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Abstract

This paper describes how the requirement for operating protocols for standard radiological practice was
expanded to provide a comprehensive aide to the operator conducting a medical exposure. The protocols adopted
now include justification criteria, patient preparation, radiographic technique, standard exposure charts,
diagnostic reference levels and image quality criteria. In total, the protocols have been welcomed as a tool for
ensuring that medical exposures are properly optimised.

1. Introduction

Great Ormond Street is a specialist children's hospital in the centre of London. The patients,
both inpatient and outpatient, attend from a wide area which includes the whole of the United
Kingdom and overseas. Almost 7% of patients come from abroad. The services that are
provided by the hospital fall into five broad categories: Medical/Urology, Cardiorespiratory
and Critical Care, Host Defence, Surgery, and Neurosciences. Between 40% and 50% of the
children treated within the hospital are under the age of 2 years. There is a continuing trend to
provide increasingly specialist and complex forms of care.

In order to support the work of the hospital the Radiology Department has found itself at the
cutting edge of paediatric radiological practice. The department has a team of radiologists,
radiographers and nurses working in a dedicated child-friendly environment. Many of the
radiological examinations are performed on patients from one of the Intensive Care Units of
which there are five. These examinations include complex interventional procedures such as
bronchial stent insertions.

The total annual workload for 1999/2000 was 50,000 + examinations of which 28,000+ were
general radiography. The department consists of 2 general x-ray rooms, 1 CT scanner, 2 MRI
suites, 1 fluoroscopy unit, 3 angiography suites, 3 nuclear medicine cameras, surface
topography, 1 bone densitometer, 1 orthopantomograph(OPT) and 4+ ultrasound machines.
Much of the general x-ray work is mobile and is undertaken on one of the large intensive care
units. There are also 2 mobile image intensifier which are used for per-operative procedures.
The department, with the exception of the OPT, is completely digital and a PACS system is to
be installed during 2001. There are 30+ whole time equivalent radiographers.

The European Directive 97/43/Euratom [1] stated aim is "laying down measures for the health
protection of individuals against the dangers of radiation". During 1999/2000 standard
operating protocols were developed within the Radiology Department at Great Ormond Street
Hospital in response to the Ionising Radiation (Medical Exposure) Regulations 2000
(IR(ME)R) [2], the UK implementation of the Directive. The regulations place responsibilities
upon employers and employees with regard to the radiation protection of patients, with
particular reference to special practices such as the medical exposure of children. Included in
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the regulations is the requirement for standard operating protocols for all examinations using
ionising radiation. This has been implemented in all sections of the Radiology Department.

2. Method

Developing new protocols at Great Ormond Street Hospital presented an opportunity to
review current practices and improve clinical systems and procedures, thereby enhancing the
quality of care to patients. This is in line with the requirements for Clinical Governance,
which was introduced to ensure that all National Health Service (NHS) organisations have in
place proper processes for continuously monitoring and improving quality. One of the key
points of Clinical Governance is that all clinicians must understand their individual and
collective responsibilities for assuring accountability for the quality of patient care.

All sections of the department had some established protocols but these were disjointed and in
many different formats. Most included only basic procedures and detailed the required 'views'
that were needed for specific examinations. None incorporated diagnostic reference levels or
referral guidelines. The general protocols did attempt to set down quality criteria taken from
the European Guidelines on Quality Criteria for Diagnostic Radiographic Images in
Paediatrics [3], but this was only for basic examinations such as chest, abdomen, skull and
spine. It was decided that a department-wide format had to be adopted for new protocols. This
would simplify the use of the protocols for radiographers as many worked in most sections of
the department.

The new protocols were to represent a handbook for each examination room in the
department. Contained in the protocol files were details of everything required for each
radiological exposure that might take place in that room. This included referral guidelines,
patient preparation, radiographic technique, exposure factors, diagnostic reference levels,
image quality criteria, additional projections and common pathologies. In each section of the
department a radiographer was nominated to co-ordinate writing protocols for that section.
Most radiographers were involved to some degree in the production of the latest versions of
the Great Ormond Street protocols.

