500 8 555 202 8 703 562
Number of radiographies

* medical diagnostics 2 850 000 12 491 044 12 516 648

* dental diagnostics 1102 050 2 404 523 2991 885

» radiophotography 653 000 969 222 968 000
Total of radiographies 4 605 050 15 864 789 16 476 533
Total fluroscopies 2 689 555 1831912 839 688
Total of detailed services 7 294 605 17 696 701 17 316 221
Total number of services per examination 1.45 2.07 1.99
Average number of examinations per caput 0.97 1.35 1.35

The last survey was conducted by the same institution in 1989-90 par R. Mini*’. Whereas in the eat-
lier surveys the doses per examination used in the calculation of the average dose were based on aver-
age values inferred experimentally from phantoms, Mini’s survey sought to establish the variability of
the doses given in the same type of examination. This approach can be divided into three stages :

15t stage

For each type of radiodiagnostic examination, one determines the distribution of entrance surface
doses in Switzerland as a function of various parameters associated with the radiological units and
their tuning. This is done on the basis of measurements performed on about 500 units by colleagues
of the Office fédéral de la santé publique during radiation protection checks of firms, and using data relat-
ing to examinations carried out in these services during a month. The data refer to the patient (age
and gender) and to the tuning parameters (kVp, charge, etc.). This part of the survey brought to light
the radiological methods in force in Switzerland and helped shape the recommendations to reduce
the doses delivered to patients.

AThe dose was given in exposure units (in Réntgen); It was about 0.20 mSv equivalent dose.
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2nd stage

One finds out the dose given to different organs per unit entrance dose. This is done using ther-
moluminescent dosimeters which are placed in an anthropomorphic phantom and irradiated in the
standard conditions of the various types of examinations. This procedure required an extensive pro-
gramme of dose measurements within the phantom as well as the reconstitution of the doses to or-
gans. It is complementary to the Monte Carlo method of calculating doses to organs.

3 stage

One determines the dose administered to the population by radiodiagnostics. This involves :
* the dose to organs per unit entrance dose ;

¢ the entrance dose (with its variability) for the different radiodiagnostic examinations ;

* the frequency of examinations according to age and gender ;

* a model for the measurement of the radiological impact as a function of doses.

Regarding the last point, the 1990 survey was limited to analysing both the distribution of examina-
tions recorded according to age and gender and the calculation of average doses to the organs for
the main radiographic examinations within the standard conditions of exposure.

The 1990 survey provided a wealth of data about the dosimetric aspects and the conditions of mak-
ing radiological images. They were useful for the proposals for reducing the doses to patients. The sur-
vey also underscored the gaps in dosimetric knowledge in the area of special examinations : fluoros-
copy with contrast agents, interventional radiology, CT. The approach to this problem requires 7 situ
measurements (on the patient during the examination) and this is the line of research followed by R.
Mini. However, the calculation of the average dose to the population or some radiological impact indi-
cator on the basis of the data gathered in the survey has not been done.

1.3. Objectives of this survey

The present survey falls within the same framework as earlier ones and its main objectives are :

* to determine the radiation doses delivered in Switzerland by the various radiological examinations
(diagnostic and interventional radiology) ;

* to determine the frequencies of examinations according to patient age and gender ;
* to infer the global impact of diagnostic and interventional radiology on the Swiss population ;
* to study the diversity of medical practices involving the use of radiological examinations ;

¢ to formulate recommendations in order to reduce the doses if need be.

This survey takes it as a fundamental principle to use a methodology that enables following up the
progress in the field of radiodiagnostics. For this purpose, the final dosimetric results are clearly related
to the primary parameters of the radiological examinations to facilitate the re-evaluation of doses at any
time. A particular effort has been invested to ensure the work is transparent. The gathered data are
made available for public access and use. A complete description of the methodology and a documen-
tation of the work have been made in such a way as to be a basis for the subsequent resumption of the
survey, and for the regular follow-up of developments and trends in the impact of radiodiagnostics on
the Swiss population.

1.4. Course of the survey

The survey has been carried out under the aegis of the Office fédéral de la santé publique by -
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e the Institut universitaire de radiophysique applignée (IRA — University institute of applied radiation physics)
at Lausanne, which is responsible for the whole project and its co-ordination. The IRA also covers do-
simetry-related matters and the final determination of the population impact indicators ;

e the Institut universitaire de médecine sociale et préventive TUMSP — University institute of social and preven-
tive medicine) at Lausanne, which provides expertise on the survey on the frequency of radiodiagnostic
examinations and on survey consolidation methods.

These two institutes are part of the University department of community medicine and health of
cantonal hospices in Vaud canton.

The Radiation physics institute of Isle hospital at Berne and the Department of diagnostic and inter-
ventional radiology of the Centre hospitalier universitaire vandois (CHUV — University hospital of Vaud) at
Lausanne both provided the expertise on several aspects : definition of examinations, working-out typi-
cal values for technical parameters, processing the data gathered in earlier surveys, etc.

Moreover, the survey was supervised closely by a support group led by #he Office fédéral de la santé pub-
ligue and made up of the representatives of the main Swiss medical societies, in particular :
e the Fédération des médecins suisses FMH — Swiss federation of physicians);
* the Société suisse d'odonto-stomatologie (SSO — Swiss society of odonto-stomatology);
e the Société suisse de radiologie médicale SSRM — Swiss society of medical radiology);
o the Société suisse de médecine générale (SSMG — Swiss society of general medicine);
o the Association suisse des chiropraticiens (ASC — Swiss association of chiropractors);
e the Société suisse de radiobiologie et physique médicale (SSRPM — Swiss society of radiobiology and medical
physics);
* the Association suisse des techniciens en radiologie médicale (ASTRM — Swiss association of medical radiology
technicians).

The support group provided :

* expertise on the methodology of the survey ;
* assistance to gather the data from physicians ;
* expertise to analyse the results and draw the conclusions ;

* supportt for the publication of the results and recommendations.

2. Data and methods

The survey is based on the activities of care centres and not on the population. It provides data about
the age and gender of the patient but not about the number of examinations undergone by the same
individual. Therefore the survey tells us about the global impact (number of examinations performed)
but does not enable us to reconstruct the distribution of the dose among the population.

2.1. General methodology

2.1.1. Formmulation of the problem

The survey’s approach consists in determining the frequencies of the different types of examinations,
on the one hand, and in finding out the dose delivered to the patient for each type of examination. The
collective impact of radiodiagnostics is evaluated by convoluting these two data using appropriate risk
models. The main outlines of the survey are given in the diagram below :
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Figure 2. Methodology of the survey

The basic quantities considered here are the dosimetric indices obtained from the parameters of the
examinations on the basis of dosimetric models. These models require a precise characterisation of
each examination. The characterisation is first performed on the basis of the data gathered at the Centre
hospitalier universitaire vandois (CHUV); it is then checked using a referee for each specialty and validated
by a survey covering a sample of surgeries and several hospitals.

The dose indices (ESD : entrance surface dose, KAP : kerma-area product, CTDI : CT dose index)
are converted into doses to organs and effective doses using conversion factors taken from the litera-
ture and adapted to particular situations.

The survey on the frequencies of examinations, which covers a larger sample, provides data on the
frequency distribution of the various types of examinations according to patient age and gender. It en-
ables the inference of their distributions by specialty, by type of establishment and by geographical area.
Seasonal variations are studied using monthly statistics provided by a sample of surgeries and hospitals.

Finally, both the individual radiological impact and the collective impact of radiodiagnostics are
evaluated using appropriate models built from our current understanding of the subject.
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2.1.2. Selection and classification of examinations

A list of 257 examinations has been established to set up the sharpest possible definition. These exami-
nations were then classified into the categories shown in table 7. The lists of types of examinations are
given in appendix 1.

Table 7. Classification of radiological examinations

Category Code Number of types
of examinations
Graphy GR 54
Graphy and Scopy:  conventional GS 33
angiographic AN 35
interventional IN 43
CT CT 47
Mammography MA 02
Bone densitometry MI 04
Conventional Tomography TO 06
Dental Radiology DE 33

2.2. Survey on frequencies

2.2.1. Ldentification of, and approach to, target categories

The set of establishments which carry out radiodiagnostic examinations in Switzerland has been divided
into four large categories :

1) 11 big hospitals with more than 500 beds (thereafter called A hospitals), for which detailed annual
statistics were requested ;

2) hospitals with less than 500 beds (thereafter called B hospitals), which participated in a fifteen day
sutvey ;

3) medical and dental surgeries and chiropractic clinics, which took part in a fifteen day survey (one
week in the case of dental surgeons) ;

4) particular services (school, prison and army medicines, etc.), for which global annual statistics
were requested.

2.2.2. Stratification and sampling

For physicians, the areas of specialty considered here are taken from the list of the Fédération des médecins
suisses (FMH) from which only those involving medical radiology were selected. The selection was made
using the database of the Office fédéral de la santé publigue. After a minor grouping, 28 categories (see table
8) — involving about 2300 surgeries after sampling — were chosen.

The group of physicians was taken in full for all the areas of specialty except for general medicine in
which case it was sampled with a 20% rate. In what follows, the category called ‘general medicine’ con-
sists of these two FMH specialties: ‘general medicine’ and ‘general internal medicine’. Similarly, in the
remainder of this report ‘general practitioners’ will be used to refer to all the general practitioners and
general internal medicine specialists.

In addition to the surgeries, the categories listed in table 9 which practice radiodiagnostics were ap-
proached. The lists were set up using the databases of the Office fédéral de la santé publique, the Institut suisse
de chirgpratique and the Swiss hospitals (H+). The dental surgeons were sampled at a 10% rate. The
whole population was considered for all the remaining categories.
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Table 8. Specialties covered by the survey

Specialty Code | Specialty Code
General medicine GE |Hand surgery CM
General surgery CH | Endocrinology EN
Orthopaedics & orthopaedic surgery OR | Angiology AN
Paediatrics PE | Nephrology NE
Rheumatology and physical med. RH | Maxillo-facial & orth.-facial surgery | CF
ENT and cervico-facial surgery OL  |Tropical medicine MP
Gastroenterology GA | Radio-oncology RO
Cardiology CA | Occupational medicine MT
Pneumology PN | Gynaecology and obstetrics GY
Radiology RA  |Paediatric surgery CI
Urology UR | Plastic & reconstructive surgery CR
Hematology & oncology-hematology ON |Intensive medicine MI
Allergology & clinical immunology AL |Neurosurgery NC
Dermatology and venereology DM | Neurology NR

Table 9. Other categories considered in the survey

Specialty Code
Chiropractic clinics CpP
Dental surgeries DE
Dental institutes DI
School dental services DS
Services at borders FR
A hospitals (more than 500 beds) HU
B hospitals (less than 500 beds) HP
Prisons PR
Leagues against lung diseases TU

A geographic stratification of surgeries was done using the most recent regionalisation model of
Switzerland shown in table 10. This regionalisation model has been accepted by all Swiss counties and
conforms to European regionalisation norms. The département fédéral de I'intérienr brought it into effect at
the beginning of 1998. It applies the concept of ‘Nomenclature des Unités Territoriales Statistiques (NUTS —
nomenclature of statistical territorial units)*%. Table 11 presents the distribution of surgeries and B hos-
pitals approached for the survey according to specialty and geographic area. The specialties for which
the number of physicians is small were grouped together into the category ‘other’ in order to respect
the confidentiality of the data. Sometimes there is only one physician per region for these specialties,
thus undermining the principle of anonymity.
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Table 10. Geographic regionalisation considered

Number | Name Canton Popw/az‘z’onbg]

1 Lemanic region VD, VS, GE 1'278'174

2 Midland space BE, FR, SO, NE, JU 1'644'911

3 North-West Switzerland | BS, BL, AG 982'386

4 Zurich ZH 1'181'614

5 Eastern Switzerland GL, SH, AR, Al SG, GR, TG 1'036'181

6 Central Switzetland LU, UR, SZ, OW, NW, ZG 667'995

7 Tessin TI 305'588
Switzerland 7'096'894

Table 11. Distribution of hospitals and surgeties approached for the survey according to
specialty and geographic region

total region
1 2 3 4 5 6 7
Population (in thousands) 7097 1278 1'645 982 1182 1'036 668 306
A hospitals 11 2 1 3 2 2 1 0
B hospitals 274 52 72 31 35 46 18 20
General medicine * 782 123 178 103 138 125 79 36
Dental medicine ** 376 70 84 51 69 50 34 18
General surgery 183 25 36 32 42 17 13 18
Orthopaedics and orthopaedic surgery 183 43 41 20 43 12 13 11
Pacdiatrics 178 12 36 34 33 32 24 7
Rheumatology and physical medicine (physiatry) 178 43 33 31 34 21 9 7
Chiropractic 138 32 44 17 18 12 11 4
ENT and cervico-facial surgery 127 34 32 9 19 17 11 5
Gastroenterology 95 7 20 21 22 12 7 6
Cardiology 92 20 23 11 19 7 8 4
Pneumology 87 20 28 13 9 9 4 4
Radiology 8 28 12 14 15 6 6 4
Urology 68 16 10 6 20 10 3 3
Others 227 53 40 39 42 22 13 18

Total 3072 578 689 432 558 398 252 165

* sample corresponding to 20% of all the general practitioners and general internal medicine specialists who have a ra-
diological installation.
** sample corresponding to 10% of all the dental surgeons who have a radiological installation.

2.2.3. Information requested in the questionnaire

To design the questionnaire most suited to the needs of the survey and most user-friendly to the par-
ticipants, a draft questionnaire was developed and validated by a small sample of physicians. For this
purpose two pilot surveys were organised, the first in November 1997 and covering 29 physicians from
many specialties, the second in April 1998 and involving 7 dental surgeons.

The responses gathered in these pilot surveys were analysed and discussed with the support group
after which the questionnaires were improved on the basis of the critical feedback.

The questionnaire is structured around three axes :
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A) the equipment, that is the radiological unit and the films used ;

B) the radiological examinations ; for each examination carried out during the survey it was a matter of
recording the type of examination, the patient’s age and gender, and answering three subsidiary
questions pertaining to the prescription of the examination : nature of the affection, objective of
the examination, and seriousness of the case ;

C) the 1997 annual statistics of the number of examinations per type of examination.

To simplify the questionnaire, it was adapted to every specialty and every type of establishment.
Two examples of questionnaires for general practitioners and dental surgeons are given in appendix 2.

2.2.4. Course of the survey on_frequencies

The survey on frequencies of surgeries and B hospitals was launched in the first quarter of 1998. At the
beginning of April, advance notices with a text explaining the objectives, methodology and procedure
of the survey (an article published in several specialised scientific journals™) were sent to the partici-
pants. The mail also included a letter of support signed by the director of the Office fédéral de la santé pub-
ligne and the presidents of the relevant professional societies (Fédération des médecins suisses, Société suisse
d'odonto-stomatologie, Association suisse des chiropraticiens).

At the end of April, the questionnaires were sent with a covering letter providing useful guidelines
for completing the forms.

The survey took place in May and lasted two weeks (only one week for dental surgeons). Through-
out the month of May, a large number of participants requested explanations about the questionnaire
by phone. At the end of May, a reminder was sent to the participants, and at the end of July a letter was
sent to those who did not respond, with a simplified questionnaire. The general response rate was rela-
tively good but that of radiologists was weak (no more than 26%). The radiologists who had not re-
sponded were approached a second time in November, this time with a simplified questionnaire (with-
out subsidiary questions) and a message of encouragement from the president of the Socété suisse de ra-
diologie médicale. The response rate jumped this time to 48 %. The global rate of positive responses is
satisfactory, about 60%.

The quality of responses, which was tested by analysing the completion rate of the various forms of
the questionnaire, was found to be satisfactory. On a sample of 214 respondents, the rate of comple-
tion of the forms was found to be higher than 97%, except for form C which was filled at a 57% rate
only. For the latter, its weak response rate may stem from the fact that annual statistics are not system-
atically available.

Given the response rate and the quality of the collected data, the second part of the survey, which
had initially been scheduled for November, was cancelled for all the participants except the radiologists
who had not responded in May. This decision was taken in consultation with the support group.

Another survey was organised in November to establish the seasonal variation of the frequencies of
examinations. This survey concerned a sample of 159 participants (surgeries and B hospitals) who had
responded to the May survey and sought to gather the monthly statistics for 1998.

The A hospitals, the dental institutes, and the ancillary areas (school dental services, border services,
leagues against tuberculosis and lung diseases, prisons etc.) were approached in 1998 to collect their
annual statistics. The response of A hospitals was 100%, that of school dental services 86%, that of
leagues against tuberculosis and lung diseases 75%, and that of dental institutes 63%. As regards prison
physicians, 85% of the respondents associated with radiology did not in fact practice it on inmates in-
side prisons and were therefore not considered. With regard to border services, the data for the whole
country were obtained through the Office fédéral de la santé publigue.
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2.2.5. IT processing of the surveyed data

The collected data were input into a Microsoft Access database. The rate of keying in error (bad read-
ing due to the writing quality, note down errors, keying mistakes, etc.) was tested by comparing three
keyboarders on 600 pieces of data. The test found an error rate of less than 1%.

The base of the relational data was structured into five tables each containing part of the gathered
data as shown in table 12. The tables are related through the 'Reference’ field which refers to the code
used for identifying the participant. This code is set up using the following scheme : S-Z-N where S
indicates the category of the establishment or the specialty (see tables 8 and 9), Z refers to the geo-
graphical region (see table 10) and N stands for the participant’s number. For instance, GE-75-43 re-
fers to a general practitioner from zone 5 and bearing number 43 whereas PN-62 stands for a lung con-
sultant (no regional stratification, all the population is considered) carrying number 62.

Table 12. Structure of the database

Participants 1998 Examinations 1997 Statistics Installations Films-Screens
Reference Reference Reference Reference Reference
Situation* Examination Type Examination type Brand Brand
Physician’s surname Age of patient Number of examinations Design Design
Physician’s first name  Gender of patient of each type Date of putting into Format

Age of physician Nature of the affec- Number of consultations  service Sensitivity
Gender of physician tion of patient Other supports
Address Examination objective

Region Seriousness of case

Date of setting up
Category of surgery
Size of hospital

* See explanation below

The field 'Situation' was allocated to identify the state of the response of the participant. The con-
vention presented in table 13 was adopted.

Table 13. Designation of the situation of the participant

Code Denomination Code  Denomination

1 Positive response 7 Considers oneself not representative

2 No radiology (no installation, therapeutic use) 8 Rescheduling request

3 Refusal on principle 9 Prefers participating in November

4 Too much effort 10 Specialty change, transfer to hospital

5 Not available (sick leave, on holiday, conference, 11 Does not practice in Switzerland anymore
installation out of order or being serviced) 12 Unknown, left with no forwarding address

6 End of career (retirement, death, no more active) ~ Blank Not responding

2.3. Radiological techniques

2.3.1. Characterisation of the radiological equipment

One of the forms in the questionnaire of the survey on the frequencies deals with radiological equip-
ment. Its first part seeks to collect data about the radiological unit (manufacturer, design, year put into
service, automatic cell, use of pulsating mode in fluoroscopy, scanning mode of the CT scanner). The
second part focuses on the receptor of the radiological image (types of film and screen intensifier, for-
mat and sensitivity of the combination, use of digital radiology, diameter of the image intensifier).

Some data such as the distribution of the sensitivities of the film-screen set were considered when
making the dosimetric evaluation. As a matter of fact, the sensitivity distribution is established for each
type of examination using the screen-film combination. A correction factor Fs is calculated for each
type of examination in order to correct for the fact that a standard sensitivity Sp is actually used in the
definition of the examination.
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2.3.2. Definition of examinations

The stage preceding the dosimetric evaluation consists in defining each of the 257 types of radiodiag-
nostic examinations : number of images, fluoroscopy time, number of CT slices, etc. in addition to the
technical parameters used.

A basic technical document was established on the basis of the data gathered from the Centre Hospi-
talier Universitaire 1 andois (CHUV) and ten or so referee physicians from different specialties. This tech-
nical document was then sent for validation to eight hospitals ; the validation was carried out by techni-
cians in medical radiology. Their comments were integrated into the document and a standard tech-
nique was established for each examination. Finally, the amended version of the technical document
was discussed and checked one last time by the technicians in medical radiology of the CHUV.

2.4. Dosimetry

2.4.1. Modelling dosimetric indices

As mentioned above, no dosimetric measurement was made in this work. The dosimetric indices were
obtained by a modelling procedure taking into account the technical parameters of each type of exami-
nation.

2.4.1.1. Entrance surface dose (ESD)

In the case of a raidographic examination, the entrance surface dose in mGy takes this empirically
based form :

WV 3 1

. .Q (mAs) . ————— . BSF
F100 B From 2™ [FSD(m)]*

ESD (U, Q, Fa, FSD, BSF) = K .

where U is the voltage in kV units, Q) is the charge in mAs units, Fa is the filtration expressed in mm of
Aluminium, and FSD is the focus-to-skin distance in meters. K is an empirically determined constant
specifying the radiological unit (a typical value of K=0.1 mGy.m?/mAs was taken*). Note that the en-
trance surface dose represents the product of the kerma in the tissue in the entrance surface (without
the patient) and the back-scattering factor (BSF) for exposure conditions (a function of voltage, filtra-
tion and field area).

The fluoroscopy case is similar to the radiography one insofar as the ESD takes the same form as
above, where the charge is now replaced by the current I (in mA units) times the exposure time t (in
seconds).

uevd 3

ESD (U, L, t, Fa, ESD, BSF) = K . . .
u ) H100 H' F,(mm)

SF

mA) . t(s) . —— . B
[(mA) . t(s) [FSD(m)]

This form of the ESD was established directly as a function of the parameters of the radiological
unit. This dosimetric index can also be calculated, using the reverse path, from the dose received by the
image receptor, as shown in the equation below :

1 _ _
ESD(S,FSD,FFD,U,FA,G):g.Tl T T

grid © “table * “patient °

FFD’
FSD?
where S is the sensitivity of the screen-film combination, FFD is the focus-to-film distance, G is the

field area and Tgrid, Trable and Tpatiene are the transmission factors of the primary radiation of the grid, the
table and the patient respectively.

BSF
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The direct and inverse calculations of the entrance surface dose should in principle yield the same
result. The following example illustrates the extent to which this holds :

Thorax AP

U =125kV, Q = 0.8 mAs, FA = 3 mm Al FFD= 1.2 m, FSD =1 m,
G = 33x37 cm?, S = 400, Tgrid . Trable = 75%, Tpatienr = 3%, BSF = 1.35
ESD direct calculation = 0.17 mGy

ESD inverse calculation = 0.22 mGy

DSE direct calculation / DSE inverse calculation = 0.77

In practice, the factors used for the inverse calculation are not very well known (Trid , Trable) of have
a large intrinsic variability (Tpatient). Therefore only the direct dosimetric calculation method will be used
in the present work.

2.4.1.2. Kerma-area product (KAP)

In the case of examinations involving both radiography and fluoroscopy, and for which the irradi-
ated area of the body changes in the course of the examination, another dosimetric index turns out to
be more appropriate : the kerma-area product. This quantity presents the advantage of remaining con-
stant along the beam axis, and being easy to measure with a transmission chamber located at the beam
exit. KAP relates to ESD according to :

KAP = (ESD/BSF) . G

where BSF is the back-scattering factor and G is the area of the field at the entrance of the patient.

In this study, the KAP was used to facilitate comparisons with the dose values in the literature (see

appendix 8).
2.4.1.3. CT Dose Index (CTDI)

In the case of CT examinations, the Computed Tomography Dose Index (CTDI) is used. It repre-
sents the dose absorbed in air (in mGy units) on the scanner axis averaged on a series of CT slices. The
normalised CT dose index, CTDI,, refers to the value of CTDI per unit charge and is expressed in
mGy/mAs units. It represents a property of the CT scannet.

2.4.2. Dosimetric conversion factors

In every radiological risk model, the equivalent doses to the various irradiated organs and tissues are the
fundamental quantities whose calculation is absolutely necessary. The dosimetric conversion factors are
coefficients which enable transforming dosimetric indices such as the ESD or the CTDI into equivalent
doses to organs and tissues.

In the case of radiographic or fluoroscopic examinations, the equivalent dose to an organ or tissue
T, Hr, takes the following form :

Ht = ESD . hTgsp
Ht = KAP . hTkap

where hrsp et hkap are the factors which enable converting the dosimetric indices ESD and KAP, re-
spectively, into the equivalent doses to the organ or tissue T.

Excample of a PA radiography of the thorax
U =125kV, Q = 2mAs, Fa = 3 mm Al FFD= 2 m, FSD = 1.8 m,
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ESD = 0.13 mGy
HMoggsp = 0.5 mSv/mGy
H] ung — 0 065 mSV

In the case of CT examinations, the equivalent dose to an organ or tissue T, Hr, is expressed as :

Hr=CIDL. Q. hT,

slices

where h'y is the factor for converting the CTDI into the equivalent dose to the organ or tissue T for a
given slice.

Excample of a scan of the upper abdomen
CT scanner GE CT/i: CTDIL,=0.2 mGy/mAs
23 contiguous slices of 8 mm

U=120kV, Q=165 mAs

hStomachs= (.36 mSv/mGy for the stomach in an upper abdomen examination
slices

Hstomach = 12 mSv

For each type of examination, the dosimetric evaluation must be made taking into account all the
incidences, the total duration of the fluoroscopy, and the total number of CT series, etc.

