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1. Abstract

Computed tomography is firmly established as a major source of population exposure from diagnostic x-ray
examinations and thus a particular focus for radiological protection initiatives. The concept of reference doses is
widely recognised as a useful and practical tool for promoting improvements in the optimisation of protection for
patients undergoing radiological examinations. National diagnostic reference levels (DRLs) have already been
successfully applied in the UK for some conventional x-ray examinations within a framework for advice on
patient protection. This approach is being extended to include CT, utilising the robust methodology for reference
dosimetry that has been developed by the European Commission (EC) for the particular conditions of exposure in
CT. This is based on the dosimetric concepts of weighted computed tomography dose index (CTDIW) per slice in
serial scanning or per rotation in helical scanning, and dose-length product (DLP) per complete examination.
Notwithstanding some initial values proposed by the EC, specific national DRLs for CT practice in the UK will
be established on the basis of widescale national survey data.

1. Introduction

Computed tomography is firmly established as an important tool in diagnostic radiology that
provides high quality cross-sectional x-ray images of the body, although the doses to patients
are relatively large. Increasing application of this modality has made a substantial impact on
both patient care and also population exposure. In developed countries, CT procedures
typically represent about 6% of the total number of all medical x-ray examinations, yet
provide about 41% of the resultant collective effective dose [1]. Surveys of clinical practice
have also demonstrated wide variations in patient dose for a given type of procedure and
potential scope for improvement in the optimisation of protection for patients undergoing CT
[2]-

Whereas it is inappropriate to impose strict limits on the doses received by patients for
medical purposes, the concept of reference doses is recognised increasingly as a useful and
practical way of promoting the fundamental requirement for optimisation of patient
protection, whereby doses are always as low as reasonably practicable in order to meet
specific clinical objectives [3, 4]. In essence, reference dosimetry seeks to characterise clinical
practice in terms of reference dose quantities that allow simple, yet meaningful comparisons
of technique for a given type of procedure. Such dose measurements are intended to facilitate,
where needed, improvements in patient protection during the regular process of critical review
of equipment and techniques. In particular, diagnostic reference levels can be set for different
types of examination on the basis of wide-scale survey data to help identify potentially
inadequate performance [5]. This approach has proved effective for reducing unnecessary
exposures from conventional x-ray examinations in the UK [6]. A robust methodology for the
specific reference dosimetry necessary for CT has already been developed by the European
Commission as an integral part of quality criteria for such examinations [7].

2. Reference dose quantities

The principal dosimetric quantity used in CT is the computed tomography dose index (CTDI).
This is defined as the integral along a line parallel to the axis of rotation (z) of the dose profile
(D(z)) for a single rotation and a fixed table position, divided by the nominal thickness of the
x-ray beam. CTDI can be conveniently assessed using a pencil ionisation chamber with an
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active length of 100 mm, so as to provide a measurement of CTDIioo, expressed in terms of
absorbed dose to air [8]:

+501 +50

CTDIm = — \D{z)dz (mGy) (1)

where n is the number of tomographic sections, each of nominal thickness T, from a single
rotation.

Reference dosimetry for CT is based on such measurements made within standard CT
dosimetry phantoms; these presently comprise homogeneous cylinders of
polymethylmethacrylate (PMMA), with diameters of 16 cm (head) and 32 cm (body),
although phantoms of water-equivalent plastic and with elliptical cross-sections are under
development. The combination of measurements made at the centre (c) and 10 mm below the
surface (p) of a phantom leads to the following two reference dose quantities [7]:

(a) Weighted CTDI in the standard head or body phantom for a single rotation
corresponding to the exposure settings used in clinical practice

CTDIW = l-CTDImc + |cTD/1 0 0 i P (mGy) (2)

where CTDIioo,P represents an average of measurements at four different locations around the
periphery of the phantom.

(b) Dose-length product for a complete examination

DLP = £nCTDIw *T*N*C (mGy cm) (3)

where i is the number of scan sequences in the examination, each with N rotations of
collimation T cm and exposure C mAs; nCTDIw is the normalised weighted CTDI (mGy mA"
V1) appropriate for the applied potential and nominal beam collimation (number and width of
slices per rotation).

These quantities can be applied to serial or spiral scanning, for both single- or multi-slice
geometry scanners. The dose quantities relate to measurements in the standard head or body
dosimetry phantoms, as appropriate to the type of examination, for the exposure conditions
used in clinical practice. The concept was initially developed in relation to examinations on
adult patients [7], although it has subsequently been extended for application to paediatric CT
[9]. Monitoring of CTDIW per rotation takes account of the exposure settings selected, such as
tube current and tube voltage. Monitoring of DLP for a complete examination takes account
also of the volume of irradiation, as determined, for example, by the number of slices in serial
scanning or the acquisition time in spiral scanning, and the number of such scan sequences
conducted during the examination. Such dose data provide useful indications of relative
patient exposure for a given type of procedure. Values of DLP may also be used to derive
broad estimates of effective dose for CT procedures using region-specific coefficients [7, 9].
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3. Diagnostic reference levels

Initial diagnostic reference levels have been published for some common procedures on the
basis of surveys of practice for adult [7] and paediatric [9] patients at selected hospitals in
seven European countries; these values are shown in Tables I and II.

Table 1. Initial European reference dose values for CT examinations on adult patients [7]

Examination

Routine heada

Face and sinusesa

Vertebral traumab

Routine chestb

HRCToflungb

Routine abdomenb

Liver and spleenb

Routine pelvis'3

Osseous pelvisb

Diagnostic reference level
CTDIW (mGy)
60
35
70
30
35
35
35
35
25

DLP (mGy cm)
1050
360
460
650
280
780
900
570
520

aData relate to head dosimetry phantom (PMMA, 16 cm diameter).
bData relate to body dosimetry phantom (PMMA, 32 cm diameter).

Table II. Initial European reference dose values for CT examinations on paediatric patients [9]

Examination

Brain

Chest (general)0

Chest (HRCT)

Upper abdomen0

Lower abdomen &
pelvis0

Patient age
(years)

<1
5

10

<1
5

10

<1
5

10

<1
5

10

<1
5

10

CTDIW per slice or rotation11

(mGy)

40
60
70

20
30
30

30
40
50

20
25
30

20
25
30

DLP per examination8

(mGy cm)

300b

600b

750b

200
400
600

50
75

100

330
360
800

170
250
500

aData relate to 16 cm diameter PMMA dosimetry phantom.
bDLP values for brain refer to single phase examination (with or without contrast).
Examination mainly conducted using spiral scanning.

Such investigation levels are for comparison locally with the mean values of dose descriptors
assessed in a CT facility during examinations on representative groups of patients and should
not be applied on an individual patient basis.
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Specific national DRLs for CT practice in the UK will be established on the basis of
widescale national survey data. The present National Patient Dose Database that is used for
setting and reviewing national DRLs for conventional x-ray examinations [6] will be extended
to include CT.
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