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Abstract

The newly revised medical exposure
directive (97/43/Euratom) lays down the
general principles of radiation protection
of individuals in relation to medical
exposure. Member States had to
transpose it into national legislation
until 13 May 2000. Article 6(2) of the
directive requires Member States to
ensure that recommendat ions
concerning referral criteria for medical
exposure are available to the prescribers
of medical exposure.

This booklet sets out referral guidelines
that can be used by health professionals
qualified to refer patients for imaging,
in order to ensure that all examinations
are well justified and optimised.

This booklet has evolved from that
previously published by the UK Royal
College of Radiologists in 1998 and is
entitled: Making the best use of a
department of clinical radiology:
guidelines for doctors. These referral
guidelines have been adapted by experts
representing European radiology and
nuclear medicine, in conjunction with
the UK Royal College of Radiologists,
and may now be adopted as models
for the Member States.

These referral guidelines are not binding
on Member States, and form part of a
number of technical guides drawn up
to facilitate implementation of the
medical exposure directive. Local
variations may be required according
to healthcare practice and provision.

Continued use of recommendations of
this kind should improve clinical practice
and lead to a reduction in the number
of referrals for investigation and
consequently to a reduction in
associated medical radiation exposure.
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Preface

These referral guidelines for imaging have evolved
from the booklet ‘Making the best use of a
department of clinical radiology: guidelines for
doctors’, which was published by the UK Royal
College of Radiologists in 1998 (1). They have been
adapted by various expert groups from several
countries and comments have also been gathered from
radiological societies and nuclear medicine societies
of Member States through the European Association
for Radiology and Nuclear Medicine. The European
Commission co-ordinated this process. The referral
guidelines may now be adopted as models for the
Member States, even though it is recognised that
further local adaptation may be needed according to
varying health care practice and provision. The next
edition of the guidelines will be prepared by the
Royal College of Radiologists (Chairman of the
working party: Professor Gillian Needham,
Aberdeen), in conjunction with the European
Commission and the various expert bodies within the
European Community. They will be even more
evidence-based and take into account European as
well as UK practice. 

The EU Council Directive 1997/43/Euratom (2)
declared that Member States shall promote the
establishment and use of diagnostic reference levels for
radiological examinations and guidance thereof. These
referral guidelines can be used for the above purposes.

This publication would not have been possible
without the work of a sub-committee which met three
times in 1999:

Professor Dr W Becker, Nuclear Medicine, 
Göttingen, DE

Professor Angelika Bischof Delaloye, President,
European Association of Nuclear Medicine,
Lausanne, CH
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Dr Vittorio Ciani, European Commission, Directorate-
General for Environment, Brussels, B

Professor Adrian K Dixon, Royal College of
Radiologists, Cambridge, UK

Mr Steve Ebdon-Jackson, Department of Health,
London, UK

Dr Keith Harding, Nuclear Medicine, Birmingham,
UK

Dr Elisabeth Marshall-Depommier, Paris, F

Professor Iain McCall, President, UEMS Radiology
Section, Oswestry, UK

Professor Gillian Needham, Royal College of
Radiologists, Aberdeen, UK

Professor Hans Ringertz, European Association of
Radiology, Stockholm, S

Dr Bruno Silberman, Hon. General Secretary, UEMS,
Paris, F

Dr Diederik Teunen, European Commission,
Directorate-General for Environment, Brussels, B

Dr Ciska Zuur, Ministry of Housing, Spatial Planning
and the Environment, 
The Hague, NL

We owe them all a lot of thanks.

P Armstrong Prof Hans Ringertz,
President President (1999), 
Royal College European Association
of Radiologists of Radiology,
London, UK Stockholm, SE

Prof. Angelika Bischof Delaloye,
President (1999),
European Association
of Nuclear Medicine
Lausanne, CH
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Foreword to the fourth
edition (1998) of the Royal
College of Radiologists
(RCR) guidelines (1)

