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Abstract

Our inventory studies on radiation dose to patients in Dutch hospitals are reviewed and compared with current
European guidelines on patient dose and reference dose values of the NRPB. Between the years 1993 and 2000
doses were measured and effective dose was assessed at 14 hospitals for paediatric radiography, at 18 hospitals
for PA chest radiography, at 10 respectively 9 hospitals for barium meal and barium enema examinations and at
18 hospitals for CT scans of the brain, chest (including high resolution CT of the chest), abdomen and lumbar
spine in The Netherlands.
Effective doses varied from 1 uSv (AP chest radiograph premature) to 26 mSv (CT abdomen scan). Doses were
in general well below the reference dose values, with the exception of CT where the dose length product often
exceeded reference levels. Interhospital variations were considerable, the largest range was observed for PA chest
examinations, i.e. a ratio of 27 between maximum and minimum effective dose.

1. Introduction

It is recommended that periodic dose measurements are performed to evaluate the
optimisation of patient dose, as well as to test compliance with guidelines and regulations.
Quality control, including patient dosimetry, has even become a legal requirement under the
new European legislation [1]. This paper is a review of dose assessment studies in several
hospitals in the Netherlands concerning paediatric radiography, chest radiography, barium
meal and barium enema examinations and CT scans. For all examinations the operational
dosimetric quantities as well as the effective dose are presented. The following operational
quantities have been measured: the entrance skin dose (including backscatter) for paediatric
radiographs, the entrance air kerma free-in-air for PA chest radiographs of adults, the dose
area product for barium contrast examinations and the weighted CTDI for computed
tomography. For adult chest X-rays, multiplication of the measured air kerma free-in-air with
backscatter factors resulted in entrance skin doses (including backscatter). For computed
tomography, the weighted CTDI and dose-length product were derived.

2. Dose surveys

Paediatric radiography

Special attention for patient dose in paediatric radiology is indicated since it is generally
assumed that children are a factor 2 to 3 more sensitive to radiation than adults. The entrance
dose and effective dose for 6 frequently applied projections in paediatric radiology, i.e. pelvis,
abdomen and chest radiographs in infants and for children aged 5 years were established at 14
hospitals [2]. PMMA phantoms of different thicknesses were used to simulate the attenuation
of the infants and the 5-year-old children. Entrance skin dose was measured on these
phantoms with an ionisation chamber. Effective doses (E) were calculated using the NRPB
effective dose conversion factors for paediatric X-ray examinations [3]. The dosimetric
findings of the paediatric X-ray projections (Table I) can be compared to the European
Commission (EC) guidelines [4]. Effective dose ranged from 1 to 70 uSv per radiograph. The
highest values were found for radiographs of the abdomen of 5 year old children. Entrance
skin dose varied between 6 and 417 uGy. Not a single hospital exceeded the entrance skin
dose values as recommended in the EC guidelines. However, the interhospital variation was
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large and due to large differences in applied tube voltage, additional filtration and film-screen
combination speed class. In half of the hospitals tube voltages were outside the range
suggested in the EC guidelines. Low tube voltage, lack of copper filtration, low speed class
film-screen combination and high ratio anti-scatter grids lead to relatively high effective
doses.

Table I. Effective dose, entrance skin dose and EC reference dose values for paediatric
radiography (AP projections except for (PA) chest radiographs of 5 year old children). Doses are
presented as mean values, minimum and maximum values appear between brackets.

Region

Pelvis
Abdomen
Chest

Effective

Infant*

9
10
5

[5-14]
[3-21]
[1-15]

dose' ("Sv)

5 year old child

26
43

7

[8-55]
[20-70]
[2-14]

48
37
28

Entrance skin dose

Infant*

[23-83]
[10-75]
[6-66]

EC

200
1000

80

5 year

202
239

41

(nGy)

old child

[53-417]
[116-391]
[14-90]

EC

900
1000

100

EC = dosimetric guidelines of the European Commission
* for pelvis projection the patient age is 5 months, chest and abdomen projections apply to premature children.

PA chest radiography

Chest radiography yields relatively low doses to the adult patient but is the most frequently
performed X-ray examination. At 18 hospitals, air kerma free-in-air was measured with an
ionisation chamber whilst simulating the exposure during routine PA chest X-ray radiographs
at each of these hospitals with a LucAl chest phantom [5]. Tube voltage, filtration and film-
screen combination were noted. Effective dose was subsequently calculated using conversion
factors from Schultz et al [6]. These conversion factors were derived by means of Monte
Carlo calculations for the computational phantoms Adam and Eva representing standard male
and female patients. Entrance skin dose for patients was assessed from air kerma free-in-air
using backscatter factors published by Petoussi-Henss et al [8]. Mean effective dose and
entrance skin dose are shown in Table II, as well as the recommended values from the EC
guidelines [7]. Only one hospital did not comply with the EC guidelines for patient dose due
to a low (i.e. 100) speed class film-screen combination. The interhospital variation in effective
dose of a factor 34 is, compared to the other examinations, the largest observed during the
Dutch field surveys.

Table II. Effective dose, entrance skin dose and EC reference dose values for PA chest
radiography in adult patients. Doses are presented as mean values, minimum and maximum
values appear between brackets.

