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Abstract

In interventional radiology, there are two potential hazards to the patient. These are somatic risks and, for certain
procedures, deterministic injuries. The task of radiation protection in interventional radiology is to minimise
somatic risks and avoid deterministic injuries. Radiation protection tools and protocols must be developed to
achieve these two objectives. Reference doses have been proposed as a method of identifying high dose centres
and equipment. The role of reference doses in interventional radiology will be discussed. There are two
approaches to reference doses in interventional radiology. These are the measurement of patient entrance skin
dose or skin dose rate, or image intensifier input dose rate. Alternatively, dose area product or effective dose to
the patient may be monitored. These two main approaches have their advantages and disadvantages.

1. Introduction

The International Commission on Radiological Protection first introduced the concept of
reference doses in Publication 60 [1]. The use of reference doses has been expanded in Report
73 [2]. In paragraph 100 'the commission now recommends the use of diagnostic reference
levels for patients. These levels which are a form of investigation level apply to an easily
measured quantity, usually the absorbed dose in air or in a tissue equivalent material at the
surface of a simple standard phantom or representative patient'. ICRP introduced the concept
of reference doses as a means of identifying centres, equipment or procedures that consistently
exceeded the appropriate reference dose level. If these reference dose levels were exceeded,
then it was intended that there would be a local review of practice and procedures within the
centre and that optimisation studies would be concentrated on high dose equipment as a
consequence.

Reference levels were intended to apply to medical exposures and not to occupational or
public exposures and are therefore entirely different in nature from dose limits and dose
constraints. In practice, reference doses may be regarded as an optimisation tool for the
reduction of patient doses in radiology. It was intended by ICRP that the reference dose levels
would be selected by professional medical bodies and reviewed as they regarded reference
doses as an evolving concept that would continually drive down radiation dose levels to
patients.

2. Interventional radiology

Interventional radiology procedures almost invariably involve the use of fluoroscopy using
image intensification. There has been a number of reports of deterministic injuries occurring
in patients undergoing certain types of interventional radiology procedures that have long
fluoroscopy times. Thus, the purpose of applying reference doses in interventional radiology is
to minimise the risk of somatic effects and to avoid the occurrence of deterministic injuries for
certain types of procedure.
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Deterministic injuries in interventional radiology can occur as a result of a combination of
factors. The main contributing factor found in an analysis of previous incidences was found to
be the use of high dose rate equipment [3]. Another factor was the lack of training and
education of the practitioner performing interventional procedures. Moreover the type of
protocol used to perform an interventional procedure will have a dramatic influence on the
absorbed dose received by patients during that particular procedure.

As the potential for deterministic injuries in interventional radiology could be the result of
many different underlying reasons, it is necessary to develop a sophisticated approach to the
application of reference doses in interventional radiology procedures. For example, simplistic
approaches based upon the measurement of equipment based parameters such as image
intensifier input dose rate or entrance dose rate at the patients skin will serve to only identify
those centres where the equipment is either incorrectly set up and at the high dose end of the
spectrum of equipment used. This approach will not pick up deterministic injuries that occur
as a consequence of poor clinical protocols. The alternative approach of establishing reference
doses on the basis of patient dose measurements involving either dose area product or
effective dose has the advantage of being able to assess whether the clinical examination
protocol has contributed to the occurrence of deterministic injuries, but it is difficult to
establish whether this is alone the cause on the basis of a single measurement. This paper will
describe the two approaches to assessing reference doses in interventional radiology and
present a set of reference doses for both equipment related and patient related dose quantities.
Furthermore, the advantages and disadvantages of these approaches will be compared and
contrasted.

3. Approaches to establishing reference doses

The problem with the use of fluoroscopy equipment for interventional radiology is that the
procedures are almost invariably performed under a variety of forms of automated control. As
a consequence, the technique factors continually vary during the examination that makes the
calculation of patient doses extremely difficult for interventional radiology. Consequently, for
this type of examination it is common practice to measure either the dose area product or air-
kerma area product by using a large area ionisation chamber attached to the output port of the
x-ray tube. The ionisation chamber intercepts the entire radiation beam and the reading is a
combination of the area of the patient irradiated and the absorbed dose across the beam. The
quantity dose area product has the advantage of being independent of the plane of
measurement away from the source of the x-rays. It is possible to convert a dose area product
or air-kerma area product reading to the quantities energy imparted and effective dose. This
involves the simulation of the procedure and the measurement of radiation dose in a phantom
using thermoluminescent dosimeters. Alternatively, radiation transport calculations can be
made in mathematical models. Conversion factors are examination specific and depend, for
example, upon the area of the patient irradiated and the projection directions used.

