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Objectives:  

•To define and to quantitate risk associated 

with medical imaging in the presence of:

1.Uncertain risk estimates

2.Differing patient populations (age, sex, 

life expectancy)

•To review different levels of benefit.

•To explore creative ways to assess benefit-

risk or to demonstrate how dose reduction 

improves benefit-risk.
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HANDOUTS CAN BE DOWNLOADED FROM:

http://www.uth.tmc.edu/radiology/presentations/

http://www.uth.tmc.edu/radiology/presentations/
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Benefit

Benefit = the positive effect on medical status

• Preventing certain death

• Preventing unnecessary interventions

• Defining necessary interventions

• Easing or preventing pain and suffering

• Hastening recovery

• Making physicians more confident in diagnosis

• Defining termination of medical care
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 This study finds no change in 

mortality

This study says screening CT can 

save up to 80% of deaths

 Editorial asks - how can two 

studies be so different?
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What is Radiation Risk

• Induced medical detriment to patient

– Neoplasm

– Malignancy

– Mortality

– Other

• Induced detriment to progeny

– Genetically heritable effect

– Gestationally induced malformation or cancer
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Things not considered:

• False positive rate and impact on women

• Biopsy rate and impact on women

• Increased or decreased quality of life

• Cost
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Terms to Know
aka Buzz Words

• Benefit/Risk => Justification

• ALARA => Optimization
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• U.S. Residents’ Exposure to Medical Radiation 6 Times Higher 
than in 1980 presented by Dr. Fred A. Mettler, Jr., National Council 
on Radiation Protection & Measurements (NCRP), April, 2007
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U.S. Residents’ Exposure to Medical Radiation is  

infinitely Higher than in 1895

Without medical radiation we would have zero benefit with zero 

radiation risk.

At what point  is the benefit/risk at its greatest and increasing 

medical radiation to the population starts to decrease benefit/risk?

• 1895 – 0 mSv to population

• 1980 – 0.54 mSv to the population

• 2007 – 3.2 mSv to the population
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What is the real issue?

• The real issue is: How should we behave 

in light of the fact that we cannot know 

everything about radiation risk?
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Counterproductive Mantra

• There is no safe dose!

• There is no safe:
– Hot dog

– Steak

– Vegetable
• In 2000, 160 children ages 14 years or younger died from an obstruction of the respiratory tract due to inhaled or ingested 

foreign bodies. Of these, 41% were caused by food items and 59% by nonfood objects (CDC, unpublished data).

– Shower

– Bath tub

– House
• Years of life lost due to unintentional falls: 66,250 YPLL 2005 (CDC)

– Swimming pool
• Years of life lost due to unintentional drowning: 114,212 YPLL 2005 (CDC)
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What is Safe?
• Nothing is completely safe

• Safety is a matter of making something far more 
beneficial to life than the risks imposed on our well-being 
by the action:
– Drinking purified water rather than non-purified water;

– Driving or flying to this meeting;

– Pumping gasoline into your car;

– Placing friction mats in a bathtub with hand supports to hold onto 
while getting up and down and in and out;

– Keeping medicines out of the reach of children and in child-proof 
containers while providing the medicine for improved health;

– Securing swimming pools from unintentional intrusion

– Keeping exposures to medical X rays to levels sufficiently 
low to provide necessary medical care without excess.



• Benefit/Risk > 1 is necessary 

(Justification) but not sufficient

• Must apply ALARA (Optimization)
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What is the real issue?

• The real issue is: How should we behave 

in light of the fact that we cannot know 

everything about radiation risk?

Remember radiology’s response to risk from scoliosis x-rays? Here’s 

some history ---

1. We learned that multiple scoliosis studies might increase risk for 

thyroid and breast cancers.

2. Mayo Clinic recommended doing studies PA to reduce dose to 

breasts and thyroid

3. Afterwards, NCI and others found that earlier scoliosis 

radiography did increase cancers

4. Conclusion – Mayo’s recommendation had merit with forethought!
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Good Message Bad Headlines
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Radiation-induced Ca vs. Age at Exposure
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CT Dose – How is it controled?

