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What is effective dose for?
 Effective dose aims to provide a single number that is
proportional to the radiobiological “detriment” from
a particular, often inhomogeneous, type of radiation exposure
 “Detriment” represents a balance between cancer incidence,
cancer mortality, life shortening, and hereditary effects
 It was designed to allow comparisons of the risks associated with
different spatially-inhomogeneous exposures, now most
frequently from different imaging techniques / scenarios

What is effective dose for?

“Effective dose applies to a reference person
and is not intended to provide a measure of risk”
Dietze, Harrison and Menzel (2009)

In fact, effective dose is always used as a measure of risk

Effective dose is always used as a
measure of risk
„Effective dose‟ has been defined and introduced
by ICRP for risk management purposes
ICRP 2009

A quite typical use of effective dose in radiology

A quite typical use of effective dose in radiology

A quite typical use of effective dose in radiology
Table 5 Lifetime attributable risk estimates:

cancer incidence and mortality per 1000,000 persons
attributable to radiation exposure from one head CT scan
(mean ED), presented by age, cohort and by institution
(based on the BEIR VII report)

A quite typical use of effective dose in radiology
1. Estimate effective dose….

2. Based on effective dose, either
A. Draw inferences about individual
cancer risk, or
cancer risk from age- and
gender- dependent BEIR data
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There is even convenient software to do this….

Issues with effective dose?

• It is only useful when it is used to provide a
measure of risk to individuals

• When it is useful to provide a measure of risk
to individuals, it represents bad science
– It is based on highly subjective judgments
– It does not reflect the major age / gender
dependencies in radiation sensitivity

– It is confusing to most users
– It is unnecessarily hard to interpret

The Definition of Effective Dose

Effective Dose = E =


T



HT are the tissue-specific
equivalent doses in tissues T



wT are committee-defined
dimensionless tissue-specific
weighting factors

wT HT

Objectivity


Effective dose is designed as a measure of
“radiation detriment”, which is a subjective
mix of cancer incidence, cancer mortality,
life shortening and hereditary effects.

• The nature of this mix is a
committee-determined decision,
and changes as ICRP committees change

Evolution of some
organ / tissue weighting factors
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The tissue weighting factor for the breast
increased dramatically
between
2007
In our
opinion, it is 1991
not a validand
criticism
that
weighting factors change every decade or so;
on the contrary the ICRP would be open to
criticism if relevant scientific advances were
not taken into account
Dietze, Harrison and Menzel, 2009

• 1991: 0.05, 2007: 0.12
– Arguably the most important change in
the entire 2007 ICRP report

•

This change in wT was NOT because we learned
more about radiation-induced breast cancer
between 1991 and 2007

•

Rather it was because the 2007 ICRP committee
chose to put more emphasis on cancer
incidence, as opposed to cancer mortality

Age dependencies
Reminder!

Effective
dose is
always
• The tissue weighting
factors
are
a single number
used
provide a measure
per organ, i.e.,
noto
dependency
on ageof

risk…
Estimated cancer incidence estimates,
derived from BEIR-VII
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• So for example, two different dose distributions
which result in the same radiation risk for adults,
would not result in equal risks for children

Effective Dose is Confusing
•

The confusion between organ dose and effective
dose is widespread in the field of radiology.
– in a significant proportion of relevant papers,
they are interchangeably referred to as “the dose”

•

This confusion is probably inevitable for a
quantity which…
a) has dose in its name,
b) has units of dose,
c) but is actually a measure of radiological
detriment

A proposal to replace effective dose
Brenner, BJR 2008

• replace effective dose (i.e. summed organ doses, each
weighted with committee-generated numbers) ….

• with “effective risk” (i.e. summed organ doses, each
weighted with actual epidemiologically-based cancer
risks)
Effective risk would perform all the comparative functions that
we agree are needed, but
1) would eliminate the subjectivity associated with
committee-generated weighting factors,

2) would provide a more intuitively interpretable quantity
relating to risk, leading in turn to
3) less potential for misuse.

Effective Dose vs. Effective Risk

Effective Dose = E =



wT HT

T
HT are the tissue-specific equivalent doses in tissues T

wT are committee-defined dimensionless tissue-specific weighting factors

Effective Risk = R =

r

T

HT

T
rT are lifetime radiation-attributable organ-specific
cancer risk estimates (per unit equivalent dose to tissue T)

The effective risk is thus a generic lifetime
radiation-attributable cancer risk

Effective Dose vs. Effective Risk

Effective Dose = E =



wT HT

T

Effective Risk = R =

r

T

HT

T

•

The two equations have exactly the same structure,
so calculations will be no harder / easier

•

And any inherent assumptions (e.g. LNT) will be
the same for both

Features of Effective Risk
“We see no reason to discount hereditary disease
in the protection system… we believe that this
would be a backward step that the public and
radiation
professionals
would
understand” views
No
need
to rely on
thenotsubjective

1. Objectivity


Dietze, Harrison, Menzel 2009

of a committee

 It can still change with time, but now based
on the science, not the personalities
 It refers only to cancer

•
•

cancer risk data now represent the scientific basis
for all contemporary dose limits
the use of a subjectively-defined genetic
component is a hangover from the 1950s

Features of Effective Risk
2. Less potential for confusion
•
•

Currently, there is widespread confusion in the radiological
literature between organ dose and effective dose
The confusion would be entirely avoided if measures of
radiobiological detriment were in units of (for example)
“per 10,000 individuals” (as in effective risk), rather than in
Sieverts (as in effective dose).

Features of Effective Risk
3. Potential to include age effects
• It is true that for occupational radiation protection
(ages 18 to 70), it may be OK to ignore age dependencies

•

But more than 2/3 of the usage of the effective dose concept
is for radiology, where we cannot ignore age dependencies

Features of Effective Risk
4. Interpretability






The goal is to have a generic quantity reflecting
radiobiological detriment or risk, so the ICRP adoption of a
quantity (effective dose) that has units of Sieverts, is puzzling
A major advantage of “effective risk” is that it is directly
interpretable as a risk
As we struggle with the rapidly increasing radiology
contribution to the population exposure, it is surely
advantageous to have a measure of the radiological detriment
which actually means something to most users
Which is more intuitively interpretable?
1. An effective dose of (say) 1 mSv
2. An effective risk of (say) 4 per 100,000

Summary
The case for replacing effective dose
• For radiation protection one could perhaps make an
argument for the continued use of effective dose,
flawed and confusing as it is
– In practice, however, effective dose is now largely used for
patient risk comparison and characterization, and there its
use cannot be justified

• Effective risk, where organ doses are weighted with
cancer risks estimates, would perform the same
comparative role as effective dose, and would
–
–
–
–
–

be just as easy to estimate
be age-dependent, if required
be less prone to misuse
be more directly understandable,
and would be based on objective science

The radiology community are starting to
use more scientific approaches

