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The Radiation Safety Section of the Agency has recently completed the draft
Safety Guide on "Radiation Protection in Medical Exposures" for submission to
the Publication Committee of the IAEA. The author has served as one of the
scientific secretaries responsible for the preparation and review of this document in
the last two years. The drafts of this IAEA Safety Guide have undergone a detailed
review process by specialists of 14 Member States and the co-sponsoring
organizations, the Pan American Health Organization (PAHO) and the World
Health Organization (WHO). The last draft is the primary source of this paper.

The Safety Guide will be part of the Safety Standards Series. It is addressed to
Regulatory Authorities and other National Institutions to provide them with
guidance at the national level on the practical implementation of Appendix II
(Medical Exposure) of the "International Basic Safety Standards for the Protection
against Ionizing Radiation and for the Safety of Radiation Sources" (BSS) *.

The Safety Guide describes strategies to involve organizations also outside the
regulatory framework, such as professional bodies, whose co-operation is essential
to ensure compliance with the BSS requirements for medical exposures. Examples
which may illustrate this point include the establishment of guidance levels for
diagnostic medical exposures and acceptance testing processes for radiological
equipment, calibration of radiotherapy units, or reporting of medical overexposure.

World-wide, medical exposures represent more than 80% of all artificial ionizing
radiation exposure to the population and around 20% of all radiation exposure,

1 INTERNATIONAL ATOMIC ENERGY AGENCY,: International Basic Safety Standards for
Protection Against Ionising Radiation and for the Safety of Radiation Sources, Jointly sponsored
by the International Labour Organisation, Food and Agriculture Organization, Nuclear Energy
Agency of the Organisation of Economical Co-Operation and Development, World Health
Organisation, FAO/IAEA/ILO/OECD-NEA/WHO; IAEA Safety Series No. 115, Vienna (1996)



from natural and artificial sources. In the industrialized countries, medical
exposures represent around 90% of artificial exposures, but in some developing
countries they may be as low as 10%. The increasing proportion of older people in
industrialized countries and the increasing access of populations in developing
countries to health care services will inevitably lead to greater use of ionizing
radiation for medical purposes. The risks associated with these expected increases
in medical exposures should be outweighed by the benefits, but these benefits will
only be fully achieved if adequate radiation protection is implemented 2 .

The primary aim of radiation protection is to provide an appropriate standard of
protection for humankind against the harmful effects of ionizing radiation, without
unduly limiting the beneficial practices of such exposures. In most situations
arising from the medical uses of radiation, the radiation sources are deliberately
used and are controlled. Such situations are called "practices". Within a practice,
exposures may be "normal" or "potential". A normal exposure is an exposure
which is expected to be received under normal operating conditions of an
installation or use of a source, including possible minor mishaps that can be kept
under control. A potential exposure is an exposure that is not expected to be
delivered with certainty, but that may result from an accident with a source or
following equipment failures or operating errors. Actions intended to reduce or
avert exposure or the likelihood of exposure to sources out of control as a
consequence of an accident are called "interventions".

The basic principles of protection for medical exposures can be summarized as
follows [1]:

• "Medical exposures should be justified by weighing the diagnostic or
therapeutic benefits they produce against the radiation detriment they might
cause, taking into account the benefits and risks of available alternative
techniques that do not involve medical exposure" {BSS, 11.4} (Justification
of a practice)."

• The doses from medical exposures should be the minimum necessary to
achieve the required diagnostic or therapeutic objective" {II.16.(a) ii,
II.17.(a) i, II.18.(a)} (Optimization of protection).

In contrast to occupational and public exposures, medical exposures are deliberate
and doses cannot be reduced indefinitely without compromising the intended
outcome, ensuring that the benefit outweighs the risk. Hence, the principle of dose
limitation, applied in other areas of radiation protection, does not apply to medical
exposures. However, doses received in diagnostic procedures and by

2 UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION,
Sources and Effects of Ionising Radiation, UNSCEAR Report, United Nations, New York (1993)
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"comforters", "carers" and "research volunteers" need to be restricted to optimize
their protection. These restrictions are called "dose constraints". The radiation
dose to comforters and carers of patients is constrained to 5 mSv/yr [1].

Protection of patients is particularly important as many people are exposed to
ionizing radiation from medical practice, and individual doses may be higher than
from any other artificial sources of radiation. The elimination of unnecessary
exposures, those not justified or resulting in doses that are inappropriate (either too
high or too low) for the achievement of the clinical objective, has become an
important task of radiation protection practices.

Medical exposures are prescribed and supervised by medical practitioners, whose
primary task and obligation is providing the most effective health care for the
patient, which will include ensuring the protection of that patient from unnecessary
radiation. Although, regulatory authorities and advisory bodies are responsible for
enforcing the requirements and for providing advice, respectively, this does not
replace the responsibilities of the licensees.

In all organizations, the delegation of function and the associated responsibilities
should be clearly defined and there should also be a clear line of accountability
running right to the top of each organization. Responsibilities should be clearly
delineated for:

• the identification of radiation protection and safety problems under abnormal
operating conditions;

• the recommendation, initiation, or implementation of corrective actions;

• and verification that corrective actions have been implemented.

