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Abstract

In the frame of Nordic radiation protection co-operation quality criteria for computed tomography (CT) as
published by the European Commission were used for the evaluation of selected CT laboratories in each of the
Nordic countries. The mean values for all five countries of the weighted CT dose index (CTDIW) and dose length

product (DLP) were 60 mGy and 740 mGycm for CT of the brain, 11 mGy and 420 mGycm for CT of the

chest, and 40 mGy and 420 mGycm for CT of the lumbar spine, respectively. A comparison with the reference
levels set in the above mentioned publication gives a diversified result: compliance for the DLP-values is
generally achieved with good margins whereas the CTDIw-values were frequently larger for brain and lumbar
spine examinations. The radiographic technique was generally also within the recommendations from the EC.
Generally most of the image quality criteria were fulfilled, but it must be born in mind that the study was biased
in the way that two local radiologists in consensus evaluated their own images. Image material from only three
patients was selected for each of the clinical indications, that means the project was not designed for ranking
laboratories, but it is a way of making the departments aware of the need for optimisation regarding image quality
and patient dose, and also on the problems associated with this task. During the study suggestions were brought
forward concerning amendments of the quality criteria: some need a better definition, some are not relevant for
the diagnostic task in question, some could be added. Instead of "yes" and "no" a range of maybe 5 levels of
visualisation should be introduced in order to better characterize the level of diagnostic performance.

1. Introduction

The radiological community has for long been aware of the increasing contribution from
computed tomography (CT) to the collective effective dose. The reduction of exposures by
optimisation of CT procedures is therefore of principal concern in radiological protection. The
concept of "diagnostic reference levels" was promoted by the International Committee on
Radiological Protection (ICRP) in 1996 [1], and adopted in the Medical Exposure Directive
[2] by the European Commission, which also recently provided a set of image quality criteria
for various CT procedures [3]. The radiation protection authorities in the five Nordic countries
have for long been co-operating on surveys of patient doses in diagnostic radiology [4, 5], and
also on legislation and inspection strategies. Within the frame of Nordic radiation protection
co-operation a pilot project was initiated. The goal was to try whether the EC quality criteria
for CT can be used as an inspection tool, and as a way of getting in touch with the local
clinical practice.

2. Materials and methods

Data from five hospitals in each of the Nordic countries were collected. The image quality
was evaluated according to the EC quality criteria for three examination types, with suggested
specific clinical indications (to ensure that the patient group is homogenous): (a) Brain,
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general (differential diagnosis of haemorrhage versus thrombosis/emboli) (b) Chest, general
(suspected lung metastasis), and (c) CT of Lumbar Spine, discal herniation (sciatica/disc
diagnosis, uncertain which root affected). Each of the hospitals was asked to select three
representative patients for each indication (9 patients in total), to perform the examinations
according to normal practice, and to present the images from the examinations on film. Staff
from the radiation protection authority met at the hospital with two experienced CT
radiologists and one CT radiographer (and a hospital physicist if present). The two local
radiologists were evaluating the images in consensus, following the schemes in EUR
16262EN Appendix II [3]. The various criteria for visualisation and critical reproduction of
anatomical details in the images should be answered with either "yes" or "no". If a criterion
could not be evaluated it was marked by "NA" in the "yes" box. The radiographic technique
for each of the patients was recorded with assistance of the CT radiographer (EUR 16262EN
Appendix I). The CTDIW , corrected for the pitch, and the DLP values were calculated from
the exposure parameters using the nominal CTDI values for the respective scanners, using
information from http://www.sghphy.demon.co.uk/index.htm (Impact, St. Georges' Hospital,
London). If CTDIW and DLP values were provided on the CT monitor, compliance was
checked by comparison with the calculated values. From EUR 16262EN Table 2 (page 67) the
effective dose from the examination was assessed. In Norway the conversion factors provided
by the National Radiological Protection Board (NRPB) in UK [6] were used additionally. The
software called CTDOSE (Heron Le JC, National Radiation Laboratory, Christchurch, New
Zealand), and the scanner matching data from the Impact group, were then used to calculate
the effective dose and some organ doses (lenses, gonads).

3. Results

There were totally twenty-five laboratories included in the survey. The distribution of CT
scanners is given in Table I. All except two were helical scanners, illustrating the development
of technology during the past decade [7, 8].

Table I. The manufacturers of CT scanners in the survey

Manufacturer

Elscint, Picker
General Electric

Picker
Toshiba
Philips

Siemens
Hitachi

Number of various CT
scanner models

1
7

4
3
6
1

Image criteria
The fulfilment of the EC quality criteria is shown in Table II, as the percentage of "yes"
answers (that means the rest is the sum "No" or "NA" answers). The criteria for visualisation
and critical reproduction of anatomical details are presented separately. In brain examinations,
the percentage of "NA" answers approached 35 %, while the corresponding figure for lumbar
spine examinations was 57 %. In both cases this was due to criteria connected to contrast
administration, but the clinical indication did not require use of contrast. That means the
number of not fulfilled criteria was actually rather small.
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Table II. Total percentage fulfilled of the entire EC image quality criteria in each of the
Nordic countries for CT examinations of brain, chest and lumbar spine

Brain

Chest

LS

Visualisation
Critical rep.
Visualisation
Critical rep.
Visualisation
Critical rep.