Region Effective dose (u.Sv) Entrance skin dose (|*Gy) EC Entrance skin dose (|J.Gy)

PA chest 22 [5-137] 107 [30-390] 300

3. Gastrointestinal examinations

Barium meal examinations for exploration of the upper gastrointestinal tract and barium
enema for assessment of the colon lead to a relatively high radiation burden and they are
estimated to contribute about 13% to the collective dose due to diagnostic radiology. Barium
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meal examinations include visualisation of the oesophagus, stomach and duodenal bulb. In
both barium meal and barium enema examinations a large number of different projections is
used during fluoroscopy and radiography. For assessment of the dose area product (DAP)
during 2323 procedures (590 barium meal, 1733 barium enema) flat ionisation chambers were
installed in 10 hospitals [9,10]. Furthermore, parameters such as tube voltage, focus skin
distance, projection angle, field size and filtration were registered. Effective dose was
calculated from the measured DAP values by multiplication with effective-dose-conversion
factors [11]. Three hospitals had higher DAP values for barium meal examinations than
recommended, but all hospitals complied with NRPB guidelines for barium enema
examination (Table III). Differences between hospitals were due to e.g. differences in
fluoroscopy times (meal: 1.7-7.0 minutes, enema 2.8-8.8), the number of exposures (meal: 9-
28, enema: 7-27), the tube voltage (meal: 72-117 kV, enema: 72-126), the application of
copper filtration, the entrance image intensifier dose rates (meal: 0.16-1.27 u.Gy/s, enema:
0.19-1.30), different protocols as well as over- or undertable tube position.

Table III. Dose area product (DAP), effective dose (E) and NRPB reference values [12] for
gastrointestinal radiology. Doses are presented as mean values, minimum and maximum values
appear between brackets.

Examination Region DAP (Gy.cm2) NRPB DAP (Gy.cm2) E (mSv) NRPBE(mSv)

Barium meal Upper GI 21 [7-56] 25 7 [3-19] 3
Barium enema Colon 29 [18-53] 60 5 [3-8] 7

The NRPB effective dose is a typical value from a recent dose review [13]

4. Computed tomography

Computed tomography (CT) has become a frequently used X-ray examination for
visualisation of transsections in different parts of the body. It is also a technique that is
associated with a relatively high radiation dose to the patient, the contribution of CT to the
collective dose due diagnostic radiology is estimated to be in the range of 40 to 50%. Different
scan protocols at various hospitals can cause large variations in patient dose. An effective
method for CT dosimetry is assessment of the weighted computed tomography dose index
(CTDIW) which reflects the average absorbed dose within a single slice. Multiplication of the
weighted CTDI with the product of slice thickness and number of slices yielded the dose-
length product. This quantity is indicative for the exposure of the entire CT examination.
CTDIW was assessed at 18 hospitals for different scan parameters. Scan parameters such as
tube voltage and current, thickness and spacing of slides, patient variables and use of contrast
were collected for about 3000 clinical CT examinations. Patient effective dose was assessed
for these examinations using effective dose conversion factors published by Jones and
Shrimpton [14] and by Jansen et al [15]. Five CT examinations were considered: brain, chest,
abdomen, lumbar spine and HRCT (high resolution computed tomography) chest [16]. A
summary of the results is shown in Table IV. Dose values are compared to values
recommended by the European Commission [17] and the NRPB [12]. CT examinations of the
chest and abdomen gave the highest effective dose. Interhospital variations in the number of
slices, slice thickness, and tube current contribute most to the large ranges in patient dose.
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Table IV. CTDIW, dose length product and EC reference values, effective dose and typical values
for effective dose from the NRPB. Doses are presented as mean values, minimum and maximum
values appear between brackets.

Region CTDIW

(mGy)

Brain 71 [23-159]
Chest 22 [10-38]
Abdomen 27 [10-50]
Lumbar spine
HRCT chest

EC CTDIW

(mGy)

60
30
35
n.a.
35

DLP
(mGy. cm)

702 [315-1537]
593 [269-1168]
950 [396-1551]

EC DLP
(mGy.cm)

1050
650
780
570
280

E
(mSv)

3 [1-5]
10 [4-19]
17 [7-26]
5 [2-12]
2 [1-7]

NRPBE
(mSv)

2
8

10
10*

n.a.= not available, CT pelvis

4. Conclusion

Patient dosimetry is often applied as an instrument for optimisation of radiological techniques.
Interhospital, interregional and international comparisons provide insight in the radiation
exposure of patients. Comparison of the survey results with European guidelines shows that
the entrance skin doses for paediatric and adult radiographs are well below the European
reference values, with only one exception, i.e. at one hospital the measured entrance skin dose
was slightly higher than the reference value. The considerable variations between hospitals
suggest that there is still an opportunity for further optimisation of radiographic techniques.
Reference dose levels in The Netherlands could be more restrictive than the European values.
There are no European criteria for patient dose of barium contrast examinations. Comparison
with reference values of dose-area-product published by NRPB showed that in The
Netherlands the mean barium meal values are high and the mean barium enema values are
below the reference values. For computed tomography, all reference doses were exceeded at
one or more hospitals. For a CT abdomen examination even 13 out of 18 hospitals exceeded
the dose-length-product reference value.

Assessment of image quality has hardly ever been realised satisfactory in dosimetric field
studies. Current guidelines and reference values on patient dose are generally derived from a
percentile (often the 75-percentile) of the observed distribution. Future reference doses should
be related to the radiographic technique that yields a good diagnostic sensitivity at a dose that
is 'as low as reasonably achievable'.
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