The dosimetric conversion factors are determined

— experimentally, by measuring (often using thermoluminescent dosimeters — TLLD) on a physical (an-
thropomorphic) phantom the doses deposited into the organs of interest,

(See the WOIE of Antonionj ¢/ a/.lg,l Nishizawa e# a/.|4—3‘! Geleijns ez a/.l“:',l Maruyama ef a/.l“:’l, Mini3®,
Geleijns et al.*, Calzado et al*; Toivonen et al.

— numerically, using a Monte-Carlo calculation method and a mathematical phantom. The energy de-
posited into the volume of each organ of interest is recorded after each interaction of the radiation
with the material of the organ.

(Sti works of osenstem I;Elhen et a/.E! élosenstein eﬁ/ @ Wllha et al. D Dl’fﬁj
al. >8>, S ¢t al. si et a/ Panzer et al. et al. Calzado Zankl et al.

Hart ez am Stern ef a/. - Zankl et al® Petoussi ef a/rﬁ Baadegaard et al.

— semi-empirically, by a computation using an analytical method and an anatomic (tomographic)
phantom. The profiles of the dose distribution in the three directions are used to calculate the doses
to the organs of interest.

(See the works Lebedevg,l Ranniko e# a/.g,l Servomaa ef a/.%.

In this work, the package ODS-60 (Organ Doses Calculation Software) is used for dosimetric calcula-
tions in the case of radiographic and fluoroscopic examinations, that is for the conversion of ESDs into
doses to various organs and tissues. The ODS-60 package was developed by the Finnish Centre for
Radiation and Nuclear Safety (§TUK) in collaboration with the Institute of Radiology of the Russian
ministry of public health (Central Scientific Institute of Radiology and Rintgenology of the Ministry of-Health,
St Petersburg) and the institutes of physics and biomedical sciences of the university of Helsinki®. Com-

B Marketed by the Finnish company Rados Technology Oy a Turku.
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pared to other calculation methods which use mathematical phantoms, this software programme has
the advantage of using a gender and build adjustable phantom and enabling the precise introduction of
the irradiation geometry. A description of the phantom and the adjustment algorithms is available in
one of STUKs detailed reports[?]

There have bﬁn compatisons of the results obtained using ODS—GOﬂith those of other methods,
such the NRPB* and GSF* calculations, or with experimental results™. This work showed that the
ODS-60 package yields values larger than those of Monte-Carlo method based programmes, by 7% to
33% according to the developers of the ODS-60. The difference even reaches a factor of 5 in some
particular cases”™. These discrepancies have been attributed mainly to the differences between the anat-
omic phantom used in the ODS-60 and the mathematical phantom used in the Monte-Carlo method.
The location of organs is appreciably different and their form is more complex in the case of the anat-
omic phantom. The differences in the area of the field and the irradiation geometry are another source
of discrepancy.

The ODS-60 programme was used in this work because it provides :

1) the facility to vary the irradiation geometry and thus to cover a much larger number of examina-
tion types ;

2) the flexibility to modulate the technical parameters of the examination and the parameters of the
patient (weight, height, and gender), a feature which is not available in other programmes ;

3) a faster calculation speed than similar programmes (even when one needs to calculate the entry
kerma beforehand).

In the case of CT examinations, the programme CT—DoseEI is used to convert the CTDI into doses
to various organs and tissues for the different protocols used. This programme was developed by the
Danish National Institute of Radiation Hygiene, in Herlev, in collaboration with the Department of
Biomedical Engineering of Aarhus university in ]ﬁnmatk. It is based on the use of a mathematical
phantom and the Monte Catrlo calculation method.

In some particular cases, when the ODS-60 and CT-DOSE programmes do not enable dosimetric
evaluations, the doses to organs are determined alternatively, as described below.

2.4.3. Caleulation of doses by type of examination

2.4.3.1. Radiographic examinations

The technical parameters for each type of examination and each incidence were used in the calculation
of doses to organs by means of the ODS-60 programme. For each incidence, the irradiation geometry,
voltage, focus-to-patient distance, filtration, field area and kerma are given as input data, which also
specify the height, weight and gender of the patient. As the ODS-60 accepts the kerma rather than the
charge as input datum the former is calculated beforehand using the formulae given in section 2.4.1.

The ODS-60 package was used for all the examinations dealing with the head and neck, the thoracic
and abdominal regions, and the pelvis. The calculations for men and women are run separately. On the
basis of ICRP data, the average values of (58kg, 160cm) and (70kg, 170cm) were used for the (weight,
height) of women and men respectively.

With regard to the extremities not represented on the phantom used in the ODS-60 programme, the
doses to organs were calculated by hand. We considered only the bone marrow, the skin, the bone sur-
face and the muscles. Since the muscle is part of secondary organs or tissues, it was considered only
when its associated equivalent dose was larger than the largest one of the others. To determine the
equivalent dose to each of the four organs considered, the entrance dose was multiplied by the percent-
age of the organ in the irrﬁjiated field (see table 14). The percentages were estimated using the data
from reference 23 of ICRP*

C A description of the programme is presented on the internet site: www.mta.au.dk.
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Table 14. Percentages of radiation-sensitive organs in the irradiated field

Examination Bone marrow Skin Bone surface Muscle
Arm 1.0% 3.5% 3.0% 6.3%
Elbow 0.5% 3.0% 2.6% 4.5%
Forearm 0.2% 2.9% 4.7% 5.0%
Wrist 0.0% 0.9% 2.3% 1.3%
Hand 0.0% 3.0% 3.4% 1.0%
Finger 0.0% 0.3% 2.6% 0.8%
Leg 2.1% 4.7% 7.0% 19.4%
Knee 1.0% 2.0% 6.5% 13.3%
Patella 0.5% 0.4% 3.2% 6.6%
Foreleg 0.5% 4.7% 8.1% 13.3%
Ankle 0.0% 0.7% 5.0% 3.2%
Calcaneum 0.0% 0.7% 3.6% 2.4%
Foot 0.0% 1.7% 3.4% 1.0%
Toe 0.0% 0.2% 1.1% 0.3%

For the babygram, the ODS-60 package was used for a 62kg adult woman. It has been assumed that
the dose to a new-born baby is equivalent to the dose to a woman’s uterus.

For radiophotography, a conventional installl/ﬁ]on was considered and the data for the PA radiogra-
phy of the thorax was multiplied by a 4.88 factor®.

2.4.3.2. Radiographic and fluoroscopic examinations

For each of the examinations in this category (conventional, angiographic and interventional), the
corresponding kerma was calculated for the radiography and the fluoroscopy separately. The ODS-60
package was then used for each of the two contributions by taking especially into account the area of
the field corresponding to the radiography and the fluoroscopy. The doses to organs were added at the
end of the calculation. The examinations of extremities were treated here in the same way as described
above.

2.4.3.3. CT examinations

The CT-DOSE programme takes as input data the type of scanner used, the CTDI, the voltage, the
filtration, the current, the scanned volume, the scanning time, the slice thickness as well as the distance
between slices. The technical parameters specified in the technical document were used to calculate the
doses to organs for the CT examinations.

The CT-DOSE package does not however take into account the upper limbs, which had to be
computed by hand. This is also the case for the examinations of the ankle, the foot, the calcaneum and
the leg.

2.4.3.4. Dental radiology examinations

For the following dental radiology examinations: apical anﬁtatus, bitewing, occlusal, OPG and CT,
the dose factors determined recently by K. Dula and ini** were adopged after a prior compatison
with the data in the literature (Lecomber and Faulkner®™] Gibbs, S. J. ¢f a/%, Maruyama, T. ¢f al. * and
Gibbs*). The ODS-60 programme was used for the remaining examinations.

For apical examinations, the dose factors were given according to the tooth position: jawbone or
mandible, molar, premolar, canine or incisor. Using proposed vectors of dose factors, a vector resulting
from their linear combination was constructed. The proportion of each tooth position to the total
number of apical examinations — data gathered in the survey — was used for this purpose. The dose fac-
tors are also given for round and rectangular collimators. Average dose factors were calculated by
weighting the fractions of round and rectangular collimators (85% and 15% respectively, from the sur-

vey).
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2.4.3.5. Mammographic examinations

For mammography, the average glandular dose corresponding to both breasts was considered. It is
calculated by multiplying the entry dose by a conversion factor estimated here at 0.2 Gy/Gy.

2.4.3.6. Bone densitometry examinations

With regard to bone densitometry, the effective doses were taken from the recent literatureg’l;!
These are associated with a bone densitometer of QDR type.

2.4.3.7. Conventional tomography examinations

In the case of conventional tomography, the examinations were assumed to consist of ten images :
five under facial incidence and five under lateral incidence. For each incidence, the value for any given
image is determined using the ODS-60 package. For the extremities, the calculation was performed as
described above.

2.5. Radiological impact indicators

2.5.1. Effective dose model

In the protection of workers, the concept of effective dose (E) was developed to account for a hetero-
geneous irradiation using only one parameter. The ICRP defines this quantity as :

E:ZWTHT

where w. is the risk weighting factor for the organ or tissue T and H. is the equivalent dose to this or-
gan or tissue. In its 1990 recommendations (see table 15), the ICRP determined the average w., factors
for a population of workers using radiobiological models to account for the risk of stochastic effects.

Table 15. Weighting factors for organs/tissues

Organ or tissue Wi Z W
Bone surface, skin 0.01 0.02
Bladder, breast, liver, oesophagus, thyroid, remainder* 0.05 0.30
Bone marrow, colon, lung, stomach 0.12 0.48
Gonads 0.20 0.20
Total 1.00

* For calculations, ‘remainder’ consists of the following organs and tissues : adrenal glands, brain,
upper large intestine, small intestine, kidney, muscle, pancreas, spleen, thymus and uterus.

The effective doses presented in this work were determined by the dose convolution programme,
which uses the values of the doses to organs (Ht) output by the ODS-60 programme in addition to the
weighting coefficients w,. presented in table 15.

The ‘other’ organs comprise, in addition to the ten ones listed in table 15, the three salivary glands
and the eyes. The weighting coefficient for all the ‘other’ organs is defined as follows :

* w, =0.05 when the equivalent dose to ‘other’ organs is less than that to organs for which w, is
specified;

* w, =0.025 if one of the ‘other’ organs receives an equivalent dose larger than the largest dose of the
12 specified organs. A 0.025 weight is applied to the average dose for all the ‘other’ organs ;
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Applying the effective dose model to medical radiology distorts the image of risk, as the patient
population is on average older than that of workers and the different risk factors vary with age and
gender. Moreover medical exposure to ionising radiations is characterised by a highly inhomogeneous
irradiation of the body, thus requiring that, in some situations, organs other than those specified by the
ICRP be considered.

However, even if the effective dose is not an accurate measure of the risk in medical irradiation, it is
a quantity appropriate enough for comparing medical exposure to other kinds of irradiation.

2.5.2. Other age-dependent models

Many studies have researched the problem of the radiological impact associated with medical exposure.
Appendix 3 reviews the recently published literature. The solutions often advocated consist in introduc-
ing a global multiplicative factor so as to weight the effective dose (or the equivalent doses to organs)
according to age. This factor is larger than 1 for children, equal to 1 for adults and smaller than 1 for
the elderly. Table 16 displays three correction algorithms proposed in the literature.

Table 16. Weighting factors according to age

ICRP* Age 1 5 10 15 50 70
(Committee 3) | Weighting factor 3.0 2.5 2.0 1.5 0.5 0.3
BfsH Age interval 0-15 | 16-40 | 41 -64| =065
— Weighting factor 2.40 1.25 0.44 0.19
NRPB*' Age interval 0-15 [16-69 | =70
Weighting factor 1.50 0.75 0.15

ICRP : International Radiological Protection Commission, BfS : Bundesamt fiir Strahlenschutz (D), NRPB : National
Radiological Protection Board (UK).

2.6 Evaluation strategy

2.6.1. Analysis of the data

In analysing the results of the survey, it was agreed to consider two of their categories : those necessary
for determining the collective impact of radiodiagnostics (frequency and dosimetry results) and those
providing complementary data (answers to questions on the prescription of the examination, technical
data on the equipment).

Furthermore, we studied separately the data measuring the robustness of the survey, such as the re-
gional variability which tests the adequacy of the strategy of stratification and sampling used, or the sea-
sonal variability which ascertains the representativeness of the period of the survey on frequencies (2
weeks in May).

The data on patient gender and age was also presented separately. The age and gender profiles were
used only at the last stage of the evaluation of the radiological impact (use of models taking age into
account).

By treating separately the regional and seasonal variations as well as the age and gender data, an ap-
preciable simplification of the problem is obtained as the frequency data are reduced to a function of
two variables : the type of examination and the specialty (category of establishment).

2.6.2. Estimation of annnal frequencies by examination type

The number of annual examinations of a given type and for a given establishment (surgery or hospital)
is evaluated using an average of the statistical data of this establishment for the years 1997 and 1998.

Page 21



A Survey on Exposure by Radiodiagnostics in Switzerland in 1998

If nog is the number of examinations recorded by a participant for the period of the survey in 1998
(data provided in form B), then the 1998 annual number for this participant, Nos, is calculated by mul-
tiplying nog by a factor taking the value 26 for hospitals (2 week survey, no annual holiday because of
on duty manning), 24 for surgeries (2 week survey, 4 week holidays per year) and 48 for dental surgeries
(1 week survey, 4 week holidays per year). Let Nspecos be the number of annual examinations of a given
type for a given specialty (or hospital category), based on 1998 statistics. It is determined using the fol-
lowing formula:

1 Mpos98 M _ M
.y Nos] . Muor - T
1

Nspec98 = [

pos98 resp

where :

Mposos the number of positive respondents for the 1998 data

Mot the number of the total population of the specialty of interest

Miesp  the number of respondents in the specialty of interest

Mie  the number of respondents in the specialty of interest who are not involved in radiology
(codes 2, 6,10, 11 and 12 of table 13)

If No7 is the number of examinations recorded by a participant for 1997 (data provided in form C),
then Ngpeco7 - the annual number of examinations of a given type for a specific specialty (or hospital
category) determined from the 1997 statistics _1is :

1 Mposy7 Mresp - Mnc
: ZNw] Mot . ——————
T Mresp

Nspec97 = [
pos97
where Mposo7 is the number of positive respondents for the 1997 statistics.

The average annual number of examinations of a given type in a particular specialty (or hospital cate-
gory), Nipec, is determined in the following way :

Nipee = Nipecos, if only the 1998 data are available ;
Nipee = Nipeco, if only the 1997 data are available ;

M .N +M .N
Nipec = posS7 - Tspectt pos%h - _Topec® , if both the 1997 and 1998 data are available.

Mp0597 + Mp0598

The frequencies of examinations calculated using the algorithm presented above were subjected to a
validation procedure. The values obtained were first analysed by specialty to test their plausibility and
correct for errors that might possibly have crept into the processing of the data. For the same purpose
the tables giving the numbers of examinations for a given specialty were confronted to a referee of this
area of medical specialisation. Twelve referees were examined : general and internal medicine, surgery,
radiology, gastroenterology, orthopaedic surgery, paediatrics, pneumology, urology, cardiology, rheuma-
tology, dental medicine and chiropractic. Most respondents confirmed the verisimilitude of the results
sent to them and made comments with no real impact on the frequencies. The validation procedure
also involved comparing the results with those of recent foreign surveys.

2.6.3. Estimation of doses by type of examination

As pointed out in the preceding sections, determining fundamental quantities in the evaluation of radio-

logical detriment, i.e. the equivalent doses to organs and tissues, requires the definition of examinations,

the calculation of dosimetric indices, and the use of adequate methods for converting these indices into
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doses to organs and tissues. We used mainly the ODS-60 and CT-Dose programmes to make this con-
version.

The doses to organs and tissues thus determined were subjected to a validation procedure. As in the
case of frequencies, a verisimilitude analysis was first carried out. Approximate but simple and reliable
methods were also used to check whether the doses were realistic. Finally, a comparison with the data
in literature was made.

2.6.4. Convolution of the frequency and dosimetric data

The data convolution procedure consists of combining all the quantities determined by the survey to
infer a quantity that measures the radiological impact of radiodiagnostics. Only the data contributing to
the evaluation of the impact are taken into account. Their list is provided below :

Relevant quantities for data convolution

1.

7.
8.

The annual number of examinations N which depends on the type of examination (i) and the estab-
lishment category or specialty (j) : N(i, j)

The equivalent dose to the organ which is a function of the organ (k), the examination type (i) and the
gender (1) : H(k, 1, 1)

The fraction of examinations per age group which varies with the examination type (i), the establish-
ment category or specialty (j), the gender (I) and the age group (m) : A(y, j, 1, m)

The correction, if need be, for the sensitivity of the film-screen set which depends on the examination
type (i) : Fs (i)

The correction for the build of the patient which is a function of the examination type (i), the gen-
der (I) and the age group (m) : C(i, I, m)

The correction for age which varies according to age group (m) and radiological risk model used (n) :
F(m, n)

The radiosensitivity of the organ which depends on the organ (k) : W(k)
The presence of the organ which is a function of the organ (k) and the gender (I) : K(k, I)

The collective equivalent dose corrected for age using the model (n), H*col, and associated to an or-
gan (k) by an examination of type (1) in specialty (j) takes the form :

Heak,i,j,0) =Y, Hk i) x NG, j) x AG,j, L m) x CG, 1 m) x Fs () x K(k, 1) x F(m, n)

=NGHxFs@x Y, Hlk DD x AGj, L m) x Cf, 1, m) x K(k, 1) x F(m, n)

The collective effective dose corrected for age using the model (n), E*col, associated to an examina-
tion of type (1) in the specialty (j) is :

Efcal(, j,n) = Zé H*coi(k, 1, j, n) x W(k)

The quantities defined above and associated to the examination of type (i) in all specialties can be
written:

H*col(k, i, 1'1) = Z/ H*col(k, i, j, 1'1) and E*col(i, ﬁ) = z/. E*COI(i, j, 1’1)

The quantities defined above and associated to all examinations in the specialty (j) take the form:

H*a(k,j,n) = Z H*ca(k, i, j, n) and  F*c(j, n) = Z_ E*ca(, j, n)

The above-defined quantities associated to all examinations in all areas of medical specialisation are :
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H*i(k, n) = Z/ H*co(k, i, j, n)and  E*co(n)= Z/ E*ca(, j, n)

The calculation algorithm presented above is implemented through a routine in the Access database.
The routine is controlled using benchmarks checking every intermediary result.

3. Results and discussion
3.1. Frequencies of examinations
3.1.1. Representativeness of the surveyed data

3.1.1.1. Representativeness of the sample

All the consultants, and not just a sample of them, were approached. In the case of general practitio-
ners, a random and region-stratified sample involving 20% of the whole population was chosen. The
same was done for dental surgeons but with a lower sample size : 10% of the whole population. The
details are provided in table 11.

The comparison between the samples and non-sampled populations is displayed in table 17.

Table 17. Some compatisons of the samples of general practitioners
and dental surgeons with the remainders of their respective populations.

Category
General practitioner Dental surgeon
Sampled Non-sampled Sampled Non-sampled
Region 1 123 492 70 630
2 178 712 82 738
3 103 412 51 459
4 138 552 70 630
5 125 500 50 450
6 79 316 34 306
7 36 144 19 171
Gender of physician* M 091 2972 316 2731
P 54 382 43 296
Age of physician (years)* Number 729 2901 275 2450
Average 49.6 49.7 48.1 479
g 7.9 9 10.1 10.1
Years of practice* Number 683 2600 321 2876
Average 21.3 23.2 21.3 21.5
g 7.3 7.6 10.5 10.7

* The figures refer to the cases for which the relevant data are available. For instance, in a sample of 782 general practitioners the age data
is available only for 729 cases among them.

The sample of general practitioners is representative with regard to the average age of the physicians
(49.6 years for the sample against 49.7 years for the whole). As regards gender and years of practice, the
sample has a slightly lower proportion of females than the whole population (7.2% for the sample ver-
sus 10.6 % for the whole) and a little less practice than the whole population (21.3 years on average for
the sample against 22.8 years for the whole).

In the case of dental surgeons, there is no significant difference between the sample and the whole
population as regards the age, gender or years of practice. The average age in the sample was 48.1 years
while that of the population was 47.9, the proportion of women was 12 % in the former and 10 % in
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the latter, and the average length of practice was 21.3 years in the sample against 21.5 years for the
population.

Considering these facts, the samples may be taken as sufficiently representative and thus justifying
our extrapolation of the sample-based results to all the general practitioners and dental surgeons.

3.1.1.2. Representativeness of results

Assuming the samples are typical, there remains the issue of the representativeness of the results. This
question is important if one is to avoid drawing conclusions on the basis of a possible bias of the re-
spondents in comparison with the non-respondents. In other words, are the sampled answers represen-
tative of all the physicians, general practitioners, dental surgeons and chiropractors approached for the
survey ? Or else are the answers of those who responded to the survey too different from the replies of
those who did not ?

This issue was explored by carrying out a survey on a sample of non-respondents. Table 18 presents
a comparison between the respondents and non-respondents of different groups of interest with regard
to age, gender, years of practice, region, and — as far as possible — the number of examinations per an-
num.

Several comparisons were made and almost all of them found no statistically significant difference
between those who responded to the survey and those who did not. The only exceptions are the re-
gional distribution of consultants and the proportion of women among them.

One can reasonably conclude that the sample is representative and, as suggested by the analysis of
several features of the respondents and non-respondents, the results are representative of the whole
population of physicians. The number of examinations per year can thus be calculated by multiplying
that of the sample by the ratio of the number of physicians in the population over the same number in
the sample.

3.1.2. Annual national frequencies

3.1.2.1. Frequencies by category of examinations

The detailed results of the annual frequencies calculation are provided in appendix 4. The annual num-
ber of examinations practised in Switzerland is given therein for each type of examination, category of
establishment, and medical specialty. This section presents the global frequencies of examinations by
type of examination. In the following sections, the detailed results for each type of examination will be
given. Table 19 gives the annual number of examinations by type of examination and category of estab-
lishment.
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Surgeries
Region Physician Age of physician Years of practice Annual number of examinations
gender (years)
Category 11234 |5 |6 |7 /| M| F | Nber | Average |Stand. | Nber | Average |Stand. | Nber Average | Stand
deviat deviat deviat
General practitioners
Positive Respondents 70 {105 | 58 | 73 | 84 | 47 | 19 | 425 | 31 | 448 49.6 79 | 421 21.3 7.3 444 325 220
Non-respondents 45 | 66 | 40 | 60 | 37 | 29 | 12 | 266 | 23 | 281 49.7 78 | 262 21.2 7.0 8 317 143
Dental surgeons
Positive Respondents 42 | 52 | 35 | 40 | 38 | 18 | 12 | 208 | 29 | 185 48.1 10.0 | 212 21.3 104 | 226 476 321
Non-respondents 25 | 28|15 (27| 10| 14| 4 |108| 14 | 90 48.3 10.3 | 109 21.2 10.9 - - -
Consultants
Positive Respondents 171|173 {114 |127| 95 | 60 | 40 | 716 | 64 | 769 51.4 8.0 | 746 23.2 8.0 734 381 415
Non-respondents 110 {116 99 | 149 | 59 | 42 | 42 | 586 | 31 | 611 51.9 81 | 571 22.7 8.1 11 342 223
Chiropractors
Positive Respondents 2127 (12|13 | 8 | 8 | 4 |84 | 9 84 453 9.3 72 18.4 10.6 89 402 398
Non-respondents 9 |55 |5|3|2]|0]|31] 8 32 45.9 111 | 29 16.1 9.9 1 300 -
B hospitals
Region Number of beds Examinations/year
Category 1|1 2| 3|45 |6 | 7 | Number | Average |Stand. | Number | Average nber Average | Average / bed | Standard
deviat beds/hospital deviation
Positive Respondents 38 |46 |18 | 19| 31|12 | 14 178 136.5 | 90.4 76 130 6415 49.3 57.3
Non-respondents 12 |25 |11 |14 |14 | 5 ) 86 1558 | 1234 7 209 11503 55.0 24.5
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Table 19. Annual number of examinations by type of examination and establishment category for 1998

Type of B A Radiology General Dental | Others  Total  Rownded Percent-
examination Hospitals Hospitals  institutes  Practitioners = Surgeons* total age (%)
Graphy 1'590'693 702272 116'106  1'459'749 690'644  4'559'464  4'500'000 47.8
Dental 2'023 5'266 1'900 4'107'721  6'568 4'123'478  4'000'000 43.3
CT 176'828  116'205 35'451 328'484  300'000 3.45
Mammography 130122 22'726 63'879 5'850  222'577  200'000 2.34
Graphy & scopy 84'256,  38'738 9'601 23'204  155'799 150'000 1.63
Angiography 32'042  36'348 1'407 273 70'070 70'000 0.74
Interventional 9'977  16'626 144 26'747 30'000 0.28
Bone densitometry 19'800 3'319 8792 309 32220 30'000 0.34
Convent. tomo. 8'387 2'098 879 11'364 10000 0.12
Total 2'054'128  943'598 236'115  1'459'749  4'107'721 728'892 9'530'204  9'500'000 100
Rounded total 2'000'000  950'000 250'000 1500000  4'000'000 750'000 9'500'000
Fraction (%) 21.5 9.90 2.48 15.3 43.1 7.65 100

* This category includes dental surgeons, school dentists and dental institutes.