This booklet has been prepared to help referring
clinicians make the best use of a department of
clinical radiology. Continued use of recommendations
of this kind leads to a reduction in the number of
referrals for investigation and also to a reduction in
medical radiation exposure (3–7). Nevertheless the
primary objective of this booklet is to improve
clinical practice. Such recommendations work best if
they are used in conjunction with clinico-radiological
dialogue and as part of the audit process. They are
intended to be used by both hospital doctors (all
grades) and primary care physicians. The editor
(Adrian Dixon, Cambridge) has been assisted by the
other members of the working party: Dr John
Bradshaw (Bristol), Dr Michael Brindle (President of
the Royal College of Radiologists, King’s Lynn), the
late Dr Claire Dicks-Mireaux (London), Dr Ray
Godwin (Bury St Edmunds), Dr Adrian Manhire
(Chairman of the RCR audit sub-committee,
Nottingham), Dr Gillian Needham (Aberdeen), Dr
Donald Shaw (London), Mr Chris Squire (RCR
clinical audit advisor), Dr Iain Watt (Bristol) and
Professor J Weir (Dean of the Faculty of Radiology,
Aberdeen). Mr Barry Wall from the National
Radiological Protection Board (NRPB) has again
kindly provided data regarding radiation doses for a
variety of investigations.

Since the third edition there has been yet further
advance within magnetic resonance imaging (MRI),
and this is reflected in the recommendations. This
edition also includes recommendations for some of
the new niche roles for ultrasound (US), computed
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tomography (CT) and nuclear medicine (NM),
including positron emission tomography (PET). The
system based approach introduced in 1995 has been
retained; most feedback has suggested that this format
was more useful than the previous arrangement.

Once again we have indicated whether the statements
included within the booklet are based on rigorous
scientific evidence. In line with UK National Health
Service Executive policy on the development of
clinical guidelines (8), we have adopted the following
classification:

(A) randomised controlled trials (RCTs), meta-
analyses, systematic reviews; or

(B) robust experimental or observational studies; or

(C) other evidence where the advice relies on expert
opinion and has the endorsement of respected
authorities.

Interestingly, such grading systems have now become
quite commonplace in many aspects of health care,
now that ‘evidence-based medicine’ has become
accepted practice (9–10). Review of the evidence has
been very time consuming. The working party is very
grateful to Dr Rachael Harrison who did much of the
initial data trawl as part of the REALM project
funded by the Royal College of Radiologists (RCR).
Subsequent literature searches have been performed
by individual members of the working party and by
various members of specialist imaging groups who
have provided very useful data.

Around 85 000 copies of the third edition (1995) of
the booklet have been distributed and the contents
have, at various times, been commended by the
National Health Service Executive (NHSE) (8,11), the
UK chief medical officers and the Audit Commission
(12). It is of note that they have been adopted by
several purchasers, many of whom now link the use



of the RCR’s recommendations to contracts with
departments of clinical radiology. They have been
adopted in the private sector and adopted and
translated by the radiological societies of other
countries. The recommendations are also extensively
used as a standard for audit studies (13). A number of
forward-looking hospitals have obtained electronic
versions of these recommendations which can be
incorporated into hospital information systems. This
fourth edition has already been endorsed by the
Academy of Medical Royal Colleges and been
approved by the Guidelines Appraisal Unit at St
George’s Hospital, London, in the United Kingdom.

With such serious implications now attached to these
recommendations, the working party has been fully
aware of the importance of getting it ‘as right as
reasonably achievable’. We believe that this fourth
edition, which has been produced following wide
consultation (see Appendix), represents a current
reasonable view of how departments of clinical
radiology should be used for some of the more
common clinical problems. There will, undoubtedly,
be some unpopular decisions; we have occasionally
received diametrically opposite advice. However, this
is probably inevitable in one of the most rapidly
developing specialties within medicine.

We hope that this fourth edition will prove useful and
trust that we will continue to receive advice and
referenced comments so that the development of
these recommendations can continue. The next
edition of the RCR guidelines is planned for 2002.

Adrian K Dixon on behalf of the RCR guidelines
working party
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Introduction

Why are guidelines and referral criteria
needed?
A useful investigation is one in which the result —
positive or negative — will alter management or add
confidence to the clinician’s diagnosis. A significant
number of radiological investigations do not fulfil
these aims and may add unnecessarily to patient
irradiation (14). The chief causes of the wasteful use
of radiology are:

(1) Repeating investigations which have already
been done: e.g. at another hospital, in an
outpatient department, or in the accident and
emergency department.
HAS IT BEEN DONE ALREADY? Every
attempt should be made to get previous films.
Transfer of digital data through electronic links
may assist in this respect in future years.

(2) Investigation when results are unlikely to
affect patient management: because the
anticipated ‘positive’ finding is usually
irrelevant, e.g. degenerative spinal disease (as
‘normal’ as grey hairs from early middle age) or
because a positive finding is so unlikely.
DO I NEED IT?

