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BACKGROUND
Over the last 100 years, ionizing radiation has been increasingly applied in medicine

and is now firmly established as an essential tool for diagnosis and therapy and the
overwhelming benefits accruing to patients from this application have fostered the widespread
practice of medical radiology. The 1993 UNSCEAR report concluded that medical application
constitutes the largest man-made source of radiation exposure for the world’s population and
that it accounts for about 95 % of the total dose from such exposures. About 2,500 million of
diagnostic exposures are performed - this number is as high as almost half the world’s
population - and more than 5,5 million therapeutic treatments are delivered annually. In spite
of this, 100 years after Roentgen’s discovery of x rays, some two-thirds of the population still
lack adequate diagnostic imaging and radiation therapy services [UNSCEAR 2000] [1].
Medical exposure is, therefore, deemed to continue to increase 

Ever since the discovery of x rays and radioactivity, the emphasis of radiation
protection has predominantly been given to workers, with an excellent record of continuous
improvement, as a result of which occupational radiation doses have been reduced
substantially over many decades. Attention to radiation protection of patients, particularly in
diagnostic applications, started to be raised world wide much later, after the ICRP devoted
three reports to the Protection of Patients in Diagnostic Radiology (1982), Radiation Therapy
(1985) and Nuclear Medicine (1987), respectively [2, 3, 4]. Because most procedures causing
medical exposures are clearly justified and because the procedures are usually for the direct
benefit of the exposed individual, less attention has been given to the optimization of
protection in medical exposure than in most other applications of radiation sources (ICRP
1991, [5])

The International Atomic Energy Agency has a statutory mandate ‘to establish
standards of safety for protection of health … and to provide for the application of these
standards …’. The current version of these standards, the International Basic Safety Standards
for Protection against Ionizing Radiation and for the Safety of Radiation Sources (the BSS),
issued in 1996, is co-sponsored by the Food and Agriculture Organization, the International
Labor Organization, the Nuclear Energy Agency, the World Health Organization and the Pan
American Health Organization [6].  It contains principal requirements covering all practices,
and detailed requirements given in six Appendices, one of which addresses medical exposure.  

The Appendix of medical exposure covers the responsibilities of those involved, the
justification of medical exposures, the optimization of protection covering the design and
operational considerations, calibration, clinical dosimetry and quality assurance, and the



establishment of guidance levels for diagnostic application, the maximum activity for patients
in therapy on discharge from hospitals, the investigation of accidental medical exposure and
records. 

The growing awareness about the importance of medical exposure led the IAEA to
organize the International Conference on the Radiological Protection of Patients, jointly
sponsored by the World Health Organization (WHO), the Pan American Health Organization
(PAHO) and the European Commission (EC), with the cooperation of United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the International
Commission on Radiological Protection (ICRP) and the relevant professional bodies including
the International Radiation Protection Association (IRPA). The findings, conclusions and
recommendations of the Conference [7] have been crystallized in the formulation of an
International Action Plan on the Radiological Protection of Patients, recently approved by the
IAEA’s Governing Bodies. 

Avoiding unnecessary radiation doses and severe deterministic effects on patients in
interventional procedures using x rays

Improvements in imaging and innovations in other equipment, such as needles, guide
wires, catheters, stents, and contrast media, have facilitated the development of more and
more new interventional procedures. A survey of practice in five European countries
identified over 400 different types of procedures involving a range of medical imaging
specialties, and they are likely to further expand. Patients’ benefit from interventional
procedures guided by x-ray imaging is substantial, since these procedures are an alternative to
more hazardous surgery or are the sole method of treatment (UNSCEAR, 2000, [1]).

Many of these techniques are used by non-radiologists, with no specific training on
radiation effects or radiation protection. Prolonged fluoroscopy exposures in non-optimal
conditions and repeated procedures on the same patient have been responsible for reaching the
level of severe deterministic effects in a number of cases [8] and given the considerable time
delay between exposure and manifestation of severe damage, there may be in general some
under-reporting of skin injuries [1]. 
Activities:  training targeted at those who perform these procedures, such as cardiologists and
other clinicians, and by focusing the training on real clinical situations and methods for
avoiding unnecessary doses. Awareness will be increased by dissemination of information
using Internet. In addition, research to test further methods for dose reduction and to explore
the use of guidance levels for these procedures is part of the programme with great potential
for avoiding unnecessary doses and severe radiation injuries.

Optimizing patient protection in diagnostic radiology 
Creating awareness about high doses in computed tomography and potential increase in
doses from digital radiology

Technological improvements in image quality and speed with which images are
obtained, have fostered the rapid growth of CT practice throughout the world. Improvements
such as helical CT and, more recently, multislice CT, have facilitated the development of
complex examinations with increased imaging of the patient. As a result, both the frequency
of CT procedures and the levels of patient doses per procedure have been raised. “Absorbed



doses to tissues from computed tomography (10-100 mGy) are at the level known to increase
the probability of cancer” (ICRP 87, [9]). These relatively high-dose procedures have become
by far the largest contributor to population exposure from all medical x-ray examinations. 

Although proper use of digital radiography can, in principle, reduce doses, there is also
a potential for dose increase if special attention is not given, as digital images are easy to
obtain and to delete and this fact may encourage less care to be taken over positioning in
patients, which may in turn, lead to increased potential for repeating the exposures. In
addition, because digital radiography uses an image receptor with a much broader dynamic
range than film, the exposure to the patient is not restricted by the “film blackening”, with the
consequence that a higher dose than necessary may be used, e.g., 2 to 4 times higher. In fact
these higher doses result in even better image quality as the appearance of quantum noise is
reduced.
Activities: there is scope for patient dose reduction in CT by tailoring exposure protocols to
patient size. A research project to elaborate these protocols is being initiated in 2003.
Increasing awareness about high-dose procedures through training, surveys of patient
exposure, information exchange through Internet and providing guidance on the transition
from conventional to digital radiology are major tools within the programme to reduce
radiation detriment without reducing the diagnostic benefits.