We find a total of 9'530'020 examinations for a total 1998 population of 7'096'894, i.e. 1343 exami-
nations per 1000 population per year. This figure is higher than the corresponding UNSCEAR 1993
average for countries of high health quality level, which is 1210. In Germany, the corresponding total
annual average is 1493 examinations per 1000 population per year whereas in Norway it is 710 exclud-
ing dental examinations (the analogous figure in this survey — i.e. excluding dental examinations — is
762). It is interesting to note that the average annual number of examinations per caput found in this
work (1.34) is very close to the ones found in the 1971 and 1978 Swiss surveys (1.35 for 8'555'202 and
8'703'562 total annual examinations in 1971 and 1978 respectively, see table 6). The total number of
examinations is obviously stable but there are appreciable differences in the frequency of various types
of examinations (for instance a decrease in fluoroscopies and radiophotographies and an increase in CT
and interventional examinations).

Note that 43% of all the examinations, that is 581 examinations per 1000 population per year, are
concerned with dental radiology. This figure is higher than the 350 average found by UNSCEAR for
1993. But the actual values for countries can deviate strongly from this average. Germany recorded 250
dental examinations per 1000 population per year while in Scandinavia the average is larger than 700
dental examinations per 1000 population per year. In Switzerland, the 1978 survey found 2'991'885
dental examinations, which amounts to roughly 464 dental examinations per 1000 population per an-
num.

Radiographic examinations represent an important proportion of the total number. Their number
reached 4'559'464 per year, that is 642 graphic examinations for 1000 population per year. This ac-
counts for 48% of the total (84% if one excludes dental examinations).

With regard to CT examinations, they represent 3.4% of the total. This amounts to 46 examinations
per 1000 population per year. For comparison, the corresponding percentage of CT examinations in
Germa&r is 4% of the total (dental included), which is about 50 examinations per 1000 population per
annum®* In Norway, 48 CT examinations are performed per 1000 population annually, and the per-
centage of CT examinations is 6.7%!7 of the total, excluding dental radiology (this survey yields a 6.1%
percentage if one excludes dental examinations).

The set of examinations involving fluoroscopy accounts for 2.6% of the total, i.e. 36 examinations
per 1000 population per annum. In Germany the corresponding figure stands at 74. Note that the
number of examinations presented here does not comprise fluoroscopies performed in operating thea-
tres, which are estimated at 150'000 per year (see section 3.3.2). If they were to be included, the number
of examinations involving fluoroscopy would be roughly doubled (72 examinations per 1000 popula-
tion per year).

Mammography examinations account for 2.3% of the total, that is 31 examinations per 1000 popula-
tion each year. In Germany this indicator is 62 examinations per 1000 population per year (4.2% of the

total) whereas in Norway it is 43 (6.1% of the total number of examinations, dental radiology ex-
cluded).

Page 27



A Survey on Exposure by Radiodiagnostics in Switzerland in 1998

Bone densitometry examinations amount to 0.3% of the total, with 5 examinations per 1000 popula-
tion annually. The corresponding figures in Germany are 0.8 % and 12 respectively.

Finally, conventional tomographic examinations represent only 0.1% of the total, that is 2 examina-
tions per 1000 population per year.

The distribution of the total number of examinations according to the type of examination is dis-
played on figure 3.

Table 19 also shows the percentage of radiological examinations for each establishment category.
This information is detailed at the bottom of table 20 and on figure 4. Depending on the inclusion of
dental radiology, the distribution is seen to vary strongly. Table 20 also shows the average annual num-
ber of examinations per establishment for some types of examinations.

The average annual number of examinations per hospital was also calculated for specific types of
hospitals. This number was found to be 109'862 for a university hospital, 29'582 for a cantonal hospital,
11'512 for a regional hospital, 20'505 for a city hospital, 3'788 for a district hospital, and 5'457 for a pri-
vate hospital.

Table 20. Percentage of each establishment category in the total number of examinations and the an-
nual average per type of examination.

% of total number of examina- Average annual

Category fons which comprise the f_ollowing types of number of exami.

Dental included | Dental excluded examinations : nations per estab-
lishment

A Hospitals 10 18 graphy (74%), CT (12%) 85'782

B Hospitals 22 38 graphy (77%), CT (9%), mammo (6%) 7'497

Radiology 2 4 graphy (49%), mammo (27%), CT (15%) 4'071

inst.

Dentists 43 0 dental (100%) 1'095

General 15 27 graphy (100%) 373

practitioners

Others 8 13 graphy (95%), graphy and scopy (3%) 362

Total 100 100 — —

Table 21 presents the annual number of examinations broken down by type of examinations and ir-
radiated part of the body. Dental examinations and examinations of the thorax contribute strongly so
that 49% of all the examinations are focused on the head and neck while 20 % of them are concerned
with the thoracic region. Examinations of extremities account for 19% whereas those targeting the ar-
eas of the pelvis and abdomen represent only 8% and 4% respectively.

Table 21. Annual number of examinations per type of examination and per irradiated part of body

Irradiated part Type of examination

of body Graphy Graphy | angiography interventional CT dental Special Total
and scopy modalities

Head and neck 411'345 279 6'262 1'046 121'0521  4'119'835 1430 4'661'249
Thoracic region 1'613'886 3269 33'473 15'579 51'227 - 223217 1'940'651
Abdominal region 144197 70'602 7'195 3'998 97'815 - 26'817 350'624
Region of pelvis 625'092 065'317 3'816 628 46'600 - 3'436 744'889
Extremities 1'764'945 16'335 19'326 5'499 11'790 3'459 11262,  1'832'616

Total 4'559'464 155'799 70'070 26'747 328'484)  4'123'294 266'162)  9'530'020

The data provided in appendix 4 has been processed in such a way as to keep only the essential in-
formation and to simplify the reading. All the specialties whose annual number of examinations is rela-
tively small have been grouped together into the category ‘other’. The results of this data synthesis are
displayed in table 22.
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Figure 3. Distribution of the total number of examinations by type of examination
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Figure 4. Distribution of the total number of examinations by establishment category

Page 29



A Survey on Exposure by Radiodiagnostics in Switzerland in 1998
Table 22.A Annual number of radiodiagnostic graphic examinations by type of examination, establishment category, and medical specialty.

Examination CGEN | Cardiology = Surgery Hand General B hospitals | A hospitals ' ENT  Oncology Orthopaedics Paediatrics Pneumology Radiology Rheumato = Others* Chiro- Border Prisons | Antituberc. Total
Surgery medicine institutes logy practic services centres
Nose GRO1 - 1 - 610 3287 1'529 72 - - 24 49 259 3 8 - - - - 5'842
Larynx GR02 - - - - 492 120 - - - - 58 - - - - - 670
Pharynx GR03 - - - - 844 50 3 - 36 180 - 111 - - - - - 1224
Trachea GR04 - 1 - - 265 426 - - 40 - 84 - - - - - 816
Sphenoidal fissures GR05 - - - 193 - - - 36 - - 167 - - - - - - 396
Orbits GR06 - - - - 737 619 - - - - 292 - - - - - 1'648
Optical holes GRO07 - - - - 126 1 - - 72 - 56 - - - - - 255
Zygomas GRO08 - - - - 678 272 - - - - - 61 - - - - - - 1011
Temporal-mandibular joint GR09 - - - - 1'441 1'864 76 - - - 370 - 74 3 - 9 - 3837
Sella turcica GR10 - - - - 268 6 - - - - - 61 - - - - - - 335
Skull GR11 30 608 28 17'328 37'596 22'649  2'825 43 85 764 220 2'032 263 5943 4 - 27 - 90'445
Petrosal bones GR12 - - - - 261 152 5 - 36 - - 7 - - - - - - 461
Sinus GR13 53 1'457 15 73'338 19'738 3859 33677 547 43 2'605 4'060 4'555 641 2084 2 - 7 - 146'751
Dacryocystography GR14 - - - - 146 90 - - 108 - - 115 - - - - - - 459
Sialography GR15 - - - - 135 54 2 - 36 - - 92 7 - - - - - 326
Cervical spine GR16 146 1718 63 38283 50'423 18'954 158 148 3'124 165 296 9'358 12207 824 16'526 - 37 - 152'430
Cervico-occipital hinge GR17 - - - - 1323 157 - - 382 - - 1285 - - 1292 - - - 4'439
Clavicle GR18 28 371 8 6'676 7'425 2'617 - 3 479 527 6 378 167 58 51 - 7 - 18'801
Bilateral clavicles GR19 - 117 - 953 403 33 - - 475 33 - 5 33 2 25 - - - 2'079
Acromio-clavic.joint GR20 176 - 1'916 2'116 221 - 25 54 7 1 125 153 3 107 - - - 4'904
Sterno-clavic. joint GR21 - - 128 233 18 - - 42 - - 227 - - 73 - - - 721
Scapula GR22 - - - - 1'054 252 - - 575 - - 118 - - 93 - - - 2'092
Thorax GR23 23216 12'951 69 552'916 482'787 299'605 28 9'026 1'181 6'950 32'550 22'003 12'866 13101 53 13'157 1'753 4744 1'488'956
Rib cage GR24 11 571 - 8'966 6'287 1'369 - 23 129 117 67 1'380 354 135 120 - 5 - 19'534
Sternum GR25 - 1 - 36 1'149 439 - - 76 - - 249 - - - - 4 - 1'954
Manubrio-sternal joint GR26 - - - - 148 2 - - - - - 58 - - - - - - 208
Thoracic spine GR27 11 1'099 80 13'434 31'439 9'204 - 94 3022 271 61 5'618 6'402 196 3'697 - 9 - 74'637
Abdomen GR28 65 1'066 - 13260 75759 42'485 - 180 - 306 91 3'497 372 7087 - - 29 - 144197
Light Pelvis GR29 248 3'185 35 55'539 88'340 32'921 - 392 22'426 1221 451 9'606 11'275 2386 11'986 - 18 - 240029
lliac wing GR30 - - - - 862 13 - - 45 - - 285 - - - - - - 1'205
Hip GR31 28 1'008 - 7111 60'934 15'645 - 1 10'735 204 51 3'503 1'075 61 206 - - - 100'562
Sacro-iliac joint GR32 - - - 5 2'753 450 - - 204 - - 1'382 37 2 766 - - - 5'599
Lumbar spine GR33 138 4226 147 76'827 91'314 25'769 - 303 12'897 511 428 18'627 20'041 1647 20'071 - 21 - 272'967
Cocceyx GR34 - 1 - 51 776 35 - - 13 - - 203 11 1 52 - - - 1'143
Sacrum GR35 4 2 374 1'497 433 - - 87 - 252 - - 53 - - - 2'702
Pelvis GR36 - - - - 667 20 - - 39 - - 1 - 158 - - - - 885
Shoulder GR37 90 3310 230 55'642 64'746 20216 - 136 8'562 314 392 5'654 11'036 707 1'195 - 23 - 172253
Shoulder blade GR38 - - - - 1'184 3110 - - 25 - - 9 - - 23 - - - 4'351
Arm GR39 2 343 18 1'788 6'652 2'979 - 6 320 254 11 48 170 6 19 - - - 12'616
Elbow GR40 13 1'978 903 24'731 29'760 11'034 - 41 2'688 869 45 925 1'850 397 81 - 5 - 75'320
Forearm GR41 5 643 228 9'432 16'861 5290 - 38 620 2'252 74 326 102 256 6 - - - 36'133
Wrist GR42 257 5'835 7'802 71'048 75'877 31221 97 3'863 1'612 498 2'187 2217 1323 221 - 55 - 204'113
Hand GR43 230 3'446 4'415 45'973 43'193 23'430 1 164 1'923 2733 536 2'184 9'992 767 113 - 157 - 139257
Finger GR44 146 3'592 4'388 73'825 50204 13316 - 112 1'857 2'844 532 1'578 1215 649 70 - 57 - 154'385
Leg GR45 5 478 1 4288 21'406 10'574 - 32 1'443 303 32 973 193 216 26 - 7 - 39977
Knee GR46 245  10'356 179 106'400 119'283 31577 - 115 39'430 1312 638 5'853 10'957 1007 502 - 39 - 327'893
Kneecap GR47 4 1777 8 3'136 15'093 3'802 - - 6'235 116 10 1'170 771 8 25 - - - 32'155
Foreleg GR48 34 1'506 97 12'553 25'039 8'483 - 6 4'040 751 44 1179 1204 109 51 - 9 - 55'105
Ankle GR49 218 5'140 256 90727 74'518 27'411 - 59 11'259 1'638 539 3'825 4'330 934 244 - 32 - 221'130
Calcaneum GR50 2 606 20 8'618 6'365 2'102 - 37 1178 254 16 666 619 75 6 - - - 20'564
Foot GR51 81 4'894 816 60248 57'352 21'469 - 218 20'355 1747 516 2'493 5'367 1041 276 - 7 - 176'950
Toe GR52 7 946 60 23'589 9'255 2'464 - 40 1'325 935 73 554 405 257 53 - - - 39'963
Babygramme GR53 - - - - 12 1'461 - - - - - - - - - - - - 1'473
Radiophotography GR54 - - - - - - - - - - - - - - - 25'892 - 25'415 51'307
Total 25313 73411 19868 1459749 1'590'693 702272 36847 11886 161560 31859 42287  116'106 116335 41522 58091 39049 2457 30159  4'559'464

* Allergology, Angiology, Face surgery, Child surgery, Reconstructive surgery, Endocrinology, Gastroenterology, Intensive medic., Tropical medic., Occupational medic., Neurosurgery, Nephrology, Radio-oncology and Urology.

Page 30



A Survey on Exposure by Radiodiagnostics in Switzerland in 1998

Table 22.B Annual number of radiodiagnostic graphic and scopic examinations per type of examina-
tion, establishment category and medical specialty.

Examination CGEN B hospitals A hospitals Radiology = Gastroen- =~ Urology  Others* Total
institutes  terology
Cervical myelography GS01 26 176 - - - - 202
Thoracic myelography GS02 17 26 - - - - 43
Lumbar myelography GS03 1'917 1'660 70 - - - 3647
Barium enema GS04 4'817 1'023 956 417 - - 7213
Enteroclysis GS05 4217 1'004 581 271 - - 6073
Defecography GS06 744 316 7 - - - 1'067
Retrograde cholangiography, ERCP = GS07 2'499 2'597 56 86 - - 57238
Peroperatory cholangiography GS08 403 437 5 - - - 845
Intravenous cholangiography GS09 2'093 429 232 98 1 - 2853
T drain cholangiography GS10 414 532 - - - - 946
Transhepatic cholangiography GS11 198 263 - - - - 461
Cholecystography GS12 122 25 115 87 - - 349
Intravenous urography GS13 16'472 8'166 1'813 - 6'099 57 32'607
Ascending pyelography GS14 4'837 2'455 889 5 1'969 - 10'155
Retrograde cystography GS15 1'510 1'485 56 - 477 - 3528
Micturitional cysto-urethrography GS16 8'206 2'375 190 - 564 2 11'337
Ascending urethrography GS17 1'415 1'021 1 - 782 - 3219
Hysterosalpingography GS18 3'446 459 317 - - - 4222
Sacral myelography GS19 185 38 - - - - 223
TMJ** arthrography GS20 46 31 - - - - 77
Shoulder arthrography GS21 4'761 1'894 1'520 - - - 8175
Elbow arthrography GS22 19 24 56 - - - 99
Wrist arthrography GS23 431 73 93 - - - 597
Hip arthrography GS24 1'260 31 2 - - - 1293
Knee arthrography GS25 191 79 5 - - - 275
Ankle arthrography GS26 276 31 - - - - 307
Barium meal GS27 7780 4'349 1223 458 - - 13810
Oesophageal transit GS28 5'505 2'298 1'094 72 - - 8969
Small intestine transit GS29 1797 501 238 109 - - 2'645
Colonoscopy GS30 1'547 13 56 11'055 - - 12671
Abdominal scopy GS31 2'627 631 - 547 - - 3805
Thoracic scopy GS32 2'265 925 30 6 - - 3226
Scopy of limbs GS33 2212 3371 - 6 - - 5589
Total 84'256  38'738 9'601 13217 9'892 59 155'763

* Surgery, Nephrology and paediatrics.
** TMJ = Temporal-mandibular joint
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Table 22.C Annual number of radiodiagnostic angiographic examinations
per type of examination and establishment category.

Examination CGEN A hospitals B hospitals Others* Total
Cerebral angiography ANO1 1'440 587 1 2'028
Selective cerebral angiography ANO02 3871 338 1 4'210
Petrous phlebography ANO3 13 10 1 24
Ventriculography ANO04 2'221 1'881 - 4'102
Thoracic aortograph. (arcography) ANO05 939 200 57 1'196
Thoracic angiography ANO06 947 484 - 1'431
Pulmonar angiography ANO7 402 173 - 575
Bronchial angiography ANO8 65 62 - 127
Cardiac angiography ANO09 3'908 2'625 - 6'533
Coronography AN10 9'472 9'743 19215
Upper cavography AN11 88 24 - 112
Thoracic lymphography AN12 179 3 - 182
Abdominal aortography AN13 2'681 1'827 - 4'508
Selective abdominal aortography =~ AN14 614 270 - 884
Semi-selective abdominal angio. AN15 85 21 - 106
Renal angiography AN16 691 283 1 975
Lower cavography AN17 44 33 - 77
Renal phlebography AN18 69 46 57 172
Suprarenal phlebography AN19 67 8 1 76
Spermatic phlebography AN20 84 106 3 193
Over-hepatic phlebography AN21 9 12 1 22
Abdominal lymphography AN22 179 3 182
lliac angiography AN23 199 760 91 1'050
Pelvic angiography AN24 1'580 696 235 2'511
Ovarian phlebography AN25 17 16 35
Cavernography AN26 17 1 19
Pelvic lymphography AN27 196 4 201
Upper limb arteriography AN28 223 339 12 574
Humeral angiography AN29 113 266 1 380
Upper limb phlebography AN30 271 688 195 1'154
Upper limb lymphography AN31 196 4 1 201
Lower limb arteriography AN32 1'530 3'002 248 4'780
Femoral angiography AN33 1'435 2'538 16 3'989
Lower limb phlebography AN34 1'906 4'910 749 7'565
Lower limb lymphography AN35 597 82 4 683
Total 36'348 32'042 1'680 70'070

* Radiology, Cardiology.
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Table 22.D Annual number of interventional examinations
per type of examination and establishment category.

Examination CGEN A hospitals B hospitals Others* Total
Cerebral dilatation INO1 162 5 - 167
Cerebral embolisation INO2 486 33 - 519
Cerebral thrombolysis INO3 80 42 - 122
Coronary dilatation (PTCA) INO4 5'833 3'859 - 9'692
Supra aortic trunk dilatation INO5 91 2 - 93
Valvuloplasty INO6 46 1 - 47
Insertion of filters INO7 1 3 - 4
Cardiac pacemaker fitting INO8 1'877 1'312 8 3'197
Oesophagus dilatation IN09 451 138 88 677
Thoracic embolisation IN10 32 4 - 36
Thoracic thrombolysis IN11 20 14 - 34
Cardiac thermo-ablation IN12 100 1 - 101
Renal artery dilatation IN13 269 30 - 299
Dilatation of biliary tracts IN14 139 166 - 305
Abdominal embolisation IN15 216 32 - 248
Abdominal thrombolysis IN16 77 51 - 128
TIPS IN17 53 3 - 56
Lithotripsy IN18 - 9 - 9
PTCD IN19 443 117 - 560
Biliary drainage IN20 612 255 - 867
Renal drainage IN21 244 127 - 371
Dilatation of vessels of pelvis IN22 228 176 11 415
Embolisation of vessels of pelvis IN23 49 54 1 104
Thrombolysis of pelvis IN24 33 75 1 109
Upper limb dilatation IN25 180 265 15 460
Upper limb embolisation IN26 16 5 1 22
Upper limb thrombolysis IN27 48 77 1 126
Popliteal dilatation IN28 180 112 2 294
Iliac dilatation IN29 516 207 2 725
Femoral dilatation IN30 1'506 991 12 2'509
Lower limb embolisation IN31 14 38 1 53
Lower limb thrombolysis IN32 557 402 1 960
Puncture under CT/ head & neck IN33 18 6 - 24
Puncture under CT/ thorac. region IN34 86 19 - 105
Puncture under CT/ abdom. region IN35 138 17 - 155
Puncture under CT/ extremities IN36 12 6 - 18
Head & neck puncture IN37 86 128 - 214
Thoracic region puncture IN38 150 169 - 319
Abdominal region puncture IN39 155 335 - 490
Extremities puncture IN40 176 156 - 332
Thoracic stent insertion IN41 437 234 - 671
Abdominal stent insertion IN42 300 210 - 510
Cardiac catheterisation IN43 509 94 - 603
Total 16'626 9'977 144 26'747

* Cardiology, Gastroenterology
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Table 22.E Annual number of radiodiagnostic CT examinations
per type of examination and establishment category.

Examination CGEN B hospitals A hospitals Radiology inst. Total
Skull CTO01 41'012 31789 6'187 78'988
Face CT02 3'467 2'979 113 6'560
Temporal-mandibular joint CTO03 228 5 195 428
Orbits CT04 370 133 5 508
Pituitary gland CTO05 89 45 26 160
Sinus CTO06 2755 259 1'053 4'067
Internal auditory meatus CTO07 159 30 1 191
Nasal cavity CTO08 2'950 1'466 835 5'250
Petrosal bones CT09 796 684 339 1'819
Sella turcica CT10 66 7 57 130
Temporal bone CT11 122 2 - 124
Mouth CT12 11 2 60 73
Dental CT13 109 136 500 744
Neck CT14 5202 10'134 367 15'703
Larynx CT15 149 13 113 275
Pharynx CT16 102 4 - 106
Cervical spine CT17 2'572 2'143 1211 5'926
Thorax CT18 25'732 18'215 3734 47'682
Medastinum CT19 901 90 138 1'129
Heart CT20 29 5 - 34
Thoracic aorta CT21 306 3 - 309
Thoracic spine CT22 1221 714 137 2'073
Abdomen CT23 38'684 24'180 4218 67'083
Lower abdomen CT24 4'388 3'429 1'438 9'256
Upper abdomen CT25 10'498 7'440 2'685 20'623
Liver CT26 95 21 59 176
Pancreas CT27 163 7 57 227
Kidneys CT28 247 25 151 423
Suprarenal glands CT29 22 4 1 27
Hip CT30 438 136 172 746
Pelvis 1 CT31 2'954 1'914 320 5'187
Pelvis 2 CT32 178 344 390 913
Pelvimetry CT33 440 13 - 453
Bladder CT34 15 3 - 18
Sacrum/coccyx CT35 343 49 58 450
Sacro-iliac joint CT36 545 99 445 1'089
Lumbar spine CT37 22'368 6'193 9'183 37744
Shoulder CT38 1'527 713 188 2'428
Elbow CT39 517 162 169 848
Wrist CT40 812 668 191 1'671
Hand CT41 225 93 2 320
Leg CT42 284 191 111 586
Thigh CT43 223 185 58 466
Knee CT44 843 463 75 1'381
Calcaneum CT45 487 164 5 656
Ankle CT46 1'258 402 205 1'865
Foot CT47 923 449 198 1'569
Total 176'828 116'205 35'451 328'484
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Table 22.F Annual number of radiodiagnostic dental examinations by type of examination,
establishment category, and medical specialty.

Examination CGEN | Dentists = Dental = School B A Facial = Others* = Prisons Total
Institutes | dentists | hosp.  hosp. = surgery
Apical DEO1 1'925'920 86'083 3568 99 773 578 - 1'639 2'018'660
14-exposure status DEQ2 43260  1'352 - - 11 - - 77 44700
18-exposure status DEQ3 5'981 74 - - 1 - - - 6'056
Short bitewing DEO4 796'061 14'481 4'301 - 242 - - 136 815221
Long bitewing DEO5 870279 7780 637 - 332 - - 198 879226
Upper occlusal view DEO06 18'328 469 99 - 1 - - 2 18899
Lower occlusal view DEOQ7 15'802 152 - - 1 - - 2 15957
Low. occlus. view limp parts = DEOS8 725 1 - - - - - - 726
Nose lateral view DE09 544 - - - - - - 544
Cheek tangential view DE10 - - - - - - - 0
Skull, PA DE11 1'133  2'296 - - - - - - 3429
Skull, close range profile DE12 6'015 145 - - 7 - - - 6'167
Teleradiography DE13 63'003 6'439  1'556 7 32 5 - - 71042
Skull, according to Hirtz DE14 - - - - - - - 0
Skull, according to Blondeau = DE15 - 765 - - 201 16 - - 982
Skull, acc. to Clementschitsch = DE16 - 634 - - 2 - - - 636
TMJ**, according to Schiller = DE17 - - 24 - 99 - - 123
Jawbone AP DE18 - - - - - - - 0
Jawbone Profile DE19 - 36 - - - - - - 36
Maxillary (overall view) DE20 - 36 - - 9 - 5 - 50
Zygom. arches acc. to Zimmer, DE21 - - - - - - - 0
Zygom. arches acc. to Wein DE22 - - - - - - - 0
Hand DE23 2'730 602 126 - 1 - - - 3'459
Upp. jawbone, frontal region = DE24 - - - - - - - 0
Upp. jawbone, premolar reg. = DE25 - - - - - - - 0
Upp. jawbone, molar region DE26 - - - - - - - 0
Low. jawbone, frontal region = DE27 - - - - - - - 0
Low. jawbone, premolar reg. = DE28 - 72 - - - - - - 72
Low. jawbone, molar region DE29 - 217 - - - - - - 217
Sinus DE30 11 397 - - 4 - - - 412
Arthrotomogr. of TMJ** DE31 - - - - - - - 0
OPG DE32 195603 27395 2'411 1'893 3649  3'392 2319 - 236'662
CT DE33 - 202 - - - - - - 202
Total 3'945'395 149'628 12'698 2'023 5266  4'090 2324  2'054 4'123'478

* Surgery, Reconstructive surgery, ORL and Radiology.
** TMJ = Temporal-mandibular joint

Table 22.G Annual number of radiodiagnostic special examinations by type of examination,
establishment category, and medical specialty.

