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Abstract

A nation-wide survey on radiation doses in diagnostic radiology was conducted in Switzerland in 1998-1999.
More than 250 types of examinations were considered, covering conventional and interventional radiology,
angiography, CT, mammography, osteodensitometry, conventional tomography and dental radiology. This survey
aimed at establishing the collective radiological impact of radiodiagnostics on the Swiss population. The
methodology of the survey is described. The examnination frequencies and integral dosimetric results associated
with diagnostic radiology in Switzerland are presented.

1. Introduction

At the international level there is a great interest for establishing the radiation doses due to
medical exposure. This is due to the fact that medical exposure is the highest source of
artificial irradiation. During the last two decades many national surveys of the frequencies and
doses associated with medical examinations have been reported in the litterature. A
comparative work regarding these surveys is published regularly by UNSCEAR (1).

Switzerland has a long tradition in surveying the medical exposure that started in the late 50s
(2-5); the present work being the continuation of the previous studies. The aim of this work is
to determine the collective radiological impact of radiodiagnostics on the Swiss population, to
gather enough data in order to issue recommendations aiming at patient dose reduction and to
set a comprehensive framework for future studies.

2. Material and methods

The methodology of the study is outlined in the diagram shown in figure 1. The frequential
and dosimetric aspects were handled separately.

Concerning the dosimetric issue no measurements were performed. Rather, a standard
technique was established for each type of examination (technical parameters, projections
considered, number of films or CT slices, duration of fluoroscopy, etc.). After the validation of
the technique, the dose indices (ESD, DAP) were modelled based on the conditions of the
examination. The organ and tissue equivalent doses were then established using appropriate
conversion factors. To this purpose, the programs ODS60 (6) and CTDOSE (7) were used for
radiography/fluoroscopy and CT examinations respectively.

The second part of the study consisted in surveying the frequency of examinations in all the
establishments who prescribe and perform radiological examinations in Switzerland:
hospitals, practitioners and other institutions (school, penitentiary and military medicine, etc.).
An information on the patient's age and gender and on the indication of the examination
(affection of the patient, aim of the examination, sevrity of the case) was collected, whenever
possible.
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A convolution of the frequency and the dosimetric results was then performed, taking into
account for each examination the patient's age and gender profiles, the film-screen sensitivity
profiles and the corpulence profiles. For the age correction different models were used.
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Figure 1 Methodology of the study

3. Results

The survey revealed that the total annual number of examinations (all types together) in
Switzerland is about 9.5 millions (1.34 per inhabitant) and that the collective dose is 7100 Sv,
corresponding to a mean annual effective dose of 1.0 mSv per inhabitant.

Table 1 presents the distribution of the annual number of examinations and the collective dose
with the different categories of examinations. In terms of the number of examinations, the
radiography and dental radiology have the highest contributions to the total number (47% and
42% respectively). The other modalities represent together 11% of the total. In terms of dose,
radiography, tomodensitometry and conventional fluoroscopy have the highest contribution to
the collective dose (42%, 28% and 17% respectively). The other modalities represent 13% of
the collective dose.

Table 1. Annual number of examinations and collective dose in mSv (rounded values) per
category of examinations

Category

Radiography
Dental radiology
CT (tomodensitometry)
Mammography
Radiography and fluoroscopy :
Radiography and fluoroscopy :
Radiography and fluoroscopy :
Osteodensitometry
Conventional tomography

non-angio
angiography
interventional

Total

Annual
number

4'500'000
4'000'000

300'000
200'000
150'000
70'000
30'000
30'000
lO'OOO

9'500'000

Fraction
(%)

47
42

3.2
2.1

1.6
0.7
0.3
0.3
0.1

100

Collective
dose

3'000'000
70'000

2'000'000
40'000

l'200'000
500'000
250'000

40
50'000

7'100'000

Fraction
(%)
42.2

1.0
28.1

0.6
16.9
7.0
3.5
0.0
0.7

100
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Table 2 presents the distribution of the annual number of examinations and the collective dose
with the different categories of establishments. In terms of the annual number of
examinations, the dentists are on top position with 42% of the total, followed by the hospitals
with 31% and the general practitioners with 16%. The other categories contribute together for
11%. In terms of the collective dose, the hospitals alone contribute for about 73%. The general
practitioners contribute for almost 10% and the radiologists for almost 7%. The contribution
of the other categories all together is about 10%.

Table 2. Annual number of examinations and collective dose in mSv (rounded values) per
category of establishments

Category

General and internal medicine
Radiology
Small hospitals (< 500 beds)
Large hospitals (> 500 beds)
Dental medicine
Chiropractic
Others

Total

Annual
number

l'500'OOO

250'000

2'000'000
950'000

4'000'000
60'000

700'000
9'500'000

Fraction (%)

15.8
2.6

21.1
10.0
42.1

0.6
7.4

100

Collective
dose

670'000
480'000

3'300'000
1'900'000

70'000
140'000
580'000

7'100'000

Fraction (%)

9.4
6.7

46.2
26.6

1.0
2.0
8.1

100

The distribution of the collective dose with the age of the patient is given in figure 2. The
distribution peaks at age 65. If a correction for the age of the patient is performed according to
an appropriate risk model we obtain a reduced mean annual effective dose of about 0.6 mSv
per inhabitant.
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Figure 2 Distribution of the collective dose with the age of the patient

4. Conclusion

The present survey allowed the establishment of an accurate picture regarding the exposure of
the Swiss population by diagnostic radiology. Both the frequencies and the doses associated
with the different types of examinations were investigated. The results of the study will be
used to elaborate recommendations in order to reduce the patient doses involved in diagnostic
radiology.
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