(3) Investigating too often: i.e. before the disease
could have progressed or resolved or before the
results could influence treatment. DO I NEED IT
NOW?

(4) Doing the wrong investigation. Imaging
techniques are developing rapidly. It is often
helpful to discuss an investigation with a
specialist in clinical radiology or nuclear
medicine before it is requested. IS THIS THE
BEST INVESTIGATION?
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(5) Failing to provide appropriate clinical
information and questions that the imaging
investigation should answer. Deficiencies here
may lead to the wrong technique being used (e.g.
the omission of an essential view). HAVE I
EXPLAINED THE PROBLEM?

(6) Over-investigating. Some clinicians tend to rely
on investigations more than others. Some
patients take comfort in being investigated.
ARE TOO MANY INVESTIGATIONS BEING
PERFORMED?

What advice is available?
In some clinical situations firm guidelines have been
established. Guidelines are:

systematically developed statements to assist
practitioner and patient decisions about
appropriate health care for specific clinical
circumstances... (Field & Lohr 1992, 15).

Just as the term implies, a guideline is not a rigid
constraint on clinical practice, but a concept of good
practice against which the needs of the individual
patient can be considered. So while there have to be
good reasons for ignoring them they are not absolute
rules. No set of recommendations will command
universal support and you should discuss any
problems with your radiologists.

The preparation of guidelines has become something of
a science, with numerous papers emerging within the
evolving guidelines discipline. In particular, experts
have provided detailed methodology as to how
guidelines should be developed, produced and
appraised (8, 15–21). Using such methodology, the
development of a single scientifically robust guideline
represents a major piece of academic endeavour. For
the 280 clinical problems in this booklet, such
expenditure of time and resources is somewhat
impractical. Nevertheless much of the philosophy of the
methodology for the preparation of guidelines has been
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followed during the preparation of these
recommendations. In particular there has been extensive
literature review with key references analysed. The
Royal College of Radiologists holds an archive of
references upon which statements within the text are
based. Every opportunity has been given to workers in
other disciplines and those representing patients to put
forward their views. Many groups have been
encouraged to comment on points of fact, local policies,
etc. In particular appropriate specialty imaging groups
have provided active support. There has been extensive
dialogue with other professional groups, including
patients’ representatives and all the royal colleges,
culminating in endorsement by the Academy of
Medical Royal Colleges (see Appendix). Indeed one of
the strongest features of these recommendations is that
they have been reviewed and modified during the
development of four editions since 1989.

Another concurrent development has been the
production of ‘appropriateness criteria’ by the
American College of Radiologists (22). Rather than
pronouncing on what is perceived to be the optimal
investigation, the ACR lists all possible investigations
and awards an appropriateness score (out of 10).
These have been developed using a modified Delphi
technique with consensus reached amongst experts.
The RCR has kept a watching brief on this interesting
development and has incorporated some of the ACR
conclusions.

Throughout the booklet the strength of the evidence
(8) for the various statements is indicated by:

(A) randomised controlled trials (RCTs), meta-
analyses, systematic reviews; or

(B) robust experimental or observational studies; or

(C) other evidence where the advice relies on expert
opinion and has the endorsement of respected
authorities.
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In some clinical situations (e.g. the role of US in
normal pregnancy) there are conflicting data within a
large body of excellent scientific reports. Thus no
firm recommendations are given and the evidence is
classified as C. It should also be noted that there are
very few randomised trials comparing different
radiological diagnostic procedures – they are difficult
to perform and ethical approval may be denied.

What images are taken?
All imaging departments should have protocols for
each common clinical situation. Therefore no definite
recommendations are given about this aspect. Suffice
it to say that all examinations should be optimised to
obtain maximum information with the minimum of
radiation. It is important to be aware of this as the
patient may not get what the referring clinician
expects.

For whom are the guidelines designed?
These guidelines are intended to be used by all health
professionals entitled to refer patients for imaging. In
the hospital setting they are likely to be of most use
to newly qualified doctors and many hospitals give a
copy to each newly appointed junior doctor to
stimulate good practice.

The range of investigations available to different
health professionals must be determined in
consultation with local specialists in radiology and
nuclear medicine, bearing in mind the available
resources. The recommendations are also of value to
those interested in audit of a department’s referral
pattern and workload (13).