Examination CGEN | Bhospitals =~ Ahospitals Radiology inst Others* Total
Mammography (1 breast) MAO01 6'117 1'621 4'436 52 12'226
Mammography (2 breasts) MAO02 124'005 21'105 59'443 5798 210'351
Total 130122 22'726 63'879 5850 222'577
Bone densito. : Whole body MI101 15 98 1'336 72 1'521
Bone densito. : Lumbar spine MI102 11'049 2'458 4'377 201 18085
Bone densito. : Extremities MI03 6202 608 2'848 36 9'694
Bone densito. : Hip MI104 2'534 155 231 - 2'920
Total 19'800 3'319 8'792 309 32220
Convent. tomo. : Head and neck TOO01 1'040 313 77 - 1'430
Convent. tomo. : Thoracic region TOO02 506 128 6 - 640
Convent. tomo. : Abdominal region TOO03 5'676 890 645 - 7211
Convent. tomo. : Pelvic region TOO04 237 277 2 - 516
Convent. tomo. : Upper limb TOO05 281 322 143 - 746
Convent. tomo. : Lower limb TOO06 647 168 7 - 822
Total 8'387 2'098 879 11'364
Overall total 158'309 28'143 73'550 6'159 266'162

* Surgery, Gynaecology, Oncology and Orthopaedics.
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3.1.2.2. Graphic examinations

Table 22.A (page 30) shows the frequencies of graphic examinations. The thorax undergoes about 1.5
millions inspections out of the total 4.5 millions examinations, thus accounting for the largest propor-
tion of examinations (32.7 % of the total). This amounts to 210 examinations of the thorax per 1000
population per year. Examinations of the knee represent the second largest proportion of examinations,
accounting for more than 300'000 of such events per annum. There are 4 kinds of examinations be-
tween 200'000 and 300'000 instances per year, 8 types of them which account for 100'000 — 200'000
examinations annually, and 5 kinds of them which account for 50'000 — 100'000 per annum. The other
35 kinds of graphic examinations total roughly 270'000 per year. The proportion of each kind of these
examinations and their annual number per 1000 population are presented in table 23. A comparison
with the German and Norwegian data is made wherever the data are available.

We also observe in table 22.A that about a third of the graphic examinations (35%) are made at B
hospitals, a third or so (32%) are carried out at general practice surgeries, and about a sixth (15.4%) are
performed at A hospitals. Three other specialties exceed 100'000 graphic examinations per yeat: ortho-
paedics (3.5%), radiology institutes (2.5%) and rheumatology (2.5%). The remaining categories total less
than a tenth of the examinations (9.1%).

Table 23. Annual number of graphic examinations, percentage of the total, and annual number
per 1000 population by decreasing order of magnitude.

Examination | Annual num- | Percentage of =~ Number per 1000 population per year

ber in Switzer- | the total num-  This work Germany Norway
land ber of graphies
(7o)
Total 54 types 4'559'464 100.0 642
Over 1'000'000 Thorax 1'488'956 32.7 210 274 144
300'000 —1'000'000 ' Knee 327'893 7.2 46 34
200'000 —300'000  Lumbar spine 272'967 6.0 38 67 35
‘Light Pelvis’ 240'029 5.3 34 44 22
Ankle 221130 4.8 31 19
Wrist 204'113 4.5 29 19
100'000 — 200'000  Leg 176'950 3.9 25 18
Shoulder 172253 3.8 24 19
Finger 154'385 3.4 22
Cervical spine 152'430 3.3 21 43 21
Sinus 146'751 3.2 21 9
Abdomen 144197 3.2 20 34 7
Hand 139'257 3.1 20 17
Hip 100562 2.2 14 52 33
50'000 — 100'000 Skull 90'445 2.0 13 136 3
Elbow 75'320 1.7 11 6
Thoracic spine 74'637 1.6 11 38 11
Foreleg 55'105 1.2 8
Radiophoto. 51'307 1.1 7
Rest 35 types 270777 5.9 38

3.1.2.3. Radiographic and fluoroscopic examinations

These examinations, shown in table 22.B (page 31), number 155'799. Intravenous urography examina-
tions account for more than a fifth of the whole (21%), corresponding to 4.9 examinations per 1000
population annually, barium meal examinations represent 9% of the whole, i.e. 1.9 examinations per
1000 population per year, while colonoscopic examinations share 8% in the total. In the latter case the
number of examinations practised in operating theatres must be added (see section 3.3.2). Examina-
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tions which exceed 10'000 per year include cysto-urethrography which accounts for 7.3% of the total,
amounting to 1.6 examinations per 1000 population annually, and pyelography which represents 6.5%
of the whole, that is 1.4 examinations per 1000 population per year. Table 22B also shows that more
than half of the radiographic and fluoroscopic examinations take place at B hospitals (54%), 25% of
them are carried out at A hospitals, 8.5% are performed at gastroenterologists, 6.3% at urologists and
6.2% at radiology institutes.

3.1.2.4. Angiographic examinations

Table 22.C (page 32) presents the results found for angiographic examinations which total 70'070.
27.4% of them deal with coronography (2.7 examinations per 1000 population per year) whereas each
of phlebography of the upper limb, cardiac angiography and cerebral angiography accounts for 10 % or
so of the whole (10.8%, 9.3% et 8.9% respectively), which amounts to about 1 examination per 1000
population per year. Table 22.C also shows that A and B hospitals share about equally between them
the total of angiographic examinations (52% and 46% respectively). Radiology institutes and cardiolo-
gists account only for 2% of the total.

3.1.2.5. Interventional examinations

Interventional examinations displayed in table 22.D (page 33) number 26'747. 36% of them relate to
coronary dilatations, i.e. 1.4 examinations per 1000 population annually, while 12% are concerned with
fitting and checking cardiac pacemakers and 9.4% deal with femoral dilatations. Table 22.D indicates
that about 62% of interventional examinations take place at A hospitals, about 37% do so at B hospi-
tals and less than 1% are carried out at cardiologists and gastroenterologists.

3.1.2.6. CT examinations

Table 22.E (page 34), which presents CT examinations, shows that out of a total of 328'484 examina-
tions, 29.5% target the abdomen (lower, upper and full), 24% deal with the skull, 14.5% relate to the
thorax and 14% are concerned with the spine (lumbar, thoracic and cervical spines). The percentage of
each of the main types of examinations and their associated annual number per 1000 population are
provided in table 24. A comparison with the German and Norwegian data is given wherever possible.

Table 24. Annual number of CT examinations, percentage of the total, and annual
number per 1000 population by decreasing order of magnitude.

Examination Annual number  Percentage of the total  Number per 1000 population per year
in Switzerland number of CT (%) This work Germany Norway

Total : 47 types 328'484 100.0 46 50 48

Skull 78'988 24.0 11.1 15.5% 13.0*

Abdomen 67'083 20.4 9.5 11.7 5.1

Thorax 47'682 14.5 0.7 4.1 2.3

Lumbar spine 37744 11.5 53 13.9 6.9

Cervical spine 5'926 1.8 0.8 2.2

Thoracic spine 2'073 0.6 0.3 0.8

Neck 15'703 4.8 22

Rest : 40 types 73'285 22.3 10.3

* The figure corresponding to the region of skull has been renormalised to be comparable to the figure calculated in the present work
which is limited to the skull only. The renormalisation factor used (0.8) was inferred from the present survey.

Table 22.E also indicates that 54% of the CT examinations take place at B hospitals, 35 % do so at
A hospitals while 11% are performed at radiology hospitals.
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3.1.2.7. Dental examinations

Dental examinations are presented in table 22.F (page 35). Out of a total of 4'123'478 examinations,
49% are apical examinations (only one tooth), 41% are bitewing examinations, 5.7% are orthopanto-
mographic examinations, 1.7% are tele-radiographic examinations, 1.2% deal with status and 0.9% re-
late to occlusal views. One also notes that 96 % of dental examinations are practised at dentists and
about 4% at dental institutes.

3.1.2.8. Special examinations

With regard to mammographic examinations (table 22.G, page 35), out of a total of 222'577 of such
events, 95% target both breasts and 5% deal with only one breast. 58% of mammographies take place
at B hospitals, 29% at radiology institutes and 10% at A hospitals.

Bone densitometry examinations, shown in table 22.G, total 32'220. 56% of them focus on the lum-
bar spine, 30% on the extremities, 9% on the hip, and 5% on the whole body. It is found that 61% of
this class of examinations take place at B hospitals, 27% do so at radiology institutes and 10% at
A hospitals.

Table 22.G summarises the findings for conventional tomography examinations. They total 11'364
examinations, 63% of which relate to the abdomen and 13% to the head and neck. A fourth of the ex-
aminations are distributed equally among the thoracic region, the pelvis, and the extremities. It is also
found that 74% of conventional tomography examinations are carried out at B hospitals, 18% at
A hospitals, and 8% take place at radiology institutes.

3.1.3. Regional variability

The survey investigated possible regional variations in the practice of radiodiagnostic examinations.
Even though this issue was not part of the main objectives of the survey, we thought it interesting to
pin down these data and present some results to discuss the potential provided currently by the meth-
odology used and by the results of the survey. Figure 5 shows an example of regional variation of the
total of examinations performed by general practitioners and dental surgeons. The annual average
number of examinations per physician, which is calculated using the May 1998 data, is presented by
geographic region. The largest differences are found in the case of general practitioners in the Lemanic
region (20%) and in that of dentists in the Tessin region (25%). The regional variability and that be-
tween city and country could be the subject of another investigation as they fall outside the framework
of this survey.

3.1.4. Seasonal variability

Analysing the survey on seasonal variability enables the inference of its magnitude according to the type
of examination, and understanding its incidence on the extrapolation of the May 1998 surveyed data to
the whole year. For illustration, figure 6 presents the case of the thorax and that of all the other exami-
nations.

No correction for seasonal variability was introduced in this work, because the values for May (in-
cludes the two week survey period) turn out to be close of the average for all the months. Furthermore,
the annual average values were determined from the data gathered in May 1998 (during the survey) and
the values corresponding to the 1997 annual statistics. In addition, an appreciable contribution arises
from the 1998 annual data of A hospitals. These last two contributions are independent of the seasonal
variation.

An in-depth study of the seasonal variability is outside the scope of the present study. However, the
data of this survey can be used later in an investigation of this variability for each type of examination
and establishment category.
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Figure 5. lllustration of the regional variation. The horizontal line shows the mean value.

List of the 7 regions 4. Zurich : ZH

1. Lemanic : VD, VS, GE 5. Oriental Switzerland : GL, SH, AR, Al, SG, GR, TG
2. Midland Space: BE, FR, SO, NE, JU 6. Central Switzerland: LU, UR, SZ, OW, NW, ZG

3. North-West Switzerland: BS, BL, AG 7. Tessin : Tl
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Figure 6. lllustration of the seasonal variation. The horizontal line shows the mean value.
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3.1.5. Age and gender distribution

The results of the analysis of the patient’s age and gender distribution are given in Appendix 5 for every
type of examination. Figure 7 presents three examples for illustration : all examination types, thorax
examinations and mammographies.

A more detailed investigation of age and gender distribution from the data collected in the survey
can be the subject of a future work where the profiles should be compared to those of the general
population.
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Figure 7. Examples of age profiles
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3.1.6. Distribution of dental examinations according to tooth position

The questionnaire sent to dentists included a question on the position of the radiographied tooth. The
result of analysing 2521 answers is presented in table 25. This result was used to determine factors of
doses to organs for the apical examination (see section 2.4.2).

Table 25. Number of apical dental examinations broken down by tooth position

Maxilla Mandible Total
Number  Percentage (%)  Number  Percentage (%)  Number  Percentage (%)
Molar 547 21.7 501 19.9 1048 41.6
Premolar 385 15.3 263 10.4 648 25.7
Incisor 393 15.6 125 5.0 518 20.5
Canine 134 5.3 91 3.6 225 8.9
Wisdom 39 1.5 43 1.7 82 3.3
Total 1498 59.4 1023 40.6 2521 100.0

3.2. Doses delivered to patients during examinations

3.2.1. Description of technigues by type of examination

Appendix 6 provides the final version of the technical document representing the basis on which the
dosimetric calculation is made. Average parameters were used in the technical document. However, our
calculation does differentiate between male and female entrance dose for graphic and scopic examina-
tions targeting the abdominal and pelvic regions. The results of this differentiation are also given in ap-
pendix 0.

3.2.2. Sensitivity of screen-film combinations

The results of the data analysis of the sensitivity of films are presented in appendix 7. The distribution
of screen-film combinations according to various sensitivities is provided for all the graphic examina-
tions and all the specialties for which more than 10 pieces of data are available. Table 26 presents an
extract for examinations of the thorax and lumbar spine. The data on the sensitivity of screen-film
combinations are used to correct the effect of using a standard sensitivity in the technical definition of
the dose.

Table 26. Distribution of sensitivities, S, for examinations of the thorax and lumbar spine

Examination Recommended establishment Number of | S100 | S200 | S400 | S800 Others
type S value* category responses | (Yo) | (%) | (%) | (%) @ (%)
Thorax 400 General medicine 381 147 756 73 1.0 1.3
Pacdiatrics 103, 204/ 61.2 12.6 - 5.8
Rheumatology 86, 15.1 674 105 58 1.2
All surgeries 904/ 16.4 68.0 113 2.0 2.3
B hospitals 395 157 532 238 3.8 35
All the categories 1305 16.1 63.7) 150 25 2.7
Lumbar 400-800 Chiropractic 121 3.3 20.7 347 289 124
spine General medicine 3220 47 127 283 406.6 7.8
Rheumatology 107 4.7 121 43.0 31.8 8.4
All surgeries 864 6.0 184 328 333 9.5
B hospitals 424/ 6.1 40.8 31.8 13.0 8.3
All the categories 1289 6.1 25.8 324 26.6 9.1

* New recommended value for adults™
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3.2.3. Doses to organs and tissues

The calculations of the doses to organs were performed using mainly the ODS-60 and CT-DOSE
packages. The results are provided in appendix 6.

3.2.4. Individual effective doses

Individual effective doses for females and males were calculated from the doses to organs and tissues
using the algorithm described in section 2.5.2. The results of these calculations are detailed in appendix
6 and summed up in table 31 (see section 3.3.1). A comparison with the values found in the literature is
provided in appendix 8.

Table 27 presents the ranges of variations as well as typical values of the effective dose, for both fe-
males and males, and this for the different types of examinations. The differences between men and
women stem from the specificity of their organs. In some cases the female effective dose is larger than
that of males due to sensitive female organs such as the ovaries and uterus. For some examinations of
the pelvis or the thigh, the male effective dose is larger than that of women because the testicles are
present in the irradiation field.

Table 27. Effective doses (mSv) for some typical examinations

Category Examination EdJ EQ E average
Graphy Range of variation 4.50E-5 - 3.76E+0  4.50E-5—3.12E+0 0.41
Lumbar spine 3.76E+0 3.12E+0 3.44
Thoracic spine 247E+0 3.37E+0 2.92
Abdomen 1.47E+0 1.21E+0 1.34
Graphy + scopy Range of variation 9.21E-4 —4.13E+1 9.21E-4 — 3.79E+1 5.41
Small intestinal transit 413E+1 3. 79E+1 39.6
Cholangiography 2.08E+1 1.68E+1 18.8
pyelography 9.89E+0 8.60E+0 9.25
Angiography Range of variation 1.90E-3 — 2.44E+1 | 1.90E-3 — 3.21E+1 7.06
Pulmonary angio. 2.44E+1 3.21E+1 28.3
Renal angio. 1.19E+1 1.34E+1 12.7
Coronography 7.98E+0 1.05E+1 9.24
Interventional Range of variation 1.34E-1 —4.71E+1  7.24E-2—-9.72E+1 13.7
TIPS 471E+1 9.72E+1 72.2
Abdominal embolisation 3.48E+1 3.87E+1 36.8
Coronary dilatation 9.37E+0 1.23E+1 10.8
CT Range of variation 9.11E-3 - 1.28E+1 9.11E-3 — 1.33E+1 3.87
Lumbar spine 8.78E+0 9.95E+0 9.37
Abdomen 8.60E+0 1.21E+1 10.4
Thorax 8.36E+0 9.67E+0 9.02
Dental Range of variation 2.61E-4 — 6.23E+0 2.61E-4 — 6.23E+0 0.84
OPG 5.99E-2 5.99E-2 0.06
Bite-wing 8.98E-3 8.98E-3 0.009
Apical 3.87E-3 3.87E-3 0.004
Special examinations Range of variation 9.45E-5-1.13E+1 1.00E-4 — 9.01E+0 1.83
Mammography - 2.00E-1 0.20
Tomogtaphy of pelvis 1.13E+1 9.01E+0 10.2
Bone densitometry of 2.55E-3 3.60E-3 0.003
whole body

In terms of average effective doses, the different types of examinations can be classified in the fol-
lowing increasing order of irradiation : dental, special examinations, graphy, CT, graphy and scopy,

interventional.
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With regard to individual doses, this study found that all the types of examinations can be classified
into three dosimetric categories :

1) About sixty examinations giving an average effective dose lower than 0.1 mSv to the patient. This
category, which contributes 78% of the total number of examinations and 4% of the collective dose,
includes for instance examinations of the extremities and the thorax, bone densitometry, and dental
examinations. Even though the dose level in this category is relatively weak, the effort of reducing the
doses must be maintained (mainly by using sufficiently sensitive film-screen combinations) because of
the large number of these examinations.

2) One hundred and fifty or so examinations giving an average effective dose ranging between 0.1
mSv and 10 mSv to the patient. This category contributes 21% of the total number of examinations
and 72% of the total collective dose. It comprises for instance examinations of the head, spine, and ab-
domen and conventional fluoroscopy. This class of examinations involves average individual doses
which account for the largest contribution to the collective dose and thus are important in the dose re-
duction process.

3) About thirty examinations giving an average effective dose larger than 10 mSv to the patient. This
group of examinations accounts for 1% of the total number of examinations and 24% of the collective
dose. It includes part of the CT examinations, angiographic ones, and those of interventional radiology.
These examinations have a larger individual radiological impact than that suggested by the average ef-
fective dose to the population. Under conditions of extreme exposure in interventional radiology, some
deterministic effects may arise (mainly on the skin), in addition to stochastic effects. These situations
are not tackled in this report because they do not correspond to the standard techniques defined in ap-
pendix 0.

3.3. Collective effective doses

3.3.1. Evalnation of dosimetric quantities

The detailed results of convoluting the frequencies and the doses are provided in appendix 9. It in-
cludes a table listing the collective effective doses (weighted by the age effect and otherwise) for each
type of examination, establishment category, and medical specialty.

As mentioned in section 2.6.4, several correction factors were used in the convolution. With regard
to the age and gender of the patient, the distributions of examinations according to these two parame-
ters (given in appendix 5 — see section 3.1.5) as well as the age correction factors (given in section 2.5.2)
were used. To account for the effect due to the sensitivity of the detection systems, we determined the
correction factors using the data gathered in the survey (see section 3.2.2). A study of the distribution
of weights and heights according to age of the Swiss population was made in order to deal with the ef-
fect of the build. Detailed results are given in appendix 10. This study revealed that, in the case of
adults, the averages of the male and female distributions are comparable to the male and female stan-
dard values considered in the dosimetric model. No correction was therefore introduced. In the case of
children, an age-dependent correction model for the effective dose was applied (see appendix 10). This
model was established on the basis of the data available in the literature. The correction factors used
take into account the effect on both the dosimetric index (entrance dose for instance) and the conver-
sion factors of this index into doses to organs.

3.3.1.1. Collective doses by type of examination
This section presents the global collective doses by type of examinations. The defailed results by type of

examination will be given in the next sections. Table 28 shows the annual collective dose by type of
examination and establishment category. The respective fractions are also indicated.
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Table 28. Annual collective dose (mSv) by examination type and establishment category.

Examination B hospitals = A hospitals = Radiology General Dentists* Others Total Percentage (7o)
type institutes Practitioners
Graphy 1.14E+06 = 4.17E+05 = 1.53E+05 6.71E+05 5.49E+05 | 2.93E+06 41.2
Dental 1.80E+02 = 9.94E+02 = 1.66E+02 7.02E+04 | 481E+02 = 7.19E+04 1.01
CT 1.09E+06 = 6.65E+05 = 2.19E+05 1.98E+06 27.8
Mammography 2.54E+04 = 4.38E+03 = 1.23E+04 1.14E+03 = 4.32E+04 0.61
Graphy and scopy = 6,85E+05 = 3.24E+05 = 8.57E+04 1.37E+05 = 1.23E+06 17.3
Angiography 245E+05 = 2.98E+05 = 7.14E+03 1.49E+03 = 5.51E+05 7.75
Interventional 8.66E+04 | 1.68E+05 1.16E+03 = 2.56E+05 3.60
Bone densitometry | 2 49E+01 = 4.43E+00 | 1.15E+01 5.16E-01 4.14E+01 0.0006
Convent.tomo. 359E+04 = 8.64E+03 = 3.65E+03 4.82E+04 0.68
Total 331E+06 = 1.89E+06 = 4.81E+05 6.71E+05 7.02E+04 = 6.90E+05 = 7.11E+06 100
Percentage (%) 46.5 26.6 6.77 9.44 0.99 9.70 100

* This class includes dental surgeons, school dentists and dental institutes.

The annual collective dose totals 7'110 Sv, which amounts to 1.00 mSv per caput per year. This fig-
ure is close to the value 1.01, which is UNSCEAR’s 1993 average for countries of high health level and
which includes radiodiagnostics and dental radiology (see table 3). In Norway, the average value is 0.78
mSv per caput annually while in Germany it is 1.5 mSv per caput per annum. We shall see later that the
CT contribution to this dose is 0.6 mSv whereas this study finds this type of examination gives a value
of 0.28 mSv per caput per year.

Dental radiology, which represents 43% of the total number of examinations, contributes only 1%
or so to the collective dose, that is 10 microSv per caput per year, a value that is close to the UN-
SCEAR data (see table 3).

Graphic examinations account for 48 % of the total number of examinations but contribute 41% to
the collective dose, i.e. 0.42 mSv per caput per year.

As regards CT examinations, they share 3.4% in the total number of examinations and 28% in the
collective dose, that is 0.28 mSv per caput per year. The CT contribution is 25% in the United King-
dom, 30% in Norway and 35% in Germany. Table 29 shows the average annual dose contributed by
CT examinations and indicates the CT density. The large values in the German case are due to the large
effective doses for CT examinations, in particular those of the thorax and abdomen. For the thorax, the
German value is 20.5 mSv, the Norwegian one is 11.5 mSv, while the average one found in this work is
9 mSv (8 mSv EETI men and 10 mSv for women) ; note that a value of 8 mSv was proposed in a recent
German study®. For the abdomen, the German value is 27.4 mSv, the Norwegian one is 12.8 mSv,
while the average one found in this study is 10.5 mSv (9 mSv for men and 12 mSv for women).

Table 29. Annual dose due to CT examinations (see reference 17)

Country Year Number of CT scanners per mil- Average E (CT)
lion population in mSv/caput
Switzerland (this work) 1998 22.8 0.3
Germany 1995 215 0.6
Norway 1994 16.1 0.2
United Kingdom 1993 5.2 0.1
Sweden 1992 10.4 0.1
Finland 1992 10.3 0.1

With regard to the ensemble of examinations involving fluoroscopy, they contribute 29% of the col-
lective dose, even though they share only 2.6% in the total number of examinations, amounting to
about 0.3 mSv per caput per year. One should remember that fluoroscopic procedures in operating
theatres must be added to this dose (see section 3.3.2).
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Mammographic examinations make up 2.3% of the total number of examinations and 0.6% or so of
the collective dose, i.e. 6 microSv per caput per year. This figure should be contrasted to the 1.8% pro-
portion found in the German survey.

Bone densitometrc examinations represent 0.3% of the total number of examinations and give less
than 6 millionths of the collective dose, i.e. about 6 nanoSv per caput annually.

Finally, conventional tomography examinations share 0.1% in the total number of examinations and
0.7% in the collective dose, amounting to 7 microSv per caput per year.

If one now looks at the collective dose according to establishment categories, table 28 shows that A
hospitals contribute more than 26% to the E collective dose (but represent only 10% of the total num-
ber of examinations N). The dose associated with A hospitals is essentially due to CT examinations
(35%) and graphic examinations (22%). B hospitals make up more than 46% of E (against 22% of N),
this dose part being given by graphic (34%) and CT (33%) examinations. Radiology institutes share
close to 7% in the total collective dose (against 2% in N), of which 32% stems from graphy and 45%
from CT. General practitioners contribute — through graphic examinations exclusively — 9.5% to E
(against 15% to N) while the dentists give — through dental examinations only — 1% or so of E (against
a 43% part of N). As regards other establishments, they make up about 10% of E (against 8% of N), of
which 79 % is given by graphy and 20 % is contributed by graphy and scopy.

The distribution of the collective dose as a function of the types of examinations and establishments
is shown on figures 8 and 9 respectively, while figure 10 presents the distribution of the collective dose
according to the patient’s age. One finds that the distribution maximum is located in the 60-70 year
range.

