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Annex I1
Appendix II. MEDICAL EXPOSURE*
Reproduced verbatim from the BSS (Appendix II, pp. 45-56).

RESPONSIBILITIES

11.1. Registrants and licensees shall ensure that:

(a) no patient be administered a diagnostic or therapeutic medical exposure unless
the exposure is prescribed by a medical practitioner;

(b) medical practitioners be assigned the primary task and obligation of ensuring
overal] patient protection and safety in the prescription of, and during the delivery
of, medical exposure; .

(c) medical and paramedical personnel be available as needed, and either be health
professionals or have appropriate training adequately to discharge assigned

tasks in the conduct of the diagnostic or therapeutic procedure that the medical
practitioner prescribes;

(d) for therapeutic uses of radiation (including teletherapy and brachytherapy), the
calibration, dosimetry and quality assurance requirements of the Standards be
conducted by or under the supervision of a qualified expert in radiotherapy
physics;

(e) the exposure of individuals incurred knowingly while voluntarily helping
(other than in their occupation) in the care, support or comfort of patients
undergoing medical diagnosis or treatment be constrained as specified in

Schedule II; and

(f) training criteria be specified or be subject to approval, as appropriate, by the
Regulatory Authority in consultation with relevant professional bodies.

I1.2. Registrants and licensees should ensure that for diagnostic uses of radiation the
imaging and quality assurance requirements of the Standards be fulfilled with the
advice of a qualified expert in either radiodiagnostic physics or nuclear medicine
physics, as appropriate.

I1.3. Medical practitioners shall promptly inform the registrant or licensee of any
deficiencies or needs regarding compliance with the Standards with respect to protection
and safety of patients and shall take such actions as may be appropriate to

ensure the protection and safety of patients.

JUSTIFICATION OF MEDICAL EXPOSURES

[1.4. 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.



I1.5. In justifying each type of diagnostic examination by radiography, fluoroscopy

or nuclear medicine, relevant guidelines will be taken into account, such as those
established by the WHOQ13-15.

I1.6. Any radiological examination for occupational, legal or health insurance purposes
undertaken without reference to clinical indications is deemed to be not

justified unless it is expected to provide useful information on the health of the individual
examined or unless the specific type of examination is justified by those

requesting it in consultation with relevant professional bodies.

IL.7. Mass screening of population groups involving medical exposure is deemed to

be not justified unless the expected advantages for the individuals examined or for the
population as a whole are sufficient to compensate for the economic and social costs,
including the radiation detriment. Account should be taken in justification of the
potential of the screening procedure for detecting disease, the likelihood of effective
treatment of cases detected and, for certain diseases, the advantages to the community
from the control of the disease.

11.8. The exposure of humans for medical research is deemed to be not justified

unless it is:

(a) in accordance with the provisions of the Helsinki Declarationi6 and follows the
guidelines for its application prepared by Council for International

Organizations of Medical Sciences (CIOMSH7 and WHO13; and .

(b) subject to the advice of an Ethical Review Committee (or any other institutional
body assigned similar functions by national authorities) and to applicable

national and local regulations.

I1.9. Radiological examinations for theft detection purposes are deemed to be not
justified; should they nonetheless be conducted, they shall not be considered medical
exposure but shall be subject to the requirements for occupational and public exposure
of the Standards.

OPTIMIZATION OF PROTECTION FOR MEDICAL EXPOSURES

[1.10. The requirements in this subsection shall be considered to be in addition to any
relevant requirements for optimization of protection specified in other parts of the
Standards.

Design considerations

General

II.11. The requirements for the safety of sources specified in other parts of the
Standards shall also apply to sources used in medical exposure, where relevant, and,
in paliticular, equipment used in medical exposure shall be so designed that:

(a) failure of a single component of the system be promptly detectable so that any

untplanned medical exposure of patients is minimized; and



(b} the incidence of human error in the delivery of unplanned medical exposure be
minimized,

I1.12. Registrants and licensees shall:

{a) taking into account information provided by suppliers, identify possible equipment
failures and human errors that could result in unplanned medical

exposures;

(b) take all reasonable measures to prevent failures and errors, including the
selection of suitably qualified personnel, the establishment of adequate procedures
for the calibration, quality assurance and operation of diagnostic and

therapeutic equipment, and the provision to personnel of appropriate training

and periodic retraining in the procedures, including protection and safety

aspects;

(c) take all reasonable measures to minimize the consequences of failures and
errors that may occur; and

(d) develop appropriate contingency plans for responding to events that may occur,
display plans prominently, and periodically conduct practice drills.