Using the guidelines
This booklet tends to highlight areas of difficulty or
controversy. The pages are mostly composed of four
columns: the first sets the clinical situation for
requesting an examination; the next lists some
possible imaging techniques (and the band of
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radiation exposure involved); the third gives the
recommendation (and the grade of available
evidence) on whether or not the investigation is
appropriate; and the fourth provides explanatory
comments.

The recommendations used are:

(1) Indicated. This shows the investigation(s) most
likely to contribute to clinical diagnosis and
management. This may differ from the
investigation requested by the clinician: e.g. US
rather than venography for deep vein thrombosis.

(2) Specialised investigation. These are complex or
expensive investigations which will usually be
performed only for doctors who have the
relevant clinical expertise to evaluate the clinical
findings and act on the imaging results. They
usually justify individual discussion with a
specialist in radiology or nuclear medicine.

(3) Not indicated initially. This includes situations
where experience shows that the clinical problem
usually resolves with time; we therefore suggest
deferring the study for three to six weeks and
only performing it then if symptoms continue.
Shoulder pain is a typical example.

(4) Not indicated routinely. This emphasises that
while no recommendation is absolute, the request
will only be carried out if a clinician gives
cogent arguments for it. An example of such a
justification would be plain radiography in a
patient with backache in whom there were
clinical findings to suggest something more than
a degenerative disease (e.g.? Osteoporotic
vertebral fracture).

(5) Not indicated. Examinations in this group are
those where the supposed rationale for the
investigation is untenable (e.g. intravenous
urogram (IVU) for hypertension).



Pregnancy and protection
of the foetus

• Irradiation of a foetus should be avoided
whenever possible (23–25). This includes
situations where pregnancy is not suspected by
the woman herself. The prime responsibility for
identifying such patients lies with the referring
clinician.

• Women of reproductive age presenting for an
examination in which the primary beam
irradiates directly, or by scatter, the pelvic area
(essentially any ionising irradiation between the
diaphragm and the knees), or for a procedure
involving radioactive isotopes, should be asked
whether they are or may be pregnant. If the
patient cannot exclude the possibility of
pregnancy, she should be asked if her period is
overdue.

• If there is no possibility of pregnancy the
examination can proceed, but if the patient is
definitely, or probably, pregnant (i.e. menstrual
period overdue) the justification for the proposed
examination should be reviewed by the
radiologist and the referring clinician, with a
decision taken on whether to defer the
investigation until after delivery or until the next
menstrual period has occurred. However, a
procedure of clinical benefit to the mother may
also be of indirect benefit to her unborn child
and a delay in an essential procedure until later
in pregnancy may increase the risk to the foetus
as well as to the mother.

• If pregnancy cannot be excluded, but the
menstrual period is NOT overdue and the
procedure gives a relatively low dose to the
uterus the examination may proceed. However, if

16



the examination gives relatively high doses (in
most departments, the common examinations in
this category will probably be abdominal and
pelvic CT, IVUs, fluoroscopy and NM studies),
there will be discussion in line with locally
agreed recommendations.

• In all cases, if the radiologist and referring
clinician agree that irradiation of the pregnant or
possibly pregnant uterus is clinically justified,
this decision should be recorded. The radiologist
must then ensure that exposure is limited to the
minimum required to acquire the necessary
information.

• If it becomes obvious that a foetus has been
inadvertently exposed, despite the above
measures, the small risk to the foetus of the
exposure is unlikely to justify, even at the higher
doses, the greater risks of invasive fetal
diagnostic procedures (e.g. amniocentesis) or
those of a termination of the pregnancy. When
such inadvertent exposure has occurred, an
individual risk assessment should be made by a
radiation physicist and the results discussed with
the patient.

• The RCR has recently co-authored (with the
NRPB and the College of Radiographers) a
guidance booklet on the protection of the foetus
during the diagnostic investigation of its mother
(25).

17



Optimising radiation dose

The use of radiological investigations is an accepted
part of medical practice, justified in terms of clear
clinical benefits to the patient which should far
outweigh the small radiation risks. However, even
small radiation doses are not entirely without risk. A
small fraction of the genetic mutations and malignant
diseases occurring in the population can be attributed
to natural background radiation. Diagnostic medical
exposures, being the major source of man-made
radiation exposure of the population, add about one
sixth to the population dose from background
radiation.

The 1997 EU directive (2) requires all concerned to
reduce unnecessary exposure of patients to radiation.
Responsible organisations and individuals using
ionising radiation must comply with these regulations.
One important way of reducing the radiation dose is
to avoid undertaking investigations unnecessarily
(especially repeat examinations).

