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Abstract

The latest initiative of the National Patient Dose Evaluation Program was an overall evaluation of patient doses
for computed tomography. The aim of the survey was to collect data from which the patient doses of the CT
examination of different body parts can be estimated and the most important technical parameters affecting on the
patient exposures can be evaluated. The 54 CT scanners in clinical use in Hungary can be categorized into 31
different models from 8 manufacturers. Per caput frequency for CT is about 62.3 examinations per 1000
inhabitants. 59% of all examinations are connected to the head imaging. The highest mean effective dose arising
from the chest and pelvis examinations, 6.98 mSv and 6.64 mSv, respectively. The yearly collective effective
dose has been estimated at about 1700 manSv. This total dose is as much as the figure of 1785 manSv previously
assessed for photofluorography applied in mass chest screening in Hungary.

1. Introduction

The results of surveys from the most developed countries show that the frequency of CT
examinations and consequently the collective dose are increasing steadily, constituting a
significant part of the collective dose of the population arising from the medical applications
of ionizing radiation [1-3].

Diagnostic importance of CT examinations is outstanding, so the increase of examination
frequency is justified. According to the International Commission on Radiological Protection
(ICRP) dose limits should not be applied for medical exposures either diagnostic or therapy,
because patients have direct benefit from the exposure. However according to the basic
principles of radiation protection the medical diagnostic procedures should be optimized and
unjustified exposures should be minimized [4,5].

Since the beginning of the eighties computed tomography (CT) plays a significant role in
medical diagnostics in Hungary too. According to the records there are 54 CT scanners in
clinical use in Hungary which can be categorized into 31 different models from 8
manufacturers.

2. Methods

In the two stages of the survey program scanner specific dosimetric data and examination
specific data were collected. Free-in-air and phantom doses were measured by a special
pencil-shaped ionization chamber coupled to the electrometer (type 1015 10.3CT, Radcal
Corp., California, USA). The phantom measurements were made in PMMA head and body
phantoms - 16 cm and 32 cm diameter, respectively - at the center of the phantom and at 10
mm beneath the surface. In addition to the phantom measurements, free-in-air measurements
in the rotation center were made.

According to the minimum survey program, the dose measurements were made on the two
most frequently used tube voltages, at the minimal, the maximal and 2 mm slice thickness. At
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workplaces where we had more time this dose collection program were extended to additional
slice thickness.

The clinical performance was investigated by monitoring all CT examinations during one
week, comprising all relevant technical and clinical data. The collected data were partly
patient related: sex, year of birth, body height and weight of the patient, diagnostic purpose of
the examination, body region examined and use of contrast agent. The exposure related data
were as follows: scan mode (axial or spiral), gantry tilt angle, tube voltage and loading, slice
thickness, table movement increment or pitch factor, number of scans and the start position of
the scans.

From the measured dosimetric data the Computed Tomography Dose Indexes, nCTDIajr and
the nCTDIw,body were calculated on each relevant tube voltage and slice thickness.

The CTDI for each patient examination was calculated from the relevant value of nCTDIw,t,Ody
data multiplied it by the tube loading C used in the patient examination. The CTDI gives the
average dose per slice to the patient. The dose-length product (DLP) was calculated from the
CTDI multiplied it by the slice thickness and the number of slices [6,7].

The effective dose of patient exposure was calculated applying the normalized values of
effective dose per dose-length product over various body regions.

3. Results

Typical patient attendance for individual scanners varied in a wide range with a mean for the
sample of around 110 patients per week. These data indicate an annual total of 623000 CT
examinations in 1999 from the 54 scanners in operation, involving 303000 patient attendance.
It is an important fact that in our survey a CT examination means a sequence of scans with
identical technical parameters of tube voltage, tube loading, slice thickness, etc. The
corresponding per caput frequency for CT is about 62.3 examinations per 1000 inhabitants.

Frequency data for different types of examination shows that 59% of all examinations are
connected to the head imaging (see Figure 1.). The next most important region of the body in
terms of examination frequency is the abdomen, which represents 23% of all examinations,
with smaller contributions from the chest (12%), and pelvis (4%).

Representative information on the age and sex of patients undergoing CT has been obtained
from a sample of 2052 patient records. The shapes of general distribution for patients
undergoing CT indicate a bias towards relatively elderly persons compared with the general
population. The average age of CT patients and the general population of Hungary is 54 and
39 years, respectively. The percentages of CT patients aged over 43 years and over 64 years
are 75% and 25%, respectively. The significant number of older CT patients has important
implications for the expression of delayed radiation effects. The 49% of CT patients were
male and 51% of them were female.
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Figure 1. Contribution to CT practice by examination type

Effective dose from CT by examination type can be seen in Figure 2. The highest mean
effective dose arising from the chest and pelvis examinations was and 6.64 mSv and 6.98 mSv
respectively. There is no significant difference between these figures. The CT examinations of
the abdominal region cause about 3.7 mSv mean effective dose. The CT examinations of the
head performed with the highest frequency account for only 0,83 mSv mean effective dose.
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Figure 2. Effective dose from CT by examination type

A relatively wide variation can be observed in mean effective doses for examinations between
workplaces, which can be explained by the variations in inherent parameters of scanners, the
technical parameters and the frequency distribution of different type of examinations.

The collective effective dose from the 54 scanners operating in Hungary in 1999 has been
estimated at about 1700 man Sv. This total dose is as much as the figure of 1785 man Sv
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previously assessed for photofluorography applied in mass chest screening in Hungary [8].
The consequent average effective dose per CT examination of about 2.5 mSv was estimated
(see Figure 2). Consequently, each scanner gives rise to a collective dose of about 32 man Sv
a year.

Contributions to the collective effective dose from CT by examination type can be seen in
Figure 1. Whereas examinations of the head represent nearly 60% of all CT examinations,
they account for only 20% of the collective dose, which is dominated by examinations of the
abdomen and the chest.
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