I1.13. Regtstrants and licensees, in specific co-operation with suppliers, shall ensure
that, with regard to equipment consisting of radiation generators and that containing
sealed sources used for medical exposures:

(a) whether imported into or manufactured in the country where it is used, the
equipment conform to applicable standards of the International Electrotechnical
Commission (IEC) and the ISO or to equivalent national standards;

(b) performance specifications and operating and maintenance instructions, including
protection and safety instructions, be provided in a major world language
understandable to the users and in compliance with the relevant IEC or ISO
standards with regard to ‘accompanying documents’, and that this information

be translated into local languages when appropriate;

(c) where practicable, the operating terminology (or its abbreviations) and operating
values be displayed on operating consoles in a major world language

acceptable to the user;

(d) radiation beam control mechanisms be provided, including devices that indicate
clearly and in a fail-safe manner whether the beam is ‘on’ or ‘off’;

(e) as nearly as practicable, the exposure be limited to the area being examined or
treated by using collimating devices aligned with the radiation beam;

() the radiation field within the examination or treatment area without any radiation
beam modifiers (such as wedges) be as uniform as practicable and the
non-uniformity be stated by the supplier; and

(g) exposure rates outside the examination or treatment area due to radiation leakage

or scattering be kept as low as reasonably achievable.



Requirements for radiation generators and equipment using sealed sources for
diagnostic radiology

IL.14. Registrants and licensees, in specific co-operation with suppliers, shall ensure
that:

(a) radiation generators and their accessories be designed and manufactured so as
to facilitate the keeping of medical exposures as low as reasonably achievable
consistent with obtaining adequate diagnostic information;

{b) operational parameters for radiation generators, such as generating tube
potential, filtration, focal spot size, source-image receptor distance, field size
indication and either tube current and time or their product be clearly and
accurately indicated;

(c) radiographic equipment be provided with devices that automatically

terminate the irradiation after a preset time, tube current-time product or

dose; and

(d) fluoroscopic equipment be provided with a device that energizes the X ray tube:
only when continuously depressed (such as a ‘dead man’s switch’) and

equipped with indicators of the elapsed time and/or entrance surface dose monitors.
Reqguirements for radiation generators and irradiation installations for radiotherapy
I1.15. Registrants and licensees, in specific co-operation with suppliers, shall énsure
that: )

(a) radiation generators and irradiation installations include provisions for seélection,
reliable indication and confirmation (when appropriate and to the extent feasible)
of operaticnal parameters such as type of radiation, indication of energy,

beam modifiers {such as filters), treatment distance, field size, beam orientation

and either treatment time or preset dose, '

(b) irradiation installations using radioactive sources be fail-safe in the sense that the
source will be automatically shielded in the event of an interruption of power and
will remain shielded until the beam control mechanism is reactivated from the
control panel;

(c) high energy radiotherapy equipment;

(1) have at least two independent ‘fail to safety’ systems for terminating the’
irradiation; and

(ii) be provided with safety interlocks or other means designed to prevent the
clinical use of the machine in conditions other than those selected at the

control panel;

(d) the design of safety interlocks be such that operation of the installation during
maintenance procedures, if interlocks are bypassed, could be performed only

under direct contro! of the maintenance personnel using appropriate devices,

codes or keys;

(e) radioactive sources for either teletherapy or brachytherapy be so constructed



that they conform to the definition of a sealed source; and
{f) when appropriate, monitoring equipment be installed or be available to give
warning of an unusual situation in the use of radiation generators and radionuclide

therapy equipment.

Operational considerations

Diagnostic exposure

I1.16. Registrants and licensees shall ensure for diagnostic radiology that:

(a) the medical practitioners who prescribe or conduct radiological diagnostic
examinations:

(1) ensure that the appropriate equipment be used;

(11) ensure that the exposure of patients be the minimum necessary to achieve
the required diagnostic objective, taking into account norms of acceptable
image quality established by appropriate professional bodies and relevant
guidance levels for medical exposure; and

(iii) take into account relevant information from previous examinations in order
to avoid unnecessary additional examinations;

(b) the medical practitioner, the technologist or other imaging staff select the following
parameters, as relevant, such that their combination produce the

minimum patient exposure consistent with acceptable image quality and the
clinical purpose of the examination, paying particular attention to this selection
for paediatric radiology and interventional radiology:

(1) the area to be examined, the number and size of views per examination

(e.g. number of films or computed tomography slices) or the time per
examination {(e.g. fluoroscopic time);

(1) the type of image receptor (e.g. high versus low speed screens);