The effective dose for a radiological investigation is
the weighted sum of the doses to a number of body
tissues, where the weighting factor for each tissue
depends upon its relative sensitivity to radiation
induced cancer or severe hereditary effects. It thus
provides a single dose estimate related to the total
radiation risk, no matter how the radiation dose is
distributed around the body.

Typical effective doses for some common diagnostic
radiology range over a factor of about 1 000 from the
equivalent of a day or two of natural background
radiation (0.02 mSv for a chest radiograph) to 4.5
years (eg, for computed tomography of the abdomen).
However, there is substantial variation in the
background radiation between and within countries.
The doses for conventional x-ray examinations are
based on results compiled by the NRPB from patient

18
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Typical effective doses from diagnostic
medical exposures in the 1990s

Diagnostic procedure Typical Equivalent Approximate
effective No. of equivalent

dose chest period of
(mSv) x-rays natural 

background
radiation (1)

X-ray examinations:

Limbs and joints
(except hip) <0.01 <0.5 <1.5 days

Chest (single PA film) 0.02 1 3 days

Skull 0.07 3.5 11 days

Thoracic spine 0.7 35 4 months

Lumbar spine 1.3 65 7 months

Hip 0.3 15 7 weeks

Pelvis 0.7 35 4 months

Abdomen 1.0 50 6 months

IVU 2.5 125 14 months

Barium swallow 1.5 75 8 months

Barium meal 3 150 16 months

Barium follow through 3 150 16 months

Barium enema 7 350 3.2 years

CT head 2.3 115 1 year

CT chest 8 400 3.6 years

CT abdomen or pelvis 10 500 4.5 years

Radionuclide studies:

Lung ventilation (Xe-133) 0.3 15 7 weeks

Lung perfusion (Tc-99m) 1 50 6 months

Kidney (Tc-99m) 1 50 6 months

Thyroid (Tc-99m) 1 50 6 months

Bone (Tc-99m) 4 200 1.8 years

Dynamic cardiac (Tc-99m) 6 300 2.7 years

PET head (F-18 FDG) 5 250 2.3 years

(1) UK average background radiation = 2.2 mSv per year: regional
averages range from 1.5 to 7.5 mSv per year.

With advice from Wall, B. National Radiological Protection Board.



dose measurements made in 380 hospitals throughout
the UK from 1990 to 1995. They are mostly lower
than those given in earlier editions of this booklet
which were based on data from the early 1980s,
indicating a gratifying trend towards improved patient
protection. The doses for CT examinations and
radionuclide studies are based on national surveys
conducted by the NRPB and BNMS and are unlikely
to have changed significantly since then.

Low-dose examinations of the limbs and chest are the
most common radiological investigations but
relatively infrequent high-dose examinations such as
body CT and barium studies make the major
contribution to the collective population dose. The
doses from some CT examinations are particularly
high, show no sign of decreasing and the use of CT is
still rising. CT now probably contributes almost half
of the collective dose from all x-ray examinations. It
is thus particularly important that requests for CT are
thoroughly justified and that techniques are adopted
which minimise dose while retaining essential
diagnostic information. Indeed some authorities
estimate the additional lifetime risk of fatal cancer for
an abdominal CT examination in an adult is around 1
in 2 000 (compared with the risk for a chest x-ray at
1 in a million) (26). However, this is a small excess
risk compared with the very high overall risk of
cancer (nearly 1 in 3) and is usually more than offset
by the benefit gained from the CT examination.

In these referral guidelines the doses have been
grouped into broad bands to help the referrer
understand the order of magnitude of radiation dose
of the various investigations.

20



TABLE Classification of the typical
effective doses of ionising
radiation from common imaging
procedures

Class Typical effective Examples
Dose (mSv)

0 0 US, MRI

I <1 CXR, limb XR, pelvis
XR

II* 1–5 IVU, lumbar spine XR,
NM (e.g. skeletal
scintigram), CT head &
neck

III 5–10 CT chest and abdomen,
NM (e.g. cardiac)

IV >10 Some NM studies (e.g.
PET)

* The average annual background dose in most parts of Europe falls
in Band II.

21



22

Communications with a
department of clinical
radiology

Referral for an imaging examination is generally
regarded as a request for an opinion from a specialist
in radiology or nuclear medicine. The outcome of this
request for opinion should be presented in the form of
a report to assist in the management of a clinical
problem.

