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The big issue with CT doses 
 

 The individual radiation risks from CT are small, but almost 

certainly non zero, so if a CT scan is medically justified, the 

benefit / risk ratio for any individual will typically be very large 

 But ~¼ of all CTs may be clinically unjustified (~20 million /yr 

in the US), and here the benefit /risk ratio will not be large 

 For these clinically unjustified CT scans, even though the 

individual radiation risk will still be very small, when 

multiplied by a large (and increasing) number of individuals  

(~20 million/yr in the US), the potential exists to produce a 

significant long-term public health concern 

 We need to minimize medically unwarranted CT scans – a 

hard task  
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Typical organ doses from  
single diagnostic x ray examinations 

 Examination Relevant organ Relevant organ 

dose (mGy) 

Dental x ray Brain 0.005 

PA Chest x ray Lung 0.01 

Lateral chest x ray Lung 0.15 

Screening mammogram Breast 3 

Adult abdominal CT (200 mAs) Stomach 11 

Adult head CT (200 mAs) Brain 13 

Child abdominal CT  (50  / 200 mAs) Stomach 8 / 30 

Child head CT (100 / 200 mAs) Brain 18 / 35 



 Taking onto account 

 

 *  Machine variability, 

 *  Usage variability, 

 *  Age variability, 

 *  Scans done with and without contrast 

 *  Multiple scans  

 the relevant organ dose range for CT is  
 

                   5 - 100 mSv  

The most likely organ dose range for CT 



Low dose radiation risks 
Hiroshima and Nagasaki 

5-100 mSv 



Number of solid cancers in A-bomb 
survivors exposed to doses from 5-100 mSv 
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Small but statistically 

significant increase in 

risk 



Abdominal CT Scans

From Wall (2004)

UK 1998 US 2007 

There is also an increasing realization that 
lifetime cancer risks due to radiation exposure 
in middle age may be larger than we thought 

Age distribution of CT scans 

From 

Berrington de Gonzalez 

et al 2009 



There is also an increasing realization that 
lifetime cancer risks due to radiation exposure 
in middle age may be larger than we thought 
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Estimating the radiation-induced  
cancer risks from CT exams 

   Direct epidemiology on people who 

     received CT scans 

   Risk estimation based on organ doses 



Estimated % lifetime attributable cancer mortality risk, 
as a function of age at exam, for a single CT exam 
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There is no question that CT has  
revolutionized medical practice  

…has made it possible to 

examine a variety of 

abnormalities in the abdomen 

and thorax in a manner not 

previously possible.  

This development permits a 

remarkable insight into the 

study of human disease in vivo 
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 Some common scenarios where there is 
evidence that CT usage could potentially be 
reduced, without compromising patient care 

 
       

 CT for  renal colic  

 CT for minor head trauma 

 CT for abdominal pain 

 CT for abdominal and chest trauma 

 CT angiography for pulmonary embolus 



2001 Straw Poll of Pediatric Radiologists: 

 “30% of CT scans are not clinically necessary” 



What proportion of CT scans could potentially be avoided? 

There are many studies of the proportion of CT scans that could 

be avoided if high-sensitivity CT decision guidelines are applied  



What proportion of CT scans could potentially be avoided? 

Retrospective analysis of decision guidelines for  

CT scanning of mild traumatic brain injury 

Decision Guideline 
(sensitivity for detecting surgical hematoma  99%) 

% of CT scans that 

could be avoided 

 Scandinavian 50 

 Nexus-II 44 

 New Orleans 31 

 WFNS 45 

 Canadian CT Head Rule 45 

Glasgow coma scale 14-15, Stein et al 2009 



   Decision rules for diagnosing pediatric appendicitis 
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Many sets of decisions rules exist, 
some good, some not so good  



Inappropriate CT prescriptions rates: 
Department of Radiology, Oulu University Hospital 

based on EC Referral Guidelines 

             CT Exam Percent 
inappropriate 

Lumbar & central spine 77 

Head 36 

Abdomen / upper abdomen 37 

Nasal sinus 20 

Cervical spine 3 

Trauma 0 

All CT exams 30 

Oikarinen et al 2009 



Inappropriate CT prescriptions rates: 
 Primary care physicians…. 

 based on ACR Appropriateness Criteria 
 

             CT Exam Percent 
inappropriate 

Head / brain 62 

Maxillofacial 36 

Spine 53 

Chest 12 

Chest/abdomen/pelvis 30 

Abdomen / pelvis 18 

Miscellaneous + angiography 21 

All CT exams 27 Lehnert and 

Bree 2010 



200 trauma patients studied, who had some radiation imaging 

• 169 had CT scans 

• Total number of CTs: 660 

• Cost $837,000 
 

Had ACR Appropriateness Criteria been applied..... 

• 44% of CTs would not have been carried out 

• None of the major injuries would have been excluded from CT imaging 

• 11 minor injuries, none of which required follow up, would have been 

excluded from CT imaging 

• 39% decrease in cost 



Percent of ED visits 

 involving CT 

Larson et al 2011 

Percent of ED visits

involving CT

Percent of Emergency Room Visits that Involve a CT 
 (US data) 
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CT scanners / million population  

 From OECD Health Data, 2007   

CT scanners / million population (2007) 

     Number of CT scans / yr 

USA:    80 million (0.25 / caput) 

Japan: 50 million (0.4 / caput) 
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• Targeting this “one quarter”  is a very hard task 

• Physicians are subject to significant pressures 

 Throughput 

 Legal 

 Economic 

 From patients 

A significant fraction of CT scans (at least ¼ ??) could 
practically be replaced by alternate approaches, or need 
not be performed at all, without compromising patient care 



Many sets of decisions rules exist, 
some good, some not so good  



Do physicians actually use decision rules  
in making imaging decisions? 

• What is your primary information resource in 
making imaging decisions for your patients? 
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        Towards increased utilization of  
              CT decision rules 
 

 
 

1) Promote increased awareness of 

    radiation issues  

 

2) Incorporate decision rules into a 

   computerized radiology order entry system 

 

 



“Image Gently” 
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     radiation issues  

 

2)  Incorporate decision rules into a 

     computerized radiology order entry system 

 

 



Sistrom, C. L. et al. Radiology 2009;251:147-55 

MGH Radiology Order-Entry and Decision-Support System 
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 Does putting decision support into order entry help? 

Virginia Mason, Seattle 
  MGH outpatients 



 Should decision support be made mandatory? 



   Should decision support be made mandatory? 



Conclusions 
I: Are CT risks real? 

• The suggestion is that CT doses will produce a small 

increase in individual cancer risk….. Is this 

a)  Based fairly directly on epidemiological evidence? 

       or 

b) “Extrapolated from high radiation dose exposures  

  studied in the Atomic Bomb experience”? 

• The typical organ dose range for CT (5 to 100 mSv) is 

the same dose range for which there is a statistically 

significant epidemiological evidence of increased risk  

• That being said, we await the results of the ongoing 

CT epidemiological studies…. 



Conclusions 
 

II. The individual risks are very small 

• When a CT scan is clinically warranted,  

the benefit will by far outweigh any possible 

individual radiation risk 

 

• (though of course we can and should continue to 

lower doses per scan) 

 



Conclusions 
 

III.  Reducing clinically unwarranted CT scans 

 

• The main concern is really about the population 

exposure from the roughly ¼ of CT scans that 

may not be clinically warranted 

 



              Conclusions 
IV. Reducing doses per scan is hard but doable; 
     Reducing unwarranted CT scans is harder 



In fond memory of Elaine Ron 