As was the case for frequencies and to facilitate the reading, we present in table 30 the collective
dose data of appendix 8 in the same format used in table 22. Table 31 is a summary which presents :

* the total number of examinations for all the specialties and for each type of examina-
tion. This number is given in absolute value and as an index per 1000 population to fa-
cilitate the comparison with the data in the literature ;

* the effective dose by type of examination for men and women ;

* the total collective dose corresponding to all the specialties and for each type of exami-
nation as well as the average effective dose per caput.
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Figure 8. Distribution of the collective dose according to examination type
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Figure 9. Distribution of the collective dose according to establishment category
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Table 30.A Annual collective dose (in mSv) delivered through graphic examinations by type of examination, establishment category and medical specialty.

Examination CGEN | Cardiol- | Surgery Hand General | B hospitals A hospitals ENT Oncology = Orthopae- |Paediatrics Pneumol- | Radiology Rheumato = Others* Chiro- Border Prisons  Antituberc. Total
ogy Surgery medicine dics ogy institutes logy practic services centres
Nose GRO1 3.46E-03 2.03E+00 = 1.09E+01 | 5.11E+00 @ 2.38E-01 8.02E-02 | 1.62E-01 & 8.62E-01 1.10E-02 = 2.58E-02 1.95E+01
Larynx GRO2 177E+01 | 4.31E+00 2.08E+00 2.40E+01
Pharynx GRO3 2.92E+01 = 1.73E+00 = 1.10E-01 124E+00 | 6.21E+00 3.84E+00 4.31E+01
Trachea GRO4 154E-01 3.92E+01 | 6.32E+01 5.90E+00 1.24E+01 1.21E+02
Sphenoidal fissures GRO5 3.80E+01 7.07E+00 3.28E+01 7.79E401
Orbits GRO6 5.91E+01 | 4.96E+01 2.34E+01 1.32E+02
Optical holes GRO7 8.68E+00 = 6.89E-02 4.95E+00 3.86E+00 1.76E+01
Zygomas GRO8 143E+02 | 5.73E+01 1.29E+01 2.13E+02
Temporal-mandibular joint GR09 4.82E+01 = 6.25E+01 = 2.52E+00 1.24E+01 2.47E+00 9.69E-02 2.98E-01 1.28E+02
Sella turcica GR10 7.81E+00 = 1.75E-01 1.78E+00 9.77E+00
Skull GR11  264E+01 528E+02 & 2.39E+01 = 150E+04 = 3.15E+04 = 1.96E+04 | 245E+03 = 3.75E+01 = 7.41E+01 | 6.63E+02 = 1.91E+02 = 1.76E+03 | 2.29E+02 & 5.28E+03 3.35E+00 2.32E+01 7.75E+04
Petrosal bones GR12 5.24E+01 = 3.05E+01 = 9.57E-01 7.21E+00 1.40E+00 9.71E+01
Sinus GR13  120E+01 3.33E+02 = 3.43E+00 @ 1.74E+04  4.33E+03 = 8.81E+02 | 7.85E+03 = 1.25E+02 = 9.94E+00 | 5.96E+02 = 9.29E+02 = 1.04E+03 | 1.47E+02 @ 4.77E+02 4.42E-01 1.75E+01 3.42E+04
Dacryocystography GR14 2.94E+01 | 1.81E+01 2.17E+01 2.31E+01 9.70E+01
Sialography GR15 7.68E+01 = 3.07E+01 | 9.04E-01 2.04E+01 5.23E+01 | 3.78E+00 1.85E+02
Cervical spine GR16 | 156E+02 1.84E+03 = 6.70E+01 = 4.13E+04 = 538E+04 | 2.03E+04 | 1.70E+02 = 1.59E+02 = 335E+03 = 176E+02 = 3.17E+02 = 1.00E+04 = 1.33E+04 = 8.82E+02 1.78E+04 4.01E+01 1.64E+05
Cervico-occipital hinge GR17 1.08E+02 | 1.28E+01 3.11E+01 1.05E+02 1.02E+02 3.58E+02
Clavicle GR18 | 416E-01 = 550E+00 = 1.11E-01 = 9.90E+01 = 1.06E+02 & 3.94E+01 458E-02 | 7.11E+00 & 7.82E+00 = 9.02E-02 = 5.61E+00 = 2.48E+00 = 8.57E-01 7.59E-01 1.06E-01 2.75E+02
Bilateral clavicles GR19 1.04E+01 853E+01 = 3.61E+01 = 2.95E+00 4.25E+01 | 2.97E+00 4.47E-01 | 2.97E+00 | 1.99E-01 2.25E+00 1.86E+02
Acromio-clavic.joint GR20 2.25E+01 244E+02 = 2.70E+02 = 2.82E+01 3.15E+00 = 6.88E+00 | 8.48E-01 = 129E-01 & 159E+01 & 1.95E+01 | 3.41E-01 1.37E+01 6.26E+02
Sterno-clavic. joint GR21 170E+01 = 3.10E+01 = 2.39E+00 5.57E+00 3.02E+01 9.75E+00 9.58E+01
Scapula GR22 3.00E+02 | 7.18E+01 1.64E+02 3.36E+01 2.64E+01 5.96E+02
Thorax GR23  268E+03 150E+03 & 7.99E+00 = 6.55E+04 = 5.64E+04 = 3.45E+04 | 3.21E+00 1.04E+03 = 1.36E+02 | 8.02E+02 = 3.86E+03 = 2.61E+03 | 1.49E+03 & 1.51E+03 6.13E+00 = 152E+03 = 2.02E+02 = 5.48E+02 | 1.74E+05
Rib cage GR24 | 502E+00 2.73E+02 4.28E+03 = 3.01E+03 | 6.54E+02 1.08E+01 = 6.15E+01 | 5.60E+01 = 3.19E+01 = 6.59E+02 = 1.69E+02 | 6.46E+01 5.72E+01 2.56E+00 9.34E+03
Sternum GR25 5.94E-01 2.05E+01 = 6.56E+02 = 2.52E+02 4.36E+01 1.42E+02 2.04E+00 1.12E+03
Manubrio-sternal joint GR26 1.02E+02 | 1.38E+00 4.01E+01 1.44E+02
Thoracic spine GR27  370E+01 3.87E+03 & 2.82E+02 = 4.73E+04 = 1.10E+05 | 3.23E+04 3.30E+02 = 1.06E+04 | 9.54E+02 = 2.14E+02 = 2.02E+04 = 2.32E+04 | 6.89E+02 1.34E+04 3.14E+01 2.64E+05
Abdomen GR28 | 152E+02  2.48E+03 3.08E+04 = 1.76E+05 @ 9.88E+04 4.19E+02 712E+02 = 2.12E+02 = 8.14E+03 = 8.65E+02 | 1.65E+04 6.64E+01 3.35E+05
Light Pelvis GR29  452E+02 581E+03 = 6.38E+01 = 1.03E+05 = 1.61E+05 | 5.99E+04 7.15E+02 = 4.15E+04 | 2.23E+03 = 8.22E+02 = 1.75E+04 = 2.12E+04 | 4.27E+03 2.18E+04 3.25E+01 4.40E+05
Tliac wing GR30 1.07E+03 | 1.62E+01 5.60E+01 3.55E+02 1.50E+03
Hip GR31 | 6.24E+01  2.25E+03 158E+04 = 138E+05 = 3.47E+04 2.30E+00 = 2.43E+04 | 454E+02 = 1.13E+02 = 7.81E+03 = 2.40E+03 | 1.34E+02 4.58E+02 2.26E+05
Sacro-iliac joint GR32 117E+01 = 6.29E+03 = 1.03E+03 4,65E+02 3.16E+03 = 8.35E+01 | 3.89E+00 1.75E+03 1.28E+04
Lumbar spine GR33  568E+02 1.74E+04 = 6.05E+02 = 3.18E+05 = 3.76E+05 | 1.06E+05 125E+03 = 5.32E+04 | 2.11E+03 = 1.77E+03 = 7.68E+04 = 8.36E+04 | 6.29E+03 8.35E+04 8.82E+01 1.13E+06
Coccyx GR34 3.21E+00 158E+02 =~ 2.40E+03 = 1.08E+02 4.17E+01 6.27E+02 = 3.42E+01 @ 2.66E+00 1.61E+02 3.54E+03
Sacrum GR35 1.44E+01 = 5.78E+00 @ 1.29E+03 = 5.18E+03 | 1.50E+03 3.00E+02 8.72E+02 1.84E+02 9.35E+03
Pelvis GR36 2.86E+03 | 8.58E+01 1.67E+02 4.29E+00 6.77E+02 3.80E+03
Shoulder GR37 | 149E+01 550E+02 = 3.82E+01 = 9.21E+03 = 1.07E+04 | 3.36E+03 2.26E+01 = 144E+03 | 5.22E+01 = 6.51E+01 = 9.39E+02 = 1.85E+03 | 1.17E+02 1.99E+02 3.85E+00 2.85E+04
Shoulder blade GR38 4.48E+02 | 1.18E+03 9.64E+00 3.41E+00 8.78E+00 1.65E+03
Arm GR39 | 324E-02  4.75E+00 & 254E-01 = 247E+01 = 9.21E+01 | 4.16E+01 854E-02 = 4.44E+00 | 351E+00 = 1.54E-01 6.64E-01 = 2.36E+00 = 8.40E-02 2.67E-01 1.75E+02
Elbow GR40 | 1.86E-02 2.87E+00 = 1.31E+00 = 3.58E+01 = 4.15E+01 & 1.60E+01 5.96E-02 | 3.89E+00 | 1.26E+00 = 6.45E-02 = 1.34E+00 | 2.68E+00 | 5.75E-01 1.18E-01 7.75E-03 1.08E+02
Forearm GR41 | 1.08E-02 149E+00 = 5.26E-01 = 2.18E+01 = 3.67E+01 | 1.25E+01 8.80E-02 = 143E+00 | 5.21E+00 = 1.71E-01 7.54E-01 2.35E-01 | 5.93E-01 1.34E-02 8.16E+01
Wrist GR42 | 848E-02 = 1.93E+00 = 2.74E+00 = 2.27E+01 = 2.46E+01 & 1.04E+01 3.19E-02 = 1.28E+00 | 5.32E-01 = 1.65E-01 7.22E-01 7.32E-01 = 4.37E-01 7.31E-02 1.83E-02 6.64E+01
Hand GR43  6.45E-02 = 9.67E-01 = 1.24E+00 = 1.33E+01 = 1.23E+01 = 6.53E+00 = 2.22E-04 = 4.59E-02 = 5.39E-01 767E-01 | 150E-01 | 6.13E-01 = 3.05E+00 = 2.15E-01 3.17E-02 4.40E-02 3.98E+01
Finger GR44 | 155E-02  3.82E-01 = 4.66E-01 = 7.78E+00 = 5.16E+00 & 1.45E+00 1.19E-02 1.97E-01 3.02E-01 | 5.65E-02 1.68E-01 1.29E-01 = 6.88E-02 7.39E-03 6.07E-03 1.62E+01
Leg GR45 | 124E-01  127E+01 & 221E-02 = 114E+02 = 5.73E+02 | 2.82E+02 850E-01 | 3.85E+01 | 8.06E+00 = 8.64E-01 = 259E+01 = 5.13E+00 | 5.78E+00 6.95E-01 1.90E-01 1.07E+03
Knee GR46 | 2.79E+00  1.18E+02 = 2.04E+00 = 1.21E+03 = 136E+03 | 3.58E+02 131E+00 = 4.56E+02 | 1.49E+01 = 7.26E+00 = 6.66E+01 = 1.27E+02 | 1.15E+01 5.71E+00 4.46E-01 3.73E+03
Kneecap GR47 | 6.07E-03 = 3.08E+00 & 145E-02 = 544E+00 = 2.57E+01 | 6.70E+00 1.08E+01 = 2.00E-01 176E-02 | 2.03E+00 = 1.34E+00 = 1.55E-02 4.36E-02 5.54E+01
Foreleg GR48 | 332E-01 = 148E+01 = 9.49E-01 = 1.23E+02 = 2.36E+02 = 8.48E+01 6.06E-02 | 3.97E+01 | 7.37E+00 @ 4.27E-01 = 1.16E+01 @ 1.18E+01 | 1.08E+00 5.03E-01 8.76E-02 5.32E+02
Ankle GR49 | 2.15E-01 = 5.06E+00 & 2.52E-01 = 8.88E+01 = 7.30E+01 | 2.70E+01 5.78E-02 | 1.13E+01 | 161E+00  531E-01 = 3.77E+00 | 4.27E+00 | 9.18E-01 2.41E-01 3.16E-02 2.17E+02
Calcaneum GR50 | 2.23E-03 = 5.77E-01 190E-02 | 8.21E+00 = 5.95E+00 = 2.02E+00 353E-02 | 1.12E+00 | 241E-01 = 154E-02 = 6.34E-01 & 5.89E-01 | 7.11E-02 5.52E-03 1.95E+01
Foot GR51 | 537E-02  326E+00 & 5.44E-01 = 399E+01 = 3.80E+01 | 1.43E+01 145E-01 | 1.38E+01 | 1.16E+00 = 3.44E-01 = 166E+00 | 3.73E+00 | 6.94E-01 1.84E-01 5.11E-02 1.18E+02
Toe GR52 | 432E-04  5.82E-02 = 3.69E-03 = 147E+00  5.70E-01 1.54E-01 247E-03 | 8.16E-02 5.76E-02 | 4.49E-03 | 3.41E-02 249E-02 | 1.57E-02 3.27E-03 2.48E+00
Babygramme GR53 2.15E-01 2.61E+01 2.63E+01
Radiophotography GR54 3.33E+03 3.27E+03 | 6.61E+03
Total 4.17E+03  3.71E+04 = 1.11E+03 | 6.71E+05 = 114E+06 = 4.17E+05  1.05E+04 4.12E+03 = 1.37E+05 | 8.87E+03 = 8.54E+03 = 153E+05 = 1.49E+05 & 3.69E+04 139E+05 = 4.85E+03 = 5.11E+02 = 3.82E+03 | 2.93E+06

* Allergology, Angiology, Face surgery, Child surgery, Reconstructive surgery, Endocrinology, Gastroenterology, Intensive medic., Tropical medic., Occupational medic., Neurosutrgery, Nephrology, Radio-oncology and Urology.
gology glology gery gery gery 2) 2y P P gery P £} 2y LY
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 30.B Annual collective dose (in mSv) delivered through graphic and scopic examinations by type
of examination, establishment category, and medical specialty.

Examination CGEN B hospitals A hospitals Radiology = Gastroen- | Urology Others* Total
institutes | terology
Cervical myelography GSO01  253E+01 | 1.72E+02 1.97E+02
Thoracic myelography GS02 | 837E+01  1.28E+02 2.12E+02
Lumbar myelography GS03 | 9.87E+03 855E+03 3.60E+02 1.88E-+04
Barium enema GS04  4.23E+04  8.92E+03 8.39E+03  3.65E+03 6.32E+04
Enteroclysis GS05  3.39E+04 8.11E+03  4.67E+03  2.18E+03 4.89E+04
Defecography GS06 | 7.02E+03  2.98E+03  6.61E+01 1.01E+04
Retrograde cholangiography, ERCP = GS07 | 4.90E+04 5.09E+04  1.10E+03 1.69E+03 1.03E+05
Peroperatory cholangiography GS08 | 5.58E+02  6.05E+02  6.93E+00 1.17E+03
Intravenous cholangiography GS09 | 1.06E+04 2.18E+03 1.18E+03 4.97E+02 4.37E+00 1.45E+04
T drain cholangiography GS10  1.41E+03  1.82E+03 3.23E+03
Transhepatic cholangiography GS11 | 3.92E+02  5.20E+02 9.12E+02
Cholecystography GS12 | 6.62E+02 1.36E+02 | 6.24E+02 | 4.73E+02 1.90E+03
Intravenous urography GS13 | 6.56E+04 3.30E+04  7.33E+03 2.51E+04 | 2.31E+02 1.31E+05
Ascending pyelography GS14  5.05E+04  2.58E+04  9.28E+03  4.99E+01  2.05E+04 1.06E+05
Retrograde cystography GS15  3.65E+03 3.59E+03  1.35E+02 1.15E+03 8.53E+03
Micturitional cysto-urethrography GS16  4.59E+04 1.30E+04 1.06E+03 3.15E+03  1.39E+01  6.31E+04
Ascending urethrography GS17 | 1.01E+04 7.30E+03  7.15E+00 5.59E+03 2.30E+04
Hysterosalpingography GS18  8.60E+03  1.15E+03  7.91E+02 1.05E+04
Sacral myelography GS19 | 8.74E+02  1.79E+02 1.05E-+03
TMJ** arthrography GS20 3.87E+01  2.61E+01 6.48E+01
Shoulder arthrography GS21  8.88E+02 3.53E+02  2.83E+02 1.52E+03
Elbow atthrography GS22 | 1.06E-01 1.34E-01 3.14E-01 5.54E-01
Wrist arthrography GS23 | 4.05E-01 @ 6.86E-02 @ 8.74E-02 5.61E-01
Hip arthrography GS24  431E+01 1.06E+00  6.85E-02 4.43E-+01
Knee arthrography GS25 | 2.00E+01 8.27E+00 5.24E-01 2.88E+01
Ankle arthrography GS26 | 7.81E-01 = 8.78E-02 8.69E-01
Barium meal GS27 1.98E+05 1.09E+05 3.11E+04 1.16E+04 3.49E+05
Oesophageal transit GS28  4.44E+04 1.84E+04  8.82E+03  5.78E+02 7.22E+04
Small intestine transit GS29  7.61E+04  212E+04 1.01E+04 4.60E+03 1.12E+05
Colonoscopy GS30  7.47E4+03  6.28E+01  2.71E+02  5.34E+04 6.12E+04
Abdominal scopy GS31  1.00E+04 2.41E+03 2.09E+03 1.45E+04
Thoracic scopy GS32  6.84E+03 2.79E+03  9.06E+01  1.80E+01 9.74E+03
Scopy of limbs GS33 | 436E+02 6.64E+02 118E+00 110E+03
Total 6.85E+05  3.24E+05 8.57E+04 8.08E+04 5.55E+04 245E+02 1.23E+06

* Surgery, Nephrology and paediatrics.

*TMJ = Temporal-mandibular joint
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 30.C Annual collective dose (in mSv) delivered through angiographic examinations
by type of examination and establishment category.

Examination CGEN A hospitals B hospitals Others* Total
Cerebral angiography ANO1 3.88E+03 1.58E+03 2.69E+00 5.46E+03
Selective cerebral angiography ANO2 1.44E+04 1.26E+03 3.71E+00 1.56E+04
Petrous phlebography ANO03 1.64E+01 1.26E+01 1.26E+00 3.03E+01
Ventriculography ANO04 4.81E+03 4.08E+03 8.89E+03
Thoracic aortograph. (arcography) ~ANO5 2.18E+03 4.64E+02 1.35E+02 2.78E+03
Thoracic angiography ANO06 1.87E+04 9.58E+03 2.83E+04
Pulmonar angiography ANO07 1.13E+04 4.88E+03 1.62E+04
Bronchial angiography ANO8 7.13E+02 6.80E+02 1.39E+03
Cardiac angiography ANO09 6.56E+04 441E+04 1.10E+05
Coronography ANT10 8.73E+04 8.97E+04 1.77E+05
Upper cavography ANl 443E+02 1.21E+02 5.64E+02
Thoracic lymphography AN12 2.95E+01 4.95E-01 3.00E+01
Abdominal aortography ANT13 1.78E+04 1.22E+04 3.00E+04
Selective abdominal aortography AN14 7.63E+03 3.35E+03 1.10E+04
Semi-selective abdominal angio. ANT15 5.00E+02 1.23E+02 6.23E+02
Renal angiography AN16  8.71E+03 357E+03 | 1.46E+01  1.23E+04
Lower cavography ANT17 5.81E+02 4.36E+02 1.02E+03
Renal phlebography AN18 3.49E+02 2.32E+02 2.93E+02 8.74E+02
Suprarenal phlebography AN19 3.39E+02 4.04E+01 5.86E+00 3.85E+02
Spermatic phlebography AN20  522E+02 658E+02  248E+01  121E+03
Over-hepatic phlebography AN21  4.54E+01 6OGE+01  585E+00  1.12E+02
Abdominal lymphography AN22 4.76E+01 7.98E-01 4.84E+01
Iliac angiography AN23 2.14E+03 8.19E+03 9.81E+02 1.13E+04
Pelvic angiography AN24 2.56E+04 1.13E+04 3.80E+03 = 4.07E+04
Ovarian phlebography AN25 5.14E+01 4.84E+01 9.08E+00 1.09E+02
Cavernography AN26 3.48E-01 2.06E-02 2.40E-02 3.94E-01
Pelvic lymphography AN27 3.59E+01 7.32E-01 2.14E-01 3.68E+01
Upper limb arteriography AN28 8.06E+02 1.23E+03 4.22E+01 2.07E+03
Humeral angiography AN29 1.11E+03 2.61E+03 1.15E+01 3.73E+03
Upper limb phlebography AN30  1.15B+02 292E+02  829E+01 | 4.90E+02
Upper limb lymphogtaphy AN31 3.72E-01 7.59E-03 2.22E-03 3.82E-01
Lower limb arteriography AN32 8.70E+03 1.71E+04 1.41E+03 2.72E+04
Femoral angiography AN33 8.70E+03 1.54E+04 9.91E+01 242E+04
Lower limb phlebography AN34 4.35E+03 1.12E+04 1.71E+03 1.73E+04
Lower limb lymphography AN35 4.37E+01 6.00E+00 2.56E-01 4.99E+01
Total 2.98E+05 2.45E+05 8.63E+03 5.51E+05

* Radiology, Cardiology.
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 30.D Annual collective dose (in mSv) delivered through interventional examinations
by type of examination and establishment category.

Examination CGEN A hospitals B hospitals Others* Total
Cerebral dilatation INO1 6.12E+02 1.89E+01 6.31E+02
Cerebral embolisation INO2 1.58E+03 1.07E+02 1.68E+03
Cetrebral thrombolysis INO3 1.33E+02 6.97E+01 2.03E+02
Coronary dilatation (PTCA) INO4 6.33E+04 4.19E+04 1.05E+05
Supra aortic trunk dilatation INO5 1.53E+03 3.35E+01 1.56E+03
Valvuloplasty INO6 1.11E+03 2.42E+01 1.14E+03
Insertion of filters INO7 8.87E+00 2.66E+01 3.55E+01
Cardiac pacemaker fitting INO8 1.14E+04 7.94E+03 | 4.94E+01 @ 1.93E+04
Oesophagus dilatation IN09 4.32E+03 1.32E+03 = 8.46E+02 6.49E+03
Thoracic embolisation IN10 1.53E+03 1.91E+02 1.72E+03
Thoracic thrombolysis IN11 5.08E+02 3.56E+02 8.63E+02
Cardiac thermo-ablation IN12 3.12E+03 3.12E+01 3.15E+03
Renal artery dilatation IN13 3.19E+03 3.56E+02 3.55E+03
Dilatation of biliary tracts IN14 1.80E+03 2.15E+03 3.95E+03
Abdominal embolisation IN15 7.84E+03 1.16E+03 9.00E+03
Abdominal thrombolysis IN16 1.25E+03 8.30E+02 2.08E+03
TIPS IN17 3.38E+03 1.91E+02 3.57E+03
Lithotripsy IN18 3.37E+01 3.37E+01
PTCD IN19 8.37E+03 2.21E+03 1.06E+04
Biliary drainage IN20 1.02E+04 4.25E+03 1.45E+04
Renal drainage IN21 4.53E+03 2.36E+03 6.89E+03
Dilatation of vessels of pelvis IN22 3.26E+03 2.52E+03 | 1.50E+02 5.92E+03
Embolisation of vessels of pelvis IN23 1.80E+03 1.98E+03 | 4.30E+01 3.82E+03
Thrombolysis of pelvis IN24 3.70E+02 8.41E+02 | 1.31E+01 @ 1.22E+03
Upper limb dilatation IN25 3.21E+01 4,72E+01  2.70E+00 @ 8.20E+01
Upper limb embolisation IN26 6.33E+00 1.98E+00 @ 4.63E-01 | 8.77E+00
Uppet limb thrombolysis IN27 6.33E+00 1.02E+01 1.54E-01 | 1.66E+01
Popliteal dilatation IN28 4.14E+02 2.58E+02  5.38E+00 | 6.77E+02
Tliac dilatation IN29 4.45E+03 1.78E+03 | 2.02E+01 | 6.25E+03
Femoral dilatation IN30 2.25E+03 1.48E+03 | 1.74E+01 | 3.75E+03
Lower limb embolisation IN31 5.76E+01 1.56E+02  4.81E+00 @ 2.19E+02
Lower limb thrombolysis IN32 1.31E+03 9.44E+02 | 2.75E+00 @ 2.26E+03
Puncture under CT/ head & neck IN33 8.65E+01 2.88E+01 1.15E+02
Puncture under CT/ thorac. region IN34 3.82E+02 8.45E+01 4.67E+02
Punctute under CT/ abdom. region IN35 1.42E+03 1.75E+02 1.60E+03
Puncture under CT/ extremities IN36 3.20E+00 1.60E+00 4.80E+00
Head & neck puncture IN37 1.42E+01 2.11E+01 3.54E+01
Thoracic region puncture IN38 3.38E+02 3.81E+02 7.18E+02
Abdominal region puncture IN39 3.88E+02 8.39E+02 1.23E+03
Extremities puncture IN40 2.55E+01 2.26E+01 4.80E+01
Thoracic stent insertion IN41 5.83E+03 3.12E+03 8.96E+03
Abdominal stent insertion IN42 6.66E+03 4.66E+03 1.13E+04
Cardiac catheterisation IN43 9.25E+03 1.71E+03 1.11E+04
Total 1.68E+05 8.66E+04 | 1.16E+03 @ 2.56E+05

* Cardiology, Gastroenterology
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 30.E Annual collective dose (in mSv) delivered through CT examinations
by examination type, establishment category, and medical specialty.