Request forms should be completed accurately and
legibly in order to avoid any misinterpretation. You
should state clearly the reasons for the request and
give sufficient clinical details to enable the imaging
specialist to understand the particular diagnostic or
clinical problems that you are attempting to resolve
by radiological investigation.

In some cases the best investigation for resolving the
problem may be an alternative imaging examination.

If you are in doubt as to whether an investigation is
required or which investigation is best, you should
consult with an appropriate specialist in radiology or
nuclear medicine. Indeed imaging departments are
always pleased to discuss investigations with
referring doctors. Regular clinico-radiological
meetings provide a useful format for such discussion
and are considered good practice (27).

While it should be noted that these recommendations
have been widely endorsed, it is recognised that a
few departments will adapt them according to local
circumstances and policies.
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Technique-based imaging

Computed tomography (CT)
CT is now quite widely available throughout Europe.
Furthermore there have been recent important
advances due to the development of spiral and
multislice CT which allows breath-hold volume data
acquisition. Such advances have opened up new
diagnostic opportunities, such as the use of spiral CT
in the diagnosis of pulmonary embolism. Nevertheless
different hospitals will have their own policies about
accepting CT requests. It is worth remembering that
CT is a relatively expensive study and imparts a high
x-irradiation dose. Thus it is always worth considering
alternatives, especially in view of the increasing role
of MRI. Indeed the UK National Radiological
Protection Board have published several general
recommendations with regard to CT in Protection of
the patient in x-ray computed tomography (26), some
extracts from which are reproduced here:

In view of the potential high doses CT should only
be carried out after proper clinical justification by
an experienced radiologist. Examinations on
children require a higher level of justification, since
such patients are at greater risk from radiation.

When clinically appropriate, the alternative use of
safer non-ionising techniques (US and MRI) or of
low dose x-ray techniques should be considered.

CT should not be carried out on the abdomen or
pelvis of pregnant patients without sound clinical
reasons and particular attention to low-dose
techniques.

Care should always be taken to minimise exposure
to the eyes, particularly for patients likely to
undergo multiple examinations.

As for all radiological requests, any CT referral
which falls outside established guidelines should be
discussed with a radiologist. Because of the need to



minimise the extent of the examination (and thereby
the cost and radiation dose), it is helpful if the
clinical notes and previous imaging investigations are
available for review at the time of CT.

A few further points:

• CT remains the optimal investigation for many
clinical problems within the chest and abdomen,
despite the radiation risks.

• CT is still widely used for intracranial problems,
especially CVA and trauma.

• CT remains a simple method of staging many
malignant diseases (e.g. lymphoma) and in
monitoring the response to therapy.

• CT provides valuable pre-operative information
about complex masses and is widely used for
post-operative complications.

• CT allows accurate guidance for drainage
procedures, biopsies and anaesthetic nerve
blocks.

• CT has an important role in trauma.

• CT images may be degraded by prostheses,
fixation devices, etc.

• CT provides better anatomical detail in obese
patients than US. In thinner patients and
children, US should be used wherever possible.

• CT of the abdomen imparts a radiation dose
equivalent to about 500 CXRs.

Interventional radiology (including
angiography and minimal access
therapy)

This area of radiology is currently undergoing rapid
expansion. While all departments of clinical radiology
have been undertaking angiography and associated

24
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procedures (e.g. angioplasty) for many years, several
new techniques have emerged recently. Most abscesses
in the abdomen are now treated by percutaneous
drainage procedures using radiological guidance.
Likewise the majority of liver biopsies are now
performed by radiologists (using US guidance). Lymph
node biopsies are routine in most US and CT units.

New technology is rapidly widening the range of
interventional radiology yet further. These
innovations include:

• percutaneous diskectomy for lumbar disk
herniation (often using CT control);

• percutaneous insertion of grafts for abdominal
aortic aneurysms;

• various techniques to treat inoperable hepatic
lesions (e.g. laser ablation under imaging
control);

• interventional MRI with ‘real-time’ imaging to
allow monitoring of therapeutic manoeuvres.

These examples of recent innovations require close
collaboration with clinical colleagues. The precise
arrangements vary considerably according to local
expertise and availability of equipment. There is
continuing discussion at national level about the best
arrangement for these interventional procedures.
Inevitably requests for all such procedures involve
detailed discussion between various specialists.