It is the responsibility of the Licensee to take all reasonable measures to prevent
equipment failure and human errors. This can be achieved by establishing
programmes for adequate quality assurance (QA), calibration, maintenance,
clinical dosimetry and training.
The BSS requires that the Licensee should promptly investigate:

a) "any therapeutic treatment delivered to either the wrong patient or the
wrong tissue, or using the wrong pharmaceutical, or with a dose or dose

fractionation differing substantially from the values prescribed or which
may lead to undue secondary effects ";

b) "any diagnostic exposure substantially greater than intended or resulting in
doses repeatedly and substantially exceeding the established guidance
(reference) levels";

c) "any equipment failure, accident, error, mishap or other unusual
occurrence with the potential for causing a patient exposure significantly
different from that intended" [1 ].
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Licensees should ensure that, "the calibration of sources used for medical
exposure be traceable to a Standards Dosimetry Laboratory" [1]. To meet this
requirement of the BSS, the Regulatory Authority should develop a formal strategy
to calibrate dosimetry systems used to calibrate medical sources. If a country has a
Primary or Secondary Standards Dosimetry Laboratory (PSDL/SSDL) it should be
feasible to have all instruments calibrated at the frequency established by the
Regulatory Authority. If there is no Standards Dosimetry Laboratory (SDL) in the
country, instruments should be sent to the SDL of another country. This option
may be hampered by delays and inefficiencies caused by customs regulations and
offices, import/export formalities, and in packaging and safe transport. These
delays could result in critical or dangerous situations, particularly for radiation
therapy facilities, if dosimetry equipment is unavailable, not calibrated or has not
been re-calibrated in accordance with national regulations.

To overcome this problem, the Regulatory Authority could develop a formal
strategy including: institutional arrangements to facilitate quick import-export for
this purpose, and additional arrangements with the SDL (or an organized network
among several countries for calibration e.g., the IAEA SSDL network), as well as
using provisions for safe packaging.
The Licensees should establish a comprehensive quality assurance (QA)
programme for medical exposures, which should include:

• Procedures to establish the patient's identity prior to any administration of
radiation. (Misadministration is a frequent cause of accidental medical
exposure as will be illustrated with a few case reports in the presentation.)

• Procedures to ensure that medical exposures are in accordance with those
prescribed by a medical practitioner.

The QA of sealed and unsealed sources or devices used for medical exposure
involves their purchase only from manufacturers or distributors approved by the
Regulatory Authority, description of maintenance and service arrangements;
measurement of appropriate activity and identification of all radioactive drugs
prior to administration to each patient and establishment of QA procedures for all
sources (e.g. testing for leakage), equipment or systems (e.g. the treatment
planning systems used in radiotherapy).

The Regulatory Authority should verify in the license application that the
qualification criteria for medical practitioners and other health professionals are
met, according to national regulations. These regulations authorize a particular
practice to specified personnel having received a degree granted by an educational
institution, followed by additional training and experience requirements. The level
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of training requirements will depend on the grade of specialization of each
individual. Basic radiation protection training comprises topics such as: radiation
physics, biological effects, patient dose per examination, techniques for dose
reduction and legal regulations.

Changes that occur in equipment, instrumentation, practice, monitoring methods,
recommendations and regulations make it essential that all individuals involved in
the use of ionising radiation sources receive not just initial, but continuing
education and training. Such training can range from informal interdepartmental
meetings to structured and accredited continuing education programs. Periodical
practice drills, for incidents and accidents, conducted by the licensee can be part of
the training programme.

For those staff who do not meet the minimum required training but are already
involved in the delivery of medical exposures, the Regulatory Authority should
provide for a transition period (normally not greater than 3 years) to meet the
training requirement. The Regulatory Authority should indicate to licensees that
strong enforcement, such as suspension or revocation of the license will occur if
the training requirements are not met in a timely manner. Authorization by the
Regulatory Authority to deliver medical exposures, which is based on radiation
protection and safety proficiency, should not be construed as an authorization to
practice in the appropriate medical speciality, in the absence of appropriate
professional qualifications in that speciality.

As stated in Schedule III. of BSS [1], guidance levels for medical exposure should
be established and used in diagnostic radiology and nuclear medicine in the
process of optimisation. Guidance levels for medical exposure are supplements to
professional judgement and do not provide a dividing line between good and bad
practice. The selected guidance level values should be specific to a country or
region taking into account the medical practice and the performance level of the
diagnostic systems in use.

To establish guidance levels and document typical doses, the Regulatory Authority
should encourage and support professional bodies, such as the radiology and
medical physics organisations, to perform regional or national dose surveys. The
guidance levels should be expressed in terms of quantities that can be easily
measured such as activity per test in nuclear medicine, entrance surface dose per
radiograph, entrance surface dose rate for fluoroscopy or multiple scan average
dose in computed tomography, etc.

All these procedures do aim protection of patient in medical exposure and some of
them will be illustrated in the presentation during the conference.
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