Examination CGEN B hospitals A hospitals Radiology inst. Total
Skull CTO01 9.79E+04 7.64E+04 1.50E+04 1.89E+05
Face CT02 3.72E+03 3.20E+03 1.21E+02 7.04E+03
Temporal-mandibular joint CT03 2.78E+02 6.09E+00 2.38E+02 5.21E+02
Orbits CT04 7.34E+02 2.64E+02 9.92E+00 1.01E+03
Pituitary gland CT05 1.08E+02 5.48E+01 3.17E+01 1.95E+02
Sinus CT06 2.96E+03 2.78E+02 1.13E+03 4.36E+03
Internal auditory meatus CT07 3.79E+02 7.14E+01 2.38E+00 4.52E+02
Nasal cavity CTO08 3.60E+03 1.79E+03 1.02E+03 6.41E+03
Petrosal bones CT09 1.90E+03 1.63E+03 8.07E+02 4.33E+03
Sella turcica CT10 8.04E+01 8.53E+00 6.94E+01 1.58E+02
Temporal bone CT11 2.91E+02 4.76E+00 2.95E+02
Mouth CT12 3.48E+01 6.32E+00 1.90E+02 2.31E+02
Dental CT13 3.44E+02 4.30E+02 1.58E+03 2.35E+03
Neck CT14 1.75E+04 3.41E+04 1.24E+03 5.29E+04
Larynx CT15 5.03E+02 4.39E+01 3.82E+02 9.29E+02
Pharynx CT16 3.45E+02 1.35E+01 3.58E+02
Cervical spine CT17 5.87E+03 4.89E+03 2.77E+03 1.35E+04
Thorax CT18 2.30E+05 1.62E+05 3.33E+04 4.25E+05
Medastinum CT19 5.77E+03 5.76E+02 8.83E+02 7.23E+03
Heart CT20 1.70E+02 2.93E+01 1.99E+02
Thoracic orta CT21 1.79E+03 1.76E+01 1.81E+03
Thoracic spine CT22 6.30E+03 3.68E+03 7.07E+02 1.07E+04
Abdomen CT23 3.97E+05 2.49E+05 4.34E+04 6.89E+05
Lower abdomen CT24 2.30E+04 1.80E+04 7.55E+03 4.86E+04
Upper abdomen CT25 4.18E+04 2.95E+04 1.07E+04 8.19E+04
Liver CT26 1.23E+03 2. 72E+02 7.64E+02 2.27E+03
Pancreas CT27 7.81E+02 3.36E+01 2.73E+02 1.09E+03
Kidneys CT28 1.18E+03 1.20E+02 7.24E+02 2.03E+03
Suprarenal glands CT29 1.05E+02 1.92E+01 4.79E+00 1.29E+02
Hip CT30 3.09E+03 9.59E+02 1.21E+03 5.26E+03
Pelvis 1 CT31 2.08E+04 1.35E+04 2.26E+03 3.66E+04
Pelvis 2 CT32 1.24E+03 2.39E+03 2.72E+03 6.35E+03
Pelvimetry CT33 3.10E+03 9.17E+01 3.19E+03
Bladder CT34 1.06E+02 2.12E+01 1.27E+02
Sacrum/coceyx CT35 2.42E+03 3.46E+02 4.10E+02 3.18E+03
Sacro-iliac joint CT36 3.85E+03 6.99E+02 3.14E+03 7.69E+03
Lumbar spine CT37 2.09E+05 5.78E+04 8.57E+04 3.53E+05
Shoulder CT38 4.00E+03 1.87E+03 4.93E+02 6.36E+03
Elbow CT39 7.62E+00 2.39E+00 2.49E+00 1.25E+01
Wrist CT40 7.32E+00 6.02E+00 1.72E+00 1.51E+01
Hand CT41 2.03E+00 8.38E-01 1.80E-02 2.88E+00
Leg CT42 2.84E+01 1.91E+01 1.11E+01 5.86E+01
Thigh CT43 4.84E+02 4.02E+02 1.26E+02 1.01E+03
Knee CT44 5.21E+01 2.86E+01 4.63E+00 8.53E+01
Calcaneum CT45 9.37E+00 3.15E+00 9.62E-02 1.26E+01
Ankle CT46 2.42E+01 7.73E+00 3.94E+00 3.59E+01
Foot CT47 1.78E+01 8.64E+00 3.81E+00 3.02E+01
Total 1.09E+06 6.65E+05 2.19E+05 1.98E+06
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 30.F Annual collective dose (in mSv) delivered through dental examinations by type of examina-
tion, establishment category and medical specialty.

Examination CGEN | Dentists = Dental = School = Bhosp. | Ahosp. | Facial = Others* | Prisons Total
Institutes = dentists surgery

Apical DEO1 | 1.10E+04 4.92E+02 2.03E+01 5.64E-01 @ 4.41E+00 3.30E+00 9.34E+00 = 1.15E+04
14-exposure status DEO02 | 3.41E+03 1.07E+02 8.68E-01 6.05E+00 = 3.53E+03
18-exposure status DEO3 ' 6.07E+02  7.51E+00 1.01E-01 6.15E+02
Short bitewing DEO4 @ 5.17E+03 ' 9.29E+01 2.76E+01 1.55E+00 8.70E-01 = 5.29E+03
Long bitewing DEO5 = 1.15E+04 ' 1.03E+02 8.41E+00 4.39E+00 2.62E+00 = 1.16E+04
Uppet occlusal view DEO6 = 1.93E+02 4.93E+00 1.04E+00 1.05E-02 1.87E-02 = 1.99E+02
Lower occlusal view DEO7 = 1.66E+02  1.60E+00 1.05E-02 1.87E-02 | 1.68E+02
Low. occlus. view limp parts DEO8 = 7.62E+00  1.05E-02 7.63E+00
Nose lateral view DE09 = 1.39E+00 1.39E+00
Cheek tangential view DE10

Skull, PA DE11  2.01E+03 4.07E+03 6.07E+03
Skull, close range profile DE12 = 429E+03  1.03E+02 4.99E+00 4.39E+03
Teleradiography DE13 | 459E+03 4.69E+02 1.13E+02 5.43E-01 | 2.33E+00 3.28E-01 5.17E+03
Skull, according to Hirtz DE14

Skull, according to Blondeau DE15 2.46E+03 6.47E+02  5.07E+01 3.16E+03
Skull, acc. to Clementschitsch DEI16 8.51E+02 2.69E+00 8.54E+02
TMJ**, according to Schiiller DE17 1.57E+01 6.41E+01 7.99E+01
Jawbone AP DE18

Jawbone Profile DE19 1.33E+01 1.33E+01
Maxillary (overall view) DE20 1.67E+01 4.18E+00 2.33E+00 2.32E+01

Zygom. arches acc. to Zimmer | DE21
Zygom. arches acc. to Wein DE22
Hand DE23 | 1.04E+00 @ 2.29E-01  4.79E-02 3.80E-04 1.32E+00
Upp. jawbone, frontal region DE24
Upp. jawbone, premolar reg. DE25
Upp. jawbone, molar region DE26
Low. jawbone, frontal region DE27

Low. jawbone, premolar reg. DE28 4.89E+01 4.89E+01

Low. jawbone, molar region DE29 1.48E+02 1.48E+02

Sinus DE30  356E+00 1.25E+02 1.26E+00 1.29E+02

Arthrotomogt. of TMJ** DE31

OPG DE32  153E+04 2.37E+03 2.08E+02 1.64E+02 | 3.20E+02 | 2.97E+02 = 2.00E+02 1.88E+04

CT DE33 1.43E+02 1.43E+02
Total 5.82E+04 ' 1.16E+04 3.79E+02 1.80E+02 | 9.94E+02  4.15E+02 2.03E+02  1.89E+01 7.19E+04

* Surgery, Reconstructive surgery, ENT and Radiology institutes.

Table 30.G Annual collective dose (in mSv) delivered through special examinations by type
of examination, establishment category and medical specialty.

Examination CGEN | Bhospitals = Ahospitals = Radiology inst. Others* Total
Mammography (1 breast) MAO1  6.12E+02 1.62E+02 @ 4.44E+02 5.19E+00 1.22E+03
Mammography (2 breasts) MAOQ02 248E+04 4.22E+03 1.19E+04 1.13E+03 4.20E+04
Total 2.54E+04 4.38E+03 1.23E+04 1.14E+03 4.32E+04
Bone densito. : Whole body MIOT | 4.60E-02 = 3.01E-01 = 4.10E+00 2.21E-01 4.67E+00
Bone densito. : Lumbar spine MI02 1.61E+01 3.57E+00  6.37E+00 2.92E-01 2.63E+01
Bone densito. : Extremities MIO3 | 6.01E-01 @ 5.90E-02 2.76E-01 3.49E-03 9.40E-01
Bone densito. : Hip MIO4 | 8.18E+00 5.00E-01 7.46E-01 9.43E+00
Total 249E+01 4.43E+00 1.15E+01 5.16E-01 4.14E+01
Convent. tomo. : Head and neck TOO1 | 3.64E+03 1.09E+03  2.69E+02 5.00E+03
Convent. tomo. : Thoracic region TOO02 3.29E+02 8.31E+01 = 3.90E+00 4.16E+02
Convent. tomo. : Abdominal region TOO03 | 295E+04 4.62E+03 = 3.35E+03 3.74E+04
Convent. tomo. : Pelvic region TO04 240E+03 2.81E+03  2.03E+01 5.23E+03
Convent. tomo. : Upper limb TOO05 1.20E+01 1.37E+01 = 6.09E+00 3.18E+01
Convent. tomo. : Lower limb TO06 6.98E+01 1.81E+01 7.55E-01 8.86E+01
Total 3.59E+04 8.64E+03 = 3.65E+03 4.82E+04
Opverall total 6.13E+04  1.30E+04 = 1.60E+04 1.14E+03 9.15E+04

* Surgery, Gynaecology, Oncology and Orthopaedics.
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 31.A Frequency and dosimetry results in full (radiodiagnostic graphic examinations)

Examination CGEN N total N/1000 E (mSv) & E (mSv) @ E collective | E/caput
population (mSv) (mSv)

Nose GRO1  5.84E+03  8.23E-01 3.25E-03 @ 3.25E-03 = 1.95E+01 2.75E-06
Larynx GRO2 | 6.70E+02  9.44E-02 1.67E-02 = 1.72E-02 = 2.40E+01 3.38E-06
Pharynx GRO3  1.22E+03 = 1.72E-01 1.67E-02 | 1.72E-02 = 4.31E+01 6.07E-06
Trachea GR0O4  8.16E+02  1.15E-01 6.79E-02 = 7.68E-02 | 1.21E+02 1.70E-05
Sphenoidal fissures GRO5  396E+02  5.58E-02 1.02E-01 | 1.08E-01 = 7.79E+01 1.10E-05
Orbits GRO6 | 1.65E+03 = 2.32E-01 4.05E-02 = 4.15E-02 = 1.32E+02 1.86E-05
Optical holes GRO7  255E+02  3.59E-02 | 3.61E-02 | 3.68E-02 @ 1.76E+01 2.48E-06
Zygomas GRO8 ' 1.01E+03  1.42E-01 9.95E-02 @ 1.06E-01 | 2.13E+02 3.00E-05
Temporal-mandibular joint GR0O9  3.84E+03  5.41E-01 1.58E-02 @ 1.73E-02 | 1.28E+02 1.80E-05
Sella turcica GR10 | 3.35E+02 4.72E-02 1.27E-02 = 1.80E-02 = 9.77E+00 1.38E-06
Skull GR11 9.04E+04 127E+01 4.11E-01 @ 4.88E-01 @ 7.75E+04 1.09E-02
Petrosal bones GR12 | 4.61E+02  6.50E-02 1.05E-01 = 1.09E-01 @ 9.71E+01 1.37E-05
Sinus GR13  147E+05 2.07E+01 @ 1.05E-01 @ 1.19E-01 @ 3.42E+04 4.82E-03
Dacryocystography GR14 | 459E+02 6.47E-02 1.05E-01 = 1.09E-01 @ 9.70E+01 1.37E-05
Sialography GR15 3206E+02 4.59E-02 = 291E-01 298E-01 = 1.85E+02 2.61E-05
Cervical spine GR16 | 1.52E+05 2.15E+01 @ 5.04E-01 | 5.28E-01 | 1.64E+05 2.31E-02
Cervico-occipital hinge GR17  4.44E+03  6.25E-01 3.70E-02 = 5.29E-02 | 3.58E+02 5.04E-05
Clavicle GR18 | 1.88E+04 2.65E+00 = 5.68E-03 | 8.57E-03 | 2.75E+02 3.87E-05
Bilateral clavicles GR19 2.08E+03  2.93E-01 4.39E-02 | 5.01E-02 = 1.86E+02 2.62E-05
Acromio-clavic.joint GR20  490E+03  6.91E-01 5.72B-02 = 5.98E-02 | 6.26E+02 8.82E-05
Sterno-clavic. joint GR21  7.21E+02  1.02E-01 6.37E-02 | 6.78E-02 = 9.58E+01 1.35E-05
Scapula GR22  2.09E+03 = 2.95E-01 9.85E-02 = 1.86E-01 | 5.96E+02 8.40E-05
Thorax GR23  149E+06 2.10E+02 @ 5.19E-02 06.29E-02 | 1.74E+05 2.45E-02
Rib cage GR24  1.95E+04 2.75E+00 @ 2.18E-01 | 2.65E-01 | 9.34E+03 1.32E-03
Sternum GR25 195E+03  2.75E-01 2.42E-01 @ 3.61E-01 | 1.12E+03 1.58E-04
Manubrio-sternal joint GR26 | 2.08E+02  2.93E-02 2.83E-01 @ 4.62E-01 | 1.44E+02 2.03E-05
Thoracic spine GR27  7.46E+04 1.05E+01  2.47E+00 3.37E+00  2.64E+05 3.72E-02
Abdomen GR28 | 1.44E+05 2.03E+01 @ 1.46E+00  1.21E+00  3.35E+05 4.72E-02
Light Pelvis GR29  240E+05 3.38E+01 147E+00 6.31E-01 = 4.40E+05 6.20E-02
Iliac wing GR30 | 1.21E+03 1.70E-01 @ 1.10E+00 | 3.47E-01 | 1.50E+03 2.11E-04
Hip GR31 1.01E+05 142E+01 1.72E+00 7.50E-01 | 2.26E+05 3.18E-02
Sacro-iliac joint GR32 | 5.60E+03 7.89E-01  1.80E+00 @ 7.45E-01 = 1.28E+04 1.80E-03
Lumbar spine GR33  2.73E+05  3.85E+01  3.76E+00 3.12E+00 = 1.13E+06 1.59E-01
Coccyx GR34  1.14E+03 1.61E-01  2.43E+00 1.11E+00 = 3.54E+03 4.99E-04
Sacrum GR35 2.70E+03  3.81E-01 | 2.68E+00 1.21E+00  9.35E+03 1.32E-03
Pelvis GR36 | 8.85E+02 1.25E-01  3.60E+00 | 1.30E+00 = 3.80E+03 5.35E-04
Shoulder GR37  1.72E+05  243E+01  6.07E-02 @ 8.03E-02 @ 2.85E+04 4.02E-03
Shoulder blade GR38  4.35E+03  6.13E-01 1.36E-01 = 2.00E-01 = 1.65E+03 2.32E-04
Arm GR39  126E+04 1.78E+00 @ 6.11E-03 @ 6.11E-03 = 1.75E+02 2.47E-05
Elbow GR40 | 7.53E+04 1.06E+01 @ 5.83E-04 | 5.83E-04 = 1.08E+02 1.52E-05
Forearm GR41  3.61E+04 5.09E+00 = 1.05E-03 | 1.05E-03 = 8.16E+01 1.15E-05
Wrist GR42 | 2.04E+05 2.88E+01 @ 2.48E-04 248E-04 06.64E+01 9.36E-06
Hand GR43  1.39E+05  1.96E+01 @ 2.16E-04 @ 2.15E-04  3.98E+01 5.61E-06
Finger GR44 | 1.54E+05 2.18E+01 @ 7.70E-05 | 7.70E-05 1.62E+01 2.28E-06
Leg GR45 4.00E+04 5.63E+00 = 1.36E-02 1.36E-02 = 1.07E+03 1.51E-04
Knee GR46 | 3.28E+05 4.62E+01 = 447E-03 | 4.47E-03 | 3.73E+03 5.26E-04
Kneecap GR47  322E+04  453E+00 @ 06.31E-04  6.31E-04  5.54E+01 7.81E-06
Foreleg GR48 | 551E+04 7.76E+00 = 4.35E-03 | 4.35E-03 = 5.32E+02 7.50E-05
Ankle GR49  221E+05  3.12E+01 @ 3.67E-04 @ 3.67E-04 = 2.17E+02 3.06E-05
Calcaneum GR50 | 2.06E+04 290E+00 @ 3.39E-04 & 3.39E-04 1.95E+01 2.75E-06
Foot GR51  1.77E+05  249E+01 @ 4.92E-04 4.93E-04 = 1.18E+02 1.66E-05
Toe GR52 | 4.00E+04 5.63E+00 = 4.50E-05 | 4.50E-05 | 2.48E+00 3.49E-07
Babygramme GR53  147E+03  2.08E-01 2.84E-02 = 3.00E-02 = 2.63E+01 3.71E-06
Radiophotography GR54 | 5.13E+04 7.23E+00 @ 1.21E-01 | 1.46E-01 | 6.61E+03 9.31E-04

Total 4.56E+06 = 6.42E+02 - — 2.93E+06 4.13E-01
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 31.B Frequency and dosimetry results in full (radiodiagnostic graphic and scopic examinations)

Examination CGEN N total N/1000 E (mSv) & E (mSv) @ E collective  E/caput
population (mSv) (mSv)

Cervical myelography GSO1 | 2026B+02  285E-02 7.28E-01 755E-01 197E+02 | 278E-05
Thoracic myelography GS02 | 430E+01 = 6.06E-03 3.37E+00  4.38E+00 2.12E+02 2.99E-05
Lumbar myelography GS03 | 3.65E+03 | 5.14E-01 4.25E+00  3.73E+00 1.88E+04 2.65E-03
Barium enema GS04 | 7.21E4+03 | 1.02E+00 | 7.34E+00 5.70E+00 = 6.32E+04 8.91E-03
Enteroclysis GS05 | 6.07E+03 = 8.56E-01  7.72E+00  6.08E+00  4.89E+04 6.89E-03
Defecography GS06 1.07E+03 = 1.50E-01  8.55E+00  7.66E+00 1.01E+04 1.42E-03
Retrograde cholangiography, ERCP GS07 | 524E+03 | 7.38E-01 207E+01 1.65E+01 = 1.03E+05 = 1.45E-02
Peroperatory cholangiography GS08 8.45E+02 | 1.19E-01 | 1.11E+00 8.36E-01 @ 1.17E+03 1.65E-04
Intravenous cholangiography GS09 | 286E+03 | 4.03E-01 4.12E+00 291E+00 1.45E+04 = 2.04E-03
T drain cholangiography GS10 9.46E+02 | 1.33E-01 | 3.21E+00 248E+00 3.23E+03 4.55E-04
Transhepatic cholangiography GS11 | 4.61E+02 | 6.50E-02 2.03E+00 1.57E+00 9.12E+02 = 1.29E-04
Cholecystography GS12 349E+02 | 4.92E-02 | 458E+00 3.49E+00 1.90E+03 2.68E-04
Intravenous urography GS13 | 3.26E+04 | 459E+00 3.23E+00 2.52E+00 1.31E+05 1.85E-02
Ascending pyelography GS14 1.02E+04  1.43E+00  9.89E+00  8.60E+00 1.06E+05 1.49E-02
Retrograde cystography GS15 | 3530403  497E-01 242E+00 230E+00 8.53E+03  1.20E-03
Micturitional cysto-urethrography GS16 1.13E+04  1.60E+00  6.60E+00  5.74E+00  6.31E+04 8.89E-03
Ascending urethrography GS17 | 322E+03  454E-01 9.89E+00 8.60E+00 2.30E+04 = 3.24E-03
Hysterosalpingography GS18 | 4.22E+03 | 595E-01 2.10E+00 1.77E+00 1.05E+04 1.48E-03
Sacral myelography GS19 | 223E+02  3.14E-02 425E+00 3.73E+00 1.05E+03  1.48E-04
TMJ* arthrography GS20 7.70E+01 @ 1.08E-02 | 7.14E-01 @ 8.42E-01  6.48E+01 9.13E-06
Shoulder arthrography GS21 8.18E+03  1.15E+00 1.15E-01 | 1.45E-01  1.52E+03 2.14E-04
Elbow arthrography GS22 9.90E+01 @ 1.39E-02 | 554E-03 554E-03  5.54E-01 7.81E-08
Wrist arthrography GS23 | 597E+02 | 841E-02 & 9.21E-04 9.21E-04  5.61E-01 7.90E-08
Hip arthrography GS24 1.29E+03  1.82E-01 @ 3.16E-02 | 3.16E-02  4.43E+01 6.24E-06
Knee arthrography GS25 | 275E+02 | 3.87E-02 @ 5.58E-02 1.18E-01 = 2.88E+01 4.06E-06
Ankle arthrography GS26 3.07E+02 | 4.33E-02 | 2.83E-03 2.83E-03  8.69E-01 1.22E-07
Barium meal GS27 | 1.38E+04  1.95E+00 242E+01 213E+01 3.49E+05 4.92E-02
Oesophageal transit GS28 8.97E+03 | 1.26E+00 5.76E+00  7.42E+00  7.22E+04 1.02E-02
Small intestine transit GS29 | 265E+03 | 3.73E-01 3.91E+01 3.74E+01 1.12E+05 1.58E-02
Colonoscopy GS30 1.27E+04  1.79E+00  4.88E+00  4.80E+00  6.12E+04 8.62E-03
Abdominal scopy GS31 3.81E+03 = 5.36E-01  4.46E+00  3.59E+00 1.45E+04 2.04E-03
Thoracic scopy GS32 3.23E+03 | 4.55E-01 | 2.76E+00 3.62E+00  9.74E+03 1.37E-03
Scopy of limbs GS33 | 559E+03 | 7.88E-01 2.08E-01 = 2.08E-01 @ 1.10E+03 1.55E-04

Total 1.56E+05  2.20E+01 - - 1.23E+06 1.73E-01

*TM] = Temporal-mandibular joint
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 31.C Frequency and dosimetry results in full (angiographic examinations)

Examination CGE Ntotal = N/1000 E (mSv) 3 E (mSv) @ E collective ~ E/caput
N population (mSv) (mSv)
Cerebral angiography ANO1 | 2.03E+03 = 2.86E-01 | 2.59E+00 2.80E+00 5.46E+03 7.69E-04
Selective cerebral angiography ANO02 | 421E+03 | 5.93E-01  3.65E+00 3.84E+00 1.56E+04 2.20E-03
Petrous phlebography ANO3 240B+01 338E-03 1.23E+00 133E+00 3.03E+01  4.27E-06
Ventriculography ANO4  4.10E4+03  5.78E-01 | 1.87E+00 247E+00 8.89E+03 1.25E-03

Thoracic aortograph. (arcogra- ANO5  1.20E+03  1.69E-01 2.01E+00 2.64E+00 2.78E+03 = 3.92E-04
phy)

Thoracic angiography ANOG 143E+03 202E-01 171E+01 225E+01 2.83E+04  3.99E-03
Pulmonar angiography ANO07 | 5.75E4+02  8.10E-02 | 2.44E+01 3.21E+01 1.62E+04 2.28E-03
Bronchial angiography ANO8  1.27E+02  1.79E-02  9.48E+00 1.25E+01 1.39E+03 = 1.96E-04
Cardiac angiography ANO09 | 6.53E+03  9.21E-01 1.70E+01  2.24E+01 1.10E+05 1.55E-02
Coronography AN10  1.92E+04  2.71E+00 7.98E+00  1.05E+01 = 1.77E+05 2.49E-02
Upper cavography AN11  1.12E+02  1.58E-02 ' 4.45E+00 5.84E+00 5.64E+02 7.95E-05
Thoracic lymphography AN12 1.82E+02 256E-02 146E-01 192E-01 3.00E+01  4.23E-06
Abdominal aortography AN13 | 451E+03  6.35E-01 | 6.28E+00 7.05E+00 3.00E+04 4.23E-03

Selective abdominal aortography | AN14 | 8.84E+02 1.25E-01 | 1.18E+01 1.33E+01 1.10E+04 = 1.55E-03
Semi-selective abdominal angio. | AN15 1.06E+02 | 1.49E-02 5.55E+00 6.26E+00 6.23E+02 8.78E-05