Magnetic resonance imaging (MRI)

There has been a substantial recent increase in the
number of MRI systems across Europe. Accordingly
there are numerous recommendations for the use of
MRI. Indeed, with the recent technical advances and
increasing experience, the role of MRI continues to
expand and the limiting factor for further expansion
is now often financial.
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Because MRI does not use ionising radiation, MRI
should be preferred where both CT and MRI would
provide similar information and when both are
available. However MRI is in danger of being
subjected to inappropriate demands which may lead
to long waiting times. Thus, all requests for MRI
should be agreed with a radiologist.

A few further points:

• MRI usually provides more information than CT
about intracranial, head and neck, spinal and
musculoskeletal disorders because of high
contrast sensitivity and multiplanar imaging
capability. This helps to establish the diagnosis
and institute appropriate management with
greater confidence. It is increasingly being used
in oncology.

• Major recent advances include: breast and
cardiac MR imaging; angiographic and
interventional techniques; MRCP and other fluid-
sensitive MR techniques; functional MR imaging
of the brain. However, many of these techniques
await full evaluation.

• MRI is not approved during the first trimester of
pregnancy. However it may well prove to be
safer than some of the alternative options.
Discuss all imaging in pregnancy with the
radiology department.

• There are some definite contraindications to the
use of MRI: metallic foreign bodies (FBs) in the
orbits, aneurysm clips, pacemakers, cochlear
implants, etc. Furthermore MRI will give
reduced image quality close to prostheses, etc.
The full list of contraindications is provided in
several textbooks and monographs. Any
uncertainty about contraindications should be
discussed with the imaging department well in
advance.



Nuclear medicine (NM)

In EU countries NM is an independent specialty, the
use of unsealed sources of radionuclides for diagnosis
and therapy being restricted to NM specialists. In
some countries other specialists, usually radiologists,
can also provide NM services. Whatever the local
arrangements, an experienced specialist will be
available to discuss the appropriate NM techniques in
a given clinical situation. They will also be able to
advise on which particular NM investigation should
be used. Accordingly referring clinicians should
indicate the precise clinical problem requiring
investigation, because this will determine which
radionuclide (or alternative) investigation is used.

Despite some misconceptions, the radiation doses
imparted by most NM techniques compare
favourably with those of many other imaging
investigations which are regarded as ‘safe’. As shown
in the chart displayed in the section on minimising
radiation dose, the effective dose associated with
most routine NM studies is considerably less than
that for abdominal CT.

There is particular value in the functional data which
can be provided by NM techniques. At a basic level,
NM can determine whether a distended renal pelvis
shown by US is merely due to a capacious collecting
system, or caused by an obstructing lesion. The same
investigation can provide data on the percentage of
overall renal function provided by each kidney. More
complex studies can indicate the ejection fraction of
the left ventricle or the distribution of blood flow to
the cerebral cortex.

PET has recently made large strides and there is a
gradual increase in its availability. Because of the
short-lived nature of the key radionuclides (the
glucose analogue F-18 fluorodeoxyglucose, FDG, is
widely used), PET can only be offered close to a
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cyclotron and radionuclide pharmacy. However, the
development of double-headed gamma cameras with
modified PET capabilities is a significant advance
which should increase availability; it is currently the
focus of much research. Because PET can identify
small foci of viable tumours, it offers exceptional
opportunities in the staging of various cancers (e.g.
bronchus) and in cancer follow-up (e.g. lymphoma),
where other imaging techniques may be unable to
distinguish between residual fibrotic masses and
active disease. PET can also provide unique data
about brain metabolism and myocardial viability and
there are several research units studying these
aspects. Over the next few years there will be an
increasing uptake of PET into clinical practice and its
potential use is flagged for certain clinical problems
in the ensuing recommendations.

Nuclear medicine therapy
Although not considered further in these referral
guidelines, it is worth considering the important role
of NM in the treatment of both benign and malignant
disease. The thyroid gland is still the most important
target but the field is rapidly expanding. Other
indications include neuroendocrine tumours, painful
skeletal metastases, some arthropathies,
polycythaemia, malignant effusions. NM treatment
options are being investigated in the
leukaemias/lymphomas and some liver tumours.
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Ultrasound (US)
Since the previous edition of these guidelines, most
departments of clinical radiology have experienced a
large increase in referrals for US examinations.
During this period US equipment and expertise have
advanced and the scope of referrals (Colour Doppler,
Power Doppler, transvaginal (TV) gynaecological
work, etc.) has widened. These trends are to be
welcomed because US does not employ ionising
radiation. However there is scant evidence that the
increase in US has been accompanied by much
reduction in referrals for other radiological
investigations and a consequent reduction in total
radiation dose to the public.