The final versions of the protocols were specific to:

• General radiography
• Mobile and theatre radiography
• CT
• Nuclear Medicine (1 for each camera)
• Cardiac and Neuro angiography
• Interventional procedures
• Fluoroscopy
• Bone densitometry
• Dental and maxillo-facial radiography

Identical formats were used throughout. Each had a section preceding the main body of the
protocols containing procedures that were common to all areas in which a medical exposure
might be made. These were:

• Working in radiation areas including:
• Local rules
• Methods of reducing dose
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• The ALARP Principle
• Names and contact numbers for Radiation Protection Supervisors and the

Radiation Protection Adviser
• Methods of ensuring quality control
• Administration, including:

• Examination requesting
• Reporting of images
• Updating of details onto databases and film packet, if appropriate

• Procedures specific to mobile and theatre radiography

The relevance of including these in the protocols was to minimise the number of unnecessary
examinations resulting from administrative error, to ensure that the dose was always as low as
reasonably practicable for the patient and that staff doses were kept to an absolute minimum.

Following the common section the protocols were written for specific area within the
department and each contained:

• Valid reasons for the examination, or justification guidelines. IR(ME)R stated that all
medical exposures to ionising radiation must be justified prior to exposure to ensure
optimisation of the exposure. Justification of a medical exposure is carried out in most
circumstances by the Practitioner, which is usually the radiologist. However there are
times when an exposure may be authorised by an Operator (the radiographer), with
remote justification by the Practitioner [4]. At such times the radiographer uses his/her
training and experience to authorise the exposure, but also has the guidelines written in
the protocols to aid the authorisation process. Also included are comments which may
help the radiographer when explaining how they have arrived at the justification.

• Patient preparation. This section details steps that should be taken before the exposure is
made. Included are:
• procedures such as patient identification
• removal of objects that might obscure the image
• preparation of a carer or person who might be required to assist with holding the

patient
These are all procedures that must be carried out in order to ensure optimisation of the
exposure and that patients and carers are not irradiated unnecessarily

• Radiographic technique for standard projections including
• Positioning of the patient and X-ray tube, together with immobilisation techniques

that might be used for avoid having to repeat the exposure
• Radiographic equipment that should be used, or be available to minimise the

exposure
• Recommended focal spot size
• Recommended use/absence of an anti-scatter grid
• Recommended imaging modality e.g. Computed Radiography
• Recommendations as to whether automatic exposure chambers should be used
• Radiation protection, including accurate collimation, gonad protection, lead masking

and protection for holders hands
• Correct Focal Film Distance

• Exposure factors for different age/weight ranges. The ranges were chosen as a guide to
assist with selection of the relevant exposure factors. The age ranges are 0-1 year, 1-5

537



IAEA-CN-85-58

years, 5-10 years, and 10-15 years. The ages/weights were then included in tables that
easily showed the radiographic exposure factors. An example of the exposure factors
used is given in Table I.

Table I. Exposure Factors for an AP/PA Chest beyond the neonatal period

1 -

5-
10-

Age
5 years
10 years
15 years

kV
70
75
75

-75
-80
-80

mAs
3.2
5-
4-

- 5
-7
• 8

Image quality criteria. These ensure that operators are aware of the standards expected.
Audit of images could then be carried out by comparison with the standard criteria. All
images were expected to have correct identification, sidemarkers and correct window
levels and shuttering. These assist the radiologist when viewing optimal images to
ensure diagnosis.
Diagnostic reference levels [5]. If these are exceeded they are recorded separately for
audit purposes. An example of the diagnostic reference levels used is given in Table II.

Table II. Diagnostic Reference Levels for Chest X-Rays

Age
1 - 5 years

5-10 years
10 - 15 years

KV
70
75
75

mAs
3.2
3.2
6

• Additional projections to assist the radiographer in their choice of imaging.
• A list of more common pathologies which might be shown by the selected imaging

protocol.

3. Conclusions

The introduction of the new standard operating protocols has been very well received by all
members of the radiographic staff working at the hospital. They are of particular value when
new staff or agency radiographers are working in the department and also when radiographers
work in many different areas. As many of the staff were involved in the production of the
protocols the radiographers have ownership of them and are keen to see that they are regularly
updated. There is therefore a willingness to contribute to the protocol audit programme. Most
importantly they are a guide to best practice and are valuable in the optimisation of all medical
exposures.
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