Renal angiography AN16  9.75E+02  1.37E-01 1.19E+01 1.34E+01 1.23E+04 = 1.73E-03
Lower cavography AN17  7.70E4+01 1.08E-02 1.25E+01 1.41E+01 1.02E+03 1.44E-04
Renal phlebography AN18 1.72E+02 242E-02 479E+00 537E+00 8.74E+02  1.23E-04
Suprarenal phlebography AN19 | 7.60E+01  1.07E-02  4.79E+00 5.37E+00 3.85E+02 5.42E-05
Spermatic phlebography AN20 1.93E+02 272E-02 624E+00 G24E+00 121E+03  1.70E-04
Over-hepatic phlebography AN21  220E+01  3.10E-03 | 4.77E4+00 537E+00 1.12E+02 1.58E-05
Abdominal lymphography AN22 1.82E+02 256E-02 252E-01 282E-01 484E+01  6.82E-06
Iliac angiography AN23  1.05E+03 1.48E-01 1.08E+01 1.08E+01 1.13E+04 1.59E-03
Pelvic angiography AN24 251E+03 354501 1.63E+01 1.63E+01 4.07E+04  573E-03
Ovarian phlebography AN25  3.50E+01  4.93E-03 3.04E+00  1.09E+02 1.54E-05
Cavernography AN26  1.90E+01  2.68E-03 = 2.06E-02 3.94E-01 5.55E-08
Pelvic lymphography AN27 2.01E+02 2.83E-02 @ 1.85E-01 1.83E-01  3.68E+01 5.19E-06
Upper limb arteriography AN28 574E+02 8.09E-02 2.69E+00 455E+00 207E+03  292E-04
Humeral angiography AN29  3.80E+02  5.35E-02 8.42E+00  1.12E+01 = 3.73E+03 5.26E-04
Upper limb phlebography AN30 1.15B+03 1.63E-01 3.06E-01 543E-01 490E+02  G690E-05
Upper limb lymphography AN31 2.01E+02  2.83E-02 @ 1.90E-03 @ 1.90E-03  3.82E-01 5.38E-08
Lower limb arteriography AN32  4.78E+03  6.74E-01 | 4.40E+00 6.99E+00 2.72E+04 3.83E-03
Femoral angiography AN33  3.99E+03  5.62E-01 | 4.40E+00 7.76E+00 2.42E+04 3.41E-03
Lower limb phlebography AN34 7576403 1.07E+00 1.68E+00 288E+00 1.73E+04  244E-03
Lower limb lymphography AN35 6.83E+02  9.62E-02 = 7.33E-02 = 7.33E-02 = 4.99E+01 7.03E-06

Total 7.01E+04  9.87E+00 - - 5.51E+05 7.76E-02
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A survey on Exposure by Radiodiagnosis in Switzerland in 1998

Table 31.D Frequency and dosimetry results in full (interventional examinations)

Examination CGE = Ntotal = N/1000 @ E(mSv) 3 E mSv) Q@ | Ecollective  E/caput
N population (mSv) (mSv)
Cerebral dilatation INO1 | 1.67E+02  235E-02 = 3.69E+00 = 3.99E+00 = 6.31E+02 8.89E-05
Cerebral embolisation INO2  5.19E+02  7.31E-02  3.24E+00 = 3.35E+00 1.68E+03 2.37E-04
Cerebral thrombolysis INO3 | 1.22E4+02  1.72E-02 | 1.62E+00 1.75E+00 | 2.03E+02 2.86E-05
Coronary dilatation (PTCA) INO4 | 9.69E+03 1.37E+00  9.37E+00 1.23E+01 1.05E+05 1.48E-02
Supra aortic trunk dilatation INO5 | 9.30E+01 1.31E-02 = 145E+01 = 191E+01 = 1.56E+03  2.20E-04
Valvuloplasty INO6 | 4.70E+01 @ 6.62E-03 = 2.09E+01 2.75E+01 1.14E+03 1.61E-04
Insertion of filters INO7 ' 4.00E+00 @ 5.64E-04 = 578E+00 = 1.20E+01 = 3.55E+01 5.00E-06
Cardiac pacemaker fitting INO8 | 3.20E+03  4.50E-01 | 5.26E+00 6.93E+00 1.93E+04 2.72E-03
Oesophagus dilatation IN09 | 6.77E+02 9.54E-02 = 837E+00 = 1.10E+01 = 6.49E+03  9.14E-04
Thoracic embolisation IN10  3.60E+01  5.07E-03 = 4.18E+01 5.52E+01 1.72E+03 2.42E-04
Thoracic thrombolysis IN11  340E+01 4.79E-03 = 222E+01 = 293E+01 = 8.63E+02 = 1.22E-04
Cardiac thermo-ablation IN12  1.01E+02  1.42E-02  2.73E+01 3.59E+01 3.15E+03 4.44E-04
Renal artery dilatation IN13 | 2.99E+02 4.21E-02 = 1.14E+01 = 127E4+01 = 3.55E+03  5.00E-04
Dilatation of biliary tracts IN14 3.05E+02  4.30E-02  1.24E+01 1.38E+01 3.95E+03 5.57E-04
Abdominal embolisation IN15  248E+02 3.49E-02 | 348E+01 = 3.87E+01 = 9.00E+03 = 1.27E-03
Abdominal thrombolysis IN16  1.28E+02  1.80E-02 = 1.56E+01 1.74E+01 2.08E+03 2.93E-04
TIPS IN17 | 5.60E+01  7.89E-03 = 6.12E+01 6.80E+01 = 3.57E+03 5.03E-04
Lithotripsy IN18  9.00E+00 1.27E-03 = 3.59E+00 = 3.99E+00 @ 3.37E+01 4.75E-06
PTCD IN19  5.60E+02 7.89E-02 = 1.81E+01 = 2.01E+01 1.06E+04 1.49E-03
Biliary drainage IN20  8.67E+02  1.22E-01  1.60E+01 1.78E+01 1.45E+04 2.04E-03
Renal drainage IN21  3.71E+02  523E-02 @ 1.84E+01 1.93E+01 | 6.89E+03 9.71E-04
Dilatation of vessels of pelvis IN22  4.15E+02  5.85E-02  1.45E+01 1.44E+01 5.92E+03 8.34E-04
Embolisation of vessels of pelvis IN23 | 1.04E+02 147E-02 | 3.73E+01 = 3.71E+01 = 3.82E+03 = 5.38E-04
Thrombolysis of pelvis IN24  1.09E+02  1.54E-02 1.14E+01 1.13E+01 1.22E+03 1.72E-04
Upper limb dilatation IN25  4.60E+02 6.48E-02 @ 1.78E-01 1.78E-01 8.20E+01 1.16E-05
Upper limb embolisation IN26 | 2.20E+01 @ 3.10E-03 = 4.01E-01 4.01E-01 8.77E+00 1.24E-06
Upper limb thrombolysis IN27 126E+02 178E-02 134E-01  134E-01  166E+01  2.34E-06
Popliteal dilatation IN28  2.94E+02  4.14E-02  253E+00  2.13E+00 = 6.77E+02 9.54E-05
Iliac dilatation IN29  7.25E+02  1.02E-01 = 8.64E+00 = 859E+00 = 6.25E+03 8.81E-04
Femoral dilatation IN30 | 2.51E+03  3.54E-01 = 1.49E+00 1.49E+00 = 3.75E+03 5.28E-04
Lower limb embolisation IN31 530E+01  7.47E-03 @ 3.97E+00 = 4.37E4+00 = 2.19E+02 3.09E-05
Lower limb thrombolysis IN32  9.60E+02  1.35E-01  238E+00  238E+00 = 2.26E+03 3.18E-04

Puncture under CT/ head & neck  IN33  2.40E+01  3.38E-03 = 4.87E+00 = 4.87E+00 = 1.15E+02 1.62E-05
Punctute under CT/ thotac. tegion  IN34  1.05E+02 1.48E-02 = 4.18B+00 = 4.83E+00 | 4.67E+02 6.58E-05
Punctute under CT/ abdom. region IN35  1.55E+02 2.18E-02 8.60E+00 = 1.21E+01 | 1.60E+03 = 2.25E-04
Puncture under CT/ extremities IN36 | 1.80E+01 @ 2.54E-03 = 4.68E-01 7.24E-02 4.80E+00 6.76E-07

Head & neck puncture IN37  2.14E+02 @ 3.02E-02 1.62E-01 1.73E-01 3.54E+01 4.99E-06
Thoracic region puncture IN38  3.19E+02 4.49E-02 @ 1.97E+00 2.60E+00 7.18E+02 1.01E-04
Abdominal region puncture IN39  4.90E+02 6.90E-02 @ 2.40E+00 2.67E+00 1.23E+03 1.73E-04
Extremities punctutre IN40  3.32E+02 4.68E-02 1.47E-01 1.47E-01 4.80E+01 6.76E-06
Thoracic stent insertion IN41  6.71E+02  9.45E-02  1.17E+01 1.54E+01 8.96E+03 1.26E-03
Abdominal stent insertion IN42  5.10E+02 7.19E-02 = 2.13E+01 2.37E+01 1.13E+04 1.59E-03
Cardiac catheterisation IN43  6.03E+02  8.50E-02  1.70E+01 2.25E+01 1.11E+04 1.56E-03

Total 2.67E+04 3. 77E+00 - - 2.56E+05 3.61E-02
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Table 31.E Frequency and dosimetry results in full (CT examinations)

Examination CGEN N total  N/1000 E(mSv) 3 | E(mSv) @  E collective  E/caput
population (mSv) (mSv)

Skull CT01  7.90E+04 1.11E+01 = 243E+00 = 244E+00 = 1.89E+05 = 2.66E-02
Face CT02 | 6.56E+03  9.24E-01 1.09E+00 1.09E+00 7.04E+03 9.92E-04
Temporal-mandibular joint CT03  428E+02 6.03E-02 = 1.23E+00 | 1.23E+00 & 5.21E+02 = 7.34E-05
Orbits CT04 5.08E+02  7.16E-02 2.01E+00 2.01E+00 1.01E+03 1.42E-04
Pituitary gland CT05 1.60E+02 225E-02 = 1.23E+00 | 1.23E+00 &= 1.95E+02 = 2.75E-05
Sinus CT06  4.07E+03  5.73E-01 1.09E+00 1.09E+00 4.36E+03 6.14E-04
Internal auditory meatus CT07 191E+02 269E-02 = 241E+00 | 241E+00 & 4.52E+02 = 6.37E-05
Nasal cavity CT08  5.25E+03 7.40E-01 1.23E+00 1.23E+00 6.41E+03 9.03E-04
Petrosal bones CT09 1.82E+03 256E-01 = 241E+00 = 241E+00 = 433E+03 = 6.10E-04
Sella turcica CT10 | 1.30E+02  1.83E-02 1.23E+00 1.23E+00 1.58E+02 2.23E-05
Temporal bone CT11  1.24E+02 1.75E-02 241E+00 2.41E+00 2.95E+02 4.16E-05
Mouth CT12 | 7.30E+01  1.03E-02 3.20E+00 3.20E+00 2.31E+02 3.25E-05
Dental CT13 | 744E+02 1.05E-01 320E+00 =~ 3.20E+00 = 2.35E+03 = 3.31E-04
Neck CT14 1.57E+04 2.21E+00 3.42E+00 3.42E+00 5.29E+04 7.45E-03
Larynx CT15 275E+02 3.87E-02 = 342E+00 = 342E+00 = 9.29E+02 = 1.31E-04
Pharynx CT16 | 1.06E+02  1.49E-02 3.42E+00 3.42E+00 3.58E+02 5.04E-05
Cervical spine CT17 593E+03 835E-01 = 231E+00 = 231E+00 = 1.35E+04 = 1.90E-03
Thorax CT18 4.77E+04  6.72E+00 8.36E+00 9.67E+00 4.25E+05 5.99E-02
Medastinum CT19 1.13E+03 1.59E-01 6.13E+00 = 6.82E+00 = 7.23E+03 = 1.02E-03
Heart CT20 | 3.40E+01 4.79E-03 5.35E+00 6.51E+00 1.99E+02 2.80E-05
Thoracic orta CT21  3.09E+02 435E-02 = 5.35E+00 = 6.51E+00 = 1.81E+03 = 2.55E-04
Thoracic spine CT22 2.07E+03 2.92E-01 4.90E+00 5.52E+00 1.07E+04 1.51E-03
Abdomen CT23  6.71E+04 9.45E+00 = 8.60E+00 & 1.21E+01 = 6.89E+05 = 9.71E-02
Lower abdomen CT24  9.26E+03  1.30E+00 4.09E+00 6.54E+00 4.86E+04 6.85E-03
Upper abdomen CT25 206E+04 291E+00 = 3.85E+00 = 4.13E+00 = 8.19E+04 = 1.15E-02
Liver CT26 | 1.76E+02  2.48E-02 1.28E+01 1.33E+01 2.27E+03 3.20E-04
Pancreas CT27 227E+02 320E-02 = 4.74E+00 = 4.92E+00 = 1.09E+03 = 1.54E-04
Kidneys CT28 | 4.23E+02  5.96E-02 4.74E+00 4.92E+00 2.03E+03 2.86E-04
Suprarenal glands CT29 270E+01 3.80E-03 = 4.74E+00 &= 4.92E+00 &= 1.29E+02 = 1.82E-05
Hip CT30 7.46E+02 1.05E-01 5.49E+00 8.83E+00 5.26E+03 741E-04
Pelvis 1 CT31 5.19E+03  7.31E-01 549E+00 =~ 8.83E+00 = 3.66E+04 = 5.16E-03
Pelvis 2 CT32 9.13E+02  1.29E-01 5.49E+00 8.83E+00 6.35E+03 8.95E-04
Pelvimetry CT33 453E+02 6.38E-02 = 549E+00 = 8.83E+00 = 3.19E+03 = 4.49E-04
Bladder CT34 | 1.80E+01  2.54E-03 5.49E+00 8.83E+00 1.27E+02 1.79E-05
Sacrum/coccyx CT35 450E+02 6.34E-02 = 5.51E+00 = 8.83E+00 = 3.18E+03 = 4.48E-04
Sacro-iliac joint CT36 1.09E+03  1.53E-01 5.51E+00 8.83E+00 7.69E+03 1.08E-03
Lumbar spine CT37 3.77E+04 532E+00 = 8.78E+00 & 9.95E+00 = 3.53E+05 = 4.97E-02
Shoulder CT38 243E+03 3.42E-01 2.43E+00 2.86E+00 6.36E+03 8.96E-04
Elbow CT39 848E+02 1.19E-01 1.49E-02 1.49E-02 = 1.25E+01 1.76E-06
Wrist CT40 | 1.67E+03 = 2.35E-01 9.11E-03 9.11E-03 1.51E+01 2.13E-06
Hand CT41  320E+02 4.51E-02 9.11E-03 9.11E-03 | 2.88E+00 = 4.06E-07
Leg CT42 5.86E+02  8.26E-02 1.01E-01 1.01E-01 5.86E+01 8.206E-06
Thigh CT43  4.66E+02  6.57E-02 = 398E+00 = 4.13E-01 1.01E+03 1.42E-04
Knee CT44 | 1.38E+03 = 1.95E-01 6.33E-02 6.17E-02 8.53E+01 1.20E-05
Calcaneum CT45 | 6.56E+02  9.24E-02 1.94E-02 1.94E-02 = 1.26E+01 1.78E-06
Ankle CT46 | 1.87E+03  2.63E-01 1.94E-02 1.94E-02 3.59E+01 5.06E-06
Foot CT47 | 157E+03  221E-01 1.94E-02 1.94E-02 = 3.02E+01 4.26E-06

Total 3.28E+05 4.63E+01 - - 1.98E+06 2.79E-01
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Table 31.F Frequency and dosimetry results in full (dental examinations)

Examination CGEN | Ntotal = N/1000 E (mSv) & E (mSv) @ | E collective — E/caput
population (mSv) (mSv)

Apical DEO1  2.02E+06  2.84E+02 3.87E-03 3.87E-03 1.15E+04 1.62E-03

14-exposure status DE02 | 4.47E+04 6.30E+00  5.41E-02 5.41E-02 3.53E+03 4.97E-04

18-exposure status DE03 | 6.06E+03  8.53E-01 6.96E-02 6.96E-02 6.15E+02 8.67E-05

Short bitewing DE04 8.15E+05 1.15E+02  4.49E-03 4.49E-03 5.29E+03 7.45E-04

Long bitewing DEO5 8.79E+05 1.24E+02 8.98E-03 8.98E-03 1.16E+04 1.63E-03

Upper occlusal view DE06 | 1.89E+04 2.66E+00 = 7.18E-03 7.23E-03 1.99E+02 2.80E-05

Lower occlusal view DEO7  1.60E+04 225E+00  7.18E-03 7.23E-03 1.68E+02 2.37E-05

Low. occlus. view limp parts DEO08 | 7.26E+02  1.02E-01 7.18E-03 7.23E-03 7.63E+00 1.08E-06

Nose lateral view DE09 544E+02 7.67E-02 1.75E-03 1.75E-03 1.39E+00 1.96E-07

Cheek tangential view DE10 2.92E-02 3.01E-02

Skull, PA DE11  343E+03 4.83E-01 @ 1.18E+00 1.25E+00 6.07E+03 8.55E-04

Skull, close range profile DE12  6.17E+03  8.69E-01 4.61E-01 5.16E-01 4.39E+03 6.19E-04

Teleradiography DE13  7.10E+04 1.00E+01  5.47E-02 6.63E-02 5.17E+03 7.28E-04

Skull, according to Hirtz DE14 3.11E+00 | 3.24E+00

Skull, according to Blondeau DE15 9.82E+02 1.38E-01 @ 2.17E+00 2.25E+00 | 3.16E+03 4.45E-04

Skull, acc. to Clementschitsch DE16 | 6.36E+02 | 8.96E-02 = 8.96E-01 9.45E-01 8.54E+02 1.20E-04

TMJ*, according to Schiiller DE17 1.23E+02 1.73E-02 = 3.77E-01 5.11E-01 7.99E+01 1.13E-05

Jawbone AP DE18 4.94E-01 5.26E-01

Jawbone Profile DE19  3.60E+01 5.07E-03 = 2.49E-01 2.59E-01 1.33E+01 1.87E-06

Maxillary (overall view) DE20 | 5.00E+01 | 7.05E-03 = 3.17E-01 3.21E-01 2.32E+01 3.27E-06

Zygom. arches acc. to Zimmer DE21 6.23E+00 = 6.48E+00

Zygom. arches acc. to Wein DE22 546E+00 = 5.65E+00

Hand DE23  3.46E+03  4.87E-01 2.61E-04 2.61E-04 1.32E+00 1.86E-07

Upp. jawbone, frontal region DE24

Upp. jawbone, premolar reg. DE25

Upp. jawbone, molar region DE26

Low. jawbone, frontal region DE27

Low. jawbone, premolar reg. DE28 | 7.20E+01 | 1.01E-02  4.66E-01 4.66E-01 4.89E+01 6.89E-06

Low. jawbone, molar region DE29  217E+02 3.06E-02 = 4.66E-01 4.66E-01 1.48E+02 2.09E-05

Sinus DE30 4.12E+02 5.81E-02 = 2.04E-01 2.27E-01 1.29E+02 1.82E-05

Arthrotomogt. of TMJ* DE31

OPG DE32 | 237E+05 3.33E+01  5.99E-02 5.99E-02 1.88E+04 2.65E-03

CT DE33  2.02E+02 2.85E-02 = 7.27E-01 7.29E-01 1.43E+02 2.01E-05
Total 4.12E+06  5.81E+02 - - 7.19E+04 1.01E-02

*TM]J = Temporal-mandibular joint
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Table 31.G Frequency and dosimetry results in full
(radiodiagnostic special examinations)

Examination CGE N total N/1000 E (mSv) 3 E (mSv) @  E collective  E/caput
N population (mSv) (mSv)

Mammography (1 breast) MAO1  1.22E+04 1.72E+00 - 1.00E-01 1.22E+03 1.72E-04
Mammography (2 breasts) MAO2  2.10E+05 2.96E+01 - 2.00E-01 4.20E+04 5.92E-03

Total 2.23E+05 3.14E+01 - - 4.32E+04 6.09E-03
Bone densito. : Whole body MIOT = 1.52E+03 2.14E-01 2.55E-03 3.60E-03 4.67E+00 6.58E-07
Bone densito. : Lumbar spine MIO2  1.81E+04 2.55E+00 | 1.42E-03 1.50E-03 2.63E+01 3.71E-06
Bone densito. : Extremities MIO3 = 9.69E+03 1.37E4+00 = 9.45E-05 1.00E-04 9.40E-01 1.32E-07
Bone densito. : Hip MI04  2.92E+03 4.11E-01 5.67E-04 5.90E-03 9.43E+00 1.33E-06

Total 3.22E+04 4.54E+00 - - 4.14E+01 5.83E-06

Convent. tomo. : Head and neck TOO1  1.43E+03 2.01E-01  3.30E+00 | 3.71E+00 5.00E+03 7.05E-04
Convent. tomo. : Thoracic region | TO02 | 6.40E+02 9.02E-02 | 5.88E-01 7.14E-01 4.16E+02 5.86E-05
Convent. tomo. : Abdominal region TO03 = 7.21E+03 1.02E+00  4.37E+00 = 6.04E4+00 | 3.74E+04 5.27E-03

Convent. tomo. : Pelvic region TO04  5.16E+02 727E-02 | 1.13E+01 = 9.01E+00 5.23E+03 7.37E-04
Convent. tomo. : Upper limb TOO05 7.46E+02 1.05E-01 427E-02 | 4.26E-02 3.18E+01 4.48E-06
Convent. tomo. : Lower limb TOO06 = 8.22E+02 1.16E-01 1.08E-01 1.08E-01 8.86E+01 1.25E-05

Overall total 1.14E+04 1.60E+00 - - 4.82E+04 6.79E-03
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3.3.1.2. Graphic examinations

The collective dose due to the 54 graphic examinations represents 41.2% of the total collective dose.
About ten of these examinations contribute 98% of the graphy-related collective dose : lumbar spine
(38%), pelvis (15%), abdomen (11%), thoracic spine (9%), hip (8%), thorax (6%), cervical spine (6%),
skull (3%0), sinus (1%) and shoulder (1%).

With regard to the contribution of various establishments and medical specialties, 96% of the collec-
tive dose given through graphic examinations corresponds to 7 categories : B hospitals (39%), general
practitioners (23%), A hospitals (14%), radiology institutes (5%), rheumatologists (5%), chiropractors
(5%) and orthopaedists (5%).

3.3.1.3. Graphic and scopic examinations

Graphic and scopic examinations account for 17.3% of the total collective dose. 90% of their associ-
ated collective dose divides up into about ten examinations : barium meal (28%), intravenous urogra-
phy (11%), small intestine transit (9%), ascending pyelography (9%), retrograde cholangiography (8%),
oesophageal transit (6%), micturitional cysto-urethrography (5%), barium enema (5%), colonoscopy
(5%) et enteroclysis (4%).

The distribution of the collective dose due to graphic and scopic examinations is as follows : B hos-
pitals (55%), A hospitals (26%), radiology institutes (7%), gastroenterologists (7%), urologists (5%0).

3.3.1.4. Angiographic examinations

The collective dose contributed by angiographic examinations represents 7.75% of the total collective
dose. 74% of the collective dose stems from the following six examinations : coronography (32%), car-
diac angiography (20%), pelvic angiographic (7%), abdominal aorthography (5%), thoracic angiography
(5%), lower limb arteriography (5%).

The collective dose given by angiography is divided up as 54% in A hospitals and 44% in B hospi-
tals. Radiology institutes and cardiology contribute only 2%.

3.3.1.5. Interventional examinations

Interventional examinations account for 3.6% of the total collective dose. More than half of the collec-
tive dose is due to coronary dilatations (41%), cardiac pacemaker fitting and checking (7%) and biliary
drainage (6%).

Hospitals share in all the collective dose due to interventional examinations : A hospitals (66%) and
B hospitals (34%).
3.3.1.6. CT examinations

CT examinations represent 27.8% of the total collective dose, to which about ten sorts of examinations
out of the 47 considered contribute 96%. These are examinations of the abdomen (35%), thorax (21%),
lumbar spine (18%), skull (10%), upper abdomen (4%), neck (3%), lower abdomen (2%), pelvis (2%),
cervical spine (1%), and thoracic spine (1%).

55% of the collective dose is given at B hospitals, 34 % at A hospitals and 11% at radiology insti-
tutes.

3.3.1.7. Dental examinations
The collective dose contributed by dental radiology represents 1.01% of the total collective dose. More

than 80% of this collective dose comes from OPG (26%), bitewing (23%), apical (16%), PA skull (8%)
and teleradiography (7%).
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81% of this collective dose is generated by dental surgeons, 16% by dental institutes, and 1% by
school dentists.

3.3.1.8. Special examinations

Mammographic examinations share 0.61% in the total collective dose. 97% of their associated collec-
tive dose relates to both breasts and 3% to a single breast. It divides up into 59% at B hospitals, 29% at
radiology institutes and 10% at A hospitals.

Bone densitometry examinations account for 5.82E-06 of the total collective dose. 64% of their as-
sociated collective dose concerns the lumbar spine, 23% the hip, 11% the whole body, and 2% the ex-
tremities. 60% of the collective dose is given at B hospitals, 28% at radiology institutes, and 11% at A
hospitals.

Conventional tomography examinations amount to 0.68% of the total collective dose. 78% of their
associated collective dose targets the abdomen, 11% the pelvis, 10% the head and neck, and 1% the
thoracic region. 74% of the dose is given at B hospitals, 18% at A hospitals and 8% at radiology insti-
tutes.

