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2010 NYT Articles on Risks of 
Medical Imaging 

  Radiation Worries for Children in Dentists’ Chairs 
– November 23, 2010 

  Radiation, Risks Are Focus of Breast Screening 
Studies – Aug 24, 2010 

  Scientists Say F.D.A. Ignored Radiation Warnings 
– Mar 29, 2010 

  F.D.A. to Increase Oversight of Medical Radiation 
– Feb 10, 2010 

  They Check the Medical Equipment, but Who Is 
Checking Up on Them? – Jan 27, 2010 

© WRH (Jan., 2011) 



Arch Int Med, 2009 

NY Times, July 31, 2010 

Palm Beach Post, Nov 23, 2010 



Number of CT Procedures in US 

IMV Benchmark Reports on CT 
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2007: 68.7 million CT 



Categories of CT Procedures 
(62.0 million in 2006) 

IMV 2006 HCAP: ~80% of all CT procedures 



Radiation Exposure to  
US Population from all Sources 

Medical 0.54 mSv per capita 
Total 3.6 mSv per capita 

Medical 3.0 mSv per capita 
Total 6.2 mSv per capita 

NCRP 160 published March 2009 

US 1982 (NCRP 93) US 2006 (NCRP 160) 
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Per capita radiation dose from 
medicine has increased 560 percent 



Collective annual population dose  
from medicine has increased over 700 
percent 

880,000 person-Sv 



Is there a cancer risk 
from CT? 
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1 CT scan sequence 

3-phase CT liver scan 

4-5% of CT scan 
patients 
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A-bomb data show a statistically 
significant increase at  > 50 mSv 



Graph (left) illustrates the natural risk (solid red line) of dying from cancer  
for a Caucasian male as a function of age. 

Verdun F R et al. Radiographics 2008;28:1807-1816 

©2008 by Radiological Society of North America 

100mSv at age 40 



Adult Effective Doses for  
Various CT Procedures 

Examination Effective dose 
(mSv) 

Range in 
literature (mSv) 

Head 2 0.9 – 4.0 

Neck 3 … 

Chest 7 4.0 – 18.0 

Chest for Pulmonary Embolism 15 13 – 40 

Abdomen 8 3.5 – 25 

Pelvis 6 3.3 – 10 

Three-phase liver study 15 … 

Spine 6 1.5 – 10 

Coronary angiography 16 5.0 – 32 

Calcium scoring 3 1.0 – 12 

Virtual colonoscopy 10 4.0 – 13.2 

Mettler FA, et al., Radiology, 248(1), 254-263, 2008 



CT Scans of Abdomen and Pelvis 
Exam Distribution vs US Population* 
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~ 20% of population >55 years, receives >55% of CT scans 



BEIR VII ERR Model 
(Incidence) 

NAS BEIR VII  Fig 12-1 A NAS BEIR VII  Fig 12-1 A 



What might the upper 
estimate of risks be ? 
•  With assumptions of uniform population 

exposure and normal life expectancy etc. 

- Risk of fatal cancer from effective dose of  
  10 mSv from 1 CT or 1 nuclear medicine 
  study is ~ 1/2000 or 0.05% 

- 60 million CTs annually in US might cause 
  30,000 fatal cancers  

- 20 million nuclear medicine exams          
annually in the US might cause 10,000 fatal 
cancers 

U.S. FDA website 



What is wrong with the analysis  
on the previous slide? 

  Organ vs. whole-body vs.  
 effective dose 

  Linear risk estimate (solid tumors) 
  Age distribution of patients 
  Overestimation of dose 
  Benefits not considered 

© WRH (Jan., 2011) 



Wagner LK, Lester RG, Saldana LR. Exposure of the pregnant patient to diagnostic radiations:  
a guide to medical management. Madison, WI: Medical Physics Publishing, 1997. 

 Fetal Effects from Low-Level Radiation Exposure 



Probability of Birth with No Malformation and No Childhood Cancer 

Wagner LK, Hayman LA. Pregnancy and women radiologists. Radiology1982; 145: 559–562. 



Estimated Conceptus Doses from Single CT Acquisition 

McCollough CH, et al. Radiation exposure and pregnancy: When should we 
be concerned? Radiographics 2007; 27:909-917. 



“Women should be counseled that x-ray exposure from  
a single diagnostic procedure does not result in harmful 
fetal effects. Specifically, exposure to less than 5 rad  
(50 mGy) has not been associated with an increase in 
fetal anomalies or pregnancy loss.” 

 American College of Obstetrics and Gynecology 



CT Use for Acute 
Appendicitis 

  Triad of migrating abdominal pain, RLQ 
abdominal pain, leukocytosis absent in 50% 

  Before CT~ 15-20% of operations resulted in 
removal of a normal appendix 

  CT accuracy 97% and now only 3% of 
operations yield normal appendix 

  CT has a higher accuracy for alternative 
diagnoses 

©F.A. Mettler, Jr., MD 



Trauma 

Head, neck, chest 
abdomen and pelvis  
can be scanned in  
10 seconds 

Many significant 
findings are seen such 
as brain hemorrhage, 
small pneumothoraces 
and liver lacerations 
which are difficult or 
impossible to see on 
plain x-rays 

Liver 
laceration 

Small 
pneumothorax 

©F.A. Mettler, Jr., MD 



How can we put the risk of 
radiation  exposure into 

perspective? 

© WRH (Feb., 2011) 



Inappropriate Comparison  
of Risks 

  Risk of dying from an injury over lifetime 
= 4.5% [NSC] 

  Risk of dying from radiation-induced 
cancer = 5.5%/Sv 

  Risks are not comparable because 
  Risk factors have different timescale (latency) 
  Medical procedures have a benefit to weigh 

against risk 
  Different fear factors 

© WRH (Jan., 2011) 



Donald Peck, PhD and Ehsan Samei, PhD 



Answer True or False:  

People’s perceptions of risk are  
often inaccurate. 

© WRH (Jan., 2011) 





Expressions of Risk 
Information 

  Lifetime risk of 0.001 
  Lifetime risk of 0.1% 
  Lifetime risk of 1/1000 
  In community of 1000 people, 1 

expected to die 

© WRH (Jan., 2011) 



Principles of Communicating Technical 
Information to Patients/Public 

 Tell the whole truth 
 Avoid technical jargon 
 Avoid absolutes 
 Say only what you know 
 Translate technical terms into 

understandable language 
 Write/say simple sentences 
 Ask questions for understanding 

© WRH (Jan., 2011) 



Questions Patient Should Ask 
  Is this exam necessary? 
  What benefits will I receive? 
  Can the information be obtained without 

radiation? 
  How much radiation will I receive? 
  Can this amount be lowered? 
  What is the risk from the radiation? 
  Is the imaging protocol optimized? (esp. 

important for children) 
  What is the cost of the exam? 
  May I have a record of the exam and dose for 

my file? 
© WRH (Jan., 2011) 


