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Abstract

An information leaflet for concerned patients is in preparation, which attempts to explain the risks and benefits of
diagnostic medical exposures in terms suitable for the layman. In view of the wide variability in patient doses for
the same examination and the considerable uncertainties in radiation risk coefficients, x-ray examinations have
been divided into just four broad categories each spanning a factor of 10 in risk. The doses are put into
perspective by comparison with those from natural background radiation. Sufficient quantitative information on
the approximate level of the risks for some common diagnostic procedures is provided to allow patients to make
an informed decision on whether the benefits, as described by the referring clinician, outweigh the radiation risks.

1. Introduction

It is not easy for members of the public in the UK to obtain information on the radiation risks
associated with diagnostic medical exposures. Doctors who refer patients for medical imaging
examinations using ionising radiation are also not always well informed in these matters and
concerned patients frequently resort to NRPB for advice. The NRPB website provides answers
to a list of 'frequently asked questions' about medical exposures (which are accessed about 40
times a week) and we deal with one or two direct telephone enquiries each day. However, not
all concerned patients have internet access or are aware of the existence of NRPB, so there is a
need for more readily available information clearly expressed for the layman.

Consequently NRPB, in collaboration with the Royal College of Radiologists (RCR), the
College of Radiographers (CoR) and the Royal College of General Practitioners (RCGP), are
preparing a special information leaflet for patients. It is primarily intended to meet the
following objectives:

• to inform concerned patients about the risks and benefits of medical x-rays
• to allay unfounded fears about the hazards of ionising radiation
• to put the risks and benefits of medical imaging into perspective
• to help GPs reassure anxious patients at time of referral
. to help hospital staff reassure anxious patients at time of examination.

To ensure widespread availability of the leaflet, particularly at time of referral for x-ray
examination, it is planned to include electronic copies on appropriate websites so that
referring physicians (e.g. general practitioners) can print off copies as required to give to those
patients who express concern. Radiographers and radiologists would have similar access to
the leaflet on CoR and RCR websites.

2. How to put the dose levels associated with medical exposures into perspective

The dose levels associated with most types of diagnostic x-ray examination are extremely
variable from one hospital to another and from one patient to another. NRPB surveys of
patient doses in the UK indicate that inter-hospital variations in the mean dose delivered for a
particular type of x-ray examination span a factor of 4 to 7 (between the 5th and 95th

percentile) [1]. Inter-patient variability due to individual differences in physique and
pathology can add a further factor of 2 to 3. It is consequently not warranted to be over-precise
in attributing 'typical' doses to x-ray examinations. In the leaflet we have simply divided X-
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ray examinations into four broad effective dose categories, each spanning a factor of 10.
Estimates of the 'typical' effective dose for each type of examination were derived from
information in NRPB's National Patient Dose Database up to the end of 1995 [2].

The public is generally unfamiliar with radiation quantities and units so it is not helpful to
express levels of exposure in 'millisieverts' or to try to explain complex concepts like
'effective dose'. An approach that has proved to be very helpful in our experience is to put
medical exposures into perspective with everyday exposures by comparing them with the
equivalent period of natural background radiation [3, 4, 5]. Admittedly, this uses the concept
of effective dose to make the comparison, but the public only needs to appreciate that the dose
measure used is roughly related to the total radiation risk from the exposure. In the leaflet,
each of the four broad dose categories is related to the equivalent period of natural background
radiation, expressed in a similarly imprecise fashion, e.g. 'a few days', 'a few months' or 'a
few years' (see table below).