In fact, the rising US workload has developed while
the demand for other radiological investigations has
also continued to increase. The one notable exception
is the IVU which is required much less often since the
advent of US. However, because US is non-invasive,
the total number of patients investigated with
uroradiological problems has increased. Departments
of clinical radiology have developed different local
policies for dealing with the increasing US workload.

The actual acquisition of US images has to be
undertaken by an experienced operator; even such an
operator may not be able to gain perfect images in
every patient. For example US can be difficult and
unsatisfactory in obese patients. Furthermore the
distribution of bowel gas may mask certain features.
Nevertheless the cheap, quick, reliable and non-
invasive nature of US make it an excellent initial
investigation for a wide range of clinical referrals.
Accordingly US has been recommended as the
appropriate investigation wherever possible.

Because US avoids ionising radiation and is relatively
inexpensive, it is often recommended where more
expensive studies (e.g. CT) cannot be justified or



resources are limited. Conversely, it is difficult to
refuse a request for US on grounds of invasiveness or
expense. There is thus a danger of US departments
being overloaded with requests which may be on the
margins of appropriateness. Accordingly, referring
clinicians still have a duty to consider carefully
whether each request for US is justified and whether
the result (e.g. the presence of gallstones) will affect
management (see Introduction, why are guidelines
needed?).
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GLOSSARY

ABBREVIATION DEFINITION

XR Plain radiography one or more
films

CXR Chest radiograph

AXR Abdominal radiograph

US Ultrasound

Skeletal survey A series of XRs to show the
presence and extent of involved
skeleton

Mammogram Breast radiography

Ba swallow/ meal/FT Barium swallow/ meal/follow
through

Small bowel enema Detailed Barium study via
nasoduodenal intubation

Ba enema Barium enema

IVU Intravenous urogram

CT Computed tomography

CTA CT angiography

HRCT High resolution CT

NM Nuclear medicine

SPECT Single photon emission
tomography

MRI Magnetic resonance imaging

MRA MR angiography

MRCP Magnetic resonance cholangio
pancreatography

DSA Digital subtraction angiography

ERCP Endoscopic retrograde cholangio
pancreatography

PET Positron emission tomography
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Appendix

List of bodies involved in the consultation exercise
for the 1998 UK RCR guidelines

Royal Colleges, etc
Academy of Medical Royal Colleges
Faculty of Accident and Emergency Medicine
Faculty of Dental Surgery, RCS
Faculty of Clinical Oncology, RCR
Faculty of Occupational Medicine
Faculty of Public Health Medicine
Royal College of Anaesthetists
Royal College of General Practitioners
Royal College of Paediatrics and Child Health
Royal College of Physicians of London
Royal College of Physicians and Surgeons of Glasgow
Royal College of Physicians of Edinburgh
Royal College of Physicians of Ireland
Royal College of Psychiatrists
Royal College of Obstetricians and Gynaecologists
Royal College of Ophthalmologists
Royal College of Pathologists
Royal College of Surgeons of Edinburgh
Royal College of Surgeons of England
Royal College of Surgeons of Ireland

Other organisations
British Institute of Radiology
British United Provident Association
Medical Defence Union
Medical Protection Society
National Radiological Protection Board
The Patients’ Association

Speciality groups
Association of Chest Radiologists
British Society of Nuclear Medicine
British Society of Gastroenterology
British Society of Interventional Radiology
British Society of Neuroradiologists
British Medical Ultrasound Society
British Society of Skeletal Radiologists
Dental Radiology Group
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Paediatric Radiologists
Magnetic Resonance Radiologists Association UK
RCR Cardiac Group
RCR Breast Group
RCR Clinical Directors’ Group
RCR Interventional Radiology Sub-Committee
RCR Nuclear Medicine Sub-Committee
RCR Paediatric Group
RCR/RCOG Standing Committee on Obstetric US
RCR/RCP Standing Committee on Nuclear Medicine
UK Children’s Cancer Study Group
UK Neurointervention Group

The adaptation of the 1998 UK RCR guidelines into EU
2000 referral criteria was performed in consultation with:

European Association of Nuclear Medicine
European Association of Radiology
Union of European Medical Specialists
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