1 year 3 mos

120 kV, 80 mA, 0.8 s

5 mm, pitch > 1

3 year 6 mos

120 kV 340 mA, 0.8s

5mm, pitch < 1
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Estimated risk to newborn from CT scan of 10 

mGy (entire torso) is 0.4%, ……………….but

Note: Assumes all patients will potentially live long lives
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Estimated risk to newborn from CT scan of 50 

mGy (entire torso) is 2%.

Note: Assumes all patients will potentially live long lives
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ACR CTDIvol Criteria

• Pediatric Abdomen not to exceed 25 mGy, 

reference value is 20 mGy;

• Pediatric normalized to 5-year-old child;

• Five-year-old average is 40 lbs at 43” tall;
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Induced cancers in twenty-eight-year-old adults 

undergoing Chest-Abdomen-Pelvis CT

Assumes 30 mGy

absorbed dose

Note: Assumes all patients will potentially live long lives
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Induced cancers in twenty-eight-year-old adults 

undergoing Chest-Abdomen-Pelvis CT

Assumes 30 mGy

absorbed dose

Note: What if survival for patient’s condition is 80% without the study and 

85% with the study?

Induced cancer 

is delayed ~10 

-30 years
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Long term risk of induced cancer must always be 

considered in light of short-term and long-term 

benefits!

Assumes 30 mGy

absorbed dose

Note: What if Dx radiation 

only improves condition? 

Example: Shortens 

recovery, leads to less 

suffering and debilitation 

in 10% of patients due to 

early discovery and 

treatment, etc.



26

Induced cancers in twenty-eight-year-old adults 

undergoing 10 Chest-Abdomen-Pelvis CTs

Assumes 30 mGy

absorbed dose

Note: Assumes all patients will potentially live long lives
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Induced cancers in sixty-year-old adults 

undergoing 10 Chest-Abdomen-Pelvis CTs

Assumes 30 mGy

absorbed dose

Note: Assumes all patients will potentially live long lives
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Estimation of Absorbed Dose to the Conceptus
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•Multiple scans of the pelvis (typically ~3-4) can 

result in a conceptus dose in excess of the 

suspected teratogenic threshold of 100 mGy. 

•Two scans of pelvis can result in dose in gray zone 

for undetectable effects.

•This is a deterministic, not stochastic effect. 

• Probability and severity increase with dose 

beyond the threshold.

•Risks depend on gestation age.
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ACR CTDIvol Criteria

• Adult Abdomen not to exceed 30 mGy, 

reference value is 25 mGy;

• Adult head not to exceed 80 mGy, 

reference value is 75 mGy.



Risk
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Actual Risk

PERCEIVED 

RISK

PERCEIVED RISK
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Things that need to change
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Sometimes Benefit/Risk is Better 

understood

Medical interventions for certain conditions result in 

immediate results that not only ease pain and 

suffering but save lives.

But there are risks:



35TABLE IS PRELIMINARY AND NOT FOR PUBLICATION AT THIS TIME!!!
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Granel et al, Ann Dermatol Venereol 

1998; 125; 405 - 407

Provided with permission
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Minimizi
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Risks..

Courtesy: T. Shope, FDA

From: 

Koenig et 

al. AJR

From: D 

Wolf. 

Hautnah 

Derm

Injuries have occurred in a wide variety of anatomical locations

Granel et al, Ann Dermatol Venereol 

1998; 125; 405 - 407

Granel et al, 

Ann Dermatol 

Venereol 1998; 

125; 405 - 407
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Air kerma at reference (AK) Alert level Alert interpretation

3000 mGy 1
FYI – to assist physician in projecting how much radiation might be 

required to complete procedure.

6000 mGy 2
Alert – to assist physician in projecting how much radiation might be 

required to complete procedure.

9000 mGy 3

Warning – benefit/risk decision must be dictated in report; doses are 

nearing level that requires mandatory review by medical staff and 

radiation safety.

12000 mGy 4
Warning – dose level is at level requiring mandatory review by medical 

staff and radiation safety.

15000 mGy 5 Dose is at level defined by JCAHO as a reviewable sentinel event

All additional +3000 mGy For the information of the physician
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What are the risks?

Attributable risk is that % of all cancers 

to age 75 that is caused by radiation, 

not % likelihood of developing cancer.
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What are the risks?

Men Women

Japan 2003 78.4 85.3

Great Britain 

2004
75.7 80.4

United States 

2006
75.4 80.7
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Japan

Fluoroscopically induced radiation injury in Japan



41The end