(iii) the use of antiscatter grids;

(iv) proper collimation of the primary X ray beam to minimize the volume of
patient tissue being irradiated and to improve image quality;

(v) appropriate values of operational parameters (e.g. tube generating potential,
current and time or their product); , ,
(vi) appropriate image storage techniques in dynamic imaging (e.g. number of ‘
images per second); and

(vii} adequate image processing factors (e.g. developer temperature and image
reconstruction algorithms);

(¢} portable and mobile radiological equipment be used only for examinations
where it is impractical or not medically acceptable to transfer patients to a stationary
radiological installation and only after proper attention has been given

to the radiation protection measures required in its use;

(d) radiological examinations causing exposure of the abdomen or pelvis of women



who are pregnant or likely to be pregnant be avoided unless there are strong
clinical reasons for such examinations;

(e} any diagnostic examination of the abdomen or pelvis of women of reproductive
capacity be planned to deliver the minimum dose to any embryo or foetus that
might be present; and

(f) whenever feasible, shielding of radiosensitive organs such as the gonads, lens
of the eye, breast and thyroid be provided as appropriate.

11.17. Registrants and licensees shall ensure for nuclear medicine that:

(a) the medical practitioners who prescribe or conduct diagnostic applications of
radionuclides:

(i) ensure that the exposure of patients be the minimum required to achieve

the intended diagnostic objective;

(i} take into account relevant information from previous examinations in order

to avoid unnecessary additional examinations; and

(iii) take into account the relevant guidance levels for medical exposure;

(b) the medical practitioner, the technologist or other imaging staff, as appropriate,
endeavour to achieve the minimum patient exposure consistent with acceptable
image quality by:

(1) appropriate selection of the best available radiopharmaceutical and its

activity, noting the special requirements for children and for patients with
impairment of organ function;

{i1) use of methods for blocking the uptake in organs not under study and for
accelerated excretion when applicable;

(iii) appropriate image acquisition and processing;

(c) administration of radionuclides for diagnostic or radiotherapeutic procedures to
women pregnant or likely to be pregnant be avoided unless there are strong clinical
indications;

(d) for mothers in lactation, discontinuation of nursing be recommended until the
radiopharmaceutical is no longer secreted in an amount estimated to give an
unacceptable effective dose to the nurslingi9; and

(e} administration of radionuclides to children for diagnostic procedures be carried
out only if there is a strong clinical indication, and the amount of activity
administered be reduced according to body weight, body surface area or other

appropriate criteria.

Therapeutic exposure

I1.18. Registrants and licensees shall ensure that:

(a) exposure of normal tissue during radiotherapy be kept as low as reasonably
achievable consistent with delivering the required dose to the planning target

volume, and organ shielding be used when feasible and appropriate;



(b} radiotherapeutic procedures causing exposure of the abdomen or pelvis of

women who are pregnant or likely to be pregnant be avoided unless there are

strong clinical indications;

(c) administration of radionuclides for therapeutic procedures to women who are
pregnant or likely to be pregnant or who are nursing be avoided unless there are
strong clinical indications;

(d) any therapeutic procedure for pregnant women be planned to deliver the minimum
dose to any embryo or foetus; and

{e) the patient be informed of possible risks.

Calibration

IT.19. Registrants and licensees shall ensure that:

(a) the calibration of sources used for medical exposure be traceable to a Standards
dosimetry laboratory;

(b) radiotherapy equipment be calibrated in terms of radiation quality or energy

and either absorbed dose or absorbed dose rate at a predefined distance under
specified conditions, e.g. following the recommendations given in [AEA

Technical Reports Series No. 27720;

(c) sealed sources used for brachytherapy be calibrated in terms of activity, reference
air kerma rate in air or absorbed dose rate in a specified medium, at a

specified distance, for a specified reference date;

(d) unsealed sources for nuclear medicine procedures be calibrated in terms of
activity of the radiopharmaceutical to be administered, the activity being determined
and recorded at the time of administration; and '

(e) the calibrations be carried out at the time of commissioning a unit, after any
maintenance procedure that may have an effect on the dosimetry and at intervals

approved by the Regulatory Authority.

