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Exploring Radiation Risk

Radiation Effects

lonising Radiation is associated with:

1 Organftissue failure
0 Heart disease, stroke —
0 Digestive disorders \

1 Respiratory disorders

0 Hereditary effects =
0 Most forms of leukaemia =2
0 Cancers G

- of many organs
Lumg, Bveast, Colon, Thyrod

+ BUT not cthers
e, Hodigtnz, Liatpie Myslama

Types of radiation induced health effects

CELL DEATH CELL MODIFICATION

DETERMINISTIC STOCHASTIC STOCHASTIC
Somatic cells Somatic cells Germ Cells
Early onset (weeks/months) Late onset (years/decades) Late onset (years/decades)

Cancer o Leukaemia Hereditary effects
ributable in an ex; indivi epidemiologically attributable in large ‘expressed in the foetus, in the live born
lly attributable in an exposed individual populations or descendants

Timing of events leading to radiation effects
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Deterministic Effects

If a sufficient number of cells in an
organ or tissue are killed, its
function can be impaired. For
doses greater than the threshold,  scverity
the severity of the effect

of
y . damage
increases with the dose.

Damage
threshoid

Threshold not normally reached in
diagnostic imaging Dose

Skin Injuries

40 year old male who had
= coronary angiography
= coronary angioplasty

= 2" angiography procedure due to
complications

coronary artery by-pass graft on a
single day.

18-21 months after the
procedure, tissue necrosis.

Radiation-induced Skin Injuries from Fluoroscopy
itp:/ [wnw . gov/crh/RSNAT el
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Deterministic effects

Cedars-Sinai radiation overdoses went
unseen at several points. The dosage --
eight times the programmed amount --
appeared on technicians' screens during
CT scans. Doctors also missed the
problem. 80 of 206 stroke patients who
had received the overdose experienced
hair loss. Experts say blind trust of
medical machinery is a growing
concern.

Report on Overdose in CT

“Band alopecia® CTA Brain perfusion

Stochastic effects

A stochastic effect is caused
by damage to a cell that
produces genetically
transformed but
reproductively viable
descendents. Cancer and
hereditary effects of radiation
are considered to be
stochastic. The probably of a
stochastic effect, instead of
its severity, increases with
dose.

5% per Sv

5 people from every 100 exposed to 1 Sv of radiation will (may) get a fatal
cancer

or

Potenitally, 5 people in every 100,000 exposed to 1 mSv

Assumes a Linear No Threshold model, with risk linearly associated with dose

Low dose radiation & risk

N

Dose, Imaging
Modalities and Risk

Imaging Modalities

There is a wide range of
imaging equipment and
modalities, ranging from
Nuclear medicine through
the various X-Ray imaging

systems {?‘ ‘s E

Dose vary between

equipment and equipment .
types and are also affected ©
by patient characteristics. ot o

Cath Lab, Endovascular

General X-ray

PETICT
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Radiation Units used in RP

Ionising radiation - Protection Dose quantities in SI units "smm. dose |
€

oy [Roscod o | YD [ cavvienne |
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Dose quantities

tssue wesghting factor wr

- Absorbed dose
Energy deposited in a kilogram of a substance by the radiation Gy
dose
bsorbed armbul effects of assess if threshold for deterministic effects
Saiod Geighiias Sv exceeded; might be used as input to isk for
(rackation weighting factor wg) exceed
Effective dose Effective dose might be used to compare
Equnalent dose weghted forsusceptibibty fo harm o dfferent tssues | Gy exposures between diferent imaging

modalities; might be in basic risk estimates
although large error bar limits value

Equipment exposure values

One problem for estimating dose is that Radiation equipment cannot provide a direct measure
of patient dose: however, we can estimate patient dose based on the measures of radiation the
equipment provides.

Radiographic and fluoroscopy systems report DAP values for exposures or exams
CT units provide at CTDI or DLP value for each exam

MGD (mGy) is measured or calculated by Mammography X-Ray units and s a measure of dose to the breast

exposure

Sample Effective Dose Estimate for PA chest

veroge Tisue Dose
{usy Eivolent Conribtionto .
Tissue Dose) Weighting fuctor  (mcrsievert)
ung 50 012 6
breast s0 005 25
esophogus 50 005 25
thyroid 50 005 25
ffective Dose (assume other tissues receive no dose] .

Estimating patient dose from a radiographic

Effective dose is also useful if we want to
compare doses for different types of exams

L <P g

CT Chest 5.1mSv

Chestradiograph 0.02msV

5.1/0.02 = 255

Risk from different imaging scans

N (e, carciac
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Symbat Tyoical effective dose  Examples
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mammograohy
e U, (og, Do)
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Recurrent Imaging and
Risk

Should the justification of medical exposures take
account of radiation risks from previous
examinations?

Cumulative Dose and Risk

repn o

aware of
large dose
history

e e»

Gambler's Fallacy

The way in which we model risk — stochastically - can cause confusion when the
risk is repeated

There is a tendency to think heads more is a more likely outcome if last few
throws of the coin were tails

Similarly, there can be a tendency think x-ray more risky if patient has had
previous x-rays

Creates cognitive bias, but based on a fallacy

Justification and recurrent imaging

Dose Histories can be useful for
prompting us to check previous imaging;

However, we need to be wary of the
strong potential for dose history to create
cognitive bias.

10msv 10mSv
cr & cr
scan scan

Errors in risk assessment due to
cumulative dose have the potential to
skew the justification process to the
detriment of patient care

A-01-0l-0 A
@ e 'y
4 244 @

G Dont deemphasizerisk!
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Communicating Risk

Explaining Risk

Deterministic
Predictable and avoidable, if we limit. Straightforward to describe

Stochastic
- Semi-predictable, but unavoidable, so we have to minimise the risk. Long
latency; probabilistic: difficult to explain

Effective Dose and Lifetime Risk for Cancer

Term for | Examination | Mean Risk of
Risk Effective | Fatal
Dose cancer
Natural Incidence
Negligible | Dental 0.002 1in 10
Radiograph | 0,007 million
Panoramic 1in 3 million
dental .
Minimal ChestPA 002 Tin 1 milion "
Radiograph | 0,03 1in 700,000 !
Skull
Radiograph

VeryLow | Hip X-Ray 03 1in 60,000
Lung Perfusion | 1 1in 20,000
%
Low ChestCT Scan | 8 1in 25,000
Incidence of cancer in Bone ScanTe | 3 1in 7,000

populationis 1 in 3.

Medical Radiation risk @ 5% per Sv
Eroechie Typical Effective dose| No. in a million
(mSv) risk
Dental X-Ray 0.011 0.5
Chest X-Ray 0.02 1
Abdomen X-Ray 0.7 34
Barium swallow 1.8 90
CT Abdomen 10 500
NM Bone Scan 4 200

Examples of other One in a Million Risks

*Smoking 1 cigarette

«Travelling 50 miles by car

«Travelling 25 miles by air

*Rock climbing for 1.5 minutes

«Canoeing for 6 minutes

*Being aged 60 for 20 minutes (30 for 9 hours)
“Exposure to 20uSv

Perception of risk

How the experts ‘N
perceive risk |

”
7

How the public
perceive risk

Hazard +
[fear, anger, outrage]

Hazard x exposure x g °
susceptibility
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Example of communication

Box 3.2 Messaging: An example of two ways 10 present the facts related to
radiation exposure risk

Summary

“Justification

*What is known about radiation risk

Stochastic risks most relevant to diagnostic

*Interpreting risk ; communicating risk «
v | By
_—

Communication in a clinical setting
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