Many international bodies and regulatory authorities have specified reference dose in terms of
the maximum entrance dose rate at the patient's surface during fluoroscopy. However, none of
the regulatory bodies have specified a measurement protocol to assess this quantity. In
addition, there is no established international consensus upon the reference value that should
be applied as may be deduced from Table I [4]. An alternative quantity, which can be used
and easily measured, as part of a quality control programme for fluoroscopy equipment is a
measurement of dose rate or air-kerma rate at the image intensifier, input surface. This
measurement is usually performed as part of a protocol for the assessment of image quality. A
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1 or 1.5 mm copper filter is placed at the x-ray tube housing and an ionisation chamber is
placed as close as possible to the input surface of the image intensifier. Measurements are
performed at typical technique factors selected by the automatic control system.

Table I. References Dose Rates Recommended by National and International Bodies

Organisation
IAEA
IAEA
UK
FDA
AAPM

Fluoroscopy Mode
Normal
High level
Any
Normal
Normal

Dose-rate (mGy/min)
25
100
100+

50
65

+should not exceed 50 mGy/min.

4. Results

Table II presents a series of reference doses for a number of interventional procedures [5].
These reference doses have been deduced from a large-scale patient dose survey in the North
of England performed in a number of x-ray departments in hospitals. The reference dose value
is taken to be the 75th percentile of the dose distribution.

Table II. Reference Values for Interventional Procedures. Size Corrected Dose-Area Product
(Gy.cm2)

Examination
ERCP
Angiogram
Venogram
Hysterosalpingogram
Angioplasty
T-tube cholangiogram

Reference Value
19.39
24.26
3.61
4.12
16.92
9.70

5. Discussion

Measurement of image intensifier input dose rate is relatively easily made. It will be
performed as part of a quality control programme for fluoroscopy equipment. It will identify
equipment which has been poorly set up or calibrated or where the performance of the image
intensifier has deteriorated over a period of time. It will not, however, be appropriate to use
this to assess all centres where deterministic injuries may occur, as the injuries could be the
result of use of inappropriate patient protocols.

An alternative approach, that of measuring the patient entrance surface dose rate which may
be performed using phantoms, has the advantage that it will measure a quantity from which it
is possible to deduce the maximum entrance dose from a knowledge of the total elapsed
fluoroscopy time. This requires centres to record examination details such as total fluoroscopy
time and number of acquired images. Its disadvantage is that it will overestimate maximum
skin entrance dose unless an examination specific reduction factor is applied to take into
account the fact that the irradiated area changes throughout interventional procedures. It will,
however, detect equipment that is poorly calibrated or set up but once again it's main failing
lies with the lack of its sensitivity to assessing problems with patient protocols.
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The assessment of dose area product or effective dose using a dose area product meter has the
advantage of producing a quantity that is closely related to the somatic risk of the procedure.
For this reason, it is recommended for use, as it will give an indication of those centres where
the somatic risks are going to be the greatest. Unfortunately, its relationship to maximum skin
entrance dose is somewhat tenuous. For example, examinations that have a high dose area
product will not necessarily result in a high risk of deterministic injuries to the patient because
the irradiated area may change during the examination. It is therefore recommended that a
combined approach to the application of reference doses in interventional radiology be
adopted. This would involve the measurement of phantom related dose quantities such as
image intensifier, input dose rate or maximum skin entrance dose rate at the surface of a
patient equivalent phantom, as well as the assessment of effective dose using dose-area for
procedures actually performed on patients.

One problem with the use of effective dose measured on patients could be the difficulty of
measuring the quantity on a group of patients whose size and build correspond to that of
reference man or woman. Interventional radiology is a type of procedure that is performed on
relatively sick patients who may not have the same size and composition as reference man. As
a result, it may be difficult to determine the reference dose for a group of patients whose size
corresponds to that of reference man. In these circumstances it is probably best to perform the
series of measurements on all patients who attend the clinic for a specific interventional
procedure and apply a height and weight conversion factor to allow for any deviation in size
and composition from that of reference man [6]. This technique was first proposed by
Linskoug [6] and has been further developed by Chappie et al [7]. It enables reference doses
to be obtained from large-scale patient dose surveys by correcting each individual dose
quantity into that which it would have been if the individual corresponded to the size and
composition of reference man. Thus, there will be a greater statistical certainty are put on the
dose quantity derived in this manner.
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