# Criteria
4
6
5
10
3
8

Denmark
75%
89%
91 %
95%
40%
85%

Finland
85%
93%
98%
97%
53%
87%

Iceland
60%
86%
88%
93%
33%
82%

Norway
47%
63%
98%
90%
43%
76%

Sweden
82%
73%
95%
87%
33%
53%

Radiation dose to the patient
The mean values for each country of weighted CT dose index, dose length product and
effective dose for all examinations of the brain, chest and lumbar spine are given in Table III,
IV and V respectively. The number of examinations included in each country is given in
parenthesis (the number of patients multiplied with the number of hospitals). The mean values
for all five countries are also given in each table to be compared with the EC reference values.

Table III. Dose figures CT of the brain

CTDIW (mGy)
DLP(mGy-cm)
E (mSv)

Denmark
(15)

53
600
1.4

Finland
(12)

60
740
1.7

Iceland
(12)

64
700
1.6

Norway
(18)

56
640
1.5

Sweden
(15)

67
1030
2.4

Mean
value

60
740
1.7

EC
reference

value
60

1050
—

Table IV. Dose figures CT of the chest

CTDIW (mGy)
DLP(mGy-cm)
E (mSv)

Denmark
(15)

10.6
420
7.2

Finland
(12)

10.6
530
9.0

Iceland
(12)

11.7
440
7.5

Norway
(17)

10.5
350
6.0

Sweden
(15)

10.9
350
6.0

Mean
value

10.8
420
7.1

EC
reference

value
30
650
-

Table V. Dose figures CT of the lumbar spine

CTDIW (mGy)
DLP(mGy-cm)
E (mSv)

Denmark
(15)

40
430
8.2

Finland
(12)

40
460
8.6

Iceland
(12)

45
450
8.6

Norway
(18)

32
250
4.8

Sweden
(12)

40
500
9.5

Mean
value

40
420
7.9

EC*
reference

value
35
800
-

* no specific values provided, the values are for routine abdomen

The effective dose calculated from the DLP values compared with the effective dose based on
the NRPB method was within 2% for the brain, 15% lower for the chest, and 22% higher for
the LS columna. For brain examinations in Norway the lens doses ranged from 4.8-56.3 mGy
depending on whether the lenses were included in the primary scan volume or not. The uterus
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doses ranged from 4.5-10.9 mGy for lumbar spine examinations, while the uterus dose for
chest examinations generally were below 0.1 mGy.

Imaging technique
The radiographic technique was generally in accordance with the European guidelines [3].
However, it was some variance in window width and window level settings, and some
laboratories used pitch higher than one for the brain examinations. Most brain and lumbar
spine examinations were done using axial scan technique, while helical technique with pitch
around 1.5 was used for chest examinations.

For the chest examinations it varied between the laboratories whether the upper abdomen was
included or not. It also varied whether a separate series was done before the contrast
administration or not. The total scan length calculated as the sum of the scan lengths for all
series therefore ranged from 160-780 mm, with a mean of 370 mm.

4. Discussion and conclusion

The dose results
CTDIW as defined in the EC guidelines is not corrected for the pitch. The lower CTDIW values
for chest examinations in the Nordic countries compared to the reference value is partly
explained by this fact. Otherwise, the mean CTDIW values from this survey are equal to or
higher than the EC reference values. The DLP values were considerably lower than the EC
reference values, probably because of shorter total scan lengths, for example, the higher DLP
value in the Swedish brain examinations is explained by procedures including both series with
and without contrast. The effective doses in the present survey are in the same range as
previously published Nordic results [8, 9].

The image evaluation
The noise, spatial resolution and diagnostic acceptability were generally valued as good.
A low percentage "yes" in the image evaluation schemes did not necessarily indicate poor
quality. Patient age and pathology was certainly also an explanation for both "NA" and
"no" answers, in addition to the various use of pre-contrast series.

• The image evaluation was film based, while now it is more common to use a workstation
for diagnostics. This may have affected the choice of window settings, and the selection of
images recorded on film, which in some respect differed from the EC recommendations.

The inspection strategy
This Nordic pilot project shows that the EC quality criteria can be used as a collaborative
inspection tool. The main benefit from the method was to get in touch with the hospitals and
introduce the EC quality criteria to the local staff. This may have encouraged discussion about
local techniques, image quality and optimisation of the CT procedures. However, the
radiologists work within their own reference frames. That introduces a bias, and the survey
design is not suitable for ranking. For that purpose it would be better using an independent
panel of radiologist evaluating the images, and a grading system for image evaluation.
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