X-ray examination
(or nuclear medicine
isotope scan)

Chest
Teeth
Arms and legs
Hands and feet

Skull
Head
Neck

Breast (mammography)

Hip
Spine
Abdomen
Pelvis
CT scan of head
(Lung isotope scan)
(Kidney isotope scan)

Kidneys and bladder (IVU)
Stomach - barium meal
Colon - barium enema
CT scan of chest
CT scan of abdomen
(Bone isotope scan)

Equivalent period of
Natural background
Radiation

A few days

A few weeks

A few months
to
a year

A few years

Lifetime
additional
risk of cancer
per examination
Negligible risk

Less than
1 in a million

Minimal risk
1 in a million
to
1 in 100,000
Very low risk

1 in 100,000
To
1 in 10,000

Low risk

1 in 10,000
to
1 in 1000
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3. How to communicate radiation risks

Feedback on initial drafts of the leaflet from the radiology profession and particularly from
members of the public, indicated that there is enormous potential for a leaflet of this sort to
appear alarmist, trivialising or patronising, depending on the standpoint of the reader. In an
attempt to present a balanced view, we start by explaining clearly what the likely effects of
radiation are at the dose levels encountered in diagnostic radiology and, just as importantly,
what they are not.

"You will be glad to hear that the radiation doses used for X-ray examinations or isotope
scans are many thousands of times too low to produce immediate harmful effects, such as skin
burns or radiation sickness. The only effect that is known to be possible at these low doses is a
very slight increase in the chance of cancer occurring many years or even decades after the
exposure."

The delayed nature of the possible effect is emphasised and very approximate quantitative
estimates of the chance of it happening in the remaining lifetime of the patient are indicated in
the last column of the Table. Again, in view of the wide variability in the patient doses and the
considerable uncertainties in radiation risk coefficients especially when applied to an
individual, only broad indications of the risk are justified. The ICRP nominal probability
coefficient for all radiation-induced fatal cancers averaged over the whole population (5% per
sievert)[6] was used to derive approximate risks for each type of examination. Since each
examination category in the Table spans a dose range of a factor of 10, the range in risk
indicated for each category also spans a factor of 10. The boundaries of the categories have
been chosen to coincide with risk levels that are exact powers of 10.

Having broadly indicated the usually very small chance of delayed radiation-induced cancer
following a diagnostic medical exposure, we try to put these levels of risk into perspective. Sir
Kenneth Caiman, the Chief Medical Officer in the UK at the time of the BSE (bovine
spongiform encephalopathy) outbreak in British cows, has used the same 'power of 10'
classification of risk levels in an attempt to answer the public's questions as to what is meant
by "safe" [7]. He suggested using the expressions "negligible", "minimal", "very low" and
"low" to describe the level of risk in each category to help individuals to decide whether the
risk is acceptable. We have used these same expressions in the leaflet (see Table). An
individual's acceptability of any risk depends critically on the perceived personal benefit from
the activity giving rise to the risk. So the leaflet emphasises repeatedly that the benefit to the
patient from the examination, in terms of making the right diagnosis and consequently giving
the right treatment, should always outweigh these relatively small risks.

It is also emphasised in the leaflet that the risks are much lower for older people (who undergo
the majority of medical imaging procedures) and a little higher for children and unborn babies
(for whom special attention is paid to justifying and optimising medical exposures).

No attempt has been made to compare the risks from diagnostic medical exposures with other
risks in daily life, since public perception of both the level and the acceptability of everyday
risks is notoriously fickle. For example, we were going to suggest that the 'minimal risk'
examinations were as safe as travelling by train (1 in 500,000 risk of death in train accidents
per year in UK), until the Paddington train disaster in September 1999. Although this one
accident did not substantially increase the risk in the long term, the intense media coverage
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that it received meant that most people's perception of rail transport safety underwent rapid
re-evaluation.

The leaflet concludes with a summary of the important points to remember -

in radiology departments, every effort is made to keep radiation doses low and, wherever
possible, to use ultrasound or MRI which involve no hazardous radiation

• the radiation doses from X-ray examinations or isotope scans are small in relation to those
we receive from natural background radiation, ranging from the equivalent of a few days
worth to a few years

• the health risks from these doses are very small but are not entirely negligible for some
procedures involving fluoroscopy or computed tomography (CT)

• you should make your doctor aware of any other recent x-rays or scans you may have had,
in case they make further examinations unnecessary

• the risks are much lower for older people and a little higher for children and unborn
babies, so extra care is taken with young or pregnant patients

• if you are concerned about the possible risks from an investigation using radiation, you
should ask your doctor whether the examination is really necessary. If it is, then the risk to
your health from not having the examination is likely to be very much greater than that
from the radiation itself
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