Modular approach to improving image quality and reduction in patient dose in diagnostic
radiology

“There is considerable scope for dose reduction in diagnostic radiology and simple,
low cost, measures are available for reducing doses without loss of diagnostic information…
The ratio of maximum to minimum mean dose for a particular radiographic examination, as
reported by NRPB survey in UK, varies widely and is in the range of 50-200. Typically this
ratio for lumbar spine anterior-posterior projection (LS AP) is reported to be 214, for LS
Lateral = 283, for chest PA = 150, for Abdomen = 52 and Pelvis = 64 [10]. Drastic dose
reduction can be achieved by the replacement of conventional film-screen combinations with
rare earth screens and using the appropriate films to match the screens. Substantial dose
reductions can also be achieved through - for example - the proper use of equipment, the
selection of adequate tube voltages, the proper collimation of radiation beams (to avoid the
exposure of tissues other than those of interest), filtration (to limit the exposure to low-energy
radiation that has no diagnostic value), and the regular reviewing and updating of radiographic
and fluoroscopic protocols in the light of the technique and the equipment type being used,
with special emphasis on the number of images and fluoroscopy time. 

With over 250 million pediatric diagnostic examinations conducted every year
worldwide, special attention should be paid to neonates, infants and children, because the
risks of stochastic effects are higher than for adults and because of the wide range of weights,
which complicates the standardization of procedures. It is estimated that doses to paediatric
patients could be reduced by 35–75% without image quality being affected.

Many of the quality assurance attempts have placed emphasis on testing x-ray
equipment, which is a small part of the entire process. If the exposures do not provide useful
diagnostic information and do not yield the expected medical benefit to patients, such



exposure would not be justified. In the absence of quality control, repeat rates may constitute
as much as 15-45%. 

National and local surveys of image quality and patient doses performed in some
countries and the resulting guidance levels for diagnostic exposure have proven a useful tool
to stimulate professionals to make continuous improvements, and substantial dose reductions
have been achieved.
Activities: Development of modules of assistance to countries at different levels of
understanding and standing will help to move in a gradual manner in the transition from basic
to advanced stages in terms of the level of image quality, reduction of repeated exposure and
rationalizing patient dose whilst keeping the diagnostic confidence in the image. In addition,
as a result of these activities, guidance for national and local surveys of patient doses and
image quality in conventional radiology will be available in 2003.  The training modules for
radiologists and radiographers are at an advanced stage of development. The CDs containing
Power Point presentations and manual for trainers will be available in 2003.

Preventing accidental medical exposure in radiotherapy
Radiotherapy is an essential treatment modality for malignant disease.   “By its very

nature it has the greatest potential for accidents with serious consequences” (UNSCEAR
2000, [1]). Since very high doses are deliberately given to humans, an equipment malfunction
or human error can result in severe accidental exposure including a number of radiation
induced deaths. Although the number of accidental exposure is low in comparison with the
number of treatments, the IAEA [11] and the ICRP [12] have reported about 90 events, 12 of
which with dramatic consequences. According to ICRP 86, “it is likely that many more have
occurred but they were not recognized or reported”. During recent years, the Agency was
directly involved in investigating the causes and contributory factors of some major events,
involving severe radiation injuries, including death of patients as a direct consequence of the
radiation exposure. 
Activities: Dissemination of lessons learned can avoid similar accidental exposure elsewhere.
In a concrete reported case, increased awareness in one hospital, about an event, which
occurred in another, prevented a similar accidental exposure (NRC report [13]). The
programme of dissemination of information by the IAEA includes workshops with detailed
information on case histories of major accidents, consequences and guidance based on the
lessons and cumulative experience arising from these accidents.

Optimizing protection and preventing “misadministration” in nuclear medicine
Activities: The main radiation protection problems being addressed in nuclear medicine
pertain to the prevention of “misadministration” of radiopharmaceuticals and medical
exposure of non-occupational caregivers for patients. The programme addresses the
development of guidance on the release of patients from hospitals after radionuclide therapy,
dose to comforters and non-occupationally exposed caregivers, and reduction in the frequency
of misadministration, through appropriate dissemination of lessons, guidance and training
materials. 



Emphasis on education and training throughout the above thematic areas
At the Malaga Conference, education and training was identified as a major element for all
areas of the radiological protection of patients. A strategic approach developed by the IAEA
includes - inter alia - (a) to enhance and encourage a “train-the-trainers” approach as a means
for achieving sustainable training programmes in Member States, and (b) to develop
standardized training packages in a modular form. In line with this approach, standard syllabi
and material have been developed for radiation protection in diagnostic radiology, nuclear
medicine and radiotherapy. In addition, necessary educational material has been developed
which can eliminate the need for duplicative efforts by Member States in developing such
material. 

CONCLUDING REMARKS
The benefits of medical applications of radiation are overwhelming and, in parallel,

the exposure has become the largest from man-made source and is deemed to increase.
Radiological protection of patients is, therefore, a necessity of the highest importance. . The
IAEA, in a joint effort with WHO, PAHO and the relevant Professional Bodies, has
formulated an International Action Plan on the Radiological Protection of Patients, which was
recently approved by the IAEA’s Governing Bodies. The Plan places emphasis on education
and training, information exchange, provision of guidance, assistance in the gradual transition
from basic to advanced stages of patient protection and on a coordinated effort of the relevant
organizations and representatives of the professionals from the relevant areas of radiology,
radiotherapy and nuclear medicine.
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