3.3.1.9. Effect of correcting for patient’s age
Table 32 displays the average effective dose per caput per year for each type of examination. It includes

the values of E with and without the age effect correction, computed according to different models (see
section 2.5.2).

Table 32. Average annual effective dose per caput (mSv) for vatious examination types

Type of examination Eo E corrected for age according to vatious models
Not corrected for CIPR BEFS NRPB
age
E E/Ey E E/Ey E E/Ey

Graphy 4.13E-01 2.39E-01 058 2.64E-01 0.64 256E-01  0.62
CT 2.79E-01 1.37E-01 049 145E-01 0.52 1.66E-01 = 0.60
Graphy and scopy 1.73E-01 1.21E-01 0.70 1.23E-01 0.71 1.18E-01  0.68
Angiography 7.76E-02 4.19E-02 0.54 3.96E-02 051 4.66E-02  0.60
Interventional 3.61E-02 1.52E-02 042 1.44E-02 040 191E-02  0.53
Mammography 6.09E-03 2.80E-03 0.46 286E-03 047 4206E-03 0.70
Dental radiology 1.01E-02 8.61E-03 0.85 1.03E-02 1.02 8.31E-03 0.82
Conventional tomo. 6.79E-03 3.54E-03 0.52  3.93E-03 058 4.52E-03  0.67
Bone densitometry 5.83E-06 2.32E-06 0.40 211E-06 036 3.70E-06  0.64
TOTAL 1.00E+00 571E-01  0.57 6.01E-01  0.60 6.21E-01  0.62

The differences between the age group limits defined in the three models are reflected in the ratios
of the age-effect corrected dose to the non-corrected one. The total collective dose is reduced by a fac-
tor ranging between 0.57 and 0.62 according to the model, and whose average value is 0.60.

The reduction factor is found to decrease with increasing maximum of the age distribution. It aver-
ages 0.90 for dental radiology and 0.69 for graphic and scopic examinations. It has an average value of
about 0.60 for graphic and conventional tomography examinations (0.61 and 0.59 respectively), and
then decreases for the types of examinations involving a large component of elderly patients. It is 0.55
for angiographic examinations, 0.54 for mammographic and CT examinations, 0.47 for Bone densitome-
try examinations and 0.45 for interventional examinations.

3.3.2. Case of operating theatres in hospitals

The results discussed so far lack the data for fluoroscopic procedures carried out in hospital operating
theatres. This pertains to services of cardiology, general surgery, ENT, orthopaedics, pneumology and
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urology. We made an estimation of the annual number of such procedures and their associated annual
collective dose in Switzerland.

The estimation consisted first in finding the number of such procedures performed at the Centre hos-
pitalier universitaire vandois (CHUV) according to the irradiated part of the body, and evaluating the asso-
ciated dose. A projection to all Switzerland was then made.

The data gathered from the relevant services of the CHUV are shown in table 33. It also displays the
annual frequencies and their associated doses. An average scopy duration of 1 minute was used in the
dosimetric calculation. Table 33 also presents the national Swiss values obtained by extrapolating the
CHUYV values. Lacking the data for the number of services of different types in Swiss hospitals, we
used the number of hospital beds instead (888 beds at the CHUV and 47894 beds for all the hospitals
practising radiodiagnostics).

The collective dose associated with scopic procedures in operating theatres at the Swiss national
level is thus found to be 1.51E-02 mSv per caput per year, that is to say 1.5% of the collective dose
which is 1.00 mSv per caput per year.

This estimation has not been included in our evaluation of the collective dose ; an in-depth investi-
gation of radiological acts in operating theatres must be carried out at a later stage.

Table 33. Scopic examinations in hospital operating theatres in 1998

Service Examination |Body part Nernuv | Nwirerina | E average (mSv) | N * E (m5v)
Surgery — Thoracic 378 20'387 6.44E-01 1.31E+04
— Abdominal 52 2'805 8.56E-01 2.40E+03
- Extremities 227 12243 4.16E-03 5.09E+01
Orthopaedics - Thoracic 104 5'609 6.44E-01 3.61E+03
- Abdominal 104 5'609 8.56E-01 4.80E+03
— Extremities 156 8'414 4.16E-03 3.50E+01
Gastroenterology Coloscopy | Abdominal 762 41'098 8.56E-01 3.52E+04
ERCP Abdominal 270 14'562 8.56E-01 1.25E+04
Pneumology + ORL | Bronchus  Thoracic 47 2'535 6.44E-01 1.63E+03
Oesophagus Thoracic 94 5'070 6.44E-01 3.26E+03
Urology Bladder Pelvis 57 3'074 8.56E-01 2.63E+03
Kidney Abdominal 18 971 8.56E-01 8.31E+02
Urethra Pelvis 314 16'935 8.56E-01 1.45E+04
Cardiology Heart Thoracic 328 17'691 6.44E-01 1.14E+04
Total 2'911 157'004 1.06E+05

3.3.3. Collective dose error

3.3.3.1. Complexity of the problem

Estimating the error on the collective dose (an integral quantity) involves a number of parameters and
presupposes knowing the differential errors on all of them. The formula presented in section 2.6.4,
which lays out the relevant quantities for the calculation of the collective dose, underlines the complex-
ity of the calculation of the error.

The error on the collective dose is made up of three main contributions associated with (a) the total
annual number of each examination, (b) the effective dose related to each examination and (c) the vari-
ous correction factors applied in the calculation.

a) Error on the total annual number of each examination
Many factors determine the error on the annual number of examinations of a given type :
1. the error on the data gathered during the two week survey ;
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2. the error in the recorded annual statistics ;

3. the error induced by reclassifying the examinations which do not fit exactly within the 257 types
considered in the survey ;

4. the error due to approximating the figures related to the services not included in the statistics of
large hospitals ;

5. the error associated with extrapolating the data of the sample to the total population.
b) Error on the effective dose of each examination
The error on the effective dose for a given type of examination stems essentially from three sources :

1. the error on the definition of the examination type, that is to say on the protocol used as stan-
dard and the technical parameters chosen. The variations between patients (build, seriousness
of the case in interventional examinations) and between physicians (usual practice, experience)
are sometimes appreciable ;

2. the error associated with the algorithm for calculating doses to organs, i.e. calculation errors of
the ODS-60 and CT-DOSE packages in our case ;

3. the error due to the algorithm for calculating the effective dose (treating the ‘other’ organs and
the rest of the irradiated organs and tissues selectively).

c¢) Error on the correction factors used

This includes etrrors on :
1. the distributions of the sensitivities of the film-screen combinations and CTDIs ;
2. the age and gender distributions ;

3. the build correction model.
3.3.3.2. Error estimation

At first approximation, the collective dose can be written :

Ecol = Z Ecol(i, j) = Z N, /).E().C()

where N is the examination frequency, E is the dose associated with the examination, C is the global
correction factor, 1 is the examination type and j is the medical specialty (establishment category).

If one considers one term separately, one has :

olEwi(i ) _ [0?[NG. /), o’[EG], o?[ci)
Ecol(i, ) NG, /) E(7) ()

Assuming the relative errors on the contributions i and j are constant, one gets:

o (Eel) _ \/GZ(N *) . o?(E*) . o?(C*)
Ecol N * E* C*

where N* is a frequency representative of an examination, E* is an effective dose typical for an exami-
nation and C* is a representative correction factor.

A study of the accuracy of dose indications in radiodiagnosticsmhas been made. This study involves
various types of variables, relevant to dosimetric calculations, which relate to the patient, the radiologi-
cal technique and the radiological system. In a practical case similar to this survey, where the build dis-
persion has no effect and the variability of the sensitivity of detection systems is taken into account, this
study shows that the relative error on the dosimetric quantity is of the order of 15 %.
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With regard to the error on frequencies, the calculation of the error propagation takes into account
three different sources of error : 1) the recording of the data, 2) the classification of examinations, and
3) the extrapolation of the sample to the national population. Both the recording and classification con-
tribute an estimated 5% error ; the extrapolation error is also estimated to be 5%. This gives a relative
error on the frequency of about 7%.

The error on all the correction factors discussed in 3.3.3.2 is relatively weak and estimated at 5%.

The relative error on the collective dose is about 17% so that the result should be written :
E =1.0% 0.2 mSv / caput / year.

Note that this error corresponds to the standard deviation from the average value of the effective
dose to the population. Other than this average, no indication about the distribution of the dose among
individuals can be inferred from the survey. As a matter of fact this information is accessible only
through a survey among individuals (see recommendations).

3.4. Prescription of examinations

From the start of this survey, we sought not to limit the project to the radiological impact of radiodiag-
nostic examinations even though this was the central research objective. Above all radiodiagnostic ex-
aminations are carried out to benefit the patients. We therefore attempted to find a minimum data set
on the benefit the patients get from the examinations. The direct health benefit that a patient may get
from a radiﬁjliagnostic examination is hard to evaluate because of other competing factors which influ-
ence health®*but cannot be taken into account in a survey such as ours. Furthermore, the complexity of
the data required for the calculation of the frequencies of examinations and radiological equipment
used in surgeries entail excluding the collection of data on important issues such as the state of the pa-
tient, the prescription of the examination, etc.

After in-depth discussions and a pilot-test of various formulations of subsidiary questions, we re-
stricted ourselves to asking three questions on :

- the nature of the affection (accident, illness, other);
- the purpose of the examination;
- the seriousness of the state of health of the patient.

The detailed formulation of these questions in the case of general practitioners and dentists can be
found in appendix 2.

We present in the following sections the results of the analysis of the responses pertaining to the pre-
scription of the examination. The detailed results are provided in appendix 11. Note that these results are
not relevant to A hospitals because they did not participate in the two-week survey but provided global
annual statistics instead.

3.4.1. Nature of the Affection leading to examinations

Appendix 11A presents the percentages of different types of affection according to specialty. Overall
and excluding dentists, 29% of radiodiagnostic examinations are performed following an accident, 64
% are carried out because of an illness while 7% are performed for other reasons (screening tests of
healthy people, etc.). But the distribution of the various responses varies strongly according to specialty.
For instance, 49% of the radiodiagnostic examinations prescribed by the hand surgeons involved in the
survey are associated with accidents. However, this proportion is found to be less than 1% for urolo-
gists. 67% of the radiodiagnostic examinations prescribed by the ENTs are disease-driven whereas this
proportion is found to be 45% for paediatricians and 62% for general practitioners (see figure 11).
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Figure 11. Percentage of accidents, diseases or other types of affection requiring
radiodiagnostic examinations in some medical specialties.

3.4.2. Objectives of examinations

In order to understand better the benefit/risk ratio of radiodiagnostic examinations, we asked the phy-
sicians participating in the survey to indicate, for each examination, the core objective they sought
when prescribing it. The menu of answers we provided (after a poll and a pilot study) was limited to the
following :

screen an asymptomatic patient
periodic control of a patient at risk
reassure of patient

confirm or refute a diagnostic suspicion
guide an intervention

decide or modify a therapeutic choice
control the effectiveness of a treatment
other

S A e

Figure 12 indicates the distribution of these objectives for all the examinations surveyed.
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Figure 12. Percentages of answers concerning the objective of the radiodiagnostic
examination. Global result for all the examinations recorded in the 1998 survey.
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About 62 % of the examinations are considered necessary (by physicians) to determine a diagnosis
or start or adjust a treatment (answers 4 — 6). 22% of the examinations pertain to patients with no ob-
vious health problem and for whom the examination was expected to bring a potential benefit, as for
instance in the case of screening for a disease at an asymptomatic stage (answers 1-3). The detailed re-
sults for all the examination types (n > 100 survey recordings) are available in appendix 11B.

3.4.3. Seriousness of the patient’s state during the examination

To ascertain the seriousness of the state of the patient, we have adapted and adopted, in consultation
with a small group of physicians, the following scale :

1 = Good health.

2 = Moderate general state.

3 = Serious but non-disabling general state.

4 = Disabling general state involving a crucial prognosis.

5 = Dying patient.

For the set of 64755 of radiodiagnostic examinations for which we were able to collect data, figure
13 shows the physician’s estimation of the seriousness of the state of health of the patient.
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Figure 13. Degrees of seriousness of the state of health during the examination
(64'755 answers in total)

Most examinations are found to be carried out on patients with good health. This distribution is true
for most types of examinations. Appendix 11C provides the details by examination type for those with
at least 100 recordings.

3.5. Subsidiary data on radiological units and films

Several pieces of information were requested in the questionnaire. Not all of them were used in the do-
simetric evaluation but they enabled the description of the Swiss national radiological stock. Appendix
12 presents the data surveyed with regard to surgery types, radiological equipment brands, usage period
of units, use or otherwise of the automatic cell, forms of collimators of dental radiology tubes, film
consumption, and use of digital radiology.

4. Conclusions

The survey on the exposure by radiodiagnostic of the Swiss population has enabled us to determine the
state of radiodiagnostics in the country, be it at the level of frequencies of various types of examina-
tions, that of their associated effective doses, or that of the collective doses they entail.
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1. The survey showed that about 9.5 millions diagnostic or interventional examinations are practised
each year in Switzerland, i.e. about 1.34 examinations per caput. This frequency is comparable to that
found in countries of health level similar to the Swiss one. It is also equivalent to the values obtained in
the 1971 and 1978 Swiss surveys (1.35 examinations per caput per year). Cleatly, this constancy is a fea-
ture of the average value only, because the distribution of the annual number of examinations in 1998
is very different from that found in 1971 or 1978 (see tables 6 and 19).

2. With regard to individual doses, the survey found that the average effective doses per type of ex-
amination can be classified into 3 levels : 1) the weakly irradiating examinations (less than 0.1 mSv),
which share 78% in the total number of examinations and contribute 4% to the collective dose, ii) the
moderately irradiating examinations (between 0.1 mSv and 10 mSv), which make up 21% of the total
number of examinations and 72% of the collective dose, iii) the strongly irradiating examinations (more
than 10 mSv), which represent 1% of the total number of examinations and give 24% of the collective
dose.

3. The survey found that the radiodiagnostics-induced total collective dose to the Swiss population
is about 7100 Sv per year, i.e. an annual average of 1.0 mSv per caput, with an estimated relative error
of 17%. This dose is comparable to those recorded in countries with similar health levels. A recent
Norwegian survey found an annual average of 0.8 mSv per caput. In Germany it is close to 1.5 mSv per
caput, a value arising from the high effective doses due to CT examinations.

4. 'The maximum of the age distribution of patients, all examination types taken into account, is be-
tween 60 and 70 years. Using several patient-age dependent models, the average effective dose per ca-
put corrected for the age-effect was found to be de 0.6 mSv/yeatr.

5. The survey quantified the amounts each radiological modality and each type of examination con-
tribute to the total number of examinations and to the collective dose.

a) Graphic examinations contribute 48% to the frequency and 41% to the collective dose. The
most frequent examinations of this kind target the thorax (32.7%), the knee (7.2%) and the
lumbar spine (6.0%), while those which contribute most to the collective dose are examina-
tions of the lumbar spine (40%), the pelvis (14%) and the abdomen (12%).

b) Dental examinations share 43% in the number of examinations and 1% in the collective dose.
The three most frequent dental examination are the apical (49%), the bitewing (41%) and or-
thopantomography (5.7%). Orthopantomography shares 26% in the collective dose, while
bitewing and apical examination do so with 23% and 16% respectively.

C) Graphic and fluoroscopic examinations represent 1.6% of the total number of examinations and
17.3% of the collective dose. The three such examinations which recur most are the intrave-
nous urography (21%), the barium meal (9%) and colonoscopy under fluoroscopy (8%). In
terms of the collective dose, the most important are the barium meal (26%), intravenous uro-
graphy (11%) and the small intestine transit (10%).

d) Angiographic examinations make up 0.7% of the total number of examinations and 7.8% of the
collective dose. The three most frequent examinations are coronography (27.4%), lower limb
phlebography (10.8%) and cardiac angiography (9.3%). The largest contributions to the collec-
tive dose stem from coronography (31%), cardiac angiography (20%) and pelvic angiography
(8%).

e) Interventional radiology contributes less than 0.3% to the total number of examinations and 4%
or so to the collective dose. The three most recurrent examinations of this type are the coronary
dilatation (36%), the fitting and checking of cardiac pacemakers (129%) and the femoral dilata-
tion (9.4%). In decreasing order of importance, coronary dilatation gives 40% of the collective
dose, fitting and checking cardiac pacemakers does 7% and biliary drainage 6%.

f) CT examinations share 3.4% in the total number of examinations and 28% in the collective
dose. The three most frequent examinations of this kind focus on the skull (24%), the abdomen
(20.4%) and the thorax (14.5%). Examinations of the abdomen share 35% in the collective
dose, those of the thorax give 21% while those of the lumbar spine contribute 18%.
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g) Mammographies represent 2.3% of the total number of examinations and 0.6% of the collective
dose.

h) Bone densitometry examinations make up 0.3% of the total number of examinations and
0.0006% of the collective dose.

i) Conventional tomography examinations contribute 0.1% to the total number of examinations
and 0.7% to the collective dose.

6. The survey also quantified how the total number of examinations and the collective dose are dis-
tributed by establishment category and medical specialty.

a) A hospitals contribute 10% to the total number of examinations and 27% to the collective dose.
Within this category, the bulk of examinations concern graphy (74% to the frequency and 22%
to the collective dose) and CT (12% to the frequency and 35% to the collective dose).

b) B hospitals share 22% in the total number of examinations and 46% in the collective dose. Ex-
aminations associated with this category are predominantly graphic examinations (77% in the
frequency and 34% in the collective dose), CT examinations (9% in the frequency and 33% in
the collective dose), and mammographic examinations (6% in the frequency and 0.8% in the
collective dose).

C) Radiology institutes account for 2.5% of the total number of examination and 7% of the collec-
tive dose. Most of these examinations are distributed between graphic examinations (49% of
the frequency and 32% of the collective dose), CT examinations (15% of frequency and 45% of
collective dose) and mammographic examinations (27% of the frequency and 2.5% of the col-
lective dose).

C) Examinations performed by general practitioners make up 15% of the total number of exami-
nations and 9.5% of the collective dose. These are exclusively graphic examinations.

d) Dental surgeons contribute 43% to the total number of examinations and 1% to the collective
dose. These examinations are exclusively dental.

e) 'The category involving other establishments and specialties practising radiodiagnostics con-
tributes altogether 8% to the number of examinations and 10% to the collective dose. These
are mainly graphic examinations (95% to the frequency and 79% to the collective dose) and
graphic and scopic examinations (3% to the frequency and 20% to the collective dose).

7. Chiropractors share 1.3% in the total number of graphic examinations and 4.8% in the associated
collective dose (which is 2% of the total collective dose).

8. The values of the sensitivity of the screen-film combination conform only partially to the new
recommendations?. For instance, whereas the recommended sensitivity for a thorax examination is
400, the actual value used in 64 % of cases is 200, and the 100 sensitivity value is adopted in 16 % of
cases. The recommended value for lumbar column examination is 400—800 but a sensitivity of 200 is
used in 26% of cases while the value of 100 is selected in 6% of cases.

5. Recommendations

5.1. Further investigations
At the end of this survey, several radiodiagnostics-related issues remain open for further investigations.
They deserve the research attention of future work.

1) Survey of operating theatres : a survey of the population (or a sample) of hospitals with operating thea-
tres would provide valuable data about the annual number of fluoroscopies and their duration by
type of intervention. This would enable an accurate evaluation of their associated collective dose.

In addition to this radiological impact issue, it would be useful to tackle several other problems in
collaboration with experts in social medicine.
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2) Regional variability: the surveyed data could be analysed in detail in order to infer, in a differentiated
way, the regional variability and that between city and country.

3) Seasonal variability: the surveyed data could be analysed to derive discriminately the seasonal vari-
ability.
4) Age and gender distributions: the age and gender profiles of patients should be analysed in detail for

each type of examination and each establishment category. A convolution involving the age pro-
files of the Swiss population would be a most interesting procedure to carry out.

5) Dose distribution among the population: this survey did evaluate the radiodiagnostics-induced average
effective dose to the population. But the surveyed data cannot yield the distribution of the dose
among the population nor can it circumscribe the part of the population which receives the larg-
est doses (people who undergo a large number of examinations). A patient-oriented survey on a
stratified sample of the population would do that, in addition to shedding more light on the ra-
diological impact.

0) Prescription of the examination: a more discriminative analysis of the answers to the questions related
to the prescription of the examinations would be interesting to delineate better the use of these
examinations in the health system.

7) Distribution of dental examinations by tooth position: analysing dentists” answers with regard to the posi-
tions of the teeth undergoing radiological exposure would provide interesting dental epidemiol-
ogical data.

5.2. Updating the data of the survey

This survey had as one of its objectives to set up a transparent mechanism able to monitor regularly the
trends in radiodiagnostics in Switzerland, detect any change in its practice and evaluate the impact of
such change on the irradiation of the population. The measurement of the change should cover all the
users of medical radiodiagnostics and target particularly hospitals, especially A hospitals, where changes
of attitudes and practices are the most anticipatory.

Given the rate at which radiodiagnostics evolves and is implemented practically, two types of updat-
ing are necessary :

1) An updating survey every 5 years;
2) A re-evaluation survey (of the same scale as this one) every 20 years.

Updating the results of this survey should focus on (a) the databases (FMH, OFSP, H+, etc.) to as-
certain the state of the national population of holders of radiodiagnostic units, (b) the annual frequen-
cies of examinations and (c) the doses per examination.

The five-year updating of the annual frequencies of examinations could be done as a mini-survey
targeting a population with a size close to 10% of the one used in this survey. It should concentrate on
A hospitals, where the most intensive examinations take place, and a small number of B hospitals, radi-
ology institutes and surgeries which are well distributed geographically. Only global annual statistics
should be requested from them to simplify the approach and maximise the positive response rate. Both
the frequencies of examinations and trends in dosimetric values should be studied. Dosimetric meas-
urements on a sample of radiological units would provide invaluable data for updating the results of
this survey. The American system (NEXT programme) where the effort is targeted on only one type of
examination each year is a solution worth considering.

5.3. General proposals

The survey showed that the average annual effective dose per caput is relatively constant, if compared
with earlier evaluations. The effort made in recent years to reduce the dose should be maintained. The
types of examinations which contribute strongly to the total collective dose should receive special at-
tention.
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With regard to radiographies, a particular effort should be made in order to encourage surgeries and
radiology services of hospitals to conform to values® recommended for the sensitivity of screen-film
combinations. This would have an important direct effect on the doses given.

As regards dental examinations, the dentists should be encouraged to use sensitive films (E class) as
well as a rectangular collimator to reduce the needless irradiation of the patient.

The radiological detectors using screen-film combinations will be progressively replaced by digital
systems. If this transition is well managed it could reduce the doses significantly (higher sensitivity for
the same quality, saving data on over-exposed or under-exposed negatives). A reverse trend should not
be ruled out, in particular if increasing the quality of the image is sought unilaterally. We recommend
that the introduction of digital techniques be carefully monitored with regard to the doses to patients.

An effort should be made to reduce the effective dose per fluoroscopic examination, especially an-
giographic and interventional examinations. The technical parameters must be optimised. The standard
procedures prescribed by the manufacturers (series number, number of images per series, etc.) can of-
ten be simplified without degrading the diagnostic quality of the examination. Moreover, in the case of
intensive examinations, the dose delivered to the patient must be accessible in real time during the ex-
amination to prevent exceeding the threshold of deterministic radiation effects. All fluoroscopic units
should be equipped with direct display instruments which measure the dose-area product.

With regard to CT examinations, the characterisation measurements of the CT scanners and the op-
timisation of examination protocols are important (number of passages, scanned volume, thickness and
spacing of slices, etc.). They enable a significant reduction of the doses given (see the proposals of the
recent German study?).

The knowledge of the doses involved and the availability of guiding or reference values against
which one can make comparisons are essential for all the examinations. In this regard, the work of Mini
and Dula in the dental field is exemplary.

Furthermore, as is the case in the United Kingdom, it would be useful to establish a national do-
simetric database for collecting all the measured doses to patients in Switzerland. Such a database
should focus on angiography and interventional radiology (recording the values of the dose-area prod-
ucts on graphic and scopic installations) and on CT (recording the values of the length-dose products
on CT scanners). Clearly medical physicists would have a central role to play in such a programme. The
database thus constructed and continuously updated should be made available to all institutions and
individuals interested.

The process of reducing the doses in radiodiagnostics cannot be effective unless all the relevant par-
ties are involved: patients, physicians, technicians in medical radiology, medical assistants and physi-
cists.

The patient is the focus of the dose-reduction effort and thus informing him/her is crucial. The pa-
tient’s collaboration in the optimisation task is valuable. One way to make the patient aware of the ra-
diodiagnostic dose issue is to encourage him/her to use a radiological examination booklet.

Training physicians in radiation protection is vital. An important work has been undertaken to meet
this requirement in Switzerland. It is imperative to maintain it, especially for physicians practising
fluoroscopic examinations.

Technicians in medical radiology play an important role in the application of radiation protection
methods in hospitals and radiology institutes. In medical/dental surgeries this responsibility falls to the
assistant physician/dentist. So far their training has been up to their mission. A continuous training in
radiation protection would be welcome to maintain their level of expertise.

Medical physicists have an important role to play in diagnostic and interventional radiology. Their
tasks include measuring doses, participating in quality control, and developing reference dose values.
Unfortunately Switzerland has a shortage of such physicists which needs to be met at the national level.
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