Clinical dosimetry

[1.20. Registrants and licensees shall ensure that the following items be determined
and documented:

(a} in radiological examinations, representative values for typical sized adult
patients of entrance surface doses, dose—area products, dose rates and exposure
times, or organ doses;

(b} for each patient treated with external beam radiotherapy equipment, the maximum
and minimum absorbed doses to the planning target volume together with

the absorbed dose to a relevant point such as the centre of the planning target
volume, plus the dose to other relevant points selected by the medical practitioner
prescribing the treatment;

(c) in brachytherapeutic treatments performed with sealed sources, the absorbed



doses at selected relevant points in each patient;

(d) in diagnosis or treatment with unsealed sources, representative absorbed doses

to patients; and

(e) in all radiotherapeutic treatments, the absorbed doses to relevant organs.

11.21. In radiotherapeutic treatments, registrants and licensees shall ensure, within the
ranges achievable by good clinical practice and optimized functioning of equipment,
that:

(a) the prescribed absorbed dose at the prescribed beam quality be delivered to the
planning target volume; and

(b) doses to other tissues and organs be minimized.

Quality assurance for medical exposures

[1.22. Registrants and licensees, in addition to applying the relevant requirements for
quality assurance specified elsewhere in the Standards, shall establish a comprehensive
quality assurance programme for medical exposures with the participation of
appropriate qualified experts in the relevant fields, such as radiophysics or radiopharmacy,
taking into account the principles established by the WHO21-23 and the

PAHO24.

I1.23. Quality assurance programmes for medical exposures shall include:

(a) measurements of the physical parameters of the radiation generators, imaging
devices and irradiation installations at the time of commissioning and periodically
thereafier;

(b) verification of the appropriate physical and clinical factors used in patient diagnosis
or treatment;

(c) written records of relevant procedures and resuits;

(d) verification of the appropriate calibration and conditions of operation of

dosimetry and monitoring equipment; and .

(e) as far as possible, regular and independent quality audit reviews of the quality

assurance programme for radiotherapy procedures.

GUIDANCE LEVELS

11.24. Registrants and licensees should ensure that guidance levels for medical exposure
be determined as specified in the Standards, revised as technology improves and
used as guidance by medical practitioners, in order that:

(a) corrective actions be taken as necessary if doses or activities fall substantially
below the guidance levels and the exposures do not provide useful diagnostic
information and do not yield the expected medical benefit to patients;

{b) reviews be considered if doses or activities exceed the guidance levels as an
input to ensuring optimized protection of patients and maintaining appropriate

levels of good practice; and
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(c) for diagnostic radiology, including computed tomography examinations, and

for nuclear medicine examin'ations, the guidance levels be derived from the data

from wide scale quality surveys which include entrance surface doses and
cross-sectional dimensions of the beams delivered by individual facilities and
activities of radiopharmaceuticals administered to patients for the most frequent
examinations in diagnostic radiology and nuclear medicine respectively.

11.25. In the absence of wide scale surveys, performance of diagnostic radiography and
fluoroscopy equipment and of nuclear medicine equipment should be assessed on the
basis of comparison with the guidance levels specified in Schedule 111, Tables III-I to
I11-V. These levels should not be regarded as a guide for ensuring optimum performance
in all cases, as they are appropriate only for typical adult patients and, therefore, in

applying the values in practice, account should be taken of body size and age.]

DOSE CONSTRAINTS

11.26. The Ethical Review Committee or other institutional body assigned similar functions
on the subject by national authorities shall specify dose constraints to be applied

on a case by case basis in the optimization of protection for persons exposed for medical
research purposes if such medical exposure does not produce direct benefit to the

exposed individual. )

IL.27. Registrants and licensees shall copstrain any dose to individuals incurred knowingly
while voluntarily helping (other than in their occupation) in the care, support or

comfort of patients undergoing medical diagnosis or treatment, and to visitors to patients
who have received therapeutic amounts of radionuclides or who are being treated with
brachytherapy sources, to a level not exceeding that specified in Schedule I, para. I1-9.
MAXIMUM ACTIVITY IN PATIENTS IN THERAPY ON DISCHARGE FROM
HOSPITAL

11.28. In order to restrict the exposure of any members of the household of a patient who
has undergone a therapeutic procedure with sealed or unsealed radionuclides and members
of the public, such a patient shall not be discharged from hospital before the

activity of radioactive substances in the body falls below the level specified in Schedule
I11, Table III-V]. Written instructions to the patient concerning contact with other persons
and relevant precautions for radiation protection shall be provided as necessary.
INVESTIGATION OF ACCIDENTAL MEDICAL EXPOSURES

I1.29. Registrants and licensees shall promptly investigate any of the following incidents:
{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 by the medical practitioner or

which may lead to undue acute secondary effects;

{b) any diagnostic exposure substantially greater than intended or resulting in doses

repeatedly and substantially exceeding the established guidance levels; and
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