Limitations of the Effective Dose Equivalent

TO THE EDITOR: It was disappointing to read Dr. Poston’s
paper and his outline of the MIRD committee’s view that the
application of the effective dose equivalent in nuclear medicine is
inappropriate (1). Clearly there are limitations to the use of the
effective dose equivalent as summarized in Dr. Poston’s paper.
However, there has been a growing need in the medical field for
simple expressions of the risks associated with ionizing radiation.
The public’s general perception that ionizing radiation is danger-
ous is well known. In addition, there is growing awareness of the
need to educate medical staffs in the risks associated with ionizing
radiation.

The problem is how to explain such risks. Organs receiving
significant levels of radiation vary from study to study and, as
noted by Dr. Poston, the underlying associated risks depend on
the organ. Therefore, individual organ absorbed doses are clearly
the fundamental structure for risk assessment and must always be
considered in any review of medical procedures. The effective
dose equivalent should be regarded as a derived parameter that
gives a first order approximation to the risks associated with
radiation exposure.

There are limitations to the accuracy of the effective dose
equivalent, as outlined by Dr. Poston. However, we do not be-
lieve that these are severe enough to condemn its use. Indeed, the
ICRP indicates in ICRP Publication 53 that the effective dose
equivalent can be used for medical exposures as long as its limi-
tations are understood (2). Considering the limitations noted by
Dr. Poston, the revised weighting factors have been increased in
number in ICRP Publication 60 (3 ), taking into account both fatal
and nonfatal effects of radiation. The ICRP recognized that
weighting factors are imprecise and therefore proposed a banding
of weighting factors of similar values for simplicity. Other aspects
of risk mentioned by Dr. Poston such as cost of ill health, loss of
income, etc., can be considered separate issues of cost-benefit
analysis (4) generally only appropriate for consideration of groups
(i.e., when seeking ethical committee approval).

Applying appropriate age- and sex-related risk factors to the
effective dose equivalent (or effective dose) (5) for patients en-
ables comparison of techniques from a dosimetric view. Effects of
both variations on anatomy and stages of disease are likely to
produce errors at least as great as in the calculation of organ dose.
Dr. Poston quotes from the 1977 ICRP statement regarding med-
ical exposure. It is right and proper that medical exposures are not
considered in terms of the ICRP limits for occupational exposure.
However, this does not preclude the use of the effective dose
equivalent as a guide to associated risk. These guidelines can be
weighed against the benefits that accrue from exposure. It would
be inappropriate to consider such benefits in any calculation of
risk. The balance of risk and benefit should remain a separate
consideration.

The risks and hazards associated with radiation are never going
to be an exact science. The effective dose equivalent can be a
useful parameter to indicate risk and has gained general accep-
tance in the European nuclear medicine community (6, 7). As long
as its limitations are recognized, it can provide a useful yardstick
for assessing risk, particularly in situations where individual organ
doses can vary and for comparing risk associated with different
tests. Abandoning the effective dose equivalent, or the effective
dose as it is now defined in ICRP Publication 60, would be a
retrograde step and difficult to justify on the basis of the argu-
ments put forward by Dr. Poston.
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REPLY: The MIRD Committee read with interest the letters sub-
mitted by Shields and Lawson; Harding, Elliott and Shields;
Clarke; and Thomson, Chandler, and Griffiths. Nevertheless, it is
the opinion of the MIRD Committee that its concerns regarding
the application of the effective dose equivalent are clearly ex-
pressed in the April 1993 editorial (1).

The Committee’s objections are not with the concept of com-
paring risks associated with different kinds of radiation exposures,
but rather with the use of the effective dose equivalent in estimat-
ing individual patient risk in light of the way the tissue-weighting
factors were developed by the ICRP (2 3). The tissue-weighting
factors developed in both ICRP Publication 26 (2) and Publica-
tion 60 (3) were derived from Japanese A-bomb survivor data.
These exposures involved high dose, high dose rate and relatively
uniform whole-body irradiation. In contrast, exposures from the
internal emitters used in nuclear medicine are typically low doses
delivered at low dose rates, and the activity distributions are
usually nonuniform within organs and tissues of the body. Since
each of these factors affects the relationship between the absorbed
dose and the biological effect, extrapolations that do not include
corrections for differences in these factors can be unreliable.

Usually the absorbed dose calculation in nuclear medicine is
made to provide a basis for estimating the effect of radiation
exposure on a particular patient or class of patients. For this
purpose, we recommend the estimate of the absorbed dose to
specific organs while acknowledging that in some cases other
physical factors may need to be considered. For a comparison of
the risk to a collective population for various kinds of radiation
exposures, the effective dose equivalent may be useful. Its use in
evaluating the actual risk to a particular patient, however, is
questionable. Consistent with discussion in ICRP Publication 60
(3), the Committee emphasizes the fundamental importance of the
absorbed dose and the mean absorbed dose to the organ in esti-
mating the effects of exposure on individual patients or classes of
patients.
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